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PROBIOTIC BACTERIA AND REGULATION OF FAT STORAGE

Technical field of the invention

The present invention relates generally to the direct effects of lactic acid bacteria
and/or Bifidobacteria on the regulation of energy storage in a subject via a
soluble, heat stable secreted factor. In particular the present invention provides
methods for manufacturing heat treated products involving the use of probiotic
bacteria, e.qg. lactic acid bacteria and/or Bifidobacteria, cultures of such bacteria,
supernatant from such cultures, and/or concentrates of such supernatant and/or
fractions of such supernatant. The invention further provides heat treated
products of such processes and their use for regulation of cellular uptake of fat
and/or triglycerides and/or body weight management or weight reduction and/or

redistribution of fat and/or reduction in visceral and/or abdominal fat deposition in

a subject.

Background of the invention

The rapid increase in obesity and excessive abdominal/visceral fat deposition in
people of the Western world, and its significant healthcare costs have motivated a
search for better prevention and management strategies. Overweight as well as
excessive deposition of abdominal or visceral fat is of concern since it has been
linked to metabolic disturbances and increased risk for cardiovascular disease and
type 2 diabetes. Despite continuing efforts to educate the public of the association
of excessive fat deposition and overweight with chronic diseases, the prevalence
of excessive fat deposition continues to increase. One of many reasons for this

might be that most people are unable to make wilful, lifelong dietary changes.

With this growing frequency of obesity and life style-related diseases many points
of intervention have been addressed. Alongside evaluation studies of popular
weight loss regimens, scientific interest has also extended to secretory products
shown to influence aspects of pathogenesis of diseases relating to excessive fat
deposition. Here the physiology of fasting has become an issue since excessive fat

deposition stems from an excess of caloric intake over expenditure.
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A critical event in the fasting response is its metabolic adaptations and the
liberation of fatty acids from adipose tissue governed by numerous endocrine and
cellular factors. One such factor is the fasting induced adipose factor (FIAF, or
PGAR for PPARy angiopoietin related) which is a secreted lipoprotein lipase (LPL)
inhibitor. LPL functions in a number of cells as the rate-limiting step for uptake of
triglyceride-derived fatty acids. FIAF is a downstream target gene of both
peroxisome proliferator activated receptors (PPAR) -a and -y, the agonists of
which are widely used for the treatment of type II diabetes, insulin resistance and
dyslipidemia. FIAF has been reported to be highly expressed in liver and adipose
tissue (Yoon et al. 2000) and interestingly plasma levels of the protein decrease
on a chronic high fat diet (Kersten et al. 2000). Furthermore, Backhed and
assoclates have appointed FIAF as a mediator of microbially regulated fat storage
(Backhed et al. 2004) and shown it to be downregulated in the presence of a
whole gut flora (Backhed et al. 2007).

Thus, in recent years, people have begun to understand the benefits of a well
composed gut flora (microbiota) and the use of pro- and prebiotics are readily
discussed. Use of probiotics to counteract the negative effect of the microbiota on
the energy homeostasis of the host, which results in increased fat deposition, has
been suggested (e.g. WO 2006/012586).

In WO 2007/043933 a study is disclosed showing that mice given probiotic
bacteria have a lower storage of abdominal fat compared to mice not receiving
probiotics. Gene expression studies showed that probiotic influence the expression
of a cluster of genes involved in energy, fat, sugar and insulin metabolism and on
satiation. However, these effects correlated with decreased food intake and

studies on human subject indicate increase satiety after consumption of food with

probiotics.

In production of feed, food and beverages, treatment of ingredients or end-

products by high temperatures is often used in order to improve taste, texture or
shelf-life. However, the use of micro-organisms for management of weight or fat
deposition has mainly focused on use of live bacterial cultures, e.g. as in yoghurt

cultures. The possibility of manufacturing products in which the beneficial effects
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of the bacteria persist despite treatment with high temperatures has never been
investigated.

JP 2007 284360 provides an extract of lysed Lactobacillus for improving the lipid
metabolism by activation of PPAR and in order to treat obesity. Use of the fraction
as a dietary supplement is illustrated in the examples. However, the fraction is

insoluble in water and there is no suggestion that the essential constituent(s) of
the fraction would be heat persistent.

Accordingly, there is a need for technology allowing the use of bacterial strains
with a beneficial effect on lipid metabolism in the manufacture of heat treated

natural remedies, dietary supplements, food ingredients, fortificants, feeds, food
or beverage products.

Summary of the invention

The present inventors surprisingly found that strains of probiotic bacteria can
directly reduce the uptake of triglyceride-derived fatty acids via regulation of the
expression of one or more gene(s) coding for FIAF. As shown in the Examples,
one or more gene(s) can be regulated both by live probiotic bacteria and by heat
stable factor or compound secreted from and/or being part of the probiotic
bacterium. The fact that the secreted factor is present in a soluble or water-
miscible fraction of the supernatant from a culture of the bacteria and is persistent
to treatment with high temperatures make the bacteria highly useful in production

of heat treated products, including products treated with ultra high temperatures
for increased shelf life.

Thus, an object of the present invention is to provide methods as well as

alternative natural remedies, dietary supplements, food Ingredients, fortificants,

feed, food and beverage products useful for reducing cellular uptake of
triglyceride-derived fatty acids and storage of fat, in particular in the abdomen

and visceral organs and thus preventing weight gain or redistributing body fat.
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Thus, one aspect of the invention relates to a method for manufacturing a product
selected from the group consisting of a natural remedy, dietary supplement, food
ingredient, fortificant, feed product, food product and beverage product, said
method comprising the steps of:

a) adding one or more lactic acid bacteria and/or Bifidobacteria or a culture of
said bacteria, and/or a supernatant, optionally a concentrated supernatant,
of said culture and/or a soluble fraction of said supernatant to a starting
material to obtain an inoculated starting material with said lactic acid
bacteria and/or Bifidobacteria and/or an enriched starting material with
said supernatant or said soluble fraction; and

b) treating the inoculated or enriched starting material with high
temperatures.

Another aspect of the present invention relates to a product, which is obtainable
by the said method.

A further aspect pertains to a heat treated product selected from the group
consisting of a natural remedy, a dietary supplement, a food ingredient, a
fortificant, a feed product, a food product and a beverage product comprising a
heat inactivated culture of one or more lactic acid bacteria and/or Bifidobacteria,

or a supernatant, optionally a concentrated supernatant, of a culture of one or

-more lactic acid bacteria and/or Bifidobacteria and/or a soluble fraction of said

supernatant.

Yet another aspect of the invention provides the use of one or more lactic acid
bacteria and/or Bifidobacteria or a culture of said bacteria, and/or a supernatant,
optionally a concentrated supernatant, of said culture and/or a soluble fraction of
sald supernatant for the manufacture of a heat treated natural remedy, dietary
supplement, food ingredient, fortificant, feed product, food product or beverage

product.

Still another aspect of the present invention provides the use of one or more lactic
acid bacteria and/or Bifidobacteria or a culture of said bacteria, and/or a
supernatant, optionally a concentrated supernatant, of said culture and/or a

soluble fraction of said supernatant in the manufacture of a heat treated natural
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remedy, dietary supplement, food ingredient, fortificant, feed product, food
product or beverage product, for regulation of cellular uptake of fat and/or
triglycerides, reduction in abdominal and/or visceral fat deposition, weight

management and/or weight reduction in a subject.

An even further aspect relates to a method for regulation of cellular uptake of fat
and/or triglycerides and/or body weight management or weight reduction and/or
redistribution of fat and/or reduction in visceral and/or abdominal fat deposition in

a subject comprising administrating to said subject a product according to the
10 invention.

The present invention will now be described in more detail in the following.

Detailed description of the invention

15
Definitions

Prior to discussing the present invention in further details, the following terms and
conventions will first be defined:

20 "A probiotic bacterium” or “probiotics” are live microorganisms which when

administered in adequate amounts confer a health benefit on the host.

The term “inactivation” of the bacteria refers to treating the bacteria with high
temperatures to substantially kill and/or inactivate the bacteria. It will be

25 understood that inactivation results in the bacteria being dead, dormant, unable
to grow and/or metabolically inactive. In the present context “substantially” killed
or Inactivated refers to cultures or suspensions in which at least 75% of the
bacteria are killed and/or inactivated, such as cultures in which at least 80%, such
as 85%, 90%, 95%, 98%, 99% or 99.5% of the bacteria are killed and/or

30 inactivated. The term also refers to cultures wherein no bacteria remain living,
active or viable. In particular, inactivation may be performed in order to kill or
Inactivate the probiotic bacteria including the one or more lactic acid bacteria

and/or Bifidobacteria, which are added in the process of the invention.
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"Culture medium” refers to a substance, liquid or solid, used for cultivating

bacteria.

The term “supernatant” refers to a medium from a bacterial culture from which

the bacteria have subsequently been removed.

The term “soluble fraction” includes a fraction which is soluble in water or miscible

In water.

"Inoculated starting material” refers to the starting material wherein the bacteria

have been inoculated and thus the material comprises the bacteria.

"Enriched starting material” refers to the starting material comprising the

supernatant or the soluble fraction.

In the present context, the expression “direct regulation” relates to a regulation

which is independent of the normal effect of the probiotic bacteria on the gut

flora/microbiota population.

"FIAF” stands for fasting induced adipocyte factor which is a protein that belongs
to the family of fibrinogen/angiopoietin-like proteins. FIAF is predominantly
expressed in adipose tissue and is strongly up-regulated by fasting in white

adipose tissue and liver. FIAF is a potent inhibitor of lipoprotein lipase (LPL).

"PPAR" stands for peroxisome proliferator-activator receptors and are a group of
nuclear receptor proteins that function as transcription factors regulating the
expression of genes. PPARs play essential roles in the regulation of cellular
differentiation, development, and metabolism (carbohydrate, lipid, and protein) of
higher organisms. Three types of PPARs have been identified: a (alpha), B/o
(beta/delta) and y (gamma).

The expression “cellular uptake of fatty acid and adipocyte triglyceride
accumulation” relates to the metabolism of glucose and fatty acids upon ingestion

and digestion of a food or feed product and to the accumulation of triglycerides,
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mainly in adipose tissue. An increased storage or accumulation of the triglycerides

is not desirable as it result in overweight and/or obesity of the mammal.

Two major sources of adipose triacylglycerol are 1) glucose that is converted in
liver to very low density lipoproteins (VLPL) triacylglycerols, which are transported
via the blood to adipose tissue, and 2) ingested triacylglycerols transported to
adipose tissue in chylomicrons. These two sources require the action of lipoprotein

lipase to release the fatty acids from the circulating triacylglycerols.

In the intestine, short- and medium chain fatty acids are absorbed directly into
the blood via intestine capillaries and travel through the portal vein just as other
absorbed nutrients do. However, long chain fatty acids are too large to be directly
released into the tiny intestine capillaries. Instead they are absorbed into the fatty
walls of the intestine villi and reassembled again into triglycerides. The
triglycerides are coated with cholesterol and protein (protein coat) into a
compound called a chylomicron. The triglycerides are collected by the lymph
system and transported to the large vessels near the heart before being mixed
into the blood. Various tissues can capture the chylomicrons, releasing the

triglycerides to be used as a source of energy. Fat and liver cells can synthesize

and store triglycerides.

In the liver, glucose is either stored as glycogen or transformed to a-glycerol
phosphate and fatty acids which are then used to synthesize triacylglycerols. Most

of the fat synthesized from glucose is packed with specific proteins into molecular

aggregates, VLPL, which are secreted into the blood.

“LPL" stands for lipoprotein lipase and is an enzyme function in a number of cell
types as the rate-limiting step for up-take of triglyceride-derived fatty acids. A
decreased LPL activity in the adipocytes results in a decreased storage of liver-

derived triglycerides.

The terms “gut flora” or "microbiota” or “microbiota population” relates to a
microbial organ placed within a host organ and is composed of different microbial
cell species with a capacity to communicate with one another and the host. The

gut flora consumes, stores and re-distributes energy and it mediates
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physiologically important chemical transformations. Importantly the gut flora can
maintain and repair itself through self-replication. It has been discovered that
components of the microbiota make significant contributions to nutrient digestion,
and that the microbiota suppresses FIAF in the gut epithelium which results in an
increase in LPL activity and thus to an increase in the triglyceride storage in the
adipocytes (Backhed et al. 2004).

The term “gene” broadly refers to any segment of DNA associated with a

biological function. Genes include coding sequences and regulatory sequences
required for their expression. Genes also include non-expressed DNA nucleic acid
segments that, e.g., form recognition sequences for other proteins (e.g.,
promoter, enhancer, or other regulatory regions). Genes can be obtained from a
variety of sources, including cloning from a source of interest or synthesizing from
known or predicted sequence information, and may include sequences designed to

have desired parameters.

In the present context the term "management of body weight” covers all aspect of
modulating the body weight for maintenance or achievement of a "desirable
weight"”. In contrast to the "desirable weight" the expressions "overweight" and
"obesity” are used as indications of a body with a weight exceeding the "desirable

weight".

The "desirable weight", "normal weight", “overweight” or “obesity” for humans
may be defined according to standards such as Body Mass Index (BMI), which is

defined as the individual's body weight divided by the square of their height:

Table A
Category BMI range — kg/m-
Starvation | less than 15
Underweight from 15 to 18.5
Normal weight from 18.5 to 25
Overweight from 25 to 30
Obese from 30 to 40

Morbidly Obese greater than 40
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The expression "cosmetic overweight" refers to a weight that does not have any
immediately medical implications on the individual but may be in a range that is

not satisfactory for cosmetic reasons.

The expression “redistribution of fat” refers to accumulations of fat on specific
parts of the body accompanied by a loss of fat on other parts of the body. In the

present context redistribution of fat normally involves a decrease in abdominal
fat.

The term “natural remedy” refers to non-prescription drugs for self-medication
medicinal products containing active ingredients derived from natural sources,

plant products, i.e. from parts of animals, bacterial cultures, minerals, salts or salt

solutions.

The term “dietary supplement” refers to a food supplement which is intended to
supply nutrients e.g. vitamins, minerals, fatty acids or amino acids, that are
missing or not consumed in sufficient quantity in a person's diet. The dietary
supplement may also include herbal supplements and bacterial cultures which
may have added health benefits.

In the present context the term “fortificant” refers to a product which is useful in
fortification of a foodstuff or a feed. “Fortification” refers to the addition of
nutrients at levels higher than those found in the original or in comparable foods.
Food fortification is commonly used as to control micronutrient deficiencies,

typically deficiencies in iodine, vitamin A and iron.

"Processed starting material” covers conventional food processing methods,
including homogenisation and fermentation. If a fermentation process is
performed, the starting material IS heat treated at e.g. 75-95 °C for 15-30 sec
before the bacteria are added and then kept under conditions where the bacteria
are metabolically active. When the starting material is fruits, vegetable and/or
grains, the fruits, vegetable and/or grains may be squeezed, crushed and/or
minced.
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Preferred embodiments

Probiotics are well recognised for their health benefit on the host. Traditionally,
probiotic bacterial cultures are used to assist the body's naturally occurring gut
flora to reestablish themselves after it has been thrown out of balance by a wide
range of circumstances including the use of antibiotics or other drugs, excess
alcohol, stress, disease, or exposure to toxic substances. As discussed above,

probiotics have also been found to counteract the negative effect of the gut flora

on energy storage in the body.

Now the present inventors surprisingly found that some probiotics, when used
according to the invention, have a direct and positiv effect on the regulation of the
metabolic pathways leading to fat storage. When using the probiotic bacterium, or
a compound secreted from said probiotic bacterium in accordance with the
invention, a direct regulation of the fasting induced adipose factor (FIAF) is
achieved. Without being bound by theory, this direct regulation and/or up-
regulation of FIAF leads, possibly via PPAR signalling, to a direct regulation and/or
direct down-regulation of the lipoprotein lipase activity resuiting in a direct
regulation and/or decreased cellular uptake of fatty acids, and thus to a decreased
adipocyte triglyceride accumulation and decreased storage of liver-derived
triglycerides. The engagement and signalling via PPAR may act directly via the
ligand binding domain or indirectly using the PPAR proteins as vehicles for the
observed effect on FIAF.

These findings provided basis for novel uses of probiotic bacteria, lactic acid
bacteria and/or Bifidobacteria or a culture of said bacteria, and/or a supernatant,
optionally a concentrated supernatant, of said culture and/or a soluble fraction of
said supernatant for overall management of body weight including the treatment
and prevention of overweight in mammals such as humans. In the present
context, the term “"prevention” means that the novel use of a probiotic bacterium,
lactic acid bacteria and/or Bifidobacteria or a culture of said bacteria, and/or a
supernatant, optionally a concentrated supernatant, of said culture and/or a
soluble fraction of said supernatant counteracts the start of overweight and
obesity, or counteracts a positive energy intake, absorption or energy storage
leading to weight gain or excess deposition of abdominal and/or visceral fat, or

that overweight and obesity or deposition of abdominal and/or visceral fat at least
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develop to a minor degree in a subject ingesting probiotic bacteria, lactic acid

bacteria and/or Bifidobacteria or a culture of said bacteria, and/or a supernatant,
optionally a concentrated supernatant, of said culture and/or a soluble fraction of
said supernatant compared to a subject not ingesting probiotic bacteria, lactic acid
bacteria and/or Bifidobacteria or a culture of said bacteria, and/or a supernatant,
optionally a concentrated supernatant, of said culture and/or a soluble fraction of

said supernatant.

Accordingly, the probiotic bacteria, lactic acid bacteria and/or Bifidobacteria may
be used in direct regulation of the level and/or the activity of the fasting induced

adipose factor (FIAF) and/or the expression of one or more gene(s) encoding the
fasting induced adipose factor (FIAF) in a subject.

As shown in the example below, it was found that the serum levels of the FIAF
protein was increased in germ-free mice two weeks after monocolonization with
the probiotic strain F19. As the mice were germ-free, i.e. there are no
microorganisms living in or on the mice, it can be concluded that the increase of
the level and/or the activity of FIAF and/or the expression of one or more gene(s)
encoding FIAF is a direct result of the activity of the probiotic bacteria, lactic acid
bacteria and/or Bifidobacteria strains on FIAF and thus is not dependent on the

counteraction of the probiotic bacteria on the gut flora/microbiota population.

Furthermore, the probiotic bacteria, lactic acid bacteria and/or Bifidobacteria may
be used in direct regulation of the cellular uptake of fatty acids and adipocyte
triglyceride accumulation in a subject. It may be hypothesized that certain
commensal flora within the natural gut flora posses the capacity to regulate FIAF
In said manner. Hence depending on composition of the gut flora one may expect
different outcomes as has been described (Turnbaugh et al., 2006). Lactobacillus
F19 would here serve as a prototype and may consider a general claim

encompassing all species in said family.

The probiotic bacteria, lactic acid bacteria and/or Bifidobacteria may further be
used in direct regulation of lipoprotein lipase activity and storage of liver-derived

triglycerides in a subject. This may in particular be useful in subjects having high
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cholesterol levels and high caloric intake as a prevention prior to food intake like

fat reducing compounds carbohydrate blockers etc.

The use of the probiotic bacteria, lactic acid bacteria and/or Bifidobacteria in
accordance with the invention is preferably directed to a subject such as a human,
but any mammal, such as an animal may also be treated with the probiotic

bacteria as defined herein. In a preferred embodiment, the subject is a mammal
or person who wishes to reduce their body weight. In a further embodiment, the

subject is a mammal or person who wishes to maintain its body weight or control

deposition of abdominal and/or visceral fat.

In a preferred embodiment, the subject is suffering from overweight, such as
cosmetic overweight, or obesity, and are persons having a BMI of at least 25 as
shown in the above Table A. It is contemplated that the use of the probiotic
bacteria according to the invention will be particularly beneficial in a subject, who

is overweight, non-obese, or obese subject as defined in Table A.

As observed by the inventors the above regulation is mediated by one or more
compounds secreted from said probiotic bacteria, lactic acid bacteria and/or
Bifidobacteria or a culture of said bacteria, and/or a supernatant, optionally a
concentrated supernatant, of said culture and/or a soluble fraction of said
supernatant. As shown in the example below, a compound was found which was
secreted from the tested probiotic bacteria. This compound was capable of
Increasing the expression of FIAF. It is contemplated that the nature of the

compound or part is protein/peptide, carbohydrate, fat or nucleic acid.

Furthermore, it was found that heat-treatment of the conditioned media (i.e. a

growth media wherein the probiotic bacterium, lactic acid bacteria and/or
Bifidobacteria or a culture of said bacteria, together with mammal cells such as
colonic cells has been grown or a medium wherein said bacterium has been grown
after having been in contact with said mammalian cells) apparently did not result
in the inactivation of the regulatory effect of the media compared to the living

bacteria. Thus, in useful embodiments, the secreted compound is not heat

sensible.
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The secreted compound has FIAF regulatory properties. In the present context,
the expression “having FIAF regulatory properties” relates to the capability of a
probiotic bacterium, lactic acid bacteria and/or Bifidobacteria or a culture of said
bacteria, and/or a supernatant, optionally a concentrated supernatant, of said
culture and/or a soluble fraction of said supernatant to increase the level and/or

the activity of FIAF and/or increasing the expression of one or more gene(s)
encoding FIAF.

It is to be understood that the level and/or the activity of FIAF is increased when
using the probiotic bacteria, lactic acid bacteria and/or Bifidobacteria or a culture
of said bacteria, and/or a supernatant, optionally a concentrated supernatant, of
said culture and/or a soluble fraction of said supernatant in accordance with the
Invention compared to when not using the present probiotic bacteria, lactic acid
bacteria and/or Bifidobacteria or a culture of said bacteria, and/or a supernatant,
optionally a concentrated supernatant, of said culture and/or a soluble fraction of
said supernatant. In preferred embodiments, the level and/or the activity of FIAF
s increased by at least 10%, such as at least 20%, including at least 30%, e.g. at
least 40%, such as at least 50%, including at least 100%, e.qg. at least 200% or
even at least 300%.

It will further be understood that the expression of one or more gene(s) encoding
FIAF is increased when using the probiotic bacterium, lactic acid bacteria and/or
Bifidobacteria or a culture of said bacteria, and/or a supernatant, optionally a
concentrated supernatant, of said culture and/or a soluble fraction of said
supernatant in accordance with the invention compared to when not using the
present probiotic bacterium, lactic acid bacteria and/or Bifidobacteria or a culture
of said bacteria, and/or a supernatant, optionally a concentrated supernatant, of
said culture and/or a soluble fraction of said supernatant. In preferred
embodiments, the expression of one or more gene(s) encoding FIAF is increased
by at least 10%, such as at least 20%, including at least 30%, e.qg. at least 40%,
such as at least 50%, including at least 100%, e.q. at least 200% or even at least
300%. In a particular preferred embodiment the expression of one or more
gene(s) encoding FIAF is increased by at least 2-fold, such as at least 3-fold,

including at least 4-fold, e.g. at least 5-fold, or at least 6-fold, such as at least 7-
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fold, including at least 8-fold, e.g. at least 9-fold, including at least 10-fold, such
as at least 15-fold or even at least 20-fold.

Also, the cellular uptake of fatty acids and adipocyte triglyceride accumulation are
decreased when using the probiotic bacterium, lactic acid bacteria and/or
Bifidobacteria or a culture of said bacteria, and/or a supernatant, optionally a
concentrated supernatant, of said culture and/or a soluble fraction of said
supernatantin accordance with the invention compared to when not using the
present probiotic bacterium, lactic acid bacteria and/or Bifidobacteria or a culture
of said bacteria, and/or a supernatant, optionally a concentrated supernatant, of
said culture and/or a soluble fraction of said supernatant. In preferred
embodiments, the cellular uptake of fatty acids and adipocyte triglyceride
accumulation is decreased by at least 10%, such as at least 20%, including at
least 30%, e.g. at least 40%, such as at least 50%, including at least 100%, e.q.
at least 200% or even at least 300%.

As described above, by increasing FIAF expression, the LPL activity in the adipose
tissue decreases which results in a decreased storage of liver-derived
triglycerides. Thus, in useful embodiments of the invention, the lipoprotein lipase
activity and storage of liver-derived triglycerides are decreased when using the
probiotic bacterium , lactic acid bacteria and/or Bifidobacteria or a culture of said
bacteria, and/or a supernatant, optionally a concentrated supernatant, of said
culture and/or a soluble fraction of said supernatant in accordance with the
Invention compared to when not using the present probiotic bacterium , lactic acid
bacteria and/or Bifidobacteria or a culture of said bacteria, and/or a supernatant,
optionally a concentrated supernatant, of said culture and/or a soluble fraction of
said supernatant. In preferred embodiments, lipoprotein lipase activity and
storage of liver-derived triglycerides is decreased by at least 10%, such as at
least 20%, including at least 30%, e.g. at least 40%, such as at least 50%,

including at least 100%, e.g. at least 200% or even at least 300%.

It is contemplated that the direct up-regulation of FIAF occurs via PPAR signalling
either though the ligand binding domain or using the PPARs as a vehicle for séid
compound. Thus, the regulation may be mediated through peroxisome
proliferators activated receptors (PPAR), e.g. by binding to the ligand binding
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domain (LBD) of PPAR or by interacting with PPAR outside directly or indirectly via
a partner protein. In particular, such regulation may occur in the liver and/or
adipose tissue but could in principal occur in any cell type where FIAF and PPARs
are co-expressed and where the necessary membrane components are present to

mediate the signalling from said compound.

The present invention is further based upon the observation that the activity of
the secreted regulatory factor is not affected by heat treatment. It is also
demonstrated that the factor according to the invention will be stable during
passage through the gut is simulated e.g. in the presence of different enzymes,
low pH and bile salts. These surprising results opens a new possibility were a heat
inactivated preparation of probiotic bacteria, lactic acid bacteria and/or
Bifidobacteria in media or a supernatant from a culture of said bacteria can be
used in different new ways. Since the principle discovered does not require live
bacteria, products with a longer shelf life without the loss of activity or products

without problems with growth of the said bacteria during the shelf life, and thus

an unwanted influence on quality, can be manufactured as described below.

Thus, in a first aspect of the present invention there is provided a method for
manufacturing of a product selected from the group consisting of a natural
remedy, dietary supplement, food ingredient, fortificant, feed product, food

product and beverage product these products, comprising the steps of

a) adding one or more probiotic bacteria, lactic acid bacteria and/or
Bifidobacteria or a culture of said bacteria, and/or a supernatant, optionally
a concentrated supernatant, of said culture and/or a soluble fraction of said
supernatant to a starting material to obtain an inoculated starting material
with said said probiotic bacteria, lactic acid bacteria and/or Bifidobacteria
and/or an enriched starting material with said supernatant or said soluble

fraction; and

b) treating the inoculated or enriched starting material with high

temperatures.

Heat treated products with long shelf life e.g. at temperatures from 4 to 10°C,

such as from 4 to 8°C or at higher temperatures such as at room temperature can
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be manufactured by adding the probiotic bacteria, lactic acid bacteria and/or
Bifidobacteria to different foods e.g. milk or fruit juice and allowing said bacteria
to grow at 20-37°C for 6-20 hours, or until the bacteria reaches the stationary
phase, resulting in production of the factor. Thereafter, the food can be heat
treated for extended shelf life, packed under good hygienic conditions or possibly
under aseptic conditions. The products can be kept either in the fridge or at room

temperature, since the regulatory factor according to the invention shows good
stability.

An alternative is to grow the probiotic bacteria, lactic acid bacteria and/or
Bifidobacteria in a suitable substrate, letting the bacteria produce the soluble
factor. Subsequently, the bacterial culture containing the soluble secreted factor

can be concentrated. The concentration can be done by a number of different
t

be used in the concentration procedure in addition to freeze drying. The

v -

echniques and since the factor is heat resistant techniques like spray drying can

concentrate containing the soluble, regulatory factor can then be added to a food

product which subsequently can be heat treated for extended shelf life.

It is also possible to use the supernatant of the bacterial culture, i.e. the medium
wherein the bacteria have been grown, and optionally to concentrate the

supernatant e.g. by chromatographic procedures or by filtration before it is used

IN various products.

Non-acidified products containing the regulatory factor from the probiotic bacteria,
lactic acid bacteria and/or Bifidobacteria can be produced according to the
iInvention since the heat treatment will prevent growth of the bacteria during shelf
life. In addition, it is possible to manufacture such products using only the
supernatant from cultures of the probiotic bacteria, lactic acid bacteria and/or
Bifidobacteria, or a concentrate or fraction of the supernatant. Previously,
undesired organoleptic changes during product shelf life have compromised the
use of probiotic bacteria, lactic acid bacteria and/or Bifidobacteria in many types

of product.

In particular, a culture of probiotic bacteria, lactic acid bacteria and/or

Bifidobacteria and/or a supernatant, optionally a concentrated supernatant, of
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sald culture and/or a soluble fraction of said supernatant containing the factor can
be added to any milk based or fruit based food product or natural remedy.

In useful embodiments the method according to the invention comprises culturing

one or more probiotic bacteria, lactic acid bacteria and/or Bifidobacteria in the

starting material to produce an optionally fermented product.

In a particular useful embodiment, the heat treatment in said method is

performed in order to inactivate the probiotic bacteria, lactic acid bacteria and/or

10 Bifidobacteria in the inoculated and/or enriched starting material.

15

20

25

30

35

Another particular useful embodiment is one wherein the treatment with high
temperatures is performed by conventional methods including boiling,
pasteurization and/or treatment with ultra-high temperatures. In preferred
embodiments, the temperature used for the heat treatment is within the range
between 60°C and 180°C, such as within the range between 60°C and 100°C,
Including within the range between 65°C and 80°C, e.g. within the range between
70°C and 90°C, such as within the range between 70°C and 75°C. In further
preferred embodiments, the temperature used for heat treatment is within the
range between 100°C and 180°C, such as within the range between 120°C and
160°C, including within the range between 125°C and 150°C, e.g. within the

range between 125°C and 140°C, such as within the range between 125°C and
135°C.

In further embodiments, the heat treatment is performed in time intervals from
0.5 sec to 1 hour, such as from 1 sec to 20 sec, including from 5 sec to 15 sec,
e.g. from 2 sec to 10 sec, such as from 15 sec to 20sec, including from 15 sec to
30 sec. However, under some circumstances the heat treatment may be
performed in time intervals from 5 min to 50 min, such as from 5 min to 40 min,

including from 10 min to 20 min, e.g. from 15 min to 30 min.

Treating beverage or other food products, such as milk products or juice, with
high temperatures is common practice in the food industry in order increase
storage time and to kill or inactivate microorganisms that Mmay cause disease, bad

taste, spoilage, or undesired fermentation. Pasteurization is a widely used method
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especially within the milk and dairy products. Several time-temperature
combinations in the pasteurization process have been approved as equivalent:
63°C for 30 min; 72°C for 15 sec; 89°C for 1 sec; 90°C for 0.5 sec: 94°C for 0.1
sec; 96°C for 0.05 sec; or 100°C for 0.01 sec. In a preferred embodiment the
pasteurization process is performed at 70-74°C for 15-20 seconds. Ultra-high
temperature processing or (less often) ultra-heat treatment (both abbreviated
UHT) is the partial sterilization of food or beverages by heating it for a short time,
at a high temperature exceeding 115°C. In a preferred embodiment the ultra-heat
treatment process is performed at 115-180°C for 0.1 - 20 sec, 120 - 150°C for
0.5-15 sec, 125-140°C, or most preferred 125-135°C for 2-10 sec.

In an interesting embodiment, is the starting material used in the method
according to the invention is selected from the group consisting of a milk, a fruit,
grains, a vegetable, a meat or combinations thereof. The milk, fruit, vegetable,
grains or meat may be raw or processed. When the starting material is raw or
processed milk the starting material may be selected from the group consisting of
milk from cows, sheep, goats, yaks, bison, Alpaca, water buffalo, Llama, horses or
camels. The starting material may also be milk from a domesticated and/or

ruminant animal.

When the starting material is milk, the milk may be homogenised, un-
homogenised, or fermented. When a fermentation process is performed the milk
needs to be heat treated at 80-100°C in 2-30 min, 85-100°C in 3- 25 min or most
preferred at 90-95°C in 5-20 min before the addition of bacteria and fermentation.
When the starting material is fruits, vegetable and/or grains, the fruits, vegetable
and/or grains may be pre-processed by one or more of the treatments selected
from the group consisting of grinding, milling, hacking, squeezing, slicing,
abrading, pressing, crushing, chipping, mincing and combination thereof, and if a
fermentation process is performed the fruits, vegetable and/or grains are heat
treated before the addition of bacteria at 70-99°C for 5-120 sec, at 75-95°C for
15-30 sec or preferably at 80-90°C for 15-30 sec. The fruit may be in the form of
a fruit juice, a fruit smoothie, fruit jelly, fruit pulp, fruit butter, must or wine. The

vegetables may be in the form of a vegetable juice or vegetable pulp.
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In a further embodiment, said method comprises an additional step of culturing
said probiotic bacteria, lactic acid bacteria and/or Bifidobacteria in the starting
material to produce a fermented product. Conventional fermentation process may
be used. In a preferred embodiment the fermentation process is performed at 20-
42 °C for 4-20 hour. If the product is yoghurt a fermentation process at 30-42 °C

for 4-7 hours is preferred.

In another embodiment the starting material and/or supernatant in said method,

Is whey or milk or a whey-based and/or milk-based medium.

A particular useful embodiment is one wherein the bacteria used in said method is
selected from the group consisting of Lactobacillus spp, Bifidobacteria Ssp.
including B. Jactis strain BB12, Lactococcus spp., Streptococcus spp., Leuconostoc
spp., Pseudoleuconostoc spp., Pediococcus spp., Brevibacterium spp.,

enterococcus spp. and Propionibacterium spp.

Suitable probiotic bacteria, lactic acid bacteria and/or Bifidobacteria for use in the
methods according to the invention may be selected from the group consisting of
Lactobacillus sp., Bifidobacterium sp., Saccharomyces sp., Leuconostoc spp.,
Pseudoleuconostoc spp., Pediococcus spp., Brevibacterium spp., Enterococcus
spp., Lactococcus sp., Streptococcus sp. and Propionibacterium sp. In preferred
embodiments, the Lactobacillus species are selected from the group consisting of
L. casei, including L. paracasei ssp paracasei strain F19 (LMG P-17806) (hereafter
referred to as Lactobacillus F19), L. rhamnosus, including, L. rhamnosus strain
GG, L. acidophilus, including L. acidophilus strain La5 and L. acidophilus strain
NCFB 1748, L. brevis, L. delbrueckii subsp. bulgaricus, L. delbrueckii, L.
fermentum, including L. fermentum strain KLD, L. helveticus, L. plantarum, L.
reuteri, and L. sanfranciscensis. In preferred embodiments, the Bifidobacteria
species are selected from the group B. lactis strain BB12, and Bifidobacterium

longum including B. longum strain BB536.

In an Interesting embodiment, the Lactobacillus species is selected from the group
consisting of L. rhamnosus, including L. rhamnosus strain GG, L. reuteri, L.
plantarum, L. casei, L. paracasei, including L. paracaseij SSp paracasei strain F19
(LMG P-17806) (hereafter referred to as Lactobacillus F19), L. acidophilus,
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including L. acidophilus strain La5 and L. acidophilus strain NCFB 1748 and L.
fermentum, including L fermentum strain KLD.

In equally interesting embodiments, the Lactobacillus species are selected from
the group consisting of L. caseij, including L. paracasei ssp paracasei strain F19
(LMG P-17806) (hereafter referred to as Lactobacillus F19), L. rhamnosus,
including L. rhamnosus strain GG, L. acidophilus, L. brevis, L. delbrueckii subsp.

Bulgaricus, L. delbrueckii, L. fermentum, L. helveticus, L. plantarum, L. reuteri,

and L. sanfranciscensis.

Bifidobacterium lactis strain BB12 and Lactobacillus F19 have been deposited by
the applicants of WO 99/29833 at the Belgian Coordinated Collections of
Microorganisms (BCCM) under the conditions of the Budapest Treaty on the
International Recognition of the Deposit of Microorganisms for the Purposes of
Patent Procedure. Lactobacillus F19 has been deposit under the accession number
LMG P-17806 with a deposit date of 20 May 1997. Thus, the strains are available

to the public and their use has been described in WO 9929833 and WO
2007/043933.

In yet another interesting embodiment the Bifidobacteria is selected from the
group consisting of Bifidobacterium lactis, including B. lactis strain Bb12, and

Bifidobacterium longum, including B. longum strain BB536.

A particular useful embodiment is one wherein the bacteria are capable of

secreting a heat stable factor.

In useful embodiments, the bacteria are capable of increasing the expression of
FIAF by 2-fold or more in an assay comprising the steps of

a. culturing human colorectal adenocarcinoma cell lines (CCL-247,
ATCQC),

b. washing the cells with warm PBS, incubating the cells with 2x107/mi
of said bacterium for six hours with an 18 hours accumulation
period, and

c. determining the FIAF mRNA levels in a semi-quantitative, SYBR

Green based real time PCR using the following forward and reverse
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primers mixed at equal concentration and at a final concentration of
0.2uM: Beta-actin Fw: 5'-CCTGGCACCCAGCACAAT-3’ (SEQ ID
NO:3), Rv: 5’-gccgatccacacggagtact-3’ (SEQ ID NO:4): FIAF Fw: 5'-
AAAGAGGCTGCCCGAGAT -3’ (SEQ ID NO:5), Rv: 5'-
TCTCCCCAACCTGGAACA-3’ (SEQ ID NO:6).

A further embodiment is one wherein the natural remedy, dietary supplement,
food ingredient, fortificant, feed product, food product or beverage product is

selected from the group consisting of a milk product, including a fermented milk

10 product, an acidified milk product, and a non-acidified milk product.
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Yet another embodiment is one wherein the natural remedy, dietary supplement,
food ingredient, fortificant, feed product, food product or beverage product is a
milk product is selected from the group consisting of butter, cream, butter milk,
fermented milk or acidified milk such as yoghurt, junket, quark, fromage frais or
sour milk, non-acidified milk such as full(-cream) milk, semi-skimmed milk or low-
fat milk, drinking chocolate/chocolate milk, flavoured milk drink, milkshake, ice

cream, cheese, milk powder, such as a skim milk powder, and combinations
thereof.

Yet another embodiment is one wherein the natural remedy, dietary supplement,
food ingredient, fortificant, feed product, food product or beverage product is a

fermented or non-fermented product selected from the group consisting of a fruit

or vegetable product, a meat product.

Yet another embodiment is one wherein the natural remedy, dietary supplement,
food ingredient, fortificant, feed product, food product or beverage product is a
fermented or non-fermented product selected from the group consisting of a fruit
or vegetable product, a meat product such as liver paste, sausages, meatballs,
beef burger, or fish cake, a nutritional bar, a snack bar including a chocolate bar

and other sweets, a baked product such as bread, rye bread, biscuit, tea-biscuit,

cracker, potato chips, pie-crust, paté and patty, a semi-manufactured product and
combinations thereof.
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Another embodiment is, when the natural remedy, dietary supplement, food
Ingredient, fortificant, feed product, food product or beverage product is a milk
powder, e.g. a skim milk powder.

As described above, the secreted factor is present in a soluble fraction of the
supernatant from a culture of the above bacteria and is persistent to a treatment
with high temperatures. This makes the bacteria or secreted factor highly useful
In products which need to be heat treated for increasing the shelf life, because the
heat treatment is according to the present invention performed after the
Inoculation of the bacteria in the starting material or after the secreted factor is
added to starting material.

Thus, in a further aspect of the present invention there is provided a product
obtainable by the method described above. It will be understood that the product

may have any or all of the characteristics described below.

In an interesting aspect of the present invention there is provided a heat treated
product selected from the group consisting of a natural remedy, a dietary
supplement, a food ingredient, a fortificant, a feed product, a food product and a
beverage product comprising a heat inactivated culture of one or more lactic acid
bacteria and/or Bifidobacteria, or a supernatant, optionally a concentrated

supernatant, of a culture of one or more lactic acid bacteria and/or Bifidobacteria

and/or a soluble fraction of said supernatant.

Th

composition. Such a pharmaceutical composition may further comprise a

e

e product may also be formulated as a pharmaceutical formulation or

pharmaceutically acceptable carrier, a vehicle and/or a diluent. Preferably, the

composition is formulated for oral administration.

In useful embodiments, said heat treated product is selected from the group
consisting of a milk product, including a fermented milk product, an acidified milk
product, and a non-acidified milk product. When the product is a milk product it
may be a product selected from the group consisting of butter, cream, butter
milk, fermented milk or acidified milk such as yoghurt, junket, quark, fromage

frais or sour milk, non-acidified milk such as full(-cream) milk, semi-skimmed milk
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or low-fat milk, drinking chocolate/chocolate milk, flavoured milk drink,
milkshake, ice cream, cheese, milk powder, such as a skim milk powder, and

combinations thereof.

In another useful embodiment, said heat treated product is selected from the
group consisting of a fruit or vegetable product, a meat product such as liver
paste, sausages, meatballs, beef burger, or fish cake, a nutritional bar, a snack
bar including a chocolate bar and other sweets, a baked product such as bread,
rye bread, biscuit, tea-biscuit, cracker, potato chips, pie-crust, paté and patty, a
semi-manufactured product and combinations thereof.

In yet another useful embodiment, said heat treated product is a milk powder,

e.g. a skim milk powder, a milk based ingredient or a milk based compound.

In useful embodiments, the heat treated feed product is selected from the group
consisting of dog food, cat food, fish food, small animal food, horse food, bird

food, farm animal food and combinations thereof.

In an interesting embodiment, said heat treated product is included in a low fat
diet such as a diet which fat content is providing only 10-25% of the total energy
intake.

In an interesting embodiment, and as explained above, said heat treated product
has been treated by a heat treatment selected from the group consisting of
boiling, pasteurization and with ultra-high temperatures after the inoculation of
the bacteria in the starting material or after the secreted factor or supernatant is

added to starting material.

An Interesting embodiment is one, wherein the heat treated product is
characterized by that the one or more probiotic bacteria, lactic acid bacteria
and/or Bifidobacteria are present in the product as inactivated and/or killed
bacteria, wherein the inactivation and/or killing is performed by boiling,
pasteurization or ultra-high temperature treatment. Inactivation and/or killing of
the probiotic bacteria, lactic acid bacteria and/or Bifidobacteria may be performed

by boiling at 95 °C for 5-20 minutes, and/or using a pasteurization process which
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may be performed at 70-74 °C for 15-20 seconds and/or using ultra-high
temperature process at 125-135 °C for 2-10 seconds.

A particular interesting embodiment is one wherein said heat treated product
comprises one or more probiotic bacteria, lactic acid bacteria and/or Bifidobacteria
or a culture of said bacteria, and/or a supernatant, optionally a concentrated
supernatant, of said culture and/or a soluble fraction of said supernatant. In a
preferred embodiment, the product comprises a bacteria which is capable of

secreting a heat stable factor.

Sald bacteria may be selected from the group consisting of Lactobacillus Sp.,
Bifidobacterium spp., Saccharomyces spp., Leuconostoc Spp., Pseudoleuconostoc

spp., Pediococcus spp., Brevibacterium spp., Enterococcus spp., Lactococcus spp.,

Streptococcus spp. and Propionibacterium spp.

Examples of useful Lactobacillus species are L. casei, including L. paracasei ssp
paracasel strain F19 (LMG P-17806) (hereafter referred to as Lactobacillus F19),
L. rhamnosus, including, L. rhamnosus strain GG, L. acidophilus, including L.
acidophilus strain La5 and L. acidophilus strain NCFB 1748, L. brevis, L.
delbrueckii subsp. Bulgaricus, L. delbrueckii, L. fermentum, including L.
fermentum strain KLD, L. helveticus, L. plantarum, L. reuteri, and L.

sanfranciscensis.

Suitable probiotic bacteria, lactic acid bacteria and/or Bifidobacteria for use in the
heat treated product according to the invention may be selected from the group
consisting of Lactobacillus sp., Bifidobacterium sp., Saccharomyces sp.,
Leuconostoc spp., Pseudoleuconostoc spp., Pediococcus spp., Brevibacterium
Spp., Enterococcus spp., Lactococcus sp., Streptococcus sp. and
Propionibacterium sp. In preferred embodiments, the Lactobacillus species are
selected from the group consisting of L. casei, including L. paracasei ssp paracasei
strain F19 (LMG P-17806) (hereafter referred to as Lactobacillus F19), L.
rhamnosus, including, L. rhamnosus strain GG, L. acidophilus, including L.
acidophilus strain La5 and L. acidophilus strain NCFB 1748, L. brevis, L.
delbrueckii subsp. bulgaricus, L. delbrueckii, L. fermentum, including L.

fermentum strain KLD, L, helveticus, L. plantarum, L. reuteri, and L.
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sanfranciscensis. In preferred embodiments, the Bifidobacteria species are

selected from the group B. /actis strain BB12, and Bifidobacterium longum
including B. longum strain BB536.

> In another interesting embodiment, the Bifidobacteria is selected from the group
consisting of Bifidobacterium lactis, including B. Jactis strain Bb12, and
Bifidobacterium longum, including B. longum strain BB536.

The described bacteria are in a useful embodiment capable of increasing the

10 expression of FIAF by 2-fold or more in an assay comprising the steps of a)
culturing human colorectal adenocarcinoma cell lines (CCL-247, ATCC); b)
washing the cells with warm PBS, incubating the cells with 2x107/ml of said
bacterium for six hours with an 18 hours accumulation period, and c) determining
the FIAF mRNA levels in a semi-quantitative, SYBR Green based real time PCR

15 using the following forward and reverse primers mixed at equal concentration and
at a final concentration of 0.2uM: Beta-actin Fw: 5'-CCTGGCACCCAGCACAAT-3’
(SEQ ID NO:3), Rv: S'-gccgatccacacggagtact-3’ (SEQ ID NO:4); FIAF Fw: 5’-
AAAGAGGCTGCCCGAGAT -3’ (SEQ ID NO:5), Rv: 5'-TCTCCCCAACCTGGAACA-3’
(SEQ ID NO:6).

20

supernatant, optionally a concentrated supernatant, of said culture and/or a
soluble fraction of said supernatant for the manufacture of a heat treated natural

25 remedy, dietary supplement, food ingredient, fortificant, feed product, food
product or beverage product.

In an interesting embodiment, and as explained under the above aspects, the
lactic acid bacteria and/or Bifidobacteria are heat inactivated and/or killed in the

30 final product, i.e. the natural remedy, the dietary supplement, the food ingredient,
the fortificant, the feed product, the food product or the beverage product.

Examples of useful lactic acid bacteria and/or Bifidobacteria are described above.

Furthermore, useful products are defined above such as milk products, fruit
35 products, vegetable products and meat products.
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An even further aspect relates to the use of one or more lactic acid bacteria
and/or Bifidobacteria or a culture of said bacteria, and/or a supernatant,
optionally a concentrated supernatant, of said culture and/or a soluble fraction of
> said supernatant in the manufacture of a heat treated natural remedy, dietary

supplement, food ingredient, fortificant, feed product, food product or beverage
product, for regulation of cellular uptake of fat and/or triglycerides, reduction in
abdominal and/or visceral fat deposition, weight Mmanagement and/or weight
reduction, increased satiety and increased insulin response in a subject.

10
In an interesting embodiment, and as explained under the above aspects, the
lactic acid bacteria and/or Bifidobacteria are heat inactivated and/or Killed in the
final product, i.e. the natural remedy, the dietary supplement, the food ingredient,
the fortificant, the feed product, the food product or the beverage product.

15 Examples of useful lactic acid bacteria and/or Bifidobacteria are described above.
Furthermore, useful products are defined above such as useful milk product, fruit

products, vegetable products and meat product.

Most of the probiotic bacteria are lactic acid bacteria which have been used in the

20 food industry for many years, because they are able to convert/fermenting sugars
(including lactose) and other carbohydrates into lactic acid. Accordingly, the
present invention also relates to the use of a composition obtainable by a process
comprising fermenting a food material comprising animal milk, with a probiotic
bacterium to obtain a fermented food material which comprises a compound

25 having FIAF regulatory properties and being secreted from said probiotic
bacterium for the manufacture of a food product for a direct regulation of the level
and/or the activity of the fasting induced adipose factor (FIAF) and/or the

expression of one or more gene(s) encoding the fasting induced adipose factor
(FIAF).

30

A turther aspect of the present invention relates to a fermented food material

having FIAF regulatory properties in a mammalian and comprising a compound

secreted from a probiotic bacterium having FIAF regulatory properties used for the
fermentation of the food material.
35
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A further aspect of the present invention, relates to a method for the direct
regulation of the level and/or the activity of the fasting induced adipose factor
(FIAF) and/or the expression of one or more gene(s) encoding the fasting induced
adipose factor (FIAF) in a subject comprising: a) identifying a subject in need for
a regulation of the level and/or the activity of FIAF and/or the expression of one
or more gene(s) encoding FIAF; and b) administrating to said subject a
composition containing a probiotic bacterium and/or a compound secreted from a

probiotic bacterium.

Furthermore and in line with the above aspect, the invention provides an aspect
relating to a method for regulation of cellular uptake of fat and/or triglycerides
and/or triglyceride derived fatty acids in a subject comprising administrating to
said subject a product according to the present invention as described below
and/or a composition containing a probiotic bacterium and/or a compound

secreted from a probiotic bacterium.

In a useful embodiment, said method further comprises a) identifying a subject in
need for regulation of cellular uptake of fat and/or triglycerides; and/or b)
measuring levels of circulating triglycerides, such as prior to and after

administration of said product.

In yet another useful embodiment of said method, the celiular uptake of fat

and/or triglycerides and/or triglyceride derived fatty acids is decreased.

Is will be understood that the product according to the present invention is also

useful in methods for increasing satiety and reduced insulin resistance. In
addition, the products are useful for balancing body weight, decreasing the

amount of fat on the body or maintaining normal weignt.

In line with the above aspect, there is provided an aspect relating to a method for

the direct regulation of adipocyte triglyceride accumulation in a subject comprising
a) identifying a subject in need for a regulation of adipocyte triglyceride
accumulation; and b) administrating to said subject a product according to the
present invention as described below and/or a composition containing a probiotic

bacterium and/or a compound secreted from a probiotic bacterium.
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In line with the above aspect, a further aspect of the present invention relates to
a method for the direct requlation of lipoprotein lipase activity and storage of
liver-derived triglycerides in a subject, comprising: a) identifying a subject in need
for a regulation of lipoprotein lipase activity and storage of liver-derived
triglycerides; and b) administrating to said subject a product according to the
present invention as described below and/or a composition containing a probiotic

bacterium and/or a compound secreted from a probiotic bacterium.

Furthermore and in line with the above aspect, there is provided an aspect
relating to a method for body weight management or weight reduction and/or
redistribution of fat and/or reduction in visceral and/or abdominal fat deposition in
a subject comprising administrating to said subject a product according to the

present invention as described above.

In a useful embodiment, said method further comprises the steps; a) identifying a
subject in need for body weight management or weight reduction and/or
redistribution of fat and/or reduction in visceral and/or abdominal fat deposition;
and/or b) measuring body weight, deposition of visceral and /or abdominal fat

deposition, such as prior to and after administration of said product.

In yvet a useful embodiment of said method, the weight of the subject is reduced.

In preferred embodiment of the above aspects, the subject in need for a
regulation is a subject such as a human, but any mammal, such as an animal may
also be treated with the probiotic bacteria as defined herein. In a preferred
embodiment, the subject is a mammal or person who wishes to reduce their body
weight. In a further embodiment, the subject is a mammal or person who wishes
to maintain its body weight. In a further embodiment, the subject is a mammal or

person or a fish who is in need for redistribution of body-fat.

In a preferred embodiment, the subject is normal weight or is suffering from
overweight, such as cosmetic overweight, or obesity, and/or are persons having a

BMI of at least 25 as shown in the above Table A. It is contemplated that the use
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of the probiotic bacteria according to the invention will be particularly beneficial in

a subject, who is overweight, non-obese, or obese subject as defined in Table A.

In preferred embodiments of the above aspects, the composition useful in the
methods according to the invention is selected from the group consisting of a
natural remedy, a beverage product, a food product, a feed product, a dietary

supplement, a food ingredient, a fortificant, a pharmaceutical formulation.

In useful embodiments, the food product is selected from the group consisting of
a milk product, a fruit or vegetable product, a meat product such as liver paste,
sausages, meatballs, beef burger, fish cake, a nutritional bar, a snack bar
including a chocolate bar and other sweets, a baked product such as bread, rye
bread, biscuit, tea-biscuit, cracker, potato chips, pie-crust, paté and patty, a

semi-manufactured product and combinations thereof.

A particular useful embodiment is one wherein the milk product is selected from
the group consisting of butter, cream, butter milk, fermented or acidified milk
such as yoghurt, junket, quark, fromage frais or sour milk, drinking
chocolate/chocolate milk, flavoured milk drink, milkshake, ice cream, cheese and

combinations thereof.

In useful embodiments, the feed product is selected from the group consisting of
dog food, cat food, fish food, small animal food, horse food, bird food, farm

animal food and combinations thereof.

In an interesting embodiment, said composition is included in a low fat diet. In the
present context, the expression “low fat diet” relates to a diet which fat content is
providing only 10-25% of the total energy intake. In order to compensate for lack
of taste due to a reduced fat content, such diets usually contains a high amount of
sugars. Thus, the use of the probiotic bacteria according to the invention is highly
relevant in low fat diets since FIAF acts as an LPL inhibitor and in turn decreases

the storage of triglycerides from the glucose metabolism in the liver.

In one embodiment, the level and/or the activity of FIAF is increased when using

one or more probiotic bacteria, lactic acid bacteria and/or Bifidobacteria or a
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culture of said bacteria, and/or a supernatant, optionally a concentrated
supernatant, of said culture and/or a soluble fraction of said supernatant in the
method according to the invention compared to when not using the present
nrobiotic bacteria, lactic acid bacteria and/or Bifidobacteria or a culture of said
bacteria, and/or a supernatant, optionally a concentrated supernatant, of said
culture and/or a soluble fraction of said supernatant. In preferred embodiments,
the level and/or the activity of FIAF is increased by at least 10%, such as at least
20%, including at least 30%, e.g. at least 40%, such as at least 50%, including at
least 100%, e.g. at least 200% or even at least 300%.

In a further embodiment, the expression of one or more gene(s) encoding FIAF IS
increased when using one or more probiotic bacteria, lactic acid bacteria and/or
Bifidobacteria or a culture of said bacteria, and/or a supernatant, optionally a
concentrated supernatant, of said culture and/or a soluble fraction of said
supernatant in the method according to the invention compared to when not using
the present probiotic bacteria, lactic acid bacteria and/or Bifidobacteria or a
culture of said bacteria, and/or a supernatant, optionally a concentrated
supernatant, of said culture and/or a soluble fraction of said supernatant. In
preferred embodiments, the expression of one or more gene(s) encoding FIAF is
increased by at least 10%, such as at least 20%, including at least 30%, e.g. at
least 40%, such as at least 50%, including at least 100%, e.g. at least 200% or
even at least 300%. In a particular preferred embodiment the expression of one
or more gene(s) encoding FIAF is increased by at least 2-fold, such as at least 3-
fold, including at least 4-fold, e.g. at least 5-fold, or at least 6-fold, such as at
least 7-fold, including at least 8-fold, e.g. at least 9-fold, inciuding at least 10-

fold, such as at least 15-fold or even at least 20-fold.

In an interesting embodiment, the cellular uptake of fatty acids and adipocyte
triglyceride accumulation are decreased when using one or more probiotic
bacteria, lactic acid bacteria and/or Bifidobacteria or a culture of said bacteria,
and/or a supernatant, optionally a concentrated supernatant, of said culture
and/or a soluble fraction of said supernatant in the method according to the
invention compared to when not using the present probiotic bacteria, lactic acid
bacteria and/or Bifidobacteria or a culture of said bacteria, and/or a supernatant,

optionally a concentrated supernatant, of said culture and/or a soluble fraction of
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said supernatant. In preferred embodiments, the cellular uptake of fatty acids and
adipocyte triglyceride accumulation is decreased by at least 10%, such as at least
20%, including at least 30%, e.g. at least 40%, such as at least 50%, including at
least 100%, e.g. at least 200% or even at least 300%.

In a useful embodiment, the lipoprotein lipase activity and storage of liver-derived
triglycerides are decreased when using one or more probiotic bacteria, lactic acid
bacteria and/or Bifidobacteria or a culture of said bacteria, and/or a supernatant,
optionally a concentrated supernatant, of said culture and/or a soluble fraction of
said supernatant in the method according to the invention compared to when not
using the present probiotic bacteria, lactic acid bacteria and/or Bifidobacteria or a
culture of said bacteria, and/or a supernatant, optionally a concentrated
supernatant, of said culture and/or a soluble fraction of said supernatant. In
preferred embodiments, lipoprotein lipase activity and storage of liver-derived
triglycerides is decreased by at least 10%, such as at least 20%, including at least
30%, e.qg. at least 40%, such as at least 50%, including at least 100%, e.g. at

least 200% or even at least 300%.

In accordance with the invention, the regulation may be mediated through
peroxisome proliferators activated receptors (PPAR) as described above.
Furthermore, the regulation may occur in the liver and/or adipose tissue as

described above.

Suitable probiotic bacteria, lactic acid bacteria and/or Bifidobacteria for use in the
methods according to the invention may be selected from the group consisting of
Lactobacillus sp., Bifidobacterium sp., Saccharomyces sp., Leuconostoc spp.,
Pseudoleuconostoc spp., Pediococcus spp., Brevibacterium spp., Enterococcus
spp., Lactococcus sp., Streptococcus sp. and Propionibacterium sp. In preferred
embodiments, the Lactobacillus species are selected from the group consisting of
L. casei, including L. paracasei ssp paracasei strain F19 (LMG P-17806) (hereafter
referred to as Lactobacillus F19), L. rhamnosus, including, L. rhamnosus strain
GG, L. acidophilus, including L. acidophilus strain La5 and L. acidophilus strain
NCFB 1748, L. brevis, L. delbrueckii subsp. bulgaricus, L. delbrueckii, L.
fermentum, including L. fermentum strain KLD, L. helveticus, L. plantarum, L.

reuteri, and L. sanfranciscensis. In preferred embodiments, the Bifidobacteria
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species are selected from the group B. lactis strain BB12, and Bifidobacterium

longum including B. longum strain BB536.

It should be noted that embodiments and features described in the context of one
of the aspects of the present invention also apply to the other aspects of the

invention.

All patent and non-patent references cited in the present application, are hereby

incorporated by reference in their entirety.

The invention will now be described in further details in the following figures and

non-limiting examples, wherein

Figure 1 shows probiotics upregulate FIAF in colonic cell lines. A) Real time PCR of
FIAF expression in HCT116 cells co-cultured with Lactobacillus F19 (F19),
Lactobacillus rhamnosus GG (LGG), Bifidobacterium lactis (BB12) and Bacteroides
thetaiotaomicron (B.theta) respectively for 6h were compared to non-treated (NT)
control. B) Expression analysis of FIAF after 6h stimulation with F19 at different
concentrations in HCT116 cells. C) Time-course of F19 (10°) on FIAF mRNA
expression in HCT116 cells. D) Western of FIAF in HCT116 cells treated with F19
for 6h and collected after 24h. E) FIAF gene expression in the colon carcinoma
cell lines LoVo, HT-29 and SW480 cells. Real time PCR data are presented as
means with standard errors. All data are representative of at least 3 independent

experiments;

Figure 2 shows the FIAF expression in HCT116 cells which is regulated by F19
secreted factors. A) Real time PCR of cells stimulated 6h by live or heat-killed (H-
K) F19 as well as fresh or heat-inactivated (H-1I) conditioned media (CM) of F19
compared to non-treated (NT) control. B) Comparison between 6h stimulations
with conditioned media (CM) and F19 culture supernatant (CS) on FIAF
expression. C) FIAF expression after 6h stimulation by fresh conditioned media
(CM) along with both its lipid fraction (LF) and aqueous fraction (AF). Bars signify
means with standard errors. Results are representative of at least 3 independent

experiments;
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Figure 3 shows conjugated linoleic acid (CLA) induction of FIAF gene expression in
HCT116 celils. A) Concentration curve of CLA induced FIAF expression over non-
treated (NT) control. B) Co-cultures with 100uM CLA for 6h and 24h. C) PPARY
ligand Troglitazone (Tro) and PPARa ligand WY-14643 (WY) stimulation on FIAF
expression. D) Expression analysis of PPARy target gene ADRP and PPARa target
gene ME, triggered by 100uM CLA for 24h;

Figure 4 shows SiRNA for PPARy in HT29 cells. Expression data are presented with

standard errors of the mean. Data are representative of at least 3 independent

experiments;

Figure 5 shows F19 monocolonization in germ-free mice which induces FIAF
protein in serum. A) Size of epididymal fat relative to body weight in control
germ-free mice (PBS) versus F19 mono-infected (F19) mice. B) FIAF expression
in colon and ileum tissue in control (PBS) and mono-infected mice (F19). C)
Densitometric assessment of Westerns run for FIAF protein in whole cell extracts
from colon and ileum tissues of control (PBS) and monocolonized mice (F19). D)
Densitometry of Westerns for FIAF serum levels in control (PBS) and mono-
infected mice (F19). Indicated lines represent the median value of each data set,

n=6. Real time PCR data are presented as means with standard errors;

Figure 6 shows differentially expressed Nuclear receptors NRs comparing 14 GF
(germ free) and 14 SPF (conventional mice) in adult mice;

Figure 7 shows that a secreted factor from F19 rather than cell-bacteria contact
upregulates FIAF expression. The effect of F19, heat treated F19 (Heat-killed
F19), and supernatant of F19 cultures (conditioned media) on FIAF expression are

shown.

Figure 8 shows the ability of the secreted factor to maintain its activity after heat

treatments like pasteurization and ultra-high temperatures; and

Figure 9 shows the ability of the secreted factor to maintain its activity in the

presence of pepsin, pancreating and low pH (pH2).
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Example 1

The purpose of the present study was to investigate whether or not a single,

probiotic strain can be used to modulate host physiology and/or manipulate floral

composition to an anti-obesity favourable state.

Thus, this example shows the results of the investigation of the expression of FIAF
as a function of one strain of probiotics as a contrast to full flora, in the colonic
cell line HCT116. The probiotic employed is the Lactobacillus paracasei subsp.
paracasei F19, which is a Gram-positive, hon-spore forming, rod shaped
bacterium initially isolated from human faeces. The results show that FIAF
expression can be induced by F19 along with other probiotic strains as opposed to
the common commensal B. thetaiotaomicron, which is in line with reported

inability of whole flora to increase FIAF expression in other studies.
1.1. Materials and Methods

Mice, Cell Lines and Reagents

All animal experiments were approved by the ethical committee in Stockholm,
Sweden. Ten-twelve week old germ-free (GF) NMRI mice were used in these
experiments maintained on autoclaved R36 Lactamin chow (Lactamin, Sweden)
and kept in 12h Iigh"t cycles. Lactobacillus F19 was cultured on MRS plates and
used to colonize GF NMRI mice for a period of two weeks in a concentration of 10°
per animal by gavage. The colonized mice were sacrificed by cervical dislocation
along with age matched GF PBS gavaged controls. From each animal the cecal

content was cultured as treatment control.

The human colorectal adenocarcinoma cell lines HCT116 (CCL-247, deposit at
ATCC), LoVo (CCL-229, deposit ATCC), HT29 (HTB-38, deposit ATCC) and SW480
(CCL-228, deposit ATCC) were grown and maintained according to supplier’s
recommendations.
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Conjugated linoleic acid (CLA; 94594) was purchased as a trans-10, cis-12 mix
from Sigma. PPARy and PPARa ligands Troglitazone (5uM) and WY-14643
(100uM) were products from Cayman.

Bacteria and Co-Culture

All bacterial strains, Lactobacillus rhamnosus strain GG, Bifidobacterium lactis
strain BB12 and Lactobacillus paracasei subsp. paracasei strain F19, were
obtained from Arla Foods AB (Stockholm, Sweden) except for Bacteroides

thetajotaomicron which is a lab stock.

Strain F19 was always pre-cultured for 6-8 h at 37°C on a rotating platform
(225rpm). Pre-cultures were then added to pre-warmed deMan Rogosa Sharpe
(MRS) medium (dilution 1:20). The cultures were cultivated overnight prior to use.
Bacterial concentration at ODggonm Was determined: 1 ODggonm = 1% 10° F19/ml.
The required amount of F19 was resuspended in an appropriate volume of the

respective pre-warmed medium without antibiotics.

Co-culture was prepared by washing the colonic cells with warm PBS. Cells were
incubated with 2x107/ml of F19 or with medium alone. The experiment was

terminated by thoroughly washing the plates with ice-cold PBS.

To determine the actual bacterial concentration the medium was diluted 1:107,
1:10%, 1:10° in MRS medium for F19. Suspension was put on MRS plate and

incubated at 37°C overnight. The initial bacterial concentration was calculated

from the number of colonies.

As a control, F19 was heat-inactivated by incubating at 80°C for 30 minutes. The
same amount of heat inactivated bacteria as used in the co-culture with live

bacteria was suspended in 5mi of respective medium and added to the washed

cells.

Conditioned medium was prepared by incubating F19 and HCT116 together, after
6 hours medium was collected and filtered (pore size: 0.2um), whereas culture

supernatant was collected from F19 in media without presence of cells.
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Conditioned medium was heat inactivated by boiling (100°C, 10 minutes).

Real Time PCR
RNA was prepared using the Qiagen RNeasy Mini Kit following the manufacturer’s
5 protocol and cDNA was synthesised using the cDNA synthesis kit from Invitrogen

according to protocol. Semi-quantitative, SYBR Green based (Applied Biosystems)
real time PCR was used to detect transcripts. Forward and reverse primers were
mixed at equal concentration and used at a final concentration of 0.2uM. ADRP
Fw: 5-CTGTTCACCTGATTGAATTTGC-3' (SEQ ID NO:1), Rv: 5~

10 AGAGCTTATCCTGAGCATCCTG-3’ (SEQ ID NO:2); Beta-actin Fw: 5'-
CCTGGCACCCAGCACAAT-3’' (SEQ ID NO:3), Rv: 5'-GCCGATCCACACGGAGTACT-3'
(SEQ ID NO:4); FIAF Fw: 5'- AAAGAGGCTGCCCGAGAT -3’ (SEQ ID NO:5), Rv: 5'-
TCTCCCCAACCTGGAACA-3' (SEQ ID NO:6); ME Fw: 5'-
CGAATTCATGGAGGCAGTTT-3" (SEQ ID NO:7), Rv: 5’ -TGCATTCACATTGGCAAAAT-

15 3’ (SEQ ID NO:8). Each experiment was carried out in sample duplicates. The
MRNA levels of each sample were determined in triplicates. Real time PCR was
performed using the ABI 7500 System for data acquisition and analysis by using
the ABI 7500 System Sequence Detection software. Data is presented as mean
values with standard errors.

20
Western Blot
Cells were treated according to figure specifications and lysed in Schindler lysis
buffer (50mM Tris pH 8; 0.1mM EDTA; 0.5% NP-40; 10% Glycerol; 150mM NaCl;
10 nM okadaic acid; 5 mM sodium fluoride; 400 uM sodium vanadate; 1x

25 Complete (Roche, Germany); 1mM phenylmethanesulphonylfiuoride). FIAF
antibody used (409800) was purchased from Zymed (Carlifornia, USA) while
immunodetection was carried out by an appropriate secondary peroxidase-
conjugated antibody (DAKO A/S, Denmark) foliowed by chemiluminescence (ECL,
Amersham, UK).

30
SIiRNA
Elimination of PPAR transcripts from HT29 cells was accomplished by Dharmacons
readymade sSiRNA products (SMARTpool Human PPARG). Transfection was carried
out according to manufacturer’s protocol using the DharmaFECT 4 reagent with a

35 final siRNA concentration of 0.5uM/cm?.
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1.2 Results

1.2.1 Probiotic Bacteria Induce FIAF Expression in Colonic Cells

The colon carcinoma cell line HCT116 was used to elucidate effects of probiotics
on FIAF expression in colonocytes. Cells were stimulated for 6h with the
Lactobacillus F19, Lactobacillus rhamnosus GG (LGG), Bifidobacterium lactis 12
(BB12) as well as Bacteroides thetaiotaomicron (B.theta) (Figure 1A). The two
lactobacilli F19 and LGG generate a substantial upregulation of FIAF expression,
while BB12 accomplished a modest one. In contrast, the commensal B.theta is
unable to stimulate expression. F19 was able to upregulate FIAF in both a dose
and time dependent manner (Figure 1B-C). Upregulation of FIAF expression could
be confirmed by evaluation of protein content in extracts from cells stimulated for
6h with a subseguent 18h accumulation period (Figure 1D). The issue of cell line
exclusivity was addressed by quantifying FIAF expression after F19 stimulation in
the colonic cell lines LoVo, HT29 and SW480, which all showed a similar
upregulation to that of HCT116 (Figure 1E).

To elucidate the mechanism of FIAF induction, separated potential components of
the bacteria-cell interaction were studied. Heat-killed F19 could not mount a FIAF
response, while conditioned media from bacteria interacting with cells, even when
heat-inactivated, could (Figure 2A). The need for bacteria-cell contact in
production of stimulatory molecules was also addressed. Here we saw that

supernatant of F19 not grown with cells was virtually as good as conditioned

media when contact had been present (Figure 2B). The conditioned media was
subsequently divided into its lipid and aqueous fractions to establish what class of
molecules might be responsible for the observed effect. Here we could mimic the
effects of the conditioned media with its lipid fraction but not with the aqueous
(Figure 2C).

1.2.2 PPARa and PPARy Signaling Pathways May Play a Role in Induction of FIAF
by Probiotic Bacteria in Colonic cells

CLA appears to be able to upregulate FIAF expression in a dose and time
dependent manner much like F19 (Figure 3A-B). PPARy and PPARa specific ligand

stimulation of HCT116 cells results in increased amount of FIAF transcripts (Figure
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3C). Furthermore, 24h stimulation with CLA of the same celi line, results in
increased expression of PPARYy target gene Adipose differentiation-related protein
(ADRP) as well as PPARa target malic enzyme (ME) (Figure 3D). When PPARYy is
incapacitated by siRNA in HT29 cells, FIAF expression is no longer enhanced by
either F19 or CLA (Figure 4).

1.2.3 Mono-infection of Germfree Mice with a Probiotic Bacteria Upregulates FIAF
Protein in Serum

To confirm effect of F19 in an in vivo model we chose to study the potential
effects in germ-free (GF) NMRI mice. Initially, we addressed what long term
effects F19 would generate in vivo. Monocolonization with F19 of GF mice for 2
weeks was carried out without any adverse side effects on general health,

resulting in organ collections for further investigation.

Epididymal fat was used as a representative for total body fat content. Here we
show that there was no significant increase in body fat in the monocolonized mice
compared to the PBS treated GF mice (Figure 5A). We also measured FIAF
expression in colon and ileum and saw no effects of F19 on steady state levels in
these organs (Figure 5B). The same applied to protein levels of FIAF in colon and
ileum which concurred with the RNA data (Figure 5C). Interestingly, serum levels

of FIAF protein were increased even 2 weeks after initial infection (Figure 5D).

1.3 Discussion

The results show that FIAF expression can be induced by Lactobacillus strain F19
along with other probiotic strains as opposed to the common commensal
Bacteroides thetaiotaomicron, which is in line with reported inability of whole flora
to increase FIAF expression in other studies. Furthermore, these species
comparisons also point toward a difference in the FIAF expressional effect. The
lactobacilli F19 and LGG seem to be better inducers of the LPL inhibitor than the

Bifidobacterium BB12, demonstrating distinction between probiotic strains as well.

In order to address the mechanism of action for F19, the FIAF expression was
monitored as a result of the different components of bacterial presence. These

results are summarized in figure 7. Inability of heat-killed F19 to generate a
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response and the redundancy of bacteria-cell interaction excludes the bacterial

wall components as stimuli.

Conditioned media from F19 co-cultured with HCT116 cells was, on the contrary,
5 well equipped, even when heat-inactivated, to increase FIAF expression which

suggested that either a small protein or lipid molecule was responsible for the

Induction. Further characterization of the media revealed that only its lipid fraction

could mount a response.

10 In contrast to previous studies (Backhed et al., 2007), the present results show
that monocolonization of GF mice with F19 for two weeks results in no apparent
difference in body fat as represented by epididymal fat pads. Furthermore, no
differences in FIAF RNA or protein in either ileum or colon was found which is
probably due to the two week lag time between stimuli and experiment where the

15 body has recovered homeostasis in the tissues after initial contact. However, the
net effect of the mono-infection in serum is that circulating FIAF protein is
InCreased compared to non-infected GF mice. The next logical step would be to
supplement conventional mice on high or low fat diets with F19 during a longer
period of time to monitor potential body adaptations.

20
The present results open the Intriguing possibility that it may be possible to
modify FIAF, a central player in adipogenesis, by manipulating the composition of
the gut flora. Without being bound by theory, we hypothesize that probiotics, such
as Lactobacillus F19, possibly via PPAR signaling, could be a useful tool in such

25 anti-obesity treatments.

Example 2

30 As shown in the above Example 1, is Lactobacillus strain F19 capable, in contrast
to a whole flora, to increase FIAF content in both colonic cell lines and serum of
monocolonized mice resulting in decreased fat storage. Furthermore, it was shown
that cell-bacteria contact is not required for the upregulation of FIAF, as media of

F19-cultures (conditioned media or supernatant) alone is capable of driving said
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expression (these results are summarized in figure 7). The fact that F19 does not
require cell-bacteria contact increases its potential as a part of an industrial
setting on a high-throughput scale. Strain F19 grown Iin culture medium alone is
equally capable of producing the factor and thus offers an attractive practical
benefit when translated to industrial equipment. Therefore, the active component
of F19 secretions was further characterized by a number of different approaches
in order to evaluate the possibilities of using this factor in a natural remedy, a

dietary supplement, a food Ingredient, a fortificant, a feed product, a food product
and a beverage product.

2.1 Material and Methods

Cell Line, reagents and real time PCR experiments as described in Example 1

Gut passage

In vitro digestion with gastic enzymes was carried out on freshly filtered
conditioned medium. For pepsin treatment, the pH was adjusted to pH 2.0 with
LN HCl and pepsin (4% w/w, protein basis) was added. The solution was
Incubated at 37°C for 1 hour before pH was readjusted to 5.3 with 0.9M NaHCO?3.
For pancreatin digetion, the pH was set to 7.5 with 1N NaOH before the enzyme
was added (4% w/w, protein basis). This solution was incubated at 37°C for 2h
and then boiled to terminate digestion. Both pepsin and pancreatin digestions
were at termination centrifuged at 16,0009 for 10min and supernatant was

collected and added to stimulate cells.

Heat treatments
Conditioned medium was prepared by Incubating strain F19 and strain HCT116
together, after 6 hours medium was collected and filtered (pore size: 0.2pum),
whereas culture supernatant was collected from F19 In media without presence of
cells. These can be used Interchangeably.
Conditioned supernatant was subjected to three different heat treatments.

1) Boiling: After growth of F19 in the medium, the medium with F19 or the

supernantant was boiled for 10 min.
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2) Pasteurization: A laboratory simulation of the pasteurization procedure was
used. Two 10ml samples of F19 supernatant were transferred to a water
bath held at 73°C. The temperature in the samples was checked and the
samples were kept in the water bath until the medium reached 73°C for 15
seconds.

3) UHT treatment: A pilot plant UHT equipment was used. The supernatant
from growth of F19 was UHT treated for 1350C + 0.29C for 7 seconds and a
pressure of 2.6 bar.

The effect on FIAF was subsequently analyzed and compared to unconditioned
medium both before and after heat treatments.

Digestion

In vitro digestion with gastric €nzymes was carried out on freshly filtered
conditioned medium. For pepsin treatment, the pH was adjusted to pH 2.0 with
IN HCI and pepsin (4% w/w, protein basis) was added. The solution was
Incubated at 37°C for 1 hour before pH was readjusted to 5.3 with 0.9M NaHCOas.
For pancreatin digestion, the pH was set to 7.5 with LN NaOH before the enzyme
was added (4% w/w, protein basis). This solution was incubated at 37°C for 2
hours and then boiled to terminate digestion. Both pepsin and pancreatin
digestions were at termination centrifuged at 16,000g for 10min and supernatant

was collected and added to stimulate cells.

2.2 Results

2.1.1. Storage

Simple characterization experiments pertaining to storage and handling revealed
the active conditioned media should be Kept at +4°C and used within a week of
the F19 culture before assaying FIAF expression through real time PCR. The factor

s sensitive to freeze-thaw cycles and should only be frozen fresh and thawed

once, but even then some activity could be lost. Best is to use fresh supernatants

of F19 cultures.

The factor likely ranges between 3-10kD in size, as assayed by size exclusion

membranes. However, if the factor proves to have lipophilic properties it might
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bind to the smaller size discriminating filters opening the possibility of an even
smaller molecular weight.

2.1.2 Heat Stability

In addition to establishing storing conditions, heat stability tests were performed
where the factor was subjected to different temperatures of interest for Arla
Foods. Boiling the supernatant for 10min did not affect the activity of the factor
(data not shown). Using more refined treatments including pasteurization at 73°C
and ultra high temperature (UHT) at 135°C showed that both types of heat

10 treatments do not affect factor activity on FIAF expression but may rather slightly

15

20

25

30

enhance its activity (Figure 8).

2.1.3 Digestion

The factor seems to cope quite well with gastrointestinal parameters such as
digestion enzymes and pH (Figure 9) which would prove promising if
administration would consist of single factor instead of the probiotic. Mimicking
gut passage, sequential treatment of pepsin and pancreatin as well as the
concomitant change in pH also does not affect factor activity. This would suggest
that the factor would survive gut passage and exert its effect even when
administered on its own, without F19 present. This also suggests that effects of
the factor does not have to be localized to the colon but could also, to some

extent, be expected all along the gastrointestinal tract.

Bile acids concentrations expected to be found in the colon also do not affect
factor activity (100-200uM: data not shown),

Example 3

The ability of F19 to produce the factor in milk or juice based matrices is tested
along with the potential of increased shelf life. This is performed to confirm that
the stability of the secreted factor is increased when changing the environment
due to removal of unfavorable inherent and/or heat inactivated constituents. F19
Is cultured in two types of media, a milk-based medium (milk with an addition of

0,1% yeast extract that has been treated at 95 °C for 10 minutes before addition
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of bacteria) and a whey-based medium (whey with an addition of 0,1% yeast
extract) in order to accumulate the factor prior to heat treatment. The medium is
fermented at 37 °C for 16 hours. The supernatant from the different media is
prepared by centrifugation and the supernatant is collected. The supernatant from
the medium with the bacteria is heat treated to inactivate the bacteria before
addition to the cell line. Alterations in the factor activity on FIAF expression in
cells is assayed through real time PCR. That the factor retain its activity in the
final product is confirmed through real time PCR.

The benefits of change in matrix on gut passage is also tested using experiments
as described in Example 2 to confirm that a milk matrix has stability promoting
effects, and thereby facilitate passage of the factor, acting as a buffer protecting it
from degradation/inactivation along the way. Optionally, drying techniques for

factor isolation can be useful if growing the bacteria in medium.

Example 4

The findings in the animal model described in Example 1 prove that metabolic
parameters can be affected by ingesting the probiotic F19. These results are
extended using an animal model with the propensity for weight gain. This is
performed using specific pathogen free C57/B6 mice on calorie rich and normal
diet with or without F19 ingestion to elucidate potential health promoting effects.
Weight gain and antropometric characters are measured together with metabolic
parameters such as insulin levels and cholesterol/triglyceride profiles are studied
using size exclusion chromatography on individual plasma samples using a
Superose 6 PC 3.2/30 column (GE Healthcare Bio-Sciences AB, Uppsala, Sweden).

Total body fat measurements are conducted using nuclear magnetic resonance.

Example 5

The ability of other strains of lactobacilli to produce the factor is investigated. The

probiotic strains are listed in table 5.1:
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Table 5.1

Other dairy

strains

Arla strains General strains

Lactobacillus paracasei ssp Lactobacillus

rhamnosus

paracasei F19 Lactobacillus sp

Bifidobacterium

sp

Lactobacillus

Bifidobacterium lactis Bb12

reuteri

Lactobacillus

Lactobacillus acidophilus La5 |plantarum Lactococcus sp

Lactobacillus rhamnosus GG

Bifidobacterium

Lactobacillus acidophilus
NCFB 1748

Bifidobacterium longum
BB536

longum Leuconostoc sp

Bifidobacterium | Propionibacteria

sp

infantis

The screening is performed by assaying bacterial ability to produce the factor in
selected mediums by measuring FIAF expression using real time PCR after cell

stimulation of conditioned supernatant.

Example 6

The results presented above show that when F19 is grown in a medium a factor is
produced which can influence the expression of FIAF in colonic cells. The activity
of this factor is not affected by heat treatments. We also show that the factor is
stable in a model where passage through the gut is simulated e.g. in the presence
of different enzymes, low pH and bile acids. Those surprising results open a totally
new possibility where a heat killed preparation of F19 in an appropriate matrix can
be used in various types of products. Since the principle discovered does not
require live bacteria, products with a longer shelf life without the loss of activity or
products without problems with growth of the probiotic bacteria during the shelf

life, and thus an unwanted influence on quality, can be developed.
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Heatl treated products with long shelf life or for the possibility to keep the products

at room temperature

A milk product with long shelf life or a milk product which can be stored at room
temperature are manufactured by adding F19 to milk, e.g. heat treated at 95 °C
for 10 minutes, the inoculated milk is incubated at 37°C for 16 hours permitting
F19 to grow to obtain a milk product. The pH is going down to approx pH 4.5 and
the bacteria reaches a concentration of approximately 1x10°% CFU/ml. Thereafter
the milk product is heat treated by ultra-high temperatures (135°C £ 0.2°C for 7
seconds and a pressure of 2.6 bar) resulting in extended shelf life, and
subsequently packed under good hygienic conditions. The product can be kept in

either the fridge or in room temperature without a loss of the activity since the

activity does not demand live bacteria.

Two other products are manufactured by growing F19 in media (Man Rogosa
Sharp broth MRS-broth) for 16 hours at 37 °C. This results in production of the
soluble factor by F19. The soluble factor is subsequently concentrated by spray
drying. The concentrated factor is then added to milk and to fruit juice. The milk is
pasteurized at 72 °C for 15 seconds, and the fruit juice is heat treated at 80 oC for
15 seconds. This method allows the production of a production of a product with

an extended shelf life and with the possibility to add the soluble factor in a

concentrated manner to different products.

Non-acidified products with F19 without problems of growth of the probiotic
bacteria during shelf life

Two non-acidified products are manufactured like describe above by adding the
concentrated factor to raw milk and to fruit juice and pasteurizing the milk and
fruit juice product resulting in a long shelf life without the risk of bacterial growth
adversely affecting product taste. Until now it has been very difficult to add
probiotic bacteria in high concentrations to non-acidified products due to

organoleptic changes during shelf life.
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CLAIMS :

1. A method for manufacturing a product selected from the group consisting of a
natural remedy, dietary supplement, food ingredient, fortificant, feed product,

food product and beverage product, said method comprising the steps of:

a) adding to a whey-based and/or milk-based starting material
i) one or more lactic acid bacteria, which are able to directly reduce
the uptake of triglyceride-derived fatty acids via regulation of the
expression of one or more gene(s) coding for fasting induced
adipose factor (FIAF) and are selected from the species Lactobacillus
paracasei and Lactobacillus rhamnosus; and/or
i) a culture of said bacteria; and/or
iii) a supernatant of said culture and/or
iv) a soluble fraction of said supernatant;
to obtain an inoculated starting material with said lactic acid bacteria
and/or an enriched starting material with said supernatant or said soluble
fraction;
b) treating the inoculated or enriched starting material with high

temperatures.

2. The method according to claim 1 said method comprising culturing said one or

more lactic acid bacteria in the starting material to produce a fermented product.

3. The method according to claims 1-2, wherein said treatment with high
temperatures is performed in order to inactivate the bacteria in said inoculated

and/or enriched starting material.
4. The method according to claims 1-3, wherein the treatment with high
temperatures is performed by boiling, pasteurization and/or treatment with ultra-

high temperatures.

5. The method according to claim 4, wherein the temperature used for heat

treatment is within the range between 60°C and 180°C.
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6. The method according to claims 1-5, wherein the starting material is 2 milk.

/. The method according to claim 6, wherein the milk is raw or processed.

8. The method according to claim 6, wherein the milk may be processed by one or
more process selected from the group consisting of homogenisation, heat

treating, fermentation and combination thereof.

9. The method according to claims 1-8, wherein the milk is selected from the
group consisting of milk from cows, sheep, goats, yaks, bison, Alpaca, water

buffalo, Llama, horses and camels.

10. The method according to any one of claims 2-9, wherein the bacteria are

cultured at 20-37 °C for 4-20 hours and/or until the stationary phase is reached.

11. The method according to claims 1-10, wherein said Lactobacillus paracase is

L. paracasei ssp paracasei strain F19.

12. The method according to claims 1-11, wherein said Lactobacillus rhamnosus is
L. rhamnosus strain GG.

13. The method according to claims 1-12, wherein said bacteria secretes a heat
stable factor.

14. The method according to claims 1-13, wherein said bacteria increases the
expression of FIAF by 2-fold or more in an assay comprising the steps of

a. culturing human colorectal adenocarcinoma cell lines (CCL-247,
ATCC),

b. washing the cells with warm PBS, incubating the cells with 2x107/m!|
of said bacterium for six hours with an 18 hours accumulation
period, and

c. determining the FIAF mRNA levels in a semi-quantitative, SYBR
Green based real time PCR using the following forward and reverse

primers mixed at equal concentration and at a final concentration of

CA 2707656 2017-07-19
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0.2uM: Beta-actin Fw: 5'-CCTGGCACCCAGCACAAT-3' (SEQ ID
NQO:3), Rv: 5'-gccgatccacacggagtact-3’ (SEQ ID NO:4); FIAF Fw: 5'-
AAAGAGGCTGCCCGAGAT -3’ (SEQ ID NO:5), Rv: 5'-
TCTCCCCAACCTGGAACA-3' (SEQ ID NO:6).

15. The method according to claims 1-14, wherein the natural remedy, dietary
supplement, food ingredient, fortificant, feed product, food product, beverage
product, and combinations thereof is a milk product selected from the group
consisting of butter, cream, butter milk, fermented milk, acidified milk such as
yoghurt, junket, quark, fromage frais, sour milk, non-acidified milk such as full(-
cream) milk, semi-skimmed milk, low-fat milk, drinking chocolate/chocolate milk,
flavoured milk drink, milkshake, ice cream, cheese, milk powder, such as a skim

milk powder, and combinations thereof.

16. The method according to claims 1-15, wherein the natural remedy, dietary
supplement, food ingredient, fortificant, feed product, food product, beverage
product, and combinations thereof is selected from the group consisting of a fruit
product, a vegetable product, a meat product such as liver paste, sausages,
meatballs, beef burger, a fish cake, a nutritional bar, a snack bar including a
chocolate bar and other sweets, a baked product such as bread, rye bread,
biscuit, tea-biscuit, cracker, potato chips, pie-crust, paté and patty, a semi-
manufactured product and combinations thereof.

17. The method according to claims 1-16, wherein the natural remedy, dietary
supplement, food ingredient, fortificant, feed product, food product or beverage

product is a milk powder, a skim milk powder, a milk based ingredient or a milk

based compound.

18. A heat treated, whey-based and/or milk-based product selected from the
group consisting of a natural remedy, a dietary supplement, a food ingredient, a
fortificant, a feed product, a food product and a beverage product comprising a
heat inactivated culture of a lactic acid bacteria, which is able to directly reduce
the uptake of triglyceride-derived fatty acids via regulation of the expression of

one or more gene(s) coding for FIAF and is the species Lactobacillus paracasei, or
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a supernatant of a culture of said lactic acid bacteria and a soluble fraction of said

supernatant.

19. The product according to claim 18, said product being a product as defined in

any one of claims 15-17,

20. The product according to any one of claims 18-19, characterized in that said
product has been treated by boiling, pasteurization or treated with ultra-high

temperatures.

21. The product according to any one of claims 18-20, characterized by that said

lactic acid bacteria is present in the product as inactivated and/or killed bacteria.

22. The product according to any one of claim 18-21, wherein said Lactobacillus

paracasei species is L. paracasei spp. paracasej strain F19.

23. Use of a lactic acid bacteria which is able to directly reduce the uptake of
triglyceride-derived fatty acids via regulation of the expression of one or more
gene(s) coding for FIAF and is the species Lactobacillus paracasei, a culture of
said bacteria, and a supernatant of said culture and a soluble fraction of said
supernatant for the manufacture of a heat treated, whey-based and milk-based

natural remedy, dietary supplement, food ingredient, fortificant, feed product,

food product, beverage product, and combinations thereof.

24. The use according to claim 23, wherein said lactic acid bacteria is heat

inactivated in the final product.

25. The use according to claim 23 or 24, wherein said Lactobacillus paracasei is L.

paracasei ssp paracasei strain F19.

26. The use according to any one of claims 23-25, wherein said product is a

product as defined any one of claims 15-17.

27. Use of a lactic acid bacteria, which is able to directly reduce the uptake of

triglyceride-derived fatty acids via regulation of the expression of one or more
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gene(s) coding for FIAF and is the species Lactobacillus paracasei, a culture of
said bacteria, and a supernatant of said culture and a soluble fraction of said
supernatant in the manufacture of a heat treated, whey-based and milk-based
natural remedy, dietary supplement, food ingredient, fortificant, feed product,
food product, and beverage product, for reducing cellular uptake of fat and
triglycerides, reduction in abdominal and visceral fat deposition, weight

management and weight reduction in a subject.

28. The use according to claim 27, wherein said lactic acid bacteria is heat
inactivated and/or killed in the final product.

29. The use according to claim 27 or 28, wherein said Lactobacillus paracasei is L.

paracasei ssp paracasei strain F19.

30. The use according to any one of claims 27-29, wherein said product is a

product as defined by any one of claims 15-17.

CA 2707656 2017-07-19
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