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DESCRIPTION

BACKGROUND OF THE INVENTION

Field of the invention

[0001] This invention relates to the selection and use of non-pathogenic, lysine-uptake stimulating Lactobacillus reuteri strains,
and products and methods using such strains for example for the improvement of fur and claw quality in pet-animals.

Description of the Related Art

[0002] In 1908, the Russian biologist Eli Metchnikoff credited the long lives of certain Bulgarian and Russian citizens to the
consumption of large amounts of fermented milk products (1). The key organism in these foods was later identified as
Lactobacillus acidophilus, a lactic acid-producing bacteria (2). The lactic acid- producing bacteria are so named for their ability to
produce lactate. However, lactate production is only one of many benefits derived from this collection of bacteria.

[0003] Based on the work of Metchnikoff and others, scientists developed the idea of probiotic microorganisms, directly feeding
live, lactic acid-producing bacteria and yeast to animals for improving their health and performance. The observed benefits may
result from: I) competition for attachment sites in the digestive tract, 2) competition for essential nutrients, 3) production of anti-
microbial substances, 4) increasing the growth of beneficial bacteria and 5) stimulating the immune system (3).

[0004] Some disease-causing bacteria reduce an animal's ability to absorb nutrients by disrupting the lining of the small intestine
(4). Studies indicate that the lactic acid- producing bacteria attach to the small intestine and produce substances to prevent
disease-causing organisms from binding to the intestinal wall (5). In addition, the attachment of the beneficial bacteria may
increase the absorptive surface area of the small intestine and enhance enzyme activity for greater nutrient absorption by the
animal (8,6).

[0005] Bacteria, both health-promoting and disease-causing, require certain nutrients for growth. Lactic acid-producing bacteria
could utilize vitamins, amino acids or other nutrients that might otherwise support the growth of harmful bacteria (7).

[0006] Considerable research has focused on the ability of direct-fed microbial cultures to produce substances that inhibit
disease-causing organisms. Lactic, acetic and formic acid lower the intestinal pH to create an environment unsuitable for harmful
organisms (4). Lactic acid-producing bacteria also secrete hydrogen peroxide, resulting in conditions unfavorable for oxygen-
requiring microorganisms (8).

[0007] Two groups of antimicrobial substances have been identified, low molecular weight antimicrobial substances, for example,
reuterin, produced by L. reuteri; and bacteriocins. Bacteriocins are microbially produced substances that inhibit the growth of
bacteria that are often genetically related (4). Bacteriocins are polypeptides and their inhibitory properties are destroyed by
proteases while Reuterin, a broad-spectrum antimicrobial substance, is not a polypeptide and its antimicrobial activity is
unaffected by proteases.

[0008] Research has documented the ability of lactic acid-producing bacteria to inhibit E. coli Salmonella typhimurium,
Staphylococcus aureus and Clostridium perfingens (7). The reduction of diarrhea-causing organisms is especially important in
newborn and young animals.

[0009] There are however few studies done on probiotics in companion animals. One recent study (9) investigated the
application of Lactobacillus acidophilus DSM 13241 in canines. This strain was chosen on the basis of its growth characteristics,
antimicrobial activity toward pathogens, and survival rate in gut models. Feeding of healthy dogs resulted in a significant increase
in the population of recoverable lactobacilli in the feces with a concomitant decrease in the clostridia population. The researchers
concluded that feeding of the probiotic resulted in positive changes in the gut microbiology and in systemic effects that suggested
immune system stimulation as observed in humans after they consumed Lactobacillus spp. (10).

[0010] Like dogs, cats, mink (Mustela vison) and blue foxes (Alopex lagopus) belong to the mammalian order Carnivora. The
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carnivores are adapted to relatively concentrated and highly digestible diets, and are characterized by a gastric stomach and a
relatively short and uncomplicated intestine. The mink lacks a cecum and has a short digestive tract with very limited bacterial
activity in the colon. Dogs and foxes have little cecal capacity and an unsacculated colon, but some bacterial fermentation takes
place in the cecum and colon (11).

[0011] Protein is vital for growth, repair, and maintenance of body tissue. It forms the basis of enzymes and antibodies. For
animals and birds, a lot of protein is used as energy to make fur, feathers and claws, which are primarily alpha-keratin.
Alphakeratins consists of long alpha-helical polypeptides, which are wound around each other to form triple helixes. For fur
animals in general, sulfur-containing amino acids are usually considered to be the first limiting ones ((12). Protein to make fur,
feathers and claws has to come from the diet. The diets must supply enough amino acids to meet requirements of the essential
amino acids with enough excess amino acids to supply nitrogen that makes the nonessential amino acids. Additional protein in the
diet cannot be stored and will be converted to fat or excreted by the kidneys.

[0012] Lysine is an essential amino acid and thus unable to be synthesized by transamination. It helps make fat usable to the
body by producing carnitine, removes toxins from the body, builds fur, feathers and bone. High levels increase the need for
arginine. Lysine is highly unstable in intact protein. It reacts with glucose and the reaction accelerates in the presence of warmth
and moisture. Research on young pigs and poultry has found lysine to be the first limiting amino acid for growth (e.g. Boisen et
al., 2000; (13,14).

[0013] Methionine and cysteine are nutrient amino acids, and the most active of the essential amino acids. They are used to
make such important molecules as carnitine (used in the transport of fatty acids), creatine, niacin, polyamines, and purines (used
to create uric acid). They are also used in the making of fur and feathers. Cysteine can be synthesized from methionine, and
therefore it is classified as non essential. However, cysteine and its oxidation product cystine can satisfy approximately 50 percent
of the need for total sulfur amino acids and in this way can reduce the need for methionine. Methionine can not be synthesized
from cysteine, and therefore it is essential. Methionine can meet the total need for sulfur amino acids in the absence of cystine.
Some studies have found methionine to be the first limiting amino acid for hair growth and fur quality in mink.
(15,16,17,18,19,20,21)

[0014] In most household pets, a healthy skin and coat indicates an animal in general good health. Since skin and coat problems
are common in household pets, much research has gone into providing diets which repair deteriorations in skin and coat
conditions, thus providing a basic level of healthy skin and coat as described hereinafter.

[0015] Research shows that supplementation of a complete and balanced commercial dog food with zinc plus linoleic acid can
make significant and substantial enhancements of the skin and coat conditions in dogs. The dogs showed significant improvement
in coat gloss and coat scale when compared to control groups receiving a standard diet. This approach is also described in
patent EP0987961 B1.

[0016] Nutrition may impact skin barrier function. The international patent application WO0207531A1 discloses the use of dietary
lipids containing anti-microbial fatty acids for the preparation of a food composition intended for improving or maintaining the skin
health and/or coat quality.

[0017] In the study by Kerminen-Hakkio (21) poor protein quality in mink reduced pelt length on an average by 4 cm. Best overall
fur quality was observed in the good quality, high level protein group. The authors conclude that deficiencies in the supply of
indispensable amino acids cannot be totally compensated for by increasing the level of protein in the diet.

[0018] In some cases, the non-essential amino acids should still be supplemented to ensure optimal available quantity. We have
found that available methionine should be balanced with lysine also in food for cats and dogs to improve fur and claw growth and
quality. A complimentary way of making better use of lysine from the food, rather than just feeding more, is to look for ways to
improve it's absorption.

[0019] It is known that animal feeding with Lactic acid bacteria (LAB) is growth-promoting due to generally improved absorption of
nutrients. In today's modern animal breeding, a lot of countries already use feed additives which contain probiotic microorganisms
for fattening animals. When an animal consumes LAB, they colonize its digestive tract and start to produce enzymes that digest
starch (amilase), proteins (proteinases), fat (lipases). These enzymes contribute to the disintegration of complex organic
compounds in fodder into low-molecular compounds. The animals can make better use of these low-molecular compounds. Their
appetite improves, the fodder conversion rate gets better and the production performances are improved. The use of LAB in
animal feeding also contributes to immune defenses against pathogens. LAB disintegrate carbohydrates into lactic acid which
reduces pH of the digestive tract content, which become an extremely unfavorable surrounding for pathogen microorganisms.
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[0020] We have surprisingly found that different strains of LAB present in the food or in the Gl-tract can differently aid in the
absorption of amino acids, specifically lysine. And that such difference can be measured, thereby making it possible to select the
specific strains of lactic acid bacteria that will improve the lysine uptake the most.

[0021] The Caco-2 cell system has proved a suitable model system for intestinal epithelial permeability studies (22) of both
nutrients, [peptides and amino acids (23,24 ,25,26)] and pharmaceutical products (27,24) A study performed by Twaites 1996
described the ability of intestinal Caco-2 cells to transport the dibasic amino acid lysine (28).

[0022] However there have been few studies on Lactobacillus facilitating or increasing the absorption of amino acids from the
diet in pet animals.

[0023] Bacterial protein meal (BPM) produced by continuous bacterial fermentation using a defined mixture of four different
bacteria (Methylococcus capsulatus, Alcaligenes acidovorans, Bacillus brevis and Bacillus firmus) and natural gas as the carbon
and energy source is a novel high-protein feed ingredient. A study was conducted to extend the knowledge of BPM as an
ingredient of diets for dogs, using the blue fox as a model animal. The animals revealed generally good growth but there were no
data present of fur quality improvement (7).

[0024] Patent WO 01/17365A1 describes a method for improving and maintaining the skin and coat system of a pet where the
nutritional agent may be a prebiotic or any probiotic microorganism. The applicants mention seventeen different bacterial genera
as probiotics and almost thirty specific examples of probiotic microorganisms. Bacillus coagulans Lacris-S strain (SANKYO
LIFETECH CO., LTD, Hongo, Bunkyo-ku, Tokyo, Japan) is the only specific strain described and there is no selection of preferred
strains mentioned, and nor any based on LAB strains' ability to stimulate lysine uptake.

[0025] Although the use of probiotics for better fur and feathering in animals is known in the art, it was not previously known that
different probiotic strains varies in their ability to improve the quality of the fur and claws of an animal, for example a dog or a cat,
and that this ability is correlated with a probiotic strain's influence on lysine absorption in the gut of the animal.

[0026] It is therefore an object of the present invention to select more suitable Lactobacillus reuteri strains by analyzing their
ability to directly facilitate or improve the absorption of lysine in the animal and to use such a selected strain in animal feed or
supplement for example to improving fur and claw quality of a dog or a cat. Anew strain Lactobacillus reuteri, ATCC PTA-6127, is
shown to stimulate lysine-uptake in fur- animals and this property results in improved fur and claw quality.

SUMMARY OF THE INVENTION

[0027] This invention relates to the selection and use of nonpathogenic, lysine- uptake stimulating Lactobacillus reuteri strains,
and products and methods using such strains for treatment and prophylaxis of fur and claw quality in pet-animals. There is also
provided a new strain Lactobacillus reuteri, ATCC PTA-6127 and a product comprising said strain and a feed mixture.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Figure 1 The bar graph shows the influence of 7.0 x 107 cfu/ml different LAB strains of on the uptake of lysine by Caco-2
intestinal cells. Strains used are Lactobacillus reuteri ATCC PTA-6127, Lactobacillus reuteri 1068, Lactobacillus reuteri SD2112
and Bacillus coagulans Lacris-S strain.

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS THEREOF

[0029] This invention relates to the selection and use of nonpathogenic, lysine- uptake stimulating Lactfobacillus reuteri strains,
and products and methods using such strains for treatment and prophylaxis of fur and claw quality in pets.

[0030] It is one object of the present invention to select best suitable Lactobacillus reuteri strains by analyzing their ability to
directly facilitate or improve the absorption of lysine in the animal and to use such a selected strain in animal feed or supplement
for example to improving fur and claw quality of a dog or a cat. Anew strain of Lacfobacillus reuteri (ATCC PTA-6127) is shown to
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stimulate lysine-uptake in fur-animals and this property results in improved fur and claw quality. This strain was deposited at the
American Type Culture Collection (Manassas, VA) under the Budapest Treaty on July 22, 2004. All restrictions upon availability to
the public will be irrevocably removed upon granting of the patent. There is also provided a product comprising said new strain
and a feed mixture.

[0031] The product of the invention may be in forms such as feed, or a tablet or a capsule or other formulations and standard
methods of preparing the underlying product as are known in the art, including the selected LAB culture.

Example 1. Preparation of cell culture

[0032] Caco-2 cells (ATCC Number: HTB-37, Manassas, VA, USA) were cultured as described in (Thwaites et al., 1993a; 1993b).

Cell monolayers were prepared by seeding at high density (4.4-5.0 [deg.] - 105 cells/cm2) onto 12 or 24.5 mm diameter tissue
culture inserts [Transwell polycarbonate filters (Costar)]. Cell monolayers were maintained at 37°C in a humidified atmosphere of
5% CO2 in air. Cell confluence was estimated by microscopy and determination of transepithelial resistance.

[0033] Radiolabeled fluxes for lysine were performed 18-25 days after seeding and 18-24 hr after feeding.

Example 2. Method for selecting L .reuteri strains for inte stinal lysine uptake

[0034] Caco-2 cells monolayers were washed (4 times in 500 ml of modified Krebs buffer (of composition (all mmol/l), NaCl 140,
KCI 5.4 CaClp 2.8, MgSQO4 1.2, NaHpPO4 0.3, KHpPO4 0.3, HEPES 10, glucose 10 (pHto 7.4 at 37°C with Tris base))) or Na+-free

Krebs buffer where appropriate (as above but choline CI™ replacing NaCl and NaHoPO4 and placed in 6-wells plates (Life

Technologies) containing 2 ml of prewarmed (37 °C) Na+ -free Krebbs buffer. Aliquots of fresh Krebs buffer or Na+ -free Krebbs
buffer were placed in the chamber. Radiolabeled lysine ((3H) Amersham) was used at tracer concentrations (0.2 microCi/ml).
Epithelial layers were then incubated with various LAB to be tested; Lactobacillus reuteri ATCC PTA-6127, Lactobacillus reuteri

1068, Lactobacillus reuteri SD2112 and Bacillus coagulans Lacris-S strain at the concentration of 7.0 x 107 cfu/ml for 6 hours at
37°C. 200 microL samples were taken every 60 minutes from basal solution for determination of transepithelial transport. The
radiolabel was determined by scintillation counting. For results see Figure 1.

Example 3 Manufacturing of feed products containing selected strain

[0035] In this example, L. reuteri "Shiny” (ATCC PTA-6127) is selected based on good growth characteristics in general and
favorable results in the earlier mentioned selection in Example 2 in order to add the strain to a commercial product. The L. reuteri
Shiny strain is grown and lyophilized, using standard methods for growing Lacfobacillus in the industry.

[0036] A feed mixture is made up of corn, corn gluten, chicken and fish meal, salts, vitamins and minerals. The feed mixture is
fed into a preconditioner and moistened. The moistened feed leaving the preconditioner is then fed into an extruder-cooker and
gelatinized. The gelatinized matrix leaving the extruder is forced through a die and extruded. The extrudate leaving the die head is
cut into pieces suitable for feeding to dogs, dried at about 140°C for about 20 minutes, and cooled to form pellets. The water
activity of the pellets is about 0. 6.

[0037] The pellets are sprayed with a coating substrate comprising tallow fat. The probiotic, L. reuteri "Shiny" (ATCC PTA-6127),

is applied by dry spraying at a level of 107 CFU/gram of product, before the tallow sets so as to adhere to or be partially
penetrated in the fat layer. Results from storage at 37°C for 8 weeks indicate that the micro-organisms display excellent stability
and are likely to be stable after one year of storage at normal conditions.

Example 4. Dog ftrial

[0038] Atrial is conducted using 45 Beagle-dogs. The dogs are fed a standard dried diet corresponding to diet in example 3 for
a week before the beginning of the trial. Immediately prior to the beginning of the trial, the coat condition of the participating dogs
is assessed by an evaluation panel as described in Example 5. The dogs are separated into three groups of 15 dogs. One group
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of dogs is fed the dried pellets coated with L. reuteri "Shiny" (ATCC PTA-6127), the other group of dogs is fed the dried pellets
coated with L. reuteri strain 1068 and the third group continues to the standard diet, thus providing a control diet. All groups are
given free access to the food and to water. After 12 weeks, the coat condition of each dog is again evaluated. The dogs which are
fed the pellets with L. reuteri "Shiny" coating have a significantly shinier appearance and display no noticeable dandruff than the
dogs on fed on pellets with the L. reuteri 1068 strain and the dogs in the control group.

Example 5. Growth of claw and fur characteristics

[0039] The dogs claws in Example 4 are both scored by a skilled nail groomer and the fur by two experienced dog show judges,
specializng in the Beagle breed. Before the trial the dogs are evenly distributed between the groups by fur and claw quality. After
12 weeks the nails are evaluated for quality against splitting when cut and growth and scored on a five level scale with 1 being
poor and 5 being excellent. The fur is evaluated for overall quality, dandruff, fur length and shine on a scale ranging from 1
(poorest) to 5 (best).

Treatment L.r PTA-6127 L.r1068 Control
Average score: Fur after 12 w. 4.8 3.1 23
Treatment L.r PTA-6127 L.r 1068 Control
Average score: Claws 12 w. 47 3.3 2.1
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PATENTKRAV
1. Biologisk ren kultur af Lactobacillus reuteri-stammen ATCC PTA-6127.
2. Biologisk ren kultur af Lactobacillus reuteri-stammen ATCC PTA-6127 til

anvendelse ved forbedring af pels- og klokvaliteten hos kaeledyr.

3. Produkt, som omfatter:

a) en biologisk ren kultur af Lactobacillus reuteri-stammen ATCC PTA-6127; og

b) en foderblanding, hvor foderblandingen er overtrukket med et overtraekssubstrat
0g derpa med en tarspray af den biologisk rene kultur af den valgte stamme, til

anvendelse ved forbedring af pels- og klokvaliteten hos kaeledyr.

4. Produkt ifalge krav 3, hvor foderblandingen er pelleteret.

5. Produkt ifglge krav 3, hvor foderblandingen omfatter majs, majsgluten,

kyllinge- og fiskemel, salte, vitaminer og mineraler.

6. Produkt ifalge krav 3, hvor overtreekssubstratet omfatter talgfedt.

7. Produkt ifalge krav 6, hvor den biologisk rene kultur pafgres ved
tarsprajtning i et niveau pa 107 CFU/g produkt, inden talget stivner, for séledes at

binde sig til eller traenge delvist ind i fedtlaget.

8. Produkt ifalge krav 3, hvor produktet foreligger i en form valgt fra gruppen

bestaende af foder, tabletter og kapsler.

9. Fremgangsmade til identificering af en Lactobacilllus reuteri-stamme til
anvendelse ved forbedring af pels- og klokvaliteten hos kaeledyr, hvilken
fremgangsmade omfatter at undersgge en Lactobacillus reuteri-stammes evne til
at stimulere lysinoptagelse i dyreceller, idet der derved identificeres en
Lactobacillus reuteri-stamme, som er egnet til forbedring af pels- og klokvaliteten
hos keeledyr.
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10. Produkt, som omfatter en Lactobacillus reuteri-stamme, der er opnaelig
ved fremgangsmaden ifglge krav 9, til anvendelse ved forbedring af pels- og
klokvaliteten hos kaeledyr.
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