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resistance or insulin resistance-related complications, such as dyslipidemia and type 2 

diabetes mellitus as well as insulin-resistance in endocrine diseases (e.g., obese subjects 

with type 1 diabetes mellitus, Cushing's disease or lipodystrophy syndromes), cardiovascular 

disease, ovarian aging, polycystic ovary syndrome, neurodegenerative disorders, such as 

Alzheimer’s disease, multiple sclerosis and dementia, encephalopathy, or others. There is 5 

also a need for beneficial GI bacteria that are capable of metabolizing or degrading fructose-

lysine to prevent or reduce formation of AGEs. 

 

SUMMARY OF THE INVENTION 

In one aspect, the present invention provides a human intestinal isolate bacterium 10 

comprising a lysine pathway gene set that allows said bacterium to convert L-lysine into 

butyric acid and/or butyrate or a salt or ester thereof, and further comprising a fructose-lysine 

uptake and degradation operon that allows said bacterium to convert fructose-lysine into 

butyric acid and/or butyrate or a salt or ester thereof, or a strain comprising said lysine 

pathway gene set and said fructose-lysine uptake and degradation operon and which strain 15 

has been derived from said bacterium by mutagenesis, preferably through radiation, UV light, 

or chemical treatment, wherein   

- the lysine pathway gene set comprises genes encoding of the proteins: Lysine 2,3-

aminomutase; L-beta-lysine 5,6-aminomutase alpha subunit; L-beta-lysine 5,6-aminomutase 

beta subunit; 3,5-diaminobexanoate dehydrogenase; 3-keto-5-aminohexanoate cleavage 20 

enzyme; 3-aminobutyryl-CoA ammonia-lyase; butyrate-acetoacetate CoA-transferase subunit 

A; butyrate-acetoacetate CoA-transferase subunit B; acetyl-CoA:acetoacetyl-CoA 

transferase, and wherein 

- the fructose-lysine uptake and degradation operon comprises of the genes encoding 

the proteins: fructose-lysine kinase; fructosamine deglycase; ABC transporter periplasmic 25 

spermidine putrescine-binding protein PotD; spermidine putrescine ABC transporter 

permease component PotC; spermidine putrescine ABC transporter permease component 

PotB; and putrescine transport ATP-binding protein PotA. 

In yet another aspect, the present invention provides composition comprising a human 

intestinal isolate bacterium disclosed herein and a physiologically acceptable carrier. 30 

In yet another aspect, the present invention provides a human intestinal isolate 

bacterium disclosed herein or a composition disclosed herein for use as a medicament. 
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In yet another aspect, the present invention provides a human intestinal isolate 

bacterium disclosed herein or a composition disclosed herein for use as a probiotic and/or 

symbiotic. 

In yet another aspect, the present invention provides a human intestinal isolate 

bacterium disclosed herein or a composition disclosed herein for use in preventing and/or 5 

treating conditions or diseases such as cancer (e.g. colorectal cancer), IBD (e.g. Crohn’s 

disease, ulcerative colitis), IBS, obesity, bacterial and viral diarrhoea, constipation, bloating, 

allergies, urinary tract infections, metabolic diseases, such as metabolic syndrome and insulin 

resistance or insulin resistance-related complications, such as dyslipidemia and type 2 

diabetes mellitus as well as insulin-resistance in endocrine diseases (e.g., obese subjects 10 

with type 1 diabetes mellitus, Cushing's disease or lipodystrophy syndromes), cardiovascular 

disease, ovarian aging, polycystic ovary syndrome, neurodegenerative disorders, such as 

Alzheimer’s disease, multiple sclerosis and dementia, or encephalopathy. 

Disclosed is an isolated intestinal bacterial strain, i.e., a human intestinal isolate, 

comprising a lysine pathway gene set, said bacterium being capable of converting L-lysine 15 

into butyric acid and/or butyrate or a derivative thereof, or a strain which has been derived 

therefrom.  

In an example, the lysine pathway gene set comprises one or more of the genes 

encoding the proteins: Lysine 2,3-aminomutase; L-beta-lysine 5,6-aminomutase alpha 

subunit; L-beta-lysine 5,6-aminomutase beta subunit; 3,5-diaminobexanoate dehydrogenase; 20 

3-keto-5-aminohexanoate cleavage enzyme; 3-aminobutyryl-CoA ammonia-lyase; butyrate-

acetoacetate CoA-transferase subunit A; butyrate-acetoacetate CoA-transferase subunit B; 

acetyl-CoA:acetoacetyl-CoA transferase.    

In an example, the expression of at least one of the genes encoding the proteins: 

Lysine 2,3-aminomutase; L-beta-lysine 5,6-aminomutase alpha subunit; L-beta-lysine 5,6-25 

aminomutase beta subunit; 3,5-diaminobexanoate dehydrogenase; 3-keto-5-aminohexanoate 

cleavage enzyme; 3-aminobutyryl-CoA ammonia-lyase; butyrate-acetoacetate CoA-

transferase subunit A; butyrate-acetoacetate CoA-transferase subunit B; acetyl-

CoA:acetoacetyl-CoA transferase, is upregulated when the bacterium is grown on L-lysine as 

the sole carbon source as compared to when the bacterium is grown on equimolar amounts 30 

of glucose and acetate as sole carbon source.  

In an example, at least one of the proteins: Lysine 2,3-aminomutase; L-beta-lysine 

5,6-aminomutase alpha subunit; L-beta-lysine 5,6-aminomutase beta subunit; 3,5-

diaminobexanoate dehydrogenase; 3-keto-5-aminohexanoate cleavage enzyme; 3-

aminobutyryl-CoA ammonia-lyase; butyrate-acetoacetate CoA-transferase subunit A; 35 

butyrate-acetoacetate CoA-transferase subunit B; acetyl-CoA:acetoacetyl-CoA transferase, is 

overexpressed  when the bacterium is grown on L-lysine as the sole carbon source as 
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compared to when the 

sole carbon source. 

bacterium is grown on equimolar amounts of glucose and acetate as 

The disclosure also pertains to an isolated intestinal bacterial strain deposited as CBS 

139326 or a strain that has been derived therefrom. Said bacterial strain may be capable of 

5 
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converting L-lysine into butyric acid and/or butyrate or a derivative thereof. Said bacterial 

strain may be capable of converting L-lysine into butyric acid and/or butyrate or a derivative 

thereof and acetate or a derivative thereof. 

The bacterial strain taught herein may further comprise a glycated lysine uptake and 

5 	degradation operon, and may be capable of converting glycated lysine into butyric acid and/or 

butyrate or a derivative thereof. 

The glycated lysine may be fructose-lysine, and the glycated lysine uptake and 

degradation operon may be a fructose-lysine uptake and degradation operon. 

In an example, the fructose-lysine uptake and degradation operon comprises one or 

10 	more of the genes encoding the proteins: fructose-lysine kinase; fructose-lysine 3-epimerase; 

fructosamine deglycase; ABC transporter periplasmic spermidine putrescine-binding protein 

PotD; 	spermidine putrescine ABC transporter permease component PotC; 	spermidine 

putrescine ABC transporter permease component PotB; and putrescine transport ATP- 

binding protein PotA. 

15 In an example, the expression of at least one of the genes encoding the proteins: fructose- 

lysine kinase; fructoselysine 3-epimerase; fructosamine deglycase; ABC transporter periplasmic 

spermidine putrescine-binding protein PotD; spermidine putrescine ABC transporter permease 

component PotC; spermidine putrescine ABC transporter permease component PotB; and 

putrescine transport ATP-binding protein PotA, is upregulated when the bacterium is grown on L- 

20 	lysine as the sole carbon source as compared to when the bacterium is grown on equimolar 

amounts of glucose and acetate as sole carbon source. 

In an example, at least one of the proteins: fructose-lysine kinase; fructoselysine 3- 

epimerase; fructosamine deglycase; ABC transporter periplasmic spermidine putrescine- 

binding protein PotD; spermidine putrescine ABC transporter permease component PotC; 

25 	spermidine putrescine ABC transporter permease component PotB; and putrescine transport 

ATP-binding protein PotA, is overexpressed when the bacterium is grown on L-lysine as the 

sole carbon source as compared to when the bacterium is grown on equimolar amounts of 

glucose and acetate as sole carbon source. 

The bacterial strain taught herein may belong to the phylum Firmicutes, the taxon 

30 	Clostridium cluster IV, the genus Intestinimonas, and preferably belongs to the species 

Intestinimonas butyriciproducens. 

In an example, the bacterial strain taught herein is isolated from a human intestine, 

i.e., is a human intestinal isolate. 

Preferably, said human intestinal isolate has an MIC of erythromycin of less than 20 

35 	tag/ml, more preferably less than 15 pg/ml, yet more preferably less than 10 tag/ml, yet more 

preferably less than 7 tag/ml, even more preferably less than 5 tag/ml, most preferably less 

than 4, less than 3, or less than 2 tag/ml. 
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The disclosure further relates to a composition comprising a bacterial strain as taught 

herein and a physiologically acceptable carrier. The composition may be a food, food 

supplement, feed, feed supplement, or pharmaceutical composition. 

In an example, the composition taught herein is a food composition, such as a dairy 

5 	product, e.g., a fermented dairy product, such as a yogurt or a yogurt drink. 

In an example, the composition taught herein is a pharmaceutical composition or a 

food supplement composition. The composition may be in solid dosage form, e.g., may be a 

capsule, a tablet, or a powder. The bacteria belonging to the bacterial strain taught herein 

may be incorporated into the composition in lyophilized form. 

10 The bacterium may be present in the composition in an amount of about 102  to about 

1012, preferably 106  to about 1010, colony forming units (CFU). 

The composition may further comprise ingredients selected from the group consisting 

of prebiotics, probiotics, carbohydrates, 	polypeptides, 	lipids, vitamins, minerals, medicinal 

agents, preservative agents, or any combination thereof. 

15 The composition may further comprise a lysine-rich source. 

The disclosure also pertains to a bacterial strain as taught herein for use as a 

medicament, as well as to a composition as taught herein for use as a medicament. 

Additionally, the disclosure relates to a bacterial strain as taught herein for use as a 

probiotic and/or symbiotic, as well as to a composition as taught herein for use as a probiotic 

20 	and/or symbiotic. 

Also disclosed is a bacterial strain as taught herein or a composition as taught herein 

for use in maintaining, restoring and/or improving GI health in general, and/or for preventing 

and/or treating conditions or diseases such as cancer (e.g. colorectal cancer), IBD (e.g. 

Crohn's disease, ulcerative colitis), IBS, obesity, bacterial and viral diarrhoea, constipation, 

25 	bloating, allergies, urinary tract infections, metabolic diseases, such as metabolic syndrome 

and insulin resistance or insulin resistance-related complications, such as dyslipidemia and 

type 2 diabetes mellitus as well as insulin-resistance in endocrine diseases (e.g.,obese 

subjects with type 1 	diabetes mellitus, 	Cushing's disease or lipodystrophy syndromes), 

cardiovascular disease, 	ovarian 	aging, 	polycystic 	ovary 	syndrome, 	neurodegenerative 

30 	disorders, such as Alzheimer's disease, multiple sclerosis and dementia, or encephalopathy. 

Also disclosed is a method for maintaining, restoring and/or improving GI health in 

general, and/or for preventing and/or treating conditions or diseases such as cancer (e.g. 

colorectal cancer), IBD (e.g. Crohn's disease, ulcerative colitis), IBS, obesity, bacterial and 

viral diarrhoea, constipation, bloating, allergies, urinary tract infections, metabolic diseases, 

35 	such 	as 	metabolic 	syndrome 	and 	insulin 	resistance 	or 	insulin 	resistance-related 

complications, such as dyslipidemia and type 2 



7 

diabetes mellitus as well as insulin-resistance in endocrine diseases (e.g.,obese subjects with 

type 1 diabetes mellitus, Cushing's disease or lipodystrophy syndromes), cardiovascular 

disease, ovarian aging, polycystic ovary syndrome, neurodegenerative disorders, such as 

Alzheimer's disease, multiple sclerosis and dementia, or encephalopathy in a subject in need 

5 thereof, said method comprising the step of increasing the level of a bacterial strain as taught 

herein in said subject. 

In an example, the level of the bacterial strain as taught herein may be increased in 

said subject by a method selected from the group consisting of administering an effective 

amount of said bacterial strain to said subject, and administering an effective amount of a 

10 compound capable of increasing the level of said bacterial strain in said subject. 

Also disclosed is a method for preventing and/or reducing the production of glycated 

lysine in a subject comprising the step of increasing the level of a bacterial strain as taught 

herein in the subject. 

In an example, the level of the bacterial strain as taught herein may be increased in 

15 said subject by a method selected from the group consisting of administering an effective 

amount of said bacterial strain to said subject, and administering an effective amount of a 

compound capable of increasing the level of said bacterial strain in said subject. 

Preferably, the subject is a mammal, even more preferably a human being. 

20 GENERAL DEFINITIONS 

The term 'probiotics' or 'probiotic products' as used herein refers to microorganisms 

such as intestinal bacteria, which - when administered or ingested in effective amounts -

confer health benefits to the host (e.g. humans or mammals). Preferably, probiotics should be 

alive or viable when administered to a subject so as to allow the probiotics to colonize the 

25 large intestine of the host. However, under certain conditions, probiotics may also be dead 

when administered provided that substances produced by the probiotics still exert probiotic, 

beneficial effects on the host. Most probiotics or probiotic products are composed of lactic 

acid bacteria such as Lactobacilli or Bifidobacteria. The skilled person is well-acquainted with 

the field of probiotics and knows how to select lactic acid bacteria endowed with probiotic 

30 activity. 

The 	term 	'prebiotics' 	or 	'prebiotic 	products' 	as 	used 	herein 	generally 	refers 	to 

compounds that promote the growth and/or activity of GI microorganisms that contribute to 

the well-being of their host. Prebiotics or prebiotic products consist mainly of fermentable 

fibers or non-digestible carbohydrates. 	The 	fermentation 	of these fibers 	by 	probiotics 

35 promotes the production of beneficial end products, such as SCFAs, particularly butyrates. 

The skilled person is well-acquainted with the field of prebiotics and knows how to select 

ingredients endowed with prebiotic activity. 
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CLAIMS 

 

1. A human intestinal isolate bacterium comprising a lysine pathway gene set that allows 

said bacterium to convert L-lysine into butyric acid and/or butyrate or a salt or ester thereof, and 

further comprising a fructose-lysine uptake and degradation operon that allows said bacterium 

to convert fructose-lysine into butyric acid and/or butyrate or a salt or ester thereof, or a strain 

comprising said lysine pathway gene set and said fructose-lysine uptake and degradation 

operon and which strain has been derived from said bacterium by mutagenesis, preferably 

through radiation, UV light, or chemical treatment, wherein   

- the lysine pathway gene set comprises genes encoding the proteins: Lysine 2,3-

aminomutase; L-beta-lysine 5,6-aminomutase alpha subunit; L-beta-lysine 5,6-aminomutase 

beta subunit; 3,5-diaminobexanoate dehydrogenase; 3-keto-5-aminohexanoate cleavage 

enzyme; 3-aminobutyryl-CoA ammonia-lyase; butyrate-acetoacetate CoA-transferase subunit 

A; butyrate-acetoacetate CoA-transferase subunit B; acetyl-CoA:acetoacetyl-CoA transferase, 

and wherein 

- the fructose-lysine uptake and degradation operon comprises the genes encoding the 

proteins: fructose-lysine kinase; fructosamine deglycase; ABC transporter periplasmic 

spermidine putrescine-binding protein PotD; spermidine putrescine ABC transporter permease 

component PotC; spermidine putrescine ABC transporter permease component PotB; and 

putrescine transport ATP-binding protein PotA.    

 

2. The human intestinal isolate bacterium according to claim 1, wherein the fructose-lysine 

uptake and degradation operon further comprises the gene encoding the protein fructose-lysine 

3-epimerase. 

 

3. The human intestinal isolate bacterium according to any one of the previous claims, 

wherein the expression of at least one of the genes encoding the proteins: Lysine 2,3-

aminomutase; L-beta-lysine 5,6-aminomutase alpha subunit; L-beta-lysine 5,6-aminomutase 

beta subunit; 3,5-diaminobexanoate dehydrogenase; 3-keto-5-aminohexanoate cleavage 

enzyme; 3-aminobutyryl-CoA ammonia-lyase; butyrate-acetoacetate CoA-transferase subunit 

A; butyrate-acetoacetate CoA-transferase subunit B; acetyl-CoA:acetoacetyl-CoA transferase, 

is upregulated and/or at least one of the proteins: Lysine 2,3-aminomutase; L-beta-lysine 5,6-

aminomutase alpha subunit; L-beta-lysine 5,6-aminomutase beta subunit; 3,5-

diaminobexanoate dehydrogenase; 3-keto-5-aminohexanoate cleavage enzyme; 3-

aminobutyryl-CoA ammonia-lyase; butyrate-acetoacetate CoA-transferase subunit A; butyrate-

acetoacetate CoA-transferase subunit B; acetyl-CoA:acetoacetyl-CoA transferase, is 

overexpressed  when the bacterium is grown on L-lysine as the sole carbon source as 
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compared to when the bacterium is grown on equimolar amounts of glucose and acetate as 

sole carbon source.  

 

4. The human intestinal isolate bacterium according to any one of the previous claims, 

wherein the expression of at least one of the genes encoding the proteins: fructose-lysine 

kinase; fructoselysine 3-epimerase; fructosamine deglycase; ABC transporter periplasmic 

spermidine putrescine-binding protein PotD; spermidine putrescine ABC transporter permease 

component PotC; spermidine putrescine ABC transporter permease component PotB; 

putrescine transport ATP-binding protein PotA, is upregulated and/or at least one of the 

proteins: fructose-lysine kinase; fructoselysine 3-epimerase; fructosamine deglycase; ABC 

transporter periplasmic spermidine putrescine-binding protein PotD; spermidine putrescine 

ABC transporter permease component PotC; spermidine putrescine ABC transporter permease 

component PotB; putrescine transport ATP-binding protein PotA, is overexpressed when the 

bacterium is grown on L-lysine as the sole carbon source as compared to when the bacterium 

is grown on equimolar amounts of glucose and acetate as sole carbon source. 

 

5. The human intestinal isolate bacterium according to any of the preceding claims, which 

is sensitive to erythromycin, having a minimum inhibitory concentration of erythromycin of less 

than 20 µg/ml. 

 

6. The human intestinal isolate bacterium according to claim 1, wherein the human 

intestinal isolate bacterium is deposited as CBS 139326 or a strain comprising said lysine 

pathway gene set and said fructose-lysine uptake and degradation operon and which strain has 

been derived from said bacterium by mutagenesis, preferably through radiation, UV light, or 

chemical treatment. 

 

7. Composition comprising a human intestinal isolate bacterium according to any one of 

the preceding claims and a physiologically acceptable carrier.  

 

8. Composition according to claim 7, which is a food composition, preferably a dairy 

product, more preferably a fermented dairy product, preferably a yogurt or a yogurt drink. 

 

9. Composition according to claim 7 or 8, which is a pharmaceutical composition, 

preferably in solid dosage form, such as a capsule, a tablet, or a powder.  

 

10. Composition according to claim 9, wherein the bacteria belonging to the bacterial strain 

are present in lyophilized or microencapsulated or other form preserving their activity. 
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11. A human intestinal isolate bacterium according to any of claims 1-6 or a composition 

according to any one of claims 7-10 for use as a medicament.  

 

12. A human intestinal isolate bacterium according to any of claims 1-6 or a composition 

according to any one of claims 7-10 for use as a probiotic and/or symbiotic.  

 

13. A human intestinal isolate bacterium according to any of claims 1-6 or a composition 

according to any one of claims 7-10 for use in preventing and/or treating conditions or diseases 

such as cancer (e.g. colorectal cancer), IBD (e.g. Crohn’s disease, ulcerative colitis), IBS, 

obesity, bacterial and viral diarrhoea, constipation, bloating, allergies, urinary tract infections, 

metabolic diseases, such as metabolic syndrome and insulin resistance or insulin resistance-

related complications, such as dyslipidemia and type 2 diabetes mellitus as well as insulin-

resistance in endocrine diseases (e.g., obese subjects with type 1 diabetes mellitus, Cushing's 

disease or lipodystrophy syndromes), cardiovascular disease, ovarian aging, polycystic ovary 

syndrome, neurodegenerative disorders, such as Alzheimer’s disease, multiple sclerosis and 

dementia, or encephalopathy.  
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