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[DESCRIPTION]

[Invention Title]

ANTIBACTERIAL COMPOSITION FOR COMBATING
CARBAPENEM-RESISTANT GRAM-NEGATIVE BACTERIA COMPRISING

ADK PROTEIN ASACTIVE INGREDIENT

[Technica Field]

The present invention relates to an antibacterial composition against
carbapenem-resistant gram-negative bacteria which includes, as an active ingredient,

adenylate kinase (ADK) protein derived from Mycobacterium tuberculosis.

[Background Art]

Generaly, antibacterial agents collectively refer to antimicrobia agents, in
particular, substances having an antimicrobial effect, in particular, substances having
an excellent antimicrobial effect through inhibition of systems in which bacteria
synthesize cell walls, proteins, or the like, or agents prepared therefrom. Major
ingredients of antibacterial agents are extracted mainly from fungi, and such
antibacterial agents are widely used these days to treat diseases caused by bacterial
infection, and the like.

Starting with the discovery of penicillin antibiotics by Fleming in the 20"
century, numerous antimicrobial agents and antibiotics have been developed to
escape from diseases caused by bacteria infections. Such antibacterial agents
occupy an essential position in our lives, and are widely used in a variety of

applications such as drugs, foods, cosmetic preservatives, and the like. However, in
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the case of antibacterial agents using chemical synthetic materias, the number of
bacteria having resistance thereto gradually increases, and, accordingly, the use
thereof isincreasingly limited.

Antimicrobial-resistant bacteria refer to bacteria that are resistant to certain
antimicrobial agents and thus do not respond thereto. For example, penicillin-
resistant Staphylococcus aureus that does not respond to penicillin belongs to these
bacteria.  In addition, methicillin-resistant Staphylococcus aureus (MRSA), which
was first reported in the academic world in 1961 and since then, has become a major
pathogenic infectious bacterium globally, and vancomycin resistant enterococcus
(VRE), which has resistance to vancomycin, first discovered in Europe in 1988, are
known, and in the late 1990s, vancomycin intermediate-resistant staphylococcus
aureus (VISA) was reported in Japan, the U.S.A., France, and Korea. In addition,
vancomycin-resistant staphylococcus aureus (VRSA), wherein vancomycin is known
as the last therapeutic agent of staphylococcus aureus which is the most common
causative bacterium of human infection, was first reported globaly in 2002 by the
Centers for Disease Control, and thus the possibility of proliferation of so-called
super bacteriais greatly increasing.

Meanwhile, B-lactam antibiotics, considered most importantly in the
antibiotics field, include penam antibiotics commonly known as penicillin, cefem
antibiotics commonly known as cephal osporin, penem antibiotics, and carbapenem
antibiotics. Among these, examples of carbapenem antibiotics include imipenem,
pani penem, meropenem, ertapenem, and the like, which are commercially available.

Therefore, the inventors of the present invention made an effort to develop
of novel antimicrobial agents and, as a result, verified that adenylate kinase or

adenosine kinase (ADK) protein derived from Mycobacterium tubercul osis exhibited
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excellent antimicrobia activity against carbapenem-resistant gram-negative bacteria,

thus compl eting the present invention.

[Disclosure]

[ Technical Problem]

An object of the present invention is to provide an antibacterial composition
against carbapenem-resistant gram-negative bacteria which includes ADK protein as
an active ingredient.

Another object of the present invention is to provide a composition for the
prevention or treatment of infectious diseases caused by carbapenem-resistant gram-

negative bacteria, the composition including ADK protein as an active ingredient.

[ Technica Solution]

The prevent invention provides an antibacterial composition, a quasi-drug, a
food additive, or afeed additive against carbapenem-resistant gram-negative bacteria
which includes ADK protein as an active ingredient.

The present invention also provides a pharmaceutical composition or a food
composition for the prevention or treatment of infectious diseases caused by
carbapenem-resistant gram-negative bacteria, the composition including ADK

protein as an active ingredient.

[ Advantageous Effects]

According to the present invention, ADK protein derived from

Mycobacterium tuberculosis has excellent antibacterial activity against carbapenem-
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resistant gram-negative bacteria, and thus may be usefully used in a variety of fields

as an antibacteria composition.

[ Description of Drawings]

FIG. 1 is an image showing sodium dodecyl sulfate-polyacrylamide gel

electrophoresis (SDS-PAGE) analysis results of recombinant ADK protein.

[BEST MODE]

Hereinafter, the present invention will be described in more detalil.

The present invention provides an antibacterial composition against
carbapenem-resistant gram-negative bacteria which includes ADK protein as an
activeingredient.

The term "antibacterial™ or "antibacterial activity" as used herein refersto a
property of resisting microorganisms such as bacteria or fungi, more particularly,
refers to properties of antibiotics and the like which inhibit the growth or
proliferation of bacteria

The term "antibacterial composition” as used herein refers to a composition
having the activity of inhibiting the growth and development of microorganisms such
as bacteria or fungi, and may include all forms used in a variety of fields requiring
antimicrobia effects, for example, drugs, quasi-drugs, food additives, feed additives,
or the like. In particular, the antibacterial composition may be used in products
directly associated with microorganisms, such as. antibiotics or contamination
inhibitors in the medical field; foods for antiseptic or antimicrobial purposes; in
agriculture for antimicrobial, bactericidal, or antiseptic purposes, cosmetics or daily

supplies to inhibit dandruff, prevent athlete's foot, or inhibit the odor of the armpits,
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or for anti-acne purposes; and the like, or detergents for cleaning, detergents for
washing dishes, or the like for antiseptic, antimicrobial, or bactericidal purposes, but
the present invention is not limited to the above purposes.

The ADK protein of the present invention is derived from Mycobacterium
tuberculosis, may preferably have an amino acid sequence represented by SEQ ID
NO: 1, may be encoded by a base sequence represented by SEQ ID NO: 2, and
includes functional equivalents of the ADK protein. The term "functional
equivalents' as used herein refers to proteins that have sequence homology of at least
70%, preferably, at least 80%, more preferably, at least 90%, most preferably, at least
95% with the amino acid sequence of SEQ ID NO: 1 as a result of the addition,
substitution or deletion of amino acids and exhibit substantially the same
physiological activity as that of the protein having the amino acid sequence of SEQ
ID NO: 1 or the protein encoded by the base sequence of SEQ ID NO: 2.

The ADK protein of the present invention includes both proteins having
natural amino acid sequences thereof and amino acid sequence variants thereof.
The variants of the ADK protein refer to proteins having different sequences by
deletion, insertion, or non-conservative or conservative substitution of an ADK
natural amino acid sequence and one or more amino acid residues, or a combination
thereof. Amino acid exchange in proteins and peptides that does not overal ater
the activity of molecules is known in the art. The ADK protein or the variants
thereof may be naturally extracted or synthesized (Merrifield, J. Amer. Chem. Soc.
85:2149-2156, 1963) or may be prepared by gene recombination based on a DNA
sequence (Sambrook et al, Molecular Cloning, Cold Spring Harbor Laboratory Press,

New York, USA, 2™ Edition, 1989).
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The ADK protein of the present invention may be encoded by a base
sequence of SEQ ID NO: 2, and variants capable of performing functionally the
same action as that of the nucleotide are included within the scope of the present
invention.

The term "gram-negative bacteria’ as used herein refers to bacteria stained
red by Gram staining and, generally, these bacteria have strong resistance to
pigments and surfactants. The gram-negative bacteria of the present invention
include al types of gram-negative bacteria containing endotoxins, and examples
thereof include, but are not limited to, bacteria belonging to the genus Escherichia,
the genus Pseudomonas, the genus Acinetobacter, the genus Salmonella, the genus
Klebsiella, the genus Neisseria, the genus Enterobacter, the genus Shigella, the
genus Moraxella, the genus Helicobacter, the genus Senotrophomonas, the genus
Bdellovibrio, and the genus Legionella. In particular, examples of these gram-
negative bacteria include, but are not limited to, Escherichia coli, Pseudomonas
aeruginosa, Pseudomonas fluorescens, Pseudomonas putida, Pseudomonas
chlororaphis, Pseudomonas pertucinogena, Pseudomonas stutzeri, Pseudomonas
syringae, Acinetobacter baumannii, Acinetobacter Iwoffii, Acinetobacter
calcoaceticus, Acinetobacter haemolyticus, Salmonella enterica, Salmonella bongori,
Salmonella enteritidis, Salmonella typhimurium, Salmonella gallinarum, Salmonella
pullorum, Salmonella mbandaka, Salmonella choleraesuls, Salmonella thompson,
Slmonella  infantis, Salmonella derby, Klebsiella pneumonia, Klebsiella
granulomatis, Klebsiella oxytoca, Klebsiella terrigena, Neisseria gonorrhoeae,
Neisseria meningitidis, Enterobacter aerogenes, Enterobacter cloacae, Shigella
boydii, Shigella dysenteriae, Shigella flexneri, Shigella sonnei, Moraxella catarrhalis,

Moraxella lacunata, Moraxella bovis, Helicobacter pylori, Helicobacter heilmannii,



Helicobacter felis, Helicobacter mustelae, Helicobacter fenelliae, Helicobacter
rappini, Helicobacter hepaticus, Helicobacter bilis, Helicobacter pullorum,
Senotrophomonas maltophilia, Stenotrophomonas nitritireducens, Bdellovibrio
bacteriovorus, Legionella  pneumophila, Legionella anisa, Legionella

5 birminghamensis, Legionella bozemanii, Legionella cincinnatiensis, Legionella
dumoffii, Legionella feeleli, Legionella gormanii, Legionella hackeliae, Legionella
israelensis, Legionella jordanis, Legionella lansingensis, Legionella longbeachae,
Legionella maceachernii, Legionella micdadel, Legionella oakridgensis, Legionella
sainthelensi, Legionella tucsonensis, and Legionella wadswor thii.

10 The term "carbapenem" as used herein refers to one type of B-lactam
antibiotic which has a structure represented by Formula 1 below:

<Formula 1>
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wherein, in Formula 1, each of R; and R; isindependently H, a C;-Cyo akyl,

O

15  or aC;-Cy akyl substituted with a hydroxyl group, and



R3isH, -O-Ry, or -S-Ry,

wherein R, is a N-substituted or C-substituted amine or pyrrolidine.

Examples of carbapenem antibiotics include, but are not limited to,
imipenem, meropenem, ertapenem, doripenem, panipenem/betamipron, biapenem,

5  razupenem, tebipenem, lenapenem, and tomopenem.

Structures of imipenem, panipenem, meropenem, ertapenem, and doripenem,
which are representative carbapenem antibiotics, are shown in Formulae 2, 3, 4, 5,
and 6, respectively:

<Formula 2>
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<Formula 4>

HOHtl O

<Formula 6>

The ADK protein derived from Mycobacterium tuberculosis, according to

the present invention, has excellent antimicrobia activity against carbapenem-

9
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resistant gram-negative bacteria, and thus may be usefully used as an antibacterial
composition in a variety of fields, i.e.,, quasi-drugs, food additives, feed additives,
and the like.

The present invention also provides an antibacterial quasi-drug, an
antibacterial food additive, or an antibacterial feed additive against carbapenem-
resistant gram-negative bacteria which includes ADK protein as an active ingredient.

The present invention also provides a composition for the prevention or
treatment of infectious diseases caused by carbapenem-resistant gram-negative
bacteria which includes ADK protein as an active ingredient.

The composition includes a pharmaceuticad composition or a food
composition.

The present invention also provides a method of preventing or treating
infectious diseases caused by carbapenem-resistant gram-negative bacteria, the
method including administering ADK protein to an individual.

The ADK protein of the present invention selectively exhibits excellent
antimicrobia activity against carbapenem-resistant gram-negative bacteria, and thus
a composition including the same may be usefully used in the prevention or
treatment of infectious diseases caused by carbapenem-resistant gram-negative
bacteria.

The term "infectious diseases" as used herein refers to illnesses caused by
disease-causing pathogenic microorganisms, such as viruses, bacteria, fungi, and
parasites through propagation and intrusion into animals or humans, and refers to all
infectious diseases caused by carbapenem-resistant gram-negative bacteria in
accordance with the objects of the present invention. For example, the infectious

diseases of the present invention may be respiratory diseases, gastrointestinal

10



10

15

20

25

diseases, inflammatory diseases, and the like. In particular, examples of the
infectious diseases include, but are not limited to, pneumonia, peritonitis, meningitis,
wound infections, osteoarthritis, cholecystitis, urinary tract infections,
cerebromeningitis, endocarditis, myocarditis, pericarditis, arthritis, pharyngitis,
gonorrhea, bacillary dysentery, enteritis, conjunctivitis, gastritis, tympanitis, cystitis,
lymphangitis, and septicemia.

The term "prevention” as used herein means all actions that inhibit
infectious diseases or delay the onset thereof via administration of the composition.
The term "treatment” as used herein means all actions that aleviate or beneficialy
change symptoms due to infectious diseases via administration of the composition.

The pharmaceutical composition of the present invention may further
include a commonly used suitable carrier, excipient or diluent. Examples of the
carrier, the excipient, or the diluent that may be included in the pharmaceutical
composition of the present invention include, but are not limited to, lactose, dextrose,
sucrose, sorbitol, mannitol, xylitol, erythritol, maltitol, starch, acaciarubber, aginate,
gelatin, calcium phosphate, calcium silicate, cellulose, methyl cellulose,
microcrystalline cellulose, polyvinylpyrrolidone, water, methyl hydroxybenzoate,
propyl hydroxybenzoate, talc, magnesium stearate, and mineral oil.

The pharmaceutical composition of the present invention may be
administered in ora or parenteral forms according to a general method, and is
formulated using generally used diluents or excipients such as fillers, extenders,
binders, wetting agents, disintegrating agents, surfactants, and the like. Solid
preparations for oral administration include tablets, pills, powders, granules, capsules,
and the like, and such solid preparations are formulated by mixing the composition

with at least one excipient, e.g., starch, calcium carbonate, sucrose, lactose, gelatin,
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and the like. In addition to simple excipients, lubricants such as magnesium
stearate and talc are adso used. Examples of liquid preparations for ord
administration include suspensions, liquids for interna use, emulsions, syrups, and
the like, and these liquid preparations may include, in addition to simple commonly
used diluents, such as water and liquid paraffin, various types of excipients, for
example, awetting agent, a sweetener, aflavoring agent, a preservative, and the like.
Preparations for parenteral administration include an agueous sterile solution, a non-
agueous solvent, a suspension, an emulsion, a freeze-dried preparation, and a
suppository. Non-limiting examples of the non-aqueous solvent and the suspension
include propylene glycol, polyethylene glycol, a vegetable oil such as olive ail, and
an injectable ester such as ethyl oleate. Examples of suppository bases include
Witepsol, Macrogol, Tween 61, cacao butter, laurin, glycerogelatin, and the like.

The term "administration” as used herein refers to supply of the
pharmaceutical composition of the present invention to an individual by using an
appropriate method.

A suitable dose of the pharmaceutical composition of the present invention
may vary depending on conditions and body weights of patients, severity of disease,
types of drugs, administration route, and administration time, but may be
appropriately selected by those of ordinary skill inthe art. To obtain desired effects,
the pharmaceutical composition of the present invention may be administered in an
amount of 0.001 mg/kg to 1000 mg/kg daily. The pharmaceutical composition may
be administered once or multiple times aday. The dosage is not intended to limit
the scope of the present invention in any way.

The pharmaceutical composition of the present invention may be

administered to an individual via a variety of routes. All administration methods
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may be expected, for example, ora injection, rectal or intravenous injection,
muscular injection, subcutaneous injection, intrauterine epidural injection, and
intracerebroventricular injection. However, for oral administration, since a protein
Is digested, an oral composition may be formulated such that active ingredients are
coated, or formulated to be protected from being decomposed in the stomach. The
composition of the present invention may be administered preferably in the form of
an injection.

The pharmaceutical composition according to the present invention may
further include one or more known substances having antimicrobial activity in
addition to the ADK protein.

In the present invention, the food composition may be preferably in the form
of health functional foods.

In the present invention, the health functional food refersto a group of foods
having added values provided by a physical, biochemical, or biotechnological
method so that the corresponding food imparts or exhibits intended functions suitable
for specific applications, or a processed food designed such that a composition of the
food sufficiently imparts, in the body, body modulation functions regarding
biological defense rhythm control, disease prevention and recovery, and the like.

The headth functional food may include sitologically acceptable food
supplement additives, and may further include suitable carriers, excipients, and
diluents commonly used to prepare a health functiona food.

When the food composition of the present invention is used as a food
additive, the composition may be appropriately used alone or in combination with
other foods or food ingredients according to a commonly used method. A mixing

amount of active ingredients may be appropriately determined according to the
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purpose of use (prevention, health or medical treatment). In general, in preparation
of foods or beverages, the composition of the present invention may be added in an
amount of 15 wt% or less, preferably, 10 wt% or less, with respect to raw materials.
However, when ingested for along period of time for health and hygiene purposes or
for health control purposes, the food composition may be included in an amount in or
less than the above ranges of anounts. The composition has no problem in terms of
safety, and thus may also be used in an amount in or greater than the above ranges of
amounts.

In addition to the above-listed ingredients, the food composition of the
present invention may include various nutritional supplements, vitamins, e ectrol ytes,
flavors, colorants, pectic acid and salts thereof, alginic acid and salts thereof, organic
acids, a protective colloid thickener, a pH adjusting agent, a stabilizer, a preservative,
glycerin, alcohols, a carbonating agent used in carbonated beverages, and the like.
In addition, the food composition of the present invention may include flesh for the
preparation of natural fruit juice, fruit juice beverages, and vegetable beverages.
These ingredients may be used alone or in combination. The proportion of these
additives is not very important, but the amounts of the additives are generally
selected from 0.01 parts by weight to 0.1 parts by weight based on 100 parts by
weight of the composition of the present invention.

Hereinafter, exemplary examples will be described to aid in understanding
of the present invention. However, these examples are provided only to more easily
understand the present invention and are not intended to limit the scope of the

present invention.

Example 1. Cloning of recombinant ADK (Rv0733)
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The ADK (Rv0733) region was amplified by PCR using genomic DNA of
Mycobacterium tuberculosis H37Rv (ATCC 27294) as a template (primer: 5'-
CATATGAGAGTTTTGTTGCTGGGACCG-3 (SEQ ID NO: 3) and 5-
AAGCTTCTTTCCCAGAGCCCGCAACGC-3' (SEQ ID NO: 4)). The isolated
PCR product was digested with Ndel and HindIll enzymes and inserted into the
expression vector pET22b. E. coli BL21 transformed with the vector pET22b into
which the ADK gene was inserted was cultured in an LB medium (containing 100
pg/ml of ampicillin) at 370 for 12 hours. Subsequently, 1 mM isopropyl-D-
thiogal actopyranoside (IPTG) was added thereto, followed by culturing for 6 hours,
and the cells were lysed with a lysis buffer (containing 1M DTT, lysozyme, and
PMSF). A recombinant protein was purified using nickel-nitrilotriacetic acid
agarose (Ni-NTA, Invitrogen, Carlsbad, CA, USA) in accordance with a method of
the manufacturer.  Finally, the purified recombinant ADK protein was identified by

SDS-PAGE. Theresultsthereof areillustrated in FIG. 1.

Example 2. ldentification of Carbapenem-Resistant Gram-Negative
Bacteria

Acinetobacter baumannii KUMC.2014.90 and KUMC.2014.91 strains were
isolated from blood samples of patients of the Division of Infectious Diseases of
Korea University. To identify the resistance of the strains to antibiotics, a VITEK
Il system, which is an automated device, was primarily used and, as a result, it was
confirmed that the strains have resistance to all carbapenem-based antibiotics, i.e,,
imipenem, meropenem, ertapenem, and the like (confirmed results values of R>32).

Secondarily, the resistance of the strains to imipenem and meropenem, which are

15
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carbapenem-based antibiotics, was reconfirmed using a liquid medium microdilution

method (confirmed result values of greater than 128 pg/ml).

Experimental Example 1. Verify Antibacterial Activity of ADK Protein
against Carbapenem-Resistant Gram-Negative Bacteria

To verify the antibacterial activity of the recombinant ADK protein obtained
in Example 1 against the carbapenem-resistant Acinetobacter baumannii
(KUMC.2014.90 and KUMC.2014.91 strains) obtained in Example 2, Rezazurin
assay was performed according to a conventionaly known method to measure a
minimum inhibitory concentration (MIC) and a minimum bactericidal concentration
(MBC) for the carbapenem-resistant Acinetobacter baumannii strains. Asa control,
Acinetobacter baumannii, which is anormal strain, was used. Experimental results

are shown in Table 1 below.

<Table 1>
Organisms and antimicrobial agent MIC {ug/mb)
_— MBC tug/mb
‘Testing range 50% B0%
Acinetobacter baurmannii
Ampicillin 045 ~ 500 < 313 < 625 <625
Rukasyn 045 ~ 500 <1 <2 <38
Cravit 045 -~ 500 <05 <1 <1
Prepenem 0.45 ~ 500 < Q5 <1 =1
Adk 045 - 500 <39 <78 <78
Acinetobacter baumannii (KUMC.2014.90)
Ampicillin 045 ~ 500 No effect  No effect No effect
Rukasyn 0458 -~ 300 <158 < 313 <313
Cravit 045 ~ 500 <78 « 158 <158
Prapenem 045 ~ 500 < 313 < B25 < 625
Adi 548 ~-500 <1 <2 <2
Acinetobacter baumannif (KUMC,2014.91)
Aripiciilin 045~ 500 No effect Mo effect No effect
Rukasyn 045~ 500 « 1586 < 313 < 313
Cravit 045 ~ 500 « 78 « 156 <155
Prepenem 45 -~ 500 « 313 <625 < 62.5
Adk G455 ~ 500 <38 <« 7.8 <78
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As shown in Table 1, as a result of calculating 50% and 80% inhibitory
concentrations assuming that result values of wells not treated with antibiotics and
ADK protein were 100%, it was confirmed that antibiotics (i.e., ampicillin, rukasyn,
cravit, and prepenem) inhibited the growth of Acinetobacter baumannii, which is a
normal strain, while being unable to inhibit the growth of the carbapenem-resistant
Acinetobacter baumannii (KUMC.2014.90 and KUMC.2014.91 strains). In
contrast, it was confirmed that the ADK protein significantly inhibited the growth of
both Acinetobacter baumannii, which is a norma strain, and the two types of
carbapenem-resi stant Acinetobacter baumannii (KUMC.2014.90 and
KUMC.2014.91 strains).

From the above-described experimental results, it was confirmed that ADK
protein derived from Mycobacterium tuberculosis, according to the present invention,
had excellent antimicrobial activity against carbapenem-resistant gram-negative

bacteria

Hereinafter, the pharmaceutical composition and food composition of the
present invention will be described with reference to the following preparation
examples. However, these examples are provided only for illustrative purposes and

are not intended to limit the scope of the present invention.

Preparation Example 1. Preparation of Phar maceutical Composition

1-1. Preparation of Powder

ADK protein 2g

Lactose 1g

17
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The above ingredients were mixed and airtight packages were filled

therewith, thereby compl eting the preparation of powder.

1-2. Preparation of tablets

ADK protein 100 mg
Corn starch 100 mg
Lactose 100 mg

Magnesium stearate 2 mg

The above ingredients were mixed, and then tablets were prepared

according to a genera method of preparing tablets.

1-3. Preparation of Capsules

ADK protein 100 mg
Corn starch 100 mg
Lactose 100 mg

Magnesium stearate 2 mg

The above ingredients were mixed, and then gelatin capsules were filled

therewith according to a genera method of preparing capsules, thereby completing

the preparation of capsules.

Preparation Example 2. Preparation of Food Composition

2-1. Preparation of Health Food

ADK protein 100 mg
Vitamin mixture appropriate amount
Vitamin A acetate 709

18
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Vitamin E 1.0mg

Vitamin B1 0.13mg
Vitamin B2 0.15mg
Vitamin B6 0.5mg
Vitamin B12 0.2g
Vitamin C 10 mg
Biotin 109
Nicotinamide 1.7mg
Folic acid 50g
Calcium pantothenate 0.5mg
Mineral mixture appropriate amount
Ferrous sulfate 1.75mg
Zinc oxide 0.82mg
Magnesium carbonate 25.3mg

M onopotassium phosphate 15mg

Dicalcium phosphate 55 mg
Potassium citrate 90 mg
Cacium carbonate 100 mg
Magnesium chloride 24.8 mg

The vitamin mixture and the minera mixture were composed of a mixture
of relatively suitable ingredients for health foods as an exemplary embodiment, but
the mixing ratio may be arbitrarily modified, and the above ingredients were mixed
according to a general method of preparing health foods and prepared into granules,
and may be used in the preparation of a health food composition according to a

genera method.
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[CLAIMS]
[Claim 1]
An antibacterial composition against carbapenem-resistant gram-negative
bacteria, the antibacterial composition comprising adenylate kinase (ADK) protein as

an active ingredient.

[Claim 2]
The antibacterial composition of claim 1, wherein the ADK protein is

derived from Mycobacterium tuberculosis.

[Claim 3]
The antibacterial composition of claim 1, wherein the ADK protein is

represented by SEQ ID NO: 1.

[Claim 4]

The antibacterial composition of claim 1, wherein the ADK protein is

encoded by a base sequence represented by SEQ ID NO: 2.

[Claim 5]
An antibacterial quasi-drug against carbapenem-resistant gram-negative
bacteria, the antibacterial quasi-drug comprising adenylate kinase (ADK) protein as

an active ingredient.

20
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[Claim 6]

An antibacterial food additive against carbapenem-resistant gram-negative
bacteria, the antibacterial food additive comprising adenylate kinase (ADK) protein

as an active ingredient.

[Claim 7]
An antibacterial feed additive against carbapenem-resistant gram-negative
bacteria, the antibacterial feed additive comprising adenylate kinase (ADK) protein

as an active ingredient.

[Claim 8]

A pharmaceutical composition for preventing or treating infectious diseases
caused by carbapenem-resistant gram-negative bacteria, the pharmaceutical

composition comprising adenylate kinase (ADK) protein as an active ingredient.

[Claim 9]

A food composition for preventing or aleviating infectious diseases caused
by carbapenem-resistant gram-negative bacteria, the food composition comprising

adenylate kinase (ADK) protein as an active ingredient.
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