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(57) ABSTRACT

The present invention relates to an antibacterial and fungi-
cidal peptide in which a lysine and tryptophan dipeptide is
repeated. More specifically, the antibacterial and fungicidal
peptide of the present invention, in which lysine and tryp-
tophan dipeptide is repeated four times, shows excellent anti-
bacterial activities with respect to gram-positive bacteria,
gram-negative bacteria and antibiotic-resistant strains by
affecting the inner membrane of harmful microorganisms,
has remarkable fungicidal activities with respect to patho-
genic fungi and antibiotic-resistant fungi, and shows little
cytotoxicity, and thus can be useful for a pharmaceutical
composition, a cosmetic composition, agricultural chemicals,
a food preservative, a cosmetic preservative, and a pharma-
ceutical preservative.
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NOVEL ANTIBACTERIAL AND FUNGICIDAL
PEPTIDE IN WHICH LYSINE AND
TRYPTOPHAN RESIDUES ARE REPEATED,
AND USE THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a novel antibiotic
peptide in which lysine and tryptophan residues are repeated
and an antibacterial and fungicidal pharmaceutical composi-
tion comprising the same as an active ingredient.

[0003] 2. Description of the Related Art

[0004] The bacterial infection is one of the most common
and lethal causes of human disease. Unfortunately, misuse or
overuse of antibiotics brought antibiotic resistance of bacte-
ria. In fact, the period that it takes for bacteria to show resis-
tance against a new antibiotic is much shorter than the period
for the development of a novel antibiotic or analogues
thereof. For example, fatal bacteria Enterococcus faecalis,
Mycobacterium tuberculosis and Pseudomonas aeruginosa
have raised their resistance against almost every antibiotics
developed so far (Stuart B. Levy, Scientific American, 46-53,
1998).

[0005] Tolerance against antibiotics is different from resis-
tance against antibiotics. Antibiotic tolerance was first
observed in Preumococcus sp. in 1970s with providing an
important clue to understand the mechanism of the action of
penicillin (Tomasz et al., Nature, 227, 138-140, 1970). Such
species of bacteria that show tolerance stop growing in the
presence of a common concentration of antibiotics but cannot
bekilled. Tolerance is developed when autolytic enzyme such
as autolysin is not activated in the presence of an antibiotic
that inhibits cell wall synthase. Penicillin kills bacteria by
activating endogenous hydrolytic enzyme, but the bacteria,
on the contrary, inhibit the enzyme activity to survive in the
presence of antibiotics.

[0006] It is a clinically very important phenomenon that
bacteria have tolerance against antibiotics. That is, once it is
impossible to kill the bacteria having tolerance, the treatment
effect of antibiotics on infectious disease decreases (Handw-
erger and Tomasz, Rev. Infec. Dis., 7,368-386, 1985). Toler-
ance is regarded as a precondition for the coming resistance
against antibiotics in bacteria. That means even after the
treatment with antibiotics, some strains still survive. These
strains acquire a new genetic element to build resistance
against antibiotics, so that they can continue to survive in the
presence of antibiotics. All the strains showing resistance
against antibiotics also have tolerance against those antibiot-
ics as well (Liu and Tomasz, J. Infect. Dis., 152, 365-372,
1985). Therefore, it is urgent request to develop a novel anti-
biotic that is able to kill the strain having antibiotic resistance.
[0007] Tolerance is largely divided into two groups accord-
ing to its mechanism. First, phenotypic tolerance is the one
that is observed when the growth rate decreases in every strain
(Tuomanen E., Revs. Infect. Dis., 3, S279-S291, 1986). The
other one is genetic tolerance developed by mutation in some
specific strains. The basic and common phenomenon in both
cases is the down regulation of autolytic enzyme activity. This
down regulation is temporary when it is phenotypic tolerance
caused by an external stimulus, but is permanent when it is
genetic tolerance caused by mutation in regulatory pathways
controlling cell hemolysis. Precisely, the most simple genetic
tolerance is caused by the deletion of autolytic enzyme. It is
very rare for a strain to have tolerance with the deletion of
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autolytic enzyme caused by some unknown reasons. How-
ever, tolerance observed clinically in strains is mostly caused
by the phenotypic regulation of autolytic enzyme activity
(Tuomanen et al., J. infect. Dis., 158, 36-43, 1988).

[0008] As explained hereinbefore, it is required to develop
a novel antibiotic to eliminate antibiotic-resistant bacteria
which is functioning independently from autolytic enzyme
activity.

[0009] Inthe meantime, bacteria can kill other neighboring
bacteria by synthesizing peptides or small organic molecules,
called ‘bacteriocin’. The bacteriocin is divided into three
groups according to the structural characteristics; which are
lantibiotics, nonlantibiotics, and those secreted by signal pep-
tides (Cintas et al., J. Bad., 180, 1988-1994, 1998). Animals
including insects can self-produce such peptide antibiotics
(Bevins et al., Ann. Rev. Biochem., 59,395-414,1990), which
are also divided into three groups according to the structure.
First group is cysteine-rich [3-sheet peptide, the second group
is a-helical amphiphilic peptide, and the third group is pro-
line-rich peptide (Mayasaki et al., Int. J. Antimicrob. Agents,
9, 269-280, 1998). Such antibacterial peptides are known to
play an important role in host defense and innate immune
system (Boman, H. G., Cell, 65:205, 1991; Boman, H. G.,
Annu. Rev. Microbiol., 13:61, 1995). The said antibacterial
peptides have different structures determined by the amino
acid sequences, among which the most common structure is
a-helical amphiphilic form without cysteine residues, as
shown in cecropin, the antibacterial peptide found in insects.
[0010] The antibacterial activity of amphiphilic peptide has
been well studied, based on which the attempts have been
made to develop antibiotics. Melittin is the peptide taking at
least 50% of solid components of bee venom, in which C-ter-
minal is amidated and cytotoxicity against eukaryotic cell is
strong enough to destroy mammalian cells even at a low
concentration and antibacterial activity against such micro-
organisms as Gram-negative bacteria and Gram-positive bac-
teria is excellent (Habermann, E., Science, 177: 314, 1972;
Steiner, H., et al., Nature, 292: 246, 1981; Tosteson, M. T., et
al., Biochemistry, 228: 337, 1987). Cecropin amphiphilic
peptide having HP(2-20) like amino acid sequence was first
found in fruit fly and found later on in silkworm pupa and in
small intestine of pig. Particularly, according to the previous
reports, cecropin A (CA) exhibits high antibacterial activity
but has only minor antifungal and anticancer activity
(Boman, H. G. and Hultmark, D., Annu. Rev. Microbiol., 41:
103, 1987).

[0011] Inaddition to the studies on the activity of the men-
tioned amphiphilic peptide, the amino acid sequence and
protein structure have also been studied, saying that the char-
acteristics of the sequence are closely related to the antibac-
terial activity. For example, when arginine is substituted with
lysine therein, the activity still remains but cytotoxicity
against eukaryotic cell is reduced (Epand R F, Lehrer R 1,
Waring A, Wang W, Maget-Dana R, Lelievre D, Epand R M.,
Bioploymers 2003;71: 2-16.; Park Y, Lee D G, Jang S H, Woo
E R, Jeong H G, Choi C H, Hahm K S., Biochim. Biophys.
Acta 2003; 1645: 172-182.). A strong synthetic antibacterial
peptide composed of lysine residues alone is located on the
polar surface of amphiphilic structure and interacts with the
upper section of anionic lipid, which gives the specificity to
microorganism (Dathe M, Schumann M, Wieprecht T, Win-
kler A, Beyermann M, Krause E, Matsuzaki K, Murase O,
Bienert M., Biochemistry 1996; 35: 12612-12622.; Song Y
M, ParkY, Lim S S, Yang S T, Woo E R, Park IS, Lee J S, Kim
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J 1, Hahm K S, Kim Y, Shin S Y., Biochemistry 2005; 44:
12094-12106.; Gopal R, Park S C,HaK J, Cho ST, Kim S W,
Song P I, Nah JW, ParkY, Hahm K S., J. Pept. Sci. 2009; 15:
589-594.).

[0012] Therefore, the present inventors synthesized pep-
tides in various lengths, in which lysine and tryptophan resi-
dues form KW dipeptides that are repeated 2-5 times. The
present inventors eventually completed this invention by con-
firming that the peptides of the invention, particularly (KW),
represented by SEQ. ID. NO: 3 had excellent antibacterial
activity against Gram-positive, Gram-negative, and antibi-
otic-tolerant strains and excellent fungicidal activity against
pathogenic fungi and antibiotic-tolerant fungi by affecting
the inner membrane of the pathogenic microorganism but has
least cytotoxicity, suggesting that the peptides of the present
invention can be functioning as safe antibacterial and fungi-
cidal drugs to humans.

[0013] The present inventors also investigated the antibac-
terial activity of (KW); in which lysine and tryptophan resi-
dues are repeated three times (Gopal R, Kim Y J, Seo C H,
Hahm K S, Park Y., J Pept Sci. 2011;17:329-334). As aresult,
it was confirmed that (KW), of the invention demonstrated 16
times higher antibacterial activity in general strains and times
higher antibacterial activity in antibiotic-tolerant strains than
(KW),, along with excellent antifungal activity. In conclu-
sion, (KW), was confirmed to be a better peptide in its anti-
bacterial and antifungal activity than (KW);.

SUMMARY OF THE INVENTION

[0014] It is an object of the present invention to provide an
antibacterial and fungicidal peptide in which lysine and tryp-
tophan residues are repeated.

[0015] It is another object of the present invention to pro-
vide an antibacterial and fungicidal composition comprising
the said antibacterial and fungicidal peptide.

[0016] To achieve the above objects, the present invention
provides an antibacterial or fungicidal peptide in which lysine
and tryptophan are repeated.

[0017] The present invention also provides an antibacterial
or fungicidal pharmaceutical composition comprising the
said peptide as an active ingredient.

[0018] The present invention also provides an antibacterial
or fungicidal cosmetic composition comprising the said pep-
tide as an active ingredient.

[0019] The present invention also provides a non-toxic
agricultural pesticide comprising the said peptide as an active
ingredient.

[0020] The present invention also provides a preservative
for medicine, cosmetics, food, or feed comprising the said
peptide as an active ingredient.

[0021] The present invention also provides a method for
suppressing bacteria or fungi containing the step of treating a
pharmaceutically effective dose of the said antibacterial or
fungicidal pharmaceutical composition to the target bacteria
or fungi to suppress them.

[0022] The present invention also provides a method for
treating the pathogenic bacteria or fungi caused disease con-
taining the step of administering a pharmaceutically effective
dose of the said antibacterial or fungicidal pharmaceutical
composition to a subject having the pathogenic bacteria or
fungi caused disease.

[0023] The present invention also provides a method for
preventing the pathogenic bacteria or fungi caused disease
containing the step of administering a pharmaceutically
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effective dose of the said antibacterial or fungicidal pharma-
ceutical composition to a subject.

[0024] The present invention also provides a use of the said
peptide for the preparation of an antibacterial or fungicidal
pharmaceutical composition.

[0025] The present invention also provides a use of the said
peptide for the preparation of an antibacterial or fungicidal
cosmetic composition.

[0026] The present invention also provides a use of the said
peptide for the preparation of a non-toxic agricultural pesti-
cide.

[0027] The present invention also provides a use of the said
peptide for the preparation of a preservative for medicine,
cosmetics, food, or feed.

[0028] The present invention also provides the peptide
usable for the suppression of pathogenic bacteria or fungi.
[0029] In addition, the present invention provides the pep-
tide usable for treating or preventing the pathogenic bacteria
or fungi caused disease.

Advantageous Effect

[0030] As explained hereinbefore, the antibacterial and
fungicidal peptide of the present invention in which lysine
and tryptophan residues are repeated demonstrates excellent
antibacterial activity against Gram-positive, Gram-negative,
and antibiotic-tolerant strains and excellent fungicidal activ-
ity against pathogenic fungi and antibiotic-tolerant fungi by
affecting the inner membrane of the pathogenic microorgan-
ism but has least cytotoxicity, so that it can be effectively used
as a pharmaceutical composition, a cosmetic composition, an
agricultural pesticide, a food preservative, a cosmetic preser-
vative, and a medicine preservative.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The application of the preferred embodiments ofthe
present invention is best understood with reference to the
accompanying drawings, wherein:

[0032] FIG. 1 is a diagram illustrating the peptide of the
present invention and the sequence thereof.

[0033] FIGS. 2A and 2B are graphs illustrating the maxi-
mum fluorescent light emission wavelength of tryptophan
residue in the peptide of the invention measured in order to
analyze aggregation over the concentration of the peptide in
water and PBS. FIGS. 2C and 2D are graphs illustrating the
secondary structure of the peptide in PBS analyzed by circu-
lar dichroism (CD).

[0034] A: maximum fluorescent light emission wavelength
values of (KW), and (KW); in water

[0035] B: maximum fluorescent light emission wavelength
values of (KW), and (KW), in PBS

[0036] * (KW),(®). (KW);(A)

[0037] C:(KW), structure in PBS

[0038] D: (KW);, structure in PBS

[0039] * 25 uM(@®), 50 pM(H), 100 uM(A), 150 pM(4)
[0040] FIG. 3 is a diagram illustrating the acting location of

the peptide of the present invention, for which the peptide was
labeled with a fluorescent material and then treated to bacte-
ria.

[0041] A: antibiotic-tolerant £. coli (E. coli CCARM 1229)
[0042] B: antibiotic-tolerant Staphylococcus aureus (S.
aureus CCARM 3090)
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[0043] FIG. 4is a graph illustrating the effect of the peptide
of'the present invention on bacterial membrane and the dura-
tion of bactericidal action according to the concentration of
the peptide.

[0044] A membrane depolarization of antibiotic-tolerant £.
coli (E. coli CCARM 1229)

[0045] B: membrane depolarization of antibiotic-tolerant
Staphylococcus aureus (S. aureus CCARM 3090)

[0046] C: effect on inner membrane of E. coli

[0047] D: effect on inner membrane of Staphylococcus
aureus (S. aureus)

[0048] E: antibacterial activity against antibiotic-tolerant
E. coli (E. coli CCARM 1229)

[0049] F: antibacterial activity against antibiotic-tolerant
Staphylococcus aureus (S. aureus CCARM 3090)

[0050] * A~D: (KW),(4), (KW),(M), (KW).(®). (KW),
(A), Melittin(o)

[0051] E~F: (KW), MIC([), (KW), 2MIC(A), (KW),
MIC(H), (KW)5 2MIC(A)

[0052] FIG. 5 is a graph illustrating the emission of the
fluorescent material and the cohesiveness measured in order
to confirm whether or not the peptide of the present invention
could work on the bacteria-like double membrane.

[0053] A:PE:PG (7:3, w/w)

[0054] B: PC:CH (10:1, w/w)

[0055] C: PE:PG (7:3, w/w)

[0056] * (KW),(#), (KW),(l), (KW),(®). (KW)s(A)
[0057] FIG. 6is a graph illustrating the secondary structure

of the peptide of the present invention in the presence of the
bacteria-like double membrane analyzed by circular dichro-

ism (CD).

[0058] A:PE:PG (7:3, w/w)

[0059] B: PC:CH (10:1, w/w)

[0060] * (KW),(#), (KW),(l), (KW),(®). (KW)s(A)
[0061] FIG. 7 is an electron micrograph illustrating the

activity of the peptide of the present invention on antibiotic-
tolerant £. coli (E. coli CCARM 1229) treated with the pep-
tide.

[0062] A: negative control (non-treated)
[0063] B: (KW),
DESCRIPTION OF THE PREFERRED
EMBODIMENTS
[0064] Hereinafter, the present invention is described in
detail.
[0065] The present invention provides an antibacterial and

fungicidal peptide in which the lysine and tryptophan (KW)
dipeptide is repeated.

[0066] The lysine and tryptophan KW dipeptide is prefer-
ably repeated 1-10 times, and more preferably 4 times, or at
least 4 times, but not always limited thereto. In particular
embodiments the KW dipeptide is repeated 4-10 times, or 4-5
times.

[0067] The said peptide is composed of the amino acid
sequence represented by SEQ. ID. NO: 3; hardly has cyto-
toxicity; is easy to be synthesized because of its short length
comprising the minimum 8-mer amino acids; and has
amphiphilicity owing to the enlarged hydrophobic region, but
not always limited thereto.

[0068] The said peptide has the antibacterial activity pref-
erably against Gram-positive bacteria, Gram-negative bacte-
ria, and antibiotic-tolerant strains, and more precisely the
Gram-positive bacteria are selected from the group consisting
of Bacillus subtilis, Staphylococcus aureus and Listeria
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monocytogenes, and the Gram-negative bacteria are selected
from the group consisting of Escherichia coli, Psedomonas
aeruginosa and Salmonella typhimurium. In the meantime,
the antibiotic-tolerant strains are preferably selected from the
group consisting of E. coli (E. coli CCARM 1229, 1238),
Salmonella (S. typhimurium CCARM 8007, 8009, 8013) and
Staphylococcus (S. aureus CCARM 3089,3090,3108,3114,
3126), but not always limited thereto.

[0069] The said peptide has the fungicidal activity prefer-
ably against pathogenic fungi and antibiotic-tolerant fungi,
and more precisely the said pathogenic fungi are selected
from the group consisting of Candida albicans, C. catenulate,
C. intermidia, C. rugosa, C. glabrata and C. melibiosica, and
the antibiotic-tolerant fungi are preferably C. albicans
CCARM 14001, 14007, and 14020, but not always limited
thereto.

[0070] In addition, the said peptide is conjugated to the
outer wall of antibiotic-tolerant E. coli (E. coli CCARM
1229) and antibiotic-tolerant Staphylococcus aureus (S.
aureus CCARM 3090) in order to be functioning there and
further invades into the inner wall to affect them. Thus, when
the peptide is treated to antibiotic-tolerant E. coli (E. coli
CCARM 1229), it makes the surface of the strain rough and
injured to cause aggregation there, but the function is not
always limited thereto.

[0071] To prepare a novel antibacterial and fungicidal pep-
tide, the present inventors synthesized the peptide which is
short and has a simple sequence composed of only two kinds
of'amino acids, lysine and tryptophan. As a result, the inven-
tors synthesized (KW), (SEQ. ID. NO: 1) in which lysine and
tryptophan residues are repeated twice, (KW), (SEQ. ID.
NO: 2) in which those residues are repeated three times,
(KW), (SEQ. ID. NO: 3) in which those residues are repeated
four times, and (KW); (SEQ. ID. NO: 4) in which those
residues are repeated 5 times (see FIG. 1).

[0072] To investigate the antibacterial activity of the pep-
tide of the present invention, the present inventors used
(KW),, (n=2, 3, or 5) peptides in different lengths and Melittin
peptide as controls. Minimal inhibitory concentration (re-
ferred as “MIC” hereinafter) that was the concentration each
strain could survive without being divided was measured
from all the groups. At this time, Gram-positive bacteria used
for the investigation were Bacillus subtilis, Staphylococcus
aureus and Listeria monocytogenes, and Gram-negative bac-
teria used for the measurement were Escherichia coli, Pse-
domonas aeruginosa and Salmonella typhimurium. Also, the
antibiotic-tolerant strains used herein were E. coli (E. coli
CCARM 1229, 1238), Salmonella (S. typhimurium CCARM
8007, 8009, 8013) and Staphylococcus (S. aureus CCARM
3089,3090,3108,3114,3126). As a result, the peptide of the
present invention represented by SEQ. ID. NO: 3 demon-
strated antibacterial activity in the general strains 64 times
higher than the control peptide represented by SEQ. ID. NO:
1, 16 times higher than the peptide represented by SEQ. ID.
NO: 2, and 8 times higher than the peptide represented by
SEQ. ID. NO: 4. In the meantime in the antibiotic-tolerant
strains, the peptide of the present invention showed the anti-
bacterial activity 32 times, times, and 8 times higher than the
above peptides, respectively (see Table 1). Therefore, the
peptide of the present invention was confirmed to have excel-
lent antibacterial activity against all the Gram-positive bac-
teria, Gram-negative bacteria, and antibiotic-tolerant strains.
[0073] To investigate the fungicidal activity of the peptide
of the present invention, MIC was measured by using patho-
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genic fungi such as Candida albicans, C. catenulate, C. inter-
midia, C. rugosa, C. glabrata and C. melibiosica and antibi-
otic-tolerant fungi such as C. albicans CCARM 14001,
14007 and 14020. As a result, the peptide of the present
invention represented by SEQ. ID. NO: 3 demonstrated
excellent fungicidal activity regardless of solution used for
the experiment and the peptide represented by SEQ. ID. NO:
4 showed excellent fungicidal activity in PBS (see Table 2).
The peptides each represented by SEQ. ID. NO: 3 and NO: 4
were confirmed to have excellent fungicidal activity against
antibiotic-tolerant fungi (see Table 3).

[0074] The present inventors also investigated cytotoxicity
of'the peptide of the invention. To do so, hemolytic activity of
the peptide was measured. As aresult, the peptide represented
by SEQ. ID. NO: 3 hardly showed cytotoxicity (see Table 4).
[0075] The present inventors also investigated aggregation
and the structure of the peptide by using a spectrofluorometer
and circular dichroism (CD). As a result, the peptide repre-
sented by SEQ. ID. NO: 3 did not show aggregation in water
nor in PBS, but the peptide represented by SEQ. ID. NO: 4
showed aggregation in PBS (see FIG. 2).

[0076] To investigate the acting site of the peptide of the
present invention in E. coli, confocal laser scanning micros-
copy was used. As a result, it was observed that the peptide
represented by SEQ. ID. NO: 3 was conjugated to the outer
wall of antibiotic-tolerant E. coli (E. coli CCARM 1229) and
antibiotic-tolerant  Staphylococcus —aureus (S. aureus
CCARM 3090) (see FIG. 3).

[0077] The present inventors also investigated whether or
not the peptide of the invention could actually affect the
membrane of E. coli and how fast the peptide could kill the
bacteria by performing depolarization analysis, observation
of action on inner cell membrane, and measurement of apo-
ptosis over the time. As a result, the peptide represented by
SEQ. ID. NO: 1 could not induce depolarization in antibiotic-
tolerant E. coli (E. coli CCARM 1229) nor in antibiotic-
tolerant Staphylococcus aureus (S. aureus CCARM 3090).
The peptide represented by SEQ. ID. NO: 2 induced depolar-
ization approximately 20% at the concentration of 50 uM,
while the peptides represented by SEQ. ID. NO: 3 and SEQ.
ID. NO: 4 induced depolarization approximately 80% at the
concentration of 25 uM in both strains (see A and B of FIG. 4).
The peptides represented by SEQ. ID. NO: 3 and SEQ. ID.
NO: 4 were able to affect inner membrane of . coli and
Staphylococcus aureus (see C and D of FIG. 4). The peptide
represented by SEQ. ID. NO: 3 showed faster antibacterial
activity against antibiotic-tolerant £. coli (E. coli CCARM
1229) and antibiotic-tolerant Staphylococcus aureus (S.
aureus CCARM 3090) than the peptide represented by SEQ.
ID. NO: 4 did.

[0078] The present inventors also investigated whether or
not the peptide of the invention could take direct action on
bacteria and erythrocyte-like liposome and whether or not the
peptide could coagulate bacteria-like liposome by using a
spectrofluorometer. As a result, both the peptide represented
by SEQ. ID. NO: 3 and the peptide represented by SEQ. ID.
NO: 4 took action against bacteria-like liposome in the pres-
ence of L-a-phosphatidylethanolamine (PE) and L-a-phos-
phatidylglycerol (PG) (7:3). However, in the presence of egg
yolk L-a-phosphatidylcholine (PC) and cholesterol (CH) at
the ratio of 10:1, the peptide represented by SEQ. ID. NO: 3
emitted the fluorescence less than halfthe amount emitted by
the peptide represented by SEQ. ID. NO: 4 at the same con-
centration (see A and B of FIG. 5). The peptide represented by
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SEQ. ID. NO: 4 induced coagulation of liposome more than
the peptide represented by SEQ. ID. NO: 3 (see FIG. 5C).
[0079] The present inventors also investigated how the
structure of the peptide of the invention could be changed in
the course of the interaction with bacteria and erythrocyte-
like liposome by using circular dichroism (CD). As a result,
the peptides each represented by SEQ. ID. NO: 1 and SEQ.
ID. NO: 2 did not form any specific structure in bacteria nor
in erythrocyte-like liposome, while the peptides represented
by SEQ. ID. NO: 3 and SEQ. ID. NO: 4 showed structural
change with folding (see FIG. 6). This phenomenon is
regarded as an important factor to break bacterial membrane.
[0080] Further, the present inventors investigated the
mechanism of antibacterial activity of the peptide of the
invention in antibiotic-tolerant . coli (E. coli CCARM 1229)
by using scanning electron microscope. As a result, when £.
coliwas treated with the peptide represented by SEQ. ID. NO:
3, the smooth surface of the antibiotic-tolerant E. coli turned
into rough and injured with showing aggregation as well (see
FIG. 7).

[0081] Therefore, the peptide of the present invention in
which lysine and tryptophan residues are repeated 4 times
demonstrates excellent antibacterial activity and fungicidal
activity by affecting the inner membrane of the pathogenic
microorganism but has least cytotoxicity, suggesting that the
peptide of the invention can be effectively used as a safe
antibacterial agent for human.

[0082] The present invention also provides an antibacterial
or fungicidal pharmaceutical composition comprising the
peptide of the invention as an active ingredient.

[0083] The present invention also provides a use of the said
peptide for the preparation of an antibacterial or fungicidal
pharmaceutical composition.

[0084] The present invention also provides the peptide
usable for the suppression of pathogenic bacteria or fungi.
[0085] The present invention also provides a method for
suppressing bacteria or fungi containing the step of treating a
pharmaceutically effective dose of the said antibacterial or
fungicidal pharmaceutical composition to the target bacteria
or fungi to suppress them.

[0086] The said pharmaceutical composition has the anti-
bacterial activity preferably against Gram-positive bacteria,
Gram-negative bacteria, and antibiotic-tolerant strains, and
more precisely the Gram-positive bacteria are selected from
the group consisting of Bacillus subtilis, Staphylococcus
aureus and Listeria monocytogenes, and the Gram-negative
bacteria are selected from the group consisting of Escherichia
coli, Psedomonas aeruginosa and Salmonella typhimurium.
In the meantime, the antibiotic-tolerant strains are preferably
selected from the group consisting of E. coli (E. coli CCARM
1229, 1238), Salmonella (S. typhimurium CCARM 8007,
8009, 8013) and Staphylococcus (S. aureus CCARM 3089,
3090, 3108, 3114, 3126), but not always limited thereto.
[0087] The said pharmaceutical composition has the fun-
gicidal activity preferably against pathogenic fungi and anti-
biotic-tolerant fungi, and more precisely the said pathogenic
fungi are selected from the group consisting of Candida albi-
cans, C. catenulate, C. intermidia, C. rugosa, C. glabrata and
C. melibiosica, and the antibiotic-tolerant fungi are prefer-
ably C. albicans CCARM 14001, 14007, and 14020, but not
always limited thereto.

[0088] The peptide of the present invention in which lysine
and tryptophan residues are repeated demonstrates excellent
antibacterial activity and fungicidal activity by affecting the
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inner membrane of the pathogenic microorganism but has
least cytotoxicity, suggesting that the peptide of the invention
can be effectively used as an antibacterial and fungicidal
pharmaceutical composition.

[0089] The novel peptide of the present invention can be
administered orally or parenterally and be used in general
forms of pharmaceutical formulation.

[0090] That is, the novel peptide of the present invention
can be prepared for oral or parenteral administration by mix-
ing with generally used diluents or excipients such as fillers,
extenders, binders, wetting agents, disintegrating agents and
surfactant. Formulations for parenteral administration are
sterilized aqueous solutions, water-insoluble excipients, sus-
pensions, emulsions, lyophilized preparations, suppositories
and injections. Water insoluble excipients and suspensions
can contain, in addition to the active compound or com-
pounds, propylene glycol, polyethylene glycol, vegetable oil
like olive oil, injectable ester like ethylolate, etc. Supposito-
ries can contain, in addition to the active compound or com-
pounds, witepsol, macrogol, tween 61, cacao butter, laurin
butter, glycerogelatin, etc.

[0091] The novel peptide of the present invention can be
mixed with many pharmaceutically acceptable carriers such
as physiological saline or organic solvent, and can addition-
ally include carbohydrates such as glucose, sucrose or dext-
ran, antioxidants such as ascorbic acid or glutathion, chelat-
ing agents, low molecular proteins or other stabilizers to
enhance stability or absorptiveness.

[0092] Theeffective dose ofthe novel peptide ofthe present
invention is 0.01~100 mg/kg, and more preferably 0.14~1.4
mg/kg, which can be administered 1~3 times a day.

[0093] The present invention also provides a method for
treating the pathogenic bacteria or fungi caused disease con-
taining the step of administering a pharmaceutically effective
dose of the said antibacterial or fungicidal pharmaceutical
composition to a subject having the pathogenic bacteria or
fungi caused disease.

[0094] The present invention also provides a method for
preventing the pathogenic bacteria or fungi caused disease
containing the step of administering a pharmaceutically
effective dose of the said antibacterial or fungicidal pharma-
ceutical composition to a subject.

[0095] The present invention also provides the peptide
usable for treating or preventing the pathogenic bacteria or
fungi caused disease.

[0096] The effective dose ofthe novel peptide ofthe present
invention can be administered in the form of bolus, by single
dose having relatively short period of infusion or by multiple
dose of fractionated treatment protocol for a long term. The
decision of the effective dose depends on the administration
pathway, treatment times, age and other conditions of a
patient, etc. Therefore, any expert who has knowledge on this
field can decide the effective dose of the novel peptide of the
present invention.

[0097] The present invention also provides an antibacterial
or fungicidal cosmetic composition comprising the peptide of
the invention as an active ingredient.

[0098] The present invention also provides a use of the said
peptide for the preparation of an antibacterial or fungicidal
cosmetic composition.

[0099] The peptide of the present invention in which lysine
and tryptophan residues are repeated demonstrates excellent
antibacterial activity and fungicidal activity by affecting the
inner membrane of the pathogenic microorganism but has
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least cytotoxicity, suggesting that the peptide of the invention
can be effectively used as an antibacterial and fungicidal
cosmetic composition.

[0100] The cosmetic composition of the present invention
can include, in addition to the said novel peptide, any con-
ventional ingredients generally used in cosmetics, for
example such additives and carriers as stabilizers, solubiliz-
ers, vitamins, pigments and flavors, but not always limited
thereto.

[0101] The cosmetic composition of the present invention
can be formulated in any form that can be accepted in the art,
which is exemplified by solution, suspension, emulsion,
paste, gel, cream, lotion, powder, soap, surfactant-containing
cleansing, oil, powdered foundation, emulsified foundation,
wax foundation and spray, but not always limited thereto.
Particularly, the cosmetic composition of the present inven-
tion can be prepared in the form of soft lotion (skin), nutrition
lotion (milk lotion), nutrition cream, massage cream, essence,
eye cream, cleansing cream, cleansing foam, cleansing water,
pack, spray or powder.

[0102] In the case that the cosmetic composition is formu-
lated as paste, cream or gel, the proper carrier can be selected
from the group consisting of animal oil, vegetable oil, parat-
fin, starch, tracanth, cellulose derivative, polyethylene glycol,
silicon, bentonite, silica, talk and zinc oxide.

[0103] In the case that the cosmetic composition is formu-
lated as powder or spray, the proper carrier can be selected
from the group consisting of lactose, talc, silica, aluminum
hydroxide, calcium silicate and polyamide powder, and in
particular if the composition of the present invention is for-
mulated as spray, a propellant such as chlorofluorohydrocar-
bon, propane/butane or dimethyl ether can be additionally
included.

[0104] In the case that the cosmetic composition is formu-
lated as liquid or emulsion, the proper carrier can be selected
from the group consisting of solvent, solubilizer and emulsi-
fier, which is exemplified by water, ethanol, isopropanol,
ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl ben-
zoate, propylene glycol, 1,3-butyl glycol oil, glycerol ali-
phatic ester, polyethylene glycol and fatty acid ester of sor-
bitan.

[0105] In the case that the cosmetic composition is formu-
lated as suspension, the proper carrier can be selected from
the group consisting of liquid diluent such as water, ethanol or
propylene glycol; suspending agent such as ethoxylated isos-
tearyl alcohol, polyoxyethylene sorbitol ester and polyoxy-
ethylene sorbitan ester; microcrystalline cellulose; aluminum
methahydroxide; bentonite; agar; and tragacanth.

[0106] In the case that the cosmetic composition is formu-
lated as surfactant-containing cleansing, the proper carrier
can be selected from the group consisting of aliphatic alcohol
sulfate, aliphatic alcohol ether sulfate, sulfosuccinic
monoester, isethionate, imidazolinum derivative, methyltau-
rate, sarcosinate, fatty acid amide ether sulfate, alkyl amido-
betain, aliphatic alcohol, fatty acid glyceride, fatty acid
diethanolamide, vegetable oil, lanolin derivative and ethoxy-
lated glycerol fatty acid ester.

[0107] The present invention also provides a non-toxic
agricultural pesticide comprising the peptide of the invention
as an active ingredient.

[0108] The present invention also provides a use of the said
peptide for the preparation of a non-toxic agricultural pesti-
cide.
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[0109] The peptide of the present invention in which lysine
and tryptophan residues are repeated demonstrates excellent
antibacterial activity and fungicidal activity by affecting the
inner membrane of the pathogenic microorganism but has
least cytotoxicity, suggesting that the peptide of the invention
can be effectively used as a non-toxic agricultural pesticide.
[0110] The present invention also provides a preservative
for medicine, cosmetics, food, or feed comprising the peptide
of the invention as an active ingredient.

[0111] The present invention also provides a use of the said
peptide for the preparation of a preservative for medicine,
cosmetics, food, or feed.

[0112] The peptide of the present invention in which lysine
and tryptophan residues are repeated demonstrates excellent
antibacterial activity and fungicidal activity by affecting the
inner membrane of the pathogenic microorganism but has
least cytotoxicity, suggesting that the peptide of the invention
can be effectively used as a preservative for medicine, cos-
metics, food, or feed.

[0113] The preservative for food, cosmetics, or medicine is
the additive used to prevent spoilage, decomposition, and
chemical changes, which includes germicides and antioxi-
dants, etc. Functional antibiotics suppressing the growth of
microorganisms including bacteria, fungi, and yeasts can be
also included to prevent the growth of spoilage microorgan-
isms in medicine and food. Such preservative for food, cos-
metics, or medicine is expected to be non-toxic and is effec-
tive even at a low concentration. Agricultural pesticides to
prevent damages by blight and insects in agricultural crops
are also expected to inhibit the growth of harmful microor-
ganisms but expected to be non-toxic to human in order for
human to eat the agricultural product safely.

[0114] Practical and presently preferred embodiments of
the present invention are illustrative as shown in the following
Examples.

[0115] However, it will be appreciated that those skilled in
the art, on consideration of this disclosure, may make modi-
fications and improvements within the spirit and scope of the
present invention.

Example 1

Peptide Synthesis, Separation and Purification

[0116] To synthesize the peptide having the repeats of
lysine and tryptophan, the present inventors used Merrifield’s
liquid-solid method (Merrifield, R B., J. Am. Chem. Soc., 85,
2149, 1963) using Fmoc (9-fluorenylmethoxy carbonyl) as
the amino acid protecting group. Particularly, Rink Amide
MBHA-Resin was used as a starting material for the peptide
having —NH, type C-terminal, and Fmoc-amino acid-Wang
Resin (Wang Resin) was used as a starting material for the
peptide having —OH type C-terminal. The peptide chain
extension via Fmoc-amino acid coupling was performed by
DCC (N-hydroxybenzo triazole(HOBt)-dicyclo-hexycarbo-
diimide) method. After Fmoc-amino acids at N-terminal of
each peptide were coupled, Fmoc group was eliminated by
using NMP (20% piperidine/N-methylpyrolidone) solution,
followed by washing with NMP and DCM (dichoromethane)
several times and drying over nitrogen gas. TFA (trifluoro-
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acetic acid)-phenol-thioanisole-H,O-triisopropylsilane (85:
5:5:2.5:2.5, vol./vol.) solution was added thereto, followed by
reaction for 2~3 hours to eliminate the protecting group and
separate the peptide from the regin. The peptide was precipi-
tated by using diethylether. The crude peptide obtained
thereby was purified by reverse phase (RP)—HPLC column
(Delta Pak, C,; 300 A, 15, 19.0 mmx30 cm, Waters) in aceto-
nitrile gradient containing 0.05% TFA. The synthesized pep-
tide was hydrolyzed with 6N HCl at 110° C., and the residue
was concentrated under reduced pressure. After dissolving
the concentrate in 0.02 N HCI, amino acid composition was
analyzed with an amino acid analyzer (Hitachi 8500 A).

[0117] As aresult, as shown in FIG. 1, the peptide having
the wanted amino acid sequence was successfully synthe-
sized (FIG. 1).

Example 2
Measurement of Antibacterial Activity of Peptide

<2-1> Measurement of MIC in Bacteria

[0118] To measure the antibacterial activity of the peptide
prepared in Example 1, the present inventors measured MIC,
the minimal concentration that can keep the strain without
being divided. For the measurement of antibacterial activity,
Gram-positive bacteria selected from the group consisting of
Bacillus subtilis, Staphylococcus aureus and Listeria mono-
cytogenes, Gram-negative bacteria selected from the group
consisting of Escherichia coli, Psedomonas aeruginosa and
Salmonella typhimurium, and antibiotic-tolerant strains
selected from the group consisting of E. coli (E. coli CCARM
1229, 1238), Salmonella (S. typhimurium CCARM 8007,
8009, 8013) and Staphylococcus (S. aureus CCARM 3089,
3090,3108,3114,3126) were used. After cultured in optimal
media, the strains were diluted at the density of 2x10° cells/
ml, which were then inoculated on microtitrate plates. The
peptide synthesized in Example 1 and the positive control
peptide (Melittin) were 2-fold diluted in sodium phosphate
buffer and phosphate buffered saline (PBS) from 200
uM/well, which were added in the plate, followed by culture
at 37° C. for 18~24 hours. OD,,, was measured with a
microtitrate plate reader to determine MIC of each strain. The
results are presented in Table 1 (the number in bracket indi-
cates the one obtained from PBS).

[0119] As aresult, as shown in Table 1, the peptide repre-
sented by SEQ. ID. NO: 3 of the present invention displayed
64 times higher antibacterial activity in general strains than
the peptide represented by SEQ. ID. NO: 1, 16 times higher
antibacterial activity than the peptide represented by SEQ.
ID. NO: 2, and 8 times higher antibacterial activity than the
peptide represented by SEQ. ID. NO: 4. In the meantime, in
antibiotic-tolerant strains, the peptide of the present invention
demonstrated 32 times higher antibacterial activity than the
peptide represented by SEQ. ID. NO: 1, 8 times higher anti-
bacterial activity than the peptide represented by SEQ. ID.
NO: 2, and 8 times higher antibacterial activity than the
peptide represented by SEQ. ID. NO: (Table 1).



US 2014/0309162 Al

Oct. 16,2014

TABLE 1
MIC of peptide in bacteria
MIC (uM)
SEQ. ID. SEQ. ID. SEQ.ID. SEQ.ID.
Microorganism NO:1 NO: 2 NO:3 NO:4  Melittin Ampicillin - Oxacillin
Gram negative bacteria

E. coli >200 50 6.25 50 1.56 — —

(>200) (200) (12.5) (12.5) (1.56)
S. typhimurium 50 3.12 1.56 6.25 0.39 — —

(200) (6.25) (1.56) (3.12) (0.39)

P, aeruginosa >200 12.5 3.12 25 3.12 — —

(>200) (25) (3.12) (6.25) (3.12)

Gram positive bacteria

S. aureus >200 50 6.25 25 1.56 — —

(>200) (200) (12.5) (12.5) (1.56)
B. subtilis >200 100 6.25 12.5 1.56 — —

(>200) (200) (12.5) (12.5) (3.12)
L. monocytogenes 200 12.5 3.12 3.12 1.56 — —

(>200) (25) (3.12) (3.12) (1.56)

antibiotic-tolerant strains

E. coli >200 25 6.25 50 3.12 >200
CCARM 12297 (>200) (100) (12.5) (12.5) (3.12)  (>200)
E. coli >200 50 125 50 1.56 >200
CCARM 1238 (>200) (200) (12.5) (12.5) (1.56)  (>200)
S. typhimurium >200 50 125 25 6.25 >200
CCARM 8007” (>200) (200) (12.5) (12.5) (12.5) (>200)
S. typhimurium >200 50 6.25 25 6.25 >200
CCARM 8009® (>200) (200) (12.5) (12.5) (12.5) (>200)
S. typhimurium >200 50 6.25 25 3.12 >200
CCARM 8013” (>200) (200) (12.5) (12.5) (6.25)  (>200)
S. aureus >200 50 125 50 1.56 — >200
CCARM 3089¢ (>200) (200) (12.5) (12.5) (1.56) (>200)
S. aureus >200 50 125 25 3.12 — >200
CCARM 3090°¢ (>200) (200) (12.5) (12.5) (3.12) (>200)
S. aureus >200 50 125 50 1.56 — >200
CCARM 3108¢ (>200) (200) (12.5) (12.5) (1.56) (>200)
S. aureus >200 50 125 25 3.12 — >200
CCARM 3114° (>200) (200) (12.5) (12.5) (3.12) (>200)
S. aureus >200 50 125 25 1.56 — >200
CCARM 3126¢ (>200) (200) (12.5) (12.5) (1.56) (>200)

<2-2> Measurement of MIC in Fungi

[0120]

To measure the fungicidal activity of the peptide

prepared in Example 1, the present inventors measured MIC,
the minimal concentration that can keep the strain without
being divided. For the measurement of fungicidal activity,
pathogenic fungi selected from the group consisting of Can-
dida albicans, C. catenulate, C. intermidia, C. rugosa, C.
glabrata and C. melibiosica were used. After cultured in
optimal media, the strains were diluted at the density of 2x10°
cells/ml, which were then inoculated on microtitrate plates.
The peptide synthesized in Example 1 and the positive control

peptide (Melittin) were 2-fold diluted in solution 1 (10 mM
sodium phosphate buffer, pH 7.2) and solution 2 (phosphate
buffered saline) from 128 uM/well, which were added in the
plate, followed by culture at 37° C. for 18~24 hours. OD,,,
was measured with a microtitrate plate reader to determine
MIC of each strain. The results are presented in Table 2.
[0121] As aresult, as shown in Table 2, the peptide of the
present invention represented by SEQ. ID. NO: 3 demon-
strated excellent fungicidal activity in any solution, while the
peptide represented by SEQ. ID. NO: 4 showed better fungi-
cidal activity in solution 2 (phosphate buffered saline) (Table
2).

TABLE 2
MIC of peptide in fungi
MIC (uM)
SEQ. ID. SEQ. ID. SEQ. ID. SEQ. ID.
NO: 1 NO: 2 NO: 3 NO: 4 Melittin
Microorganism  Sol. 1 Sol.2 Sol.1 Sol.2 Sol.1 Sol.2 Sol.1 Sol.2 Sol.1 Sol.2

C. albicans >128 >128 8 32 8 8 16 8 4 4
C. catenulate >128 >128 8 16 8 8 32 8 4 8
C. intermidia >128 >128 8 32 8 8 32 4 4 4
C. rugosa >128 >128 8 32 8 8 32 8 4 8
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TABLE 2-continued
MIC of peptide in fungi
MIC (uM)
SEQ.ID.  SEQ.ID. SEQ.ID.  SEQ.ID.
NO: 1 NO: 2 NO: 3 NO: 4 Melittin

Microorganism

Sol.1 Sol.2 Sol.1 Sol.2 Sol.1 Sol.2 Sol.1 Sol.2 Sol.1 Sol.2

>128 >128 16
>128 >128 8

32 8 8
32 8 8

16 4
32 8

C. glabrata
C. melibiosica

4 4
4 8

[0122] To measure the fungicidal activity of the peptide of
the present invention in antibiotic-tolerant fungi, MIC of the
peptide was measured by the same manner as described in
Example <2-2> using RMPI 1640 and antibiotic-tolerant
Candida albicans (C. albicans CCARM 14001, 14007,
14020). The results are presented in Table 3.

[0123] As aresult, as shown in Table 3, the peptides repre-
sented by SEQ. ID. NO: 3 and SEQ. ID. NO: 4 demonstrated
excellent fungicidal activity (Table 3).

TABLE 3
MIC of peptide in antibiotic-tolerant fungi
MIC (uM)
SEQ.ID. SEQ.ID. SEQ.ID. SEQ.ID.
Microorganism NO:1 NO: 2 NO:3 NO:4  Melittin  Fluconazole
C. albicans >128 >128 32 8 16 >128
CCARM 14001
C. albicans >128 >128 32 16 8 >128
CCARM 14007
C. albicans >128 >128 32 8 8 >128
CCARM 14020
Example 3 was compared. The result was presented by the numbers

Measurement of Cytotoxicity of Peptide

[0124] To investigate whether or not the peptide of the
present invention had cytotoxicity, the present inventors
investigated hemolytic activity of the peptide. Particularly,
human erythrocytes were diluted in phosphate buffered saline
(PBS, pH 7.0) at the concentration of 8%, to which the pep-
tide 2-fold diluted from 200 uM/well was added, followed by
reaction at 37° C. for 1 hour. Centrifugation was performed at
1,000 g and the level of hemoglobin included in the superna-
tant was measured by measuring OD,,, ,. To examine hemoly-
sis, 1% triton X-100 was added to human erythrocytes, fol-
lowed by measuring absorbance of the supernatant. The
hemolytic activity of 1% triton X-100 was regarded as 100%,
with which hemolytic activity of each antibacterial peptide

calculated by the following mathematical formula 1.

hemolysis=(absorbance 4 absorbance B/absorbance
A-absorbance B)x100 [Mathematical Formula 1]

[0125] In the above formula, absorbance A indicates the
absorbance of the peptide solution measured at 414 nm,
absorbance B indicates the absorbance of PBS measured at
414 nm, and absorbance C indicates the absorbance of 1%
triton X-100 measured at 414 nm.

[0126] The hemolytic activity at the concentration of 200
uM, calculated by the formula, is presented in Table 4.
[0127] As shown in Table 4, the peptides of the present
invention represented respectively by SEQ. ID. NO: 1, SEQ.
ID. NO: 2, and SEQ. ID. NO: 3 hardly showed cytotoxicity,
while the peptide of the positive control represented by SEQ.
ID. NO: 4 clearly displayed significant cytotoxicity (Table 4).

TABLE 4

Hemolysis %

SEQ.ID. SEQ.ID. SEQ.ID. SEQ.ID.
NO: 1 NO: 2 NO: 3 NO:4  Melittin  Ampicillin  Oxacillin
Hemolytic 0 0 8 71 100 — —

activity
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Example 4

Analysis of Peptide Aggregation and Structure

<4-1> Investigation of Peptide Aggregation by
Spectrofluorometer
[0128] To investigate whether or not the peptide of the

present invention show aggregation in aqueous solution, the
present inventors dissolved the peptide in two aqueous solu-
tions at different concentrations, followed by investigation of
peptide aggregation. Tryptophan, one of the amino acids
composing peptide, has the characteristics of emitting fluo-
rescence, by using which aggregation of the peptide can be
confirmed. The peptide was dissolved in water and in PBS at
different concentrations (1~18 uM). Changes of fluorescence
emission rate were recorded by using a spectrofluorometer
(Perkin-Elmer [.S55). Excitation wavelength used for the
measurement was 280 nm and emission wavelength was
300~400 nm.

[0129] As a result, as shown in FIG. 2A, the maximum
fluorescent light emission wavelength values of those pep-
tides of the present invention represented by SEQ. ID. NO: 3
and NO: 4 did not change over the concentrations (FIG. 2A).
On the contrary, as shown in FIG. 2B, the maximum fluores-
cent light emission wavelength of the peptide represented by
SEQ. ID. NO: 4 was reduced as the concentration of the
peptide increased in PBS, while the maximum fluorescent
light emission wavelength ofthe peptide represented by SEQ.
ID. NO: 3 did not change in PBS (FIG. 2B). Therefore, it was
confirmed that the peptide represented by SEQ. ID.NO: 3 did
not show aggregation in both aqueous solutions but the pep-
tide represented by SEQ. ID. NO: 4 was aggregated in PBS.

<4-2> Investigation of Aggregation by Circular Dichroism
(CD)

[0130] Peptide aggregation over different concentrations in
PBS was measured by circular dichroism (CD). Particularly,
different concentrations of the peptide were loaded in CD
cuvette, followed by analysis at 190~250 nm.

[0131] As a result, as shown in FIGS. 2C and 2D, the
peptide of the present invention represented by SEQ. ID. NO:
3 made the consistent graph in PBS regardless of concentra-
tions. In the meantime, the graph representing the peptide
represented by SEQ. ID. NO: 4 showed up and down (FIGS.
2C and 2D). Therefore, as indicated in the result shown in
FIG. 2B, the peptide represented by SEQ. ID. NO: 3 was not
aggregated in PBS, but the peptide represented by SEQ. ID.
NO: 4 was aggregated therein.

Example 5

Confirmation of Active Site of the Peptide in
Bacteria

[0132] To confirm the active site of the peptide of the
present invention in E. coli, the present inventors used con-
focal laser scanning microscopy. The antibiotic-tolerant F.
coli (E. coli CCARM 1229) and the antibiotic-tolerant Sta-
phylococcus aureus (S. aureus CCARM 3090) were cultured
in each optimal medium for them, followed by dilution in
PBS at the density of 2x10° cells/ml. 12.5 pM of the peptide
represented by SEQ. ID. NO: 3 labeled with 5-carboxytet-
ramethylrhodamine (TAMRA) was treated to the F. coli and
Staphylococcus aureus, followed by reaction at 37° C. for 10
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minutes. Centrifugation was performed at 3000 g for 5 min-
utes and those two bacteria were recovered and washed with
PBS, which process was repeated three times. The treated two
bacteria were observed under confocal laser scanning micro-
scope.

[0133] As a result, as shown in FIGS. 3A and 3B, the
peptide of the present invention represented by SEQ. ID. NO:
3 was confirmed to be conjugated onto the outer wall of the
antibiotic-tolerant . coli and the antibiotic-tolerant Staphy-
lococcus aureus (FIGS. 3A and 3B).

Example 6

Investigation of Effect of the Peptide on E. coli
Membrane

<6-1> Analysis of Depolarization of Bacteria

[0134] To investigate depolarization of bacteria, the antibi-
otic-tolerant E. coli (E. coli CCARM 1229) and the antibi-
otic-tolerant Staphylococcus aureus (S. aureus CCARM
3090) were cultured in each optimal medium for them, and
then washed with buffer 1 (20 mM glucose, 5 mM HEPES,
pH7.3) twice. The culture media was diluted with buffer 2 (20
mM glucose, S mM HEPES, 0.1 M KCI, pH 7.3) until ODg,
of each bacterium reached 0.05. 1 uM of 3,3'-diethylthiodi-
carbocyanine iodide (DiSC3-5) was added thereto, followed
by reaction until the standard fluorescence was stable. Then,
the peptide was treated thereto at different concentrations and
the changes of fluorescence emission rate were recorded.
Excitation wavelength used for the measurement was 622 nm
and emission wavelength was 670 nm.

[0135] As a result, as shown in FIGS. 4A and 4B, the
peptide represented by SEQ. ID. NO: 1 could not induce
depolarization of membrane in both bacteria, while the pep-
tide represented by SEQ. ID. NO: 2 induced depolarization
approximately 20% at the concentration of 50 uM. In the
meantime, the peptides represented by SEQ. ID. NO: 3 and
SEQ. ID. NO: 4 all induced depolarization approximately
80% at the concentration of 25 uM (FIGS. 4A and 4B).

<6-2> Confirmation of Effect on Inner Membrane

[0136] To investigate whether or not the peptide of the
present invention affected the inner membrane, E. coli and S.
aureus were cultured in each optimal medium for them, and
then diluted in PBS at the density of 2x107 cells/ml. The cells
were reacted with 1 pM SYTOX green (molecular probe) in
the darkness for 10 minutes, to which 12.5 uM of the peptide
above was treated. Thereafter, fluorescence was measured for
one hour. Excitation wavelength used for the measurement
was 485 nm and emission wavelength was 520 nm. The value
obtained after treating 0.1% triton X-100 was regarded as
100%, by which the comparative fluorescence emission rate
was measured.

[0137] As a result, as shown in FIGS. 4C and 4D, the
peptide represented by SEQ. ID. NO: 4 demonstrated the
highest fluorescence emission rate at the time point of 30 min.
in E. coli and at the time point of min. in Staphylococcus
aureus, while the peptide represented by SEQ. ID. NO: 3
demonstrated the highest fluorescence emission rate at the
time point of 56 min. in £. coli and at the time point of 30 min.
in Staphylococcus aureus. The above results indicate that the
peptides represented respectively by SEQ. ID. NO: 3 and
SEQ. ID. NO: 4 could affect the inner membrane of . coli
and Staphylococcus aureus (FIGS. 4C and 4D)<
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6-3> Confirmation of Time Dependent Apoptosis

[0138] To investigate time dependent apoptosis, the antibi-
otic-tolerant E. coli (E. coli CCARM 1229) and the antibi-
otic-tolerant Staphylococcus aureus (S. aureus CCARM
3090) were cultured in optimal media respectively. The bac-
teria (2x10° cells/ml) were treated with the peptide at the
concentration of MIC and double the MIC, followed by reac-
tionfor0, 1,3, 5, 10, 20, 30, 40, 50, and 60 minutes. A portion
thereof was diluted and smeared on agar media. After cultur-
ing the media for 16 hours at 37° C., the number of colonies
generated thereon was counted.

[0139] Asaresult, as shown in FIGS. 4E and 4F, the peptide
represented by SEQ. ID. NO: 3 demonstrated bactericidal
activity after 20 minutes of culture at the concentration of
MIC and after 10 minutes of culture at the concentration of
double the MIC in both bacteria. In the meantime, the peptide
represented by SEQ. ID. NO: 4 showed bactericidal activity
after 50 minutes of culture at the concentration of MIC and
after 35 minutes of culture at the concentration of double the
MIC. The above results indicate that the peptide represented
by SEQ. ID. NO: 3 works to kill both antibiotic-tolerant
bacteria faster than the peptide represented by SEQ. ID. NO:
4 does (FIGS. 4E and 4F).

Example 7

Interaction Between the Peptide and
Bacteria/Erythrocyte-Like Liposome

<7-1> Investigation of Interaction Between the Peptide and
Bacteria/Erythrocyte-Like Liposome

[0140] To investigate whether or not the peptide of the
present invention interacted with bacteria and erythrocyte-
like liposome, the present inventors first prepared bacteria
and erythrocyte-like liposome. E. coli membrane is mostly
composed of L-a-phosphatidylethanolamine (PE) and L-a-
phosphatidylglycerol (PG) and erythrocyte (human red blood
cell) membrane is composed of egg yolk L-a-phosphatidyl-
choline (PC) and cholesterol (CH). PE and PG were dissolved
at the ratio of 7:3 in chloroform solution. PC and CH were
dissolved at the ratio of 10:1 in the same solution. The pre-
pared solutions were loaded in glass tubes and moisture was
eliminated, followed by freeze-drying. PBS (phosphate buft-
ered saline, pH 7.4) containing calcein (70 mM) fluorescence
sample was loaded in the glass tube, which was frozen with
liquid nitrogen and then thawed. This freezing and thawing
process was repeated 9 times. To isolate the fluorescence
sample that did not flow in liposome, gel filtration chroma-
tography was performed. The liposome harboring fluores-
cence sample containing 2.5 uM of lipid was reacted with the
peptide at different concentrations (0.03~1 uM) for 25 min-
utes. Fluorescence emitted from the fluorescence sample was
measured with a spectrofluorometer. Excitation wavelength
used for the measurement was 480 nm and emission wave-
length was 520 nm. Emission rate measured in the presence of
0.1% triton X-100 was regarded as 100%, which became the
standard. Based on this standard value, emission rate of each
peptide was calculated according to the below mathematical
formula 2 and then compared.

% fluorescence emission rate=(F—F)/(F,~f)fatiimatical Formula 2]

[0141] In the formula, F indicates the absorbance after
treated with the peptide, F, indicates the absorbance after
treated with buffer, and F, indicates the absorbance after
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treated with 0.1% triton X-100. Fluorescence emission rate
was investigated at different concentrations of the peptide.
[0142] As a result, as shown in FIG. 5A, the peptides rep-
resented by SEQ. ID. NO: 3 and SEQ. ID. NO: 4 emitted
fluorescence a lot, indicating that these peptides interacted
with bacteria-like liposome. When compared between these
two peptides, as shown in FIG. 5B, the peptide represented by
SEQ. ID. NO: 3 emitted fluorescence at most half the level
emitted by the peptide represented by SEQ. ID. NO: 4 at the
same concentration (FIGS. 5A and 5B).

<7-2> Investigation of Erythrocyte-Like Liposome
Aggregation by the Peptide
[0143] To investigate whether or not the peptide of the

present invention could induce aggregation of erythrocyte-
like liposome, PE and PG were dissolved in chloroform at the
ratio of 7:3, which was loaded in a glass tube. Moisture was
eliminated therefrom, followed by freeze-drying. PBS was
loaded in the glass tube, which was frozen with liquid nitro-
gen and then thawed. This freezing and thawing process was
repeated 9 times. Then, the solution passed through 0.2 pm
filter membrane, and the filtrate was collected. The peptide
was added to 400 uM liposome at the concentrations of 5, 10,
20, and 40 uM. OD,,, s was measured to examine aggregation.
[0144] As aresult, as shown in FIG. 5C, the peptide repre-
sented by SEQ. ID. NO: 4 induced aggregation of liposome
more than the peptide represented by SEQ. ID. NO: 3 did
(FIG. 50).

Example 8

Analysis of Peptide Structure in
Bacteria/Erythrocyte-Like Liposome

[0145] To investigate how the structure of the peptide of the
present invention could be changed in bacteria and erythro-
cyte-like liposome, the present inventors first prepared bac-
teria and erythrocyte-like liposome by the same manner as
described in Example <7-1>. The peptide structure in those
liposome having artificial membrane was analyzed by circu-
lar dichroism (CD). 1 mM liposome and 50 uM were mixed,
which was loaded in CD cuvette. Absorbance was measured
at 190~250 nm.

[0146] As a result, as shown in FIGS. 6A and 6B, the
peptides represented by SEQ. ID. NO: 1 and SEQ. ID. NO: 2
did not form any specific structure in the bacteria-like lipo-
some composed of PE and PG at the ratio of 7:3 nor in the
erythrocyte-like liposome composed of PC and CH at the
ratio of 10:1. On the contrary, the peptides represented by
SEQ. ID. NO: 3 and SEQ. ID. NO: 4 showed a structural
change of folding in both conditions (FIGS. 6A and 6B).

Example 9

Effect of the Peptide on Antibiotic-Tolerant E. coli

[0147] To investigate the activity of the peptide of the
present invention on the antibiotic-tolerant E. coli (E. coli
CCARM 1229), the present inventors used scanning electron
microscope. The antibiotic-tolerant E. coli was cultured in
optimal medium and the cells were diluted in PBS at the
density of 2x107 cells/ml. The peptide represented by SEQ.
ID. NO: 3 was added thereto at the concentration of 12.5 uM.
60 minutes later, centrifugation was performed at 3000 g for
5 minutes. The precipitate was washed with PBS and then
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precipitated again, which was repeated twice. The bacteria
were fixed with 500 ml of 5% glutaraldehyde in 0.2 M
sodium-cacodylate bufter (pH 7.4) at 4° C. for 3 hours and
then washed with 0.1 M sodium-cacodylate buffer. Then, the
bacteria were treated with 1% osmium tetroxide in 0.1 M
sodium-cacodylate buffer, followed by reaction at 4° C. for 1
hour. The bacteria were then washed with the same buffer
containing 5% sucrose twice. Dehydration was performed
with 20, 40, 60, 80, 95, and 100% ethanol. After drying and
coating, the bacteria were observed under scanning electron
microscope.

[0148] As a result, as shown in FIG. 7a, the surface of E.
coli that was not treated with the peptide was smooth, but as
shown in FIG. 7B, the surface of E. coli treated with the
peptide represented by SEQ. ID. NO: 3 was rough and
injured, indicating aggregation as well (FIGS. 7A and 7B).
[0149] The Manufacturing Examples of the composition
for the present invention are described hereinafter.

Manufacturing Example 1
Preparation of Pharmaceutical Formulations

<1-1> Preparation of Powders

[0150]
Peptide of Example 1 2g
Lactose lg
[0151] Powders were prepared by mixing all the above

components, which were filled in airtight packs according to
the conventional method for preparing powders.

<1-2> Preparation of Tablets

[0152]
Peptide of Example 1 100 mg
Corn starch 100 mg
Lactose 100 mg
Magnesium stearate 2 mg
[0153] Tablets were prepared by mixing all the above com-

ponents by the conventional method for preparing tablets.
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<1-3> Preparation of Capsules

[0154]
Peptide of Example 1 100 mg
Corn starch 100 mg
Lactose 100 mg
Magnesium stearate 2 mg
[0155] Capsules were prepared by mixing all the above

components, which were filled in gelatin capsules according
to the conventional method for preparing capsules.

<1-4> Preparation of Pills

[0156]
Peptide of Example 1 lg
Lactose 15¢g
Glycerin lg
Xylitol 05g
[0157] Pills were prepared by mixing all the above compo-

nents according to the conventional method for preparing
pills. Each pill contained 4 g of the mixture.

<1-5> Preparation of Granules

[0158]
Peptide of Example 1 150 mg
Soybean extract 50 mg
Glucose 200 mg
Starch 600 mg
[0159] All the above components were mixed, to which 100

mg of 30% ethanol was added. The mixture was dried at 60°
C. and the prepared granules were filled in packs.

[0160] Those skilled in the art will appreciate that the con-
ceptions and specific embodiments disclosed in the foregoing
description may be readily utilized as a basis for modifying or
designing other embodiments for carrying out the same pur-
poses of the present invention. Those skilled in the art will
also appreciate that such equivalent embodiments do not
depart from the spirit and scope of the invention as set forth in
the appended Claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4

<210> SEQ ID NO 1

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence for (KW)2

<400> SEQUENCE: 1
Lys Trp Lys Trp
1

<210> SEQ ID NO 2
<211> LENGTH: 6
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-continued

<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence for (KW)3

<400> SEQUENCE: 2

Lys Trp Lys Trp Lys Trp
1 5

<210> SEQ ID NO 3

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence for (KW)4

<400> SEQUENCE: 3

Lys Trp Lys Trp Lys Trp Lys Trp
1 5

<210> SEQ ID NO 4

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence for (KW)5

<400> SEQUENCE: 4

Lys Trp Lys Trp Lys Trp Lys Trp Lys Trp
1 5 10

What is claimed is:

1. An antibacterial or fungicidal peptide in which a lysine
and tryptophan dipeptide (KW) is repeated.

2. The antibacterial or fungicidal peptide according to
claim 1, wherein the lysine and tryptophan dipeptide is
repeated 1-10 times.

3. The antibacterial or fungicidal peptide according to
claim 1, wherein the lysine and tryptophan dipeptide is
repeated 4 times.

4. The antibacterial or fungicidal peptide according to
claim 1, wherein the peptide is composed of the amino acid
sequence represented by SEQ. ID. NO: 3.

5. The antibacterial or fungicidal peptide according to
claim 1, wherein the peptide shows antibacterial activity
against Gram-positive bacteria.

6. The antibacterial or fungicidal peptide according to
claim 5, wherein the Gram-positive bacteria are selected from
the group consisting of Bacillus subtilis, Staphylococcus
aureus and Listeria monocytogenes.

7. The antibacterial or fungicidal peptide according to
claim 1, wherein the peptide shows antibacterial activity
against Gram-negative bacteria.

8. The antibacterial or fungicidal peptide according to
claim 7, wherein the Gram-negative bacteria are selected
from the group consisting of Escherichia coli, Psedomonas
aeruginosa and Salmonella typhimurium.

9. The antibacterial or fungicidal peptide according to
claim 1, wherein the peptide has antibacterial activity against
antibiotic-tolerant strains.

10. The antibacterial or fungicidal peptide according to
claim 9, wherein the antibiotic-tolerant strains are selected
from the group consisting of £. coli (E. coli CCARM 1229,

1238), Salmonella (S. typhimurium CCARM 8007, 8009,
8013) and Staphylococcus (S. aureus CCARM 3089, 3090,
3108,3114, 3126).

11. The antibacterial or fungicidal peptide according to
claim 1, wherein the peptide has fungicidal activity against
pathogenic fungi.

12. The antibacterial or fungicidal peptide according to
claim 11, wherein the pathogenic fungi are selected from the
group consisting of Candida albicans, Candida catenulate,
Candida intermedia, Candida rugosa, Candida glabrata and
Candida melibiosica.

13. The antibacterial or fungicidal peptide according to
claim 1, wherein the peptide has fungicidal activity against
antibiotic-tolerant fungi.

14. The antibacterial or fungicidal peptide according to
claim 13, wherein the antibiotic-tolerant fungi are Candida
albicans (C. albicans CCARM 14001, 14007, 14020).

15. An antibacterial or fungicidal composition comprising
the antibacterial or fungicidal peptide of claim 1 as an active
ingredient.

16. The antibacterial or fungicidal composition according
to claim 15, wherein the composition is selected from the
group consisting of an antibacterial or fungicidal pharmaceu-
tical composition, an antibacterial or fungicidal cosmetic
composition, a non-toxic agricultural pesticide, and a preser-
vative for medicine, cosmetics, food, or feed.

17. A method for suppressing bacteria or fungi comprising
the step of treating a pharmaceutically effective dose of the
antibacterial or fungicidal composition of claim 15 to the
target bacteria or fungi to suppress them.

18. A method for treating the pathogenic bacteria or fungi
caused disease comprising the step of administering a phar-
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maceutically effective dose of the antibacterial or fungicidal
composition of claim 15 to a subject having the pathogenic
bacteria or fungi caused disease.

#* #* #* #* #*
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