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In this study, we investigated antimicrobial peptide from the acidified muscle extract of Mytilus corus-
cus, which mostly inhabits China, Japan, and Korea, to develop a natural product-derived antibiotics
substitution in terms of its abuse and restriction. Antimicrobial peptide was purified by Cis re-
versed-phase high-performance liquid chromatography and was detected as having a molecular mass
of 6,701 Da by MALDI-TOF/MS. The N-terminal amino acid sequence of the purified peak was ob-
tained from edman degradation, and 20 identified residues shown 100% identity with the N-terminus
region of sperm-specific protein and protamine-like PL-II/PL-IV precursor of Mytilus californianus. We
also identified 60 open-reading frame (ORF) encoding amino acids with 183 bp of purified peptide
based on the obtained amino acid residues. The amino acid sequence of ORF showed 100% and the
nucleotide sequence revealed 97.2% identity with the protamine-like PL-II/PL-IV precursor of Mytilus
californianus. Synthesized antimicrobial peptide showed antimicrobial activity against gram-positive
bacteria, including Bacillus cereus (minimal effective concentration [MEC], 20.8 ng/ml), Bacillus subtilis
(MEC, 0.2 ug/ ml), Streptococcus mutans (MEC, 0.2 png/ml), gram-negative bacteria including Pseudomonas
aeruginosa (MEC, 5.7 ng/ml), Escherichia coli (MEC, 2.6 ng/ml) and fungi, Candida albicans (MEC, 56.3
pg/ml). In addition, synthesized peptide showed stable activities under heat and salt conditions
against gram-positive and gram-negative bacteria, but was inhibited by salt against only C. albicans.
With these results, isolated peptide from M. coruscus could be an alternative agent to antibiotics for
defending against pathogenic microorganisms, and helpful information to understand the innate im-

mune system of marine invertebrates.
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Table 1. Pathogenic strains used in this study
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Strains Reference Media Temperature
Gram positive
Bacillus cereus KCTC 1012 BHI 30°C
Bacillus subtilis KCTC 1021 TSB 37°C
Streptococcus mutans KCTC 3065 BHI 37°C
Staphylococcus aureus KCCM 11335 TSB 37°C
Staphlococcus haemolyticus KCTC 3341 MH 37°C
Gram negative
Escherichia coli KCCM 40271 NB 37°C
Enterobacter cloacae KCTC 2361 NB 37°C
Klebsiella pneumoniae KCTC 12385 NB 37°C
Pseudomonas aeruginosa KCTC 1636 NB 37°C
Proteus mirabilis KCTC 2510 MH 37°C
Vibrio alginolyticus KCTC 2472 BHI 37°C
Vibrio harveyi KCCM 40866 BHI+1% NaCl 26°C
Fungi
Candida albicans KCCM 11282 YM 25°C

CH:CN (pH 2.2)9ll 0.1% TFAE M7tste] Agstan. £
27¢ 602 9 1.0 ml/min $L502 5%004 65%7H7)
ACNTEE S7H071M 2+ £499 Fa84 < sl
T A ARG o FHEHE AT LEES BobA TSK-
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TOSOH, Tokyo, Japan)& AN A &3 2 2SR £
gAAES FdA0 A &= HO (pH 22)° 01% tri-
fluoroacetic acid (TFA)E E 333 B &1l & 100% CH;CN
(pH 2.2)°ll 0.1% TFAE H7kske] AH&3HTH 1208 &<
£ 02 ml/min® 2 5% A 65%7tA ACN¥EE 34502
STHIEA EeHR S ST A2 v A
< 9& & A& diode array detector (Dionex, CA, USA)E
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ko] M7} B peakES AE3te] URDAR 747te] gt
g4E gdstit
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Table 2. Antibacterial activity of crude extracts against pathogenic strains

Tissue
Organism .
Abductor muscle Hemocyte Foot Gill Hepatopancreas

Gram positive

B. cereus - + + _ N

B. subtilis - ++ T+ _ )

S. mutans ++ + +++ +++ ++

S. aureus - - +++ 4 +

S. haemolyticus - - - . ;
Gram negative

E. COli ++ ++ ++ ++ ++

P. aeruginosa + ++ ++ + +

E. cloacae - - + _ )

K. pneumoniae - + ++ + )

P. mirabilis - - - + }

V. alginolyticus - - - . )

V. harveyi - - _ _ }
Fungi

C. albicans - + + _ _

Antimicrobial activity based on the diameter of inhibition zone (mm) follow this skims: +++>7mm, ++4-7mm, +<4mm.

500 _

Smutans T Fig. 1. Purification and antimicrobial activity of
: crude extract. (A) Purification of crude ex-
tracts from muscle of M. coruscus. The acidic
extract was fractionated by the CapCell-Pak
Cis reversed-phase column. Elution was per-
formed with a linear gradient of 5%—65%
CH;CN (pH2.2) in 0.1% TFA for 60 min at
a flow rate 1.0 ml/min. The eluate was
monitored at 220 nm. Fraction of the absorb-
ance peak showed antimicrobial activity
o+ 5 m 1 » a3 @ % @ a4 & u % o against S. mutans (inset). (B) Antimicrobial
Time (min) activity of the purified peak (before) and
e % trypsin treated purified peak (after) against
P S. mutans. Active fraction was applied to the
foo - . 7 TSK-gel ODS-80™ Cjs reversed-phase col-
umn Elution was performed with a linear
gradient of 5%—65% CH;CN (pH2.2) in
0.1% TFA for 120 min at a flow rate of 0.2
ml/min. The eluate was monitored at 220
nm. Fraction of the absorbance peak (indi-
cated by the arrow) showed antimicrobial
activity (before) and trypsin treated to puri-
0 i fied extract (after) against S. mutans. Scale
o 10 20 30 40 50 60 70 80 90 100 110 120 bar lndlcates 5 mm.

(--)% CH3CN

Before After

600

mAU
% CH3CN

400

(-

200 -

Time (min)
w3t%th. URDA B #< ik A3}, trypsin 2111] RS degradation #4< &3 N-Z& A £4& FYskArt
T3 A BN FEBol ¢A3 AetileS BE3)
A H(Fig. 1B). Trypsin 29l @M d Fafas= A M BE0|=9 EXtE I N-ZE ofo|=iM Mg ZH
Age] gyo] ghde A4E e FEE0 EAY It AT oz Ao S & 2427 AT ¢
=AYE BolFe ST A A AAE =de d ojeo FAFH opvlist MEE 2] 93] MALDI-
ATtz E45 918 MALDI-TOF/MS 4% £4 3 edman TOF mass spectrometer$} edman #8l-< 53 N Tt ofv]
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A MG £4E AA9T. 2 23 MALDI-TOF mass spec-
trometer &3 E£AFO] o 6,701 Daol L FAHH A &
F3HAl el et

N-2e] FE49 dA7F2E edman ZHe F3
(A-K-A-K-R-S-P-R-K-K-K-A-A-V-K-K-S5-K-5) 207} ¢] o}n]
AR A BT W 2079 N-ZE A 2& NCBIS
GenBank database blast 443+ 23} A2 o} SFM. cal-
ifornicanus) @] sperm-specific protein¥} protamine-like PL-II/
PLIV precursorét 100% ¥ ¥a7+2 454+ ZHATh

T3 o3 JHE /it 2 AAE primerES o] 43519
ORFZ B3 23 183 bpE 607] 9] ofn] =4t F9 &
A THFig. 2). WA 60719] obvlieit A EE NCBI Gen
Bank Databaseoll A AAe A3} Ae]xYo} T3] prot-
amine-like PL-II/PL-IV precursorg} 100% ¥ A3t th. &
o4& T4 oAt AES Hludg 23 By FFELEA
(M. trossulus)®] sperm-specific PHI-2B/PHI-3 protein¥}
91.6%, HAeEYol T&9 sperm-specific Phi-3 protein}
70% YA 3t ATh(Fig. 2). NTT] 2070 opv] =4t A E 3 5Y
P Al E ol &3 sperm-specific Phi-3 protein 457}
9 ofriate A9eta Yl HEtolE2 & A7 ¥
Efo]=9) 607} Hthe Ato]27F Al 5 4570 9] ofv] it
A<D 5 39WA|, 410 A, 20 9] 3719 ofrl et Aol

10
M.coruscus AKAKR[SPREKKK
M californianus protamine-like PL-IPL-IV AKAKR[SPREKKKAAV
M. trossulus Sperm-specific PHI-2B/PHI-3 AKAKK|SPRKE -
M.californianus Sperm-specific Phi-3 AKAKR[SPRKKK

{ SKAKKPK SPKK

AskA stk 183 £ F 183 bpo] FHA protamine-
like fr2t @71 EE £4% A3} Aot 539 prot-
amine-like PL-I[/PL-IV precursor$} 97.2%, B3 ¥FET 4|
©J histone hl-like protein¥ 86.3% U3t oH ofn| L Ate]
=S AFAS OEA ALY fFAEE Tadte 2R E
& ANUTH(Fig. 3). = o] AT FrAAY EFE FHE
A A 5, 3 UTR, domain, isoform &4 S0] 3 o) gl o
1 o] F7+9 protamine-like protein®] S48 t ¢ o3&
FUAZL £ Ade ARE 28E F e AoE ﬂﬂ'gq
9 FH ofn| At IS BET F HEolE
ZHRhS BEobEe Antimicrobial peptide database (http: //
apsunmcedu)o| A N-ZeHe] BRAQ Y125 HAs) £
A3 F 40% o3t FrAEES 7H d+t gl =50 A
o 1 F /HEHUT&o &8t AIEZL 7HER] (Picea
sitchenis)©] Piceain 13} 39.13% & wj-¢- F& fAEE BT
[17]. o123 A#E Fdto] & A7 23 Aeol=s
Aat & dgel=d Thedel = AR #Hbe .
Protamine-like protein T ¥ A& &9 spermol A T
A% e dHAE sperm nuclear basic protein (SNBPs)ol| 43}
] A A Sk somatic histone> th# 3+ DNA =
ol g o] Th[2-4]. Spermatocyte®l| A sperm® FAF o] A o
somatic histone®] DNA$} 23 histone©] =3 FHHA 9

1=}
o
H
U

O

2= 0]

RN R R

50 6 0
KKARKSPKKKAAKKSKK
{KKARKSPKKKAAKKSKK
'ﬁk.—\RKSPth.—\.—'\.KKSKK
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Fig. 2. Alignment of the purified peptdie amino acid sequecne with the Mytilus species. Unconserved amono acids are indicated
by boxes. (ABC18200.1) Muytilus californianus, (Q05831.2) Mytilus trossulus, (P11860.1) Mytilus californianus.

x]
M .coruscus GQT}
M. californianus protamine-like PL-IIPL-IV ggg%-\.GGCT -\-\.G G

M trossulus histone hl-like MAGGCTAAG!

%{ ' 5o

M.coruscus T
M californianus protamine-like PL-IVPL-IV |T
M.trossulus histone hl-lke A

M.coruscus
M. californianus protamine-lke PL-IIPL-IV
M.trossulus histone hl-like

ann
A
aln)
FEE
e
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M.coruscus
M. californianus protamine-lke PL-IIPL-IV
M trossulus histone hl-lke
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Fig. 3.

AAGTCOAAMAGGCCAAAAAGCCAAAGTCTCCAAAGAAAA - - -

|
3 5[0
CCGQAMAGAAGAAAGCTGCAGTTAAAAAGTCA
CLCUAMAGAAGAAAGCTGCAGTTAAAAAGTCA
ACQTAAGAAG|- - AAAAGTCT

80

100
AMAGT(CAAAGGCCAAAAAGCCAAAGTCTCCGAAGAAAAGGAAGGCTGC
ARBAGT(GAAGGCCAAAAAGCCAAAGTCTCOGRAGAAAAAGARMGGCTGC
G GC

I
3
CTCCAAAGA:
CTCCAAAGA!
CTCCAAAGA/

Alignment of the nucleotide sequence with the Mytilus species. Unconserved sequences are indicated by boxes. (DQ305038.1)

Mytilus californianus protamine-like PL-II/PL-1V, (L02876.1) Muytilus trossulus histone hl-like.
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Fig. 4. Antimicrobial activity and stability of synthesized pep-
tide against 6 strains. Scale bar indicates 5 mm.
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Table 3. Minimal effective concentration (MEC) of peptide

Microbe Gram MEC (ug/ml)
B. cereus + 20.8
B. subtilis + 0.2
S. mutans + 0.2
E. coli - 2.6
P. aeruginosa - 57
C. albicans fungi 56.3
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Fig. 5. Quantitative analysis of protamine-like expression in the
various tissues. Tissue-specific expression of protamine-
like. Error bars represent the mean + SD of three techni-
cal replicates. ABD: abductor muscle, HEM: Hemocyte,
GIL: gills, HEP: Hepatopancreas, FOO: Foot.
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FEe et §4E g HdEtolse I% YA #F Bacillus cereus (MEC, 20.8 ug/ml), Bacillus subtilis
(MEC, 0.2 ng/ml), Streptococcus mutans (MEC, 0.2 pg/ml), % &4 T Pseudomonas aeruginosa (MEC, 5.7 ug/
ml), Escherichia coli (MEC, 2.6 ug/ml) 18] 3 35 Candida albicans (MEC, 563 ng/ml)9 &84 & Yetyot.
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