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Screening and Purification of a Novel Antibacterial Peptide, cgCAFLP,
Against Skin Pathogens from the Extract of the Pacific Oyster
Crassostrea gigas from Buan in Korea

Ji-Eun Lee and Jung-Kil Seo*

Department of Food Science and Biotechnology, Kunsan National University, Kunsan 54150, Korea

This study was performed to screen the antimicrobial activities of the extract from the Pacific oyster Crassostrea gigas
against skin pathogens and to purify the relevant antibacterial peptide. The acidified extract showed potent antibacte-
rial activities against gram-positive and gram-negative bacteria but showed no activity against Candida albicans and
no significant cell toxicity. Among acne-causing pathogens, the acidified extract showed potent antibacterial activity
only against Staphylococcus aureus, and its antibacterial activity was completely abolished by treatment with trypsin
or chymotrypsin, and was inhibited by salt treatment. The acidified extract showed strong DNA-binding ability but
did not show bacterial membrane permeabilizing ability. Based on antimicrobial activity screening and cytotoxic
effects, a novel antibacterial peptide was purified from the acidified gill extract using solid-phase extraction, cation-
exchange, and reversed-phase HPLC. The resulting peptide had a molecular weight of 4800.8 Da and showed partial
sequence homology with the carbonic anhydrase 4 (CA4) protein in the hard-shelled mussel. Overall, we purified a
novel antibacterial peptide, named cgCAFLP, which is related to carbonic anhydrase 4 (CA4) protein, against skin
pathogens. Our results suggest that the Pacific oyster extract could be used as an additive to control some acne-related
skin pathogens (S. aureus).
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oA of 5 ehstol| et Aty A7F ElehA A AL 9l
THHan et al., 2009; Lee et al., 2015). &3], C. acnes= 3%4
AEE FJA O £ elto|H, S. aureus?} S. epidermidise
27t A5 8ol & 2Hg5to] 5 oS oA 7| = TS ot
ot & A Qlck(Lee etal., 2012). E3F T4 A A5 52 5}
U=z 48 A Q= oS 9 W1l C. albicans®. I
BAglo] Yolato 2 A A Qlrk(Park et al., 2017).

dutA o & P54 A=FY ARl A5 JASHAY 5
2 AEE ¥l #3521 C acnes B= 23} 95 89102 4
X1 S. aureus?} S. epidermidis 2 C. albicansol] T3l A3
348 2 9 shak/m| AR A ol AL 9)
TH(Lee et al., 2010). FA] 2 ARE-E+= A o= benzoyl
peroxide, tetracycline, erythromycin 5-©] QA o] &gt gAY
ASE A WA S7Heb 471 &4 2 ivks Sk 22 o
et RS etk A7 AA = AL QItHKim et al.,
2006a; Han et al., 2009; Lee et al., 2015). £3], A& A7)
LA A S o B Ul T opy 2t 1] 7 A4t o)
oiek A WA = WA 7/ o] Sl o Hgk Al E sl A
517] SlsiA WAt S 7s A ak FARgo] glo A aatA
o= g RIdES A o= e dHE e e
A A 913t AE7F 2Es] 3 AL Qltk(Lee et al., 2012;
Lee etal., 2018; Lee et al., 2021). 121} o] =5 714 ¢35t
AA2A A= S48 e e Aol HsE o] 23w 1t
Hol| s FY =S o] 83 e oA A= FE53t Aol

= (Crassostrea gigasye- E4 Q] F2Hg s FA =55
9 shup=A T AFEA S A 2 AsEn 2
Bt 7HA| = Qlsto] AFdA o2 FasHA 1A=L Q=
oA 9 F-o|th(Han et al., 2008). Z-=-2 2 7Hh 2] ool A] B
28-S st of Al Al (filter-feeding) & F3 A HolE A5
Sz A A ezl theket €7F of vkt WA A=l
ot 4 Q1A ol A&5A o= o] glrk(Zannella et al.,
2017). whepA] ik 22 o i A R EE2 dolst 4
A Mg oA o] BES AsliA Al el s B
P Sl Tk AHES AAe T4 0458 gl
S Ao & QA1 9ItK(Tincu and Taylor, 2004; Lee and
Seo, 2021).

AA7HA] 33 Y= Fe o] o F7 7N A A
T R sl F FEEe e Ao, 3= 5
SES 83 A= e Ak RelEY 250 BEA
212 Fa Qe ol =] mRujua} w2 oo tgt A
oz AHe7E i Al o2 ML Sl AAg ol
(Han et al., 2008; Kim et al., 2015). ¥FH o] o5 0] 2= =
SES 8 A AW YT A E W) w2 RES
A3 olek el ATl S Thetohs T4 L2 deo
fensin (Gueguen et al., 2006), cgRPL29 (Seo et al., 2017) 2!
cgUbiquitin (Seo et al., 2013) 53} Z-& gt HEto| =7} 24
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2 Aol AHEe IE(C. gigasye AEHEE Fet
(20214 29 42d)el 4 P50, Aolglis Ale
2 Suke o] ofrfulof o]l 2 A 242 M & 2
Fabgo] AHgstech

B S FIRE iR Ee=A AN tryptic soy
broth (TSB)2} sabouraud dextrose broth (SDB) %! agarose
type I (Low EEO Agar)> MerckAHMerck, Darmstadt, Ger-
many)2} SigmaiH(St. Louis, MO, USA)o|A 2z} 44 5}o]
ARSI AEEA Age) oy o2 AL melittin
< SigmarK(St. Louis)oll Al +1skQiTh B ] AdS At
trypsin¥} chymotrypsin Fisher ScientificAH(Fairlawn, NJ,
USA)ol| A F-Q)sto] ARg-sERATh Alt Wet FiHd 45 9
3l 4] AME-E o-nitrophenyl-B-D-galacto-pyranoside (ONPG)
= Sigmartol A 791591t} DNA-binding ability 2 of) A&
= 100 bp DNA ladder+= BioneerA(Bioneer Corp., Dagjeon,
Korea)ol| /| F-1311.. 1, Vibrio parahaemolyticus gDNAs
= phenol-chloroform method & ARS8 A F2&3F 12 AR8-5}
Fch(Wilson, 2001). A T4 oA AR8-E HPLCE- water®t
acetonitrile (CH,CN)> TediaAK(Fairfield, OH, USA)=+-¢
AT, 71 9)0) BE AlofEL EFS AT

A
Al
=

o
Az o

APAl R 2ahE g2 52 2 E5o AojA gz £
21 @ HE=S AAT &, ol (gill)2t £ 571 (mantle) % U
“(intestine, OF7}u|2} O FuRS A QR W= F-9)) 222 3
5ko] 5 mL volumeo] 2 wj7hA] A5 4] W2 &7]of A5
gl Zbzto] 2 A& mofrt. Hopxl ofrfu| o} o Fut ul i 22|
o] 715 4ulj&F2] 1% acetic acid (1:4, v/v)E 781 100°C
oflA] 5 EF el -, Aol Hytsto] F-25] WA ZTh
7=l 222 homogenizer (T10 basic ULTRA-TURRAX;

ok



= (Crassostrea gigas) =% -2

IKA, Wilmington, NC, USA)E Ag-5}0] A5 Lo A 2H3 3]
TR A ZACH Speed #6, 2, 41-2). 222] w2 4'Coll A 20
391 8,000 rpm o2 A4E2|(VS-21SMT; Vision Scientific,
Buchon, Korea)E aJ3t Fof| A5d-E FaliA 24 &
4 2] EA AAIE fIgh Aol AR wiztA] -70°Cell B
W3 tH(Seo et al., 2005).

YT B Y AE X

Gy SAoll= 1% FAFQ Bacillus subtilis KCT
C1021, Bacillus cereus KCTC10129} 1% S-AJ5#+2] Esch-
erichia coli D31, Salmonella enterica KCTC2514, Shigella
sonnei KCTC2009& ARE-5Foich T3l uli Aoz =
C. acnes KCTC3314, S. aureus KCTC1621, S. epidermidis
KCTC1917 ¥ A+l C. albicans KCTC79655 AR8-51itt.
YA 24 WHoRE AR G SRS BkeHE 2| )
A& AE-3)+= ultrasensitive radial diffusion assay (URDA)¥
< o|- &3l th(Lehrer et al., 1991; Seo et al., 2005). -2
Sl AH-¥l 5= tryptic soy broth (TSB) (A& B A])
%= sabouraud dextrose broth (SDB) (X v 2])of| HZ3t
T 18A|7F B2t 37°Col| A pre-cultureS =383+ & colorimeter
(Product No. 52-1210; BioMerieux, Inc., Durham, NC, USA)
E ARSI 9F 55 1% 108 CFU (colony forming unit)/mL
(M-8 v A]) Ex= 1 X 10° CFU/mL (J-§ v 27} E| =5 =
AT 1%, 9.5 mLY] 0.03% TSB E+= 0.03% SDB, 1%
Type I agarose 2 10 mM phosphate buffer (PB) (pH 6.5)E& 3
&5h= underlay gelofl ZH242] F=2 314 % 4 0.5 mL= 3
7¥skaL 2 412 o plateo]] HFsHA Fof ZFTh -2 plate
ol punch A-8:310] 27 2.5 mm® well $:& 5] 5 uLY
AN &S E=YAZATE A&7} el Al of] b 3] A5 34175
37°Coll A 12} vljoFst 2 1 £]of 10 mL2] 6% TSB E+= 6%
SDB, 1% Type I agarose 2 10 mM phosphate buffer (pH 6.5)
£ X351 overlay gel2 H11 231 ol 5 U3 204 18
Al7E S0t 22 vl oFal A th(Seo et al., 2005). th2d well 9
o] 2871 clear zone?| Z7|& SO EZH FHSIS Eelst
Aot e A 59k R gl 271 (positive control) 2= 1
A F 5-0](Morone saxatilis X Morone chrysops)®] mast
cell (HITHAIE)ol A AR Gt BeRol =0l piscidin 12 AF
L33, 24 tl2H(negative control)Z+= 1% acetic acid
E+=0.01% acetic acidE AR5+ TH(Silphaduang and Noga,
2001).
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FEEo 23 o Ee AAEY D EAS 25t
7] JsiA] e B A2l trypsin?} chymotrypsin®] #] 2]
H-9-0] ot ehg WshE SIS 35 E B FAE S UL

7.8) 1 L& 718kl 37°Coll A 60+ 53 §H5-A171 5|, URDA

&

w3 AR oA G Aekol = 929

Ho g S aureus KCTC16210] that aF2H4d W3
% tk(Seo et al., 2017).
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FEE0| ZeHE SFSE9| salt-effect &Q!

FEEo| 23 FotEdol tEt salt-effects &<1st7] 9
A A2 th2 5= 2| NaCl2 underlay gelol] A 71eF 3 S. au-
reus KCTC16210] thgt gh+2H] W3k URDARS 5510
o135ttt o] = el Al S. aureus KCTC1621S Z3H6H=un-
derlay geloll 0.5%, 1.0%, 1.5% 2 2.0% 5 =7} 5 =5 NaCl=
H7bekar 224e] 555 7Rt - URDARS FaliA o=t
/g M3E ERlskaT

3520 HEEY B0l
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ZF259] human dermal fibroblasts (HDF; 106-05N; Sigma-
Aldrich) cellof] gt Al 2=/ 2<1st7] YA MTT (3-[4,
5-dimethylthiazol-2-yl]-2, 5 diphenyl tetrazolium Bromide)
assay S ©]-8-319] cell viability S =73} tHKo et al., 2020).
o5 $I3lA thaFet FrE o] 2EE(0, 0.5, 1, 10, 50, 100, 200
mg/mL)& HDF cello]] A2j3t & 355229 Fko ohe A=
AEES skl B fafj o 7k Al sdo] e A 2l
+= melittin (Sigma-Aldrich-M2272, from bee venom approx.
85%)2 A 2= AR5 tH(Han et al., 2009).

FEE9| L2 ENM ZH(cytoplasmic membrane
permeabilization assay)

FEE9 Mot Yot B3] SHS Hel4] B-galactosidase
S £33l E. coli ML35p2}t nonmembrane-permeative
chromogenic  7]& ¢l  o-nitrophenyl-B-D-galactopyranoside
(ONPG)7} 23kl & FEE5 =YAX £ E coli
ML35p2] A|sz&lol| A 525 B-galactosidase®] T4 Tl
= A9 38313 th(Skerlavaj et al., 1990). ©]& ¢l A] 1l
¥l mid-log phase®] E. coli ML35pE- 10 mM sodium phos-
phate buffer (pH 7.4)2 A|ZL 3t &, 1.5 mM2] ONPGE *
o1 5 buttero] SN AT T F, 54T 22252 H
7Kgt ] 37°CollA 60427 vt Al 102 HH o= G54
B-galactosidase®] €3+ ONPG] 7}<=E-3ll=<] o-nitrophenol
o) 5125 405 nmell 4 2743l ick. vHEEH 272 o4 o)
2R 7T RS Zete Ao R ARl o+t e
o] =2l piscidin 1& AF8-5}5 Tt
DNA-Binding (DNA-Zgld) Assay

FEEo] A5z DNA 23] =49 2A8-F5 &4lst
7] ¢34l DNA binding®f 2]t DNA band=2] agarose gel-
electrophoresiso| A1 2] o]52] A3l AL &QlsH= DNA-
binding assay & <333} th(Hsu et al., 2005). ] & 3 4] 100
bp DNA ladder (0.1 pg) 4= V. parahaemolyticus genomic
DNA (0.1 pg)t F5=2 S0l 37°CollA] 60+ &<t vheg-
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Al7]131 0.5 pg/mL EtBre EZ3sk= 1.8% L= 1.2% agarose
gelo Al 271955 33t § DNA band®] §-+ 4 ol5 4

£ gelgho 24 DNA-binding A5 2915} th. DNA-
binding ability®] H] 52 2= n]3tAF 7E 0] 9] H|ukA| L
oA elet et HEFe] =4 piscidin 15 ARE-8FAT
Acid-Urea PAGES} bug—blot

FE5E WY ol=/ /ety 249 24 &
AJ bandE &215H7] $J3llA] acid-urea PAGE?} bug-blot (gel
overlay assay)Z E. coli D319} thaljA] =83} ch(Seo et al.,
2005; Seo, 2016). Bug-bloto]l A-8-2 LB (luria-bertani) plate
A ZE YAl E. coliD31-& TSBof| A 37°C2 18A]7F E-2t v
9Fst & colorimeter (Product No. 52-1210; BioMerieux, Inc.)
= A1gate] F HE2 84%T (= 1% 10° CFU/mL)7} 5)4] =
Akt I &, 9.5 mLe] LB, 1% Type I agarose, 10 mM
phosphate buffer (PB) (pH 6.7) & 0.5% NaClE 2£3}5}+= gel
of 314 74 0.5 mL (1 x 10° CFU/mL)E 911 2 42 5of
platec]] HE5}A| Fof ZF et

AU-PAGE®} bug-blot: 913fj4] &Lt 270¢] gelt 54
2709 Al=E Alz3to] 2719 gelofl AU-PAGE & 44/
A 8= 9} AU-PAGE & bug-blot == Ztz+ ARE-3IITE
A, AU-PAGEE $J3t gel2 urea 3.6 g, D.W. 3.4 mL, 30%
acrylamide/1.6% bis-acrylamide solution 5 mL, glacial HAc
0.65 mLE H]7|of] ¥l stirring (105, A-2)7} degassing (20
2, A2 desiccator)S F & TEMED (tetramethylethylenedi-
amine) 0.06 mL, 10% APS (ammonium persulfate) 0.275 mL
S W71t $ stirring (142, A-2)8aL, geldf2 5ol A2oflA
16A17F &9t 2Tk Al 2% gels A7 FE dAlol 2-T F
5% acetic acidE 5L pre-run (150 v, 50 min, A-&, reversed
polarity; lower chamber cathode)2 433+ T Wellof] =4
Sk ZF A|& 20 pl+= 20 pLe] 2 x sample buffer®} 1:1 (v/iv)=
S| A] ARE-8F9 AL, human histone H1 (~21 kDa) 1 pg,
human lysozyme (~11 kDa) 1 g, aprotinin (~6.5 kDa) 1
ug, magainin II (~2.4 kDa) 1 ug @ Ab4-7 (~1.3 kDa) 1 pg
£ 32§38l 20 ul9 standard solution 20 pL2] 2 X Sample
buffer?} 1:1 (v/iv)=2 Z§sljA] AM5FITE Pre-runo] 4 &
running buffer (5% acetic acid)E A|SIL Z-2+2] wellof] A
25 SR T 7952 AABFATHISO0 v, 502, A2,
reversed polarity; lower chamber cathode). 7] %95 <, 1712
gel:> CBB R-2502. 2 A3} QA 17 & =3fslo] thal 2]
d =452 band 75 ZISHITE U A] 17]12] gel2 rinse
buffer (10 mM PB buffer, pH 7.4)& 23] A2 3+ 590|| E. coli
D31 Z§5]= LB plateo] overlayA| 7] 3 37°Coll 4] 3A]7F
ot 12} vjoFalgieh. 13} vioF 3o overlayA] 3 & AU-PAGE
gel2 A|A%H 0| LB platet= 543t 2= 4] 1847k F<t 2
A vl F3F AT, th5'd LB plateo]] e clear zoneg A4 51

-
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A gel®] band Z2te} Bl wskGiTt.
Solid phase extraction

op7tm| &5 ZA5t= S. aureus KCTC1621¢| T3t &
#2A ER o] 2HA| 1S Sep-Pak C18 cartridge (Waters
HWAT036925, 5 g, 20 CC)E ©]-&3t solid-phase extraction
WS o]-&ste] sHtH(Kim et al., 2006b). °]5 3l
4] Sep-Pak C18 cartridge= 20 mL2] acidified acetonitrile
(ACN) (0.1% trifluoroacetic acid, TFA, Z$h= ZAISIA|7]
320 mL9] acidified water (0.1% TFA 323H=Z A|2]3}%itt.
AAE C18 cartridgeo]] 10 mLo] op7n| &5 =% &
of] 20 mL9] acidified water (H,0), 10% acidified acetonitrile
(10A), 60% acidified acetonitrile (60A) Y 100% acidified
acetonitrile (100A)2 AME3l] A} A o2 SE2A)7] & 717}
9] B3]S ==3}31 0.01% acetic acidof] 3|A1A S. aureus
KCTC1621°] thgt gt2d 574 9 =8/ =42 4%
“goll AME-3F3AT

gy =29 22| H FH

ol

Sep-Pak C18 cartridgeol| 4] 2] 2/ £l 2As}= 3
=29 £ 9 AR 242 HPLC (YL9100 HPLC system;
Young Lin Instrument Co., Anyang, Korea)S ©|-8-5}o] =3
SFTH(Seo et al., 2017). Sep-Pak C18 cartridgeol| 4] £2] %
60% acidified acetonitrile 8N (60A)0l ZA|51= o5
O] A 12 ol w94 HPLC columns =A}4]
3|

i (o X

B ARGt R E Sl Al S0 EE 50l et et
AL S. aureus KCTC1621°f th3]jA] URDAH O 2 =45}

o} A HA AT S 2 solid-phase extraction T |4 7}
2 733t 3t EA-S LERH 60AS TSK-gel SP-5PW column
(7.5 mm % 75 mm; Tosoh, Tokyo, Japan)ol] =JA]7]1L t}&
3 2o 2702 FATAL SAskIT A buffert= 10 mM
phosphate buffer (PB; pH 6.0)°]™ B buffer+= 1.0 M NaCl-
Z33H= 10 mM PB (pH 6.0)3 AR8319ic) Bl 242 0%
ol 100%714] 1005- 9t B bufferS 21208 Z7}A|71
5 1.0 M NaClof| 4] 2057t isocratic elution (581 8-2])2+4
& 35l om, 542 1.0 mL/min, 3PS 220 nmoj|A] £
22 s let w3 2l saltE A A S S. aureus
KCTC16210f| 3t +t2/d& URDAR S ARE-3i Al gelst
Aok F B Ao R g4do] 2Rl #2& CapCell-
Pak C18 column (4.6 mm X250 mm)o]| A-&A|#A 3} 7
& 2707 2F AAIE S sk lth A 8vll= 0.1% TFA
5 x35h= H,0 (pH 2.2)0]H B €1+ 0.1% TFAE 285

100% CH,CN (pH 2.2)8 AMg315ich. Bel2Ae 5%9]
A 65%7H4] 603 BEHIE A S 2 ST F on, f55
2 1.0 mL/min, TP 220 nmol| 4] EH1skgict. 2E A=
28 2B s MALDI-TOF MS =47} amino acid
sequence 4] o] A3}

8

fr
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Gram Antimicrobial activity
Microbe stain
Gill Mantle Intestine
B. cereus +
E. coli D31
S. enterica .
S. sonnei
C. albicans Yeast

—,5mm

Gram Antimicrobial activity
Microbe stain - -
Gill Mantle | Intestine
C. acnes + ¢
S. aureus + | . .
S. epidermidis + -

—,5mm

Fig. 1. Antimicrobial activity of the crude extracts of the Pacific oyster Crassostrea gigas. A, antimicrobial activity of the acidified gill,
mantle, and intestine extract against Gram-positive bacteria including Bacillus subtilis and B. cereus, Gram-negative bacteria including
Escherichia coli D31, Salmonella enterica, and Shigella sonnei, and Candida. albicans; B, antimicrobial activity of the acidified gill, mantle,
and intestine extract against acne-causing pathogens including Cutibacterium acnes, Staphylococcus aureus, and S. epidermidis. Scale bar

indicates 5 mm.

ol HEfo|=9] 22Xt £F & URTE 24

2% A Hepo|=o] ExlgFS MALDI (matrix-assisted
laser desorption ionization)-TOF (time-of-flight)/ TOF 5800
system (AB SCIEX)E A3t linear mode= =7 3}%ItHSeo
etal., 2017). J#1E%8-2 0.1% TFA/50% CH,CN (1:1, v/v)el|
=91 & sinapinic acid (SA) matrix solution (10 mg/mL SA in
0.1% TFA/30% CH,CN, 1:1, v/v)@} &35to] MALDI plate
off =Rt Fofl S S48 2EEE 2= MS Cali-
bration mixtureS AR} T ESF AA|EL] N-Ztt o]
AF A Q-8 API492 Procise protein sequencer (Applied Biosys-
tems, Waltham, MA, USA)E ARE-5f0] B35

M

EI- E‘: ﬂil‘
s20 37LY

(C. gigas)= 2] AT obto(gilhst SFat
(mantle) Y W% (intestine) 22152 1% acetic acid (ZAHE
o|-§3t it FEIAF S AT o, 7t FEE0] S
HOl= B, subtilis KCTC1021, B. cereus KCTC10123} E. coli
D31, S. enterica KCTC2514, S. sonnei KCTC2009 X Z+#2l

i

HORAF 2

TUYC w

C. albicans KCTC79659] tjall4] URDARS o835} =74
stqlch 4 A1}, 7 552 S AletEol tisiA et 3
FEAE LERd dh ol K4kel C. albicans KCTC79659] o
M= Bt e HERAl eE3tTh(Fig. 1A). ol2let A=
FEE0 A RS AtEohs Aletoll e E &
7FsAE UER= Zlo]thSeo, 2016). E3H 7F 2EEE52] 1
Aol gt A S EhRlsk] f1sliAl 37141 9] A
+(C. acnesKCTC3314, S. aureus KCTC1621, S. epidermidis
KCTC1917)] sl A URDAR S 0|85t FtE/dS 57
slolth. 2% A3, 2FE5S W% ARE FOIA S aureus
KCTC1621¢] tisiAqt Eo|& oz gtede vefigict
(Fig. 1B). o|ef3t Aite FEEES 95 At FollAl S
aureus KCTC16210] el 4 Eol 202 84S el
AL P43k ek 2 Jushs olct.
7F =25 Y9 S. aureus KCTC16210f Eojdo =g

A& Uetlle dolA ofvieik(Lysit Arg)dt Wk ot
W= AK(Trp, Phe, Tyr)S 3ot diiad =2 &4
T2 BUSP] Ystol 2 FEE(S ulye| T Befas
trypsin 2! chymotrypsin 2] A-39] 24 ML S. au-
reus KCTC16219] 4] URDAR S o]-85ko S48kt
(Fig. 2A). 274 A3}, 2225 & trypsinat chymotrypsin A/ 2]

ek

fus

o Jo



932 ol - ABZ
(A) (B)
Antimicrobial activity . NaCl (%)
Tissue
Tissue S. aureus 1.0%
—
Before C %
Rz — Gill
: S. aureus Mantle
Mantle -
| Intestine
Intestine .

—,5mm

Fig. 2. Proteolytic stability and salinity stability of the crude extract against Staphylococcus aureus KCTC1621. A, antimicrobial activity of
the acidified gill, mantle or intestine extract (before) and after treated with trypsin, T, or chymotrypsin, C, against S. aureus KCTC1621; B,
antimicrobial activity of the acidified gill, mantle or intestine extract was tested by incubating the crude extract in the various NaCl concen-
trations (0-2.0 %) against S. aureus KCTC1621. Scale bar indicates 5 mm.
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Fig. 3. Cell viability of the crude extracts against human dermal fibroblasts. Antimicrobial peptide, Melittin (17 pg) from the honey bee

venom, was used as positive control. The data are expressed cell viability as % of untreated control (Mean + SD, *P<0.05, Mussel extract

vs untreated control).

Fol= S. aureus KCTC16210] 3t gFat2H4o]
€ 202 yetylh o]fdt At F5E 3
KCTC16210] ] Eojd oz gahdS
< ol27|d(Arg) E+= gholAl(Lys)t B2 oA ofvlx=
Ab} ERE3K(Tip), 9D ebd (Phe), T Efo]241(Tyr) 2
© M oAl 5 Fashs Tl B9 kel
Q152 2Ju|sh= A o|th(Lee and Seo, 2021). wekA] S. aureus
KCTC1621°] thet FtEAdole FEeof okd S
£0] 203 4TL Pk 07 BelHrh F3EE
FHEA T Bl oA o7h] FEET W 2EELS AR

ik

S b Hh o] &Ra 2552 A A o= ot 3
A =S HER SiTh

F250] 2349 S. aureus KCTC16210] sl Eo]xog
P Jepl= S A JatEd ol thel salt effect 2F
012 S. aureus KCTC1621E 3£3}+51= underlay geloll 0-2%
NaClZ 3715 $ URDA W& AHg-8to] 274519l ch(Fig. 2B).
A Ay, #2559 I 0.5% NaCl =7 = &
Aol 54 T 7FAE|Q o 1.0% NaCl 5 EH e 3
AJo] AL AA = A& YRt o3t A= S. aureus
KCTC16210]| tht gty 452 salto] vi-$- wizsich=
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Fig. 4. Cytoplasmic membrane permeabilization of Escherichia coli ML35p by the crude extract and gel retardation analysis or the binding
of the crude extract to DNA. A, cytoplasmic membrane permeabilization of the crude extract was monitored as an increase in fluorescence
intensity by the hydrolysis of the impermeable, chromogenic substrate ONPG in the presence of piscidin 1 (4 pg) or the crude extract (5
uL) for 60 min. The yellow color represents strong membrane permeabilizing ability (inset); B, the binding ability of the extract (5 uL) to
DNA was assessed by measurement of the migration of a commercial 100-bp DNA ladder (0.2 pg) (left) or Vibrio parahaemolyticus gDNA
(right) through an agarose gel (1.8 % or 1.4 %). (Left) Lane 1, 100-bp DNA ladder (0.2 pg); lane 2, positive control, piscidin 1 (1 pg); lane
3, gill extract (5 pL); lane 4, mantle extract (5 pL); lane 5, intestine extract (5 pL). (Right) Lane 1, 1 kb DNA marker (0.2 pg); lane 2, V.
parahaemolyticus gDNA (0.2 pg); lane 3, gill extract (5 pL); lane 4, mantle extract (5 pL); lane 5, intestine extract (5 pL); lane 6, positive

control, piscidin 1 (1 pg).

AL oJu|5l= Ao|th(Nam et al., 2019). whehA] &5 3}
% S, aureus KCTC16219| tialA] &S YeR)= 220 %)
=2 hemocytes 2|43+ © 2 Hu]E]7] B = hemocytes U]
Ko 8-S YT 7HsA0l = AL E wdE o
HhA 0 2 HAE e el &+t FEfo] == NaClell 2J8j|A] &<+
ol A5 e Ao, 2 s PAE el 7
A elo] = 0] 7 Lofi= NaClol| thaljA] A AL 7HAthaL &
] Ath(Lee et al., 1997; Kerenga et al., 2019).

AL E

FE=9 ME=Y =2

FEEY Ml Z=/E ER1517] 84 HDF cell®] Al 254
of| thet P MTT assay = &l A ER1tGtHFig. 3). ==
2 A7FSHA] 982 A0 mg/mL) 743 A=A o] ezl &
H(Apis mellifera) =(venom) -2 &t FEFO] =21 melittine
At 2= ARESEAL, 5= H(0.5, 1, 10, 50, 100, 200 mg/
mL)& 3552 X 23 $ cell viability S S 5k91th 4 2
1, Fd 2= ARESE melittin (17 pg) 73t A2 5442
YEY Itk Han et al., 2009; Lee et al., 2018). RhHo| &5
52 0.5 mg/mL =7 = 7 0] Al 25/ S e A] edgke
U 71 o] 29| s FE = Al ESAAS UEslen, oprtr] &
SEol| vlsiA A o2 offut e W 550l H2 A

E 579 HER ST o] 2f3h A= HDF cellof tisiA 32
FEEEY FE FE S 0.5 mgmL 0|51 ou] 5}
= A0l1L, 58 AHA F8-& AeliMe o] 228
S

FE20) Z3HE TS| MZ L2 SahY Sl A3

FEaol 23 JEd o] AT Al AR A E
21817 #1384 membrane permeabilization assayE 33|
A thFig. 4A). AE AT} FA )22 ARSHpiscidin 12 7
U EIS Leh i RSSO o A A9
ERIA] 24 TH(Seo, 2016). o213t Ait= FEEo] 23 &
A2 Ao Al W 284S 3L =R Alet 2]
oA et T & e A gAY A2 W 28] 2
glo] Al2uhg Faed 7hsAdol Stk Al Qlulske Aot
(Lee and Seo, 2021). webA &2 Ulo] Ftad o] o4 2
& Tl o A7 obd A o= k.

FE20| ZetE DNA-ZEY ol A

FEaol 3k FaEde] AE8F-417F ¢ 2] DNA <

oo

A& Felsl7] YaA +E&=53 DNA (100 bp DNA ladder
%+ V. parahaemolyticus gDNA)2}E] F 5 21-g-0f 25k 217]
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Fig. 5. AU-PAGE and gel overlay assay (bug-blot) of the crude
extract against Escherichia coliD31. A, AU-PAGE run and stained
with Coomassie Brilliant Blue R-250. Lane 1, molecular weight
markers: 1 pg of human histone H1, 1 pg of human lysozyme, 1
pg of aprotinin, 1 pg of magainin II, and 1 pg of Ab4-7; lane 2, 20
pL of gill extract; lane 3, 20 puL of mantle extract; lane 4, 20 pL of
intestine extract; B, Bug-blot (gel overlay assay) of the acidified
extract against E. coli D31.

Zof| 4 2] DNA migration #3f €42 DNA-binding assay &
Fsto] elslgirk(Fig. 4B). 24 23k, P4 A7 ALg3L
piscidin 1= 100 bp DNA ladder (Fig. 4B left) 2! V. parahae-
molyticus gDNA (Fig. 4B right)oll T34 7¢F DNA migra-
tion A3 /S UERgl e, o9t fAHA 5555 F
572 DNAC] tfsfjA] 735+ DNA migration A3 2/d5 Le}
Atk o] 2fgt Ai= piscidin 13 =&l EAot= =
L2 DNAS} F-a3H A3 A-8-(DNA-binding)S 3t 7l54d 0]
It 0% l]shz Ao]eHSeo et al, 2021). ThehA] &%
of Eakel RE ] H47|4e HEee Ay e &
+= intracellular componentsE(f|: DNA)Z} A S 24-8-510 &
# thFet DNA ¥ A-8/1kgof Jak2 FolA 28
el = 7o 2 o &HH(Lee and Seo, 2021).
Acid-urea PAGE2t bug—blot
FE= WY |71/ e d/sleto| = o) A3t 159 e
Al § 3= 5kol5)7] Qa4 AU-PAGES} bug-blot (gel overlay
assay)yS =3y oF3lth(Fig. 5). 1 23}, 22552 ARA &4
Hrbs Aoz u@a 249 sevt &2 A0 YE
o, Rt W FEEEThE opbr] FEEA HE
Ao tddol o A YeEbthFig. 5A). &3, F5E00 =
SHE F2% A2 slow migration zone (SMZ) (Histone
H1, ~11 kDa), intermediate migration zone (IMZ) (Aprotinin,
~6.5 kDa)¥} rapid migration zone (RMZ) (Magainin II, ~2.4
kDa)Z £35te Al F-lollA] Uelgton], SMZ9] g+t
o] IMZ ¥ RMZ Rt} AJtf 2 o= 7FshA LepstthFig. 5B)
(Noga et al., 2009). o] &gt Aut= = FEE= et &
o] T A ata o] EAskaL §lom, ofnte 11 EA}

NZ=43 et A9E EY 2 op7hn] 5227 S
aureus KCTC16210] thet gh+t24 2485 FAlsH7] SIsiA
solid-phase extraction (Sep-Pak C18 cartridge) 242 53
A AL g £8E ool 1g HPLC column ¥ 94H(C18)
HPLC column-& AR8-3F A2 91 A 2 of] =qlskaich. A
HA A GASR olrtu] F&E9] solid-phase extraction
(Sep-Pak C18 cartridge) 282 =35k & Hojxl 4 7H4] ¢
=(H,0, 10A, 60A, 100A)=9] S. aureus KCTC1621°] tgt
a@84& URDAY .2 Z43l5tt. 34 23 2285
of| A 60% acetonitrile (60A) &2 = A 71 23t 2=
YER Ith(Fig. 6A inset). 7 WA AA A 2.2 solid-phase
extraction Y-S -S4 E2lE &4 £2 60AE TSK-gel
SP-5PW column (7.5 mm X 75 mm; Tosoh)of| =¢JgF & A
R ZVyzro] 9= B3 L galt Al A 29| S. aureus KCTC16219]
Ui 7243 URDAM O 2 =43tsirkFig. 6A). 24 2
1}, S. aureus KCTC16219] ot &F-&A-8 1.0 M NaCl %=
ofl A BEE EEofA I Al WA A= cat-
ion-exchange chromatographyof| A €¢]# 1.0 M NaCl &=
ol-&- CapCell-Pak C18 column (4.6 mm X 250 mm; Shiseido,
Tokyo, Japan)©l| &= ¢15}o] 23.5%(28.5% CH,CN)ol| 8% &
FEAG AFHoR o) AAS Ak Fig. 6B). 2% 4
A= E49 trypsin A 2] A-39] S. aureus KCTC1621¢] tf
gt e IS SIS At gere/do] s A E G
tH(Fig. 6B inset). ©|2]gt A= S. aureus KCTC1621¢] o 3f
A Rt Uetle 25 AAEES S dtad
U oulste Ao2A AAE P2 YA A4S
A ZAE 57 (MALDI-TOF MS) N-het ofu| =4k A
14 114 (N-terminal amino acid sequencing)2- 5345} ch
(Seo et al., 2017).

HrE gogdd 229l if1x 24

2F A Ftadel A2 MALDI-TOF/TOF 500
system (AB SCIEX)Z ©]-8-31¢] linear mode 2 4] 743} T}
(Fig. 7A). EA=F 248 $J3t matrix 2= SA (sinapinic acid
& AHEsEG o, EEEA 2= MS calibration mixtureE A
S315AT). BA 24 A7) A BA0] BAS 48008
Dao.2 BRIE|3ck. o|2feh ATE vhgoz A 240 o
AE2E 249817 $18l1A4] edman degradationS -5 N-Uth
A EEA T 4=aet A} Fol/d obn|ieibo 2 A Lys}
Arg 9 WRFE ofn] = ARl Phet Tyr 373t & 15707441 9
otu|AF (NG EHE A E £, CysC &2 o|5E)2 &
QI5kiTHFig. 7B). N-Ueh A G824 A= RE olE 3t
o] = 9] 157)] ofm] Atk A €2 NCBI2] GenBank database
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Fig. 6. Purification of antimicrobial peptide from the gill extract. A, Cation-exchange HPLC separation of the gill extract. The active Sep-
Pak C18 fraction (60A) (inset-underline) was fractionated by the Cation-exchange HPLC column (TSK-gel SP-5PW, 7.5x75 mm). Elution
was performed with a linear gradient of buffer A (10 mM PB, pH 6.0) and buffer B (1.0 M NaCl in 10 mM PB, pH 6.0) from 0 to 1.0 M NaCl
for 100 min and isocratic elution for 20 min with 1.0 M NaCl at a flow rate of 1 mL/min. The eluate was monitored at 220 nm. The elution
point of the active fraction occurred at 1.0 M NaCl (arrow). Fraction of the absorbance peak (indicated by the arrow) showed antimicrobial
activity against Staphylococcus aureus KCTC1621 (inset); B, final purification of the active peak by Reversed-phase HPLC separation. The
peak (indicated by the arrow) was purified with a CapCell-Pak C18 column (4.6x250 mm) using a linear gradient of 5->65 % CH,CN in
0.1 % TFA for 60 min at a flow rate of 1 mL/min. The eluate was monitored at 220 nm. The elution point of the active peak was at 28.5 %
(23.5 min) CH,CN. Antimicrobial activity of the purified peak (before) and trypsin treated purified peak (after) against S. aureus KCTC1621
(inset). Scale bar indicates 5 mm.
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4800.8 1 5. 0 15
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80 (Pacific oyster)
70 + Mytilus coruscus (CA4) : ---CPRRRKYYYEQY'
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Fig. 7. The molecular weight of the purified peptide and sequence alignment of the identified N-terminal amino acid sequence with CA4 pro-
tein from the hard-shelled mussel Mytilus coruscus. A, the molecular weight of the purified peptide was determined using an MALDI-TOF/
TOF 500 system (AB SCIEX) in linear mode. The mass spectrum showed the singly charged species (4800.8): this indicated a molecular
weight of 4800.8 Da; B, the N-terminal amino acid sequence (15 amino acid containing one unidentified residue, X) of the purified peptide
and comparison of sequence with the CA4 protein (carbonic anhydrase 4 protein: from residue number 294 to 305) from the hard-shelled
mussel Mytilus coruscus. The homology sequence are in dotted line box. Dots indicate non homologous sequences.

protein blast A& AA|SE A3} ZEZ](Mytilus coruscus)©ll elou 22 e deia/fetol = L ET = FAMIol A
A ® 1% CA4 ©H 2 (carbonic anhydrase 4 protein)2] o} &) ol w] 7] okokt), 3k, 2ol B.a1% Mediterranean mus-
=AF A (294-305HA] ofu]Ahzp HEA o] S AL-S EL sel (Mytilus galloprovincialis)®] 2]%2(mantle)ol| 4 A 4
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H 1% g-carbonic anhydrase (CA)QFE A GAMIo] A2
A= Aoz FRolu| Y th(Perfetto et al., 2017). w2ka] AAH
ot Aefo] == 2k 2] CA4 v & (carbonic anhydrase 4
protein) 7 2291 A H GAMS 7HA= M2 et et
o|=& ety m, CA4 protein (carbonic anhydrase 4 protein)
T+ CA4 protein -2 fragmentE52] &47]5112] AT
AAE = Qe 22 AF date S8E ¢ S A eR A}
=¥ olef3t EAANE EdjE AAE F+t PeolEe
cgCAFLP (C. gigas CA fragment-like peptide)= g g3} %I T}

2 A A FoME A FEES Alassdo] W vy
d AdEEES Tl glen, o590 e saltd]
oaff A5 W AL FRIEE T3, F5= ol o
A dtEES At i A 02§45 Hke Al
Y F-4d=4 (intracellular components, DNA 5)53+2] A&
285 oA RS UEtle A= o SETH(Seo et
al,, 2021). Z12]aL op7in] FEE 2 5E w5 At SollAl S.
aureus KCTC16210] tiallA] EolH oz gF2dS ey
= A 4800.8 Dad| A=-g- 3t HEte| =5 AA5H S
™ N-TeHo] 1570 opnlicit A E-E FEsk3ieh AAIH =t
Helo| == 2| (M. coruscus) 52l 2] CA4 TH E (carbonic
anhydrase 4 protein)2] ofn| At A G} FLEA 0] GAFAYS L}
e %l e.m, CA4 protein = W52 t7 |52 AvA
= AP 5 Q= 229 A AR At h whebA 2 A5
A= = e S/ eo| =50 Ao A
of thgt olelE FHHAIAE = U= 71 2ARE E8E S #
gt ofu e} w5 AL S, aureus KCTC16219] A4 A &
15 53 775 WA HdE 2 2A 3 25229 28
7Fed= AT = Sl A o2 AekE

011" RN
ol

Ol

ox

Ab AL
B AT 20210 A | S A A EA B Y AU
ol e = g,
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