832 4 A B} 81 9] X|

Korean Journal of Fisheries and Aquatic Sciences

KFAS

gh5=%] 54(3), 280-286, 2021

FIFERX|(Mytilus edulis) F&22
Ohdd B

O|X|2 - MH™Z*

AEYBTIHH

—

FHRMET ShUDisTys

1o
OK

Original Article

Korean J Fish Aquat Sci 54(3),280-286,2021

Screening of Antimicrobial Activity and Proteolytic Enzyme Stability of
Extract of the Blue Mussel Mytilus edulis

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 and proteolytic enzyme stability of the acidified
extract of the Blue mussel Mytilus edulis. The acidified extract showed potent antimicrobial activities against Gram-
positive bacteria, Bacillus subtilis, and Gram-negative bacteria, Escherichia coli D31, but had no activity against
Candida albicans. Treatment of extract with trypsin completely abolished all or significant antibacterial activity
against the tested bacteria, but slightly decreased antimicrobial activity against B. subtilis, and treatment of extract
with chymotrypsin retained almost antibacterial activity against the tested bacteria except for E. coli D31. To confirm
the additional enzyme stability of the extract, antimicrobial activity of the extract was tested after treated with sev-
eral enzymes. Enzymes treated extract showed potent antimicrobial activity against B. subtilis and its activity was
also retained for 5 h after trypsin treatments. Non-proteinaceous materials in the acidified extract also showed strong
DNA-binding ability but did not show bacterial membrane permeabilizing ability. All our results indicate that mussel
extract might contain the proteinaceous or non-proteinaceous antibacterial materials target not bacterial membrane
but intracellular components. These results could be used to develop mussel extract as an additive for the improve-
ment of stability or antimicrobial activity of antibiotics against specific bacteria.
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A=A (Mytilus edulis) =2

Tom et al., 2011). BFFH 552> A E(hemocytes)2]
A28} o] 5 AERRE YA/l tofe BAE
BIHA QL AG-of ofaff 12} Wrol7| 5ol 43 %|aL glom, i
2] 0] 144 @ 4~ 2 A lectin, pro-phenoloxidase activating factor,
antimicrobial peptide 2! phagocytosis2} inflammation 5-©] 2
A QITtH(Relf et al., 1999; Tincu and Taylor, 2004; Yu et
al., 2005; Wang et al., 2014). @A 7HA] 815 2 S22 5=
O] A Woahd 245 SolA didAd =29 A%
o]al A}l Hroja-go] AT AHA, o|AEo] e

RHFew F2ETY sk &85 9lgh A7 2ds
3|21 Qlti(van"t Hof et al., 2001). L&Y S| S F-2355
=

Z2 5o ZoHEl Gl A R AL il Bl ao]
wlZh4o] - etk Alo] Shelulglar ofef ufet o515 e] 3

=2 1T

vkl 2l g Shtol| gk S &8 7hsAd ol gk At A
Y wjojof & Kok ¢lA%] 11 QItH(Kim et al., 2013).
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F el oo 27 1827} WAl A
29U S A A7 9 S St g
. S 7A] Mytilus edulis (Charlet et al., 1996), Mytilus
galloprovincialis (Hubert et al., 1996; Mitta et al., 1999) %
Mytilus coruscus (Oh et al., 2018) 5] 23 = ZAFER] &
S50 ZPBIAL QU= defensins 75 23S T A gt
=49 " Ao tfgt A= st MY ATk
Thel A Fof ol tigt Wiz 52 WAk Qg a4 A7)
3 gt o] tiet A= FE5T A Aot
wpeba] 2 AtoA = A A

H A RESE AFE2] 2550 oty o Zaja
aof gt QHAS BT e =M X5 Ky
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(TSB)2} sabouraud dextrose broth (SDB) ¥ agarose type I
(Low EEO Agar)= MerckA{(Merck, Darmstadt, Germany)2}
SigmaAK(St. Louis, MO, USA)o| A Z}2} G135} AR8-53
o} g4 HYE YofA] trypsind} chymotrypsin Fisher Sci-
entific (Fairlawn, NJ, USA)ALO|A] 42918 3141 2™, protein-
ase K&} a-Amylase ¥ a-Lipase= SigmaiKSt. Louis, MO,
USA)ol| A 2}2F F9fsto] ARg-skoiTh Alet ot £S5
Aol7] a4l ARHEE o-nitrophenyl-B-D-galactopyranoside
(ONPG):= SigmarH(St. Louis, MO, USA)Sl|A] 7-¢]a}31..
™, DNA-binding ability Z%]] A% 100 bp DNA ladder
+ BioneerAH(Daejeon, Korea)ol 4] G-3}o] A8l 1
)3 Q170 AL 1 9l0] AOFES B S-S Ag el

AAAR UM JFHA = 2= a0l AolA 3zt
2abE 0 guS AT F, oljuleh o)Rur 218 Hajol S
mL volumeo| & wWj7}A] A5 oA Bt Hopzl ofru]
¢} B A 11 9= 4ulFFY 1% acetic acid (viv)E
Z7kste] 100°CollA] 54 F¢t #Ql &, g0l Basto] 37
3| WZhA AT F523] WzhE 22 homogenizer (T10 basic
ULTRA-TURRAX; IKA, Wilmington, NC, USA)E A}-8-5}
o] b5) TR A 7 h(Speed #6, 3, A1-2). 22 | A& 4°C
oA 208 521 8,000 rpm o2 AME2|(VS-21SMT; Vision
Scientific, Buchon, Korea)S 83t £of] Aol 2|l 4] 3+
2 A 50 Aol AREE i 71A] -70°Col| Haksitt
(Seo et al., 2005).

SPEN SEYY U AR FX

FEEEY I S8 oA L7t 3+t 3E(Bacillus
subtilis KCTC1021, Staphylococcus epidermidis KCTC1917,
Streptococcus mutans KCCM4105), 13 /3 5F(Esch-
erichia coli D31, Escherichia coli ML35p, Cutibacterium
acnes (Propionibacterium acnes) KCTC11946, Shigella flex-
neri KCTC2009, Vibrio parahaemolyticus RIMD2110633) &
yeast 155(Candida albicans KCTC7965)2 AM-313itt.
B4 24 PHoRE AR T SEE T £ 50 Y
£ ARME-3}= ultrasensitive radial diffusion assay (URDA)W
= ol-&3tth(Lehrer atal., 1991). o=t2/d S ofl AR Al
a2 tryptic soy broth (TSB)ef| F&s}aL, C. albicans sab-
ouraud dextrose broth (SDB)°|| %3 & 1847 52t 37°C
(V. parahaemolyticus= 25°C)ol| A pre-cultures 43§35+ &
colorimeter (Product No. 52-1210; BioMerieux Inc., Durham,
NC, USA)E A8} o =52 84%T (=1 X 108 CFU/mL)
(C. albicans®] 739+ 10° CFU/mL)7} B =5 24314ct. C.
acnes2 RCM vl #|o]] &3t T anaerobic jarol A Gaspack
system (BBL Gaspack 100TM; Franklin Lakes, NJ, USA)=
ol-gsto] Wggh & 37°Coll A 3Y Ft F7] v ol FUT
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WHo R o TS Ytk 1 %, 9.5 mL2] 0.03% TSB (
EE= 0.03% SDB), 1% type I agarose 2! 10 mM phosphate
buffer (PB) (pH 6.5)5 £ %5h= underlay gelo]] 22}9] FE=
S| Al oo 0.5 mLZ F7Fsto] 2 412 $of| plateo] HE 57|
Ho] ZH ). o] E. coli D31 w5(streptomycin WA +H)E At
435 7 9-of|l+= streptomycing 10 pg/mL =& H7}sto] &+
A2 F-ofl plateo] HFs}A F-of = Fth. &2 plateo]] punch&
g3l 27 25 mme| well §& 700 5L 7 5%
= EQAIZIHE FEE0] viA|o eAE] AmERE AL 5
Ot 37°Cof| A 12} vjjokst 2 1 9Jof 10 mL2] 6% TSB (=
6% SDB), 1% type I agarose & 10 mM phosphate buffer (pH
6.5)E E3551= overlay gel2 511 23] Sof SYUTH 20
A 18417t Z0F 22} v 9F5} 9 TH(Seo et al., 2005). Thd well
90| 2871 clear zone®] 7| & A 5lo] AL Blols)
At A2 54 52t positive control=+= WA E &
o(Morone saxatilis < Morone chrysops)2] mast cellol| A 7 A|
| o Feko]| =21 piscidin 1 AH8-5F91 1L, negative control
ZE 1% acetic acid T+ 0.01% acetic acidE A3 TH(Sil-
phaduang and Noga, 2001). Piscidin 1> 6% E-2(Peptron,
Daegeon, Korea)ol| Al &4 2 95% oA+ = &2 AA A AL
Tdsto] ARESHAT
Enzyme x2|0f oot &dA=H2 EY

FEEol 23t et Ty 9 2o ehapshs
K2 3Re1517] SlaA] T Ba|E2el trypsin, chymotryp-
sin, proteinase K 53} a-amylase, o- lipase 52| *|2] #-3-9]
WP wske Felstolck. ol lsto] Wrw
UL enzyme 294(1,000 pg/mL in 50 mM PB, pH 7.4) 1 uL
£ H7FskAL 37°CollA] 60+ 7T BE&-A1%1 5], URDAY S = B.
subtilis KCTC10213} E. coli D319] that t2H4-e =45}
%thSeo et al., 2017).
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AFE2] 3%E2] human dermal fibroblasts (HDF)o o
5t A 3E=AS 315H7] Q84 MTT assay= ©|-8-51o] cell
viabilityE 755 tHKim and Li, 2012). o] & $J3llA T}
ot HEo] WFEEA] 22E(0, 0.5, 1.0, 10 mg/mL)S human
dermal fibroblasts cellof 2|3t & F+E552] Feof w2 Al

NESRR R 5=

=0

FEZE9 cytoplasmic membrane permeabilization
assay

AFGN 222 AR W Rad 23S 9aA
B-galactosidase A2 E351= E. coli ML35pE AML3)IA]
nonmembrane-permeative chromogenic 7] 4 ¢1 o-nitrophenyl-
B-D-galactopyranoside (ONPG)ef T3t 5= =9 9| E.
coli ML35p2] M| Ao A -5l B-galactosidase 2] -2 &

REE

Bacillus subtilis
KCTC1021

Escherichina coli D31

Candida albicans
KCTC7965

Fig. 1. Antimicrobial activity of the acidified crude extracts of the
blue mussel Mytilus edulis. Antimicrobial activity of the acidified
gill or mantle extract against Bacillus subtilis KCTC1021, Esch-
erichia coli D31 and Candida albicans KCTC7965. Scale bar in-
dicates 5 mm.

o153} tH(Skerlavaj et al., 1990). HJ% % mid-log phase®] E.
coliML35pE 10 mM sodium phosphate buffer (pH 7.4)= A
A& 3%, 1.5 mM O] ONPGE £3}6}= 54 buttere] 8- 4]
ok O %, ST FE2E52 H7IRE F 37°CollA] 60271 v
oFslH A 108 7+4 © &2 G275 B-galactosidaseo]] 2|3 ONPG
9] o-nitrophenol 2 9] 7}=73)| H=E 405 nmo| A S35+
o UREIbY 240 EEEARE 29 0 FHAE Uehs
A0 el Bt Hebol=el piscidin 1 AH8 3.
DNA Binding Assay

Az 22520 245 DNA 234 E29] 2495
£ glsl7] Y384 DNA bindingo]] 2§t DNA band=2] aga-
rose gel-electrophoresisol| A 2] 0]-52] A3l H=E Qlsl=
DNA-binding assayS 533} tHHsu et al., 2005). ©]& <]
&} 4] 100 bp DNA ladder (0.2 ng)¢} 3252 5384 37°C
A 60 52 HES-A17] 2L 0.5 pg/mL EtBr& iﬂ?S‘]»‘: 1.4%
agarose gelol| Al A7) %952 533+ & DNA band2] & o]
T AEE golgo 24 DNA-binding 455 &9l 0}9&\1}.
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FEA
z—?—‘%']( edul1s)§—rt~] Y25t oru)(gil)e} @)=at
(mantle) 2252 1% HAc (}_A})::L 0] &3} ofA} 2Zw Jﬂm
= &A= 5]9\12‘11 7 3229 2742 URDAH
o83t B. subtilis KCTC1021, E. coli D31 ¥ C. a]b1cans
KCTC79659] tis+l 24514 hFig. 1). A8 Ax}, 7 2%
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(A) .
Trypsin treatment

B. subtilis T C A L P N

Microbes Gill extract Mantle extract

Before | After Before | After

B. subtilis KCTC1021

S. mutans KCCM4 -105

S. epidermidis KCTC1917

E. coli D31

E. coli ML35p

C. acnesKCTC11946

S. flexneri KCTC2009

V. parahaemolyticus RIMD2110633

C. albicans KCTC7965

—,5mm

B)

Chymotrypsin treatment

Microbes Gill extract Mantle extract

Before | After Before | After

B. subtilis KCTC1021

S. mutans KCCM4 -105

S. epidermidis KCTC1917

E. coli D31

E. coli ML35p

C. acnesKCTC11946

S. flexneri KCTC2009

V. parahaemolyticus RIMD2110633

C. albicans KCTC7965

—,5mm

Fig. 2. Antimicrobial activity of the acidified crude extracts of the
blue mussel Mytilus edulis. Antimicrobial activity of the acidified
gill or mantle extract (before) and trypsin (A) or chymotrypsin (B)
treated extract (after) against Gram-positive bacteria including Ba-
cillus subtilis, Streptococcus mutans, Staphylococcus epidermidis
and Gram-negative bacteria including Escherichia coli D31, Cuti-
bacterium acnes, Shigella flexneri, Vibrio parahaemolyticus, and
Candida albicans. Scale bar indicates 5 mm.

Gill

Mantle

Fig. 3. Antimicrobial activity of the enzyme-treated crude extracts
of the blue mussel Mytilus edulis. Antimicrobial activity of gill and
mantle extract after treated several enzymes including trypsin (T),
chymotrypsin (C), a-amylase (A), a-lipase (L), proteinase K (P) or
not treated (N) against Bacillus subtilis. Scale bar indicates 5 mm.

B. subtilis

Gill

Mantle

—,5mm

Fig. 4. Antimicrobial activity of the trypsin-treated crude extracts
of the blue mussel Mytilus edulis. Antimicrobial activity of gill or
mantle extract after treated with trypsin for 5 h against Bacillus
subtilis KCTC1021. Scale bar indicates 5 mm.

=& W9 positive charge o} AK Lysy}t Arg)} W&k
% ofo]Al(Tip, Phe, Ty Esh A el wal
A BB 2GRS Belshy] ojste] 2+ 2 2E(5 uL)e]
trypsm ! chymotrypsin 2] 2] -5-9] g}++2Hd 315 URDA
WL 0] 835}0] B. subtilis 2 E. coli D31E E3}I5= 959] A
w3} C. albicans°|| 34 S5k Ath(Fig. 2). 54 A3, =
a2 trypsin A 2] 3ol B. subtilis?} V. parahaecmolyticus
o T S AS] AV} | Bho] E colf D31 5
SRt R0 AltEo] tiet b A Al E
3}, &2 E =2 chymotrypsin A 2] $ofl= E. coli D312 A
s “41 «l AletEoll tiet Bt 2/d- A A= ek 12
322 EE 25 70 PHE HIOAL ol 258
ot 355 g 84 16t P db T

3 AL YeRHR T C acnese) C. a1b1cans°ﬂ EH OHH =
e o ]ﬁ%HOEL}E‘HE} ol e Atz AFHA F

wizke HJS 2 How 09 ofulale AomA of2sI
(Arg) = eholAl(Lys)at 2 ol ofnliibe E3tsh
Loy 209 7Hs o] 9182 olulaks lo|k E3t B,
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(A)
100 L
-~ 80} 1
[olre]
R E
>8 60}
=70
58
>3 wf
R
[GIR=1
20 b
0

0 0.5 1 10

Gill extract (mg/mL)

100

60

40

Cell viability (% of
untreated control)

0 0.5 1 10

Mantle extract (mg/mL)

Fig. 5. Cell viability of human dermal fibroblasts after treatment with gill extract (A) and mantle extract (B). The data are expressed cell
viability as % of untreated control (Mean£SD, *P<0.05, Mussel extract vs untreated control).

subtilis?} V. parahaecmolyticus®] )3t AFHA] F+E5E552) 50
/L trypsint chymotrypsin 2] 2]o]| A} 7 €] ‘ﬁ

7] ob= A0 2 YElsIth(Fig. 2). o] 22 i F29] o ]
Nk et A-golle FEEol 23 SAAd S4o] 4 XLL
SARt B. subtilis®} V. parahaemolyticus 222 % Al<ol| th

3 g2 o = chl A A B A W ok vkl A A Ao 2= Q.
T g Tekat 7hsAo] 98-S oulsks Holt.

7} 225 ol Eot FREA B2 B4L Bk
3| A 7—? —"—Fg%(S uL)e] trypsin, chymotryps1
= E}““ ! —cﬁﬁi/\@r lipase & amylaseZ ] 2|3t

24 W3H2 URDAYS o] 43}o]

subt111s°ﬂ EHoHH Zgﬁ}oﬂ thFig. 3). 4 A3, 2Z5E
2 trypsin, amylase, lipase |2 S| %= B. subtilisol] T3}t 3+t
B2 2 Hekglo] frA = 3w, chymotrypsini} proteinase
K A z‘; = gdaAo] 22 AR QAT 70 S-FEA
o] $A\FE Ao Leidt), olajgt AT 2220 2o
B. subtlio] A4 RS b BAE S, 4
A, geshEn BA) gle 24 Y 7ol e ulshe
Aol

TS, FEE ol 23hE 54 Alatol gt

= 54 A Aol gt A7t &S
ZFFEEG L) A PtE o 55 o
trypsing 1-5A17F A 2] g & gty ks URDA‘?;% o]
-8§-5to] B. subtilise]| EHOHH =439 cHFig. 4). =4 A}, 3
ZEE5L trypsin A 2] 3 5A17F Uloll= B. subtiliso]l EH At
2130] 2 Wslglo] SAIEE A2 hepuich. ol efg Aak
222 o) 7k 2L ypsinel it ik Qg Ao] 4
015 SAIZE e FA7EE o 9SS Qulshe Aol

15171 9]

4 proteinase

\r

08
0
o
<
o
G 06t
S
‘@
C
2 o4t ' .
o : —o— Trypsin-treated Gill extract
_8 —o— Proteinase K-treated Gill extract
=3 —— Piscidin 1
O o2} 5

0 H 1 1 1
0 10 20 30 40 50 60
Time (min)

Fig. 6. Cytoplasmic membrane permeabilization of Escherichia
coli ML35p by the trypsin/Proteinase K-treated gill extract and pi-
scidin 1. Cytoplasmic membrane permeabilization was monitored
as an increase in fluorescence intensity by the hydrolysis of the
impermeable, chromogenic substrate ONPG in the presence of pi-
scidin 1 (1 pg/mL) or extract (5 puL) for 60 min.

AFHA 258 AESHE JU7| A HDES) A
34| Fa4 SHlakck(Fig.

ore 71(0 mg/mL)— zzo ;h&tﬂ
(0.5, 1.0, 10 mg/mL)2 F&52 A 2|3} cell viabilityS

AstAch 24 A3}, 98Ut 2550 10 mg/mL FE7HA] 74
O] Al2=4S UEhfA] 982 Rhdof of7tn] 552 oSt A
EZ /S UEhl Tk ol 2]t Ait= HDFo thafj A Z5d4]
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1. Marker (100 bp DNA ladder)

2. Marker+Gill extract

3. Marker+Gill extract + 1% HAc

4. Marker+Proteinase K-treated Gill extract
5. Marker+Trypsin-treated Gill extract

6. Marker+1% HAc

Fig. 7. Gel retardation analysis or the binding of the proteinase K or trypsin treated gill extract to DNA. Binding of the enzyme-treated ex-
tract (5 pL) to DNA was assessed by measuring the retardation of commercial 100 bp DNA ladder migration through an agarose gel (1.4%
gel). Lane 1, 100 bp DNA ladder (0.2 ng); lane 2, gill extract in D.W.; lane 3, gill extract in 1% HAc; lane 4, Proteinase K-treated gill extract;

lane 5, trypsin-treated gill extract; lane 6, negative control, 1% HAc.

FEESCAESA 0] Yrh= S ou]sh= Aotk
MEGR| FE20| ZE HREo| of SnHy ol
AlS

=0

AR 2280 Tk Ty PRl 4Ede
95 AZ37] $18iA trypsin} proteinase K #] 2| % o}7}]
FEE59 E. coliML35p] tj gt inner membrane permeabi-
lization assayS =35} tHFig. 6). =4 A3}, A 272
= ARESE piscidin 1:2 7% Uf2h F2H4dS Urehd WE trypsin
%+ proteinase K A 2| Z15E3] op7hu| 2552 1 £
< A YerA] ettt o]t b= 25EA] oy S
SEof 23 vehAy A At Al W 549
res 4o A r Aot whof| tisiA TS 7HAIA] ke
™ A ZEke] 21 A Q1 AT AR 7HsAd o] Rk A o]
Sh= Zolch

s}ol5}7] QA trypsini} proteinase K7} & 2] %l o}7pu] 3=
Z5-2] DNA migration A3} 43 ZARSH7] 95k DNA-
binding assay= 435} th(Fig. 7). &4 A2, trypsin} pro-
teinase K # 2] o}7ju] &58-2 7}3 DNA-binding ability
£ Uet Sitt. olgjst Aat= RFEA] offu] &5 24
Sk W Tl 2] oA 2 3 W) DNAQKS] ZAehS Bl 42
283 7hs/d o] Ytk A& 9fnfshe Aot whehA M
A FEEo] 2otE vtk Ay etEEe Al A5 A
o] A5 2A-8- Bt intracellular components (¢f, DNA)=©]|
Adere 24 DNA 54| 59| 750l 9aFa FolA Alxt &

o] oAl gl omn G 282 ek 7h5Ao] 98-S o]
B Aol .

B AT AT BoA WA 2EEe
el $-olet e e tehils Aow gkl

A

E40] 8% 9T HEohe A0 E eyt 1eal =&
£ o) vjehu g ShEEe SAI7E Fok o] tialA A
e Ueglon, Al U 4 AEAg e Bek A
Z Y| 7-43& 4 (intracellular components, DNA 5)&32] A4S
A-8-2 oA BB S HEhd ThsAdo] Al AC R oAt
et ol 2ot AvkE B2 AFEA FE52 B. subtiliss
ohz E4 Altoll theh A4 A 743HE Qg H7HEEA
28 7H58 Ao g wekhd.

Al AL

o] =H2 2014 %= 781—‘?'—(6}]00]:_/,:/‘(_]—_‘?_)9,] Aoz FoksAt
a1 St B ST AR ] A
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