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Screening and Purification of an Antimicrobial Peptide from the Gill of
the Manila Clam Ruditapes philippinarum

Jung-Kil Seo*

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

This study screened the biological activity of an acidified gill extract of the Manila clam Ruditapes philippinarum in-
cluding antimicrobial, hemolytic, membrane permeabilization, and DNA-binding activity, and purified the antimicro-
bial material. The acidified gill extract showed potent antimicrobial activity against Bacillus subtilis and Escherichia
coli without significant hemolytic activity, but showed no membrane permeabilization or DNA-binding ability. An
antimicrobial material was purified from the acidified gill extract using C  reversed-phase and cation-exchange high-
performance liquid chromatography (HPLC). Treatment of the purified material with trypsin completely abolished all
of the antibacterial activity against Bacillus subtilis, suggesting that the purified material is a proteinaceous antibiotic.
The molecular weight of the purified material was 2571.9 Da, but no primary structural information was obtained due
to N-terminal blocking. A future study should confirm the primary structure. Our results suggest that the Manila clam
gill contains proteinaceous antibiotics that have a role in first-line defense. This information could be used to better

understand the Manila clam innate immune system.

Key words: Manila clam, Ruditapes philippinarum, Antimicrobial peptide, Innate defense, Purification

AN OE

o] AFEE 9 FAFFESS AL, Holds, 5%
of, B 7S 0 A& 94-‘?— ] Hlo =iy A
< Wolstr] f13t antAQl WY AAE 22 Zetskar Qlok
(Hancock and Diamond, 2000). A1 7} -3 o] z}z}
gyl Qe AFsede g9 FAF =2 AdHY
TS ZRbekal glon s QR ghAof thgt o] 282 2 24
A Aoul o]&3)a Qi) dulr oz MHwele ol 2
AEAo digh 2710l W A3 WYY F s otz 1
71e 3 o] gk Aol 2 SoiA ST AL Qs AAol

o} A el S geksls j3E4] Q) £ lectin, propheno-
loxidase activating factor, phagocytosis, antimicrobial peptide
Sol dEA lo, o5 R RE A Yz ol 3

Yol Thgk 12} 5o ot A 9ith(Relfetal.,
1999; Tincu and Taylor, 2004). 2] E0]A] oj2] 7}x]9] A4
we) R FolA v SolHo] 1 e WS 71K Al
21514 Q1 ot Hefo] Eof| thgk TAlo] S7HE AL Y= Aol
t}(Zasloff, 2002).

& MEto] S SR}l oJs) ¢hE3hElo] gl Al el
a-helixt} B-sheet -5 F 8l positive net charges 7HA|+=
12-1007)1] o}l eAko 2 745 AAE o] Hoel B
A, Bl AE 8 ol e} AR E R4 HREEY 0|2t Y
2 H9jollA Bzt gl B Ay B do|tH(van"t Hof
etal., 2001; Stark et al., 2002; Izadpanah and Gallo, 2005). =
s ﬂ—_rF HEO| B WS £ 9 target site2 4T Qo B2 YA

fre] 7Hs o] A9] gl 54 A3 gloiA] ApAleh 3

"37“1] JHREE 9ISt 8 SHEAZ A 73S a1 QJrk(Han-
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cock REW and Diamond G, 2000; Zasloff M, 2002).

Pt HEpo| B 2o Wbk A 7HA] FRE s 5
QItHAndreu and Rivas, 1998): i) Cys= 3Z&31A] %+ linear
a-helical peptide, ii) CysS *#3$el= looped peptide, iii) =
o] 2 & F3HA] %= random extended peptide, iv) E°] of
ulieAbe o] EFF peptide 50|t} Tt Hefo| E o &
A} AGA] AL 2R8-S 0]-8-5) barrel-stave model, toroidal
model = carpet model2- £} 4] membrane poreE FAJ3}1
AU AlZZR 72 Soi7F Al W 7]y s o] AsE
oA <t aakE Uebdlchal delA ¢lok(Shai, 2002; Li,
2009). @A7HA| sFFA 5= Fol Pt peptide= AAE
©](Ovchinnikova et al., 2004), v-2x(Iijima et al., 2003), -
Z](Miyata et al., 1989; Saito et al., 1995), Z7|(Khoo et al.,
1999), &l t}2] A->~(Destoumieux et al., 1997), $-3HCharlet
etal., 1996; Mitta et al., 1999; Mitta et al., 2000), =(Seo et al.,
2005; 2012; 2013; Nam et al., 2015; Gueguen et al., 2006),
(De Zoysa et al., 2009) 5] H 1% o] Qit}.

v -2 -2 uete] s At ol A 2 HISE A48k 9
FA ALFY shtEA Fa Aol A FHiE AL o, X
SolA thefet B mdE E el gt ik At o
LRl QlojA] A4, e A o= 2 ZA7F AL Qlok(Park et
al., 2006). A o 23t ZAI X s dsty| fIRt 7| 2A R R
A B}A]2H9] host defense mechanism-a- o] afi5k1r, 2 Y
o] $3% Ei Bol upxee] AAWe] QA 7o
A 27k 5] 27 gl Agoltt. Sa), o
22520 QlojA AR R4 59| elihel 32 ¥
A 7kelol gk EA3] ol 7]t 0] maE A A
ofet 177} Bks] 2T i B, v e ol
Heto]=of thet A= =98] AlgHa ez APE L e
ok, AA7IA] Hire v -2 g+t FEfo] =+ defensin
(Zhang et al., 2015), big defensin (Zhao et al., 2010) 4= mus-
sel defensin MGD-1 A} peptide (Kang et al., 2006) 51+ 2
2 defensin 7ol Y= o] QLo P& HHHAS T o= ok
3 e ol =0 et 977l Wag Aol

u}e}A] B o1 vpx] 2 (Manila clam, Ruditapes philippina-
rum)®] Welp 242 orh] 2528 o 8314 AT
of gl 9 2ol AATS SAe AT} 15
T A ko 2 vix|2te] MaE ool ot 7| 272
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A 4L Y3t tryptic soy broth (TSB)%} agarose type
I (Low EEO Agar)> MerckAKMerck, Darmstadt, Germany)
2} SigmaAK(St. Louis, MO, USA)A] 24z} £Qlsto] AR
stk HA TgollA ARE-El HPLCS water@} acetonitrile
(CH,CN)2 TediaXHOhio, USA)2RE] 7-¢J51911, 71 0]¢]
o BE AoFEe BF& A8 aler.

= PEE AlolA w7 L HES AIA
g%, of7fn|e} o=t 228 3te] 5 mL volumeo] E w7}
A] A& Lol A mpTh, molxl ofyku| 9} Ul 2 A of 11 9]
L 4 uljF2] 1% acetic acid(viv)E H7F510] 1007T o)A 55 =
QB T, Aol Haste] FE3] Wk Al F85] Wt
%] %22 homogenizer (T10 basic ULTRA-TURRAX, IKA,
USA)E AMg5to] ehs] a4 A7) 27 atafel e 4o
203 521 8,000 g2 UAEE|(VS-21SMT, Vision Scientific,
Buchon, Korea)E 43t -of A5l HallA Tt T4
4 e o) A g o ARg-SHATh

=
e

lina -t} 0J7}et Noga W47} A1 3)S AHEsI9c 2
HaA oRt AR U2 SES T £ 29 vAs
AFE-5)+= ultrasensitive radial diffusion assay (URDA)R-S 0]
2519 cH(Lehrer at al., 1991). 2 S0l AHH d=
A tryptic soy broth (TSB)ofl &3t & 18417+ 5<% 37C
oAl pre-cultures 48¥gH & colorimeter (Product No. 52-
1210, BioMerieux, Inc., USA)YS AF8-3lo] o =5 84%T
(= 1x10° CFU/mML)Y’} §=2 24819t} 71 %, 9.5 mLo]
0.03% TSB, 1% Type I agarose & 10 mM phosphate buffer
(PB) (pH 6.5)E &5l underlay gelof] 2422 52 3]4
24 0.5 mLE YL & 412 5o plateo]] HB A Fof &
At & plateo]] punchE ARE-5H0] 217 2.5 mm&] well& &
2 Sof S5uLe] 7t 5w T AR A £ =2 EUAA
th 325 B 2850 #iA] o] AHEH 3AIKE 5t 37T
A 1AF afoFst 5, 71 9of] 10 mLe] 6% TSB, 1% Type I aga-
rose Y 10 mM phosphate buffer (pH 6.5)E 3£ $}5l= overlay
gel a1 w3l Sof] FUZH -2 o] 4] 18A]7F 54k 22 v s}
k. th2d well 9]0l A71 clear zone?| 7|5 575}
St SIS St/ 574 5<t positive control =
£ u|=HAk X 50f(Morone saxatilis X Morone chrysops)2]
mast cellof| A 4| &+t FEfo] =¢1 piscidin 13 AH§-51%1 1L
negative control 2+ 1% acetic acid =+= 0.01% acetic acid=
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AR5} th(Silphaduang and Noga, 2001).
Protease A{2/0f O[3t TRy &ol

= E= A P d ) A 2191-E Y8l A tryp-
sin 2] A-59] &4 HskE gelstqlnh viA e 5=
E= AAE =2 4 uLe] trypsin (1,000 ug/mL) 1 uLE 37}
8k 37°C oA 6057 ¥ES-AI7] F, URDARLO.2 B, subrilis
KCTCl1021°] tfgt &2 MstE S4sHT

e
Ty

Hemolysis

FEEol A5k SAEE Y 775 Fsh] flsiA 1zt
o] A of thgt BS54 TH(Seo et al,, 2014). A
2ho] goll(Blood type: B)oll 5%2] phosphate buffered saline
(PBS, 50 mM sodium phosphate, 150 mM NaCl, pH 7.4)2 ¥
1 &3HsE 5 800 rpmof| Al 1587 P4l Bejsto] Asl2> v
23 AHES Aot o2t Al A2 33 BhEgE & doj
A AEAE 1% 2-E0] Hes PBSE H71eE 5 ARg-S}
Atk Aozl AE 90 uLE 96-well microplateo] U A]7]
W Hp = 2EE B FAEE 10 uLE A7k o 37Ce
A 6027t RES-AZ T, o] % W& 1 4E-2](1,500 rpm, 10
B, 47C) 3Fo] Fojzl Absoll 80 uLE A 2-2 microtiter plate=
a4l T a2y G FEE gRlsk] 214 490 nmof 4]
SHEE A 419 100% 882 St vjuEda
© triton X-100 (0.1%)< AFg-3}ch

Acid-Urea PAGE®} bug—blot

HRR et 2255 o] ¢Fol2/d Tl eto] = o] AR o)
24 bandZ 3H21517] Y84 acid-urea PAGES} bug-blot2-
E. coliD319] t3l| A =85} % th(Seo et al., 2005). Bug-bloto]|
ARE-E E. coliD312 TSBof| A 37T 2 18A17F 9t vl st &
colorimeter (Product No. 52-1210, BioMerieux, Inc., USA)E A}
g3to] F HEZ 84%T (= 1% 10° CFU/mL)7} 5A 243}
Aot 712, 9.5mLe LB, 1% Type I agarose, 10 mM phos-
phate buffer (PB) (pH 6.7) & NaClE X $}5|+= gelof| )4 H +
4 0.5 mLE gL & 4 3o plateo]] HBSHA Fof ZF

AU-PAGEE ¥3F gel2-urea 3.6 g, D.W 3.4 mL, 30% acryl-
amide/1.6% bis-acrylamide solution 5 mL, glacial HAc 0.65
mLE H|A ] YT stirring (10min, RT)2} degassing (20 min,
RT, desiccator)Z ¢+ 3= TEMED 0.06 mL, 10% APS 0.275
mLE 713t & stirring (1 min, RT)3}1., geldlS 211 F&
5 1% F| combE 2 F F-5] A=A FRiT o
T AAof| 5% HAcE 531 pre-run (150 v, 60 min, RT)< 3
Atk Wellol] =9J8 7+ Al &= 20 ulo 2 x sample buffere}t
L:1(v/v)= 38 A A1 a1, standard= histone H1 (~21
kDa), lysozyme (~ 11 kDa), aprotinin (~6.5 kDa) & piscidin
1 (~2.5 kDa)& Z3+31= 20 uL2] 0.01% HAc®} 2 X Sample
bufferg 1:1 (viv)2 &34 ARSI Pre-runo] 1 &

running buffer (5% HAC)E WA|5IAL wellof] A|2E =YA|
2 5 71958 AASHEIEHIS0 v, 45 min). 47195 ., 1
09| gel 2 CBB R-2502.2 FAMAIA L, YHA] 1709] gelS
rinse buffer (10 mM PB buffer, pH 7.4)2 23] A2 gt 39|
E. coli D312 3£3§5h= LB plateol overlayA]7] %= 37°C oA
3AIZE v eFsFoATE. i F ol overlay Al gel-& A A S0l
LB platel= 5 J+-£.120]14] 18417F 59+ 27wyt et o
Y LB plateo]] LFERS clear zone A X A0 = gel 2] band
e} v)aksict.

FEEE9| cytoplasmic membrane permeabili—
zatin assay

HlA e 2E20) Al tot £71d 248 9Ia14] nonmem-
brane-permeative chromogenic substrate?] o-nitrophenyl-f3-
D-galactopyranoside (ONPG)]| tj$t &8 =% $9| E. coli
ML35p2] Al oj| 4| -2 p-galactosidase®] Zd-2 2215}
= A8-S 53] (Skerlavaj et al., 1990). B F % mid-log
phase?] E. coli ML35pE& 10 mM sodium phosphate buffer
(pH 7.4)2 AAE 3 5, 1.5 mM2] ONPGE Z3Hsl= 5
butterof] A ZTE 1 &, SHL FEE52 F7IREF 37T
of| A 607t uljoFEHH A 105 744 o 2 G2 ¥ B-galactosidase
o] ©]3t ONPG2] o-nitrophenol 2 2] 7}=E3] A == 405 nm
oA SAstltt. o Tt S #EEdze Rt £
TS Zeh= Ao m Ao gt Fepe| =2 piscidin 15
AFgalsieh

DNA Binding Assay

HpR gt &m0 EAsts 671439 DNA 23y 239 &
A5 ghelstz] f1sliA] DNA bindingef| |3t DNA band=
9] agarose gel-electrophoresiso]| 4] 2] 0]-52] A =E 21
3+ DNA-binding assayS <343} th(Hsu et al., 2003; Al-
fred et al., 2013). ©]& 934 1 kb DNA marker (A-HindIII-
digested DNA, 50 ng)2} 28-S £ 4 3700l 4 605 5
oFHR2A|71 & 0.5 ug/mL EtBr& 33l 1.4% agarose gel
oA 171952 433 T DNA-binding H == 1513t}

doad=29 22 H FH

op7iu] & EAsh: FEde 2 2 GAE
HPLC (YL9100 HPLC system, Young Lin Instrument Co.,
Korea)E ol-gsto] #=8si3ict. F550] EAlct= =4
O] A Hg2 ot B o] 2 WS 2= 2714 549 HPLC
column ARE-5Fo] =3 = 9101, YA 1H] 5] 850l thet
S-S B. subtilis KCTC10219] T34 URDAH O 2 =
Aslct. A A AT S 2 CapCell-Pak C,, column (4.6
mm X 250 mm, Shiseido, Japan)<- ©]-8-3}] o} 22 =4
oz BaiAL ettt A £ 0.1% Trifluoroacetic
acid (TFA)E 2 g3l= H,O (pH 2.2)o|H Bg1l+=0.1% TFA
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£ Zg3H= 100% CH,CN (pH 2.2)5 ARE-31%th Hel=7
& 5%ellA] 65%714 6027 BEONE S7 0 2 b0
H, 942 1.0 mL/min, 342 220 nmof| 4] EQ1519G 1 B E
BAG L Aol SBEslT FRIAE AU BEES
T o}A TSK-gel SP-5PW column (7.5 mm x 75 mm, Tosoh,
Japan)o]l EQIA7|31 HET} e 2A0R BBRE 43
31T} A bufferi= 10 mM phosphate buffer (PB, pH 6.0)0]
] B buffer= 1.0 M NaCl& £3}8H= 10 mM PB (pH 6.0)
£ ARESHRITh EE 22 0%0014 100%714] 1002 54+ B
buffers &A1& 072 ZVA A o, 442 1.0 mL/min, 3%
© 220 el Bl Sagslelet. 4ol el Hale
CapCell-Pak C , column (4.6 mm X 250 mm)°]| 2}-§-A|A tf
83 28 2708 2% RIS Seo] Tl peakE 4
Alskeieh. A &= 0.1 % TFAE 223Hsk= H,O (pH 2.2)0]H
B &1+= 0.1% TFAE 3£351= 100% CH,CN (pH 2.2)5 At
$3teih. Bl 2L s%elA 45%71 4087 BE IS A1
Ao g ZIIAF o, 942 1.0 mL/min, 372 220 nmoj|
A =elstsict.

Sxl2 =X

A 53

2% A £ o] BAgkS- Ultraflex 111 matrix-assisted la-
ser desorption ionisation time-of-flight (MALDI-TOF) mass
spectrometer (Bruker Daltonik GmbH, Bremen, Germany)
= A}83Fo] linear mode® =459tk AAEZES 0.1%
TFA/50% CH,CN (1:1, v/v)ell %<1 - o-cyano-4- hydroxy-
cinnamic acid (CHCA) matrix solution (10 mg/mL CHCA in
0.1% TFA/50% CH,CN, 1:1, v/v)a} &3}5to] MALDI plate
of] =gt $9 —E—Z}E}‘Q =43}t Standard2%= Calmix 2
£ AR
.u:IIE_I-OlE OIXl'"_I'L _E_ A

A E-2] N-terminal amino acid sequence*= pulse liquid au-
tomatic sequencer (model 473A; Applied Biosystems, Foster
City, CA, USA)E Al&-5fo] BAI51Sc)

H}2]2H(Manila clam, Ruditapes philippinarum) 9. 25 4]
2%k ollvlo} 28t 5L 1% HACE o] 83 oHIE
AL 22gatel on 7F S o] Thl A A FhFE A o] =

A2 2elst| HOP@l ay z"”(4 uL)9] trypsin 2] A
-5.0] g}418kA] W3S URDARS: 0|83l B. subtilis ¥ E.
coli D310} sl Z45tsickFig. 1). 4% 23}, 2t 2222
B. subtilis?} E. coli D319 T3] 73t aFat2Hd-e LelUSl

ox
i)

Gill Mantle

B. subtilis
KCTC1021

—_— 5mm

Fig. 1. Antimicrobial activity of the crude extracts of the Manila
clam Ruditapes philippinarum. Antimicrobial activity of gill or
mantle extract (before) and trypsin treated extract (after) against
B. subtilis KCTC1021 and E. coli D31. Scale bar indicates 5 mm.

o, trypsin #|2] —‘?—OﬂL FatE/do] dA 8] gl ol
& s v il S YA
29 ojulshiz Zolt). Eak 25 E 35 7o) B4 vla
A oble] 2 48e] S99 2EEReC 79 Y1
S YEel%l e, E. coli D31 2.t} B. subtiliso] B2 &31}4¢]
Ao e, ol a3t 2ukE Eoh= uixekgal) Ty
FREAS A 14 b 2E2 ATl A
g9,
Acid-urea PAGE2} bug-blot

ubR|2} 222 ) @7]4 Tl /meo|So] A Ee} 1
o] gleby Gme 31915}7] 2134 AU-PAGES} bug-blot
2 Sasigick(Fig 2). 1 A7), A 2R ES ARA 2
AR A dog 18 29w vt &4 velyton,
QRN 2EEHT= o] EEIAN A EEY T
o] § #=A Yetilth E3, 3559 P2/ slow migra-
tion zone (SMZ) (~11 kDa)L} rapid migration zone (RMZ)
(~2.5 kDa)& E£35h= 7 A4 Hebg o], RMZ9 &
w80 SMZE th= 7 SHA| LERt T o] 23t A= A2t
FEeole oot BAE] el EAsaL 9lem, of
nhe AEAH] FtE o] it $54¢ e gdste A
O gekEh
HEX|2E 2&22| hemolysis

upet 22250 BPE S4E U] f52 elal] 99
A FEES X AE A (EHF: BR)ol tigt-§2 23 (hemo-
lytic activity)& Z4 3 A th(Fig. 3). H]E%XE‘E% piscidin 12
AR5 2™ 100% hemolysise] ¥4 2= 0.1% Triton-
X 100& AHgstich. 5923 ez on A 3 Het
o] =29l piscidin 12 %2 5 =(12.5 ug/mL)oj| A = 735t S8 &
A PRI v, vl 2R RS §BIE A1) ek
A Qlsket. ofalet AThe wh e 23R E L AESHS vt
Y E0S Ae] meteka 9lA) ek A ofulshs Aol




ulA|e} of7hn] gt Heto = 141

Histone H1 Histone H1
(~21kDa) (~21kDa)
Lysozyme Lysozyme
(~11kDa) (~11 kDa)
Aprotinin Aprotinin [}
(~6.5 kDa) (~6.5 kDa)
Piscidin 1 Piscidin 1 ||
(~2.5 kDa) (~2.5 kDa)

Fig. 2. AU-PAGE gel overlay assay of gill and mantle extract
against E. coli D31. (A) AU-PAGE run and stained with Coomass-
ie Brilliant Blue R-250. Lane 1, molecular weight markers: 3 ng
of human histone H1, 2 pg of human lysozyme, 1 pg of aprotinin,
and 1 pg of piscidin 1, lane 2: 20 pL of gill extract, lane 3: 20 pL of
mantle extract. (B) AU-PAGE gel overlay assay of gill and mantle
extract against E. coli D31.

100
A Gill

90 [ —©&— Mantle

- —@— Piscidin 1
80
70

60

50

Hemolysis (%)

40

30

20

AX I I I L any

0O 10 20 30 40 5 60 70 80 90 100

Peptide concentration (ug/mL)

Fig. 3. Hemolytic activities of gill or mantle extract and piscidin 1
against human erythrocytes (blood type: B).
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| 589l S

HIX|2 = &=0 28 2%

U e 2550 223 a4 9 target site S | 5517] 9

A Alet e Fabdat S A=) DNASS] AJoak-g
TS Tk 4, FFER ) target site7} & U F-2]
DNARIZX|E 2R15}7] $J3l4] DNA-peptide interactiono] 2
3+ DNA migration A3f| &4 3235t 4= Q)= DNA-binding
assay SYsoirhFig. 4). 71 2k, Y 22O A48
piscidin 12 7}t DNA-binding Hd-S Vehd BhH vpxjet
Z=5< DNA migration]] & & 74 = A2 Y
et} of2la A upet 280 £l FEER U
o )] DNASE] A5 28] ol) 2248 bl 21&
obd & ofulahs Aolch. 5 WA, 3280l Eehe g2
9] target site”} Al 229 A 1A & 2H1517] $1 8l A] membrane
permeabilization assayS <=3 th(Fig. 5). A& A1} AF4
20 2 AR piscidin 12 703 Ul B8 Lpepd vt
1 24tz o2 ARG 1% HAc®F S4ol ARE-H vlx|2h
FEEeo RS 79 UEA g3t oAl Ad
ol AHE-E 1% HAcw | Fapd/dof] 7 9] Fafo] a2 Uet
W Zlo|ug uire FEEE0le vt R S Edo] AY
Fal A vk Ae Sk Zloltt. ol = et Ak
of b= o 28 target site T A= ob 2t
ofnlal Aolet. % 712] A7 Ak ulAjet 35 2o
Faeao] 2872 MRS 44 FHSAY o
INASES] 2521 Q1 A 2k-gofl o7t AR th= Al23E
Sho] 4B Ag E HE Do) ZATRS AIE U 74
188 7Hs/d o] Qith= A= 2v|sh= 2otk

iy

mu ;511
o) ]
Elo & o

o ot

o

)
i)

ox 5 = ol
i
>
|

M
DI
op

°f

1: A-Hindlll-digested DNA
2: Buffer without peptide
3: Gill

4: Mantle

5: Piscidin 1

Fig. 4. Gel retardation analysis or the binding of gill or mantle
extract to DNA. Binding of extract to DNA was assessed by mea-
suring the retardation of commercial molecular weight marker
A-HindlII-digested DNA (50 ng) migration through an agarose gel.
Lane 1: A-HindlIII-digested DNA(50 ng), lane 2: negative control,
0.0.1% HAc, lane 3: gill extract, lane 4: mantle extract, lane 5:
positive control, piscidin 1 1 pg.
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1.2
—l- Piscidin 1
—+- 0.01% HAc
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Fig. 5. Cytoplasmic membrane permeabilization of E. coli ML35p
by gill or mantle extract and piscidin 1. Cytoplasmic membrane
permeabilization was monitored as an increase in fluorescence in-
tensity by the hydrolysis of the impermeable, chromogenic sub-
strate ONPG in the presence of piscidin 1 (1 pg/mL) or extract (3
uL) for 60 min.

vpR| e} optn] 2EE R R PtEdS AAISH] fleiA o
/¢ HPLC column & 0]} column-g AH-8-3H A 745 4=
YO ZHN ot Pt A A A A
© & op7hu| 2&5-& CapCell-Pak C ; column (4.6 mm X 250
mm, Shiseido, Japan)of] =435} o™, He|¥ z4zke] Bl =
< B. subtilisol| 4] URDAW ©. = g#8de S48tk
(Fig. 6A). 7 A7}, 180]4] 195 Afolo] S35 R34 3
o] LeRg o SR E]S [ofA cation-exchange col-
umn?®! TSK-gel SP-5PW column (7.5 mm x 75 mm, Tosoh,
Japan)ol| =J 8l th3- 2] 2Hy 2 =3 5F3Ich(Fig. 6B). B+t
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Fig. 6. Purification of antimicrobial peptide from the gill extract.
(A) Reversed-phase HPLC separation of the Manila clam gill ex-
tract. The acidic extract was fractionated by the CapCell-Pak C
column. Elution was performed with a linear gradient of 5->65%
CH,CN in 0.1% TFA for 60 min at a flow rate of 1 mL/min. The
cluate was monitored at 220 nm. Fraction of the absorbance peak
(indicated by the arrow) showed antimicrobial activity against B.
subtilis KCTC1021 (inset). The elution point of the active peak
was at 23% CH,CN. (B) Active fraction was pooled and then ap-
plied to a cation-exchange 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 NacCl for 100 min at a flow rate of 1 mL/min. The
cluate was monitored at 220 nm. The elution point of the active
fraction occurred at 0.51 M NaCl (arrow). Fraction of the absor-
bance peak (indicated by the arrow) showed antimicrobial activity
against B. subtilis KCTC1021 (inset). Scale bar indicates 5 mm.
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Fig. 7. Final purification and molecular weight determination of
the purified peptide. (A) Final purification of the peak purified in
Fig. 6 (B) and antimicrobial activity of the purified peak against
B. subtilis KCTC1021 (inset). Scale bar indicates 5 mm. The
peak was purified with a CapCell-Pak C,; column using a linear
gradient of 5->45% CH,CN in 0.1% TFA for 40 min at a flow
rate of 1 mL/min. The eluate was monitored at 220 nm. (B) The
molecular weight of the purified peptide was determined using an
UltrafleXtreme MALDI-TOF mass spectrometer equipped with a
pulsed smart beam II in linear mode. MALDI-TOF mass spectrum
showed the singly and doubly charged species. The molecular
weight of the purified peptide is 2571.9 Da.
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