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Purification of an Antibacterial Peptide from the Gills of the Pufferfish Takifugu pardalis
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An antibacterial peptide was purified from an acidified gill extract of the pufferfish Takifugu pardalis.
The acidified gill extract was put through a Sep-Pak C18 solid phase extraction cartridge using a step-
wise gradient and divided into a flow-through (F.T.) and 60% methanol fraction (RM 60). Among the
eluents, RM 60 had potent antibacterial activity against Bacillus subtilis KCTC 1021. RM 60 was parti-
ally purified on a cationic-exchange column (SP-5PW) by a linear gradient, and the antibacterial pep-
tide was then further purified, using a series of cationic-exchange and Cis reversed-phase HPLC
columns. For characterization of the purified peptide, its molecular weight and amino acid sequence
were analyzed by MALDI-TOF MS and Edman degradation. The molecular weight of the peptide was
about 1171.6 Da. The amino acid sequence of the peptide was partially determined as: STKEKAPRKQ.
A comparison of the N-terminal amino acid sequence of the purified peptide with that of other
known polypeptides revealed high homology with the N-terminus of the histone H3 protein, which
belongs to the histone H3 family. Thus, this peptide was designated as a puffer fish gill (PFG)-related
antimicrobial peptide. This is the report to describe an antimicrobial function for the N-terminus of
histone H3 of an animal species. The findings suggest that this peptide plays a significant role in the

innate defense system of the pufferfish.

Key words : Antibacterial peptide, gill, pufferfish, purification
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W ol ERe) R4 ol ZRE ARE 7)%e
AYs A28y 84 AR B9 A7E 204 B4 9,
mebA, B A7 AL 28 obhe 232 Agdtel 3
F94€ YEiE 242 AAGLA St

>

a
R

=
1ol A8 5 (Tukifugu pardalis, 307+], A% 5~7 cm)
15 28 o] FARA T Aupggitel A skt &
SRRE optuE e F, SA dA i FEAAA
Ad A7A 75T BEstgth

INE - PN I

Sep-Pak Vac C18 cartridge= WatersA} (Waters associates,
Miliford, MA, USA)ll A 718} 91t Tryptic soy broth (TSB)
¢} Lactose-Boullion (LB)= MerckAl (Merck, Darmstadt,
Germany)©l| 4|, Agarose (Low EEO Agar)© SigmaAl (St.
Louis, MO, USA)ell A 27} -9} 8} th. HPLC-grade®] water
(H:0) 9 acetonitrile (CH;CN)< J.T. BakerAl (NJ, USA)el A

Aok, T ol BE A2 5FE& AHEsA

£= 0pio| ZH2REH FES2 N

54 BaE 259 oprhv] 2250 g)oll 200 mle] 1% &4+
< A7He H 100CAA 523 Y F $AAAG 242
homogenizer (IKA® basic ULTRA-TURRAX, USA)E 1}4]
sta] AZE 4TA 308 59 13,000 x g2 FAEE 3}
F5HE FEFATHGS ml). T F, Sep-Pak C18 cartridge
(20 ml, Waters)oll 59& F3td 0.1% trifluoroacetic
acid (TFA), 01% TFA7} Z39 60% w5 RM60)Z 24L&
SEAATE0 ml). FHEHE S A8 RM609] 1/
10,000, 1/5,000 2 1/2,5000] oﬂﬂaé F& AEEEE o, A
£ FFEE Bacillus subtilis KCTC 10218 AH-&3F 4.

=
=

eter (Product No. 52-1210, BioMerieux, Inc., USA)—E‘ A3t
of ¥EE 84%T (= 1x10° CFU/ml)7} 'EMI AT I %,
9.5 ml9] 0.03% TSB, 1% Type I agarose ¥ 10 mM phosphate
buffer (pH 6.5)% X33+ underlay gelol 84%TE 34 €
705 miE ¥ & 4 o plateo] HHA Fol Z3] 1,
Z2 plated] punchg Ar-83te] 274 25 mme well& 2
T, FE2E F 99 1/100&¢ =Y AT EE sample
0.01% acetic acid (pH 4.0)°1 5o A4S ZH53 21, neg-
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ative control2 0.01% acetic acid (pH 4.0) 5 ulg &3t
ol o FFo] YIS G FEEC] WA ~
HEW AT T 13 W gE F, 1 9ol 10 mIS) 6% TSB,
1% Type I agarose ¥ 10 mM phosphate buffer (pH 6.5)&
Z 3 overlay gele %3 23 $o YT 2E 4 184
F B 27k W s AT O g, well 99 clear zone?
5 2 clear zone diameter (mm)E <15t &4 9 A7 E
=5ttt &, AAS 49 pH, 2%, 2 trypsin E 7}

AYL o]d BT FUS WY o r ZA5HTH28]
ol AHEF EHLE 20 pg/mls AR O, AHE FFE
- subtilis KCTC 1021 AH&stdth ¢4, &= td &3t
Folr 7] 95 B 100CAA 1087 Helste] &+
2H4E AU E49 pH ¥, 44 2 @V dig
F &= 001% HCA 2 001% NaOHE 27y A 2lste 37C
oA 1027 FAF & ZAA. Trypsinel i &2 9
FHEHE 250 mg/mlY
Scientific, Fairlawn, NJ, USA)<
PAd & SA T

oot [‘9_‘4 ol

mlru o> SN

crystalline trypsin (Fisher
A7keka 37 Tol A 60%2t

N

gngy HE(=Q FH

3 784S e = RM60 (50 ml) §9& 53417
5, 5 A7 €92 ml)& High Performance Liquid Chro-
matography (HPLO)E A A5tk A WA QA E cation-ex-
change column$! TSK-gel SP-5PW (7.5 mm X 75 mm, Tosoh,
Japan)E AH&3te] Tt 2 Bz o g A A
£1); 20 mM citric buffer (pH 6.0), B&1l; 1.0 M NaCl& 3§
3t 20 mM citric buffer (pH 6.0), #2271, 0 M NaCl (45
min), 0 M — 1 M NaCl (50 min), %; 1.0 ml/min. £ ¥
2Hzko] £YEL2 1/2000 | Fste F& A5t URDAR
g4 753}%1‘4. T HA AR, A A gACdA 24
YERd B35S CapcellPak Cis (4.6 mm x 250 mm, Shisei-
do, Japan) column®l F¢}3to] BA PO Fez2HdL o
23} 2k A £0; 01% TFAS Z38H= HO (pH22), B&;
0.1% TFAE E33t= CHsCN (pH 2.2), 827, 5 — 65%
(60 min), 4; 220 nm, fr4; 1.0 ml/min. 2 fraction
collectorg o] g3t 1 £% 1 ml& Totor, £e8 247+
Y52 1/500 idehs g2 AHE3t] URDAZ 24 <&
AT Al WA dA R, 28 Ad £ ES cation-ex-
change column$! Mono-S"* HR5/5 (Pharmacia Biotech,
Sweden)E At&3te] O3t 22 2o AASAH.
A £7; 20 mM citric buffer (pH 6.0), B &7; 1.0 M NaCl&
238k 20 mM citric buffer (pH 6.0), 81 &4d; 0 M— 1
M NaCl (50 min), 34; 220 nm, %; 0.5 ml/min. ¥ HA
GAE 458 E CapeellPak Cis (4.6x250 mm) column®l]
FUsto] Ao exde tad 2ok A &9 01%
TFAE 33t H0 (pH22), B&1l; 01% TFAS 33+

A
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CH:CN (pH 22), ®81%7; 12 — 17% (10 min), 37%; 220
nm, £r%; 1.0 ml/min. £ 72t79] B 5L 1/59 &3t
T %S A48t URDAZE #4& A8 A viA 9 A
AR E4E Ad B2 YT CapeellPak Cis columns
AHg3ke] isocratic 2A 02 Jdegon, Rexde e
3 2t A §7; 01% TFAS T8} HO (pH2.2), BE;
0.1% TFAE E3hE CHCN (pH 22), &8 27; 14%9] iso-
cratic (30 min), T4 220 nm, F%; 1.0 ml/min (Fig. 1). &
APE ALl AgHglon, 742t FAHoA Fejd £
E2 B. subtilis KCTC 1021& AH-&3te] 4848 SAHH
t}.

EAE 3 MEEY

AT AT Fd2H A EAFS FA AA
Matrix-Assisted Laser Desorption Ionization (MALDI) Mass
spectrometer (Voyager-DETM STR spectrometer, perseptive
Biosystem, USA)E At&3t5 21, Matrixe a-cyano-4-hy-
droxycinamic acidE AH&-stAth EF HAF HAE ] ofw]
A S £437] el A Edman #31%& ] &3 Shi-
madzu (PPSQ-21A, Japan) otv] =4t BA47| (R4 DR 5
APAE/)E AEstait

21

#a
]

il

E£59| 0PI0|2REH SRR F& Y A

89 opybH] FEES AHE-3F] Sep-Pak Cl18 cartridge®
BE QA £33 RM 609 1/10,000, 1/5,000, 1/2,5000]
A Fate %o ¥EZ B. subtilis KCTC 10210 B 724

The gill extracts of T. paradalis

1
SP-5PW (7.5 mm x 75 mm)

[0—0 M (45 min) — 1 M NaCl (50 min), 1ml/min]

!
Capcellpak C18 (4.6x250 mm)

[5—65 % CH,CN/0.1 % TFA (60 min), Iml/min)

I
Mono-S HR 5/5

[0—1 M NaCl (50 min), 0.5ml/min]

!
Capcellpak C18 (4.6x250 mm)

[12—17 % CH,CN/0.1 % TFA (10 min), Iml/min)

!
Capcellpak C18 (4.6x250 mm)
[14 % CH5CN/0.1 % TFA, 1ml/min)

Ist

2nd

3rd

4th

5th

Fig. 1. Procedures for the HPLC purification of antibacterial
peptide from the gill extract of pufferfish Takifugu
pardalis.

S Z2AAqY. 1 27, RM 60 474 sidats sEA
% < Yer At (Fig. 2). 7 23 RM 60& 11.6~14.1
mm 279 FFZA4E Yy et Positive control 2 3
A el =4 piscidin (1 mg/ml9] 3 pl)& AH-&3H5oH,
o] 49 gFutge A7]E 128 mmE YERY T

op7to| £&E=(RM60) 2R H argM HE0|=9 A

A A FAGAZ RM 604 cation-exchange column?l
TSK-Gel SP-5PWE A&3t o, dojdl #8952 4 £
©] 1/2000] 3§ @3t= G A&t B. subtilis KCTC 10210]
s g2 49T 2 A5 oF 013~017 Mol A 7
3 242 Jeh) A th(Fig. 3A9 black bar). ¥-8-& ERA
24 +9& Fig. 19 Yepd AAR 94 9 ol nd
HPLCE n4 whez o2 Abgsto] Attt kA2 &
o] 94 HPLC (Capcellpak Cis, 4.6x250 mm)oll 4] 14%2] iso-
cratic 271 0.2 HFAQA 3t tH(Fig. 4A). o] 242 Puffer-
fish gillol Al HA = %7] ol H4 PFGE B3t Htt.

PFG2| pH, 2= ¥ trypsin Mz2|0f| [t & &1}

A B 33 EAQ A BHE Fotrr] 9fs)
A pH, 2= ¥ FZ2AHE st FHEHL ZAHIAT
(Table 1). PFGE ©9Wd &3] E22 trypsing A &|5}7] o

Fig. 2. Antimicrobial activity of the pufferfish’ gill RM60 eluted
by Sep-Pak C18 cartridge. A; 1/2,500 of RM 60, B;
1/5,000 of RM 60, C; 1/10,000 of RM 60, D; positive con-
trol (Piscidin 3 pl of 1 mg/ml), E; negative control
(sterilized water).

Table 1. Effect of pH, temperature, and protease treatment on
the stability of PFG against Bacillus. subtilis KCTC1021.
A; PFG, B; trypsin treatment, C; heating, D; 0.01% HCl,

E; 0.01% NaOH
E

B. Subtilis
KCTC1021




Journal of Life Science 2017, Vol. 27. No. 1 53
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Time (min) Fig. 3. (A) First cation exchange HPLC sepa-

B ration of the RM 60 of gill extracts.
The RM 60 was fractionated by the

i SP-5PW column. Fractions of the ab-
sorbance peak (indicated by the black
bar) showed antibacterial activity
against Bacillus subtilis KCTC 1021.
(B) The 4th reversed-phase HPLC
purification of the active fraction and
Q18 the peptide was purified with Cap-
cellpak C18 column (4.6x250 mm).
05— [; i | i i ; The arrow represents fractions with
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Fig. 4. (A) Final purification of the active fraction. The peptide was purified with Capcellpak C18 column (4.6x250 mm) column
and an isocratic gradient of 14% acetonitrile in 0.1% TFA at a flow rate of 1.0 ml/min. The eluate was monitored at 220
nm. (B) The molecular weight of the purified peptide was determined using an MALDI-TOF mass spectrometer.

= 42 S YeER YA T (Table 1A), trypsing A& & & th. PFGY #2823 1171.595 Daol 9L 3L (Fig. 4B), ©] =49
o

& 2 240l &4 53 th(Table 1B). 121 €(100T) dAF2E 10719 ofr At 2712 748 STKEKAPRKQ-
< 7htAY A g 4714 =4St E 240 IdE F OH=Z AW U ot it g FH o 2HH doji PFG
A 5| 9 th(Table 1C - Table 1E). ©| 2 &t A3 2 5-€ PFGe| & o BAFES AT A, BAFS 117235 Dal 2 o] 2%
AL 25 5 pH #ste] thel A etAT, trypsin A2 2 A £ o] 249 plR 10292 H¢ & 97
T e iAsite Ae ¢ dnh A& AU ok PEGE] ofvliat A a3t 729 B3zl A
4] FYA (homology)e %oti 7] 918 NCBI blastE &

PFGl 2Xt2F ¥ oto|cat M o 2AR A3}, 08 F E 5 (Takifugu rubripes), T01 A
AAZ fetolee FaF 9 opu it HE S dotH 7| 2] E(Haplochromis burtoni), &= | 57 (Gazza minuta), &
93] MALDI-TOF Mass®} ot =44 d B4 712 ZH 3849 0] cyprinid o1 5 (Sinocyclocheilus grahami), 5-A(large yel-
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Takifugu pardalis
Takifugu rubripes
Haplochromis burtoni
Gazza minata
Sinocyclocheilus grahami
Larimichthys crocea

Fig. 5. Alignment of the purified peptide amino acid sequence with the N-terminus of other histone H3: Takifugu rubripes (XP_
011607083.1), Haplochromis burtoni (XP_005947953.1), Gazza minuta |gb (AEI90816.1), Sinocyclocheilus grahami (XP_016114114.1),
Larimichthys crocea (XP_010749697.1). Conserved amino acids are indicated by black boxes.

low croaker, Larimichthys crocea)®l &AJ3t+= histone H39| N-
dagdy FrAor fAS Ae ¢ F AUT(Fig. 5).

Histoned A4S FA4sts T4 ©dido|y, Hl, H2,
H2A, H2B, H3 & H4¢} o] 6579 histone®] ¥z A St
o]£2 DNAY $5& 591, fria Hd24 $8¢ o
& gttt =9 histone> H714 ofr|Ate] ol 917] wfE

o AAHLZ FHeE WE DNAY =73t ghgof
218 BT ofYe} histoned] FEAE 7lojdin. o] Y
e}y 54 o9l histone frefo A S0l FEBH =
Uetd . =k &4 JEtol = Yty o g A4
Hoe 4714 ofuxibs Ho] 2¥st1 e AR

2 Q7] Wi, 4714 ofn|eAbS wol
tone &l EAE 4 HEtol=9} fA
et Ao gzt Az AF74A w7, ¢
H¥ histone H1, H2A % H2B ¢ E2Eo ] g4 HEk
ol= 2 wAE I3, 19, 20, 23, 25, 29, 30]. 21} histone
H37 H4ol A fef® &84 Setol=of tig Bae ofF
THA S A A FTH16]. B AFolM SE| orjm 2R
Bl A A ¥ PFGE histone H39] N-Z© g% F 402 &
U3t MEE YeER I 7] W&ol PFGE Aso2 A d
histone H3 f31¢] &4 Hetol=g AZE. o|H3 2
Fe B AFNM AR FadH BHo] 7]Eo gy
histone H1, H2A 3! H2B fr2f o] =23 th& F79 =420
e A gu gt geba A2o] AAE E4Le 89 of
7o o] ZA 81 9+ histone H3#H 374 EZolgt A7
=, o] 4L £E9 oyt A Mg o] Al2EA
8% 9TS 32 AT A, dA o] AFE EYE
A3 LS A7) Y3 5 DNA F2YS AP 94
o|t}.

ZAte 2

o

2
re
44 e
A
32 rlo

=
s

FAU SR Ao stE A7 (20159) 0l o8
S (FAME; CD20150958).

10.
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