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HEESHEIMFE YFGAP E XA ETHERIERE
TR R
% Wl kAT FEL

(Rt R AL TAepe mat I 361021)

# . [84)] LE K YFGAP & 32 MRABRL R, 2T &4 3.4KkD, ¥ ZKAREGHF
FLRAMEGHRINE BZNITEER, REARLZEMN, EXWATE ¥ RLILH K YFGAP,
B I KT T A M FEN. [F ik 11654 % EK-YFGAP #= L-EK-YFGAP 4 B /571,
M3 £ K BAR pET22b-ELP20-EK-YFGAP. pET22b-ELP40-EK-YFGAP #= pET22b-ELP40-L-EK-
YFGAP, 4 #4640 E2 XMATH BL21(DE3)¥ 5541k, THEARRBIARLaEEE. Migdsis
Y7, % Vivaspin Turbo 4tz #hfb, M T ELHEA KRG H FfeinmE, [4£R] 4kl
ek A& @ ELP40-EK-YFGAP #= ELP40-L-EK-YFGAP, M ®8byshiv /s 3543 U E MK
YFGAP, t 4 AR H HH #4208, BhiEtiik, [ ] w4 ELPs 4k 4 4F &84 ib A2,
FZILT WHA K YFGAP ¢ akb ik, BEARMERE. RAK. §TH XOKY, AHZHRE K
BAGH] SRR F R4 T B A e R L HF.

KR WEK, Kk, a&b&&ka, WRAGHK

Expression and purification of an antimicrobial peptide,
YFGAP from yellowfin tuna (Thunnus albacores) in Escherichia
coli and characterization of its biological activity
LI Hui CHEN Yun-Hua ZHANG Guang-Ya LI Xia-Lan"

(College of Chemical Engineering, Huagiao University, Xiamen, Fujian 361021, China)

Abstract: [Objective] The antimicrobial peptide, YFGAP from yellowfin tuna (Thunnus albacores),
consisted of 32 amino acid residues, shows broad-spectrum antimicrobial activity against
Gram-positive and Gram-negative bacteria without hemolytic activity. Clone and express the
antimicrobial peptides, YFGAP in Escherichia coli BL21(DE3) and characterize its bioactivity.
[Methods] Based on the amino acids of EK-YFGAP and L-EK-YFGAP, the genes were synthesized
and ligated into pET-22b to construct these expression vectors, pET22b-ELP20-EK-YFGAP,
pET22b-ELP40-EK-YFGAP and pET22b-ELP40-L-EK-YFGAP. The vectors were transformed into E.
coli BL21(DES3) to express the fusion proteins. The fusion proteins were purified using the Elastin-like

EEMB: EKEARFAIETHNo. 21376103); fiey HARIER 40 H (No. 2013J01048)
*BIN{EE: X: xialan@hqu.edu.cn
Uris B 2014-11-14; 3#Z HHEA: 2014-12-29; e E=FH AR B 2 (www.cnkinet): 2015-01-22
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polypeptides (ELPs) as a purification tag by the method called inverse transition cycling (ITC) and
digested by enterokinase. Then the recombinant YFGAP was purified using Vivaspin Turbo.
Bioactivity of the peptide was tested. [Results] The fusion proteins, ELP40-EK-YFGAP and
ELP40-L-EK-YFGAP were expressed and purified by two rounds of ITC. After digested by
enterokinase, the recombinant YFGAP was purified using Vivaspin Turbo. Antimicrobial activity assay
demonstrated the recombinant YFGAP exhibited high antibacterial activity against four fish pathogens
without significant hemolytic activity. [Conclusion] The recombinant YFGAP was successfully
expressed in E. coli using ELPs as a purification tag. This strategy does not require the use of
chromatography, so that it is cost effective, easy to scale up and to multiplex. This study provides
theoretical foundation and technical means for scale-up preparation of antimicrobial peptides by

engineering method.

Keywords: Antimicrobial peptides, Elastin-like polypeptides, Fusion protein, Antibacterial activity

1 # BK(Antimicrobial peptides, AMPs) 2 P P47
BT, —MH 6-50 MR, | IZAET
RN, BAT S . TR R
AN, RESE LM LYY T AMPs
R AR PR THA R, Ao R E
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SENY a-MRESE, X 22 R (GO AR 22 R R
(GO RIS MHIER, AEATE MG,
SELGPIIE . R RVRDERAS I R BEAR R . A OC
PUE AR YFGAP [ SRIA AR WARGE . At
SEAd A [ AT 309 ELP[KVSFE-20]1E M4lifk
P&, BIEHiE IR YEGAP 16 R 2k,
HPUHEIK YFGAP 11 AR AE R I 5T 56

1 #EtET
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1.1.1  BRRFAESK: FUki pET-22b. Escherichia coli
BL21(DE3), Mg A4 T A TR ) B A R
Al Bk pUCI19-ELP20 AR 27 KOG 2 il 2L
s s K% AL [C R (Edwardsiella tarda) F1Vg K< R
M (Aeromonas hydrophila) NASZI =80 ; BIG
3K (Vibrio parahaemolyticus MCCC 1A02609)
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FMFE RS IR T o
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SDS-PAGE & HChilidin &, WHE = REYHAR
5T, MR E & A i Marker [ (3.3-22 kD),
W R AL A RHCA R AR i,
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M. BEHRIL, W H Thermo Fisher Scientific /] ;
Vivaspin Turbo (MWCO, 10 kD, Sartorius), 14 A ¥
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1.2 A&

121 RIEHFAWMWE: I EK-YFGAP Fl
L-EK-YFGAP M2 KEFRITH, L) E. coli bR+
DAL LR 81, IEAEFERF 50 5565 A Hind
I BI85, 351 A Xho 1REYINIE, fb2ra
K FES . H Nde T M Hind 11 XL 41
pUC19-ELP20, Hind III 1 Xho 1 H#]] EK-YFGAP,
Nde 1 #1 Xho 1 V)] pET-22b, JH T4 DNA & H: %
FEIE R pET22b-ELP20-EK-YFGAP F444L % E. coli
BL21(DE3)BAZ 840, T PAM I Fl Bgl 1 & [A] 2
fiti, FF AR Nde 1 #1 Bgl 1 [itit]] pUC19-ELP20, 3k
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pET22b-ELP20-EK-YFGAP % 4%, JE il pET22b-
ELP40-EK-YFGAP . Hind TII F1 Xho 1 [ V)
L-EK-YFGAP FIffii pET22b-ELP40-EK-YFGAP,
HEREGTE R pET22b-ELP40-L-EK-YFGAP, KN
Al R R IA AR 1 B O3 H AR PR v
FHATBURLRE VIS UE, B A T AR TR (It
A BRZA FIF

pET22b-ELP20-
EK-YFGAP EK
YFGAP

ELP40
pET22b-ELP40-
EK-YFGAP
YFG

122 FAZEAMFRIENGL: KEIEmH R
Fi B 1:100 ((RFH L) EEFP 275 Amp (100 mg/L)[%) LB
RS 37 °C | 200 r/min }EFER, W H %
HE 1:100 4F4%] 1 L& Amp (100 mg/L)fY TB 5537
Heh 37 °C, 200 r/min 3535 % ODgoo 29K 1.5,
A IPTG 5 F(ZWEN 0.5 mmol/L) 4 h, 4°C,
6 000 r/min &5.0> 10 min, 7, B#{AH PBS &b
W (pH 7.3, 137 mmol/L NaCl, 2.7 mmol/L KCI,
10 mmol/L Na,HPO,, 2 mmol/L KH,PO,)E#% 2 I,
YRI5 FH 30 mL Fie Y PBS S8 B, Eokin
HB R (300 W, TAE 2s, [HIF% 2 s, £ 20 min).
4°C, 12000 r/min &[> 10 min, Y& FiEH.

AlA AR ITC ¥, BDAnmsreEm, vk
# 15 min, 4 °C. 12 000 r/min &5.0> 10 min, 8 I
W EWE WP NayCOs I Wi B &k i N
2 mol/L, 50 °C K 15 min, 12 000 r/min &>
10 min, 3 L3; MUETHA 500 pL Hir2 ) PBS
SRR T BT DUNE , VKA 15 min, 4 °C ., 12 000 r/min
B0 10 ming FFUWE, FIHFRE A —4e4ifbr=9.
B FRaifb TR, 5 Raifbre Y. R 15%0
SDS-PAGE #:illl
123 MHEEEYIMEER: [ EHA e
25 °C IR EFVIR A&, BEUMAR N : 25 mmol/L
Tris-HCI (pH 7.6), 50 mmol/L NaCl, 2 mmol/L CaCl,,
Jnf e 10 U/mg MGEEH, Bii bl 1:500, RH]
Vivaspin Turbo #lifb#:, 4 °C. 12 000 r/min B.LMK
£V G B E AW . KA Tricine-SDS-PAGE
ViR

pET22b-ELP40-
L-EK-YFGAP

E1 MeEaREHkTEE

Figure 1 Schematic representation of the expression vector
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1.2.4 EEZRRINEFMERN: KELZ T 4
PR B AR I RIE T . WX BO AN A,
Pt TSB i3 U B % 10°-10° CFU/mL. [4] 96
FLBEARA I 100 pL B2, FIIA 100 uL %
GF R A L AR AR, LG P R v ok ot
B8, F 25 °C [EIERFE 16 h, BEFRAGME 600 nm Ab
WA, 50% Lk I 200 TR A= A A 00 i 1 o AR BV 38 52
S AR B (MIO)™ Y,

1.2.5 FHEZRBMFHERN: IR Seo
S8 A TN AE ., SRAEMDA 1, 4 °C . 5700 r/min
2.0 5 min, F PBS 2 0Pk 3 i J5 B 3%
B B 100 L FOLT 20 TS5 SRR R AR TR
WREMIRS), BT 37°CHE 1h)g, 4°C,
5700 r/min 5.0 5 min, /NOWE EYE 100 pL F 96
FUARPY, PRGN 405 nm ARG ., £TANAEER
HRAIN 0.5%0 Triton X-100 VER I M1,

2 GR5a0H
2.1 FixFARBIEE

FJ#ET pET22b-ELP20-EK-YFGAP . pET22b-
ELP40-EK-YFGAP FI pET22b-ELP40-L-EK-YFGAP
FIRFRL, KM Nde 1H1 Hind T B4 E, B
EBEBES LUK G IR s , BTSRRIVl 740
810 1 440 bp, 5 HAREEN ¥4 ELP40-EK-YFGAP .
ELP40-L-EK-YFGAP | ELP20-EK-YFGAP K/ &5
(# 2), PSR B/RFEFFIIER, FARBEIAE
PR

bp M 1 bp M 2 bp M 3

B2 ik RIKE

Figure 2 The cleavage map of the expression vector

Note: M: DNA marker; 1: pET22b-ELP40-EK-YFGAP; 2:
pET22b-ELP40-L-EK-YFGAP; 3: pET22b-ELP20-EK-YFGAP.
Digested by Nde I and Hind I11.
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22 RIEEEBRL4HK

BRA R AR, LPIR ITC JE3R4ifL)s,
SDS-PAGE HLyk#aill, 4nfEl 3 frzs. 7€ 25.0 kD Fl
27.0 kD AW E 44, 5 EUMRLG E A
ELP40-EK-YFGAP  (E40EY) F1 ELP40-L-EK-
YFGAP (E40LEY)R/MEFT, RUIFEE 8
Fik, PR ITC JEA AT LAtk b HAREE T, 21
FEAT A 69.7%H1 50.4%, {HAKIRSA WiRh 24
FEAE, W55 3 YCHIES 4 Yk4lifk, SDS-PAGE #&:illl
R A SR HRORAFTE (G R AR ), Rz
FHHA S ELPs AR, Frlisad ITC #5370
BE, AEE 1 ELP20-EK-YFGAP (E20EY)JGE:
IEH B BHE RN RN, ERMIK ITC gifb)s,
TE 14 kD 2L TCPA S 4571, Joi RIS aeating HArs .
23 BiHEEEEYIRMEER

FHH 15%F%) SDS-PAGE 6 B 5 #3511, 4n[&l
4 PR, FiEkb A R AR, R AT
VIR EEVIRG 3 . 42 Vivaspin Turbo 4l {4l
fk., Tricine-SDS-PAGE HLyKAKLM , Ul 5 fis, 7¢
3.3 kD fil 5.8 kD Z[AlH H—M5%47, A EREN
YFGAP,

El3 SDS-PAGE T ERMAER

Figure 3 SDS-PAGE analysis of the purified fusion
protein expressed in E. coli BL21(DE3)

H: M: BT REME; 10 E20EY —IR&EET=4; 2: E20EY
TREEETEY); 3. B40EY iR4ifk=4); 4: E40LEY k4l
e,

Note: M: Protein molecular weight marker; 1: The fusion protein
E20EY after first round of ITC; 2: The fusion protein E20EY after
second round of ITC; 3: The fusion protein E40EY after second
round of ITC; 4: The fusion protein E40LEY after second round of
ITC.
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eny
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. Nectrntes
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4 SDS-PAGE £ i HEeEsY ) EREEH

Figure 4 SDS-PAGE analysis of the purified fusion
protein cleaved by enterokinase

TE: M: A FREARE; 12 B40EY BFYIS & ; 2: E40LEY
7)) =5 {E]

Note: M: Protein molecular weight marker; 1: The fusion protein

E40EY cleaved by enterokinase; 2: The fusion protein E40LEY
cleaved by enterokinase.

kD M li 2
e o |

22.0 — -

14.4 — .

7.8 —

58 —

L

3.3 ~—

5 Tricine-SDS-PAGE 4L R E K YFGAP
Figure 5 Tricine-SDS-PAGE analysis of the purified
peptide YEFGAP

TE:M: 8 150 T RbRiE; 1: E40EY BEYIZEALSG 2K 2: E40LEY
AL ILIR 21k,

Note: M: Protein molecular weight marker; 1: The recombinant
peptide  YFGAP after tag romving from E40EY; 2: The
recombinant peptide YFGAP after tag romving from E40LEY.

2.4 EHZBKINEE RN

LR BRI S ZH BT AR YFGAP Xt 4 Fiii
JERR PRI VR ZE R 1, PURAK YFGAP X 4
Pt BRI AT M HIVE R . 5 Magainin 1AL, $T
FIK YFGAP il VEHIRSES , (HAREA R4 r 3l
LE
2.5 EHEZBKAMIE M

FEAHPUR K YFGAP BTGP 2 iR, 18
WREEART 25 mg/L B, UK YFGAP Jois Il i 1,
MWRIEIRF] 50 me/L B, BIMIETER 5.5%, X5
Magainin 11 (100 mg/L)## MG PEARRL, X E 4Bt
WK YEGAP & IfL/E F S .
3 i

L TR PR 178 F YR [ 0 2 e T JER 7 D 19 e A B ol
RS, FIFHSE P TR AR SRR BT B K Ry ST P ik
A SR T AR . KIBIFRRIE RS H
AR . Rk . BT RAIRAERE S, 2

®1 RERKNAEBEEARIRNERE

Table 1 Antibacterial assay of recombinant YFGAP and
Magainin II against different pathogenic strains

——, R AR R A
: i MIC (mg/L)

Tested bacteria —

YFGAP Magainin II

A. hydrophila 50 25
E. tarda 50 50
V. parahaemolyticus MCCC 1A02609 50 25
V. vulnificus MCCC 1H00066 50 25

R2 MEGAMES

Table 2 Hemolytic activities of the recombinant

YFGAP and Magainin I1
HERE %MTE
Concentration (mg/L) Hemolysis (%)_ -
YFGAP Magainin II

6.25 0 0

12.50 0 0

25.00 0 0

50.00 5.5 0

100.00 = 5.4
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A PERURE R — R B iy kB, Rl AR
W ] DRI BE B R 1 A it , IR PLRIK
Eony) O G G S S o e S S L RO E RS ey T o ]
FEEM Atk ELPs th T Halifk 5k i,
CHTHRRNERIL S8, A SCkiaE h
[ ELPs KHRJE: 40—-150 A T3P0 R IFoE
#H, FERAWSMEREAZEEA Linker, #H
MERREEAS BREAZ RN, B/NEHZ
[ AR AR, PRASAT IS ML Mk A 2 T, TR
A B TR R Al A R AR R P AT g AR
A AFTIRIT AR ELP[KVSF-20] e 2lifbbr
%, DUPLHIK YFGAP IWFREN S, Hizbim ks
ANE K B9 ELPs (ELP20 . ELP40)7E E. coli
BL21(DE3)Hi%EHs:, #ft 3 Fhaakakik. Hsbh, 7
ELP40 Fl EK-YFGAP Z[aJ#shin—BeNItE: Linker
L), L A—BRKEE FHI(EAAAK),, TTLIE
I o-IEIESE K , B4 T ELP40 Fl EK 22 1] )2 6] R
B9, LIRSS ELPs X A i iU 47 25 10 2 el o7
FHASON , PR bIR0% , SEm D b3R5 H T ol il
HHEA, W 3 PR, &M ITC 4ifk, "I 1L
KR 3545 389 g E40EY F1 986 pg E40LEY, 4f
JE43 51N 69.7%F1 50.4%. #lifk)5 E40LEY &M
oA E40EY 19 2.5 1%, (HU2MEY] LR ELPs 12815
FIPTRE K YFGAP /0 (35 3). 40 5 A o] BE 2 7
HHPR% ELPs FMIHAREE YFGAP ZIA[H AR
ML, 45 TEAMRAE, HRIER L X ik

x3 EARGESN
Table 3 Yield of the recombinant protein

LT ElEr

T Total protein®
Purification step E20EY E40EY E40LEY

Sonicated supernatant (mg) 225.6 2952 255.5

ITC purification (first round, mg) 27.3 18.2 22.3

ITC purification (second round, pug) 270 389 986

Proteolytic cleavage (YFGAP, ng) = 33 18
{£: *: Bradford JEMHriE RIS L ABAK, 5.5-6.5 g Wik
).

Note: *: Protein concentration was determined by Bradford protein
assay (Based on 1 L of bacterial culture, 5.5-6.5 g wet weight).
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