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Abstract: The feasibility of secretion expression of human a—defensin 5 (HDS5), which exhibits the highest an—
timicrobial activity in human a—defensin family, in Saccharomyces cerevisiae was explored. The DNA frag—
ment containing HD5 coding sequence with biased codons of S. cerevisiae was amplified by PCR, and insert—
ed into the shuttle plasmid pVT102U/a of S. cerevisiae. The recombinant vector named pVT102U/ac—HDS5
was transformed into S. cerevisiae S78. The positive recombinant clones were screened out under nutrient de—
ficiency. After fermentation, the recombinant protein could be detected in the culture supernatant by tricine—
SDS-PAGE, and the protein was further subjected to mass spectroscopy to identify the relative molecular
mass. The antimicrobial activities of the supernatant against the growth of Escherichia coli, Staphylococcus
aureus and Salmonella pullorum were investigated. The minimal concentrations of the lyophilized powder of
fermentation supernatant were 10 mg/mL to S. aureus and 40 mg/mL to both E. coli and S. pullorum for com—
plete inhibition. Furthermore, the antibacterial activity of supernatant did not attenuate after treatment with
various temperatures up to 140 °C for 10 min. The results showed that the recombinant HD5 could be pro—
duced with high antibacterial activity.
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1.1  BEHRFARAL

KIGHFA DHSa 452 B4 8] 2 3K BT VDT T IRAT
PR R P ) 6 IR T Rk S78 ¥ M AR LI 2717 .
PR FR IR pVT102U/a A S B 25 ARAF
1.2 TEMENLKF

T4 DNA M H Fermentas 23 w) (37 M %E);
BRI NI Xba T .Hind 111 g [ TaKaRa 23 )
(HA); Trans2K plus DNA X} 43 5t & A5 1 14
At 2N EYHE ARG R A, Tricine-SDS—
PAGE 371 & Fn Sk /N0 £ B A6 FE A it
L0 IR A FRZA 7] DNA IR EE e 111 i 7
FFNEE DNA P atifb ik &l 3 KR AL LR
HAUDARAF AT EHEREMRIBERWH
KO TR AE YR R ITEA A FHE T8
FEFNSAH = 0RO (51 3 Waters 24 ] (32 )

LB 55775k BEHI) 5 o SR 10 g, &
B8 10 ¢, ¥ F 1 L ZE187K, pH 7.0, 121 CKH;
YPD KigRdt: BERERIY) 10 o FE R 20 ¢ H%S
B 20 g, T 1 LZKIEK, pH 7.0, 115 “CK#; YSD
B9 Yeast Nitrogen Base 6.7 g, 2R 20 g, =
S 200 mg, PRIEN4 100 mg, ILEE 200 me, pH 7.0,
115 CKH .
1.3 ERMRREREHEHE

f£ NCBI 33| HD5 W& LR 751, S RER
T 1% T 1 25 - O 4, BT E AT 4R ) DNA
FEA, FEAEFR S 5 AN 3" 5 | AR5 5 5 A1
IR . BT B 1 L3R 1. BTG 1Y AR
TAY TR A R A A A

HDS5 JEH T 254 PCR BB 55—
B PCR M5 14% HD5-F1 Fl HD5-R1 M HIEH &
B HDS FEF a4 RO 5544 94 °C 30 s,
68 °C 30 5.68 °C 30 s, JHH 25 1K, 68 CAARLEfH
5 min BY 2514 F 4T DNA UG8, 55 % PCR
PLES — B B PCR W1 AR, DL HD5-F2 Fi


http://aps.unmc.edu/AP/statistic/statistic_fun

Fol KRN o BIER 5 TERUERERE P ) IR IE KOS YE T 473

*£1 PCRETASIY

Table 1 Sequences of primers used in PCR

Primer Sequence
HD5-F1 5'-TAAGAGATGTTATTGTAGAACTGGTAGATGTGCTACTAGAGAATCATTGTCTGGTGTCT-3"
HD5-R1 5'-TTATCTACAACACAATCTATACAATCTACCACTAATTTCACAGACACCAGACAATGATT-3’
HD5-F2 5'-CGTCTAGATAAGAGATGTTA-3'
HD5-R2 5'=CCGAAGCTTTATCTACAACA-3’

VE: HD5-F2 /73] P 85 F R LR T Xba 1 B394%.5.; HD5-R2 /53 ¥ 69 F %) £ % & Hind 1 BEbriL k.
Notes: The underline in HD5-F2 represents the recognition site of Xba I and the underline in HD5-R2 represents the recogni-

tion site of Hind III.
HD5-R2 N5 ¥ T PCR ¥ 48, [ 4514 94 °C
30 5.52 °C 40 s.72 C 40 s, 3£ 35 MEHR, K5
72 CHEf# 7 min, VIR PCR 774

¥ pVT102U/a A1 134 B PCR 774915353
BT Xba 1 Hind 111 B N DTRE AL AN 35N 0
P8 s PR KR I, I B [l i il D) Ak BE S Y
pVT102U/e F1 H () 7 Bt HDS, 1€ T4 DNA 3% i
PIVERT, S B3 W% ik 2 DHS«
TSI, T 37 CIEIEEE SRR IR 8~16 him,
PCR ik FHPERR AL o FHMREE R 3% M3 biEE e
LRGN, 2% A T AR TR () B0 A PR
oAl S o BHPEEE AL ok Ain 44 A pVT102U/a—
HD5,
14 ERBEBEZHELRERIE

W T TR pVT102U/a—HD5 5 AT % 1
ST8 JEAZ AR ML, VAT T YSD 5 I Bl B i 1k
AR IR I b, F 30 CEEAERE S 3~4 do FRHL
HARZH 3~5 mm K/NHETET 20 mL B9 YSD
WA B FEH, 200 r/min 30 CHMIT R #2150
(VIV)BY L, 4EACRDT-3, 200 t/min . 30 CHEMIT
s ¥ 10 50 (VIV)EIELG, KR FlE A YPD 1)
RS, T 200 r/min. 30 °ClE JRAE P gk sk &
B FE 96 h, 4 °C.5 000 r/min B.OUEKEE
I, B 100 mL E3E R T8 VR T8, il 4 T 1
o pVT102U/—HDS F AL i e LR 15 35 1 i il i
PR T 5 TR R, AR RN 20 A5 4R,
FIEPEREIN . DA SR A i IR T K A
X R
1.5 FHH Bt S5EEST

B AL Bk R s g e BRI E T
AL AT B . ERESERUS, JEid 0.1 mol/L
pH 4.2 1Y NaAC ZZ 0K, e A8 1 SRS T
2 0.1 mol/L.0.2 mol/L.0.3 mol/L.0.5 mol/L..1.0 mol/L
NaCl-NaAC WP B i f T 446 BE HURE, 1%
U T2 2 mL A2 47 #4728 15T Tricine —SDS -
PAGE #8138 1 SR v 3500 AH e 4 125 4

Akl

K 5 55 5 2 I Tricine—SDS—-PAGE Hi Jk
2 ) B v B A S I B T A e R B VR T
B RIS 2 2 MERA A AR 20 T
1.6 REFEHN

FRAE U LAY Bradford 3285 115 e B I 5 38571
B UG B B O ) BSA B MIFR MR X TR
D)3 B BCAS [ BE 9 BSA R AR 100 wL 5
Bradford TAE# 1.0 mL Fe4MR AR, FH25~30 °C)
JiCE 10 min, 7E43 6T I AE 2548 A s 1H,
I E 2 HEK; 2)LIKE BSA B FAFRIEIR A sos
(S-S RN, X I A B PSR S R A AL A,
T SigmaPlot A4 HilbrfE ML, 3)# I8 ik 1)
(IR AE 5 1 22 263K P20 B 20 R IR AR Y A sos
{E, FFTEpRE M2 B T3 AR DA it 1) 2 1 B ok
JE, 425 1SRG A B T B TR A TR A o)
1.7 EfH HDS EBRRAEYE MR

BUEY Bk ¥ 3 mL A KRIAFF A (ODgo =
1.5~2.0) .4 B (O 2 3K (O Do =1.5~2.0)F1VD 1]
A (ODgo mi=1.5~2.0) I Z 100 mL . FlfL
(14 LB JEFRdkrh, e AR, FTFLIFHA 100 pL
(F DN R LA B MR AR T, 37 CHE SR 8~16 h, MEE
A A= A 0 LA A T R R RN B2k i
WA 5y ) B TR A 60 °C.80 °C. 100 CHY7ZK
AR LA 120 °C 140 CHIBER H AL 10 min, F]
FRZIR Y HOAG I b B AOARE S X 3 Folr i 3 i
RO
1.8 EZ HD5 EAMNR/MMIERENE

DRI B : KR DA 4 o (0 A A B A

LB 55 SR I 0Dy o 9 0.1, FfJG RS T HRTE
10 R FERRA T E 1x10° cfu/mL, WA T F Ak
LB $5357 3K, 37 “CHEF% 8~16 h J, Go vk 4.
PRS2 5. B 50 rL Klﬁl‘?ﬁfﬁ(% mg/ml |
20 mg/mL.10 mg/mL.5.0 mg/mL.2.5 mg/mL.0 mg/ml)
AR5 50 WL WKREESN 1x10° cfu/mL #YTH
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RA, IRSERAE] LB BIAR R |, 37 CHiF#
8~16 h, MEAN A KA, Geil s 4.

2 HRE5SMH

21 BEARFHEHEBEMNER

R PCR 9315 2 4wt B 19 2 IR
BRIFA ., 558 5 PCR (7= Wyt A% BR BRI HRL K
K, 45 A0 1A B, 1~3 3kGE B8 B s Tk 4%
MK/ R 100 bp, U E A R BER/INEA
— 8, VIR NS, ¥ B R B ik ik &
Xba 1 1 Hind 111 Y, EHEAL G NS AL AR
PRIBCEATE VR, FEATIETS PCR KGN . 6045 5 &)
1B i/, 25 1 JKIE 2 BHPEXT BE, BRI H 1) A BEis
BRI EI M) PCR ™4, 55 2.3 VKB 34k F 4 Tk
FHE seRE PR 7% PCR =4, 55 2.3 VKIB i LUK A% HE
KNGS 1 IKIE R 55 K/ NEAR—S, PCR &4
FIFARAT I i i HDS 7 A 25 9 3 L 1 B 1T R T
51 k7: CGTCTAGATAAGAGATGTTATTGTAGAAC—
TGGTAGATGTGCTACTAGAGAATCATTGTCTGG—
TGTCTGTGAAATTAGTGGTAGATTGTATAGATT —
GTGTTGTAGATAAAGCTTCGG, W J¥ 45 S 55 Tl ]
FEH 584 —3, A4 Xba 1 A1 Hind 111 BEEIA7 05,
DI K B T Kex2 THBI 5
22 EHHDS EAMAUDHER

T BB 5c e, WA BRI, R S g5 i 0
A% TRE S T tricine—SDS-PAGE #4758 5E, 45
SN 2 FroR: 7E5R 2 YkiB RIYEREREE A 0.2 mol/L
NaCl B} iy e AR Nz B I EE 1 (HDS)
() 5 FoARTKIE Y TCI B B & 4y . i
— A 3 R AR £ XS A B A 0.2 mol/L
NaCl B PE B e A T s, WO SR Ve, 647 T
TEUERE, SMMT s =W, S5SNI 3 BT, HHXE
TN 3 410, SHEUEK/N 3 416 FHELEL, B4
22 6, XX FIE AL 3 4 —mise it i 25 6 A4~
i, XL RR], HMEI(HDS)E 4
BNFIR HIE R T 3 % s
23 FEMRIEESHER

R 2 R Y Bradford 72222 il 25 11 5 A 7 il 28
(B 4), B T A5 A 8 35 7 38 o ik I il
B4R, M 5EH 595 nm T ARG . MR PR bR e
IR b at, Fohas FOu IR B3R
SEHIEH 69.62 mg/L, FEfhZH S78-pVT102U/a—HD5
() A Fe ik Bl 233.45 me/L, AT F5 21 B 4
Z HD5 19 20 f5H il 5 =0 163.83 mg/L.

1 EARAHEHNENEAXERE

(AR SLIE)E B 89 5 Bd ke m B M: DNA 47, 1~3: PCR
¥ ¥ =4, (B)HA % PCR fit T A ke B M:
DNA ARAE; 1: FEMT R (B 89 K BR); 2, 3: TR A fabe L%
H % PCR * 4.,

Fig.1 The result of construction of recombinant expres—
sion vector

(A) PCR amplification of target fragment. M: Trans2K plus
DNA marker; 1~3: PCR amplification product; (B) PCR am-
plification of target fragment in single colonies. M: Trans2K
plus DNA marker; 1: Positive control; 2, 3: PCR from single
positive colonies.
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2 KEEFYIMAETZHIERRK tricine-SDS-PAGE B

kA E

M: & & RARAE; 1: 0.1 mol/L #6 L& 2: 0.2 mol/L. #EALI&
3: 0.3 mol/L #e/BLi&; 4: 0.5 mol/L #BLi&; 5: 1.0 mol/L #feik .
Fig.2 The tricine-SDS-PAGE analysis of expressed HD5
from the eluent of cation—exchange column

M: Protein marker; 1: From 0.1 mol/L eluent; 2: From 0.2 mol/L
eluent; 3: From 0.3 mol/L eluent; 4: From 0.5 mol/L eluent;
5: From 1.0 mol/L eluent.
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Fig.3 MALDI-TOF-MS analysis of HDS
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Fig.4 The standard curve of BSA

(4) (B)
5 E{H HD5 ERMINE A E
(A) T HDS Z G XA R 947 B, (B) £4 HDS &
asxtek e R HRAGITHA A, (C) T4 HDS Za iy
KATE A 1: MM, 3 (A)F=(C)89 M st 18 4
0.2 mg/ml &F FHEZ, B)# A B A 0.5 mg/mL £ A
FF 2 WARRIE B 3 R LI R 40 20 ARG
Fig.5 The antibacterial effects of recombinant HD5
(A) The antibacterial effects of recombinant HD5 on E. coli;
(B) The antibacterial effects of recombinant HD5 on S. aureus;
(C) The antibacterial effects of recombinant HDS on S. pullorum.
1: Positive control, 0.2 mg/mL ampicillin for E. coli (A) and S.
pullorum (C), and 0.5 mg/mL kanamyecin for S. aureus (B); 2: Ex-
pression supernatant of pVT102U/o; 3: Expression supernatant
of pVT102U/a—HDS; 4: Concentrated solution (20x) of ex-
pressed product.

AR WO TN 250, SR 6 P . HUES

ARIBEXEH HDS & HiE AR

(A) K& R XA AGIPE B, B) RERTEFER S
RAGTAR; C) RERMN DV ITRAANITAR 1. AZ
AL 220 K B L 20 45 R R 2~6 R A 60 °C.80 °C,
100 °C. 120 °C. 140 CHAL b3k 45,

Fig.6 Effect of temperature on the antibacterial activity
of recombinant HD5

E 6

(A) The antibacterial effects of the concentrated solution on
E. coli; (B) The antibacterial effects of the concentrated solu-
tion on S. aureus; (C) The antibacterial effects of the concen-

trated solution on S. pullorum. 1: Without heat treatment; 2~
6: Heat treatment at 60 °C, 80 °C, 100 °C, 120 °C and 140 C,

respectively.

AR 2~6 SRR RCR K B, #4118
Hh R I TR Rl AR B A A AR Ak, BV 225 120 <C
1140 CHY iR AL FS 588 HAA TG VE, BE]FA
(1) H A9 EE 11 HDS W AT B i i 321
2.6 S/MMIERERNE

FAAS ) B2 19 235 7 0) 3 b 4 1 47 4k
B, ¥5URAT T LB KR Ak BaESR, B S IC sk A
ACTR) BRI, SRR 2 FoR . HAREE A58
A 4 V60,3 2 K O ) e/ NAR JE R 10 mg/mL,
SE AN KN B AN VD T AT TR 4 e /N ik B2 Sy
40 mg/mlL.

3 g

F A5G T M0 P RS 1 1 40 2 1k HDS 94
D, ARSI E UK HDS 5 DR E TG 19 £ 4 e
TR hER, HAETE YA N SC 56 & B HDS Rk
PRI RIAAT 4 o3 A Bk s AT W S i)
SRR, XD T T ERAT B R R R RO . o
FERBL, KERVUR AT HAR T 1

xR2 =EMERHEARIRENEZL HDS EELAEFAEKEHNEEY
Table 2 The colony counts of three kinds of bacteria treated with different concentrations of HD5 o)
xts
0 mg/L. 40 mg/mL 20 mg/mL 10 mg/mL 5.0 mg/mL 2.5 mg/mL
S. aureus 41+7 0 0 0 19+5 30+6
E. coli 30+7 0 104 27+6 - -
S. pullorum 34+6 0 13+5 28+6 - -

T 4= AT HDS A KA H Ao 20 11 RAT B S A # R 1R A
Note: “~” represents that HD5 has no inhibitory effect.
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BRI R, 7E4d 60 °C.80 °C 100 °C.120 °C
140 CriAbHL 5, 28 P HA 15 54D
BRI K KA. HDS ByFaE v 5 H 2 kY
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JREE AR E M A SR 018 R s B IR eRE, 760
TE SR, AR EHE W e E
HW R, IR misg . R ERE R HDS
I, AMEA R AF R30I 1 HOE A —
E BT S22, NIRRT YIE L T 5 KRR+
— 2 A5, IR T e P AE DT
P o ARSCH I E A F R TR, JCFE Ui Tt
(AN HE TR EE RS S R W, KA 75 = A IPTG
%), BB HDS F& [1REM 37 iR bE, HoAE
Vg PE LR e, M A HDS BUR IKTE & b %
4 TCHUFRIH A S B )5 TR I T B 1 e

52 3L ik (References):

(11 % N BB 4 JER AR KT YED]. JIM: ik
(Shen Jing. The Expression and Identification of Human B-de—
fensin—4[D]. Guangzhou: Sun Yat-Sen University), 2014.

(2] 25k, 50, R, 55 BUR RO RS E R K 3L FH ).
SIEFER(Li Guan—nan, Xia Xue—juan, Long Yao-hang, et al.
Research progresses and applications of antimicrobial peptidedJ].
Chinese Journal of Animal Nutrition), 2014, 26(1): 17-25.

(7]

(8]

[

[10]

[11]

B, AT, SR BT, SF. PURIKASR I 88 L i ML
FEERE). BUCE Bl (Miao Jian—yin, Ke Chang, Guo Hao—
xian, et al. Extraction, isolation and antibacterial mechanism of
antibacterial peptides|J]. Modern Food Science and Technolo—
gy), 2014, 30(1): 233-240.

JEWE AR, BRBHSCHR. A Btz -5 DFFER]. WEs LAk
Z4 & (Teng Li—juan, Ouyang Wen—xian. Progress in human a-
defensin—5[]J]. International Journal of Pediatrics), 2016, 43(11):
854-855.

Furci L, Tolazzi M, Sironi F, et al. Inhibition of HIV-1 infection
by human a-defensin—5, a natural antimicrobial peptide ex—
pressed in the genital and intestinal mucosae[J]. PLoS One, 2012,
7(9): e45208.

Wiens M E, Smith J G. a—Defensin HD5 inhibits human pa—
pillomavirus 16 infection via capsid stabilization and redirec—
tion to the lysosome[J]. mBio, 2017, 8(1): €02304-16.

TEDY, Mg, 2508, 55, N o-BifEIER 5 i m 7E SRR g
BErp ek S]], A B RN (Wang Fang, Wu Hui,
Li Jian—xing, et al. Secreted expression of human a—defensin—
5 preproprotein in Pichia pastoris [J]. Modern Food Science
and Technology), 2010, 26(11): 1181-1184.

FIOF, oK, BRI, 6. N o BifIZE 5 FERMFF Ty a]
GRS AT A TR R(Wang Ai-ping, Su Yong—
ping, Cheng Tian—min, et al. Soluble expression and purifica—
tion of human a—defensin-5 in Eseherichta coli[J]. Chinese Jour—
nal of Biotechnology), 2008, 24(2): 291-296.

T, FokHE, BUTEE, % A a-BiE 5 fEEE AR
SIS 5= PR Wang Ai-ping Su Yong—
ping, Shen Ming—qiang, et al. Secretion expression of human
a—defensin 5 in Pichia pastoris[]J]. Acta Academiae Medicinae
Militaris Tertiae), 2008, 30(4): 311-313.

BRI, Bk, LSBT IR U (Luo Gang,
Wei Hong. Advances in mammalian antimicrobial peptides|[J].
Sichuan Journal of Zoology), 2002, 21(4): 255-258.

Szyk A, Wu Z, Tucker K, et al. Crystal structures of human a-
defensins HNP4, HD5, and HD6[J]. Protein Science, 2006, 15
(12): 2749-2760.



