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B OE. (%) RSIE K Misgurin 2 RSKIESE F M AR F A K ERERAS, A
EFBERILE GE S, PTVARIF R IR IRRARA £Z0h. [B 9] A T FI 2R LRI
@ Ik Misgurin, [77 3% Y ¥Rk Iked B 69K R 5 pPICOK kX B RikdE, MR EMEZLFA4
PPICOK-misgurin, Sal | Batn& ik, Fididd & ka4 55 e ki £ SMD1168 4 &4k E.
£ MD ER3E IR ki FEbE 56 & 3] MD &AR3E AL+, 30 °C. 200 r/min #3274~ 96 h, %
3] BMMY AR R A HATHF KL, 55 24 hio A 5% F B2, @13 thi 37 4] K AT H #=
AR ERNHRGWEH B ARG R, Hik i E M S8 E Ak pPICIK-misgurin-22. #51% B4
100 L t9 & B4 5 5 &Rk, 48 h estiTEteteml, [4£ 2] 2 TricineSDS-PAGE & & kA& )
Fo i AT %%, pPICIK-misgurin-22 B AR5 £ 348 69 % M A i A 4L H K Misgurin, K B 4L
Bt 48 h AT FARHMAL B 48 h, MAMMF AN AMBMRZ T 1474, ReHFEHHRBOAE
MHEMIRE T 143 4%; RE K Misgurin 31402 RpAFHE . WITKAARBGIRE EH, &K
FRE T ARBRARE RN WL FRNEG . EHRE. ARBAAARAEN, LARERE
My BIREIAF)] 90 °C MY A BER M ILE F A LR 5, AL BRY pHAEAE 1.0-12.0 Z B AR A
WHEN, mARETOH. BEO%. T8 K EREBEMRIG. [£6]) K3 T —dEEFK
B R FA G, A Tkt F A 69 7 i Bk Misgurin 9 @ #R.
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High-level expression in Pichia pastoris SM D1168 of
misgurin and its antimicrobial activity

MA Ping? XUE Lin-Gui*** SHANG Hai'? HE Xiao-Yan** XIE Chang-Geng®
WANG Xia"? FAN Tao-Tao*®> CHEN Xi-Ming® JANG Jin-Rong"? LI Ting?

(1. School of Chemical and Biological Engineering, Lanzhou Jiaotong University, Lanzhou, Gansu 730070, China)

(2. Key Laboratory of Desert and Desertification, Northwest Institute of Eco-Environment and Resources,
Chinese Academy of Sciences, Lanzhou, Gansu 730000, China)
(3. Ministry of Education Key Laboratory of Cell Activities and Sress Adaptations, Lanzhou University,
Lanzhou, Gansu 730000, China)

Abstract: [Background] Misgurin is an important component of nonspecific immune defense
system in Misgurnus anguillicaudatus. It has broad spectrum and strong antimicrobia ability.
Therefore, it is necessary to obtain large quantities of antimicrobial peptides. [Objective] To achieve
high-efficient expression of misgurin. [Methods] Misgurin gene was cloned into expression vector
pPICI9K in order to construct recombinant expression plasmid pPlIC9K-misgurin. Using Sal |
restriction endonuclease digest linearization scheme, the recombinant expression vector was
integrated into the chromosome of Pichia pastoris SMD1168 by electric shock method. The positive
single colonies was screened through minimal dextrose (MD) solid medium, which was inoculated
MD liquid medium at 30 °C, 200 r/min shake flask for 96 h before transfer to BMMY liquid medium
to induce expression, adding 5% methanol every 24 h. By comparing the diameter of bacteriostasis
circle of Escherichia coli and Saphylococcus aureus, strain pPlIC9K-misgurin-22 with the better
antimicrobial activity was screened out and inoculated to a 100 L of fermentor induction for 48 h and
then detected of activity. [Results] This active substance of pPICOK-misgurin-22 strain was
identified as misgurin by Tricine-SDS-PAGE protein gel detection and mass spectrometry analysis.
In comparison with shaking flask fermentation, the bioavailability of Escherichia coli and
Saphylococcus aureus in fermentor fermentation increased by 1.47 fold, 1.43 fold, respectively;
misgurin has weak antimicrobial activity to Acinetobacter baumannii and Salmonella. It has no
antimicrobial activity to Clostridium perfringens and probiotics (Bacillus subtilis, Enterococcus
faecalis, Lactobacillus), and has no obvious hemolytic activity; When the temperature reaches 90 °C,
the antimicrobial activity of fermentation broth is obviously weakened, the pH value of fermentation
broth at 1.0-12.0, everyone has antimicrobial activity; The antimicrobia activity is weakened after
adding trypsin, pepsin and protease K. [Conclusion] A strain producing misgurin is obtained, which
has high expression and industrialized production potential in Pichia pastoris.

Keywords: Misgurin, Pichia pastoris, Fermentation, Antimicrobial activity, Hemolytic activity,
Tolerance acid and alkali

VB AT TR RS2 2T a2, B
AR, WEASHIESE. HAT, T8k St
BOW R A 1 R IR GRS P RN [ N ST
PRL, X ) BB B S B IR (Antimicrobial
peptides, AMPs). it i JIKIE A7 76 T 1 T B R 4
/N TR T 2K, )iz A T4 EAY), s
Y. SRS, — Bt 30-100 M2k 4
AU AR IR A ORI : (1) BAT Y

BURIE RPN . FURARN EE s (2) ZHEA
PSRRI A5, A3 /N ROp RS R

(3) Mgl RIAIRR AT AR R 2 (4) XA
e PRBERIE /N B Park 2PN g0
FHPT 7 A ik e U ik R 38 S Ak 5 A5 R AR Bt
I FEATTR A A A AR T Misgurin 3t
DRIz Sk, e MR AN 36 [ 2 95 DL [R] ) SR KO 5
pPICOK %45, HLdif AFIMEAREERE GS115 H,
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TR RARATHUR IR . B3R vk 34 e IR A5 U Bk T
K, A= R, HARMERE JOsiA T . HAT,
FEDR TR A B St B 2 DA L e 3 i 1)
P o Ue BT K Misgurin & Y Bk (Misgurnus
anguillicaudatus) ™A= [ 5EAEE /N TP K, cDNA
FPol4sK 63 bp, 4ih 21 MNMEIERRSREL, TN
2501.9 Da, Z5HiS N 11.84, SHMAF IE AT 44
AR 5 BRI, I8 145K 2R
TR 2L ORI TR T RE ) o IXPUR N SR
¥4} RQRVEELSKFSKKGAAARRRK , A2
AR, AR RCEARMESE K YE a- 18 TESs . AT
FEY, N FHUERPTRTE MR R, EEA
FM . B R TEIR TR0, AW IhRE A .
TR SRR | S REE A A E RS
ik T2 RS A M EEE &, 2F
R 2R A R AR R T
5 AR T AR S AL A B B9 28 3 B i KAk
ARSI 2 BRI R AR B ek R Rk
Vi ERA . 2EAD . STaifl, PRk
T RS | e M A R R
BEAN A4 1) AR BT A7 I AOX | JEH, Uk
FHEHIZHE) Y DM 15 S 3R AT 2 0 18 174 B
PERIMR, FH BSM KiFR st % ke, AT AOX |
Je BRI, R A S e RN A
) BMMY £ =30 e, AOX 1 jgshFHia, H
PSS M — B 5175 5P iR T B S U SRR P I ik o A
KM 5 2% B BT R KA e 3k TR B I B SR & KR
BRAES, & mEdfEh BSM A YDFM 857535855
KEME, WGRRRE . GRRREE. MRS . WiReL .
FAbaEN . EALBSE, A AT XA RIS 1 A B i
RN, K ASBVE M, w7 H BRIl 2
WP KA KRBT ROR: o AMFR G AR &
PR AR R R | YR BT B IR ) e 3K 5 T P A
W R EERES S R . DU RPT I IS B 2 . 7 I
TE PRGN | T v R TS R R T T e P S 56 K bt v
BRABALSENES, ARG T REKBTE AR, A H
AT B K S IR I B R0k R e e e 2 )y 1 2 1

5%,

1 MRS hE
11 ##

111 FhifAEsk

Ee SRR SR T SMD1168 Fl pPICOK 44k [
Invitrogen A F], KIAFFH . ¥ OHEIRE . 1]
[REE . PPRMEAT I . R ZEAAT IR . BRSNS
. ZEARR A LR P F A S = AR AT
112 EFZERFIFLIE

FRE PR BGA & L B [R &Fn Fungal DNA
Kit 4§ OmegaBio-Tek A F]; Sal | fililg H NEB 23
Al BREFAEAR N . MR BIE LR . PR G, B
EAM . EAM KB AR REERHARA A ;
Nutrient broth 55323600 B AU 2 AAE A P HE ARG R
/vH]; Thermo 26628 Tl YL & /Nt Marker Il
A L AT B oAb 23R 38 oy [
S3Mrat.

BTG, BMERESITERAGRAA;
PCRAY, HAREMAMRTEAF]; BERBURAL, &
AU RTHAT A A THIRRE RS | IR IR,
g EREA A A F] e kA, LT
SRAEAANER) s /NI AR T FLUKAY, SE1E] Bio-Rad
i
12 Fi
121 HEEEREFIEHKREE

M8 O e Sk K Misgurin (922 582741,
DL B IR P T R O G A R, 5 IR IR A
VBT R IR . 7R P s Xho | 1 Not | B4
PIYITEAL A5, Xho | FIF 81 Fifsits =2 (RIS N Kex 2 2 14
BEEIAL S, S AT Not | 2 [N 1% 1~
A TN ELAE R A BR A R T R A o
122 HEFREHAERELRFTIL

FH Xho | 1 Not | SUEEYIF-AS H S, ¥ B i
F:H 5 pPICOK FKih#k AT T4 DNA i 3545 4%
CaCl, #:45 A B K5 FF i DH5a 1, 37 °C 8537k
e 7 A BPETE S TN S . B IR
2] FR 3k FORLI R FF TR FH R LB #5557 3E 30 °C.
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200 r/min £5 3% 24 h, R $E B ] & S BUTUR -
Sal | FEIZk Ak 60 uL A9 EE 4L Sk HinA 6 pL 1)
NE buffer, 4 uL Sal | i, (A 37 °C /K 3 h, 3
EVHEEIC HL VK S e J, IS atml e Il . ke
JRTERETE I SMD1168 LI VA 5 Y PD i A R: 5
i1, 30 °C. 200 r/min }%3% 24 h, ¥ ODgo iy 2-6
A R S BEAS , JCZ4 S 6 000 r/min 2.0 2 min,
3 L IE 5 0 SRR B JCRIK A 7 SRR 12 1Y
10%f7 H i E £, 6000 r/min &5.0 2 min J5 5 i,
A 1 mol/L il ARl 2 sz 48 . Lotk Ak ot
B AR SRR REERAZ S, 30 °C fHlEEE
#EFE 3 ho %F 200 pL ¥ MD [EIRAEEFEML, MD
b R e e SR R E e 1= S T SR (O Sy i 1
HA Hisad FEH, e GREE ARG (o A A5 20 i
FLEASER BT, SEAREERE A BRIEH AR K, XA
Jrgv it EA R, R 4 d ALK REES,
ASFAFk 5 AR, RENEE ., AEE. FE. i
GAEFE . ANEVIERETE, 1254, 41l 1-25 i
1745 . MD it 30 °C., 200 r/min 355535555 96 h
JaHE4E3] BMMY H, 30 °C. 200 r/min TGS,
B 24 hJm—k F R, FH Bk R 0.5%, 43 BIHE 24
48, 72, 96, 120 h HitkE, 12000 r/min &5.0> 2 min,
B | 580 °C At
123 RIAFEBKHIRIESE MR
50%I7) Nutrient broth 1 3= 5L 77 : Nutrient broth

37k 659, Bulg 2009, fin 1L 748K, 1x10° Pa
KT 20 min A3 R IR FE R 2 40 °C A Ay, B 30 mL
50%i1) Nutrient broth 35355505 A 30 puL ODeoo
1.0 W AT i A4 B (R A BRI TR A B
M, FREEE S FPAS KT beid A THLARF 1AL, HL
T 65 uL W, # 1254 FiEmAE RmA
I 26 12 000 r/min &5.0> 2 min, B35 0.22 um
T SRR U8 5 AR 0 _EIEIR) TN, WA
LB TG M o 4 22 R 5 ARAS— MR BT R T PR B
Fik REFRER pPICIK-misgurin-22 Sk,
Fungal DNA Kit 258 22 Stk DNA, #&it5]
Y (5-AGAACTTAATCTGGTTTGATCATGC-3) HI

(5-TTACTTTCTCCTACGGGCAGCGGC-3), 3¢ H
HRIEREG . PCR WA : ddHO 105 pL,
Green TaqMix 125 L, DNA 1L, 5I¥EAY 1L
(b FU#E 1R 100 umol/L, b, RS9
A HUS UL M 90 pL ddH,0 Feilis [P &4, Hik
J& 4 10 pmol/L) . PCR S 45ff: 94 °C 3 min; 94 °C
30s, 55°C50s, 72°C25min, 30 MEH; 4°C
TRAE S 1% B R BRE A FEL K ARSI

1.24 RS EBKIZ I A B

P75 25 2 pPl COK -misgurin-22 5 Bk Pk BA 14
7% T 15 mL Wik MD KEFRskhsigs, mal Al 24,
48, 72, 96 h ) ODeoo fH &, 24 h H: ODgoo fEI
Kilti, 48 hii} ODeoo (EANE, 72 h FF1f ODgoo fEL
GG AR PRXER AT MD fr, 96 h )54
EPEFE R EL 5] BMMY H, 355 0-120 h,
24 h 43 HIBRE TN 5% HE K ARAR A S B
WIS ESS , I THFAEAOKIE T Tricine-SDS-PAGE
N EE IS .

PRI . (1) 3 C NG ROEAFI . TN JATE
i 495 g, W SUWNIGIERE 3 g, INZEIBKERZ
100 mL; (2) 6 C NI IEREAEAAIK : TN TSERY 49.5 9,
HSUBUM M TERE 6 g, INZEIR/KEZE 2 100 mL; (3)
FREZE M . 12% SDS, 6% B-#idk 4, 30%H i,
0.05%% =i G-250, 150 mmol/L Tris-HCI (pH
7.0); (4) BEZEP(3%): Tris181.71g, SDS1.5049,
VT 400 mL Z4#K, A 1 mol/L 5 HCI 3 pH
8.45, ZEMWI/KEZ R 500 mL; (5) EMZE MK
121.14 g Tris%T 400 mL 7k, F§ 1 mol/L & HC
¥4 pH & 8.9, ZEIB/KAEA 2 500mL; (6) FtkZznh
. 60.55¢g Tris, 89.58 g Tricine, 59 SDS, fmz&iR
JKEZZE 500 mL .,

BRI . (1) 4% Hk4efis: 3C02mL, #E
WM (3%) 0.6 mL, 7K 1.6 mL, fiila%i(10%)
30 L, TEMED 3 L ; (2) 10%H43 55K : 6 C 1.2 mL,
(IEE 2 v (3%) 2 mL , 50%0 T 1 mL, 7K 1.8 mL,
1 R4 (10%) 60 uL, TEMED 6 pL. HiTKEF, ¥
AR 30V HL T, Bt R E E) 90V,
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AR M BT AR U=2Xx
1 000xH BRAZEL, X=(Y-4)/2.1, Y EHow K iE
RS HAR (mm), 4 $5FLAY EAR(mm), 2.1 24T
TR e 3 5 400 1 P AR 0 EL AR B, RS O
1.583x10%,
1.25 GREHERL 100 L & EEGEAL B

FH 100 L my &I 5, SeH] YDFM 53R
3%, WK BSM 3 R IR AL A i,
LA BMMY 53850 B i . Rl ft ) s
SN 1 PR

Begiid i, #0500 g/L)sE ke RS TR
TR, WA} R 5 L5 oy P, Rkl AN
AR, AR EE R R p 2 AR G, PR A
B B A T R A AR B, — i 2 AR R R T R
o VST R IO I LA P RR PR, R AT
FEH AT L WS pH 478 Tk fa] 42 ) T R AR 4 7
AL, R WERERBE 48 h, pH N 7.43 i K IR
12 000 r/min &.0> 2 min, BCE A 0.22 um A3 3
PR IERR TR, 50%f Nutrient broth [E]{445% 3% 543 1]
TR P - BR1 R 4 00 ) 4 K D TR A5 {0 AL B85 7 L
W, BERESFTFLINA 65 uL (I Hig . Pk i
FEPURR AR T A TR, A WF5 R AP K
pH > 6.0 A I P 2 fie R U™ AR S 7 s e
SUARRES, ¥ 125 DEHURE KRR LIS pH A
5.1-5.4 Z [A], J& Bl 1 B A& TR AR A5 1) A IRV AR 3K

x1 BEREMRBIERPHNEESY

A~ pH EFE N TEMEEA B A, W BN K
RS T OMARFE MR, Bk &R pH
% 5.1-54 JFHT NS . 76 120 mL 50%f1
Nutrient broth J&IAREFR 3L, A 120 uL 245571
ODeoo 4 0.6 AT i A7 AT TRT RV SO A B i
5mL 4335 24 4 50 mL B0, B 3L
BRH—, 84 H 4 A 0-1600 uL A% I,
i3 ODeoo fEL S A0 IR1 422 S5 Loy B PRI 1 1A 58 555 o
1.26 REMBEMKREILHHE

Fic'fil 5091 Nutrient broth ¥5353%, 1x10° Pa ‘K%
20 min, JEEEFEE 40 °C /oAy, U6 AN JCHIRY 50 mL
B, BAEPRINA 30 mL FIRREFEEE, i
A 30 UL ODgoo 4 1.0 B R IAFF 1R . 4 ¥ (oL B 2 BRTAT
i ANSIFFIR . VDT TECE . 2EABRET . Al 2R AT
W T EENR ST, BIEACR, RREER S HIAE
SR ped A THLERATAL, BLIMA 65 pL b3 (&
T 25 12 000 r/min 2.0 2 min, B E3E ] 0.22 pm
IR LIRS AR A IR, RS R
& B TR R FL R 1A 40 01 YRR 1) 1R 7 8 5
Y PD 5537 5 IR A B DR AU 5 Fe e P T
VAR B SIS ] 331 50 mL K AL PR B0,
BEINA 5 mL EECHILF AR FRIE, I AR
WV, B R IR T () B 5 35744 ODeoo M
0.424, & ZLER ARG FRIL A B B 045 -1 ODegoo
4 0.133, 334~ HBR 3R IRANH R B 10 4

Tablel Monitor theimportant parametersduring the whole fermentation process

KIESH Fermentation process JEA
Fermentation parameters BB SN V7 uy i Reason
Culture process  Induction process
Temperature 28°C 28°C REGE 32°C, AVFITERRRE A, WA FEEARA
Dissolved oxygen >20% >20% TR AR R IR F AR
pH 6.0 6.8 B OREE IR I B AR A N5 5 2 D YR ke a1 I
Stirring speed 500 r/min 500 r/min o R PR bR e 2 T v AU VR
Ventilatory volume 1.5 m¥min 1.5 m¥min PR R
Amount of defoamer added 0.5%o0 0.5%o0 P BRIIR, AR S S BN R
Culture medium YDFM BSM, BMMY AR FRES 1 R AR K i AR S BT A6 15
PTM trace salt 4.25 mL/L 12 mL/L AR TR
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J 1A, ABINA 10-100 pL A EERIESE 5 h s
1 ODegoo fH
127 CRSHHUE RKIA MIIE A

4.5 g WM I NG FLAH IR IR LN 100 mL 78187k
1x10° Pa K[ 20 min, T35 BERE % 55 °C i
7 mL AF4EAR i FE5T, & 30 mL B IR SR
A 90 mm [ REFRILp, EEEJEHTFL, FLAIMA
65 UL HRIEER, 28 °C 1EFMfitEs: 4-6h,
128 REIAFEAT SR . BREAIE (LEESLIE

T g YR S« K A B & TR AE 60, 70, 80,
90 °C /3 HIALER 1. 2. 3 h SR X KT B A0 4 v
CAEERE PR TEER AR L T ERRRSE R : iR
B S gl AR v e R BRI pH (B3 5118 3 1.0-12.0,
AN pH AR R B 5 A 2 AR 1, 2, 3, 4. 5h,
AL 60 MRS, SRIFIEIXSERE S pH I =
5.1-5.4, MEHTE KGR E . THLEESER: . H
1. 25, 5. 10U M&EAR . H&EAR. HO58 K
X R 37 °C KIS AAbFE 05, 1, 2, 3 h, &
WBT G P AR AL
129 SREHIREBKRYSEL

W % B 12 000 r/min B0 2 min Z:BREEEE,
WS WEIR AR S 1:9, FEIETTRE 30 min,
12 000 r/min FHE L 2 min EREA 28 E T, B
IE e R R AR K, IR DRI, RIS

FERC R R VR, R aliAb e R Sk ) rp R 2
B Ak D BRI I A T B 3
2 HRG54M
21 EHRWNHEHWEILR PCR & RHmEA
MRERFERE

TeSHGT R I[N S pPICOK BRI,
HE A OB BE I FP A R o, SRS 100%
IR HICHERAS . B 1A B4Rk S5 g
HiskFon PCR Y BL, Sal | [EbIZe ik fb B2
ki, RS A RS IREERE T, Tk SRk
) pPICOK-misgurin-22 5GPk, $2HL DNA, &4
SHES 1y, PCRYHS S URBHBT AR H A3, #e
i 3R7S 2 524 bp BRI B, AL 1B HRTLLUE
E &R T SIS A0 7 B, UE RIS
PPICIK-misgurin-22 5 BRIk i e ik i ik i H
(LR A B ML IR B Y A |
22 EBRIESYR

PRIERY 25 BREINH B 3L5 5 120 h, 5 24 h
IRORER I G o e, e AT 10 AR B 000 T
(] IS0 R A T RN 46 B 0 A BR TR, TP il MR AR
58 ) HA pPICIK-misgurin-22 S bk, HZHfE
PPICOK -misgurin-22 5 25 AR 45 1 i 7 T bk
PRSP ANR 2 s 1E 48 hi& T b B iR &,

A B pp M 1 bp
, S misgurin
5 AOX]//,\‘ 5000
SV 3a0x1 T 3000
: S 2000 — 2524
Amp /\ : 1500
1000
750
pPICMG 300
His4 250
PBR322 100
. 7
3'40X1 -
Kan

B 1 F|HARNESWEIEA)R PCR iR EKERE(B)

Figurel Sructuremap of recombinant plasmid (A) and misgurin gene after PCR amplification (B)

1:: M: 5000 bp DNA marker; 1. PCR=4).
Note: M: 5000 bp DNA marker; 1: PCR product.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



976 TEY 8

Microbiol. China

R2 EMABARNABHEMNEHEFEARENIFHHEEER, om)

Table 2 Inhibition of Escherichia coli and Staphylococcus aureus by shake flask fermentation (diameter of bacteriostasis

circle, cm)
THkE Time (h)
Strains 24 72 96 120
Escherichia coli 1.483+0.076 1.683+0.577 1.617+0.577 1.567+0.076 1.350+0.050
Saphylococcus aureus 1.417+0.014 1.500+0.071 1.475+0.035 1.383+0.012 1.217+0.029

PR IGFE R TR B2 B AR 1.683 cm, A= 45sK
#r49 10.62x10° U/g, T4 i {03 4 R 1 A4 1 P
W EAR N 15 em, BN 5.804x10° Ulg, 96 h
TEPETFARIRAIG, 120 h B3 1 B 55 . Bl 5 T 0 ()
PIRE, FIREZ B A A 2 . B2 A St |
BIRY T Z SRR AR, PR RS P
FEAK .

W 22 STERRE S AR E) B 1) & BEV Tricine-
SDS-PAGE /NVrF iR IS, HA R K 2 i
N JebTE RS/ F i 2 501.9 Da, 552
IS AAF I B 15 T AHAE, TIE B L 1 2 A VR 5k
PUHRK; 7E 24, 48, 72, 96, 120 h W[ B4
S SR B P R DA A
2.3 AEGHIIIEEM

TeEHBT I KR pPICOK-misgurin-22 7& 100 L
() % Tt b & 1% 48 h, FH] 50%f1 Nutrient broth [i#{4
B 7% 35 5 0 1) O A DRRD 4 B (6 A BRI
FPPASII R SC5, 255 A 3 FR, HIREHTE
EAEF T R s, MR EE N 1.8cm, 49
Bt 9 15.66x10° Ulg; 1EFIT 4 (LR A ER A I
I A2 1.6 cm, A=Wl 8.31x10% U/g.
RIFHERGFE 48 h AEXTFHES S 48 h, SR
IAE YIRS T 147 15, P4 i O AR n 4

B3 mAMFENNEECEEKENNERE

WRAN SRS T 1.43 5 K IERENS T He ORI R R IR
VPTG R AL 55, A WD S s 4 b FE BE R
ViR, B, AOX | B FIEWITRE, _E T
PURIKI PR . REERIR pH {4 7.03, 4N
FRPLYE, Bk 78 KAV IRE pH {H FFEE] 4.23, i
B BHHT P AT 1 L far R IR I . s % VA
B 2. 4. 8. 16 f5EERTRIAF A, Wk 2 f5F
AN B AR50 1.3 em F1 0.8 cm, Fiks 2 4%
JEVEH T4 A ER B TR B B 420 0.85em,
ARSI AT . R TR PRl R R
KT 8 B R %) ) R, A W 38 RIS T I B T 42k

kD M 24h 48h 72h 96h 120h kD
40

25

15
10

4.6

1.7 2.5

2 TricineSDSPAGE Ny FEERAKETE

Figure 2  Tricine-SDS-PAGE identification of small
molecular weight protein gel

e M: B E A/ T Marker.

Note: M: Small molecular weight of predyed protein marker.

Figure3 Inhibition of Escherichia coli and Staphylococcus aureus bacteriostasiscircle
T 1. 2, 3R AEERIER . 2 ke, 4 BMBRIURGIFENITEREE; 4. 5. 6 PR LABERIFR . 2 SR, 4 f%

TR T < B (AT AT R AT P 400 7 e 1.

Note: 1, 2 and 3 respectively represent the fermentation broth, 2 times dilution, and 4 times dilution inhibition of Escherichia coli
bacteriostasis circle; 4, 5 and 6 respectively represent the fermentation broth, 2 times dilution, and 4 times dilution inhibition of

Saphylococcus aureus bacteriostasis circle.
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Figure 4 Effect of adding different amounts of fermented
liquid on Escherichia coli

%3 ABAMIABMENSSEERENRENERR
Table 3 Liquid inhibitory effect of fermented liquid on
Lactic acid bacteria and Clostridium perfringens

REERIIMA G RN ElL b=
Amount of Different bacteriain culture medium
fermentation broth Lactic acid Clostridium
(uL) bacteria perfringens
0 0.244+0.030 0.299+0.016
10 0.466+0.018 0.430+0.042
20 1.187+0.192 0.454+0.072
30 1.367+0.065 0.596+0.039
40 1.593+0.127 0.785+0.063
50 1.811+0.060 0.929+0.037
60 1.829+0.018 1.137+0.016
70 1.580+0.034 1.421+0.052
80 1.673+0.029 1.292+0.056
90 1.885+0.075 1.436+0.044
100 1.903+0.038 1.503+0.047
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Figure5 Hemolysistest of misgurin
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Note: The A hole is added to the fermentation liquid, and the B
hole is added to the purified fermentation broth of acetone.
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Figure 7 Antimicrobial activity of the fermentation
against Escherichia coli after treated for different pH
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Figure 8 Antimicrobial activity of the fermentation
against Staphylococcus aureus after treated for different pH
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Figure9 Protein mass spectrogram

417.95x6+6=2 513.7; 4 M=50135, 501.35x5+5=
2 511.75; 4 M=626.45, 626.45x4+4=2 509.8; 4
M=834.85, 834.85x3+3=2507.55, iX 4 4RI
B N R e 7 N M 17 S s P L
Oy FRIEAKIFT, BN VBT Ik A1
=y Lt
3 ZiHitie

AR SZIGFRAS ) TR A KL KUK . Tricine-SDS-
PAGE /N3 2 IS B 26 1 o s T 6 72 S TR ikt
WK, B EARSRYURTETE . FER R Bk ke
FE . BTG PR A VRSP R AR B R R e, ik
T—RAT I pH Gt AE X ) 5 Y T R
pPICIK -misgurin-22, S5 345 Y e BT iR Ik 5
e 757 24 L) P g 0y T B £ 0 R T i B A L
MK, BRERT S KREFRGHNER. 53X
VAR B YRBHHT BN FL , X v R O TR B2 1 A
59—, HIFPR AT RETE TOf vk MR R 0 vk, b
SN L E AR AW B AN Zeocin™ itk
Y PD P i 1 e 5 DL BT, AR S50 R 3 1ok 2T
PRI R E R . FEZRTT AT A TR 4L Tk 22 M Ak
Hi e AR HE R RE GS115 1, ] G418-MD fifi vk i
PR T, RS, R Ta BHWEARE,
I B A5 Uk B AN [R] B (] BEBL B 06 1 Ak . AR IR SE

R R BERRRE T, MD IR R FR 300G H b |

YNB AR, FEARRIE TR, BeaRBEREE
Bi e ODeoo fH S BLACHE 2 Jor B TR I A A 3

RI7E 24 h ODeoo fHPAFMRAY A S i K, 48 h
ODeoo [EAAE, 72 h FFIRZEIEREAR, Fiit 96 h 4]
WHAE /R 425 BMMY $5383Erh, B R ME—fk
VIES AOX | JashFIT)a, HEoRmEtE s
Flo MIEFRIEE AT KHPO, Fl KHoPO, X Al ER
Y SEREAIG, X YR BT AT JIK A) I 3 0 I AT T T P
NG TR K T 2 T 3ol R v i B R B SR A
R {7 IR R e 14 ESF [0 DA 2K 81 B v P VR 2,
YN UEIN & A E TN SR AR A e A
BRI o ASTZIR T, FE AT O T B A 1 1
WA KBTS PP AR Rl R R TR
pH {E#% 5.1-5.4 2 [f]. 100 L H) % BT 48 h
Y, TR B A kil 15.66x10° U/g,
VT4 ¥ (AR I AR P03l 8.31x10° Ulg.

R R EERA RiES T 48 h, IRAATEER 72 h B
WA HAT, KBRS S T SC W EE
B, ERL IR T 38 AR R Y I 3 S S
[ A FERUB BN (1) Anfar FRAe 2
TIREARR 5 (2) WMAPEEBL B IR 14 Sl A B A B de v 5
(3) AT 4343 b AT T JUA DR 52 S 200 2 T

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



980 AR R Microbiol. China
2 n@%@ﬁ%% R China, 2009, 36(1): 97-105 (in Chinese)

YW, A RAE S SER6 T IS L IS

VR BRDT TR R A D B0 R RCR B 140 2 S P 1
e

BAERRSE . fodh . BR2Y oK IR S SUR A FE R R
e

REFERENCES

(4
(2

(3l

(4

(5]

(6]

(8l

(9

Ganz T. Defensins: antimicrobial peptides of innate immunity[J].
Nature Reviews Immunology, 2003, 3(9): 710-720

Fulmer PA, Lundin JG, Wynne JH. Development of antimicrobial
peptides (AMPs) for use in self-decontaminating coatings]J].
ACS Applied Materials & Interfaces, 2010, 2(4): 1266-1270
Hancock REW, Diamond G. The role of cationic antimicrobial
peptides in innate host defences[J]. Trends in Microbiology, 2000,
8(9): 402-410

Yang R, Chen SL. Recent advances in antimicrobial peptide from
aguatic animals[J]. Biotechnology Bulletin, 2005(2): 1-5,13 (in
Chinese)

WY, BRRabR. K ST R ). AR AR,
2005(2): 1-5,13

Park CB, Lee JH, Park 1Y, et a. A novel antimicrobia peptide
from the loach, Misgurnus anguillicaudatug[J]. FEBS Letters,
1997, 411(2/3): 173-178

Pei Y, Chen XP. Research on preparation and antibacterial effect
of loach cecropin[J. Modern Agricultural Science and
Technology, 2009(24): 296-297 (in Chinese)

SEH, BRbEF. Yt KA A SBR[ B
AR, 2009(24): 296-297

Gong JW. Construction of two expression vectors of gene mae
and misgurin and theri expression in Pichia pastorigD].
Guangzhou: Master's Thesis of Jinan University, 2002 (in
Chinese)

ZEZRTT . mae Fl misgurin PIFPEE R R 2 G R 7 S AR e AR
REERI0RIAID]. M : EERAAERT L2 3, 2002

Li W, Tailhades J, O'Brien-Simpson NM, et a. Proline-rich
antimicrobial  peptides:  potential  therapeutics  against
antibiotic-resistant bacteriaJ]. Amino Acids, 2014, 46(10):
2287-2294

Hou XS, Hu ZL, Chen GP, et a. Antimicrobial peptides:
antibacterial mechanism and therapeutic use[J]. Microbiology

(10]

(1]

(12]

(13]

(14]

[15]

(16]

(17]

ek, SR, BRESP, S PRI BT AL B HIE R
FA[J). 9244, 2009, 36(1): 97-105

Chen XP, Fang DD. Optimization of pilot-scale fermentation
conditions for the production of spinigerin o as an antibacterial
peptide[J]. Food Science, 2014, 35(7): 138-142 (in Chinese)
WRIBEF-, B7 1)t Spinigerin a B Bk H i ik & B S AR 05 ).
iRk, 2014, 35(7): 138-142

Byrne B. Pichia pastoris as an expression host for membrane
protein structural biology[J]. Current Opinion in Structural
Biology, 2015, 32: 9-17

Wang SK, Hao JQ, Wang ZW, et a. Studies on fermentation
conditions for r-GOD production by Pichia pastoris GS115[J].
Biotechnology Bulletin, 2013(9): 136-141 (in Chinese)

FImdp, A, EIRfh, &, BaREERE RN TR A R A AL
I IR A4 R4, 2013(9): 136-141

Chu HL, Yu HY, Yip BS, et a. Boosting salt resistance of short
antimicrobial  peptides[J].  Antimicrobia  Agents  and
Chemotherapy, 2013, 57(8): 4050-4052

Zhang QH, Wang Q, Shang TT, et a. Studies on antibacterial
activity and hemolysis of novel hemoglobin antimicrobial
peptide[J]. Progress in Veterinary Medicine, 2014, 35(9): 54-57
(in Chinese)

skpcAe, TR, M, &R m LA P EE I R
WIPEDIIE ). shi B 2E ke, 2014, 35(9): 54-57

Dong XY. Extraction and inhibitory properties of microbial
antimicrobial peptide[D]. Shijiazhuang: Master’s Thesis of Hebei
University of Science and Technology, 2011 (in Chinese)

HFHA. LB KA 2 SO BT e (D). A1 A
THERHE R AE 22 A, 2011

Qin P, Zhao PJ, Liang SW, et al. Optimization of the fermentation
medium of cecropins production[J]. Modern Food Science and
Technology, 2012, 28(8): 1046-1048 (in Chinese)

ZRMG, BEE, L, F RERTUANR R FRE L.
PACEL SR, 2012, 28(8): 1046-1048

Wen H. The synthsis and expression in P. pastoris of antibacterial
peptides LL-37 and Misgurin gene[D]. Nanjing: Master’'s Thesis
of Nanjing Agricultural University, 2009 (in Chinese)

SCEE. BUBEIK LL-37 F0 Misgurin 3 5 G 5 2 A HE IR 5 B iy
FIR[D]. BEAL: AL RAEB 073653, 2009

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



