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i E:B-BrfrELs bk LA letalurus punetaus A&7 m RIKAEMIZ B R RARLER T, A—REHE

Hok 24 A BB R AGME T IKFe B A8 43 AN R BRLL AR A R K, AR IKIR T B-Br R ey A M M, x#’%?
RMAET Fors LR B-B #4692+ 8 8 Pichia pastoris T20E 4k, FHT AT AAZR AW 5LE LR B-I5
F AWM SR, B &BIL RT-PCR A3 & LR 8 Bk 7 4 B B-Fr #p& s KA B “IPBD”, H 5 5 R £ 844 pPICZaA
NS X-33 5, RFEAEFREEFRHK, 24 1000 ug/mL R FE0EAAGLE, RESHENE
HE AR, YA BMM 3R A (RRARRIZRL) BK BMMY 325RE (S RARRIERL), s MBI/ L BHZ R
A ATHRAC, PR LT E R B AT R G RESAE A 28 °C. 250 r/min. 1.0% ¥ B35 %A 96 h., E4H
WM 2B T FE e BATIRIF ST £ 4 5.98 kDa #9464 & @, # F MALDI-TOF-TOF # /R i #TiE 8 iZ 4hAL B &
A& IPBD. FHEFEMM T &R AP T4 IPBD ¥ 2 K FaM 694 % € F) 3K Staphylococcus aureus. 3% 4
4@ Listeria monocytogenes vA Z 3 2 X, 7] 14 44 45 SRR £ J ) Pseudomonas aeruginosa #9347 # £ 4% % 69.6%. 71.6%
Fr 65.8%. AR A G KRB RAR D TIE KRG LR T T AF 69 E40 DNA KR,
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Expression of letalurus punetaus p-defensin based on
recombinant Pichia pastoris
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Abstract: p-defensin is a primary protein immune factor in channel catfish’s (letalurus punetaus) resistance to pathogenic
microorganisms. Its primary structure contains a signal peptide composed of 24 amino acid residues at the N-terminal and a mature
peptide composed of 43 amino acid residues at the C-terminal. The mature peptide region is responsible for the biological activity of
B-defensin. In the present study, a recombinant strain of Pichia pastoris that produces channel catfish -defensin, was constructed to
realize the biosynthesis of channel catfish p-defensin based on eukaryotic expression. First, the B-defensin gene “IPBD” was isolated
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from the skin of channel catfish by RT-PCR. After linking it with the expression vector pPICZaA, pPICZaA-IPBD was transferred
into competent P. pastoris X-33 cells to obtain recombinant P. pastoris strains. The yeast transformants with multi-copy gene inserts
were obtained by using the culture medium containing 1 000 pg/mL zeocin. Using BMM culture medium (without amino nitrogen
culture medium) instead of BMMY culture medium (with amino nitrogen culture medium), the fermentation and culture conditions of
the recombinant strain were optimized, and the optimal conditions for producing channel catfish B-defensin were determined as follows:
the expression was induced for 96 h with 1.0% methanol at 28 °C, 250 r/min. Purified protein with molecular weight of 5.98 kDa was
obtained by nickel affinity chromatography, and MALDI-TOF/TOF mass spectrometry proved that it was the expected recombinant
IPBD. The antibacterial test results showed that the inhibitory rates of recombinant IPBD on Gram-positive Staphylococcus aureus and
Listeria monocytogenes and Gram-negative Pseudomonas aeruginosa were 69.6%, 71.6% and 65.8%, respectively. This study provides

a recombinant DNA technique for the development of small molecule natural antibacterial peptide from fish.

Keywords: Pichia pastoris, recombinant expression, channel catfish, B-defensin, antibacterial activity

B £ 2 (Defensin) & A= 9 #1114 £ 1 30 i Ak 3
R TR A BB AL R EE NS, 2
U IR IR AR5 bR N SRI{E Sk, H
B — R 29-54 M SERRIEFEALN, 197 6-8 1
PRSP e BR sk 3L, ARIE e 17ES T N BB
B A3 107 3040 - B A 2 A B- B A = T
B-Bli ) Z fE 2 1] Fi@at C1-C5. C2-C4 Hl C3-C6
MR OB R 3 X —ai i, sl ek 3 MM
AT B G5 R LU E 4 1 45 A8 R BT 1k B AR
B K A, ot 2 B- B A8 3R 5 oA pe il A Rk ) 2
CAre

FEOR B A R AE ML (4 S8 2R G0 op ke 4
YER, HeEdEwanfrh i Riaa8ar, Fhu
L2 L 2.2 mg/10™ g e, AR i 3
LA EE IR K AEAE R SR TFAbop & i i 4%
il 25 A 5 ELXE LA 5, i 4] DNA $
AN EEB-B R R A AR R, T AT S B
ML T . BT, A% & TE KRBT RS
F G0 A v MR A L R ) BB A R R A T
20 DNA Fik 3 B-pij i) £ 1 5 41 5 o BE A
Pichia pastoris bk H 194 ¥ & R A B F
R FERAG L B-Pi R A o T R e
W BRIz, e F5E 5 2R
A= 5 G B KSR BT, 1 B- 97 10 28 U2 LR
PG R G0 Y SR B P T S R . Tk
B-BitH = It A e, 124 B 2= E WA
{154 Epinephelus coioides FE {7 Hr 43 55 51| B- [ )
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FILR, i A 4 T e AR R S B T BB A
ZHEEIRY; A 25 A 36 Megalobrama
amblycephala JHIiE 535 21 1 B- 55 18 28 38 R 7E K
AT B R R 18 RGP E T B 20 DNA £ a0 B
S5 SR 1etalurus punetaus J& SIS, HAG L
WBER %, ORI AR I = % 52 S 2 e
W5 2R R AE R Y . TR, A E R
BRE 5 SRR A A 5 A A1 20 T R S Lk v B-
BiAH) 2 1) e a8 S I B 52, el SR R - B AR 3K
S AP AN R IR R — B P4, R AR
TP R RIRPUR A 0 RIS ; Pk, Zhu %%
ZHCAH A 4520 Wl oAb 24 A g A% 3R A5 B- B 1
FAAIK, R IR IR O 2R A R EL AT 1 AR
MO SR, bR, (kA BT B G BEAEAE
Jri PR

Y& 4 kg 1k %k BE s R il B- 7 4 2% A 4
DNA Rk 5% i J|m 45 o SEF R i %=
K RGN AN R 3 A A L RBR M, 9 anx
A REETC BRI TRy . DABGER IR Wik = 1
AR ZE, BOANE G AR R R A
i B M2 T, B R A TR SR EE R
MISER T EaRbhiE, HX RIS IR 008 FR BRI
SRR SR, IS H N ARk LY
S PO S, AR o A A 2 B
e BERRAR PO A R I IE TR 450, AT A A=W 2=0h
PEAY L BE S SR MBI ER, LAY A A IR/
Oy FRIRBUAE R I & 3R AL 4] DNA HAK .
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1 MBE5FE

1.1 #rsl
111 WY, WekmEAk

fief 5 BT e, SRR R YR 9 T AR A SR T
15 pMD19-T simple wa & (K1 T TaKaRa 22 Al ;
KIGFF# DH5oll T R AR AR A
TR X-33 FIFE ik A pPICZaA I T Invitrogen
Al G TE I B TR AR R 4 €8 A BRI
Staphylococcus aureus(ATCC 6538) . il &3¢ {1 A i
I# Pseudomonas aeruginosa (ATCC 27853) /1.1t
ZWrFF A Listeria monocytogenes (ATCC 19115).,
1.1.2 FERFFEEL

RNAiso plus il . Taqg DNA 450, T4
DNA % H2 g AR 1 N ) B (Sac I . Xho I #1
Xba I )#14F TaKaRa /A 7l ; Fast Quant cDNA 5
— 8 A WO & . DNA 7 FabsifE . &S
FabndE . DNA IR & . Bk g4k a0 &
TR e B 2 AT 2 4 B ) G Y 0 T R AR AR Y Bk
AIRA W] A FREAAEE T R s 44
RHE A BE ; Western blotting 1271 & g T 5 A i 40
YR A BR S A . Gene Pulser Xcell™ 25 1L
Z 45 Fl Profinia™ & [ i 4l 1k X 3 T BIO-RAD
ovrls AR, DNA WFZRFE4 TAY T/
(ki) Bty A PR F 58 s MALDI-TOF-TOF Jit
T R 22 6 0 R A A W R A R A
SER . KMFF R SR AE LB, BRI BE 8% 5R 5
YPD. #EHHE S MM Fl MD . if5 3 R iIB A

BMG Fil BMM Ul Invitrogen /4 w] 56 ok i B4 4
Ft.
1.2 FHik
1.21 HMERFEK cDNA TifE

fief 5 B R M2 B = s, 8 RNAIso
plus X7 HEECH: B2 Bk B RNA; cDNA 25 —45 4 i
Fiz I8 “Fast Quant cDNA 55—k 4 il & i
F¥E ., SEBEE R B-[7 £ 2 3K (GenBank
ok KX211992.1) 51 W e sl ngk 1 fr
7N H5—IK PCR LA cDNA %5 —4% it . IPB-F1
FLIPB-R1 A 51Y), ¥14 B-BifH & 144 cDNA:
10xTaq Z& ik 2 pL. dNTPs (10 mmol/L) 1.6 pL .
IPB-F1 #l IPB-R1 (10 umol/L) # 0.8 puL. cDNA
5% —%% 0.2 uL . Tag DNA EATF (5 U/uL) 0.1 L,
JCTE K% 20 ub; PCR W 25144 K. 94 CHiAL
£ 3 min; 94 C7A5% 40's, 55.8 ‘CiBk 30s, 72 C
FEM 1 min, 30 MEI; 5 72 CHEAR 5 min,
Pz B EE pMD19-T simple #5554k K
Wit DHb5a JEAZ 54, 37 'CHE3E 12h, FHME
SOREIRAE TAEY TR () Behr A BR 2wl
¥ .55 2 'k PCR LA & cDNA H- Bt 4R . IPB-F2
M IPB-R2 J 514, ¥31 59 & Kex2 {55 kMR
B A Xho T BEYIALEL L 3% 7 6xHis 7% 1) A
B, RNRFRAFEMR F, GR IO B SCR
57.7 'C. 5 3K PCR L ik F BOMAAR . IPB-F2
FIPB-R3 N 514, ¥4 3% Xba [ B Ay
HZE R “IPBD”, B ki EEMK 57.4 C,

*1 519F5
Table 1 Sequences of primers
Primer name Primer sequence (5'-3) Size (bp)
IPB-FI ACTACTTCTGGTCCTGCTGGT 21
IPB-R1 GATGAGCAGCACTTCAGGTAC 21
IPB-F2 CTCGAGAAAAGAGTGTCATTACCTTGGAGC 30
IPB-R2 GTGGTGGTGGTGGTGGTGAAGGAAATATG 29
IPB-R3 TCTAGATTATCAGTGGTGGTGGTGGTGGTGAAGGA 35
3'AOX1 GCAAATGGCATTCTGACATCC 21
5’A0X1 GACTGGTTCCAATTGACAAGC 21

Underlines indicate Kex2 signal cleavage site, italics indicate Xho I and Xba I restriction sites, bold letters indicate 6xHis.
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1.2.2  X-33/pPICZoA-IPBD HifREEH: & 4 B #k I
g

Ml Xho I #1 Xba I X Y1 Y] T pMD19-T-
IPBD iy H LA, $ 5 2[Rl HE R Ab 3 Y K 38
AR pPICZaA 2 3 1 7 (VIV)IRE, £ T4 DNA i
HEBGEVERI S 16 CWEHE 1 h, % A KA DH5a
JEAZ AN 22 PCR R V) % 5 H1 40 2k 3K
pPICZaA-IPBD . 4 Sac [ 4P J5 /) pPICZaA-
IPBD SHEAREERE X-33 2 BAMIES (VIV,
1:8), B THBEHRPIKIEE BRI (L5 KV,
25 UF.200 Q) 5 ms, a7 BP A 1 mL #2111 mol/L
1Z4EE, 30 CH 1.5 h JFimA 1 mL YPD Hi%%
3,28 CHEREEFE 1.5 hy H R A F 7 100 pug/mL
W& RN YPD i b, 28 CIMEZEHEEK
o PR S R AP TR VR H2A T 7 1 000 pg/mL
k&R A YPD. MD Fl MM P-4z I DL % = 7%
DL PR sl R BE R AL . BRI b 1Y
JEHZH DNA, i 5’/AOX1 Fll 3'AOX1 (£ 1) K
I T PCR %5 . [EF, ¥4 A pPICZoA %5
ZA B B AT R B X
1.2.3 EHEKRMBEFES

BEAL TR T 5 mL 19 YPD B3R5k,
28 C. 250 r/min X537 24 h; MAPEL 500 pL #4543
% 50 mL BMG #5553, [F] B AR5 24 h; 5
OJE¥H AT ET 250 mL BMM #E3:3tdr ) 6] |
SR SR 72 h, £ Tricine-SDS-PAGE #5655 37
W F3E, BRIy . 0.1 mol/L Tricine. 0.1% SDS,
e I . J& )22 e 3 88 e vk B2 430 R 4% . 10%
1 16.5%.,

e BRI IR LA UEAT R B IR AR
fb. #HERERE R 0%, 0.5%. 1%. 1.5%
2%, K FEmtEiE S 0h, 24h, 48h, 72h,
96 h, 120 h fl 144 h, [ 4I5S R,
i 1 Tricine-SDS-PAGE #f & freiii F B Ik J& Fl e ik
FR A
1.2.4 EHEHRTY L TLE

TERIERIBAFMTY KRR 1L, &M
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AL (FEZHWT VIVAFLOW 200) #4i)s, fi
Profinia™ & [ 5t 2l Ak A X 1% 95 W b I EA TR
TR AZENT, 4ifk/=¥@ it Tricine-SDS-PAGE it
T3k ke e LS, 2= PVDF i BT
Western blotting 7387 : BB PR N 1 h, BERE
JE5P0 His MRS EEIUA (—ht) ZRTET
2 h, PERES RS ORI 4 1L SR BT
Bo1gG (—9L) Z|FIHEE L h, WEEEHH
HRP-DAB il & i . 75—, BaifbnysE A
5 454 T MALDI-TOF-TOF JRiE4#r. i
BCA 1) 6 I B P o
1.2.5 EHWEKTYREHERIE

SEARIRAT I K SRR MR A AR A
BRI LA TR A 0 R T LB KR,
37 ‘C. 150 r/min }i3: % ODgy M 0.5; 7 AL
1:100 (VIV)5 X-33/pPICZoA-IPBD 4 F kI
B R L3R A, 37 CWFE 2 h; B30 uL i+
LB AR, 37 CHiFE 12 h 5 WSS TE A K A5 L 5
[FAmt, B X-33/pPICZoA H2H B bk B85 35 3%
5 F R AR RVE R BT R Heah el o
3R T 37 °C. 150 r/min 544 F 5555 2 ODgoo
9 0.2-0.4, 43IWLEL 50 ul & 96 LAk, A
50 pL iy X-33/pPICZaA-1PBD T 2H 14 ¥k i 1% 35 K
3 (B XT B AR 2 X-33/pPICZaA T 41 1R B
BB TR 3E), 37 CHFE 24 h 1 48 h J5 435
RE 45 A BELZH R X B2 (%) ODgoo W IE1H

20 TR I 7 2 (%)= (A1—A2)/A1x100%

X, Ay AFAMEXTBEZ Y ODggo, Ay MALEE
4 ODsgoo-

FARIEBE 3 A4, B g
SPSS20 Hr iy HLR 2 2= 43T o

2 HER5AW

21 BHEREH PCR ¥ REHFTIEHIKH
M

iR vk s (B 1): 3 ¥k PCR 43l
%) 236, 159, 171 bp WA B, Hfa—IRP A
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B2 DNAMNF R H 5Umis i T Kex2 {55 ik
BRI A7 25 R Xho T BEDIA7 A5, 30 s /il T 6xHis
PN 7R Xba T BEVINL 5 (K 2A), %A
BRI H R “IPBD”; BR T Bk, HRYEER
it T 43 A FE R A% 41 BE A S A
B-B A 2 AR, HhRSF R 6 AR s R vk Sk
B 3 % b DA RS H s A 254 I T 3 2B 9
SEE M LT, IPBD B9 HELIS 4> 14 5.98 kDa,
pl & 8.34,

bp bp
500

500
300 300
200 236 bp 50
100 100

50
50

E1 BBEREH PCR #E8EkE

i 2B FiR, ¥ HBER IPBD 5 &k #k ik
PPICZoA % # 1% % & 4 £ &+ #H K
PPICZaA-1PBD, i A KMt i 5 fift 2k A4 I iy 38
5149 5'/A0X1 Fil 3'AOX1 #1774 PCR WilF,
R BN (B 3A): 4 PMREVEIHTEIR 700 bp &bF
IR 25, 547 i 672 bp MIFF; UE—A1f
FH Xho T #1 Xba I %I pPICZaA-IPBD i#47 XLt ,
BN BB e FL UK S 7R 7E 100—200 bp ZbA 1 N8
44 (B 3B), 5 171 bp RITHAS: T HAHST .

C
bp M 3

500

300

200
171 bp

159 bp 100

50

Fig. 1 Agarose gel electrophoresis of PCR amplified target gene. M: DNA ladder; 1: the first PCR amplification
fragment; 2: the second PCR amplification fragment; 3: the third PCR amplification fragment.

A

5" CTC GAG AAA AGA GTG TCA TTA CCT TGG AGC TGT GCT GCC CTC AGT GGA GTT TGC
K R VvV s L p W s @A A L s ¢ V &=
AGA CAA GGT GCA TGT CTG CCT TCA GAA CTC TAC TTC GGA CCA TTA GGC TGT GGG

R Q G AL P s E L Y F G P L G @& G
AAG GGA TCT TTA TGC TGC GTG TCA TAT TTC CTT CAC CAC CAC CAC CAC CAC TGA

K G s Lj@glEe v s Y F L H H H H H H *

TAA TCTAG4 3’
*

-Xho 1-IPBD-Xho 1-

QW

\AOX] T
pPICZaA-IPBD

. /Zeocin
Sac 1

pUC ori

B a-factor Xho ]

,ﬁ[,Xba I

RQAOXITT
\ Digested by Xho |

and Xho 1 _5'AOXI
5'AOX1 pPICZaA

. 'JZeocin
Sac 1

pUC ori

2 BMERMZERMENNEERFS (A) REHRIEH K pPICZaA-IPBD BIHE (B)

Fig. 2 Nucleotide and deduced amino acid sequences of the target gene (A) as well as schematic representation of the
recombinant expression vector pPICZaA-IPBD (B). Underlines indicate Kex2 signal cleavage site, italics indicate
Xho I and Xba I restriction sites, bold letters indicate 6xHis, cysteine residues are shaded, star indicates stop code.
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672 bp

171 bp

100—

3 pPICZeA-IPBD H#J PCR (A) FINEENLE (B)
Fig. 3 Identification of pPICZaA-IPBD by colony PCR (A)
and digestion of two endonucleases (B). M: DNA ladder;
1-5: colony PCR products; 6: pPICZaA-IPBD products
digested by two endonucleases.

22 BHEFEBOEMKHNFHEREMNEA®N
BERIE

ZE TR E R A YPD EAUR MM -
Mr ik 2] 3 MRIFEEE LT LAEATR SN 41 DNA
Jkike, fHiEH 5'A0X1 Fl 3'AOX1 #4T PCR
IOk, 259K 4 iR, 7 pPICZaA-IPBD [ 3 Bk
2H R R X E T 700 bp AbA BB AT, 5 T
43Fi 672 bp MFF; T pPICZaA BYBHTEXT
FRWE /R T 142 600 bp B 2547, £54 589 bp
SR 1B =

VEREE 4 1) 2 SRR THIRE, KO8
28 C . 250 r/min, 1.0 %F [, Fik 72h, B3R
3£ Tricine-SDS-PAGE /8 T 1 ~it 5.8 kDa i
AR, SEA IPBD BYHE> T 5.98 kDa
AHIE T B B 3G R BT TR R
MIJCHA 245 (Bl AR BR). 78 iRk a3
filf b, 2525 AN [R) Y v 3 X 2% i A T Ak R
K, MR BA AL, SAHEIRET, 76
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5.8 kDa 4b i SR ¥ SR A B B4, H 1.0%H
B 3 RIB R AN IR, I7E 2 5 4 i) BE 3R A B
R 1.0 %R R EE . f & 5B AT UL, AS[R] 155
FIRWI] T E R AT R TR 255, 96 h i)
W, B 96 h 5 &l I ARk, e E 96 h
N F i PR ]

bp M CK 1 2 3

1500
700
500

300

200
100

672 bp

8
-

4 X-33/pPICZoA-IPBD BJ PCR ¥

Fig. 4 PCR identification of X-33/pPICZoA-IPBD. M:
DNA ladder; 1-3: PCR product of X-33/pPICZaA-IPBD;
CK: PCR product of X-33/pPICZaA .

A

kbDa M 0 05 1 15 2(%)

22.0
14.4

7.8
5.8

B
kDa M 0 24 48 72 96 120 144 (h)

5 ZMWMHEBEIRE (A) fRERE (B) TEAR
BRF=4I89 Tricine-SDS-PAGE 4 #f

Fig. 5 Tricine-SDS-PAGE analysis of recombinant
strain products at various methanol concentrations (A)
and expression times (B). M: protein marker.
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2.3 H B & B B Western blotting #A
MALDI-TOF-TOF [RiZ 4 &

R IE RN REEHRE 1L, K
FRW W AR TR MZ MRS T B A B A
i 5.8 kDa 4bryziifk™ ¥ (& 6A), HEHE M Bk
JE4 0.5 mg/mL, HILEREHAEANREERN
2 mg/L. Western blotting 7 #7 &/~ iz 4 fL =P g
¥t His B R PSCESUALS S (& 6B), WA
W Hh E4H IPBD, MALDI-TOF-TOF J& i 43 #r it
— B UESE Tz W, mIEl 7 PR, 7E 1 600.0-
1 750.0 m/z B3 FEl N AT $2 31 m/z 1 676.849 1 (1) —
MIREL, EREA N e 5-19 M2 SRS Y
5| (VSLPWSCAALSGVCR), %558 4554 H
CDNA HEWT AR 5% 287 51, eIk uERe , gliflr™
Wy R R T ) EE 20 B 1 IPBD,

2.4 BHEFEEEHKFYRINEFEME

FE TR IR A R I R I A5 R B (&
8A), X-33/pPICZaA-IPBD T 4H bk i 35 55 I
T8 530 5 S R B TR L 4 0 2 R TR R B
R RAVE R 2 h SRR, 3 A R TR Ve Bl

FAPEXT BB B2 . 5 — v, iR I
ZE PR, X-33/pPICZaA-1PBD 40 F #k 1Y 15 55
V1 A A TR DA T 48 h BT R B
FAVER 24 h AT TR 28 ;1T -5 40 2 A1 PR M 71 4 o
WA ATEREVE ] 24 h 148 h AN E R I TCH B
25, TR, 5 3 FANE/EH 48 h J5 X
4 B 24 7E 65.8%—-71.58%, JEICHI B 2R,

A
kDa

22

14.4

7.8

5.8
3.3

Bl 6 ik Tricine-SDS-PAGE (A) #1 Western
blotting %7 (B)

Fig. 6 Tricine-SDS-PAGE (A) and Western blotting (B)
analysis of the purified products. M: protein marker; CK:
culture medium supernatant of X-33/pPICZoA; 1:
purified product.

4 700 Reflector Spec #1MC [BP=1 676.9, 11 907]
on

100 ¢ 2
®
9 | 2
O
80 f VSLPWSCAALSGVC I~
0}
% 60 §
Z 50t &
o Nej
E 407 hit
30 F gln : mg N
— (=) (=) (=) =
20-3@201@_00;%0 &
CoROI RIS R NS
nreYggegdey e
JL—\0 Oy O — — \O |
1 600 1 640 1 680

1 1.2E+4

718.837 6
1722.846 1

1 698.804 9
1702.8259

720 1750

Mass (m/z)

B 7 %ET MALDI-TOF-TOF [RIZRYSEL =L E
Fig. 7
amino acid sequences.
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jvs)

1

Inhibition rate of bacterial growth (%)

00
90
80 F
70
60
50
40 F
30
20
10

7771 48 h

P. aeruginosa  S. aureus L. monocytogenes

8 BT TRAMIZE (A) MELMAEE (B) Ml EFBRSEREKR~YNIMEEE

Fig. 8 Antibacterial activity of product from P. pastoris recombinant strain based on the plate coating method (A) and
turbidimetric method (B). 1: treated bacteria using the culture medium supernatant of X-33/pPICZaA; 2: treated bacteria
using the culture medium supernatant of X-33/pPICZaA-IPBD. Data were shown as X+s, n=3.

3 itk

B- 977 10 2R 2 A W WILAAR g %o A1 Sk g D Ak A P 4
PeryE LRy, BT R TR R
WK, JHCRRR — A5t P AR 6 AR ki
R L 1LY A 3 X AR T T B-B I E A -
PBMWRITE, HILRE T ENAEYFE R
R MM AR B A T B SR B-
(e YN E DN 3N 7y 7 S T U - W
AN [r] R P B i S e SR B [B) T 7 EE 4 AR A AR
b, BAE T 5000 5 BRI R I Y SR ik B R Ak . B
WALk ELA IPBD M Mk R RSB
AN 2 mg/L, JrAr s AT BE S # kY IPBD #Y
SrFaR /AN G, G, YRR ERIR AN
T4, RTREXS AR B B AT
TER i, B SE0E FMMA P« A,
J— I, Ny FEARZE E A 8RR
Feff . AMFRAES 2 RI8 96 h J5 R H B E &
W B B AR (K 5B), MLt S ik
AR o FRATTIH AT OC T 81 2H 58 R P B 77 KPR 4
Crassostrea gigas B-Bffl %= Fi Bt &1 Danio rerio
B-Bi M E M R EM A B R ENMNMREZ N
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2.3 mg/L, RSB fn B-PiH R LN R LT
AT . b IR 5T 45 S 3R B 5ol ) e o 0 M
EBE BE A RLA /NG T B-Bi R (H 7= s ik .
AR, QT ANl ff /Ny 8 LR A RN
[y T C A 2 GE , A E ST 10,
2¥ 01 4 ¥ DI 8 ¥ DI e 22 KL A (Plectasin)
M FRIR A, B I A BR AR BE X-33 J5 iF 1T K
Kige, SRR E A AR Y% Plectasin 1)
WeRESY Rk 296, 409, 516, 879 mg/LlS, Hg
WIBEFR NI W RS (hLY) 5/ o+ /0 i
P REE R (PI) BB mA IR 5, L
ARIERE X-33 i TR GRS, EAMEGEN
hLY-PI [k ik 86 mg/L7 . B, 21
W FEKE S TR T A E & 248 DUBE A SRR M BB 1 25
JE PR i) 28 8 AR B A 43T R B TR IR L
R A2k, DI EikE.

A 2o 5 2 5 A IR R AT AN R R
FE R TERT, X F R FRIE M BERE T LA 28, filan
BMMY/BMGY. BMG/BMM . BSM %5; Tfij5 3%
FRE 1 21 %5 B A0 M 1 A R N A TR R SR 1
REYIM K, £58 FIH BMGY/BMMY 5 97 35
Pz B35 ) AR 1R T A X R T G AR

=
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E TR AR A R, O AR Ry R SR B
Pelts oRT, AR LAAE RO BIE ST B S B 3%
FEREREANBEOLE 2., HILZ T,
BMG/BMM #5353 & LA & i iR 2% . T & LR 1Y
YNB VEN R, O o —me i 5 3l T
KSR 5y R4, oy T 55 41 HE AR e B
PRI e S B ST, ARV SR E PR
KM B BMM 5537, ol A4 2 i) i 4 e
IR EEEE AR S B 1 /NGy IPBD 4R iR
ik, RUEE G SR e A T M W B R BB T
Feaih o 3 — 5, KA 7 B 2% SR B A K 4
YE BRI e, R AN AT REXS 85 3R M 3% 47 4lifk
ST, PR R b A A E A T T A
R CHEE, ABE A5 E4 IPBD 1Y
B FIE S 3 MAl s EN, 48R BoR iR AR
TR A T 2 e Y A B LA B o)
22 PCPHME M & (R A BRI . BRI A TR I DL
B2 PQ R R A S AR M T P TG, IR R A
ZH T bk X-33/pPICZaA-1PBD Y55 75 15 ] B 4%
Ay A= 777 R SRATE DA 700 1 i Y8 T G 7 e LR A 7
AL, TR RS i A7 T AU &
RIBEA = EESR . Ja S TEARDEIE B SE Ak 3R
BT 248 DR R IR G RBEMAE, DY
R EA IPBD AY/= 4,

4 Hh

A FE B R T 7 B A R B A R
() H 20 BE AR BE T AR, HAE BMM K5 3% S b i
WE R BSR4 28 °C . 250 r/min, 1.0%H!
M1 321K 96 hy EUL AR FEA IPBD R ik
o 2 mg/l., B FE K X-33/pPICZaA-IPBD )
B 5 W13 A B o A 22 ECRH T ) A B
FIATER G . PR 2R T LA B 2% G B A )
15 BRI TR B T 1 o AR A R SRR R AR N F
U BRI R 3R T 2%
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