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Abstract: [Background] Cecropin is extensively studied and which is an effective antimicrobial peptide.
It will lay the foundation for the practical application of cecropin in aquaculture and agriculture to realize
the commercial production of cecropin. [Objective] To obtain a genetically engineered strain for efficient
production of cecropin AD. [Methods] The recombinant vector pPGAPZaA-CAD was firstly constructed
and then transformed to P. pastoris X33 strain by electric shock. Cecropin AD gene was successfully
expressed and X33/GCAD strain was obtained. Secondly, the recombinant vector pUCGAP-CAD was
constructed and transformed into X33/GCAD strain. The pGAPZaA-CAD plasmid was integrated into the
GAPDH promoter region of P. pastoris X33 with Zeocin as resistance screening label, while
pUCGAP-CAD plasmid was integrated into the non-translated rDNA region of P. pastoris X33 with
Geneticin as resistance screening label. Finally, a recombinant X33/GUCAD strain with an efficiently
expressed cecropin AD gene was obtained. [Results] The antimicrobial compound of X33/GUCAD was
cecropin AD which was identified by mass spectrometry. Afterward optimizing its fermentation
conditions, we found that the X33/GUCAD strain having higher potential to express cecropin AD by
consuming glycerol as a sole carbon source while peptone and yeast extract for organic nitrogen source.
[Conclusion] The higher copy number is more beneficial to increase the yield of cecropin AD, and the
engineering strain is more stable in the later fermentation process and suitable for industrial production.

Keywords: Cecropin AD, Genetically engineered bacteria, Biological value
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WINRIETHEKKER AD, HE5RAM LS
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HRIE T KRR D, HE5 R A BN 2= QPR 1A
T HE 2% R PR A G P, Meng %51 WK1
P. pastoris GS115 Wl ERIK T AR IR T 5574 BF s AL
SRS — R HT I K PaDef"), Wan 25 B 7E
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TR 78 KA, AR AR IR EE
EHHLIKIY, Bio-Rad 24 .
1.1.3 EFE

YPD . BMGY 1535 H:4% B8 Invitrogen 23 7] £ 7,
GEEE IR R RIS T EC ] ; YDFM 3G9 56
YDFM }; 353 R 25 NaCl #1 KCI, S (A ik
20.0 g/L. BEEEREUY 10.0 g/L. #i%5HE 20.0 g/L.
1.2 FJHEHMBFRIE
1.2.1 FERIEH K pGAPZoA-CAD HIHIERE
YHEFk X33/GCAD RYFRiX
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i), BEUI P 1% B e AR I i kARSI I8
FH R RN Gtk A 7 Im i, RDISCR R # % AD
Bt pGAPZaA # A T4 iEERHERL N, Kk
AL 2 KA DHSa 1, AR PCR
I 36 iE FLTE B M, R T A Y R A 44 R
pGAPZoA-CAD, i FHRRGIVEN VI Ave 144 E 2
ki pGAPZaA-CAD #4744k, I+ BAE A BE
WHBE e FL UK HEA T R, Ak s 0 oo i T e Ak
2 P. pastoris X33 BT, FEHA 100 pg/mL
Zeocin [ YPD K:3RHE b i o6 B Ak s o (%) BHAME o
B, FHAr 44 X33/GCAD,

1.2.2 EHERIEHIK pUCGAP-CAD HIHERE

LHHE ¥k X33/GUCAD ByFRi%
L pGAPZaA-CAD MHHT, F| 514 pGAP P1

5 pGAP P2 (F 1) A7 Zeocin Hrik: ik K X B i 2%
AR oA 7 51 47 3 i ok o LA pPICOK Sl A
JH Kan P15 Kan P2 (% 1) H Kana ZEH 544
Ko MR E LA BEXS_RARASF R AS B A,
FE B, pGAPKaA-CAD. LA 5E Ak i FF 3 R 2 W ASEAR
FIH rDNA P1 5 tDNA P2 (% DXFEEEE Y 18S
rDNA AT 3G, A HY 5 7 Py A7 DO 1)
BamH 15 Bgl Wik H§Y], &= Bgl Y]
4 pGAPKaA-CAD ', ieZIE i pUCGAP-CAD
Ak, S1YF515) T4 1, PCR VAR ZR (25 pL):
2xPhanta Max Master Mix 12.5 uL, . Fif5|¥9)
(10 pmol/L)45 1 uL, DNA B4R 1 uL,ddH,0 9.5 pL.
PCR Wi 2&f4: 94 °C 3 min; 94 °C 30 s, 55 °C
50s, 72°C 1.5 min, 30 f~§¥; 72 °C 10 min.

®1 5I¥t
Table 1 Primers in this study

Name of  Sequences (5'—3)

primers

pGAPPl GGTTTAGTTCCTCACCTTGTCG

pGAPP2 CACGTCCGACGGCGGCCCACGG

Kan P1 CAAGGTGAGGAACTAAACCATGAGCCATATTC
AACGG

Kan P2 TGGGCCGCCGTCGGACGTGTTAGAAAAACTC
ATCGAGC

rDNA Pl TTAGATCTATGATGATGTCTTTACAGCC

rDNA P2 TTAGATCTCTAATAATCACTGTCACTCTCG

PL X33/GCAD h1i F2 Bk il 75 H i Rz A5 4
Ji ., A AT pUCGAP-CAD Hi i #64k 2 8z 245
diferh, 7E54 100 pg/mL Zeocin P K 200 pg/mL
Geneticin ) YPD [&IA$% 33 [ i vk F 20 BH I 72
B BRI R P SRR A I EAS ST AR
YPD AR IR 3BT 30 °C. 200 r/min $55%, 72h
e B 35 300 3 0 T P 00 S PR R R A R SR, e
LG T 2N EEREIREBERVWEL T/#
EegRmERE, 4 HAr 4 R X33/GUCAD,
1.3 LKA TEE PCREMEEHERDA
EEE N

M T GAPDH 7£ B 5L R 4 v 2 a5 L, (R ik
1EH] GAPDH 1E A NS LA . LU AR BRI 24
Kt , 5140 GP1 #1 GP2 (3% 2)# 3 GAPDH Xt
Rk, RNIERRS RN AR 1.2.2, FHH
P Sk pUCST i, SR IEEKR
Ja T 5 DHSo H, K DU I B 1 R G 44 A
pUC57-gap. ¥ 5iki pGAPzoA-CAD Hl pUC57-gap
S Ave TTFT Neo T SeMEAL G AR b dE NS , 18 o
DT N S 3 TR H A3 R A0 456 5 D04
FREMAEAFE D1 (copies/uL)=
OD,, % 50 x F B A5 4 x 6.022 x 10" W

650 x JFTRLHHHEEL

W ISR BE R R 1x10° . 1x107, 1x10°,
1x10°, 1x10%, 1x10°. 1x10* ¥ D1 %/uL f50h% U
b WS AE B PCR 183 Co Al SAHXS I Y
e OO P G ARE R ES N Nl Il S

TagMan #REFSENCE A HEX, VRKBLHA N
BHQ-1, K#&E#H AD L. TEs ¥ R al#Er 55
A cadF, cadR Fll Probe-cad (3% 2), GAPDH |-,
Uie5 |9 e (Rl 4%E 53931 gapF . gapR Fil Probe-gap
(£ 2). PCRZMAZ(20 uL): Premix Tag Hot Start
Version Mix 10 uL, _F. F#E51#(1x107° mol/L)%%
0.5 uL, PEN6IREH(1x107° mol/L) 0.5 L, Ak (Lt
Ak S el % £ 3L 5 DNA) 1 pL, ddH,0 7.5 uL.
FRH B H A 3 K. PCR W44 50 °C 5 min,
95°C 10 min; 95°C 15, 60°C30s, 40 MG,
P AS ] B [ B Al 5 DR AL A A R R R A 7 52
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Table 2 Primers and probes

Name Sequences (5'—3")

of primers

and probes

GP1 ATGGCTATCACTGTCGGTATTAACGG

GP2 TTAAGCCTTAGCAACGTGTTGCAAC

cadF AATTGAGAAAGTTGGGCAACGTGTC

cadR TGTAGCCTGAGCCACAGTCGCAAC

Probe-cad HEX-ACGCAGTCATCTCCGCCGGTCCT-BHQ-1
gapF CGGTGTTTTCACCACTTTGGA

gapR CAACGAACATTGGAGCATCCT

Probe-gap HEX-CCAAAAGCACATCGACGCCGGT-BHQ-1

It 7 PCR SO, SN C AR PR
LR FET R B A RE D A 4 X 15 DL B, FEAR A
Q) H YRR P DU

. FI )3 DR £ 56 8 D15
e S T EATE @)
14 XZ%&EZE AD HJ Tricine-SDS-PAGE /59> F
ERBXRRIEETE

e R IR 12 000 r/min B5.0 5 min, b
WA 0.22 pm PUERRLEE, BREFEREIK, (RIAESR
—80 °C 75 o LUK TR AEVKIR T kAT, Wi ie I 30 vV
HUE, MBI 90 v HLER,

I 8 FEAARFRAY PSR X 4 e s h i 2e 2k
FHEATIIERE R, 7 000 r/min B5.0 5 min R 2 TTTE
AR . A ERE 22 A N ZE T, ISR,
TR IR TR TR K 3R T FREL 1 g R
FHHAEM#T 2 mL Hy,O f, FIH LC-MS Jrikxt H:
AT B 5%

1.5 AREZHMHL
1.5.1 AT EABIEFERMIERF

B THEE MR X33/GUCAD-3 $#£F1 T YPD 535
Ferp, 30 °C, 200 r/min F5FRR, LA 1%3%5
B 9ER T 50 mL YPD. BMGY #l YDFM H?,
30 °C.200 r/min 555, 5 12 h BC—WAEBUE 120 h,
B 3 R P v ) LA PSR
1.5.2 ABIEFEPLFRKIEZE

W THERIBE X33/GUCAD-3 570 T YPD 15 55 it
H1, 30 °C. 200 r/min B5FR 0, FELL 1%4 a4
PP LAZE 2R . Hh A2 43 5V A o — B 5 1)

YDFM #5330 °C. 200 r/min 5553, 45 12 h Bt
—UCFEICE 120 h, B8 A0 2 A s o .
153 AEEFPRIBERNEMRKL

W THE BB X33/GUCAD-3 #:F T YPD #3%
e 30 °C. 200 r/min JEFRE, FELL 1%35ER
BRI T YDFEM Rige3keb, 050 LUE B -5 b
PEEY) 2:1 MR LA LR IR CRAMEE; 24 h
MBS g/L; 24 h 148 h 4 5IAMEE 5 g/Ls 24 h,
48 h 1 72 h 43 HAMEE 5 g/L), 30 °C. 200 r/min 1
F%, B 12 h BC—RFRECE 120 h, B E 35 % T
AN ECR .
1.6 EARINEIRIE R IEE N E

K HABRY HL, M LB RS 7306 4 8%
O RIABRI . RO . YIRS R SFE
W, KA BL21, SSEA R . had i
G WSRO I . 230 O Sl R 2 A T 1
I 2 ODgoo KZIM 1.0 B, 53538 25 uL A 50 °C
JEAT ) 50% NB AR SR Hrh PP AR e 5
FFTFLERFTIL. A YPD ARG FREROK IS . o
B IE R ODgoo KEIN 1.0 1}, 20505 25 L
AF| 50 °C A7 H) YPD [EIREEFR3E A, 1A s
EE 5 FHTILART T Lo AEALH 43 3 50 uL &1
W, 37 °C BigE 4-6 h, WA K/
1.7 EBRE YIS Ry E AR

U AE YN TR AR . U=2X%1 000
P A EL, =, U Fa Pt IRAE R , X=(Y—-4)/2.1,
Y S B E AR (mm), 4 1T L H A2 (mm),
2.1 SR P R B SR R AR LB R R

2 R

21 ZENESGRIEIXREERZ AD EFBETIHRE
El:pkkES

WE 1ok EE TR, KR A E AD FEF G
A B EE PRI RE A R R IR AR pGAPZoA, 15 %]
kL pGAPZaA-CAD, ¥ ILZt:Ab 5 ik =
P. pastoris X33 JRZ AN, 153 & 4 FH bk
X33/GCAD., FfHl pGAPZaA-CAD JEiki Jti,
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FEF MY XA R AD HH, BN SE] 128 bp
LR R B, B 2 REAC A5 B (EAHTT 0 A
Bt, £ pGAPZaA-CAD JFi kit @i sh, st
pUCGAP-CAD #{k, L) X33/GCAD K15 FH bk,
WA TR pUCGAP-CAD HL i1k 2 82 A5 2
o Hr, B E BH M sC BE X33/GUCAD . Al H

PUC 0

pGAPZaA-CAD
3200 bp

PGAP

a—factor

CAD

CYCITT

Zeocin

EM7 promoter TEF1 promoter

X33 genome 1

pUCGAP-CAD JThi AR , e k9 1 K R AD
HH, E 3 R E RS S ESEMA R B, Ui
pUCGAP-CAD Jitpit g . 4% 4 X33/GCAD
F1 X33/GUCAD A& I b 15 v i ot 4441 P X,
Kl 4 s, 24 DUEEG TP X33/GUCAD Rl
R B3R T X33/GCAD [#Fk .

PGAP

rDNA

pUCGAP-CAD
4500 bp

TEF1 promoter
EM?7 promoter
CYCI TT Kanamycin

!

— -

/
GAPDH promoter Il

X33/CAD genome

GAPDH
promoter

CAD GAPDH
promoter

1 pGAPZoA-CAD F1 pUCGAP-CAD Fi &l it

rDNA

rDNA  GAPDH CAD
promoter

rDNA

Figure 1 Plasmids map of pGAPZaA-CAD and pUCGAP-CAD

A M 1 2

5000

3000
2000
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750
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100

B bp

5000
3000
2000

1000
750

500

250
100

Bl 2 EHFRK pGAPZoA-CAD (A)F1 pUCGAP-CAD (B)Fr X%&E AD EEAY PCR L F
Figure 2 PCR amplification and identification of cecropin AD in recombinant plasmids pGAPZaA-CAD (A) and

pUCGAP-CAD (B)

. M: 5000 bp DNA Marker; A: 1-2: #4205k pGAPZoA-CAD W KA % AD 3L ; B: 1-4: 4 JFki pUCGAP-CAD H ¥

KAE AD HH.

Note: M: 5 000 bp DNA Marker; A: 1-2: Cecropin AD gene in recombinant plasmid pGAPZaA-CAD; B: 1-4: Cecropin AD gene in

recombinant plasmid pUCGAP-CAD.
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B3 MEMRE

Figure 3 The bioassay of bacteriostasis

T fL 1 ABIMEXT B, fL 2 O X33/GCAD Witk A BE b ib W,
L. 3 4 X33/GUCAD %% I

Note: The hole 1 was a negative control, the hole 2 was

X33/GCAD fermentation supernatant, and the hole 3 was
X33/GUCAD fermentation supernatant.

40r 4 Gap standard curve
y=—3.089x+37.14
R*=0.9950
30
U 20
¢ CAD standard curve
y==3.056x+34.87
10r R=0.990 4
I | | J
% 2 4 6 8

Log,, copy number

4 Gap 71 CAD 89#R /2%
Figure 4 Standard curves of gap and CAD

22 AREELFHREEZ AD EEHENEMHE

HRARSCI 5t 2 i PCR 1S3 CAE S AHX T4 11
BOFEUR RS R ERLR N 4 FR, DIASIR B
TERERAL AR LA AR, A TEER O
PCRA4FAFH Cam bR th 2 Rt oA ik
TRFEDPE DIEL, sk 3 B, X33/GUCAD-3 Ttk
5 DU, DRI PR N 5 SR S0 TR A o
2.3 X%&EZE AD HJ Tricine-SDS-PAGE /9> F
EEHRERILE S

¥ BB B AS AR B R T A
Tricine-SDS-PAGE /N FCHA TS, KR
# AD PLHE KIS 2 F 5 (Mw) M 3 950.73 Da,
5 RIEPRE 4R SIS A TR AR
4, IEPIEE TR R AT R AD Bk,

*3 AEEFHLFH CAD EE# N
Table 3 CAD gene copy number of different clones

Clones Gap C; CAD C; CAD copy number
X33/GCAD-1 22.24+0.05 32.64+0.07 0

X33/GCAD-2  20.98+0.04 19.23+0.07 0.77+0.01
X33/GCAD-3 20.53+0.01 17.26+0.02 2.12+0.01
X33/GCAD-4 19.24+0.05 16.25+0.04 1.99+0.13
X33/GUCAD-1 20.12+0.01 16.25+0.04 3.82+0.10
X33/GUCAD-2 19.89+0.07 15.23+0.01 6.94+0.28
X33/GUCAD-3 20.34+0.05 14.78+0.09 13.65+0.41

kD M X33 48h 60h 72h 84h 96h 108 h120 h kD

3.9

Bl 5 Tricine-SDS-PAGE /N3 FEAK

Figure S  Tricine-SDS-PAGE identification of small
molecular weight protein

TE: M: /N3 T3 Marker; X33: [FPEXT .

Note: M: Small molecular weight of protein marker; X33:
Negative control.

2% PSR UE 2B A5 PP TS PR 0 B AR T
Wy E IR , 1E 6 F M TRE K E H i R
HRAEZE AD. Bl 6 BEAARFIR M b, hARARAR
RKERE, 4 MESHIER TR KR AD
LR, mE 6 ATA, M m/~z=659.35 B,
My=659.35x6-6=3 950.10; 4 m/z=791.05 i},
Mw=791.05x5-5=3 950.25; 4 m/z=988.60 H},
My=988.60x4—4=3 950.4; 4 m/z=1 317.65 W},
My=1317.65x3-3=3 949.95, KA % AD FiH K
P TN 3 950.73 Da, HILE HS2brsy T
S0 T AT
24 AREEFRE. BREURREBESENXER
AD RiZHIE M

H 3 AR 4L YPD . YDFEM Il BMGY #EF7i%
5, H59% 72 h IR YDFM 85 5% 50 TR Ak
X33/GUCAD-3 A KAt #E 600 nm A%
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JES-Y{E R 27.8, HUR KA 0k i Ry 5.22x10° U/L,
YR YPD 53R IR A YA 1 1.08 1%, 20k
i BMGY #5550 AE R ny 1.3 £, il 7
Fs

S T LAH I R A W R 2 2R S — Rk
PRI R A% X33/GUCAD-3 77 KA % AD HIS4I,
SAILAEA 20 g/L H L DR 2R R o —
WRUE A YDFM 5535 5%F X33/GUCAD HEAT R BER:
Fro WKl 8 FiR, SERFWILUH WA ME— B UR AT,
RE SR AL TR B 7= A B oA IR 1 7= K LA
Wk A7 SERE R ME—BR R R R AL TR RS R AR
TR . LAREE 72 h o, f FH A A —

TR B RN 208 6.03x108 U/L, 22
I ME—BR TR AR YN 1.34 5, SR SR N
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Figure 6 The mass spectrum of cecropin AD
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Figure 7 Effects of different medias on the growth (A) and the titer of antimicrobial peptides (B) of X33/GUCAD-3 strain
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Figure 8 Effects of different carbon source on the growth (A) and the titer of antimicrobial peptides (B) of
X33/GUCAD-3 strain
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Figure 9 Effects of different nitrogen source feeding amount on the growth (A) and the titer of antimicrobial peptides (B)
of X33/GUCAD-3 strain
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Note: A: Effects of different nitrogen source feeding amount on the bacterial density of X33/GUCAD-3 strain. B: Effects of different
nitrogen source feeding on the titer of antimicrobial peptides. a: No nitrogen source is supplemented in the fermentation process;
b: The organic nitrogen source supplemented with 5 g/L at fermentation for 24 h; c: The organic nitrogen source supplemented with 5 g/L
at fermentation for 24 h and 48 h; d: The organic nitrogen source supplemented with 5 g/L at fermentation for 24 h, 48 h and 72 h.
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Table 4 Antibacterial spectrum of cecropin AD

7S M B

Strains Inhibition zone diameter (cm)

B2 PR T

Gram positive bacteria
(O A PR T
Staphylococcus aureus
Hili o AT R
Bacillus subtilis
BRI AR
Listeria monocytogenes
I AT
Bacillus thuringiensis
WA 25 AT B
Bacillus cereus
TR TRk 0
Micrococcus luteus

2 R A

Gram negative bacteria
KIGHF 1w BL21
Escherichia coli BL21
1560 2 N BT R
Acinetobacter baumannii
IR
Salmonella
R 2 A P R
Pseudomonas aeruginosa

U

Fungi
oK i 2 0
Aspergillus oryzae
B 0
Aspergillus flavus

1.245+0.086

1.328+0.104

1.726+0.057

1.358+0.028

1.346+0.076

1.723£0.152

1.738+0.16

1.531+0.189

1.848+0.125

3 W54

L4 IEEA 600 Z R H R SRR T R
Gi 225, Chen 0T 4 U AEAY B 25400
PRI T RER AD Fimi ik HEA BI04
PITEVE . SR ECTRIN TR AR BERE GS115 h3R
BT KR AD HRB W HAME G, Bk
P A P O R R o AR T AN S 6 ol FH 4k
RS 8T GAP, RFE R ih AN 6 H A
T R HeRicis , ARk = 1) B W S B 5 1k
U RAEAO B BERE T HEAk o 8 R B
X33 &R Tl H T A A A E AL E A TR
MRk, I B R0 2 B 470 1R IR AT L AR i

A, NPT BRTELR . . FREE MY 5 T At T AT
REPE , SR T Anu] B PG 181 R ) £ 7 AR R Bt 5 44
R ARG — MR 21 D RIAREFR AD MEHE
X33/GUCAD-3, i i) 48 15 3 18 JoOR: 78 P B 1 48
G N ECH SO T TR\ R AD )7 &, KPR
15 2 I8 TR AE BB A A i 8 DT DR = R A
# AD fEREEE R i ki, AR R AD 3R
REM LT . SRIEXHZ AR T T Rl
b, B el kP Lk Ntk X33/GUCAD-3 1E
YDFM KRt KAG AT, REEE AD J i ;
YR IR A LA A B LA H T Sk E— B PR

KRR AD o A IR IR & o A i
B Wb 2 3 Al i B & B SR S b i A AL AR
T SR AERRE R AD T EARAXR,

MAVRANRLE RN 15 g/L i, REZR AD P fiv s .
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