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AR, E 15 L S E X BRI R BE T ¥ 09 Al b 3833 50 L5 1,60 t X BEAE B BB A B T ¥ ik — F AL KGRI, ST 60 t
AL AT, BEMAES B AL, 1F R A0 4 =90% 69 4 5o, 4h SR IRG 0 B BB AE R, 2 PITC AT ARG, B 21T
HPLC #m) B R A B LR JE R B O it 5 R AR RO ALt 2 L AL B4R, B2 % ES FASTOT R0,
1% plectasin E Rz E A5 F &, hb & GRE AN T L EF AR T B A AN, KT = 5P plectasin 4-F, B B
MR T R gt [ 4R ]60 t X BT 3 BRI A & K R A R IR T 5 5 A 43. 34% 43. T8% Fr 43. T8% , . 1A S M4 AL o
5134 10 566.99.10 986.45 F= 10 788. 56 U/mL; vk & T 18 & sl & 4 51 4 12, 19% .12, 30% = 12. 50% , 4% 1 24 %) 4 100 672. 10,
103 561.20 F= 99 765.50 U/g, 3 $tRK A = =5 ¥ plectasin BB 5 F 4 2.26% 2. 32%Fn 2. 24% , 4.5 24 554 plectasin # 40 A&,
R R SRR EBRBEANTA, 5T FH4.407KD, Z5ie 95 CiRENT LA BIF0RAZ M, pH 3.0~9.0 &4 R4F69
BRARAEE M 5 7 0. 03% ~0. 30% 35 12 33k & B A BAF e iz &t b 28 B R G B R OBk a8 K ¥ B A RIFay ik, [ 4]
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Study on High-density Fermentation Production and Characteristics of Plectasin Antimicrobial Peptide
SONG Shi-liang, LU Ke-wen ( Shanghai Bornsun Bioengineering Co. ,Ltd. , Shanghai 201506)

Abstract
yield plectasin-producing Pichia pastoris strain PPle-BCO1 was used as the experimental strain, the steady production of 60-ton fermenters were

[ Objective ] To develop plectasin antimicrobial peplide to replace antibiotics in feed production. [ Method ] In this study, a high-

realized by the scale-up experiments of high-density fermentation process in 50 L |5 t and 60 t fermentor that based on the optimization of fer-
mentation process in 15-liter fermentor. The purified sample of plectasin with relative purity above 90% was obtained by chromatographic col-
umn separation and purification. The amino acid composition of the purified sample were analyzed by HPLC determination , calculation of molar
percentage of amino acid composition and comparison with reference standards for amino acid mixtures after it’ s hydrolyzed free amino acid
sample and reference standards for amino acid mixtures were derivatized by PITC. The single-isotope relative molecular weight of plectasin was
measured by the relative molecular mass analysis of polypeptide proteins. The content of plectasin in spray-dried products were obtained by de-
termining the concentration, antibacterial titer of pure protein and the antibacterial titer of spray-dried products. The characteristics of spray-
dried products were known through the property test. [ Result ] Peak values of wet weight and antibacterial titer of fermentation broths were
43.34% ,43.78% ,43.78% and 10 566. 99, 10 986. 45,10 788. 56 U/mlL, the yield and antibacterial titer of spray-dried products were
12.19% ,12.30% ,12.50% and 100 672. 10,103 561. 20,99 765. 50 U/g ,the content of plectasin in spray-dried products were 2. 26% ,
2.32% and 2.24%, respectively in stable three batchs trial production of 60-ton fermentors. The purified sample was determined to be com-
posed of 40 amino acids and the molecular weight was 4. 440 7 kD. The spray-dried product had good thermal stability under 95 °C , had good
acid-base stability in the pH 3. 0-9. 0 range,had good tolerance at the salt concentration of 0. 03%—0. 30% in pig bile, had good anti-degrad-
ability to pepsin, trypsin and proteinase K. [ Conclusion ] The yield of the final spray-dried products reached 10%,the antibacterial titer was
over 80 000 U/g,the content of plectasin in spray-dried products was more than 2%. The industrial and stable production of 60-ton fermenters
was realized.

Abstract Plectasin antimicrobial peptide ; High-density fermentation process ; Determination of plectasin content;Product characteristics
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%7 pPICZaA-PSP Ak A BE AR TiERF SMD1168 ik, S2 3l T
PSP # 4] Bk i T 3 A T alifl, 9] % 5E Piscidin HTH
JRRE R AT T | 4 B €00 8 K T R 2 e [ T 46 1 o A=
KAIETE, X ar a5 B Ak i B 3R UL 51 S AR 2%
MBP JEPH 351 A, 38 5 Ut U104 J 20 R 9147k A 3] Bl
E) pGAPZaA Feak AR I IF b A7 i 4 S T, i Ty 2k 45— Fif
BEA> A TR 22 5 R I R AR BB XL/ B (134T Western blot
Rl Atk 5 S B R0 B 2, A B E AL R 55 ku
LeAq W E Y 700 me/L, 4l ik 80% LA b, it M i 45 SR 3
W, R T 9 (07 26 635 98% , Aiifk 5 1 2 1 6T 45 2 60 3 %
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G R P ACE RR T R BRI SRR I R, B A AT
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R TR 22 B R AR A, SR SRR 15 L&
FPEARE SRl T D A B £ ) o 41 o5 31 400 o/ L BT TR AU 26
kA F] 8 000 U/mL DAL, il 2 TR ™ S IBCR K 10% (7
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B 60 t FERUBL I b AR e AR = IR . I AR, 48
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1.2 FENIF BAURR AL (DW-86L338), F & i /K HE
P28 B H)) 4290 8 e (XSP—BM-2CA , [ Vi % 1
A AR A BRI 5 8% TAE & (YI-1340, 7R M J3 5 20
BERHEA R D) 5 Bk E IR 740 (GHF-9270, | g —1H
R R 7)) 5 3r 20 287 K B o (YXQ=50SIL, |
PRSI A R 2 0 TR TF-FD~1, 13 ARSI
AR 3938 K- (Sartorius SQP, 28 Z F Rk 2= AU (b
SOABRAT]) spH i+ (PHS-3C, Bl RS A AR ;
B3R A (DDS =307, I ifg F AN #5 A7 BRA 7)) 5 5 57 R
(TS=211C, & M e ZEAL 5 1 38 A BR A ) ) 5 €A eoe T
(752N, LA A BT A A PR 7)) 5 52 50 8 Wi 55 T 1 L
(WPG~=1500, % M T3 7k 2 HlRL T8 8 2 A B2 7)) 5 7K 530

FEAL(SYF=6D , G K SR AT BRA ] ) 5 ik 15 208
OHL(TDL-5-A, L2 s R2g (A8 ) 5 i i 15 2RO L
(TCL-18G-C, i 2 e Bhp {7 ) 5 2% R 2 114G I A
(HD-21-88, b g BRI A A &8 A BR 2 1)) 5 B AR A ( Multi-
skan MK3, ZEER R IR (118 AR FRA D) 5 H BAViE IR K7
Ty (HWS28, F-ifg—fERL A d A PR 7)) 5 5 SOBAH 6354
(LC-20AT, H A HAT]) 5 Y ( AB Sciex 5800 MALDI-
TOF/TOF , K [E Z A A H]) 5 2803 A WRE (1S LSO L, |
MRS LY TR A BRA D) 5 i a2k ™ A WERE (50 L
100 L.0.5t.1t.5 1,10 1,60 t, 47T 45 LW TR ARA
FRTTALAWD) 3 H Wi 55 T4 o8 (UK 4328 & & 1000 kg/h,
Te i A 5 TR A IR AR .

L3 i ik = A AR G R bR o
Yt (b E D) W 3 b E R R B s WER R (ORISR |
TR ZIRER (b it ) W A 1 25 2R A 2GR A PR /] 5 =
g M JPITC ,CHCA ProteoMass Peptide & Protein MALDI-
MS Calibration Kit Il | Sigma( & [E) ; H iy H Fisher Scien-
tific (3 [H ) ;SA W B Fluka( 3E[H) ;SP Sepharose £}y H GE
(3EH) ;2.6 cmx 10 em JZHTHE(PE 118 ) 1 B LiBHEZE
Brig 5] s HL- 1B % i 16 i 58 (rp [ Eifg ) W | 110 7 4
Mrilas) A FRZ A s Symmetry Cyg AL H Waters(5E[H ) ;
FIERR A (L) 18 B st R SR A BR 23 v 57K
45 M) H CNW Technologies GmbH ( f# [ ) ; Block Heater (
[ 1) W B LA BR A A AR LRI 3 AB Sciex
(Z£) ;BCA 5 H5E 3 riadif) &8 H Thermo (€[] ,
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L4.1 A ORI, & B 22 % R (plectasin) 52 i B £
( Pichia pastoris) JEI T 7 PPle, Fbk4i 2 BCOL, %7k T
PR I AT B IRAEY TRRA IR A R
2 BT P T b A o 2 — 80 SCARIR WA AR . B TS R1E N
TE YPD A b B FL A 0, AR % IR N A, 12 e, T
TG B A .
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Fig.1 Road for construction of high-yield plectasin-producing
Pichia pastoris
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(VLR A 2 GFGCNGPWNEDDLRCHNHCKSIKGYKG-
GYCAKGGFVCKCY,

(2) P i e 700 B IR T B35 PR TR TR T i e A T ik
PR AP i AR A O o 8 I A S T B i e A 22 R R
IR EEIR TR GRS , R I SE0 3 15 LR ERE , 28 138K
55 W T4 HT IV i B AT T2 AR, B SR e AT
TR BRI R Y, S5 5 R TR PR A Bt AR ) i TT 3K 300 g/ L,

(3) Py 5 3 A B R T g S H TR B AR S o 2 R R
FARBE ST ARG DL o B R S T R R T TR 22 B R R
TR L) TR bR IS, SR I SE 00 % 15 LR e, 28 1F 281k
56 IR IO T A3 BT R i R I T AR A R vk
TR R TV ) B T RN, 45 SR R B T AR R Ak )
6 000 U/mL,

1.4.3 SRR T 2R

1.4.3.1 50 LT 2, 853tk ORI FRIL(W/V)
M 2. 00%, & H I 2.00%, B 328 1. 00%, Bl
2.00%,pH H #Rk. @ #& i Fp 7 85 72 2 (W/V) o i % B
2.00% , & (415 2. 00% , e REIZKY 1.00% ,pH [k, 350 L
RRESEFRIL(W/V) o Hl 4. 00% , B2 1. 00% , L 7K i FR ik
1. 00% , S8 A5 0. 60% , Fi iRk 0. 17% , S8 464 0. 05% , i1
#0.05% , ;i TR 0.20% ,pH 5.0, fi TR (W/V) H it
BRIV 2% 6. 50% , EALEE 2. 0% , i BR4 0. 60% , BL{L 4T 0. 08% ,
Wi B2 0. 50%, B B& 46 0. 30%, 54 4k 4 0.05%, 4H M2 #h
0.02% , iR 0. 02% , A= H52 0. 02% (L) L5534 %5 121 C
K 20 min) ,

Bt OBEARHE R 77 . 28~30 CHiFE 72 h, Q4%
JHERPFHE % o BURE AP, O AR AN 1 I RNE I B2
AT A KT H A 120 mL 55254 500 mL = £
o B PR LA 170 1/min 28 ~30 CH5: 24 h, 350 L
Ko WREFRU I RN T 5% (V/V) R,
THEEEEA LKA HAH 26 30 L 53750 50 L
KRR BEFE AR 25~30 °C L #33# 350~750 1/ min, K&
600~2 500 L/h, % 0.02~0. 05 MPa,
1.4.3.2 5tfET 2, 83 OIEF R . EAK
20.00 g/L, R 10.00 g/L, 121 °C K B 20 min, K 58
BeJE IMAZeHk 52 20. 00 g/ L #5585 (115 °C, 15 min HLMK
W) ,pH FSR. @50 L fEREEE SR I, — P T R4 Fh
itk Beiit 30 L, (3500 LA R AL . —gfh I
PRIFPFRE 58, 26U 300 L, 121 “C K1 20 min, K5
100 L 532 80 L(43%<HT 100 L SESGHEAT 28 HE KA AL L) .
@5 v {ER TR FRSE . Hh 40. 00 ¢/L, B & 10. 00 g/L, £ 7K
T REE 10.00 ¢/ L, EAALER 6. 00 o/ L, iR Ek 1. 72 ¢/ L, Ak
£ 0.50 g/L, ¥ 0. 50 ¢/L, f 02 0.20 ¢/L,pH 5.0, %
HIE(W/V) B IR W2k 6. 50% , FALEE 2. 00%, il {1k £
0. 08% , T 0. 60% , ez 0. 50% , 5844 0. 05% , i Bk
0.30% , 5% 41 0. 02% , iR 0. 02% , ‘LW K 0. 02% . %
3t, 121 CKE 20 min, KEG 1t HES5E 800 L(4p%5R7 1t
WESEHA T2 FEK AL ) .

BB O, 28~30 °C %34 170 x/min, K537 5 #A
24 h, @50 L fE %, 28 ~30 C, % # 350 r/min, K &
40 L/min, #EJE 0. 02~0. 05 MPa, £ 3% &1 24 h, 3500 L
KT, 28~30 C 5 290 r/min, K& 25 m’/h, #EE 0. 06~
0.08 MPa, 3 % JE 11 24 h, @5 t K2, 25~30 C, ik
170 r/min, A& 400 m’/h, & 0. 06~0. 08 MPa,
1.4.3.3 60 t T2, Kigedk: ORIF FH 555, 5t
WET AR AL . @500 L HER WS Fe ke, — b
TR TR IR AL . 2 300 L, OS5 t ML BERT IR 3L
TR R AR A R SR A, R 3t 121 TR
20 min, K5 1 t 53245 800 L(/p%EHT 1 t fESEiEAT 25 fEK
FALHE) . @60 t & R SR IE, R 5 o R B R AL, B
Wit 30 to KRG 10 t fE535E 8 t( /3%EHT 10 t HESEHA T2 0
KEALHE) .

RSN OFEf . 28~30 °C,F534 170 1/ min, 1557 5 1
24 h, @500 L % ., 28 ~30 °C, %% 290 r/min, K &
25 m*/h, BEFE 0. 06~ 0. 08 MPa, ¥5 52 E ] 24 ho ®)5 t %
f%, 28~30 °C %554 170 v/min, KU 400 m’/h, fEJE 0. 06 ~
0.08 MPa, K732 JE 24 h, @60 t FE Kk, 25~30 °C, 5k
80 r/min, Xt 3 000 m’/h, FEE 0. 06~0. 08 MPa,
L4.4 W mwess T8 07 . iF XUOR ¥ 6l 78 170 ~
190 °C 5 i WU B2 42 1 75 70 ~ 90 °C 5 7K 43 75 A & 45 il 75
1 000 kg/h,
1.4.5 BH2REETE Lifb ik,
L4.5.1 FEREH, W25 R K FER—10 000 r/min,4 C
B 15 min— F W 95 C H AL 15 min — & H —
10 000 r/min,4 C &0 15 min— U 3 —SFEEUNA
20 mmol/L pH 6. 7 (B EPZE thil — A 2 A5 AR A 4tk
(S <4 mS/cm)—0. 45 pm FIERGT IE—E 4 CokFE R
e
1.4.5.2 ZMH#ER . 10 mL %) SP Sepharose FF 125 A
2.6 emx10 em JEArHE A, B S AEFEIRB R 2KF- A4 1, 2R
Jei F 3 AR AARFRY 20 mmol/L pH 6. 7 FYBEFR R 9% i V-1l
T
1.4.5.3 4ift, FFE— FREEEHEH 3 AR 20 mmol/L
pH 6.7 [ R 41 2% i i i F—28 5 A 3 AR &
0.2 mol/L NaCl 9 20 mmol/L pH 6. 7 1 FR 1 22 vh il 1k 24
— 3 AR S 0.5 mol/L NaCl A 20 mmol/L pH 6.7
AR B 2 1p IV I — Wi R W 1 — f S5 T 3 A AR AR AR &
1 mol/L NaCl {4 20 mmol/L pH 6. 7 BBERRHRZE i et 7.
1.4.6 LT RIUFEIKRHE,
1.4.6.1 HFEMAR . W2EEKER—5 5T 40.50,
60.70.80.95 C /KM 15 min — 5 000 r/min Z.L> 10 min
— KRN
1.4.6.2 pHREMHIRE, 7 — IKEE — 40500 pH
WE2.03.04.0.5.0.6.0,7.0.8.0.9.0— 5 000 r/min B.[»
10 min— AL o
1.4.6.3 THELE . 8 — WK 1985 — 473 A
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B R R B R A AT 81

FIRER 0. 03% 0. 10% 0. 20% 0. 30% 1. 00% — 25 °C J )i
4 h — 6 000 r/min Z.0> 10 min — ¥ ISR -
1.4.6.4  HUERAMREMAM, =5 — IKER —>HEaE
pH(EEEF pH 2.0 JREE B pH 7.5 FEHB K pH 7.5) —
A TRV EE 1.0 mg/mL A 3 Fii — 4357k 40 C (8
EEEE) 37 °C (BRIE FEE) A1 58 °C (5 AR K) B 2 h —
P pH %&£ 5.9 — 5 000 r/min .0 10 min — R

1.5 MEMBS5AZE

1.5.1 ODyy,, FIAE o K BEWR , T ZE 1R /KM 8 22 38 FL TR
WEE  FAEEEETE, 7€ 600 nm A< 4b, A LE 4078 %8 B 2
KRB HIWREE (0D, ), DU E B FHZE IR K VEZS 1

1.5.2 pH (e . BL— 5 19 R BV, FH pH T H I % 1%
TR pH I T FAR I A TR IE

1.5.3 PAIBEIE ., BURBEWR, ¥ — & BN R &
TRV (25 mlL) {8 B0 8 v 18— i A 0 4 S (1) 40 2 ik
(3 000 r/min, 15 min) , #4780 A0 B, 40 BRSE B4 35RO
FREE, A RBE(W/V, %) .

1.5.4 REERGTASIIIE . H A B 2 B
T (G+) 4 8 (573 4 BR TR 16 75 T ATCC25923 ( Staphylococcus
aureus ATCC25923) TR EAR K2k, 37 C 53537, B AR V&
HeFp 2 IohT LB g5 3,37 °C 200 v/ min J3R0000, 4
VARRE ODgy ,, 2 1.0 SR HE A BE WA 121 000 1Y L)
AR EEA R T 50 CRifbiy Iyt LB Bifg ks st IR A5
AR, AHS ., 02,7 mm FTFLESAE 1B ik EATIL, 45
MZEDFT 3 AL, BRI 5 L A BEM (S HTATI 1.5 mL
ZE 2 mL B4, 10 000 t/min #5005 min, FH 0. 22 pum i
DS A TR IR U8, FJC R KAEZS L0 R, 37 C G R ad
o ARYEIN R R/ RU

HEARBUESAN U(U/mL) = 2°x 1 000xHi BEAE AL,
x=(y=2.7)/2. 1,

Horpy SHPUER AM EE I H A% (Pmm) |, BOEHIME ;2. 7 AL
JHAE (Pmm) ;2. 1 AR IR EE S5 0 B R ELAR 9 LU 4
L5.5 P ShBumsom i, HERRFRE 1000 0 g /= 5t &
9 mlL JCREAEHIER K T (10 A5FRRE ) , 053 R 35 1 ile , Vs vt i W
1.5 mL £ 2mL .04 9, 10 000 t/min & .0 5 min, 7 H
0.22 pwm JERR IR AT R B0 g WG I8 U Ty ik [
“1.4. 4" 55k,

AR HUREM U(U/g)= 2"x1 000x i B4k, H
fhl7]“1.4.4”

1.5.6 H2&ERAGDAEYEE %,

1.5.6.1 45, e+ 0.5 mol/L NaCl ¥ 20 mmol/L
pH 6.7 (1 8% B2 B9 2% vl g vk M i, e lic B 10 45 (7 4~
5 mL) ;HPLC JU7555 4~ 10 R LT R & /8 E, L 4
G i B e P 22 5 2R A U T R R K, DRI I B £ B 5 4 4
#47 HPLC L2158 % 7E

1.5.6.2 HPLC JR2IEYE . Mo AT mL =514 1%,
JIA 1000 mL 2, 78531 5T . WishAH B:HU 1 mL =52
2, A 1 000 mL 47K (HL 33 <4 mS/em), 550 1E 5.

Symmetry C,, {635 # (250. 0 mmx 4. 6 mm,5. 0 wm) , i &
1 mL/min, #+ 280 nm, #:if7 35 °C, #4120 pl,

1.5.7 W28 R AILRE I o

L5.7.1 ZloKi. H—E walifih 567 2K b,
A 1 mL 6 mol/L f£52 , LA N, £ 10 min, 2 J5 % HiUE T
Block Heater T2 SSHE Lt | 110 “CAKARSZIY 24 h, S

SEERJE Kl S IR IR e A2 2 1.5 mL EP A rp fli RS
EEE
1.5.7.2  SemisUmARR (PITC) it Ik

(1) IRAZIEBARAE AT E AR FE . B 25 pL IR 2
FRBRIE VTR A 12,5 wL 1 mol/L = Z JiREIR &6 W ,
ZJFMA12.5 uL 1 mol/L PITC iRER AR E T E 1 h,
JIA 100 wL 1F Ve R 2R A 4R35 J5 10 min, BUT 2
20 L, JA 180 L HishAl A ¥, A5 0. 22 um i3 €
ARFRFFIA

(2) gl s AT A A b B, BUBE SRS A IR R T

VRTREAL T B 2RI, R 25 L o it i 0 2 R R A R, LAt
FAER (1) o

(3)HPLC MK, A=At i) 2 B AT A W) A T AR £
M, A M 0.05 mol/L ZFRAN/KIA; B ik H B 2
KW L Kk =20:60:20(V:V:V) ], JiE N
1.0 mL/min; i 35 °C 5 @S DL 95% 1) A WP 5, B
i St AR R e
1.5.8 2R R AN T BuRE oA s
1.5.8.1  gikf 1 L 20 SRR S EAE R HE I, AR T4
J5 0. 6 Wl CHCA ( Sigma ) & 577 W s 22 %0 i 037 B 5
FL AR T HTARTR 7 A EAE RO AR R AR UERE
1.5.8.2 i, TEIER FRECT e 48 S5 I vk X A it
T LA TR I 3
1.5.8.3 FHXZSE. PRvEY R HETEFE R 1 046. 54+0. 50,
1 533.86+0. 50,2 465.20+0. 503 494. 65+0. 50,

L5.8.4 A, 7EIE B RTS8 Uiy el i
L2 T e

1.5.8.5  JRIEHE K E A3, 5800MALDI-TOF/TOF 7=
Az RGO K P13 i 4000Series Explorer V3. 5 B F-G:H

L.5.9 2l EAWE C (mg/mL) M52 J5 ik, R BCA
EHEBED TR &7 (Thermo Scientific Pierce 23225 %)
W5E

1.6 HEoSH XA IR BIARTE S 2 Yol e (il 1y
YA B 20T Excel 2016 Ab3LE 5 18 I 7 £ 4 R SPSS
21. 0 Gtk PFEA T J7 22 3 M7, 22 57 1 % 2R A Duncan” s 3
AT 2 R IR A R LU - BB bR E 25 (ks ) " ROR, 1
K- 0.05,

2 FEREHH

2.1 EEEABIZMAMNRE

2.1.1 50 LugEilgn st R 50 Lol A el Bl . A IhE 18~
24 h AN E(DO) FFIG b T 5 2 00 H 3, FEAh
it 8~10 h, PRI E L 25% L) o nse Hs , JF s n
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M, S h R 2 25 CHEAT4ERs, A Z0K T pH 5.0 72
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Fig.2 Changes of ODy ., ,PH and DO during fermentation in
a 50-litre fermentor ( Lot number 20180109)
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Fig.3 Changes of ODy ., ,PH and DO during fermentation in
a 50-litre fermentor ( Lot number 20180125)

2501
200 F
ODONMW
= g 1501 ——
=g 2 R ;1 |
a2

&8 100 (N

501 \ /

//\_—-\/———*\,J

0710 20 30 40 50 60 70 80 90 100 110 120 130 140
A KA Growth period Il h
4 50 L & BT T2 ODgy ,, pH.DO HIZSL (1S 20180219)
Fig.4 Changes of ODy ., ,pH and DO during fermentation in
a 50-litre fermentor ( Lot number 20180219)

MIE 2~4 WTLUA 3 4L 50 L RS i /M R B I,
TERBERGR ) e 0Dy o I, 43 0 BBUREIN 5 T V202 5 1T
PR AN SRR 1o R T AT LU Y, 3 LUK i
155 OD gy, (EUAFDGS ROE 14 T 40 0 T ANTE TR 2811 31 A (43. 98+
0.52)% ,(43.91+0.08) %, (43. 57+0. 38) % /I (8 736. 18+
135.76) (8 226.29+244. 66) . (8 286. 31:140. 01) U/mL;3 #if
IR 2 [ A B RE AR 2 T 2 2 5
2.1.2 5 eiERRRSR, 5 R IR IR R - AT 12~

18 h JG A4 (DO) FFIG b T+ g i H I, i H
it 8~10 h, AR L 25% L Lo Fimse Hke , FFEGwm
FEL,5 h JE IR ZE 25 CHf74Edr, AR Z /KRS pH 5.0 £
£, 52 TE 5 o3 HRERE iR B TN 45 5 43 ) T
&l 5~7,

F1 3#x 50 L EERERIRENER

Table 1 Results of fermentation test in three batches of 50-liter fer-

mentor
Al aidndsn PN N,

5 0Dy {1 L SR
Lot The hi"g"ilest Wet weight Antibacterial titer
number 0Dy, . value (W/V) /)% U/mL
20180109 243.21+6.87 a 43.98+0.52a  8736.18+135.76 a
20180125 241.40+8.52 a 43.91+0.08 a 8 226.29+244.66 a
20180219 248.18+10.53 a 43.57+0.38 a8 286.31+140.01 a

T [FFAN R NG FREFR R [R5 ) 22 5 1 3% (P<0. 05)
Note ; Different lowercases in the same column indicated significant differ-
ence between different lot numbers at 0. 05 level
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20180315)
Fig.5 Changes of ODgy ... ,PH and DO during the pilot-scale fer-

mentation in a 5-ton fermentor ( Lot number 20180315)
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Fig. 6 Changes of ODgy ... ,PH and DO during the pilot-scale fer-

mentation in a 5-ton fermentor ( Lot number 20180412)

M 5~7 o LIE 3 K 5 ¢ e il & B, 1
RBEWR B e 55 OD g, (LI, 23 3 BROREIU G KR AL
BN AN R L3 20 R 2 nTLIE 3 R I A
15 ODyg ,, (EUREXCT IO A P A 9 B RTG53 1) R (43. 45+
0.34)% .(44.45+0.34)% . (43. 88+0. 42) % F11 ( 10 350. 54+
438.41) (10 564.35+328.10) . (11 001. 81+202. 23) U/mlL.;3
U 2 [ TR A H AT R AN 24T 2 2 5
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Fig.7 Changes of ODgy ., ,PH and DO during the pilot-scale fer-
mentation in a 5-ton fermentor ( Lot number 20180509)
F2 3#bk S t EPIRERANGNER
Table 2 Test results of pilot-scale fermentation in three batches of 5-

ton fermentor

Valal g

it i BT i
Lot 600 m Wet weight Antibacterial titer
number The highest (W/V) /)% U/ml,

ODyggp 1y value
20180315 362.32+7.68 a 43.45+0.34 a 10 350.54+438.41 a
20180412 368.15+£5.73 a 44.45+0.34 a 10 564.35+328.10 a
20180509 366. 81+10. 38 a 43.88+0.42 a 11 001.81+202.23 a

e [FFNAR NG bR A LS 1] 22 53 1 3 (P<0. 05)
Note ; Different lowercases in the same column indicated significant differ-
ence between different lot numbers at 0. 05 level

2.1.3 60 t R AE R,

2.1.3.1 60 t fEA " KW, 60 t HEA: = & B B il «
KWE10~14 h J5 AR N E (DO) i b TS 2 i i H
I, T HIh 8~ 10 h, BRI F A 25% L o FmsE G,
THERINPEL,S h SRR E 25 C T4, B &k I8
pH 5.0 2247, i 2 T, 60 v 3 #Hyta e il A 7= L I 4s
SRULIE 8~10, KMk ast P A2 W I e PRI ARV = R PR AL DU
ELERWAR 3~5,

400
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828

100 N -

N 77N
7 TSN~ e~
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8 60 t ik £ Fm & BT 72 ODgy - PH. DO HIZE4L (S
20180627)
Fig.8 Changes of OD ., , PH and DO during productive fer-

mentation in a 60-ton fermentor ( Lot number 20180627)
M 8~10 f242 3~5 AT LI th, 3 itk 60 v ifEfe e il A4k
PR R AT iS5 20180627 A 64 h IR HE AR E I,
PRRTR IR B WA, L B A AT TR (43. 34£0.27) %05 it 5

07790 20 30 40 S0 60 70 80
A KA Growth period Il h
B9 60t ik 4 7= & BT 2 ODgynm PH. DO MK (HE S
20180721)
Fig.9 Changes of ODy,m, PH and DO during productive fer-
mentation in a 60-ton fermentor ( Lot number 20180721)
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Fig.10 Changes of ODy ., ,PH and DO during productive fer-

mentation in a 60-ton fermentor ( Lot number 20180828 )

20180721 A 67 h B 1A AE K E A 0, BT A R 2R 3K 3] 0
{8, A B R 15 T R (43. 7820, 40) % ; It 2+ 20180828 % fi%
65 h BRI AT E W1, B ARR SRk B (A, DL i A1
T4 (43.98+0.38) %, L5 20180627 %12 64 h % BER L%k
kB, UL B AL R (11 002, 12£217.79) U/mL; b5
20180721 %% 70 h & FERAT R AL M 18 BIWEEAE , BT ALY
F(11 579. 37+147. 38) U/mL; fit 5 20180828 % i 68 h % iz
TR 2 1k 2 0, B B TR M S (10 820. 91 +
183.64) U/mL, B E S5 HT LM Z (B A SCHR, (A IR

PR R
F3 60t BEREFEBESSRTRENREINRERNLE R (#t
£ 20180627)

Table 3 The results of tracking detection of the highest wet weight and
antibacterial titer of fermentation broth in a 60-ton fermentor

( Lot number 20180627)

ERS Y LSS BUREAM
Growth period Wet weight Antibacterial titer
h (W/V) /% U/mL

61 42.41+0.28 b 10 566.99+149.91 a
64 43.34+0.27 a 11 002. 12+£217.79 a
67 43.21+0.16 a 10 980. 45+326. 68 a
70 43.15+0.24 a 10 986.37+93.34 a
73 43.16+0.24 a 10 867.63+183.85 a

TR NG 1 37 22 5 i (P<0. 05)
Note ;: Different lowercases in the same column indicated significant differ-
ence at 0. 05 level
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F4 60t EREFRBERRSHEEEMEWHMREQNE R (#t
S 20180721)
Table 4 The results of tracking detection of the highest wet weight and
antibacterial titer of fermentation broth in a 60-ton fermentor
( Lot number 20180721)

A WRIEE BURRLN
Growth period Wet weight Antibacterial titer
h (W/V) /% U/mL

61 41.97+0.23 ¢ 8 967.71+190.24 b
64 42.95+0.23 ab 10 986. 45+279. 67 a
67 43.78+0.40 a 11 123.21£330.35 a
70 43.22+0.17 a 11 579.37+147.38 a
73 43.18+0.24 a 10 997.81+181.27 a

L : RIS NG FREFoR 28 57 B3 (P<0.05)
Note ; Different lowercases in the same column indicated significant differ-
ence at 0. 05 level

2.1.3.2 60 t WERAE LR, BT 24T R REE R A
T 5 PPle-BCO1,60 t f# 3 ftykFa & ik A=, KR M Wi %
T BT R SO SCR, R LR 6, TR 6 TTLIAEH,

60 t i 3 HEURS S 1AL 7 A R T A T 0 T K U

WS 55 T A LR N Z R X JC 8 35 25 57 W55 1™ i

MIRCRAE 12% L T

£S5 60 tERETRBERRESHEEEMEY LM RGN SR (#t
= 20180828)

Table 5 The results of tracking detection of the highest wet weight and

antibacterial titer of fermentation broth in a 60-ton fermentor
( Lot number 20180828)

A K A PURRL
Growth period Wet weight Antibacterial titer
h (W/V) /% U/mL

59 43.21+0.23 ab 9 145.23+375.06 b
62 43.78+0.23 a 10 788.56+183.08 a
65 43.98+0.38 a 10 818.34+76.49 a
68 43.88+0.25 a 10 820.91+183.64 a
71 43.72+0.24 a 10 768.28+319. 80 a

PR RDING 7T Jor 2 5 1 % (P<0.05)
Note ; Different lowercases in the same column indicated significant differ-
ence at 0.05 level

F6 HLEZRDIER 60 t i# 3 HRBERESNELER

Table 6 The determination results of plectasin antimicrobial peptide in three stable batches of 60-ton fermenter

kR BRI KRR 7 P D TEINEEL N

= P Peak wet Peak antibacterial Product HHS Antibacterial
Total volume . . . . Product yield .
Lot number X weight titer of fermentation weight RAYL titer of product
(W/V) /)% broth//U/mL kg ¢ x10 U/g

20180627 30 43.3410.27 a 11 002. 12+217.79 a 3 656 12.19 10 067. 21£251. 66 a
20180721 30 43.78+0.40 a 11 579.37+147.38 a 3 689 12.30 10 356. 12+155.33 a
20180828 30 43.98+0.38 a 10 820.91+183.64 a 3750 12. 50 9 976.55+149. 65 a

TE : [RSNGB R AN R 5 1) 22 5 1.3 (P<0. 05)

Note ; Different lowercases in the same column indicated significant difference between different lot numbers at 0. 05 level

2.2 H4LBREMSTFERSERN

2.2.1 WL RAGAEYRE . HPLC IL M0, Kl i 1<
280 nm, KN ZE R B, T 2255 3R A LIAE 4. 756 min IR AG
IE, 2 A X 2GR =90% (P 11) .

.51
o
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= S
= 5.0F
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W25t
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JI .J L = il
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BFiE] Time /| min

B EeB R R A S
Fig. 11 Determination of plectasin purity by HPLC

2.2.2 WLBREIERANIHT . Sl AR 0017 25 2
FRAEND , 28 PITC i A AAL B S , 285k HPLC 4347, 443 3 1 Ji
I6EdE 2234 Labsolution (SHIMADZU ) 28 4R i H 8l R 3 Ak
W | T A e P DL 12,

20l A IR LH S IR A LR S A SR TR B A
i X, MRS RAT 5 22 R (plectasin) J2 11 40 P LR
LRI 22 IR P S LR e e R

1001 = 2
{2~

= 15t

R - - 5

= ] e 2 0o 2

® 95t I 9= - AR
s &[5 2 13
AR RN

075 10 15 20 25 30 35 40 50
BFiE] Time /| min
E12 FL£EZamSERARS TN REEEREE
Fig. 12 Analysis of amino acid composition of plectasin by HPLC

2.2.3 WHAEFM TR R fa i i
Ja R Al G AR XS 7 B, 2l SR S WL 13,

P 2285 K (plectasin) JEH 40 NEFERA KA 2 K, Hah
Fy = (N B R 4 ) 1Y) %1 & GFGCNGPWNEDDLRCHNH-
CKSIKGYKGGYCAKGGFVCKCY, W« BEEMNIISS T8N
4.400 0 kD, & 13 i B A5 0 [ 2 A XS 20 F &0
4.440 7 kD, iz Fi 58I T AL, Bt Plectasin #
K|,
2.2.4 WUBHETE,
2.2.4.1 iAW,

(D2 E AW C, (mg/mL) M5E . H R EE AR TE
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H4LBEZ4RSKEARENS FRES TN EE
Relative molecular mass analysis of the purified poly-

peptide protein of plectasin

2 e 25 2R LA 14,
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y=0.409 5x+0. 004
R*=0.995 4

92 nm

on,
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8% E Protein concentration Il mg/mL
B 14 ZFEREREHZ
Fig. 14 Standard curve of protein concentration

37 “CJ N 30 min, HIEEHR{GIIE 492 nm ZE IR OGRE(E,
DA 22 % R 20 B WOG AR, HF AR B R C, =
(1.61+0. 04) mg/mlL,

(2) 4 dh 19§ B U, (U/mL) 3 2, 78 &
0.5 mol/L NaCl ) 20 mmol/L pH 6. 7 [ 45 28 np 38 e I
i, SECAR 10 4 (B34 4~5 mL) s HPLC RGN R, 25 4~
10 228 RS A, A 4 4 S IR 2R R 1Y
WA TR AR R, K 45 B TR U TR B WROHEA T BT TRk o A 0, 015
RETAIRA U, = (7 174.12+101. 44) U/mlL,

() AR R TR TH . a8 A s R A0 RU=
U/C (U/mg), i+ 58 4 & A B i RU = U/C, =
4 455.98 U/mg,
2.2.4.2 RWTES . U(U/g) MELRILE 6.
2.2.4.3 WABERTE, g mNTHZERTHE(ng/g)=
Uy/RU, 60 t ffE 3 HEUARE A 7 7 il P i 225 3R 5 B A DU
{E53 B M4tk 5 20180627 By 1 g 77 P 42 8 K
Uy/RU=22.59 mg/g, T B H & 2.26% (W/W), 5
20180721 (A 1 g Fo i A 2% % & & Uy/RU=23.24 mg/g,
P E o it 2.32%(W/W) o Hib*5- 20180828 1) 1 g 7 fit
W& U/RU=22.39 mg/g, T8 40 & & 2. 24%
(W/W) o
2.3 BABRNERT R
2.3.1  PFEENE. PESE rENE R UL 15, K15 [T
DA, 2B RPUR IR S 7E 95 C LU HUmsi i TC i %

78/Z Temperature || C

TE 6 RO B AR , R pH RURES, IR AR/
B RFOR2E 13 (P<0.05)

Note : The control samples were dissolved by adding water directly and
stored at room temperature without adjusting pH. Different lower-
cases indicated significant difference at 0. 05 level

E 15 B4BRERNERSRMAREEIKER

Fig. 15 Test results of thermostability of plectasin antimicrobial

peptide product

2.3.2 pH RUEME, pH RE PEMIA LR WK 16, WA 16
ATLAF PR 228 X PURIR™ dh 76 pH 3. 0~9. 0 AL A
MRRZS RT3 22 5, BLIATE L pH SR N AT RAF IR
PECpH 2. 0 HVASA IRES el 25 , BT T WY Z R

e
===
e & o

EEM
2

Antibacterial titer /| x10° U/g

=)
S K

86
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Contrast

pH
TE X B B , RIS pH AORE G, SR AR/
B RRR2E 57 03 (P<0.05)

Note : The control samples were dissolved by adding water directly and
stored at room temperature without adjusting pH. Different lower-
cases indicated significant difference at 0. 05 level

E 16 BH£BRMEMRS A pH BEMIRNER
Fig. 16 pH stability test results of plectasin antibacterial peptide

product
2.3.3 TRt AHERIRES . AR ER IR A R LI 17, IR 17 AT
DI, T 22 85 P IR B 7E 0. 03% ~ 0. 30% fIEER W 2 T
UM JC 35 22 5, DA AR R BAT S it 32
2.3.4 PR AR U R Il R L
18, MIE 18 AT LAE | A 2485 2 PUBA K™ vt 1 27 11 il i
B RS K APTE RO 0 3 25 5, BERH LX) 134 3
PR IS A RAF IR
3 #Zit5itie
3.1 i Mygind 2572 50 MG A 20 11 D A5 1 A 220
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cases indicated significant difference at 0. 05 level
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Fig. 17 Bile salt tolerance test results of plectasin antimicrobial

peptide product
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Fig. 18 Test results of the stability of plectasin antibacterial pep-

tide to protease

T BRI 22 R R 1Y DNA KL F R IR R IR RS,
ST 2 3R T EAT T A RS Y . 25, AT
TP T — 2B X B 2 B R ST . Yang 55 BEST KM,
A 2285 3 HAT SRR L FCBH PR T JGUs I v S, ml AR
— PPV IARYT L PR TR IR AR R 2R 2,
IRV TR BRI R X=33 Rl A A Plectasin, f535 3
AR IE P 2 B 2R IR pPICZaA | 55 A ek ERE X =33
AT THGE 1 F#38 120 h J5,X-33(pPICZaA/PPD) 43
WRIRH) B AWK 339 pg/mlL, X-33(pPICZaA/PN) 73
WA EFE AWK 307 wg/mL, KB WL B iEaifl .
PN DI E IS, A TR 6 M, & BV 1 IS AR AT
{A PPD 1 PN X0l UM 4 o 3 45 BR B 0 A o 7
H Ple Z2BRARILIH Tu R Jin A BE AR TR 43 1 78 23K 8k pPIC-
ZaA AL ER AR BERE X33 J5 15 8] — R SE I T RE T PPle; 78

1% HEEA ST, i3 15774 Plectasin REAS A 405010 51315 57
S A 228 R TN 4.1 KD ZERBI i 5, B
INEE AR T A2 PPle 43I /K 2k 143 weg/mL, (RSN
BRI F ], T2 1 24 5 2 e B R 4 B R A BR B O
AR T , B /INA B 94 S 7% X A B T o UK
/MBI BE N 4 pe/mL; BEM pH 2. 0~ 10. 0 R340 B 1%
1 5 20 58 2 AR AL B3 S RE (R FR BT I I . iR
R 60 4 P e SD R, $eA T AT MRS S
BEHLAY g 6 AR, B ERRSREAT SR B . 40 i 5 R I
TSR S A B2 2 T R LW (X)),
X G — 2 AT 0 A BR B TR (5 — A Sy 0o B
VST AR K ) A KRR 35 14 d J5 92 2R IURE, 25 5
W W I S5 1 22 5 2R T v 8 2 Y R K L L 0 e
PRI AR, e K B Thae, MBS Rk 4
52 NZ2114 75 1110 B T 41 363K UKL pPicZa—NZ2114, Jf
FEALEERIERE GS115, Zeocin FPEi Ve FHETELL T, i 14 PCR
U 78 Tricine—SDS—-PAGE /3 M F B g L 7P B : it ve 3545
T 245 % NZ2114 S Fk bk, 25 5 L PUAE 4. 4 kD 4b
W S8 B0 F B945007 , 28 50 L B R, IR 3 96 h, B AR
ik 151. 23 o/L, B R 40 MU B0E 37 24/ mL, K 119k 3k
606 we/mL, FLH AL T H 575 5 6 T b 0 V0T 4 9% (03 2
BB CMCC26003 HA7 B AR T, T34 SR 30 L
VA R A B AR DR TR 1 PPle HEA T 85 BE S S 1%
I, RS Rl S 1 T R R R 1 R 3 BF R T
R B TR A K R A A U T A
20 75 N 4 (0 2 R R R A U T i S 2 D Y
S, RN 76 30 C T, & HBLELL S 72 h, Hfok
BERIE I 402 o/ L, ks I I 1 IR 3. 94 ¢/,
AR 30 L & X BRI REIE R TR (PPle) i2f
PR R, R A~ s R 1 T 20, LB Al it
THRIEEA AT A PETE R 3 AR ) B 55 S0 T 41 1 22 % R A0 b
FIRBIN . S5 HFW], L 114 h (KR LR H 2 A
ST YV VY 4 A AR K B B 5, 4 9 450,402,
277 g/Lo KM% 114 b, M5 % 1% b 3% Vi 85 11 B vk B IR 2 4
0.38 o/L K fifl H 9l 20 3. 94 o/L. J Rl W] v Mk v M 4
5.63 g/Lo BT 30 3k 24 H R RER kKK W75, 4
PR —BUR ML A LA TS B . 25 SR W], 5 xF
AL (TRPOAa M) M LL, T 22 %5 20 1 I AE 10835 42 75 ADFI
(P<0.05) fil ADG(P<0.05) , i ZFE&AK F/G(P<0.05) , 3
H5 125 10117 £ BE WUBAT T 1 75 ik (P<0. 05) , FEAT FEAR IR V5 5% |
PR RE R T 9 T WU AL R A % (0. 05<P<0. 10) , 2%
TEE Y LA SR YR ) 4 B (0 4 2 BR 1 D bR T R, F 9T T
YR WEHIE M (NZ2114 F1 MP1102) 7EE5 35 4L A= W Fni 2
FLHR R A0 P B0 3R RO, 330 P R A 2 DU PR A )
W 2 SR8 bk Wi U I 4 B (L AT BRI X 2 Bl
PR BHURR , 2 Tl B KT 2 W R A LR b B 0 v B %
SRR B48 BBORERE ST, BACR L T U E A 1
S, AR 4 E R ATER T S N LIRS L SR
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B R R B R A AT 87

o S VEASHTBR K (NZ2114 F1 MP1102) 7644 P FLAR R 58 1)
AHEMBRER . G5RRW, Zad PRIk U Z3RI7 E AL
JRLH 2 4 ¥ (0 A A BR A B0 B 3 T R, HLBU R RO T
PUBRZE (PUBRZE NZ2114 Fi1 MP1102 433 FR& T 1.481 2. 901
13151 g BARIARCR) o TKIEIRSE " BESE T 24 F R IR
FRIR (NZ2114 ) 3 25 215 46 TR 45 LA BR B 1 PR A1 R B ALCR:
FCAEFAALH, 255 & BRBTTE K NZ2114 X475 45 21 55 R U A5
FUBEER T AN RIS P , L TR 20 T 40 i A ] o 34 T i
PURYIEIN 4 DNA JE k28 2 0 4540, Ma 251 25 73744 H
H PRI 2H 2255 R (Ple) Xt AR L KA RE i 3 fie B
FIALYE S S HA R, JFRE T 288 d AYsh#ikee , RA 1 H
BTG FE AT AR MR G, U0 4 4, 4 4 1) PR Ll AR
(NC), ¥ 10 mg/kg WAL (PC) 100 mg/kg F 2255 %
(LPle) 1 200 mg/kg Wi 425 2% (HPle) , 45 ER, 5 NC 41
FHLL, Ple MR &8 2 $2 7 ADG (P<0.01) | & Z B X F/G
(21 d,P<0.05) W @ &4 = T 3 eI (42 d,P<0.01)
FRER FIBHE M (P<0.01) . 5 PC 41244, Ple S fig#f i 28
% SRR (21 d) 3 5 NC 4l e, 25 6 i
SRR L E (V/C) Mt F $iE = (42 d,P<0.01), PC 5
Ple HIfE i EHEE 126G (21 F1 42 d,P<0.05) il IgM {5 (42 d,
P<0.05) . 5 NC 41t PC LPle fil HPle 41 AEAK i 3 F5
RS N /& i (21 d,P<0.01) . 4h, Ple iR REML 2 3%
K A E P E. coli FLETE S AU (21 F142 d,P<
0.01),

PEBISE LA 7 TH 42 B 3% SE IR e BE BE I TR 1] PPle -
BCO1 F IR Bk , i85t 50 L5 t.60 t & et 2 i i 1.2
PRACIRES , SEEE T 60  BERLBL R RaE A 7=, 3 bk e itk =
J2 TR R AV WAL 23 1)y 43. 34% ,43. T8% Fil 43. 78% , Hit
B I R4 314 10 566. 99 10 986. 45 F11 10 788. 56 U/mL;
5% 55 1= SR A 3 12, 19% 12, 30% Al 12. 50% , 3t 18
RN 43R 100 672. 10,103 561. 20 199 765.50 U/g, 4)2
Mt Atk , 15 20 H X4l = 90% Ay 4l o 25 K 5
BT S A SRR & , 28 PITC AT AEAR AR FR)S , Pt HPLC 43
M B S SRR AL A JR 40 e T3S R R TR A A v i EEXT
SINTAE SRR L R R T AR A A e 5 Ak R 114
SRR SR , O H NG I (%R i R
I SR S IR 5 ORS00 4 35 R A 855 B S 400 BT DL
> AR E SRR AL BLEEE R T 4 T SAT5 454 Plectasin (40
A RIEFRRALN 2 MK H HE R AR A, dif s
JRER AR 431 i AT, A5 Plectasin w4y 240
XorFi ok 4. 440 7 kD 1% 45> F i 5 HHS 4> 1 4. 400 kD —
o Al W PRSI AE | TG T DA T

BRI AE , 1A 3 Ak F= = i Plectasin 5500
2.26% 2. 32%F1 2. 24% , ;= MK, 95 °C R LA
A RUFAIAFENE ;pH 3.0~9. 0 BAT R AP I RRTMAR 2 1 5
1£ 0. 03% ~0. 30% 5 ALk v 1 T~ EL A 547 19 AH R 1 32 14 5 X
B G PR BRI I K A R PR
3.2 #1% EMFITLL R TR 8 R IR TR AR RS PPle
-BCO1 bk , il ad 50 L5 1,60 t FERRMEL S 2 5 &
T MARIRLS , 50 1 2255 2 (Plectasin) 4544 43 %
P A, SR LI E 15 Lk EERESL AL bk WA
it A L ER R H) 400 o/ L HTH AL H2 =5 2 8 000 U/mL L)
b R RCRIE 10%, 77 BB AL A 8 T Urg L
L 7 Plectasin Sk 2% U, SEEL T 60 t BERUBLIG RS
W bRasE .
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