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Study on depsipeptide compound enopeptin A derived from microorganisms: its
breeding and fermentation technology (I)

Gao Fang-xia !, Tian Min!, Lei Ye-ming'!, Wang Kun-rong' and Cao Yan-ru?
(1 Antibiotics Research and Re-evaluation Key Laboratory of Sichuan Province, Sichuan Industrial Institute of Antibiotics, Chengdu
University, Chengdu 610052; 2 Chengdu Yacht Bio-Tech Co. Ltd., Chengdu 610041)

Abstract  Enopeptin A is a depsipeptide with antibacterial, antiviral and a variety of biological activities.
The original strain SIIA-H7264 was mutated by UV, NTG, EMS and atmospheric temperature plasma. A high yield
and good genetic stability strain A-21 was obtained with a titer of three folds higher than the original strain. The
fermentation conditions and fermentation medium were studied by the Plackett-Burmen experiment, the climbing tests
and the Box-Behnken method. Under the optimum medium and conditions, the yield of enopeptin A was 1750pg/mL
and 2.98 folds higher than that with the initial conditions.
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Enopeptin& H H 42234 Osada%PIE 1991 4F 34T
PUvd £5 245 W i e i I\ T SR B R RK-105 1 (1) R B
RIGH— M R KL &4, 7 enopeptin AFIBH
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FRBRAN2- FE-3-FR - IR T -2- R W 4 4 . FoAb =2 454
W17~ . Enopeptin B4k 545 #4 5 enopeptin AFH
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(1) R TH AP AR 8 7R 2
pH7.2~7.4.

(2)Fh PR A MEEM2.5%, EAMK
0.5%, Hi&HE1%, ME$0.2%, ¥ k0.3%,
CaCO, 0.2%, pH7.0.

(3)IEfli R P 3G R 0k . WA M 1% B KIEH
1%; AHEEEM1.5%; EAK0.5%;: F KK
0.4%; pH7.0.

2 RWAHE
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[ A P A B T B 7 o i 1D I 4 P Al R
128 CE TR AR Th 597 10~14d

Bl s BUBTEERHEF2 BB N 2645 30mLFl 1
KR 250mL =M, F28°C, 220r/minfief% =\
PEIREEFE72h,

REER: IR 5% MM WM 7R RN
A 20mLK BERG FR B 250mL =, T28°C,
220r/min i £ PR PR E5 72 120h.

22 REEFYIAE R &

(HB2mLKE B, MA2BAE R 21, &
%A E30min, T1000r/min 2 L>3min, B2 ZEEH
WM TE K CEERRE SRS 5, AT A7 WA
FEREFAI

QE2mLREER, AR LR TG, &
% % B30min, T-1000r/min-C»3min, HZ.R ZFEAH
WM TCK CEERRR66%, 0.45um P FL I8 ML 8

ISP7H: 7% 4,

Enopeptin A R=CH; Enopeptin B R=H

&1 Enopeptin AF1Enopeptin B 2543\
Fig.1 The structure of Enopeptin A and Enopeptin B
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YK : 375nm, AEdE: 40°C, #EFEE20uL.
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AR A 104 204 30F150min, HIABRACHT BRANZ 1L
SR, N 20 17578 A B ) B B R R IR AT B IS P7 [
WO R B, B T28CRE10d, HREER,
FPk 12k B TR P AT PR AN 3 B
244 NTGHEL

NTGH B #,  Be i) BOR BE 9 10mg/mL 1) £
o BUUmL ] 4% U 28 1 9075 48 07 49 11 1R 0 1 B 7l 1
B, MANTGEER, A2 50.1H10.2mg/mL,
B Y AL FRIN ) 920, 40A160min, INAGRACHR BREHZ
1B SRR, 44 48 1570 Kb B 1) B VUM B IR A EITSP7
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[[]20s, WEDHFENI20W, BSEHANI0SLM, 5
T SRS R i B P B N 2mme. AR BRI [R] 410,
20. 30. 60. 90. 120F1180s, H5i/548kbFH 5 () #1 T
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252 KEEFEMKMN
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AVERE1.5%: EAMK0.5%: EAKIN0.4%:;
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OPlackett-Burmani % : 4% HN=1211
Plackett-Burman & i1 5%, Xf7ANK %= 4
(X1). BIKE(X). BEER(X,). IR, &I
(X)) HEBRX )RR (X)BEAT 55, LA BSR4
enopeptin A 7= BN MNAR, RN LRSI A
Ko W TR WER R . f# i Design-Expert 8.0.5
Gk BT S A R A AT DA A, AR A
77 FERf E F E R enopeptin AF7 & B K & ANt
7 R ] AL 5 M) PR S 2 PR T

Qe : HHiPlackett-Burman i 1145 21 i
INEER, R Henopeptin AP EIEZR R, LA
A6 B AR A R T I AR R IR J7 In), AR S 2% I R
AONLAR 1K /N s AR AP K, R I 3 DR R R A
BEME 4 SEas vt

@Box-BehnkeniZ ik 4 : i BE M4 92 46 45 F
JE H 18 1T M AR I B[ A5, 3k i B i Box-Behnken

%1  Plackett-Burman ¥ itS256 K & /K

Tab.1 Factors and levels for Plackett-Burman

-~ K%

1 1
HIEFEX) 1 4
BIFE(X) 1 6
BHIR(X) 1 6
FHIRE (X)) 1 6
FAENX) 0.1 0.4
i 2 R (X)) 0.05 0.2

HFPRN(X) 0 3
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3 HBR55H
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Fig. 2 The mortality rate curve of UV radiation

20%, LI ESBIREFEKU-33, HRBERMNIE
F190ug/mL, % H K H#STTA-H7264 110pug/mLEE
80%.

312 EMS#%

R AE2% 4% BRI =, Rtk
30min, FILEREIIER|80%LL E(#2). LFERMIE
PRELI B Y5 210, 4% EMSi%A830min, 1E R4S
R N26%, SRIHER R RABREIKE-23, LRI
AN IEF225ug/mL, $U-3332 5 1 18%.

313 NTGH %

E0.1R10.2mg/mLIHEAZFE T, RilH
60min, FILEEIIERI0%LL F(#3). LFBIH G
PRHL B VR 4057, 0.2mg/mL NTG#54860min, 1E
RAR 1 N38%, LI a3 B RAFEIEN-51, J&
KRR iE3290ug/mL, #E-2312 % 1 22%.

3.1.4 ARTP# %

BRI PR 1) B50AE 26 5 46 B 1 RS RS () 2 AR OG
ARTPALFE100s, FALZEAI0% A4y, AbLBEH[A]
120sk}, FHERIEF|100%(E3). ZiFEAR AL 5 HREL
) B VE 2 )55, ARTPALFEOOs, 1ERAS R mE N

2 EMSIHFRBULRLR
Tab.2 The mutation mortality rate results of EMS

EMSiK & EMSAb I [6]/min
10 20 30 50
2% 20% 65% 80% 90%
4% 30% 70% 88% 100%

®3 NTGHEEHICRG R
Tab.3 The mutation mortality rate results of NTG

NTGH JE NTGALFE I 8] /min
20 40 60
0.1mg/mL 56% 73% 80%
0.2mg/mL 60% 82% 88%
100 —
80
x
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=
=40
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BRI [E)/s

[E3 ARTPFHAL & 5 EALE ih 2k K
Fig.3 The mortality rate curve of ARTP

40%, LRI REFEKA-21, HRBERMNIE
F|440pug/mL, HIN-514E5 7 51%.

AP HERRA-21, #2217 Tkt
1TH: 7%, Enopeptin Af7= & HHEH] 1) 110pg/mLIE T
#440pg/mL, $EE 7315,

315 HEHRA21ME R EREE

WA 2 DESHT R R B SR, 45 R K
W% AR B vk 2 D TESARARHIE A, P38 7K P AH
XPFRE o
32 KBIVHIRAER
321 KBRS

TE WU 5 T B 7% R L Ath, 5 9% 2% 1R — 2 1) SRtk
L, XHERE. pH. #ME. BHERE U AERE
AR RIATH R, LA 005N RN R R
SCW, W TR R TR B B FE B R kR B
3%, HFEE28°C, 250mLIEMmE RILsEE N
20mL, ¥J4hipH7.5, $#EPK¥#220r/min.

322 RBEREARIAUMFRER
(DR RRIE LR o S e Bt ks 7 2
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PMRIRAAE, B SmE M. TR, 40, 3
WL ORTVATEVER . Hah. HEmE. Tokih. i
ML EORVERY . MR AR S 128 IR, M
A BB N E 1% WK 1%; SR )5 LA 4
PR B, AR B, R, R
s BERHRRY . BERHRE . EFRIOn . WELE G
Wy FRER . MEFER . IREAAGLE TS 1250
AWARIEEATH 5, WA IR1T B A WL AR A EL
B K2.5%, E— B E AL AR NI ERH0.2%
THLEE N EAIN0.2% . BRIREG0.2% BFIR — &4
0.1% LA B8 10.1% il 20 -

()M 37 THT e AR B0 B 45 IR

(DPlackett-Burman 256 311 556 45 4. 46
sER LKA, O HT B Design-Expert 8.0.5, Xfisk
6 285 F AT RN 20 B LA R & TR R IR o i, 4550
WS, HERF, BAPEAH0.0004, /HT0.05, ¥

F4  Plackett-Burman 256 158 1 K i o {5
Tab. 4 Plackett-Burman test design and results

PHAZAR R 2% . /Bl H & $ (regression coefficient) A]
R IR EE 73 X Enopeptin AJ™ & (151 5 25 1 I
9: TR WA >R R4 > R A > S B> 2 B>
TG M. HP, Xfenopeptin AFT RSN H N T E 14
MRFNHERX) WIS FIFBX). SRR
(X,), I 2 T4 [ml AR vh 388 [ )4 40 5 45
BIMLETTFER: ¥=390.92+36.92X +147.92X,+17.58
X,+104.58X,-42.42X-159.08X -119.42X, & RER
1650.9929, Ui AT FEAL G R4

Qi BEMCH IR 45 8.  HPlackett-BurmansZ 56 45
Rkt BB, BRI MR B3 B
FHR AN, HARS W BUE 70 & 2%,
WEM3%, FAMEN0.2%, BERR —EHH0.1%, BRIRES
0.2%. FxBENCHE LI ih 7 R ik s R WK 6. 45
BB AR K enopeptin AR BE = RN, [RlILkEL
FAUCRIE KA A ot sUgEAT Wi LT R RS 1 1T

(®Box-Behnkenifgs 25 5. 5 B NCH 156 45 SR
€ T B ORI T e A X 38, M3 Box-Behnken it
Wt B, XK . THERER . I ERR3A

Numb Factor Enopeptin A/ . g . AR A
e Y X, X X X (ugml) %%1&@:%:%?5‘]“@&@73 ks (& 7),
1 o1 a1 11 1 554 K 8 A Design-Expert8.0.5%F 18 56 45 S 34T — ¥k 0] 19
2 I 1 81 30T, PRI AHZAY 7 RE 1) 2 AT VA, R
3 L ! 186 OR[N R A B, e EiE g RERAEHITT
4 11 11 1 -1 1 601 TR PE
oo b Box-Behnken ¥ it J ik $ 45 K8, L&
6 1 -1 -1 1 -1 1 1 37 . . .
; o4 441 a4 . [ FERIEA N ¥=1711.00+20.70X,+153.16X +
2
g | | | | - | 483 51.60)(6+49.61X2X4-108.46XZX6-10.97)(4)(6-18%50)(2 -
9 Ll 1 a4 a4 a4 39 180.42X-62.11X 2. H Iy Z 54 RUFRIFR.
10 o111 A 1 975 T P<0.0001, 56 BIZ A Y 2 dE o 23 1 .
1 S T TS TS B 1 620 P LT PAE N0.2239>0.05, A 25 #L 00 A &
2 R S ! 380 F, BEESE. € RER=0.9945, KHL
RS B RN K 1) 7 22 20 A A O 1B ZR 4
Tab.5 ANOVA results for the significance

Source Sum of squares df Mean squares Regression coefficient F-value P-value

Model 910300 7 1.30000 390.92 79.53 0.0004

X, 16354.08 1 16354.08 36.92 10.00 0.0341

X, 262600 1 2.62600 147.92 160.57 0.0002

X, 3710.08 1 3710.08 17.58 227 0.2064

X, 131300 1 1.31300 104.58 80.27 0.0009

X, 21590.08 1 21590.08 -42.42 13.20 0.0221

X, 303700 1 3.03700 -159.08 185.73 0.0002

X, 171100 1 1.71100 -119.42 104.66 0.0005

Residual 6540.33 4 1635.08

Cor total 916800 1
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FRIRVA WAL EPE, BRI AT R, Al A A
enopeptin AR EBEAKFHEAT T SR . N T HE
L, sz B3N 5 ] 0 52 HAE FH DA R S6 e J82 A PR 52
Xf Llenopeptin Ay 5 Jy i NAE R 55 12 (Kl 4~6) BEAT
AIARAL A B, = 4 it v P S I R SR e B A AR AE
SRR, T A v 2 T B SR AR Y S AR B A B AR
MRS o A THE 4 #T 0] Flenopeptin AF” & il
DR e KB BE TR BRI BE N . WIAG8.85%, FHEREH
0.74%, FHEFR0, F=&W{E N1765ug/mL.

3) I uE kS &5 K. R AL ST 1 k3 7 A
HEAT 3R IR R FE SIS, enopeptin A2 & 43 N

1762+ 1770F11718pug/mL, ;=& IYE H1750pg/mLE
BB PR 1765 ng/mLAR BT, i BH Wi H AR A
S YR b, YL A AR 00 o AR TR A T R R I
H440pg/mL, FEE T35,
323 AR A KN E &

L ER SRS KA T, HKRA-214E
R B A K ARE 2R WL 7. S5 R EIR: 0~48h N
IRAERAT ], SRR, WAV EEATIER, b

78 Box-Behnken M ST e i1 f SE40 45
Tab. 8 Response surface Box-Behnken design and
corresponding response

Number X, X, X Enopeptin A/(ng/mL)
+T6  EBECH RIS R 54 1 -1 -1 0 1204
Tab. 6 The design and corresponding results of steepest ascent 2 1 1 0 1162
S A M S B
1 5 0.15 0.2 157 4 ! ! 0 1588
2 6 0.3 0.15 1504 > ! 0 ! 1386
3 7 0.45 0.1 1217 ¢ : 0 ! 1628
7 -1 0 1 1518
4 8 0.6 0.05 1607 3 1 0 1 1327
5 9 0.75 0 1409 9 0 1 1 1375
10 0 1 -1 1683
FT WL SHT SR BT N . p 1 1275
Tab. 7 Factors and level value of response surface analysis 12 0 | | 1539
SN IKF/% 13 0 0 0 1710
-1 0 1 14 0 0 0 1690
HIRE(X) 6 8 10 15 0 0 0 1710
THER P (X,) 0.4 0.6 0.8 16 0 0 0 1699
AR X 0 0.05 0.1 17 0 0 0 1733
%9 EIABUR KT 50T
Tab. 9 Analysis of variance (ANOVA) of quadratic polynomial model
Source Sum of Squares df Mean square F-value P-value
Model 592800 9 65867.03 141.04 <0.0001 significant
X, 3426.69 1 3426.69 7.34 0.0303
X, 187700 1 187700 401.87 <0.0001
X, 21299.21 1 21299.21 45.61 0.0003
XX, 9844.66 1 9844.66 21.08 0.0025
XX 47051.26 1 47051.26 100.75 <0.0001
XX 481.59 1 481.59 1.03 0.3437
X 141800 1 141800 303.57 <0.0001
x4 137100 1 137100 293.48 <0.0001
X7 16244.54 1 16244.54 34.78 0.0006
Residual 3269.03 7 467.00
Lack of fit 2055.03 3 685.01 2.26 0.2239 not significant
Pure Error 1214.00 4 303.50
Cor Total 596100 16
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Fig. 4 Response surface plot and contour plot for the effects of
dextrin and nitrate on the enopeptin A production

Fig. 5 Response surface plot and contour plot for the effects of
dextrin and proline on the enopeptin A production
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Fig. 6 Response surface plot and contour plot for the effects of nitrate and proline on the enopeptin A production
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FERTCHAE: 48~138n AN AEK W, MM EIAAY) 5, enopeptin AR EISH NE, 2, WALY)
HIRERFLIN L, WRIKEZIER]58%, FEFEMR, AT N BN KRB AR pHAR IR BEANK,
L I[FIES, enopeptin AR & U AN, #138h, DRI S B ) 3 7 49138ho

enopeptin A= EIAE|IE(E, HN1750pug/mL, 138he 4 4ig
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Fig. 7 Time courses of enopeptin A fermentation in shake flasks

KHYEFER ., L FER O R = iRE
B AR T B enopeptin A7 A [ SITA-H7264 147
TEMEIEEWI, 1935 B AL AR E 1R AR T
A-21, enopeptin A KT H R BRI = 1 345
TR R R BRI B DL R R 1 AR A
RIFES, WE T RN RERFRFAM: 250mLeE
R IR IS oN20mL, M E3%, BEFRIEAE28C,
REIR I3 220r/min, K FEE R HA138h; 8 i 5 PR 25 A
N7 TR IR 2 B b 7 S 2H Ay e B AT AL 9, 3R
PEE IR & W B AEIRFE N FETE2%, WIS

8.85%, HTHI3%, MHIRFN0.74%, AALHN0.2%, W

1R —&470.1%, BxIERE50.2%, pH7.5.

I T Rk R A R B R, R DR K N N T
PRI A e B R Ay e B BEAT AR AL AT 7T, 3RAT
B R B B A AR, A R 1 Enopeptin
AWK FEKF, ffEnopeptin A= 81X %]1750ug/mL,
AT AT IR = 72.984%, ELSCHRHRIE Y Enopeptin
AR 1 10.671% . iz an FhdkAT 5 88T A=
VI 78 TAERIIT R BLE 1 U SER A

& & 3Tk
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