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O LR EIRIN (potato common scab) i il £ B 84 5 Pl J i B BT o 28 5 T B S 8 e A 7 B
Pk PBSHO, H BB 20T 15 73.97% , FLAR =20t T 44 Z i o A B i (A A8 B 5 Lk g AR =4 AT 2y B 4
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Plackett-Burman {36 FEfill_F , 45 & 5% BEME 3 X536 . Box-Behnken 12856 ¥ it , M) B [ v & 2 38 R 1 S5V AL & W 7=
AR NE TR R AR 15 BB AR I R R IR BT Uy o RS IITE J7 8 4.50 g~ L &1 %) B . 50.00 g - L™ A1 VA VEVE R -
1500 gL' EAK¥.21.08 g- L' 3 G 43 .2.00 gL' & A 5.0.50 g - L' (NH.),S0:.0.60 g- L' MgS0,.0.04 g-L"
KH.PO.. BLEITMGTEIL A7 58 199.92 ng-mL", SEFR{E A 184.35 ug-mL"', EhILali5; 723640 & 7= iR &
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Optimizing the fermentation medium of biocontrol Streptomyces PBSH9

against potato common scab using response surface methodology

ZHANG Min', WAN Zhongyi’, FANG Wei’, ZHANG Yani’, LIU Fang’, KE Shaoyong’, ZHANG
Zhicheng’, DONG Yongyi‘, ZHANG Xiaoyu'

(1. College of Horticulture and Plant Protection, Inner Mongolia Agricultural University, Hohhot 010010, Inner Mongolia, China;
2. Hubei Biopesticide Engineering Research Centre, Wuhan 430064, Hubei, China; 3. Wulanchabu Academy of Agricultural and Forestry
Research Sciences, Jining 012000, Inner Mongolia, China; 4. College of Agriculture, Inner Mongolia University for Nationalities,
Tongliao 028000, Inner Mongolia, China)

Abstract: Potato common scab is a significant disease that restricts the development of the potato industry. This study
screened the biocontrol strain PBSHY, and its metabolites showed significant inhibitory effects on the pathogen, achieving
a field control efficacy of 73.97%. To identify the active compounds, the secondary metabolites of strain PBSH9 were iso-
lated and purified, successfully yielding the active substance. To enhance the yield of this active substance, response sur-
face methodology (RSM) was employed to optimize its culture medium. Based on single-factor experiments and Plack-
ett-Burman tests, combined with the steepest ascent method and Box-Behnken design response surface methodology to fit
the nonlinear equation between significant factors and the yield of active compound, the optimal fermentation medium for-
mula was obtained. The optimized formula was 4.50 g- L' glucose, 50.00 g - L' soluble starch, 15.00 g- L' corn flour,
21.08 g-L' soybean meal, 2.00 g- L peptone, 0.50 gL (NH,).SO., 0.60 g-L"* MgSO,, and 0.04 g- L' KH,PO,. The mod-
el-predicted yield of active compounds was 199.92 pg - mL'!, while the actual value was 184.35 pg- mL"', which was
5.83 times higher than the yield of compounds in the basic culture medium. This study provides crucial technical sup-
port for the development of efficient biopesticide products against potato common scab.
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L 85 % (Solanum tuberosum L.) 5& — Ff [Jj 52 &
AR EAEY, fE 48R 160 NEZK T Z FidE , 7R
A= s E A, REME N SR EAEK
;2015 FFEHEH D AR B BOK , B4 EME
MIREREG e AAFEES Y. FLRELE T
T, AR H ad ™ 8, ARG R, TR SR E
SR, 3 H R E YL PR B e
R, KSR ZE IR, 4 /NE, i
FEAKEY . 1200 B 2 Fh 800 55 %5 B4 (Steptomyces spp.)
g, PEARIEA 20 ZMBUR SRR DR E
IR » a0 IR R B 22 1 (S, galilaeus)™ I b 25
(S. scabies) "™\ BRI ¥ii % 5 i (S. acidiscabies) "
Fo. ZFFRMENZ HIX 2 S5 RIKREE A S
galilaeus- S. scabies S. bobbili %55 J& B , I 1 8.
galilaeus NP S HU X AR S5 B bk o o Dl v Sife L A%
A EABRAE , B 45 M FE R, 45 3 5 4% 28 7 M 3d ik
TEENETR, 2 2 E SR E R R
FERE, HETWA @ Biia ik Epiia A
A2 A K R EERE i, A2 7 8 i 1
A R .

T B B 1) A 17 B LA 5 1R (Streptomy-
ces)™ K% (Trichoderama)"™ A& 5. i 1 (Pseudomo-
nas)" . ZEHIAT B (Bacillus)" 4% . KA BE & H 8
DRI &2 2% FRT IR R AR B WA D o KR P W 1) =8 Y,
B PR HUR B BRI (R
AKEZ M AEYEELES Y, E D% E IR
VTR TT R RAIR KRR 1. HAr, WS )& 7>
B 3 B M IR AU P o T Y 80%!" B )
2T BRI Al B S 2 AU

RS IR 4 Ay LA B R AU A ) P B
B IR BN 7 1 F B RS VN T4
2« ) S BT h A B TR AR Heh B TR
We) B TRV o %7 e — R T 3R R AR 2 5 2
ANPR 2R 2 TA) 9% 28 I mRE 2% ) B AR 3R AT Ak 1 4 ot
I35, Be e YR AN IESC R AR B B , [R5 i 22 AN [
T A HAERS . T A K T T2,
AT DL B (56 OO A5 d5 A 1 R 9 5 77 2 I
TP 2R Z B AR R F e B VA LAk R BT O 5 8
WEMR B ER B KBRS T 1 773.08%, 345
TR A . KA FESE N e B TRV A R R
FRE B B R ORI S (MLNs )AL & 9 7= 352
T 4.10 fi5s

B Pk PBSHO (Streptomyces hohhotensis sp. nov.)
(JAKZEO000000 000) 7 A ¥R 2H 73 12 %6 5E 1) 5 #%
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S A= 97 B B R T, B RS 1 R U
Wi, 10 REAR JE B % 25 b W R I 2l B AR K, R
g AW N S B e A R
FAC24 i 3 38 o e A 2 T ) % B e RO A
0 1% 2 0 TR AR IR AR R ) AT o B Al AL, 15
T3 IS A, HE YR B R
I, AR 36 5 T Box-Behnken M 7 [ 5 4 44 B #k
PBSHY 7% M 4 Jii 7= A2 1) 15 77 2% 5 32 & o vk = AR

& TEVD IR BIRE 7T AR 78 40 R F FNATE 58 3 A A
B e B

1 MEEGE

1.1 ##)

11 X AR 8 28 i 2E B A Ak
PBSHY (Streptomyces hohhotensis sp. nov.) *, & %
S 9 A B 0 R R B 55 1R (Streptomyces gali-
laeus)PS1 W P 5% 1 RO K A A W5 BE 2 S E6 =
17 . LA £ By B bk PBSHO & B2 85 9% 3 X 56 T
2023 4 4—10 H AW R BB AV R 25 T
FER O AT .
112 #REAE SR S5HEFESZHREW
P 7 A BC ) s ISP-2 B R 5L« S I E W E P
VEBCHI] s TCS-1 Btk HERRE 20 g KA 10 g4
KE 2.5 g K.HPO, 0.35 g R FRES 0.5 g 281K
1000 mL.pH 7.0; TCS-2 #5755 : = [ ERH: 0 75
VAL s TCS-3 Bi gk . HEE I 20 ¢ 35 U0 20 g+
A1 /K 1000 mL.pH 7.0; TCS-4 £ 7% 5 . H & i
20 g KoK 20 g IR RS 0.5 g+ 7818 7K 1000 mL.
pH 6.5; TCS-5 #5770k : T oKUER 10 g H il 10 g i
HHE S g KRFFORRY 10 g TEERE 5 g K3 5 g Bk
FR4S 2 g, 2818 /K 1000 mL.pH 7; TCS-6 15 773 . H
8 g Al EMEVER 8 g KB AR 3 g ¥y 8 g.
WRER 4 2 g 7% 1% /K 1000 mL.pH 7.0; TCS-7 5 7%
B HEIRE 5 g AT TETER 40 g BOKHY 15 g B
ik 25 g EE R 2 g BRilR L 0.5 g Z8187K 1000 mL .
pH 7.0; TCS -8 ¥5 772 : A PEVERY 60 g 38 0Pk
20 g THELE 4 g T BRI N 1| g IRBREE 5 g Mk U
W 7 g« 218 7K 1000 mL.pH 7.0; TCS -9 K773t . &
MR 2R 2R B S5 PV 7 VA B ) s TCS -10 Ky 9756« FLbE
20 g A 10 g TEERE 4 g MRKFORKT 7.5 g 7251
7K 1000 mLpH 7.0,

PL_EREFRILITE 121 °CE 1 F KB 30 min, £
FRIERPRL i P AR R VR T 1 B A 1B 24 4 Ak 1
FIEBR A



55110 BK A TR P T B S A A D B T PBSHO & i 7 X BT B FT
1.2 7k 31.25.62.50 pg-mL" RANIKFE ISR . & AnitE

12.1 BE#¥EFH ik PBSHO Rl 7 IH| & 4 B bk
PBSHY i& Sl & m K 1 S5 3% 1,28 °ClEIR
B IR R B B RS 77 3~5 ds i R T FL A, B 2 4>
B 5 mm D, BRI E] 500 mL A, 2%
N 100 mL, BT 28 °C. 180 r-min" 244 FEIRTR
VikE IR 3 d, 158 R FIREESY 1x10° CFU - mL”
(I 7 5 W B R U TPl T DA 9% M B e A%
&R BRI P (100/500 mL) , 7E #% JK | 28 °C.
180 r-min" Z54F N K IEREFE 5 d.

T ZE I B T A T T ) 5 < K A

T3 T J5L B TR R PST MR, 15 SJURAE ISP2 $5 57 A1
B, 28 °cCHEIR R 97 3~5 d, BU% IR0 2 N EA AN
5mm #E, B THEA 100 mL #7595 5 500 mL
=S, 28 CCIEIRIR G557 2 d, 19 2 4 i
9o JE A 1K) B B (1< 107 CFU -mL™")
122 ¥&KAF#E  EH TCS-1.TCS-2. TCS-3.
TCS-4. TCS- 5. TCS- 6. TCS- 7. TCS-8. TCS-9 Al
TCS-10 3 10 FpE5 7%, 1] 500 mL = £+ 5 51
TN 100 mL &7 14 85 77 5, 453 P 5 9 56 rh g (R A
EL 9% [ B Fh 2 N\ 1 Bk PBSHO [T, 28 °C1H
BRI FE 5 do B 15 mL & R, st v R
> ML (Centrifuge 5910 R)8000 r-min"' &> 10 min,
B _E3E W, I Millex-GP 0.22 pm (¥ 5 31E 28 € 7
19 B BRI GACH 7 B E A 3 Ik

B8 35 1 I 5E <K 200 wL 5 R PST O B
BIETIRAE 1SP-2 $5 3R B R, BN AR, 43 ) ) A
[FEIAR HE N 100 pl AN [R5 77 BL 85 7% 1 3 & PBSH9
(AR =4, B TR AR 8 77 2 2 L B (CKO L, 28 °C
TR BT TR 2 d, 15238 ORI B 40 B P LA, AR AR 0
B P AR R /INTR R B PR 3 TR 2, I Mg e B IR B R
BRl Rk PBSHO B: Al i I 35 7 SR g AT A, il IR B &
3 Ko
123 FHhishinkdisd HHEMEYHE
B A% PBSHO 28 K I8 Bk AT 2 BT 43 8 % v R AR
R 2% IR, 3 3 Bk &4, 4 UPLC-MS #i s
RCRRE -5 RE TR F A AT, 3 R L S & 2 (w,
Ja FDAE 97%LL 29,

TERAPRIL 2 mg SALE Y20, I 2 mL R
IR A S TE AR E (p, JGFD N
1 000.00 pg-mL", KA MR &9 1 -
i 5 B & 31.25.62.50. 125.00 250.00 « 500.00 Al
1 000.00 pg - mL" F 41K FE AR HE IS AL &)
2.3 4 W) FH W IR RR BE K 1.95.3.91. 7.81. 15.63.

ol W WRCEFE & 1 pL, i A UPLC-MS Wl € H 7
248 nm (A E P58 MR8 A D) Ab IR g Ui e T AL
LRARERIZR 3 IAEW B BCPE (B D,

124 FHibdhesnz ¥ 100 mL L8R L
IINE] 100 mL & B, B2 RIR Y 180 - min' A8
1 h, B G RBIN B O 84 R B DL
(GL21M) 5000 r-min™ B> 15 min, W 50 mL L
THWRE T-50 W7 pE 48 5 , e fe BHE I,
40 °CIR IR 2N EEAH , I 1.5 mL il i s
fifp e B0 N, B LML (5430R) 12 000 r- min™
B0 3 mine R )G W AN _EIE W 2 FER A, R
o RO - Jo3 8 BB A B Bh gk v, €1 0 1 2 A1

60 000 -
y=49.211x+58.771

50 000 +R*=0.998 0

40 000 |
30000 -
20 000

10 000

I T # Peak area/(mAU -s)
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pULEY D
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Fig. 1 Standard curve of compound
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X & HF 5T i

R % %384

ACQUITY UPLC BEH C18 J # & 3% #: (1.7 pm,
2.1 mmx100 mm) , i s AH A 47K (A Fl a1 4l 2,
E(B), ik 0.45 mL - min', ¥ 15 40 °C, #FE &
1.0 pL, BE 520 A s 18] 13 min, 3 77 6 B 66 B 0L 36
1. MRIEFRAE#NZE, 248 nm WK T JURL & it i
ARSI E & &, 3 IRE A .
1 BREREE
Table 1 Solvent gradient for UPLC analysis

IS [A] B A TRBIH B
Time/min Mobile phases A/% Mobile phases B/%
HI4f Initial 95.0 5.0

0.20 95.0 5.0

8.20 0.0 100.0

9.70 0.0 100.0
11.30 95.0 5.0
13.00 95.0 5.0
125 FEARE  BREII: W TCS-7 H3

F o 1 5 B (3R 2Dl 28 15 97 3k, $4 18 1.2.4 kb
BT 58 T VEAL A W 0 7R R B R R I
=3 IKEH.

%2 BEZRRBAFRT

Table 2 Single factor experimental level design table

R FRE oy I

Medium composition Additive amount/(g- L")

1% FE Glucose 3 4 5 6 7
Al HEE R Soluble starch 25 30 35 40 45
T KN Corn flour 5 10 15 20 25
PR Soybean meal 10 15 20 25 30
I Yeast 1 15 2 25 3
Wil (NH,,SO, 0.3 0.4 05 06 07

TEALERAEA - L 1.25 J5 7050 753 I e 77 o
XL, 43 A 0.4.0.6.0.8.1.0.1.2.1.4 g-L"!
1) MgSO. 1 0.02.0.03.0.04.0.05.0.06,0.07 g- L™ f{]
KH.PO., 1t 1.2.4 R AL BT, ME TE A& )
(7 8, 7 BT AL B A B KT U RE I 156 3 9K
HE.

GAERARAL : DL 1.25 J73R 5015 tH W 77 Akt
HRAL, 2 B I R R IR « 7 &R 2 H R H &R
R TR R 6 M BRI E 7378 0.1.0.2,
0.3.0.4.0.5 g- L', %8 1.2.4 H AL HE 735, W 5 3
PEACE VI &, o BT s FE IR R K P R 5, 3
VE-2
1.2.6 Plackett-Burman (PB) X &% i+ #R 4 #i K]
IR S5 A e B w (A VAT R (B) L &
KM (C) LG PR (D) L 8 A i (B) - (NHL) SO,
(F) & (G) \MgSO0. (H) \KH,PO, (D) 3t 9 Fh &
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FRIAY > A8 B Design Expert-13.0 M 9 MAE &
i 0 tHos s A S B R R B R B T
BEAS R B AR 2 AN K, 8 L+ 17 “-17
R, 3 IREE . PB e R AR S IRkt
W 3.

%3 PBRIEITEZKE

Table 3 Factors and levels of PB experimental design
KT [A % Factor/(g-L™")

Level A B C D E F G H I
-1 340 15 15 1 05 00 04 002
+1 5 50 25 25 2 07 02 08 004

127 ®mBeReIKE BT PB4 RUET
i, DL 2 DR 26 B CAD L3 5L R (D) W MgSO,
CHD B H ) 7K ST A sk AT @3 R 56, i o 156 1)
I35 77 1) R0 5 A0 ], DRS485 H i U e A2 1) 97
E XK, 3 EE W5 WK 4.

x4 BmERKRRIEIT

Table 4 Design of steepest ascent experiment design

sy PR pGRE DD PSR
’ Glucose content/  Soybean meal MgSO. content/
No.
(g-LD content/(g L") (g-L'H

1 4.0 20 0.6

2 45 21 0.7

3 5.0 22 0.8

4 5.5 23 0.9

5 6.0 24 1.0

1.2.8 Box-Behnken (BBD)iX ¥ ik it R4 IEHIK

36 48 A 1) 0 A, BAIS YA S 7R O e
{H , 1 FH Design Expert-13.0 A& IR R EL, DA
T3 22 53 BT VP Al R B LA R o R A VR T A R
(A VR G0 (B) . EHLEE MgSO,(C)#EAT 3
K % 3 KF 1) BBD i 50 ik . AN 3 E
A% 3 ADIKE, FERA-17907“+ 17 3T 4w 5, LLIE
s T A B IR L U7, 3 IRE R . F IR K
< 5. FIH Origin 2018 5 A4 2 il we S [ 43~ A i T
SEIEIEEISE

%5 BBD REEZRKTRIT
Table 5 Factors and levels of BBD design

A& Factor/(g-L™"

KT mEm R pCHBRER)
Glucose content  Soybean meal content MgSO, content
-1 4.0 20 0.6
0 4.5 21 0.7
+1 5.0 22 0.8
129 #MABRIEXE LIRS R IR R

7 BE 55 IR 3k, BEAT SRR B, $2 1 1.2.4 K
AL A E WS AL S R, 3 IR
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g B AR SR WA R T I A B A A T B B T PBSHO B SRk

X ISR 5T

1.3 ¥EH

i H Excel 2019 it AT Hdm G it /EE 547
HT 43 %) I Design Experts- 13.0+ Origin 2018, &
IBM SPSS Statistics 22.0 #4775 Z 73 #r .

2 ERE55Hr
21 EFEFFIR

25

20

ef de

10 |

U0 B B B A%
Inhibition zone diameter/mm

FEAN[E] (8 32 Kb, PBSHO T b7 A2 T T 4
JORRT A B A A [ (A s . B 2 W 7R
TCS-7 K577 3k o = Az (1400 B 40 Jo 3 2 A ik, 100 R
B R T HARE TR, N 20.93 mm; HUZ 8
773 TCS-6, 1 B& FBl B 424 17.38 mm, TCS-10 577
B, W/ N T HALR IR . PR TCS-7 Ktk
N FEERITE PR AR R R AT R S

a

B

ef

g

[l

TCS-1 TCS-2 TCS-3 TCS-4 TCS-5 TCS-6 TCS-7 TCS-8 TCS-9 TCS-10

775 Media

A F/NG FREFRIRAE 0.05 KTV ERRE. T
Note: Different small letters indicate significant difference at 0.05 level. The same below.
2 AEEEFEMEE K PBSHY Kl = E E R &2 0E

Fig. 2 Influence of medium on the antibacterial activity about the metabolites of strain PBSH9

22 BREZRKAIELER

221 BERMAL  HE 6 A, HARIRE N4 g L
i5F PBSHO V& A S 7= S i K, 4 44.65 pg-mL™;
AL VAVEVE R IR B 45 g L KRR s &
920 g L' EE PR INE N 20 g L' BE LS
PP RIR B, 0N 55.26463.81.63.20 pg-mL
M AR INEN 1.5.2.5.3.0 g- LIy, 3L S
YAy A 51.80.50.31.51.73 pg-mL"', =3
Z A ZE AR E LA AT AR A
Y=, LA 1.5 g L s i A s - (NHLD,.SOL R T
ENO0.6 g LW, iGHEMED R BB R R K, N
53.54 ug-mL"s

222 AAEAMRA FE IR EIE LA S R T
5 N KH,PO, f MgSO, C & 3) , 2 Fft I& ML #h Xt
PBSHO JE AL G = 42 = A B3 5, iR N2 53
A9 0.03.0.6 g- L I, il PEAL S 7 5 fe v, 0 i)
N 61.27.66.97 ug-mL", kb CK(38.91 pg-mL™) 4>
BFE T 57.47%.72.12%

223 A& mE 4 051, PBSH WG A
W e I A B AR P )3 o B TR N

0.1.0.2 g LI, = &3 708 60.79.55.92 pg-mL™", £
CK(38.91 ug-mL D73l | 56.23%+43.72%, —4b
H R 22 5 AN, B EAT A, 0.1 g L' HiE H .
2.3 Plackett-Burman(PB)i I 1% i1

PB 4 Wit S 4 R WAL 7, A design ex-
pert-13.0 %) PB i3 il (R &) AT G, 3145
— WA H 77 F2 : ¥=79.01+19.374+6.51B-2.39C+
36.70D+3.49E-3.49F-7.96G+8.74H+6.781. J5 74y
et R (R OFRM, HAHKXRI R 7N 0.996 5, 151
MR RRE 99.65% 178 e, AU 0.35%[1)72% 57
PEJCTE HH AR ks, 12 TEAHOC R 2L Adj R'=0.980 8,
J7 P2 T fif B 98.08% I A8 S, 451 A {5 1 LY Adeq
precision= 22.826 7>4, & BIiZ B AL W] F Tl 46 T
Mo B PAE N 0.015 6, 78 8 3, 15 B 1% — VK Al
VA5 R A A R B, v F T 0 B R0 0 i 2 TR
PBSHY 7F & B i f2 g Ak & 7= E A8 1k . 72
9 MFEH (R &), WHE LAY BRI R E T 3
AN 2 AR BRI R 38 LR > H ) B >Mg-
SO, [K A 2 6 2 00Ky 181 &1 B8 \MgSO, N i 3 52
Wi K1, 98 i EAT T 056

.69.
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ze6

TREBRRIEX PBSHY SEE L &4 2 RN

Table 6 Effects of different concentration of carbon and nitrogen-containing components on the production of

active compounds

REFR A 5y ~ S BAMEEYTE ST || BRI ™ BAEEYT R SRR
. ez . teammnk
Medium p/ T £ Single compound Total compound || Medium p/ T ¢ Single compound Total compound
es o es o
composi- (gL P production/ production/ composi-  (g-L™M P production/ production/

. compounds . B . compounds . .
tion (pug-mL™" (pg-mL™") tion (pg-mL™") (pug-mL™"
i g i 3 1 26.00 30.55+0.05 ¢ 2 6.59
Glucose 2 1.32 3 12.90

3 3.24 20 1 43.42 63.20+0.24 a
4 1 40.85 44.65+0.13 a
2 1.79 2 4.80
3 1.98 3 14.97
5* 1 24.57 26.99+0.24 ¢ 25 1 24.57 26.99+1.35d
2 0.62 2 0.62
3 1.79 3 179
6 1 36.84 42.34+0.28b
5 127 30 1 36.90 42.17£1.16 b
3 422 2 2.13
7 1 26.79 28.72+0.18 d 3 3.13
2 0.84 EAKE 10 1 38.67 45.58+0.54 b
- 3 1.09 Yeast 5 192

AITEPETER 25 1 5.92 9.28+0.18 ¢
Soluble 2 0.96 3 4.99
starch 3 2.410 1.5 1 40.47 51.80+0.63 a

30 1 12.51 16.24+0.62 d 2 2.47
3 3.16
2.0 1 24.57 26.99+0.24 ¢
35 1 29.68 31.88+0.97 b
5 126 2 0.62
3 0.94 3 1.79
40 1 24.57 26.99+0.23 ¢ 2.5 1 48.52 50.31+1.35a
2 0.62 2 0.85
3 1.79
3 0.95
45 1 46.90 55.26+0.49 a
P 171 3.0 1 43.48 51.73+1.16 a
3 6.65 2 1.69
FAH 5 1 42.94 47.26+0.48 ¢ 3 6.56
Comn flour 2 135 TRt 03 1 40.73 43.06+0.36 b
3 2.97
(NH.),SO, 2 051
10 1 44.77 50.51+1.08 b
2 1.68 3 1.82
3 4.05 0.4 1 13.17 18.11£0.37 d
15 1 24.57 26.99+0.24 ¢ 2 1.21
2 0.62 3 3.74
3 1.79
0.5 1 24.57 26.99+0.24 ¢
20 1 54.69 63.81+£0.23 a
2 421 2 0.62
3 4.90 3 1.79
25 1 32.67 43.88+0.14 d 0.6 1 46.45 53.54+0.58 a
2 2.54 2 1.44
3 8.66 ; 564
WO 10 1 27.29 38.97+0.54 ¢ '
Soybean ) 374 0.7 1 39.21 43.14£0.43 b
meal 3 7.94 2 1.08
15 1 21.68 41.1740.63 be 3 2.86

T« RS 2 2 07 Ja AN RN S PR ORTE 0.05 /KPR i 3 . R REaliE R 5k .

Note: Different lowercase letters after the same column indicate significant difference at 0.05 level. * indicate basic culture medium.
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% 70 ¢ g 100 r
- a S o0 |
2 60 1 b 2
: : wf W
HE 5 | e e 5 8~70 L
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Fig. 3 Effects of different inorganic salts on the production of active compounds
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> a Table 7 Plackett-Burman design with 9 independent
T 60 | = 2
% .
£ = variables
g 50 | b
I & b o] A& Factor g
R S0 N Production/
3§2§ © A B C D E F G H I (ym)
g ¢ L
28 &30 41 -1 -1 1 4+ -1 41 +1 9084
*ﬁj SVZO - c +1 +1 -1 +1 +1 +1 -1 -1 -1 139.64
T8 10 L c +1 -1 +1 +1 +1 -1 -1 -1 +1 149.88
3 I‘i‘l o+ 41 -1 -1 -1+l -1+ 5214
& 00— : BE—— ! -1 41 41 41 -1 -1 -1 +1 -1 11052
0.3 4 0.5

CK 0.1 0.2 -1 -1 -1 +1 =1 +1 +1 -1 +1 7546

-1 +1 +1 -1 -1 +1 +1 126.60
-1 -1 +1 -1 +1 +1 +1 +1 +1 40.74
-1 +1 +1 -1 +1 +1 -1 -1 -1 1432
-1 -1 -1 -1 -1 -1 +1 -1 -1 1112
+ -1 -1 -1 +1 -1 +1 +1 -1 65.66
+1  +1 -1 +1 +1 +1 -1 113.08

(IR
Amino acid content/(g-L")
B4 ARGERRENFELEY=EZNT

Fig. 4 Effects of different amino acid concentrations on
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the production of active compounds

£8 PBIREAES

Table 8 Analysis of variance of results of Plackett-Burman experiment

T3 ZEARU Rl A h A ¥15 FfH P1H REE

Source Sum of squares Degree of freedom Mean square F value P value Significance

17 Model 24197.41 9 2 688.60 63.53 0.015 6 *

A 4503.91 1 4503.91 106.42 0.009 3 wx

B 508.56 1 508.56 12.02 0.074 1

C 68.35 1 68.35 1.62 03316

D 16 159.74 1 16 159.74 381.83 0.002 6 **

E 583.53 1 583.53 13.79 0.065 5

F 145.88 1 145.88 3.45 0.204 5

G 759.70 1 759.70 17.95 0.0514

H 916.65 1 916.65 21.66 0.043 2 *
551.08 1 551.08 13.02 0.068 9

%% Residual 84.64 2 42.32

JSF Cor total 24 282.06 11

HIRL{EE L Adeq precision=22.862 7

R*=0.996 5 Adj R*=0.980 8

R3] R % D RS AL S B RS IR LE 0.05 A 0.01 K- ZER R . TR
Note: * and ** indicate that the influence of factors on the yield of active compounds are significantly difference at 0.05 and 0.01 level, respec-

tively. The same below.
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¥ PB BRIG 0 28 2 1) 3 A 5k 25 R R -1 4 b
(A F PP (D) MgSO, (HD #EAT Te iR 56 , 76 %5
BB SR \MgSO. [ R 5 8 IR, S5iE P&
P i RIEADG. LA 3 ANET R RSP s s, B
HimiWE 4 g L', S0 20 g- L', MgS0.0.6 g- L,
WIS H (R OFRW, WH 2 FEHEAL AW B,
DAt e R AL 3 2 () SR AR R — 28 BB il it
(1 & BRI KA s, BT RS 4.5 ¢ L35 2008
21 g-L'\MgS0,0.7 g-L",

9 BEEREKKBER

Table 9 Results of steepest ascent experiment

ErRs [ s

No. Production/(pg-mL")
1 103.90

2 130.20

3 109.78

4 123.44

5 100.34

2.5 Box-Behnken(BBD)if1&i& 1t

BBD i 5 it K &5 R WK 10, LIS VAL &4
FEE (Y N AL & A (D 3 E P (B) \Mg-
SO.(OYW¥s In& A H AL &, M A design expert-13.0
WA BBD W30 £l (R 1D ETHLA 58 £
B T R ¥=195.18 +2.694 + 5.72B-7.77C+
13.5954B + 4.8454C — 2.765BC — 54.542 54° -
50.022 5B°-3.392 5C* . HF =M R (R 1D
B, (A 5 R P=0.000 3(P<<0.01), BRItk 5.3, £
JUHH I TE R B R*=0.962 7, A] LUERE 96.27%I1) 48 57
P, AT P AEA 0.713 6(>0.05) , % B 521 A
B3 BLRUAAELE RIS, Ui B A B RS R v &
FERUT o CV%=8.37%, Ui WA A5 284 B BURE BE /N, 7 2
BIEZ¥ Adj R* 5 0.914 8, 3F— 5 B 7 RBIRL g ]
SEME . AR, [BH TR IR A BRI AL
Y77 R IA B MY T 3 KT, 2R B e AR AR
BT A 5 % DR X8 T 82 PR 52 i AN 2 7 B 1R 2R

K H Design expert-13.0 B4 12547 W 5 8 4347
Origin 2018 A4 2 il mw 5. 18 73 A it Th0 P A 45 i 2%
BICE S, i T o BE O 72 5 S e T R -2 () 28
VEFH , S5 26 R B TR I R B 5 A8 6 2 ) ) 22 ELAE
R B A R B0 i A Y B d
KA, & PR 2 8] 1 22 HAE F & P4 S 7= B 1
S M R S MK 380 /N R G P o 6 e W 5 o 2 R
% B 5 MgSO.. 31 & Uk 5 MgSO.. 12 ] Design

e 72 .

expert-13.0 B HEAT TN, K I RE 975 9 4.50 g - L
HIEIHE21.08 g L' 3 S HHK . 0.60 g L' MgSO, I,
PRALFRME A S0 B fe s, ATIA 199.92 pg-mLs
£z 10 3 FEBBD KK ITRER
Table 10 The design and results of Box-Behnken
experiment

%% Factors TR
Production/
(pg-mL™

i
No. A B C

78.18
208.96
130.06
207.02
-1 136.12
176.00
1 119.88
1 75.86
136.64
187.94
124.12

88.54
141.36
152.94
195.98
154.12
140.68

© 0 N A L R W N =
|
—

—_ =
No= O

13

S O O O o o o o o =
S © O o o = =

2.6 mMIBEFERER LB

K FH B B R BB R AR 450 ¢ L &) BE
50.00 g- L Al e Ry < 15.00 g- L FoKH.21.08 g- L
F YK . 2.00 g- LB A HR0.50 g- L' (NH),SO.-
0.60 gL' MgS0..0.04 g-L" KH,PO, #EAT K E 1056 ,
FE B A0 B 1 I R TC 07 N A FH R R 1, A S0
WAL S BN 199.92 g - mL Y, SEBRAE A
184.35 pg-mL", EEELRlRT R BR 4 & 1 5.83 fif, H il
T 5% 78 000 A 2 AR — 350, i A S Y U 45 SR PT A

JE
3 Wi E4R

TR TR 2 17 M R A P ) T R Gy
TANGE A, TR Y% A6 A
TR R R R W 8 , XA a — R5IEY)
TE MR Sarwar ZFPISEHRIE tH5E R R AIRT (Strep-
tomyces AIRT) 722 [F15 AL &4 isatropolone C X}
LR 2 B S. scabies 3P H B = A BE TS
1% A BN i M\ 55 8 55 55 TR (Streptomyces violaceusni-
ger) ACI2AB ' 4r B H #1 4 # azalomycin
RS22AM, th[FIF X} 1 4 i i1 S. scabies 47 1R
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Table 11 Analysis of variance of the results of Box-Behnken experiment
Ti Z R il H R ¥175 F1i P1H RENE
Source Sum of squares Degree of freedom  Mean square F value P value Significance
54 Model 26363.28 9 2929.25 20.08 0.000 3 o
A 57.89 1 57.89 0.396 8 0.548 8
B 261.75 1 261.75 1.79 0.2223
C 482.98 1 482.98 3.31 0.1117
AB 739.30 1 739.30 5.07 0.059 1
AC 93.90 1 93.90 0.643 5 0.448 8
BC 30.58 1 30.58 0.209 6 0.661 0
A’ 12 525.83 1 12 525.83 85.85 0.000 1 *E
B’ 10 535.79 1 10 535.79 72.21 0.000 1 *x
(0 48.46 1 48.46 0.3321 0.582 5
%% Residual 1021.33 7 145.90
KA Lack of fit 270.32 3 90.11 0.4799 0.713 6
2% % Pure error 751.00 4 187.75
JAF Cor total 27 384.61 16
FEAIE M L Adeq precision=13.081 5 CV%=8.37
R*=0.962 7 Adj R*=0914 8

O (AT ROR o AEASHT FT R, A2 Bl 45 %5 A PBSHO

JIT 7 A 3 AL S R SR R PST (Streptomyces

galilaeus) T BURFTANHIVE A, Bl FR 1R mim AL &

VI, TR 22 4 s RO A s 2 7 i B R
R BTN B E Al

TR R B (R R B2 2%, B 9 6 B O I8 25 2 i)
TP A A IR AR = & 1 S A &
(3 B AARE R I B 3 B R ki A
FTEHLER o BV A2 Tl AR P AR K RAR 5 2 o B 22
HIRE B FURIE , 70 e ROAAE Akl . 2B K H
& RE TR R B K 1 Dy BE %R 1A PBSHO
TS R R TR R SR . KR H PR
FH 22 25 Bl FORI RS 1 R R B8 €6 % %55 181 (Streptomyces
coelicolor) K10 /=15 685 3 K BE5; 7 2 10 B & i
Yo BRSO A A1 0 S5 MRS U 9 B2 S RVR I
B4 T A. deccanensis FD-13-194 72 4EIA R &
(¥ B B R T Ik 1850 mg - Lo 25 SCRF R0 FH 2
oF B RE RN )0 Dy 8 B U I B BN A T
(Streptomyces Nonomuraea sp.) DB-3-04 7= 275 2
AT A40926 HE 2 & &AL 1 154.56 mg L',

R ) e AR I A [R] A 19 B B 7 9 3k R U
R BCRIE . AEAHIE 58 B 2 A R 3 SR
(NH.),SO. 1E i &5 I PBSHO 7= iif YE A6 5 ) K %
B R AR . Chen ™R I, 555 1 (Strep-
tomyces alfalfa) XN-04 7= Hi 4 2 roflamycoin iz &
ARV KNO, M G oiw . skIEBESEH O

Ko IR AR L RAE 9 5 A4 %5 1 (Streptomyces gilvo-
sporeus)ZM70 F= 24 fth 5 3R K BERG FR A  B & BIR
23w N TENEAR AL gl B 2R e A F 541 gL
HLARAL TSR S T 77.8%. S LI R 0, TRk
55 75 1 (Streptomyces hygroscopicus) 1= % i 5% 2% B
FE 5 A IR N B 2 000 AT (NHLD SO, 28 10 3 TH V25
AL)G , B R E R P2 N 772 pg - mL, A& il A
BRFRAE TR 5 .

WA, 15 7 25k v oL 3k R A 2 X0 B 2 R I AR
P E R E LK Mg Ca &R T
FE VI 2 ARG I PR A S SR A B DR 109 AR
45 R W], MgSO, .KH,PO, X} 5% 14 PBSHO i MLk
GV BN 20, Horh MgSO, & 2 2 521 K]
T Zhu ZEPRIE , 78 I MgSO,. CaCl, - 2H,0 K%
IR, S0 7 055 B2 B (Streptomyces viridochro-
mogenes)Ti57 = 1 B AR 4 avilamycin [¥]7™
B ik (88.33£0.94) mg- L, BALAL AT $2 5 1 2.8
fi o Zhou “F""HF FLL W], ¥ I Na.SO4. MnSO, Al
MgSO, % 5% 7% i (Streptomyces actuosus)Z-10 7=4k
4 W) Nosiheptide H A 3 5200, 220 S [f1 A8 AL J5 7
EHIA 1501 mg- L', AL AT IR M 1 1.56 15 .
WG AT A, AN (] 4 2 TR I 7 A T R A o I
TR R

BEF A B K B R 77 B e e 7 B )
F Bz —, Horboe B i vk B ARG 96 2H 20
XTI B AT )5, AT N R T A A R R R R 2 gy
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p i %% Glucose content/(g-L™)
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O
E 160}
2
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5
2
0.68 28
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R
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0.60 -
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Fig. 5 Response surface optimization of active compounds production with different nutrients
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BE T Y R SR W I o L TV HE T A s
W 1T 7775 Box-behnken B¢ i1 Al O 4 & Wit

(CCD). X545 ] Box-behnken Ml SV [V %) 5

# I8 (Streptomyces sp.) WS-13394 7= 37 U 1 &

e SRR HAT AL A B AR 1 3.59 fiF. ZRNUAE

ZEUI R A Box-behnken M) B[] ¥ X i 81 7 2%

TC19-3p-103 7 # %5 4 7 K B 55 IR S BEAT AR AL, €

FEEAR S T 31.6%. Yan 5UR CCD L4 G

vt e BT A AL BE 55 R (Streptomyces tsuku-

baensis)FIM-16-06 = tacrolimus & B35 77 3L 11T

R T 3.7 fif.

B Pk PBSHO 7 A B35 PR AL S P00 B 88 i

T IR PS1 A BT s AL = 2B & )

HIRE IRIE , AT B B E R T, NE Y B

B Al e MOFI I BEE 1Akl . S vk PBSHO

B S B AR RS TR R AL :4.50 g L

HI % B8 .50.00 g- L AT RY L 15.00 g- L' EKH

21.08 g L' B S 3HF .2.00 g- L' & . 050 gL

(NH$>S04.0.60 gL' MgS0, .0.04 g- L' KH,PO, »

fta sV S Ysehn = BIA S 1 184.35 ng-mL™,

T 5.83 5.
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