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Optimization of fermentation medium for steffimycin B
production by Box-Behnken response surface methodology
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Abstract: [Background] Streptomyces scabrisporus HBERC-53204 is an actinomycete strain isolated
from a soil sample collected in Hunan province. It produces an active compound steffimycin B (SMB)
with strong biological activity against a variety of animal and plant pathogens. [Objective] To improve
the productivity of the strain for SMB and broaden the research and application of SMB in agriculture
and animal husbandry. [Methods] We determined the optimum concentrations of main components
including carbon-, nitrogen-containing nutrients and inorganic salts in the fermentation medium to
increase the production of SMB by S. scabrisporus HBERC-53204 through single factor experiments.
On the basis of the results of single factor experiments, the factors significantly affecting the production
of SMB were screened out through Plackett-Burman (PB) design. On the basis of the steepest ascent
design and Box-Behnken (BB) design, the medium for the production of SMB was optimized by
response surface methodology through fitting the nonlinear equation of significant factors with the yield
of SMB. [Results] The composition of the medium for the production of SMB by HBERC-53204 was
optimized as follows: glucose 36.22 g/L, peptone 8.00 g/L, yeast powder 8.51 g/L, acid hydrolyzed
casein 1.50 g/L, MgSO, 0.68 g/L, and KNO; 1.00 g/L. The yield of SMB produced in the optimized
medium reached 477.26 mg/L in shake flask fermentation, which was 1 773.08% higher than that of the
original medium. At the time point of 120 h of fermentation in a 20 L fermenter, the yield of SMB
reached a maximum of 214.48 mg/L. [Conclusion] After optimization of the fermentation medium of
strain HBERC-53204, the yield of SMB was significantly increased, which was scaled up in a 20 L
fermenter. Based on this study, grams of purified SMB compound were obtained.

Keywords: steffimycin B; Sreptomyces scabrisporus HBERC-53204; response surface methodology;
fermentation optimization
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AL R RS, A ARkak Rkl
R JETT I, ZR|erkiyes:, HhIE TRt
VB IGVE R SR P W) BA G5 A . 2R
KR Z 55 THFE R, AR N E
B R

AT R GC 7 15 = [ PH P20 T
B ORGP A R N A5 R AR TR, R
WA M 2P 2% . ThRe 2 HE IR A ™
Y. BRIRIAH 40%08HE Pk 500 A YT 1
Yy S5 150 P B TR A o i TR R TR B K
EHEALS Y e, IEER AR ok B Aa 2
TR GAR I = 5 R TR Y 80% T, ek A
WIEYER G Tl . AR R
il S AT

F R B (steffimycin B, SMB)Z&—/~H#
BRI ARG, HAib2=aii X WE 1,
1967 4 Bergy S fE W FFE M B H A
(Sreptomyces  steffisburgensis) H1 15 IX & B
steffimycin'®, 1974 4 Brodasky %5 & 5 — 4>
steffimycin 284b-&4 SMB, I8 H AR .
24 Rk, B &P 6 Fi steffimycin 2547, 4351
144 A steffimycin A-F, 4% steffimycin 2 [B]fk2%
SAEYEEREARRL, BRI RAFPURA IS A
R, HAR AR PP ¥ B (minimum  inhibitory
concentration, MICYE ik 1-8 mg/L, /NEUIEHE
FR R T St BT 2 (median lethal dose,
LDso){E 4 500-600 mg/kg!”™,

HED, BEARRIEYIEEY: B 2T
RIS RIEIE, MRAH/EMZFZILAEATHT
Il R _EYRYT FLIE  FLARE . 5% DR I8 56 il v AN
SEABR O steffimycin (I FHALE] TS
tRNA 454 M m & 2 iR s AN, SMB &
AT LS XUEE DNA 454, MMt 3 DNA B9
il A AR S RETY . B Rk
steffimycin B % J8& 44 5¢ fx 1) ke i 43 B AT TR

<l actamicro@im.ac.cn, & 010-64807516

(Mycobacteroides abscessus)#5 #iLH R AFE 110

HAT, EWHNARN steffimycin 2465 P&
WsE, EANET steffimycin 2516E 9 HF 58 )
R FALEPI R 8 . S FAE Wi D0 e
KR ILRBEAAL BB ], IR JCAH G il . A
DRAZH AT B bR AR 1 L v A g B — PR
%5 W HBERC-53204, HORKFESZ BRI R 4
PIPTRIEPE . 2l SO PR, o T i%de
N/ R R TR o9 A S Y VAL (R S 7 Dl = 2
'H-NMR, "“C-NMR 43#7/5 %5E N SMB. 4l
AW E A5 R R, SMB X 8 IR i
T4 (Sreptomyces scabies) . J# 553K 7 (reptococcus
suis). ¥4 JFEEAT 1 (Erysipelothrix rhusiopathiae)
4> 5 0, 4 % 3K 18 (Saphylococcus aureus) %5
BB IE (K 5 SR FR) , (I B4 i v
il

W fth G0 A= ) K SR W AH el
HBERC-53204 J& /) & T H SR A 1 J5L05 TR PR
HREEAPAL, —o™ i 10-30 mg/L, R
SRR AT, S A 8 1Ak B Al
o HEEEME | AR S PR, DR 2R B
e H R KR

M 7 TR 925 2 Sk o R I 5 1 i P e o 1 7 A
TR AR s, Tz TR L T A
Y. MR ER TR S AT ik
ZIEM AN R A T LR E, AN RE

H

0 0
OCH,

OH O OH O

H,CO O

HO OCH,

1 RIEBEEHEBUFEN

Figure 1  Structure of steffimycin B.
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— E YO i A — R IR I R R
e, TE A P 5% ZR ) SR A% DR R S A0 A Bk
W AL T L RS A5y MR A | PR b G A
WAE, PR320 . an E Rk EEN S
VAPPSR E ARG S QTR I ERE S e = S K f =i
Br SR AR A ) R B T 104%.
ASCUA L3 B i — B SMB UM
B 5 2% P (Sreptomyces  scabrisporus HBERC-
53204) M WFFE XS, T B R ER S 00 0 1E
HBERC-53204 j* SMB fgi&ifiili . A . &
PLERARNSE 0 FH o 7 T 923 DI A & T s o Bk 15 3
Fr A, SR OB e OH AR 53 BT I H v
(ultra-performance liquid chromatography tandem
mass spectrometry , UPLC-MS) s il {f; £k 7 5

SMB &, Wit kBRI T, N
SMB R 5% v FH I 572 4%

WEERE

1.1 EHRKIE

Pk HBERC-53204 ARSI = F 2013 4F
3 7 11 H i 48 TR T o3 [ S8 AR AR Bl SR
AR AT ARAR B A S 5t R A B AR 3, H 16S
rRNA FH1 25 R 2 2 NCBI 5 2 , 5ok
5 OM638426 .24 NCBI (www.ncbi.nlm.nih.gov)
B P LEXT, b HoA B A A R, IR PR
TE M HURE 4% 75 T4 (Streptomyces scabrisporus), 3
PRAF T rp [ LR B 52 ) (s .0 (CCTCC),
W45 CCTCC NO. M 2022087,
1.2 EFES5 SMB inEREY

ISP-2 [E{A8: 35 (g/L): #iZibE 4.0, FEb)
BH 4.0, ZFEK 10.0, BUEK 16.0, FhT5E
FI(g/L): HEERE 10.0, #45H 10.0, 4R
i 10.0, BEREHE N 5.0, BRERES 5.0, FoK¥K 1.0,
KEM 2 7#/100 mL, FEAl & Bl #5E (g/L):
B 40.0, TREIZHKY 7.5, BEEERY 5.0, BR/K

ffms M 2.5 FEFREWILA pHEH 1 mol/L 1Y
AEA IR IE W E 6.8-7.2,

SMB #rifEfb 54 : HIBE R HBERC-53204
R B R, & PC-NMR &
'H-NMR 55 0FH 254, 4 UPLC-MS 44T,
SMB & H7E 95%Lh |
1.3 NEE5HTF

T A8 A - 3 3K ] (Xevo-TQD) ,
Waters 23w 2E 7 Jighh A8 K (SPH-3222), |
Ut S A A BRI A R R K R R
(38703), INZRFARESF BB BRA w4 =5 A=
Y42 4 AE(BSC-1360 11 A2), b5 4R BE A RN 2%
TS A RS A 4775 OLYMPUS CX41 B3 i
B, MO TR S A B HL(5418),
Eppendorf 427" ; % 15 7746 (ML-250AG), i
ERILAN AR B A BRA /A= Rk 7 R OF
(AX-205, d=0.01 mg), Mettler Toledo 4= 7=; pH
11 (FiveEasy Plus FE28), Mettler Toledo 4" ;
20 L ARSI A sl Rk BEfE, LIRS A
FRZN ] 4 77, B Mettler Toledo RJ K [# =2 pH M
WA . R FRY pH . WA PR ANR
e R LR AT S
1.4 BHREFTE

FEHL A - B 5250 % (/A7 1Y HBERC-53204
PR ISP-2 ~F- iR i ik, 75 28 °C 554 L I
7 d; PREBUE LT HBERC-53204 B Mk Fh 3
FhFREFRIELN, 25 100 mL/500 mL —f %
i, TERRIR [ 28 °C. 150 r/min £ F 5535 4 d;
B B U 0 — D TR LL 10% 04 Fl B B Fil 2
KEEFEHT, 2 50 mL/500 mL = A,
TEFEIK | 28 °C . 150 r/min 5510 F A BER: 3% 4 d.

INGER T : TG — AT DL 10%35F]
WM R R R R Y RS, R E
28 °C., 150 r/min 554 FH55% 3 d; Ml
PL10% (VIV)EFP i 8 A\ & BEWE , & T he v i
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12/20 L. KBEHEMA 0.2% (VIV)REEVE NI
7, £ 28°C THiFE 6 d.
1.5 HREZXW
1.5.1  ERiERAL

A3 SRR ok 40 /L B, TR
FEENE . HEREE . H A TR N A
BRSO R, X R RS, Y SMB
AP AR R bR, 3 ) Bl R I AR A I
152 HiEM

I sE BRI N 7.5 /L i, AHLAE
X RBERIE M . AT ks . B, D
PR DR EREN . EREMEERR R . AR
SMB = A A8 s, B i 1Y A I s 57 2k
R
1.53 HBFEREMEKL

A8 0 I IR IR IR 2, 23 i
AN RV A B A T o DA S i e 0 B 4
VER o5 — B IR PR IR R W B AL R iy, 15
HH B TR I P R U Y AR R L SRR A R
HeE.
1.54 FHERMKL

DL 1.5.3 J5 i g s b i mc Aok B AL, 78
2 K T 8 SR SE L O kB A S vk
0.25. 0.50 1 0.75 g/L ) MgSO, #ll KNOs, #f
FEIMMATCHLERXT SMB & BE 521
1.6 Moz ESEMK
1.6.1 Plackett-Burman (PB)if 38 1% 11

PB iR 5 it B SL s &b, w0 — By
5ERAr WA ELAREROC R o AR B R Sl
ghiL o UEAT PB RIS BETT, #fE I SMB R iR
PR EREER, BORREESAE 2 SKF,
SR R-1403R,, LU SMB 7 5 R i L
B, @y RZAAW P e RBESM, ETF
i 2% [N F 84T Box-Behnken SZI0 110, &
DRI R
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y=po+ iy, % JrRE(1)
Ay M pAE, BF SMB ZHr(mg/L); By AH
iy BNEMEREG o WSEWER,
1.6.2 ERBEMEHE LG

M 4% PB 250 Fr bl 5 R g 2R, Lh4s 2 A
TR R A, i R BEICYE SE I i U 10 5 25
K, il el EFSLE (RIEYE LR ) Sk pdiiE
YT HO 5, DA ST B A R B LA AR
1.6.3 Box-Behnken (BB)i 3% 1% it

BAHEREES . PR 3 AAKE, 500
PLet1” «o” =103, L SMB & ki L
1B, 1 FH o 1 TR B T4 1 (Design Expert 114805
TUCRREETS DU 2540 BT (ANOVA ) BEAG 455 0 1)
GRCR, e BRI R (2),

y=By+B D% +ﬁiizxiz +ﬁijzxixj JifEQ)
Kb Bi W ZIRREG By N H R
1.7 SMB F=lE
1.7.1 SMB #rEfhZ a5

KEaf AR 10 mg 19 SMB it , FIIC/K
FEEZ 2 10 mL FHERDEM, Gk E N
1 000 mg/L MIFRAEWL, 2 5IMEL 0.2, 0.4, 0.6,
0.8, 1.0, 1.2, 1.4 1 1.6 mL FrAEIAE E 10 mL
A, MATOKHEEZ E 10 mL 1B,
PERERE 1.0 pL, B0 3 REL, g HE
442 nm A (SMB 58 HMIRZ IS I8 K ) W A 06g B 0¢ T
e lbRiEf e
1.7.2 %B%+ SMB & £E

Bl mL AR E 10 mL B&.08 %, D13
e A Je oK B BT 58 20 % (5 min), WRIBUR
AWE 1.5 mL BO0% N, 12 000 r/min 5.0
3 min, E0EE AR EIH R 0.22 pm 8
g EHEERE ST, AshitRe,

38437 44k . ACQUITY UPLC BEH Cij5
RO 3% R (1.7 pm, 2.1x100 mm), FEiR 40 °C,
Uik 0.45 mL/min, #EFEER 1.0 pL, WRBIAH i
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4K (AR IEai 2 i5B), WA 0.2%M
ToK L FRVAGE /B Rk, FEh /MBS a] 13 min,
VTR IR LR 10 AR 442 nm L — KT
U TR AR S bR e 2 153 SMB B it

2 BEREAW

2.1 SMB #rfERZk

LIAL-&%) SMB kB2 AL BR, UL 442 nm
P TR YA bR il SMB bR £k .

SMB ik i (y) 5 0 1 B (x) X R 2
y=42.328x—158.64 (R*=0.994 2), nJ JLk#s<k
A R4
2.2 WEFMEMUER

DIEF A BRI, £ 5 A AR R Ab
PRSI 25 R B, H b A F A & T X R
AL IR, (RZ5 AR . N A 2 0 A =
MK G o =B i 5-92 B SLRREAS A 1 5 ik
(K e s 2=, HR R M B ol o S B R 3t
B R U R BRI A AN A PR B TS e
g i PO [ st AT E A — R A A B R 1L
5 A AR RS, PRUETR MR IR IR T
SRS 5 M LA AR v A 2R 2 AR L %
PEALFRZH SMB U #2271 8.5%, 25 i 51 4 A b
WAL, S A KRB kL, HIFs:
A 3E R P 5 B K S CE AN R, 25
B 5 A B A0 P A AR O S 2 32 S R
M, welE R g R LA 2,

® 1 RFIEREEE

Table 1  Solvent gradient for UPLC analysis
Time/min Al% B/%

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

100 -

Production/(mg/L)

Glucose Glycerin Maltose Mannitol Starch
Carbon source

E 2 ARE®IER Y SMB =8 8500

Figure 2 Effects of different carbon-containing
components on the production of SMB. Standard
deviations indicate the data differences between the
different replicates of the same treatment, the same
below.

2.3 FURMAMMAER
RUIEFEIACE R 3. 18 5 AR
IR E R, b, EER. FORMEEL
B R K2 T B R Sh % IR Ay,
o LR R O 32 SRR A Ak B 2 K I8 K -
o, PO FPR S A 2 B oA P A KT e 20
MR Z K, SR T RSOR A, #fE A
R Sy T B e e e DG 2 BRI
120
100 |
80 |

60

Production/(mg/L)

40 |

20 H

Potato  Fish  Peptone Corn  Yeast
extract  meal syrup  extract
Nitrogen source

B3 ARERIRMS T SMB = 8800
Figure 3 Effects of different nitrogen-containing
components on the production of SMB.
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24 ARIKEWNKRRFREERMUER
7o B R AT DR E TR PR T R AR A, W
it 22 FCUE W) 5T AT RE 2 A B AR AR K 2o PR R
R i, BRHR B W 7™ A o B vk
JEA RS MG IHAERZ 7, I BUL R
PEATLE A, SR R R AR A
N BRI AR FE RS B SR B, E R 12.0 g/L
U fnat T SMB & , i85 193.40 mg/L (&
4A), H%BE 50g/L WIS SMB " ik, B
F 155.12 mg/L (K 4B). BEEEBIME N RS 3%
SrbryESCRIR, A 2R R R A K
BEIR L VNN 22 T BE 2 (50 B PR AR KT O S
BORA TR, S 528 KW i, ek
HFEERER 7.0 g/L Bf SMB R, ik F

(A)
250 -

]
<
(=]

—_
wn
o

100

Production/(mg/L)

wn
(=]
T

4 8 12 16 20
Peptone concentration/(g/L)

3 5 7 9 11
Yeast concentration/(g/L)

4 TREIRERSE—HRRAIRX SMB = £ 0E

182.03 mg/L (&l 4C). & /K fif I 25 11 B 45 U8 i
WLy 225007 F KRRy, & A0 B2 (8] TG 8 25 22
5, DR U AR B AT R 82, MR K R
i 26 U Ik R B 45 SR LI 4D
2.5 FEMEMALLIELS

NI 4 ) BH S AT 4R v G B A
e RS T, FEXT BRAL(CK) L (F 4
B 50.0 g/L, EAM 12.0 g/L, BEEEK 7.0 g/L,
MOKEIEE A 1.5 g/L)HHEsin MgSO, -5 KNOs X
SMB 7 FH52 0 i 3, MgSO, 5 KNO; Bl
4 0.50 g/L #10.75 g/L i} SMB 7= & f e 43 Sl ik |
T 260.45 mg/L 1 183.79 mg/L (& 5), HIKT Mg*" .
KO R AE K B R SEE AT, KNO; 1) NOy Al fE
Ry R IE A DR AR WSO A

)
&

180

)

[
=2}
o

140
120 |
100 ¢
80
60
40
20

Production/(mg/L

20 30 40 50 60
Glucose concentration/(g/L)

S

120 +
100
80
60 H
40
20 H

0

Production/(mg/L)

1.5 20 25 30 35
Casein hydrolysate concentration/(g/L)

Figure 4 Effects of different concentration of single carbon and nitrogen-containing components on the
production of SMB. A: peptone; B: glucose; C: yeast powder; D: acid-hydrolyzed casein.
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300 | EHCK
[-.-.-]0.25 g/L

250 |

2

£ 200 -+

E o

£ 150

3

kS

& 100

MgSO,
Inorganic salts source

5 AEFZHEXT SMB =2 150
Figure 5  Effects of different inorganic salts on
the production of SMB
2.6 Plackett-Burman (PB)i{ 3G 45 R 5 4
BT b i TR A 07 106 5 v B I A Y B A
RO, IHEIIA) . EARKRB) . BEE(C).
/K fif % 2 11 (D) . MgSO,4 (E)FIl KNO; (F) &
FEHF, it 6 NE 2 KFEH PB iRK: F E K
V&, k2 R
{5} Design Expert 11.0 1571 Plackett-Burman
#*2 PBIAEHREKFR

Table 2 Factor level of PB design
Factors
Levels
A/(g/L) B/(g/L) C/(g/L) D/(g/L) E/(g/L) F/(g/L)
-1 40 8 5 1.5 0.25 0.5
+1 60 16 8 2.5 0.75 1.0

x4 PBIREGFEDNNER
Table 4 ANOVA for Plackett-Burman design

B F X SMB AU B = 2 A B VR R
BFEHEF, LL SMB & (mg/L) A b AE, 45
T8y SRR 3 iR

PBiIe i Z T R W 4, HEFREEK
5 SMB & M (Y) B — &k Bl 0 R
Y=212.58-55.2A-19.72B+30.87C~5.34D+47.8E+
8.73F, FEFRIELML I H A HE(A) . IEEERT (C)FI
MgSO4(E) R i 252 i R 2%, AR5 1 Ltk Adeg
precision= 10.124 5 KF 4, #AIA] HF 925 1
M, PeE R R=0.911 6, UiHIRIRILL 772
REMS R RE 91.16% M A, B IETRE REL Adj
R=0.805 5, L& AT i A 80.55%M7E 5
G Y 3 A R I R 2 A e s e

x3 R"EZFEPBEItE
Table 3 Plackett-Burman design with six
independent variables

Run A B C D E F Production/(mg/L)
1 1 1 1 -1 1 1 201.06
2 -1 1 -1 -1 -1 1 158.54
3 1 -1 1 -1 -1 -1 143.42
4 -1 -1 -1 1 1 1 300.29
5 -1 -1 1 1 1 -1 34281
6 1 1 -1 1 1 -1 106.56
7 -1 -1 -1 -1 -1 -1 19294
8 -1 1 1 1 -1 1 253.61
9 -1 1 1 -1 1 -1 358.50
10 1 -1 -1 -1 1 1 253.04
11 1 -1 1 1 -1 1 161.28

12 1 1 -1 1 -1 -1 78.88

Items Sum of squares df Mean square F P

Model 81 346.38 6 13 557.73 8.59 0.016 1 *
A 36 569.52 1 36 569.52 23.17 0.004 8 o
B 4 666.08 1 4 666.08 2.96 0.146 2

C 11 435.51 1 11 435.51 7.25 0.043 2 *
D 342.09 1 342.09 0.22 0.661 1

E 27 419.57 1 27 419.57 17.37 0.008 8 *x
F 913.61 1 913.61 0.58 0.4811

Residual 7 890.73 5 1578.15

Cor total 89 237.11 11

Adeq precision=10.124 5

R*=0.911 6 Adj R*=0.805 5

*: significant difference (P<0.05), **: extremely significant difference (P<0.01).
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2.7 mBEMCIFRIEMILER

4 PB iIgs A, DAEIENE . Methkyfn
MgSOy =A™ i 2 52 M PR 28 0047 e B IR 3 52 35
A RN B SMB PR R B UG, RS
5 MgSO, MG, D4k 50.0 g/L, B
¥ 7.0 g/L, MgSO,4 0.5 g/L Mo liit s, iR
e EnE UE
2.8 Box-Behnken (BB)iRiE4ER 5 S #h

DU BENCHE S B0 25 1 3 TIE 3 /KR
BB 4, Wit &KV IEK 6, SMB [ BB ik
Bt R4 R E 7, LU SMB A (YY)l 25 &
HE BE(A)  FEREH(B)FT MgSO, (C)BN Ik B0
(S s 1Y/ e i - | B S 1 = Ry
Y=473.68+7.17A+4.16B+9.6C~7.61AB+24.22AC
—3.16BC-45.03A’-4.89B>~12.34C7,

BB R4y 25 W3k 8, #EA p=0.006 3
WEVER R, RN 0910 1, HBREr 1 {6
RIA vy, {50 Adeq precision=7.895 8
(>4), R Z I EHE R T B D
C.V%=3.12%, i A B ORE Al /)N, R ABLI0E
N3 Lack of Fit=0.104 5(>0.05), 413
MRS AT {5 B v, AT T R B e 45 SR A B 41
T o

FrmSimaEAamE 6 s, 7EE 6A
W, TR IR R, YA PR E N 34—
38 g/L, FEZIX [N SMB =it f i, fem R
iKF] 482.49 mg/L; AT B AR TR FE X
(), i Bl A 2 Wl R g el /N T R AT . E A
6B F, 5% B Bl 35-40 g/L INF, SMB UMY
5 MgSO, W FE REUR IEMC KR, 714 Mk
FETEE 40 g/L, MgSO, UMM E 0.6 g/L $27+
#] 0.7 ¢/L J5, SMB & H1 388.93 mg/L $&F 3
447.05 mg/L., 1ER 6C b, BEEMMe sl 8.2
9.0 g/L, MgSO, ¥l 0.64-0.70 g/L i}, Hirfk
HYrraim. 5 HFE BBD i X E P,
TG AR R e Ui, 15 A E IR T
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TER WSS A R Ry . #I%0E 36.22 g/L,
fEfEky 8.51 g/L, MgSO, 0.68 g/L, i SMB
M AT A E] 477.62 mg/L.

x5 EBREMRKIZITER
Table 5 Design and results of steepest ascent
Run Glucose/(g/L) Yeast/(g/L)MgSO4/(g/L) Production/(mg/L)

I 50 7.0 0.50 343.51
2 45 7.5 0.55 386.76
340 8.0 0.60 428.34
4 35 8.5 0.65 439.58
5 30 9.0 0.70 397.18
6 25 9.5 0.75 359.82

#*6 BBiXIEZRKFR
Table 6 Factor level of Box-Behnken design

Factors
Levels Al(g/L) B/(g/L) Cl(g/L)
-1 30 8.0 0.60
0 35 8.5 0.65
+1 40 9.0 0.70

%£7 3FAZBBiXKIFiItE

Table 7 Box-Behnken design with three
independent variables

Run A B C Production/(mg/L)
1 -1 0 1 395.26

2 0 -1 -1 426.16

3 0 0 0 481.35

4 0 0 0 465.38

5 1 0 447.05

6 0 1 -1 458.01

7 0 -1 1 461.22

8 -1 -1 434.01

9 0 0 0 462.73

10 -1 -1 407.92

11 -1 1 414.26

12 1 0 -1 388.93

13 0 1 1 480.41

14 0 0 0 482.49

15 0 0 0 476.44

16 1 -1 0 448.47

17 1 1 0 424.37
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*8 BBIRIAGENMNER
Table 8 ANOVA for Box-Behnken design test

Items Sum of squares df Mean square F P

Model 13632.69 9 1514.74 7.87 0.006 3 *E
A 411.41 1 411.41 2.14 0.187 1

B 138.44 1 138.44 0.72 0.424 4

C 737.86 1 737.86 3.83 0.091 1

AB 231.65 1 231.65 1.20 0.308 9

AC 2 345.95 1 2 345.95 12.19 0.0101 *
BC 40.07 1 40.07 0.21 0.662 0

A? 8537.78 1 8537.78 44.36 0.000 3 *x
B? 100.80 1 100.8 0.52 0.492 7

c? 640.67 1 640.67 3.33 0.110 8

Residual 1347.34 7 192.48

Lack of fit 1014.49 3 338.16 4.06 0.104 5

Pure error 332.86 4 83.21

Adeq precision=7.895 8 C.V%=3.12

R*=0.910 1 Adj R?=0.794 4

*: significant difference (P<0.05), **: extremely significant difference (P<0.01).

2.9 IWIEILEER

TR AE R TR, AR R A TR IR AL
Bi )y . #ZHE 36.22 g/L, K 8.00 g/L, FRELEH}
8.51 g/L, M/K A& 1.50 g/L, MgS040.68 g/L,
KNO; 1.00 g/L 47 B , AEfRc & B RE 77 0

(A)

Yeast/(g/L)

Production/(mg/L)
9.00
8.75
8.50
8.25 {420
8.00 +— T
30.0 32.5 35.0
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T
37.5

40.0

BCO A, RT3 UCFA T, SMB

Production/(mg/L)
B
e
S

8.00°30.0

SEXUNIRE] T 477.26 mg/L, - R AL
EIEA 5, BRI ZS SR TG R R R 3R
JEHC T SMB S 25.48 me/L #H L, Ak RER
FEBC PRI T 1 773.08%, SZIGZE R ILE 7.

40.0

325 Glucose/(g/L)
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(B)
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Figure 6 Response surface optimization of SMB production with different nutrients. A: glucose and yeast

powder; B: glucose and MgSQy; C: yeast and MgSO,.
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Figure 7 Comparison of SMB yield in optimized
and initial medium (wavelength 442 nm).
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i 1 Ak 5 R R I R 9R SRR S T R A
20 L kTR v i RS R T, KT O B R T
12/20 L, 4 12 h BOFERa, SMB 78 A& e
2] = AN 8 FT7R o 36 h BB BRI U = Ak
WA 4 , 76 0—144 h 14 % )% 15114, SMB
7 5 TR A] 2 IE A DG, 108-120 h Y SMB
FraE R TE, KB pH B TR, R
76 8.16+0.11, [f]F SMB BT+ 140.53%3F:
7E 120 h I} SMB Uik B d5 5 1Y 214.48 mg/L,
HE W A2 19 & 18 R B8 A A T B A T Ok A
PR A
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TR FREMAREE A, FRATRT) & B
il &t T 5e g% SMB KL, 42 UPLC-MS kil
H A RELE 95%L b o SMB AW A48 5 €5, [543
K, MG T 2R ARG & (& 9).

3 ZwER#E
AR LA™ SMB ) & £k HBERC-53204

—=8— Production/(mg/L)

SCERT AR, LI SMB A AR, i B A
ZiA I A1 Plackett-Burman i35, #1575 2Lk
T REIFUR 3 A4S B 2 R0 TE Ak SMB 7 Y ]
R, A HERE . BRI MgSO.; SRS A
PR BENC I 86 BT i SMB R fe ey X8
Wb oHs RO A, N
Box-Behnken M Ji [ 74 400 &35 Lty B 4 o7 i

240 - —e—Rotate speed/(r/min) 7190 4320 4110
—— Dissolved oxygen/%
200 L GO ——a—— 185 1 300
{280 1103
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Figure 8 HBERC-53204 metabolic curve in 20 L fermentor.

(A)

9 3k15HY SMB 4 &

Figure 9 Pure compound of SMB. A: pure SMB; B: crystalized SMB showing plate, orange-yellow crystals

under microscope (10x).
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TR R — AL SMB A F2 I & B % 5% SL e
Ji, JES AL E R, A AR
WA TR R, X7 FESR A% ) B L35 3% SR 1
7k AR 36.22 g/L, HEEM 8.00 g/L, ¥
By 8.51 g/L, FR/KAEREE T 1.50 g/L, MgSO,
0.68 g/L, KNO; 1.00 g/L. 7Ei% K BEREFR3EBL 5,
P AT 4 d J5 SMB ZUHikE] T 477.26 mg/L,
BAALET BAnb G bt m T 1 773.08%. 1
A BRI AL 45 SR TE 20 L K BERE R E T T R s
IO, fefEKEERE Y 120 h, SMB ik 3|
214.48 mg/L. ZMUfbIG SR ARGy B4 s T H
LAY SMB [ EE

BT R SE R, SMB % T 7K - K iR i
P o 454 SMB A By FRALRRE , ARG T
g A T, AN L ST T Al Y S O]
(F9), Jyitk— LM ansgE 34 | 24k M H ]
W] T T RAF A

SMB X} Z F 85 B Sl AR i A HL A R 47 E
Yrigvk, HEErEAL, BA RIS . AF
¢ o A o O TR Atk SMB 7 AE 1 HBERC-
53204 Wy K BEdE SR, KRR T SMB i,
Je 3 AT S Ao T R A R A O X R A T
WMRS5®E, H5RMRFEILE T . SMRE SR
AL . R T R S ARG A i —
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