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B E: [86¢]) RAmEm@EsTRAE=ZF44TH PWA09 X B2 AR o-bE 3 B 37 %) 7) 4932
A AT, [ %] KR8 Plackett-Burman ik s ik %5 vf -4 B Ba47 4] 7 /= 4 69 X 42 R
%, A R BERIR IS 18T X4 R & 69 Kom AL R 3%, K Box-Behnken %3t A Z v 5L & 4
Wik, 13 &EE 0 AERA, B3R A €1 - B IR %% (LC-MS/IMS)3t & B2 7 P a8 3
B 4] F AT oA, [ R]Y KB T TEMIA . KNOyF KHPO, 49 7R & 2
o-AE F BRI B K] 69 FEH R K. RALB R AIA AR A TR MRS 9.01 g/L, KNO;
11.0 g/L, K,HPO, 0.32 g/L, MgSO,-7H,0 0.50 g/L, FeSO,-7H,0 0.01 g/L, pH 7.5. [£# 1 &
WS T, 48 E PWA09 K B ik 3t £ 5 48 3 Bl 64 F 2047 41 R 1Cso 4 22 mg/L, 74
EMBMACTTIR S T E 1045, AR T 1-LATFAE L4 E T 7.84 mg/L, BAALATIR
57 66812, KAEF| B4 F X 0.94 mg/L, RAALITR S T 10 12,
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Medium optimization of a-glucosidase inhibitors production
by response surface analysis

QI Xi-Zhen WANG Li-Qiang MENG Peng BAI Fang~ BAI Gang
(College of Pharmacy, Nankai University, Tianjin 300071, China)

Abstract: [Objective] In order to improve production of a-glucosidase inhibitors from Strep-
tomyces gobitricini PW409, response surface methodology was used to optimize the fermenta-
tion medium. [Methods] A Plackett-Burman design was used to evaluate the influence of
seven factors firstly. Then, the path of steepest ascent and the Box-Behnken design were
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adopted for further optimization, the optimum concentration levels and the relationships
among these factors was found out by quadratic regression model equation with Design-Expert
statistic methods. The concentrations of a-glucosidase inhibitors in the fermentation broth
were detected by liquid chromatography-tandem mass spectrometry (LC-MS/MS). [Results]
The concentration of soluble starch, KNO; and K,HPO, played important roles in influencing
the content of inhibitors. The optimal fermentation medium is: soluble starch 9.01 g/L, KNO3
11 g/L, K,HPO,4 0.32 g/L, MgSO,-7H,0 0.50 g/L, FeSO4-7H,0 0.01 g/L, pH 7.5. [Conclusion]
Under such conditions, the half maximal inhibitory concentration (ICs) of fermentation broth
to maltase glucoamylase was 22 mg/L, inhibitory activity increased nearly 10 times. The con-
centration of 1-deoxynojirimycin and miglitol were increased to 7.84 mg/L and 0.94 mg/L,
which was 668 and 10 times higher than before, respectively.
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o I R H AR ARIGYT 2 BUBEIRIN
1) —2& IR BEBE 254, & 38 L T 30 v H 10 61 i
T PN 1Y) - TE A9 TR o= ) 260 W0 B0 (A o122 2P WA
- FEMERESE), SESZZHE(INTERY . TEESE) i
BABE R RE R, AT URAE A A A Y RSGH R, AR
5 RN, H AT T B9 T ARG T P
o AR TRl A1 ) AR 3R 25 W 3 A TR R
(Acarbose)? . R %51 B (Voglibose)® . A% 5]
AE(Miglitol)45 . T o-BHFEEHDHIFIZL G
2 & R ISR, oAb G nb IR
I AR . RCRAL. #EPER, I, BRI
FHTIw PRI oW 410 1) 500 287 i s ot 2 5 i
EBCE YA AR AR,

TS TR R - 45 AR R D R g — ik
WRE, HAEZELTME, U EMREE
A YIS )2 2 B ER, — B DORAR
NI B AR S BRI, Bl p%
Wtk BT 3l 4 14 (Actinoplanes sp. E50)( &
i, VR AR Tl B A - SR i P
Ve HH—Hk o-BEH R ) = Pwaool, b
Y K RE = K BERE T (Streptomyces gobitricini),
HETEZ M PW409 Btk AR % e 1P 2
0 oY BT A ) ——1-Jid AU T Bl 2 (DNJ)®!
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1 MRS hE
1.1 ##

1.1.1 TE#: Streptomyces gobitricini PW409 HiA<
SIS & G IR

1.1.2 EFE: (1) MrRsRiklL): ERER
20.0, KEHEHME 10, KCI 0.5, MgSO,4-7H,0 0.5,
NaNOj; 2.0, NaCl 5.0, pH 7.2, (2) ¥4 & B 7 5
(g/L): FI¥EPETEHS 10.0, KNO; 4.0, K,HPO, 0.1,
KH,PO, 2.0, NaCl 0.5, MgSO,7H,0 0.5,
FeS0,-7H,0 0.01, pH 7.5, 1x10° Pa K# 20 min,
113 FERF: A o FFWHEE(Maltase glu-
coamylase, MGAM) H 4= 5256 % i Bt 3k 4R 45 ;
16S rDNA JEFIIE TAEH il A TA /58 AL
DNJ ARSI T Sigma AR, KAK S BEARE S I
FrhE 25T, AR £(GOD i) Mtk
A TR E] P25 HPLC RGN T Fisher
SH], HPLC e H R I H R B T Tedia 24wl
gk A SEE % Milli-Q #alikaifb 258 A,
Heil e A E 7 i akFl
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12 EBFH*

AR RIEIE A, ARG 57 A B —
I T2 A F 200 mL FlFRi 7R3, 28 °C 7K
200 r/min 1535 36 h, DL 5% (VIV) $ERPEEAL
B S rp, 2y 200 mL (500 mL = £ ),
28 °C FLJK 200 r/min £53% 50 h.,

1.3 SthA*

131 AERP o-BHBEIHFSENNES
s RGN A TN oA KA R ROR, L
100 pL 0.1%) 2 ZF A WM Y, A 50 pL
RYVHG R E BRI, RS IMA 30 pb MGAM
(1 U/mL)a s, 37 °C ¥E 30 min JSMIA
10 pL E572(0.5 mol/L)Z 1k [ i o B 50 pl Wik
FHR A A AL BRI E 490 nm (IR G(E, HAK
AR TR WA R AR M WA S A . N
H GraphPad Prism 5.0 3k {4115 & BE# X MGAM
(14 2 B0 i ¥ BE (1Cs0), LA BT I A1 A 5 R
|Cso fEEE/N, BT RNEY o-22 ZEMETT B 1 70 15 it
T

1.3.2 DNJ FAKIZFIEBMESENE: Aikii:
3%k &y Waters Atlantis Hilic silica 43
(150 mmx2.1 mm, 3 um); #:ih 40 °C; HshAH:
N WERE KW (10 mmol/L) (80:20, VIV);
i 0.2 mL/min, #E#EE A 5 pl, ATETK
8 min,

Bk sk ESI BT, Z2RVAI(MRM)
IEE R F T i oA 00 B - 4 430 R
m/z 164.1—m/z 110.1 (DNJ)F1 m/z 208.4—m/z
146.1 CKA&FIEE); R 500 °C; #HAH: 11
L/min; Z5405 44K (GS1, N2) /14 35 psi; DNJ #)
% HH (DP) 90 V; HilffiE HE < (CE) A 12 eV; K
8 31 1 g 752 HEL T (DP) 4 12 eV KA 3155 DN
FRUESTE MRM T BYLR BRI S350 3.5 min
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2.1 Plackett-Burman i&itifik T EZRE =
Zoad 22 i BRL PR 2 AR TS B A 1 254 R
ZIWKF-, R Plackett-Burman &M 7 5400
PR e LA R A R 2 AR
2 PKE: BME/KSE RN K, e 1 s,
XL S5, R Design-Expert %44 %t
& 2 PEAEIEAT AT, 15 E14H R RIE R
BT o- BT R = R STk E (R 3),
SERRW, AIEPERER . KNOs Al K,HPO, 2 3 A4
SO R R R o o, AT R BE A R
KoHPO, MR BEXT o BT ] 7007 1 P i
IERUY, KNO; AV BEXT oA B0 il 790 7= )

% 1 Plackett-Burman i&it+RE F 7k E & 4F5

Table 1 The two levels of variables used in the Plack-
ett-Burman design

T = oK 7K
Code Factor (g/L)° Low level High level

(1) (+1)

A Soluble starch 10 20

B KNO; 5 15

c Dummy 1 = =

D K;HPO, 0.1 0.5

E Dummy 2 — —

F KH,PO, 2 4

G Dummy 3 = =

H MgSO,4-7H,0 0.5 0.7

J Dummy 4 = =

K FeSO, 7H,0 0.01 0.02

L pH 7.2 8.0

Note: * Dummy was used to estimate experimental error.
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# 2 Plackett-Burman 32I8i& 145 8

Table 2 Results of Plackett-Burman design

Run A B c D E F G H J K L ICso (M/L)
1 o= = = 1 1 1 1 1 1 110.90
2 1 i = 1 1 I 1 -1 111.40
3 1 I T | 1 1 i = 1 103.30
4 i = 1 1 -1 1 1 o= = = 643.70
5 -1 1 i = 1 1 o= = = 1 80.08
6 1 1 o= = =l 1 1 1 -1 86.97
7 I i = 1 1 1 1 1 -1 103.20
8 -, = = 1 -1 1 1 1 1 1 486.10
9 i = 1 1 S i = 1 1587.00
10 -1 1 1 o= = = 1 1 1 1 256.40
11 -1 i = 1 1 1 1 i = =l 94.62
12 - = == = = = = =] = = 123.50

#3 EPEARBEREES

Table 3 Regression coefficients and analyses of their contributions

K= E!UH’%;‘E& . ﬁ@[ﬁ Prob (P)>F
Factors Regression coefficient Contribution (%)
Soluble starch 124.95 8.48 <0.0001
KNO; —193.47 20.34 <0.0001
K;HPO, 214.27 24.95 <0.0001
KH,PO, —60.97 2.02 0.0002
MgSO,- 7H,0O —96.91 5.10 <0.0001
FeSO, 7H,O -123.10 8.23 <0.0001
pH 121.70 8.05 <0.0001
2.2 mREEMIE IR RELS F, BT R TR, A% PR KRS 5 B

i 7 TP D5 U AE S ER A RBIL IX A 7R, ASCRA] Box-Behnken #¢it, HZR MK 6
RETC LV ESE GO0, BT ARG i M X iR,
U PR A RS R, AR PB RIS

R AT AT APETERY . KNO; il K,HPO, Bt ik i R4 BREERKRBGITRES
BT IR GENCY S8, 454132 4 s, Table 4 The path of steepest ascent experiment de-

sign and response values

DI S5, YRR IS 2 4t ”
N . e . . Bo oluble KNO; K,HPO, ICso
BRI oA B AR i e, G HAE R starch (g/L) (g/L) (g/L) (mg/L)

e, ATVEPETERY . KNOs. KoHPO, HeRE /3l 1 80 145 0.1 57.275
4 12.0g/L. 12.5g/L F10.4 g/L, 2 — — = S
23 MMEEHHEESYMEENREE 3 160 105 07 127.300

4 20.0 8.5 1.0 151.100

AR i G € 3 3 56 Wty 7 A 52 38 PR 3R v
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% 5 Box-Behnken X3t E &7k F R H %D FI %44 Design-Expert 7.0 X Scegh Bk it
Table5 Levels of iabl din th ., IS N S by v
P Becmehniendesan SPBT, AR KRR R R Y (R
2 K- I1C50)=171.34—2.84A+8.78B+1.88C—0.47AB-1.34
Factors Level (g/L) AC+0.89BC—25.68A*-11.81B°-18.21C%, Hif1, A,
—1 0 1 ) N,

Soluble starch 9.0 12.0 15.0 B Al C Pl AR ATAHETERS . KNOs I KoHPO,,
KNO, 11.0 12,5 14.0 BN o/l (K 7). J7 2N B EER R,
K,HPO, 0.3 0.4 0.5 R2=9055%, ﬁ‘%ﬁ%@”ﬂ,fﬁﬁ%o

FIH Design-Expert 4%t [ Y= 45 15 39847 1y

% 6 Box-Behnken I8 i+ F R HLER y /8 St 2l 1 \

Table 6 Box-Behnken experimental design and re- RIS, Hﬂ%uﬁmﬁiﬁgﬁ*ﬁ@( 1-3). *t
sponse values [ 5 REoR i, AR AR A, RO AT TEH |

Rin SOOI kNO,  KHPO, ICw(mOL)  KNOs il KoHPO, BB E 4151 9.01, 11.00.

L0 00 7m0 032 g/ B, MR Y BRI, EDRmET

2 (1) (1’ 1 ;322 o B EF A £ kLR, 1Cso {4 20.89 mg/L.

* Ry -+ A

5 -1 0 1 30.94 T RGBSR TR M, A SR e A AR

6 = il 0 37.08 R T i T RS 3 IR, PSR SRR A

! 0 0 0 i R a- BRI 1Cso F-H(H A 22 mglL, 5T (A

8 0 0 0 77.70 N N SH s T 2p N

o o . 0 4197 FEik, A WA R BRI G- Hb B0 S PR e I O

10 1 0 il 26.64 25 KA EIL-BEKRIEE(LC-MS/MS) X &

1 0 | il 25.02 B o-PEEEHIEIFIHITEE SR

12 0 0 0 62.03 mk 8 firs, MMM FRAMT, ikt

” . L . o fEfLIm F bk PWA09 W DN 1Y 7 ity

15 L o 29 69 7.84 mglL, KHEFIE & iEh 0.94 mg/L, BREGSR

16 0 0 66.53 FEARAL TR = AR HE, DNJ B9~ 425 T 668 1%

7 -1 0 -1 23.98 Ay, MKASFIBERY P g 1 10 542t .

7 EEASHER
Table 7 Results of regression analysis

I Item SEJ7 1 Sum of squares H i & DF 4577 Mean square F P
Model 5971.35 9 663.48 7.45 0.007
A 64.58 1 64.58 0.73 0.422
B 616.01 1 616.01 6.92 0.034
C 28.16 1 28.16 0.32 0.591
AB 0.86 1 0.86 0.01 0.924
AC 7.16 1 7.16 0.08 0.785
BC 3.13 1 3.13 0.04 0.856
A? 2775.66 1 2775.66 31.17 0.001
B2 587.54 1 587.54 6.59 0.037
c? 1396.27 1 1396.27 15.68 0.006
Lack of fit 434.18 3 144.73 3.06 0.154

http://journals.im.ac.cn/wswxtbcn
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Fig. 1 Surface (A) and contour plots (B) of mutual-influence for soluble starch and KNO,
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Fig. 2 Surface (A) and contour plots (B) of mutual-influence for soluble starch and K,HPO,
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Fig. 3 Surface (A) and contour plots (B) of mutual-influence for KNO; and K,HPO,
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Table 8 The comparison of inhibitor output before
and after the fermentation medium optimization

e IE Bl 4

PR
U p—r T T fs
Inhibitors b ) A = Y A=) s
Before optimi-  After optimi- (After/Before)
zation zation
DNJ 0.0112 7.481 668
Miglitol 0.095 8 0.935 10
3 i

R PWA09 MRS N o-27 2 i
AR AMEIVE AT, AR &2 ob
TERENHIR, G 110 A DLEE R (DNJ) FK A
HIEE, DNJ & —FPubnE e E Ypn, e R I m
IKAR Gy 1 A R 250 1 IR SO R I s
B, SRR FLENY oW A AA R 5,
1113 AT T 3R TR PR B I R, R IE T
HEP (AN S)M KA 51 EE (Miglitol) J&: £l FE FE B2
AT 1997 4F LB BIBURE PRI 254, & DNJ
AR s A = ™)

AR H Plackett-Burman B X191 1R & B2 55 55
Sy 7 AN EIEAT T, g5, nTE
TEK . KNO3z Fll KoHPO, X o #1155 7 12
FMAS R . FELIERN I, A BE TR 56 K
Box-Behnken % it #t — & L &, # H
Design-Expert #/FHEAT W BIH0 4, #E ik
JE WG BCR T AT PETER 9.01 g/L, KNO;
11.0 g/L, K,HPO, 0.32 g/L, MgSO,7H,0 0.50 g/L,
FeSO,-7H,0 0.01 g/L, pH 7.5, 7EMACILEHF,

BEFETE PWA09 KRR a-27 ZEHETT B A1 50
HIHE 1Cso hy 22 mg/L, FIHIFI P B A AT
B THT 10 Ao [RIE, 3 I RORE €S- R I T vk
(LC-MS/MS)Xf &R T oWl 1 B 1 R 1 7 0
T, RIS REER ) DNJ B nl ik
7.84 mo/L, BAUALETHEE T 668 £, KARSIBER

Franlik 0.94 mo/L, BALLRTHE S T 10 £,

DNJ BS54 FZA AR TA: A6 HPLC 2
GC/IMS :12HT LC-MS/MS 531 H RT3 1) DNJ
R 59 22 R FH A AT A AR M%) DND i
FTRERTATAE L, P FH 0 AR A ), A
AIATAEAL HPLC % B 0T F I DN, {HICA
MKARF B, DNJ FKAR B A S5, 55
T AR, PRI, BERE—Rh RS (R EAS I 3 Y
FALE P ITIRIEANTE Ty o WAH 13- FR I T R I
FH 2 (LC-MSIMS) & B AR N 25 9 53 Bt b de A
AR BE  R— R O R
JE BT 1) i RAUE T AR T i . AT
1, SR LC-MS/IMS YA 7E 2 i o 1 25 455X
T, DNJ FIKAS 5 B2 HAT Fenm iy 1, o FH
TR ORE BRI X & e b, HREE e
o TEREMALEE )T X, LC-MSIMS AT
fiHE, FESD BSOS B, RCRE S
R

2 % X
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