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Abstract: This paper focused on stausporine production by cultivation of strain H41-38. Results could be

summarized as follows. The optimal condition for the shake flask cultivation for this strains was 30°C 96 h.

Results indicated that the best carbon and nitrogen sources were cornstarch and yeast powder. With the
method of fractional factorial design, it was found that yeast powder and crude salt were the important fac-
tors, and their optimal contents were determined. Under the optimal conditions, the calculated maximal
stausporine was 252.31 pg/mL, while the experimental value of shake flask was 251.28 pg/mL. The titer was
4.33 times more than using the original culture medium. After cultivating in a 30 L fermentor(300 r/min.
30°C, V,;=10 L/min~15 L/min) for 84 h, the titer was 286.44 pg/mL, which titer was 45.16 ug/mL higher
than the shake flask cultivation, and curves of parameter provided useful information and data for the indus-
trial production of stausporine.
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m 2/3
H41-38 R
[2]
, 1977
Omura S AM-22282
Tanida ™ 120 L 1.13 g
,Omura P! 20L
110 mg , 1990
Schroeder 6 d
130 pg/mL,
H41-38

(Fractional factorial design, FFD)

(Response surface analysis, RSA)

, 30 L ,
1 Me5HEE
1.1 =Hik

H41-38

CCTCC M 206087
1.2 EFE

. KNO3 02%, KzHPO4
0.1%, MgSO, 0.1%, ( ,
) 0.3%, 2%,

1.6%, 1000 mL, pH 7.2~7.4;

30 g, 40 g,
3 g, CaCO;2 g, KNO; 2 g, K,HPO4-3H,0 0.66 g,
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FeSO,.7H,0 0.02 g, MgS0,.7H,0 1.03 g, pH 7.2~7.4,

1000 mL; 50 mL 250 mL
, 8 ,
1 x10° Pa 30 min
1.3 kAL ER
(Staurosporine) ( Sigma
), =99%; Waters Delta 600
, Waters Sun Fire™ C;g (5 pum,
4.6 mm x 250 mm); Biostatc 30 L (
)
14 EMmMEZE HPLC &N 755"
292 nm,
=80:20(V/V), 0.5 mL/min, 10 L,
40°C Y = 50580X + 135557, R* =
0.9999, 1 7.78 pg/mL~500 pg/mL
15 FFREIEREF
28°C 30°C  32°C3 ,
, 160 r/min 36 h~144 h
, 12h 1, 3,
90% v N =1:1) 6 h,
, HPLC ,
1.6 REREFEMSML
1.6.1 BREUREFRYIEE:
20g 20g 20 g 20g
20 g, ;
20g 20 g 20 g 20 g
20 g 20 g,
(30°C, 160 r/min, 96 h) 3 ,
HPLC ,
1.6.2 FFD fifLizs&E S 8
s (X;: Cornstarch) (X5: Yeast
powder) (Xs: Crude salt) CaCOj; (Xs) KNOj
(Xs) K,HPO, 3H,0 (Xy) FeSO4 7H,0 (X;;) MgSO,
TH,0 (X13), Xi Xy X3 Xy Xiz
( ), 2 3
, HPLC ,

1.6.3 JEIFEKEIRLE:

, 0.5%;
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, 0.05% 3
1.6.4 MRz 5 #73%:
3 )
SAS
Y = by + Ybi(l)x; +
dbi(2)x™2.. + Xbijixix, i=1,N; j=1,N; i #], Y
, » bo , 2bi(1)
» bi(2) » biji
1.6.5 fRALBEERLE: ,
3 ,
1.7 30 L REEEEM A &R EEAE
20L 250 mL
, 48 h
, 8%~10% 30 L
s 20L 300 r/min,
30°C, 10 L/min~15 L/min
0~120 h 12 h pH
DO(Dissolved oxygen) 8] (81
[9]
2 SR
21 $BEFEE
1 28°C
108 h, 32.53 pg/mL,
30°C 96 h 47.18 pg/mL, 32°C
84 h 29.18 pg/mL 3
, 30°C
, 30°C H41-28
2.2 REREFEMSML
221 FREREFHIEE: 2 .
30.72 pg/mL
43.59 pg/mL 54.37 pug/mL
40.83 pg/mL 67.73 pg/mL
3 )

>

102.54 pg/mL  61.75 pg/mL  63.45 pg/mL

60

—+-28°C

50
40

30

Titers (ug/mL)

20

0 36 48 60 72 84 96
¢ (h)

1 FEEETERAERNMN L
Fig. 1 Curves of staurosporine titers in different tem-
peratures
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Fig. 2 Staurosporine titers with different carton source
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Fig. 3 Staurosporine titers with different nitrogen source

55.16 pg/mL 45.52 pg/mL. 6.73 pg/mL

222 #MHyBEFRIEMILIEFREES: SAS
, Xi Xy X7 Xy
X12 5 X2 X3 XS X6 XS X9 >(11
X1 CaCO; KNO;
MgS047H,0 K,HPO43H,0 FeSO,7H,0

1
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Fz1 WHEFREZITRER
Table 1 Experimental design and results of FFD
Factors
Treatments Titers(png/mL)
Xi Xz X3 Xa Xs X6 X7 Xs Xo Xio X1 Xi2 Xi3
1 -1 —1 —1 —1 1 —1 —1 1 — 1 1 — 1 91.45
2 1 -1 -1 =l =l -1 1 1 1 1 -1 1 1 87.08
3 -1 1 -1 -1 -1 1 -1 1 1 -1 1 1 -1 129.64
4 1 1 -1 -1 1 1 1 1 -1 -1 -1 =l -1 80.78
5 -1 -1 1 -1 -1 1 1 -1 -1 1 1 1 -1 187.06
6 1 -1 1 -1 1 1 -1 -1 1 1 -1 -1 -1 62.20
7 -1 1 1 -1 1 -1 1 -1 1 -1 1 —1 1 128.50
8 1 1 1 -1 -1 -1 =l -1 -1 -1 -1 1 1 237.10
9 -1 -1 -1 1 -1 1 1 -1 1 -1 -1 -1 1 120.43
10 1 -1 -1 1 1 1 -1 -1 =1 -1 1 1 1 73.58
11 -1 1 -1 1 1 -1 1 -1 =l 1 -1 1 -1 127.07
12 1 1 -1 1 -1 -1 -1 -1 1 1 1 -1 -1 158.52
13 -1 -1 1 1 1 -1 -1 1 1 -1 -1 1 -1 137.70
14 1 -1 1 1 il Il 1 1 -1 -1 1 -1 -1 173.69
15 -1 1 1 1 -1 1 -1 1 =l 1 -1 =l 1 189.15
16 1 1 1 1 1 1 1 1 1 1 1 1 1 114.39

Note: Xa(=1: 2.00%, 1: 3.00%); Xs(=1: 1.50%, 1: 2.50%); Xs(~1: 0.25%, 1: 0.35%); Xe(=1: 0.15%, 1: 0.25%); Xs(=1: 0.1%, 1: 0.3%); Xo(~1:
0.06%, 1: 0.12%); X11(~1: 0.05%, 1: 0.09%); X;3(—1: 0.002%, 1: 0.004%).

2 ,
, 90%
6 90% ,
(t )> (t
)
223 JetgpgiEike:
3.3 ., 246.36 ug/mL
3 Xs( ) 3.50% Xs( )
0.25%
2.2.4  Nmp o> #iEMRAL: SAS  REREG(
) 4 ,
5 Y =
%2 FoHEFRIEEYS
Table 2 Results of regression analysis of FFD
n(l;:; ct:g;s Factors t value Prob>|t| ITgr(iliﬁrtlagnt
Xa Cornstarch 2.0880 0.1720 3
X3 Yeast power 3.2517 0.0830 2
Xs Crude salt —4.2037 0.0522 1
Xs CaCOs —1.6552 0.2397 5
Xs KNO; —0.8154 0.5005 6
Xo MgSO,7H,O  -1.9931 0.1844 4
Xi K,HPO43H,0  0.1379 0.9029 7
Xi3 FeSO,7H,0  —0.1348 0.9051 8

http://journals.im.ac.cn/wswxtbcn
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Table 3 Experimental design and results of
steepest ascent

Titers

Treatments X3(%) Xs5(%) (vl Treatments
1 2.50 0.35 206.47 1
2 3.00 0.30 222.56 2
3 3.50 0.25 246.36 3
4 4.00 0.20 225.83 4
5 4.50 0.15 212.62 5
6 5.00 0.10 190.32 6

Note: The average titers are the average of three replicates.

247.1600  0.8576X;  17.9796Xs  7.2663X5’
4.5475 X3Xs 16.0188 X%, (
) F 0.05
R*=0.9620, 95%
4 , Y
(X5 Xs) , 25231,
X3 Xs 3.54%  0.23%
3.00%
3.54% 0.23% CaCO; 0.15% KNO;
0.10% MgSO47H,0 0.06% K,HPO,-3H,0 0.09%
FeSO,7H,0 0.002%, 1000 mL, pH 7.2~7.4
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Table 4 Experimental design and results of RS A

Factors
Treatments Titers(png/mL)
X3 5
1 -1 -1 241.12
2 -1 1 214.14
3 1 -1 240.52
4 1 1 195.35
5 —-1.41421 0 229.29
6 1.41421 0 238.15
7 0 —1.41421 241.56
8 0 1.41421 190.87
9 0 0 247.16
10 0 0 248.31
11 0 0 250.59
12 0 0 247.37
13 0 0 248.28

Note: X3(—1.41421: 2.69%; —1: 3.00%; 0: 3.50%; 1: 4.00%;
1.41421: 4.21%), Xs(—1.41421: 0.18%; —1: 0.20%; 0: 0.25%; 1:
0.30%; 1.41421: 0.32%).

®5 MWMEEAHRIEEIEFSH

Table 5 Results of regression of RSA

Regression foegergzlgf ssélégrzg F value Pr>F
Total Model 5 3463.09 15.17 0.0243
Linear 2 2592.00 28.39 0.0112
Quadratic 2 788.39 8.64 0.0469
Crossproduct 1 82.72 1.81 0.2709
Total Error 3 136.93

240

180

B4 Y =1(Xs Xs)BI0E R 54T E
Fig. 4 Surface response plot of the function Y (X3, Xs)

225 WIERKBLER: 6 ,
251.28 pg/mL, 252.31 pg/mL,

>

F6 HHAWIERE

Table 6 Test experiment of the response surface model

Treatments Titers(ug/mL)
252.31 £ 0.00a

251.28 £ 1.42a

Theoretical value

Measured value

Note: The data are the average of three replicates. The last same
letters in each column indicates that the difference is not statisti-
cally significant by DMRT at P = 0.05.

2.3 30 L REEFREM A AEAL

30L
, 5~7
1) DO )
, DO
) , DO 71.3%,
, DO
39.6%, 48 h~96 h DO
9% h DO 75.3%,
) 2) pH
, (6.4~8.3) 3)
37.67 mg/mL 16.14 mg/mL 4)
12 h
s 1.2 mg/mL,
2.66 mg/mL,
5)
(0.22 mg/mL), ,
0.76 mg/mL 6)
,48 h , 84h

286.44 ng/mL

90

—+—DO
—=—Sugar (mg/mL)
——

71.30

A—h——4—h 831

1 1 ]
0 20 40 60 80 100 120 140
¢ (h)

B 5 DO. pH{EMIEEETLiL
Fig.5 The curve of PO, pH and sugar
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30
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15}
—®— Amino nitrogen (mg/mL)
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051 022
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Fig. 6 The curve of reducing sugar and amino nitrogen
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Fig. 7 The curve of staurosporine
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