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P, (glL) 38.73 191
1.84, KH,PO, 0.6, K,HPO,3H,0 0.6, MgSO, 0.4, CaCl, 0.4, ZnSO,7H,0 0.4.
648.3 U/ml 380 U/ml 70%.
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(5] Py
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400 U/ml (Experimental Design)
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2.2
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2.3
(g/L) 50 5 KH,PO, 0.5
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2.4
500 ml 100 ml lcm 250 r/min
29~30°C 24 h, P; 250 ml 50 mi 10%(¢)
28°C 250 r/min
2.5
67 1.9ml ( 1% RNA, 0.2 mol/L pH
5.2 0.0005mol/L  ZnSO,) 70°C 10 min 0.1ml
70°C 15 min 20 ml (0.25% -2.5% ) 20 min
260 nm Aogo.
260 nm 1.0
1
(U/mi)= % = 2.67afM s (1)
a B
G}
2.6
Statistica 6.0(StatSoft Inc., Tulsa, OK) Experimental Design 9,
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Fig.1 The curve of fermentation process
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18 ( 2 )
Y1=445.3-10.28X;-17.18X,+64.94X5+4.22X~ 7. 78X, Xo—0.51 X X+
7.42X,X4~1.18X,X5-1.01X,X4+0.34X5X,. 2
R 0.976
Py
Py
(Central Composite Design, CCD) 3

1
Tablel Experimental design and results of the four-factorial two-level design together
with the predicted yields from the model equation

Tria Factors Observed value, Y Predicted value, Y,
number X1 Xz X3 X4 (U/ml) (U/ml)
1 50 (1) 4(1) 0.50 (2) 0.4 (1) 528.2 5335
2 70 (2) 4(1) 0.50 (2) 0.4 (1) 523.7 512.6
3 50 (1) 6(2) 0.50 (2) 0.4 (1) 520.6 514.4
4 70 (2) 6(2) 0.50 (2) 0.4 (1) 446.2 462.4
5 50 (1) 4(1) 0.00 (1) 0.4 (1) 389.2 400.9
6 70 (2) 4(1) 0.00 (1) 0.4 (1) 383.9 382.1
7 50 (1) 6(2) 0.00 (1) 0.4 (1) 393.1 386.5
8 70 (2) 6(2) 0.00 (1) 0.4 (1) 335.7 336.6
9 50 (1) 4(1) 0.50 (2) 0.6 (2) 532.9 529.8
10 70 (2) 4(1) 0.50 (2) 0.6 (2) 525.6 538.6
11 50 (1) 6(2) 0.50 (2) 0.6 (2) 4985 506.7
12 70 (2) 6(2) 0.50 (2) 0.6 (2) 498.2 484.3
13 50 (1) 4(1) 0.00 (1) 0.6 (2) 405.6 395.8
14 70 (2) 4(1) 0.00 (1) 0.6 (2) 402.7 406.7
15 50 (1) 6(2) 0.00 (1) 0.6 (2) 368.5 377.4
16 70 (2) 6(2) 0.00 (1) 0.6 (2) 356.1 357.2
17 60 5 0.25 05 4388 4453
18Y 60 5 0.25 05 468.7 4453
SS 1691.2 4723.1 67483 284.77

Note : 1) Center point.

322 (CCD)
(X1) (X2)
X3'( ) CCD(Central
Composite Design)
0.6g/L 2.
2 STATISTICA 6.0

Y,=634.1-0.37X,~55.33X,%+51.03X,~48.97X,>—16.46X5'—
17.19X5%-12.01X, X +4.88X; X3—21.39X,Xs. ©)

R 0.962 F=17.245 p<0.00125
P, . Xy, Xo, Xg' 38.73, 3.75,
1.04. (g/L) 38.73 1.91 1.84
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Py

2

661.1 U/ml.

Table2 Experimental design and results of the CCD together with predicted yields from the model equation

Py

Tria Factors Observed value, Y Predicted value, Y,
number X1 X2 X3’ (U/ml) (U/ml)
1 30 (-1) 2(-1) 1(-1) 454.4 449.9
2 30 (-1) 2(-1) 3(+1) 441.2 450.0
3 30 (-1) 4 (+1) 1(-1) 614.4 618.8
4 30 (-1) 4 (+1) 3(+1) 537.4 533.3
5 50 (+1) 2(-1) 1(-1) 441.2 463.4
6 50 (+1) 2(-1) 3(+1) 469.2 4831
7 50 (+1) 4 (+1) 1(-1) 574.8 584.2
8 50 (+1) 4 (+1) 3(+1) 495.6 518.3
9 23 (-a) 3(0) 2(0) 472.2 478.2
10 57 (+a) 3(0) 2(0) 508.8 477.0
1 40 (0) 1(-a) 2(0) 4250 409.8
12 40 (0) 5 (+a) 2(0) 592.0 581.4
13 40 (0) 3(0) 0 (-a) 623.2 613.2
14 40 (0) 3(0) 4 (+a) 573.6 557.8
15Y 40 (0) 3(0) 2(0) 629.6 634.1
16Y 40 (0) 3(0) 2(0) 634.2 634.1
Note : 1) Center point.
7 700 Py
6 > 1600 E (g/L) 38.73 1.91
s 5) 1500 2 1.84, KH,PO, 0.6, K;HPO,3H,0 0.6
= é\ . ) 2 4 - U, 2 4 2 Uy
3 4 1%° 2 MgS0, 0.4, CaCl, 0.4, ZnSO,- TH,0 0.4.
2 3- 4300 -
g P 24 h
2 2r —e— Biomass 7200 %
@ o r o J100 2 648.3 U/ml
O L | | | | | f NU(\:lease \Pl; 0 2 2
0 5 10 15 20 25 30 35 2 1
Time (h)
2 P P
Fig.2 The curve of fermentation process with the !
optimized medium
4 P,
[10,11]'
P, 50 ml 1mg 3.
Py
Py
Py Py
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3 Py
Table3 The effect of several amino acids
Types of amino acids - L-Asp L-Asn L-Pro L-Cys L-Lys L-Glu L-Phe
Relevant enzyme activities (U/ml) 100 102.4 100.6 95.1 99.1 93.6 85.3 89.4
Types of amino acids Gly L-Trp L-Ser L-Ala L-Val L-lle L-Tyr L-Arg
Relevant enzyme activities (U/ml) 102.2 96.9 108.9 106.5 99.7 97.5 93.4 93.7
5
D P
Py
Py
@ Py (glL) 38.73 1.91
1.84, KH,PO, 0.6, K,;HPO,-3H,0 0.6, MgSO4 0.4, CaC|2 0.4, ZnSO,-7H,0 0.4, pH 6.50.
= 380 U/ml 648 U/ml 70%.

[1] Fujimoto M, Kuninaka A, Yoshino H. Identity of Phosphodiesterase and Phosphomonoesterase Activities with Nuclease P; (a
Nuclease from Penicillium citrinum) [J]. Agri. Biol. Chem., 1974, 38(9): 785-790.

[2] Fujimoto M, Kuninaka A, Yoshino H. Substrate Specificity of Nuclease P; [J]. Agri. Biol. Chem., 1974, 38(9): 1555-1561.

[3] Fujimoto M, Fujiyama K, Kuninaka A, et al. Mode of Action of Nuclease P, on Nucleic Acids and Its Specificity for Synthetic
Phosphodiesters[J]. Agri. Biol. Chem., 1974, 38(11): 2141-2147.

[4] Kuninaka A, Kibi M, Yoshino H, et a. Studies on 5'-Phosphodiesterases in Microorganisms — Part Il. Properties and
Application of Penicillium citrinum 5'-Phosphodiesterases’ [J]. Agri. Biol. Chem., 1961, 25(9): 693—701.

[5] . P 3. ( ) 1997,10(2): 106109,
[6] . Py 5 [J. , 1980, 25(14): 654-657.
(7 . M71 = 1. ,1997, 10(2): 21-28.

[8] Li T. The Environmental Control of Nuclease P, Synthesis by Penicillium citrinum AS 3.2788 in Submerged Fermentation [J].
Process Biochemistry, 1993, 28: 467-473.

[9] . Statistica 6.0 [M]. 2002. 163-252.
[10] . [M]. 1990. 194-198.
[11] . [M]. 1994. 75-79.

Application of Experimental Design to Optimizing the Medium of Nuclease P,
XU Zheng-jun, XIAO Lin-ping, LU Hao, XIE Ning-chang, YING Han-jie
(Caoal. Life Sci. & Pharmaceut. Eng., Nanjing Univ. Technol., Nanjing, Jiangsu 210009, China)

Abstract: Experimental design was employed to study the effects of several factors on the production of nuclease P,
by Penicillium citrinum M02, such as carbon source, nitrogen source, phosphor source and corn steep liquor which
acted as complementary nitrogen source. The results of two experiments showed that corn steep liquor could
remarkably promote the production of nuclease P;. In addition, one model that can describe the fermentation
perfectly was gained from these experiments. When nuclease P, was produced on the optimized medium calcul ated
from this model, its yield was 648.3 U/ml that is comparable with 661 U/ml from the model. And it is improved by
70% compared with the 380 U/ml, which was gained on the original medium at the same time. The possible reason
for corn steep liquor promoting nuclease P; fermentation is that corn steep liquor contains more useful amino acids
such as glycin, alanine, serine and so on.

Key words: Penicillium citrinum M02; nuclease P;; fermentation medium; corn steep liquor; experimental design;

optimization
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