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Soft Sensor Modeling of Burkholderia cepacia Lipase Fermentation
Process Based on BP Neural Network

WANG Xiaofeng, FU Qiang, SHEN Xu-guang, YANG Jiang-ke, YAN Yun-jun"
(Key Laboratory of Molecular Biophysics of Ministry of Education, College of Life Science and Technology, Hua-
zhong University of Science & Technology, Wuhan 430074, China)

Abstract; The aim of this study was to establish a soft sensor model of the Burkholderia cepacia
lipase fermentation process. Procedure and method: for this, the backpropagation neural network
was applied to rebuild a soft sensor model for the fermentation process of Burkholderia cepacia
lipase, and genetic algorithms was further employed to optimize the initial weights and thresholds
of neural networks, so as to speed up the convergence rate and achieve a comprehensive optimum
result. Result; The model could imitate precisely the process of bacteria growth, culture medium
consumption and lipase production, which suggests that the model possesses good reliability and
generalization ability. The backpropagation neural network combined with genetic algorithms is
an effective and quick method for simulating and predicating fermentation process of B. cepacia
lipase.
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1.1 Bk

HRATTE /RTEHE (B. cepacia) PCL-3, 1 &
FIEELRE IR E IR
1.2 ZER#fay

BIOTECH-10]JGZ & 10L $f # K BEGE . 1R
MEYRETEBARAF R E; pH BR . FEHR
# . 4 T35+ Mettler Toledo 227,
1.3 BxE

MEEFRE (/AL BEEHK 1. B&E 0.5,

NaCl 1. 0,358 2. 0;

FhFrEFRE (g/dL) . EEHE 0.5, BEARK 1,
K,HPO, 0.1,MgS0, * 7H,0 0. 05;

KBRS RE (g/dL)  HE8 1L, TLER
& 2, K,HPO, 0.2, MgSO, « 7H, O 0.05, R &
0. 14; B ML LBIAR 2% 2%, #1146 pH 8.3~
8.4,
1.4 10 L #EREERE&Y

KA fG I RN ] 75 mL (500 mL =
MM TR D, 28 °C.250 r/ min ¥ 12 h,
10 L AW E N 60%,121 “CKE 30 min , ¥
HIZ 30 CHM, BMEFE 3%, BEHE E 300
r/min EXE 1.0 vwm, B FINEEEE. NE
O /NP 8GR , B0% 4 h BR—IKAE, REBERRI B R 48 b,
FELMEBFEA pH H.BE, BRUKEEA S
N ERRERE RERERE.
L5 #HAH*E
L5.1 ##4FEMNZ RI10mL RKERTFHET
PRI E.LE S, 5 000 1/ min .0 10min, F L
W, FHFAXEKEOHE 2K, FLBER, T80T
THREMEE, AR FRERE.
1.5.2 sk EGRE RH 3 S—HEKE
R
1.5.3 JEhEE AR IgHEREHNE R
pNPP 31, & pNPP W 7E LG KWk 10
mmol/L,#KKIIA ZEEF 50 mmol/L Tris-HCl 2%
WL HRA Vo * Vo P Viewa =114 : 95, %
KRBT 12 000 r/min B> 1 min J5,BUE 4FR
AR 50 pL BEANAZ] 4 mL £ 45 CH# 5 min
JG ) pNPP ¥, B 5 min J&, A 50 pL 0.5
mol/L EDTA, L BIBC KK H e ik R B, 450 a]
A3 FEHERE (405 nm) SRR Y B 1R, AR 48 X
KB E T EME. — R RIEREE
M H:45 CF,pH 8.5 44443 #% pNPP 3R
Hi 1 pmol XAHEEM T HEE .
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HAFFRTT S R 11 # A 3R BAE A 288, Horp
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Fig. 1 Training curve for genetic algorithm of model I{ (a),
Sum-Squared Error curve; (b) Fitness curve)
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Fig.2 Training curve for neural network of model 1
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Fig. 4 Training curve for genetic algorithm of model 11
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2.4 ERHFEHMERMEER NI

R IA—AeAbBREF B 5 A B BB E R BP
ML ETRA , Birm BB AN BS B M RBEKE
HIRHE . SRR T (7 %50 R 2 5 36, A itk
BP # &R M2 K. 5-36-1, KA T #h
P AL H 3 T RAE R AL 40 22 I 45 B BB A0 B4 I
XTI PSR AN L, 33 4% B0k A 2 R &)1
GRS 7,8, Bl 9 AT, BER IT Ab A
AEHR BHLE A B TR A B0, R KM iR



%6 M

ENBE A TBPHLMAHAEEMAEREY B BA BN EER 925

EAE 0. 3%, PR AIERDE B8R 12 ILRE )
B

3501

100
S0

0 10 20 30 40 50 60 70 80 90 100
BERY
(a)

% 110 210 310 4.0 510 610 710 8I0 9I0 160
BAERK
()
B7 BN NBRERENEHE(ARLETESTMH
%,BiE R EHh %)
Fig.7 Training curve of genetic algorithm of model HI

(A,Sum-Squared Error curve; B, Fitness curve)

10° |

1500 2000 2500
WHRHK

B8 A I py#hE R4 a2 Hh &
Fig. 8 Training curve for neural network of model II1

0 500 1000

6
5L +  Actual output+
2 — Simulation output-
o0
< 41
%
w3
1
'2r
&

1+

1 1 1 1

0 I )
0 5 10 15 20 25 30 35 40 45 50

i f@/h
) @
3X10°
2X10°
1X10°
X
& Op
ﬂ 3
ax10°k
2X10° +
-3 1 1 i 1 L 1 1 1 1 J
3XU0 55715 20 25 30 35 40 45 350
i El/h
(b)

B9 BRHASINIHZMNENRE L

Fig. 9 Test and relative error curve of substance consu-
ming model

3 & &

g LRk, 1= R G B IE M BP M4 M &S
AMFTEMNERAREREFERBN ABLRE
FATHRI BB, 0R T M R# I Mz hie 7,
BATHfRk T BP HENKAE S B AR RML, 2
HHEERRG S, BB NSRBI
BRLR B8 A A K DU R YR RE 3 MR
A YIRET B ¥ 2 M 48 X R A AT LA
IS EERE, LB 84T BB W BB R E R
ERE RN A BA - T REANSEL. WA,
LA L 3 AR AL I BB ST AT IR 1S M L ZE LR U B Y
FESHCERB TN L BEBE. AR EE R B
WRIFHTIRARIERE THAER,

B, BIEE %M BP M2 MEHESH T &
A HAEE—ERNEK., BPHEAMKERERE
BB, RIEHEE LA, RARKH
BN, MEZRIUR G E2 8 AN, BE LR
BHIE, LWESFERS 27 075 BB TR IR AL MAUE AR (B
BENLE, BP MARKFIRER A —H, TE LRI
GAERER B LB B A4 R BP M & MK H
BEEETRESEMEREOREBZEHTH,



926 £ B 5 42 B B R F R % 00 %

REBELEEWE T AR BARBNE DM BIEHEMN BP MAMBME SR ITEERED R
FREFAEEEEMRANBRZR. BERE BOKUEEETIESBIEREZHEA.
B A BP 4 22 P 248 Bk (R i o2 3 MG, HIAE

5 % 3Lk (References)

[17 Jaeger K E, Eggert T. Lipases for biotechnology[]]. Curr Opin Biotechnol, 2002, 13(4); 390—397.

[2] Hasan F, Shah A A, Hameed A. Industrial applications of microbial lipases[]]. Enzyme and Microb Techn, 2006, 39(2) .
235—251.

(3] &FIEE, HILH, HEE % AWsmd ™= RIEB IR R A BRI, Bideglb R, 2007, 46(6). 1027—1031.
SHU Zheng-yu, YANG Jiang-ke, HUANG Ying, et al. Resources and current state of lipases used in biodiesel production
[J]. Hubei Agricultural Sciences, 2007, 46(6): 1027—1031. (in Chinese)

[4] Becker T, Enders T, Delgado A. Dynamic neural networks as a tool for the online optimization of industrial fermentation
[J]. Bioproc Biosyst Eng, 2002, 24(6); 347—354..

[5] B876, sk ETHENEMREREREREREMABREFE]] aRSEYHEAR¥IR, 2007, 28(3): 424—
428.
LUO Jian-fei, LIN Wei-tie. The economics of fermentation for medium optimizing by neural networks coupling genetic al-
gorithms[ ] ]. Journal of Food Science and Biotechnology, 2007, 28(3); 424—428. (in Chinese)

[6] Garcia O F, Gomez C E. Estimation of oxygen mass transfer coefficient in stirred tank reactors using artificial neural net-
works{ J]. Enzyme and Microb Techn, 2001, 28(6): 560—569.

(7] FHE, iz, BER. S BHEFBRERASEKRENTNEEU]T] BR5EYERER, 2006,25(5); 28—
34.
XU Zhe-jun, HE Yun, GUO Mei-jin, et al. Soft sensor modeling for predicting biomass concentration at recombinant
pichia pastoris expression phase[]]. Journal of Food Science and Biotechnology, 2006,25(5): 28—34. (in Chinese)

[8] Sarkar D, Modak ] M. Optimisation of fed-batch bicreactors using genetic algorithms[J]. Chem Eng Sci, 2003, 58(11);
2283—2296.

(9] FHN, ¥R, HAR.%. 3.5- A KGR (DNS) EilE HELY BEMEFESEL] HERL,2008(5). 45—
49,
WANG Jun-gang, ZHANG Shu-zhen, YANG Ben-peng, et al. Application of 3,5-Dinitrosalicylic acid (DNS) method to
test the reducing sugar and water-soluble total sugar content in sugarcane internodes[J]. Sugarcane and Canesugar, 2008
(5): 45—49, (in Chinese)

[10] Eom G T, Song ] K, Ahn] H, et al. Enhancement of the efficiency of secretion of heterologous lipase in Escherichia coli
by directed evolution of the ABC transporter system[J]. Appl Environ Microbiol, 2005, 71(7); 3468—3474.

(W% . 2 4AW)



