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AsemMEnEfEZRALTREFHARE N7 HN

TERY ¥

A RRE

4R

(ERILA¥EMEAZTIEZR. S 230009)

B E ATHAMUBRPHRSEFEMMBEERAS,RT ANN(ALTHESMAE)E S RAGA(LZENEN
ERAERE ) WEREHRABTLERAIM. ERBPIERFERLE AR RN EETHARR KNO, . (NH, ),S0,.2,
4D GBA, EEMMARERAKERNBAAN, AL I0EEREHSRERREB AR EIEANSE L H ANNs
MEEERE, b RAGA UL S, B AEABIERY N, KBENH RAGA 2R IFREBHREHFES
4 R 149 .68 mg/L {NH, ),50, 293610 mg/L KNO, .0.01 mg/l. 2,4-D 1 0.19 mg/1. 6-BA, i3 A K = 23K 14.13 mg/L,
HHAUMMEAREN7.38%, HEREH ZRAEABEERERENAFRBES BR MR &R
o RALENEREEFRARR AN RE N R ERRMGRR.

XMR W, ALHSRAS, SHEEMERERE, XX, BEHHF

hESXE (813 XMIRIRE A
748 ( Maackia amurensis Rupr. et Maxim) 2 3 H
BROFAGHEY RERRE Ak B 2
B.bm%EA" , HREHTIEH,FROHER
ERBOXBEHEATERANALEY, TESH
BFAAPEREESHREZHNSRAESNETA
REFF A, FBRF BT R R Y HRE
BREEEHMNRAGEEMNERY . BTHRRER
B MRATRY, FAREHIERY, HTH
PRNFEHNBARFEGARE, RNATTH
RERTHRNFR .CREARREFARAER
EMeREN HEFHRE~“"NRAERAARE
MR CcolL FFRMIERS .
HAEMAR I BEARAFXFEHHEDR
B.x@Rz R EfAZGHTRAELUBRRERE D
REAREBRGAREYDREIKT, HILHF
BROFEREZ EFRKETHEEENMEN
SHREDERIBRANSHINBREREH
R BEEPMRERER AT BERE RE,
BFRNAREAEENETREHE" S £
RS ARERTRARA ™R AFHET, 2L
RERHAREEMRENEMLE, FALHRB M
TR % 5 7 (real coding based accelerating genetic algo-

HOH A 2004-02-16., #EE H 1 - 2004-05-10,
ELWE . EFARPEESFRI(No.30170059) .
"!mft%o

3 W M€ 1000-3061 {2004 }05-0759-05

rithm, RAGA) {1, 4k A9 A T # £ ’ 4§ (artificial neural
networks, ANNs) Bl ANNs-RAGA XA i 5 F E L 1L
HITEIE, Fh RAGA ST 2R F K, FIERBIFH
BRARE-RARNBRERG, EWRMER
BAEEAHRERNEER,

1 #HHEEFx

1.1 HRBFER
SREFAFHEAGHEEERI SO RETHA
#HE, RAER 2d HIFHABAR (FHRE
5), M TEA 60 mL MK HFEN 250 mL = f
WAL 25+ 2CTRFIEH. BHREIHR 2.0
mg/L 2,4-D F 0.5 mg/L 6-BA B9 BS 855 %, K F iR
HREEEZEN 110 /ymin. FT2LHEI~-5HMEH.
HITEFEEEEXAROE T2 5L (NH,),S0,.
KNO, .2,4-D .NAA .6-BA KT #1 GAyo
1.2 AR4ERK REFAR. CEMTETF TR
FHAMBEEF 12 d, WHEILTE OCTFER
FR=ZEE ARAPRIEHIERERENTE
B, LA g(dry wt)/L R T 4R &9 40 B 75 55 BF B
BETSOmLZE(95%)P%E 24 h 28 F KL
T30 min Fid . 3WIRBREBSIH . 0CHER
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FR,.B100mL ZMZB-K(5:1, V: V)REE R
EWIK, ZBMZEBTWERT . ALPHERE
AESwL, 20.45m LEEETIEG, T Waters [
WA (5 515 BE Uv-2487 M) b
MEREMBEN AR S E, HPLC f007a, A
%% E Merck 2 7 i Purospher® STARC,; £ (4.6 mm
i.d. x 250 mm,5 pm), FZHH A EE-K-Z 8 (EH
W 10:10: 1) B ik, KR 25 C, # BRI 20 oL, BB
1.0 mL/min, # 8 K 260 nm, R B F KN 3.0 AUFS,
R AEFESMA Signa 57, HiIrEMLE Y
= 6.37Tx10°X - 1.45x 10°(r =0.9992) , W& B
F WSC i T FE s (PRI KW ) e 8, # 4
FETEEFARTREARSRE.EHAR™E
REFEFRERENARPRERENBRE, U
mg/L ER o

1.3 ANNs-RAGA E#5 RAGA A4 (M 1)

1.3.1 RAGA #BfERE" .

15 TEEmB. AEET®R <G, =

a (i) + y G, Db (Y =~a (j)],j=1, 2pyi
=1, 2, EHHE TR a (), b (G)IWF

AR « (G, DXMB[0, 1]XBEM ¥y (j,

i), GA R, fo Ak ) 88 i A 3 B A RE
BEEKKEC—BHRNERORISEL, £
ek,

82 T RISk, EBREHEMNHE
% n,fE(0, 1JKB EBEMFEA n A8, ®4H p T,
LA ulf, i), R EF R R AT

%35 HLRBEEHEXT IO, BH

RAGA BEfTE4L , H3E BL B 39 ANNs-RAGA &) 5 i (H
(e AT 3), HMEMRK, XnMEENERHE.

B Mo e B R U U F (i) = f(i)/max, max By

BERPERHUBAE,

FaN HTRERE HTRENTREN,
A 3n A FARA R, W AP i B B BE R K o 1R
HTFHXART I, EARDRE, FEAF —RHE
o

&5 4. HITMEREE., A% — S wEAE
RBP4 AR T METE BB F R M ERER
Ky TR FRPHELEE, RAGA AT 1
+, Mt ER RFMEEAEEES RS, H
EX 3731
1.3.2 ERAEEREIR . RELERZLLHE
(NH,),S0, .KNO, .2,4-D #1 BA ¥ B B
HEGEA AR RN AR AR iR

v

— Random samples [

:

ANNs-RAGA modeling

Modeling?

RAGA optimization

v

no
Satisfactory?

yes
yes no
stop [@—] Predicting

1 ANNs 5 RAGA %2 A
Fig.1 The flow chart of ANNs and RAGA

A4 M EFAEBOREEEAREYL 10 AR EE
YE W% T # A, % A BP(back-propagation algorithm, i=
= [ H ) 4T ANNs Y%k, i RAGA R¥ia
fTZ 45,80 ANNs-RAGA BB X REWFHEY,. T
HMA BLBEZENERXR AR SHAXER
R AT AEREETRE, REREIR
HEo A S BAE M KX &, 1 RAGA BEHLAE &
HEXIRBARAZENBEAS LR EEH
WIS B &

1.3.3 TRBIF. AEANBRBEFREHTHIRA
REEER FANFETIREI KFEXRKB(R
1), MRS RETRIE.

1 EXRRERFAKF
Table 1 Factors and levels of orthogonal experiments

Factors

. A B c D
Levels KNO, (NH,),30, 2.,4-D 6- BA
Hmg/L)  Kmgl)  /(mg/L}  {(mg/L)
i 1500 200 ] 0
2 2250 500 0.5 0.1
3 3000 800 1.0 0.3
2 HRE5H#A

21 KMABSRRRENEERREARRR
BHREORE |

5 PR AL M 95 A1 B 1 R AR LR
AR R A R REE B K N
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BREMBASHAETHEMEBREMRL, FXH
EMARMAR EKEMABE S REEWMARE
EFRENEHAZFRATEREXR, H0TH
Fe i b EUS E(NH, ), S0, SRIA & KNO, WRIE s, 4
BEKARALBEENEZR(P<0.05), HEKE S
REANAGRAB KNI, NH ¥ FEE 100~ 500
mg/L MBI RN AR~ EAFAER® KT, X 500
mg/L NH, RSP B8 o/ SR8 NH 3 8
AE®RHAE TRE(E24), NO; EEREEN
AR EEREARETWKRE, 25 R
1500 mg/L 70 3000 mg/L, HERBE TR AT =F
B & {8 (1500 mg/L KNO, B ) 23% ~ 60% ( &
2B), 2,4-D F1 NAA BRABMARAKWHE T A

12
Lof { A
08}
06}
oal t
02|

Genistein yield/(mg/L)

]
0200 400 600 800 1000 1200 1400 1600
{NH,},50, concentration/(mg/1.}

0.0

AKR. REEKEPEM2,4-D 1 NAA SR
BERAMEEK B EMRARE=DRAE,
NAA HIHRIER KT 2,4D, BB AR EELURF
AREBF(E3). AFEFEFHARIBEEE
WU S YT RN ATRD BA HERE
NERTFREEREES, BRERPHEEAEE
7,001 my/L 8= EE ,{H KT X3 40 i 5 o 5t
AEZDEBEOMHER(E4), BALFRE
& 4+t , B i (NH, ),50, .KNO, .2,4-D #l BA &35
FEFERANTEEHKRENETEARRSS . E
135 & 1 A o 38 B 47 %) %5 100 ~ 800 mg/L.1500
~ 3000 mg/L.0 ~ 3 mg/L A 0~1 mg/L Z i},

14

~12F { B
EI.O 3

3 osf

[*]

06}

=

g 04l {
go2f

00 1600 1300 2000 2500 3000 35004000 4500 5000
KNO; concentration/{mg/L)

B2z EEFA)HHESEB) MNP RANE~RBARAOERH
Fig.2 Effects of NH, (A) and NO, (B} on genistein yield of Maackia amurensis suspension cells

——=24D
—o— NAA

o 1 2 3 4 5 6
Auxin concentration/{mg/L )
B3 EREEXNTREAMErREAXFRES,
Fig.3 Effects of suxins on genisiein yield of

Maackia amurensis suspension cells

BA
{ et

0o 1 2 3 a4 5 6
Cytokinin concentration/(mg/L)
B4 MEFHENTEAREREREAER
Fig.4 Effects of cytokinins on genistein yield of

Maackia amurensis suspension cells

2.2 ANNs-RAGA RS 3y

AIHAMBRIERERNOHRBT ZEREK
P&, AU KRB 2 RGN ERLE" . #
EYRRLIRATH 4B EE, TR0 ANNs 0
N 44-1. LA FERBERIERAREREA
BEPLAER 10 A& 5LREARH1T ANNs-RAGA B
B, 2R\ G EERBEBRN(A S),
BREERSARENYSERT(EHe) WA
Z BT IRERMAE 10% LM, HBAEEY 5 4
EERARPUEFTEREE MM ITRE,
ETERMNRESNER BNEETRBESER
{2 B AR ESE 6% LIR(FR 2), B
DmMEmEEn. B, RENHEFFEESTX 4
HRANHERETHEMNBRNARE=RREY
EE,
2.3 BHFRBEAFHNETRRBIF

& # A RAGA 1 ANNs-RAGA BB BT 5
EHEN2R IR, BAARKEREBA T (% 3).
P AR A B 5% 77 2 R0 40 4k /O 19 5 37 B R I 55 17 48 B
BRI, S RBUE AL R 5 5 5 0] 0 40 A 7
HARFELEKAMERANRER. SEHANRL
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B % # 20%

R (0 3% 3% A o 40 M R 8 A R B9 3K B 7 R
HEMERORERDT 0%, RABRTHEYR
BEM FIRBHMBFEASRVRFEN. BE
R EEERAMERERESEN#T4RAES

AKFEWERRAR, EREVHEIRAKREFRES
EEARBENARFEREXRREAERRAE
1.54%, i T HEMEMRERERTHRIEER
HHBRTEXRRK.

2 XERNEASHDENELE
Table 2 Comparison between experimental values and predictive values

Factor concentration/{ mg/L}

Genistein yield/( mg/L) Relative error

Medium combination

(NH,);S0, KNO, 2,4-D BA Experimentsl value Predictive value %
1 134 2500 O 0.5 5.78 6.92 -5.38
2 134 300 2 0.5 3.02 2.91 3.60
3 268 2500 2 0.5 2.93 2.85 2.69
4 134 2500 2 0.1 4.20 4.23 -1.91
5 14 2500 2 0.5 0.89 0.85 4.59
;1 3 £#
g mFESHBERAIBPEERNERAE,
2 MHENZMEXRX + 42 &, FEFZEAME
gﬁ: B, RN BER RREE, (ERER
T T TR R0 75w AZEEMTEAERNENMETEMAROER,

Epoch
PS5 ANNs-RAGA RELZRUIGRET Rl
Fig.5 Sum-squared eror decrease curve of ANNs-RAGA training

Predictive value/(mg/L)
a8 & & o

Lied

(=]
=

2 4 3 8 10
Experimental value/{mg/L}

H 6 ANNs-RAGA BELR{ESHEBITHMAKE

Fig.6 Comparison between experimental values for modeling
and calculating values by ANNs-RACA

3 EEBAIWEARETREARMLE
Table 3 Comparison of cells producing genistein in optimized
medinm with the original medium

Before After
Ttem
optimization oplimization
N ! L . .
Optimized factors (NH,);5S0,/(mg/L) 134.00 149.68
o KNO,/( mg/L} 2500.00 2936. 10
0 medium 2,4-D/{ mg/L) 2.00 0.01
BA/{mg/L) 0.50 0.19
Predictive value 0.74 15.17
Yield of -
) Experimental value 0.73+£0.08 14.13£0.33
genistcin/(mg/L) Relative error/ % 0.41 7.38

MARERERMEM LBEXLR, BAABREN
RESE BERATFEANEE FRESEERK
EHHEERAR, AEEXEEA#XTZRI®I, M
EAMEREMREERESFATLUFHUERL.
AXERODRBRIETHHLERNEMNRERILEITLE
FREEBHEXHDBEREMLAHES. HE
MEMBEREEELEASENNCHBENE
L BEE P2 RE R L IR S ey B 8RR, i
ABFAGERKT R EEMED R REL
B IR AR, s TRERERANR
ZEAMREIRIBRRER BRHEAXRAHERAE
38 % 9 TE A 45 5 2R X R B 40 IR B 0 R R ik

TREENIN, XERETERRNAETEAFREN

AREESH AN, ERESHTREFRZEN I
SHRBBFENERRSE . KXBAKFTER
BTREERNER, AT - SHRFRAREY RN
BRABERIEFREE T EM, RSB T ERAKT
LT IR AL A0 B A R 2 K R R A P IR R
REaRRE MM R AT T,

B W AXHAI4FHTLSRELIEXFLAR
BHAGE s, AT ARM,
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Optimization for Isoflavone Production in Maackia amurensis Suspension
Cells Based on Neural Networks and Accelerating Genetic Algorithm

LUO Jian-Ping™ LUO Kai CHEN Xiao-Yan JIANG Shao-Tong
{ School of Biotechnology and Food Enginesring , Hefei University of Technology, Hefei 230009, China)

Abstract The medium for isoflavone production in Maackia amurensis suspension cells has been optiwised through the artificial
neural networks ( ANNs) and the real coding based accelerating genetic algorithm (RAGA) . Among the ingredients of the medi-
um, nitrogen sources and plant growth regulators were found to be the main factors affecting the production of isoflavone
genistein. {NH,},50,, KNO;, 2,4-D and 6-BA, 100 ~ 300 mg/L, 1500 ~ 3000 mg/L., G~ 3 mg/L and § ~ I mgfL respective-
ly, significantly increased genistein yield, in the ranges of effective concenirations. The random ten combinations of these four
components generated by RAGA as input data and the genistein vields of ten combinations as output data were used for ANNs-
RAGA (ihe antificial neural networks associated with the accelerating genetic algorithm} modeling. The resultant model showed 2
high fit between the experimental data and calculating values by ANNs-RAGA . Based on the prediction of the model, the opti-
mum combination of four factors for genistein production was determined on 149.68 mg/L for (NH, ),50,, 2936. 10 mg/L
KNO;, 0.01 mg/L2,4-D and 0.19 mg/L 6-BA. When cells were cultured in the optimized medium, their capability of genistein
production was remarkably enhanced to 14.13 mg/L, which was about 19 times higher than that in the original medium. The rel-

ative discrepancy between the experimental value and the predictive value of genistein yield from the optimized medium was
7.38% .

Kty words Maackia amurensis Rupr. et Maxim, artificial neural networks, accelerating genetic algorithm, genistein, cultured

cells
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