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y-Z 3 T R (Gamma Aminobutyric Acid, GABA)
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fit (Glutamate Decarboxylase, GAD) &[4~ GABA [f]
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77 GAD K FF 8 548 bk th A S0 5 R A7, Rl
RHATESFEIE R A M 10 g/, FIWEH 5 g/L, NaCl 3
g/lL, pH 6.6(FMMEHE pH THIE), FEAR IR 7RI
W1, P AR A A AR AR (3 A 4t).
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W AR FR3E 37 CRi 9% 13 h, PREUD VR
AN 150 mL FEA K s FR 5L 1K) 250 mL = ff il 4k 2%
fk, 37°CF 140 rimin #5355 13 h 5, % 5%(p)Bfh
PR R SR
2.3 EEEMENE

7E 250 mL =R n 150 mL 53Rk . &
ANGCBERECRE 3 WK, AEREL 20 mL RSB H 37 CR22E
B ML DR A, N 2% L-4%(R 100 mL, 7
THZC [ER AR 45+ 37 °CF 140 r/imin 4% #4101 h. B
0.2 mL 3463, N 1 mL Z8147K . 0.2 mol/L TR ZE MM
(pH 9.0) 1 mL £ 1L#%1k, LA Berthelot . 23230 5 #5400
th GABA SR 4kEEnN 6% 2 mL. 10%Kk AR
B70.8 mL Gth. FH S UV 3000 B35 BE I & J

NRAE 630 nm &b 1GEIR A (ODeso), LA 3 IR L)
ODeg3o V- ¥R AFBIE KD
2.4 ZIEEEHN LIBSWM 2.8 &

LIBSVM 2.8 Ui s o M, & 4 AN R
Svmscale FF-X} JEUA Al MR 4k, Svmtrain Tl 2k,
Svmpredict JHT-15iill, Gridregression.py H T BzHH%
Hik Bt 24 ¢, g, p(ce[-1, 6], ge[-8, 0], pe[-8, —1],
KA 1), SR VL KIS0 E 2 W SCER[L3).

3 UD-SVR ftfhit#2 5 AT
31 EARLZEBIEFENZEEZLTIR
FEAR R TR HE BOR T4 A A 7= ) S X 3

KT AR TT 5, F T35 22 1 I 18835 (ODeso) 1
1.528. DIKEATT SN AL AR, 2 DB 1 MR LA 1.

x1 BRREIEFERERARIR LT
Table 1 Base fermentation medium and the predetermination upper and lower limits of factors

Factor Beef extract, Peptone, NaCl, Glu, Glucose, KH,POy, MgSO,, pH, Time, Activity,
X, (g/L) R@L)  x(@L)  x@L)  xs(gL) % (/L) x@L) X x(h) y(ODs)

Median 5 10 3 1 2 3 0.5 6.6 15 1.528

Upper limit 8 15 4 15 3 4 0.7 7.4 20 -
Lower limit 3 5 2 0.5 1 2 0.3 5.8 10 -
Fzo F—RHEFIHAKRRER
Table 2 The first uniform design and the activity of GAD

Scheme y X1 X2 X3 Xq X5 Xe X7 Xg Xg
N1 1.300 6.42 15.00 244 1.06 1.44 3.33 0.60 7.22 19.00
N, 1.415 6.95 6.58 2.89 150 2.78 2.67 0.70 7.04 15.50
N3 0.763 8.00 10.79 3.33 1.39 1.67 311 0.30 6.69 11.00
Ny 1.181 4.84 5.00 3.78 0.50 1.67 2.89 0.60 6.69 18.00
N5 1.027 3.26 5.53 2.44 1.39 211 3.33 0.40 6.33 13.00
\B 1.401 3.00 9.21 3.11 0.94 1.00 2.00 0.50 6.87 20.00
[\ 0.674 7.74 7.63 2.22 0.83 2.56 2.89 0.40 5.80 19.00
Ng 1.431 7.21 13.42 2.22 0.50 1.89 4.00 0.40 6.87 14.50
Ng 0.985 6.68 7.11 4.00 117 1.00 3.78 0.50 6.16 14.50
N1o 0.751 4.58 11.32 2.67 0.61 3.00 222 0.30 6.16 15.50
Nyt 1.063 7.47 11.84 3.78 0.94 211 2.00 0.70 6.33 13.00
N1z 0.631 6.16 6.05 2.89 0.72 122 244 0.30 7.22 12.00
Ni3 0.915 5.37 9.74 2.00 1.28 2.33 222 0.50 7.40 10.00
Nia 0.483 5.89 8.68 3.33 0.61 2.56 3.56 0.70 5.98 10.00
Ni1s 1.447 511 12.37 3.11 1.28 3.00 4.00 0.60 6.51 20.00
Nig 0.955 3.79 10.26 2.00 0.72 1.44 3.56 0.70 6.51 16.50
Ni7 0.606 4.32 8.16 3.56 1.06 2.33 3.78 0.30 7.40 16.50
Nig 1.084 5.63 13.95 3.56 1.50 1.89 244 0.40 5.98 18.00
Ni1g 0.768 4.05 12.89 2.67 117 1.22 2.67 0.60 5.80 11.00
N2o 0.959 3.53 14.47 4.00 0.83 2.78 3.11 0.50 7.04 12.00

3.2 F—®IEIKIt

15 9 [H 7 (x1~%0)20 T BEAT A B2, o3 A 1
BRI ) 22 e A/INBEAT I 5 R D AR R xo BEAT T 13K
. B 20 IR AL BE (N;~Nyg) B 51l Al % 1 {E
y(ODg30) W7 2.
3.3 BiZEREEFESIEEETETRIR

SVR A B i 1% bR 50 B Pk = SR 56 1) 318
8, RLEMR. WHNZR L. 200
W Rl EA% A Sigmoid %, BEPFIAAEM gkoic R 0]

g TN ZREE n-fold A8 SCIRR (AR PR 2 B —) 34
17 (Mean Squared Error, MSE) /& I A 4 Fii F k%
R Ak BRI R B EE ST R T
SLR, i&HET SVR 45 T — PR L kAR B0t 1k 7 % LA
Z R JRVRIIE AL A NS 5 1Y) SVR AL
B R4 MSE S5/ MR 328 0 530 B 0t 2 ey T UK
JEEASTR (g A B 4100 i i J5 f) AR KON (R B A8 B SVR
() 55— N AR TR 22, D H 2 R R R
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JSE SO AR o SR U, DRI L 3 i R e g 14,
S 0 A% PR S PN e AR 0 B [R] 20 AT
X 2 Ml AL R BON AR M A% (1=2), PR EH A

M Xo, Xay X7, Xg»  FLELGHBRES y SOOI A 52 W A X o
BN Xg>Xr>Xg>Xo(#K 3). FER 1 &hw ) LR FREE M,
AR EE X1, Xo, X3, Xs, Xe X PG 372 1) 74

&3 EELMTEMESRELTERF HiERHE MSE E (EEE%)
Table 3 Screening variables and compulsorily screening retained variables and their MSE  (x100 values)

Stage Round Before screening X1 X2 X3 X4 Xs Xe X7 Xg Xg Variables screened
1 75 60 68 69 83 64 59 86 84 89 Xg
Screening 2 5.9 52 55 64 71 57 - 83 77 89 X1
variables 3 52 - 50 55 62 44 - 77 63 83 Xs
4 4.4 - 44 50 54 - - 72 55 64 X2
5 4.4 — - 19 37 - - 68 52 46 X3
6 1.9 - - - 46 - - 61 44 35 Xo
Compulsorily screening 7 35 - - - 29 - - 83 53 - X4
retained variables 8 2.9 - - - - - - 6.1 7.3 - X7
9 6.1 — — — — — — — — — Xg

3.4 1RENF(L

RIRF T — A 4 NMANR R SVR R, 3L
A BRZE MSE 2 0.019. FLLAXUTE B ik PPl A AL 1)
ARHESfiE 0 AR A% R B (t=2) S 3L 4 MR AR
HIA, M 20 MEEATERRRE T 1AM A
A, Higx 19 MEAFR IR LA —7% Gridregression.py 4%
FHEA SVR 24, Uitz c, g, p X% 19 AMFEA
Svmtrain i ¥l (Svmpredict) Sz IR AL A, WU B
VTN SE B MSE 2 0,022, HAA A2 MSE XUig AT 14
T, A T AT B U R A RE D)5 SRR R
T 1.3 11 5 AMFEARAT 4 NI LF, 1 Ng TRINFS 2 (34
A TR, R DG A2 TN P BTG5 o () TS e Kb B
TG [ A 7R A YN 5 2 v L o I A A T
MR ZERER,  SARANIE AT I . 3 Ik U — 2 Tl
BTV, AZeRECA R IEAZ, TREAAE SN Xo, X4, X7, Xg
) SVR A58 A] DA .
3.5 M SR GIT IR

Wérﬂ%&ﬁ%ﬁﬁ%@iﬁﬁ, A X9, X4, X7, Xg jﬂ%%@f
B, L& 2 19 20 MEEAIIZREE . SVR B, X} x,(10
KT, %2(5 7KF), x(10 7KF), X9(10 7K-F) 3L 5000 ~4=41
B RFIBEAIEA T 00, BRSO R § >1.3 1) 519 Mk #E
Geih & R i Wik 4. 78 5000 NTRIFEAS T, B
MM x4=1.5, X;=0.6, Xg=6.9, Xg=20, X Itz K FME § =
1.574. SiE MU EIE 4, x(BER)NE 1.5 5% 1.5
DL (AR SR A RMORE 42, EDFE), x(6
FRER) T[] e 2 0.6, xg(pH )N AN, AITE 6.51~7.22
[ HAE P, UEAE 2 6.88; Xo(INTH)N L =20, [KilK:
(R RE FEIT A6 HL 2 R AR, T [ 2 4 20, ASFERAMEE.
3.6 FE_MHENIKIT

SIS o, 9 AN T AN CEEA
[i5] 5 (X1, Xa, Xa, Xs, Xe ~0 AE PR Pl AL Ht IS AR R e 3 7 ik v

%4 FNEEEXT 1.3 B9 519 MERRIURGITFH
Table 4 Frequency (i) statistics of each factor in the 519
samples with predicted enzyme activity over 1.3

X4 i X7 i Xg i Xg i
0.50 34 0.3 4 5.80 0 10.0 21
0.61 23 0.4 30 5.98 1 11.0 21
0.72 18 0.5 127 6.16 27 12.0 21
0.83 16 0.6 193 6.33 49 13.0 23
0.94 17 0.7 165 6.51 77 145 26
1.06 21 6.69 98 15.5 32
1.17 32 6.88 103 16.5 40
1.28 59 7.04 92 18.0 55
1.39 124 7.22 56 19.0 105
1.50 175 7.40 16 20.0 175

(RIBEAEAE, 525 R A PR 3 TR AR KT s X7, Xo 2R
WG G Il 2 0.6 Al 20). BIAZEh A 14T 2
A, & AT xg BRI 1.5 4MES 2.8, N IR
Hy 1.3; xg MR AT Wi, 6.6, EIRN 7.2, 4
145 16 WHRZ, BRI 4 HERD. HOERE 2
K7 8 AKSFHEATH 5 v, FRIHIER 4 K, 4t 8 AbsE.
5 RIS BT R A BRE TRNAE . SEIIME WK 5.

TEER R 15 vk, 20 /S Ak B S 5 v B A
1.447; 24 SVR #RFMHE 8BS %, 8 M 4
AN 1.447, Hrp 3ANEIL 2.0, T A = - S e
AW G, RIS R . W3R A vt sk
MEHR L AR LA i1k, M9 AR ik i 4 MR
B AR HE(Xg, X7, Xa, Xo), LIRS LI E T %7
Hlxo. MK S, TiIE MR B AL 5 xa AT Xg R ZEVELT 3
TR, BRI RT B E R Nos, For1 X4, Xg 73
ik 2.3 F16.8; HETEE RSN, & SVR A
BRIRGETE BT X EAMEEZR 1.5 BL b, xg WA 6.88
32 T 3AIF. UD-SVR fRALEL T 5 KSR A WHE
5g/L, AWM 10g/L, NaCl3g/L, A% 2.3g/L, i
ZiBE 2 g/L, KH,PO,3g/L, MgS0,0.6g/L, pH6.8, &
P[] 20 h, 0467 22 1 SR V& 1 24 2.303.
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Table 5 The second uniform design and the activity of GAD

GAD aCtiVity (ODsgg)
Scheme * X % X % X b X X Predicted value Observed value
N2z 5 10 3.0 1.3 2 3 0.60 6.8 20 1.493 2.010
N2, 5 10 3.0 1.3 2 3 0.60 7.2 20 1.409 1.196
Nas 5 10 3.0 1.8 2 3 0.60 6.6 20 1.702 2.264
% 5 10 3.0 1.8 2 3 0.60 7.0 20 1.624 1.413
Nas 5 10 3.0 2.3 2 3 0.60 6.8 20 1.776 2.303
N2s 5 10 3.0 2.3 2 3 0.60 7.2 20 1.600 1.780
N2z 5 10 3.0 2.8 2 3 0.60 6.6 20 1.725 1.184
Nag 5 10 3.0 2.8 2 3 0.60 7.0 20 1.605 1.279
Na 5 10 3.0 1.5 2 3 0.70 7.4 20 1.611 1.263
Ng 8 15 2.0 15 3 4 0.69 7.4 20 2.090 0.927
Nc 8 15 2.0 15 3 4 0.69 7.4 20 2.241 0.927
Np 8 15 2.8 0.5 3 4 0.56 6.9 18 1.920 1.933

Note: N,;~N,g were schemes based on uniform design; Na was SLR model predicted optimal scheme in all 5000 schemes. Ng, Nc and Np were the
optimal schemes predicted by the model of PLS-QPR with reciprocation and square, PLS-QPR with reciprocation only and PLS-QPR with

square only, respectively'?.
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Experimental Design and Analysis of the Optimal Fermentation Medium Based on
Uniform Design and Support Vector Regression

YUAN Zhe-ming*?, ZUO Bin®, TAN Si-giao?, TAN Xian-sheng?, XIONG Xing-yao®

(1. Pre-State Key Lab. Germplasm Innovation and Utilization of Crop, Hunan Agricultural University, Changsha, Hunan 410128, China;
2. College of Bio-safety Science and Technology, Hunan Agricultural University, Changsha, Hunan 410128, China;
3. College of Bioscience and Technology, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract: Based on uniform design and support vector regression, UD-SVR, a novel experimental design and analysis method for the
prescription optimization was proposed. It was applied to optimize the complicated fermentation medium including nine factors for a
variant of Escherichia coli. The variant could produce glutamate decarboxylase which transformed gultamic acid into gamma
aminobutyric acid in vitro. The optimization results of the medium by UD-SVR showed that ODg3, an activity index of glutamate
decarboxylase, increased from 1.528 in the initial median to 2.303 in the optimal medium after testing of 28 schemes. UD-SVR is more
efficient than the reference models and has the potential to be widely used for experimental design and analysis of the prescription
optimization.

Key words: uniform design; support vector regression; prescription optimization



