s AR Jan. 20, 2015, 42(1): 74-84
Microbiology China © 2015 by Institute of Microbiology, CAS
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.140335

HHARBRETE AR L-XAARBRIERENAL

kR BERDY BERY KRR cHs
(1. WTR RS TAAEYHEARZE RN ESLRE L4 8 214122)
(2. LR WMEKE T Z5ERERESLRE (L L8 214122)
(3. TLRRY: Wb SAEYEARYE W H AT E 1LI5 L 214122)
(4. B EESEFRRAE L I8 T8 214122)
(5. TLRIRS: AEYTRE2EBE TL08 T8 214122)

& E.[86]18R 35 EAL5AEBBATEA L L-5X A KB (L-phenylalanine, L-Phe)#y ==, [7 %]
1% ) I 3RIE IR AT VA B R L B AR 4 B AT AY T3 A R R R B A AT AR, F R T AR
BAARAT B & B L-Phe #) A T2 R A RMEL B AL, (£ R ] A5 AT LB L-Phe
RAEFFIE R A (gL): FEHE 25.0, BKE 250, FB4E 15.0, ABR4E 1.0, BRER — 547 2.0,
JF 2.0, pH 6.8-7.0; AEZEIZARA(gL): #EHE 1100, EARRE 7.0, A 25.0, FBREE
1.0, BhER — 547 1.0, 474844 2.0, SRBL 1.0, #KE45 25.0, pH 6.8-7.0; LRI FALM
T L-Phe #Z& 53452 9.14 g/L, RMALHTH) 7.46 gL -5 T 22.5%. (4546 ] B id iE iXIh Ferhy
JLE S5 E 205 RERARAT B A B L-Phe 3 AR BATHAL, ARRZT L-Phe 892, FHLT
REWE. R R ARRBRA A R BT P #vh L-Phe ~ 269 3 NE4ERF. AFR4 KA L-Phe 9
KA KA T IR,

KBEIF: SRBAFE, L-RARARE, AE@KRNL, EKE

Optimization of the medium for L-phenylalanine production by
recombinant Corynebacterium glutamicum

ZHANG Chuan-Zhi"*> KANG Zhen> DU Guo-Cheng'~
CHEN Jian"** YU Xiao-Bin'""

(1. The Key Laboratory of Industrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi, Jiangsu 214122, China)
(2. National Engineering Laboratory for Cereal Fermentation Technology, Jiangnan University, Wuxi, Jiangsu 214122, China)
(3. The Key Laboratory of Carbohydrate Chemistry and Biotechnology, Ministry of Education, Jiangnan
University, Wuxi, Jiangsu 214122, China)

(4. Synergetic Innovation Center of Food Safety and Nutrition, Wuxi, Jiangsu 214122, China)

(5. School of Biotechnology, Jiangnan University, Wuxi, Jiangsu 214122, China)

HEEWH: HEAARRIESTHNo. 31200020); VLI RIS 22 & 5T H (No. BE2012632); VLI
At EE 450 H (No. 1301010B)
*BINAEH: Tel: 86-510-85918307; [X: zkang@jiangnan.edu.cn, xbyu@jiangnan.edu.cn
WFS HER: 2014-04-21; $EF HEA: 2014-07-11; HEEFHAR B (www.cnkinet): 2014-07-30



st AE: A AR BRI LA N AR SR =i 75

Abstract: [Objective] In order to enhance production of L-phenylalanine (L-Phe) by recombinant
Corynebacterium glutamicum, the composition of culture medium was optimized. [Methods] Using
orthogonal experiment and response surface methodology, the optimal medium of seed and
fermentation was obtained for the production of L-Phe by recombinant C. glutamicum. [Results] The
optimal seed medium (g/L) was comprised of glucose 25.0, corn steep liquor 25.0, (NH4),SO4 15.0,
MgSO, 1.0, KH,PO,4 2.0, Urea 2.0 and pH was 6.8—7.0. The optimal fermentation medium (g/L)
contained glucose 110.0, corn steep liquor 7.0, (NH4),SO,4 25.0, MgSO,4 1.0, KH,PO,4 1.0, sodium
citrate 2.0, glutamic acid 1.0, CaCO; 25.0 and pH 6.8—7.0. Accordingly, L-Phe production (9.14 g/L)
was increased by 22.5%. [Conclusion] The production of L-Phe was significantly increased after
optimization and three key factors (glucose, corn steep liquor and (NH4),SO,) were identified for the
production of L-Phe through the orthogonal experiment and response surface analysis, which might
provide a foundation for the scale-up culture in the future.

Keywords: Corynebacterium glutamicum, L-phenylalanine, surface

Orthogonal experiment

Response methodology,

L-2K N %2 (L-Phenylalanine, L-Phe)j&—Fi%s  L-Phe CVIUE T BB MRCRT22 ) SV E 3 1E 407

WEIER, NI SRR, LA A

I, L-Phe toj&—Fa iy b= 25 M S A2 i v )
&, TEEZTI Y, L-Phe 25 Ft s Rk i 1 &
ST P RS YU I RN T . T
RERRE; FEEMIEY, L-Phe /AR ME
TnFa), Tz T DR A 2 SR A T
FAFENRFTTR , U ARG . ST A R
A0 BT 301 L (A spartame) A& A%, Bl BT 0T 20 i
IR H 25072, L-Phe BT 375 oK &t to
i,
HHj, L-Phe i 247 ) SORTMA W A WL,

PAkR 325 KT A (Escherichia coli) . A 2d FRFEAT
& (Corynebacterium glutamicum) . A 5 25 76 4T 5

(Bacillus subtilis) . # {2 % ¥ B (Brevibacterium
flavum) 1 ¥ ¥% & M % # & (Brevibacterium
lactofermentum) 228 H bR T SR AR K
Frf s A . AR K AT o & B 7=
L-Phe CiAFIALR MR-, (HARMRORAATE —LExE L)
R IR TR, Q7S i SR it T A 3 e A PR 1 b 3
BRI Z DRI SR B2 5y L R I
K, WEREFREEEE AN F e e, SFEERE
T AT A R AT TR AR N A T bR
P ) R 22 1 U A 7 T R R Y
A RO 5 AMRI TR O A R R AT T A

RERPEFF I L-Phe AE91A BGR A AR AL
FRAYSELAS |, M T 8K L-Phe M 2 BRIBAT IR
FLH MR ILIE SR HAAL, #E T mERhFRE R
BEDLROR TESE IR, il — R SR AR Al

1 MB5HE
1.1 BEk
A Sz Wy % My S MR ME M C

glutamicum Aptsl:: iolT2-ppgK AaroP AaceE Aldh #%
5 pSUTL F1 pSDTL Jiki . B A&451E - C. glutamicum
ATCC13032 7E pts I s A iolT2-ppgK £,
I aroP, Idh LA & aceE FE [, #40 Jioki f544: : pSUTL
(PECXK99E-Ptac-aroF ™-aroE-Plac-ppsA-tktA)Fl pSDTL
(pXMJ19-Ptac-pheA™-aroA-Plac-tyrB-aroL).

1.2 EFE

121 FFERIESRE: LBG BEik(gL): #HAb
5.0, BERERY 5.0, &AM 10.0, Skl 100, &

Biflg 15.0.

1.2.2 ﬂ%ﬁ%ﬁ@my%%ﬁaﬂ)ixﬁln
TRk 5.0, TLlREE 0.5, WL A8 1.0, JKEK 2.0,
%E%1n%m FIBF X 25 mg/L, pH 6.8-7.0,
W R 20 mL/250 mL.

1.2.3  kEHEFE(g/L): #%H 100.0, 1K 6.0,
MiEREL 25.0, BREREE 0.5, Wi S 1.0, FriEm

=4
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B 2.0, BRIRES 20.0, ARIETFEIRINPLA R A
Z 17mg/L, FIREZ 25 mg/L, pH 6.8-7.0, 2k
15 20 mL/250 mL.

1.3 #\EHFAZE

1.3.1 EHREWL: HIMERERRIZ LBG -4k 30 °C
£:3% 36 h.

1.3.2 MFIESR: M3 LBG “FARFh T+
Regedk, B P E R FE R (200 r/min) |, 30 °C H537
18 h,

1.3.3 KREEIESR: 44 10%EF R PRI
KR FEIE, FEHINA 1.0 mmol/L IPTG i 5k
iR AN, BT = PR (200 r/min) |, 30 °C
REERESE 72 he

14 HHAEZE

141 BEFRERKWNE: B 02 mL & MKH
2.0 mol/L ERFRFRFEEIAE e B, o FH At B T
&, 1.0 cm Y6 600 nm | OD,

1.42 BEEFENE: X SBA-40C BIFLIL — HiZi M
A B TASGHA T 53 8T

1.43 L-Phe &8: R R0RAH G 53 BT
e,

1.5 SEIigit

151 BRHRRKBFEXEERR: RALKENZAR
TP TSR AE . ORI BEERRY . iR
BB TRBE B IR AR DA S R I R R S v e
B BN BERRRY . GRRREL . GRIEREE. B A
B RS RENFNIRIR S X A S R R AT ™ L-Phe 1)
SO, R0 HY RN L-Phe =R (R CHEN £

1.5.2 Box-Behnken H/L2HESKIG & IT: M) [H 43
Hrik(Response surface analysis)f&—F T4 L HE
RGP ARG T, R E LAY
T (1) ZETIERENLIIRZE ; (2) MR KR
Z 10 A ST BRI BROG 22 78 /)N X35 P 87 B ) — Uk sk
TR ZWAMRORELE, TR R, R
RIEA . AR T4 . B it . A ™
R SEBR AR — R 2O (3) HIEASIA
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WAL, HALRGRAERE A S R rh, TRLE
SIS 1A ACEHEF 408, T EAS S L GE
Xof— A PRSE BR I s HEA 43 8T

e 02 Box-Behnken [ H .G AT R
H, R ZFREH T TR B E T 4 NRE, DU
KM I, A& RE 3 K, BL-1, 0, D%
AT 504, {3 %R+ Design-Expert.V8.0.6,
XPEE AT R B, SRR [l 5y ke s
G L ATTRYA % v i 3 B = B VAT T2 VT 2 S 1
e et R R 7 3
2 HRE4W
21 MFIEFREBRZRRRE

Fi 35 9 5L 09 B 0902 B Rl A K AR UL R 2R
Best, — A RAFRRD 7R IR 3R IR T A KB
B, REETTRRE ME A, I R a5
MPefb o . el R R A A KT g it LA
K06 e B AR AR R s AU SR LA A s
. 2Rk, BIRSES ZMR RN JCHLEER
—SEER A, AT IR NS . AR R A
BB RS R . AR AR E
KIEFBELE Y s AR : BilRe:; JopLEh: BiliR
PEAmEIR A, BRARFF R A
FRAEAFIR 7= L-Phe HREM, REAMERIRIELS NKOF,
HADIE TR 5 SIS TR LA IR, i 52
M L-Phe j= f () CHERI R WA 1 fios

M1 R BEEE AT, BB EA AR P
EFE 10.0-30.0 g/L, FiZ MR AL R AR 2R K ARl B4,
BEE A TR, L-Phe Poigt—A 15547
B, IR IR E] 7.4620.04 /L, HE MR UE— AR
155 L-Phe =it TR, BEEHFP T2 5L b o LG 4
PP B L = AT R AR A K T HERR, A2
(IR~ , JRemhal AR LB IR, IIMFEIR
L-Phe MALE™E, IS ERE N 25.0
g/Lo FAREPAAEEENMETRUFEZIK, R X
REMS TR UL 2R AR KRIRFan s b me s, 2k
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£ £
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Glucose (g/L) Corn steep liquor (g/L)
C D
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S 7r 3 7
B )
S OF P
£ £
4 , 4
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Yeast extract (g/L) (NH,),SO, (g/L)
E F
8 8
. hd . I T
~ 71l / /1 I 1 ~ 7l / T I
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a5 = sl
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B1 #FEFEaERKEARER
Figure 1 L-Phe production by recombinant C. glutamicum in the seed medium with single factor experiment
T Ar B RRE R AR EEXT L-Phe 7= A52IR 5 B: A8 SR B vpOR [A) SRR BEXT L-Phe " EEHYRIA; C: A TSR
FEHPOR R B R B X L-Phe " i B340 5 D: S35 5R 5 rp R [ BRIR Bk BE XS L-Phe P RERURZIR ;. E: A7 3557 thoR [l BRI
JEXT L-Phe i (5200 ;. F: A7 3R ARl BERR — A HH R BEXS L-Phe it AR
Note: A, B, C, D, E, F displayed the effect of glucose, corn steep liquor, yeast extract, (NH4)>SO4, MgSO,, KH,PO4 in seed medium on

L-Phe in recombinant C. glutamicum, respectively.

Y& BT AT 0, BRI EIERE 5.0-25.0 g/L,
FH R B2 SR AT RN BE A RS E 3 N, L-Phe ™~
iR, FORIKWRETE 20.0 g/L B, L-Phe
e B i ik 3] 7.2140.16 g/L, 3o /8 il T KSR i o
L-Phe MFR R AEAFIRGREN , BRI de e oK 2K
WEER 20.0 g/l FERPMIMREHESE 0-4.0 g/L, FERE
MAEAA DA, SRR AEITTR LK
T, BB R BEBE AN, L-Phe J7 it S0 T B,
UL A DL AR B A F T L-Phe BYFH R,
IR HLRR BRI o B2 vie B e i

£ 0-20.0 g/L, BRBREIEICHLAIRRERS B Py
B, SHAEY R AERBO S, AR
JEMIIGI L-Phe J= 13 80$2E5, L-Phe /A
F] 7.6120.23 /L, i — A 42 = i R 4 ¥k i i}, L-Phe
FE M SR, R AR PR B vk A 2 M 15.0 g/Lo
ToHLER R AR BE VR B 58X 0-4.0 g/L ISR, BE
TXF L-Phe & BUERBZ A B A REEER, W

L-Phe Aﬁiﬁﬁlﬁ’ﬂkkﬁ/\%%@ﬁ 3-Ji4-D FThiA
BE W B -7- B% BR A B¥ (3-Deoxy-D-arabino-

DS fiff).

heptulosonate—7—phosphate synthase,
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IR Ja B X N B R & AW i (Phosphoenolpyruvate
synthase , PpsA) . W% IR M B% N I iR 2R 1k i
(Phosphoenolpyruvate carboxylase, Ppc). 7FHLRH
fiff (Shikimate kinasell , AroL) . 43 3% MR & M
(Chorismate synthase, AroC)EAEIEMEH, SR
PEMEAE 1.0 g/L Bf, L-Phe j"REfRiiks] 7.54+
0.15 g/L, HIEBEMIREE R 1.0 g/L. Wi — =
I 0-4.0 g/L, #EFHXT L-Phe A BIEE 214
B HL A & VE A, U L-Phe & @42 op A oG &
A58 1) Tl T A T DN T P 2 A B S-M e o B iR -3 ol
2 4 . B (5-Enolpyruvylshikimate-3-phosphate
synthetase, AroA), HiAMF4SH A HIBEIR — S #H 0
HOA 2.0 g/L B, L-Phe ;=i fiss] 7.58+0.18 g/L.
L R F AR A R T R R B 25 00T . i
Wi, BRI, Wetkky, BRiREZ, BFREE, WHR =
PRI 2243508 : 2,93, 273, 0.25, 1.00,

0.24. 1.23, B HZEIY 7 22 KXS L-Phe 7 552 M0
SR, AT AR E 20 L-Phe FUERAY 4 BRI
SRS . TR TR AIEEIR A8, JF

£2 LOHEXRRARERER
Table 2 L9(34) Orthogonal test and results

HH#E T 4 MRERY PR #%H 25.0 gL,
FOoKIK 200 g/L, Bilgek 15.0 g/L, @R — M
2.0 g/L, NRAIECRE I — S RT3 553048
PR
22 MFEFEERRE

T AR IR 1R IR 4 R
MR A . ORI, BRRRE FIREIR — U,
W R TR RIS 4 BRIZIKFRGER 1), IEXC
IRIGEE AN 2 FiR.

£1 LOYMTFEFERFTRBEZRKER

Table 1 Factors and levels of Ly(3*) for seed medium
by orthogonal experiment

BRIy K1 K2 K3

Medium (g/L) Level 1 Level 2 Level 3
%I 20 25 30
Glucose
= . 15 20 25
Corn steep liquor
(NH4),S0, 10 15 20
KH,PO4 1 2 3

45
s S T Results
Test No. HZKE Glucose T K3 Corn steep liquor (NH,4),SO04 KH,PO, L-Phe
(A) (B) (©) (D) (g/L)
1 1 1 1 1 6.67
2 1 2 2 2 6.93
3 1 3 3 3 6.71
4 2 1 2 3 7.13
5 2 2 3 1 7.46
6 2 3 1 2 7.64
7 3 1 3 2 6.87
8 3 2 1 3 6.96
9 3 3 2 1 7.03
K1 6.770 6.890 7.090 7.053
K2 7.410 7.114 7.030 7.147
K3 6.953 7.127 7.013 6.933
R 0.640 0.237 0.077 0.214
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X IEASIR I 45 R F < 1IEAC I B 10 v3.17iE
114 HE 3 KRR, 8, 45
R 2, R 2 aTLIEH, FriRst 4 My
LA R TR AT —E s, B3RS IR AR
SYEETEE, WRERKEN, BRI
s MURE Yz, FrEK%E, kG
PEAG, WX a2 ™ iR A AR . Ak 225307
AT AR R T X PRARFL 2R L-Phe A2 M FE
W2 R R/ INIRF A R(A) > R(B) > R(D) > R(C)EI 5%
M) L-Phe FRERMY TR R T . HHIME > FoKIK > B
iR — S > IR -

MR IE AR T 22 i 5 SR (3 3), H F AW
I, FHEI 4 B ZEXTRARFL 2R L-Phe HIFZMR/)N
WUCh . IS > FORIK > B A8 > Bk .
G 3 AT E A5 SR AsB3CoD,,
Rl A5 97 5 (g/L): #iAHE 25.0, FRETH
25.0, WifR%E 15.0, BRFREE 1.0, B2 _ZU4 2.0,
PRZE 2.0, pH 6.8-7.0. At —LMIATH LR, %
MRS ARSI T IR UE, Ry A% 8.10+0.06 g/L.
AT A R KO, IR RO A, Ak
FTFR% R 7.46+0.14 /L 3275 T 8.6%.

23 ARBEFRERFEZABHEXBEERSR

KRG T R WA, BEE M R
FIFH ORGPl SRR, itk B 5L
AT DA U R AR A AR IR R L LA
T AR5 i 0 o s R = RS A 24 R AR . WG
KR FER (/L) %P 100.0, B 25.0, &
K3 6.0, Bl —E4P 1.0, HREREE 0.5, BRERES 20.0,

pH 6.8-7.0. FADHZIRIGH E N Z KL, &
|| L-Phe SRR TA 2R, BUfE R B 7RI
RIS R A 2R, %52 FHOXF L-Phe J7 it 52
Wi o WF5E R BITERS IR I T IR A IR N RE S el s —
SEACIR AR B T, AT AR A 6-0%
T SRR TR D ) P S T P 0 e, DTl 553 AR e e
WA, SRR R AR P R T O R I R
L-Phe A i BRIRES 6 & It FE e 2083 pH 1)
ER, WA Rt —A~ pH ZZMA R, AZ
FREEFES pH AR, MG P
fitf BAFEE VT . i AR R IR FR S b A T PRI R
IRIGET, ARSI A . ORI BRREL
TREREE . WERR B . AN . A IR AR RS
WS AFREAT ™ L-Phe (U520, FNRZEE S A4
K-, HA R o S AR TSR oA ]
i B2 L-Phe F= it CHER 2, Q& 2 Fw,

e 2 REERE SRR R A T A, RIS
FEWTHESE 80.0-120.0 g/L, %W A0 O BRIE
SEANARL LA R =4 AR AR SR AR, AN TR]
BEHEEXT L-Phe J= it i, fEl 2 AT AR
WEH AR T K8 L-Phe ROFLR, W5 M Mk
(¥R, L-Phe F= itz lifem, HiA5MR L2
110.0 g/L 5}, L-Phe j=&ipmikE] 8.52+0.21 g/L,
BEE A R, L-Phe PRI FFE, BiM
1 BRI EA R A B X L-Phe FOA BUAR], —
AT AT B e F 0 28 W v R o e %o B AR A 7 A
il o — 5 ThI A v AR B A TR A Al ™ A A Rl
P %, WREIRE R L-Phe ASF], [HtikEVIHR

*3 EXRBEAERDTER

Table 3 Design and results of orthogonal experiment

A SRR 5 A F1E
Source of variation Sum of squares Degree of freedom F value
%K Glucose (A) 0.652 2 3.112
T K Corn steep liquor (B) 0.107 2 0.511
(NH4),S04(C) 0.010 2 0.048
KH,PO4 (D) 0.069 2 0.329
%= Deviation 0.840 8
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9
28
=5
26
st
= 4
100 110 120
Glucose(g/L)
€ _ 9
N
& 7
[}
= 4 W
10 15 30
- (NH4)250 (g/L)
Y9
=)
e 7%
é 6
i3
0 1 2 3 4
KH,PO, (g/L)
G
23
& 7
26
s
= g
0 1 2 3 4

Glutamic acid (g/L)

B2 A2BEFERRZFRAEHERZKECEHE

L-Phe (g/L)
E-SAV e NN No CiNe}

Corn steep liquor (g/L)

10107
1a 8l
Ay

9 00y
Z

L-Phe (g/L)
F T R R

5!

L-Phe (g/L)
ESN WD\ Q0O

Sodium citrate (g/L)

il

CaCoO, (g/L)

L-Phe (g/L)

EEAY e NN o ClNe]

RIMXE

Figure 2  Single factor experiment optimized fermentation medium for L-phenylalanine production by recombinant C.
glutamicum
T Ar PR b PR R A A5 BRR B X L-Phe P i A2 s B A3 3R oA [A] EORIEIREXS L-Phe P i AYRZM; C: FhFHESR
BErhOR [FR R Bk BEXT L-Phe P RERYSZIR s D AP35 LR RIBRIREE R BE XS L-Phe P ik RN ; B: FhFREFRIEHARIBERR — A
PR EEXT L-Phe it M550 ; Fo Fp 35S b PR AR R BN BE X L-Phe Pt RN G: Fhy 3555 [ 48 E R R B2 X L-Phe
PRSI s He BT RIS R BRER B AR AN X L-Phe 7 it B 52
Note: A, B, C, D, E, F, G and H displayed the effect of glucose, corn steep liquor, (NH4) 2SO, MgSO4, KH,POj4, sodium citrate, glutamic

acid and CaCO; in the seed medium on the production of L-Phe, respectively.

A B A 1100 gL kORI MR BE %
2.0-18.0 g/L, FAIKZAMLAIRL, Rets A i
RACEE MR LR KR T, AR Rl
I, Bl BRI RIBGN, L-Phe =i ieHtm)a
VA%, Femik®) 8.21+0.11 g/L, PH]—E ks £k
WEIARERKEFAFTF L-Phe FAE, dEME
KFWEBI A ERKFFLZ, RIAF]F L-Phe
AR, I EARIEIREE N 6.0 g/L. fPRERHK
FERE e RE 10.0-30.0 g/L, FiREL)E T ICHLAEIE,

REAS AR PR T, B BRmR e v B A3, L-Phe
FEEIS R, ik 8.38+0.02 /L, FiBREHK
FEME— AR I L-Phe y= & S MR, BRI dRAERR
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PR ERE 25.0 g/L. —EWRERIBIREEREAE X
L-Phe & A G B E RIS /E (DS [, PpsA, Ppe,
AroL, AroC), BRREEMEEEEE 0-2.0 g/L, BifREEk
JETE 1.0 g/L B}, L-Phe =i fpmis%] 8.43+0.07 g/L,
N A AR R BE MR e 2 1.0 g/L. B e F Xy
L-Phe &5 HUGEIRMIMG AroA HAWIGVER, B8k
ik AV 0-4.0 g/L, BERR A M N
1.0 g/L i}, L-Phe j" i mikF] 8.31+0.09 g/L,
DEIRFERE IR — S BRI R 1.0 g/L. FriEmRENTE
HIRARE , 5% 0-4.0 g/L FrERRENXT L-Phe R,

FrBERRAMTN IR AE 2.0 g/L I, L-Phe R 251k
| 8.52 g/L; AR I , BELUN N 0-4.0 g/L
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H 4 2 FR X L-Phe j= 5t (52, U IN 4 1.0 g/L
AT ZRI , L-Phe fi ik #] 8.12+0.13 g/L, [tk
DAL 1.0 g/L; RIS AN N
10.0-30.0 g/L, FFRESHS N A 25.0 g/L B, L-Phe
FRE R AT 8.43+0.14 g/L, R E fc e
PRSI 25.0 g/L. FHERRI R L A A&
SRR I 2500, SEREEME . O miR
B, BRBREE . WERR S . FrIERREN . AR K
FREG I )7 2243 )k 5.44 . 3.50, 6.65, 2.18. 1.56.

021, 0.22 1 0.07, FZEMH2ZHBARULAXS L-Phe
ERZ SR, R E 2 L-Phe FLERY 3
ANSEHEIN 2O H AT . TR MIBIIRE:, HE T
HRUOKSE R . FAE 1100 g/L, EAKI 6.0 g/L,

TR EE 25.0 g/L. xbxl & Wk SR B R R,
1 SRR DR R W B K-, Ay S S8 o T S S £ it
%, RIERFHE(gL): #%EH 110.0, £k 6.0,
TfREL 25.0, BEMR 2 1.0, GRfREE 1.0, PR
2.0, H%ER 1.0, BRERTS 25.0, pH 6.8-7.0,
2.4 % BE%1E35E Box-Behnken Design 323601811
H¥E Box-Behnken HULH A1 R, 7EHLA
Ry A b, e T 4 AR AL E,
L-Phe J7HU AW N(E , ASSEE0 LA IR R 1
I . FARIRBRERE 7L AL B CRHRAE3
K2R 3 7K PR M B A A3 AT i, 774 L-Phe POV
RY, SRR Xas Xp. Xe, & AL E
KR 4, SEIRBETTHLL 25 R 3k 5

F4 ALK 3 EE3KER

Table 4 Each variable at different levels in Box-Behnken design of response surface optimization

A Ay %M Glucose FKIE Corn steep liquor (NH,),SO4
Experiment design (A) (g/L) (B) (g/L) (©) (g/L)
-1 100.00 4.00 20.00
0 110.00 6.00 25.00
+1 120.00 8.00 30.00

#*5 WOMZE BB LIIRITRURFKELER

Table 5 Design and result of Box-Behnken experiment of response surface optimization

T :
Ejjfrizi:gn A B C FRfE B

number Experimental value Predicted value

! 0 1 -1 8.45 8.60

2 1 0 1 8.57 8.61

3 1 -1 0 7.69 7.80

4 - 1 0 8.62 8.50

3 - 0 1 7.93 8.01

6 1 1 0 8.75 8.67

7 0 1 1 8.71 8.74

8 -1 -1 7.70 767

? -1 0 -1 8.29 8.25

10 -1 1 7.82 7.66

i 0 0 9.02 8.96

12 -1 -1 0 7.29 736

13 0 0 8.91 8.96

14 0 0 8.94 8.96

15 1 0 -1 8.34 8.26
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F| FH Design-Expert.V8.0.6 74, X} 4 5 7 L-Phe
O %€ i e A |/ k1 = S = -y ) . | AT}
AR, T SR B ma v [ 77K, L-Phe X
IR . BRI B RR B 1) Z2 o0 R B A B 4
T, Mg 6,

Y=-45.57+0.794 08xX,+2.008 13xXz+0.252 42x
Xc=3.375%10 3 xX A xXp+2.95%x10 > x X s x X +3.50%
103X XpxX—3.783 33x10  xXx\xX,—0.122 71xXpxXp—
0.011 833xXxXc

2 6 [l B )y 2243 A FN i 2 PEAS 36 mT
I, Z AR (P < 0.05), KRBT T 0.05 A

B, G, SR YUE R R=0.971 7
KT 80% , 15 BH S PR (LR UMM 22 8] () AH OGR4 AT
Al Adj R=0.920 7, LB 92.07%H748 FAEMS HH
PRERYRRE, PRI IZ AR AT DR R A B 52
0 s N SIS S HEA T A T . 3R 6 [BlIH R AL
(0 EPER I AT R, R AL B X L-Phe AYZMEAL
R, CXF L-Phe &HRERARE; FHE AB.
AC. BC Z[aX} L-Phe FUsCHAUW AN 5 HE
A, Bl CXf L-Phe HHITRIZON Y B3, Wild 3-5
7

% 6 L-Phe F==[)35E A EEZ OIS

Table 6 Analysis of variance and significance for the regression model equation of L-phenylalanine production

A SRR ST A Y7 F (& P{E
Sources of variation Sum of squares Degree of freedom Mean square F value P value
HEE Model 3.858 482 9 0.428 720 19.055 640 0.002 3
A-A 0.186 050 1 0.186 050 8.269 501 0.034 8
B-B 2.030 113 1 2.030 113 90.233 910 0.000 2
C-C 0.007 813 1 0.007 813 0.347 248 0.5813
AB 0.018 225 1 0.018 225 0.810 060 0.409 4
AC 0.087 025 1 0.087 025 3.868 064 0.106 4
BC 0.004 900 1 0.004 900 0.217 794 0.660 4
A2 0.528 503 1 0.528 503 23.490 740 0.004 7
B2 0.889 541 1 0.889 541 39.538 090 0.001 5
C2 0.323141 1 0.323 141 14.362 890 0.012 8
5% Residual 0.112 492 5 0.022 498
SR Lack of fit 0.106 025 3 0.035 342 10.930 410 0.0850
4lifR2% Pure error 0.006 467 2 0.003 233
1 Cor total 3.970 973 14

| _— ‘\ d -
. . 2

T
—120.0

T o 115.0

B. Corn steep liquor (g/L) A, Glucose (g/L)
3 BEEEFEAREX L-Phe P2 RN L 547
Figure 3 Three-dimensional response surface plots for the

effect of L-Phe production between glucose and corn steep
liquor by recombinant C. glutamicum
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Figure 4 Three-dimensional response surface plots for the
effect of L-Phe production between glucose and (NH,),SO,
by recombinant C. glutamicum
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Figure S Three-dimensional response surface plots for the
effect of L-Phe production between corn steep liquor and
(NHy4),SO, by recombinant C. glutamicum

25 mEABEFENHE

P i 7 T — 2 i TR P RT 0, B R ELA ek
{E. FlZALE N LAY 52 L-Phe & B AEA] 2 Ffr A
RIS T AT Al e B R
VB . RS R BN R BT . 2 b
108.64 g/L, L >Kk3¢ 7.05 g/L, Wilidsk 2533 g/L, #
JESEPRES SR BCH], FRZHE 3 AR K4
Wk HEE 110.0 g/L, TR 7.0 g/L, MR
25.0 g/L. BAEREERFRI(g/L): #ZHE 110.0, &
K 7.0, RS 25.0, FRAREE 1.0, BEIR — A8 1.0,
FREEREN 2.0, &R 1.0, BRIRES 25.0,pH 6.8— 7.0,
L-Phe /=155 9.09 /Lo ARHETRIN A EF T 1550
KE, REFRZ 5N 9.14£0.27 g/L, 55258750
Pt s — Ul B T A AT 5
3 4

10 30 2H A SRR PR A R R B SR L DL R K
MR SR SL AT, e T I fh 7o 3R 3
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