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W OE: [88)] L-ARBR G AT 3 Escherichia coli 494 Kk £ B EEK, READMEIREL BT
2 L-ARABRGIKARSRE R, FIBERETARF XOprp) @i shAREELH E. coli AHHA
HWAEKE L-ARBAREAE, EREMRNE, [Fik] LEFAER E coliB0016 A & Bk, R
LB, VB, T, 3B, FLBRAH = M6 mIE 12 VA B 2 BRI 7% Bl Yy A5 IS ) (ackA-pta pfIB.
adhE . fidA. ldhA. dadX), 3738 #k B0016-060B. 7% # 5 I Ho 3 F84F ¥ (Geobacillus
stearothermophilus) k& 4 L-7 2B 284 & B (alaD) L% T pL B30T T i, 34 B0016-060B @&
P RIA, FRIFHE R B0016-060B/pPL-alaD, AT M An R BHEER B H RE A KF L-RRBRL
BEtie. [4R]) ZERMERNHRREEART 8 2o RE, M RR Y B0 L. FHIRK
Fo LBF, 28 °C T H 4k B0016-060B/pPL-alaD JU-F & L-A R, TIHRIER A AK; mE
42 °C T G2 m L-M R, ZEBHEL, THM 672 gL L-RAR, HRARE T iRE LT
2.06 g/(L-h). (4536 ) @i & BRI R E 00 M 2 ndt, S MR EILT e beik g &4 L-A R
9 2 5% A AR

XHE: L-RAR, ARIFX, AWiTE,. A8, Rftoe

L-alanine production in recombinant Escherichia coli with
thermo-regulated genetic switch
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Abstract: [Objective] Specific growth rate of Escherichia coli could be significantly decreased by
L-alanine, which would result in reduction in L-alanine volumetric productivity. Therefore, the Apr-pr
promoter was used as a thermo-controllable genetic switch to coordinate the processes of cell growth
and L-alanine production in E. coli. [Methods] Synthetic routes for acetate, formate, ethanol, succinate
and lactate as well as for L-alanine recemization were inactivated by deleting the corresponding genes
(ackA-pta, pflB, adhE, frdA, IdhA, dadX) in the wild-type E. coli B0016 to generate B0016-060B.
Subsequently, alanine dehydrogenase derived from Geobacillus stearothermophilus was cloned
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downstream of the p; promoter and expressed in B0016-060B to produce B0016-060B/pPL-alaD.
Shake-flask and bioreactor experiments were conducted to investigate the properties of cell growth and
L-alanine fermentation. [Results] Deletions of the competing pathways significantly decreased
by-products accumulation with formation of low levels of acetate, succinate and ethanol. Strain
B0016-060B/pPL-alaD hardly produced L-alanine during cell growth phase at 28 °C, which facilitated
high growth rate. Meanwhile, efficient L-alanine production was obtained when cultured at 42 °C
under oxygen-limited conditions. In bioreactor experiment, strain B0016-060B/pPL-alaD produced
67.2 g/ L-alanine, with a productivity of 2.06 g/(L-h). [Conclusion] Efficient cell growth and
L-alanine production were realized simply by switching the cultivation temperature.

Keywords: L-alanine, Genetic switch, Escherichia coli, Fermentation, Metabolic engineering
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R 2 L A A B B RN - ) BT B, e T R TR
AR TR A T A v B AR A ik BE D SR
XA R T TR KB AR
—EWEE H B, SEA KRRy,
A B AR A B SRR AT R, R 5 3 A
TAREFBAMCEHRSEA TRE B o A WA S 2+
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R4, A LAY R R [F] FHAE T AR Hi Al
FARIFEMESF, BT L-NEAREA TR, Wk
AT, BRT - 2R R E 2 1
L- R 4 R -B- I 2 Tl 5 5 5 B | vy 1 5 L 7
(Pseudomonas dacunhae) AN EW , DL L- R4
TR REPIR A SR, AR AR

5, HEY L-RAE TR e Hh R 4 KA S IR I
B, S SRR A= 0. BE A
TR H s, DUA TSR R R A E T L-
WRR A E AR HA AT & Rk, R
AR A R RS B L-N AR Z 3 T AT
el ARk, FIRIEN TARTBE, K ANE
RN S EERER S E. coli EE, 1E E. coli H155
T L-NEARRA G R, #E— 2038 i A TR SR ek
WP, W T L-INE R ARG K
PR a >0 ki, R RS AR LN
PR A e R

ARSCUEFERL E. coli CICIM B0016 A & T4
PR, mBREIYI R . Wik, CBE. 3R . LM
B IRER I IE ackA-pta .pfIB . adhE frdA 1dhA.,
IFrlR N TR e R i 3 ) dad X ; i — D F ke 5
T g R Wi M ZF B AT W (Geobacillus
stearothermophilus) W L- N 2 R M 5 1 g 5 F
alaD FLRETE po Bl pr JA BN F R, 76 LREAR
ik, At mT IR R O ] LT 2R
BRI E. coli TR . 5J5 %481 AL B A
PRIPR L-TN 24008 & T R i SR

1 #EtS Xk
L1 E#k. FRAFAS14Y

E#E Geobacillus stearothermophilus B0031
F Escherichia coli CICIM B0016 H7LFg KT
N A G S/ - L = S N SR 1 S v R
(http://cicim-cu.jiangnan.edu.cn/), FUki pKD46 ()&
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TURAY, EABTHARES s TIRER gam. bet F
exo J&[H, Amp"), pKDI13 (%7 FRT-Kan-FRT %78
£, Kan'), pCP20 (i BEHUSR, &4 FLP 4N,
Amp"), T HBE R AIL R AR 0o pPLAST Fkr
AR, B HEAR AR WL 1, 519)%51
W3 2,

ExTag DNA %4 . Prime Star DNA B4 |
KRB N VIBEFD T4 DNA BA T, AW TR
(KIEYAT; Fopiile, aifb e ot &, Jt
SRR AR Y EAR A FRTTAEA F]

1.2 EHFE

LB ¥ 5 (g/L): BREF R 10, BEREH 5,
NaCl 10,

M9-1 Wik Fi i (g/L): Na,HPO, 12H,0 15.1,
KH,PO, 3.0, NH4Cl 1.0, NaCl 0.5, (NH4),SO, 13.2,
AN 0.1% (IAFREL) 1 mol/L MgSO,4 1 0.1% (1FH 1)
() i o F B . T R ot R A M (g/L)
FeCly6H,0 2.4, CoCly6H,0 0.3, CuCl-2H,0 0.15,
ZnCl, 0.3, Na,MO42H,O 0.3, H3BO; 0.075,
MnCl,-4H,0 0.495,

&1 AKHR P ETE R E BRI
Table 1 Strains and plasmids used in this study

Witk ok

HRARLARAE KR

Strains and plasmids Relevant characteristics Sources
Bk Strains
Geobacillus stearothermophilus B0031 Wild type CICIM-CU*
Escherichia coli strains
B0016 Wild type CICIM-CU*
B0016-010 B0016, Aack-pta RBFFEHE 3
B0016-020 B0016, Aack-pta ApflB N IRy AR
B0016-030 B0016, Aack-pta ApfIB AadhE AT A
B0016-040 B0016, Aack-pta ApflB AadhE AfrdA VN IR e S
B0016-050 B0016, Aack-pta ApfiB AadhE AfrdA AldhA VN IRng e S
B0016-060B B0016, Aack-pta ApfiB AadhE AfrdA AldhA AdadX ENGIE AT AR
B0016-060B/pPL-alaD B0016-060B with pPL-alaD plasmid ARG
J5UKL Plasmids
pKD46 Amp’, y B exo (red recombinase), Temperature-conditional replicon CGSC®; [17]
pKD13 Amp’, Kan', FRT-Kan-FRT cassette CGSC®; [17]
pCP20 Amp’, FLP, Temperature-conditional replicon CGSC®; [17]
pPL451 Amp", AcI®857, pg pL promoter CICIM-CU?; [8]
pPL-alaD Amp', alaD ARG

Tt VTR A T A R R Bty O HISE KRR DR SR

Note: * The Culture and Information Center of Industrial Microorganisms of China Universities, Jiangnan University; *: Genetic Stock

Center, Yale University.
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Table 2 Primers used in this study

Gk FF 51 [z
Primers Sequence (5'—3") Restriction sites
TGGCTCCCTGACGTTTTTTTAGCCACGTATCAATTATAGGTACTTCCATG
AckA-pKD13F
gtgtaggctggagcetgctte
Pta-pKDI13R GCAGCGCAAAGCTGCGGATGATGACGAGATTACTGCTGCTGTGCAGACTG
P attccggggatccgtcgace
YackAF CAGGTATCCTTTAGCAGCCTGAAGG
PAB-bKD13F TTTTACTGTACGATTTCAGTCAAATCTAATTACATAGATTGAGTGAAGGT
P gtetaggctggagetgcttc®
PAB-pKD13R CGAAGTACGCAGTAAATAAAAAATCCACTTAAGAAGGTAGGTGTTACATG
P attccggggatcegtcgace
YpflBF GAGTGAATGCGACCAATAACTGACATT
YpflIBR CATACTGGGTCATTTACCTGCGTG
CCGTTTATGTTGCCAGACAGCGCTACTGATTAAGCGGATTTTTTCGCTTT
AdhE-pKDI13F
gtgtaggctggagcetgctte
AdhE-pKDI13R CGAGCAGATGATTTACTAAAAAAGTTTAACATTATCAGGAGAGCATTATG
attccggggatccgtcgace
YadhER ATCACAGTGAGTGTGAGCGCG
GCACCACCTCAATTTTCAGGTTTTTCATCTCAGCCATTCGCCTTCTCCTT
FrdA-pKD13F
gtgtaggctggagcetgettc
FrdA-pKDI13R ACCCTGAAGTACGTGGCTGTGGGATAAAAACAATCTGGAGGAATGTCGTG
p attccggggatcegtcgace
Yf{rdAF TAAGGCACTTCATAGAATGCGCTATGC
YfrdAR ATCATCTTCAGTGATAATTTAGCCCTCTTG
LdhA-pKD13F CTCCCCTGGAATGCAGGGGAGCGGCAAGATTAAACCAGTTCGTTCGGGCA
P gtgtaggctggagcetgctte
LdhA-pKDI3R TATTTTTAGTAGCTTAAATGTGATTCAACATCACTGGAGAAAGTCTTATG
attccggggatccgtcgace
Y1ldhAR AGCATGGGTAGTTAATATCCTGATTTAGCG
CATCACGTCCGGGCCATTTACATGGCGCACACAGCTAAGGAAACGAGATG
DadX-pKD13F
gtgtaggctggagcetgettc
ACGTTGCCTCCGATCCGGCTTACAACAAGTTACACCGTCACAACCGGGAC
DadX-pKD13R
attccggggatcegtcgace
YdadXF GTTTTAATACCGAGCTGTTGCAACCG
YdadXR ACATTAACAACTACAGTTGCTGACCAGCC
AlaDF-BamH 1 TTTGGATCCTAAGGAGGTTAACTATGAAGATCGGCATTCCAAAAGAAATC BamH 1
AlaDR-EcoR I TTTGAATTCGGATCTTCCAGAGATTGAAGGAGTTGATC EcoR 1
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1.3 EEFRAZE

FH Datsenko 25! T8 (14 5 PR Iy EE R Y ik
Bk B0016 M FRYL A4 /Y ackd-pta. pfIB. adhE.
fidA  ldhA 1 dadX 3 o HEARSFE R : DL pKDI13
JT KL R B AR, 43 o 51 ) % AckA-pKDI3F/
Pta-pKD13R PfIB-pKD13F/PfIB-pKD13R
AdhE-pKD13F/AdhE-pKD13R FrdA-pKD13F/
FrdA-pKD13R . LdhA-pKD13F/LdhA-pKD13R F
DadX-pKD13F/DadX-pKD13R #4T PCR #1%, 3
5 Wi 45 BA 50 bp [Al PR A R
FRT-Kan-FRT (575 & R B, f5BhFR. pKD46 I
() Red B4 ROIG RS LA TR R YL 6
Rk &, JF H M R 5 E 51 4 X (YackAF/
Pta-pKDI3R , YpfIBF/YpfIBR , AdhE-pKD13F/
YadhER, YfrdAF/YfrdAR, LdhA-pKD13F/Y1dhAR,
YdadXF/YdadXR) # 17 # 7 PCR %Kik, )5 H]
pCP20 JFkr 2 PR E 4L P R AR PR IE A, It —
5 AR R S0 UF 5 | 57 T I
1.4 ABFH*
14.1 EIAETE: WO T80 °C HIM L #E
AR MRIZE T LB AR L3555 24 h, B0 ivkem
F 50 mL LB {87254, 28 °C. 200 r/min ¥535
10 h. 8 000 r/min B.0> 5 min, WCAERFK, H M9-1
Rigeded R, L) 0.02 g/L (WIATE/EFRIAT)AY
PR AR T 50 mL &4 5 /L ARy M9-1 )
PRI IR (250 mL = M), PEF T4 -BR AP B
BORWERESR o i A IR AE KB BE L) 28 °C |, 200 r/min
KRBT EDOCW)isE 1.37 gL, BREKEN
BLs N 1.5 mL 500 g/L #i %% 12 g CaCOs, F28 °C
B 42 °C e, HE KRR REEEERES
P Beh 22 54 h G0 . BT 3 A PATSE
B, BIRIGFRS AR IR BN 100 pg/mL 2
REEER,
142 EBEEEAREAE: PRSI RAE
LB V-4 J LB WA S5 2 5 v By 35 55 75 0k (Rl RE o & 1%
K355 8 000 t/min B5.0> 5 min, YA LB HiARS
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FRIEAPPARIIBER, JELL 0.1 o/L (BIIA T E/R 3R
TRFO YRR RN T 150 mL &4 5 o/L Hidiks .
100 pg/mL &R HFEHR M-1 BAAR; IR H
(500 mL =), 33 °C., 200 t/min FERETFE 9 h,

RN I WL 0.062 g/L (1A
T H/AG TR R B T A5 M9-1 Ki3%
HEABMARHEHER)N 5 L &k EEHE (Winpact
FS-02, Major Science, Saratoga, CA, USA), J&f
J5 BEERAIIAIRRUA 3 L, HAFRI GG R 30 ¢/L.

IR BT B R i IR R E KRB, PIth
25BN 3 Limin, SHEFEEHEE0N 200 v/min, 1Y
I SR EEBE N 100%, AR K AR i
o3 Al 2 7 Limin, [RIRPEHE R 35 DO {6
ST v i SE R FE B KT 30% ;1] NH,OH
F110% (RFRLL) HaSO4 4ERF pH 7.0; A TR B2 H]
TE 33 °C, YRR EE LS ODgoo M 20 B, KK B
TETRL 2 N 42 °C ARSI 1557 45 min, FEA
PR SR T B Bt o

BB :: o EL, BN
0, TEPEAHE HER 9 100 r/min, F300 NH,OH 4
¥ pH A 7.0, KEHEE R 42 °C, FFAMNBER K E
N 600 /L HIHIZERE, RECANIN 200 mL, DAZEREE
Pl it b & RO R B = T 10 /L, ST A
(IR T FE S RIS R R T . R TR E 2 T adE 1 1
UOPATSES
1.5 SthAE
1.5.1 HIRSEMEFZ: FAR®ER M k%
Wi, Wit ODgo KFrr, Frild FoARIT A
AT,

HAT HE(DCW)H ODgoo MK 5 -

1 ODg4p=0.38 g/L DCW.,
1.5.2 EEWENEFZ: #4AH SBA-40E H#i%H
WG B (LR B BB A P oE B0 HEF 553 HT
153 #HITSEREITHEABRHERALIES
SR A MLERINERE S AL B k. R EEE R AR
WINT CaCOs, KA 5% (R HRiTIR
ffk, BEih CaCO; AR =1, B2
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% CaSO, UTIET 45 0.45 pum A LUE NS 18 )5 617 v
FERARAS

GILFRIN 7 FE S AL BRI . H NH,OH WY
FEa pH 2 8.0, 38 0 B 5 F IR I S i MR IR (PITC)
AR o BT . 500 uL BES A 250 uL
0.1 mol/L PITC ZAE¥#S WA 250 pL 1 mol/L — 2
W, FoIRS), BOLERCE 1 h, MA
500 pL IECBEA, WIERY 4% | min, #HE
60 min, WHCFZHW, H 045 pm AHLIERLIE
JE HEAT i R ARG e
1.54 BHUERNEAZE: ARS8 RRAHG
VAT /00, RlEs UV (210 nm)KgS, (il
¥ A Prevail Organic Acid 5u (Grace Davison
Discovery Sciences), ¥iiaJ#H4 25 mmol/L KH,PO,
(pH 2.5), M 1 mL/min, FIEAZEE.
155 SEBRMNEAZE: OIEHEN AccQ Tag
3.9 mmx150 mm (Waters). JishiAH A R 80% ({4
L) 2GR, B h 97:3 (RFLEL)AY 0.1 mol/L
CTREN- W . RBREEVENE : 0-20 min, B ¥
i 95% F %) 80%; 20-30 min, B &M 80% [T
#| 95%; 30—40 min, B WAL, KB A
254 nm, HEER.
1.5.6 ZEENETX: LBEF i SBA-40E H#iZiH
AW IBAL (LR BB A W2 B i 753 H

1.5.7 BUESHAE:

ln(é)

1 .
2 h
ifez=L 0 100w,
Gz - Gl

1 v 5 — PZ — Pl
et

Hr, X (/L) NERWEEE, ¢ (h)ARHE], P (g)
HrEYE, G (g N RIENR, V(L)AL R &
PR
2 ZRG54H
2.1 E. coli B0016-060B =40 F #kay+93E

JH Datsenko 25U U2 1) 5 PR Rt 5 , 7E b

P KR ()

E. coli B0016 KK E NN ackA-pta pfIB .adhE .
fidA . ldhA F dadX 5EH, HRIRFAS T B0016-010,
B0016-020. B0016-030, B0016-040. B0016-050 Fl
B0016-060B k(R 1). FHIRUET %] LR AR
Tk, 258K 1 Fis, ¥934% TR/ 0.3-0.5 kb
FEATRYEAT, I R SE R B I
2.2 alaD EFWTER E. coli B0016-060B/
pPL-alaD EHERRIHIE

K4l GenBank EF154460.1 4RiE 1Y alaD F:H
5115611514 AlaDF-BamH 1 Al AlaDR-EcoR 1, 31U
G. stearothermophilus B0031 I FRYL (AR AR, 1
T PCR §38, 345 T alaD P K HA A ik A
751, HA /N4 1.2 kb, 42 DNA ¥ 3 BLAST
Bt fr DNA ¥ F) b xF, £ B G
stearothermophilus B0031 KIRAY alaD HAEFFEH
#B43(1 119 bp) 5 E 4238 1 [F B AR I alaD 3EH

bp M 1 2 3 4 5 6

10 000
7 000

4000

2 000

1000

500
250

1 E. coli B0016-060B X L E F A PCR £ 7 B K Eli%
Figure 1 PCR identification of gene mutations in E. coli
B0016-060B

¥: M: DL10000 marker; 1: FH YackAF # Pta-pKD13R 5|4
PCR; 2: JI] YpfIBF Fl YpfIBR 5|4 PCR; 3: i AdhE-pKDI3F
1 YadhER 5[4 PCR; 4: H] YfrdAF #1 YfrdAR 514 PCR; 5:
J1] LdhA-pKD13F 1 YIdhAR 7|4 PCR ;6 : J] YdadXF 1 YdadXR
514 PCR.

Note: M: DL10000 marker; 1: PCR with YackAF and Pta-pKD13R
primers; 2: PCR with YpfIBF and YpfIBR primers; 3: PCR with
AdhE-pKD13F and YadhER primers; 4: PCR with YfrdAF and
YfrdAR primers; 5: PCR with LdhA-pKD13F and YIdhAR primers;
6: PCR with YdadXF and YdadXR primers.

http://journals.im.ac.cn/wswxtbcn
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A B
Hind 111 (5 225) EcoR1(5 288)
"/ Smal (5301) bp
alaD-term / Nco I (5307)
Smal(4722)
: 10 000
alaD Amp” 7 000
4000
BamH 1 (3 981) —
5506 bp 2000
r \ 1000
p”
500
Hind I (3 214)
crsr” lacPO 250

!
Hind 111 (3 089)

Pst1(2 636)

2 pPL-alaD FRAHNIEEE(A) K EGY]IEIEEE(B)
Figure 2 Map of recombinant vector pPL-alaD (A) and restriction pattern of pPL-alaD (B)
e 1: BamH 1 EcoR 1 XY 840 §0k; pPL-alaD; M: DL10 000 marker.

Note: 1: pPL-alaD/BamH 1, EcoR 1; M: DL10 000 marker.

(GenBank %35 : M33299. 1) g i AHAL 14 5
98%, A1 24 ABFEN AN . F BLAST #{4iEA7
SUILTRIT N LT, FRBH 5 W] B AR e R P R i
fit (NCBI &35 . WP_033014465) 5 = tH B A
99%, HAARSCHRARH) ALD B 224 1 IR ERR , 1
SCHRIRIE AT i 2 R SEsE R

B e BRI alaD K R B F BamH 111 EcoR 1
PTG, TakET pPL4S1 Bk A AH [l
P, PRAGHA TR pPL-alaD, HHy P10 &l
2A Ffi7n . EEH R pPL-alaD Ff} BamH 1 F1 EcoR 1
HEATRUBEY), FRIK3RAS T 4.2 kb F1 1.2 kb P 4571 (R
2B), RMBRAGEIER . K pPL-alaD SR AL T
#k B0016-060B, %75 B0016-060B/pPL-alaD F4HH
B, S T R RS AN LN &R A e RE
23 L-ARBRKENEAERNZN

Pk B0016-060B NHAG & Y Py 22 R it
(ALD), KR PAHE L-INEARR, HILIZE
BTG, FEH R TR A BB IMZREE S 0.1,
10, 20. 30 g/L () L-INERR, %% L-IN&RXT A
R BYFEIR o, S5 RANFE 3 R, BINZWE N 1 g/L
() L-TN 2 B B AR b AR R i S PR A, B

http://journals.im.ac.cn/wswxtbcn

L-TR SRR VS VAR BE R BE N, P A A K R e
i, M L-IE R R A KAFEI IR
K, L-IWER A RA i, AR
BB BRI L-TN 2R Y i, DA X s R A=
KARIVERT; YRR B A B — e (EHE, P
IKF-Feik L-IN IR AU , vl e it L-P3 &R bk
B
2.4 B0016-060B/pPL-alaD E kA EER & E24HE
B A BB B0016, HAI P B0016-060B/
pPL-alaD F: 5%t FEERE B0016-060B AT HE & BE R

%3 A FE L-ARERRIKE T B0016-060B E#kAHT
ELAE KRR

Table 3 Specific growth rate of B0016-060B under
different concentrations of L-alanine

L-PNZ RIS AR ST TS
L-alanine addition (g/L) Specific growth rate x (h™")
0 0.47+0.01
1 0.40+0.00
10 0.11+0.00
20 0.08+0.00
30 0.06=0.00
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I, ME R ESR T L-INARMA NI & i, 25
n# 4 P,

AR B0016 76 MO-1 153t A7 448 -
FRAEPIBY B TR 3R, EEART YA ALIR . LR .
FEFAR WA B, G il 5 B A BT R BOO13
O, L-RERR & R ARCNT 0.05 g/L). Kradr
R EMbRfE, ELEPE B0016-060B H1 AR
PG B AR IR BE AT, 1T E T P TR 1) 3 i
R RHWT, PIERRRFR SR, [RIAA S5 7
TR R D 3 AR O Il S ORI A o 4R R A Y
NADH Afeg A b A, (15 BB BOm T FE %
R

FiFk B0016-060B/pPL-alaD 7t 28 °C K47
WrBetge, JLFABERE S prop A S TR IARIX,
TR SR B ) L-TN &R (0.26 g/L). 1
£ 42 °C TFITBRALEE, EHE B0016-060B/
pPL-alaD FFZHEA R 11 g/L L-INERR, HA5R
KE] 70.3 g INER/100 g HiZg 0, A7 i ik 5|
0.2 g/(L'h) FIRASRFWE 42 1R EE Y propr
JashFNETE, 7 28 °C TRl AROECH] L-IN &R K
B, e LD R AR SO B A A K P A A 1
FH; TTE 42 °C Tl @&t e L-INERRIE I, 55

BT KA L-T8 &R A e il

HIEtsE T, M po RS FREEEE T D-3LR
KRR, IFOLA T AR B FR 551433 °C £
KA, 42 °Cifs'5 MBRA KRR . ASCOF izt
WEFRAAE, 7 5 L R TEET , F%¢H R B0016-060B/
pPL-alaD AT L-INERIN KRR . K f
L-TH G BR FI A BE 8] 3 /R . 7R AR A KB
PR, 45 L-N 2RI A B il 45 i 2k
RIS, GRIE T IR A K . 2 42 °C i,
L-WRZRIF PG B, I BAERR A S5 T A
WY L- WA A BRI G, SCR I 196
W, RHET L-NAR PG G . R B T,
L-IN AR ik 67.2 g/L, WA =g B ik 5|
2.06 g/(L-h), B4 & BT BL L-N 200 5% AL %]
ik 87.2 g/100 g #i%M, B KEEMBL L-IN AR
bR IAF] 67.1 /100 g %M, KB EE
R= 0t C R (5.8 g/L), Hob g™ ¥y & i #R K
F 02gL,
3 4

AR E. coli BO016 BHARZ AT A-BRAMIBT B
KB, TPAERKEMNIR. 4R, BRR. JBE. BB
PRSI (3 4) X LEA ) & B AR )

T4 L-ARBRABMEREMNLLR

Table 4 Comparison of alanine fermentation

e AL
ik Alanine Yield for indicated agent (g/100 g glucose)"
St BRI WRRRCE pam oam o om wm o wm mEe 2w
(@/Lh! 4 E(;%gl(l)-glrgllfliozel;e Alanine  Lactate Acetate Succinate Formate Pyruvate Ethanol
B0016" 0.00:£0.00 0.1£0.0 0.1£0.0 42.5+1.8 17.3£0.9 15.1+0.5 9.2+0.7 1.4+0.1 5.9+0.9
B0016-060B™ 0.00+0.00 0.5+0.0 0.4+£0.0 0.0£0.0 3.9£0.4 82+0.5 0.0+0.0 23.8+1.2 0.7+0.0
B0016-060B/pPL-alaD"  0.00+0.00 2.0+0.4 2.140.1  0.0£0.0 9.240.5 2.0+£0.2 0.0+£0.0 15.0£0.6 0.1+0.0
B0016-060B/pPL-alaD®  0.20+0.00 70.3+£3.9 59.443.1  0.0£0.0 5.6+0.1 1.5£0.0 0.0£0.0 0.0£0.0 0.1+0.0

Tt WA RBIBUE 28 °C #E1T, BRAUKIERNBLTE 42 °C #E47; O IRVAMIATHERINFES ; © B RIERRAE 28 °C HEAT; ¢ IR
BB A TR s BB B IR, A R B AL
Note:  Cells were cultured in shake flasks at 28 °C during growth phase and at 42 °C during oxygen-limited phase; *: Incomplete utilization

of glucose substrate; °: Cells were cultured in shake flasks at 28 °C during the entire fermentation process; % Average productivity during the
oxygen-limited phase; °: Average alanine yield during the oxygen-limited phase; ": Average yield during the overall fermentation phase.
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BLDH B A5 T R B0016-060B , i B FEAIK T 3k 267
YRR (R 4), HER AR ST I 4s R A
P57, Ak, DadX J& E. coli Hh FEE I AR IE
B0, Rz R R, W L-INERR ) D-N &R
ik, AR ER A LN &R, Zhang
UL 3o B mgs A B DR R T ACAE K R I L
TERARMIFLERRI = . TRESE th T & TRk (E] 1)
Z5, MASASCHE AT MR mgsA SEHMIELT,
ATH AT IR B4 v ) P AR A KR (8] 3), FLUR TR Pl
R w4 o A

e U g Sk Y T Geobacillus
stearothermophilus ) alaD F:N#E&THL E. coli
SZ194 Jetafk I, 2L, HA& Wtk XZ132 (pfIB
fird adhE ackA mgsA dadX IdhA::alaD)% 48 h 7] F] ]
TCHIEREEFRIEL K 120 /L A4S A 1279 mmol/L

Zhang

70 112
I e |B
60 . 110
3% s 3
g 7 ls 2
o
g 30 5
I F 44 »
- o
200k
of : :
12
10f 3 5
0 n 1 " Ik " 1 L I‘AA‘MI\: l‘no_o
0 5 10 15 20 25 30 35
t(h)

E 3 &E#k B0016-060B/pPL-alaD & s & B 172
Figure 3 Representative experiment of alanine
fermentation by E. coli B0016-060B/pPL-alaD

M om AER; e YIETEDCW); A: LBR; o: WEER;
& iR, O BEHIER; o WER; . CBE BAETELIFOR
FEE h 33 °C §50 42 °C. B FIR kBt iF As R B R
FRAAIG IR B, 5k Fm 1) R EERE RN 120 g (A) #1120 g (B)
Note: m: Alanine; e: Dry cell mass (DCW); A: Acetate; o:
Pyruvate; 4 : Lactate; <: Succinate; o: Formate; ¥s: Ethanol. The
dotted arrow shows the time when the culture was shifted from
33 °C to 42 °C. The dotted line indicates the time when the culture
was shifted from the aerobic cultivation to the oxygen-limited

production phase. Additions of glucose of 120 g (A) and 120 g (B)
were made to the bioreactor as indicated by arrows.
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WA, NWRMRFEARILT] 95 ¢/100 g HAHME,
L-N &G A 5] 99.5%, & H i fHE 4]
E. coli TMRHAT L-N IR G B B & o #2T F
w o T By, H R ROk T R
G. stearothermophilus ] ALD H A U1 1 #Ga 2
AUV TR 4 AR A e T B R 2
T 2B, ASCviE TiZckIRR) ALD 7R
H E. coli 14T L-NARRE . ARSI alaD He
5 Zhang 45UV i f4 (GenBank % 5% 5
EF154460. )AH L, A 39 AN i 5L 6], 7778
8 M AR TN I 22 5, X AT R EEAY
TEPEREA T 2200, BN LB R~ A4 2251
SR, KBS RIIZ ALD BERIFETT I T L-INE
P2 1) T R o

Zhang VR FLRR B SURE X (1dhA) Y ) 3 T
FEHl ALD Wk, A sh 732K, WTER
AR Rk . SR, HTFLER L W AR 5
., BRI P J8 80X F 3R 338 1 R I8 ™
#o Bilin, FLRRAEEE A RME B0013-070 (ackd pta
pps pflB dld poxB adhE frdA)4% & By Bl & 1
7 /L IR, SHARLERTEG NS, A T AR
AR R, P 53 B PRSI IR R B
[ A T 7 B0 A A= A B B o U AR 28 1 41 )
KA Lee & Smith Z57E E. coli HitkH H tre J5 3h
FIEE alaD 3K CRIR T Bacillus sphaericus)f)
HIK T PTG TR, FUfhH
ANEF AR H o ARSCGE p-pr Jo 87X ALD 1)
FARPATIFOCIFE, AHXT T HEH T AR b — 25 Y
AT, RS ER R ST, ERIR TR
JRETR,  ELAGE I8 R B AT LS A RO A
AR — B R AW TIE T 4h, |
T pPL451 BURLAETChi AR R LS ) )y Al ke e
FrAEl™ | e & B & BRI R AR A K, A
B bR e AR, B AR TR i
W OBE, R7E TR AR K B B ™ A% OGP T BR
B0016-060B/pPL-alaD L-FNZRAIA KT, R
PRI B A K IR R SE AV E . FIRE, 25
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