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Abstract: The feasibility of producing L-alanine via fermentation, using glycerol as the sole carbon source was investigated. The
recombinant strain Escherichia coli B0016-050 lacking routes.to metabolites like acetate, formate, ethanol, succinate, and lactate within its
metabolic network served as the starting strain. The gene encoding L-alanine dehydrogenase, alaD, from Geobacillus stearothermophilus, which
was controlled by the left promoter from phage A (A'p,_ promoter), wasused to replace the alanine racemase-encoding dadX gene in the genome
of strain B0016-050 to generate the thermoregulatory L-alanine-producing strain B0016-060BC. Strain B0016-060BC carried out a two-phase
fermentation (including a cell growth phase‘and an L-alanine-producing phase) with glycerol as the sole carbon source, and the results indicate
that L-alanine production by strain B0016-060BC can‘be improved by initiating L-alanine production at the late exponential growth phase or by
increasing the aeration rate during-fermentation:-After fermentation in a 5-L bioreactor, 63.64 g/L L-alanine was produced with an overall
productivity and conversion rate of 1.91 g/L h and 62.89 g/100 g glycerol, respectively. Only small amounts of acetate (1.73 g/L) and other
byproducts were” synthesized. Therefore; efficient L-alanine production using glycerol as the sole carbon source was realized, providing an
important reference for industrial application.
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Table 1 Strains and plasmids used in this study

Bk, Az A8 BLAFAE KR
Escherichia coli &4k
B0016-050 B0016, Aack-pta ApfIB AadhE AfrdA AldhA 1ol
B0016, Aack-pta ApflB AadhE AfrdA AldhA .
B0016-060BC AFGAHIFE
AdadX::cl*857-pg-p.-alaD-FRT
Jiks
pKD46 Amp', y B exo (red recombinase), temperature-conditional replicon cGSey;
pKD13 Amp', Kan', FRT-Kan-FRT cassette cGschy
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pPL-alaD Amp', alaD (o
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A oan AHRFTESRILBAN TR EF S b REXFARRRY .
R 2 AMRPEERNS Y
Table 2 Primers used in this study.
74 A7 (5'—3") B &,
PKD13F-EcoRl TTTGAATTCGTGTAGGCTGGAGCTGCTTC EcoRl
PKD13R-EcoRI TTTGAATTCATTCCGGGGATCCGTCGACC EcoRlI

ACGTTGCCTCCGATCCGGCTTACAACAAGTTACACCGTCACAACCGGGAC
ggctgcaggtgatgattatcagec?
CATCACGTCCGGGCCATTTACATGGCGCACACAGCTAAGGAAACGAGATG

DadXR-pPL451

DadX-pKD13F

gtgtaggctggagetgcettc?
YdadXF GTTITTAATACCGAGCTGTTGCAACCG
YdadXR ACATTAACAACTACAGTTGCTGACCAGCC
E: % DB FEEATL pKD13 Bl RBL A5,
12 jEms 1T IS RPN BOR IR 57 o I AR R BT LA

LB 7R3 N (/L) JHREE (15 10, 2 BB 5,
NaCl 10

MO-1 AR TR 0 N (g/L): NagHPO, 42H,0
15.1, KH,P@,3.05. NH,CI 1.0, ‘NaCl 0.5, (NH,),SO,
13.2, 74N 0:1% (VAL 1 mol/L MgSO, 1 0.1%(V/V)
(TR BRI R ITER G N (g/L): FeCl; 6H,0
2.4,” CoCl,6H,00.3, Cugl, 2H,0 0.15, ZnCl,0.3,
Na,MO;2H,0.03, H;B0;0.075, MnCl, 4H,0 0.495.
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MR T 5 MO-1 5598350 5 L KRR
(Winpact FS-02, Major Science, Saratoga, CA, USA),
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Fig.2 Restriction pattern of recombinant vector
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7Z: 1: EcoRI B#4n & 4 4% pPL-alaD-FRT-kan-FRT ; M:
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Fig.3 PCR identification of gene mutations in E. coli B0016-060BC,
as determined by electrophoresis
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Fig.4 Effect of shaking speed on L-alanine production by E. coli
B0016-060BC
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239



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.12

%6 B0 #

AU IR 1 OB (1078 VEAE L A B B AS TR B
WIS A AR, DR A A KB BRI 4 R B
(AT SO0 L-TN &R 5 BRT RE LA 52

BRI B ITE AR IR B 057, 0.95.
1.37 g/L PSR FRIREE AN 42 °C, (RN R E 5
SN 200 rimin, 5 3RIAN AR ARGEAT L-IN AR
REEGR, LA TR R IR i Z G R RALGS
L-NRER A IR . Qi 5 Fos, AEXFXEUE K
A A CEARIREE 4338 0.57 F10.95 g/L), TERfK
ARKEXEEI (RARIREN 1.37 9lL) HEEIESN
AR E R R RIAH RIS ) L-NE R, AT
) L-N AR AR

= O iR 1025
60 O HEERE TR -
w 020 2
(=1 .
g 50 =
2 40t 0.15 t‘;
a2 30F 0.10 &
?‘é 20 - @F
= 1005 &
T ol

0 0.00

0.57 ‘ 0.95 1.37
BT 5 / (g/L)

& 5 HiFSATHLYT B0016-060BC Btk L-AEEL S AHIER
Fig.5 Effect of thermo-induction on L-alanine production by E. coli
B0016-060BC
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BRI B R4 5 sh RIS T IR SR 1A 2L
P, AT L-INERRIIA . RN, LN
T Bk 63.64 g/lo 55 B L-IN & ERIAFR A P o
FEIAF 2.85 g/(L h), BN KRBT BOARFA: P B IA 2
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62.89 9/100 g Hith. KREAH EEREIP YR 28 (173
g/L), EIFEPIRER. NEER. FLER. IRIAERAN LBES
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Fig.6/Fermentation process involved in L-alanine production by E.
coli B0016-060BC

ED R RRT AN 33 C. FRIBARNBEEEH 42 C. R
R

R EES A L- AR AR R, 75 G R R 4R
AR ok 8 ) A P R A Tl 4R A D ST 3 A T ) [ R
R, FINHESARUR 80817 . A L-INEIR
RIEEMTEL DO {64 10%, HEMNI B4 = 255 GlpK Al
GlpD AR H W (B 1D, KPR
/> NADH AR, FIf4IE NADH 4H§(E GapA il
AlaD AL S B AT m RAEIR, 2Rl LR
FRYUHE A . QR FAHE DO i, 24 DO fEI=H N
0, i@il GIdA Al DhakKLM REGEEAREHM, &%
B L-WARR G ORI RS, 1445
SRABIESE T BRHEN . SR, L-THZR KBS R B
BNEAFBEBRERR, FIKT L-NARRNE
1, A P AR M SRR A T T O Hss ], AR
L-PA 2R R B R B ik BT — R BRI A R4 i B
AR, KR LIRS, AR AR
IEFERAT
3 it

AR T Gtk B G ) pL B BT AR
AW AR L-NER G R EAH R E. coli
B0016-060BC . % b ik i 5 77 e A 245 A KR
(33 C) FEMAKEIREA 1379/l CHEUEID



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.12

HENER (42 °C) L-INEIRE P B, L-I AR & K
W BB R PRI 200 r/min. 48 5 L KRS 3%,
B #% B0016-060BC R A H Vi & ik 63.64 g/L L-IN&
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LRI F] 62.89 g/100 g Hih, SR U I AE =i 77
R TEH A K LT 2RI Tl AL 4 o
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