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Abstract: The feasibility of L-alanine fermentation using glycerol as a sole‘carbon source was investigated. The recombinant strain
Escherichia coli BO016-050 with deletions of acetate, formate; ethanol, succinate, and lactate synthesis routes served as the parent strain. The A
pL promoter and L-alanine dehydrogenase (derived from Geobacillus stearothermophilus) controlled by the A p, promoter were used to replace
the dadX gene (encoding L-alanine racemase) on the chromosome of strain B0016-050 to generate the thermoregulated L-alanine fermentation
strain B0O016-060BC. The fermentation-by: strain B0016-060BC was a two-phase process (consisting of a cell growth phase and an L-alanine
synthesis phase) with glycerol as the sole carbon source, indicating that L-alanine production in strain B0016-060BC could be improved by
initiating the production in the late exponential growth phase or by increasing air supplementation in the fermentation stage. Fermentation in a
5-L bioreactor yielded 63.64 g/L L-alanine, with overall-productivity and yield of 1.91 g/L h and 62.89 g/100 g glycerol, respectively, and only a
small amount of acetate (1.73 g/L) was produced as a byproduct. Therefore, the efficient production of L-alanine using glycerol as the sole
carbon source is'possible, providing an important reference for industrial applications.
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Table 1 Strains and plasmids used in this study

AR it A6 RL A AE R IR
Escherichia coli @4k
B0016-050 B0016, Aack-pta ApflB AadhE AfrdA AldhA ol

B0016, Aack-pta ApfIB AadhE AfrdA AldhA

B0016-060BC AB AN
AdadX::cl®857-pg-p -alaD-FRT
Jiks
pKD46 Amp', y 8 exo (red recombinase), temperature-conditional replicon cGscyy
pKD13 Amp', Kan', FRT-Kan-FRT cassette cescy;
pCP20 Amp', FLP, temperature-conditional replicon cGsch
pPL-alaD Amp', alaD (1ol
pPL-alaD-FRT-kan-FRT Amp', Kan', alaD-FRT-kan-FRT KA A
E: N TAKFETESRILMAENTRAZET S D ISR FARRRT S,
% 2 KRRFEERNSI
Table 2 Primers used in this study
HEZ F91(5'—3") Bt b,
PKD13F-EcoRlI TTTGAATTCGTGTAGGCTGGAGCTGCTTC EcoRl
PKD13R-EcoRlI TTTGAATTCATTCCGGGGATCCGTCGACC EcoRl

ACGTTGCCTCCGATCCGGCTTACAACAAGTTACACCGTICACAACCGGGAC
ggctgcaggtgatgattatcagec

DadXR-pPL451

CATCACGTCCGGGCCATTTACATGGCGCACACAGCTAAGGAAACGAGATG
gtgtaggctggagetgcettc®

DadX-pKD13F

YdadXF GTTTTAATACCGAGCTGTTGCAACCG

YdadXR

ACATTAACAACTACAGTTGCTGACCAGCC

E: % NBFEEATEpKDI3R BB A,
12 ¥xni

LB 7R 4r M (g/L): JRER I 10, BERER) 5,
NaCl 10,

MO-1 W ARRE TR L 73 N (g/L): NapHPO, 12H,0
15.1, KH,P0,3.05. NH,CI 1.0, NaCl 0.5, (NH,),SO,
13.2, F4Mi 0.1%(VAL 1 mol/L MgSO,4 A1 0.1%(V/V)
G R BRI R ICER I  (g/L): FeCl; 6H,0
2.4, CoCl,6H,00.3, CuCl, 2H,0 0.15, ZnCl,0.3,
Na,MO,2H,0.03, H;B050.075, MnCl, 4H,0 0.495.

13 REEI%

1.3.1 AL EE T ik

KO T-80 CHMTRBUE B IZ T LB ~F
PR EREFE 24 h, WEETEEFNT 50 mL LB kK77
Ferf, 28 °C. 200 r/min £53% 10 h. 8000 r/min E5.0» 5
min, WCEEE R, I MO-1 57RkkERE, LL0.02g/L (18
T E R TR AR RO R AT 50 mL & 5 g/L
HM I MO-1 AR 7R (250 mL =i, it

TR AR RPN BOR B 37 o iR B ZE KB B LA
33 °C. 200 r/min i FR 24 TEH (DCW) 435k F]
0.57.0.95.1.37 g/L, (AL R BERT B AN 4 mL 500 g/L
HihA14 g CaCO3, 42 CF, 4lF 0. 100. 150.
200 r/min 4kZEE5FE 48 h GEHURTE . RRASRIGHET 3
APAT S

132 REEEER B 7 %

PG IR 0715 WARTE LB “FAR & LB WifAss
FrIEH G TV AR K PR 97 7772, 8000 r/min
B5.0 5 min, YEE LB AR 7RI RS IR A, FEDA
5% (VIV) [HEFhEEFT 150 mL &5 5 g/L HImK
MO-1 JifARRE I3 (500 mL =fAiH), 33 “C. 200
r/min $EREEFE 9 he

REEFEREF T FRF L 5% (VD (1)
FERh BT B MO-1 5535251 5 L K (Winpact
FS-02, Major Science, Saratoga, CA, USA), #fh
Je RIERATUEARF N 3 L, HIMAIUAIRE A 30 giL.

GFEABY B IR T PR KB, WA
AIEEN Lvwwm, FEFEEE Y 200 r/min, G RERE
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1.4.2 AT &EBARGHT 69 KB R R AL 22
7 ik
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BNy CaCOs, KEHRIESH 5% (VIV) IROLFRIRAL,
FEIH CaCOz I ERISARH 4, 500 Bk CaSOy
PUESEZ 045 pm SRALIERRE I8 5 A7 e AR
b8

SRR ERE T FRT % T NH,OH 194
dn pH 2 8.0, & AMEE)S AR RRIREE (PITC)
HETHRTA . ATAE BB 500 ul B i A-250 pl 0.1
mol/L PITC ZJEHHAN 250 uL 1 mol/L = Z.J1% £ 5
W, FROMRS, BRLEFIEME Th, A 500 uL EC
e, WWERZ #+ % 1 min, #E 60 min, WL
NEEW F.0.45 jm A AR I S AT S A
oIS
1.4.3 A AERN E 5k

AHUEE S 2 s R AR 34T b, AU
UV (210 nm) faillds, €44 Prevail Organic Acid
5u (Grace Davison Discovery Sciences), izt A 25
mmol/L KH,PO, (pH 2.5), ¥ii# A 1 mL/min, #iEN
o
144 RIRBNE 77k

gy AccQ Tag 3.9>150 mm (Waters) . JiishAH
AW 80% (VIV) LIS/KIEH, BB 97:3 (VIV)
1) 0.1 mol/L ZREN- IV . RFHBREBENL: 0~20
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min, B & H1 95% T 43| 80%; 20~30 min, B ¥ H1 80%
L F+E] 95%; 30~40 min, B REREEAAS ., Kk KA
254 nm, R NE R
145 TEENZE 7k

L FE S SBA-40E A HEADME A (1L AR
BB ARV ST AT 24T
146 HHmNZH*E

i R R VA A T b, A #S R
ZRI S, iRy Aminex HPX-87H 300>7.8 mm
(BIO-RAD), ¥izh#A 5 mmol/L HSO4 ik A 1
mL/min, #EE N 50 C,
147 FAEGIT oM

o PoxV,-BxV,
%ﬂc%;:kGZX VoGV,
pp = T2 B
Vz (tz _ti)

HF: P AFMIKRE (L), G A WIRE(QL), V AHLREE

BRIRA(L), t A BT (h).
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pKD13 L] FRT-kan-FRT &R EL, 7ofE T RAEIR
it SRl 3 Rl 2255 5 ki pPL-alaD _E ) EcoRI Bg I 14,
$K13 E 4 Fi ki pPL-alaD-FRT-kan-FRT. FH EcoRl fig 1]
FEHJFRL pPL-alaD-FRT-kan-FRT 3k3 1 551 kb £l
1.30 kb P&k HGKSE (Il 2) , #b—Dilid DNA
WFFESAIE, RZEH PR S .
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., FH514) DadXR-pPL451 Il DadX-pKD13F #E4T
PCR ¥4, 315 Mui 2B 50 bp dadX J: i[RIV 7
H, F¥#4 c1°857-pr-p -alaD-FRT-kan-FRT R4 &
FEPR B B RAR G BERAAU N B pKDA6 JiTRL
B0016-050 Bk, fEBhJTfL pKD46 -1 Red EZH 5
GUIGRA GO T Y tafk b dadX SERAL, RIRER
PR 3RS %410 T B0016-061BC HILGAIES 4
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kb HJkE (B 3D, TMIRAGH PR BO016-050 Si3kTS
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Fig.4 Effect of shaking speed on L-alanine production by
B0016-060BC
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Fig.5 Effect of thermo-induction on L-alanine production by
B0016-060BC
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2.3 BO0016-060BC Tk & B# 6 & % H i1 & I

L-7 2B

AL A 5 L OREFRE 5421 Pk B0O016-
060BC KM H VM5 i L- N 2R IR o T R B &K
P SE O P TR TR R Fsk o6, e B E i e R I
TEE S IR 7K . W TR B AR BRI
iR FE KT 30% LARR A 70 JE S AT A ARG, T
TE L-TH 2R 2R B B B ARVA AR SR B2 9 10% A
(RS B AR T LA R R A . EAh,
IRAEFR RS R, VD RIRE H AR A K =X
HUGH, BWHREEIAF] 11.46 g/l IR R .

R L-ZER . B AN H iR B A
WP 6 it . R PRAE KM BdsHlE AR (33 C),
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R B 2R A48 5 S RSB 1 I8 SR 1A %L
PEI, M T L-INERIA . mAREERY, L-A
FIRr 5L 63.64 g/l. 5 Bt L-INZBRIARFR A P 5is
BEIRE] 2.85 g/(L h), BN KRR BOAAF A = Bk B
1.91 g/(L h). 28 R FEM B L-IN R BER LA 2]k 71.64
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Fig.6 L:-alanine production from fermentation by E. coli
B0016-060BC
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GlpD {FaiambeEm (B 1), fE155 KPR H
/> NADH (14,  RIERIUF NADH $lg7E GapA Al
AlaD AL S B HEAT BB RS, SRl L- 2
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0, @it GIdA fil DhaKLM REGEREREHH, &5
HL-NER G o R B E I BdERER) , %4
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ez, BT P R B SRR A T O, 7R
L-TR SR R B R B s By — PR RGP SR i Bl
A, DGR - BRI AER, AT A
IEFEH#AT .
3 it
AR TGk EREA L pL R BT S AR
SRR RS L-NER & RE A EK E. coli
B0016-060BC . % b Pk 12 Jifi 5 77 d £ 26 A . KR
(33 C) FEMAAEKEIKRER 1.37 9/l CHEUEID
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