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i E: (81 @A -THER ZRNLH RN ETZREZ —, B KT R Tau8L
T AR e m g i AYE . LB 691 vA L-FUBR 4R & = B AR KW AT # (Escherichia coli) LG101 A A4 &
o, RAMATE L-RABR AN S RAVIFIEBAR A oo AT 2T, [5E] E2asH
R L-RRBR Ao R IE R AT ARG s b, RA AR EAH RS L-R R B A R E 2 A E (avtA.
alaA. alaC)ikfF A 3| R M, BT K L B HAKFEAZ T, [ER] XBHFE
ARAFRALEE Y 35 L-ARABRENERIER, LT 2 L6 mIEZA R AT ILER BARE R ATIK
8 RERER A AR . AR mAR B RATMR R R, KT T XXM LGI01A (LG101 AavtA). LG102
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Biosynthetic pathways of L-alanine and their role in the regulation
of cell proliferation in Escherichia coli LG101

HAN Mengyuan!, WANG Meng'!, GAO Mingliang!, ZHANG Meng', NIU Dandan!,
WANG Zhengxiang 12

1 College of Chemical Engineering and Materials Science, Tianjin University of Science & Technology,
Tianjin 300457, China
2 Tianjin Key Laboratory of Industrial Microbiology, Tianjin 300457, China

Abstract: [Background] Controllable cell proliferation is one of the important strategies for
achieving automatic control of fermentation. It can be easily implemented by the controlled
supply of key nutrients. [Objective] To analyze the characteristics of L-alanine biosynthesis in
the L-lactic acid-producing strain Escherichia coli LG101 and explore the feasibility of taking
L-alanine biosynthesis as a node to regulate cell proliferation. [Methods] We employed
site-specific recombination to obtain mutants by deleting the corresponding genes (avtA, alaA,
alaC) of the L-alanine biosynthesis pathway on the basis of comprehensively analyzing the
L-alanine biosynthesis pathway. Shake-flask and bioreactor experiments were carried out to
examine the physiological and metabolic differences between the original strain and the
mutants. [Results] There were at least three L-alanine biosynthesis pathways in the genome of
E. coli, two of which utilized pyruvate (also the precursor for the synthesis of lactic acid) as a
precursor. The relevant coding genes were deleted, and mutants LG101A (LG101 AavtA),
LG102 (LG101 AalaA AalaC) and LG103 (LG101 AalaA AalaC AavtA) were obtained. In
shake-flask culture, the cell proliferation of the mutants LG101A and LG102 was not
significantly different from that of the original strain. However, the mutant LG103 was
L-alanine auxotrophic, and its proliferation presented a positive dose-dependent correlation with
L-alanine supplementation. The physiological and metabolic properties of strain LG103 were
further analyzed and evaluated in a 5 L fermenter. The strain LG103 restored cell proliferation
after supplementation of L-alanine, and the accumulation of L-alanine (0.12 g/L) in the
fermentation broth at the end of fermentation was significantly lower than that (0.92 g/L) of the
original strain. [Conclusion] E. coli LG101 over-synthesizes and accumulates L-alanine through
the reduction reaction with glutamate and valine as amino donors. The mutants with removal of
the corresponding synthetic pathways became L-alanine auxotrophic and their proliferation
showcased a dose-dependent relationship with L-alanine supplementation. The findings suggest
that L-alanine synthesis can be utilized as a nutrient switch to control cell proliferation during
the fermentation of E. coli for production of major compounds such as lactic acid.

Keywords: Escherichia coli; L-alanine synthesis; cell proliferation control; lactic acid monomer
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21 B 15 7 AT A5 2 S B I B sh A i ) B L
Mg —, T X SR IR T A 45 ]
S it 41 3 pE PR U2 AR T A Y R AR
o, EARIR B A E R WL S R (R B SRk
FARDBRIC, 24 T 200 B A 35 0 4 A3 7 ) i
PRFE4, Horpr, L-W &R (L-alanine) & F B {LIK
TR A& G T A 2 IR 1) — P 8 22 1 2 TR DY
TERA P A BRACT th b T 43 S, PTaE R B 2
20 EWE 2 B R 1 AR 6 R A3 AT i AR
R EE SRR, RN AR A, LA
MR B AF o 2 BT BURE AN, R i RE IR SR
O R E A 0 A O 4 <R N DR R
AU R OCE S, MM A KT A
I, ¥ LN ERAEY A B R T R A
(Escherichia coli) 2 Mo gE 42 i HA W AT A 71 o

KGR EA NG L-N BRI RE
B, ARG R, KGR A A
Z=W L-INE IR A s ts , G st i i o i
A . SR - R e @ M (e =@ C), St Bk
K avtAP 10 23 58 - R A e 22 il (g lutamate-
pyruvate aminotransferase, AlaA), 1 alaA Zmfi5!!;
A TR - N R TR %% Z I (glutamate-pyruvate
aminotransferase, AlaC), i alaC Zmfigt'? . it4h,
Mihara AR, Ptz BRI AR R TR L2
IR L-IN IR . AT L, KRBT L-N
ARG SIS R — AR R AR R, 5T
FE R HAE AT A G G s AL g R, @
SE IR A R RS b, 2B IR LN
AR AR A A DR sk A (A

R, ALY L-ZLERERAR Tl AR 7
PRI LG101 M4, 7eortr L-N
EEN L ae R g oka N AU i SO G BU B Uy £ 111D
L-WRARREY A s il riGsE , I ik
RAF R B A AR E S AR R, DU R
Y L- PN 2B A S R A 1 A 1 2 4 1 7 s v

AT
1 #HE5H%E
1.1 Bk RS54

AT AR R LR 1, R
BOO 13! 5k pKD46!"! | pSKsym!!' 515 A A 512
B E R . KIHFFE LG101 FVEARDEGE H &
BE, 77 L-FLRR B Tl A= = s Bk 090B I 1
A TR R (T PR 090B 1Y LAl b i — B M B T
pflICD . pfIEF. tdcE. aceA). ASHIFE i FH Y
BAmRsI Wi ik 2, BIeAETAY TR
A A IR W5 o
1.2 EFAFIFNEE

BRI PE N DI A T4 DNA #3845, 5 H
EADEARQC) AR A A Bk PO &
JUN R TRARAF; DNA 4ifk il
&, At ERERAEYREERARA A =
KHERMABERSE, AT AY TR R
ARRA w5 HoA R E 7 A4l . DNA &3
1, JIRRAYI BRI R A BR A w5 AR AL,
BTX vl AN OCET, B G ass
R H]; WA E LA, INARA R =B A
PIRHGE T 5 e OB A, W VAR S o BT Y
A BRAF] ; HPX-87H i, Bio-Rad A H].
1.3 EFHE

LB Bigdk(g/L). BEE M 10.0, NaCl
10.0, BEEEH 5.0,

M9 B 3 (g/L)M: NaCl 0.5, NH4CI 1.0,
KH,PO,4 3.0, (NH4),SO4 3.0, Na;HPO,- 12H,0 15.1,

MR M9 W iREE SR A T MO MRS
FHAIMA 1 mL # 1 mol/L MgSOs#1 1 mL
Tl o0 R B . B JT R BRI 43 (g/L)
FeCls-6H,0 2.400, CoCly-6H,0 0.300, CuCly2H,0
0.150, ZnCl, 0.300, Na;MO4-2H,0 0.300, H;BO;
0.075, MnCl,-4H,0 0.500.
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Table 1  Strains and plasmids used in this study

AR AN BTRE AL R A

Strain and plasmid Genetic characteristic Source

Strain
E. coli B0O013 Wild type [14]
E. coli 090B B0013 Aack-pta Apps ApflAB Adld ApoxB AfrdA AldhA AadhE::pldhA-Bcoal DH [15]
E. coli LG101 090B ApflCD ApflEF AtdcE AaceA Lab stock
E. coli LG101-1 LG101 AalaA This study
E. coli LG102 LG101 AalaA AalaC This study
E. coli LG101A LG101 AavtA This study
E. coli LG103 LG101 AalaA AalaC AavtA This study
E. coli LG103/pAVTa LG103 contained the expression vector pHC18-AVTa This study

Plasmid
pKD46 Ap', 7, B, exo, red recombinase, temperature-conditional replicon [15]
pSKsym Ap’ [15]
pSKsym-difEry Ap*, difEry Lab stock
pSKsym-alaA Ap’, alaA This study
pSKsym-alaA::difEry Ap’, Ery", alaA::difEry This study
pSKsym-alaC Ap’, alaC This study
pSKsym-alaC::difEry  Ap', Ery’, alaC::difEry This study
pSKsym-avtA Ap', avtA This study
pSKsym-avtA::difEry Ap’, Ery’, avtA::difEry This study
pHC18 Ap*, temperature-conditional replicon Lab stock
pHC18-AVTa Ap*, temperature-conditional replicon, avtA This study

*x2 AMARPHRERABSIIFT

Table 2 The primer sequence used in this study

519 R4l

Primer Sequence (5'—3")

Ala-Upl CCTGGAAGAAGAAGGTAACAAG

Ala-Up2 CAGTCAGAGGATTCATCGC

Ala-Dnl GCGATGAATCCTCTGACTGCCCGGGAAACACGCCAAAGGCTAC

Ala-Dn2 GTGACAATGCGGAAGTGA

AlaA-1 TCGGAAATCATCACGCAG

AlaADig-2 GCGAACTTGCTCAAAGACA

AlaC-Upl CATTTCCCGCTGGTATCAG

AlaC-Up2 AAGCCTTCGGCATTTCAACGATATCATCTTCGGTTTCGG

AlaC-Dnl GTTGAAATGCCGAAGGCTT

AlaC-Dn2 ACGACGGTGTTTATTCCGC

dAlaC-F ATGGTTACTCCACTTCACGC

dAlaC-R TATGGTCATCGTTTGGGC

avtA-1 CCGCTATGACATTCTCCCT

avtA-2 AGCCCTGGGAAGAAGTTGT

avtA-F CTCACTCTTCAACAGACCGATT

avtA-R GCCCAGGCTCTTTCTATCTC

AVTa-F TTGCAGGATAAAGCACCGCT

AVTa-R GGCCTGATAAGCGTAGCGCA
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1.4 EFE=ESHR

SrFriRE . (RANEYL. 1k, DNA 4ifk .
PCR &[R4 448 45 4 B S0 5 0 M ik kA 510l
TR A A 35 R ) [53 Fe EAS S2 565 2 S i 41 3 7 3
F Red il Xer A5k B 2H 8 37 2 A4 JCIR 3 5 N B3R
kAT S B SR [19] 7 BRSO B AT 1A
B0013 JL[H 41 DNA, LAt i PCR ¥ 3 il £
MBS H AR alaA, alaC il avtA B, PCR
SR A AR R $2 B Ex Tag® DNA Polymerase
K & Ul S ERE . PCR P24 v B A R
pSKsym %) Sma I B0z &, FRATAH I 1Y) 51 20 i
ki, MAAEMEEYIEREA difEry BB
difEry J B¢ i 52 9 % fR5HBRL pSKsym-difEry 28
Sma 1 B§VI#kAS), @it PCR ¥R &
alaA::difEry . alaC::difEry 11 avtA::difEry, i# it H
e A0 T R 52 78 SR U AR O A il B R
pKD46 34 4 mmol/L L-FiHi{AHHE T/ HARE
L R L A 2 (AW ] FRARE S ik YA
27 PCR B UFARAT IE 628480k, FH IR 2005
1.5 #EEF

PR RIS TE 250 mL =AM AT, B
Wt hy 50 mLUS, ¥ LB SEAR | 37 °CH: K 24 h
FIBATE P58 R T 50 mL LB WIAR: 5L,
37 °C. 200 r/min }3% 10 h; #% 0.5%1 4% R0 &
T S o/L AR 50 mL 2t B M9 3R
Hr, 37 °C. 200 r/min G EIHEFREIK . R T #fE
L- T 22 TR VA o ik % 5 % 0 7% T8 IR K A K 1 R
M), #E 50 mL PV AR 3 5% 35 Hh IR AN ] v B2 1
L-N&R, 1555 10 h J5 I 1 1A % & (ODeoo) H
TN B AR B A KB o
1.6 XBEZIELEEALE

REHER BERIGTE 5 L KEREPUEFT, T
VERSARURB Ry 2.5 LUOL, 4307 ff 1 55 3R AR 1) B 7
P&HERT 50 mL LB #5595 5EH, 37 °C. 200 r/min
BiF% 10 ho DAMRFRhF, $EFEA 2.5 LR

MO B SR K e, BEFRIRIE 37 °C, 4EFRRE
S 20%LA 1, 2 ODgoo i5 3 30 A4y o &P 3E X
WA 2 200 r/min. 0 60% 75 25 W5k
Aebe KRG SR B AT 20 /L, #bm
25% Ca(OH), Qe K el g2 5 pH (M 7.0, 1172
HOERTEURE, ST L B A LR SE ST .
1.7 ABEEHEREN A

R TR T TR A i SR ok B [l 42 D o,
FHE AN HERE T LA ODeoo Form B — A
R T BN BB A i ] SBA-40C i
EIREAE DA ALK AT b . AALIRAL 5 & &
FH SRR 05 vk A T T A AU, A
HPX-87H, Wizh#Hk 5 mmol/L HoSO4, N
0.6 mL/min, #1:i 65°C, Kias kLo MG as
REFFEAH LN 2R o i 2B AR B O] )
ABRAE], I S SO AR sk iR T i .
1.8 ZHAEIEES RS

£ it 14 5 A5 2 BEOSCHR 2010 48 1 ik o
o, 2 PR G B A N D (ta) , DAERETR] () A A
AFR, Ph Toga ODeoo A A AR B2 il A 1K il £ 1
FEBOAEARTE I, FERCTEE N, A A5G B [ (ta)
AR, HAERKERwEARQ)IITE,
FXS AR K R (ki A3

td=(tj—ti)/10g2 (ODj/ODi) (1)
p=1/t (2)
k=1n/tq (3)

A 4o j RFZIE A RETTE]; 60 0 2
PRAEICINT L OD; o8 j 2 BRI B 5 ODs
| 2 BRI OERE 5 ODj=20D;,

2 ERS594

21 RKBFEEFE 2 FHBIR. AR
BRABTAIN L-REERE RIRE

ST iR K-12 SRR R PR 4
DL RN T RS R S e Y 7y
I REHR R EAA 3 48 1), R L8
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TR LAY 2R - TN T R s 2 5 (glutamate-pyruvate
aminotransferase, AlaA . AlaC)f kPN Bl R i85 )i
AR L-NARGER A), NHEHER A L-4i%
MR 2 4 2 TR - TN TR R 5% 24 1 (valine-pyruvate
aminotransferase, AvtA) AL IE B L-TH & R &R 18
B), VUM LBz BR 7 b 2 R I i i (cysteine
desulfurase, SufS. IscSYWEA TR L-INZ R (GE
1 C)o ST PN RIR [ A 1 2 LR B LE W 5 1
P EAZRTAY), JF BAR M R EHR A L-FLIR
BAPAAE PR TR, LA B A i AR R A 2 PR e
AREFRIENY ) R EE ARl ARRI E] L AR
PRTE R T AR B Ik, ARBFRAE JER
12 CYERaHE L-N ARG BT 4, H it
5% L-INARAED G BGREIERE A Figte B 78
KA A A R E A .

22 KBHFHE LG101 B L-REREY

B RRYF1E
2.2.1 alaA. alaC #1 avtA ifRzS 3 K H Zs
TIREVIR S

XTTR PR LG101 5 K 41 b L- TN 22 2 e 2 1t G
TIEH alaA. alaC Fil avtA HE17 BN B A4l &
MBE, 24 PCR BiE, Z53RWKE 2 frs. alaA
RASTFIEM 1.2 kb K/NIYFEAS 5t (BT AE AL

1.5 kb), alaC RAEJGIE AL 0.7 kb K/NHRAE 5%
H(EFAE RIS 1.1 kb)), avtA RAFFETE S 1.0 kb K
INBY AR S (B ATl 1.3 kb), Al UL, B RR
LG101 7 alaA. alaC #il avtA & 4 st S 5
BT 28 A #4319l iy 44 4 LG102 (LG101 AalaA
AalaC) . LGI01A (LG101 AawvtA) #l LG103
(LG101 AalaA AalaC AavtA),
222 L-ASBEMERBENMEBEKR
A

FEARAFA I ARG, HF—FHRT LN
LR A BGRARVHFEXT bR LT 2R 775 5K 1
LA HOBEFE 2R, B A8 R LG102, LG101A
1 LG103 ZEMRI 5514 T A TR M 7%, e BT HL
PR E AR R, R E 3 i, ARk
LG102 Fl LG101A 7] LAfEREAR R = 5L P IEH
AR, FHSHRFEK LGI01 B4 KR
KR IEAR—5 ., X—Z5 1R, KRBT
@ LG101 FPAXBHWT L-TH 2R & ik 12 A sliag 2
B AR S0 LA A 34 5 A K i S S
tRlAalaA. AalaC FllAavtA 2745 BT il it 28 7%
P LG102 Fil LG101A & AR K L-N AR E S
BRI B4 R A L, [RR LS E AalaA
AalaC FlAavtA 2528725k LG103 NI A=

Pathway A Pathway B Pathway C
Pyruvate Pyruvate L-cysteine
L-glutamate L-valine An unsulfurated
sufS
i iscS
alaC avtA
2-oxoglutarate 3-methyl-2-oxobutanoate A sulfurated

——

1 KBEHE L-REREYMEHRIER
Figure 1

I /
L-alanine

Biosynthesis pathways for the synthesis of L-alanine in Escherichia coli.
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LG102
A

LGIOIA
1

2 KBEAFE LG101 & alaA. alaC 70 avtA ffll
MRTRRTHAIZE PCRIEIE  M:DL10000
DNA marker; 1-4: 87484k LG102 7 alaA il alaC
BT KA R4S s 5-6: ZR7AEKE LG101A H avtA &
AR s 7-12: Z875KE LG103 H alaA. alaC Al
avtA [F] i 4 A2 975

Figure 2 Escherichia coli mutants with alaA, alaC
and avtA mutation confirmed through diagnosis
PCR. M: DL10000 DNA marker; 1-4: Mutation of
both alaA and alaC in mutant LG102; 5-6:
Mutation of avtA in mutant LGI101A; 7-12:

Combined mutations of alaA, alaC, and avtA in
mutant LG103.

KM | WA K | 3k 3 5 K B AR i A B (]
(20 h)#: H R RO hIEK T 122.22%, F HHIk
2 19 fx KA ) i (ODe0o=2.00) X 4y 1 & T# #k
(ODg0o=3.14)1] 63.70% ; 7EREFRHFEHAMIT 100 pg/mL
L-NA M5, A KR RS T B 2 g (4 3),
F AL RE LG103 RAE R H I TE S L-INERE
FRikpERY, (BH L-NEAR M5 RE T B 4 fE
W HAE W AR KT, L-IN &R 138 A MNE RN e
SR R H AR B BT K

PE— BT AN L-TNZ R AN T Bk
LG103 AR sz, 45580 8T’ 4 3k 3, 7
—EVRFEJO I, BEE L-PN 2R U 0 A S

0.5
0.0

8 10 12 14 16 18 20 22 24
Time (h)

0 2 4 6

3 EHEART L-RRREVESHRTRINEK
FFE  LG103*:LG103 #Jfs5EFR4MIN T 100 pg/mL
L-NZ R -

Figure 3 The growth curves of mutants in shake

flask culture. LG103*: 100 pg/mL L-alanine was
added in shake flask culture of strain LG103.

PR LG103 f9 A5 K A i 1A R0 A% 184 B[] AN W7 45
R, RPN MG 5 R B LN 2R S I 3 i
MHETE 5 24 L-5 2B AN &k 200 pg/mL B,
PR LG103 1A= i 3k 31 i K H A% Hi A ARG 1
BRI S , U 5 MR R DA bR A A K AR AIE 5 o A O
(B 4A, 3E 3). 4RE K L-INABRAE NG,
BRI LG 103 1) £ 160 348 B 30 25 D) A R 30 1 A4k 52 34
T = A TR (K 4B, % 3), WAL E
TR AR BRI SR A K ARAE, AT L, BkR
LG103 458 /K5 4N L-TN 88 Vs Nt 2 [R) A7
FEMAI -0 e R, A L-INRRAED A K
PEZS S a5 A LA M s 2 T AT
23 L-ARREMERERETLUEAL
B A2 AR ESE A T
PR TR IR B AR WY, Sl BEL T K W A
B L-IN IR A R e A 8RR B X 40 s 5 G
WEsgm, [FERHW A SRR A FligfE B, W
B8 L-IN2 R kA i B BN 2 S P A i b
e, #hFRIE R L-TN AR A T AR R A 40
MBS Ao ik, HF—27E 5 L KB
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>
w
W

= bW
n o wn o

Cell density (ODgy,)

=

——LG101
——0 pg/mL
——20 pg/mL
——50 pg/mL
—>—100 pg/mL
—o—125 pg/mL
—— 150 pg/mL [/
— 175 ug/mL [/

—— 200 pg/mL/#/

Time (h)

10 12 14 16 18 20 22 24

os]

Cell density (ODgy,)

W
W

[ —200 pg/mL
30+ ——300 pg/mL
' ——400 pg/mL
2.5+ —+500ug/mL
—=—1 000 pg/mL
20 2000 pg/mL
1.5+
1.0 r
05
0.0
0 2 6 8 12
Time (h)

B4 AR L-AREHFMEM LG103 £k A: £Mio0. 20, 50, 100, 125, 150, 175, 200 pg/mL
L-NZRAY LG103 A=Kk ; B: %M 200, 300, 400, 500, 1000, 2 000 pg/mL L-INZ R LG103
AR TR
Figure 4 Growth curves of LG103 with varying amounts of L-alanine supplementation. A: The growth

curves of LG103 were supplemented with 0, 20, 50, 100, 125, 150, 175, 200 pg/mL L-alanine; B: The growth
curves of LG103 were supplemented with 200, 300, 400, 500, 1 000, 2 000 pg/mL L-alanine.

=3 TEL-ASERAMEN LG103 FEE KIS TESHELE

Table 3  Aerobic growth parameters of LG103 under different L-alanine supplementation

L-TN 2 BR N

L-alanine supplementation

240 M 7 484 1 ]
Cell doubling time

FOAE R

Specific growth rate

FHRS A R

Relative growth rate

240 0 44 98 3 R[] U1 5 e

Regression equation of cell

(ng/mL) (min) (b (b propagation rate”
0 192.74 0.31 0.22 y=0.31x—4.76
20 170.31 0.35 0.24 y=0.35x-3.25
50 150.75 0.40 0.28 y=0.40x-3.16
100 78.23 0.77 0.53 y=0.77x-5.48
125 77.32 0.78 0.54 y=0.78x—5.55
150 73.66 0.81 0.56 y=0.81x-5.76
175 72.81 0.82 0.57 y=0.82x-5.85
200 71.68 0.84 0.58 y=0.84x-5.82
300 72.52 0.83 0.57 y=0.83x-5.82
400 72.60 0.83 0.57 y=0.83x-5.80
500 74.32 0.81 0.56 y=0.81x-5.72
1 000 76.14 0.79 0.55 y=0.79x-5.92
2000 84.01 0.71 0.50 y=0.71x-5.84

o ANETEBCE KB B S R ) T FE 5 y: loga ODeoos X: HiFRINIH] .

*: The equation was calculated in the exponential aerobic growth phase, y: log2 ODsoo; X: Incubation time.

PEAT R BEAE, KRR AR LG103 FERLLL A ™k INERR, Wbk LG103 f4F A5 AE 115 2 K
AT A B IG FE R AR B AR ) L-FLIR A
PR RS o 38 2o 75 B R R — AN L-

HIPR I (B 5), HH AR K ORI 21 H &R TR R )
81.25% (3 4),
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—o—LGI101
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B 5 REHELG103 7£ 5 L L EHE B9 £ KHFIE
LG103**: LG103 A BrBLAMIN T 15 g L-IN& R
Figure 5 Growth property of mutant in 5 L
fermenter. LG103**: The growth stage of LG103
was supplemented with 15 g L-alanine.

R4 RERFEEKBFESHER

Table 4 Comparison of the mutants’ growth
parameters
3 MEREES  PCAEAH ARG AN A R
Strain Hffa] k23 A 1)y
Cell Specific Relative Regression
doubling growth  growth  equation of cell
time (min) rate (h') rate (h"') propagation
rate”
LG101 62.73 0.96 0.66 y=0.96x-2.03
LG103  285.71 0.21 0.15 y=0.21x-1.89
LG103™  76.90 0.78 0.54 y=0.78x-1.96

*: y: logaODeoo, X: HFFRHF[Al; ™. BHk LG103 K Fr

BAMmMT 15 g L-IN 4R
*:y: loga ODeoo, X: Incubation time; **: The growth stage of
LG103 was supplemented with 15 g L-alanine.

HE— X FE R LG103 & B AR 77 L-FLER Ak
PIYEREIE T b, SSRIL BT £ 5. HHER™
Y1 L-FLER A B F R Ab 2R 2 2R i 7K
A TFAMEAMI L-T 24 R R A o8 Wk &2 R AR K
WA, AT T L-FLRA SR, L, 7E
FLIR AR P F R R I L-IN R A T A
Al LLGE T - AR T R E,
1T 552 300 240 i 185 5 4 B ol 6 1) A s ol .

AN, Tl o 2R AE Bk LG103 76 H & e i Hh 1
L-TN &R L R AU 012 g/L, & & wikk
(0.92 g/L)J#/V T 86.96%, iF—HUi W] L-TH % R
B Ay 200 Jf 1 5 428 o 1 7 R R O R A s, Rk
— 4R Tt T S 3L IR PR Y A2 W) 2 T ROR 1Y AT
ik

x5 RTLHRABEMRERIELR

Table 5 Comparison of fermentation performance
by mutants

Item LG101 LG103f
L-FLIR )" A 129.86+1.50 131.17+0.50
L-lactate titer (g/L)
L-FLER A = %

L-lactate volumetric
productivity® (g/(L-h))
FRAEC I B L-FLERAE - 4 b

Oxygen-limited volumetric

4.69+0.20 4.24+0.50

7.18+0.10 6.30+£0.15
L-lactate productivity®
(g/(L-h))

PRAU B L-FLIR b Az 77 3R ©
Oxygen-limited specific

0.82+0.01 0.59+0.05
L-lactate productivity®
(g/(g-h))

PR SR B 2 W L TR AR A ¢
Oxygen-limited specific

0.82+0.00 0.60+0.10
glucose consumption?
(g/(L-h))

FRAAURTBE L-FLIREE AL ©

Oxygen-limited L-lactate

98.54+0.20  98.95+0.06
yield® (g/100 g glucose)

a0 B RBENT B L-FLIR- I AR 7 A e R B
L-FLERF I A 7 g o0 BRAM BT L-FLIR LA™
AR 4 PR BRI A LI RE R o R
Beiy -5 T bk LG103 AR BrBeAbin 15 g
L-NZ R .

3 Average volumetric productivity for L-lactate during the
b.

overall fermentation process; Average volumetric

productivity for L-lactate during the oxygen-limited phase; ©:

lactate
d.

Average  specific productivity  during the

oxygen-limited phase; Average specific glucose
consumption rate during the oxygen-limited phase; ¢
Average L-lactate yield during the oxygen-limited phase; :
The growth stage of LG103 was supplemented with 15 g

L-alanine.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



AR A | KT LG101 AW Al L- A S RRFAE S A D 4 b B R 429 s AT 7

24 BEEEEHNATUFA L-RARRE
P& BIRE ST HI 4 RV 1L5E

WKFAERE TR AMEAN T —E R LN
MR AT AR R AR B MR &2 T AR LG103 A 47 4838
B, (B R RE T8 KA 5 AR BRI A K BB e
M, 2 s s AL BRI A S8 A8 p
LG103 WA KB ENE . a2 hsr
JEHIHY avtA SafE A B4E DA pHC18 Hhiffi{b
AGABRR LG103 H, 3/155% 16 ¥ LG103/pAVTa,
WAL FTE 5 L AR b B 4 UG Al A ik 5 5
WERRHRIC R, RISk T HA K B hE
J1(El 6A). #— 15 B Bk pHC18 Ji AT 1 &2 il
VL U, T LB IR AR A Bl
5 1 T AR 10 1 2 0 BT 5 1 240 4% (181 6B)
3 Wik

AW RGEfENT T RGFFE LG101 -7
GAPR A W6 WA A e FLAE 40 M 3 A 428 v i 4R
Mo Xt L-N 2 R G A G LR avtA | alaA
1l alaC BIMNBR , RT3 BRIV, 8N
BRANFE | A% (IR B R T g S i — 2 B Uk TR
L-PN 2R A 0 6 LS AR ) IR 20 3 A28 e 4 R 2 D
BB S A AT T A R . X — R T
VERFAE 5 22 2L R S A ol B AP 1 v 1545 58
51k

A AR s, RIhFw K-12
A AlaA/AlaC Fil AvtA 25 L-TH 228 55 2 i 12,
43038 3 e A SR L HT AR T B R A AL -T2
BRI A G R, LA A AR I 53 301 ol 4 2 TR
MR . A5 A, R4k LG101A 1
LG102 (A ME3EFEFRE 5 R AR C I B 22 5%,
FHAH MR LGIOIA Fl LG102 it fF—4 L-N
GATR 5 B AR B AT ARAG Tl fe A A 5 i 5 1Y)
L-INZR . L- N AR AW & 1L 2 S50 B 1 b
Wit 2248 0k LG103, WIFRIBMALR) LT R

989
& / 1 1 J
0 2 4 6 8
Time (h)
B 30 !
. #

3

5
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Time (h)

El6 ZRTHELG103/pAVTa £ 5 L AEEfEh 4
WHHE  A: RSk LG103/pAVTa il & itk
LG101 (K ihgk; B: AW LG103/pAVTa LU
A1) T A AR 22 8 (ODsoo fHL) 7 728 T 5 4 A4 2R K
25 1.5 M 10: 7E R R R FE(ODgoo fE)IBFIZ 1,
5 F1 10 B A B B SRR

Figure 6 Growth property of mutant in 5 L
fermenter. A: Growth curves of LG103/pAVTa and
LG101; B: With different ODgop values as the
starting points for adjusting the culture temperature,
the growth curves of LG103/pAVTa were obtained;
1, 5 and 10: adjust the culture temperature when the

accumulation of bacteria (ODggo value) reaches
about 1, 5 and 10.

BRI TR, IF HIL AR 58 5 SN
(4 L-PA R R S BRI R RO IE A GG &, it
— BRI S R AR - AR, AT LA
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