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Advance in L-malate production based on
metabolic engineering strategies
ZHOU Li,CUI Wen—jing, LIU Zhong—mei,ZHOU Zhe—min"

(The Key Laboratory of Industrial Biotechnology of the Ministry of Education, School of Biotechnology,
Jiangnan University, Wuxi 214122, China)

Abstract:L-Malate was widely used in food, pharmaceutical and chemical industries. It was industrially produced
using chemical or enzymatic method with petroleum derived resource as substrate. With reduction in oil
resources, interest in the production of L—malate by microbial fermentation had been renewed. In recent years,
metabolic engineering strategies have been applied to achieve L-malate production in Escherichia coli and
yeasts etc.,which showed certain application prospect. Meanwhile,L—-malate synthesis by constructing metabolic
pathways in vitro with synthetic metabolic engineering had high theoretical value. This paper summarized
metabolic routes for L-malate synthesis in microorganisms. Thereafter , metabolic engineering strategies for
L—-malate production including enhancement of L-malate synthesis pathway,deletion of byproduct accumulation
routes and improvement of redox—power regeneration were reviewed to systemically explain the progress in
metabolic mechanism of L-malate. Finally, further research areas in metabolically engineered L —malate
production were proposed.
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Fig.1 Key enzymatic reactions for L-malate production in
microorganisms using glucose as carbon source
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Fig.2 Summary of several possible pathways for
L-malate synthesis
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Table 1  Comparison of L-malate production properties
. ) . L RYSE—R /FI; Y= e ~r FEE R ‘
EU SRR N N1 7 S A A S =T <
g/l (mol/mol) (g/Leh)
In vivo
E. coli WGS-10 . Mineral salts, 20g/L glucose,
(p104ManPck) praz:Kn (p104ManPelo NaOH, aerobic, batch, 37°C 93 0-36 0.74 (1]
Mineral salts, 100g/L
. AldhA , AackA , AadhE, glucose, K,CO:+KOH,
E. coli KJOT1 AfocA , ApflB, AmgsA aerobic—anaerobic, batch, 69.1 44 048 [17]
37C
31(?;2 ’AA(Mki ,ﬁadhg, Mineral salts, 50g/L glucose,
E. coli X7658 P2 MBS LpoxDs K,CO+KOH, aerobic— 34 1.42 0.47¢ [16]
AfrdBC, AsfcA ; AmaeB, anaerobic. batch, 37C
AfumB. AfumA C anaerobic, batch,
ﬂagkjjzpa?hglf(}l}lhé éhjz i Mineral salts, 50g/L glucose,
E. coli 2040 ~ P/PPaYs AOMBLAYHPISGEGYs e 00 4 KOH, aerobic— 14 0.40 0.47¢ [18]
SumB::dif, fumC::dif, maeB:: serobic. batch, 37°C
dif—pNmdh anaerobic, batch,
leu2. ura3. ade2 . his3 Complex medium; glucose or
S. cerevisiae et (’ lgALLMIe)P,I) ® galactose, CaCOs, aerobic, 11.8 0.13 0.38 [19]
P batch, 30°C
MATa, pdcl (=6, -2) ::loxP,
S, cerevisi pde5(=6,-2) :loxP, pdc6 (-6, Mineral salts, 188¢/L
- cerevisiae =2) sloxPy mutx ura3-52 trp1:: glucose, CaCOs; aerobic, 59 0.42 0.19 [20]
RWB525 Kanlox (pRS2MDH3ASKL batch, 30°C
YEplacl12SpMAED
Mineral salts, 18g/L glucose,
B. subtilis AamyE:: (P43::cgl-Spe? » 4.5¢/L pyruvate, Na,COs, 21 016 0.03 [21]
BSUPML P43::mdh—Emr, Aldh::kanr; microaerobic—anaerobic, fed— : ’ ’
batch, 37°C
Aura3 Aarg8 (pY26- Mineral salts, 60g/L glucose,
T.G-PMS RoPYC+RoMDH, pY2X-  3g/L sodium acetate, CaCOs, 8.5 0.19 0.18 [30]
SpMAED aerobic, batch, 30°C
In vitro
e 9¢/L. Pyruvic acid, D—
HCO;" fixation d‘““’ G-6-PDH, ME glucose—6-phosphate, 5.1 0.38 0.21 [22]
pyrivie act KHCO;, NAD", 30°C
. Glucose feeding rate of
Glucose conversion  GK, PGI, PFK, FBA, TIM, 0.01 mol/ml *min» NADP", 035 06 0.09 [24]

to malate

ENO, PK, iPGM, GAPN, ME

NaHCOs, CO,, 50°C

VE : aliff : 6T I 81 25 4 It U (G—-6-PDHD , 3£ SR (ME) , 31 25 # B g (GK) , 61 112 81 75 ¥ 5 4 i (PGD) , 6T 1R 1R W Wk il
(PFK) , W 1R M 19 45 Wl (FBAD , 16 R 7 B S MY CTIVD) , 0465 1 il CENOD , T T R S T (PO , 4 G £ 3 28 Al 1 H a1 A2 A7 7
GPGMD , I B8 A 3— B P H ol 78 Mt Ut (G APIND 5 bk T 1 26 W 90 R 2 P 3 SRR A 2R 5 g s e e v 35 1 JER ) 50 o o P o SR

Fetb s dPRABT BB 95
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S J5 T NAD P 98 FE T A A0 S 17, 85 38 A4S I Y
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2H,0) 1T TkMEIES H A7 H AL Py I R IE S A B Rl ™
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SN, B L R, d 2814 B B L 2R
P 1) JBE R A9 22 1] 34 £ 60 % , $5¢ i 1] A il 2.6mmol /L
L—SPE M o IX PR AIN G B IR 7 V2388 T % SI R 3%
R 43 ek R, T 6 3 e AR I RS D SR A I
MO FR, 23R T B AR A RN )G RO AR, T
fi i, W] SRAFTE Al =4, W] IF -t by SO T A A AR
VSR AR REAT L3¢ LR & e b Ak T4 o RN, 1% v
M AF T 7 ) A i B ALK T 2 BRI AN T8¢ g 45 1)
R, BT IS AN L= SRR IR RS A2

Stols 25K WL, FETLLLE. coli (Apfl, AldhA) 7, 75
WAL LANAD A Sl 1392 BRI (maeAD , W 42 153
R TR R E . Kwon25EPI7EE. coli
K12 B8 £ th, 3o 22 05 LANADP* A ifi 1l 1) 39 2L 1R il
(maeB) , 0] $i2 i CAAET 7™ 4 JU H 2 BE T IR 11 & i
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