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Abstract: Propionic acid as an important C3 platform chemical has been widely used in food,
pharmaceutical, and chemical fields. The chemical synthesis of propionic acid from petroleum
and other chemical products has serious environmental pollution and is not sustainable. In
recent years, the production of propionic acid by microbial transformation of renewable
resources has received extensive attention. Focusing on the biomanufacturing of propionic acid,
this paper firstly reviews the studies about the metabolic engineering of Propionibacterium and
the pathway reconstruction in heterogeneous hosts such as Escherichia coli and Saccharomyces
cerevisiae. Secondly, this paper reviews the recent progress in the synthesis of high-purity
propionic acid from L-threonine or bio-based 1,2-propanediol by the design and modification of

the pathway of Pseudomonas putida KT2440 based on synthetic biology.
Keywords: propionic acid; metabolic engineering; L-threonine; biomanufacturing
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Figure 1 Schematic diagram of the synthesis of propionic acid through the Wood-Werkman cycle pathway. 1:
Methylmalonyl-CoA carboxyltransferase; 2: Pyruvate carboxylase; 3: Malate dehydrogenase; 4: Fumarase; 5:
Succinate dehydrogenase; 6: Propionyl-CoA:succinate CoA transferase; 7: Methylmalonyl-CoA mutase; &:
Methylmalonyl-CoA epimerase; 9: Pyruvate dehydrogenase; 10: Phosphotransacetylase. PEP: Phosphoenolpyruvate.
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Table 1 Summary of propionate production by propionibacteria in anaerobic fermentation processes
Strain Genotype Process Substrate  Titer Yield Productivity Purity  References
@l (g8 (L) (%)

Propionibacterium Wild type Fed-batch Glycerol 2260 045 0.03 96.0  [15]
acidipropionici
Propionibacterium Wild type Fed-batch Glucose 16.00 0.22 0.02 90.0 [16]
acidipropionici
Propionibacterium Deletion of ack ~ Batch® Glycerol 106.00 0.53 0.04 86.0 [17]
acidipropionici
Propionibacterium Wild type Batch Lactate 15.10 044 0.12 73.0 [8]
acidipropionici
Propionibacterium Wild type Co-fermentation Glycerol+ 29.20 0.57 0.15 91.6 [18]
acidipropionici Glucose
Propionibacterium Wild type Fermentation  Glucose 53.10 0.53 0.32 63.6 [19]
acidipropionici
Propionibacterium Wild type Sequential Glycerol 2730 0.63 142 80.0 [20]
acidipropionici batch
Propionibacterium Wild type Fed-batch Cornstover 64.70 0.50 0.77 70.0 [21]
acidipropionici hydrolysate
Propionibacterium Wild type Sequential Soy 33.00 042 0.81 63.5 [22]
acidipropionici batch molasses
Propionibacterium Wild type Fed-batch® Glucose 67.00 043 0.14 78.0 [23]
freudenrei chii
Propionibacterium Wild type Fed-batch® Cane 92.00 046 0.36 80.0 [24]
freudenreichii molasses
Propionibacterium Overexpression ~ Fed-batch® Glycerol 39.50 N/A  0.18 N/A [25]
jensenii ATCC 4868 of gldA
Propionibacterium Overexpression ~ Batch Glycerol 35.00 0.62 041 N/A [26]
freudenreichii of CoA transferase
Propionibacterium Overexpression  Batch Glucose 20.00 0.51 0.15 N/A [27]
freudenreichii of ppc
Propionibacterium Wild type Continuous Glycerol 1390 0.57 0.77 N/A [28]
acidipropionici
NRRL B-3569
Propionibacterium Wild type Batch Glucose 21.80 031 0.57 N/A [29]
freudenreichii C.I.P. 59.32
Propionibacterium Wild type Batch Sorghum 22.00 045 0.17 N/A [30]
freudenreichii DSM 4902 bagasse

hydrolysate

2. Fed-batch fermentation in fibrous-bed bioreactor; *: Fed-batch fermentation by engineered strain with an oxidoreduction

potential-shift control strategy. N/A: The data could not be obtained from the reference.
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Table 2 Summary of propionic acid production by metabolic engineered strains

Strain Genotype Substrate Titer Molar References
(g/L) yield (%)
Escherichia coli BW25113-AldhA, Py.::sbm, AgldA4dhaKAptsl Glycerol 11.00  50.0 [13]
E. coli MG1655seq”/pBRPBAD and RBS-optimized version of the ~ Glucose 0.62 - [41]
Wood-Werkman cycle

E. coli MG1655-AldhA ApfIB Aptsl P,.-galP-pckaAducBAducC Glucose 495 49.0 [42]

E. coli BW25113-AldhA, Py.::sbmAsdhdiclR Glucose 30.90 49.7 [43]
Saccharomyces  Ppyki::Pocrio, Y22-tdeB-kivD-aldH, YCplac33, Glucose 1.05 - [44]
cerevisiae Ppgk1-ThrA-Tcyct, Papui-ThrB-Trpsz, Prpu3-ThrC-Tapni,

Ppgki-HOM3-Tcyci, Papmi-PPC-Tres2, Prou3z-aSpC-Tapni
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Figure 2 Construction of propionic acid synthesis pathway in Escherichia coli based on sbm operon.
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= 8 AR

Mu 255715 3o oAt 2 SR B A KT2440 1)
L- B AR fRmE, AL LR EARE
BUNTR ; e R R Ak KT2440 1, &
0 e A A S AR A A ) R LT AR R A R L-5
RIRTESAEE, B AL LR R B &R
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e TR K AT R IE Y L- 5 2L R T I
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EAFTERLM I, 76 AR5 B A B I o ) e
T R, A E R PS06 B UL L- IR R IR A
B R R BE N TR SR, (P T AR I AR 1T 6 NG

*3 HEREMNEEEIXNRBREVELEHHIAR

Table 3 Summary of propionic acid production by engineered Pseudomonas strains via transformation

Strain Genotype Substrate Titer Molar yield Productivity References
(gL) (%) (g/(L-h))
Pseudomonas  AprpC, AltaE::P,-tdcBC, AltaE, L-threonine 50.3 99.8 0.60 [56]
putida PS10 AbkdR::P119-bkd, AltaE::Plac-ilvA,
Alacl::P,-HiYCiA, AprpE
P. putidaPS34 PS10AtesBApp_4975Alacl::P,.-kivD; L-threonine 62.0 >98.0 1.07 [57]
PUCP18-kiv>D-RBS25
P. putida PS10-A3458A2213A4487A4702 1,2-propanediol ~ 46.5  >99.0 1.55 [58]
TVG02 A5331A4975AvdIDA3807A 1466
AtesBAtesAA1218A2308ApaaY
Apaal A1980A2050A0262A4180-4181
A4105A0254A0301ALacT::Pgap-KPpdu
P. putida EM42 AprpC:AprpE Levulinic acid 26.8 83.0 0.30 [59]

PPROBE LvaR/Pj.a YCiA ygfH
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CoA
"N tdcElpfl CoA
N\ bkdAA, bkdAB,
|Propionyl-CoA| +| Formate | / bkdB, IpdV
Pi NADH
pta Y
CoA |Propionyl-CoA|+| CO, |
IPropionyl phosphate|
ADP — / Thioesterase
tdcDl/ackA
ATP ] CoA:
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Figure 3 The differences of L-threonine degradation
pathways in Escherichia coli and Pseudomonas
putida.
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JIE SR SEAE I, P AFLERFLER A SR IR 1Y) 2
SRR EE, SCELT 2-FR TR A R
M TR R AT LE 24 h 4L 600 mmol/L
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SRR ANSE SR, LA KTE K AT B S 0 3 2 T T
SSRGS I R, e T 20 8 AN AU
XN HLA AR TT , TE 0 TR RER T
BRI KT2440 B3R A ALRE ST, FFFUIESE
T e R R A B A A e R,
32 12-AEBELEEAEEGHRARMIER
wit5iMmi

HIRFIH LR @R LA B P B R H
BLTE, (HiZBR MBS AR 8k, L9k
RIRGT 2 NESMI AR N I, TNERAY
FIEIFRA N 0.62 g/gP. BT L- &R =24,
1,2-P9 ZFE 2 —F FR A 1 R S 2 o 3 T
G AR =R B AR, N 1,2-T8 S 5|

http://journals.im.ac.cn/cjben
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Figure 4 Schematic diagram of the synthesis of propionic acid via biotransformation route.
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