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Bottlenecks and modification strategies of 1,3-propanediol
biosynthesis from glycerol

Miaomiao Yang", Junhua Yun’, Huanhuan Zhang, Guoyan Zhang, Hossain Zabed,
and Xianghui Qi

School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, Jiangsu, China

Abstract: Crude glycerol is the main by-product of biodiesel production. A few microorganisms can transfer crude glycerol to
1,3-propanediol (1,3-PD) that is an important chemical material. There exist many limitations such as substrate inhibition, product
inhibition when wild strains are used in 1,3-PD biosynthesis. In this review, based on the microbial transformation of 1,3-propanediol
from glycerol and its limitations, some strategies using genetic engineering such as knockout or gene overexpression were summarized.
The latest research progresses in biosynthesis of 1,3-propanediol from glycerol by genetically engineered strains are discussed.
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Fig. 1 Metabolic pathways of glycerol catabolism!?®!.
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4.3 5Z 8 CoA & [FHH XY £ E &Lk

NERRR IS G, B T — 3R 43 Ui 1) A L R Al
PHARR , A KT A LBE CoA, 2Tt CoA &
P9 R A e e e A E B R 7, A R
Al ZJEER T E 2R B, e
R, CEEFT FR5F . X EefCiy el 2 sl 8% 4
AR EAMEIEN, By 1,3-PD A& AT
Wbl A FRE, IR 2 R I R R
PR 7 % ) Fa R R TR e LA il /D 3 S ) 7 0 1) 7
BT T8I R .

SRS A A K AR T 2 —. L
Mt CoA I HIrh, 2 B X 20 T A 2k f i o
I, R B B A% 1 BEL DT 2 35 DR 17 M0 1) de
FEA H R, Lin 2584 T K. pneumoniae 12
TR B 253 48 A G B A 4 i 2L R poxB . pta
Fl ackA, X L HE K 43551 e L DN R A AL T . TR
5 O TRACBE AN C R U, I Bt 5 5 DR ke 2R TR i Xo)
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AR 1,3-PD A= Hsgm . St & AR
1,3-PD My &= ik5) 76.8 g/L, SHIF A B
B AR R T 15%. X SERE R A Rk Ok
WRFEAR T BRI A B, 5 Z kit TCA 4
R, MAnT AR, W& T 1,3-PD
(e, LB 1,3-PD B MM 7 —Fh E 2,
LTt CoATE LT i AR (Fh aldH 3[R i) ik
MO ZJEHE LA (fh adhE 3 H 4

FEH L A2 R A= /9 NADH,  [RHiF 273
[Fi] ik BEL 7 L R A 2 1 - i A2 ok £ 75 1,3-PD 7™
1. Chen % LR AT A Red TAH AR K. pneumonia
HEATERE , 3645 K. pneumonia 2-1 AldhA K. pneumonia
2-1 AaldH #1 K. pneumonia 2-1 AldhA AaldH %48
Mo it RS R, DI 3 MREAH W™
Y FE 5 I A TR AR A L S & FE AR, 1,3-PD A9 i
B & 85.7, 82,5, 87.5g/L, MiJFIA kL

) LT, CBREROEE., X—RWEEN &2 788g/L.

*1 TREREIEEHKRE 1,3-PD 1HRLER
Table 1 Comparison of 1,3-PD production using various mutants by genetic engineering

Strains Fermentation titer (g/L) Yield (g/g) Productivity g/(L-h) Reference

1. Gene knockout
K. pneumoniae J2B AldhA Batch 58.0 0.35 1.30 [1]
K. pneumoniae KG5 ApoxB Apta AackA Fed-batch 76.8 0.54 256 [54]
K. pneumoniae 2-1 AldhA Aald Fed-batch 87.5 0.70 3.60 [55]
C. werkmanii DSM17579 AdhaD Batch 97.6 0.50 4.07 [48]
2. Gene overexpression
K. pneumoniae KG1 dhaT overexpressed Fed-batch  55.8 0.50 2.23 [12]
K. pneumoniae ME-308 yghD from

Fed-batch  67.6 0.513 1.69 [41]
E. coli overexpressed
K. pneumoniae DSM 2026 puuC overexpressed Fed-batch 16.8 0.42 - [44]
3. Coenzyme regeneration
K. pneumoniae fdh overexpressed Batch 78.6 = 1.33 [42]
R 2 AEFAZEBE K pneumoniae iR xR R B 5
Table 2 Comparison of properties of engineered key enzymes from K. pneumoniae in 1,3-PD production
Enzyme Methods Activity (U/mg) K, (mmol/L) Vna (U/mg)  Enhanced fold  Reference
GDHt KpG525 Rational design 125.00 0.60 270.00 1.45 [32]
GDHt KpG60 Rational design 90.00 0.70 140.00 1.05 [32]
GDHt Q42F Error'?mne PCR and_ 2500.00 2.61 - 8.30 [31]

saturation-mutagenesis

1,3-PDOR-D41G  Rational design 277.35 0.48 303.03 1.56 [56]
1,3-PDOR’-24 Error-prone PCR 48.00 - - 4.90 [57]

http://journals.im.ac.cn/cjbcn
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5 E#

I AR Py St ) @ L H I 1 7 1,3-PD Y
WA A A T RREE R R I S, SRR TR A
PR 1) % J AT A 3R 1,3-PD AE 7 i R FR
HREILH TREME DRGSR LM, AR W
MIRIFGE R AT 5. B 5, AR 25k R A b 3R AR 1
B TR OGS S O I TR B, nl ik — 2B i
PAH P A, Hok, R B R Al
FART LA BI85 BB WUE PIRAHE R B Y . ek,
GhAy— S fp 2154 ARTP #5745 | genome shuffling
FEMHEAR, AT DR A B b i TR AR T A7 1
M HE R 1,3-PD ()7 i, FRUCR A 2 |
T m 2 PR ) 5 3224 1,3-PD K B A2 H ) 56
BT OGS LA, TR g AL TE M TR
F . JiAh, BATNEBE T EAT, il iEs:
T Bl 2 1 2 i TR AVRRG ) 0 7 D 6 A= 7 T R 1Y)
M, R 1,3-T0 R TR,
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