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Abstract: 1,3-propanediol (1,3-PDO) is an important diol with wide applications in the
pharmaceutical, food, and cosmetics industries. In addition, 1,3-PDO serves as a crucial
monomer in the synthesis of polytrimethylene terephthalate, an important synthetic fiber
material. Microbial conversion of renewable resources such as glucose into 1,3-PDO has been
industrialized due to its environmentally friendly, energy-efficient, safe, and sustainable
characteristics. It serves as a successful case in the design and application of microbial cell
factories for biochemicals. However, concerns such as food scarcity and climate change are
driving the exploration of non-food, low-cost, and sustainable alternatives as biomanufacturing
feedstocks. The biosynthesis of 1,3-PDO from the C3 feedstock glycerol by microorganisms has
been well studied. In recent years, increasing attention has been paid to the synthesis of
1,3-PDO from C1 feedstocks such as methanol, which has higher energy density than glucose
and glycerol. Several new artificial biosynthetic pathways have been proposed and validated,
laying a foundation for the sustainable bioproduction of 1,3-PDO. This article reviews the
feedstock transition from C6 to C3 and C1 carbon sources for the microbial synthesis of
1,3-PDO and discusses the strategies for reprogramming metabolic pathway to enhance
1,3-PDO biosynthesis from different feedstocks. Finally, the development prospects of 1,3-PDO
bioproduction from C1 feedstocks are forecasted.

Keywords: 1,3-propanediol; renewable feedstock; glucose; glycerol; methanol
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Figure 1
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C6, C3, and Cl1 feedstocks and their advantages and disadvantages for 1,3-PDO synthesis.

PASIAH & i RBRIET R 1,3-PDO
A R R s FR A G (Klebsiella pneumoniae)
(1 dha #2907, PAGIA 1,3-PDO & il ; i
I 8 1% M 152 2 Y 1 R (phosphoenolpyruvate, PEP)
A (1% 7] %60 1 s R % 7% 1 3% 4t (PEP-dependent
glucose phosphotransferase system, PTS), [
Ik PTS Hi% iz R4, W PEP (iHFE, T
I I - 3 - R AU, el RN R R
(tricarboxylic acid, TCA)EMMIBRACHITE, ik
I S Z A Sy i e B TR AR R
W LA A R A =ik 135.0 g/L 1Y 1,3-PDO,
AL HN 0.51 g/g HiAME, X o2 H AT IE 1)
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MAT KHBA| __, Malate-derived pathway
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2,4-DHB 4, Malonyl-CoA dependent pathway
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KHB =

semialdehyde
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Figure 2 The main metabolic pathways for synthesizing 1,3-PDO from C6, C3, and C1 feedstocks. DHAP,
dihydroxyacetone phosphate; GAP, glyceraldehyde-3-phosphate; Ac-CoA, acetyl-coenzyme A; Asp, Aspartate;

B-Ala, p-alanine; OAA, oxaloacetate;

MAT, malate;

2,4-DHB, 2,4-dihydroxybutyrate; 3-HPA,

3-hydroxypropionaldehyde; 3-HP, 3-hydroxypropionate; KHB, 2-keto-4-hydroxybutyrate; MeOH, methanol;
EtOH, ethanol; 1,3-PDO, 1,3-propanediol; GPD, glycerol 3-phosphate dehydrogenase; GPP, glycerol-3-phosphate
phosphatase; MCR, malonyl-CoA reductase; KDC, branched-chain alpha-keto acid decarboxylase; GDHYt,
glycerol dehydratase; YdfG, 3-hydroxy acid dehydrogenase; ADH, alcohol dehydrogenase; MDH,
NAD-dependent methanol dehydrogenase; DERA, deoxyribose-5-phosphate aldolase; KHBA, 2-keto-4-
hydroxybutyrate aldolase; YqhD, NADPH-dependent alcohol dehydrogenase; PDOR, 1,3-propanediol
oxidoreductase; GDH, glutamate dehydrogenase; PDC, pyruvate decarboxylase.
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#1 C6FEREM 1,3-PDO IR TR
Table I Representative studies on the synthesis of 1,3-PDO from C6 feedstocks

Feedstock  Strain

Main engineering strategy Titer Yield Productivity References

Glucose Escherichiacoli ~ Expression of gpdl, gpp2, dha 135.0 g/L 0.51 g/g 3.5 g/(L-h) [9]
operon, yghD, galP, and glk; AglpK, glucose
AgldA, AptsHI, Acrr, Aedd-eda,
AmgsA, Apta-ackA, Andh, AarcA,
downregulation of gapA
Glucose Corynebacterium  Expression of pduCEDGH, yghD, 110.4 g/L 0.42 g/g 2.3 g/(L-h) [14]
glutamicum gpdl, gpp2; AldhA::hdpA-gldA, glucose
ApoxB::hdpA-gldA, Aamn:: pntAB,
Apyk, AaldA, AadhA, Appc, Azwf;
downregulation of gapA
Glucose Klebsiella Expression of gdpl, gpp2, glf, dhaB, 61.9 g/L 0.54 g/g 0.9 g/(L-h) [7]
pneumoniae gdrAB, dhaT; AptsG, AglpF, AldhA, glucose
AadhE, AfrdA, ApflB, Aedd-eda,
AmgsA, Apta-ackA, ApoxB, Amdh,
Andh, AbudB; glItAg sk, |PAAE3246
Glucose Escherichia coli Expression of serCryrw/r77w» PAC, 3.0 g/L 19.30 mg/g 48.9 mg/(L-h) [17]
yghD, metL, lysC; AthrB glucose
Glucose Escherichiacoli ~ Expression of ppCieos, 1dviosc, 7.6 mg/L 0.38 mg/g 0.3 mg/(L-h) [6]
kdcAy611, YghD glucose
Glucose Escherichia coli Expression of prpE, pduP and yghD 8.0 g/  0.10 g/g 0.2 g/(L-h) [19]
glucose
Glucose Escherichia coli Expression of bpanD, banA, ydfG, 11.2g/L - 0.1 g/(L-h) [20]

gltA, pduP, yghD, ppc; AlysC

—: Not available.

¥ B (Lactobacillus brevis) Fl 8 [G ¥7 45 82 #F i
(Citrobacter freundii)Zs>*2" H il 3 Z e R &
o fORE S A5 1 T Tl I A iR 72 4% 46 R 1,3-PDO.
AR RS S, TR - T
T -3 - T IO i 2k A e A - R TN
i BB s 1 9 Ak DHAP, SRJ5 2E A H Ok
R, A K $2 4t NADH 1 ATP 45fg it
H—rm Aok O LR . 2,3-T A
PR o BRI AY S, HOME SEAE VB KA
I B K B AL TS A2 3-HPA, SR )5 i i
1,3-PDO % b3k i ) A A2 B 1,3-PDO, [R] i
THFER AL/ S48 1) NADH (& 2).

H A A SR AR KR R4 SR AR SR AEA
JE T, R A P B SR A D e T
DRI AR TR A DA H I A IR 2E 7™ 1,3-PDO b8k
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SRR R R e AR R g a1
AR R A LGS AR B 58 1,3-PDO &
SR AR, $R 5 1,3-PDO LR 1232,
SR, R = 0 T8 B S 55 01 i b i SR AR
JE VA B U R A i, — R Y AR
DR S RS R P g, H A
TR A AR = A R Y F, AR
PR 5P A DU IR A4 7™ 1,3-PDO [
BLEWE . Wang ZEPLR AN 7 TR RN, @
i1 K. pneumoniae 5| A iz 3l & B 5 B
(Zymomonas mobilis)f*) Entner-Doudoroff i&4%
Ifah FaR P ML E AL R A, WM T
NADH 14 258, HEHREMMAN NADH/NAD 4%
XTHEBR RS 5 T 92.8%, ZHEAKATEE™ 78.7 g/L
1,3-PDO #l 32.1 g/L 2,3-T [, —EA3EN
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0.78 mol/mol T, Zhou %W iz Al Ak IR 26 ity
I (Pseudomonas denitrificans)™ 4k 1% NADH Jiii
AR, TN SRR, RTE LR
B4R IR BRWT 3-HP A& B, 38 1 fe A Ak H i s
PR AR PRI o, S/ M 1) AR R AR I R
L, $25 1,3-PDO #fb, AT HI A
E=P AR, Xin Z08HHE HmmE
SR Bt D B BT ) B At g B B AR A AR
CEAE IR AN L BRSTAE | SR T
AYIMBER T TEREG, W8T
B 1,3-PDO FGAA4 7L B A0 7= g v 35 1A QT
(Klebsiella oxytoca), #4 T s fhig 2 b 44k 43
RS A LR , [RIE 4 NADH H
TR R 5 3R T Y 1,3-PDO A . b
B HE AR, ZERATE™ 76.2 g/L 1,3-PDO
1119 gL p-AMR, BN 0.95 mol/mol
i, BAEENETF25 R, Wang %0

Fz2 C3IEREK1,3-PDO WK F AR
Table 2

TE K. pneumoniae H i Bk L B i il . £ e &
B, AESRIRIE TR gD AL 1dhA, adhE il
frdA, ZJE5| ARFEET R (polyhydroxybutyrate,
PHB)) & &2, # L ME-CoA 51 A PHB A A&
rrp AL IR A T 91.2 g/L 1,3-PDO
F12.6 g/L PHB. & ik & B & — RO 24 i mi sk 2k
iR, SiRA SRR Y . YT
BOREBEIP, RF R BESCR MR, RS ]
PABEAR A EN ATV YL KBS o T3, Chen 2607
IR DL IRIE IS S MR AT 1,3-PDO (1)
A7, DA 42 g BRTAT Hh O AR T R 2R A
FT 14 (Parageobacillus thermoglucosidasius)ff: A
IEELTA MR, FEXT L EAT el DAV B Rl 4 952
= H I E] 1,3-PDO [l i, 15 3] Y TR R R i
Lal A7 5.9 g/L 1 1,3-PDO, 77%4 031 g/g
v, e 2 T LA R e i — 2 A AR
FH(F 2).

Representative studies on the synthesis of 1,3-PDO from C3 feedstocks

Feedstock Strain

Main engineering strategy Titer

Yield Productivity = References

Glycerol Klebsiella Expression of eda, edd,  78.7 g/L 1,3-PDO Total conversion 2.5 g/(L-h) [35]
pneumoniae dhaT, pgl, 2wf, udh; and 32.1 g/L yield: 0.78 mol/mol
AldhA, AptsG 2,3-butanediol glycerol
Glycerol  Pseudomonas Expression of dhaB, 33.5¢g/L 0.74 g/g glycerol 0.7 g/(L-h) [36]
denitrificans gdrAB, dhaT; A3hpdh,
A3hibdhlV, A3hibdhl,
AaldH13, AnuoA,
Apta-ackA
Glycerol  Klebsiella oxytoca AbudA, AbudB, AadhE,  76.2 g/L 1,3-PDO Total conversion 2.5 g/(L-h) [37]
AackA-pta, Apox, AfrdA  and 111.9 g/L yield: 0.95 mol/mol
D-lactate glycerol
Glycerol Klebsiella Expression of acs; AadhE, 91.2 g/L 1,3-PDO 0.49 g/g glycerol 3.1 g/(L-h) [38]
pneumoniae AldhA, AfrdA, AaceA and 2.6 g/L PHB
Glycerol  Parageobacillus Expression of 59¢g/L 0.31 g/g glycerol 0.1 g/(L-h) [39]
thermoglucosidasius  pduCEDGH; AadhE,
AldhA, ApflB
Crude Clostridium Wild-type 76.2 g/L - 2.3 g/(L-h) [40]
glycerol  butyricum
Crude Klebsiella AldhA 81.1g/L - 3.4 g/(L'h) [33]
glycerol ~ pneumoniae

—: Not available.
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FRBFSE Y, A7 1,3-PDO Y EUREY hk
Hl, SRRS H a0 3R aliid 75 42 40 S BUs AR 18
I, A A S el ) R SR R
R FLS AL B, H ATt A W58 3 DURLH
M JERHEST 1,3-PDO A2 77, Wilkens 2510
Bl — bk AT ZEAH H b h P 2R K 1Y C. butyricum,
% PR DA H ok o R R T AR 7 762 g/L
1,3-PDO, A 7=5REN 2.3 g/(L-h), Oh ZD¥A|
F K. pneumoniae (1) 7L R I Sl Gl B Ak, DURL
H b A SRk R R AT A 81.1 g/L
1,3-PDO, A /=58 K 3.4 g/(L-h) (55 2).

Y L 2 R A R S 28 i I
FLRE, FH T4 1,3-PDO 25 & i J5PE Ak & it
AHEEAEISAE, Har, FREEDH G
(TR ) S T AE 77 1,3-PDO AR 2 LUH N
Bk, BRI, VRS A SRR R,
THANAS 32 Ay 4 il =l g g sh Ak, HRiAH
T A B M A L. JFRB . ARRA
). IEEAE 1,3-PDO A AEARIECRLS R Ak 7
B 5 G TE B SR T 1) o

3 C1 E¥ 4k 1,3-PDO

Wil A a2 b R B R R, iR
FIRARE . ATRRE RN R, [RIEE, AT
IO XA DBl e S AR Ak, 3R ] IE %% 07 S Bk
kg PR AR, FELE R, KR TH
. HBE . COy ZE AR C1 ORI A W i A
A R FHE TR R0 B AR Ak, R Az E T
PSRN R —FRARIE R, BT
ERRELE, RIEEE . MM, R
HER A TUE SAL TR 677 8, IRk,
AR R EREA B COo, InaE ™
HIE Y T 22020 i, FRIE H ™ Rt 2 1
K, B8 8 300 77 v4F, diEBREE 59%1,

&: 010-64807509

R BEE T, &4 1,3-PDO &5k 5k
2 Y B AR R L4801

WF5% & O A F e A T HR R 9% o el i o
RAR LB FRE AT T LU BN R AR 7 £ il
{2 S ) TRER RS, HAT,  DAH R R
A7 1,3-PDO MW 5T T 24 e 3L T E. coli 1)
ANTHILEFRW . Wang ZPLL E. coli MK
R, WIF T AR T EE AL Y R
il % 45 45 IV 9 1,3-PDO & g%, 1o, H
W 2 3k PR R S e 4T FR I, P40t KHB
P AR T ) AL S R 46 58 KHB, J5 & 452
% o-BRTR I R AN 1,3-PDO EALIE I ik 28
Ji 3R A 5 R 7 A i 1,3-PDO (B 2)PY, k4%
Ty lgb s B A A AP RS, 1,3-PDO A
W, (HZ RF R SRR T, T
FEEMAA " T 32.7 mg/L (9 1,3-PDO, HH%E
AR N LS PR AN B R Y . Meng 258
Wt T — 25 T B AL P H R I 4R Ak
PRI RS RN AR . T, HEEAZEESY
S P R SRR 2 B S AL T AR
HEE RN I, WA 5 0 0 SRR W - S- A R T 4 Tl A
A4 3-HPA, J5 & 4 R U £ Y 1,3-PDO
(E 2P, 5 ks b, %R R R
KN, A7 CO,, BRISHRELHE N 100%, H
A BRI R TS 7 o A 32 BR - F e R e R B
SEUNZ W -5 - T2 T 44 G (IR 1, A B2
s AL, 1,3-PDO PR 79.8 mg/LPL,
Jri £ ] A 3 A P TR A T B o R A
et R 1 7. NADH ~E-A 2 459K 50 H
B A AL, B 1,3-PDO & K- o

CO, A L@ G GE B T4
AR 2). WF5EE LIOG A 40 40 K R Bk
(Synechococcus elongatus) A JiE #5411 i, 51 A
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S cerevisiae MYl AU . K. pneumoniae
A H T B K BE RN E. coli (9 NADPH-HK i i) £, i
Ji G, Lt I D A R A R IR 45
TAEFI AT FIH CO, FHDERETE 20 dINFRZE 1.2 g/L
1,3-PDO®) B T i FHI TR it A B — R R4,
S SRS CO, FUGRER AL H M B 35T
Y1 S elongatus F¥H G416l 1,3-PDO 555
A=) K. pneumoniae, 1,7 LA SEBIFE AL CO, A2
1,3-PDO, EH] T HEFIH] CO, FOGRETE M #74E
Az 1,3-PDO b2 S iy 7,

R Eik i e se AR kb F S Cl
JEREE I 1,3-PDO (55 3), B M AL K 0E gy
AR A FE R, HAER A T
PRI 5 7 PR AL B Y AN B R B R, B
o3 R W BEAE R A6 R O3, BRI AT
i TR B AL C1URHE 8 1,3-PDO Y T ARE
Fko MELTFHRT E. coli Z55F-5 kR AT H 3%
B, O SRR, (Pichia pastoris) . H %
ZE#1FT B4 (Bacillus methanolicus) . $H i B 3L 4T F
(Methylorubrum extorquens)%s K X F 5 75 14
HAH R CL SRR RE ST, B E s R
B 3-FRIENIR . AIER . RIFRILNRNA |
HE) R IR = 5 2R A4 5 P A s
YT, PRV A 1,3-PDO I RSR AL
IRl , ARSI CLEURHE &S K 1,3-PDO,

#z3 C1EREK1,3-PDO B FT 4R

4 RZ

Tk 28 5% 1 S aok B AR AL A BEIR, 53K
BV A BRAS W A5 BT U5 RN PR T A )
B, DA IR R, DAY RS
Sk T L A W A SR A ST e R RS Y
Tk A =g, SRR AT RS 2 A il
SRR A, EEORIE)TIZ L AR AR, HeOR
5 ONGR 0 ATF AR TR A i 1 7l Rl
SL RS S, DL AR ) AL R A R R
& 1,3-PDO M, i 4k B N4 T % 1,3-PDO
S5 LR W M RL AR B TSRO YT, TR A
BIRF IR AR R A B, fRRE 1,3-PDO %54
W SR R AR ) RT R  f 0  E TF RE B b
SRR R EMA R . i, ENE A
TER T LhA W 58wk &0 o H ok R ORE Y
1,3-PDO A 7= )51, 1,3-PDO 4 7= JFUR i fe )
) C6 i MW IE]) C3 HhiE s M T4
MG, I AT A DA AR P S il o 2 A M e 2
IR, KA 1,3-PDO AH T E 49
S b g 2B R L AN, I R A
LA B8 3 Bk R 73 SRR B, A % 1,3-PDO
B oN e s = | S| FA R/ S 1| el /457
S, HimmsAsEE, b Tikikm
1,3-PDO 47747 2k T AT E R o T K

Table 3 Representative studies on the synthesis of 1,3-PDO from C1 feedstocks

Feedstock Strain Main engineering strategy Titer Productivity References
Methanol Escherichia coli Expression of khb, kdc, dhaT; AfrmA 32.7mg/L 1.3 mg/(L-h) [54]

and glucose

Methanol Escherichia coli Expression of derA, mdh2, DhaT 79.8 mg/L 1.9 mg/(L-h) [55]

and ethanol

CO, Synechococcus elongatus  Expression of dhaB1, dhaB2, dhaB3, 1.2 g/L 2.5 mg/(L-h) [56]

gdrA, gdrB, yghD, lacl, gpd1, hor2
CcO, Synechococcus elongatus  Synechococcus elongatus expressing gpp  40.0 mg/L 0.3 mg/(L-h) [57]

Klebsiella pneumoniae

Klebsiella pneumoniae wild-type

http://journals.im.ac.cn/cjben
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oL A AR AL R PR () A, 3 4 ) <hfie ik e |
e A HbR, DAHEE. CO, % C1 43+ Mkt
BREY . BRSSP AR T T
MHTHIBFE A . BRI RS C1 50k
B 1,3-PDO FMFSEATS AL T 52 56 28 WSS B B
A BN T 8 SR i Y R R, B
W A BOKSEAR R R B R AR
TREEF,

— 71, ARAUF R EA R A RCR
AN THILE IR . @ 7EF 5 E A E. coli Hil
S cerevisiae TGS IR fbigte, 455 BEVER
PG TR et A0 o MR fL, BRSO B A A T
R A O — Bl R B N T 38 3R T . (R,
L LA 2 A0 R R G A R R, X s AT
FH R % R R PR oA ik DR ) A K R AT K
18, FEEA AR A fR R O, S — T,
A T A R ELAE v R R H ) F R T i R 8K
HOLE SR, VR RBT BL 0 A 6 IS B 40 i
T4 R BE% C1 RS U B (e 1k
RO St H L E R EEEE . B. methanolicus
F1 M. extorquens 55 5K F L8 F5 i s A4 ARt
PURIRFZE EAIRTRALY, X1, B. methanolicus,
M. extorquens % B #k 1) 3 15 B 4E T HAB SR A
BEL, i R G AR X PRI X o 32 B ke = s sk i) 3
Rl S REH A, TR ILE FRE M B RS
T8 5 B o 22 ML A R e o sl
U, JF R AT R AR B 8 SR 1A 1) 8 5 TR G
AR IBIEE T HAL, W CRISPR/Cas iR,
ARSI FHEER CO, % C1 AR
1,3-PDO &7 BR T IR & R H e A 9
AR WA, AT LA N T e,
TR RA SR FastE . s )2
AT C1 EURFS L 1,3-PDO BI#T&AR, il
BT I 2B b SRR A AR BT . AE R
AR AN T A REE, R

&: 010-64807509

MR- ) A AR P S, B R
ORI EAE 1 JEORHA R 1,3-PDO fY TR
*IFO
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