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Chemistry, (A FiR) (A TRFIR) FE A ZAFARF LLEFA
#3260 &%, HF SCI L 190 £ (K& [F=70), ZALAEH 70 £, &
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BAl T 2@ I MAEMKBEAL T, XA 7 ikE ZHERT, RS T 13-AB6 S E D44,
R — 8B, AHFR G AR F R F RS B T (atmospheric room temperature plasma, ARTP)# &
BAK, 2iEIH:8 L, RIKFT —HREARSGHEEFZTHGAMK, L 1,3-7 =8> Fi& 87 g/L.
FsbiRah b, #—F ikl TESATMHRAGARKAAH, FaIRH T2KE, M Te
R X & (FL% IdhA. budA. aldA A F), R EAE R IEZ (& A dhaB. yghD A1), #1320k
BRI IRAFEMREN 1,3-A_BFFRFE 107 g/L. R4, £SLABEF, @mgmrd
A, RHEIAEHHK KP-FMME-6 9 1,3-8 =85 = £3X 2| 118 g/L, Hihdt bR Hh 42%, 4 Fi&EL
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Metabolic engineering of Klebsiella pneumoniae for
1,3-propanediol production

ZHANG Shaolun, GAO Cong, LI Xiaomin, LIU Jia, CHEN Xiulai, LIU Liming*

Key Laboratory of Industrial Biotechnology of Ministry of Education, School of Biotechnology, Jiangnan
University, Wuxi 214122, Jiangsu, China

Abstract: 1,3-propanediol is an important monomer for the production of polytrimethylene
terephthalate (PTT). Currently, it is mainly produced by microbial fermentation, which, however,
has low production efficiency. To address this problem, this study employed atmospheric room
temperature plasma (ARTP) mutagenesis technology and high-throughput screening to obtain a
strain with high tolerance to osmotic pressure, which achieved a 1,3-propanediol titer of 87 g/L.
Furthermore, the gene expression elements suitable for Klebsiella pneumoniae were screened,
and metabolic engineering was employed to block redundant metabolic pathways (deletion of
IdhA, budA, and aldA) and enhance the synthesis pathway (overexpression of dhaB and yghD).
The titer of 1,3-propanediol produced by the engineered strain increased to 107 g/L. Finally, ina 5 L
fermenter, the optimal strain KP-FMME-6 achieved a 1,3-propanediol titer of 118 g/L, with a glycerol
conversion rate of 42% and productivity of 2.46 g/(h-L), after optimization of the fermentation
parameters. This study provides a reference for the industrial production of 1,3-propanediol.

Keywords: 1,3-propanediol; Klebsiella pneumoniae; high-throughput screening; metabolic

engineering

1,3-TN — % (1,3-propanediol, 1,3-PDO) &
— M E AR AL TR E 2y rh Rk,
PR SRR A0 R R A5 LR 1,370 R A=
FEOT R F S A AR A .
A B T B TE TN M T K S R A AR £ e B o
ik (1) REEKARLL : DA JERt, £
KGR 3-S5, SRR I &I 1,3-4
T TR A SRR e S HOK G R
I BCRRAT T L DN W T S R B 2 A T ik s XEELA
fittia Fliz ki, (ARl fe vl I ot 4 JR Ak,
AR R, w T Z2Z0RETY; 2) AEL
ek B . LM IR, 1 280 °CTH AU
A AL R O e, B IR S BETE 90 °C.
10 MPa Z5PF R, AMIIAEAL AT T A= 5 1,3-I0 —
B, PR O BEpR AL RO R MERE K 1%

&: 010-64807509

SRR ERIARE bR BT,
FIURAY A 1,3-18 B S0 n] 4
SRS, REMEENATE, R
FEYIARTE, AT 43k LU A0 8 ok K LLH
WA ECR 2 R T AR, (1) LU AN
okt A R S R A 1,3- T8 g
1Y JFS £ B vk 22 Rl K7 #F 1R (Escherichia coli), Hi
T KW A AR N AS A2 76 B 42 5 4 2 W 5 1k oy
13- R AR R 4R, T DA B TG 1 1Y
darl (4hd T im-3-BEAR I A M) gpp2 (ST
T -3-BA IR il ) ik LR e AR I AT 8T, 0 8 2 4 T LA
FER IR AL, [R5 A e R A IR
R IR 1,3-0 S ik Ae 2L [ dhaBl |
dhaB2. dhaB3. dhaBX #1 orfX ik h
13- S fildn, FRIRAEIE R SER F
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L FER glpK (F A T I R ) F gldA (Rt T
B, BH L b A CEHE R, RS
tpi (Zn A IR — W S5 T (o Tl 3-B R 3 Wl 2
TR R DN P RS ) S AR Ay BRL ] R, A
TR BRIEAS NG VB, &50F T, 1,3-8 8
PRl 135 g/L, 13508 0.50 g/g AR b
A T2 KA A A K AT B R 3 T LA
WA NIEY . REABRNHIRR 1,3-
A RUHTAR, HO13-0 ZERTE 5 L R
Hio 11 /L, A INGTEE VBLD . 2) LA
WO R, BRI SRR kR, Wl R A
. TRMRE . EIRRE. IhERATERIT R . 6
FUFFER, ATRARIR MRS, KRB 1,3-
T AR RSN, i SeiE
VB, WA 0 H i B K B ol 3-SR T
(3-hydroxypropanal, 3-HPA), J5#& %% NADH K
ik 1,3-PDO 48 ALIE I B0 )5 R 1,3-78
HAT, UHM R ERE 1,3-9 F A T2 K
Z R RFC R RE RS, filan, ER k%
X il A 20 5% DA A 3k X o T ) R T 940 57 SR PR
ST SRR, W9 T e TR A R R IR
FRACHHE R, B 13- ZEE A 106 g/L,
RNy 0.41 g/g Hh"™; SR BT R2FH M
2 ] B\ 38 L A A8 A v 7R A ES TR g 5 Ot [
tqsA (G iS55 ia & B A2 Fak, THREMRD
1,3-4 ik 85 g/L, 150 0.50 g/g 1
WU DU A A R A T AR 1,3- R L
DL 25 05 0 IS 00 A o i B AR (A
VEN A5 i EER =8, MR A 5z
A S L s i B A, HAR LG TR A
T TGS A B DAL o o] 45 R vl A R R
1,3- P9 7 R R ke T B A O T AR
Ji Tl

AR A A TG 485 T s 113890 RS YA 8 v 43 B85 i 1
PR T —kRmE 1,30 ZFE Y 5 B A1 EC I S FF R
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KP-wt, A58 IR X T4, 85 i
S B H R %= 55 25 - (atmospheric room
temperature plasma, ARTP)iEAE £ AR IF 5 B
TR, AT —PREACEIRE, Rk
16 5 L REEREDR 1,3-T8 ZFEr=5oh 118 g/L, AHF
FERAR 1,3-T8 ZEE0 ol A A 7 B2 0 T BR
X o

1A

1.1 w8
1.1.1 EH#E. BRFAs|4

AHEFE T R SR AL T . RE TR R K5
Yol 1. £ 2 FiEk 3,
1.1.2  {¢EEFRiXF

PCR " $84% . BERCHAGAL . A% L TKAY |
HL 28 LAY, Bio-Rad A w]; fHIRIEFAE, HiFER
BRI CA IR A W] s A BEVENL, Bl
AR A PR A SEANAT AR, &
A A EDARAF; M-100 A% 2%
ar, WA R @RHCE R A W] K% pH it
METTLER A ] ; =3 5.0 41, Eppendorf 23] ;
CHB-202 fE 4 J& ¥, Bioer Technology /¥l ;
5L OKEERE, MV RAY TR A RAF,

Prime Star =R EL[# . DNA marker I B %
AP TRROGE)A R/ F; Tag DNA R A I
HA TAY TSR A IR A A 57 B—
AR IR E A . BORLER IO & R [E]figaatR)
B TR A R 2 PR BRGNS R U R AR
VIR By A BR S 75 PCR 514 1 5N 4 e
YRR R A G HAthial e 5 1 255
Ak 2710 A R A
1.1.3 EHEE

TR SR (g/L): BRIREL 1, —IKBEREA
TR 3.2, BERR A 1.4, LKERIREE 0.2, B
Bk 1, il 25, fOECRBEW 1.2 mL,
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R 1 KRB REL
Table 1 Plasmids used in this study

Plasmids Relevant characteristics Sources
pEM-mkate Prs, Kan®, f1 ori, mkate Laboratory storage
pCasKP-Apr Pcats Aer, Psc101 ori Laboratory storage
pSGKP-Kan Pj23119, Kan®, f1 ori Laboratory storage
pEM-Tac Pr.c, Kan®, f1 ori, mkate, test promtor Pr,. This study
pEM-Trc P, Kan®, f1 ori, mkate, test promtor Py This study
pEM-KP Pg,, Kan®, {1 ori, mkate, test promtor Py, This study
pEM-Tac-RBS30 pEM-Tac, RBS30, mkate, test promtor Pr,. and RBS30 This study
pEM-Tac-RBS34 pEM-Tac, RBS34, mkate, test promtor Pr,. and RBS34 This study
pEM-Tac-RBS64 pEM-Tac, RBS64, mkate, test promtor Pr,. and RBS64 This study
pEM-Kp-RBS30 pEM-Kp, RBS30, mkate, test promtor Pg, and RBS30 This study
pEM-Kp-RBS34 pEM-Kp, RBS34, mkate, test promtor Px, and RBS34 This study
pEM-Kp-RBS64 pEM-Kp, RBS64, mkate, test promtor Px, and RBS64 This study
pEM-T5-RBS30 pEM-T5, RBS30, mkate, test promtor Prs and RBS30 This study
pEM-T5-RBS34 pEM-T5, RBS34, mkate, test promtor Prs and RBS34 This study
pEM-T5-RBS64 pEM-T5, RBS64, mkate, test promtor Prs and RBS64 This study
pSGKP-IdhA pSGKP, IdhA-N20, Donor This study
pSGKP-budA pSGKP, budA-N20, Donor This study
pSGKP-aldA pSGKP, aldA-N20, Donor This study
pSGKP-ackA pSGKP, ackA-N20, Donor This study

x2 AMRFAAREK

Table 2  Strains used in this study

Strains Relevant characteristics Sources

KP-wt Wild-type Klebsiella pneumoniae strain Laboratory storage
KP-AR14 After ARTP mutagenesis breeding from KP-wt This study
KP-01 KP-AR14AldhA This study
KP-02 KP-AR14AbudA This study
KP-03 KP-AR14AaldA This study
KP-04 KP-AR14AackA This study
KP-05 KP-AR14 H-dhaB This study
KP-06 KP-AR14 H-yghD This study
KP-07 KP-AR14AldhAAbudAAaldA This study
KP-FMME-1 KP-07 H-dhaB-H-yghd This study
KP-FMME-2 KP-07 H-dhaB-M-yghd This study
KP-FMME-3 KP-07 H-dhaB-L-yghd This study
KP-FMME-4 KP-07 M-dhaB-H-yghd This study
KP-FMME-5 KP-07 M-dhaB-M-yghd This study
KP-FMME-6 KP-07 M-dhaB-L-yghd This study
KP-FMME-7 KP-07 L-dhaB-H-yghd This study
KP-FMME-8 KP-07 L-dhaB-M-yghd This study
KP-FMME-9 KP-07 L-dhaB-L-yghd This study

&: 010-64807509 B<: cjb@im.ac.cn
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Table 3 Primers used in this study

Primers Sequences (5'—3") Size (bp)
Tac-pEM-F TTGACAATTAATCATCGGCTCGTATAATGGATTCAATTGTGAGCGGATA 49
Tac-pEM-R AGCCGATGATTAATTGTCAATTTCCTAGGCTACGCCGGACGCATCG 46
Trc-pEM-F TTGACAATTAATCATCCGGCTCGTATAATGGATTCAATTGTGAGCGGATA 50
Trc-pEM-R AGCCGATGATTAATTGTCAATTTCCTAGGCTACGCCGGACGCATCG 46
KP-pEM-F CCTGAAGCGAGAAGGTATATTGATTCAATTGTGAGCGGATA 41
KP-pEM-R AGCCGATGATTAATTGTCAATTTCCTAGGCTACGCCGGACG 41
IdhA-N20-F TCCTAGGTATAATACTAGTTGGTCGCACTCCTCGGTATAGTTTTAGAGCTAGAAATAG 58
budA-N20-F TCCTAGGTATAATACTAGTGCTGATCGCCTTCAGCAGTCGTTTTAGAGCTAGAAATAG 58
aldA-N20-F TCCTAGGTATAATACTAGTCTGGGGGTGACCACCGGGATGTTTTAGAGCTAGAAATAG 58
ackA-N20-F TCCTAGGTATAATACTAGTACACCGCGCTGATGGACGGCGTTTTAGAGCTAGAAATAG 58
N20-KZ-R ACTAGTATTATACCTAGGACTGAGCTAGCTGTCA 41
UP-IdhA-F CCGGTTTATTCCTTCCCAGC 20
UP-1dhA-R GTACTTGAGATCTGAATCGGCAGCCTGCGAGTCA 34
Down-ldhA-F  ATTCAGATCTCAAGTACGAACAGCAGG 27
Down-ldhA-R  AAACAGTGGTTTCTCCATAAACACG 25
UP-budA-F TGTTGCCGATTTCCTGGGGTAATTA 25
UP-budA-R TCCATCTTATTGCCTCGCTTGAGGCAGCACAGGCCGATAG 40
Down-budA-F  AAGCGAGGCAATAAGATGGATTATA 25
Down-budA-R  CAGCCCGGGATGTACACATCGACCG 25
UP-aldA-F GGCTGATAGCTGGTCATACT 20
UP-aldA-R AACTTCGAAGCAGCTCCAGCAATGCTCTCCTGATAATGTT 40
Down-aldA-F  GCTGGAGCTGCTTCGAAGTT 20
Down-aldA-R  TCGCCAGCGTCAACTGGTTT 20
UP-ackA-F TTTCAGCGTTCAGCGTTTTG 20
UP-ackA-R TATCATAAAAAGGTACTTCCTTCCACATCGCCAGCCCTGA 40
Down-ackA-F  GGAAGTACCTTTTTATGATA 20
Down-ackA-R  CAGAGTCCCTGCATCGGCAG 20
Yghd-UP-F AGATGAGTATGACCTGACCC 20
Yghd-UP-R CAGCTGTCGCGACATTATACGAGCCGATGATTAATTGTCAATACAACTCGTCATTTTATT 63
CTG
Yghd-KZ-F GGCTCGTATAATGTCGCGACAGCTGAAAGAGGAGAAACTGCAGATGAATAATTTCGAC 69
CTGCATACCCC
Yghd-KZ-R TTCGTACTTGAGATCTGAATTTACATCATGCCGCCCATAC 40
Yghd-Down-F  ATAACTTCCCTGTGGGCATT 20
Yghd-Down-R AGCGAAAAGCGCTTCTTAAAC 20
dhaB-UP-F CCGGTTTATTCCTTCCCAGC 20
dhaB-UP-R GTACTTGAGATCTGAATCGGCAGCCTGCGAGTCA 34
dhaB-KZ-F TAATGTCGCGACAGCTGAAAGAGGAGAAACTGCAGATGAAGATCGTGTTAGTCCTTTA 59
dhaB-KZ-R CTTCGTACTTGAGATCTGAATTTATTATTTTTTATCGTGTT 40
dhaB-Down-F  ATTCAGATCTCAAGTACGAACAGCAGG 27
dhaB-Down-R AAACAGTGGTTTCTCCATAAACACG 25

http://journals.im.ac.cn/cjben



HOE F | K IENERTRAREE™ 1,3-W2E 2391

REERE A (g/L): WifRERE 2, —IKBERE
A1 0.85, BERR A4 0.56, LAKBLIREE 0.2,
TRk 1.5, Hl 25, SR cEEER 2 mL.

MR ICRE W (/L) : DKL EREE 0.08, &
fBE 0.08, —IKEHEREN 0.03, /K S b4 0.35,
iR 0.06, FLKERERE 0.03, 7S/KEILE 0.03,
TR 5, WEEN 37%HYERHR 4 mL.

DL EEEFREEIAE 121 °C444 R K 20 min,
TR TR WL B R T -

1.2 A%
1.2.1 FHARREE

JIT A 2% 3K 2 MR 2538 1k — A W) U F 40 Pk
AR H A B R IA AR Z R EA 1 R
B PP AN ARIEH: . ABA pEM WA, IS Hp%d
Tac-pEM-F/Tac-pEM-R 43 P, A8+ B §7
S8 7 ) 38 22 B AR R G IR s 283k ) 05 R 2 9k
I, HAAERAITE IM109 H k1S 4] Fokn
pEM-Tac, HAREEL TR AR 735 5 AT
1.2.2 EFBEEESERGE

R 2 $5 A5 FE R R ] CRISPR-Cas9 R4,
HAK 7 1 2 BB ik [15-17]. LA 1dhA-N20-F/
N20-KZ-R HM5[#%F, pSGKP-Kan MM, B
fi4 okl PCR JERE ML, B2t W] )6 85 4 3%
IR R E. coli IM109 H 4k 45 5 41 ik
pSGKP-IdhA ., LI KP-wt NH R, Fl 514 %t
UP-IdhA-F/UP-IdhA-R 1 Down-ldhA-F/Down-
IdhA-R #343E A IdhA ) _F R i 600 bp [A] 5 ;
DAY 3G 4 1dhA BT i [R5V e [ml i)™ Ay e
¥z , i UP-1dhA-F/Down-IdhA-R 5[ # % #" 4 |dhA
FIRME, LA A R KP-wt I HL R IRz
A, ¥ A B 1dhA 5 ik pSGKP-IdhA #% 4:1 1Y
EE A gt s e b AR N, T 30 °CTF B
7% 24 h IR A BB VR EA T IR UE . B9 TE AR
WG, B TERE SR PN 15% A EAE 5Bk
pSGKP JFiki, 37 °C T 157 18 h 2Bk pCasKP it

&: 010-64807509

Kio JLAHEA TR RAL 5 1538 5 BE AR ]
1.2.3 ARTP iFTE

W TEARTE 250 mL = f1 55 9% 5 ODgso M
0.8 BFICAR 1 mL R{A, ffi HIJCH PBS HA .0
2 W B A E BT 100 uL JCF# PBS Hr, WZHK
5 uL WERHAELHEREFPOE, EF
ARTP HFIHL, ff F He <. 100 W ZJ>% 2 mm
FRIEIEES | 10 standard liter per minute (SLM)™S,
PR BT R IR 40, 80, 120 F11 150 s, 57484
K B T2 1 mL FprrsgRdtiy 1.5 mL
BOE T, TR BAE VAL 2 min PR A,
¥ 4R R BU R B O IR R KR T 100 g/L
1,3-P9 2k B A9 JCHT LB SR |, 30 °CH%E 55 24 h

e AT
124 FTEKFIEFE

DL R EAFEFRIR (H=1578 V% BLAZ (mm)/ %
A= BT T AR (mm) < E VR 55 IR I A (h)], & A
100 g/L 1,3-N B B AT LA b, #k
WEHA B RAEW R, & T IoW 24 fLikh
PRE SR, SRIGHEHE 400 L 24T 80 mL A
THFRER 500 mL £, 37 °C. 200 r/min
KRG IR 24 ho 1,3-TH 7 A 8 TR AR e Y
SRR R AR B B B IE 3 IR,
1.3 HE{REF
1.3.1 #FIESRF

BUHIMA B 18 T = DX R 4 42 ol 2 S e 5%
FRHE L, TE 30 CCHEFRM RS 10-12 he

R i o R G B BTN N S TN e ]
LG, RIGHEZEA 50 mL F 115575
) 250 mL $EH T, 30 °C. 120 r/min 5% S h,

TR TR : B 400 pL —ZRh TR AR
£ 80 mL P15 77 3% 500 mL #EH 1,30 °C.
220 r/min 553% 8—10 h,
1.3.2 #ERAE

FEEL 400 uL F 7 2264 80 mL & ek 57
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Ay 500 mL #EHH, 37 °C., 200 r/min &% 24 h,
8 h WE TR BE AT AL, i v vk B
16 40 g/L N,

1.3.3 S L EERI ot A B

KRR RN 3.5 Lo 1% S%EAATRE
FEAP NP W D 2 R W M Rk ) U Ok
il . pH 6.3, #3# 300 r/min, WA &
0.8 vvm, JEEFHIZE 37 °Co M 467~ R
AN 30% 2 AL B dI pH (Eh 6.3, MHIA
T BRI FE e SR, RO R 2= &
BELE A, P H R BEAE 40 g/L N
1.4 SHAE

G B 25 R E ks SR HE I, B
0.1-3.0 mL KEEE, #fE 0-20 f5EIR%3445,
FHLAMIEEEETTTF 650 nm A0 %E Y6 (OD),
R TREWR I OD H W't BESEE e ARG RS L

T ik SRR 2 YR
A BRZS F] M-100 A P48 &8 3 B A A T 2
B 1.5 mL & B, 12 000 r/min #.0> 2 min, H
FIH R R 10-100 F5 AT AE .

FEMIRINE - (4354 4 Bio-Rad Aminex
HPX-87H #t, ¥ 65 °C, i sh4H°% 0.005 mol/L
H,SO., Wi A 0.8 mL/min, F:jll#s A Waters
€2965 RIYtn =k &%, JEFE A 20 pL, HX
1.5 mL &K B# , 12 000 r/min %.0> 10 min, B F
TR R B 100 A5 HEA 70 5E o

PRUERT R 25 5 BT 2l 1,3-78
L2 (lactic acid, LAC). £ & (acetic acid, ACE),
£ T (ethanol, EtOH)AL I 0.3, 0.6, 0.9, 1.2,
1.5 g/L BRI, HFATHOA 734 . ARPEAS 2]y
WA TET REURRAF I, P B AR th v i 4%

2 BRS04

2.1 TS EREEKRRTHIL
N T WS R bR KP-wt [ 1,3-T5 A ™
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PERE, 765 L RBEREh X T T R BEAK:, I
13- I 75 /L, 1955 0.35 g/g Hl,
HEFEEREEN 1.56 g/(h'L) (K 1A). KEES R
WT RIERBER, RREBERS SRS =Yk
JERR R IEA, HRZGRE] 1 550 mOmsmol/L
(Bl 1B). A T8 =08 1% Ho B bk A K A
PEBERUSZI , TEARTE 1,3-T8 vk i Tk 17
BRIEBERESMMERM LR, d5REH,
TE K T 55 75 56 R U IR TR VR B2 1Y) 1,3-T8 8%
5, EIREBIBIER 1,3-T8 Rk R O
A 1C), 60 g/L DL F 1,3-1§ %
RV AT S SO0 AR RS2 BB B A (] 1D). 25 |E
AL, R B S R ) 518 8 R a2 4
BE KP-wt B4 K F 1,3-8 ZFE 04 5L, it
PEE AR KP-wt X815 AT sz 4, nTRES iR
AR 1,3-T8

TR e T R X R R B 0 R it 37
PE, ABFSEEET B4R R KP-wt HARIEAT T 200
ARTP 5725 55— IR U AR R LA R>48
RPN ARESEA TR IR E T R — 405, AL
il 3 B, PR H A R>96 (1) 26 MREEE
PETRI A BER (R 2A). 2872 Hitk KP-AR14 7F
PR AT AR 7= 5.6 g/L 1) 1,3-TN B, BCH AR
Pk KP-wt #2581 75%. fie)a, ZEFRH A i ik
KP-AR14 #1717 20 Az e ta e e, 4588
7N, HRE KP-AR14 9 1,3-§ =548 KP-wt
Fa g Pt HAS A () A8 A B2 /N, eI T
R KP-AR14 HA RAFIBERREMGER 4).
Y, HEEUT KP-AR14 BRRUEFT 5 L & EEREN
B, MWANRRFET - B . wiRA KM
PERE 4 DT S B AE R RR AT T A S5 R
/N R KP-AR14 75 & BELE BB T #4(48%)
R ERR KP-wt (68%) R T 29.4% (&l 2B);
TER B PR bR KP-AR14 B4 5 1 i 4
R FE PR KP-wt B 3/ (E] 2C); Rtk KP-AR14
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1,3-PDO and byproduct yield (g/L)
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Figure 1

Fermentation curve changes of strain KP-wt in a 5 L fermenter. A: 1,3-PDO, 2,3-butanediol

(2,3-BDO), LAC, ACE, EtOH and bacterial growth curves. B: Changes in osmotic pressure and cell death
rate. C: Osmotic pressure changes with the addition of different concentrations of 1,3-PDO in the
fermentation medium. D: Effect of different concentrations of 1,3-PDO on strain growth.
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Figure 2 Screening and characterization of high-osmolarity-tolerant 1,3-PDO-producing strains. A: Production

of 1,3-PDO by mutant strains. B: Changes in mortality rate during fermentation. C: Morphological changes
of bacterial cells after 48 h of fermentation. D: Fermentation curve of strain KP-AR14 in a 5 L fermenter.
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Table 4 Genetic stability test of strain KP-AR14

Strains Titer of 1,3-PDO (g/L)
4th generation 8th generation 12th generation 16th generation 20th generation
KP-wt 3.240.1 2.8+0.4 3.3+0.3 3.5+0.2 2.9+0.3
KP-AR14 5.6+£0.2 5.440.3 5.8£0.4 5.5+0.1 5.3+0.3
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Figure 3 Screening and evaluation of expression elements. A: Characterization of expression strength of
different promoters. B: Characterization of expression strength of different ribosome binding sites (RBS).

C: Screening results of expression elements.
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Figure 4 Construction and evaluation of engineered strains. A: 1,3-PDO synthesis pathway in Klebsiella
pneumoniae. B: Production of 1,3-PDO by engineered strains. C: Cell growth and 1,3-propanediol production
of different strains with combination of promoters and RBS. D: Fermentation curve of strain KP-FMME-6 in

a 5 L fermenter.
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Figure 5 Fermentation process optimization results of strain KP-FMME-6. A: Fermentation curve with pH

switching between 6.3 and 6.8. B: Fermentation curve with pH switching between 6.8 and 7.3. C: Fermentation

curve of strain with optimized dissolved oxygen conditions. D: Fermentation curve of strain with optimized
feeding rate. E: Fermentation curve of strain under optimal fermentation conditions in a 5 L fermenter.
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Table 5 Comparison of titer and yield of different 1,3-propanediol synthesis strains

Strains Substrates Titer (g/L)  Yield (g/g) Productivity (g/(L-h))  References
E. coli Glucose 135.0 0.50 3.50 [7]

E. coli Glucose 11.2 0.22 0.10 [8]
Corynebacterium Glucose, xylose 110.0 0.42 2.30 [5]
glutamicum

C. butyricum Glycerol 73.0 0.58 2.48 [31]

C. butyricum Glycerol 60.2 0.51 1.72 [12]
Vibrio natriegens Glycerol 56.2 0.50 2.36 [3]
Lactobacillus reuteri Glucose, glycerol 93.2 0.81 (glycerol)  1.29 [32]
Clostridium sp. Glycerol 81.2 0.49 4.27 [33]

K. pneumoniae Glycerol 106.0 0.43 2.15 [13]

K. pneumoniae Glucose 62.0 0.54 0.94 [6]

K. pneumoniae Glycerol 118.0 0.45 2.46 This study
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