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Impact of the heterologous expression of xylose isomerase gene on
the biosynthesis of 1,3-propanediol by Klebsiella pneumoniae
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Abstract: [Objective] In order to enhance the production of 1,3-propanediol by Klebsiella
pneumoniae, the regeneration of reducing power was strengthened. [Methods] The xylose isomerase
gene (xylA) from Escherichia coli was cloned and expressed in Klebsiella pneumoniae. The relevant
metabolites and NADH concentrations of the recombinant strain were analyzed when it was cultured
with xylose and glycerol as co-substrates. [Results] The intracellular reducing equivalent of the
recombinant Klebsiella pneumoniae was increased by 0.1—0.3 fold. The titer of 1,3-propanediol of the
recombinant strain reached 23.31 g/L, which was 20% higher than that of the parent strain. The
conversion rate of 1,3-propanediol of the genetic engineered Klebsiella pneumoniae was improved
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from 0.60 mol/mol to 0.73 mol/mol. [Conclusion] The xylose metabolic pathway and intracellular
reducing power is enhanced with the expression of xyl4 gene, resulted in the improved 1,3-propanediol

concentration.
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Figure 1 Glycerol metabolic pathway of the recombinant Klebsiella pneumoniae
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Al; NADH. NAD'W [ A9 TR (i) e A BR2A
Al 1,3-T9 I REARE L A DA FD B 25 0 ]
o735 == o pr 4t
1.3 EFESERFE

PR3k (/L) : BERFEREY) S, BRER I 10,
NaCl 10,

KB IR (/L) Tl 40.000, FZEHE 6.000,
fREE 7.000, KH,PO, 7.500, MgSO,47H,0 2.000,
(NH,),S04 2.000, FeSO,7H,0 0.005, VB, 0.015,
MEITCE W 0.100 mL/L, KOH i pH & 8.0, 1%
HEICEW W (2/100 mL): ZnCl, 0.070, MnCl,-4H,0

0.100, H3;BO; 0.060, CoCly6H,0 0.200, CuCl,
0.020, NiCl,6H,0 0.025, Na,MoO,2H,0 0.035.
T ZAHINA Kan (100 mg/L) . IPTG (0.5-1.0 mmol/L).

357 1% 4R s (KRR L), 37 °C . 150 r/min
Hig% 6-7 ho

KSR 250 mL =i 60 mL i, 4%
R (L), pH 8.0, 37 °C. 150 r/min &% H;
F% 6 h, FGEEHIMEAT A 100 r/min, TR FRIELE
1x10° Pa K14 30 min,
1.4 3|41t & PCR ¥ 18

S5 SR Primer #8044, MR NCBI E i)
iBW) Escherichia coli BL21(DE3)H xyld F&[H ¥ 51
(GenBank &35 : NC 012971.2)i%i15 %13 2).
PR R (50 uL): TaKaRa Ex7Tag (5 U/uL) 0.25 uL,
10xExTaq buffer 5 pL, dNTP mixture (2.5 mmol/L)
4 uL, 5% P, (20 pmol/L) 1 pL, 5% P, (20 umol/L)
1 uL, #iHx DNA (10 mg/L) 0.25 pL, KFEZEMK
38.5 uL, PCR ¥ 34 4514+ 94 °C 5 min; 94 °C 1 min,
60 °C 30's, 72 °C 90 s, 3£ 30 ™G3 ; 72 °C 10 min.
P37 0.8 % Bt R M B 5 L VAL o
1.5 MEFE
1.5.1 E£YISWNE: KR IEY) R Lk
EMSE (ODeoo), VAR EERGFR IR 2s FAXTRE, SRIEH:

=1 CHFTH K RIS PR R

Table 1 The strains and plasmids used in this paper

BRI TR AR/ & IR
Strains and plasmids Characters/Applications Sources
pEtac FIRBIE; tac JADhF; Kan' ARG HLO R
pEtac-xylA tac JAZ)F; Kan' ASBIFEAE) e
Escherichia coli BL21(DE3) FHF 5ol xpld SEH ARG HLO PR
Klebsiella pneumoniae ZG25 B A TR AWFGE O i 3E
Klebsiella pneumoniae (pEtac) WA 23 B X R A ARG
Klebsiella pneumoniae (pEtac-xylA) WA xyld FEH P FE AH S

¥ Kan': RIBERPUE.

Note: Kan": Kanamycin resistance.
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Table 2 Primers used in this paper

EIE7E2 N Elt72]) 32 LA
Primers name Primers sequences (5'—3") Restriction enzyme cutting sites
Py GGCGGAATTCATGCAAGCCTATTTTGACCAGC EcoR 1
P, TATAAGCTTCGGGCCAACGGACTGCACAG Hind 111

TE: FRIZR I N EEI L A

Note: The underlined are restriction enzyme cutting sites.

KRBT 8 000 t/min B0 5 min, WERAR, L
ERIKVES 3 K, RS T 105 °C #EA T
MR fEEEARE, RESCRT R AT E A
i 1 ODg=0.36 g/L.

152 KRiEFYRIME: KB LR YR
Dionex = 80 AR A3 AL &2, 3544 Amines
HPX-87H (Bio-Rad), HHLIRE F3cHtt, #As N
300 mmx7.8 mmx9 um, HFEMEHEK )G 2,
WA g FEIR R 60 °C, W 8IAH} 5 mmol/L H,SO4,
LA 0.6 mL/min, #FFERHR 10 pL, AR 2ZEST
eI MR, A ke Y

153 £ /% ;71 NADH.NAD "By 2 BX & Il & -

A bp 1 M 2 bp

10 000

5000
3000
2 000
1500
1 000

750

500

— 5600

— 1350

NADH., NAD' 42U S SChk[15], W WE%
SCHR[16] -

1.5.4 SDS-PAGE Hjk: SDS-PAGE K 5%ik4s
RN 12% 57 BRI AN ST VAR IR, % S
i R-250 Yt

2 RS540
21 AERWBEEMEERRIE

VA Escherichia coli BL21(DE3)JE K 21 A5t
FHAHRL B 5109 BE B xvld (K] 2A), I R Rk
4K pEtac, 15U IR pEtac-xyld (K 2B), ]
kS (K 2A) Bk 2 i A IREFAE W rh A 4
W Klebsiella pneumoniae (pEtac-xylA); [G] B4 i

Hind 111

B2 xyld EFEMIREETEE EiX DT K pEtac-xyld BIEEYIIRIE(A). ELHBR pEtac-xyld BIEB) R
XYLA Fi&1E %9 SDS-PAGE H k53 #7(C)
Figure 2 Agarose gel electrophoresis of xyl4 gene (A) and the enzymatic digestion of pEtac-xyl4 (A),
pEtac-xylA plasmid map (B) and the SDS-PAGE analysis of XYLA (C)
TE: A: M: 2503 DNA marker; 1: PCR “#J; 2: EcoR 1 H1 Hind Il FYRUEHT]. C: M: FRiEEE Marker; 1. SEAIHEREEE [3; 2.

X R B RE

Note: A: M: 2503 DNA marker; 1: xy/4 gene PCR product; 2: The enzymatic digestion products by EcoR I and Hind III. C: M: Molecular
mass marker; 1: Intracellular soluble protein of the Klebsiella pneumoniae (pEtac-xylAd); 2: Intracellular soluble protein of the Klebsiella

pneumoniae (pEtac).
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Figure 3 The growth curves of the Klebsiella pneumoniae
(pEtac-xylA) and Klebsiella pneumoniae (pEtac) under
different xylose concentrations in flask fermentation
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Figure 4 Analysis of metabolites under different xylose concentrations in flask fermentation
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Table 3 The conversion rate of 1,3-propanediol under
different xylose concentrations

AHIEIE 137 L
Xylose itk The conversion rate of
concentrations Strains 1,3-propanediol
(g/L) (mol/mol)
0 Xof HE TR 0.60
i) 0.63
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4
E 0.56
X R 0.57
8 .
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Figure 5 Effects of xylose on the internal reducing equivalent in flask fermentation
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