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B E:AFT) 124 TEBEA—MFHSELE, FAH XG-S0 H, TR TEK
BEEHT 1.24-Z HEEE T 285, S AT A KT F R XEaREN. MASRE
Mk KR, FRAMASmIL T A7 124 TZBSHMEMSGEEZ, [B6] AFTHH
HH T 1,2,4-T Z B2 64 R R 4 B4 #F (Candida tropicalis) A2 & 4 & X B #k, @8R T2 Kuk it
—FHACA TR, B F 1 ZHRE, B-E 1,2,4-T B0 L BKTE, 0 TRE AR RN E
KGKMREBEA T 124- T80, [Fik] @i 83T TRMIARMEBLAR LR o) & A K
P, BV ARAEER 1A F e R R AR BRBRASAE A A AR T K BE AR 6 pH, BT K BRI AR 4K
BT RERMEFRGR AT BLBEE ML LBHAF 124-T 28k, [£R] M TH
KEth, MEQIRGLABAET 124 TEZBOZFRET 42%, SLABHE T ZF14575 620 g/L.
Flot, TAZH A BRGKGIREARFFEB A T d 260 g/L 89 12,4-T =82, [46] @Rt
T R e K BETARMAL, R T AT RLBEFLSR 1,2,4-T Z B 6968 7, LB KIPN A TR L BEH
AT )T AR R SAKMERA A 1,24-T ZBF6 T AT, A KA A) A & 4 R RA & B A
1,2,4-T Z B34z 8 —ANA B A 6075 £
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Metabolic engineering of Candida tropicalis for efficient
production of 1,2,4-butanetriol

LI Jingyun, XTA Yuanyuan, SHEN Wei, YANG Haiquan, CHEN Xianzhong*

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

Abstract: [Background] 1,2,4-butanetriol (BT), a chiral polyol, plays a role as a platform chemical
in the synthesis of energetic materials such as 1,2,4-butanetriol trinitrate, which is used as a
propellant in a variety of military applications, including aircraft, rockets, and missiles. With the
rapid development of synthetic biology, building microbial cell factories for the production of
1,2,4-butanetriol has received increasing attention. [Objective] In this study, we employed
metabolic engineering to optimize the exogenous 1,2.4-butanetriol synthesis pathway in a
pre-constructed strain of Candida tropicalis, aiming to reduce the accumulation of intermediates
and increase the production of 1,2,4-butanetriol. Furthermore, we evaluated the ability of the
engineered strain to produce 1,2,4-butanetriol by fermentation with inexpensive corncob
hydrolysate. [Methods] We employed promoter engineering to optimize the expression level of the
xylose dehydrogenase gene and reduce the accumulation of xylonate. Furthermore, we enhanced the
production of 1,2,4-butanetriol in C. tropicalis by using calcium carbonate as a neutralizer to
regulate the pH and optimizing the concentration of iron ions in the fermentation medium. [Results]
Through the combined efforts of metabolic engineering and fermentation process optimization, the
final yield was increased by 42%, reaching 6.20 g/L in a 5 L fermenter. In addition, the engineered
strain was capable of producing 2.60 g/L 1,2,4-butanetriol by using corncob hydrolysate as the
substrate. [Conclusion] We improve the ability of C. tropicalis to synthesize 1,2,4-butanetriol by
metabolic engineering and fermentation process optimization. Moreover, we for the first time
evaluate the feasibility of C. tropicalis cell factories for the synthesis of 1,2,4-butanetriol with
corncob hydrolysate, which provides support the large-scale production of 1,2,4-butanetriol by
fermentation with biomass feedstocks.

Keywords: 1,2,4-butanetriol; xylonate accumulation; Candida tropicalis; biomass feedstock;
fermentation process optimization
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Hiir, BT fb2= & i £k 2 7E NaBH,
TP B A7AE T 3 2 g 1 e FER SRS iR, R
T, XFT AR E R fE R, H A R
oA REMMRE, SEUENARES
e, S, HAY AT AE R ARKEETT BT
AR A5 SN A B AR A HL 24, 2003 4E,
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RO A W o R Ak PR A AR H R A Y 555 R A
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3,4- "R T E, fn th N IR S S A A
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B RS T B X M B R AN, Tk A I A%
R 7 (R 22 1% £ (Candida tropicalis) 4 & T
BT WA asAE, Ff 38 1 B AW i it g 5L 4
GRE3 BH W3 4 i 448 , 12 e 35 S Bl AL R 42 i A4
i, FIRAARNEEA ™ H 1.9 ¢/L BT, It
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1.1 #8
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112 EZEIRXF R
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DA N SEBF9¢ 6 & PCR (quantitative real-time
PCR, RT-qPCR) i #| & Yeast RNAiso Kit .
PrimeScript"™ RT reagent Kit with gDNA Eraser £/l
SYBR®™ Premix Ex Tag™ Kit, S4:¥) TFE(CKE)
HRR/AT]; 2xTag Master Mix Al— A1 5o B 185
&, FRUAMER AR A BRA F] . BEEE
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1 BUEATHRLEBESE™ 1,24-T ZBENRHITIERKE  <URIEREIGEER, B2 AR H
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Figure 1 Metabolic engineering strategy for producing 1,2,4-butanetriol in Candida tropicalis. x represents
genes in metabolic pathways knocked out; Dashed lines represent genes that were single knocked out; The
double arrows represent overexpression of the key enzyme gene that catalyzes the reaction; Bold font
represents the insertion of the exogenous genes. GRE3: Xylose reductase; XYL2: Xylitol dehydrogenase;
XKS: Xylulose kinase; XYLB: Xylose dehydrogenase; XYLD: Xylonate dehydrogenase; KDCA: Ketoacid
decarboxylase; KDX: 2-keto-3-deoxy-xylonic acid; DHB: 3,4-dihydroxybutanal; ZWF: Glucose-6-phosphate
dehydrogenase; PGL: 6-phosphogluconolactonase; GND: 6-phosphogluconate dehydrogenase; PGI:
6-phosphoglucose isomerase.

PP R & M. DNA B e RIS R & HIIK RS, Rt iR — a8 s =AML,
AxyPrep AWl ABE. BT FMIABERRIRMES , F UNICO Awl; SEMZOGE EIHEY L, A5k

TR T A AR B A BR A W ol
R A TREA, LN P H B e 113 1R E
BRAF]; AR RZUKRR, SANYO 2 wl; LB. YPD. MM & SM R E4015 B85

PCR /31, Biometra 2\7; BRASHREEROKT  F3CHK[11].
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FAREK IR (/L) . A FIRREAG R
FAREKMRR, WERERY 10.0, AN 20.0, 7

BEIR KL 0.5,

KREERE SRS (g/L) . AR 20.0, AHE30.0,

F 1 PR EREI AL

Table 1  Strains and plasmids used in this work

FEEERY 10.0, 2 20.0, FrEfRike: 0.5,

1.1.4 5|4
ARG EEWER 2, A5l

DU 357 F 3 0 4 MR A R AT B W 58 A

B PR/ TR 45 PR

Strain/Plasmid name

AR

Characteristic

Source

Candida tropicalis ATCC
20336

C. tropicalis CU-206

C. tropicalis CU-207
BTO06

URA3/URA3, GRE3/GRE3, XYL2/XYL2, DPP3/DPP3, DLD35/DLD35, XKSXKS ATCC

C. tropicalis ATCC 20336, ura3/ura3
C. tropicalis CU-206, CAT/cat::gda-URA3-Pgap1-Cas9-3x SVA0-Teno1
C. tropicalis CU-207, ura3/ura3, gre3/gre3,

Our laboratory
Our laboratory
Our laboratory

XYLZ/Xyl 2: gda324—U RA3- PGAPl'deA'TGAPl' PGApl—Xyl D-Teno1

BTI19 BT06, DPP3/dpp3, GRX3/grx3, xks/xks, PGI/pgi, dld35::gda-URA3-Pgapi-gndl- Our laboratory
Tenor/dld35::gda-URA3-Pgapi-gnd1-Tenor

BT20 BT19, gppl::gda-URA3-Prga1-Xyl B-Teno1/gppl::gda-URA3-Pegai-Xyl B-Tenor This work

BT21 BT19, gppl::gda-URA3-Ppp2-Xyl B-Teno1/gppl::gda-URA3-Papra-Xyl B-Tenor This work

Plasmids

Ts-GPP1-gda324-URA3- FBAI promoter This work

Prgar-xyIB-T

Ts-GPP1-gda324-URA3- ADH?2 promoter This work

PapHo-xyI1B-T

xz2 XHEABSIY

Table 2 Primers used in this work

CIL7/Py i S1¥IFF 51 WAL

Primer name Primer sequence (5'—3') Restriction site

H-GPP1-F ACGCGTATGACTAAGACTCAACAACCAGC MiuT

H-GPP1-R ACGCGTAAAATTCGTCATCGGCGTAG MiuT

IP-GPP1-R AACTGCAGGCCCATCTTTGCTTACCG Pst1

IP-GPPI-F GCTCTAGATCACCGCCGAAAAGGTCA Xbal

GPP1-sgrna-F AGATGGGCTGTTGTCACTTCGTTTTAGAGCTAGAAATAGC

GPPl-sgrna-R GAAGTGACAACAGCCCATCTTGCAAGAACCGGGAATCGAA

Pppro-xylB-F TTTGAAATCGGGTTATCTCGTTGTCGGTGTCAAGGTAACTGCAGTGACCCACGGA

Papro-xylB-R - GGGTAAATAGCAGAGGACATTTCACCTTTAGACATGTTTGGAAGTTGTTATAAGTAG

Ppapro-xylB-t-F  CAAACATGTCTAAAGGTGAAATGTCCTCTGCTATTTACCCATCCT

Papm-xylB-t-R TTTCGGCGGTGATCTAGAGATGAAGACCAGACGTGATTAGGAAGACCAGACGTGATT
AGGTTGG

Prga-xylB-F - AATCGGGTTATCTCGTTGTCGGTGTCAAGGTTACGATAACCCATTGATTTCTCTTATTA
GACTCAT

Prgar-xylB-R  ATGGGTAAATAGCAGAGGACATAGCTCCGGAATTCCTGTTGGATGATTTGTAGATAAG

Prgar-xylB-t-F  CTTATCTACAAATCATCCAACAGGAATTCCGGAGCTATGTCCTCTGCTATTTACCCAT

Prgar-xylB-t-R  CCGGAATTCCTGTTGGACCTTTAGACATGTTTGGGTGTCAAGGTTACGATAACCCAC

IR R R R LA I A

The underline represents the corresponding enzyme cleavage site.
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1.2 AR EEENRE

W R 412 5 DR 201 7 R A1 22 e B B D % T 4k
16 YPD [EAR FR 500 1/8 A b, F 30 °Chs
7% 2-3 d, Bl— 1.5 mL EP 4, /A 200 uL
& 1% SDS B CH;COOLI 5 . K F-# FAE K
PR AR R R R T, A BRI PR ST,
70 °C& @S ALFR 15 min, RS HINA
T0%ZHJE 1 Z %, 12 000 r/min &.0> 3 min,
BB, B EPETLA 37 CRiFEA R, T2
fis, YN 100 pL TR /KETFULHE, 12 000 r/min
B0 3 minf5, 4 EIFRFEFE B EP A,
VR R AR R P B R 22 R TR B Y
R4,

1.3 HFEYMFLE

(1) PrimeSTAR J&—Fj i PR EL [ , TEASAIF 5T
AT HARIERE xyIB. Pegar. Papn2 FHIY 1,
HAY MY PCR WA Z . PrimeSTAR 1 pL,
bR I(10 pmol/L)#% 2 pL, A5iAz(100 ng/uL)
1 uL, ddH,0 #h 2 50 uL. PCR JZ i 5514 : 98 °C
3 min; 98 °C 10's, 55°C 15s, 72 °C 10 min,
1 kb/min, 30 MG, PCR F=H)F 4 °CIRAT .

(2) 2xTaq Master Mix J&— PR | 5K
TR B, AW Z A7 PCR BV . (1%
ity AT A IR 22 B BE TR 7% PCR Y B #RAE 4
T FFZEPRBOEAR A BT 22 1 ) S
7% 2] 200 uL BB I 5 min EEE,
SRJG 1) B0 R A B AT B R AR R, AT
PCR ¥ 34 R Al HLAA ) 2 i & 5 K& PCR J i 5%
2% 2xTaq Master Mix Ui BH 5,

(3) PCR ¥ 45 s i, I FH B W58 e HL 7K
W2 A5 BN 2 H 0 B AT B 02 75 R B
R B WERAR B R A B, B A
R GHEAT PCR > 2iAk s W 2R AR 20 7 BoA 4l
HAE Fr B R/ IN AT B I e H ) B AR

¥ el .
1.4 RiIXFRNAEE

L Ts-GPP1-gda324-URA3-Pappo-xyIB-T W
i, ESeAHE GPP1 EBRAE ., {514 H-GPP1-F
Fl H-GPP1-R %} C. tropicalis ATCC 20336 4t
K121 DNA (GER 2380775 1.2)i# 47 PCR 3
(R R A L 1.3), FEB e R R
K& pMD19-T (Simple)™?, #4153 Ts-GPP1
kL. SRE, 54 IP-GPP1-F 1 IP-GPP1-R
#AT R PCR (F7 38700 1.3), LLZEBR GPP1
By a] X B, FriS2IAg PCR F=#)(GPP1-Ts-GPP1)
2% Pst 1 Fll Xba I W V)G, %423 gda324-URA3
R A B F, A48T Ts-GPPl-gda324-URA3 i
B #TRM BT19 HFEAH FEHASY Pronzr
xylB-F. Paprz-xyIB-R ##4i ADH2 73+ h
Br, RG] Papno-xylB-t-F . Papr-xylB-t-R
M BT19 JEHL Ey 44 xyIB-T 7B, #Xmi4
H 1) R B — 2 3% 320050 & 34 42 31 o B A 1Y
ECoR Iy &5, k75 JFiki Ts-GPP1-gda324-URA3-
Papra-xyIB-To FHAH[R] B9 75 7244 4 Jikr Ts-GPP1-
gda324-URA3-Prga-xyIB-T,
1.5 AwRLeBgELE%E

A YIS I ol 0 A A1 22 e Bk b R 5
LT LS 25 S0k 1]
1.6 5L ABFGEAMR & BE

165 LR BEREDAT BT A 7= RS2 56 v
TEfE YPD [I{AKE 57 3 b R 24 LAV fb TR
PR, 30 °CEMF T 2-3 d, IS EIATETE .
RGP VR AP T 20 mL YPD WA R 57 4k op
Kigt 24 h, FELL 1% R &M E] 50 mL 1Y
KRS H G, 30 °C. 200 r/min 1535 % ODggo
KH) 12-15. LU 10%H R B H] S L
KW, R e 2 e 2 L, fEE
MRS, BN AR AR OREE
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R BEAE 30 °C,  [RlB) e dE Hh pH (B A 20K
PEIAE 5.5, L A ShBERE i K e g
SAYERETE 15%AE 4. REERTH, MR B
AR LT 5 g/L JFUR TN 800 g/L 11748 4 b
IR, 48 h 5 PRIFEE IR L b A AR AR T
5 g/L. 48 h 5PN A 100 g/L 1
ARWERNFE . KBl R AR 12 h BURE 1k, H
TN E & R T A A RN BT MR
1.7 RN E S E

R TR BT W R FH = 380 £ 35 (HPLC)
RGO AR IR 1 e B PR S e s R vk A
1.8 HRHHRLEEEMEE+ S RNA BIREK
KINEE PCR

PR 22 B0 AE B RNA AGHE B 26
E 1 PCR J5 525 SCHk[ 18],
1.9 FERTKEERHIE

T SETE 70 CCRISMET , R 1% % A LA
SN FOREHE S AT T 12 h BB AL 3
BHE M B R T 2 R, B2 pH
AR R PER A, RFHAT T B, )5 7E
WA A e BB A R, e
1 AL HL A KA E pH M 4.8 BT IR 2%
g, WER LA 1:5, FBHIA 0.1%H9
212 R B AIR MG . 7E 50 °C . 150 r/min 2544
FXHEAWIHELT 60 h /KR o K FRESG  ETR
HYIVIARAG TR R

2 HERE54%
2.1 AR SRR E R Rk T BT & =4

A

AL EATHAME T &8 BT iR
etk T AR BT19M (I 2A), 1EiZmHkH f
Bl Poapr WML A BGIER W FRIK SR,
AR BT19 76 BT & W2t 8 A7 8¢ i i A IR

HE IR . S TR E YRR, AT
XL BT19 M KRS 5 T ARG 8 F IR
A S BT AR RR R R AR . A R PO
B Prgar B9TE A2 Poaps 19 1/3, Papp FUTE 52
S A BE R IR, 7 A B AR IS T
P oo FITE AT LA 3] Poapr Y 1/3 0 HTPEUT A BH
8 S 3 PR 38 TR KO XA HEIRFL A BT A
(54 , 3 CRISPR-Cas9 JLH 4kl 5 Ak T 1%
& BT19 HAHE I SRS LR A9 5 807~ HH Peapy 45
Y. Praay Al Paprz, 3 A3RAS B K BT20 1 BT21,
FI A RT-qPCR B AR 73051 5 48 1 M & bR A A%
BT20. BT21 AAHE i 2B [R5 S K
5L NE 2B B . AHEST X B PR BT19,
Pk BT20 H 1 Preay i 8l 8145 08 AR 5t S0 it ik
RIEL SEIKSEREIR T 21%, FAE BT21 HH1 Paohz
J3 B VRS 18 AW R S I 5 DX e SRR T
56%. #REFNFEM BT21 W Paops FOTEPEZ K& 1%
R AR AR, P IR R SR
BFR], AWH B SR P R B KT B S A BT
FEE

HE—PE0 T TREE BT20,. BT21 4010 4:
K KBRS A BT A AE Sy, 45 R 3 fr
7No MECT KRR, Wtk BT20 #1 BT21 #Y4:
KRR KA YA — 3 (B 3A). BT
STHE B AR BT19, Btk BT20 1 &1 AR T
B AS Ak, T Mk BT21 B9 AR M 4.10 g/L
FEAR 3] 3.40 g/L, K&K 17%. Witk BT21 B BT
FEE N 3.10 g/L I 3.45 g/, 425 T 1%,
T XT Bk BT19, HkE BT21 AR ER Y
KU/ ry R BT M- A fem. Araeel
FIGEFREEP AR B9, ST BT 4
FERE R R R MR EREE DA A B OC S il
FEVER, BT Ar=siCR bl 325, Ul AR
R ZAFF BT 947,
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Flgure 2 Metabolic pathway of 1,2,4-butanetriol synthesis in Candlda tropicalis (A) and transcriptional
level of xylose dehydrogenase gene in starting strain and engineered strain (B). xylB: Encodes xylose
dehydrogenase from Caulobacter crescentus; xylD: Encodes xylonate dehydratase from Caulobacter
crescentus; kdcA: Encodes ketoacid decarboxylase from Lactococcus lactis.
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Figure 3 Growth curve (A) and fermentation results (B) of engineering bacteria in shake flask fermentation.
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Figure 4 The growth curve (A) and fermentation results (B) of the strain BT21 in different concentrations
of calcium carbonate medium.
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Figure 5 The growth curve (A) and fermentation results (B) of the strain BT21 in different concentrations

of ammonium ferric citrate medium.
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Figure 6 The process of fermenting BT with strain BT21 in a 5 L fermenter.
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Figure 7 The growth curve (A) and fermentation results (B) of the strain BT21 in corncob hydrolysate
solutions of various concentrations.

AR, MO 60 gL WM 37 L TR BT M4 KIEARZ M, FH,
A A B TR K BT R ER , 03 ) 2 GRS RO A o R TR IE , B/
FPHE 1.44 g/L R 5.66 g/L 1Y BT FIRMERR, BE/R fbRim. DLEGPRRM, g R i 2 A
BEEE R 5.6%. M 2 RERFEITGEARRIT PRSI R B R BT fOMEE 1 .
TIRY KBy Bz, ARRIEEE]AE ™ 2.60 g/L 1Y

\‘ ~ E é£ N
BT f14.80 /L #0AHIR, BEREELAZ20.0%. O 5 &k

T FH 3 454 B K R IS ) & BERY, 144 h 5 ARGFEUIIAE BT 496wk 2 my #ir i
A7 0.50 g/L 1 BT #12.80 g/L B ARKERR, BE 2B B TREE-BT19 NEMAF R, BH AR
IRFEAL A 7.6%. JI AT 3L R A9 0 Bl T N Poaps S 380 R 42 55 1Y

AL AR R b, T B Paono JABIT, XA 1AM S EEE N Y
NP R pH AR, W ES AR RBKE, WO T ARBRIORER, IR S
JERIHIR, A HCE PO | SRR T BT MR X R WIAORE B AR Ak
B SRR AR, AR, S YRR EARAE S R R T A
RGBT S WS, BRI B2z e by AU A, (ER O B v 8] 7 ) A W TR AR 3R 1) i
MR g, HiR&EYRRZEN. X DARAHTWa . R, TRE BT21
U I R B 22 I B X R A — R T 52 P RORAF TR LR R EIR AR R, R 2T A
P ol PR 2 A5G TR RT 3 AR R B A A TR TRE T 7 JEI 5 T Ui AR R B 7 T AL RE 7 2 T 8 g

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3908 WA

FiE Rk

Microbiol. China

BT A7 40%, il Mgt ifsm 9 g/L mhk
RS, ZRARAKEIR TN Rk R R 5E, % pH
BN 3.7 %L 5.0, T 144 h IEIARE,
BT &7 1R8] T 4.40 g/L, WEBHKIES
T 42%. VIR pH IR AFI TR 22 e £
A= BT, Bnep AT R 2R 5L pH AE B R
W TREE Rk BT21 (19 BT & aAES . 76 SLIWA
fEsE, a2 I E 6.20 /L, XRERILS
by 1E A 22 BB B IR T B e e . FR AL
DAIAGH AR 22 e 130 18 S 2 A A B KK R
A BT (HJE, 78 KT K A8 i A 2 A
o, B AN N S . Rk T LS B
AR 2L I R AN M 1R 2R R AR E R, BN IR
TR S SRR, AR AT DLAE K R AR YR R 1
(i) B 1) K A 790 6 8 BT o

ARG VAR AR B8 A IR e B —— Al i 2
WEREVE R M T2, 38 2o 5 40 A I S i 56 D5 RS B0
5, IO AR LR, BT 7= = R b2
T 1%, J 85 ) K P85 35 S0 A NS I T 65 2% i
TARBERRFR Bk IR M A EE , BT =ik —2
#4440 g/L, 165 L W EBERES, BT @it
ik 6.20g/L. FAh, TREE BT21 FH W5 B
1) K GE AR P A 77 4 2.60 g/L 1 BT, JEE
IRTEERIE 20%. ASFFE R R HBR A= 9 o i
BB BT #2248 1 7 — M8 118 F .

REFERENCES

[1] FRANCOIS JM, ALKIM C, MORIN N. Engineering
microbial pathways for production of bio-based
chemicals from lignocellulosic sugars: current status
and perspectives[J]. Biotechnology for Biofuels, 2020,
13: 118.

[2] LI CL, CHENG G, BALAN V, KENT MS, ONG M,
CHUNDAWAT SPS, SOUSA LD, MELNICHENKO
YB, DALE BE, SIMMONS BA, SINGH S. Influence of
physico-chemical changes on enzymatic digestibility of
ionic liquid and AFEX pretreated corn stover[J].
Bioresource Technology, 2011, 102(13): 6928-6936.

[3] TOIVARI M, NYGARD Y, KUMPULA EP,
VEHKOMAKI ML, BENCINA M, VALKONEN M,
MAAHEIMO H, ANDBERG M, KOIVULA A,
RUOHONEN L, PENTTILA M, WIEBE MG.
Metabolic engineering of Saccharomyces cerevisiae for
bioconversion of D-xylose to D-xylonate[J]. Metabolic
Engineering, 2012, 14(4): 427-436.

[4] TAIYS, XIONG MY, JAMBUNATHAN P, WANG JY,
WANG JL, STAPLETON C, ZHANG KC. Engineering
nonphosphorylative metabolism to generate
lignocellulose-derived products[J]. Nature Chemical
Biology, 2016, 12: 247-253.

[5] SALUSJARVI L, TOIVARI M, VEHKOMAKI ML,
KOIVISTOINEN O, MOJZITA D, NIEMELA K,
PENTTILA M, RUOHONEN L. Production of ethylene
glycol or glycolic acid from D-xylose in Saccharomyces
cerevisiae[J]. Applied Microbiology and Biotechnology,
2017, 101(22): 8151-8163.

[6] BAMBA T, YUKAWA T, GUIRIMAND G,
INOKUMA K, SASAKI K, HASUNUMA T, KONDO
A. Production of 1,2,4-butanetriol from xylose by
Saccharomyces cerevisiae through Fe metabolic
engineering[J]. Metabolic Engineering, 2019, 56:
17-27.

[7] GOURANLOU F, KOHSARY 1L
characterization of 1,2,4-butanetrioltrinitrate[J]. Asian
Journal of Chemistry, 2010: 4221-4228.

[8] CAO YJ, NIU W, GUO JT, XIAN M, LIU HZ.
Biotechnological production of 1,2,4-butanetriol: an

Synthesis and

efficient process to synthesize energetic material

precursor from renewable biomass[J]. Scientific
Reports, 2015, 5: 18149.

[91 NIU W, MOLEFE MN, FROST JW. Microbial
synthesis of the energetic material precursor
1,2,4-butanetriol[J]. Journal of the American Chemical
Society, 2003, 125(43): 12998-12999.

[10] WANG X, XU NN, HU SW, YANG JM, GAO Q, XU S,
CHEN KQ, OUYANG PK. b-1,2,4-butanetriol
production from renewable biomass with optimization
of synthetic pathway in engineered Escherichia coli[J].
Bioresource Technology, 2018, 250: 406-412.

[[1]YUKAWA T, BAMBA T, GUIRIMAND G,
MATSUDA M, HASUNUMA T, KONDO A.
Optimization of 1,2,4-butanetriol production from
xylose in Saccharomyces cerevisiae by metabolic

NADH/NADPH balance[J].

Biotechnology and Bioengineering, 2021, 118(1):

175-185.

engineering of

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



THE F | RRIENERATRLESSWARK 1,24-T =E 3909

(12] kb, B, tiln, BREtL, e, fU TR

TR IR 22 e REAE 7 1,2,4- T = FE[)]. A P~4am i,
2022, 49(9): 3555-3566.
ZHANG L, XIA YY, YANG HQ, CHEN XZ, CAO Y.
Metabolic engineering of Candida tropicalis for
production of 1,2,4-butanetriol[J]. Microbiology China,
2022, 49(9): 3555-3566 (in Chinese).

[13]LIJY, XIA YY, WEI B, SHEN W, YANG HQ, CHEN
XZ. Metabolic engineering of Candida tropicalis for
efficient 1,2,4-butanetriol production[J]. Biochemical
and Biophysical Research Communications, 2024, 710:
149876.

[I[4]MISHRA S, LIN ZQ, PANG SM, ZHANG YM,
BHATT P, CHEN SH. Biosurfactant is a powerful tool
for the bioremediation of heavy metals from
contaminated soils[J]. Journal of Hazardous Materials,
2021, 418: 126253.

[15] =, Aol RIpAr st 1,2,4- T =B85 B [D].
Toth: TLRRZEA L2208 5, 2022.

GUO C. Improved 1,2,4-butantriol biosynthesis by
metabolic modification in Escherichia coli[D]. Wuxi:
Master’s Thesis of Jiangnan University, 2022 (in Chinese).

[16] TIZAZU BZ, ROY K, MOHOLKAR VS. Ultrasonic
enhancement of xylitol production from sugarcane
bagasse using immobilized Candida tropicalis MTCC
184[J]. Bioresource Technology, 2018, 268: 247-258.

[17]LIU HW, VALDEHUESA KNG, NISOLA GM,
RAMOS KRM, CHUNG WI. High yield production of
D-xylonic acid from D-xylose using engineered
Escherichia coli[J]. Bioresource Technology, 2012, 115:

244-248.

[18] SILVA S, HOOPER SJ, HENRIQUES M, OLIVEIRA
R, AZEREDO J, WILLIAMS DW. The role of secreted
aspartyl proteinases in Candida tropicalis invasion and
damage of oral mucosa[J]. Clinical Microbiology and
Infection: the Official Publication of the European
Society of Clinical Microbiology and Infectious
Diseases, 2011, 17(2): 264-272.

[19]1 YU H, GUO J, CHEN YF, FU GX, LI BZ, GUO XW,
XIAO DG. Efficient utilization of hemicellulose and
cellulose in alkali liquor-pretreated corncob for
bioethanol production at high solid loading by
Spathaspora passalidarum  U1-58[J].
Technology, 2017, 232: 168-175.

[20] ZHANG LH, ZHANG HB, LIU YF, ZHOU JY, SHEN
W, LIU LM, LI Q, CHEN XZ. A CRISPR-Cas9 system
for multiple genome editing and pathway assembly in
Candida tropicalig[J]. Biotechnology and Bioengineering,
2020, 117(2): 531-542.

[21] ANDBERG M, ARO-KARKKAINEN N, CARLSON P,
OJA M, BOZONNET S, TOIVARI M, HAKULINEN N,
O’DONOHUE M, PENTTILA M, KOIVULA A.

Characterization and mutagenesis of two novel

Bioresource

iron-sulphur cluster pentonate dehydratases[J]. Applied

Microbiology and Biotechnology, 2016, 100(17):
7549-7563.

[22]PING Y, LING HZ, SONG G, GE JP. Xylitol
production from non-detoxified corncob hemicellulose
acid hydrolysate by Candida tropicalis[J]. Biochemical

Engineering Journal, 2013, 75: 86-91.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


