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Abstract: [Background] Kluyveromyces marxianus with a complete xylose metabolic pathway
can utilize xylose in lignocellulose. The study of its sugar transporter genes may solve the
problem of how to efficiently transport xylose. [Objective] To explore the functions of the
sugar transporter genes of K. marxianus GX-UN120 obtained according to the function
prediction of KLMA 70145 and KLMA 80101 in K. marxianus DMKU3-1042. [Methods]
Km SUT2 and Km SUT3 were respectively expressed in Saccharomyces cerevisiae
EBY.VW4000. We then observed the growth characteristics of different recombinants in the
media with different carbon sources to evaluate the transport capacity of corresponding
transporters. [Results] The sugar transporter Km SUT2 improved the ability of host cells to
transport xylose, arabinose, sorbose, ribose, lactose and glucose, while the cells did not have the
ability to transport mannose, fructose, sucrose or galactose. Similarly, the sugar transporter
Km SUT3 can transport xylose, arabinose, sorbose, galactose, ribose, lactose and glucose,
while it cannot transport mannose or fructose. In the medium with glucose, the utilization of
carbon sources by the recombinants was inhibited, while the inhibition on the transport of
xylose and ribose by Km SUT3 was weaker than that by Km SUT2. [Conclusion] The
transporters Km SUT2 and Km_ SUT3 in K. marxianus GX-UN120 can promote the transport
of monosaccharides such as xylose. More significantly, Km_SUT3 enables the recombinant to
utilize both glucose and xylose under the condition of low glucose concentration, while the
transport of xylose by Km_SUT?2 is entirely inhibited by glucose.

Keywords: Kluyveromyces marxianus; sugar transporter; xylose; lignocellulose; Saccharomyces
cerevisiae
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Table 1  Primers used in this study

Name Primer Sequence (5'—3")

Km_SUT? 7BK-F GCCGGATCCATGCTTGAAGTGAAGCCAGAC
7BK-R GGCGGTACCTCATTCTTCATCTTTCCTTATTT

Km_SUT3 8BS-F GCCGGATCCGGTGGTGTTGGTGTGTACATT
8BSR TCCCCCGGGCTAAATGGATTTTCTCTTACC

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



2140

(DGX7ES ik

Hxt7 promoter
EcoR 1—BamH 1
- Cla 1 = ia————]
Km SUT2?

BamH 1 Kpnl
pRS424-Hxt7p-GFP-Hxt7t

7 053 by
£ —=Sam 1

GFP |1

‘/ “EcoR |

Hxt7 terminator

\RI’ 1

Hxt7 promoter
EcoR 1

BamH 1

pRS424-Hxt7p-GFP-Hxt7t
9063 bp
Km_SUT2
S Kpnl
——EcoR |

GFP

Hxt7 terminator

€ N{P 1

Hxt7 promoter
BamH | Kpnl
PRS424-Hxt7p-Hxt7t X am pi

6330 bp pEOR . Baml] | e—
- Clal Km_SUT2

Sam 1

Ecor1 — Kpnl

Hxt7 terminator

\'I'RP i

Hxt7 promoter

pPRS424-Hxt Tp-Hixt7t E‘;R 'I "
8343 bp Eaa
Km_SUT2
GFP o o
=
“EcoR 1

Hxt7 terminator

TRP 1

Hxt7 promoter

) R IB(HH“ I Sam 1
PRS424-HxtTp-GFP-Hxt71 W 2coR I~ 2
7053 bp - Clal —
Sam 1 Km_SUT3
GFP Kpn1

TEcoR |

Hxt7 terminator

Hxt7 promoter

EcoR 1
PRS424-Hxt7p-GFP-HxtTt W

“~—— BamH 1

8 760 bp
Km _SUT3
{;FP \\\ X(H“ }
——EcoR 1
Hxt7 terminator
D \'”{p 1
Hxt7 promoter
BamH | Sam 1
pRS424-Hxt7p-Hxt 7t ) A e
6330 bp EOR L pomil ] o—
—Clal Km_SUT3

“.‘ ES{M! 1
EcoR 1 Kpn1

Hxt7 terminator

Hxt7 promoter
,EcoR |

/

4 BamH 1

Km _SUT3

pRS424-Hxt7p-Hxt7t
8040 bp
GFP

—Sam 1

. EcoR 1

Hxt7 terminator

Microbiol. China

1 Km_SUT2F1 Km_SUT3 RJEARIEHIKWE A FHL MK pRS424-Hxt7p-Km_SUT2-GFP-Hxt7t.
B: T4 #4A pRS424-Hxt7p-Km_ SUT3-GFP-Hxt7t. C: T4 #k{A& pRS424-Hxt7p-Km SUT2-Hxt7t. D: &
ZH# 1A pRS424-Hxt7p-Km_SUT3-Hxt7t

Figure 1 Construction of Km_SUTZ2 and Km_SUT3 recombinant expression vectors. A: Recombinant vector
pRS424-Hxt7p-Km SUT2-GFP-Hxt7t. B: Recombinant vector pRS424-Hxt7p-Km SUT3-GFP-Hxt7t. C:
Recombinant vector pRS424-Hxt7p-Km_SUT2-Hxt7t. D: Recombinant vector pRS424-Hxt7p-Km_SUT3-Hxt7t.
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Table 2 The recombinant strains obtained in this experiment

Strain Description Source

EBY-GFP-Km_SUT?2 Transfer the vector pRS424-Km SUT2-GFP into EBY.VW4000 This study
EBY-GFP-Km_SUT3 Transfer the vector pRS424-Km SUT3-GFP into EBY.VW4000 This study
EBY-SUT2-1 Transfer the vector pRS424-Km_SUT2 into EBY.VW4000 This study
EBY-SUT2-2 Transfer the vector pRS424-Km_SUT2 into EBY.VW4000 This study
EBY-SUT3-1 Transfer the vector pRS424-Km_SUT3 into EBY.VW4000 This study
EBY-SUT3-3 Transfer the vector pRS424-Km SUT3 into EBY.VW4000 This study
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Figure 2 Localization of two fusion expressed proteins under fluorescence microscopy. A: EBY-GFP-Km_SUT2
bright field field. B: EBY-GFP-Km_SUT2 fluorescent field. C: EBY-GFP-Km_SUT3 bright field field. D:

EBY-GFP-Km_SUTS3 fluorescent field.
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Figure 3 Growth of EBY-SUT2-1, EBY-SUT2-2 and EBY.VW4000 on different carbon sources medium. A:
Arabinose. B: Sorbose. C: Xylose. D: Lactose. E: Ribose. F: Glucose. G: Mannose. H: Fructose. I: Sucrose. J:

Galactose.
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Figure 4 Growth of EBY-SUT3-1, EBY-SUT3-3 and EBY.VW4000 on different carbon sources medium. A:
Arabinose. B: Lactose. C: Xylose. D: Galactose. E: Ribose. F: Sorbose. G: Glucose. H: Fructose. I: Sucrose. J: Mannose.
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%3 FHEH EBY-SUT2-1. EBY-SUT2-2. EBY-SUT3-1 #1 EBY-SUT3-3 £ [E S #E1E5r B ch Ao 2
EHRLHFEERE

Table 3 Sugar-substrate specific consumption rate of recombinant strains EBY-SUT2-1, EBY-SUT?2-2,
EBY-SUT3-1 and EBY-SUT3-3 in different monosaccharide medium ((g-h) ")

Medium EBY-SUT2-1 EBY-SUT2-2 EBY-SUT3-1 EBY-SUT3-3
Xylose 0.528 7 0.3319 0.3979 0.4117
Arabinose 0.112 4 0.139 8 0.316 6 0.2559
Lactose 0.220 5 0.2842 0.700 8 0.638 8
Ribose 0.2354 0.228 9 0.3177 0.5599
Sorbose 0.481 8 0.214 4 0.1157 0.1797
Galactose - - 0.196 7 0.047 6
Glucose 0.446 2 0.668 1 0.858 5 0.696 7
Sucrose - - 0.286 8 0.202 2
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Figure 7 Recombinants EBY-SUT2-1, EBY-SUT2-2 grow on glucose and other different sugar medium. A:

Xylose. B: Arabinose. C: Ribose. D: Lactose.
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Figure 8 Recombinants EBY-SUT3-1, EBY-SUT3-3 grow on glucose and other different sugar medium. A:
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Table 4 The specific consumption rate of sugar
substrates of different monosaccharides in the

medium containing the same amount of glucose by
recombinant strains EBY-SUT2-1 and EBY-SUT2-2

(g™

Medium EBY-SUT2-1 EBY-SUT2-2
Xylose 0.528 7 03319
Xylose+Glucose 0.060 4 0.007 5
Arabinose 0.112 4 0.139 8
Arabinose+Glucose 0.0123 0.097 3
Lactose 0.220°5 0.284 2
Lactose+Glucose 0.027 4 0.003 8
Ribose 0.2354 0.228 9
Ribose+Glucose 0.0111 0.059 3

%5 ZYAHE#H EBY-SUT3-1 #1 EBY-SUT2-3 £
RRSEEEENEREDP IR REMERRL
Table 5 Specific sugar-substrate consumption rates
of different monosaccharides in medium containing

equal amounts of glucose by recombinant strains
EBY-SUT3-1 and EBY-SUT2-3 ((g-h) ")

Medium EBY-SUT3-1 EBY-SUT3-3
Xylose 0.3979 0.4117
Xylose+Glucose 0.017 6 0.2390
Galactose 0.196 7 0.047 6
Galactose+Glucose 0.0301 0.007 0
Arabinose 0.316 6 0.2559
Arabinose+Glucose 0.009 6 0.080 6
Lactose 0.700 8 0.638 8
Lactose+Glucose 0.006 2 0.126 0
Ribose 03177 0.5599
Ribose+Glucose 0.152 0 0.1579
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