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Comparison of glucose/xylose cofermentation in recombinant
Saccharomyces cerevisiae strains using different hosts
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Abstract: [Objective] This study aims to investigate the influence of different genetic backgrounds
of Saccharomyces cerevisiae on xylose utilization of the recombinant yeast strains. [Methods] Three
xylose recombinant strains designated as ZQ1, ZQ5 and ZQ7 were constructed by employing xylose
reductase (XR), xylitol dehydrogenase (XDH) and xylulose kinase (XK) encoding genes via
chromosome integration, and in the meantime, transcription levels of three genes and their
corresponding enzyme activities as well as sugar mixture fermentation were also investigated.
[Results] Gene expression levels and enzyme activities were significantly different in the three
recombinant strains; in addition, xylose utilization capabilities of the three strains also varied. ZQ5
showed the highest ability in both gene expression and fermentation capability, which was followed
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by ZQ7, whereas ZQ1 showed the poorest xylose utilization efficiency. However, xylose utilization
rate of ZQ7 outperformed ZQ5 when initial xylose concentration was 20 g/L. [Conclusion] Genetic
background and initial xylose concentration exert control on xylose utilization in the recombinant
strains, which should be considered in evaluation of the performance of recombinant strains.

Keywords: Saccharomyces cerevisiae, Xylose utilization, Genetic background of the host strains,
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Table 1 All the primers used in this study

CIE7E Bt DNA 519751

Primer name Template DNA Sequences (5'—3")
20up-F 6525 TCCCCCGGGCCAGGCGCCTTTATATCAT
20up-R 6525 CGGGGTACCTGGGGCCCTTTGCGAAACCCTATGCTCT
20down-F 6525 TTCGAGCTCTCCCGCGCAATGGAAGGTCGGGATGAG
20down-R 6525 CGGAATTCATAAAGCAGCCGCTACCAAA
PGK1,-PsXR-F S288c TGGGGCCCCAACTCAAGACGCACAGA
PGK1,-PsXR-R S288c TTGGCGCGCCTGTAAGTTTCACGAGGTTCTA
PsXR-F 10742 TTGGCGCGCCATGCCTTCTATTAAGTTGAACTCT
PsXR-R 10742 TGCTCCGGATAAGACGAAGATAGGAATCTTGT
CYC1-PsXR-F S288c TGCTCCGGATTACATTCACGCCCTCC
CYCl1-PsXR-R S288c TTGGCGCGCGCAAATTAAAGCCTTCG
PGK1,-PsXDH-F S288c TTGGCGCGCCAACTCAAGACGCACAGA
PGK1,-PsXDH-R S288c TTGCCTNAGGTGTAAGTTTCACGAGGTTCTA
PsXDH-F 10742 TTGCCTNAGGATGACTGCTAACCCTTCCTTG
PsXDH-R 10742 TGGCGGCCGTTACTCAGGGCCGTCAATG
CYC1-PsXDH-F S288c TGGCGGCCGTTACATTCACGCCCTCC
CYC1-PsXDH-F S288c CTAGCTAGCGCAAATTAAAGCCTTCG
ADH1,-ScXK-F S288c CTAGCTAGCAAGAAATGATGGTAAATGAAATAGG
ADH1,-ScXK-R S288c ATAAGAATGCGGCCGCGCGCGGAGGGGTGTTAC
ScXK-F S288c ATAAGAATGCGGCCGCATGTTGTGTTCAGTAATTCAGAGAC
ScXK-R S288c CCAATGCATTTAGATGAGAGTCTTTTCCAGTTC
CYC1-ScXK-F S288c CCAATGCATTTACATTCACGCCCTCC
CYCl1-ScXK-R S288c TCCCCGCGCGCAAATTAAAGCCTTCG

1. 6525 TOERIFEEEFE S. cerevisiae 6525; S288c: SLUG R IFI%HF S. cerevisiae S288c; 10742 W T-HEJREEFE S. stipitis JCM 10742.
Note: 6525: S. cerevisiae 6525; S288c: S. cerevisiae S288¢; 10742: S. stipitis JCM 10742.

EcoR 1

PAUR-PsXR-PsXDH-ScXK
14193bp AURI-G

20up-PsXR-PsXDH-ScXK-20down .~

Sma l

1 FEEBEHIK pAUR-PsXR-PsXDH-ScXK HfgiE
Figure 1 Construction of chromosomal integration plasmid pAUR-PsXR-PsXDH-ScXK
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LRI b, 3 Bk Tl PR o B TR AR BT RE
MUK M S. cerevisiae 6525>S. cerevisiae 6508>S.
cerevisiae 4126; M7E 10% L F-He [, FREAIBT
PERE I KK N S. cerevisiae 4126>S. cerevisiae
6508>S. cerevisiae 6525, T[22 25 REH 3
PRl e B B AR R PEALS] , P REAFAE SRR Rk
ENENGECY/F

1273
A
10° 10t 1022 10° 10
6508
2
£ 4126
7]
6525
Dilution fold (concentration of strain)
B
10° 10! 102 103 10+
6508
£
£ 4126
w2
6525

Dilution fold (concentration of strain)

2 BFHAEREEZE 6508, 4126. 6525 7£ YPD &%
E(A). &8 39/L ZE(B)FN 10%ZEEH YPD (C)isH&
EAERBEE

Figure 2 Cell growth of wild-type strains S. cerevisiae
6508, S. cerevisiae 4126 and S. cerevisiae 6525 under YPD
medium (A), YPD medium containing 3 g/L acetic-acid (B)
and YPD medium with 10% ethanol (C)
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501 —1 XR

451 mm XDH
40 B XK

35T
30
2.5 r
201
1.5

10 b
05
0.0 *

7Q1

Relative expression (log, ratio)

|wil

7Q7

7Q5

Strains

B 3 ZQl. zQ5 #1 zQ7 By 3 NARERBFHEEER L
FkFRIEE

Figure 3  Transcription levels of XR, XDH and XK
encoding genes in ZQ1, ZQ5, ZQ7

F2 AWEIREREGEAE ZQl. ZQ5 1 ZQ7 HIEEE ELiL

Table 2 Enzyme activities in recombinant strains ZQ1, ZQ5 and ZQ7

PsXR-NADPH [if#i%

PsXR-NADH [ 1%

PsXDH-NAD i i ScXK-NADH [

HZH bR L
Strains PsXR-NADPH PsXR-NADH PsXDH-NAD ScXK-NADH
(U/mg protein) (U/mg protein) (U/mg protein) (U/mg protein)
ZQl1 0.12+0.02 0.03+0.01 0.06+0.01 0.07+0.01
ZQ5 0.43+0.04 0.18+0.03 0.37+0.03 0.30+0.03
ZQ7 0.14+0.01 0.03+0.01 0.08+0.02 0.11+0.03
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ZQ1-xylose
ZQ1-glucose
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ZQ7-glucose
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4 AR¥ESHEBRERET ZQLl. ZQ5 1 ZQ7 EARRIRERAEPHIRE LB
Figure 4 Oxygen-limited fermentation in different sugar mixtures by recombinant strains ZQ1, ZQ5 and ZQ7
e A 20 /L ARHEAI 40 o/L #4HE; B: 30 g/L AKBEFI 60 g/L Fi%iH; C: 40 g/L AHMiAI 80 o/L #AibE; D: 50 g/L AMiAN

100 g/L #5458k,

Note: A: Medium containing 20 g/L xylose and 40 g/L glucose; B: Medium containing 30 g/L xylose and 60 g/L glucose; C: Medium
containing 40 g/L xylose and 80 g/L glucose; D: Medium containing 50 g/L xylose and 100 g/L glucose.
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