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Abstract: Chromosomal integration enables stable phenotype and therefore has become an important strategy for

breeding of industrial Saccharomyces cerevisiae strains. pAUR135 is a plasmid that enables recycling use of antibiotic
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selection marker, and once attached with designated homologous sequences, integration vector for stable expression can be
constructed. Development of S. cerevisiae strains by metabolic engineering normally demands overexpression of multiple
genes, and employing pAUR135 plasmid, it is possible to construct S. cerevisiae strains by combinational integration of
multiple genes in multiple sites, which results in different ratios of expressions of these genes. Xylose utilization pathway
was taken as an example, with three pAUR135-based plasmids carrying three xylose assimilation genes constructed in this
study. The three genes were sequentially integrated on the chromosome of S. cerevisiae by combinational integration.
Xylose utilization rate was improved 24.4%-35.5% in the combinational integration strain comparing with that of the
control strain with all the three genes integrated in one location. Strain improvement achieved by combinational integration
is a novel method to manipulate multiple genes for genetic engineering of S. cerevisiae, and the recombinant strains are free
of foreign sequences and selection markers. In addition, stable phenotype can be maintained, which is important for
breeding of industrial strains. Therefore, combinational integration employing pAUR135 is a novel method for metabolic

engineering of industrial S. cerevisiae strains.

Keywords: homologous recombination, pAUR135 vector, industrial Saccharomyces cerevisiae, combinational chromosomal

integration
(Multiple gene-promoter
shuffling  MGPS) (o]
rDNA
nse 2] pAURI135
URA3®  HOW B- GIN1IMS86 Gall0
lacZ
8.7 I
[6-7]
[11]
Cre/loxP
FLP/FRT
[8-9]
loxP FRT

: 1 MRE7 %

1.1 EH#FERE
XR XDH

Scheffersomyces stipitis JCM 10742 ( RIKEN

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



Ef FREEENRerESESMERSEHREKNEE 671

Omega Bio-tek, Inc.

x1 FERBSESHEERYE5191

BioResource Center) XK S288c ( 1.3 HEREmEMEFIRE
) Saccharomyces 131
cerevisiae 6525 pUCI8
pAUR135 S. cerevisiae 6525 DNA 3
YPD 6 12 down
2.5 pg/mL (aureobasidin A 20up 20down 2l up 21 down
Aba") 1

12 SFRBRAABRLNE xR :

PCR Phusion High-Fidelity DNA

NEB T4 DNA 3 3
Fermentas DNA pAUR135

S

Table 1 Primers for amplification in combinational integration

Primer Template DNA Primer sequence (5'-3")
20up’-F 6525 TCCCCCGGGCCAGGCGCCTTTATATCAT
20up’-R 6525 CGGGGTACCCTGCAGTTTGCGAAACCCTATGCTCT
20down’-F 6525 TTCGAGCTCAATGGAAGGTCGGGATGAG
20down’-R 6525 CGGAATTCATAAAGCAGCCGCTACCAAA
PGK1’,.pexz-F S288¢ TGCACTGCAGGGAATTCAGATCTTGAATTGATG
PGK1’, poxr-R S288¢ CTAGTCTAGACCCAAGCTTACCTGCTGCGC
PsXR’-F JCM 10742 CTAGTCTAGATGCCTTCTATTAAGTTGAACTCT
PsXR’-R JCM 10742 TCCCCCGGGTAAGACGAAGATAGGAATCTTGT
CYCL’, poxr-F S288¢ TCCCCCGGGTCATGTAATTAGTTATGTCAC
CYCI’, pxr-R S288¢ TGCGAGCTCTGGGTACCGGCCGCAAAT
21up’-F 6525 TCCCCCGGGAAAGGAGGTGCACGCATTAT
21up’-R 6525 CATGCATGCTTCCAAGGAGGTGAAGAACG
21down’-F 6525 CGAGCTCGATGGGACGTCAGCACTGTA
21down’-R 6525 CCGGAATTCCGGTATTACTCGAGCCCGTA
PGK1’,pexpu-F S288¢ CATGCATGCGGAATTCAGATCTTGAATTGATG
PGK1’, psxpu-R S288¢ TAGTCTAGACCCAAGCTTACCTGCTGCGC
PsXDH’-F JCM 10742 TAGTCTAGATGACTGCTAACCCTTCCTTG
PsXDH’-R JCM 10742 TCCCCCGGGTTACTCAGGGCCGTCAATG
CYCY’pexpu-F S288¢ TCCCCCGGGTTACATTCACGCCCTCC
CYCY’, psxpu-F S288c CGAGCTCGCAAATTAAAGCCTTCG
12up’-F 6525 TCCCCCGGGGCCGCTCGTAAAAACAAAAA
12up’-R 6525 CGGGCATGCCTTAGCCGGCTGAATAATCG
12down’-F 6525 TTCGGATCCTCCCCCGTCTTTCTTGTCTA
12down’-R 6525 CGGAATTCTCAACAATGTCGCTTCCGTA
ScXK’-F S288c ACGCCTGCAGATGTTGTGTTCAGTAATTCAGAGAC
SeXK’-R S288¢ CGCGTCGACTTAGATGAGAGTCTTTTCCAGTTC
ADH1’,, scxx-F S288¢ TGCAGCATGCAAGAAATGATGGTAAATGAAATAGG
ADHI’, scxx-R S288c¢ ACGCCTGCAGGCGCGGAGGGGTGTTAC
CYCL’ sexx-F S288¢ TCCGTCGACTCATGTAATTAGTTATGTCACGCTTAC
CYCI’ sexx-R S288¢ TGCGGATTCTGGGTACCGGCCGCAAAT

Abbreviation of strains: JCM 10742, S. stipitis JCM 10742; 6525, S. cerevisiae 6525; S288c, S. cerevisiae 288C.
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Schematic diagram of pAUR135-based combinational chromosomal integration (construction of PsXR gene was

presented as an example). Dashed lines represent homologous arms and solid lines represent exchanged regions.
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Table 2 Comparison of enzyme activities in the
recombinant strains

PsXR PsXR

PsXDH ScXK
Strain _ NADPH)  (NADH)
(U/mg protein)

cr 0.16+0.04  0.09+0.01 0.09+0.02  0.07+0.03
CK 0.12+0.02  0.03+0.01 0.06+0.01 0.07+£0.01
"CI represents combinational integration strain and CK

represents control strain with integration in one site.
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24.4%-35.5% ( 3)
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Table 3 Xylose utilization rate in the recombinant
strains

Xylose utilizationx  Xylose utilizationx

Medium 100% (CK strain) 100% (CI» strain)
‘2‘8 S//I]: glilcoosseeand 715.2%1.7 99.6+0.4
ig:ﬂingZ;and 63.5+1.0 99.0+0.6
ol amse | S18507 86.6:0.8

"CI strain represents combinational integration strain.
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