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Cloning of gene related to maltose fermentationt

Tomoo Ogata® and Kanoko Hiranuma™

Maltose fermentation activator protein, MAL6E3 homologue, MAL6E3 (NCYC1006), was
clone from S. cerevisiae NCYC1006. This yeast strain is top-fermenting yeast, and ferments

maltose very well. Laboratory yeast S. cerevisiae YNN27 could not ferment maltose very
well, however, the transformant with MAL63 (NCYC1006) could ferment maltose very well.
MAL63 (NCYC1006) has zinc-finger motif, which is transcriptional activation motif. It is
inferred that MAL63 (NCYCI1006) is located on chromosome VII. There are variations of

maltose fermenting gene family

intra-Saccharomyces strain genomes.

among

inter-Saccharomyces  strains and
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Table 1. Yeast strains and plasmid used in this study.

Yeast strain Remarks

S. cerevisiae NCYC1006
S. cerevisiae NCYC1320
S. cerevisiae NBRC1953
S. cerevisiae NBRC1954
S. pastorianus NBRC1953
S. cerevisiae YNN27

Top fermenting yeast
Top fermenting yeast
Top fermenting yeast
Top fermenting yeast
Bottom fermenting yeast
Laboratory yeast Mato
trpl, ural

S. cerevisiae YPH500 Laboratory yeast Mato

ade2, his3, leu2, lys2,

trpl, ural
Plasmid
pTA2 Plasmid for TA-cloning
YEp24 Plasmid, E. coli — yeast

shuttle vector, URA3
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Fig. 1 Location of genes related to maltose

fermentation.
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Fig.2 PCR amplification fragment from S. cerevisiae
strains. M: DNA size marker A DNA-Hind III
digested. Template DNA, 1. S. cerevisiae NCYC1006,

2. S, cerevisiae NCYC1320, 3. S. cerevisiae
NBRC1953, 4. S. cerevisiae NBRC1954, 5. &S.
pastorianus NBRC2003.
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Fig. 4 Growth curve introduced with MAL33.
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Fig. 5 Amino acid sequence identity between Mal63p
and Mal63p(NCYC1006).



1 MGIAKQSCDCCRVRRVKCDRNKPCNRCTQRNLNCTYLQPL 40
Fig. 6 Zinc finger motif (DNA binding motif) of

Mal63p(NCYC10086).
A ACCAA 4 ATTATAC
LiARAT AT AT AT ; W, TAATATG
TATTTTTTTAGTTGTTTGATGTTCTTCTATGTAGCATCAGAAAGAAACACCAACCCGAAA
ATARAAAAATCAACAAACTACAAGAAGATACATCGTAGTCTTTCTTTGTGGTTGGGCTTT
ATTCTTCAAACAATCAATACCAAACCGCTTTATATAAAAAATTAAGATGTCGACATTCCT
TAAGAAGTTTGTTAGTTATGGTTTGGCGAAATATATTTTTTAATTCTACAGCTGTAAGGA
TATTTTTTACTGAGTTCGTTAAAGTTGGGTACACTCTTGATTACTGTAATTGTCTCTGTA
ATAAARAATGACTCAAGCAATTTCAACCCATGTGAGAACTAATGACATTAACAGAGACAT
TGTCCCTCAAGCCCGGTACGTTGTCATTTTCTAGTACGCATCAACGGAGTGTTACATGAT
ACAGGGAGTTCGGGCCATGCAACAGTAARAGATCATGCGTAGTTGCCTCACAATGTACTA
AGATAGACCGAGTAGAATCTATGGCTATGGGGTAATTAAAACCTTAAAGCTCCTTTCGCT
TCTATCTGGCTCATCTTAGATACCGATACCCCATTAATTTTGGAATTTCGAGGAAAGCGA
GCCATAGTAATACGAATAGACCTTGGCTATAGTAAGTTGCATCTGTACCGTAGAGATTCT
CGGTATCATTATGCTTATCTGGAACCGATATCATTCAACGTAGACATGGCATCTCTAAGA
Mal %]%%%%5% inding region

TGCAACTQ % A ¢ TTTAGATAATATTTCTCCTTATTGCGCGCTTCGTTGA
BCCTTCAGCGAATTTGACAGCCAAATCTATTATANAGAGEAATAACGCGCGARGCAACT
AAATTTCGCTAAACACGGGGTTTAAGTTAAAGTTTACAGGATTTATCCGGAAATTTTCGC
TTTAAAGCGATTTGTGCCCCAAATTCAATTTCAAATGTCCTAAATAGGCCTTTAALAAGCG
GGACCCCACACAATTAAGAATTGGCTCGAAGAGTGATAACGCATACTTTTCTTTTCTTTT
CCTGGGGTGTGTTAATTCTTAACCGAGCTTCTCACTATTGCGTATGAAAAGAAAAGAARA
TTTAGTTCCTAGCGTACCTAACGTAGGTAACATGATTTGGATCGTGGGATGATACAAACA
AAATCAAGGATCGCATGGATTGCATCCATTGTACTAAACCTAGCACCCTACTATGTTTGT
ACGTAAGATGAATAGTTCCTTCCTCAATTCTTCTTGCAGCATCATTTTCTTGAGGCGCTC
TGCATTCTACTTATCAAGGAAGGAGTTAAGAAGAACGTCGTAGTAAAAGAACTCCGCGAG
TGGGCAAGGTATAAAAAGTTCCATTAATACGTCTCTAAAAAATTAAATCATCCATCTCTT
ACCCGTTCCATATTTTTCAAGGTAATTATGCAGAGATTTTTTAATTTAGTAGGTAGAGASR

AAGCAGTTTTTTTGATAATCTCAAATGTACATCAGTCAAGCGTAACTAAATTACATA

TTCGTCAAARAAACTATTAGAGT TTACATGTAGTCAGTTCGCATTGATTTAATGTAT
GACTATTTCTGATCATCCAGAAACAGAACCAAAGTGGTGGAAAGAGGCCACAATCTATCA
—
MALIZ

S. cerevisiae YNN27 can not  S. cerevisiae YNN27/YEp24-
ferment maltose well, MAL63(NCYC1006) can
because MAL-activatoris not ferment maltose well,
functioned, and MALI11 and because MAL-activator can
MALI12 are not transcribed.  be functioned, and MAL11
and MAL12 are trancribed.

Fig.8 The deduced
fermentation of transformed yeast.

mechanism of maltose

4 EBE

ik D FEZEICE ORI TSN B A LT,
Mg EEBFRICHAT S 2 &1%, FLERRATHD. L
L, M THBES N OB E/K DL <1, v /L hP—A
FHERFHNGEN L, o e —L, RUBEEICH
WAL Z EICEMER D . £2T, L b — AR
DIRVEERFERE D~ L b — AR O 2 TR 5 2
LT, N RAFEEEO TR OB E O B RIS
BTNTHZLEDI LT,

W e~V b —AREEEE TS Lm e — VR S
cerevisiae NCYC1006 D~/ L b — R |2 L HHEREEMEAL
KNroru—=27hkilBilzt 25, vV b—24EFMH
DIRWEBREEERE S, cerevisiae YNN27 O~ )L h— 24
BIEOK TN BN D EL T MAL63 (NCYC1006)E s
YEI/Im—=v I35 ENRTELL. D

MAL63NCYC1006)i# /5 11%, T E T/ b—AFE
WZDOWTHIE S TV - EEREE KR S, cerevisiae 332-5A
DIV h— AREEEOEGIEMEALIN - MAL6S &7 2 /B
BLHI T 94%DE W —FH A2 /RL T\, 7 e—=V 7 O
@ PCR EHi(Fig. 1)C, RIFFIZHIE S i=EH D DNA
WEBLANZ, 7 APRERMH SN TV D ERERER S
cerevisiae S288C D7 ) LT — X D MAL3I & —E L
TWi=., ZOBEEFOEANTHE, <~V b—AREMEDOTRE
ik ALNT, THE—LVER S cerevisiae
NCYC1006 @~ /b k — AFEHEES T-REIC X, ZERMED
HoHZENREENT. Fio, AR u—=2 717
MAL63NCYC1006)i& 5 1%, A—ANFZ U 7O E—/L
Sttt A X — Xt B v — VEERE Fosters O £k D 4k
Ak VII © — %41 (accession No.,AEHH01000047,
5493bp) &, 99%DFFMEN A HNTZDS, T OELHITIT,
MAL63NCYC1006)iE 51 CiX, 471 7 VB 5R 5
ORF & SN HHBANICEEORH AN SV, 382 7 I / i
T ORF " T LTHEY, BEFEMENTE L THBREL
TWkEZLND. YEERBICH DL N —REBT
BEZIE, EBWNICHEERIICL ZEEERH D, Z D%k
PR, EABBOSZEMEEZELH L TWDEEZLND
(Fig. 9).

332-5A FostersB

MALG3
Chrvil I chrvil
MAL63(FostersB)
ChrXI _\ghrxl

MAL63 consists of 470 amino acid residues. MAL63(FostersB) consists of 470 amino acid
This gene should be il to maltose fer residues. This gene should be contribute to
Homology to MAL63 (NCYC1006) is 94%. maltose i to MAL63
(NCYC1006) is 96%.
FostersO NCYC1006
MAL63(FostersO) MAL63(NCYC1006)
Chrvil Chrvil
ChrXI ChrX1

MAL63(FostersO) consists of 381 amino acid residues. MAL63(NCYC1006) consists of 470 amino acid
Stop codon is located within the deduced coding region. | residues. This gene should be contribute to
This gene should not be contribute to maltose maltose fermentation.

fermentation. Homology to MAL63 (NCYC1006) is 99%.

Fig. 9 Variations of maltose fermentation gene
families among industrial yeast strains.
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