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Nucleotide Sequence of c-Amylase Gene in the Yeast
Schwanniomyces occidentalis var. persoonii CBS 2169
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Abstract — The relationship between Schwanniomyces occidentalis CBS 2863 (formerly castellii) and
CBS 1153 (formerly alluvius), and their variety persoonii was examined at a-amylase gene level.
Using Sch. occidentalis a-amylase gene as probe, Sch. occidentalis a-amylase gene homologues were
obtained from Sch. occidentalis CBS 1153 and Sch. occidentalis var. persoonti. The restriction analysis
of these homologues showed that the restriction enzyme sites between Sch. occidentalis CBS 2863
and CBS 1153 was identical but different between these strains and Sch. occidentalis var. persoonit.
To investigate the difference between them, nucleotide sequence of approximately 2.0 kb of a-
amylase gene homologue from Sch. occidentalis var. persoonii was determined. The result showed
that a-amylase gene homologue from Sch. occidentalis var. persoomii have 0.24 Kb of deletion at
position 141 base from initial codon of Sch. occidentalis CBS 2863 a-amylase gene and also 27
stop codons with deletion, substitution, and addition of base at many sites in the internal region
of open reading frame. However, the homolog of amino acid residues predicted from DNA sequence
of N- and C-terminal region of a-amylase gene homologues between Sch. occidentalis and its variety
exhibited 83%. On the other hand, such homologue of Sech. occidentalis a-amylase gene was not
observed in Debaryomyces vanyiji which was able to utilize starch and closely related to Sch. occiden-

talis.
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Fig. 1. Southern blot analysis of genomic DNA isolated
from Schwanniomyces strains.

[Panel A A-Hindlll DNA(lane a) and each genomic
DNA from Sch. occidentalis CBS 2863(lane b), Sch. occr-
dentalts CBS 1153(lane ¢), Sch. occtdentalis var. persoo-
nit CBS 2169(lane d) and S. cerevistae SHY3(lane e)
were completely digested with EcoRI, and together
with CBS 2863 AMY gene(5.0 kb[lane f]} and [Pane!
B | these were hybridized with o-*P-labelled CBS 2863
AMY gene. [Pannel C_ BRL size makers(lane S), CBS
2863 DNA(lane a), CBS 1153 DNA(lane b)) and CBS
2169 DNA(lane ¢) were digested with EcoRI{lane 1),
Hindl1ll{lane 2), Hpal(lane 3) and Kpnl(lane 4), hybridi-
zed with o-“P-labelled CBS 2863 AMY gene.
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Fig. 2. Comparison of restriction map of inserted DNA in pSaAMY and pSpAMY.

Restriction enzymes are: E.,

pSp AMY
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Fig. 3. Restriction map and sequencing strategy for in-
serted DNA (ca. 2.0 Kb) in pSpAMY.

The arrows indicate individual sequence readings from
the labelled sites and open circles are site that be syn-

thesized by oligonucleotide primer . Restriction enzy-
mes are: D., Dral; EV., EcoRV; H., flind]ll; Hp., Hpal;
K., Kpnl; P., Pstl; R., Rsal and X., Xbal.
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-545 Kpnl -446
[GGTACATCAG CTAAATTTAG AACCGGCTAT  AGATCUGCTT GACTAAGAAG AUATATGGAA  GAAAACAACT ATCCGAGCAC TCTTTTTTAA GTTTTTTICT
-445 -346
ATTTTCITTT GCTCCTACTT CAATAATTTA  TCTAAATTGT ATTATACGTT AGATCATAAT GTACTGATAA CAGAGAGTAT TATCATACAC TTGTGGATTT
-345 -246
CGAMGGTGG  AACCAAAAGC ATACATAGTC AAGUCCATGA TAATTTGATG  TAATTAAGGT TGTAGTCGTT CTTACCGATC CGCCATTCTA COCTACACGG
-245 Dral -146
TTTCATGGCA  TGTAAGTGTT TCAATAGTGA AGTACAATGA ACGTTTTGGT AATGCTGCTA  TTGTTGGATC AGTAATTATG [TTIAAACAAT TAAGTTCIGG
-145 -46
AAAMTTTATT AMMATTTTAC CAACAATTAA ACCGAAATCC AATCGAAGGT GCOGTOCAGC TGGTGTATAA ATTACTCTTG  AAATTCAAAT TGAACATTGA
-45 36
TACTATCTAA AGTAAAGGTG TTATTCTACA ATACTAAATA AAATAAAAGC AAGAC ATG ATT TTT TCA ATT GAA GGA TTT ACA AGT AAMA GIT
M I F S I E ¢ F T S8 K V
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vy & A I L A F 8§ S L VvV 8§ & @ P I I F D K R D V¥V S5 § 5 4
118 3 Kpnl 198
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Y € 8§ K L F N R % F K N 6 xx C X V R BR Y H F F N E V =«

523 603
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G H F ¥ ¢ L * L R &« S L P R I S N L Y L 5§ ! 8 E L C E
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R S vy a L § t I L $ s I s { L Q@ * Y F G DF aQ R V NF
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P T 4 N T 4 § *» S Vv ¥ = | K * = | K P L R R I P P I Q
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TIT TAA TAA TTT AGG TTC AGA CGG CTC AAG GAC ATT AAT GTC AGA AAC GOC GGC TAT TCT AGT GGT AAT AAA GTT GTC GAA
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1252 1296 +43

CCT CCG TCT TCT GTT CTT TCC GGA TCT GGC ATC TG AAT CAA TAG ATTGATCCAG CGCTAACCCCT TTTTTAGATA CGACAAGTTT ATT
AP § 8 V L 8§ G S G I £ N 0 =

+44 +144
TTAGAMAMMA - GTTTCTAAGA ATGGTCCAAA CAAGTTCTTA TTACTTCIGT , ATCCCTGGAT  ATCTGTTTTC AATGTTCCTG ACTOCGCATT CCTCATATT]
+145

AGTCTA

‘ig. 4. Nucleotide and deduced amino acid sequences of the Sch. occidentalis var. persoonii AMY-homologous gene.
Putative promoter and polyadenylation site are denoted by solid and dotted lines. The stop codon sites are
shown by asteristics and the presumptive deletion site {0.24 Kb nucleotide sequences) denoted by vertical arrow.



Vol. 21,

P
. C

. O

L wm n wn

D

e Q6 T

nnr @0
o 0 0w

hnnwun
© 0 0 o

P
.C

. O

n W wn

.G

5. p
5. ¢
5.0
5.0

No. 6

CBS 2169
CBS 2863
ATCC 26076
CCRC 21164

CBS 2169
CBS 2863
ATCC 26076
CCRC 21164

CBS 2169
CBS 2863
ATCC 26076
CCRC 21164

CBS 2169
CBS 2863
ATCC 26076
CCRC 21164

CBS 2169
CBS 2863
ATCC 26076
CCRC 21164

CBS 2169
CBS 2863
ATCC 26076
CCRC 21164

Fig. 5. Comparison
The amino acid sequences of the a-amylase deduced from Sch. occidentalis var. persoonii (first line), Sch. castellti
(second line), and from Scha. occidentairs (third and fourth line) have been alined by deleting gaps (-) to maxmaize
the similarity. Regions with significant similarity are overlined and the presumptive signal peptidase cleavage
site 18 indicated by triangle.

MIFS1EGFTSKVVAAILAFSSLYSAQP 1 I FDKRDVSSSAEK#KDLS [ -~ - - == ==~ ==
MRFSTEGFTSKVVAAILAFSRLVSAQP 1 1 FDKADVSSSADLWLDGS] YQI VTDRFAASDGSTTADCLVSDRK [ CGGSYLGI IDLLDY1QG
MRFSTEGFTSKVVAAILAFSRLVSAQP I FDMADVSSSADL¥LDQS] YQ! VTDRFAASDGSTTADCLVSDRK [ CGGSYLGI 1DLLDY1QG
MRFSTEGFTSKVVAATLAFSRLVSAQPI 1FOMADVGSSADLRLDOS | YO1VTDRFAASDGSTTADCLYSDRKYCGGSYLG FDLLDYIQG

—————————————————————————————————————— L1 WVPLMIKQLASELHSRNMLLMI DVF YNHYARSGDGSSVDYLVSLHS I NNL
MGFTAIWISPVVEQI PDNTAYGYAYHGYWMKN | DELNTNFGTADELKQLASELHSRSMLLMVDVVYNHYARNGDGSSVDYSSFTPFNGQS
MGFTAIWISPVVEQI PDNTAYGYAYHGYWMKNI DELNTNFGTADELKQLASELHSRSMLLMVDVVYNHYARNGDGSSVDYSSFTPFNQOS
MGFTAIWISPVVEQI PDNTAYGYAYHGYWMKNI DELNTNFGTADELKQLASELHSRSMLLMVDVV YNHYAWNGDGSSVDYSSFTPFNQAS

TSRFLFNYKL*CSNQY*RLLGR* Y*SLPSRFKK*G*¥CYRR I SNLGVRYCSKLFNRWFKNG*CKVRRYHFFNEV*GHFRCL$LR®*SLPR]
YFHDYCLITNYNDATNVEVCWEGDTEVSLPDLSTEDNEV 1 GVFQTWVSDFVONYST DGLR I DSAKHVDTASLTKFEDASGVYDLGEVYQG
YFHDYCLITNYNDQINVEVCREGDTEVSLPDLSTEDNEV I GVFOQTWVSDFVONYSI DGLR I DSAKHVITASLTKFEDASGVYDLGEVYQG
YFHDYCL ITNYNDQTNVEVCREGOTEVSLPDLSTEDNEV I GVFQTWVSDFVQNYS 1 DGLR [ DSAKHVDTASLTKFEDASGVYDLGEVYQG

SNLYLSISELCERSYQLSTILSS* LU *YFGDFQRVNENDLHI TVIFFRTLFVOKLY#KP#SS 1 HI STFRHILDYECNGLYNFGSLYP
DETYTCPYONYMKGVTNYPLYYPVYREFFSOTSATSSELTSMI STLNSSCSDVSLLGNF 1ENHDQVRFPSVTSDTSL IKNAMAF T 1LGDG
DPTYTCPYONYMKGVTNYPLYYPVYRFFSDTSATSSEL TSMESTLNSSCSDVSLLGNE L ENHDQVRFPSVTSDTSL IKNAMAF T JLGDG
DPTYTCPYQSYMKGVINYPLYYPVYRFFSDTSATSSELTSMESTLNSSCSDVSLLOGNF FENHDQVRFPSVTSDTSL IKNAMAF T ILGDGI

NYVLRPRTRSQWWLPSLPIEIAFMVKWI # I PTONTMS*SVY* [Kex IKPLRRIPPIQLTNPQLFLLQTT ] *PLERVAMLS I DFHE % %FRF
P1TYYGQEQGUNGGSDPANREALWLSGYNTDSEYYEL ISKLAQ I RNQATKKDSAYSTYKSSVVSSSDHI YATRKGSDANQL ESTFNNLGS
P1IYYGOEQGLNGGSDPANREALWLSGYNTDSEYYELISKLAGI RNQATKKDSAYSTYKSSVVSSSDHI YATRKGSDANQL } STFNNLGS
PIIYYGQEQGLNGGSDPANREALWLSGYNTDSEY YEL ISKLAQIRNQA IKKBSAYSTYKSSVVSSSDHI YATRKGSDANQLISTFNNLGS

RRLKDINVRNAGYSSGNKVVEVVSONSVTVGGSGS#SVS [ COGMPQVYAPSSVESGSGICNO*
NGSQDITVSNTGYSSGDIKV1DI [ SCNSVSAGDSGSE.SVS] SGGMPQVYAPSSVLSGSGICNO#
NGSQDITVSNTGYSSGDKVID] [ SCNSVLAGDSGSLSVS I SGGMPQVYAPSSVLSGSGICNGs
NGSQDITVSNTGYSSGDKVIDI [SCNSVSAGDSGSLSVS I SGGMPQVYAPSSVLSGSG I CNQ*

of amino acid sequences of a-amylase deduced from Schwanniomyces strains.
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Sch. occidentalis CBS 1153, Sch. occidentalis var. per-
soonit NRRL Y-7400 1ei3x Debarvomyces vanriji
NCY 577¢] Al-+ DNA<2} Southern hybridization&
AlAlskede)y, 1 A3 Sch. occidentalis CBS 11539
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Sch. occidentalis var. persoonit NRRL Y-74003} CBS
2169 A= R B} Folgh 9] 2o A vhebydoh(Fig.
6). TLef A etol| M2} 3ro] Sch. occidenialis var. per-
soonit NRRL Y-7400 #2248 A& Helstod
Agras =5 st & Za AgEL 9 A
(R} e} &) Ay 7 Seh occidentalis var. persoonii CBS
21692 17zt <z sqlct aiebx] NRRL Y-7400
o2 a-amylase %*1 2 ol e} xlg)e 7o g
FA sk 2 awe] ATl Sch occiden-
talis var. persoonn7} 2 Schwanniomyces occiden-
talis 72 w72l 2 A RS- o] 43t Elof 9lr}

(10). o]ie| A=5 g8 2 v Kreger van Rij(10)
7b 2 Aol Sch. occidentalis var. persoonii
Ao o] 8¢t 852 Alasejor 3 7o g A}
g7 Ii}. &HH Sch. occidentalis -2} Al 23t o g
=41 F2l Debaryomyces vanrijioll 4% g-amylase -§
%=} ”Ezﬂ?} AR A oFqith o|3he Axpe g-
amylase T3 &} Tl A Schwanniomyces occidenta-
lis w757l Abs Aol ddet, oS3 Debaryo-
myces vanrijiiltellv= AE-Ae] ¢l&& ¥BoFa gt

2 o

Schwanniomyces occidentalis 7 CBS 2863(caste-
Hir)a} CBS 1153(alluvius) “rz]al o]&2] wHal
Schwanniomyces occidentalis var. persoonii7}te] <3
A a-amylase §-A 2} 4Tl A FAbslgic) Sch.
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Fig. 6. Comparison of homologues between Schwannio-
myces strains and Debaryomyces vanriji NCY 577 by
Southern blot analysis.

A-Hindlll DNA(lane s), genomic DNA from Debaryomy-
ces vanrijt NCY 577(lane a), Sch. occidentalis var. per-
soonit NRRL Y-7400(lane b), S. cerevisiae SHY3(lane
c), Sch. ocadentalis var. persoonii CBS 2169(Jane e),
and Sch. occidentalis CBS 1153(lane ), were completely
digested with EcoRI, and together with CBS 2169
AMY-homologous gene[ 4.8 kb(lane d)], hybridized with
a-“P-labelled CBS 2169 AMY-homologous gene.

occidentalis CBS 2863 a-amylase &% 25 o] & o]5
2] Al om=5E 93 g-amylase FH2} AF%
A5 Astat zxE 2AAslo] BEA8 A Seh
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