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Abstract

Deep seawater (DSW) is widely used in various fields today. In recent studies, specific microbial
communities in DSW have been reported, though there are fewer number of living microorgan-
isms. The purpose of this study was to isolate Saccharomyces cerevisiae from DSW because this
species has been widely used in the food and cosmetics fields. The bag filters used for filtration in
the DSW pumping facility were prepared as isolation sources and 75 yeast strains were isolated in
total. As a result of analyzing the sequence of the 26S rRNA gene, the isolated strains were classi-
fied into 13 genera 21 species of yeast, and 3 strains of them were S. cerevisiae (strains SCAK-1, 2
and 3). As a result of comparing the characteristics of strains SCAK-1, 2 and 3 with strain NRIC-
1560, which is the type strain of S. cerevisiae, they were able to grow at a lower temperature and
were much more highly resistant to NaCl concentration and water pressure. In addition, strains
SCAK-1 and 2 indicated unique characteristics such as longer chronological lifespan and higher
oxidative stress tolerance.

Key Words: Deep seawater, Yeast, Chronological lifespan, Oxidative stress tolerance

-3 =1

AH, WEEEAK (LT, DSW) SRR WA TR S CTw 5. DSWH I MAED B4 7
WS G, R GMENEESHEET LI EPRE SN TV, Kif5ETIEDSWH 5 fms
L OMLHEah 3 B CORMIZ AT T, & DI\ BERE Saccharomyces cerevisiae % 77HES 5 2 L %
HryE L7z, 7BEEFICIZDSWH ORMEY 2 88T 58Ny 77 4 vy —xfit L, €206 A58
DOFERE% 738 L 72, 2 BERR O 26S rRNA B 5 T- O FERLY % AT L 72455, 13)8 21 OB RE 124048
BN, FOWN3KIES. cerevisiae (SCAK-1,2,3 & %) T o 72. SCAK-1, 2, 3¥kDEVEIR % S. cerevisi-
ae DIEMERRTH % NRIC-1560 4k & LB L 72668, S o O3HRIMKE TOMIEMEZ A L, NaCligsE
BXOKEIIART B ERE - 72. & 512, SCAK-L, 2R IZFHHFmIE L, #Blbo—KHESh
LEALA B L ANDIES B ITE W EREZH L T,

F—T— K mEREK, BERE, RERRa, BRIEA N LM
KELREOWEEFL, ThHOWEEFAL72K

B, BORL, fbhEan, R, WMIEEFREL EOMA %
MECERIEK (LUF, DSW) 137, i, =4, FETHH SN TS (i, 2000) A%, DSWIdH
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PO HEEFE & D b DTS B BEOLRE DR DK
ThHY), MEWEEDINAFTYADFHHTH 5
HEW OR#E AL TWwD (EiE - e, 2002)
Lo, EEREFAHEENE LBEYOBREE L
LTUEINETHIENERSINTZI horz. L
L, DSWiE I #EK (DLF, SSW) 12 H < TR,
FAKETHY, SOIHEMT T >0 b k—kREE
HETAHSSWE TR LAERREAEL TS (5
#E, 2006) & END, BEEOEED LD b
O MEOE Y ORIEAE < (EH, 1992), FFHE
GIREETH 5H. FFRGBESICELT 2 AW R
HHEERET LI LM, S HIIDSWE
SSW & DBIZHIZAE L TWAIREZEIZ LY, WiiEK
HFIZAERL T LMEMIESIRAE L2V Lh
5, DSWIZIZEAR OBMEM P RESINTNE Z L®
Wireshs,

Z ODSW H D RUEMRELR IZ O CTUE s Y
HFEZHCBTICL D, FEBEmE &7z
Bz M HEAET A 2 EMEIN TV D (5F
JH 5, 2014). & 512, DSW 2 & M B i 1 (48
H5, 2016) RPusElERH (Yang ef al, 2019) 72 & DA
PEVE E 2 A3 5 e o B i R RE o oy s
(5, 2013) = &E0H 5 L 912, DSW 5 DREHE
AT 72 E IR FE S AE FEFE L TE T 5.

F72, TNETODSWOREREFHIZOWTIE L
ROFRIZDSW H &G % FIH§ 2 HER—HKTH >
7o, SHEDSW & LG E 50 CRHHL, €0
FEFEEZ RO TW L 72011d 2 ) LmaEm o
FIFIZOWTO LI DBET L T T ENEEEE 2
bNs.

KREFFETIE, DSWH 5 Han B & OMUHE &5 B T
O F 2 M) T Saccharomyces cerevisiae % 73 83 %
CermHBEL, MWD E LR DSWh b EERE
AR L BT 572012, DSWH O R EY % I8
BT D200y 77 4 vy — (LLF, BF) 248
BELTHALE ZORRE, HBHROBEREE 5
L, ZOWN3RDEARIFIEDOHITH A S. cerevisiae T
Ho7zDT, ZDOIKRDS. cerevisiae DFEVEIR % LU
CEE LIRS S

2. MHREHE

21 RAESLUxv b

A TIILTOREL L OFy P2 L.
B, WY oWGEL FhoREZHERHLZ.
r/a g Ah7z=a—)V (FEYER), =¥/ —
V, FVva—A, BEBT v E=T A (T EYE
M), %ikF r A, kavtd—2 (k#H), 7
T N=A, Z)kua—), XTF ) —A—IKHW
(AALER), Azu—2A, FLova— 2K,
WERALKFE EE AT H) 138 L7 1 v LRGSR
L0EEAL, <)V b= 22— (FEAFHR), Brik
TyEZYLAIERILFE L DAL F72, B
I ¥ A (Bacto™ Yeast Extract) 8 £ "X 7 b
(Bacto™ Peptone) (% Becton Dickinson, %8 K (¥ Hi i
BA-10) (IR EMTZE, 27— HTFh (L —A b
®WH) 1Z b —7a—, Go Taq Green Master Mix (3 7' 1
A 7', Yeast Nitrogen Base without amino acids and
without Ammonium Sulfate (£ FORMEDIUM, F-¥ v b
Ty =nviEuTva - FAT T I AT Ay TR,
PBS (—) I HABEEL DIEA L 7.

22 BEOS

DSW (7 (] VLA ST B SR, UK FE 800 m, b
34050197, HAE139°08'117, BUKE# 1,000t/ H) %4y
14 HHUE#E L, DSWH o &Y 2345 & 72 BF
CFHFLEE05 um, 200947, 8, 9, 10, 11, 12 7, 20104F
L2 3A%5) 20 E L, ZOERE EHENIZH
Sem M EIBR L 72 %, WA DSW 10mL % A 4172
50 mLZF @ 0T 2 — 7B L TRV T v 7 A THE
L7z, BoNnMEH01ImLE001% 2 05 A7 x
Za—VEZIE85% TS /) — VR L 72 YPD%E
KEH Q% BRI F A, 2% X7 k¥, 2% 7V
I— A, 2%FER) IZEIK L T4-27C T1-2:H[H B 5%
ATo 7. BEaEfs, FEREHH RSB BRI O
IO —HErHEHF TR, HEFEME
(X400, DP20, OLYMPUS) CTHI% L, K& Zffifa<
B ENTWwE a0 = — & BERkEmitkE L CHEEL
7z,
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2.3 26S rRNAE=FESIIC L 2BRORE

228 DOAE CHEE L - BRI O £ B KD &
7= AT L HCTDNAZHIE L7, Bo5h
72DNA % NL1 (5-GCATATCAATAAGCGGAGGAAA
AG-3), NL4 (5-GGTCCGTGTTTCAAGACGG-3) O
774 ~— (5, 2008 B & UGo Taq Green
Master Mix % Fi\>CPCR (My Cycler™ thermal cycler,
BIO-RAD) 1§ % 17> 72. PCRIZ X % #lF1394C T
257 M & t%, 94T (1431), 57C (140 1),
72C A7) 219427 vEL, ZO¥FA 7 V%R0
Ml D K L 728, 72C (104-1) OB % 17 -
72, BONIZPCREWIZITY J — Vi TR %
fio7z. 37bH, PCREW20uLIZ95% L5 / —
V50 uL B L 10 MEEER 7 B = A2 L 2 iR L
TR T2 M#HE L 72, #0508 (20,000% g,
1057/, 4C) %41o 72, @O0BE, hAIZ70%
Ty 7 —)v250 uL % N L C R L 43 BiE (20,000
xg, 1047, 4C) L, oz L v b & L
7of%, EAEIKI0 nL IZ R LT85 RIDNA & S8 L
72, BN RDNAB L ONLIO 794~ —%
Tt v A7 4 - 4 =0 A &Iy —
v ARAKIEL 72, 1551172265 rRNA # (5T O
FEFH) (536 bp) 122V, BLAST#:Z L V) 7— %
N— 2 _F OB ORI & OE M Z RS &t
\2, S. cerevisiae T D Z L DFER I NI2MRICOWT
SR EBCY O R & 4T > 72,

2.4 FREMERFHEAEE

238 DEAETHEFE X N7 3K D S. cerevisiae (LT,
SCAK-1, 2, 3%k) B X US. cerevisiae D53 3H5- 1) FEHERE:
(LT, NRIC-1560#k, BEEIERFAMED ) v — A
v % —) % YPDRMAR: #CT1-2 H M E R L,
55 N7 WAR % A A B AR K Cokig L7214, W
(ODggp) 30.01 & 72 % X 9 (I8 A= B AHR K I L
ZE DO K FEEIRPAE S 2 R Ak & L
720 B, AWIRICBULEELIL, BH—IChb &
I LB OREEERE Y/ 70 EX Yk
FHWTIRYA 707 L— FD%™ 22100 uL
MEL, 14707 L— 181 —4%— (MTP-810, &
085 ZHVTODg ZHMELZZDDTH 5.

2.5 HHEEM (GBE, NaCLBE, L&/ —ILBE,
KE) $ LUEEYI X

245 CTH%L L 72 SCAK-1, 2, 3%k X U'NRIC-1560 #k
O % G T 4420 uL % YPD {5 A 55 110 mL |2 B
L, iRFE (4,10,15,27,37,40,43,47C), NaCliFE (0-
20%, 1%%5), T/ — Vi (0-10%, 1%4F), K
JE£ (0, 8.2, 20.3, 30.4, 40.5 MPa) D 45514 7-9 H 5
FEEIT, HE (ODg) ZlITE L72. ODgs fHOEEN
001X R HbOXMEIH ) LHE L b,
KEFZMER > 7% FACCTRTIMEL, SEY) ¥
y— (BEath) WEFEDEDICHE L TH# L
%, BN OBE O A A S LI % R 2 L7z
7o, WY A IR RS AEREE (w1 70
NT v 7 MT-3000, ¥4 20 hF v 7 - N)b) &
THE L EEER Lz, B, AW Clais
(ZFRCHRHE TV, BERHIR L DAL O UBR ClaRE 22
mEZ21C & L7z

2.6 HEOE(LK

M—ofs LTkt —X, #97 =X, 7
Va—A, ZYtu—), <) h—Z—KH, I3
FF ) =A=KW, Arua—R, FLoE—A
KA % ZNEN05% & 7% 5B X9 I L 7- YNBES
Hi (0.19% Yeast Nitrogen Base without amino acids and
without Ammonium Sulfate, 0.5% iEE 7 > £ =7 L)
10mL|Z, 2487 Tl # L 72SCAK-1, 2, 3%k B & O
NRIC-1560 ¥ 0> 4 FFlfi F B 1420 1L % $48E L C5 H
B zAT, B (ODg) % H7E L7z, ODgy HOH
23001 28z 5 b 0% EEH D LHEL 72

2.7 73— )L REEEE

TN a— A &IEE0% L %D LML 72
YPD i A5 #1200 mL 12, 245 Ci# L 72 SCAK-1, 2
3Pk & ONRIC-1560 4%k 0 5F-iffi F T 142 20 pl. % 48 L
TI5C T3HEMEEZ TV, BERETOT IVa—v
BEZF-Xy b1y ) —VTHIE L.

2.8 RiEHESG
24 THEL L 72SCAK-1, 28k B L O'NRIC-1560 4%
O 4% 57 FH B 14 20 L % YPD i AR 5 #5,10 mL |2 35



74 EPFTIEERE - ZEHMER - LA B - IDHBRA - ST

L, EWHICHEEST S F CENETNI-2HHHZEL
7o, B L 7-HEMAR % PBS (—) 20 mL THE L 7214,
10-10° CFU/mL & % % & 9 1ZPBS (=) 15 mL 2 %
L7z, €O%27CTHIEE L, #ERFAYIZ100 uL % 53
L CYPDEREMZ A/ zouo=—r7 > MIX
LERBMEEIT->72. B, BREUEETETL
SCAK3#kiZam == ¥ MZ X 2 AERKNET
EOEDEDPELLREDNDH 722 &2 6 LD
TIXREAL L 72

2.9 BEREKEREME

2485 T L 72SCAK-1, 28 B & U'NRIC-1560 %%
O 45 FAMFFY TR 4 & T 2R B AR ORI L 72 1%, B
B (ODggo) 7503 & 72 % X 9 (2 WK % 98 R Kk 12
B L7 RIS, BWARO BT mL % 5050 B
(10,000 x g, 547, 20C) L CTwWAHZBEIL, £h
120,0.2,04, 0.8, 1.2, 1.4 MR bk % 1 mLiFsn L <€
30C ClHEMIFHE L7z, #HiEfR, WA SEMRILK
RKEBRFET B0, K WA BE R % 5057
(5000xg, 557/, 20C) LChFaki L2k i
WABAERKImL 2RI L TR L, BEEOS
#E (5000x g, 5571, 20C) 1T\, EBiExXBREL
720 RAICH L CRE AR AR K mL 2RI L T
B L, ZOXRKOBEEI0 Ul % YPDIE R K H
(i T LC2IC T3HMRE R 217w, a0 =—JB
HEZ ERE L 72,

3. fm R

3.1 DSWh S SEEE hi-BR

20094E7 H 705 20104E3 £ TOBF 25, &&EF75
PROBERE % 438 L 72, (20094E7 A 25 134k, 8 A 2
SOk, 9H 20 H 4Kk, 10A 20 528k, 11H 20 522
¥R, 12 H 5 568k, 20104E1H 20 518k, 2H 2> 64
BE, A5 148K 15 ORRIZD T 26S rRNA i#
B %A L72AE R, 1IB@1M IS, €0
N 3#KR D3S. cerevisiae T & - 72 (Table 1). A7 T
X, 538k % SCAK-1, SCAK-2, SCAK-3#k: & i %4
L, ZToOMWIRZFHG L 72, ¥ 72, SCAK-1, 2, 3%k
& NRIC-1560 ¥k D3 ALY % ik L 72455, SCAK-1

ZAHFEPEA399.8% Td 1), SCAK-2, 3#k 1 AH [7] 14 7%
1000% CTH -7z (Fig. 1). 7% B, HAREERFOLE
BEB S T OB NS, SCAKL, 2RI IEEENETH
%—77, SCAK3PRIZEELILEMEZHF L TVDH I L
W53 7z (Fig 2).

3.2 SCAK-1, 2, 3tkDFEMER

SCAK-1, 2, 3#kB & U HEK & T & % NRIC-1560 1%
DFEVEIR % Table 2127R3 . HEFHIR LI L SCAK-1, 2,
3WRIE TR T4-43C TH ), NRIC-1560%% D 15-40T
(2 AR TRIRIS T O G AE % 78 L 72 NaCliif P4 1%
SCAK-1, 3%k %%13%, F 72SCAK-2#k%14% T & 1,
NRIC-1560 4k D 5% (2 bR CTHF I E 2o /2. ¥
J — VIR X SCAK-, 2, 3R IE T XT10% TH D,
NRIC-1560 4k D 9% |2 e R THEA T E 2o 72, i KT
P 1XSCAK-1, 3%k 13304 MPa, ¥ 72SCAK-2%k &
405MPaT & V), NRIC-1560#k @ 20.3 MPa (=t~ T
m o 72 WARY A4 XX SCAK-1#4£55.3 um, ¥ 72
SCAK-2, 3#2%5.4 um Td» 1), NRIC-1560#%: > 13.5 um
WZHRTHEEIZNS o7z HEOBRLEIZDONT
1, SCAK-1, 2, 3#RIZNRIC-1560 kY &AL L 72 4E D 5
5, YNV =22 EET, SHINNTF/—AD
EALE DK o 72, F 72, SCAK-2, 3#kix 7 ~

Table 1 Species of yeasts isolated from BF

Molecular identification Number of isolated strains

w

Bensingtonia sp.

Candida boidinii

Candida sake

Candida tropicalis
Cryptococcus magnus
Cryptococcus sp.
Debaryomyces carsonii
Debaryomyces hansenii
Hortaea werneckii
Kluyveromyces lactis
Kluyveromyces nonfermentans
Meyerozyma guilliermondii
Pichia mexicana

Pichia occidentalis
Rhodosporidium sphaerocarpum
Rhodotorula glutinis
Rhodotorula mucilaginosa
Rhodotorula phylloplana
Saccharomyces cerevisiae

W O W Ul 00 = 00 D) = O

Do
(=}

Wickerhamomyces anomalus

—

Williopsis saturnus




NRIC-1560
SCAK-1
SCAK-2
SCAK-3

NRIC-1560
SCAK-1
SCAK-2
SCAK-3

NRIC-1560
SCAK-1
SCAK-2
SCAK-3

NRIC-1560
SCAK-1
SCAK-2
SCAK-3

NRIC-1560
SCAK-1
SCAK-2
SCAK-3

NRIC-1560
SCAK-1
SCAK-2
SCAK-3

P ARIRHEER B KD & 53 BE L 72 Saccharomyces cerevisiae DFGTEIR

AGCGGCAAAA GCTCAAATTT GAAATCTGGT ACCTTCGGTG CCCGAGTTGT AATTTGGAGA GGGCAACTTT GGGGCCGTTC CTTGTCTATG TTCCTTGGAA

GGTGGTAAAT TCCATCTAAA GCTAAATATT GGCGAGAGAC CGATAGCGAA CAAGTACAGT GATGGAAAGA TGAAAAGAAC TTTGAAAAGA GAGTGAAAAA

TTT CTCCTTGTGG CTCGCATTTC ACTGGGCCAG

CATCAGTTTT GGTGGCAGGA TAAATCCATA GGAATGTAGC TTGCCTCGGT AAGTATTATA GCCTGTGGGA ATACTGCCAG CTGGGACTGA GGACTGCGAC

GTAAGTCAAG GATGCTGGCA TAATGGTTAT ATGCCG 100.08%

Fig.1 Alignment of 26S rRNA gene sequences of strains SCAK-1, 2, 3 and NRIC-1560.
The 536 bp rRNA partial sequence of strain NRIC-1560 (ATCC 18824) was aligned with the corresponding sequences of
strains SCAK-1, 2 and 3. The nucleotide which is the same as that of strain NRIC-1560 is indicated by “-". The percentages
of identity are presented at the end of each sequence.

Strain SCAK-1 Strain SCAK-2 Strain SCAK-3

Fig. 2

Micrographs of strains SCAK-1, 2 and 3 cultured in YPD liquid medium for 2 days.

Table 2 Comparison of characteristics between strains SCAK-1, 2, 3 and NRIC-1560

Strain
Characteristics
NRIC-1560 SCAK-1 SCAK-2 SCAK-3

Growth temperature range (C) 15-40 4-43 4-43 4-43
NaCl tolerance (%, w/v) 5 13 14 13
Ethanol tolerance (%, v/v) 9 10 10 10
Pressure tolerance (MPa) 20.3 30.4 405 30.4
Size (um) 135 53 54 54
Alcohol production (%, w/v) 11.1 12.3 12.7 12.6
Carbon assimilation

Cellobiose + + + +

Galactose + + - + + ++

Glucose + + + + + + + +

Glycerol - - - -

Maltose + + - - -

Palatinose + + + + +

Sucrose + + + + + + + +

Trehalose + + - -

The carbon assimilation was judged by the increase in turbidity at ODgg; *—

0, 0.01-0.05 and above 0.05, respectively.

", “+" and “+ + " represent ODgg of

75
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-@-Strain SCAK-1
102 -&-Strain SCAK-2

-5-Strain NRIC-1560

Viable cell count (CFU/mL)

10"

109 . . . . : . . )
0 2 4 6 8 10 12 14 16
Incubation day

Fig. 3 Comparison of chronological lifespan between strains
SCAK-1, 2 and NRIC-1560.

b= A % &AL L 72 28SCAK- 1R IZ B L &9, 1

SCAK-1#k1E b Lo — 2 2% L L7225, SCAK-2, 3
FRIZEAL L oo 72, TV I — VESEEREIC DWW TS
BRP OIS J — VIR % P45, SCAK-, 2,3
PR Z 12 11123%, 12.7%, 126% T & 1, NRIC-
15608k D 11.1% & 0 b midro 72,

3.3 SCAK-1, 2HD#EREH M H & VBB LK R

SCAK-1, 2#k3B & U'NRIC-1560 #k D 5 75 iy % HLik
L7z, Fig 3127”9 & 912, SCAK-1, 24k I3 EBRER A
i »70x10°CFU/ML3B & 187.3x10° CFU/mL %> &
6H 7% T31x10°CFU/ML 3 & 1826 x10° CFU/mL 2
WA L7205, F LB EEEORA IR SN
o7z, —7J7, NRIC-1560#: 1% 2.3 % 10" CFU/mL 2> &
6 H%Tix1.7x10* CFUmLIZ#A L, 51216 H %
121352 % 10° CFU/ML 12 F T L 72,

WIS, FERFFFMASRES. cerevisiae |3 BRI K &
WX AT E W S s &N w5 (Azuma
et al, 2009) = & 75, SCAK-1, 2#k3 L U'NRIC-1560
RO IR EME A 72, Fig 4108 T X912,
NRIC-1560 # D #@ R ALK i 141202 M3 LR TH -
7201Zxt L, SCAK-1, 28R \Z A G BRI Bt L 72 0 v
FE (14M) THIHMEZR L, NRIC1560%% & b b 58
FIE BRI RIEEY B L v,

4, z =

ARPFFETIXDSW O £ R AT E o ) - % Hig

Concentrations of H,0, (M)
0 0204081214

Strain SCAK-1

Strain SCAK-2 . ' ' ° @ @

Fig. 4 Comparison of H,O, tolerance between strains SCAK-
1, 2 and NRIC-1560.

WAEMOFNEH 2 EH T 572012, HEED
FEEA L, BUEMED DR DSW 2 S BEREO 55
Bz Hiy e LT, DSWH OfAY D3 A S LT wn
% LM SN BHBF & il & LCHFRICET L7z
ZOFER, 13E2VHEIZ 3 S N5 5RO EERED 57
BElCE o7, 72, ZONIKIEARMEOHNTH
D, B X OMLHE B T ORI H FEBAE WS
cerevisiae Td - 72. DSWIZIZA %\ 036 k4
LGERPERL TS 2L, FBF2O0EEL 72
BERED LMK D> & O 53 BEH A 535 > Rhodotorula
R, BRE B L UAHELE O B O VR K HERE Y 7> &
PrfE & LT BEERes S 7z Kluyveromyces nonfermen-
tans (Nagahama et al, 1999) 7= &b 4% & FN T
722 Eh 5, BFIZDSWHI RO O 3 HEdi & LT
WL TW5h EHERINT.

rHE L 7238k D S. cerevisiae (SCAK-1, 2, 34K) 12D
WCRETEIR 2 BFAM L 72455, SCAK-L, 2, 3FRIZ &
P A ZHVNE &) MBI 2RI 2 ¢, RIR
et SimER THMM LR L7729 2, NaClig
FERKENZ RS B D mid o 72, & 5I2SCAKH,
BRI DV TR R a AR <, BRIEA b L AITH
FTOMEDE P ENOEFREEZFLTND
LHEgE SN, B LHROREMER L IZR L 25 O
PEIRASHERE S 7z, 235 SCAK-, 2, 3R D FETEIR
I, SSW & DIREMIT L A LR WIKIR, EAKED
DSWHITOEFIZHEL Tnb LR INDE Z Lh
5, JLA IS DFEMEIRE A L T 72SCAK-L, 2, 3
MEDIRE I F 721X SSW 72 5 DSW 2Lk L € < A1
&S0, FIEDSWIC F THE L 22 #kA
DSWOBSIZ#E G L, Ll oKz AL 720
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PILIEE ICHRD D 5 2%, TOMEmICIT LD E LD
MRS LEE L Bbin s,

F 72, SCAK-, 2, 3#kidv i d < v b — 2 &1L
fEx AL TCWhhol, I LT, EIIE
DSW 22 & 53 £ 4172 S. cerevisiae (H 5, 2013) B &
N D SSW R 20> & 438 72 S, cerevisiae (/)
£, 1999) & EIEV OV b — AEALRED B B T LA
WESNTWD DT, SCAKL, 2, 3FRIZ¥ IV b — R
EALREDS L SN h o 7-HHIZ, DSWHRDS. cer-
evisiae O FFH L VW) T ETER L, ITNHOK%
DS L < I3HHEARINDSW o # 3 S K o 7]
REPEDMHEN S 7z, 5 &6 X S cerevisiae D 53 HE % 3
A, FFHNIHROY IV b — ZELEEE TR TN T
ETH 5.

AN TIZSCAK-L, 2, 3tRICER Z U TTLEDOH
FHFHEMEIROFHN & 1T 5 7225, 41T & 0 EERH
I 72T 24T 9 720102, kA T S TOSEER
BREATV, RO N B OF R Z & 2179
TETH A, T2, KWL TIES. cerevisiae DM
b, REOEMPIEZ B L L-AWrbik# & L
TOFEDHGET ST b Candida sake (Vinas et al.,
1998) %, F— XAORMEIZ BT B EILEE (FE
) OEFEIZFIE E T D Kluyveromyces lactis (3
M, 2016) 7% &, BEIZESEFA ST 2HS 58k
SNz ennb, DSWIdHk 4~ EERE O 5HER & L
THETHAZ 0D, 7R ORRE 2 Mk L
T ki, BonhiBRotRizcowTHEE
fliL TWEZVWEEZERZ TV,
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