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Characteristics of the yeast “Saccharomyces cerevisiae SCAK-1" collected
from deep seawater on the responsiveness to stress
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Katsuhisa Yamada and Yuji Shibata

Abstract

In order to utilize Saccharomyces cerevisiae strain SCAK-1 collected from deep ocean water (the
isolate) in various industrial fields, responses of a function of metabolism to various kinds of
stress were investigated. In this study, the decreased weight of culture medium by the activation
of glycolytic system in yeast was considered to be a metabolic ability. Four kinds of stress treat-
ment such as temperature, osmosis, alcohol and oxidation were selected. The metabolic ability of
the isolate was never decreased by treatments of a high-temperature stress, oxidative stress and
high concentration of alcohol stress, although that of the type strain was significantly decreased
by these treatments. Furthermore, the metabolic ability of each strain was never influenced by os-
motic stress. Finally, maltose utilization ability of the isolate which was considered to be lost in
the DOW environment was recovered by the release of glucose repression. The isolate is expected
to be used in various industrial fields in the future because it was confirmed that the isolate has re-
sistance to various kinds of stress and was also recovered an important ability of yeast such as
the maltose utilization in this study.
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il

HiZEREERE (S, cerevisiae) 1%, EERZE TOEAEN I
NS T, OB EZ AL, WEES VR
& Wt T 5 BTk A BRI D . MR
FBEIZET ) ARG SN, ZOT ) AHHR, B
BB X OB ELICRE SN T b 2 e s
bholzOT, BEEAEYOETIVHIIEE L CTILWT
FAIICHW SN TS (KIE, 2011). F o
SETIE, T4 YRE—VB XUy 08I
TV 7 b EFRIC BRI W S T w7z & v ) iE
PAEETAH (FEE, 2016, BA, 2017). F7-HKFH
BENSDONA F Ty ) = )VOEFEIZE (Chujyo et
al,2015) %% EFH L WHIASE S RESIN TS, &
BHIFEEREL, FIHRICHRA A ML AIZBEINS
e nBY (B 2004), EEMEICHI-
TREINSHDA MLV AT HINENEEING. F
B o, FEARIUEERREK (FREEFART, UK
TREES00m) 20 & HFEER 2 0l L, & DMLY
0 70 R & SE IS ARGE T L7z (B4 5, 2022).
INF CEEMME BE L iR K g 2
TFORICT 2 M IR L A LNV OT, K
FETIE, EEFMRICAT SN, DA L AT
x5 2 R OIGE RO R A R T 2 2 L A HIY
E L7z 0 EARILE — VR A N L D BLE
BEL VIV b= AEEERELEL TV DT, 20
BIRIZOWT OB THRET L7z, ZOfER, A
HOWMFHIA LR E BN WSS N0 TR
I THET 5.
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2.1 HEBS

5 5 HSDOW 2> 5 43 L 7= Saccharomyces cerevisi-
ae strain SCAK-1 (77 HERR) (BPAS &, 2022) 1%, I
P& L TRt e L 72 & #E R (S cerevisiae strain
NBRC104081T, A 37 AT Bridk N i 5FAll 3 Al A 2 4%
) L4k, LEFZERTA O — 80°C O KR & ELE C
F)tEa—VA by 7 EINTWb0RMLZ. &
BLRORKERIE, B S (2022) OFEIZf SN

72 B HERE T B 2 NIRC1560 (B R FE3E K=Y V)
V—Atry—) LE—RKTHY, S cerevisiae
SHERR & DA - AL RIFEIEIRR 5 A W S
BOMEICH2D, LB E LTHHSINAHKRT
bb. IRk X OFEEERIE, YPD KRS H
(1% BT X A, 2% RYXRT ¥ 2%D-7
a— 2 AT (wiv) %) ICHM L TR LETSE
720 fEIC L2 BAR R BT L YPD AR RS H B L
THAERLUMBE S, ZoBEZ3EMUEEREYEL
TLURBORBOMABHOME & Lz &b, Af
FRICBU L MR ORARL, FRICBET 25, &
C27°COEAE N THfE L CT1To 720

2.2 HEHBROES

221 SEEHOBREY I X

2.1 Ei CIREL L 72 BB R O I ORFFE (ODggo
#0.7) 1mL % 30 (1,500x g, 1547, =) LT
BARZ BN L, ZHUE AR AR LS mL 2 iz
THELOL, HUERotcmi L CHiks
WiE T 2EZ3ME#E YLz, 29 LTHRLNE
WAL, LW AR AR 1S mL &2 N2 T &<
WHLTHBE L HH20L2AT74 FT T A
FIZHET L. SHICHN=F T A %Rt TS
LRSS (CKX41, 4 ) /3 R) CEIEH G % ¥
L7z, fBoNnigiliignrs, BEBLUHFEOR
W HREEO BB O TR (MR, FEERRE N
ZN201M#) 12T, W{EAENT Y 7 b (Image ]) %
HwW TR O RE, FExIEL, TRAL R
FEERD T

PR = (B - ER) /B
(7S, “0" 12V EEIEOTR E 7T

222 L£EBE

BABE R D T DR OB A MG 2 12h 72
0, 2185 Ot SRR R oo 1 T & A AR B AR K T
X7 T 7T NEENSPL6II%: A L) ICHR
WA MmMBE L, o F v b (api ZYM, E F X
VX)) B CEEEEICHE - TRET

)2 — -
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23 X MLXDERH

EFAH A ZE LT, ERICHFREIBRINS
TR H LU TOLFED R b L A% #EE L TR
BRI B L7z,
231 BEEXMLZX

2.1 Hi CHefi L 72 HEBARERE O MR 0.5 mL & < A
yuF2—TIZB L, 4°CB L U40°C O EEAEAN T
24 IRE T FHIE L 72
232 BEEAMLZR

21 HiCEf L 72 HEAEER OFE R 05 mL & ~ 4
yuFa—7I12BL, @O (1,500 g, 10451,
i) L CLEOWMAE L7z, Ik i A
ALK 05 mL T2 PkEE, AOLEE (1,500xg, 10
i, S L CHRMARE L 72 B L 72 B iR
12, 20B £ 040% (viv)D ¥ a B (Bt 7 1 )V 2 HDk
FEE) & O WA B AR K % % 4 1.5 mL/tube 37
SELTRVT v 7 A3 FH9—TH#AM%E, 27°CofE
IEAG PN C 24 g B L 72,
233 7IA—-ILZXFLZX

232TH L [FAROIRIETRIN L 22WRIC, =8/ —
VR, BT 4OV ARDEHEE) %108 X 0°20%
(viv) &t YPDH; Hi % 1.5 mL/tube 32437 L TRV
T v 7 AIFH— THEER, 27°COERMN T2
I [ A L 7.
234 BREXHFLX

2.32TH & [FAROFRVETRIL L 22 WA, #ERILK
# (30%H,0,, BHL7 4 VARG 2088 L8
1.6 mM & T 9k A A2 B AR K % 1.5 mL/tube 370 43 1F
LTHRVT v 7 A FH—§it##E, 27°CoERMEA
TO0 77 M HE L 72

2.4 {KEEEDBEITE

PR D231HA H234THOBIETEAEA b L A
B E OB (ODgg - $90.7) ZRVT v 7 A I F
- THEER, TNENI0uLE 20% (wiv) 7V
O — A& YPDELZS W A (1 3 6B 5T 55 b
1% BT % A, 2% RYRT b 20%D-2 )
=R 1 &T (wWiv) %) 10 mL/tube |2 3578 L CTH5 28
L7z, B P CRE D & AR S 2 R T
ADHER (HP 5, 1941) (24F ) B3l E & oA

a2 ILUHS (2008) DI CEHIIL 2. & B,
HERER I =3TETo 7.

25 vILbh—ZXF{MEDET

SEERRICO VT, HIES (2014) oA IO W
TV a3 — AR %€ KB # (0.67% Yeast Ni-
trogen base without amino acid, 0.02% 2-7 4 & 2 7
VI—R, 2% XV b—A - —KHW, 3% FEKR:
2T (W) %) * L7z, Lk 2323H & kIS
BE L CII L 72 % 37 L\ 0.2 mL OBR AR B AL
WARICERE L7z, ZoOBEEImL 227 )Lba—2
Tl R B FSE R B o BIC 8Pk MR, a0 =—2sHBld
LECERLY. au——2HE LSO RS
HTHEWY), BH5 (2022) OFFEIE-> TV IV
b — Z AP 78 F YNBES b (0.19% Yeast Nitrogen
base without amino acid, 05% WilE7 ~ €= A,
05% < h— R - —KMW : 2T (wiv) %) 128
Tl L CTREAE L, K522 D ODgy fifl D 3 N £30.01 2L
23 L2 ST, <V b — 2Bk TT & HT L
720 B ORI L\ 7OV 3 — AR
FZEREE M PS4 CHig LT L, M3l
Ju = — % PEMETCEIZE L/
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K7 T, EBET — & 1l £ MR TR
L, Student’s ftestic & A2 " H M OWMEIZL ) HE
EERHE LT
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4.1.1 SDEEKROBREY I X

Fig. 1IZR T & 912, BEAOKEEROTZIKIL I
M eEHEz 272, —HEEBOGERE, M
AN NOVIRE 2/ NSW A 1§ Al & ML 2
V7 MEHWE A OREORES X O FHI
L724ER, Table 1 I2RT X912, BEFREEZON
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Fig. 1 Comparison of yeast strains between the type strain and the isolate on microscopic appearance Photograph A is the type

strain and photograph B is the isolate.

Table1 Comparison of morphology between the type strain

Table 2 Characteristics of enzyme production by the isolate

and the isolate of S. cerevisiae collected from DOW
Morphological parameter Type strain Isolate Enzyme Isolate Type strain

~\ Strain Negative control N N
Long diameter (xm) 9.32%0.72 5.69 +0.54** Alkaline phosphatase N P
Short diameter (um) 6.22+0.47 5.09 +0.45%* Esterase (C4) P P
Oblateness 0.33%£0.06 0.10 £0.07** Esterase lipase (C8) P P
Asterisks indicate significant difference in morphology between the Pipase (CM). N N
type strain and the isolate, SCAK-1, of S. cerevisiae (n=20, mean + SD, Leu?lne allyl an?ldase P P
#%<0.01, Student’s #test). Valine allyl amidase P P
Cystine allyl amidase N P
Trypsin N N
@wm}%ﬁﬁ&%h ZOR SEROTLRE o-Chimotrypsin N N
Acid phosphatase N N
FEHERR L D BRI IV 2 e AR E N7, Naphthol-AS-Bl-phosphohydrolase N N
S -Galactosidase N N

4.1.2 DEHIEETIEER ’
p-Galactosidase N N
THEMRDEE T AR api ZYM T 7z Z p-Glucuronidase N N
B, Table 215 £ 3 12, BRI XM S 1L Glucosidase N r
p-Glucosidase N N
TN T+ AT 7 —X, VAFLrT7TI)IT I N-Acetyl-B-glucosamidase N N
a-Mannosidase N N

¥—tYBILWa-7 VI ¥—EDHEME,
XA LN L7z,

T3 BERRIZ

42 BBEIMCADEFIHFBHREZERL 18
BRNEBETHICEAE

421 BEX ML X

A b L AKEM ORI & 552 L 7252l O
VEERETL72E A, rHERIEIEERICIE AT
WD MR IR L7278, Bia3 B H DRI A
=L LC, BESHHEICIEmE/ICASNIA
BRI A L2 (Fig 2).  HEBEEREICH 9 % 4°C,
URFHOWIA ML ARMROFEEIZBWT, &
HRRIZIEE, BEEEOEEHPRICBIT2WA ML
AN X BEBII AR SN h o 72 (Fig. 3A), 5B

Evaluation was conducted according to the procedure manual of api
ZYM. N, Negative; P, Positive

BRCIIEE2H HICEBROERERIEOFE R
M (p<0.05) A BNz, LH L, TOHDRFEE
Bl P> CTEOREZEIZHEL L7 (Fig 3B). &I
HEEREERE RS 5 40°C, 24BE DR A b L A BT
BORETI, HERICIE, BEHK2-3H HICEE
HEEOMAEICEEZERTIHSR (p<0.01, p<0.05)
RO b7z (Fig 4A). Lo L, Zr#EfkiCl
A b LA OREIIA SN h - 72 (Fig 4B).
422 BBEEZXMLZ

20% (wiv) BEU40% (wiv) ¥ a bEEaEH A
KTEBETLEA ML ZAAMEZEOMAER ORI IZ B

3 i



HECER K SR M2 BERE O A b L ARE T 27

T, HEEbRB LUV, RICEEROERES =
ICRBEEA N L ARMIZE BB IAON o7z
(Fig.5 A, B).
423 F7IA—IZXILZ
FHEERRIZB W TIE10% (vv) =¥ — VO EMT
IEBBOERRDEISHENA L N o 128,
20% (viv) =8 7 = VORI L > TZOEREED
EAWAE T (p<001) L, ZORTHRIZZOHK
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Fig.2  Time course of the decrease in weight of the culture
medium during cultivation of two strains of S. cerevi-
siae under normal culture conditions
Each strain was cultured in the culture medium at 27°C for
this study. Asterisks indicate significant difference in the
amount of weight decrease of the culture medium between
the isolate and the type strain under normal culture condi-

tions (2=3, mean = SD, Students f-test).
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DREFEPAFIZ L o TOIREMBEL % H o 72 (Fig
6A). — T EERIE, 10% B L 1V20% (viv) =%/ —
WA ML A X BBIRZ T /o 72 (Fig 6B).
424 B{EXMLZX

FHEEMRIZB WV TIZ08mM HO, DFRILA b L A
T, BBEOERFVEIELAON Lo
7275, 1.6 mM HO, DL A b L A BT & 1) K74
SH4HHIIEHBBEROERMAEOHEZINTHR
(p<0.05) A& 57z (Fig 7TA). —75, 5 BERRICIZ
WENOMEEDORR LA b L 2 AR THEEROER
WA B LA LN o 72 (Fig. 7B).
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TNV a— A OB EZ AL A, FiEE19H
P21 7V 3 — A% B S8 KBS 3 B ICH o o
——OWB ZMRL 7 (Fig 8A). ¥ L /zauo
Z— % BHUOHEH THRIL T~V b — 2GRz
FIEARB 3575 L, 2 (ODgyp) |2 CHIFHME % B
PR L 7oA, B HEUCHE > THEE (ODgy fiE) O3
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Fig. 3 Effect of a low-temperature stress at 4°C on yeasts metabolism

Figure A shows the time course of the decrease in weight of the culture medium during cultivation of the type strain. Figure B

shows the time course of the decrease in weight of the culture medium during cultivation of the isolate. Asterisk indicates sig-

nificant difference in the amount of weight decrease of the culture medium between treatment and no treatment of a low-tem-

perature stress during cultivation of the isolate (#=3, mean * SD, Student’s t-test).
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Fig.4 Effect of a high-temperature stress at 40°C on yeasts metabolism
Same as Fig. 3 except for the stress treatment for the yeast.
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Fig.5 Effect of osmotic stress by the saline containing 20% and 40% sucrose on yeasts metabolism
Same as Fig. 3 except for the stress treatment for the yeast.
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Fig. 6 Effect of alcohol stress by 10% and 20% ethanol on yeasts metabolism

Same as Fig. 3 except for the stress treatment for the yeast.
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Fig. 7 Effect of oxidative stress by 0.8 mM and 1.6 mM H,0O, on yeasts metabolism

Same as Fig. 3 except for the stress treating conditions for the yeast.
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Fig.8 Colony formation of the isolate on the agar plate for releasing glucose repression

The isolate was inoculated on the culture plate which was prepared to release glucose repression. Colonies were appeared on the

cultivation plate in 19th cultivation day at 27°C after inoculation.

Arrows indicate colonies of the isolate that appeared by releasing glucose repression.

B, TORREERH LWL o — AHIEERR I ER
R L CEEE A, UHERICOE -0
BstEsE S 7z (Fig 8B).

5. & =

AHRGE O BEEREELE O 43 BERR X, FF L ARINDOW %
5oy HE L 7238k o W3 BERE O 55 BE AR O O 1
(SCAK-1#k, S. cerevisiae) TH V), B\ HO, M4 &
EHEEE V) BEMEHOZ L bho Tz (B
K5, 2022). DOW Hi 2 & O SRR O 53 BEIZ D W
TiE, LG % B3 S (2013) o#HE»H
Z72 T, IR S N, RS S O I

BB D HER S HAADIEE AL RSN NI &
5, HEEEBRBERICBER S B MR O B mi 2 A
BWEHERE L TWE/AE (199 ofEdbH 5. Z
DL ITHHERSECIIBL B WHEERTH D75,
IFFRE LRI LR TR & WA TREN 2 N O AT % &
ML TN HEHBEDTH 5. KWFFEO 5Bk
(X, DOW &\ ) G, @S T O sk 2 BrBE
FThHDH I EITMAT, LR SRR L
BRI THRELZZEEZELTBY, 204
72 Lk 4 R BESE P BPICRNEF © & 2 W REEEA D %
S, FOFNERIZH 2o TIkk 4 2 A ML AZx
LHIDEW AR T A L ITEETH - 7.

RHFZE DR S A2 70 o 7255 BERR O T RE B 5
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(&, HEFEERE O BRI 2 K AT IR TUd % < (Fig.
1A), 7EERRIE & D BRIV TH - 72 B
FEOBSEM G S 71 L 720 Bk O B2 B X OEE
(X, Table 1 IZ/R L7z & 9 IZHEEHRDOZNSIZHA
THLLAS LK (p<001), FRPERIE 0 1Ew
fEE/RL722 R, ke L TRIERBISEVE
KThsbLEbhi:, —BIIBESEMLT, EE47
D DI ERED & HR S8 2 IRIE, BERIZTWE &
PHHENTH L (&5, 1972). FHEdk OB B3
JETH - 72PRE800 m D ilfErFEiE, I X £ 82,000
hPa & VI EESRGETICH D Z Lhs, BREICHHIL
T 5 72D | RRAEMG S W CIEME BN 2 BERIC
IEOWTRER, WA A X &EmhmME L7z 0 &
HgsNns,

WA BERR DS A T DR O A T L2k &
5, FHRERICEOONIZT VA T+ AT 75—
Y, VAFUTINT IV —EBLPar VY
¥ — YOO DOAFED, BRI S
%o 72 (Table 2). 2 AL 45 BEREAYEE B3R B2 2B
L7k R E b s, FilEh S 558 S 7oA
ICIEEE, RBEG T COEEE AT ABRO4
S (I, 2009) 23515 LT B 7S, FEHERRAYA: #E
2% bk 3T DOEER & 5 BERR DS RE L 20 VBT IS
DWTE, i LWEEERREEO R T REZR R ) AR L
NV EFI L 7R TIE vt Bbn sy, 2o
SRR X F A F 0 2 MET & & O 7o 7Efl 2 i
HPRETHY, ShoEE LTI N,

KWROTEEHNTH HERFHZ RE L 26k 4 &
ANV RIIK T B HERR DIGE DRI OV T,
HEFBEREIZ & o TEHEZABRE TH L 7V a— A
OfFFERICER L THRET L2, A ML ARAROH
BRI, BPEH OB - TREWR D D,
BRAE T R LTIl O IR 23 A H 1, Fig 2 127K
FRBAEDZLE) S G & 1 4 T — AREOBES % Hi v
72 THERROBR Y LTI, FORERE LSRRI
WARTEW (<005, p<001) & ThHh-o72. i
ER DS EERRIZ B 2 SO EERER O RIBO IR
EFETAH L) ICEBDbNEY, HFRHHOEZELMA
WM TH D 7V I — ZADFMERIL, DOW &)
ik LWEEIREE T TOWRELBR ) MRS T2 0

TR HWhEHEREINS.

IREEA b L AAM IS % B O IS TE O R
LT, FERROMRBAEIIZEE L 2o 72 KiR A
FUZDERIZ LY, EERO R AR IR I
T4 2% 2¢& (Fig 3A,B), F 7238 TIE—FIYIC
R L7z (p<0.01, p<0.05) i A b L A DAL IZ
&, THEERORBREIITIR B I N LW L ThHo
7z (Fig. 4A, B). Zr#ERRAEE B L T2 72DOW (HUK
EFES00 m) DERBIEEE X, FHHE S O TIEARW
ROEIMA M L ADOBAMIRED4C LD bR E»
5-6°CTh o7z, COFEERETCIX, Edos v
I—ZADFHER LI 5N THE00b Lz,

MR IR 3 212 B A P L AORAMIE, 2
BB L TR O VTN ORGHREIC D HEE 52 7
7o 72 (Fig. 5A, B) & &2 B4k L L T o458
RS o/, LaLIoZ bid, 8350 Rk
S5, BUEH VSN T2 MIFREREFIRR,  TRIL W AIE
HOMREEE RIZL TV 5,

HEFE O RS TH L 7 IV 3 — )VE
BOSETIX, BODPHEELLZTVI—IVOA L
AVHEEND . KRR CIREEEIE O 7V 3 — ViR
BEBLTI0% (wv) &, "M AT ) — V%D X
) EIREED T )V 3 — VA EREAHIF SN D THEN R
TV A= VEFERERE L T20% (viv) DT )V aT—)b
BETANLVRAZAMLIZE 25, SHROIFE
LC, ZEMEROMAHEEABEZE ITIKT L 72 (p<0.01)
20% (viv) =% J =)V DT I— )LOERT b 55k
BRORBFEIIE S N W L b a7 (Fig 6A,
B). COGHROEH,S, LVEEFEOT IV
I — WVAEENOFNGH O REMEDSHERZ S D, 451k
XS OGBERRO R B E A L 7B T Vv O — Vi
FEFAORFESES NS,

FRALA b L 2Zx 3 5 Bk O I B RO R E L
T, 1.6mM HO, D EfTIZ & » CTHRAEKRTIE—FY
WACHHBEAYME T L 7228 (p<0.05), 45 Bk X3 ik
IEE SN o7z (Fig 7A, B). %8B, AL
BVTH S N7z RIS IR RERILA - L
A DERFIIE D RBHRED — BRIy 22 A BA L IO
WL, /MEMR (ER) A L AELERR b L AN
SR L COL WMDY H ), koA M L



HECER K SR M2 BERE O A b L ARE T 31

AR 2 INEEOR B S B8 C, E O
HIZOW TS BROMEHRE L L TIRA TV 5.

BRI, DEERRICIZ OV b — 2B o3RS b
) FIEH EORIBEE DD - 72, E— VR Y a b
EIWIMULR\NT T 2 AN EOQEGE I SRR %
WBEZIE, IV b= RSB LR TH . L
FElE Table 2127R 3 £ 912, ¥V —A% 7T —
2N RS a7 VAT —E (Vv —F) O
EDPWEREINTEBY, < =AM H 5L & A
REND. BEAPOLTHEL72Wb W S RIKEEREIC
\E, AMFEOGEERD L 127V b — 2B L% 5E
RLIBROGEEHRENH 2 (BES, 2014). <V
N —2BEOELOFRE LT, HMFEFFICE -
TRIRIIACH AT FE 2 27 )V O — AN EIAFAET
LEBETIX, Mo RFEEY EILT 2 0LEN R0
27V a— 2SN OMEDEAIZ G- 3 2 BER O EIR
FHEG L ANV THIBES 2 7V 2 — AHIEDSHT S 4L
TWwab, (HEFF, 1994). L2 LaBEfRICA S Lz
Va2 — AHIE O JF K AS, DOW HHIZ 7L 3 — A H5 &
BICHFIE L7720 L 13E 2 HCOT, FEifFL v 5
B BREE T CHEE T 5 10H 72 o CTTREZRBR ) 2%
INRO A A HEFRHE B ICHIR L7 R CE v e &
A TWBY, MFRROBEEERE & LBAICHET %
M ET L, SROBEE LRI B
BERR D<)V b — A& LML, Eakod 7 v o — Al
DIREEIZ & o> THEILE 720 T (Fig. 8A, B), 414
7V 3 — AR A 7z — VS OGS &
FTELTWS.

KIFFE DGR, DOW HI k7 BEfR 1L, = DR HEE
BV CHEEMMARICE S NS ERA 2 A b L A
LCEEBEZTHC LV ) Bz T &5
AP BERREDSTELE LT aw L b — AR e 7L
I — 2 OB X o> THEHT SN, Sk
C OGBS, MR ARG T 25 50 5 3
FIIZBWTIRIL LD Z LIS NS,
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