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I. On the Protoplast-Formation of Shéché-Yeasts and
Tapuy-Yeasts

Tkunosuke TANABE, Masakazu Supa, Akito HUSYUKU,
Priscilla C. SANCHEZ*' and Jean Michel LEBEAULT*?

(Laboratory of Applied Microbiology)

#

BRBOLREEEEY, BREZAHIZL-T
32°~3BCITRE WL T NI VERBEITFE>TWN
3. BEBO NI TVDO—2TH2UBEIC L 25K
BEROMFE 166, BRENSZ N S AR ORAIC
BRITHHDIEID@mTH 505, BRI & - TRt
DIFOEHEB LT NI - VRESHEBLYZTL &
LEETHLIEINTVEY, o, BEREDER
BEZICOHEMHEOT7 4V Yy R ETOTLI— N
HEBIZIEIUEREEFCETAREN I X N ED S
BLOUDDP->TL B, ZOLDERTHITEIILD,
74AVEYOBEYDOISIFITONT T — LREE
BLUEBOHES VTN H0.1IELRITHEEN S
FOEBHAEETNTVAE, &Iz, BEZHI1FE 7 4
VEVDOBEBETHBY T4 DB HHHEL 51T
EVERME L, BEFRICHENYZ S F2RY, M
REBEICE->TT V- VREEE T 34T EED
LBV HIZEBEREITAZL2ENICHIR 272 -
TVEY, SEEIhSEM>FEFOT0 7T 2 b

mj

% 1 Dr. Priscilla C. SANCHEZ, Professor, Institute of
Food Science and Technology,

University of the Philippines at Los Bafos, College,
Laguna, 3720, Philippines

% 2 Dr. Jean Michel LEBEAULT, Professeur, Départe-
ment de Génie Chimique, Université de Technologie de
Compiégne, Centre de Royallieu-BP233, 60206 Compiagne
Cedex, France

FERERRE L IzOTHET 5.
M EH &

1. {EEEH
HAKICRAZEMA CRBREBE L2 7 4 ) €Y D
B 7TADBEOSBEL 122 5 (F Saccharomyces cere-
visiae 9, 21, 22, 308 &£ U'33, Saccharomycopsis sp.
2, 35, 428 £ U'43, Candida sp. 12, 243 & 056,
Torulopsis sp. 7%, 75 VADT N IA—NI H T
UTC (Université de Technologie de Compiégne) %k
Saccharomyces cerevisiae No. 36 5 & U'No. 59, B# = 5
‘& Canaida sp. 64, Candida sp. 66, Candida sp. 69,
HKEDEB 5 (3 Saccharomyces cerevisiae IFO 21 93,
BB C 51 (EBMAE < 5 1F) Saccharomyces cere-
visiae 61, B & OEREELERS Z 5 1T Saccharomyces cere-
vistae SH-4-1 DOFF216k % EERITHE L /7.

2. &b

KEBRICHEM U 1281 % 1 Table 1 IWRL7Z. 5
FHEEOHIE - RIFICIICHIFTF 2 - FHx ¥ 28
# (Yeast extract-malt extract medium, Ym E&ih)
2RV &z, 7o b7 R MERBOBEEKD
A, YmEM6ml 21 A EEEL, 30024
RGBSR O ZREEE L, Th300ml =
A7 523D Ym 5311200 ml 12 8, 24B5RI%E
BEUCEREAO. 0B, B2 CEMICER
EMABUBEDH ZRFEVTNOMKERE 2% & 12
H5&5MA .
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Table 1. Culture media, used in this investigation
1) Yeast extract malt extract medium ( Ym-medium )

Yeast extract 4 g
Malt extract 10 g
Glucose 10 g
Distilled water |
pH 6.8
2) Sorbitol-EDTA-Tris solution ( SET solution )
Sorbitol 1.3 M
Ethylenediaminetetraacetic acid
(EDTA) 0.1 mM
Tris(hydroxymethyl)aminomethane
( Tris) 10 mM
pH 7.4
3) Culture media, used in the replica method
3-1) Yeast extract polypepton glucose medium
( Ypg medium )
Yeast extract 4.0 g
Polypepton 3.5 g
KH,PO, 2.0 ¢
( NH4 2S04 3.0 g
MgS0,-7H,0 1.0 g
Glucose 20.0 ¢
Agar 20.0 ¢
Distilled water 1 ¢

3-2) Glycerin medium
Glycerin, 20.0g, is used in place of glucose
in the Ypg medium.

3-3) Color medium

Ypg medium 400 ml
Eosin Y solution, 2g/ ¢ 1.6 ml
Tripan Blue solution, 2g/ ¢ 3.0 ml

3. 7O b TF AR
mg1mﬁbkMﬁtﬁ#®ﬁ&?ﬁaotﬂ
> IFORE®E & E - £H%, B -mercaptoethanol &
EDTA (Ethylenediaminetetraacetic acid, disodium
salt) TR L, SET IHERTF. Zymolyase 4

Yeast culture, 100 ml/300 ml-flask
cultivated stationarily at 30°C for 24 h

4) centrifuged at 8,000 rpm, 5-10°C, 15 min.
supernatante’l, » 1 SET medium(1.3M sorbitol, 0.1mM EDTA,
10mM Tris-HCl buffer, pH7.4)

suspension

l-0.1 ml B-mercaptoethanol
la-0.1 ml 0.1M EDTA solution

incubated at 30°C, 30min.
centrifuged at 8,000 rpm, 5-10°C, 15 min.

supernatanto/q_z ml SET medium

suspension
5 mg Zymolyase
reaction mixture
incubated at 30°C.

Fig. 1. The method for protoplast formation

FLLDTHD. B, 70 b7 I A MERDOHIEIC
BRIGHED SIS0l ml $24280, Z2hEh
SET /A#k4.9 ml » £ OZ@/K4.9 ml 1Tz, &M@
KT T7u b TIA N OBRBEEICEDL 7Ly FEE
OFAEBE L. £1, Fig. 2 ILERTRULIS
M1E Zymolyase {ERIBAIARF DEIRIC L CRIEL 127

Ly MEEZ100% &L, BERCAELZZ Ly b
BEOBADEZHMEE LTRLIEZLDTH 5.

4. 25 IZDOMIRRIBERI%

AFOHECHRRBERKE S, £, 100
ml =75 23D Ypg HikEH (Table 1) 40 ml
17 acriflavin #3.8 pg/ml &85 KO MA T, AR
2510% cells/ml £ B L5 2O FREREL, 30C5H
MEmmE L . RS 4 BRI v ViR T10°
cells/ml &85 EHRKL, Thi Ypg 5 ARIC
0.1 ml 8, 7 AT 4 v 7 CHEEL, 30CTH
#UL. 1BM%, ELrau=—%2L 7Y AKT
Ypg 85, Glycerin ¥4t 4R (Table 1) # £ O
Color EzHh V-4 (Table 1) EIt#E L7z, 30C TH
HY 5L, WRREZRKT Ypg B L T3EEB X
$ahau=—UhESEES, Color Bt FiTd
MNauz—EHEEREET S, —F, WREEEM
T® 5 Glycerin ¥4 b T EBRIEZ BRI
FLEWOTEBEDODL Baam— & IdA/S KRN
=< (Photo 2).

MR R B RO SN, FEH, RENHES
rora b 7TI A MERICOWTIEENRER, YSI
s3EIAMAIMET - Y — I L AMENBEREY, <
A VRAEFERT 5 HE, BEAREERHE(RFE
BT, TN-12) CEA2HMEBS JOCEBEEEE
¥h ok HHE, BEOREO 7T 7T A MEK
HiEIL &> TRETL 2. ERIEEIC DOV TIXRD &9
IO IERER AW UERICH L. 9300 ml
=M7 9 230 Ym HAEM#S ml 2 AN, EHE
¥ 1 A2 EERE, 0CHMIREEREL ., BERE
8,500 rpm(11,000Xg), 57T, 105 MEL L, 41
IR v/ VIRT 2 BERR - BILE < DR U I, |
EKEBHC4ERRY Y XVRICEREL, S0ml £ 5.
BIEH50 ml 130 ml FEABEMEREICHD, &Y
20 ml %#30C, %2 RHRRBEEL L&, MRHEER
ERIE LT, RIGIRIKIE Table 2 IKRUT2AS, HE
& U T glucose, maltose 3 & U glycerin & FL) 300
mg/l DWEE Uiz, o6, FRE 1M, Y E D
ROOBEMER | FBENEBEE LTRLR.

FKEEHOREIRRD &5 Ic B =2 FY L TT
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Optical Optical
density density Optical
in Klett in Klett density
at 660 nm Protoplast at 660 nm Protoplast at 660 nm Protoplast
formation, formation, formation,
Saccharomyces %100 Saccharomyces%_100 Saccharomyces% 100
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33 N 61 1.511\  UTC No. 36
2004 2004 1.04
50 + 50 50
100 ; 100 ; 0.5t B - @----
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Optical Optical Optical
density density density
at 660 nm in Klett in Klett
Protoplast at 660 nm Protoplast at 660 nm Protoplast
formation, L formation, formation,
%
Saccharomyces
L\ cerevisiae 100 X o ,100 100
1.5h SH-4-1 3001 300
200 200
50 é t 50 50
100 Candida sp. 1001 Torulopsis sp.
64 7
. . . 0 . N . 0 . . . 0
0 1 2 3 0 1 2 3 0 1 2 3

Incubation, h

Fig. 2.

Formation of yeast-protoplasts

Incubation,

h

Incubation, h

—O~O—: Optical density of the suspension of yeast, treated with Zymolyase, in the SET medium.
—@—@—: Optical density of the suspension of yeast, treated with Zymolyase, in the distilled water.

one at start. The diluted suspension is prepared as shown in Fig. 1.
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Table 2. Reaction mixture, used for the determina-
tion of respiration activity ( oxygen con-
sumption )

Endogenous  Substrate
respiration respiration
Yeast-cell suspension 2 ml 2ml
Substrate solution, — 1 ml
substrate, 300mg/¢ -1/4-
strength Ringer solution
1/4-strength Ringer 2 ml 1ml

solution

ot £, KE1BACEEL, K0 1ERE,
WkKED» 5 EHE U CIoA50g S DREK %300 ml =
73 AL D, 121CI55%E - BEOK, A8
% Aspergillus awamori var. kawachii Wk-7 O =47
SAACHBMULLOAEME LT LHEREL LR
& Utz £E3C TURMEEL, WRIZ30T T24K5H
EETAMEEYERBA L. DEI, Ym IS
HEEZ& U2 2 2 3% BME/KE /K80 ml 12108 cells/ml
ERBEHICEBLISLDERIGEITAN0 g DEICH
A, MRE<CA EVRIIH AT, EEIEUTB LU
37C T2 BTV, RESAOBLEZHEL, <
nhsrTIa-vEREEEE L. HERR T
- VERE (8) =REVABDE (8) X0.511
/0.489C 3 5.

EREEE

1. 7075 X MK

47253, UTC 2HEB LRI H X5 E
IDNT, WIT - BHOFEICR->TTa b7 I A b
R A LTz, &RI3 Fig. 2RRTEBVTH A.
RSB TRLUIZZ Ly MNBEZEIIZ Zymolyase 4L
HEATARED 7 Ly NBE#100% - LTRLIZHDT
5B, COFEOTa T 7 A MEROHELE
Zymolyase ABRIGHKEKICBATHILITEHT
ER U707 IR MSEELY Ly NEEPET
THIEILHETLN, TOERTENIO%LHVTDH
BEICL-Td 77U b7 I A MRS ARETIEL
otz 70 b7 T A MERASHHRET & - 1ZRRI,
Zymolyase K IGH % SET BB LKIZZENEN
BAL, EEMIC7 Ly MNEERLETRUIERD S
7 7 CRHH#RDA L D IRN T B HETH >z, 2D
YIEAETTA b7 I A NDOEMD Zymolyase 20 T
(BB, Lot. no. 284021)2.5mg/ml TREFTH >
122D FE Y 74 2 HIF Saccharomyces cerevisiae 9, 21,
22, 308 £ 1’33, UTC ¥k Sacch. cerevisiae No. 3635 &
U'No. 59, 1B 5 X Sacch. cerevisiae IFO 2193, ST
Z 9 ¥ Sacch. cerevisiae 61 (Photo 1) ,BLU I A T
Z 93 Candida sp. 56 T, ZHIEHIHNE L THEIESE

T Sacch. cerevisiae T®H - 12. F 1z, Sacch. cerevisiae

Photo 1.

Protoplasts of Saccharomyces cerevisiae 61 ( Shéchi-yeast ) under a fluorescent microscopy, stained with

acridine orange. i : Intact cells, stained yellowish orange. p : Protoplasts, stained pale yellowish green,
and a golden-yellow organelle in protoplast seems to be the nucleus.
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SH-4-1 370 b 75 2 + DERIZE 1372V SR
O SET BBHRTHERLI 7O + 75 2 FOREE
PEOEDICREFLE V- TICBEAND ENTER
Mot =8, BENICEVENEBERESRT YT
A Z5ED 1D Torulopsis sp. 7 \& 2 O HEDEHEA
TIRIEEALETT DT I A MEAERL TOZLE YN
Ufe. &7, RFBINV—TD 12, Candidasp. 56
\& B -mercaptoethanol AEEZEME L TH, FhifE
RMUBED7a b 75 2 MERE ZIZRICBEOE
RETH 1205, D5 74 2513 Sacch. cerevisiae
33 £ £13 B -mercaptoethanol #LFE % HHE L 12354,
BEALETO M T IR MIEBREIN B> 126DEH)

¥rexr,
2. MEREBERKOFRE IO TONTS RN
5%

L, 7O bTI A MRESICEURENYE ICH
FOBNERDNERSOBIETF, LI bay R
V7 -DNA ZBECHITICEBA LIS BN EES
O L7 T2 MEBOEDES D IFOREBRMIHE
ERFHIEaENS, BETFEE LTHW3, &0
SIRMED Z 5 Torulopsis sp. 7 B & O Candida sp.
4L DNWTIHRRIBERK %8BS L2 BINICE
%178 -1z (Photo 2). UL U, Candidasp. 24&
64122 Tid Color B FR EcoBZarndFhn s

Photo 2. Colonies of acritlavin-treated cells were replicated on the master plate ( Ypg-medium ), the Color plate,
and the glycerin plate, respectively. Respiration-deficient-mutant colony (d ) turns violet on the color

plate and does not grow on the glycerin plate.

W<, aT=—% petite TIEAWV, 12, FNHOD
RIEEORE COERE ZEAEEN T 10 &
P, BERBERKTIEIZOLD KK LI, —7F,
Torulopsis sp. 7TI3$9 3 % DE|A T Color BEhF4K
EIZ petite colonie WBb NIz, 2L T% DR %3
Lo, MEMNEE, BEHB L0 70 LTS 2 MER
DO THEBRE LD T TEn 2R~ 3,

Fig. 5 IZ/R9 & 512 Tor. sp. 7 OWRER/RIELE Bk

BHOOHNDHDIE T-p-1 kD AT, 7-p-3 KX

7-p-4 RIED T IR BINAZED 51 5 D TEHS
W RBERKEEZEZ H5NE. —F, T-p-1KkOBRE
FMEEIZ DT Fig. 3 I0RT &5 ICHEB AR 2
Uy NEBIZREE Tor. sp. 7 &EHERL TEEFES50
BTH20, ThIIFEXEO1HD ATP £RED
BETCE2bDERDNSE. T HIZFEICE Uk
HIFE VN0 —DER, $4H5 “petite” TH
HILEERLTVA. F1, SR KRIBERK T
&5 7-p-3 BRIZIFERE T-p-1 HROFHOEER %R
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Optical Growth Optical. GrEWth
density rate density ra et N
in Klett constantin Klett ans_??
at 660 nm -1, at 660 nm (day
(dﬁy )
500 ——4_ 5 500 5
—/
ototolototol
300 EQ 3 300-0’0/0\0—-&0\<\ 3
100 1 100 1
-—-lv‘ i i 0 | O+ . 4 . O
28.8 33.6 38.3 43.0 47.8 52.5 28.8 33.6 38.3 43.047.8 52.5
31.236.040.7 45.4 50.254.9 31.236.040.7 45.4 50.2 54.9
Incubation temperature, °C Incubation temperature, °C
Torulopsis sp. 7 Torulopsis sp. 7 mutant 7-p-1
Optical Growth Optical Growth
density rate density rate
in Klett constant in Klett constant
at 660 nm (day=1) at 660 nm (day~1)
500 -5 500 T +— | 5
_T N
300 ] T__ 3 3001 V/o\\o,,o"o\ 3
.«_>——<a--er'°~13-.@\X ‘E\
100 \ 1 100 \ 1

27.0231.7 36.441.1 45.8 50.5
29.3 34.0 38.7 43.448.2 52.9

°C
7 mutant 7-p-3

Incubation temperature,

Torulopsis sp.

Fig. 3.
Torulopsis sp. 7.
—O—O— : Growth rate constant.

27.0 31.7 36.4 41.145.8 50.5
29.334.0 38.7 43.4 48.2 52.9

°C
7 mutant 7-p-4

Incubation temperature,

Torulopsis sp.

Growth-temperature-range and growth-rate-constant of the respiration-deficient mutants of



307U NI R MER 203

Alcohol, Alcohol,
produced produced
(g/flask) (g/flask)
151 Torulopsis sp. 15} Torulopsis sp. 7
7 mutant 7-p-1

10}

O(IV + + - Od "
0 5 10 15 0 5 10 15
Incubation, days Incubation, days
Alcohol, Alcohol,
produced produced
(g/flask) (g/flask)
154 Torulopsis sp. 7 15] Torulopsis sp. 7
mutant 7-p-3 mutant 7-p-4

10}

0 5 10 15 70

Incubation, days Incubation, days

15

Fig. 4. Alcohol fermentation of the respiration-deficient mutants of Torulopsis sp. 7
Incubation temperature : —O—0O—, 24C ; —@—@—, 37C.
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Ooxygen Oxygen
consumption consumption
(nl/mg/h) (nl/mg/h)
70} ] 70
IR [ A E IR
50 } __1 50
30 301
0 1) S vy IREEPP Y
E G M Gy E G M Gy
Torulopsis sp. Torulopsis sp. 7
7 mutant 7-p-1
Oxygen Oxygen
consumption consumption
(nl/mg/h) (pl/mg/h)
70 —T
]
100

50 N____W._uu.__“,.h____"

304 70+

LA

Jooan G

E G M Gv E G M Gy
Torulopsis sp. 7 Saccharomyces
mutant 7-p-4 cerevisiae 61

(Cp-1)

Fig. 5.
E : Endogenous respiration.
G : Substrate respiration for glucose.
M : Substrate respiration for maltose.
Gy : Substrate respiration for glycerin.

Oxvgen
consumption
(nl/ma/h)

70}

50

301

e

E

Gy
Torulopsis sp. 7
mutant 7-p-3

Oxygen consumption of the respiration-deficient mutants of Torulopsis sp. 7.
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U, MREEDAERE & b IR MIMR/KRIETH S5 = &
EEHITEOYTNS, 55, Y BEBEGHICHOVT
S T-p-l BRIFEMREE U T, COERSERNMEY
KSR s B e 5EXTOEVWIEARLTVA.

KiZ, BMNIZOVTIE Fig. 4 1RU 7. Bk
TR, EBNOBOBKTILL VS, EKIEERKOD
T-p-l1 KL ERFELRECH-1-0T, MBRIETR
ERBNICHEENS 12 LDEEZSNS.

70 N7 A MERIZO W TILER Tor sp. 71X
CDEETIX Fig. 2 I2RY & 512 Zymolyase TH
fREZBEMU L. £, M. Siprczkr & L.
FERENCZY 5 DY % B2 Zymolyase DIEF %
RIRTLLTHH, 25T 2-D-deoxyglucose %
ST TIC | IR L 724 02 ERIC[HE - 72 48

’

BEAEERILEL, 70 b75 2 hOERKIZED 5 h
ot LU, #RELT, WRKIEERKLHE
THIRFBRIBERK 7-p-3 BES 7p4 £& 0,

Fig. 6 KR & ICHERICRITFR IO L 75X b E
RERUIZ, LEd-T, SEOFERBERIZE S
sV, BRIITIE Zymolyase DIEHA 2303 < 72
BLENRPLIPTH B, BH, acriflavin FFIE FEHE
LIZZH@EEI bay FY 7-DNA 2RIET 3 &
HINTVEH, COEBTIR, WRKBEREIC I
FIAYFITHEET DD EI DERPO TR,

COR, SHBORNBEE 2575, acriflavin 48T,
Zymolyase DEA R IR T B A2ERNSBI DR
TORRTHD LI ONIILbDERS,

Optical Optical Optical
density density density
in Klett in Klett in Klett
at 660 nm at 660 nm at 660 nm
100 200 250
Torulopsis Torulopsis Torulopsis
sp. 7 sp. 7 sp. 7
mutant mutant mutant
7-p=-1 7-p-3 7-p-4
P p 200 P
q
50 100 ¢
d
100
0 1 2 3 0 1 2 3 0 1 2

Incubation, h

Incubation, h

Incubation, h

Fig. 6. Protoplast formation of the respiration-deficient mutants of Torulopsis sp. 7.
—O—O~—: Optical density of the suspension of yeast, treated with Zymolyase, in the SET medium.
—@—@—: Optical density of the suspension of yeast, treated with Zymolyase, in the distilled water.
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WRRSIT &> T, THa—VREBEERS, 2
AEEE BN LBV TEEET ALY, O
#HELT, BERCHIE, 74VEVYDITLIHR
nEOTTNTI A MERERE LI, TORT TR
NOFERKIZIE B -mercaptoethanol TREL D5,
Zymolyase 20T Z{Ef & 5 HETRE L. SR
CHF, BlECHE, avEI—ZaIRRFEIOE
VL4 N T Saccharomyces cerevisiae, F12, 7 TA4IZH
13128k 5 Bk S Sacch. cerevisiae T, M D EQAN: ¥
nboOFETTU b TT A RESERLL. —A,
T4 HFCHEBRELERMY L VSV Torulopsis
sp. TRIOFETIETH FTF A POEREE ST
CEBHohih-o12.

=D Torulopsis sp. 7 % HMEREOBROBIZTERLE
LTHWS i, MERREERKE acriflavin L8
B FERIEEREIZENENIFRRIBOEREIC
EnH o120, BKEH, BEHNREEIIONT Rk &
#E1<, acriflavin M TRERER TGP o 12,

X [y
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Summary

Protoplast-formations of Shéchii-yeasts, Philippine-tapuy-yeasts and other alcohol yeasts
were investigated in order to breed a yeast of higher optimum-temperature of alcohol-fermenta-
tion, or of higher growth-temperature by making use of the cell-fusion technique. Protoplast-
formation was carried out, following the general method : yeast-cells, treated with S-mercapto-
ethanol, were reacted with Zymolyase 20T (Kirin Beer Co., Ltd. ) in a certain hyoertonic solu-
tion. Shéchfi-yeasts, Sake-yeast, UTC (Université de Technologie de Compiégne)-yeasts and 5
of 12 tapuy-yeast-strains all belong to Saccharomyces cerevisiae, and their facile production of pro-
toplasts by this method observed. Torulopsis sp. 7, tapuy-yeast of higher growth-temperature
would not become protoplast by this method.

In order to use Torulopsis sp. 7 as gene source in the cell fusion, its respiration-deficient
mutants were obtained by the treatment with acriflavin. They vary in degree of respiration-defi-
ciency, but they are in possession of the same fermentation-ability and growth-temperature-range
as Torulopsis sp. 7 is. These properties did not seem mutated by the treatmemt with acriflavin.
The respiration-deficient mutants of Torulopsis sp. 7 produced protoplasts easily by the general
method, independent of the degree of their respiration-deficiency.



