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Studies on Cell Fusion of Soy-Sauce Yeast

Part 1 Production of Auxotrophic mutant and
Regeneration Condition from Protoplast
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Summary

For improvement of Soy-sauce fermentation process, Z. rouxii, a Soy-sauce yeast, was tried to
have more alcohol fermentation activity by cell fusion with S. cerevisize. The result are following:

1 To check the success of cell fusion, auxotrophic mutants of the both yeast were obtained from
both original strains by NTG treatment and they were four strains of Z. rouxit (ade™ ), one strain of S.
cerevisiae (lys ™) and four strains of S. cerevisiae (his™).

2 As the result of production of double marker mutant, Cycloheximide resistance strain was
selected from S. cerevisize (lys™).

3 Protoplast of yeast was prepared by Zymolyase treatment, and cell fusion of protoplast was
attempted in 30% PEG solution contained 50 mM CaCl,, and fused cell was regenerated on the synthe-
tic medium agar.

4 Eight colonies were obtained by the above method. All of them have activity of galactose fer-
mentation, but none of them has ability of sucrose assimilation. They have the same extent activity of
alcohol fermentation and NaCl tolerance activity as S. cerevisize. SDS electrophoretic patterns of them
are resemble to S. cerevisiae.

5 Addition of cell wall components such as £-1, 3 glucan, mannan, cell wall from S. cerevisiae, to
the regeneration medium agar was observed no favourable contribution to regeneration yield of proto-
plast.
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1. {ERE%
L TF 98 25 R AR W ¥ Zygosaccharomyces rouxii, Sacchar-
omyces cerevisize (B4 9%), O 2O HRE
e LT,

2. {EMHEN

WA & L C GYP B, SRIRET & U TR
H, 73RN R L, & 4 ORHIRSY
1¢ Table. 1, 2 (2R L7,

Table. 1 GYP Medium.

Glucose 20g
Polypepton 20g
Yeast ext 10g
Tap water 1000 ml

3. NTG {(N-methyl-N-nitro-N-nitrosoguanidine) 4
R

B AT AR 0.5 ml % GYP H$41 4.5ml 2N 30°C,

6 R AR L sy T OOHERRM % A WA R T D IR

(3000 rpm, 5min) FHHE LA, ZNIC NTG HHlE S
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Table. 2 Synthetic Medium.

Glucose 50g
(NH),HPO, lL5g
KH,PO, 1.0g
MgS0,-7TH,0 0.5g
Stocked salts solution (A)
NaCl 10 mg
CaCl, 10mg
MnSO,-H,0 10mg
FeCl; 6H,0 10 mg
Stocked salts solution (B)
ZnS0, 7TH,0 700 ug
CuS0,+5H,0 500 g
Nay,Mo, - 2H,0 200 pg
H3BO, 100 peg
Kl 100 g

Stocked vitamin solution (C)

Thiarmine
Pyridoxin
Nicotinic Acid
Pantothenic Acid
Biotin

Inositol

Agar
Deionized Water
pH

100 pg
100 g
100 ng
100 pg
100 ug

10 mg

30g
1000 ml
6.0

mi (100 pg/ml) HIA, 30°C, GOFPsEAEM, AMAKEK
T 3 AR LB (3000 rpm, Smin) L, NTG #g#L
s

4, FAREF CBEY (BRGOEE)

NTG LHBEOHFBRE L, 6~ & ) GYP Wi
IR ERM R el (30°C, 24I3H) s/, S0k
BB R BB (3000 rpm, Bmin) L, LEADKES
TR/TO0.5ml & L, KiS, 5% ZF L7 LI~ T
Imgml &% b & 9B U4 A5 T 8B 2 BHk
T 100 pg/mi SAPGRR L, HREEARHRICINL, i
JESTI0 pg/ml &% B X 9 1T % S5ml & L, 30°C,
A L e TORREEBSRCHRLPOMMLT
Hots GYP HERKEH LW 0. 1ml 22, 2¥ 35—
CHECIEY 30°C, 3 HBsEEL 7o

5, EREHOHSE

GYP REHICEF LA Ay F v ilkion =~
TR L 7Y Lise #4 ORPUEHLE, B/NE
H (SF), 7 3/ BERME /R (SA), GYP i
(GYP) %Ml L SF, SA, GYP O Mgk s, =0
M, 30°C T LA SF (~) SA (4+) GYP (+) %7
3/ BRBERHE, SF (=) SA (=) GYP (+) »Hmuk
WEFX Tz TOZODERIRIZDNT, 73/ [BI6H,

A B C D

E Ala | Gly | Lys | Ser
F Asp | His |Met | Thr
G Cys | Iso| Phe|Try
H Glu | Leu| Pro |Val

Fig.1 Combination test of amino acid.

1~16: Code number of amino acid (cf: Table 3).

Table. 3 Amino Acid and Nucleic Acid.

Amino Acid Nucleic Acid
1. Alanine 9. Lysine 1. Adenine
2. Aspartic Acid  10. Methionine 2. Cytosine
3. Cysteine 11. Phenylalanine 3. Guanine
4. Glutamic Acid  12. Proline 4, Thymine
5. Glycine 13. Serine 5, Uracil
6. Histidine 14. Threonine
7. Isoleucine 15. Tryptophan
8. Leucine 16. Valine
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Bl 5 H% Fl VTN S B RO SR £,
TR BERMEENNSFEE L CELADT I /BT
AT Y Fig. 1 © A~H OHAEIIRB LI
WL, SRICHZEMUAETLTELY v — L OM
b X SRR e Lz, M, 73 BRI
%4 10mg/ml OWREOBERER/MEHE IL #94C Im
MATe MEELEMUC T2 X, R LAL7 I /E,
Hilg b Table. 3 1HD L7ze Sk Do - B R
13, &4 OBHFHA MR (SF, SA) 5ml TR
ME30°C, 4HMIRE IHRL SAFoAET L
b DR RAPRBEAR R E L,

6, BIEEHRY

1) B EEEABR I Glucose, Galactose o 2 iz Dw
TS =~ T L & AT ANER 0 77 2 5542 D A 4
BT,

2) ALt Glucose, Galactose, Sucrose, Raf-
finose O 4 fEIZ DV TITVEN S O % & O fil/MEMp
TOEE DA% W7z,

3 AMEBERER L GYP Hrh sl E 0~30% &
BHLIECMAEMERLE SOLETESTREL
A

4)  Anilin blue Hefo 4 1 Glucose 3.0%, Yeast ext
0.5%, Anilin blue 0. 005%, Agar 2.0%, pH 7.2 D3RS
HACHI L 30°C, 4 B o oo =~ gtk 21
gL,

1. BEEOHREY

1) DNA # 4 # %5 98 DAPI (4, 6~ diamidino- 2~
phenylindole) 12 & % Hi,

2) Giemsa Hefuih, CARNOY [ME# (Alcohol 6 ml,
chlorofolm 3 ml, Acetic acid 1 ml) THLH# Glemsa Yt
Tt Bk,

8. Cycloheximido THEMEDERK?

Cycloheximido % &t GYP HIQICHIREE LCH E, W
HHEF LA SRICH & D bty Cycloheximido %15 @
GYP I i+ 5, ShEMDESTIEIZLD Cye-
loheximido ik % R L7z,

9. HHFAERRHOLE®

1) BROBMBMALSWEL, MY AEAHCE
@ L R A TR T R L o SRR
BB (4000 rpm, 15 min) #, ¥ AiI220% TCA
TR Ck¥k & & LI (12000 rpm, Smin) L, 5%
TCA THe¥r L7:%%, L% 0.01 N NaOH T Lt
2 R DY AN

2) SDS-PAGE &, A7 7 kB3 & v 07 v
1212% 7 Wil R v Tz SO EE 1 mg/iml FREEC
b & ICHRL 25 MAN L 60 dE S VAL,
kG Tmm 07 VT 10mA R Tkpy &4
Too BEIERB-LEOREEF v PEHVTHRRGEY
Tot

10, BEOTONTSX FOBEEED

£°C CHRELTHAEB/OR T ¥ NI S, HE—
E&E LD, Sml o GYP ke bicHm L 30°C, 24
BRI R L COMBRERASS lml &Y 50m
D GYP HHOA-TWDS I0ml BEvAfY—7F A
WHAR L 30°C, 200 MR & O B L7, S oRFEMR
WA S Sml 2 IO HLGHEH (3000 rpm, S5min) L,
FWART2EGETL 0. 1MV CEHENIE (pH7.5) T
BB L 0.2% 2-X0H T by /=N, #i
NS BB LT 0B m DAY TI 74 N5 —
Tl L7 Zymolyase-20 T (1 mg/ml) (F1) > ¥ — L
#) 2LUC, BEEEEMELCIMEY )y o %
BEAZOIM Y EEET (pH7.5), Sml Sl s,
L FEEBECBL, Do pLife ) S€hdts, 1
RS 3ETrae b 79 2 Meidr,

11. BROTO NS X COMEBEFE
#Hohz2io7o b7 A MO IM LA )Y A
3ml MR RER, #OWEE (1500 rpm, 10min) 24D
AL, NI 50mM CaCl, # 5 1:30% (wiv) PEG 6000
B 5ml MA 20°C, 2050 MITWw o hiRkE S 38,
IR LML YO ACERLESRE 2EEDEL,
BIRT LR MRER IMBEY 72288 01M Y
VBRI (pH7.5) CTHRL, 0 0.1ml ¥o# 1
M3 s U 2% & A7 GYP RN L1287 LR
WORM R ER Lz, 30°C, 4 B LC4EL-on
-7 NFSA NP OFEMREF ST TSRS
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BOBEORBIRE Uiz —, HEMAHKCHEERR
L, #0 0.1ml % IM ifbkh Uy 2%EE 8w GYP
FER B LACHRAT L7cth, RO e ER Lz, o
n% 30°C, 4 HMEELCAE o= —%dTo b
TSR MR E L, COWMEOREBIAETF LoD
Z—-DEE TP TIAMEE L,

12. 7075 X PEEEENE

1) BEEoMKEE & Mo R

FERE (S, cerevisiae) FINASERMR % UK THHHICHM]
L7 15~20ml % —30°C (23 L o f i p et
ATV A (BIOX B) A LB 3¢/, oLy
ATV AR R BV TREICI0ENIE & TR RS R
RELD R Udeo BRMALE L A WA RO M
(10000 rpm, 10min} L, 7L % MUREER Sy, LW
LB RS E LTHW:,

2) WY

I AT VAL DHRLASHN LA MR 0.1
ml, MIBHES 0. 1ml, MlsBEMELlL LTy
»0.1%, B-1.3 F VA »0.1%, H#—F50.1%, &
LAy ya 10mM, 4/ b—)b 10mM %3R5
20 mi 2% b RInaE & L7z,
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Table, 4 J2IE L 72 AR BRI B O HERSE R O
YR AR Lo Z. rouxti 05137 7 = v 93kt ok
4 ¥k, S. cerevisiae 1S ix e AF U v RARBIRAR % 4 B,
VT SRR 1 BRI LA B R r —
7 - LDAHIB O 70 79 A MEBRO IR~ — 7 —
& LT, SR, WM, Mde, R
Tl L EBR % 4T o 720 Table. 5 IZHERELR = — 7 — 245
LB RO LM R Lo Z o rouxii 37 F= >
BkERL, -2k %l, BEEL, 18%ITO

Table. 5 Physiological Characteristics of Mutants.

Z. rouxit | S. cerevisige
1. Genotype ade™ lys™
2. Assimilation of Sucrose - +
Glucose + +
Galactose - +
Raffinose - +
3. Fermentation of Glucose + +
Galactose - +
4, Salt tolerance 18% 6%
g, | e | we
6. Cycloheximide resistance - +

G E R Lizo S. cerevisiae 13) ¥ Y BEsRME 2R L,
oy - AREMEA L, BENE 6%, vrons
DR OFMEER LA, X, BAFY L ERRL D L)Y
YERMROF B Y 7 a3 FiHEDRE S i,

2, OIS NOBERERBOEE

Z. rouxii (ade™) ¥k & S. cerevisiae (lys™. cyh®) ¥
OrFOROEEREGFEOFEIIOOTHAAL S
% Table, 6 1Z5RY & 912 Z. rounii (ade™) BECiaFs
6.7%, BIRHEIL 4.5X107° THHI & & 15
T& %, S cerevisiae (lys™. cyh’) BRTILFE 41, 0%,
BB RE S R d ot

3. Z. rouxii (ade™) ¥k & S. cerevisiae (lys™. eyh®)
& OERERS

T NTT A M EORR, BN AT 2R
LDV TY7andd 3 FiifEEzH~Le s 8%
A S - 72e SRS DB DV TABIMMET £ W
Nz ZHBBEDIBTH Iy b—25EMMEHAL, &
Folay 0= 2D R o 1. £ LCHHEME S,
cerevisiae (lys™. cyh®) ¥R&Bb 0 & (RO TS %
Mot BHHAEOKE S, Btz k2

Table. 4 Selectivity of Auxotrophic Mutant,

Strain Wild type | Auxotrophic mutant Total Auxotrophy
Z. rouxit 1045 1049 ade ™ (4)
S. cerevisiae 315 320 his™ (4), lys™ (1)
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Table. 6 The ratio of Protoplast Formation and its Regeneration of Z. rouxii (ade™) and S. cerevisine
(lys™, cyh").
Cell number (Cells/ml)
Strain . .
. Non- ) Regenerating Reversion
Native protoplast Protoplast cell frequency
Z(.aggb_t_x)u 7.5% 108 0 7.5X 10° 5.0X10° 4.5X1078
Oy erenisias 7.6%10° 9.0X 102 7.6X10° 8.0X 10" -
M.W
9.4
6.7
4.3
3.0
2.01
1.44

S A B C 1

2 3 4 5 6 7 8

Fig. 2 SDS-Electrophoretic pattern of cell protein from fusion cell.
Cell protein was subjected to SDS PAGE (SDS PAGE was achieved on a slab of 12% polyacryla-

mide gel under 10 mA current at room temperature).

60 g of cell protein was used and the protein

was stained with Ag™ staining reagent (DAIICHI CO LTD).
S: Standard. A: S. cerevisiae. B: S. cerevisiae (lys™, cyh). C: Z. rouxii (ade™).

1~8: Fusion cell.

BLIETHEI Ldhh ol W, BHNAREH
O8O ERNBEHK Dy — W L, Fig 212
REND X HIZETS. cerevisie (lys™. cyh’) ¥/
F=VIZBPLTW A Z MRS TH 7,

4, TObTSA CBEREAORE

W TH D GYP b & MBI 5 Th B
A-1L30Ndr, vy DIEHDEBHE OIS,
R SR 5345 & BB TR L 2o B/ N A S 5045 B B A RN
ORME Fig. 3R L, 7T HEHOWR & b BRI
L7eHid, &4 BERON LIRS e d o,

% -3

4, B LA SRR BRI SR S. cerevisiae Pk
DI EMEAT2% Td o 7245 NTG WBHG & gyl
SRR DT ML 6% F CRTF L, NTG Bl X bR
B S B E T O h OB £
ZRONBEARROUHE R e bh v —d ~ &1
BROD A Y == v ST 2 LENH B,

W LB R Z, rouxit (ade™) BR & S. cerevisiae
(lys™. cyh®) ¥HhSH SN BAEBRIC OV TR,
MESEREME, WM, WARNBRBEE O/ ~ ol
B &AL BRI, S cerevisiae (25T VBB HED,
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Fig.3 Addition effect of cell wall components on proto-

plast regeneration of S. cerevisiae,

Each of Mannan 5 mg, f-Glucan 5 mg, Cardran 5

mg Cell wall 0.1 ml, Organella 0.1 ml, CaCl, 10

mM, Inesitol 10 mM was added to 20 ml of the

medium agar for protoplast regeneration.

OC: Colony number of original cell (non Zymolyase
treatment.)

PNP: Colony number of protoplast and non proto-

plast (Zymolyase treatment with sorbitol.)

Np: Colony number of non protoplast (Zymolyase

treatment without sorbitol.)

S. cerevistae @ back mutant Tl v & Bbhi:, X,
RO HEE ) 2 L CHE»H 5 L0 Thk
CTRZELY, ZORSHE LRI AT & <
EREIZZ L, L, RERBNOMREE TIIE
R Lz e LT — IR CEOM L h— T o
BHIW > TIF  EHEZ LR TV, X~
OMNTIRADOMAEREEHE D NS A Y, [
HMMOMETH L2 1073~1075 BEMEBHoONeT
H1075~1077 BETH b, SEAT - 22 AHECIE
KRB TH oL EBE X BN,

T 7T A OFAEITIEMIBEO A & R~
DEEER &V EYSH b, X, AR TRk

e Tl TR Z LML TWwhH, Ik, Ml
MEERAENEITbhW e nbiI TR Ta b 7I A &
T BEHE DT A S N S RS A L CHMEIR 0 J8IRHE
BEEHE LN AR MM Y ELLERE V., X,
COFEEMREEE LTS vy =, BT 4 R
Toa ¥ —ERhEBEEROD D ohDT sy
28 RN R S LR ORI ORI ER SR 0
TRIFEL S hv, MRBEOEFRS & /-1.3 #E
EB-LOHAEHONEI NS L THLI EFMLR
Twb, B, BEOTU M 75 2 NEEISSRIEOLE
LA N 7 BBPEDNINRDS o 72 2 L ASHED ShT
Wh, BES HRBEHE AT L IR S EHIC S L
TVhEEZOENRTVS, L Lads, SHMEED
WS kT rFy, Shny, SIREES, il
HN Y AR EIMTNRARE O b7 R b ORFER
AR U TR MO W AR S IENIF LA L
Bbhidah ol L LANBEOFAILERBEM T
HHMEEBWOW TR () THOBTHBTHI &
LY FHEE L Lo iiffsh a0 CcEpins
Iz WTHRET 20805 5, SHREREEIEC,
FHER OO REERMROMS L 70 v 79 R FF4:
BERtofs, EIZGBA ORI & ) Ra e
TR L ERICERAN R RS, KIBIZLAETS
T=H—=ThOT—h— % RV T0BRH S,

3 #

1. BRWHOMKE, Z. rousii (ade™) 44k& S. cere-
visiae (lys™) 1%k, S. cerevisize (his™) 4 B STz,

2. Z. rouxii (ade”) ¥ & S. cerevisive (lys™. cyh®) #
EOHIBE P LR ORI BAR S HII S y a3
Ri2sH 0, &THI 7 - AEREEHL, > oy
O — ZEAb AR <, WM, 7o - L EEERENI
S. cerevisize ERRRETH Y, WEOKE SITHIEES,
BRIzl 2880 1 HTH Y, WHRNER QLS
B389 — 2 R L2 BRD /¢ 5 — BB L Tz,
o T S cerevisige 2T WEEL A D, S cerevisiae O
back mutant &# % Hh7z,

3. MBS TH D p~1,3 T Nh v, wu
Y OEHEHEOMNBER 5, W X 54 & B vk
L7 iR om LI 2F5 R o Rk dh 57,
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