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Studies on NaCl-tolerance yeasts

(2) Salt-tolerance and the Cellular Characteristics in Torulopsis Yeasts.

Kei Yamacata* and Tokio Fujra*

Most of the strains of high NaCl-tolerant yeast belonged to genera Torulopsis.
The stability of NaCl-tolerance, which had been considered to be gained by growing
yeast in a medium containing sodium chloride (0—22%), was examined. We classified
these yeast strains into four types by their NaCl-tolerance.  They were halotolerant
type, halophilic type, low-halophilic type and halophobic type. Two strains of wild
yeasts, viz. T. glabrata and T. etchellsii were found very highly NaCl-tolerant (up to
22 9% NaCl) and both of them were very small in cell size. These yeasts were
isolated from soya mash.

Cell size of the halotolerant and halophilic type strains of Torulopsis yeasts
isolated from sake cake pickle and soya mash were much smaller than these of low-
halophilic or halophobic ones. Almost strains of halophilic, low-halophilic, halophobic
and some of halotolerant strains showed smaller cell size if they were grown in the
medium supplemented with high concentration of sodium chloride (15—20%). Some
of halotolerant strains, however, did not show any significant difference in cell size
by the addition of sodium chloride to the growth medium.
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FEHOUNEY? TAEEROMNL 2 MIERLE TP OB & SMBGEY & O R EE S8R
L ZORHEMIC SV THlEG Ui, A8Eko13 &AL d Torulspsis & O BAR B THHEME O KTS
Bk cell size BSMIHEMED/NI 2L O /NS OEAZR U, THEEBREICET 2 5E0HE
BiEAARY, jnge?, M. P. Scarr®, D. R. Roy® S8 XhdH %, Scarr & Rose® &3 et
(Brix 75~179°) o#zklk b Osmophilic yeasts %43t L Torulopsis apicola, Torulopsis
globosa, Torulopsis lactis-condensi, Torulopsis bacillaris A& & 1 5f& Torulopsis kestoni ;

X Candida guilliermondii, Saccharomyces florentinus %E5%E L1z, 160N THMRIZ

* Laboratory of Applied Microbiology, Agricultural Chemistry (fE4E(b%, JHEMESENIESR)



28 DR AFRYELE H45 A97DH

EHNERPE L TORTNARTHEMPOR X X3 1.5p~3.5p 0T NS B LBREHE
HOLRBRD TN B, AEIRKHE BiHERE D48 L7 Torulopsis B2 duld LR & &
HEFIck B cell size 0L W TIC Saccharomyces cevevisiae 7 xifr& LiNEHEMEE O cyto-

chrome pattern ([c > TS L1,

£ B A &

1 Sthilpds L UHEEA®

BHREMRZ S va—~x 10g, ~7 + v 0.45g, Rl + 2 0.25, gt~/ 4 v v a 0.05g 5@
—# Y v 0.01g NaCl (0~22%), i@k 100ml QMK T pHA.8~5.0 ICHHEE LNE 18mm
DHASEIC 0ml 537 Ute, HiEE & FE—H5H T 40 BeEIFTH % L = @ log phase o iLiki (k%
WU T inoculum size (3 10% cells/ml 101552 & L%, 30°C THEET »7c, HBAHEI
BUBENMDOABREIEWY CEL 5% L,
2 EBEEONE

REAES meg/l00ml TR UK,
3 B K it W

AIZD K & {FIHHEIC L D micrometer 4 Ft /KGH KT IR 8 L T RIS TI#EE 1 600 #5 TEEICH
50 L LOMIIC OV TEOREB LURREAE L, FEEERS U a2 WACSUIERE &%
AVHHBE AT LT,
4 JEREERORTE

Fink-Kthles @@ EEm 0 & O Al & FEANRR A BIMEE K TRE L.
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1 &8 & &K

BEEEE X D 2 EEL 2 68 44 Lodder & Kreger-van Rif® cie U CRIE L7k E % Table. 1
& &,

Saccharomyces cevevisiae [IMIEEHE HEAKIREOE NalC 0.73%) cosHE LT,
SEEERDIZ LA E1Z Torulopsis @ T ©  Torulopsis glabvata, Torulopsis etchellsii,
Torulopsis pinus, Torulopsis globosa, Torulopsis magnoliae OEHEFII TN T EOIEEE

(NaCl 18~20%) oRimzEwk b ostxn Torulopsis candida, Torulopsis inconspicua 13
NaCl 3~15% BEOEKE, Bihd#kI O ashi, BEEBTORENEOZICIDEED
Torulopsis ©& D HREMBEIL AE[ZTD 2,

2 TEMOES



HiBREg - BRAEFREER Wiy 38 % B fE i > T _ 29

Table. 1. Isolated strains.

Identification Strain No. Isolated mash

S-A-1, S-A-2, S-A-6, S-A-9, S-A-23, | Sake mash
S-A-31, §-A-37, S-A-36, S-A-42

Saccharomyces cerevisiae Hansen

.. S-C-83, S-D-43, Sy-E-10, Sy-E-100, Sake and
iz;:g;aerrg?r};iss rouxii Boutrox var Sy-E-101, Sy-E-103, Sy-E-104,
Sy-F-105, Sy-F-106, Sy-F-107 soya mash
S-A-4, S-A-9, S-B-1, S-B-11, S-B-21,
Torulopsis famata (Harrison) S-B-27, S-B-27, S-B-49, S-B-34, Sake mash
Lodder et Kreger-van Rij S-B-86, S-B-91, S-C-55, S-C-124,

S-D-2, S5-D-6, S-D-13, S-D-20
S-C-3, 5-C-27, 5-C-93, S-D-25,

. Sake and
. . . Sy-E-1, Sy-E-2, Sy-E-9, Sy-E-109,

Torulopsis candida (Saito) Lodder Sy-E-112, Sy-E-113, Sy-E-115, Soya mash

Sy-E-121
Torulopsis mggnollae Lodder et S-A-7, S-A-8, S-B.T9 Sake mash
Kreger-van Rij
Torulopsis glabrata (Anderson)

Sy- _F- S h
Lodder et de Vries y-F-6, Sy-F-8 Oya mas
Torulopsis etchellsii Lodder et Sy-F-3, Sy-F-13 Soya mash

Kreger-van Rij

Sy-E-4, Sy-E-14, Sy-E-15, Sy-E-119,
Sy-E-102, Sy-F-2, Sy-F-114, Soya mash
Sy-F-123, Sy-F-124, Sy-F-126

Torulopsis globosa Olson et
Hammer

Torulopsis pinus Lodder et

Kreger-van Rij Sy-F-5, Sy-F-116 Soya mash
S-D-14, Sy-E-7, Sy-E-11, Sy-E-102, Sake and
Torulopsis inconspicua Sy-E-117, Sy-E-118, Sy-E-120,
Sy-E-125 Soya mash
Torulopsis aeria (Saito) Lodder | Sy-E-108, Sy-E-11p, Sy-E-111 Soya mash
Torulopsis molischiana (Zikes) S_C_137 Sake mash

Lodder

SEEREOBEMMEIC >V TERO L SICERETT -7z, 49 5% NaCl iFino glucose nut-
rient medium (48 WERIRTES & Uc BRI o BitkE NaCl iminE o825 5 NaCl 0~22%) #
HicHFEL 30°C, 72 % H O (BEB) ZREL3I~oWcEE LA, Fig. 1. TR &

(¢ Sy-F-3, Sy-F-6 Fiiz NaCl 0% 3 cREMRMOLA LR EALE DL (SR Sh
T3, MEE2Q2%TZTOLEMELN TS, Sy-F-3 ¥iTidi B 50 MHEORE AR LT
Wb, SY-F-5 BRI A OTFAICE D FEE MSIFKICH 23 T atE iR imc L NaCl 10 % T
BNEARELD 15 % NaCl L CIRAMICRESHESNAREOAE TRREAEREFTLANL
WEHRTH 5, S-A-1, Sy-E-4 ClREaERIMERBICHEENEN S, H50EMESNTIRED
Nz AT NaCl 5 ZRha KD AT T5, coXDCMEERE 32OMICHETE 3,



30 MBRFREELE %45 (1971

$ib b, NaCl 0% BEETEEALE
MNIMOLE L2 3w HEE# (Sy-
F-3, Sy-F-6 #) NaCl jffmic & - T3 0-8
BL U ARSI S IF 5 # (Sy-F-5

LOoF Sy-F-3

B RIEORMEEKICKEDEBE, b §E "

BVIMAEsSN AWM/ NSRRI T % 0-4

H5, WHEONILHORTH S, ik § S
DINETHEA & B I 58 S-A-L S

BRICEEYD 52 X S ic NaCl oiRin& [l ; 0

BB A D § HRE T b A = 0 35 10 15 20 22
AR AN T Ty NaCl concentration (%)

oo FIBRIC Sy-B-4 Bz A 03 e madia of variows cemseniration
ZHCH 5 S-A-1 Bzl L NaCl (& of sodium chloride.

RS BT T AKERNOEA & The growth state on glucose nutrient

medium, 3 days cultivation at 28—30°C.

BEALTORFTRED DL 5 %R
LDRBBMCEDENLAIKRTHEEXB L COX S UBRE AR THRERERE Uic, Lid-T
FHEEE, BEERE O oM LR AETT » S4B ICD MU, §74b b, MEEKE

Torulopsis etchellsii, Torulopsis glabrata, Saccharomyces rouxii T&dH 5, IFEMHFEZ
Torulopsis pinus, Torulopsis famata, Torulopsis molischiana T 5, 53¥EVERKIZ Torulo-
psis globosa, Torulopsis inconspicua, Torulopsis candida, Torulopsis magnoliae ThH %,
BrIEMERR T Saccharomyces cerevisiae (iR STz,

3 BEREICLMROEL

43 U7 Torulopsis REFE D v Torulopsis glabrata, Torulopsis etchellsii ORI
LR INRE L THRIEIE 3. 63+ 1. 25(#?), Torulopsis pinus H BIFEMERKIZ 26.514+2.16(#) T
Torulopsis EEFE D HT &/ NS TH 2. G5tk Torulopsis BRI DML 113.04£8.79
() THRHIRE {, AEOMERIE 22 RETRRBEASRETSEY, HESEETOHE
&Mife Osmophilic yeasts & 2231 R # T OREMID LKV NS VT & & Scarr® 5 idis
LTV, T THRECX2MEOEEICOT NaCl 0~22%, 72 Bk OB OZEL %R
LTI,

Fig. 2 1) 3k Sy-F-3 ¥, AEEZED 0%, T2HEEROFEBTHEIRTHD, ZoMiaix
TA7+1.99(#%) D/NSUBRTH 2, eNPEEZRNT S & Fig. 20 2) o &< NaCl 20%
RINFEHTIR 1.3040.67 (#°) L& SicHas/hs {5, Fig. 2@ 3) 1255iEWRR Sy-E-102
HROBIEIRE 0 %, 72 MEROXBEMILT 113. 04+8.79(#%) OB A X LEH,TH 3, b
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BEARINT 5 E Fig. 2 4) o & NaCl 0% InkE i S i 23.7243. 16(#2) L

BAVNE K 2T A, BRICEIVMRBAELEZET 200D ON S, O XD IR

H¥E: Sy-F-6 Bicizgo oniiv, 558k Sy-E-102 #hko KCI 20% Rinss i ofidicBnTd

3) Sy-E-102

1) Sy-F-3 2) Sy-F-3

Cells cultivated in NaCl— free

Cells cultivated in 20 %
medium for 72 hrs.

Cells cultivated in NaCl—free
NaCl medium for 72 hrs.

medium for 72 hrs.

5) Sy-E-102 6) Sy-E-102

4) Sy-E-102

s -
Cells cultivated in 1595 NaCl
medium for 72 hrs.

s
Cells cultivated in 20 %
NaCl medium for 72 hrs.

Cells cultivated in 20 %
KCl medium for 72 hrs.

8) Sy-E-102 9) Sy-E-102

7) Sy-E-102

%

o

Dead cells, after 96 hrs in
20% NaCl medium.

Cells cultivated in 15%
NaCl medium for 24 hrs.

Dead cellsr, after 72 hrs in
209 NaCl medium.

10) Sy-E-102

Effect of the sodium or potassium chloride

Fig. 2.
concentration on the cell shape and the

cellular characteristics.

Dead cells, after 120 hrs
in 202 NaCl medium.
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Fig. 2@ 5) 1TRT T & < A3MIRIE 23.7223.16 (#3) < NaCl @B/ {20, hICEARE
EOMIESED SN, LB Mok MgCl, CaCl, MnCl, % & 28I >\ TIRARET

REIE L7, & SICAIEIART 20 % TREMON S hicZ(d 5 Sy-F-3 (Halotolerant type),
Sy-E-102 (Low-halophilic type) ofikk#4 A i 0~20 % T OMIED Z I DD TN,
Fig. 2 ® 3) (3 Sy-E-102 ¥k o fr iR, 72 i E&oMIET 113.04 +8.79(#%) TKTH
B, L LISIN ORI 16 %1015 % EFig. 2 0 6) koRd T &< 23.7243.16(#%) L7 DS
PICHIREAVN & <78 %, & S HMIEE S I LAIIENIC S B BR AR & Mia S RETBICTS
%, Fig. 3 13 Sy-F-3 ¥ i fE 0~20% ICRE T A MO E(TH 5. REBRE 105 ETO

10

Y
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>

0 1 1 1
0 5 10 15 20
NaC1l concentration (%)
Fig. 3. Effect the salt concentration for cell size on the

halotolerant strain (Sy-F-3) of Torulopsis yeast.

Cells were cultivated at 30°C for 72 hours in glucose nutrient
medium supplemented with various different concentration of
sodium chloride.

MO BEEIT 7.47+1.99(#3) TEARED SN, LHLLUENS 16%5 0 1.30+0.67(#3) &
MO MMCEZA U, S SICRBICE DfilaAnZ g % Sy-E-102 #koNaCl 0~20% ciEFIiC
B DFTMI L ET~I, lag phase /n 5 log phase F TR EFEKICIZIERMMILIIED
SNIE L, TNTHELNITH %, log phase s o staitionary phase (Ch7n 5 72 Rk
Bik O ZEimiasd Shivs, Fig. 20 8) [ITMIMEE 20%, 72 Bk 8% O CREMARIE I 1
i daughter cell OATH 2, TNH 6 FEEHRICL 2 & Fig. 209 oMol &E<H2,. &
3 o daughter cell {343 Lk T mother cell &L LILMFELIE 7 7 2 &2 —, B REED
WaE L1t 2, Fig. 4 3 Z0REAZR LT, 971 b, FRaai @ o daughter cell & mother
cell D REIZAARIE THRBLIT O A TE LI E D5 < BRI D -7, Fig. 20 10)
(3 120 15 F# O ARIE TR M o> daughter cell % & - mother cell AAFICH A LIEARHD L1825
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o ErompEalE NaCl 20 %) 7Z4£ T it daughter cell @A iEiD (1A FARRIC 2 A A
CZDMRWHTA2EDEEZ B,

viable cell dead cell cluster

D-O-2)-tes.

Fig. 4. Process of dyeing cluster.

4 BEEBEIICLIBEROEL
BERIMCEZ LD E L LELT %5 Sy-F-3 ¥k (Halotolerant type) & Sy-E-102 # (Low-

halophilic type) % fv» NaCl 0~22% 3! 10 L

BRI L 72 glucose nutrient medium Sy-F-3

B BIERSEIC X ARG OREEH~  F 08 0%
=) 20%

oo ¥, BIEBIEA 5x10t~105 cells/ = 5%
& 0.6 2334

ml Tl - RBICKZEBIIEDON = g
)

h > D TRERTIZ 104 cells/ml 4 1 a; 0.4

Wiz, Fig. 53 @RIk 5 MEME Sy- @

0.2

F-3 £k growth curve ©h 3, Dk Qi

(iﬁ{ Imﬁi‘: 5\’20 i‘/c iU L/émﬂ\ﬁuii 0 L ! ] 1.

WTORBEXD S BIFCHIREL2STZD 0 2 48 2 % 120

- y . Cultivation time (hrs.)
SRS, FIRE 20~22 %, Al Fig. 5 Effect of sodium chloride concentra-

RINEEHE T DRI IS 5~15 %Ik L tion on the growth of Sy-F-3 strain.

N AHA =

lag phase 735£ < 7% -7z, Fig. 6. 13558 0.5k

# Sy-E-102 #p growth curve < Fig. Sy-E-102

5 ic i~k 51z lag phase 758 < 75 0 Bl 0.4

B 20~22% TORTIRIEFICEH o7z, K 0.3

MEAERNEWTORB bIIHEICHLE
St & 6T Sy-E-102 ¥k 7% O B R
B, R oM
WERE 113.04+ 0 (#*) T&H %28 Fig. 7,
Fig. 20 1) kKaid ¢ & 249k %0z 0
185 & 23.7240 () L3O S ICHINE
PRETE B, CORSIEEALL I RE Fig. 6 Effect of sodium chloride concentra-
B2 DR IT st dT osmotic pre- tion on the growth of Sy-E-102 strain.
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Dry cell weight (g/100ml)

0 24 48 72 96 120

Cultivation time (hrs.)
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ssure M > IBEHPTORE» S5 B4 5 FUEEN O mytochondria jc#fE4 % cytochrome
OB SIEFEHIICLUERZDTRIEOAEND STH 2, WICHBEOMEMIEDE(NS Y
b3, T TAMEIT cytochrome >0 TG L7,

120 T “|‘ T
100
80 F
— 60 |-
=
5]
E 40 |
G
=
20
0 L 1 ! |
0 6 12 24 36
Time (hrs.)
Fig. 7. Appearance of small cells during the cultivation of low-halophilic

strain (Sy-E-102) of Torulopsis yeast in glucose nutrient medium
supplemented with sodium chloride (15%).

5 THEMER® Cytochrome [ZDVT
THEERE I BRI X DAL E/T 28 (Sy-F-3) & & &Ltk (Sy-F-8) X sd#n

Broth
washed by distilling. water
Cells
. 0.25 M. sucrose
washing o M. Tris-Cl, 0.1 mM.
washed by EDTA (adjusted pH 7.4 by HC1)
0.25 M. sucrose

5 mM. Tris-C1, 0.1 mM.
Homogenize 4000 cycles, 30 sec.

adjusted pH 7.4 by 5 N.KOH
] separated with centrifugation 80 G, 10 min.
Precip'itate Filtrat’e

added solution

separated with centrifugation
20000 G, 15 min.

. B
Filtrate

Precip'itate
washing
separated with centrifugation 20000 G, 15 min.
added solution [0.25 M. sucrose

10 mM. Pi-buffer (pH 7.4)
Mitochondrial fraction

Fig. 8. Mitoctondrial fracticn
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& LT Saccharomyces cerevisiae i 7z, mitochondria o #E12 fEEEREAREICL DT -2,
Fig. 8 jc/Rgin < SesH g% 3000 1. p. m. CRUAZER, RBKTHRIELRERAEZES, K
iz 0.25M. Sucrose, 0.5mM.E.D. T. A. i®jn Tris £ 5mM T 1 Bk LEEAEE EFED
0.25M. Sucrose (pH 7.4) #ic%% L BROWILL MECHANICAL HOMOGENIZER iz 4000
cycle, 30sec, k&Y A& — b LT 80G, 10 min 0, B EEAESICHEET 5, OB LCIERIZ
20000 G, 15min il UHICHK & BRBIC S, 2 DA IC 0.25 M. Sucrose, 10 mM. phosphate
buffer (pH 7.4) %#n% 20000 G, 15min ;&0 LT mitochondria o 43 #7%7-, Cytochrome I
Wy DPREAT BLareaEat STS-3T B, E@MEARTAIE LT o R4 Fig. 9 1R,

2.0 2.0 2.0

\/

"\
1.5 1.5 15 LM
/\\

Sacch. Sy-F-8 Sy-F-3

cerevisiae

1.0 1.0 1.0
500 550 600 650 500 550 600 650 500 550 600 650

WAVELENGTH (mp)

Fig. 9. Absorption spectra of Cytochrome pattern.

Saccharomyces cerevisiae ¢ Cytochrome ¢ pattern {3 610mpg, 560my (e %), 530mu (B £)
Miic peak Z7R Uit s i U TigiEtkik (Sy-F-8), (Sy-F-3) oBiliiidz p&IiIcER
b B ok FEEiERD Cytochrome fARICIZ A< 2 DZEMLC 610my, 560my, 530 me DkE
OB peak Rz, cOXHEEERID osmotic pressure FTTHRE L i3 E BB T
HELIEEMREEN2AUFRRICK >~ THEEEG DI CEE2M -T,

L3 )

1 MR & O rEkkk e 4 MRUTH LTS
fitsat:  T. glabrata, T. etchellsii, S. rouxii
IFiEM T, pinus, T. famata, T. molischiana
g3t T. globosa, T. inconspicua, T. aeria, T. candida, T. magnoliae
ke Sacch. cerevisiae
2 THEEMERR I SFE R LR BRI AR &,
3 BREARRNNEATRIEERCEIMEOELTZ2b0LELLEVEDECNT, FiE
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T, FEMERR S TEN LUIRANE 1 512,
4 SEEHIIED HERI34e 3 daughter cell 23568 LT 2 oifilic Budding cell 28iERL U772
BTG LTkl Mother cell & RIBETE M A g et XN cluster 29 2,
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