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Response of Marine Sulfate-Reducing Bacteria to

the Salinity of Culture Medium
By

Yoshihiko Hata

In the previous paper, it has been shown that the distribution of sulfate-reducing
bacteria in the bottom sediments in the estuary was influenced by the chlorinity of
the bottom water; the population of sulfate reducers enumerated by sea water medium
was abundant in marine and brackish environments but scanty in fresh water zone,
and number of sulfate reducers counted by fresh water medium was abundant in fresh
water and brackish regions but few in sea water zone.

The present paper is concerned with the response to the salinity of culture media,
of the sulfate-reducing bacteria isolated by use of sea water medium from various
marine and the estuarine mud or water samples.

The influences of NaCl concentration or salinity on the growth and the sulfate-
reducing activity of these bacteria were examined by use of the basal medium having
the composition as has been shown in Table 1. The results obtained are given in
Tables 2—7 and Figs. 1 —3, and may be summarized as follows:

1) Most of the strains of sulfate reducers isolated could grow within NaCl concen-
trations of 1.0—6.5 %, and few of them could develop on the media containing
NaCl in lower as well as higher concentration than the above mentioned. (Tables
2—4)

2) The optimum NaCl concentration the growth and the sulfide production by these
bacteria was about 2.0—3.0 %. (Tables 5—7 and Figs. | —3)

These results suggest that these strains are typical marine organisms.

The tolerance and the adaptation of these bacteria to extreme salinity are shown
in Figs. 4—12, and may be summarized as follows:

1) In the normal population of these cultures, a small number of cells could grow on
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the media containing NaCl in lower or higher than the range which was shown

in Table 2. (Figs. 4-—6)

2) In the cultures which were preliminarily adapted to the media having extreme
salinity, the proportions of the cells capable of growing beyond the above mentiond
range of NaCl concentrations were somewhat increased. (Figs. 7 —12)

These facts suggest that these bacteria could adapt, to some extent, to extremely low

or high salinity.

The tolerance of these organisms to washing by the solutions of different osmotic
pressure and suspending in these solutions are as shown in Fig. 3. These data show
that when these bacteria were treated in short time with the extremely hypotonic or
hypertonic solutions, a large number of the cells were injured but some of them

survived.
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PWE UL, EBAEEIOED LY TH b,

WIS (RENE O KE S Agar %Fr<) 1€ 30°C T2 HREHiEE SN mlkEE
TEANEOFIRLEE 2, 25 1 HOMAR O FEFBE P QAN AOEBEOAE 2 INA o i i D g4 of
FHEL T 30°C T2 HEMBEL, BOMMOERBICHORBICE - THREOHERATL, BEREICHIZ-
TITEHEE N L CEEOEA 28T A 10, B#E% 2,500r.p.m. 100 CEONERL, BEINI-1.IM T

* Ca-lactate 3.5 g, Beef extract 1.0 g, Peptone 2.0 g, L-Ascorbic acid 0.1 g, MgSO, - 7H,0
0.2 g, KoHPO, 0.2g, FeSOy - 7H:0 0.2g, Agar 3.0 g, Filtered sea water 1,000 ml, pH 7.5.
#*(Ca-lactate 3.5 g, Beef extract 1.0 g, Peptone 2.0 g, L-Ascorbic acid 0.1 g, NasSOy4 1.5 g,
MgSOy - 7H20 2.0 g, KoHPO, 0.5 g, FeSOy « 7Ha20 0.2 g, Agar 3.0 g, Tap water 1,000 ml,
pH 7.5.
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Table 1. Basal medium employed for experiments on the
NaCl requirement.
Ca—-lactate 3.5¢g
Peptone 2.0
L~Ascorbic acid 0.1
KoHPO, 0.2
MgSOy4 « 7H,O 2.5
FeSO,4 » 7HO 0.2
Distilled water 1,000 mi
: pH 7.5
o BEATR (MK & IZITER) CEBBL, ILIKAUEIKT 100293, COWEIES 10ml o
W BB L 72, B NItEREE 2 RITRIBY Th b, ‘
Table 2. Growth of sulfate-reducing bacteria on the media containing NaCl in various concentrations.
) Concentration of NaCl (95)
Strain . .
b Isolated from: 5 7S]
number N0 NO N o WO oW o Wwon oW o
©C 0O 0O O — = NN M O W P W B O O I I~ O
SM1 Coastal marine sediment, o ] }
Mo B bbb E ok F b b —
SM2 ” - = —x* ++ + -+ + + + + 4+ + - - —
SM3 2 i e e e R L =
SM4 ” - = — + 4+ -+ + + + + - - -
SM5 goastal sea water, Maizuru | + oo + o 4 o—
ay
SMé6 Bfackish water, Takano e b o b b a4
River, Maizuru
S M8 Coastal marine sediment, |
Maizuru Bay Tt v = -
SM9 2 (NS —— e
SMI0 p o S R
S MLt Sediment on estuarine
environments, Takano River, | — — 4+ + 4+ + + 4+ +— 4+ + 4+ + + + + + — —
Maizuru
S M20 ﬁo'astal marine sediment, A T R + o o4 e
laizuru Bay
S M2t S e + + + - + = = =
S M23 gao;s‘cal sea water, Maizuru | o o4 NI + o+ - —
S M24 ” o B S
$ M30 Coastal marine sediment o -
Soastal mar ' N N I T E A e A
S M31 ” N T T TR .
S M32 " e 1 T
S M33 ” A
S M34 " T ST T e R R
S M41-1 Sediment on estuarine »
environments, Nagata River, | — + + + 4+ + + + + + + 4+ + + + + + 4+ —

Shimonoseki
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S M41-2 ” R T T T S e N A
S M42 ” L
S M43 ” T N S U
S M45 2 I P
S M46 Coastal marine mud, . )

Shimonoseki — - & A e e s S e
S M47 " e R e
S M48 Coastal marine sediment, o o

Shimonoseki - S e s e + o+ = =
S M49 Y T T T S S e e i
S M410 Coastal marine mud _ o

Shimonoseki ’ - S e e e e S S

5 i di

S Mst ﬁizjtifi‘g;y””ese'me”t’ e I T T T T T e
S M52-1 % T
S M52-2 ” R
S M53-1 ” R T
S M53-2 % N T
S M54 " - - - — — 4+ 4+ 4+ 4+ + + + - - = =
S M55-1 ” I T T eI
S M55-2 ” T T T
S M56 ” e e e e e S T S e S i i Sl
S M57 N I T
S Ms8 ” . T I Ep et E
S M59 2 R T
S M510 ” I T T
S M511 ” N
S M512-1 " e — 4 E R k- = —
S M512-2 P N
S M513 ” N
S M514 N B N
S M5B15-1 ” - - — — 4+ + + + + - - -
S Mbi5-2 ” —_ - = = 4+ I e T e S S S i e
SH1 Cgasta.! marine sediment, o4+ b4 o444+ o+ L4 o4+ k-

Hiroshima Bay
SK1 Sffzs;éxrzre marine mud, | _ __ _ _ _ b4 m — —
SK2 Sgi{:zsi\:lre sea water, | _ __ __ _ _ T
CRAT SRR WBERRIC L > Tpis b Bsb, SHI (RIE0.256~7.5%) DLIHIT

Kt EEEC bl - THRET 5

FEH AJRE /s ALIRIR
3
]

73 el eI 26.9 %ITHICY,

5D,

SM8 (£ 1.5~5.5%) Ok 5 ICHBARNEETHE TS
30, BWIOSM1 (& 0.5~7.0%) OJ ) ICHKEWREREN NG OFHIKH 2 DEENANHD
BEEOERNA LN, (NODOHBERENTLLEIRDLELD E125,
T h, SHI1OL ) S IEEREDHERD 9.6 %2 LD T - 3273 <, SM8D L)
Y 63.5 iz EN L OEERRLIL. £LT, INLFEEWURE
BEGHEOREE, ZOEBBIENSEKE TS - 0P KB TH - 7o & OBIiT, 2A S BEBEEXALT
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Table 3. Growth of sulfate-reducing bacteria on the media of various NaCl concentrations.

Concentration ranges of NaCl Strains developed
(%) Number %
From 0.25 to 7.5 5 9.6
From 0.5—1.0 to 6.0—7.0 33 63.5
From 1.5—2.0 to 5.5—6.0 14 26.9

IZip -7,
PR AEBRECONTH LD - T REIREHOMETH A5, ik, BE2MA 2D INANAD
EEICEIR L 1o TR R T T B - EROETHEB LTI 4 BOBERE I B LItk s, Lok

Table 4. Growth of sulfate-reducing bacteria on the media containing sea water™ in different

strength.
Strength of sea water™ (95 )

Strain number
5 10 15 20 25 30 35 40 50
SM 1 — - - + + + + + +
SM 5 — - — - + + + +
SM 8 — — — — — — — — +
SM 21 — — — — — — + + -+
SM 33 — — — — — + + + +
SH 1 + + + + + + + + +
SK 1 — — —_ — — — — — +

*  This was added in stead of distilled water contained in the basal medium.

*% Salinity of original sea water was 32.4 g total salt per kg.

BT EIEREDO ARG L T—RITETOERE 2 ORBL TS D EELLND, TN, LTDRRT
RSB HBEICT 2T DREBEDAITDNTKCIES T LTS,

(2) BEMRBREETHAEORERESKORILYERERCS JBTREREORE

(1) OER, EEEEFBRRBETAEORE Ui/ AEBEOMSHE L PITe- 7008, 2EIRINLD
HEORETE 125 A ERERPEREREIC > TED L) R 2RI 2R LT

Trbbh, #1EOHMKD FeSOy » 7HyO DY iz Fe(NH)2(S04)z « 6H20 0.5 g/L* e (iR
HT N AN ADEEOEE R INA, (NLIT ELOKBRENTNEDTREET 2 Bicd 5 C Ep3¥l -T2 SHI,
SM 138X NS M 8 DiMEsE 2O BRERU WERE) /2 7 4 v 2EREL T 30°CItRD, MEizs T
Tl U ERE B I I B U 7o MBS ORI semi-solid ¥E7kEsih (330 EMRZH) 2T ex-
tinction dilution method 1€ X b, FilbOFERITEL « MEDTENICL o712, 753, TS HEEDHE
S TP R B A 7 b OO HRIBIEIB T RREE OMENE R iR € A 70, M KEEIARRE T 30°C 2 HRGS D 3 |

* RO DY 5T, COHEE Fet 2HEBICNKELL, HIAHHNTIZIOR BOZNI Y REHEET
Kex <, FITEEINTFHLENEETHD, L TLORERRTHE, FeSO4 L b ~RICETLE
Z 55 Fe(NHy)2(SO4)a 28, FEOBRIETC EICLTS,

— 25 —
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Table 5. Growth of strain S H 1 and the production of sulfides at 30°C in the media having
different salinity.

Concontration Incubation time (hrs. )
20 41.5 65.5
of NaCl (%) Cells/ml _Sg“iigjsm Cells/ml _S‘S“‘f;‘;jfnl Cells/ml _Ss‘"fr‘]gjfnl
0 102103 0 102—103 0 1—10 0
0.25 102108 0 102—108 0 10—102 0
0.5 105—105 0 103—104 0 108 —107 0.027
1.0 105—106  trace™ 108—107 0.029 109—1010  0.162
1.5 106—107  trace 107—108 0.039 10°—1010 0,197
2.0 10—107  trace 107—108 0.044 109—1010  0.241
2.5 10#—105 0 107—108 0.029 109—1010 0.210
3.0 108—104% 0 108—107 0.021 108—109 0.154
3.5 10+—105 0 105—106 0.025 109—1010  0.115
4.0 108—10+ 0 105--106 0.008 105—10° 0.069
4.5 — 0 10£—103 0 107—108 0.038
5.0 - 0 10%4—105 0 108107 0.015
5.5 — 0 104—10°% 0 105—108 0.010
6.0 108—10% 0 10+—10°% 0 106—107 trace
6.5 — 0 103—10% 0 —_
7.0 — 0 102—108 0 102—1038 0
7.5 — 0 102—103 0 — 0
8.0 108—10* 0 102—108 0 1—10 0
Incubation time (hrs.)
89.5 141 237
covint T | it e, | e H,
— 0 0 0 — 0
s 0 1—10 0 0
108107 0.023 106—107 0.025 105—109 trace
10v—1010  0.202 1091010 0,163 —_— e
108—109 0.205 109—1010 0,137 — _—
109—1010  0.212 109—1010 0,177 104--105 0.031
107—1010  0.222 109—10®  0.151 — —
109—1010 0,217 10%—109 0.154 105—106 0.057
109—1010  0.211 109—1010  0.182 —_ -
109—1010 0,172 108—109 0.215 — e
108—109 0.143 109—101°®  0.203 —— —
107—108 0.068 109——1010 0,210 —_— e
107—108 0.019 108—109 0.207 e —
100107 0.017 107108 0.124 e —
106—107 0.004 107108 0.073 — -
— 0 105-—106 0.012 105-—109 0.035
B 0 105—106 0.005 105—108 0.029
— 0 1—10 0 106—107 0.011

* trace: less than 0,001 mg/ml.
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Table 6. Growth of strain SM 1 and the production of sulfides at 30°C in the media having
different salinity.
Incubation time (hrs. )
Concentration
20 37 62.5
of NaCl (%) o Sulfides Sulfides Sulfides
ells/ml =S mg/ml Cells/ml S mg/ml Cells/ml S mg/ml
0 102—103 0 1—10 0 —_ 0
0.5 103—10% 0 108—101 0 — 0
1.0 103—10% 0 108—107 0 109—1010 0.118
1.5 108—107 0 109—1010 0.102 109—1010 0.209
2.0 105—109 0 109—1010 0.148 10%—109 0.231
2.5 108—109 trace 109—1010 0.204 109—1010 0.254
3.0 108—109 trace 109-—1010 0.211 109—101¢0 0.262
3.5 108—109 0 109—1010 0.192 109—1010 0.252
4.0 107—108 0 109—1010 0.156 108—10? 0.242
4.5 105—108 0 109—1010 0.062 109—1010 0.241
5.0 105—108 0 109-—1010 0.016 109—1010 0.246
5.5 105—108 0 107—108 0 109—1010 0.046
6.0 10*—10% 0 108—107 0 109-—10%0 0.016
6.5 10+—105 0 104—105 0 107—108 trace
7.0 104—105 0 10%4-—105 0 105—108 0
7.5 10+ —105 0 108—10% 0 e 0
8.0 108—10% 0 108—10% 0 —_ 0
Incubation time (hrs.)
110.5 138.0 159.5
Colts/ml _2Wide% 1 Collomi SgFides T coltormt S¢S cottogmi Sgifides
0 0 — — —_— E— 0 0
—_— 0 — — e E— 0 0
109—1010 0.222 —_— S —_— —_ 109-—1010 0.124
— 0.189 —_— — — —_— — —_
— 0.204 —— S — — — —
— 0.174 — — — —_— — —_
109—1010 0.202 — —_— — — 108—10? 0.109
— 0.184 —_— E— —_— — — _—
— 0.201 —_— ——— - — — —_
— 0.206 — — — — —_— _—
— 0.177 _— —_— — e e —
——— 0.204 —_— — — E— —_— —
108—109 0.222 — — —_ R 1091010 0.186
107—108% 0.037 107—108 0.055 0.067 109—1010 0.110
107—108 trace 107—108 0.017 108—109 0.024 108—109 0.045
—_— 0 —_ — 10 —102 0 1 —10 0
108—10% 0 _— I e _ 1 —10 0

..—27__.,
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Table 7. Growth of strain S M 8 and the production of sulfides at 30°C in the
different salinity.

media having

Incubation time (hrs.)
Concentration i
¢ . 45 69 94 145
o,
of NaCl (%) Cells/ml Sulfides Cells/ml Sulfides Cells/ml Sulfides Cells/ml Sulfides
=S mg/ml etls -S mg/ml elisimt g mg/ml -S mg/ml
0 102—10%8 0 10 —102 0 — 0 0 0
.5 — 0 10 —102 0 — 0 e 0
1.0 103—10% 0 108—10% 0 —_— 0 0 0
1.5 107—10% 0.009 107—10% 0.035 108—109  0.066 107—10%  0.072
2.0 106—107 0.017 107T-—10% 0.041 109—1010  0.109 109—1019 0.174
2.5 107—10% 0.023 107T—10% 0.038 109—1010 0.176 108—10% 0.129
3.0 107—10% 0.029 105—10? 0.045 109—1010 0,159 109—10%0 0,144
3.5 10—107 0.018 107—10% 0.031 108—i0% 0.043 109—101¢  0.135
4.0 106—107 0.005 107—10%  0.021 107—10%  0.026 108—10%  0.107
4.5 10%—107 trace 105—10% 0.017 107—10%  0.037 107—10%  0.068
5.0 108—104 0 108—10% —_— 0 10 —102 0
5.5 — 0 —_— 0 — 0 — 0
6.0 108—10¢ 4] 103—10t 0 e 0] 10 —102 0
6.5 e 0 — 0 — 0 — 0
7.0 102—108 ¢ 108—10% 0 e 0 0 0
7.5 — 0 — 0 —_— 0 e 0
8.0 108—10% 0 102—108 0 —_— 0 0 0
o sl : =
E 10 /()\//65.‘5}11‘5. 5
%] 10°F /l N S
- 7| =]
= 107F 10.20 3
<) 53]
© 10°F Sk
fx, 41.5hrs, ok
S 0t 4 25
| ez ﬂ*f
52 10*F w2
=2 9w~
28 10°r 1010 S
W= gl N ek
S . D¢
= 10 F N z
=< .
O 1+ <
e O =
A, L, S
%z 00 3.0 4.0 50 0

CONCENTRATION OF NaCl

(%)

Fig. 1. Effect of NaCl concentration on the growth and sulfide production by strain

SH1 at 30°C. =emsmmmers :

cells 5 --O~-:

sulfides.

Tz TEFMMAETE L I2 ORBERICHL 2%, RIS - T,

BIBZZE % 2,500 r.p.m. 10 53T

NG DMEORE LS FICHBEETCIEIIFIGSETD age OHERHRICZT, H#H young
ITRTSE R L 12 & XT3 I b o lag period 235575 4 BOWLEOBEHELA X1 h5, old 7
AIREIC X AHAII LS @ lag period D3E L HORBEM/N X L 2 2EAMH 5,
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BOEEL, BEINID 1.0 M 7 F o Eseg (L-ascorbic acid 0.1 g/L #&¢r) T 2 EBEIEL C TS
BUICHE, BEW 104 ml 2ukaigi coml WUz, 2106 ORBIZE s, 6 8L 7H, 26 FIKE
1, 236 L "3 ICTRTBOTH %,

[+ 5
10°F =
& | 5
8l o
) 107+ 10,20 £
=
3] ) 8’;1
o 10°r =g
o Q
10°F £3
o [ANR ]
[ sl w3
CER @ -
28 10t +0.10 £
= 102k SI‘—«
Sm Sy
o) n =
2 10 + e
o -
=1 <
zo - 1r =
[ e
= 0 o o, 0 fe
< 3.0 8.0

CONCENTRATION OF NaCl (%)

Fig. 2. Effect of NaCl concentration on the growth and sulfide production by strain
SM1 at 30°C. eommmmmm @ cells 3 ~-(O--: sulfides,

10°}

{us PER 1mL. OF THE MEDIUM)

L
=3
i
<

TOTAL SULFIDES-S PRODUCED

A4PPROXIMATE NUMBER OF CELLS PER

tm. OF THE MEDIUM

3.0
CONCENTRATION OF NaCl (%)

Fig. 3. Effect of NaCl concentration on the growth and sulfide production by strain
SM8 at 30°C. ooemmemm : cells 5 --(O--: sulfides.

Tabbh, WINOREKICKSNT S, HBH /LS CWHBEREICERAMS L obhicaEE BRI (1)
TR TE L NIREEERCIIIE—R U, 2L 70, #NO0OEFAEEER, SH LT TiE 1.5~
2.5% [, SM LI DV TIE 2.5~3.5 %, SM 8DV TIE 2.5~3.0 %ANE & & 6 NEEIZ L - T
HDBEIrB LY THEN, oI s HAIKEEEETH A E2RUTIN S,

EHAEBENTICIS AREEE, WBIERUO activity 126 NICH{MIOFEERE (hEs, 2
LA OMBUL D CICERNIT X AL E OO THEITY L 974 EZALND) ESM LIZHWW TR ARL
SH L TV A/haEpoiodd, SM8RINTIAT2ZICKIT ALY § i hiE» -7z, $i2, WIFNo
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HRRTNT S, BEEN» S B - NAERE T CRESENS L O REERRIIML TEROET
JJ:EE\ 2 T:o

(3) BEUREBIERETHMED population HICHIT 3, REERBRERRCTHMEOFTHRE

—IT, —BEDEGN YRR - (VR L > THE R S L x, fOBEETTORMGIT o
T—ETREL, BEEGIERERALNDEDWERETH b,

PRI TTELS, A ORE R IR AR LERKP AT SN A BKAMED & 5 s, KL
ISR T3k & DA A KIRICH 5 & &, BEESBREOSEIC L > TZOEFENREDL I
BB TTHThHA e CNRHETDIOOHEIYEEE UT, £33 COME® normal population
TR AN ADEEOAFEREE (b 2Vt 28 DHENENENED L I DL T 502
=L, 30THHEEISIT S training €L - TCOOFINEBIT ED L 5 BN B BB ST,

97, ESERGEEORZASHL, SM 1 6L FSM 8 D 3 8% 2NN oA (330 Hl

100
2
a4 = w0
= B e
2 o 107
5 B
12, 105‘
|
=
%E 5w
?§§1w-
"'JL!J. 2
102k
Ll
S L AE
e : 5 i . e )
&2 3 0 . 4B & 8 B _£ % H 0.0 .8
~ 0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

CONCENTRATION OF NaCl IN THE MEDIA EMPLOYED FOR
COUNTS (%) '

Fig. 4. Number of viable cells in the normal population of strain SHI which
were detected by use of the media having different salinity.

109‘ !
a

H e 10%k
A P
= 50 ]
SRS
o {5:1 5
g F
o w104k
St ©
23 2w

o :
13 1y 10‘2_
= 2=}
-
g M
e o
2E = 1F
a0 3 Ei ‘.
SESCA ‘ R

< 0 1.0 2.0 3.0 4.0 50 60 7.0 &0

CONCENTRATION OF NaCl IN THE MEDIA EMPLOYED FOR
COUNTS (%)

Fig. 5. Number of viable cells in the normal population of strain SM1 which
were detected by use of the media having different salinity.
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10°F
)

Eﬂ % 108 r I
2 0k, ‘
— 3 107
E L
e 2 10°F !
o m ) |
g B0

o

al 4
g)g 5 10°f
Z8 2 10°t

= o=
[SF
PEE e 10%F
HE 10 :
JA=R I !
2.0 3 1
Ll : B ] | B ¥ ] ‘
<« © o A ] L .
i 1] 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

CONCENTRATION OF NaCl IN THE MEDIA EMPLOYED FOR
COUNTS- (%)

Fig. 6. Number of viable cells in the normal population of strain SM8 which
were detected by use of the media having different salinity.

HZM) 1 30°C T3 HMMBEL, b %, 1 EORBEhiCEDBEDORFEEER3.0g/L &
PONA ToRHL % VT, extinction dilution method TEHL 7o, WFUTIE, FNENMEAT2HEECR
k2T, ZORRRE 4, 5306 BITRT,

Fhabh B, (1) 1I8NT 0.25~7.5 %ITH Tz 5 Hig I 2 R U 7o SH LIS AR 1.0~2.5 % CREat
BiE (108/ml ) R/RL, CH2HENAIECEEEIZEL 727083, FREWEGHNOAIE 0 % 8L
8.0 %ITINT 3, KIFNEN 10/ml 8L 102/ml 2RL7Z, —F, (1) KN T 1.5~5.5 %D
RIS 2R U 72 SM 8 I3 &IE 1.5~3.0 %IV THREZHRE 108/ml 27RL, ChEHhs &EFEE
BEMITIE L o798, HEATRERTH S 1.0 %ITISVTE 104/ ml ORBIENMED &L DI, &
7o (1) W3O TEK 0.5~7.0 %RFEAREEH - U T EOMEOHROEREZ/RUTZSM 1 Tid 1.0
~5.5 %ITISVTERBE L 109/m] 2B 5 oS, FERAER TH S 0 %3550 0.25 %I T 1/ml
P, FT07.5%IL 8.0 %I T 103 /ml DFERENTNRINT,

10°}
IR UN+
w1 =)
2 = gl
= 10
= B
BE
[+ 2 10
) él s
|
=]
[N 2
g g 107
o} 1
=3 4 1wt
o
Efg o 10%F
S8 i
of &
£5 5
cugﬁ iE E__
“m| 1.0 3.0- 5.0 6.0 7.0 3.0

CONCENTRATION OF NaCl IN THE MEDIA EMPLOYED FOR
COUNTS (%)
Fig. 7. Number of viable cells detected by use of the media having different
salinity, in the population of strain SM1 which was preliminarily cultured
in the medium containing 0.5 % NaCl.
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Fig. 8. Number of viable cells detected by use of the media having different
salinity, in the population of strain SM1 which was preliminarily cultured
in the medium containing 1.0 % NaCl.
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Fig. 9. Number of viable cells detected by use of the madia having different
salinity, in the population of strain SMI which was preliminarily cultured
in the medium containing 6.0 % NaCl.
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Fig. 10. Number of viable cells detected by use of the media having different
salinity, in the population of strain SM1 which was prellmmarllv cultured
in the medium containing 7.0 %, NaCl.
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Fig. 11. Number of viable cells detected by use of the media having different
salinity, in the secondary strain which was re-isolated Ffrom strain SMI
by use of the medium containing 0.5 % NaCl.
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Fig. 12. Number of viable cells detected by use of the media having different
salinity, in the secondary strain which was re-isolated from strain SM1 by
use of the medium containing 7.0 % NaCl.

BRSSO H 5T HDTIR L, 120 population HITIST 5 ABERMEIC OV TOMEMBEKLERD
BEEIR2RTEDOTHDEEDND,

(4) EBEMRBEESTHEENSESEERREEM LI RDOEERE

PR REROWEOSIEEEITH T B DN TR - tEBRTH -70h3, DX, COMEMNNS
Méwﬁﬁﬁwhﬁkﬁﬁut&%,%@%@Ea%ﬂﬂ&@in&%%ﬁ’céw%ﬁﬁbko%@ﬁ&
WOXOEY THH,

YEKFAB O R AELEHIT 30°Cle 2 ARIATRERE SN2 SM | DR %, 4,200 r.p.m. 10 FTEOEHEL,
BRE U TrAREEAK, 1.1 M 7 R o BAWK, W/KIs L0 0.3, 3.0 £701F 8.0 %Ak (3T L-ascorbic
acid 0.1g/L %»&p) ICHEB I T 30 SMHBEL 2K, 0.5, 3.0 38K 0° 8.0 %OAEEHI T2,
BRITIZ FNENEY T2 8EKRE AT, T2, —HIZ M EOEHE, BE, WE 2 0 DRL ITEFHK
UToe &5 OFRIZEE 13 KITRT LB Th oo

b b, 1 EILEEL TS, KIS KO8 3.0 %R E/K T original population ¢35 8 D&
4B, IR AN BRI EEEETRL, WKEESRTHS 1AM T RFUEERTHIEEA LR
OHFEE S NIzhS, 8.0 %35k 0.5% AI/KTIRPRVIEL 5 OLNFEEKTEILIEL LBPL
770 2 [EMFRL TTIBATE, ¥E/K T original population 1Z3si) %M & R UMEDR I 3.0 %EEKT
LIZIZEBETH 77038, 8.0 %K, 1.1M 7 KU EBIK, 0.5 % BHE/K TR COEFICLTTE - Tidix
RIZU LB L, FEEBIKTIE 3.0 % RERHITORHEDS 103/ml 2RU 10GE §4 2 OO TR EHK
fHO & 72572,

DL EDEERNL, COMEREKEIITEETH A 3.0 %MEORERKE I 1.1M 7 N o BATHE & &
L C 3 ZOBOEBFREZIE & A EBZhNRD, 0.3 %E101E 8.0 %RHADIRES 12 B iRER
EBT B L FD S HOMEYBMOEBTENINELTDN, FEKTRINBED TELWVC EWHSL 2ITE-
120 U UEREKDE, mﬁmfgiéﬁ@ﬁﬂQOﬁE£>@%@@éimnmﬁ@@bwéw(mgmﬂ
population @ Yoo TBE) DAEFRENIVEEINTND L EXRRENTT, T, HBKERBITERETHD
%EHEAKB LU 1AM 7 o EEIR CRIEK COMENT L & NTEDFEENEL H bzl &g, 7@7J<

I C ORIE O ETRCT L TRBTORE UM D 2EOMBNER D EET 5 L 2BH I 5,

— 34 —



TR R ERIE R T I 9 A AR E O RS 343

SOLUTIONS BY WHICH CELLS WERE WASHED AND SUSPENDED
(ADDED WITH L-ASCORBIC ACID 0.1c PER 1)
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13. Number of visble cells detected by use of the media containing different
concentrations of NaCl, in the culture of strain SM1 after washed and sus-
pended in solutions having different osmotic pressure. s : treated once;
[———1: treated twice.
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