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Isolation and Characterization of a Halotolerant Strain
of Bacillus Species

Shojiro Omata, Takuo Sakai, Yaeko Kasai and Shigeru Tajima

Department of Agricultural Chemistry, College of Agriculture
University of Osaka Prefecture, Sakai Osaka 591

A bacterium which was able to grow in high concentration of sugar was isolated
from contaminated mirin and identified as a Bacillus subtilis like strain.
The strain showed halotolerance as well as osmotolerance, and was able to grow

in medium containing 15% NaCl or 609, glucose.

The growth in high concentration

of NaCl (higher than 89%,) was enhanced by some amino acids or vitamins, such as,
glutamate, proline, aspartate, methionine, choline or inositol.
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Composition of basal media.

A: YMP-medium

D: GP-medium

F: Isolation medium

Yeast ext. Glucose 2.0% Peptone 1.0%
Meat ext. (NH4):HPO, 1.3 Meat ext. 0.5
Peptone KCl 0.2 KHzPO4 0.1
(pH 6.6-6.8) MgSO47TH2O 0. 05 Glucose 3.0
B: YMPG-medium MnCl2:4H2O  0.005 CaCOgs 1.2
Yeast ext. (pH 6.6-6.8) NaCl 2.0
Meat ext. : FGP-medium Agar 1.2
Peptone Na-fumarate 0.7% (PH 7.0)
Glucose Glucose 2.0
(pH 6.6-6.8) (NH4):HPO,; 1.3
C: P-medium Kal 0.2
(NH,):HPO, 1.3% MgSO47HO 0. 05
MnClg4H2O  0.005

KCl 0.2
MgSO4-7H20 0.05
MnCl;-4H20O 0. 005
(pH 6. 6-6. 8)

(pH 6.6-6.8)

ual of Determinative Bacteriology 7 th edition!® |
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EMIAEREL 5. BRI TORESETIRA
WEB L THEEEZERL, BEEORBRECXT,
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37~40°C ¢, RBEHTTRIFEFICLIAEBL,
B2~ 1SR AT B ICGET 5. MIIZERIRT
0.6~0.8 X 2.5~3.0 um (C-E: T 30°C, 24h5[iR B =
#BUEA) T3 (Fig. 1). Eaiid 25°C iR

LicBaicos@Bo o, 30°C D ETRES SMS
. WNAREF-IT ellipsoidal, central localized T & 5 25,
JER U<, C-EuhFERREH ET, 37°C, 96:RILL L
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YEBAL, FUrvEBXUs I vBRERILL, BB
BT % b b soybeanslant FTEBAHTH 5.
T b VEFERTZH, AV F—n, B =D
eI, F, THBEFETCHICABTS.
o ORERD & Bacillus subtilis ¥iigE LB SH 5
S, HEREHRRICDT ORI TIT Bacillus sp. M-9 ¥k
sl

AEIEREICE CEFT S0, Mn2 itk 4
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a. NaCl &% : Fig. 2 [t;RT#ic NaCl |3
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Table 2. Some characteristics and features of colonies of bacteria isolated from
infected mirin.

Strain Shape  Motility Spore  Catalase for?ncaigon Colonial morphology

M-4 rod - — + — circular, entire, raised, gray

M-5 rod + + + lactate circular, entire, convex, gray

M-8 rod — - + — circular, entire, pulvinate,
yellowish brown

M-9 rod + + + — circular, entire, convex or
pulvinate, transparent

M-10 rod - — + — circular, entire, convex, yellowish
white, resinous

M-13 sphere — — + lactate circular, entire, capitate, nacreous,
white

M-15 rod - — + — circular, undulate, raised, dull, gray

M-17 sphere — — + lactate circular, entire, pulvinate, sebaceous,
white

M-18 rod — - + lactate circular, entire, convex, brown, dull

M-20 sphere — — + lactate circular, undulate, capitate, white,
Cceracous

M-21 rod — — + - circular, entire, pulvinate,

transparent, vitreous

Cultivation was carried out using C-medium agar plate at 30°C for 72 hr.

Table 3. Osmotolerance of bacteria isolated from infected mirin.

Strain M-4 M-5 M-8 M-9 M-10 M-13 M-15 M-17 M-18 M-20 M-21
Osmotorelance
Optimal 0.35M  0.35 0 0 0.5 0.35 0 0 0.35 0 0.35
an (24)
NaCl
Sub-lethal 1.7 1.4 2.2 2.6 2.6 1.7 1.7 2.2 1.7 3.1 2.2
(85) 70) (09 (129) (154)
Optimal 0.3 0 0.3 0.3 0.4 0 0 0 0 0 0
1s) (20)
KCl
Sub-lethal 1.3 0.7 2.7 2.7 2.4 1.3 1.3 3.1 1.7 3.3 2.0
(65) 35 (134) (119) (65) (154) (85) (164 (99
Optimal 0.6 0.7 1.0 1.1 0.4 0.4 1.0 0.6 0.3 0.4 0.1-1.1
(15) an @ @7 Qo ) (2-27)
Glucose
Sub-lethal 2.8 3.2 2.8 3.3 2.9 2.2 3.2 3.0 2.5 3.3 3.2
@70 (80) 82 (72) (65 @75 (62)

meat ext. and indicated concentrations of NaCl, KCl, or glucose. Figures in parentheses show the
osmotic pressure in atm of the medium

ARUTz. oo NaQl i & 2 EBHEIZ, XKROEBE b. KCl p&%: Fig. 3 [t ;R #kic, KCl |3 NaCl &
ERE S Sty YMP-EE#h & &5k Th 5 GP-iE FIZEBBEBTHELRL, COBAETSH YMP-IEH
HTOFNLVEFCED I, hei3 GP-E X DABHERENZ EBED SN,
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Fig. 1. Micrograph of strain M-9.

¢ Zwa—20KE: NaCl & KC o4 R
i YMP-, P-Eci- Rl U, chik/va—x
WML, TOMBELENOBRRER~, Fig. 4 ITR
THREEW. YMP-3E% Ko & UiBaici,
30°C, 37°C Tiz SM O/ wa— 2 EE T AT
TH3H, 25°C TiRHRPIM OIS va—2thT
BEFLBLIW. ZoBEsicd, NaCl, KC ofFET
ERIRICEERFELRD S, P-EE Rt
EUNBE, Iva—XickBEWHBMIEFLL, 2
M @7 va=2 EETF Tt 30°C Tos EHAEKT
Bot, Fh, VeI NI - I HEVRETE
WEHEL, 2M REF (68.5%) TABMIZEH LB
tro7: (Fig. 5).

d 7Y eo—nBLURVzFVLYISS54a—0

(PEG 400) O BICD\WT : /'Y v o — i B4
WHEHSES, AMi23S3MBMETS & CEHL -
B, AM RETREHSEL (HEShA. —F,
RYZFULYI 54 a—-ni3FHL {EFHELRL,
0.5M RETT TicEHLHAEL /- (Fig. 6).
Plioltic, R—BBFETbEhElE3EHICE -
TEWHEEERIZRIED, NaCl » KCl oFH, 7 v
I—-ZPY 1 BLOEVBREETHROEMRERL .
Tt EMRECHLRVZFLY S I a— itz
EWHEEERAS R . K9 RRFGOEBHR
—REETTH, ThiEfEIEBOMBICL HRIY,
BEOBOHBEBERDITNC EERL, £0EHE
LTRROEENRBEDS TN, EHHEKOBE
Ad20id4 2 VELTOBRBOERXEBELTVS
DTHAS ELIBHL TS, Ti, BEBEREHIC
EFT2—o0BHLL T, HErAEICR/LEh, &
HPORBEETIKE LI BEEOETMBCEC E
KH3EBALTVNE., Ldl, XAETRRICFT
osmotic shock EHERDICHEIENCEB I &
EZoh, ZORBICIIEOERRDIL, #EFD
ETRIETESLEIONDS. T/, BBETH
B3R F LS54 a— 1 (PEGA00) HFEXITEN
RETAHOLEWLEFTIL00, KHOEHIC
REEELE L b ICEHET ORI R L RIZT C &
NEHEHh3.

Table 4. Utilization of various sugars and organic acids as a sole carbon source by strain M-9.

Growth . <. Growth

Crouce (OB Toal PUGMAMON|  Cuwe (OB Tl Pogamicac
Sorbose —_ — - Starch 0.62 5.7 +
Xylose 0.71 5.0 - Glycerol 0.89 5.0 +
Rhamnose 0.31 6.4 - Fumarate 0.78 9.0 -
Arabinose 0.32 6.4 - Citrate 0.45 8.3 —
Mannitol 0.45 6.4 - Pyruvate 0.70 8.4 -
Sorbitol 0.45 6.4 — Acetate —_ —_ —
Mannose 0.99 4.0, - Succinate 0.65 8.8 -
Galactose 0.43 6.1 -— Malonate — — —
Fructose 0.83 4.2 + Malate 0.54 8.0 -
Glucose 1.00 4.8 +H ‘Maleate —_— —_ -
Maltose 0.89 4.9 + a-Ketoglutarate 0. 46 7.3 -
Sucrose 1.20 4.2 H Glutamate 0.73 8.4 +
Lactose 0.53 6.0 -

Cultivation was carried out at 30°C for 72 hr (with shaking) in medium containing 1.3% (NH;):HPO«
0.2% KsHPO,, 0.05% MgSO¢7HyO and 0.0054 MnClg'4H3O besides the above carbon sources

(%)
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ra__30°C b 25°C

Growth (0D at 660nm)
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Fig. 2. Effect of NaCl concentration on growth of strain M-9 at various temperatures.
The culture medium contained indicated amount of NaCl in YMP-medium (a—c)
and GP-medium (d-f), and cultivation was carried out at indicated temperature
with shaking.
®;0M, O; 05M, ©; 1.0M, x; 15M, ; 2.0M.

X }/

n

a 30°C b 30°C Scheme 1 {tff > TERBL, KL ODRFICDONT
FREICE D ERBOEETE . £ DOR5E Table
S ICRTHEICAR @ osmotic shock itkid A FEIRAN
DIEMICHZ S T &Itk D, BRAITETT 5L
Lok, TRbE, ERED OIERKABEL B
DEFEBOBLRHT N TH 24, Hic, EREIO
EREICHEIEL 78, EEBORBRLRKEL, 208
DERBERTHIMNITEERZTVCENED SN
fz. %7, Fig. 73 Scheme 1 [T/RL 7-: &KX D10%
OBRIEFHETICE T 2EERBERLIY, CDSF
755, REBRETIHEADCCERIDEBORE
HORMBERINS CEBBDOh, Ko Nacl
00 24 48 72 960 24 a8 72 9% I 2 S OFRICEINICER a5 C
Time (hr) EHR s,

Fig. 3. Effect of concentration of KCl on growth e. MHEMOETFIcDWT : Fig. 2 KRR,
of strain M-9 at various temperature.

The culture medium contained indicated GP-iTORKIC L 2 ERNER, YMP-HTO
amount of KCl in YMP-medium (a and c) ZHRITHE~NEFELL. chi3EPORBRICKEIN
and GP-medium (b and d), and cultivation THBADEEL BN-DT, TiEticE5Y 29E

was carried out at indicated temperature

o

jo
ot

Growth { OD ot 660nm)
O

[

as i

with shaking. rRERLk.
1\./[; 0(1;/1.,2.8\2.0.5M, QO; 1.0M, x; 15 (i) 7TVBRE7-AVROWE: HrOHRED

IRERELIA, 7T VBE T < VAR
Osmotic shock T & 5 EBBOE(LILONT, KB  Thote (Fig. 8). §ibb, WEIFHOERN
RREWEO L 124 () 25M) OMMOKE T,  TTOEHEZREL, WHREFAT T/ V3—20
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b 25°C

C, 37°C

Growth ( OD at660nm)
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Time (hr)
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Fig. 4. Effect of glucose concentration on growth of strain M-9 at various temperatures.
The culture medium contained indicated amount of glucose in YMP-medium (a—c)
and GP-medium (d—f), and cultivation was carried out at indicated temperature

with shaking.
®; OM, O; 05M, @©; 1.0M, x; 15M,

»; 20M, @; 3.0M.

:E; [ ¢ =  a b 1
o | £ |
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Fig. 5. Effect of sucrose concentration on growth Fig. 6. Effect of glycerol and polyethyleneglycol

of strain M-9 at 30°C.

The culture medium contained indicated
amount of sucrose in YMP-medium (a) and
P-medium (b), and cultivation was carried
out at 30°C.

®; 0M, O; 05M, @©; 1.0M, x; 15
M.

(PEG #400) concentration on growth of
strain M-9.

The culture medium contained indicated
amount of glycerol in P-medium (a) or PEG
4400 in FGP-medium (b). Cultivation was
carried out at 30°C on shaking.

., 0M, &®;02M, (O; 0.5M, O, 1.0

(]; 2M, @: 33M X3 40M

NaCl 0% (11Ia)

NaCl 0% (Ha)< 12 hr

Seed—NaCl 12% (1) 48 hr

NaCl 124 (111b)
NaCl 0% (I1Ic)

NaCl 12% (nb)<w:hr

Scheme 1

NaCl 12% (111d)
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Table 5. Acquisition of salt tolerance of strain M-9 depending upon cultural environment.

Cell number/ml

Fraction No. e
. I 11a

1Ib I1la

IIIb IIic II1d

NaCl conc. in
plating medium

a) 0% 2.5x107 3.0x10% 4.6x107 2.3x10°9 2.8x107 4.5x10% 2.9x107
b) 10% 8.7x107 6.5x10% 1.5%x108 1.3x10% 9.3x107 5.3x10¢ 1.8x108
12% 0 0 0 0 0 0

Each fraction was cultivated on YMPG-medium;gar plate supplemented with 0, 10 or
12% NaCl and cultivation was carried out at 30°C for 18 hr (a) and 36 hr (b).

o)

(@)
m

Growth (OD at 660nm)

o 1 1 L il L 4 L
O 0 20 30 40 S0 60
Time (hr)

Fig. 7. Growth curves for strain M-9 in each
fruction in Scheme 1.

BERBRELUICEASITE, BLAEERFLERBO,
N7 VBEDINR T = VERARINT 5 SAEB N
Fdohtz, BT 7w VBEFHTH -1k,

(i) M+ OEE: GP-EHICRERE LT
T2 VBREMA I EMTOARBEOEETN, BT+

DI L > TELREINZ CELERELE. £
CT, BB+ R OFHRSOREERA 2. T4
bbb, BRI FR0ERSET I/ BE, v4IVE,
BBREERD 3 S v—71tqad, ki ORISR EH
iz, COBA, TI/BBAYELTE, »¥ Y/
i (vitamin-free) 0.5%, Y % IV, HKBRIEHITI K~
BRI+ 1 %P oaBICc BY T ICHRL..
Fig. 9 iC/RUIckkic, v 4 3 ViB¥K, 7 3/ BERIC
SV EEEAEEET COEBMEEI NV,

(i) 7/ BO%E: SEEAKEEAETTOARE
DOEBR, 7T/ BRESYORINCL > TREZN S
CEDBPOEMEN b, BB F2h0T I/ BE
TR I VERE TRSTEVEE Yar VBRE,
HEET I BE AWT I/ BRECKIIL, Thd
OEMBEEREFT U IR, Sz IVRBRIEBIUT
ANRSEVBREDT I/ BDOSL, SvaIVvER 7
al) v, TREFXEVER, A F2F=vREHTHBC

—
| ]
E I
[ = -
o 1.0 i -
@ |
\e] L
G ! i
()]
(@] 3 E
~— 05} -
£ ! |
g |
G = J
3 e XX g
0 L—im X
0 100 200 300 400
Time (hr)

Fig. 8. Effect of citrate and fumarate on growth of strain M-9 in saline environment.
The culture medium contained 10% NaCl and indicated amount of citrate or fuma-
rate in GP-medium. Cultivation was carried out at 30°C with shaking.

@®; 50mM Fumarate addition,

O; 33.4mM Citrate addition,
Fumarate and 33.4mM Citrate addition,

A; 50mM
% ; No addition.
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Growth ( OD at 660nm)

Time

{hr)

Fig. 9. Effect of yeast extract and their component on growth of strain M-9 in saline

environment,

The culture medium contained indicated substances and 10% NaCl in FGP-
medium. Cultivation was carried out at 30°C with shaking.
Addition; Y: Yeast ext., A: Amino acids mix., V: Vitamin mix., B: Base mix., N:

None.

o
S

Growth { OD at 660nm)
(@]
o

O 1 2
O 20 40 60 80 IO

120 140 160 180200 10 20 30
Time (hr)

Fig. 10. Effect of amino acids on growth of strain M-9.
Besides indicated substances the culture medium contained 10% NaCl (a) or 0%
NaCl (b) in FGP-medium, and cultivation was carried out at 30°C with shaking.

EO8H S > L #L - 72 (Fig. 10).

(iv) e IVEOHE: 5 I v HOHRERS
U7z & T A, Table 6 iR HIC, ABOEEERE
BHETTOEEY, a) VickHEL{EEIH, 1
/Y b=, =aF VBRICHEBRESRMED SN
2. BB, Y VELOHETHE~N24 v, =4
J—=NVT IV, BRICOVTHREIL DS, Fig. 11 |
TRTRRICRE A vica ) v LR OZRERRED Shi:
W, X2/ =T IVEIHBEERIB b Y Y,
NEA VI3RS OERINOEAIIZ, EHEEEERI
3, BREOHEMICL-T, GLALEBEXHEL
7z

V) BWT I/BOGE: *FA=VuKEHOE
BESEGFET COEBLEET S C L2RD 7,
HOEHT I/ B, HAEYRTFA Y, YIAFVEA
BRRNMOBSICIIEEERIZIBVY, GREAE
FET CHHBENEREORINTEBZBELL. C
OEBHER, a) vba30niz7ra) YickhEES
Nz, A FF=VRT7RASFVBRIDFERY) VE
BTEREND. /2, CORBERITNTTRICT
FUVBIODERINZ Y)YV, 2vF=v, 4oLy
VHBTHERFERSIBNCEND, TR VBD
FERY) VOHERFELTOHER, »F4=v
RoTERT S EBEIONE. 7’0 ) Vit
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Table 6. Effect of vitamins on growth of strain M-9,
Growth (OD at 660 nm)
Vitamin Concent. NaCl10% NaCl 0%
added (eM) 48 hra) 72 hra 12 hr 24 hr
S.AbBD  S.0.b S.Ab S.0.b» S.A.b) S.A.b)
Vit. By 0.79 0 0.156 0 0. 667 0. 050 0. 690
Vit. By 0.84 0 0.288 0 0. 886 0. 057 0. 760
Vit. Bg 2.2 0 0.307 0 0. 886 0.059 0. 808
Ca-pantothenate 1.08 0 0.214 0 0. 806 0.070 0.910
5.4 0 0. 360(120hr)
Biotin 0.05 0 0.241 0 0. 796 0.039 0.741
Nicotinic acid 0.43 0 0.027 0 0.337 0.134 1. 025
Inositol 200 0 0 0.210(120hr)  0.198 0.038 0. 692
1000 0 0. 280
5000 0 0. 290(120hr)
Choline 10 0 0.020
100 0. 060 0. 493
500 0. 401 0.920 0.029 0. 340
Vit. Big 0.005 0 0.321(120hr) 0. 040 0. 802
Betaine 500 0. 100 0.530 0. 040 0. 520
None 0 0.320 0 0.870 0.075 0.908

The culture medium contained indicated vitamins in FGP-medium with indicated amount of NaCl,
and cultivation was carried out at 30°C for indicated period with shaking.
a) culture period (hr); b) S.A.: single addition; S.O.: single omission.

OFEHUABMAIRICERECIIEHREL T
% . 1516 KE T3 DR SBRITBD SN 18D - 783,
KPIRETHE S N 7 THEYETIRE Tetracocous soyae
CEOTHRBERET COLEEY, v vEPEROD
7a ) YORMCE > THRIN, ) ok, LERO
IuY VORMTEY YOFAALIEKRT 5 &%R
B8

2 YORHEERTFE L TOMERE L, KRS
1%, Saccharomyces rouxii OFIEMHEHI2) v, 4/ ¥ b
— VTR TE EHEL TS, T/, LEIIE,
Tetracoccus soyae DSBEEREGELE N TOEEN, a)
Y, NAA4 VL > TREINS EHEL TS, L
HL, ZTOERBEREKAHTSS. 2) YIIRE
OB AFELT, $7, A FVEHESKELUTEE
BHETHY, A FMERIGZBUTA F 4=V EF
BERBFREL> TV EEILNTNS. 5T, =2
V) YHBVRNEA Y OHRIEZ, *FF =V OHIEREK
ELTORREGERTES, L, FEOSEE

Qsr

Growth (OD at660nm)

O A i N i n
O 20 40 60 80 100 {20 140 160 180 200
Time (hr)

Fig. 11. Effect of choline, betaine and inositol
on growth of strain M-9 in saline envi-
ronment.

The culture medium contained 10% NaCl
and indicated substances in FGP-medium.

BELTHE2ERCONTHE, T TIRERSMIHEY
BB Tetracoccus No. 100 O BEBEASEGFET TO
HEBEY, L-7u ) Yitk > TREINS T EETDY,

CHREEBROEMEN 1 ) Vick > TEE XN
5Z&, B30, HOEEY FEETHBRNKER

BEFEETTOEEBY, YRAF4 Y (B3R YRF
V) k- THESh, COEER2Y YHEVIRTS
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oY YiCk->TOAEEIN, RE[ Y, xFF=V
TREEINBOCELLERT S E, a3 YHED
EREBEZONS. COAIRDOVTIE, S%RET
~_REETH 3.

B #

BEWRKE D, BOHREEEEL DL, L i
P& 7R3 — B Bk Bacillus sp. 2538 L, € OWEEZBRET
U, RO¥EREEE.

1) ABEsEI3, 15% NaCl B TR U60% 7 va— X
RET CAETUELSMEERURBESEREZET S
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3) AEOD NaCl o9 5 ikid, ERHICES I,
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4) NaCl ic &2 £FHEESEMPORBERIC FEX
N3 ENbr-7DT, WEHICETI2HEEREK
Lick s, 7=—1E, B+t 7 3/ B
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=) éearsvE (Y, 4/ b=, =aF
VER) BEMEYELLTED OO
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