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Salt is one of the physicochemical factors which control the growth of microor-
ganisms. Estimation of halotolerance seems to be important for the analysis of effects of
salts. The present paper proposes a method for quantitative estimation of halotolerance.

It was found that general bacteria could be divided into 3 groups according to their
growth in the presence of 109 NaCl: The first comprises bacteria whose growth was not
effected; the second, bacteria whose growth rate was reduced; and the third, bacteria
most of which were killed but some of which acquired halotolerance and grew. It was
shown that growth rate could be a standard for halotolerance of Tetracoccus soyae, which
was typical of the second group. Growth lag time was also a standard for Bacillus sp.
M-9 which was typical of the third group. Halotolerance of T¢. sgyae was found to be

affected by initial pH and that of M-9 was by osmotic pressure and initial pH.
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Studies on Halotolerance of Bacteria (II)

B TR L7 THEYED Bacillus BAHEY EWEHEONL
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i R UERE M- Bl Table 1 i
79 YMPG-£:H, Te. soyae D42 CMM-#ih %
EAREME L. 3EEIE M-9 D4, Table 1 (R
3 FGP-3:#, 30°C, 18K5f, Tv. soyae D4, CM-
BT 30°C, 15K Z N Z NIRBIEE L DOLER
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Table 1. Composition of media.

YMPG-medium CMM-medium
yeast extract 0.5% casamino acid 0.05%
meat extract 1.0 yeast extract 0.1
peptone 1.0 KH:PO, 0.2

lucose 0.9 MgSQ,7TH20 0.05
(pH 6.6-6.8) NH(CI 0.5
(pH 7.0)

FGP-medium CM-medium
Naz-fumarate 0.8% casamino acid 0.5%
glucose 2.0 yeast extract 0.1
(NH,4)2:HPO, 1.3 KHaPO4 0.2
KCl 0.2 MgSO47H:0 0.05
MgSO47H:0 0.05 (pH 7.0)

MnCl;-4H20 0.005
(pH 6.6-6.8)

GP-medium
glucose 2% CMG-medium
(NH,):HPO, 13 casamino acid 0.05%
KCl 0.2 yeast extract 0.1
MgSO+7H:0 0.05 KHzPO, 0.2
MnCls-4H:0 0.005 MgSO«7H:0 0.05

{pH 6.6-6.8) NH,C1 0.5
Glucose 1.0
(pH 7.0)
LU, BHo2BRERL TRBRELRO TREER
ERERESUER

L.

EFEOMNEE HOABTIEFEEBMTHEL
7o s, ELSFEE LTEEER LAV BERFER
SemyeEEs EPO-B B4 FHL, 4£BE% 660nm &
F3BEAR - CRUL. SEBOREERMTOX
ST ote. THHLDL, EREEZHELICERL MK
12 YMPG-E KK, Te. soyae {3 CM-ZER #s b (S
E2BOIcb0) OB Z AVEEICE-T
30°C, 24~48p5RTREBRBICHIRT 50 0 =— %3 HL,
Z DD SHEBERE RS,

S EHOELONEER M-IBIKCONTYMPG-
i 30°C, 2485R8, Te. soyae OFEAIT CM-EEHT
30°C, 15~18MfGIRBIER LI SOERER L LTH
Wi RO O &1 & OB MO EOBAR
YMPG-#&3, Te. sopae (3774 X / B20.05%, BEREx
F#20.1%% &tk (PH. 7.0) 2BANT, ZhickE
& DR & FimLc O (pH 6.0-7.0) 4.5ml i k&
DORBEIW% 0.5ml fnz, 30°C T1BGIRBT ST &
ko7

MLYOHEBOEBICRIZIRIEOER FIRTR
L7ckHic,? Ml 0 £8 LEIBRAEEE IR
T 35S KOKEREA TR, CHEERICKD
HCLRRETHDE. LT, MrOMBALEE O
THEHOTRICHEA L Ta M-OBE Te. sopae OH
BERARKBEZHE L, MEEEKEORKICHTS
EBOBEMERD . KRR TRASMEEERETO
EBZHBT S0 E LT YMPG-Eb AR L
T 30°C TR@IEE L. Table 2 iT/RTLHIKEAL
D Pseudomonas BHAEE & Agrobacterium BB L 6 BD
BEEETTREBTEEL. UL, ALY 74K
M@ C & Escherichia, Aerobacter % Enterobacteriaceae
BT 58K, 6~8%OREEET THOEETET
ot i, 75 ABRYBETIT Bacillus BO—%
B, $~TI10BREHET THES L (Table 3).
ZO&SiC, 77 aBlEE ST ABHEOMIC, &
BEREI0OREEIC LTHO L REBOEMNED oL/,
B0 EBEEELUEEicAEBT LB 28EK TS, BHAR
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Table 2. Effect of NaCl on the growth of various Gram-negative bacteria.

Strain

Growth

Conc. of NaCl Type of

8% 10% growth

o
1R

Escherichia coli AKU 0004
Escherichia coli AKU 0006
Escherichia coli IFO 3301
Aerobacter cloacae 1AM 1221
Aerobacter aerogenes IFO 12059
Erwinia carotovera IFO 3380
Serratia marcescens IFO 3054
Serratia marcescens IFO 3736
Proteus vulgaris IFO 3167

Proteus mirabilis IFO 3849
Alcaligenes faecalis IAM B-141-1
Achromobacter polymorph AKU 0122
Agrobacterium tumefaciens IAM 1037
Agrobacterium tumefaciens IAM 1525
Pseudomonas fragi IFO 3458
Pseudomonas graveolens AKU 0808
Pseudomonas iodium IFO 3558
Pseudomonas ovalis AKU 0820
Pseudomonas striata AKU 0813
Pseudomonas aeruginosa TFO 3456
Arthrobacter oxydans ITFO 12138
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The cultivation was carried out in YMPG-medium containing indicated
amount of NaCl, at 30°C, on a shaker. The type of growth was explained in
the text and in Fig. 1. Symbols indicate no growth (—), growth within 16hr
(##), growth within 32hr (+) and growth within 7 days (+).

TIREMRESHIEDRIEZTHLS CEMELLN
fz. #Z T, ZWMBEOEWHBERELETL O~
R, AHREI0%E TLRELLBE, Fig. licRT

SN OOEWHMD» S 3 02 4 THHBETS
BLLEERVWHLE. Tbb, AEREIOELIT T
RIZEACEWICKELRG 2 47 (18, Staphy-
lococcus aureus), L0 RBEET CIRFEMT I LRRE
WS, WREEE BT T34 147 (IR, Micrococeus
JSlavus, Tetracoccus soyae), 0B RMFLT TiIERMIC
REAHEE L, Rrvgl, BEMORMMIERIH,
FRBMIcEEE 2T 5 4 4 7 (I Y, Bacillus sp.,
M-9H) kaMmahi.

BWREXKICSOAMMOTER  M-IEHKREL
WEBEMT A EICEDIERT BT Eidkiedrch,
10X AMAFLET TAENTRITMOMME E BT 3 8
T, YMPG-3#T24B5R0IE 3 U o MR 126 A%

HpicBEL, 1RMEMG, SMBOELEREL
7c. Table4 IIRT LS, 77 AREMOTTAE
KE>TEUSER LI bOIL B. sublilis DB TH -~
7e. Tt soyae TIIMOWICHONB &5 EMREA
HEETTORRREL ST, TTICABKCNTIN
HEHRLTHY, RUMEENTLANICYT 38

"Rybt Te. soyae & M-9 MTRFLLRNE->TNBLZ

ENBHOLMEN sz, M-OPE Te. soyae it d 3%
HOBHI L LTOEREMO RIRE & LEBMREN L7:.

Table 5 [KRT LS i, MIMOEWEEET 20K
O T, FKROHBUIBMILTHRER LAY, AL
BEETTOHRY) xF LY 2 a—n (PEG $200) 9,

- MRETREWNEZHETE 7YY P rva—-xi3

PRHORERI U botz. O LT, EREOR
WY, TOHDIEYHTRBEDLIKELZHOT

RN ERERLTWBEELONS. LhL, T
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Table 3. Effect of NaCl on the growth of various Gram-positive bacteria.
Growth
Strain Concn. of NaCl ~ Type of
6% 8% 1% oVt

Bacillus pumilus IFO 12086 H Ht +H I
Bacillus subtilis IFO 3013 H H +H 111
Bacillus subtilis IFO 3007 H H + 111
Bacillus subtilis IFO 3026 Ht Ht +H 111
Bagillus subtilis TFO 3027 H H H 111
Bacillus subtilis TFO 3037 H H +H 111
Bacillus subtilis var. niger AKU 0217 Ht H +H 111
Bacillus subtilis TFO 3009 H Ht +H 111
Bacillus sp. M-9 H H + 381
Bacillus circulans IFO 3329 — — —

Bacillus sphaericus TFO 3341 - - —

Bacillus sphaericus IFO 3526 - — —

Microcaccus flavus AKU 0502 Ht H +H 11
Micrococcus glutamicus ATCC 13032 H HE + II
Micrococcus sp. No. 431 AKU 0511 H H H I
Staphylococcus aureus IFO 3340 Ht H H
Staphylococcus aureus TFO 3183 H H H

Tetracoccus soyae Ueno et Omata H H + 11
Sarcina lutea TFO 3232 Ht H +H 11
Sarcina marginata AKU 0543 H H + II
Corynebacterium equi JAM 1038 Ht H + II
Brevibacterium divaricatum NRRL 2311 H Ht L+ II
Brevibacterium lactofermentum AKU 0644 H HE +H 1I
Footnotes are same as in Table 1.

sopae KBOTI, MOWMICHOND LS SRHWERKR BOMICR Figs. 2, 3 IGRLK I, HZEMBAHR

ROThoRMEIC L > THRDShisho- 1
tRoMx OHOHEREY, T=XV, HFLV
OEWL S OIRMICERT S0, EROICIRL
T, ThoOBRREZAMICT 2L 2 ERAI
WEESEOMERICDOT  Aiic Xk 3EWEREH
MO TREL LTHEBOER, Tr. spae Tidl
WOENEEORLE LTRNIUREERLT, &
BRENICRIZTERERET 2 E2RS . T3
bbb, M-9MTIENE (FR3BE) ONMERN
iC, MM HERICE > Ty oy b LTHR-ERO
HWRSE, ¥oRloROEMBMRED I TAEL
7RI TORME, AhOmREM Ty (br) & L.
Te. sopae Ti 660nm T3} 2 MBOXNMERMIC,
BMESMEHMICE > T o v } LTEHHROME
B % ME 0. 1 ICML 7z N & TO BEMIEME Ton
(hr) 2 U7z, ZOEI X LUTROIMONME AR

vl EY28 (b o

KEAOEWERCONT WBLEXS>Kk, MW
i3 Te. sopae & HB L TRRE © AMicHT 2 iR
L, AMICEMIEPRE, WORTEET 525,
HIR-> ML THSHIEREERRL, ST
B EMBPOSEN T COT LR, AHMI
WMIcH LU THRICBIO LD 2RIE LTOERETEC
EERLTVS. 22T, COMERL SO CHMIcE
RT3 HERNEID FOERS 1.

19334, Ingraham® |3, —eCEENE S AN
ORS LOMICHMBIANRILL, C OBMMOEFHT
EMShhEHOREIC L > TREZCERERALT,
RVOBEELEVRE LT IRE L OMMOEHOK
 SEWEERH T B, Ffz, Hoffman & Rahn¥
i3, BMMOR & KVRELOMIT, »IREN
TRBBRAOEIUTHZ EEXBHTNS. 3o, B
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ESY i, Yk > TREYICHT 2EBANR
RBETEEGLLILT, RYHMERERVRR LD
Mic— > OEMBIRMRILT B 2 L 2D, YO
MO EHIH, H30i2 20D EO BEMOER
PHEEORME LT Q) ALDHENE HAERDTH
3. :

T |
H=1—— 1)

Q5¢

0.D. ot 660nm

{Q%t

(T: BYDOINBED T (352 Ton), Tg: %

108l I _ DHET 5 B0 T (32 Tor)) ORI
1 | S TROKENE H LRORE G LOMICit, —M

Lo . Ky 7 e4 FROBRIEET ST Litbh-> T 3.
¥k, ZOEMPHR (Figs. 4 & 52 8R) i3—o0

- Y E—oORENTR—ETHS. £ ORMNER

b, H¥FEHLRGRE G EOMic, (2)RicRT

Viable cell count /mi

| O}

5 . . - - .
e s0 2 50 0 25 &3 ftﬁﬁﬁib&&{ﬂwwﬁznta T & AR IC N
Culture time (hr) HEh T3,
Fig. 1. Effect of NaCl on the growth of three He= G» o 9
bacteria typical of three kinds of halotole- G @
rance. LZRRENInB LU ¢ BEMT, ZOMREHNO

Three bacteria (1: Stp. aureus, I11: Te. soyae, 3
III: Bacilius sp. M-9) were cultivated in B, SHBOMME OMORMRIFICL > THRES

YMPG-medium containing indicated amo- bOTH3. ¢ H=05 (AEES0EK) D& 2 D¥Y

unts of NaCl at 30°C, on a shaker. Aliquots BE, 1 ZEOKTEYHOREICHT IH/EHORS
were removed at the time indicated and im-

mediately subjected to viable cell count. EERTHTES. A @R
000 N Cl, 600 N Cl) 1000
@) 0% NaCl, (1) 6% NaC, (O) ,/ log (g ) =nlog G—nlog ¢ 3)

Table 4. Effect of high concentration of NaCl on viability of various bacteria.
' Viability (viable cell number/ml)

Strain Gram-stain Come Et:: a‘glc
Escherichia coli AKU 0004 - 4.6x108 3.2x108
Aerobacter aerogenes IFO 12059 — 3.8x108 3.6x108
Serratia polymuthicum AKU 0062 — 3.8x108 2.7x108
Alacaligenes faecalis IAM B-141-1 - 3.5x108 1.6x108
Pseudomonas fluorescens AKU 0821 — 4.7%x108 2.8x108
Bacillus sp. M-9 + 3.2x 108 8.4x105
Bacillus subtilis var. niger AKU 0217 + 3.1x108 7.6x 108
Bacillus sphaericus IFO 3527 + 3.8x108 2.6x108
Sarcina lutea IFO 3232 + 4.8x108 3.9x108
Brevibacterium sp. P145 AKU 0643 + 4.2x108 4.1x108
Staphylococcus aureus IFO 3340 + 2.3x108 2.5x108
Corynebacterium equi TAM 1038 + 3.0x 108 2.2x108
Tetracoccus sgpae Ueno et Omata + 3.0x108 2.5x108

Bacterial cells were exposed to 2M NaCl in YMPG-medium at 30°C for 1 hr on a shaker.
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Table 5. Effect of various reagents on the viability of Strain M-9 and T¢. soyae.
. Viabilit
Reagent C(()lx\ldc)n. giensl:ut;z (cell numbezlml)
(atm) M-9 Tc. soyae
Control — — 3.2x108 3.0x 108
NaCl 1 50 9.6x108 3.8x 108
2 99 8.5x10% 3.0x 108
Kl 1 50 1.7x10¢ 3.9x 108
2 99 4.0x 108 3.0x 108
LiCl 1 50 2.0x107 2.2x108
2 99 2.0x 105 2.0x108
MgCl. 1 75 7.0x 108 2.8x108
2 149 2.0x108 2.7x108
NazSO4 1 75 8.9x 104 3.0x 108
PEG#200 1 25 2.0x108 3.0x 108
: 2 50 5.2x 107 —
Glycerol 2 50 4.0x 108 3.0x 108
4 99 1.9x 108 —
Glucose 2 50 1.5x 108 2.5x 108
3 75 1.3x108 —
Assay of viability was carried out according to the method described in the text.
100
6 I “
5 50} e
g 4 ° I
b 34 E 20t
| @tq
0O 02 04 06 08 10 St
NaCl (M)
Fig. 2. Rclatxonshnp between 77, and concentra- 2t
tion of NaCl in the growth of Strain M-9 and
Escherichia coli.
T is defined as culture time (hr) calculated 'S | > 5 P
‘from extrapolation of the straight line in cul- Ncbl ™

ture time-logarithm of viable cell count (or
ODass0) plot to loganthm of viable cell count
(or ODs¢o) at time zero.

(O) E. coli, (@) Bacillus sp. M-9

LEERAONG. TIbB, (3) RMRLT B b
Ki2, log Togr D& logG & ORICHEREIR 5
FETS. ZUT, ZOEBROEMDD nflids, BB
& log G Wi(log T gy =0) & DR &M b ¢ AR b
3, LicRLITEA2BEICLT, Te. soyae & M-9
BOLEMICRIZTAMOMOREE L 5~B 0, k
RO 2N EhOREEORERLIK & » TRDX

Fig. 3.. Relationship between To.: and NaCl
concentration on the growth of T:tramccu:
soyas. .

To.1 is defined as culture time (hr) calculated
from interpolation of straight line in culture
time-log ODsso plot to 0.1 OD unit.

B Tou 55U TLAEBOT Sic L 2EWHERS
EEXhoRY, ZBMOHF2 /2T =4 YOERILD
WTRE L7 (Fig. 4). M-9 m«:ﬁ—m NaCl, KCl,
NasSO, NaBr, KI OW#3, log- 7 - L1867

oy FASERIZED ) RBRD IO b o,
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Fig. 4. Effect of various salts on the growth of Strain M-9.
Cultivation was carried out in YMPG-medium containing indicated amounts of

salts at 30°C on a shaker.

1/7¢

H is defined as follows: H=1——-ﬂ-7=—=1—-7.7~é~, where

T and T are T in the presence and in the absence, respectively, of salts: (1) NaCl,
(2) K(l, (3) NasSOy, (4) LiCl, (5) NaBr, (6) KBr, (7) KI, (8) MgCls, (9) CaCls.

Lirl, LiCL KBr i, MEICK > THE/EMAMR
BoTVEhDLSicF oy FHEE L, MgCls T3,
ERECRERRE ERECEHFHRELRT &N
Rit&hsc, Table6ic M-9 Bictd 28« DRISE

OEBHEORBE 151, E ¢ ERLI. TORD

5, NaCl, KCl i3 M-9 @izt UHByss O B2 R
&, HEOEFHESBBE L BEBRRE UL
z S bz, F7o, NaSO4 i3 1 pFdic 2
2@ Nat £ & v EEtehs, nd LU ¢ OffiH NaCl ©
12121/2T% D, NasSO« OFEHEE LT Nat £ %

YIREBbOTH B LELNITERNC K —KT 3.
Z @ Table 6 X 5 icBAfgIcT B, Table 7 ich
FFvET=Z YOMBADEORKREL, nbLU ¢
OEER L. ZORH S Cl-, Br-, SO & Nat
OETIE n, ¢ QALY XAKTS. oL,
Cl- DA DETRAF A VBABRIEICLEICL-
Tn ¢ DEBLELRIEY, NaCl OBEMY Nat 4
*OMBERBI TV L ENEL NI —F,
Te. soyae DEHic LT NaCl ORiZ 9 BEIZ, M9
BEHBLTéOMMBRENT LD, MIBicH~

Table 6. Inhibition parameters of various salts against Strain M-9.

Lethal $**

Salt concn. Concn. Osmotic

(M) ™) P
NaCl 2.5 2,11 0.66 32.8
Kl 2.5 0.89 0.25 12.4
LiCl 0.9 0.30 0.18 9.0
MgCls 0.7 1.90 0.32 23.9
CaCl: 0.5 0.74 0.06 4.6
NaBr 2.0 2.50 0.86 41.7
KBr 2.0 0.99 0.36 17.8
KI 1.2 5.40 0.56 27.8
NasSOy4 1.7 1.10 0.36 26.8

*n: slope of inhibition curve.

*4d: concentration of salt at 509 inhibition of the growth.
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Table 7. Inhibition parameters of various salts against Strain M-9 by cations and anions.
Anion L
Cation Cl- Br- I- SO42-
r; : ¢ n ¢ - n ¢ n ¢
Na+ 2.11 0. 66 2.50 0.86 — — 1.10 0.36
TKr 0.89 0.25 0.99 0.36 5. 40 0.56 — —
Li*+ 0.30 0.25. — — —— — — —
Mg+  1.90 0.32 — —_ —_ —_ — —
Ca2+ 0.74 0.06  — — — — — —

Data described in Table 6 are rearranged so that inhibitory effect of salt is
expressed as combination of effect of cations and anions.

TREESEL, T, nOl»OAERE IMP b
TREFKRZTAEOEENERICRONS LEX
S 7: (Fig. 5, Table 8). KCl, KBr, NaBr i3, &
AZMETS 7 7BEBHTIC EBEOONDIZ LD,
{EMMBEIR & MBI T EMABRIEIC L DEL
. oI, T=AY, A5t V/OEEWE Lo
%7-¥, Table8 % Table 9 D& 5 iKHB L. T
RiRT LSk, Nat, Cl- OEHLDA & VHEH
CERERRZ LTV 30 RBLHTIINL, KTk
ZEWREH Nat, C- O HOREEZFITHEL
Pt 3 Rt (B AR ‘
mw&wuaxwwuwﬁ%«oc T

1. Zrva-zE&E0LFERKE . Wik & W
¥ EEE) OBRIR-OVTERNLE. MO9M
i3 YMP-§5 L UF GP-3#ts, Tv. sopae i3 CMM-g5#t1%
XEBHE LTEhENICREE 7SV — R 2HEX
HBLOEHERN Lz, MOB TR 7 va—2
WEE—EIC LARRELELI YR, HIAER
ELi 2 LEAWO RS T Bs&aMicihy 5 (Fig.
6B). COAKEME O EHE ICEI B/ v - RE
GRAME) L AEREICHL TS0y T2, R
BRI EISD /3 — 2 EREORIC—E ORI
ETBCEBRD LN (Fig. 6C). 7z, Te soae
L2 Tid Fig. 6A ORRER. T1b B, Toa ¥

-1

0

+1

Log of molarity of salt

o+l

Fig. 5. Effect of various salts on the growth of T¢. soyae.
Cultivation was carried out in CMG-medium containing indicated amount of
salts at 30°C on a shaker. H is defined as shown in Fig. 4, except that To.1 replaces

T;.
MgCls, (9) CaCls.

(1) NaCl, (2) KCl, (3) NasSOs, (4) LiCl, (5) Nabr, (6) KBr, (7) KI, (8)
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Fig. 6. Effect of NaCl and glucose on the halo-
tolerance of T¢. soyae and Strain M-9.
Tc. soyae (A) and Strain M-9 (B) were res-
pectively cultivated at 30°C on a shaker in
CMM- and YMPG-media containing vari-
ous concentrations of NaCl and glucose as
indicated. Tbo.1 and T, respectively, were
plotted against NaCl concentration. NaCl
concentration (C) at bending point of NaCl
concentration-T7, curve in figure B was plot-
ted against glucose concentration.

Glucose (M)

Toilhr)

7: (hr)

Glucose

0 I 2 30 I 2 3 4 : O oM, @ g-g, > 1
2, .
NaCl (M) © ®

Table 8. Inhibition parameters of various 2. W% pH OF® . M- Eicid YMP-ig#h, Te.
salts against T¢. soyae. soyae 1Tk CMM-¥Eiba A0 CEBESEHFETTO
Lethal = ¢Osmotic EBICRIZTHHE pH OEgic >0 TR L. 20

c«zr;g n (();1;;1 pressure B, MOBEIZ Fig. 7TA ITRTEHICAKE OFLEL

(atm) HEAIcE pH5~9 OILWEETESAEBL, TL

NaCl >4 3.5 178 8.5 EH/NE o128, 12BABEE T T pPH6 (5T

ta e el e RO TUMERLE %, Tesow TR pH 4~
MgCls 1.0 L8 0.36 26.8 OFHBET I EET 20, 15AREFET Tid pH
GaCl, L0 0.3 0.63 47.0 4~6 OB TOHEBBED S, BEMT Toa Eh
NaBr >3 1.0 1.0 49.7 PENELLB T LB NS (Fig. TB). §#£-T,
KBr >3 0.5 1.16 57.1 M-98, Te sopae & HICHEEREFEETCOESE
KI 1.5 1.1 1.0 49.7 FEE T CTOEB I~ DI pH FIRICRE
Na:SOs  >2 1.1 0.63 47.0 NBETEDBRPLDEN T

3. EEEREROKE  Fig. BAICRT XS, M9HE
BEBEOMAKEE DICELEARY, Fva—z2%m O T, 3ERBRECX-THEIN, BETTLARE
WEBEEBRIILALTEDON - . 12BHEETTH 25~-37°C ORI TREENFNEMN T,

Table 9. Inhibition parameters of various salts against T¢. soyae by cations and anions.

. Anion
Cation Cl- Br- I- S04~
n ¢ n ¢ n ¢ n ¢
Na+ 3.5 1.78 1.0 1.0 —_— - 1.1 0.63
K+ 0.65 1.16 0.5 1.16 1.1 1.0 — B
Lit+ 2.4 0.32 — — — — — —

Mg* 1.8  0.36 - — - — — —
Ca?+ 0.3  0.63 - = — — — —

Data described in Table 8 are rearranged so that inhibitory effect of salt is
expressed as combination of effect of cations and anions.
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Fig. 7. Effect of initial pH on the halotolerance
of Strain M-9 and T¢. soyae.
The bacteria were cultivated at the indicated
initial pH in the presence or in the absence
of 129% (Strain M-9) or 15% (7¢c. sovae)
NaCl, respectively, at 30°C, on a shaker.
(@) with NaCl, (O) without NaCl .
A: Strain M-9, B: T¢. soyae

RN&LTED, $t, RIBETO T, ODEB—ETH
B2TE0D, BERERAREGET COABICEER
B4 ERFEREOENT EBHSHEE > —F,
Te. soyae TH M-9 B & EBDMEERY T L33
57 (Fig. 8B).

AL 2EBHELXEBNCRT RS RADEL,
—ic, £EFE, £EEE, BEEROBERICE-T
EINTHED, HALD® (3 Escherichia coli DT
ETTCOAEBRKITRTLHRHORR, BRES
B, SEFEERLEEEECLTRELTHS. BIR
Lic ko ic, AERBMEONBEOMME#EE, H50
RAUPMOE IOV TN ICEELE5L 5 LEL 5N,
FERT 2EFICX > THPEBEBOETER, H50
RERLOEIAEEL LTRIEHOBELZRTC L
BEBLEZIONS.
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Fig. 8. Effect of temperature on the halotole-
rance of Strain M-8 and Tt. soyae.
The bacteria were cultivated at the indicated
temperature in the presence or in the absence
of 12% (Strain M-9) or 15% (7t. soyae)
NaClL ’
(@) with NaCl, (O) without NaCl
A: Strain M-9, B: Tt. soyae

2. HHOMEUOEELAKICHTIREEL L
I LT, BB OEBEEE (Tetracoccus soyae) 3 %1013
FHMORE (Bacillus sp. M-9) Z58IC U TERR
ICRLD B EEWHehIC LI

3. Bagillus sp. M-9 CGizg5EE, #IR pH, Teira-
coccus soyae T35 pH DRIEH ICEEERITT &
DT,
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