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Inorganic Nutrition of Marine Sulfate-Reducing Bacteria
By

Yoshihike HaTa

The author has previously reported that a majority of marine sulfate-reducing
bacteria which were isolated from marine or estuarine environments could grow in
the media containing NaCl in the concentrations of nearly 1.0—6.5 % (the optimum
was 2.0—3.0 %).

In the present paper the author studied in detail the inorganic nutritional require-
ments of these bacteria.

As the test organisms marine sulfate-reducing bacteria strain SM 1 was used
throughout the study. Peptone and lactic acid added to the chemically defined basal
medium, as shown in Table |, which was employed in these experiments were demin-
eralized by passage through the columns of ion exchange resins “Permutit H—70” (H
—tform) and “Permutit A” (OH—form). The solutions having the composition as
shown in Tables 2 or 6 were employed as the standard salts mixtures.

The results obtained are shown in Tables 3—18, and may be summarized as follows:
1) Na*, K+, Mg* and SO, were essential for the growth of these bacteria, and Cl-,

HCO;~ and PO, "~ also seemed to be necessary for the growth. On the other

hand, Ca%* and Br~ were not essentially required for the growth and the sulfate-

reducing activity of these organisms.

2) The amounts of the essential ions required for the growth were relatively small,
and these ions could partially be replaced each other.

3) When these essential ions were sufficiently or excessively present the growth
and the sulfate-reducing activity of these organisms were often influenced by the
osmotic pressure of the media.
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HIER D 1T T, WDANADIKER b S X NI HRBIERTTMEOIEE 2 6 NIt AERER s JiE
TAEREORELZIHG T U, TREERD TN TESR, BoBAMEE L & $IT, COMBEDRE
1< Mg# 35k ¢f Fet RORTHDHC EBHRELT

FiRR R LA O R E IO T 2 BRSO BICL T, BUTLIN - ADAMS . THOMAS ) 540
POSTGATE ) 1 Fe# 2oV TE&DNEM %20, $ 12 MILLERS) 3 Fet %izi3 Cd, Sb, Bi k¥
Pb 73 & Ol St IEEDFEIET 5 & COMBEOALYERERP EEIN D T E2WLPIT LTS
UPDEGRAFF » WREN 6) [IFiBR IR T OBz K+, Mg#, Fet 3618 POy~ BNETHAHT LR
sg451,, BAAS BECKING « WOOD D) 3 2/fih 74 »icsdd 5 1 ffin 74 v OFEH B Cl-, HCOs
36 108 SO4~— OHIIIEE Y C OMEIT & ATRERIEOBGICH L THREN TN &, BI T oMHE
13 NaCl BECH L TR ESEICO I > TRA SN B A, MgCly ik »Tik 0.9 N PIETHEVHES
NBCERBDIz, T, K « BES KA LHEAICISY 2 BEHKROFEPE 2 DEYIIT L »T
X N5 T &Rk, B« AU RBERLFITS 2MEREOEGIC LT Fer 1 {EERRIRE §
% Mo® (2 & EHFANCERT A C & 2RUT, $72 MACLEOD « ONOFREY 10) (ZR{FED M FEIERIEE O
#EITIET 5 Na+, K+, Ca¥, Mg#, Fe#, Cl-, S04~ F72i3 PO~ OEHICOWTERE LT,

Linl, MEREriB s ORE 5 5 T activity 1T09 AT &2 OEHEIEEO BT DV TO R
s SN T 6 T, I ERBETH B, B8O THLPEEY, COMEMENEREETD
S T—SIENC L CTHBE RS 2 ERT 2500 8, O3 OOMBIEERORERFMT S C L3H
FECH D, Fe /5 & HBHUETFREORNIVERBIC OV TIBID TRAS C LT, AR TIHEKROE
SOERDTTHE2BL2OHFA LN T =4 U8 LN L b OBFIC OV TZDORER 2L It L,
XD 4 A BT 2 EENBERIC W TH U

£ B A &

1. #0550 TEBOEOERERLUIZ SM 1 OEBEAL,

7. BELSUCHES  BEEICEL CHISEDLD OWMEDOA 4 OEARBIT 5720, 550U DHEKIK
FREED) ¢ 30°C 2 HR9RTEE S o @EHE% 2,500 rop.om. 10 S TEOEREL, 0.1g/L @ L-—ascorbic
acid ZETeRE ANz 11 M 7 FOBEERK (EKEIIITEER) T2ERBEERL, COBBK 10-4tml
% 80 ml OFHIESHNTERL T2, MERCIRERE ST 7 1 229 2em BEL T, W{LBOBRIL, #
BB BT, TR D OTE R T A 700 CNICHTE 240 0, BEREIZTXT 30°CTh -7z,

3. ESHOBEE  MEICET D 4 A OREYERIAL ICT IO, DA F v R EE SIS
PEBIT A EHNETH Ho TOMEIERID O L 1T, GHERIEEO L OEREMTIZR TS i
SBOBHE I VB BIOPBOGEEFRY2RECHELTIOT, s OEERY 2 &1 K%
B & FIED 4 4 v 2B CEDHFETH B,

B b O A A4 v OERESBRD TREETH 505, EHIFEELL T SHANKAR « BARD13) 3L F
MACLEOD « ONOFREY) DiEREBELE L T4 4 2388 “Permutit” (The Permutit Co.,, N.Y,
U.S.A) 2T OXOFETEEL, HIIMERER»E.

Tabb, wFA4 oKL, 0.5 N HCl THIEL 72 “Permutit H—70" %EE 2.2 cm, B
50cm GIEEN 5 AFICHEDTH 72 %22L 0, THTHEPUD 15 R F 200MA~ b7 —T0L00
£ 1FEOMEKD 2FBEORT - FBREW (pH 7.0 ) 2 17 3ml 0@ETHET, HEDK 200 ml

* r ORIEE facultative autotrophs O—2Tdh - T, PEOEFEYOFEE T CII—He Fa ¥~
BT » THTFRAKER BT EEMEEZET A L LT L) 22 v ¥ — 2 ET X 240, Y
KR LNTHBRENEETH D, »OREBIORBIERTEAYBINDL LI Tdh b,
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Table 1. Basal medium for the study of mineral

requirements.

Peptone 2.04g

Lactic acid 2.5

(NH.)s HPO, 0.15

Fe(NH e (SO4)s » 6H:0 0.5

L~Ascorbic acid 0.2

Salt solution 1,000 ml
pH 7.5

WEETED 2 - h, O pH RPEEBELTCHRA— 221V —7J0L, 0.5N HCl THEUIZRAUL 7 4%
W, F7r, T=F rOBRECE, 30 % NaOH THMEL 7z “Permutit A” O 7 4% EERUTETHE
R

P FOITHETHE o7 b« SRR o B R A, FEOKTITEREICTRL,
NILOH #5ko® HCl (#721& HeSO4) T pH 2FHEL, 15 £ F 20 O+ — 7 v —TUHT pH
BIEIEL CHEEM Y Uln, 77, BRERE LT oS iR L 208, ZibeRT s
b OIS 7 SEITZ [EilEEs CHREEE, MEICmA T,

70 T ORI RE W AR KO B IR - T A8, RO IR 2 U & B TDI LT HE AR
ORI R R0 DIBETH 5, FRGITNTATHEKZ o, ATHKOBERESE L T
4° LYMAN « FLEMING 18 0§ OIZHED T 2 OO  DRBAIIY, KEOERITO>NT, oM

Table 2. Composition of artificial sea water employed as

the standard mineral solution.

NaCl 23.48 g (0.403 M)
MaCls 4.98 (0.082 )
KCl C.67 (c.009 )
NasSOy 3.92 (0.028 )
CaCly 1.10 (0.010 )
NaHCOg 0.19 (0.002 )
KBr 0.10 (0.001 )
Distilled water 1,000 mi

BEOEDIR I TICES I L ICHHESE e EOHRD § ORERL, DMRIIFELLTIIUCE T
4, BREBIOCHFSRABE  FEEIATFTE LR ORMSE NI, 9 28RS 7 v A EREREZE
L ZEEIKTRENEH, 0.5 N HNOs 2510 0.5 N NaOH Tl U ZER/KRIET2L T 16 & > F 20 94 —
VT BB, IO HBEKTRERGEL I

5. % H K EEKERILICA A ASER (Amberlite TR—120 #31¢¢ Amberlite IR—4 B)
el TR L T2,

6. REBIUBILWORE - &2 semisolid ¥g/KEFKi% T extinction dilution method (T J:
Y, BAbERIE L « MO ITHEIC X 51,
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(1) EHpighokst .
LOTFETRLNT A 4 v KERO BRS¢ OMBEOERYER 2 Mz T &k, B 2E0AT
MK RN AT X A0 ENRR L BTIDIC, DEOEBRZITE -1

FaDODL, RIMBEOEEY 2 St TITid A F4 250 00 7 = 4 VIREIEDFT b iz By %
Slele, RREKETIEE 2 BOATIAKCHEL, WHPBEEL CHRT 0 L TLYERIER %2 A1
TORREEIEDOBY, X OBHICIONT b IE & A KRR L FEIS L OWBEETERBGTIbN S ¢

Table 3. Growth and sulfide production of sulfate-reducing bacteria strain SM 1 at 30°C in the
media prepared with natural or artificial sea water which were treated or untreated with the

ion exchange resin “Permutit”.

Treatment with Basal Incubation time (hrs. )
“Permutit H-70" sea 24 46 72
and “Permutit A” water Sulfides Sulfides Sulfides
Cells/m! -5 mg/ml Cells/ml =S mg/ml Cells/ml -5 mg/ml
Treated Artificial 105—106 0 109—1010  0.087 109 —1010 0.146
Untreated Artificial 105—108 0 109—1010  0.069 109—1010 0.112
Treated Natural 106—107 0 10%—109 0.099 109—1010 0.138
Untreated Natural 105—108 0 109—1010 0.116 109—1010 0.143
Incubation time (hrs. )
94 117 141
Sulfides Sulfides Sulfides
Cells/ml -5 mg/ml Cells/ml S mg/ml S mg/ml
109—1010 0.248 109—1010 0.284 0.262
109—1010 0.251 109—1010 0.292 0.237
109-—1010 0.244 109—1010 0.295 0.237
109—1010 0.234 109-—1010 C.280 0.245

EWRENIZ, TIED D, EOFEC L > TS b« AR UFEL T 3 COMBEOGHRERZ 081
SNBLE, WIUE2EOATHIKG FRIBKTEEAEVGHT 5 C EWHL I -7, LTthioTLL
TORBRICTINTIE, COMBNT L - TAF URERE UIC BRI %, 52580 A THK ML O
b o TIBEESESEME T4 C Sic LTz,

(2) Na*, K+, Ca* 3310 Mg* DREM

WKPOEFE Lz F4 o ThH D Nat, K+, Cat 35k Mgt ONRIEMEREIS ICT 370, 522 A TH
IRKDE TG DA F 2 2 2 NENBITHRN TP T, %503 AL ERIER 2 A1, T O8E,
Bl 74 > ORERR C LTk > TRERET = % U SRIBICER L 5 255, MRS A T Ch e
21l RIBBL 2 —~BILZAZBHITD, T F I 2 A THEELUD, ZOBEIE4HORTHEY Th
%,

TR OB, C OISR T R R 2 A v E B UTHATES0NOT, ©
Db DEROEELI NN,
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Table 4. Requirements of Na*, K+, Ca* or Mg* for the growth and the sulfate-reducing activity
{SM1.
Modification of artificial sea water* employed Incubation time (hrs. )
as the basal solution 72 144
. Sulfid Sulfid
Omitted (M) Added (M) Cells/ml ﬁS“m; /jfl Cells/ml _S”m; /e;l
Non Non 109—101° 0,146 | 109—1010 0.332

NaCl(0.403), NapSO4(0.028),
NaHCO3(0.002)

NaCl(0.403), Na$0,4(0.028),
NaHCO3(0.002)

NaCl(0.403), NagSO4(0.028),
NaHCO3(0.002)

N(!QSO4(O 028 )I
NaHCO3(0.002)

NaCl(0.403), NaHCO3(0.002)
KCI(0.009), KBr(0.001)
KCI(0.009), KBr(0.001)
KBr(0.001)

{(NH4)2S504(0.028),
Glucose (0.810)

NH4CI(C.403), (NHL) 2SO 4(0.028),
KHCO3(0.002)

KCI(0.403), K2SO4(0.028),
KHCO3(0.002)

(NH,)250,4(0.028),
NaCi(0.058)

NaS0,4(0.203)
Glucose(0.020)
NaCl(0.009), NaB:(0.001)
KC1(0.001)

10¢—105 O
104—10% O
10¢—105 O

109-—1010 0. 133

109—10100.118
10¢—105 0
104—105 O
109-—10100.202

1083—10% 0O
102—10% 0
104—10% O

109—1010 0,257

109—1010 0.432
103—10¢ O
102—103 0]
109—1010 0.438

KCI(0.009) KBr(0.009) 1091010 0,154 | 109—1010 0.411
CaClg(0.010) Glucose(0.030) 109—1010 0.244 | 10°—1010 0.362
CaCly(0.010) NH,C1(0.020) 109-—1010 0,149 | 108—102 0.317
MaCls(0.052) Glucose(0.153) 10#—105 0 10+—10% O
MgCl,(0.052) NH4CI(0.104) 104—105 0 102—10¢ O
Nen Glucose(0.810) 107—108 0.018| 109—1010 0.422
* c.f. Table 2.

TsH B, Nat oo id, NaCl,
Hrvtoins o NHy 8

WA B2,

NagSOy4 #5J:¢fF NaHCOg

BE TR KEZ A T2 B B34 {3

PIRTEEINLORDICT Ko
FEU o Tohs,

Na %9 C

NaCl 37213 NaeSOy T EPIITTESITE-FDRRE L activity BFEINTT, Kt T Tid, KCI

WL KBr 2 CNIKEHT 2BO T F U2 Na 5,
FHERT, KIEZINT KCl $£7743 KBr T EMA A EHIHBF LI, 22X Ca* Tt Tid,
soyEd T NHy 2825 SBALRKES

BPHRANTE T

U1,

TEEI NHy B2RiE - T &L BETX b7,

BLEORERD S, Nav, K+ 10

HERBZINE I

WL Mgt 3¢ OB ORBITHERTR TH 555,
CEDNG, 2L TINGOMERZL, b A DD BD % a2 e —FEE

OEITE > T X LMz aNd L EHAL PIIZ -T2,
DEWW, COMEOFRKBILE > TINSGAEA F 375 &3 COREMU EICEES L L EBNENE

B AT
2230 AN TTig/KD Nat %

SO4 THIZ -1 FICRHMOBETIZ 7 F o2 INA
Z- R, Na* 12OV TiE, 0.230 g atoms/L GEE O KT 351

0.046 g atoms/L (Viof2E) TIRIELFEB TS boT, Kt 351k 8 Mg¥ T

ZNZERN 0.001 I8LIF 0.005 g atoms/L * (ZNENVIFRE) OBE T FOREBIEL NI,

TLEBTORET I,
i,

T, BHERICRLUINANA

DR DA LH/KIZHTCER LI, 33bbE
NaCl ¢, K+ % KCl TenZnf{AL Cat 2HE iz, S04~ 132 (NIHy):
TEL LHEEUTS,

7B RBER) OBE

TG o Na ARz -Td T o104

i

—F5, Mg# i3 Cit, Tkl &7

Cat ODELEITIZAL

/‘lj% « % &:@&li\‘fs

Tl & O#HEE I I

* MR ITISUNT, Mgh 13 0.0005 g atoms/L TCORBEORE 2L AEDL L ER2RUI,

2
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Table 5. Response of sulfate-reducing bacteria strain SM{ to Nat, K* and Mg*.

Composition of salt solution
employed for the preparation of Incubation time (hrs. )
culture media (M)
NaCl  KCI MgCly (NHy)s Sl o4 166
SO Clucose) Callgjml 201925 | Colls/im _guliides | Calljmi_3HlFides
tandard * (Control) 105-—106 0] 109—1010 0.150 — 0.224
0.460 0.010 0.052 0.028 ©O 107-—10% 0.019 10%9—1010 0.080 ——— 0.234
0.230 0.010 0.052 0.028 0.460 10+—10% 0 109-—10%0  0.060 — 0.230
0.046 0.010 0.052 0.028 0.820 | 102—10% O 0 0 e 0
0.460 0.005 0.052 0.028 0.010 108—107 0 109—1019 0,053 — 0.213
0.460 0.001 0.052 0.028 0.020 108—107 0 109—1010  0.08t e 0.231
0.460 0.010 0.026 0.028 0.270 10" —10% 0.017 109—1010 0.074 — 0.256
0.460 0.010 0.005 0.028 0.160 107—10%  0.020 105—10% 0,073 109—10190 0.264
* c. f. Table 2,

ZTOBEBRBELL > TELOXEEZI T,
£70, Cat OAEMITONTIE, SO OEOERTHDI DI, Tabh, MEOET S & TER
UTZER 6 SRR H B /2 A THi K T SN Tc BB O A AN ADIERE O CaCly % ni THEEL 1205,

Table 6. Composition of the simplified artificial sea water.

(NH4)2SO, 3.63 g (0.028 M)
NaCl 26.89  (0.460 )
KCi 0.75 (0.010 )
MgCly 4.98 (0.052 )
Distilled water 1,000 mi

Table 7. Effect of Ca* on the growth and the sulfide producing activity of sulfate-reducing bac-

teria strain SM1. (Basal medium was prepared with the simplified artificial sea water®. Ca¥*

was added as CaCly. )

Incubation time (hrs.)
Concentration of i
c dded ¢ ) 24 47 64 112
at added (M . - - -
. Sulfides Sulfides Sulfides Sulfides
Cells/ml S mg/ml Cellg/ml -S ma/ml Cells/ml S mg/ml Cells/m] S mgfml
0 109—1070 0.024 | 109—10%° (.277 | 109—1010 Q.,224 | 108—10° 0.172
0.001 109—1010 0.041 | 109—1019 0.305 | 109—1010 (Q.281 | 10°—101° 0.179
0.005 1091010 0.037 | 109—1010 (©.360 | 109—1010 (Q.263 | 109—1010 (0.204
0.010 109—10T¢ 0.038 | 109—1010 0.300 | 109—10%0 (0.220 | 109—1010 0.176
0.020 1091010 0,029 | 109—1010 0.350 | 109—1010 0.246 | 108—109 0.187
* c. f. Table 6.
FB7RIURTEY Ca* 0~0.020 g atoms/L DR Tt Ca* WINOMEIZIZ & A ETDONIT o770,

5T, Cat REREHTRREEEL T FTF I L O activity 10372 AL DELE 8L 5 2o 17,
fiR, U EOHEBROERZBIET S L, COMEDOHKEICE 5T Nat, K+ 38k Mg# (30 RAIK

— 44 —
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THAHCERELPTHD, ZORBFIIBEEOWE KT ARICHL TP &b BEED Nat, Yol
BED Kt 8L W0 RBED Mgt THIIXALNEY, ZOHERINGNHEAA Y OBREICI-TS
PG EA BRI ALDLELNS, T2 Ca* [COVTiEE, COMEBEICE > TisE b LBETRIND,
HBVEED THOTRICUPERINT, TORBREFADILAEZNIDIEDLNG,

F12, IRO@EY, COMEORKEITIZE 6 RURL 12 RN B L A THKO RT3 TH % T b
5 T 7E-120T, UTFOEBR TR PEIICT A0, COMME ATHKOEELTHC LITUIS

(3) Na+ OREMICHT S K+ ORBEER

EE (2) 1TRST, COMBEOREB I Nat SRAIKRThH b £ DNERIIMOUNE A A LT
CAARENELNEWNS CEMTRINIY, oG Nar OFRE K+ K& » T—HRAT S 208702,
X5 Nat ORERABIZIEOBRETH B2 TORBRTL 512,

b h, B E6EOMM S NaCl 3kt KCl 2B s EEHE CHEL, Chucis X
CRTNAOADEED NaCl 36k 8 KCl 2inA iz, b oghiicisty 3 Nar & K+ o g atoms @

Table 8. Respcnse of sulfate-reducing bacteria strain SM 1 to Na* and K*. (Basal medium was pre-
pared with the simplified artificial sea water from which Na* and K+ were omitted. Na* and

K+ were added as chlorides.)

Ciorﬁeftratéor};i Incubation time (hrs. )
o art an
added (M) 15 39 63 87 159
Not K | Collsfml _SF9%% | Cattoymi_20Fide2 | Collefmi 27195 | Colls/ml S 157 ke,
0 0.470 | 10 —102 0 0 0 0 0 0 0 0
0.024 0.446 | 10 —102 0 0 0 0 0 0 0 0
0.118 0.352 | 10t—10° O | 10®—107 O |10%-10° 0.093 | 10°—101° 0.133 | 0.221
0.235 0.235 | 105—10° O | 10°—10'0 0.034 | 109—101° C.108 | 10°—101° 0.131 | 0.203
0.352 0.118 | 105—10 O | 109—1010 0.041 | 10°—10'® 0.102 | 108—10° 07106 | 0.224
0.446 0.024 | 10°—106 O | 10°—10%® 0.0s1 | 109—1p'® C.075 | 108—10° 0.120 | 0.197
*0.460 ¥0.010 | 108—107T O | 1071010 0.066 | 109—1010 C.094 | 10°—101C 0.124 | 0.214
0.470 0 | 104—10° 0 |102—10% O |10 —10% O 0 0 0

% The concentrations in natural sea water.

BADEICEEOEKICKSITI A CNLTA 4 v OBRFNCELLZL L3 1ITUI LOThb, “DOfHRITHR
CdaE Y, Na*t 0.118~0.460 g atoms/L (Nat & K+ OO 25~98 %) OHFITHOTIEIFHEED
OIS, FNIOATRE ST LRBL S -10, HERE S LY activity (& Na+ 0.118 g atoms/L
WIS T e ) NS dp o IO BN T, 0.235~0.460 g atoms/L T & AL ZEDRD LI - T

SXIC, CREMET BTY, Naw %2 NHer TUOANWADREITIS & A CTHBICEEBRU IRERIZE 9
ECFTEY Th-T, Nat 0.023 g atoms/L TRIFEFRT 0.115 g atoms/L LLETHEPIBC > 7205
COBEIEFOEED Nat BEIC K > TRE BRI, CNEIRITHET 2 C ERINT,

CID 2 OOER R ERET 2 &, FIOERICK 5 K 38 2 BB EORMIEMOMT, oM
B Nat o d 2 ER P2 —HHAEL TND L IITHAL S,

X1z, Nat OQBERARER K+ & OBRICSOTRHT D, Nar 36100 K+ REEOZEERHNN A
WADEED NaCl 365J 8 KCl 2iMA THEOEER L NZOBE R Hi1z, ZORRIIE 10 BTRTHE
b, K+ 5 0.001 g atoms/L GEHEOMEKED ¥oBE) USPFEELSLE 5123 Nar 0.092 g atoms/L
Pl ETHE RIS o723, K* 230,046 g atoms/L Bl EEFNS & iTix Nat 0.046 g atoms/L TH FEH
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Table 9. Response of sulfate-reducing bacteria strain SM 1 to Na*. (Basal medium was prepared

with the simplified artificial sea water from which NaCl was omitted. )

Concentrations of Incubation time (hrs. )
salts added to basal
meidum (M) 16 36 75
NaCl  NH,CI Cells/mi _gﬁ;ﬁl Cells/ml _-;“frf‘gd/erjl Cells/ml _gulj;d/e;l
0 0.460 108—10% 0 102—103 0 1—10 0
0.023 0.437 1083—10% 0 102—103 0 o] 0]
0.115 0.345 105—106 0 107—108 0.007 10°—1010 0.096
0.230 0.230 107—108 0 108—109 0.023 108—10° 0.211
0.345 0.115 108—107 0.005 109—1010 0.108 109—1010 0.233
0.437 0.023 107—108 0.005 108—10te 0.117 1091010 0.244
0.460 0 107—108 0.006 109—1010 0.098 108—109 0.235

Table 10. Response of sulfate-reducing bacteria strain SM1 to Nat in the presence of K+ in
various concentrations. {Basal medium was prepared with the simplified artificial sea water
from which Na* and K+ were omitted. Nat and K* were added as chlorides. Cl~ which was
reduced with the decrease of NaCl concentration was added to the medium as NH.Cl in

equimolar concentration. )

Concentration of K+ added (M)
Concontration 0.001 0.046 0.092
of Na* added Incubation time (hrs. )
(M) 30 48 72 117 192 240 552 | 30 48 72 117 192 240 552 | 30 48 72 117 192 240 552
0.023 e e
0.046 _—— = = = == = = = & 4 - — = — 4+ +
0.092 — + — + + 4
0.138 — — H + +
0.184 — + + H
0.230 + + + +

Concentration of K+ added (M)

0.133 0.184 0.230

Incubation time (hrs. )

30 48 72 117 192 240 552 | 30 48 72 117 192 240 552 | 30 48 72 117 192 240 552

I
I
|
I
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|

|
H__
+
|

|

|

|
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+
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WARENIZ, U»L Nat 0,023 g atoms/L Tt K+ 20z A EBECNA SN TEFRELA L NS o
720 TUTHREHERZ INLTAA v OBREOHEL - 31X I2H, #UT Nar BERKI-TELDKE
CHEEEIND L5 Th-T, Nat HiHdgiEEE (0.184~0.230 g atoms/L) IWHEET B & XT3 K+ o
BEBEI L AENME (0.046 g atoms/L £57) 18h A L 5ICHALI.

LofE»PL, COMBEORBTICHT 5 Nat OMBERIIIET 2 Kt OBREICE > T h OBER%
A0, $LT0.046~0.092 g atoms/L GEEOHE/KAITIST 5 Vio~¥ BE) ETe 2 EEbDN5,

(4) Na* OBEMICHTT S Cat ol Mot DOHEER

DEI, TOME® Nat jnfdT28R% Cat F72iF Mgt WX - T—8ML ) oW T e HhEr%
Hle COIEE (3) WBIAEABTH-T, Biirho Nat & Cat Fii3 Mg* © g atoms ORI
PEICHEKRCRBII A3 DLEU LA LI UTL, COREIE 1 HERBIOE 2T TED Th 5,

Table 11. Response of sulfate-reducing bacteria strain SM{ to Na* and Ca*. (Basal medium was
prepared with the simplified artificial sea water from which Nat was omitted. Na+ and Cat

were added as chlorides.)

Concertrations of Incubation time (hrs. )
Na* and Ca*
added (M) 15 40 88
0 0.470 103—10* 0 102—108 0 0
0.024 0.446 103—10% 0 102—1083 0 0
0.118 0.352 103-—10% 0 107-—108 0 0.197
0.235 0.235 108109 0.008 108—109 0.096 0.216
0.352 0.118 107108 0.006 109—1010 0.088 0.193
0.446 0.024 107—108 0.009 108—109 0.094 0.224
*0.460 *0.010 106—107 0.008 105—109 0.109 0.214
0.470 0 107—108 0.005 105—102 0.095 0.228

# Concentrations in natural sea water.

Table 12. Response of sulfate-reducing bacteria strain SM 1 to Na* and Mg#. (Basal medium was

prepared with the simplified artificial sea water from which Na* and Mg#* were omitted. Na*

and Mg#* were added as chlorides.)

Concentrations of Incubation time (hrs.)
Na* and Mgt
added (M) 15 40 88
Na* Mgt Calls/ml _gﬂf;ﬁl Cells/ml _gufj;d/e;l _Qiridee,
0 0.512 108—10% 0 103—10% 0 0
0.026 0.486 108—10% 0 10%—10% 0 0
0.128 0.384 107—108 0.003 107—108 0.117 0.254
0.256 0.256 107—108 0.001 108—10? 0.120 0.241
0.384 0.128 108—109 0.003 109—1010 0.122 0.239
*0.460 *0.052 108-—109 0.008 109—101°0 0.121 0.248
0.486 0.026 107—108 0.004 105—109 0.120 0.233
0.512 0 10+—10% 0 108—10% 0 0

* Concentrations in natural sea water.
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Frrbhh, Cat pifiizbhhnic s 2icid, Nat $i0.118 g atoms/L DI FEAET L EHBELIN, TOEE
13 Na+ 0.118 g atoms/L T2 b 38 L NizD%ENT 0.235~0.470 g atoms/L OFEATIRR L AL
FEWERD B ALSIP o T, T, Me* Wlizsbhic & &, Nat 0.128~0.486 g atoms/L THEEUL, £
OFELT Nar 0.460, Mgt 0.052 g atoms/L (B ORI HEE) TWLTRENE I ThH-TC
BEL TARZEEZ A ENE T,

PUER#EoEORERENET S &, COMEICL D Nar 0FRIH HFE Car F10id Mg* X -T
WIENDCENWEE»TH S, Tiabbh, K OBA LA, Nav 2 NH4* Tl &RA TR 9 RIS
FARERL D S Ca* $izik Mg* T x AT LOBEOFBPEY JVEEERLUIZC P, B2
BETHEEROMITDIZ L b —3HE A2 Z0 3 DIk 3 FENEEZRLTOD E ALNETHH

Jo

(5) BEEDERCHT Z3FEHF A v OUWE

EE (3) L (4) OFEPL, COMEOHKBICHT S Nar OREHIIZ 5 { K, Cat Eie
i Mg# it - T8RO ESNED EEZA T,

LFOEBIBETY COMBEORBICEHETH UKDV SMCEAZLTITZ-12dDTH HH3, DFIT
Nat (IREERPHIIEEOERER L, CHKEIEREE I IIERY 2 D0 AOBREICIA T
THx OBBEEEHREL, COMBEORES I CMILERERICHT &8 0 74 L 2BBLEOH

Table 13. Effects of the osmotic pressure of culture medium on the growth and the sulfide pro-
ducing activity (strain SM 1 ). Desired osmotic pressure was obtained by adding NaCl,
NH,CI, KCi, CaCls, MgCly or glucose to the basal medium. Basal medium was prepared
with the simplified artificial sea water containing NaCl in the concentration of 0.115 M.

Incubation time (hrs. )
Supplement 18 39 61.5
. Sulfides Sulfides Sulfides
Cells/mi -S mg/ml Cells/ml S mg/ml Cells/ml -S mg/ml
Non (Basal medium only : 4 1nE 6. 107 0 <~10
NaCl 0.115 M) 10 10 0 10 10 0.002 10 10 0.083
0.115 M 108—107 0.008 109—1010 0.051 109-—1010 0.109
NaCl 0.230 107—108% 0.013 10?—1010 0.064 105—10? 0.150
0.345 107—108 0.022 109—1010 0.071 109—1010 0.210
0.230 10%-—105% 0 106—107 0.002 108—10? 0.047
Glucose 0.460 108—10% 0 10%2—103 0 105—1086 0.007
0.690 108—10+ 0 108—10% 0 106—107 0.005
0.115 108—10% 0 107—108 0.005 109—1010 0.045
NH,CI 0.230 108—10% 0 10t—105% 0 10%—107 0.007
0.345 103—10% 0 108—10% 0 107—108 0.011
0.115 107—108 0.008 109—1010 0.053 108%—109 0.115
KCl 0.230 107—108 0.008 108—109 0.052 109—1010 0.165
0.345 107—108 trace 107—1010 0.070 109—1010 0.167
0.115 10T—10% trace 109—101¢ 0.074 109—1010 0.143
CaCly 0.230 108—107 trace 1Q9—1010 0.079 1091010 0.179
0.345 103—10% 0 108—10? 0.056 109—10%0 0.080
0.115 107—108% 0.004 109—1010 0.061 109—1010 0.117
MgCl, 0.230 107—108 0.022 109—101° 0.067 109—101¢ 0.163
0.345 106—107 trace 109—1010 0.078 109—1019 0.268
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B AT, 2DORBIIE B3FCORTBY TH 5,

975 H, NaCl 0.115 M DA ZETrEMERMTIR, RBERSIOHILIERVERBIZISIXITRETH -1
73, KCl, CaCls #7233 MgCls 2hA TBBIT2 ST COBEENEL A AXL{KY, AUE
VBEIT NaCl 2 A 728 O L1335 L0, HAVEENR ERIAERRUIZ, LT, b OEE
OHRIZEL TBBEOHENE (BKIZIST BEMEE T RIZHFIL 7203, Call: oIt RERE
(0.345 M) [T TIEWPA > TIET Uz, E72, L6 BEERITHENC I T Nat B8Zzohd 14 > &
DBNLFARENT I ThoTds, KBERALNILE -T2, —H, 7 FvEFizg NHCL 2ini CBEIE
PEDIEMBTIIBEL & JITREERE/DI LY, HLHLREENS L DN

DI EDOFERE, RERAF I UPBENENC OHEOBRBERFICEL T 2854, HERLY activity
BEELTHES S b ORBBEETH>T, &HF 4 ORGEEINE 3L & HAKHO 2% BB L
RN ERRTIDEVAL I LU I F 4 v OBBEIC Y » T OREEERITEIZDOEEENFED T
D, I LFIERA S I EMEIBERPEET 20 0 AN, B CO%E, RN ¢
U EHTRINLITH B,

(8) Br- XU HCOs~ MHENM

EEE (2) 10T, BEATEANS Br- 36k 8 HCOs- %/RU T HESEEW T XN 1o BHhT 3 +
DIERENLHLNIZC EhD, COMBOREINT Br- 36k HCOs- 23 L AEBETZN L I ITHA
Bo UL, COBEOEBEHAOEEDIZ 7 = 4 v BREMHBT b Tl h, s O
WMEBOBAPEALLONG, €L T, 724 YBREVLHEOTZONI:ERY % & 5iEituc, KBr sk
NaHCOs #inA 34, FI03mA TEEL cOBE R A1,

Table 14. Effects of Br~ and HCOg~ on the growth and the sulfide-producing activity of sulfate-
reducing bacteria strain SM 1. (Basal medium was prepared with the simplified artificial sea

Wa’cer.)
. At 30°C after 45 hrs.
it o amet A | Added o basal medium () | Safide
efis/m =S mg/ml
Without: _— 109—1010 0.119
With e 109—1010 0.135
With KBr(0.0008) 102—1010 0.155
With NaHCO3(0.0023) 10?—1010 0.134
With KBr(0.0008), NaHCO3(0.0023) 109—1010 0.133

FEEISEE 4 FRORTBY, BEY»L 7 = F VREBNER TR -1 S COMERITRDE o1
o s ABEOZRE L activity 2IRU, TN G OEERIHIOCTMA TS 2ORIIED L NS 17,
Uichi->T, COMEOREITIE Br- 36k HCOs~ 1213 & A EBEETIDN, SR MBI UrE
FKaINT, Pl s b inBRiCmAABER TN O LEDNS, UL, HCOs &2 T, —#ic
autotrophs DA /2 5§ heterotrophs OFEIC & > T H INPMEBOBREIUIARTRTH AT EHEDL
N5, it EoEaie HCOs RINOBERA L NS -To0, REUH TOBELTIoNG
Moinr b & & biiERadm COs pitm (Pa7ovn I AR SN, 25 L ChPEELTRBEIN
12T T L BOTIRIZPA I b

IRIBHERINOME S I 510 bULHEET Ay, B0 HCOs~ REBOMBEMTNANADR

¥ rNLICk AHENMBOERICKSITIA LB THEETCH-T2OE, Nart OFEETIEREICL-T
FHEO A x XPEIL 517200 6 JAINan,

__..4,9__-
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Table 15. Effects of carbonates on the growth and the sulfide-producing activity of sulfate-reducing
bacteria strain SM 1. (Basal medium was prepared with the simplified artificial sea water.)

Concentration of Incubation time (hrs. )
carbonates added (M) 23 37 59
NaHCO3 CaCOs | Cells/ml (eS| Colls/ml _gufices | Celle/mi ke

0 0 10+—10% 0 108—107 0.064 | 10°—1010  0.189
2 x 1073 0 10t—105 0 106—107 0.061 | 10°—10%0  0.144
5 % 10-8 0 105—109 0 107—108 0.085 | 108107 0.119
1 x10-2 0 10+—105 0 106—107 0.074 | 10°—10'®  0.158
2 %102 0 10+—105 0 107—108 0.082 | 10°—10%0  0.127
5 %1072 0 108—10% 0 102—108 0 1 —10 0

0 5 %1073 105 —106 0 108—107 0.079 | 10°—1010  0.204

0 1 x10-2 104—10% 0 100—107 0.069 | 10°—10%0®  0.222

0 2 %1072 10t—10% 0 108—107 0.075 10?—1010 0.224

0 5 % 10-2 108—10% 0 10+—10% 0.082 | 108—10° 0.224

Incubation time (hrs. )

106 208
Cells/ml 2% | Colls/m Qulrices,
— 0.277 | 106—107 0.133
— 0.218 | 107—108 0.152
e 0.216 108—107 0.132
—— 0.202 105—10¢ 0.146
—_— 0.229 105—108 0.144
— 0 0 0
— 0.227 | 105106 0.159
— 0.23 | 105—10° 0.205
— 0.225 10%+—10% 0.204
— 0.252 | 105—106 0.217

o NaHCOs g 7213 CaCOs 2 N4, REIHNCHE S L OAbAERERRIFE Uiz, £ ORIBE 15K
RIEY ThH-»T, NaHCOs i€ DT E A FRINDED D &b, U AMRRINOMRICHL T
WAL OB AREBEP DI MARDB A AT —5, CaCOs IOV T C ORBEHEHA TR & A EKZED
Fedp o 1205, AEIRIND b OITHEST 5 AU OEREEGEL TRE P12, UL CaCOs Fd Z1n
5 %102 M Tit, PHOREBMBOVTNOELTL D gl

Firh B, REEEY NalHCOs &L THALNICE XTI COMEOHKE 2 EET 2RI LA LWL
73, CaCOs & UTHELET A& Xi2idd 28HNTIE & AREOISEERY® 2 D TIZED A5 o BFIT
31T BIREERNE, AR T X 2 EREE O C OMBEOR B IFEE SR E2 SATIT20 b
IRV,

(7) CI- BXY SO~ OBEMK
WKARIZIS B 7 =4 L OF B D% E) 5 Cl- 36k 8 SOy~ OBEWIZONTHENIL, T/4abb,
7 = L RENER T o IO O, Cl- 70t SO REROEEBEK THHUL T, ALY
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Table 16. Effects of Cl~ and SO4~- on the growth and the sulfide-producing activity of sulfate-

reducing bacteria strain S M1.

Modification of the simplified artificial Incubation time (brs.)

sea water 20 41
. Sulfid Sulfid
Onmitted (M) Added (M) Cells/ml 9% | Cellsiml 25 0

Non Non 108—10% 0 109—1010 0.047
NaCl(0.460), Ea§g3€_éoéggc;) ’
KCI(0.010), oA ’ 108—10% 0 108—10% 0
MoCla{0.052) MgS04(0.052),
T Glucose(0.230)
NaCl(0.460), NaBr(0.460),
KCI(0.010), KBr(0.010), 108—10% 0 102—108 0
MgClo(0.052) MgSC4(0.052)
*(NH4)2504(0.028) NH,Ci(0.056) 108—10% 0 103—104 o]

Incubation time (hrs. )

50 92 120 140
Sulfides Sulfides Sulfides Sulfides
Cells/ml =S mg/ml Cells/ml S mg/ml Celis/mi S mg/ml Cells/ml =S mg/ml
109—1010 0.135 —_— 0.123 — 0.116 108—109 0.097
—_— 0 109—1010 0.073 — 0.136 108—109 0.123
— 0 108—10% 0 106—107 0.024 109—1010 0.102
— 0 103—104 0 102—10% 0 102—108 0

% With the medium in which requirement of SO4~— was tested, Fe(NH4)2(SO,4)s contained in

basal medium was replaced by the equimolar FeCla.

WACBIERIER 2 A2, COBE, B FFUOBBEZZNTH—EIRIED XTI, T DREIIE 16
FITRTEY, Cl-iH2 T TN T2 SO~ HFE 0T Br- T A b L, FOEEIIIZIZTIIN
o TBBBIE HORRE L AYBOMIAEES A LN, —F, SOy~ HEeenzho Cl- T
EPATBEIELBEPBL LB P-12, CORE, COMBEDCREICE > T Cl- i3isx b LMET
137y SO BIRERT/ROD L HIWHAL D, BEECOMBEICE > T KESZEERE UTEEHE
ETHHpL, (Bl & dOKEZBRAENZNEEIUL) RARTH 5DEFSREEONS,

DX, Cl- 2NANAOREICETy (Nat (ZEBREIWCHEETS) BHTHEEL, COMEDHKERL
OwiftiEEAE & Cl- BE L OBR %2 AT, ZOMBIIE 17RCRTED, Cl- 2& LA W EEI
LERBEDISL o To 3 OEE R & OHAEERIZED TN L, ZOMOBEGEFANTRETHRES L
activity 23 Cl- BEROIABELMT A2 L3460, /bbb, Clo i COMEOREBICTLUTIEE
AE, FTIED TEPICUPERINGND, dIEHERTIRBEEICHEM U CREEEERZE Db 0L
Bbih s,

— 51 —
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Table 17. Effect of Cl- concentration on the growth and the sulfide-producing activity of sulfate-
reducing bacteria strain SM 1. (The composition of salts solution employed for the preperation
of basal medium was: (NH)sSOy4, 0.028 M; K5Oy, 0.005 M; MgSOy4, 0.052 M.)

Added to basal medium Incubation time (hrs. )
(M) 27 a1 50
Sulfides GSulfides Sulfides
NaCl  NasSO, Glucose Cells/ml S mg/ml Cells/ml & mg/m} Cells/ml -5 mg/ml
0 0.264 0.264 108—10% 103—10% 0 105—108 0
0.026 0.251 0.251 108—10% o] 10%5—10%? 0.010 109—1010 0.012
0.052 0.238 0.238 108 —10% 0 109—1010 0.015 109—1010 0.028
0.104 0.212 0.212 102—10% 0 109—1010 0.024 109—10%0 0.046
0.158 0.185 0.185 108—10% 0 109—1010 0.028 109—1010 0.080
0.264 0.132 0.132 102—10%8 0 109—1010 0.023 109—1010 0.095
0.528 6] 0 108—10* 0 109—10%0 0.033 109—1010 0.092
Incubation time (hrs. )
66 92 938 140
Cells/ml _g“ﬁ;d/f‘;l Sulfides =S mg/ml | Sulfides -5 mg/ml Cells/ml _g“fgdﬁ;l
109—1010 0.007 0.058 0.079 109—1010 0.061
109—1019 0.108 0.085 E— 109—1010 0.041
10?—1010 0.116 0.088 —- 108—107 0.040
107—1010 0.122 0.075 — 109-—1010 0.048
109—10%10 0.120 0.080 E— 108—10°2 0.026
109—10%0 0.106 0.061 E— 108—10° 0.052
102—1010 0.137 0.102 _— 105—109 0.044

F 7z, SO~ ORBEPRIC OV TIZMOKERZEARE & S ICBELDUABRERTH %,

(8) POy~ OFE
POy~~~ RIZOIHBBIEHUCN AN ADBED (NH)HPO, 2MA T, TOMEDFREE S L OHLYE

Table 18. Efféct of PO4——= on the growth and the sulfide-producing activity of sulfate-reducing
bacteria strain SM 1. (Basal medium was prepared with the simplified artificial sea water from

which (NH4)sHPO, was omitted. )

Incubation ti hrs.
Concentration of ncubation time (hrs. )
(NH,)sHPO,
added to basal 23 37 59 106 208
medium (g/L) Sulfides Sulfides Sulfides Sulfides Suifides
3 Cells/ml S mg/ml Cells/ml S mg/m Cells/ml S mg/ml| -5 mg/ml Cells/ml S mg/mi
0 10+—10% 0 10+—105 0 107—10% 0.082 0.209 | 10°—10% 0.123
0.015 10+—10°% 0 106—107 0.096 | 105—102 0.19! 0.189 10t—105 0.121
0.030 10+—105 0 106—107 0.098 | 107—1010 0.210 0.193 10°—10% 0.139
0.075 10+—10% 0 105—10% 0.071 | 109—1019 0,194 0.194 105—10% 0.124
0.150 10%3—10% 0 105-—10% 0.049 | 105—10? 0.147 0.204 10+—105 0.142
0.300 10+—10% 0 105—10% 0.066 | 109—1010 0.143 0.185 105—10% 0.129
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HER % 12, ZDFREFIZE 18 RICRTBY Th b, T4bbH, POy~ 2& HIARVEILT S +4597s

HE LU EREAMR INTohs, ZOEEIS LN activity 131D d DICISIT B LD A b3 o

12o —J7, POy~ % 0.015~0.300 g atoms/L A 78Tk, WER T EALKER IRBE LI,
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# =
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Z  DREENBETH A1) C LI HMOEETH DD, ZOHMCONTIZRVBEL TR, 20
FRBHD—DF, BHWCHY & U TEAINIWMBOEF PR C NS ItDThs, 2EiT, &
B2 St S IEEPREER L L ERBD Tl o UL, MRS AR EICHL A TSN,

#2132 SHANKAR » BARD 13) IR ZNENBN T2 HERIBEL, » 54 o Z#iig “Permutit
H—70” 38 L8 7 = L 558uiis  “Permutit A” (T L o THEEHI O OFEYIGERRL T, O
L > TEE AT RRETACEWTEIILEPEEDLU LY, FMLROEEZA -T2 Chhb L g
I L OBET E DL OWBOFRMEYORAL TRBNETh-IEBbN b, LhULbdEd, BE
OEBCIBNTEOEEDRRBICARARTH 50, DHVEAREEEERAZE > THACEPREINTZLD
TCDONWTEBL L LENZNETHATD b,

gz B, Nat, K, Mg* 8L 8 SO~ ZCOMEOHKE I OHIERITE > TUETHY,
OEEIL D AEAEAMNCISN T NG A X ORECENIT 2 EBZ 51D, F£T2, POy o Tig Ak
SERRAL R TIX & ORTIRYEDTR IS he o T2 %, MIEOREERITI Y 2 BBEDBER L, F128 LD
TSI 2 COEDBEEPS ZATIDOLDIBELLNMATH A EALN, AERITKSINT S KBE
T TIRIFER COBRBICHEIT 2 C EaiRaniz, Cl- § AL Z O EMIZ R T X iy, (K
EAfFiETO growth response LA TiSE b L BEDEBEICNAIRIZIOTIXZE»A 99 1z, HCOs-
CWNWTIE, ZERH S O COx ORI 183 p -1t TLETHBONIHELZOFEIED AT LT
XIpW —RRICHIEE O MEESIE BRI £ OBRBIAMFIC T s TR ELHEMIN B3, ¢ L HCOs- Toun

Tik, ZOMENS facultative autotrophs MD—2 & AL 3N, Ho OFEE T TILIRERIED AT BRI %
IKEZ AR U THIREEDARICHIET 2 L ZALNB10D1D OT, COZEPS LTS COME I
T 5 RBREOBERIIER TR0, UL, REBRO L I - OERRER L NI 200 F — 8
WEET S L 31K, F& UT heterotrophic RHF 2R 5 10D ICRBIRITABITIER INT, 20%
BREFERL D CONIHLoTIEADOBEBRETIIENA S e L ORMBIE - HBREETHEORE & O
RO THE, POSTGATE 18) 3 HCOs~ 70k COx KL - TREVSHEEINIIEBEL T D,
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MSETH AT ERHELPITULIZY, A#ICisty D Nar OREEI-ONTOMEEL Cl- it 3 5ERicH
WTORERE Z2HRT A E, 0 NaCl o pZiE: Cl- b d Nat OREMER L3 FMU TS &

bbb, UL, Cd Nat 2D OORBERFEE, Mo A4 AT 5L il aRxined
WA, RS oTh -1, gy K, Cav Firpd Mgt ok » T—ERREMICRB INA T & 2in
biick, —ficohs Nat PISAOEEIC L > TEBEELEDLND & 51T, ZhHB KT 2
SRS LT o THEBE B L activity KT 5 CEWRINT, '
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Trrh b, COMBORB T AALDONFX XN T =F v OSBRI FIERE TR 7. S,
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COMEOHRE B L activity L& LTHET S 30 (ZOMOEEMSHIZINTIE 2iwd) B’
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