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Studies. on the Marine Sulfate-Reducing Baptefia—VlI.
Relation between the Activity of Marine Sulfate-Reducing Bacteria and
the Oxidation-Reduction Potential of the Culture Media (1)

By

Yoshihiko Hata, Hideo Mivosuar, Hajime KapoTta and Masao KiMATA

The growth and activity of marine sulfate-reducing bacteria are significantly
influenced by the oxidation-reduction potential of the environment; these bacteria are
able to grow and to reduce sulfate only uﬁder the condition of a relatively low Eh
value. These microorganisms on the other‘hand tend to create reducmg conditions
in the environments primarily by the formation of hydrogen sulfide which is an intense
reducing substance. It seems, therefore, important to study the relation between the
activity of sulfate-reducing bacteria and the oxidation-reduction potential of the
environment, when we consider the activities of these microorganisms in relation the
various biological processes taking place in marine or estuarine environments.

The present paper describes the response of marine sulfate-reducing bacteria to
various media having different Eh values as well as the effects of the activity of
these bacteria upon the oxidation-reduction potential of the environmental media.

The results obtained are shown in Figs. 1—9 and Table I, and may be
summarized as follows: :

(1) In the media containing L-ascorbic acid or NasS as reducing agents, marine
sulfate-reducing bacteria required an oxidation-reduction potential of lower than Eh
+0.20 volt for the initiation of growth. ’

The lower the initial oxidation-reduction potential of the media, the shorter were

the lag periods in the growth and in the sulfate reduction within certain limits. When
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the oxidation-reduction potentials of the media were low enough for these bacteria
to initiate the growth, however, the maximum number of cells, the highest concent-
ration of sulfides and the lowest value of Eh which resulted from the growth were
almost constant regardless of the initial Eh value of the media. These bacteria
generally lowered the oxidation‘—réduction pofentials of culture media to about Eh
—0.20 volt. o -

(2) The growth and the sulfate-reducing activity of these bacteria were partly
inhibited by “free hydrogen sulfide”, when this substance was contained in the media
in high concentration. But in case that the greater part of the sulfides occurred as
FeS, the growth and the activity of these organisms were not retarded. These results
suggest that when the sulfides are contained in the form of “insoluble metalic sulfides”,
the growth and the activity of these bacteria are not suppressed, even if the concent-

ration of total sulfides present is very high.

YR PEPE IR I T E I RSB T - T BL0 X 5 LR DEVEREE Ficis
NWTOBEBT B ENTE Be X, C ORI OWBIEETLIERIC & - TEES N LY
BN ETHEE TS Bh 5, ¢ OWMEORBILE b 5o THEERMOBIGETEMIFL (R
BT 50 N THING, UlhisoT, € OMIEOHTED 5\ IZIRERTLIER & REER D
WAL LA & ORISR, EREETICHT 5 C OMBE OB 5 0N N M DERITRIZ
TR R AT B 30, BELSTNERS RVEESTEO—2THHEBEALN b
IO BT, bivbiud, < OMBORE & OBGETUENE TAl S LT
L-ascorbic acid OMEEF & OFRICET 2 PMINER21T5 7200, AR TR INZMEL,
COMEORE B X OTHEBEETCIER &, B OBRIGETTEN & OBREEA OB L S 5
b U R LI R A R T 5o

(1) EEMEREESTREORER S CCREERTHERCKRET Lascorbic acid @
BE S : o . .

LN EFTOERICH T, AR R T ORE DB BRI 2 S A BT
BB 0.1 g/L 0El& T L-ascorbic acid % RN L THEE 24772 - TR, TR
HEC RIS B Le-ascorbic acid MBE 2 MBI » A B G, COMEORE, HBREET
M %5 & O OB LRI 2 Tk o T ED & 5 /s8R 50 2GS U1z KBTI
R OB TH 5o - ,

Medium ] ® * 95 L-ascorbic acid #Bxu iz d 02 E L, Thid L-ascorbic
acid ZHEx OPEBIIA, CHhoDBDBOI, RERERTAE OMEED 5 &7 IEkE
PRI B D BFREATE L C 30°C ISR L, BB B RRE s b KR O MR LR URE

* (a-lactate, 3.5g ; beef exiract, 1.0 g ; peptone, 2.0.g; L-ascorbic acid, 0.1 g; Mg30y -
7H,0, 0.2 ¢; KyHPOy, 0.2g; FeSO,+» 7Hs0, 0.2¢g; agar, 3.0g: filtered sea water,
1,000cc ;s pH 7.5 )
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Growth of sulfate-reducing bacteria at 30°C in the madia containing

L-ascorbic acid in various concentrations : medium A, O g/L; medium B,
0.01 g/L; medium C, 0.02 g/L; medium D, 0.03 g/L; medium E, 0.05
g/L; medium F, 0.1 g/L; medium G, 1.0 g/L. i
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Fig. 2. Development of sulfides by sulfate-reducing bacteria at
30°C in the media containing l-ascorbic acid in various

concentrations.

Concentrations of l-ascorbic acid

in the

&, medium C;

media were the same as those employed in Fig. 1.
O, medium A; @, medium B;
A, medium D; 4, medium E; Y/, medium F;
¥, medium G.
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Fig. 3. Changes in oxidation-reduction potential of the media
inoculated with sulfate-reducing bacteria during the incu-
bation at 30°C. Composition of the media and their marks
were the same as those employed in Fig. 2.

BRI DTEAG % SRESICHTE U 1o BEMEEIRRIRI 2 o0, BT E & 5o TAIRE» 5%
EOBTIEENEAINE DRI TH > T, BBROFHEIROITIETL 2125,

T b, ARG E 2, Medium 12 2 5 R %2k &, F72 FeS04 - 7H20
OEEE R 0.05 g/L & U ieikissh™ 1 30°C TI6HMaTE#E L, <% 2,500r.p.m. T5
AR U CERE L, WEREKT 2 ERES, BEEKCHEBE U, CORKEREER
0.01 cc/L D#l# TR HICEER U7z,

W ORI Medium 12 % 1T extinction dilution method 12 & - T34, Hifl
WOSERITE L - N OTTEED KRt o 1z, F1z, FEHOBRLECEM OWE I IZEIIZER 2 H
Wize M35, WEEITIWVWL T, EEINATIOBL, BHEURE 0w, BRI ORmZ
¥ 2 cmDE X ICHEREN ST 7 4 v TE 2T

EROERIZE ], 28X 3MIRTEY TH b, T/4b 5, L-ascorbic acid HERIID
TR 50 T, FREREE ORI OE RS & & 1B LIz D LT, L-ascorbic
acid % 0.01 g/L*™ P E& el (375b 5, initial Eh +0.2 volt FEELIT DR Tid

% B EREHI D FeSOy+ 7Ha0 %/l Uicoid, #ice 72> T FeS BERITEAINL D
BH 1D ThH D, .

wx SO EEATIE, L-ascorbic acid M 0.01g/L OEHNTISNT AN A D LNB P -
195, CAuY, ZOBICHNTIMIED age M OFEBRITHNIIEODZNLD old Thoizl &
TEASOTRNPEHTINS,
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B 12~20 RE[EOLCHIE LB, 70~80 B EIAL THRASL (10°~100 cells/cc) 1CEEL T2,
C OHIERE L L-ascorbic acid OFRIIBDL VS DI ATER S o1 WHITE § 725
WA PER S, T L IZAFEOEN%ZRL, 0.01 g/L Likic L-ascorbic .acid % &30k
HTI230~40RF MW > & ST U 170 C OAEREE b F 72—f8iT L-ascorbic acid &% m
EVEHICK T AR E ot BHOBRETEM T, BFZEBIBEITIZ MR L-ascorbic acid
DOREDOEN S ORERWEZR U2, EERNOMRX 2D TSN OBHT S, MEOR
B2 b RO ERIC & b 75 - T2005R8T#H D 5 28 CF&TDLO F72, CNWBEREET
T 5 TOMMIL, WMEORE B L URMBEOREIE - AR Lascorbic acid MIE DL
%@Cbiéﬁmmmotm,ﬁ%zﬂﬁﬁéﬁﬁﬁe®é®@,mﬁm@ﬂmfé FEL
¢ Eh —0.15 volt fHZEDOMEE TR U ‘ '

COBALRTTEMOBETIZEE U THMOERIC L > TR DEHEINED, 51,
2B X0 3 MR HEMET 5 &, BIGETEMOBE R b3 b7 b WAL ERICIET L,

HREERE, JOEBBCEEL TR TR LT A LD, 2L TLOALEICHE»D

A%, RIT L-zlscqrbic acid DERINES 0.1 g/L & Uizisic > THIERRB 28 L T
FEFAROER 2T/ o1, ZORBBIIEANICRTEDI TH 5,
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Fig. 4. Relation between the growth of sulfate-reducing bacteria,
the production of sulfides and Eh of the medium at SOQC-
. (initial concentration Of L-ascorbic acid: 0.1 g/L).
BEames, number of cells ; —-@—, sulfides Formed;
«+(D---, Eh of the niedium.
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Tibb, HHMOBLETEML, HEORENRED S50 LA ERRIC (1585 &
b)) BF UMD B OEING & & 22> THRRIE L B o728, —F, F{oERE L)
3N, ZEENBICZ > T UD THRIEUBTIT, M EoERE, BHoBbEoEMORET
P35, M & A EBBEPEICE TR, OB RICKT T A MEOBEMHEICHEL T AL
FERLTWV A, :

(2) BEMTRREETHEOREL SPICHREEETFRACREIHRILMORE

EEE (1) OEE, RHifcfEEd 5 L-ascorbic acid DEEVPFH L LA LI ->T, L
OB ORE 72 b NCHBEB T OHEEIN A & {725 CEWHE LT 27005, KIT, T O
BB RBRDOVDW 2 EITGRAEET 2550 L 518, W22 RBICERT 2 BHICERT
BEE, ZORERLOHBERTIERVHCIIT X > TR L 2 B2 R0 200 2T %
7z, L-ascorbic acid b i NaoS %M+« OWEICRINL 12 AT (1) SR
EERR AT, ZORERIIES, 6BLETHICRTHEY TH 5,
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Fig. 5. Growth of sulfate-reducing bacteria at 30°C " in the media
added with NasS in various concentrations : medium A, O-mM;
medium B, 0.01 mM; medium C, 0.1 mM; medium D;: 1.0 mM;
medium E, 10.0mM. )

bbb, NagS % 0.01~1.0 mM OBEEHIA 728 T3 L-ascorbic acid DG LA
BT X CHEL, NaoS ORMEOZ S 0Kk 58, 3H, WERZ 5 i
AL E BN TOMEINA E o1, KR3IT, NasS ORENI0 mM ORMTIRFEEL &
OTABIE R OEEDS 0.1~1.0 mM OBE LD v A > TE L8 h, NasS #E 0.01 mM
DR T D 7 CILE T 2 BEICE EE o1z, CHUL, Fifbnid 3 BEL FOREICHFLET
&, COMBEORES S MITHREBEBCERY —HHEFEsNL D LEDN S, 27T, C
DEEEIHEDD 5120, ROEBEPEST, | |

Medium 1 2 7» % Ca-lactate, FeSOy - 7 Ho0 25k ¢F L-ascorbic acid % Bk % lactic acid
% 4.0 g/L Tl A7 b ORI L, Al NasS+ 9HoO3k L ¥ FeSO4 - 7H20 2
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Fig. 6. Development of sulfides by sulfate-reducing bacteria at 30°C in the media added with NasS

in

various concentrations. Concentrations of NagS in the media were the same as those employed

in Fig. 5.

—@— and -+, medium A; —A— and -+ A, medium B; — % — and ---\/---, medium C;

— % -— and -+, medium D; —@— and ---©-++, medium E.

——: inoculated with sulfate-reducing bacteria; ----- : uninoculated control.
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Fig. 7. Changes in oxidation-reduction potential of the media inoculated with sulfate-reducing bacteria

during the incubation at 30°C. Composition of the media and their marks were the same as those
employed in Fig. 6.
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BOBBIRINL T ERE @O LECERE, BER2TSV, MEORE. W{yoLEs: 5
TR AR TR OB B R AIE B Ul COBAIC ST AL, “UERERR KSR
EREMSETALE ST TER LIS, £ ORIR iéf’ﬁ 138, BLOES 55N 9 RITR
THHTD 5,

Table 1. Production of Minsoluble metalic sulfides!’ and "free HaS/"* by sulfate-reducing bacteria in
media added with Nas5 and FeSQ, in various concentrations at 30°C.

Concentrations ’
of supplements Sulfides (HpS mgfcc of medium)
Medium (mM) :
NaoS | FeSOy | Incubation time (hours) 0 23 46 70 142 214
Free HsS 0.012 0.014 0.208 0.137
A 1.0 Lo Insoluble sulfides 0.018 | 0.0t1 0.029 | 0.031
Free HsS 0.010 0.088 0.063 0.077
B 1.0 10.0 .
Insoluble sulfides 0.021 0.013 0.240 0.159
Free HsS 0.012 0.007 0.033 0.041
c 1.0 50.0 Insoluble sulfides 0.020 0.013 0.222 0.218
b Free HaS 0.173 0.114 0.090 0.123 0.177
0.0 10y coluble sulfides 0.019 | 0.025| 0.031| 0.034| 0.044
Free HsS 0.068| 0.023| 0.156 | o0.110 ’
E 10.0 10.0 Insoluble sulfides 0.154 | 0.125 0.250 0.286
Free HsS 0.779 0.648 0.554 0.332 0.202 0.102
F 0.0 1O coluble sulfides 0.031 | 0.03 | 0.032| 0.031| 0.028 0.027
Free HoS 0.125 0.077 0.088 0.089
© 8001 50.0 1y coluble sulfides 0.777 | 0.634 | 1.098 | 0.485

# detected by steam distillation from neutral zolution.

Tb b, medium A, B L C €EIFA L 31T NaoS OEIIENDIT VD, i
medium E #5105 G 1251 5 X 51C NaoS $% < T b @1 FeSO4 + 7 Ha0 DR IE

2 fit-> T “EHEENLKE OPRBEFERNIFHTIE, tE A “REBEREWIYT (2o
403 FeS) 23R THEBICELEL T, 2RAFEERBIIANTH >, —/5, medium D
BI F izt s X 51T, NaoS iz LT FeSOy» 7HaO OFEIMESNB U AL DL
Pl TR & “HWHEALKTE” PEBEICEAT 2T, B ORIFERRAEITCRENLS 5

R EmitEE Z2hFhn medium E B3X 00 G BT A LR EASABETH R LMD
59, B L FCHALERIER WL U 5 U HEE N, #F “EEmR{bKkE 2o
Z medium F @80T 214 BERBICLFEENELL ALNKE» o1,  F12, medium A
BIO E KBTS L51 BEICc baoT “HEMRIMKE OBERVPEHEICE 2 t%z’wj
HBOFEDAEI N AHEHAD A 5N, HOBRGRTTEAIZ, 2RICHEZ 5 ICHBIE
TEVERIC & b 72> CEBUCEET Uiz,

*OEI e MIBOERES T, B RERBEE T o E (M ovn YHET) FELICEE

WEHRTA LD TH-T, BEIERTD free HoS O&RETE O T,
R LEOY TR L ICRoEE R, BREBRBE THRE UL 2IBETS 0,

— 22‘_
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U TS LS E UTEET % & Xtk
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0.8 mg/cc F2E) THHoTEFEFL ST
TEREE TERIZM 6 HE 2R T s &
HHR S s oTz, UL LT, Z0 i

HERRALKSR” i X AEERZ I HaeS
0.15 mg/cc LI ETH 3 é@t?@ﬂzéméo
F 72, RGO WIFEHEEERRLKEET OB BN
BT EIIIDIICFEE N AE & 1172 medium
DIBNTIE, PR IBLINTHEELZLH N
KT O AEEL BB S 0Lizhs, Chig
“EEERRALKERT OB, RET S & T
BN X > T2 OHEBHEILIZIZD D,
F13 COEE (0.173 mg/ce) DHiLK
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1COTH 5 Ho “WHENILKE OBED
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Fig. 8. Growth of sulfate-reducing bacteria at 30°C

in the media added with NagS 'and FeSOy in

various concentrations:

medium concentrations of supplements (mM)
‘ NasS FeSO,4-

A 1.0 1.0

B 1.0 10.0

C 1.0 50.0 .

D 10.0 1.0

E 10.0 10.0

F 50.0 1.0

G 50.0 50.0

- )
& +0.10
o -
> ,/—-’8\.\\ .
z 0 T W ;
(L N— .

= k/ﬁ'i'\:\ SN R S 7
= —0.10F N I v-
=) R - o o A
= e

) T,
=]
jan}
&=
(2, —0.30F
o
: L L 1 i i X 1 i 1
M D 20 40 60 80 100 120 140 200 220

INCUBATION TIME IN HOURS

Fig. 9. Changes in oxidation-reduction potential of the media incculated
with sulfate-reducing bacteria during the incubation at 30°C. Com-
position of the media were the same as those employed in Fig. 8.

«-(O--+, medium A;
<o /\-+-, medium D;
—¥—, medium G.

wia@ain, medium B; —&@—, medium C;
—A—, medium E;

.-, medium F;
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AL AL LD (1 0.03 mg/ce) LIzHBICHNT L HENTOLNLD -TIH, i
W ARTADHINZE AT & > TEIEDFTER LU IZTZD TH S o ‘ -

o &

PDEOER (1) Lo (2) OFE, H#ifRs 5 Lascorbic acid #1013 NasS ©
BEE L s AR OMBEORE, MBREREGERS S zhbite §7s 5 BOR{GET
BALOBE T T HPMCE s EMBBEL T o, L U—RIC, FEEMPEY & AT,
FHE DK D ITER SN AR, MAWERER: S OB ETCEN OREEITE, By
BORMEDZ DI BEEHSNIEDP 1, TOC &k, b ORTLHEYEL ZNHIKT
DHIBEOICBHC R S N2 DT L, WHMOBRLETEME TR E UTERT 2 2 & 2RT
LDOTH5 5, 2% b, ThdOPEOEENEOIEEFHHOIRETEMIE S 29,0
FAUCE BT, COMBEOFREHBE TOMBMEN EAbDEELOINE, —T, &
B2 (2) OFEELL DB L ST, M TEBECHGINEAET 5 &, OB LETEN
VB U A LKL AT E bbb, A>T OMEADTKE L 5 FIThRiLE O Kh i
flahicdd, ChidkBO “EEERILKE" X 2RBEHZFAEE 7D TH ST,
Hie Fetr+ DHEHELTREMED FeS & L THEMET 5 & %iTid, £WbIIRES MY TF <
(HoS & LT 0.8 mg/ee BBHE) THHITES 2T EBPESPITE 0T, TORITINT
i, MILLER D ) § ¥ 77, WHERHEETHE Desul fovibrio desulfuricans 1T X ATHALD
FEIR DS KB DT L » THE S0 553, BiAb/KE % BRI N & & TH & 233
Hii< Fe, Cd, Sb, Bi %11z Pb X ofb&®ema CREEmiE L TS5 L,
FAC D ERDIERAICIS B L E R HEL T %, BRI IEE TTHIE O R E 725 ICHilgE
BILTERC S 2 BB O I OV CRBEFEMCREMRTH 523, Fett OAL 5 PR
VEHERIL 2 RS 3 Z DOBE A4 F it L > Th, TOMBEOFE T 2HiALKIEDH
EIERRBEINZEDDL 5 TH %,

BIER IR, BE, $2OMREEE 2 ERT 2 DEFHUZRICETENTED,
fo & AEFEHEOEIICHIT 5 red clay HidEE, B#Y, CaCO; B LUOKTZRVIZE
DI T Fe j3 FeeOs & LT 6.18~9.59 % (¥ 7cb B 387~600 m-mol/1,000 g) HAET
B0 96, KIRITISW TIZAEE S NTRAGENI KEB DS ABEER L & U CHERd 512, C
DOMEDFE /5 b TIMBRIEETIER I “EERALKIT w X ABUEER 220 5 & &g
Bl TiTebh s b INS,

;Ric, RE (1) OFE, OB LEICEN O% P tOERICHEITL, L AFE
ICE BT AL EMNBEINIY, CHIERSLEES ORI LY EEE THRIN
NN EOTALY E 1213 2 DMBD BTG E OERIC L > TR - 128 Db, & AUV IS
Ut B AT § E T BILIERICE o THEUT D EEAL BN S, HBEHITDNT
1%, CLIFTON 59 25 Escherichia coli 17T, F 72 StoLp®) 35 Clostridium butyricum
WDWTIT 212 BRSSO TIERE L T 503, COEBROBEEIC B LB TEMOBE T L5
WML E AR DIBITIER & B BEN S 5 5 LRSI N 2, $T0, COMBORE S b O Chill
HOBTTIEAIC & 3 72> TRET 9 2 B DB B UM OB, M E0#ER 2B L T Eh
—0.15~—0.17 volt BETH -1 o

J— 24_.__
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1. MEPEPERRERIECE CRIE L, MnHE®E & L C L-ascorbic acid F12i3 NasS # 5T
BEH I, O RRIGETNEMD Eh £ +0.20 volt BT THNERE LKL, O
FE 5 & OTRIRIERIG O EE L, —EOMPEPI TN A & MR E O BED E L
FERTH o770 L U—HERBEREEL L OB TR, SHRICERET 2 B L O
IWEEE B DRI, 72 5 B LB TR ORIEE I, Hho@F Eh OFEICh»b 57
B —EDEZRL 120

2. BB “EMRLKE” (90.15 mg/ee PLL) ATFEAET 525G, COMEO
FE S FICHREETGIEIIN L L A UL HE S hH, Hi{bhkiss FeS & UTHALE
T3 b X ETEE S b CICHBSETTER IR EE 22T 5oz 2D Ed 5, —BIT, Bl
Wb A SRR F UTEET S & 5T, ERHOBENED TEL TS, 0
B O BIER L ORh 2 e X AEERRIT o0 & RHEE LIS
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