57

iy TRV B R I R B & B o
M fb & Jo D B R

AH] &3

i

AR

W

Relation Between the Activity of Marine Sulfate-Reducing
Bacteria and the Oxidation-Reduction Potential of

the Culture Media (2)
By

Yoshihiko Hata

In the previous paper, it has been shown that marine sulfate-reducing bacteria
required a redox potential of lower than Eh 4-0.20 volt for the initiation of growth,
and that the lower the initial redox potential of the media, the greater was the rate
of growth.

The present paper embodies the more detailed data on the redox potential for the
initiation of growth of these organisms, the changes in redox potential during the
growth cycle in the pure culture as well as in the mixed culture, and the influence of
aeration on the redox potential and the population in the culture.

Marine sulfate-reducing bacteria strain SM| and marine aerobic bacteria strains A]
and A5 which were isclated from the marine sediments were used as test organisms.
For the inoculation the cell suspensions of these bacteria were employed after having
been washed twice with sea water.

The results obtained are given in Tables -3 and Figs. 1-20, and may be summa-
rized as follows:

1) The upper limit of Eh required for the initiation of growth of sulfate-reducing
bacteria was ca.+0.20 volt in liguid medium as well as in semisolid medium.

This upper limit somewhat raised when heavy inoculum was employed. In the

latter case the lag period in the growth was shortened to some extent. These
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facts may be explained by the introduction of the reducing activities accompanied
with the active cells of the organisms in the inoculum.

2) When aerobic bacteria coexisted, sulfate-reducing bacteria could ‘grow in the
media having initial Eh value higher than -+0.20 volt. This may be due to the
lowering of Eh accompanied with the growth of aerobes.

3) From the observations on the redox potential in various portions of the culture
and the Eh—growth—sulfide relationship during growth, it may be éuggested that
the development of reducing conditions in the active culture of sulfate reducers is
primarily attributable to the reducing activities of cells, and that sulfides formed
and Fe* contained play an important role in the production and the maintenance
of reducing conditions.

4) In the culture of aerobic bacteria (strains Al and A5) the intense growth and
the rapid fall in redox potential were observed when vigorously aerated.

5) When the culture of sulfate-reducing bacteria, in either logarithmic growth phase
or accelerating death phase, was aerated Eh of the culture raised rapidly and
sulfides in the media disappeared promptly but the viability of the cells were not
so rapidly disappeared. Especially in the case of mixed culture with aerobes, the
aeration hardly influenced the viability of sulfate-reducing bacteria. This may be
due to the increase of protective effects accompanied with the vigorous growth
of aerobes under the sufficient supply. of oxygen by aeration.

B 1230 C, ML R BRI R TE AN 13 b b DB VB FERE A2 Eh #9+0.20 volt T THhIVERE
BERAL, ZOEEII I Eh piENE SR XN E RAL I LTI, ARTIE I LI COMBEDOHAE
BEiaic E Eh v ChL GEIEL, SIRSEE S 1135 RIUEE & ORERREICIST 5 Eh OZ#),
B BN D DIERICHT 2B OB ST OV TR 2 Ofi S UTTRR Bl %,

X R A &

SRR, WERSD 5 OFMBREETME ORI L T O & JEL THEENL DI IR TH -
FAPEEEIEE A1 BE d0 & OB SEESHE S NI R AS BRe, ZnEh SMi g
LI,

9. RS PSS I H T - TAIESED O MEOBTHEWEPEA SN DD 2k (T2, & 122D
e 30°C 2 BB S @ik % 2,500 ropom. 10 43 CEOEE UK T 2 mrEfcEEmL, O
RSB 10-% ml %% 300 ml ORHUCHEREL T, U UEER (1) KT, VAN ADOFEEICERIL
yr KRBT P . BREECE, S - RERERREEL 2 HL I, TR E TN T 30°C
Thol2,

1. REBIUHILWOAT : MEBEETCHEOER, 551 BOMBICER 3.0 g/L Z2IIAT semisolid
¥askkzsh T dilution count L, T OfEm» 5 M.P.N. 2RKDTRLI TF MR, ZOBELL (DEZHip) *

1. HESRINE  FORIEE SRR OEERICIST B & AR SRR SML D BRI, STCk

* Peptone 5g, Beef extract 2g, KNO3 0.5g, Agar 15g, Filtered sea water 1,000 ml, pH 7.2.
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Table 1. Composition of the medium employed.

Ca-lactate 3
Beef extract 1
Peptor;e 2
MgSQOy « 7H,O 0
KaHPO, 0.
Fe(NH4 )2(SO4)s « 6H4O 0
L—Ascorbic acid 0
Filtered sea water 1

pH 7.5

ZFWT plate counts U7z, HIohidbii, Bl - GO HED TREELIEEL, ST. LORANT #Es) |z
LoTAFV T — T A 610 mu THEHLETERL I,

4. Eh BX pH OFEE : Eh 3 ADEMS L CBHRER2 B0 TEAESFCHlEL 7. pH ORIEL
#HoAHEM pH 4 — 42—tk -7z,

(1) RERAECHLER ERh OULNILEEEBES OBEE

BRI T, COMBIEETEYE & T L-ascorbic acid $7713 NayS %#&{riih Tl Eh 5%
+0.20 volt LINChIUERE ZBIAT 50 & 2A7205, CORBRMBICHER Ehdr v 2351t db
ULFHDT20, DXOERPISTIL o1,

2B 1 RO & L-ascorbic acid ZBROIIIEAIGH, 7013 CAUCKER 3.0 g/L %NAIC semisolid
M2 2N ENEEEREHI & U, L-ascorbic acid 2" AULADBEICIIAT 9 ml FHOREBRBICTEL, C
NHITDH S0 UDIREBKT 1050 OFHEEFEICHR I RBEASREE 1 ml 28EL, chie
SR ANISWD S WWEPCER L TT X 3100 —c D38, WERE T 7 1 o 2 BEEL T 30°CIRIE
L, BEVIZUE AP EIRAhll, COBE, FRRCREESNIZERO WSRO Eh 225013 U & &
RO(2EBR) sktsbb (5 EME) TlliEL:,

ZTORERITE 2 FCRT 30, WA O TIZE] Eh +0.188 volt (L-ascorbic acid 0.1 g/L)
TR A REEE 2.2 x 10~2.2x 108 cells/10 ml iTH iz - THEV A 54, 2@l Eh +0.208 volt (L-
ascorbic acid 0.06 g/L) "CIZEEE 2.2%103~2.2% 105 cells/10 ml {Z 3N TREDIZ D Z »7205, W
Eh #+0.231 volt Pl (L-ascorbic acid 0.02 g/L DITF) & X2 EOEBETY 5 HEBITISNT S 4
{FEET AP oIz, —J7 semisolid Bl TiZ, #0843 Eh 25 +0.180 #6k 8 +0.195 volt (L-ascorbic
acid 0.1 #1F 0.05g/L) D& N T#efER 2.2~2.2x10% cells/10ml 1Zh 72> TREIII L E - iohs,
+0.221 volt (L-ascorbic acid 0.02 g/L) iCiSWTIIEEEEE 2.2 % 105 cells/ 10 ml OBE PN TR
WHLNT, FIENLEOEN Eh TR EOBEBRITISN T RLREVBC L o7, REVRUE
DIZHDITNNTH B E, —IC Eh RNZ Y, SEEENE DI ERTOMmSED -1,

PLEORRED S, ZOMBEORE BT MHER Eh 0L ~ovid +0.20 volt {35 FTdh -7, Eh +0.22
volt LA L CIRFEBRMB IV D L Bbhs, £ L CHETES Eh o FIEEE & SEs G
MWdHY, FEEEPEZNEORERTCD ERBMEL P OREFBEVEREL I 80 EEBALNG, HEEH

2 Eh SR & { TLHREVBLNIZOR, BEERICHEEL TEA ISNIIBTEYEIC L T, &5
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Table 2. Relation between the redox potential of the medium and the growth of sulfate-reducing
bacteria (SM1) under various conditions. (Composition of the basal medium was similar to

that shown in Table 1 but L-ascorbic acid was omitted. )

Basal |Concent-ation Eh in uninoculated medium (volts) Eh in medium ar;:rtll; of sulfate-reducing
of L-ascorbic . immediately Inoculum size
medium [cid added Storage time (days) after inoculation| (x2.2 cells/10 ml of medium)
(o/1) 0 14 35 (voles) 10810710%10510+10% 10210 1
0 +0.293 +0.302 +0.306 —ILO(-?(E)SzceHS/mI) —————— - =
0.001 +0.287 +0.20¢ +0.286 | +0.286(107 # )} — — — — — — - = =
0.005 10.275 +0.279 +0.287 | ©0.207(105 # ) — — — — — — - — =
Liquid 0.01 +0.253 +0.272 -+0.292 —_— | == = = = - =
0.02 +0.231 +0.236 +0.270 —_— | = = = = = = —_ = =
0.05 +0.208 +0.215 +0.244 — o
0.1 +0.188 +0.185 +0.210 — e
0 +0.291 +0.310 +0.322 — ] = = = _ = =
0.001 +0.288 +0.300 +0.295 —_ = = = = = _ - -
) 0.005 +0.271 +0.284 +0.288 _ | = - = = = — -
Se"”'sohd 0.01 +0.254 +0.263 +0.284 e - - =
0.02 +0.221 +0.231 +0.277 — e = - - — -
0.05 +0.195 +0.201 +0.226 — + o+ 4
0.1 +0.180 +0.197 +0.206 —_— + 4+ 4+ + -+ 4+
N. B. —:Growth did not occur after 35 days; -:Growth occurred after | day; +/:Growth oc-

curred after 2 days; +/:Growth occurred after 3 days; + :Growth occurred after 4 days.

VA EED B OBTGIERIC L > T, BIEKE L DI { NI I EBESITER 3N TID TR H
3 EIURT LI ICRBEED E xicd, KLU TO Eh iwdEERAICE 28R EA A NG
Wols)e FLT—BEFREMFZUTIUE, FNICE § 739 BIOrEM & mlbEERIC L > Tafk s UTOBRN
LETL, —BCOMEDRENEMINE LD EAbNG, EIMAEHE semisolid Bihe TiE, H
—B® L-ascorbic acid #IRATTIBAIC 3 BEICKT ATHEIEICSIT A L0 d HEENDREOBEEICL -
THREVIST 27205, CHRFECFET & 5 KB EOTPEZOEM « B Ao {3 Eh 254
BVIZC & T, BHETIREREGRO E RO DL R R s 720 B IMER ALK I d e o To
LTk HOW AT, '

(2) BECBIIBELBUORH

BRSO T TH L I LIz & 36 b, COMBEORE I X OHAUERIERIC & & 72 - TR D BRIET
BAIZNHU AU LETT 505, COBMOBK (D { & amiiicisn TdmlbEic & §72 5
X0, HUACNITHRITT AHEEOMINC, XY EBICHEL Tl 2L 910h A5, bbb, HEK
81T HIEBM ORI 2 T T o BLEWEOER L & b, EEESO § >EERNVP KRS
BEZRBL QN HOTIRZOP EEDNDS, CORPELPICT S0 1L BHEMA7 7 2 21CH 1 ZOMAL
wrotohd o Fe (NHe)e (SO4)s « 6H0 ZRUNTZEEHLT 30°C 48 AR L 1088, & 3T
ANAHONER LT Eh 2HIEL, HBRITS) 2BEAOSMHRER L5z, TOEE, Fet 2EEwnik
EHIIBEINC—R 10 2 FLOSMA— Fo v — 7L THE, thEREIL CBRIREHE Uiz,
FOMBREIRCHELPE KD, BERPZOTEIFHEL THELIC - XOBMOEENTHIL, EH
T FEL 2 AEADPA NI PEE L T EFTORER P -1z (A), Fetr 2IAic 400FW, i
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Table 3. Redox potential in different portions of the culture of sulfate-reducing bacteria (SM1)
incubated at 30°C for 48 hours.

En (voles)
Portion of the culture employed and the treatment of culture prior to Culture medium
Omitted Contained
the measurement Fe(NH4 )2 (S Fe(NHa)2(S
O )pe6HnO | O )2+6H20
= 0.5g/L
Upper layer —0.123 —0.180
(A) No treatment { Middle layer —0.111 —0.175
Bottom layer —0.135 —0.185
( B) Sheked slowly —0.121 —0.187
. . ' . . S tant | — —0.168
(C) Centrifuged at 0—500 r.p.m. for 3 minutes flpl:;:i?iiaiz | (FeS) . _0.172
« . . S tant |1 —0.113 —
(D) Centrifuged at 4,000 r.p.m. for 20 minutes ‘{Plrlepcei;)niiaat; i 0,156 .
(bacterial mass)
(E) The above precipitate Il was washed twice with sea water +0.124 —
(E) The above washed precipitate was heated at 90°C for 10 minutes +0.168 —
(G) The above shaken sample was heated at 90°C for 20 minutes under
N L X —0.127 —
the layer of liquid paraffin
(H) The above supernatant Il was boiled for 10 minutes +0.026 —

BIIAIE - ILBEHT LY 20 B Eh 1850728, CUSEEHO 0rsh Fer it l - THE
IS8 activity BEEI NIz EFbis, Fet BIIATCRETIE FeS 2R 7 7 2 aEHNICIERL
1233, C OIS AEHEBM ORI A LY, FIZCOEER 0~500 r.p.m. T 5 JHELL
T FeS %HEL 1235E0T & LEE & I & ORI BN KZEY A S higir ot (C). FIcEWRHToO
i3 % 4,000 r. p.m. T 20 EELUIEAR, R GEEROSEE) 12 EBIR ER2ELALEEIIN)
WL BT IR E 22512 (D) e T OWRPHEAKT 2 MEIEL 1-BOEME» 2 ) BRI, B
OWFKIT L BB &, 73365%7 0.2 volt FE(EN -7z (E), D ¥IT, COWRMEEAEEN% 90°C T 10 731H
MEGEE LIS, BEAIX IS ERU (F). SIoBHEZHE/ T 7 4 o BEE T CEFRERYE O RE
2EFX DB 90°C T 20 R INEL THEE 2R ST BEIEBARIT CAEE L EP o1t (G), —
T T b PR e 10 D RIEND L C R T o X VBN ) DB RS 0T VI E R BN T AT
BERMAINHU AL L ERULIC (H),

P EOERPRET A &, BT AEROEN OB TR T EO SR L EE EERO b DEITTEH
JINE BICBHEL T2 EZALNLY, BUTHEN L D HENTH D I ICAHARD, U UEBTHEWHE
O 5 BRI X N REYE FeS BB M OEMICH TR > TN LEEZBALNT, DPUABE
T 5 &5 HABEOYWBBEEROTI. 2HNETHL LY IKEDNL, 2030 0OEEIELP TN, B
5 < HeS 3 FEL—ERRTIOTHA I,

(3) MRFBELSVCFINERIOREHEEICKIIS Eh DX

VRO & 5 W B E R TTANE OSSR 2 i A TR ALE TR R { U TcREI TS U AU
BT S0, BUFKENES LTS 2 & XICRWEBMPREE OB ZY v L h §EVBEICS,
TIFEMMEOTEEIT & b 75 - TEAPET UBE/LEEMPER S Nict, MRERTHEORE &)
DVPIEIND D ETFHIND, CORBERFPEED G & ALL THRETS 2700, 8 1 RO R H
R 2, $ 7 C O 5 L-ascorbic acid % pRl IR HNC T [ L ORGRIE 2 TSN R
135U, Bh 3o X O° pH 0258, A HK, WSR2 BEMCERE L 7. BEEECAOW TSR ER
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SOY TEBRICIEITL TEHTHTL, REVRSICET 3 & ARCEBIRE 2R 72, FltBo Rz

HEEILIVDUTOBAN, ZORBEEEIREVESICEL Thih ORI fBcs LN, $/5bb
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Fig. 1. Relation between the growth of sulfate-reducing bacteria strain SM 1
in pure culture, the production of sulfides, the changes in Eh and pH of
culture medium. — A—: anumber of cells of sulfate reducers : — x —:

sulfides formed; —@—: Eh of medium ; Q- pH of medium.

IFRMEHE E OBREGIEE B2, 3K) T, WP EET AFSEMESETE IR E 2L D,
THUCE BRI ->T Eh BEHOBENMED S b TAaMITMT UL, FRESTHEOREIZ Eh o T
RN TIE U E D, Eh &L 7 TCchﬂaﬁﬂ%‘meto>k,c®%ﬁ;bmum
NCHALID RS 4 b iz, 2 U THE 2 MOBaITE, HET 2 IFREME (AL ) RFBEETE
OHEEBLIEZNICE 2 LERPEZEICE 1282 202 IRE2HT, BESREUR RIS
M D2 & WIT U TR 72, St T8 3 BIIC/RSand, HEEEEME (AsHk) 13 Eh o
e & ORISR T OREE D I LA LR BT ONTHEREIEL, © &CHIUYOEZE SR 47
> CERBIER 2R LIz, Db, BTl 5 MEFSHEME R EN Eh 36 X N SREORILIIC X -
4’%?3%;01% FHT Ln L, WRERITTME £ HFELUS A BEOEmOEmAIETH 20 W LT, %%

SV 2 IR Eh b 20 EIRE OGN X > THEE 2E XN A BEREEOME TS
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Fig. 2. Relation between the growth of sulfate-reducing bacteria (SM 1) and aerobic bacteria strain Al in mixed
culture, the production of sulfides, the changes in Eh and pH of culture medium.  The marks were the
same as those employed in Fig. 1 with the exception of «--/\--:: number of cells of aerches.
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Fig. 3. Relation between the growth of sulfate-reducing bacteria (SM1) and aercbic bacteria strain A5 in
mixed culture, the production of sulfides, the changes in Eh and pH of culture medium. The marks

were the same as those employed in Fig. 1 and 2.
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CERATEDOELNALY, BLEDT &1d, b 2 MOFKMEMEOTHEORONE (EBAESR) &

EADDE TR S <, F 7o BRI TN & 00— AHIEE & ORI DA S 2 U 3 HENIRS - 9T 2 E
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RN WAL
BT T A IEED RS B C EWTRENTC, AIRBEE N TR TN & fboo—RRIE & 3 HCE
BB G > TERL T % L BN 50T, ILFFSIERE - BILETEA E OBR2HET 50 213
FERIRBBT 31T BB R LM O KRB 25009 2 10 OBE L HETH 5, %0 TUTFOERITISOT,
LN HFHFREMEDRE H 5 VIZEFICHT 285, BntkmE % 103 o LB T B L OB S o
WTRETL 72,

B 1RO 5 L-ascorbic acid R joBHNT, BRI Al £703 A5 OEER DR
CNZRAELRZBLKL D0ME U0 LIS A 50, BIAFSMCHERES 20,
BARIEEE L 720 LIS A DO ANADETERISC ISU, MM, Eh 20 pH %
BIEUTL, ZOMBEIREL~FTET LD TH B,

P69 Al MEPEKERLICES (B4R), SESRECL 3/5->T Eh 33400 TL, HEH
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Fig. 4. Relation between. the growth of aerobic bacteria (A1), the changes in
Eh and pH of culture medium under the change of cultural condition From

aerobic to anaerobic. (A): aeration started ;

Y

(?) aeration was stopped,

L-ascorbic acid (0.1 g/L.) was added, Na was bubbled for 20 min., and

culture was placed into anaerobic jar.

Eh of medium ; .-

pH of medium.

: number of ce”s;;’ — 8 —:



65

T PEYET BRI TN & B DR LB OB AT & O (%
E%.O-oh-o\
"O-o """" O‘O~O_Q ------------ [o]
o+ L
FO.5 e -
*’" 0.4’ \ :A*\\ :2
6. 0F l T o adiee B
W F 0.3 @1@ A, Bopmmmmm & g
e ’
2 A °
=+ 0.2 ; \\ fioe =
R= g ' &@ o
=] i
=1 = ! N -
= + 0.1F E ! @,\ . n
] = ! o S0
=1 @ ' =
0 -5 i
@ = A —
:E ? /1 _106 i
Lg — 0. 1r ;_-g ;1 Sh
= J o
0.2 / {10° &
/ 2
— 0.3F ,‘l . %
/ g
— 0.4r A
110°
— 0. 5_

0 10 20 30 40 50
Incubation time in hours
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The marks were the same as those employed in Fig. 4.
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Fig. 7. Relation between the growth of aserchic bacteria (A5), the changes
in Eh and pH of culture medium under the change of cultural condition

from aerobic to anaerobic. The marks were the same as those employed

in Fig. 4.
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Fig. 11. Influence of aeration on the population of sulfate-reducing bacteria
(SM1) during the growth in pure culture, the production of sulfides,
the changes in Eh and pH of the culture medium. The marks were the

same as those employed in Fig. 1C.
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Fig. 12. Relation between the growth of sulfate-reducing bacteria (SM1) in
pure culture, the production of sulfides, the changes in Eh and pH
of culture medium under anaerobic stationary condition. The marks were

the same as those employed in Fig. 10.
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Fig. 13. Influence of aeration on the population of sulfate-reducing bacteria (SM1 ) and
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Fig. 15. Changes in population of sulfate-reducing bacteria (SM1), amount
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Fig. 18. Changes in population of sulfate-reducing bacteria (SM1), amount
of sulfides contained, Eh and pH of culture medium under bubbling Na
after pre-incubation on Fe# deficient medium for 48 hrs. The marks

were the same as those employed in Fig. 1.
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Fig. 19. Changes in population of sulfate-reducing bacteria (SM1), amount
of sulfides contained, Eh and pH of culture medium during aeration after
pre-incubation on Fe* deficient medium for 48 hrs. The marks were the

same as those employed in Fig. 1.
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Fig. 20. Changes in population of sulfate-reducing bacteria (SM1), amount
of sulfides contained, Eh and pH of culture medium during aeration after
Fe (NHg)s (SO4)2 » 6HaO (1.0g/L)was added to pre-incubated 48 hrs/
culture on Fe* deficient medium. The marks were the same as those

employed in Fig. 1.
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