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Hydrogen Acceptors in Growth and Sulfide Formation of

Marine Sulfate-Reducing Bacteria¥®
By

Yoshihiko HaTa

The present paper is concerned with the quality and the quantity of substances
available as hydrogen acceptors in the sulfide formation and in the growth by marine
sulfate-reducing bacteria (strain SMT).

The utilization of various sulfur compounds and the other compounds by these
organisms was examined by observing the growth and the sulfide formation in the
media containing the above substances respectively.

Sulfates and the other inorganic sulfur compounds originally contained in peptone
and lactic acid which were employed as additions to the basal medium were removed
by “Permutit A”.

The results obtained are shown in Tables 1-3 and Figs. |1 and 2, and may be
summarized as follows:

1) These organisms were able to utilize sulfate, sulfite, thiosulfate, tetrathionate
and metabisulfite in the growth and the formation of hydrogen sulfide. Although
elementary sulfur and dithionite enabled these organisms to grow slowly and to
produce sulfide slightly, it could not be confirmed that these substances were
utilized by these organisms as hydrogen acceptors in their energy yielding metabo-
lism; these phenomena might be caused by the impurities accidentally contained
in the test substances.

2) Neither sulfanilic acid, benzenesulfonate, toluenesulfonic acid, cystine, nitrate,

nitrite, chromate, phosphate, hydroxylamine, malic acid nor fumaric acid were
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utilized as hydrogen acceptors in the growth of these organisms. Pyruvic acid
supported the limitted growth of these organisms, but this growth might be due
to the active impurities present in pyruvic acid.

3) The concentration of sulfate required for the initiation of growth of these organ-
isms was very low (less than 2.8x 104 M), and its concentration for supporting
the maximum growth was also relatively low (5.6X 10-% M). On the other hand,
the maximum sulfate-reducing activity was obtained at relatively high concentration

of sulfate (higher than 1.4x10% M).
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Table 1. Composition of basal medium.

Peptone

Lactic acid
(NH4 )sHPO
FeClg+4HsO
L-Ascorbic acid

O O O v w
N o=~ 1 O
[$28

NaCl ' 26.89
KCI 0.75
MgCly«6HaO 10.63
Distilled water : 1,000 mi
pH : 7.5
3. %mwﬁﬁiﬁﬁ(1)T@&ﬁ%ﬁ%®%%ﬁié%%iﬁwét@,@6%@@15%yFmﬁﬁ
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4. FBLOUIIEE - Mi/KWAEHT 30°C 2 BREIAMEERINIZ D% 2,500 .p.m. 10/ TR ERL,
BB ST 3.0 % BHKT 2 HIEEEEB L, ©OBBK 1074 ml 23990 ml ORMREEHICER U, ©
VTR E) 9 7 4 v 2% 2em [T BB LT 30°C it - 17,

5. RAEBIOEE : /EREE T RNL semisolid *ﬁﬂ7j{t‘§i{ﬂ%ﬂ%b\f extinction dilution method 2))z
SO FEL, WACERIE L - WD TED TRKIESFEE L, ST. LORANT I8 ([0 ko> TAFL v T — &
UTC 610 me CHERRILEER Uiz, FI26REEIT BaCly %A T BaSO4 & U THRIE 546 660 mu T HiE
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A, AEHEs L OB RE 28 Uts, BELAYD ) b7 b7 54 VitE (S:06) 13 455
#H (Se0s ) & Lo a8 L7,
TOMRZHE 2 FRCRT L25h, A 3 D ILEWRINAT b O TR T NTHRE T b RO ERDS

Table 2. The growth and the sulfide formation of marine sulfate-rediicing bacteria (straiﬁ SM1) at
30°C in the media containing various substances as hydrogen acceptors. (Substances were
added in the concentration of 2.7x 10-2 M, )

Incubation time (hrs.)

Substance added 0 39 70

cells/ml cells/mj Sulfgij;s[—s cells/ml Sulrii;c/!i’s‘—s
Non (Control) 10%8—10% 108—10t 0 108—10% 0
Sulfate NapsSOy " 109—1010 0.102 109—1010 0.190
Sulfite NaySOs 4 10%—1010 0.080 109—1010 0.132
Thiosulfate NaySs03 7 109—1010 0.184 109—1010 0.174
Tetrathionate NasS4QO4q 7 109—1010 0.188 109—1010 0.204
Dithienite (hydrosulfite) NagS,04 ” 108—10% 0 107—103% 0
Metabisulfite NasSoOg ” 108—1092 0 109—1010 0.028
Sulfur (powder) S ” 106—107 0.010 107—10% 0.009
Sulfanilic acid HaNCgHy « SOgH " 108—10* 0 102—103 0
Bensenesulfonate CyHzSO,Cl ” 102—10% 0 102104 0
p~Toluenesulfonic acid CHg » CoHy « SOgH ” 102—103 0 102—10% 0
Cystine CgHy204NsS, ” 103—10% 0 108—104 0
Nitrate NaNOj | ” 10%—10% 0 103—10% 0
Nitrite NaNOg ” 10%2—104 0 103—10* 0
Chromate NayCrOy ” 102—10% 0 10 —102 0
Phosphate NagPO4 /7 102—10%3 0 10%—10% 0
Hydroxylamine NHaOH « HC| ” 102—103 0 102—103 0
Pyruvic acid CHg » CO » COOH ” 10%—107 0 105—1096 0
DL-Malic acid HOOC » CH,CH(OH )« COOH ” 102—103 0 10%—10% 0
Fumaric acid HC+«COOH=HOOC-CH ” 103—10%* 0 102—10% 0
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Table 2. Continued.

Incubation time (hrs. )
Substance added 92 138 208 306
cells/ml SuIFicses—S Sulfides-S celle/ml Sulfides-S | Sulfides—S

mg/ m} mg/ml mg/ml mg/ml

Non 102—108 0 — 102—103 0 0
Sulfate — 0.122 — — — —
Sulfite — 0.194 — — — —
Thiosulfate - 0.126 — — — —
Tetrathionate — 0.136 — — - —
Dithionite 108—10° 0.012 0.028 — 0.022 —
Metabisulfite 105—10? 0.050 0.038 — 0.009 —=
Sulfur 108—10° 0.014 0.024 — 0.040 0.036
Sulfanilic acid 103—10% 0 0 102—10% 0 —
Bensenesulfonate 102—103 0 0 102—10% 0 -
p—Toluenesufonic acid 103—10% 0 0 10 —10%2 0 —
Cystine 102—103 0 0 102—103 0 —
Nitrate 10%3—10%* 0 0 10 —102 0 -
Nitrite 10 —102 0 0 102—10% 0 —
Chromate 10 —102 0 0 0 o] —
Phosphate 108—10t 0 0 102—10% 0 —
Hydroxylamine 10 — 102 0 0 1 —10 0 —
Pyruvic acid 108—107 0 0 105—109¢ 0 —
DL-Malic acid 10 —102 0 0 102—10% 0 —
Fumaric acid 102108 0 0 102—10% 0 —

A HNICHS, MERINOSES L OEKA 4 9 & 103 4 & v BE T anbEREINA TSR, Bk
T BRI TGS HE R A SN0 2N TIE, £L{BEBEVBL 6Ehol, §b b, HElom
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KFRRET DS, A A ALEDIS LA 4 0 2 G T InEEIKERAR L L Qs o TSN
W HIAALDL, BT RN THOTRRFEE VA ONICDE, FMET IR L 2R8ENED 5,

CNBEREA 4 v bEWD 5 B, FEL D CHIIEREE DR & K x> - 120i2F A HilRIE
(S:203) #8XF5 374 I (S406) Th-»T, WEIE (S04) s L HEMEE (S0a--) i
CAUTERNTDDS,  » 2 BHHREEIE (S20577), 42w (8) L HEFF »BIE (S:0477) T OHF
KUTc > THREDPE D 384N, P ORMYESERRITATIRNMECIEE o7, #EBRbBZP -1
WF o ROV, BRI NI pH (7.5) 0% & TRBRLICTEINT SO & S BET HDT,
HBVEC NS HIKERFEE UTRA Sz § s,

(2) HELSCILHBEMERERCEIETHBEREOZE

WRERIE/R o ZEER (55 1 38) 1AW ADEED (NH4)2504 214, COMBIORES L FITH
SRR PN 33 ST T IRERIE OB OB % 42,

ZOBBIIEITRONCE 1, 2XIKFET LY, SO 2.8x10-4~1.4x 1071 g ions/L (RIRHE/KAD
OEEOEY 00~ 51%) OHETIFOBREDN T 1205, 2.8%x10-1 g ions/L (EKPOHR 10 %) OB
FETRELFEENLLNIP 212, BERIBZ L AEBBEIEDIID ThHH I £I2CDOHE, WRINO K
THDTWEDLREEDALNIZOE, EEEO NI : 2 EBORENART I ThoTzicn b,
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Table 3. Effect of sulfate concentration on the growth and the sulfide formation in marine sulfate-
reducing bacteria

(strain SM1) at

30°C.

83

Concentration of supplement Incubation time (hrs.)
SO, -5 0 22 43
(NH{ )oSO4 ( 0179 o/ i lojm SulfidesS lejml  SulfidesS 50,5
M g/ m j cells/m cells/ m mg/m| celis/m mg/ml mg/ml
0 0 108—10¢4 108—10% 0 105—10% 0 0
2.8%x1074 (0.009) ” 107—108% 0 108—10 0.003 0.004
1.4x10-%  (0.045) ” 107—108 0 10°—101®  0.023 0.010
2.8x1073  {0.090) ” 108—109 0 107—1010  0.084 0.008
5.6x1073  (0.179) # 109—1010 0.003 109—101®  0.148 0.026
1.4x10°2  (0.448) / 108—10° 0.004 1091010  0.188 0.242
#2.8%x10"2  (0.896) V 107—10% 0.003 1091010  0.156 0.752
5.6%10°2 (1.796) ” 107—10% 0.002 109—1010 0.094 1.676
1.4%x10"1  (4.480) # 108—107 0 108—109 0.022 4.350
2.8%x10-1 (8.874) ” 102—10% 0 1 —10 o} —
* Comparable to the sulfate concentration in natural cea water.
Continued
Concentration of supplement Incubation time (hrs. )
SO, 70 115
(NH4)2S04 ( o ) NWofml  Sulfides=S 50,5 e/ SulFides—5
M mgrm cedisfm mg/ ml mg/ml cells mg/ml
0 0 105-—108 0 0 0
2.8x1:07t  (0.009) 103--109 0.012 0 0.004 )
1.4%10°3  {0.045) 107—1010 0.044 0 0.034 0
2.8%10°%  {0.090) 10?1010 0.086 0 0.056 0
5.6% 103 (0.179) 109-—1010 0.144 0 0.098 0
1.4%10-2 (0.448) 109—1010 0.378 0 0.236 0
*2.8%10-2 (0.896) 109-—1010 0.224 0.608 0.222 0.514
5.6x 1072 (1.796) 108—109 0.146 1.550 0.224 1.400
1.4%10°1 (4.480) 1p09—j1pto 0.102 4.292 0.158 4.240
2.8 107% (8.874) 0 0 — 0 —
Continued
Concentration of supplement lncubation time (hrs. )
SO -5 187 283
(NH4 Y2504 ( . ) lofml Sulfides=S SO;--5 ojm  Sulfides—S 50,75
M 9 cetls mg/ml mg/ml cells mg/ml mg/ml
0 0 10%--10° 0 104—105 0 0
2.8%10°%  (0.009) 107—108 0.003 0 107—108 0.002 0
1.4%103  (0.045) 108-—107 0.030 0 105—109 0.024 0
2.8x10°3  (0.090) 10°—1010  0.044 0 1091010 0.064 0
5.6x10°%  (0.179) 10°—1010  0.074 0 109—1010  0.066 0
1.4x 102 (0.448) 108—109 0.110 0 108—10" 0.068 0
*2.8%10"2  {0.896) 107—10% 0.116 0.364 107—108 0.066 0.352
5.6x102  (1.796) 109—1010  0.194 1.334 108—109 0.076 1.306
1.4%10-1 (4.480) 1071010 0.212 4.208 108—10° 0.096 4.132
2.8%x 1071 (8.874) 0 0 — 0 0 —
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Approximate nomber of cells per 1 ml of the medium
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Fig. 1. Effect of sulfate concentration on the growth of marine sulfate-reducing

bacteria (strain SM1) at 30°C. BMEE : after 22 hrs. ;|| : after 43 hrs.
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g. 2. Effect of sulfate concentration on the sulfide formation by marine

sulfate-reducing bacteria (strain SMi1)at 30°C.
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BT O T3 POSTGATES®) |3, /KD HE, #iH/s elementary sulfur (2F]A 31 gi 38, colloidal
sulfur (2O TPEBLRIBIND EWRNT 5, REBOFBECIIREOBER A 2 9 0BEB PR O RE
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