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Microbial interactions in marine sediments*

Tsuneo SHIBA**

Abstract: Interaction between fermentative and sulfate-reducing bacteria is discussed. Sulfate-
reducing bacteria are present in the oxidized surface layer of marine sediments. Anaerobic
biological processes take place within reduced micro-environments in the sediment. Interspecies
transfer of fermentation products stimulates the growth of fermentative and sulfate-reducing
bacteria. Such micro-environments influence the syntrophic growth of fermentative and

sulfate-reducing bacteria.
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Table 1.

Oxidation reactions of sedimentary organic matter.

1. (CH:0)106(NHs)16(HsPOy) +138 O;—>106 CO2+16 HNOs+H;PO.+122 H:O

4Go’=—3190 KJ/mole of Glucose

2. (CH:0)106(NH3)16(HsPO4) 4236 MnO, + 472 H*-~—236 Mn?* 4106 CO;+8 N2+ H;PO,+ 366 H:0

4Gy’=—3090 KJ/mole

3. (CH:0)106(NHa)1s(HsPO4) +94.4 HNO3—106 CO;+55.2 N +HsPO,+177.2 H,O

4Gy’ =—3030 KJ/mole

4. (CH:0)106(NHs)16(HsPO4) +212 Fe:Os(or 424 FeOOH) + 848 H*—>424 Fe?™+106 CO»+ 16 NH;

+H;PO,+4530 H:O (or 742 H:0)

5. (CH?O)10s(NHs)1s(HsPO4) +53 SO —>

4Gy’ =—1410 KJ/mole (Fe;O3)
4Go"=—1330 KJ/mole (FeQOH!

106 CO2+16 NH;+53 S*~+ H3PO,+ 106 H:O

4Gy’ = -~380 KJ/mole

6. (CHzo 106 \\IH3>1G\H3PO4>——'03 CO2 +53 CH1+ 16 NHa + H3P04

4Gy’ = —350 KJ/mole

Values of standard free energy were cited from FROELICH et al. (1979).
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Fig. 1. A simplified illustration of the pathways

of carbon flow in anaerobic marine sediments.
1, hydrolysis by fermentative bacteria; 2, fer-
mentation; 3, acetogenesis by proton reducing
bacteria; 4, sulfate reduction.
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(WARE

SO +2H + ATP—APS+PPi
4Gy’ = +46 KJ/mol (ROBBINS and LIPMANN,
1958)

PPi+H0—>2P1
4Gy’ =—21.9KJ/mol (THAUER et al., 1977)
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Table 2.
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K ld turnover rate constant

turnover rate ZEHMERABOR B ICHF T 5D TH -
T, BRICHHFT20RKMEDLTH D, Fdia b
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SEN, 1977; SQRENSEN, et al. 1979; HOWARTH and
MERKEL, 1984; HOWES et al., 1984),
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Do TORHEE, U~y — CHEREY R AR ST
TH—ITBE¥ 5 H1%E (SOROKIN, 1962) X 1 & Bk
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L %95 (ALMGREN and HAGSTROM, 1874: 200 #MOs,

Calculation of the apparent production rate of CO: from acetate in continental slope

sediments. Values in parentheses are standard deviation (1¢) (SANSONE and MARTENS, 1981:.
Depth CO; from acetate Whole-sediment Apparent rate of
interval rate constant acetate concen- COz production from
(cm) (h™h* tration (gmol Ig~)** acetate (gmol [yt ke

0-5 0.3102 (0.4878) 60 (10.2) 18.62 (29.4)
8-13 0.0654 (0.0162) 67 (11.4) 4.38 (1.32)
17-22 0.0232 (0.0090) 40 (6.8) 0.928 (0.394)
20-25 0.0148 (0.0078) 33 (5.6) 0. 488 (0.270)
28-33 0.0106 (0.0024) 19 (3.23) 0.202 (0.058)
35~40 0.06092 (0.0124) 12 (2.04) 0.110 (0.150)

* Data from September 11-13, 1679.
** Data from August 19, 1980.

Aok

Apparent production rate (¢mol /s~ h™)=Whole sediment concentration (¢#mol /s~!) X Rate constant (h™").

Use of the term ‘apparent’ is based on the measurements of whole sediment acetate concentrations.
Whole sediment concentration should be distinguished from the ‘microbiologically available’ acetate

concentration.
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Coupling of lactate effiux with the gene-

Fig. 2.
ration of an electrochemical proton gradient
across the cytoplasmic membrane which could
be used to drive the synthesis of ATP (THAUER
and MORRIS, 1984).
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Fig. 3. Vertical profiles of capillary (®) and non-
capillary (C) water (SHIBA, unpublished’.
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