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98 ————— Smithella propionica DSM 16934 (AF126282)
100 Syntrophus buswellii DSM 102354T (X85131)
100 Syntrophus aciditrophicus DSM 26646" (U86447)
61 Syntrophus gentianae DSM 84237 (X85132)
Thermotoga lettingae DSM 14385" (AF355615)
0 Thermodesulfovibrio aggregans JCM 13213" (AB021302)
100 Thermodesulfovibrio islandicus DSM 125707 (X96726)
100 Thermodesulfovibrio yellowstonii ATCC 51303 (AB231858)
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Figure 1. Phylogenetic tree of syntrophic bacteria based on 16S rRNA genes of type strains.
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Table 1. Change in Gibbs free energy values for reactions potentially involved in methanogenic degradation of
organic compounds
Substrates Reactions AG® (kJ/mol) Reference
Anaerobic oxidation
CH;COOH CH;COO™ + H" + 2H,0 — 2CO, + 4H, 95
Short chain . .
, CH;CH,COOH CH;CH,COO™ + 2H,0 — CH;COO + CO, + 3H, 72 [17]
fatty acids
C4H802 (:4}17()27Jr 2H20 — 2CH3C007 + }IJr + 2H2 49
Ci5H3,0, C,sH;,0,”+ 16H,0 — 9CH;COO™ + 14H, + 8H' 272
LOIlg chain C18H3402 C18H33027+ 16H20 — 9CH3C007+ 15H2 + SHJr 338 [18]
fatty acids € ,4H;,0, C5H350, + 16H,0 — 9CH;COO™ + 16H,+ 8H' 404
C16H3,0, Ci¢H3,0, + 14H,0 — 8CH;COO™ + 14H, + 7TH" 353
Lactate CH;CH(OH)COOH  CH;CH(OH)COO™ + 2H,0 — CH;COO +2H,+H*+HCO; 4 [19]
Alcohol CH;CH,0H CH;CH,0H + H,0 — CH;COO + 2H, + H" 9 [3]
Amino acid C3H7N02 C3H7NO2 + 2H20 g CH3C007 + 2H2 + C02 + NH44r 10 [20]
Alkane Ci6Hsa 4C,¢Hsq + 64H,0 — 32CH;COO ™ + 68H, + 32H" 471 [21]
C4HsCOOH 4C4HsCOO™ + 6H,0 — 3CH;CO0 + CO, + 2H" + 3H, 50
Aromatics [20]
C¢HcO C¢HgO + 5H,0 — 3CH;COO0™ + 3H" +2H, 10
Methanogenesis
H, 4H, + CO, — CH,+ 2H,0 ~131 [20]
CH;COOH CH;COOH + 2H,0 — CH, + HCO3~ =31 (1]
HCOOH 4HCOOH + H,0 — CH4 + 3HCO5~ —-130
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F2. HEMERSD BREEAERE LEHE

Table 2. Isolation strategies and physio-biochemical characteristics of sytrophic bacteria

Isolation T (opt)/ Substrate utilization Substrate utilization
No. methods G °C E under pure culture conditions under co-culture conditions GF Is Re
I P Lo M T H2 VF LF Al Ar CC Ho Su Ot Tc Aa Nn VF LF Al Ar Hy Su Tc Aa
1 S - + + + + + + +  + - = [23]
2 S + + + + + + + + o+ - [24]
3 A+S - + + — + + + + + + + + +  [25]
4 S - + + + + o+ + + -+ [26]
5 -+ + + 4+ + + + + - [27]
6 S - - + - + -+ 28]
7 -+ + - -+ [29]
8 L+C + + - -+ [30]
9 L + - + - + + -+ [28]
10 L + - + + + + + + +  [31]
11 L + + + + + -+ [32]
2 A -V ND - + + + + + o+ [33]
13 s - + + - + + -+ [34]
14 A + + + — + + o+ - —  [35]
15 S + V + — + + - - [35]
16 S + - + - + + -+ [36]
17 S + - + + + + -+ [37]
18 S + - + + + + - - [38]
19 L + - ND + + + -+ [39]
20 S + - + + + + + o+ [40]
21 L+S + V + - + + o+ - - [39]
2 L + - + = + -+ [41]
23 S - - + + + + -+ [42]
24 S + V + — + + -+ [43]
25 S - - + — + + + -+ [44]
26 S - + ND + + o+ + + -+ [45]
27 S8 - - + + + o+ + + + +  [46]
28 S - + + + o+ + o+ + + + -+  [47]
29 L+S - + - + + + 4+ + + - [48]
30 S - - + - + - - [49]
31 S - - + - + + + + + + + + + - + [50-51]
32 S - - + + + + -+ [52]
33 § - - + + + + - —  [53]
34 § - - + + + + + - —  [54]
35 § - - + - + o+ - -  [55]
36 L+C - - + + + + + + - —  [56]
37 § - - + + + 4+ + + + + - —  [57]
38 + - + - + [58]
39 - - + + + 4+ + + + + -+  [22]
(F28)
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(84 2)

40 L - - + + o+ [59]
41 S+L - - + o+ + — +  [60]
2 L + - ND o+ + -+ [61]
43 L - - + o+ + + -+ [62]
4 s - - + - + o+ + -~ [63]
45 L - - + o+ + — o+ [64]
46 S - - + - + + o+ [65]
47 S+L - - + + + + + o+ o+ o+ o+ o+ + + + +  [66]

1: Abyssivirga alkaniphila; 2: Clostridium acidaminophilum; 3: Clostridium ultunense; 4: Desulfotomaculum thermobenzoicum subsp.
thermosyntrophicum; 5: Desulfotomaculum thermocisternum; 6: Pelotomaculum isophthalicicum; 7: Pelotomaculum propionicicum; 8:
Pelotomaculum schinkii; 9: Pelotomaculum terephthalicum; 10: Pelotomaculum thermopropionicum; 11: Sporotomaculum syntrophicum; 12:
Syntrophaceticus schinkii; 13: Syntrophobotulus glycolicus; 14: Syntrophomonas bryantii; 15: Syntrophomonas cellicola; 16: Syntrophomonas
curvata; 17: Syntrophomonas erecta; 18: Syntrophomonas erecta subsp. sporosyntropha; 19: Syntrophomonas saponavida; 20:
Syntrophomonas sapovorans; 21: Syntrophomonas wolfei subsp. methybutyratica; 22: Syntrophomonas wolfei subsp. wolfei; 23:
Syntrophomonas palmitatica; 24: Syntrophomonas zehnderi;, 25: Syntrophothermus lipocalidus; 26: Tepidanaerobacter acetatoxydans; 27:
Tepidanaerobacter syntrophicus; 28: Thermacetogenium phaeum; 29: Thermosyntropha lipolytica; 30: Thermosyntropha tengcongensis; 31:
Thermanaerovibrio acidaminovorans; 32: Thermodesulfovibrio aggregans; 33: Thermodesulfovibrio islandicus; 34: Thermodesulfovibrio
yellowstonii; 35: Algorimarina butyrica; 36: Candidatus Desulfonatronobulbus propionicus; 37: Desulfatibacillum alkenivorans; 38:
Smithella propionica; 39: Syntrophobacter fumaroxidans, 40: Syntrophobacter pfennigii; 41: Syntrophobacter sulfatireducens; 42:
Syntrophobacter woliniiy 43: Syntrophorhabdus aromaticivorans; 44: Syntrophus aciditrophicus; 45: Syntrophus buswellii; 46: Syntrophus
gentianae; 47: Thermotoga lettingae.

A: Solid dilution method; B: Liquid dilution method; C: Agar shake method; P: Methanogens and/or Desulfovibrio sp. were added during
isolation process. G: Gram-staining positive; L: Optimum growth occurred at <20 °C; M: Optimum growth temperature ranging from 20 °C to
50 °C; T: Optimum growth occurred at >50 °C; E: Pure culture growing with external electron acceptors; Hy: Ho+COy/acetate; V{: Volatile
fatty acids; Lf: Long chain fatty acids. Ai: Alcohols; Ar: Aromatic compounds; Cc: Complex organic compounds; Ho: Crotonate or pyruvate;
Su: Sugars, Ot: Other compounds; Tc: Organic compounds associated with TCA cycle; Aa: Amino acids; Hy: Hydrocarbons; No: No growth
under pure culture condition; Gf: Growth required factors; Gd: Whole/draft genome sequence; Is: Isolated from anaerobic digesting reactors;
Re: References. +: positive; —: negative; blank: not reported.
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Key players involved in methanogenic degradation of organic
compounds: progress on the cultivation of syntrophic bacteria

Xue Zhang'?, Hui Zhang'”, Lei Cheng'*’
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* Laboratory of Development and Application of Rural Renewable Energy, Ministry of Agriculture, Chengdu 610041, Sichuan
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Abstract: Syntrophic metabolism is one of the important interspecies relationships among microbes. Syntrophic
microorganisms not only distribute in soils, freshwater, marine anoxic sediments, anaerobic digestion and
gastrointestinal tract of animals, but also present in extreme environments such as subsurface oil reservoirs. They
play essential roles in anaerobic degradation of organic compounds to methane and carbon dioxide. Study on the
syntrophic metabolisms of syntrophic microorganisms through culture-dependent methods, would help understand
the biogeochemical cycle of elements in anoxic environments, and deal with the global energy crisis and global
warming problems. However, it is difficult to isolate syntrophic microorganisms for their slow-growing and
oxygen-sensitive properties. This review summarizes the recent studies on the isolation strategies of syntrophic
microorganisms, and their physiological and biochemical properties. Furthermore, the future development trend of
culture techniques including high throughput screening and targeted isolation of syntrophic microorganisms were
discussed.
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