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Figure 1. Neighbor—joining phylogenetic trees of aerobic methane-oxidizing bacteria based on pmoA protein sequences. GenBank accession numbers of
representative sequences of each group (Fig.1A) or strains (Fig. 1B) are given in parentheses. Bootstrap values ( >50% ) based on 1000 replications are
shown at branch nodes. Methylocella and Methyloferula belonging to type II methane-oxidizing bacteria were not shown in this figure due to lack of pmoA gene.
A Major lineages or groups of aerobic methane-oxidizing bacteria. Groups containing isolates are named as the respective genera and groups containing no
isolates are named as the representative clones (RA14, RA21) or the environment where they initially come from (USCa: upland soil cluster a; USCry:
upland soil cluster y; JR: Jasper Ridge, California; MR: forest near Marburg, Germany; MHP: Moor House peat, England). Groups of atmospheric
methane-oxidizing bacteria, which are generally accepted, are shown in bigger font. B: Distribution of novel pmoA2 gene and conventional pmoA (pmoAl)
gene in different strains of type II methane-oxidizing bacteria (Methylosinus/Methylocystis group) and their phylogenetic relationship. Names of strains
containing both pmoA2 and pmoAl are shown in bold. Methylocystis sp. SC2, the major strain discussed in this review, is shown in black background.
Methylocapsa acidiphila B2 which also belonging to type II methane-oxidizing bacteria is used as outgroup. MOB: methane-oxidizing bacteria.
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Figure 2. Cartoon diagram of living strategies of atmospheric methane oxidizing bacteria. A: Living strategies of obligate atmospheric

methane oxidizing bacteria in aerobic upland soils. B: Living strategies of alternative atmospheric methane oxidizing bacteria in soils under

dried and flooded conditions. Facultative strategy has been marked by small white arrows in this figure.
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Figure 3. Cartoon diagram of effects of land-use change and nitrogen fertilization on biomass and activity of atmospheric methane oxidizing bacteria.
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Research progress of atmospheric methane oxidizers in soil

. . . *
Yuanfeng Cai, Zhongjun Jia
State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing

210008, Jiangsu Province, China

Abstract : Microbial oxidation in soil is the only biological sink for atmospheric methane (about 1. 8ppmv) . Two groups of
atmospheric methane oxidizing bacteria are existed in aerobic soils: obligate and alternative atmospheric methane oxidizing
bacteria. The former, such as upland soil cluster « (USCa) and upland soil cluster y (USCwy) , are widely distributed in
a variety of aerobic upland soils, and their particulate methane monooxygenase (pMMO) have very high affinity for
methane in low concentration. Bacteria in this group are probably genuine oligotrophs. However, so far, there is still no
cultivated strain of this group. The latter (Methylocystis/Methylosinus) belongs to traditional methane-oxidizing bacteria,
and are widely distributed in soil environments with periodic high methane emission. Most strains of these two genera are
known to possess two pMMO isozymes with low and high affinity to methane respectively, and these strains can keep
atmospheric methane oxidizing activity for relative long periods ( > 3 months) relying on the high affinity pMMO
(pMMO?2) . However, the growth and reproduction of bacteria in this group are still dependent on endogenous high—
concentration methane which is periodically produced within the soils. We reviewed the research progress of these two
groups of atmospheric methane-oxidizing bacteria, their possible living strategies, and the effects of several key
environmental factors (e. g. soil temperature and moisture, soil pH, vegetation, land use, nitrogen input) on their
community composition and methane oxidizing activity. Several important research directions of atmospheric methane
oxidizing bacteria have also been proposed.

Keywords: atmospheric methane, methane-oxidizing bacteria, aerobic upland soil, environmental factor
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