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we could better understand how they response and regulate the global climate change, which is a hot
spot in the studies of microbial ecology. Previous studies focused on microbial isolations and
cultivations, however, only little of the microorganisms in nature are cultivable while a majority of
microorganisms are uncultured. With rapid development of the metagenomics technology, in-situ and
comprehensive investigation of microbial functions and structures became feasible. In this article, we
briefly introduced several widely-applied metagenomics technology such as quantitative PCR, DNA
fingerprinting, microarray, clone library and high-throughput sequencing. Furthermore, we reviewed
the advanced studies by using metagenomic methods to investigate the key functional genes involving
in carbon cycle, including carbon fixation, methanogenesis, methane oxidation and carbon degradation.
Finally, we prospected the future studies of the microbial metagenomics in carbon cycle.

Keywords: Carbon cycle, Microbial community, Functional gene, Molecular ecology, Metagenomics
technology
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Table 1 Comparation of several widely-used metagenomics techniques

Classification Represe.ntatlve Principle Characteristics
techniques
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DNA-
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Microarray DNA
Ilumina™® 2 DNA
High-throughput
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rRNA
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Table 2 Key enzymes and functional genes of different microbial carbon fixtion pathways

Carbon fixtion pathways Enzymes Function genes
cbbL (rbel)
Reductive pentose phosphate cycle cbbM
(Calvin cycle)
porA/nifJ
Reductive tricarboxylic acid cycle 2- oord
aclB
ATP-
A acsA (cooS)
Reductive acetyl-CoA pathway A acsB
(Wood-Ljungdahl pathway)
3- A Pcc/Acc
3-Hydroxypropionate bicycle A
A/B- A/ A
3- /4- A/ A accA
3-Hydroxypropionate/4-Hydroxybutylate cycle 4- hed
A
/4-
Dicarboxylate/4-Hydroxybutyrate cycle
4- A
211 FRXPER: (Calvin-Benson-
Bassham cycle)
C02 Coz
C02 C02 chbL chbM
-1,5- /
RubisCO
CO, 2] RubisCO chbL  chbM
4 RubisCO Alfreider %
I RubisCO 11  RubisCO RubisCO
cbbL ( rbcl)  cbbM cbbl  cbbM
16S rRNA CO,
RubisCO Giri B
chbbL  cbbM cbbL  cbbM
16S cbbL
rRNA cbbM RubisCO
[30-31]
RubisCO cbbl  cbbM
cbbL  cbbM
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Table 3 Key enzymes and functional genes of methane
metabolism

Methar.le Key enzyme Functional
metabolism gene
1 M mcrA
Methanogenesis 1 M mrtd
pmoA
Methane oxidation mmoX
221 BRER:
(Euryarchaeota) 7
(Methanobacteriales)
(Methanococcales) (Methanomicrobiales)
(Methanosarcinales)
(Methanopyrales) (Methanocellales)
Methanoplasmatales CO, H,
M MCR
(Methyl coenzyme M reductase) MCR MCR-I
MCR-II mcrBDCGA
mrtBDGA MCR-I
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[57]
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4

x4 FERESLEH RSV

Table 4 Aerobic methanotrophs classification!>"!

Phylum Class Family Genus
v- Methylococcaceae Methylobacter
Proteobacteria ( ) Methylomicrobium
(I Methylomonas
) Methylosarcina
Methylococcus
Methylocaldum
Methylosphaera
Methylosoma
Methylomarinum
Methylovulum
Methyogaea
Methylothermus
Methylohalobium
Crenothrix
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o- Methylocystaceae Methylocystis
Proteobacteria ( ) Methylosinus
(II Beijerinckiaceae  Methylocapsa
) ( Methylocella
) Methyloferula

Methylacidiphilum

Proteobacteria

Verrucomicrobia ()
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(Methane monooxygenase)

pMMO (Particulate methane monooxygenase)
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SMMO « Methylocella
Methyloferula
(62] pMMO
mmoX
Gupta [63] pmoA
mmoX DGGE
Yun %4
3
Sanger
gPCR 16S rRNA
pmoA pmoA
Kong [65] (TCE)
(LCS)
(WBS) TCE
pmoA  mmoX
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Table S Several carbon compounds and key enzymes

Carbon compounds Construction Key enzymes
o-1,4- o-1,6- o-
Starch B-
u_
Hemicellulose B-
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a-D-
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p-1.4-
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B- 24
[74] (Basidiomycota)
[
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] 7 3O
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e By W
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