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Abstract: Methanotrophs can utilize methane as the only carbon source and energy, and they
can survive and participate in material circulation and energy flow in ecosystems. [Objective]
To unveil the structure and functions of methanotrophs community in the sediments from the
Aha Lake Reservoir (referred to as the Reservoir), a typical karst lake reservoir in Guiyang
City, Guizhou Province. [Methods] We used metagenomics to analyze the sediments collected
from the edge and the center of the Reservoir. [Results] The dominant aerobic methanotrophs
were Methylobacter (0.37%) and Methylomonas (0.12%), and the dominant anaerobic
methanotrophs were Candidatus Methylomirabilis (0.12%), being NC10 denitrifying anaerobic
methanotrophs. The gene pmOA encoding particulate methane monooxygenase of aerobic
methanotrophs had the relative abundance of 6.16x10" copies/g and the 16S rRNA gene had the
relative abundance of 2.84x10” copies/g in denitrifying anaerobic methanotrophs. The diversity
of four metabolic functional genes followed a trend of nitrogen metabolism>carbon
metabolism>sulfur metabolism>methane metabolism. Kyoto encyclopedia of genes and
genomes (KEGG) annotation revealed six functions and 18 complete pathways involving
carbon (including methane), nitrogen, and sulfur metabolism. The results of principal
coordinate analysis (PCoA) showed huge discrepancies in the distribution and functions of
methanotrophs between sediments from the edge and the center of the Reservoir. Moreover,
redox potential, conductivity, and sulfate were primary environmental factors affecting
methanotroph distribution. [Conclusion] Type I aerobic methanotrophs dominated the
Reservoir with abundant metabolic pathways. Types I and II methanotrophs exhibited huge
discrepancies in terms of their adaptability to O,. All these fundings are expected to provide
theoretical support for lake water environment conservation and microbial utilizationation.
Keywords: methanotrophs; Aha Lake; community structure; functional gene; metabolic
pathway
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Figure 1 Distribution of sampling sites in Aha Lake.

(HJ 717—2014) ) USIyE 47 4% #r 5 B HE (total
phosphorus, TP)Z7% ( -3 Su il it I 2 B -
BEPUA O EE BE(HT 632—2011) ) 474347 .
BHUES 0 B R Ib B G 3 i) )P
BRI AT M. B AR Az i B4 Y
f J7 1 F) FH B 1 €6 3% (ICS-1100) X B 5 1 Fh 24
Ve BE AT 43 40T
1.3 EHRHXEE PCRMERZE

W RERMITTRY®EE RFEHEYEZ
B R R, 5 52 A9 f PCR Wi
H e AL B pmoA SE R AT fb B DR S Bt S Ak
FR 16S rRNA LA, 5443514 A189F/mb66 1R
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2 HERE5M

2.1 LEEKERAIEEBLE RS
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SOM). filifR &k (nitrate, NO; )FIHLER £k (sulfate,
SO HIEIME 514 8.02, 143.9 uS/em,
1 948.72 mg/kg. 389.86 mg/kg. 55.72 g/kg.
0.26 mg/L F1 3.18 mg/L. .U pH.EC .
TN. TP, SOM , NO; F1 SO FEIIE K 7.33 .
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Table 1 Physical and chemical properties of overlying water and sediments of different types in Aha Lake
Sites Altitude Overlying water Sediments
(m) pH ORP (mV) pH EC (uS/cm) TN (mg/kg) TP (mg/kg) SOM (g/kg) NO;~ (mg/L) SO,* (mg/L)
AH1 1120 8.43  0.60 8.00 218.0 1717.06  313.38 58.97 0.61 5.86
AH2 1090 8.43  0.58 7.93 85.0 1837.08 377.51 45.87 0.13 3.32
AH3 1110 8.59 0.57 8.13 79.2 1832.46 420.86 64.80 0.17 3.46
AH4 1100 8.41 0.59 8.18 118.3 2173.48  358.57 44.85 0.19 1.95
AHS 1099 9.00 0.57 7.87 219.0 2183.54 478.97 64.13 0.21 1.30
AH6 1100 8.10 0.60 6.92 179.4 2152.88  410.63 37.25 0.09 29.63
AH7 1120 8.28 0.62 7.74 308.0 111994  363.65 46.97 0.44 45.93

http://journals.im.ac.cn/actamicrocn



814

ZHAO Ruonan et al. | Acta Microbiologica Snica, 2024, 64(3)

T A O DR AR fige o) ] T 4G, OB R R
22 HERSAEMFEE
BRI S B AL TR Y pmoA 5 R T A
A ke SR AL RS 16S tRNA BN HEAT & &
PCR 73#fr, DARAEMZER e b n) £/, 45
RBoR (K 2), BaTRs K EE AR ) Hh 4 A o 4
AT 0 E YL N 1.89x10°—2.80%10° copies/g,
UL AR Y rh A R B B R Y 2 AHL
(2.80x10° copies/g), WHLULF) P RE N F E fx
KHYJ& AHT (4.57x107 copies/g), FREFHIE N
6.16x107 copies/g. Ak R4 H o AL A 1)
BEEE R 1.53%10%-6.96%107 copies/g, AT
Y LR R KA/ AHS (6.96x107 copies/g),
WMoV Y RN R KRR AHT
(2.53x10° copies/g), FREF-HIE N 2.84x107 copies/g.
2.3 WEDBEELSW
DURRWIFRE S (AHI-AH7)AY reads 21 g Ak

3.0x108
2.5x108 I:
Q —_— R

5.0x107

Gene abundance ¢
methanotrophs (¢

ﬁﬁﬁﬂﬂ

0
AH1 AH2 AH3 AH4 AH5 AH6 AH7
Site

S, 58T 319 140 648 4% clean reads, &1~
FEEL Y reads $0H IR 41 523 508-48 567 300,
JitE Z J5 1 reads o7 UGBS reads B9 H 4
oA 98.7%. X contigs M1 TPFAT & B, contigs
347 NS0 F1 N9 43514 498 bp 1 332 bp, Ui H
AL R RPHKE R .

FE T BT R K R DR A TR B R A, BT
WG T 7K R A [R] 28 BUZK AR TR P b A B A B B A 7
YidhE R, RSN, FBRRIRANE R 124 1]
166 44 422 H 804 £} 2 206 J& 12 474 F., 7EJ&
KB 3A), FRIITTARY) b 0 1A e o
S48 (Dechloromonas, 1.85%). 18 4= HiJ&
i J&@ (Bradyrhizobium, 1.72%) . 25 [& B2 4T & @
(Seroidobacter, 1.43%) 1 + 3 21 (6 FF IE 1 &
(Solirubrobacter, 1.02%). 0o ITFL) H )41 4
i & A ST (Acinetobacter, 1.29%) . Jii 505
Jitd 7 J& (Dechloromonas, 0.94%)F12k [ AT 4 &
(Seroidobacter, 0.69%).

8x107
7x107

“ LW

4x107 -

sthanotrophs
s/g)

a
N

3x107 -

2x107 -

of the NC10 phylw

1x107

oL=a — [T
AH1 AH2 AH3 AH4 AHS5 AH6 AH7
Site

Gene abundance of denitrii

2 T ERREELE pmoA (AFRHAERERKEELE 16S rRNA EE(B)HIFE

Figure 2 Gene abundance of methanotrophs in Aha Lake. A: Aerobic methanotrophs. B: Denitrifying
methanotrophs of the NC10 phylum. The standard deviation in the figure reflects the dispersion of
methanotrophs genes in Aha Lake.
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Figure 3 Community structure of bacteria and methanotrophs in Aha Lake. A: Bacteria. B: Methanotrophs.
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Figure 4 Based on the functional categories and abundance of Aha Lake methanotrophs under KEGG.
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Figure 5 PCoA analysis of species (A) and functions (B) in sediments in Aha Lake. HH: Sediments around

the lake; HX: Sediments in the center of lake.
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E6 MIHMRYTREEMEMHLSIERERTFRMBEXME
Figure 6 Correlation between the types of methanotrophs in the sediments of Aha Lake and the
environment factors. *: P<0.05; **: P<0.01; ***: P<0.001.

F2 NERFERERSUEERFEER Spearman tHXK

Table 2 Spearman correlation between environmental factors and methanotrophs gene abundance

Methylobacter

Methylomonas

Methylosarcina
Methyvlocaldum
Methylomicrobium
Methylosinus
Methylococcus
Methylocapsa
Methylohalobiis
Methylocella
Methyloferula

Methylacidiphilum

Candidatus_Methylomirabilis

1.0
0.5
-0.0

A

Functional gene Coefficient ORP pH EC TP TN SOM NO; SO,
pmoA Correlation coefficient 0.636 -0.429 0.714 —0.286 —0.500 0.143 0.607 0.643
Significance (two-tailed) 0.124 0.337 0.071 0.535 0.253 0.760 0.148 0.119

16S rRNA of NC10  Correlation coefficient -0.727 0.321 —0.143  0.393 0.536 0321 0.000 —0.857"

methanotrophs Significance (two-tailed) 0.064 0.482 0.760 0.383 0.215 0.482 1.000 0.014

*: The correlation was significant at level 0.05 (two-tailed).

F 3 IMEREFXIFFIINEEE) Mental X%

Table 3 Mental correlation of environmental factors to species and function

Type Coefficient ORP pH EC TP N SOM NO; S04

Species T 0.164 —0.347 —0.109 0.141 0.158 0.042 0.158 0.001
p 0.531 0.887 0.542 0.163 0.159 0.266 0.200 0.358

Function r —0.025 -0.239 —0.451 0.030 0.316 0.106 —0.005 0.045
p 0.302 0.792 0.921 0.179 0.057 0.166 0.312 0.174
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