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TEN A Y% . ff ] TIANamp Bacteria DNA
Kit i 7] & #2 B DNA | 28 Nano Drop 2000 ¥l &
R B DNA R TR 2 2 RE DA 20 S Al e SO
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Tab.l Water quality parameters and pollutants removal rate of leachate samples treated by different processes

- HHS1/ BS3/ BS4/ BS5/ BS3 His iy BS4 sy BSS iy
(mg- L") (mg- L") (mg- L") (mg- L") EBRE/ % LBRE/ % LR/ %
MA 4 670.00 104.00 56.90 12.70 97.77 98.78 99.73
JSy 7 23.50 1.58 0.27 0.04 93.28 98.85 99.83
b2 5 250.00 1 030.00 93.00 22.00 80.38 98.23 99.58
2 WIRERABAPWHEDSHEYE
Tab.2 Microbial diversity in landfill leachate
W) WEEH R AL ACE Chao Shannon Simpson Good’s Coverage
HHSI 15 022£122 15 038+206 15 030£204 6.26+0.18 0.98+0.005 0.999 985+0.000 002
BS3 11 900988 11 913+987 12 041665 5.79+0.19 0.98+0.005 0.999 987+0.000 002
BS4 2413350 2425+224 2418222 2.52+0.02 0.80+0.002 0.999 990=0.000 005
BS5 27324133 2735468 273366 4.01=0.04 0.95+0.002 0.999 995+0.000 001
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Fig.1 Changes of community structure at Phylum level in different leachate treatment processes
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Fig.2 Heatmap of the relative abundance of carbon cycle metabolic pathways
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Tab.3 Relative abundance analysis of host bacteria for L-lactate dehydrogenase in

T, and CO dehydrogenase small subunit (coxA) in Ty

%

H BS41 BS42 BS43 BS51 BS52 BS53
Rhodobacterales 0.14 0.18 0.15 — — —

Pseudomonadales 98.05 99.12 97.78 20.34 20.39 22.87
Oceanospirillales 0.46 0.06 0.29 — —
Hyphomicrobiales — — 0.12 — —
Nitrosomonadales 0.14 — — — — —

Burkholderiales — — 0.12 69.70 70.85 64.96
Micrococcales 0.14 — — — —
Corynebacteriales 0.87 0.44 1.22 — — —
Cellvibrionales 0.16 0.21 0.32 — — —
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Fig.3 Heatmap of the abundance of carbon cycle functional genes
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Fig4 Heatmap of the relative abundance of nitrogen cycle metabolic pathways
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Fig.5 Heatmap of the abundance of nitrogen cycle functional genes
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Tab.4 Relative abundance of host bacteria for narG gene in Ty, and nirB gene in T,

H BS41 BS42 BS43 BS51 BS52 BS53
Rhodocyclales — — 0.08 0.09 0.08
Pseudomonadales 91.33 92.80 93.31 84.01 79.37 82.31
Nitrosomonadales 0.02 — 1.70 2.09 1.94
Aeromonadales — 0.07 0.02 — — —
Oceanospirillales — — 0.03 — —
Burkholderiales — — 14.09 18.46 15.40
Rhodobacterales 0.06 — — — —
Cellvibrionales 0.17 0.18 0.32 — —
Corynebacteriales 0.10 0.07 0.07 0.04 — 0.03
Hyphomicrobiales — — 0.03 — —
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Fig.6 Heatmap of the relative abundance of phosphorus cycle metabolic pathways
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Fig.7 Heatmap of the abundance of phosphorus cycle functional genes



136 BARRFAM (A RBERR)

B4

2B UE (BS3) Ji, WU 43 R 4t ( two-component
system) W T F ZA 5 42, H Rhodobacterales
(AEXF 2B 51. 46% ) E i ppx FER S H5WAER, 16
Ty BT B, W W2 )X H¥ 3% 12 ( pentose phosphate
pathway ) ¥k 3 22 i 42, B Pseudomonadales
(FAXTEEBE 71.79% ) 38 3 pstC F& PR 52 ) B 176 26

TE Ty B BE, 2 H Pseudomonadales ( 4 X 5 J&
83.63% )il id glpQ K A5 IO 2 B i TR
o l§ 22 58 ( phosphotransferase system) |, & BITEE)E
WAL PRI S 2B B, Wi A 0 7 30 ok ) R ARG ag
IRPATE B U R RS 26 (£ 5)

RS Ty ER ppx R T BB pstC BEEF T, B glpQ BERMBEEEEN FES

Tab.5 Relative abundance of host bacteria for ppx gene in T, ,pstC gene in Ty, and glpQ gene in T

H BS31 BS32 BS33 BS41 BS42 BS43 BS51 BS52 BS53
Pseudomonadales 4.85 291 5.16 70.86 72.12 72.40 83.12 82.96 84.81
Burkholderiales 4.26 3.67 3.61 — — — 13.14 13.97 12.65
Thiotrichales 4.23 2.99 4.60 26.14 25.81 24.04 — — —
Marinilabiliales 0.04 — — — — — — — —
Rhodobacterales 45.98 49.75 58.65 0.06 — 0.09 — — —
Oceanospirillales 1.11 0.25 1.22 0.57 0.06 0.20 — — —
Rhodospirillales 3.39 4.52 3.28 — — — — — —
Flavobacteriales 1.16 0.43 0.16 — — — — — —
Hyphomicrobiales 0.86 1.34 1.30 — — — 0.16 0.08 —

Sphingobacteriales 0.17 0.33 — 0.08 — — — — —
Micrococcales — 0.05 0.04 — — — 2.24 1.58 1.30
Rhodocyclales 14.76 8.41 15.03 — — 0.05 — — —

Alteromonadales 1.01 0.43 1.37 — — — — — —
Cytophagales 0.26 0.22 0.14 — — — — — —

Corynebacteriales — — — 0.43 0.24 0.56 — — —

Sphingomonadales 0.22 0.14 0.16 — — — — — 0.11
Chromatiales 0.93 1.59 0.27 — — — — — —

Nitrosomonadales 0.80 1.85 0.03 0.22 — — 1.25 1.42 1.14
Cellvibrionales 0.97 0.60 2.24 0.34 0.56 1.11 — — —
Maricaulales 0.36 0.09 0.12 — — — — — —
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Abstract ; Sanitary landfill operations generate leachate with high concentrations of organic matter and ammonia
nitrogen. Membrane bioreactor ( MBR) technology is widely employed for leachate treatment to efficiently re-
move these pollutants. However, the impact of MBR systems on the functional roles of microorganisms within
leachate , particularly the specific effects of advanced membrane treatment processes,remains insufficiently un-
derstood.In this study,samples were collected from four key stages of leachate treatment ; untreatment ( Ty, ) ,
ultrafiltration ( Tyg; ) , nanofiltration ( Ty, ) ,and reverse osmosis ( Tpes ) . Metagenomic sequencing was utilized
to analyze the functional genes of leachate-derived microorganisms, aiming to investigate changes in microbial
community structure across different treatment stages and their influence on genes related to carbon, nitrogen,
and phosphorus cycling.The results indicated that MBR technology significantly reduced the abundance and di-
versity of microbial communities in leachate. Specifically, during the treatment process, Pseudomonadales and
Burkholderiales played a pivotal role in facilitating the carbon cycle through the active expression of the L—lac-
tate dehydrogenase gene and the CO dehydrogenase small subunit (coxA) gene. Notably, Pseudomonadales
served as the key driver of the nitrogen cycle, exerting profound influence on nitrogen transformation processes.
Furthermore, the phosphorus cycle was intricately regulated by Pseudomonadales and Rhodobacterales. This
study investigates the pivotal role of the MBR system in regulating the microbial-driven transformation of sub-
stances in leachate sources.The findings offer valuable data and scientific insights for optimizing leachate treat-
ment processes and mitigating environmental pollution caused by leachate-derived genes.

Keywords :landfill leachate ; membrane bioreactor; microbial community ; metagenomics ; elemental cycling a-

nalysis



