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Abstract: We isolated and enriched mixed microorganisms SWAI1 from landfill cover soils supplemented with
trichloroethylene (TCE). The microbial mixture could degrade TCE effectively under aerobic conditions. Then, we
investigated the effect of copper ion (0 to 15 pmol/L) on TCE biodegradation. Results show that the maximum TCE
degradation speed was 29.60 nmol/min with 95.75% degradation when copper ion was at 0.03 pmol/L. In addition, genes
encoding key enzymes during biodegradation were analyzed by Real-time quantitative reverse transcription PCR
(RT-qPCR). The relative expression abundance of pmoA gene (4.22E-03) and mmoX gene (9.30E-06) was the highest when
copper ion was at 0.03 pmol/L. Finally, we also used MiSeq pyrosequencing to investigate the diversity of microbial
community. Methylocystaceae that can co-metabolic degrade TCE were the dominant microorganisms; other
microorganisms with the function of direct oxidation of TCE were also included in SWAT1 and the microbial diversity
decreased significantly along with increasing of copper ion concentration. Based on the above results, variation of copper
ion concentration affected the composition of SWA1 and degradation mechanism of TCE. The degradation mechanism of
TCE included co-metabolism degradation of methanotrophs and oxidation metabolism directly at copper ion of 0.03 pumol/L.
When copper ion at 5 pmol/L (biodegradation was 84.75%), the degradation mechanism of TCE included
direct-degradation and co-metabolism degradation of methanotrophs and microorganisms containing phenol hydroxylase.
Therefore, biodegradation of TCE by microorganisms was a complicated process, the degradation mechanism included

co-metabolism degradation of methanotrophs and bio-oxidation of non-methanotrophs.

Keywords: mixed microorganisms, trichloroethylene, key enzymes, community structure, degradation mechanism
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RNA DNA
RNA (
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1 F27 R1429
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F-16S rRNA R-16S rRNA
16S rRNA 200 bp
F-pmoA R-pmoA pmoA
152 bp F-mmoX R-mmoX
mmoX 113 bp

#z1 SIYMREZRERFS
Table 1 Primer features

Primer names Primer sequences (5'-3")
F270% AGA GTT TGA TCA TGG CTC AG
R14298" TAC GGT TA CCT TGT TAC GAC TT
F-16S rRNAP®  ACT CCT ACG GGA GGC AGC AG

R-16S rRNAPY  ATT ACC GCG GCT GCT GG

F-pmoA TCG CAG GCT TTC TGG TGG GT
ATC ATA GCA GAC GGG AAC ACG
R-pmoA
AG
F-mmoX CGC AGC AGA AGT ATT TCA CGC
R- mmoX ACC CCA ATC CTC GTA GAC CCA
F-LmpH TTT CTG TCG GTG CCC AAG TC
R-LmpH CGC CGA GAA GCC AAA GGT




St FABEFURSEHER=SZHNZNSNH ST 625

F-LmpH R-LmpH
177 bp RNA
DNA

PrimeScript™ RT reagent Kit with gDNA Eraser
(Perfect Real Time) qPCR

SYBR® Premix Ex Tagq™ II (Tli RNaseH Plus)

LmpH

( )
PCR (RT-qPCR)
RNA
DNA (RT-PCR)
cDNA cDNA SYBR
16S rRNA pmoA mmoX  LmpH
qPCR
DNA 42 °'C 2 min
4 C 37 'C 15 min
85T 5s 4°C gqPCR
95°C 30s 95 C 5s / 62.4 C
(16S rRNA pmoA LmpH) 30s 58 ‘C (mmoX)
30s 39 05 7C 65 C
95 C
C
C
PCR
DNA
10
qPCR
PCR

16S rRNA R’=1.000 E=97.7%
(2.310E+4) copies/ul.  pmoA

& 010-64807509

R?=0.999 E=97.8% (3.96E+4)
copies/uL  mmoX R*=0.999 E=97.4%

(4.780E+2) copies/uL  LmpH
R?=0.991 E=93.9% (3.44E+1)
copies/pL

16S rRNA
3
15 SBEENFEHELE
MiSeq 16S rRNA

V3+V4 468 bp

338F-806RE73% Trimmomatic FLASH

Usearch uparse
97%
OTU OTU
uchime PCR
OTU usearch_global
map OTU
OTU
2 BREMT
2.1 REEH SWAL B KHFMHE
SWA1 10 umol/L
5
1 5
SWA1
24 h pH
7.0
SWAL1

K cjb@im.ac.cn



626 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech May 25,2016 Vol.32 No.5

1 84.75% ( 2B) Dong [ pMMO
10 pumol/L ODgo 0.65 pMMO-NADH
0.45 Methylococcus capsulatus Bath
BB 73 B Y E A B 42 4070 SWAI
22 B FKREXREEE SWALME TCE
apAly TCE
( 20%) SWAI
SWAI TCE 2 TCE
TCE
0.03 3 A
—m— 0 umol/L
5 pmol/L 3 TCE --0-- 0.03 umol/L
89.21% 70.15% 80.85% ( 2A) = --A--0.20 pmol/L
= --v-- 0.75 umol/L
96 h TCE e —— 1 umol/L
2 =~ -<-- 3 umol/L
¢ (Cu)=0.03 pmol/L TCE .% % —p— 5 umol/L
£ g --8-- 10 umol/L
95.75% TCE g e _ —%— 15 umolL
29.60 nmol/min 1.2-1.6 S AN e
=)
1-15 pmol/L S ot
5 umol/L TCE o T .
1(d)
With 10 umol/L Cu**« With 10 pmol/L Cu* B
B Without Cu?* -+ Without Cu?* 100 -
0.9 10 A
0.8 s S ot \
0.7 ] 5 / AL
% % % 7 s A A A
0.6F A— 16 = 801
N = % /
Qé 0.5+ g § §
Q 044 & ?{) 70 - /
2 A
0.3+ m
O L
0.2 = 00
0.1+
50 & 1 1 1 | | | | |
0.0 1 ) - 3 - 4 0 0.03 020 0.75 1 3 5 10 15
Generation times Concentration of Cu** (umol/L)
2 ABFEEEE SWAL £/ TCE &
E1 RBREEHSWALAEKIREN 220
Fig. 1 Growth stability of the mixed microbial consortium Fig. 2 The effect of copper ion on TCE biodegradation
SWAL. by SWAI.
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Fig. 3 The effect of copper ion on methane oxidation
in the progress of TCE biodegradation by SWAL.
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Fig. 4 The growth of SWAT1 in the progress of TCE
biodegradation by copper ion.

24 HEBEFIEEEE SWAL XEREEFRIE
=i 4:0pA )

TCE sMMO
pMMO TCE
5
16S rRNA
pmoA  mmoX
0.03 pumol/L pmoA
mmoX pmoA

(4.22E-03+4.98E-05)
(9.30E-06+4.89E-7) 3
pmoA  mmoX

mmoX

pmoA
0—0.75 umol/L mmoX
1—15 pmol/L

Choi "' Methylococcus capsulatus Bath

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

PMOA
(0—55 umol/L)
PMOA
5
SWAI1 TCE
SWAI1 TCE
( 2) TCE
MMO
TCE
TCEPY 5
(0-0.75 pmol/L) LmpH
1 pumol/L
mmoX
107 pmoA/16S
2 mm mmoX/16S
o 103k % & LmpH/16S
g 4 5 7
= —4 L
é 10+ 2 &
£ 10%}
Lol
2107 K %
8 K
109 L A EEEE @ sN% EEEE
0 0.03 020075 1 3 5 15

Concentration of Cu** (umol/L) (With 5 umol/L. TCE)

B 5 TCE EfEIEHRARESFIRENXEER
GEPSE v R:0EA )
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*2 HBARGHNSEENFFIEEME LN
Table 2 Diversity indices and sequence information of high throughput sequencing for experimental samples

0.97
Sample ID Reads -
OTUs Ace Chao 1 Coverage Shannon Simpson
C (Cu*")=0.03 pmol/L 10 799 62 62 62 1.000 0 2.66 0.159
C (Cu*")=5 pmol/L 11 964 52 52 52 0.999 9 1.28 0.574

x3 AEEBEFREXESERE SWAL RiEMH IR0
Table 3 Biological characteristics and number of sequences in genus level of mixed communities under
different copper ion concentration

Number of sequences and relative abundance (%, shown in parenthesis)

Taxon C (Cu*") - o
Biological characteristics
0.03 umol/L 5 pmol/L
Methylocystaceae 3 899 (36.10) 9 018 (75.42) MOB have capacity of co-metabolic degradation of TCE®!
Lactococcus 1 413 (13.08) 752 (6.29) It’s reported that they can removeTCEM! -
Bacillus 857 (7.94) 512 (4.28) TCE can be used as carbon source by Bacillus ]
Solibacillus 551 (5.10) 327 (2.73) Having tolerance for copper and can degrade TCEM**
. Using chlorohydrocarbon as carbon source and having
Methylophil . 1 91
ethylophilus 566 (7.39) 09 (0.91) dehalogenasels47
Taibaiella 798 (5.24) 0.00 No report
Sphingomonas 304(2.82) 184 (1.54) Using aromatic hydrocarbon as carbon sourcel*!
Pseudomonas 282 (2.61) 142 (1.19) Having LmPH which can co-metabolic degrade TCE!*-"]
Sediminibacterium 114 (1.06) 248 (2.07) Cu’" has an impact on degrading Enzyme®"!
Arthrobacter 185 (1.71) 111 (0.93) Having LmPH which can co-metabolic degrade TCEP?
Ferrovibrio 287 (2.66) 6 (0.05) No report
Aquicella 254 (2.35) 0.00 No report
Azospirillum 190 (1.76) 57 (0.48) Playing an important role in the process of TCE degradion!**!
Opitutus 112 (1.04) 22 (0.18) No report
Others 987 (9.14) 476 (3.92) No report
Total 10 799 11 964 —
TCE pMMO
TCE
TCE 0.03 pmol/L pmoA mmoX
LmpH
3 &
SWAI
Methylocystaceae
SWALI Lactococcus Bacillus
TCE TCE
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