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Sequence analysis of 16S rDNA and pmoCAB gene cluster of
trichloroethylene-degrading methanotroph
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Abstract: Methanotrophs could degrade methane and various chlorinated hydrocarbons. The analysis on methane
monooxygenase gene cluster sequence would help to understand its catalytic mechanism and enhance the application in
pollutants biodegradation. The methanotrophs was enriched and isolated with methane as the sole carbon source in the
nitrate mineral salt medium. Then, five chlorinated hydrocarbons were selected as cometabolic substrates to study the
biodegradation. The phylogenetic tree of 16S rDNA using MEGES5.05 software was constructed to identify the
methanotroph strain. The pmoCAB gene cluster encoding particulate methane monooxygenase (pMMO) was amplified by
semi-nested PCR in segments. ExXPASy was performed to analyze theoretical molecular weight of the three pMMO
subunits. As a result, a strain of methanotroph was isolated. The phylogenetic analysis indicated that the strain belongs to a
species of Methylocystis, and it was named as Methylocystis sp. JTC3. The degradation rate of trichloroethylene (TCE)
reached 93.79% when its initial concentration was 15.64 umol/L after 5 days. We obtained the pmoCAB gene cluster of 3
227 bp including pmoC gene of 771 bp, pmoA gene of 759 bp, pmoB gene of 1 260 bp and two noncoding sequences in the
middle by semi-nested PCR, T-A cloning and sequencing. The theoretical molecular weight of their corresponding gamma,
beta and alpha subunit were 29.1 kDa, 28.6 kDa and 45.6 kDa respectively analyzed using ExPASy tool. The pmoCAB gene
cluster of JTC3 was highly identical with that of Methylocystis sp. strain M analyzed by Blast, and pmoA sequences is more
conservative than pmoC and pmoB. Finally, Methylocystis sp. JTC3 could degrade TCE efficiently. And the detailed
analysis of pmoCAB from Methylocystis sp. JTC3 laid a solid foundation to further study its active sites features and its
selectivity to chlorinated hydrocarbon.

Keywords: methanotroph, trichloroethylene, pmoCAB gene cluster, 16S rDNA, phylogenetic tree
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orfY pMMO
(14161 bMMO @ By pmoCAB
L1 (aBy)s TCE
pMMO pmmo 3 JTC3 TCE
pmoCAB Y p 16S rDNA
a Basu ' Methylococcus pmoCAB
capsulatus Bath pMMO a
(47 kDa) B (27 kDa) y (23 kDa)
63 kDa (PMMOR)
3
(pMMOH) pMMO sMMO 1 ﬁ 5{6" "‘i 73—}2
MMOR MMOB 11 #E
pMMO NMS [21]
(oBy)s s |
[12]
18a 13.2%
0.47% 9.96% pH 7.73 LA Taq
DL 2 000 bp DNA marker 500 bp DNA
pMMO ladder (Dye plus) ( )
: Eppendorf 5332 PCR
pMMO [13,19]
BIORAD SC-6 000A
o0 ( ECD )
12 FHiE
1.2.1
4 mm 2 mm
GenBank 100 g 500 mL
GenBank pmoCAB 100 mL 30°C 2
9 7 (
pmoCAB) 5 10
pmoCAB GenBank NMS 4-5
MMO
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x1 SIMRERERFT
Table 1 Primers and their nucleotide sequences

Primers Nucleotide sequences (5'—3")

F271%2 AGAGTTTGATCATGGCTCAG

R142912% TACGGTTACCTTGTTACGACTT

A189gc®®!  GGNGACTGGGACTTCTGG

Mb661723] CCGGMGCAACGTCYTTACC

ATGAGCTCVACGACTRRCACRGC
PU 5'
HGC

PU 3'-1 GGAAGACGGAAGTTGACCCAC

PU 3'-2 AGTTGACGTAGCGGTTGATCCAC

PU 3'-3 ATCATAGCAGACGGGAACACGAG

PD 5'-1 CTCGTGTTCCCGTCTGCTATGAT

PD 5'-2 TCACGGCGGTTGTCGGTTCGCT

PD 5'-3 AATACATCCGCATGGTCGAGC

PD 3’ AGTWTCGCTTAGGGCATGTC
1.2.2 DNA T-A

TIANGEN DP302
DNA PCR
TIANGEN DP209 DNA
T-A pMD™]19-T Vector
Cloning Kit
1.2.3 JTC3
JTC3 1 mL
20 mL NMS 100 mL
20 mL 30 C
170 r/min 2-3 d
20 mL
1 mL
[24] JTC3
TCE

3
TCE
(0—70 pmol/L)
TCE TCE
TCE
1.2.4
GDX-104 2 m
35 mL/min
10 mL/min ( ) 120 'C
( ) 90 C 200 C
0.1 mL 0.00 nA
( ) TCD
TCX-01 1 m
40 mL/min ( )
120 C ( ) 90 °C
120 C
1.25 JTC3 16S rDNA
JTC3 DNA
F27/R1429 16S rDNA
16S rDNA
MEGA 5.05
(NJ) NCBI (National

center for biotechnology information) Blast

(Basic local alignment search tool)

JTC3 PCR 94 C
5min 94°C35s 55°C30s 72°C35s 30
72 °C 5 min
126 JTC3 pmoCAB
JTC3
A189gc/Mb661 pmoA
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PCR 94 °C5min 94 °C I min 59 C pmoB  pmoC T-A
45s 68°C40s 35 68 ‘C 5 min pmoA
GenBank  pmoCAB pmoCAB PCR ¥
JTC3 pmoA PCR 2
Primer Premier 5.0 6 94°CS5min 94°C35s 55°C30s
( 1 1) PCR 72 °C 35s 30 72 ‘C 5 min
2 3 4 8
- . |
pmoC pmoA pmoB
|| I BN ==
1 5 6 7

1 pmoCAB ERE M K5I MZItETREE

Fig. 1

Constitute map of pmoCAB gene clusters and location of primer designed where the black and gray regions

are primer sites and noncoding regions respectively. The digital sites of 1 to 8 are PU 5', PU 3'-1, PU 3'-2, PU 3'-3,

PD 5'-1, PD 5’-2, PD 5'-3, PD 3're

spectively.

2 pmoC #1 pmoB EE R B =% ¥ £ PCR FTA5I# & &R
Table 2 Primers and templates used in semi-nested PCR

Semi- nested PCR

pmoC-terminal fragment

pmoB-terminal fragment

Template Genome DNA
The first round .
Primer PU 5'/PU3'-3 PD 5’-1/PD3’
Template PCR product of first round diluted 20 times
The second round .
Primer PU 5'/PU 3'-2 PD 5'-2/PD 3’
. Template PCR product of second round diluted 20 times
The third round )
Primer PU 5'/PU 3'-1 PD 5’-3/PD 3’
Blast JTC3 pmoCAB JTC3
DNAMAN
6.0.3.99 1-1.5 mm
MMO
pmoCAB 0.5 um
ExPASy Compute pl/Mw
pMMO
22 HIRENE ITC3EMENE
4
2 BEREAW ITC3 12 1.2-
21 BRENEMNSELL TCE 5
5d 2A
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TCE 4
Oldenhuis 9 TCE
TCE 5d 0.29 pmol/L
2B 5d TCE 5d

(15.64+0.27) umol/L

(0.97+0.041) pmol/L 93.79%
5d TCE
0.20—250.38 pmol/L
Vinax 120 b7
Methylocystis
sp. M TCE 7.6 pmol/L (
1 ppm) 6 d TCE 7
TCE 91%"*
Methylocystis sp. M JTC3
TCE TCE
Oldenhuis ~ ©° TCE
TCE
Choi % TCE
pmoA TCE
pPmMoA
TCE JTC3
3
TCE (12.55-20.76 pmol/L) JTC3
TCE 60.76 umol/L
20 h
TCE
JTC3
pMMO

030 - Experimental group

1 Blank group 7
0.25 -
0.20 +
0.15 +

0.10 +

Variation of chlorinated
hydrocarbon (umol)

0.05 + +
O'OOW ' IV//J 177

»Q( ?{A 6"“6“6

Aos©

Concertration of TCE (umol/L)
)

6 —=— Experimental group
4+ —o--Blank group
2 L
0 L 1 L 1 L L
1 2 3 4 5
t(d)
El2 BESEWHEITCIEMEMINERRE TCE

REZL

Fig. 2 Degradation of chlorinated hydrocarbons (A)
by Methylocystis sp. JTC3 and variation of TCE
concentration over time (B).

N 0351 —o— TCE=0 pmol/L
= 030l e TCE=12.55 umol/L
9 —— TCE=20.76 pmol/L
£ 0257 v TCE=40.99 pmol/L
g —+— TCE=60.76 pmol/L
S 020
=]
£ 015t
g
£ 010+
3
g 0.05F
O
0.00 1 1 1 T
0 10 20 30 40 50
2 (h)
3 AR TCE KE X B E L HI 0
Fig. 3  Effect of TCE concentration on methane

oxidation.
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2.3 HRESELE JTC3 EFkAY 16S rDNA F Methylocystis sp. M 98%
FInHEESELETE Blast
PCR 1500 bp JTC3  « / /
165 rDNA (4 1487 bp Methylocystis sp. JTC3
16S rDNA ( 5)
5 4 bp
o
1500
Y 1000
500
95%
JTC3 o Methylocystis
sp. M 99%
NCBI Blast JTC3
168 tDNA 929 4 BIRSEWE JTC3 /Y 16S rDNA

Fig. 4 PCR products electrophoresis of 16S rDNA
EB-1 IMET 10484 WI 14M from Methylocystis sp. JTC3. 1-4: 16S rDNA of
99%  95% 16S rDNA Methylocystis sp. JTC3.

99 Methylocystis hirsuta strain CSC1 A
97 {

Methylocystis sp. SC2
Methylocystis sp. WRS

100 —— A Methylocystis sp. JTC3
oL Methylocystis sp. M >
Methylosinus trichosporium OB3b

a-proteobacteria

Methylosinus trichosporium 33/1

98

Methylosinus trichosporium SC10

98

Methylosinus trichosporium strain 1 J

00— Methylococcus capsulatus strain Texas
I Methylococcus capsulatus Bath

100 Methylobacter tundripaludum SV96

Methylomicrobium alcaliphilum 57,

s { Methylomonas methanica strain S1

99 Methylomonas methanica MC09

100

y-proteobacteria

Hyphomicrobium chloromethanicum strain CM2

B 5 % T 16S rDNA B Methylocystis sp. JTC3 R %% & #xt
Fig. 5 Phylogenetic analysis of the 16S rDNA from Methylocystis sp. JTC3.
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2.4 JTC3 E#kBY pmoCAB EE &R 18 2.5 pmoCAB & & #% F 54 7

EF3aHh pmoC pomB
JTC3 pmoCAB pmoA pmoA pmoCAB
PCR 6A 500 bp GenBank
DNA pmoCAB KJ499432 pmoA KF742674
489 bp GenBank pPMOA pmoB KF742675 pmoC KF742673
(AM849782.1) 999, pmoCAB 3 226 bp 1-771 bp
PMOA pmoC 1087-1845bp 759 bp
PCR pmoA 1967-3226bp 1260bp
JTC3  pmoC pmoB pmoB
Blast JTC3
6B GenBank pmoCAB
7 JTC3

JTC3 pmoCAB .
Methylocystis sp. M

moC moB
P P pmoC pmoA  pmoB 3
PCR 6B pmoC 999
0
1000 bp—1 500 bp DNA ( 99% 100%  100% JTC3  pMMO
1340 bp) pmoB 1 500 bp M pMMO
DNA ( 1 570 bp) JTC3  16S rDNA M
JTC3
PCR pmoC pmoB JTC3 TCE
M
B
bp
2 000
1500
1 000
500

6 Methylocystis sp. JTC3 B pmoCAB £ [& 7% 43 B ¥ 1& ra ik &
Fig. 6 Segmentation amplification of pmoCAB cluster from Methylocystis sp. JTC3. (A) pmoA gene segment. 1-3:
pmoA gene segment. (B) The third time of semi-nested PCR. 1: pomC segment; 2: pmoB segment.
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A
oM
0SC2
105 mGSC357
£ 100l 99 99 99 99
= > it > >
3 ool 89 00
2 87 87
5 85 | 85 85
Z 85t
= 8ot
a
75 1 1 1

pmmo pmoC pmoA pmoB

B

aM

0sC2
3 1057  mGSC357
= 100 100
Z100f 92 — —
=
3 g5l 95 94
g 90
8 90 L
= 87 7
- 85t
2
g 807

pMOC pMOA pMOB

7 JTC3E#E 3 R REALE R pMMO FHI—H L E
Fig. 7 Comparision of sequences of pMMO genes from Methylocystis sp. JTC3 with several known methanetrophs.

Methylocysti sp. SC2  Methylocystis sp.

GSC357 JTC3 pMMO
85%
4 3 pmoA
94% 90%
pmoCAB 16S rDNA
BT pmoCAB 3 pPMOA
[31-32] GenBank
pmoA 450-520 bp
pmoA
ATG TAA 759 bp
pmoA
ExPASy

Methylocystis sp. JTC3 pMMO o B v
6.56 6.96  5.05
45.6 kDa 28.6 kDa 29.1 kDa
pmoCAB pMMO o}

46 kDa 28 kDa

Semrau

B v3
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29 kDal?! pPMMO o P
Y , Methylococcus capsulatus

Bath pMMO 3

47 kDa 27 kDa 23 kDa!'" Methylosinus
trichosporium OB3b pMMO 3
41 kDa 26kDa  25kDal"
pMMO 3
pMMO
3 ZwERE
Methylocystis sp. JTC3 TCE
TCE 16S rDNA
pmoCAB 3 226 bp
Methylocystis sp. M pmoCAB
SC2 GSC357

Methylocystis sp. JTC3  Methylocystis sp.
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M  pMMO pmoC Y
Methylocystis sp. M 2
(D/S5 T/A131) Methylocystis sp. TIC3
5 1
131
Methylocystis sp.
M 5 131
2
— 2
JTC3
TCE M M TCE
sMMO 341
sMMO TCE
pMMO TCE
B3 rrCs3
TCE
10 pumol/L pMMO
sMMO TCE
pMMO JTC3
TCE pMMO
pMMO
pmoCAB
JTC3
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