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Abstract: [Objective] The gene diversity of phenol hydroxylase and catechol 1,2-dioxygenase were
investigated from fecal microbiome of Nycticebus pygmaeus. [Methods] Degenerate primers were used
to amplify phenol hydroxylase and catechol 1,2-dioxygenase gene fragments from metagenomic DNA.
Phenol hydroxylase and catechol 1,2-dioxygenase gene clone libraries were constructed, and some of
clones were sequenced separately. [Results] The BLAST analysis of phenol hydroxylase and catechol
1,2-dioxygenase sequences showed 92%—100% and 87%—100% identities to the known phenol
hydroxylase and catechol 1,2-dioxygenase sequences in GenBank. Phylogenetic analysis showed that
phenol hydroxylase sequences in gene clone libraries had high similarity with phenol hydroxylase
sequences from Neisseria, Burkholderia, Alcaligenes, Acinetobacter. And catechol 1,2-dioxygenase
sequences in gene clone libraries had high similarity with catechol 1,2-dioxygenase sequences from
Acinetobacter. Sequence alignment showed two DEXRH motifs of LmPH sequences were detected in
phenol hydroxylase sequences, and the conserved cysteine was detected in catechol 1,2-dioxygenase
sequences which was inhibited by Ag" and Hg®". [Conclusion] The phenol hydroxylase from fecal
microbiome of Nycticebus pygmaeus was multicomponent phenol hydroxylase, and catechol that
middle production of phenol degradation can be cleaved by catechol 1,2-dioxygenase through
ortho-pathway.

Keywords: Nycticebus pygmaeus, Fecal microbiome, Phenol hydroxylase, Catechol 1,2-dioxygenase,

Gene diversity
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Table 1 Primers used for amplifying the PH, C;,0 and C,;0 gene fragments

Bk LS 51y 5 SV EE 225 3k
Primer name Primer sequence (5'—3") Primer size (bp) Reference
PH/pheUf CCAGGSBGARAARGAGARGAARCT 24 [15]
pheUr CGGWARCCGCGCCAGAACCA 20
PH/Pheh-3F CGKATGACSTACGGCTGGATGGGCG 25 [16]
Pheh-3R ACGTCCTGTTCGATGATCTCCTTGATCCGC 30
C,0/C,OF CCTGARCBGTHGGYTTTGCNCGTATGGATGA 31 [16]
C,OR TCACGRGTWGCRWARGCAAAGTC 23
C,30/ORE-F AGGTGWCGTSATGAAMAAAGG 21 [17]
ORF-R TYAGGTSAKMACGTTCAKGAA 21
C30/C»30F GGTCTGATYGAAATGGAYCGCGA 23 [16]
C30R CGTTCGTTSAGCACCCGGTCGTG 23

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



2192 WA 28R Microbiol. China

2015, Vol.42, No.11

167 D2 BRL, HIBRTIPE N DI Afa 1 e SOk
#EHT RFLP J3#1)5 , 4% 35 AT RESR AR C1,0 3
PR B i) Ei 21 F iR AR REE RN o
L5 FAoHh
1.5.1  FHIEEXS 54 XN AR15 097751, ] Vector
NTI 11.5 LR Pm A PS5, 1] NCBI
BLASTx (http://blast.ncbi.nlm.nih.gov/Blast.cgi)i#t 17
HH3HT, #EHCS GenBank ¥(iiilEH PH #I C1,0
P9 B AR Y 2 ) Be 2 2 i PH I Co00
JFo1
152 PH# C,0 £EZ#HMESH: ] MEGA 6.0
(Molecular evolutionary genetics analysis 6.0)fFifs
(1) PH A1 C1,0 JER 551 B il 2 32 751, A NCBI
(http://www.ncbi.nlm.nih.gov/) GenBank ' T ZZAH1LI
I AZ %75, i MEGA 6.0 #/FH iy
Neighbor-Joining %351 Poission correction %44
ARG IERT, 5 Bootstrap 1 000, J Clustal X
BAFHAT IR AN AT
L6 FIEXRS

PH Al C,0 WIZIRIFHIE#25C GenBank %l
PE . J¥ 315 43 il 25 KP340937-KP340970 il
KP340902-KP340936,

2 GRS
201 FEEBREEREY PH ZEAFTIR S H#H
Vil

34 ABAVE TR BYI Y 45 R L BR AR P8, d
BLAST Foxiorr, &R %R, 34 55 PH B Bt
3 &5 Neisseria sicca KIFH) PH JF5| 4
98%—99%IWAHUME ; 1 555 Burkholderia sp. MSh1
IR PH FHAIE R 92%; A 1 &5
Alcaligenes sp. OS2 KR PH A 95%H9T 51 AH{LL
P HoAy 29 553495 Acinetobacter FYRN) PH 73 A
99%—100% M ARMIYE . A T HEIE Gt 3Rk 4 H
GIRAALE G R, EBREEZALMTH, LI
GenBank F#f PH JF9ERASHEIFH, HHERS
BRI (& 1) QUEEEAR TR , KBRS I (5 1k

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

YRR PH B 7 B 5 R IR T Acinetobacter 1)
PH @ HAHZE, ULBH IR T Acinetobacter 1) PH TEA%
WS RUE Y TP AT BEA B m B T

PH %R 5.4H4r PH (Monocomponent phenol
hydroxylase) fIZ 21 4) PH (Multicomponent phenol
hydroxylase, mPHs)M2JS, 5K 4% mPHs 23
B AW . Pseudomonas sp. CF600!"™
NCIB8250!"!
Acinetobacter PHEA-2P  FiI
Comamonas testosteroni TA441[21]%%¢E@ mPHs &
I B vekE . 7ERERS; mPHs HERHr, HORE
HE(LnPH) TG B A7 A2 781 e fR s A 22

TE & 58 kAL W b ik 53 5l 5 Neisseria |
Burkholderia . Alcaligenes. Acinetobacter 4 ™J&k
I PH PRI R —EK 5 4 PH BN B
(PH1-c-7 . PH1-c-58 . PHI1-d-52 . PHl-a-10 #0I
PH1-d-80), 5 HAWA RPN A MR IR Y mPHs H
1) LmPH Zifi% /75347880 s o0 #r (B 2). 45
RIS ERE YRR R PH T 5 HAh A5
FMRIER LmPH Zafit) 31 B A B i 7 51 AHA
PE, HrP RS 2 ANEEEORSE . KRZHHRR 100 >z
M2 DEXRH Z5H8, X MESHsEE K240 PH /Y
BAVERIE . DA B bR, R S A Mok
i PH RA AT REN mPHs, HMKE 1 nIEH, Frf
ZORIE ) PH P B 5 AL 3 1Y PH P 9134
PSS
22 FEHEBREEMEY CLO EEFIIRS H#1E
o

35 > BHE ke r i e 4 SR 2L bR gk AR P 41, dE
BLAST WX 7pHT, S55RER, 35 4% Cp0 JE M 7 B
Y5 Acinetobacter KR C120 A 87%—100%H) 741
FERIPE . ZPBRER EIIRIT], DL GenBank 1 F %
1) CO JFFIWER S % T4, i R G (151 3),
WA 7, IR E YR IR C o0 A&
I Bt 45 Acinetobacter K RH C,0 FFFIMR,
FHAE Acinetobacter WA R FIAIR I —E R F

Acinetobacter  calcoaceticus

calcoaceticus



BF 4 BRI E R YR B A BRI SRR 8 1,2-BUM S e R AR PRI 5T 2193

sap

PHI-a-1
PH1-c-5
PH1-c-82
PH1-d-28
PH1-d-40
13
PH1-b-3
PHI1-a-6
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34[ PH1-c-61
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30 Acinetobacter calcoaceticus (CAA85383.1) (Multicomponent PH, ortho-pathway)
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F PH1-d-11
57 PH1-d-34
J Neisseria sicca (WP_016687267.1)

PH1-d-32
99 L‘
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PH1-d-52
100 LAlcaligenes sp. OS2 (BAH03527.1)
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L— Burkholderia sp. MSh1 (WP_031400445.1)
Geobacillus stearothermophilus (AAA85688.1) (Monocomponent PH)

53
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1 EEREEREYRIES PH ZRB R BRFEHELH S0
Figure 1 Phylogenetic analysis based on the partial amino acid sequences of PH genes from fecal microbiome of
Nycticebus pygmaeus

Note: Sequences of clones identified in this study are indicated with “PH”. The numbers in parentheses are accession numbers of sequences.
Numbers at each branch point indicate the percentage supported by bootstrap values based on 1 000 replications. The scale bar represents the
number of changes per amino acid position.
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PH1-c-58 HILNVVDA|SN T INAT | T. TG T T Iohg NN R 50
PH1-d-52 EKEKKLYAIRES A F2 HOMN VS NE IS0 T INE T 13 I, T AT IS 1IN0 50
PH1-d—80 A= KEKKL Y2 A LT, TA W TS T.I0040O 50
LmPH.OS2 100
LmPH.W1 100
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PH1—-a-10 100
PH1—-c-7 100
PH1-c-58 100
PH1-d-52 100
PH1-d-80 100
LmPH.OS2 150
LmPH.W1 150
DmPN 150
Mo PN 150
PH1-a-10 150
PH1-c—7 150
PH1-c-58 150
PH1-d-52 150
PH1-d-80 150
LmPH.OS2 200
LmPH.W1 3 E ) ) 200
DmPN 5D \ : ?DERRHMTLCL ] ol > T BEOJEIV: < 200
Mo PN \ ER 3 > I 200
PH1-a-10 BRHMTLG \ C > o 200
PH1-c-7 | 200
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PH1-d-52 e 200
PH1-d-80 STVTEGE 200
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LmPH.W1 206
DmPN 206
MoPN 206
PH1—-a-10 207
PHl=c=7 207
PH1l-c-58 207
PH1-d4-52 207
PH1-d-80 207

B2 EEREFENEYRIRL PH FFI5HEM LmPH FFI8IERSY Lt 247
Figure 2 Partial amino acid sequence alignment of PH from fecal microbiome of Nycticebus pygmaeus with other LmPH
Note: Sequences used in this alignment are: LmPH.OS2%*, LmPH.W1%*, MopN"", DmpN™*\. Two typical DEXRH motifs are indicated by

asterisks.
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E_ECIZOIS—d—&
99 — Acinetobacter baumannii 983759 (EXE15622.1)
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B3 EEREEMENMRERN C,0 £2E KB AFHILK I
Figure 3 Phylogenetic analysis based on the partial amino acid sequences of C,,0 genes from fecal microbiome of
Nycticebus pygmaeus
Note: Sequences of clones identified in this study are indicated with “C;,0”. The numbers in parentheses are accession numbers of
sequences. Numbers at each branch point indicate the percentage supported by bootstrap values based on 1 000 replications. The scale bar
represents the number of changes per amino acid position.
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AAC46228.1 HDEVSKIINPDED . AGPIRVIMHGT VTG P DEK PV AGENV g C 1yl SIMGHY S 49
BAC16779.1 DETSKIMVNPDEG . AGPIEVIMRGTVTG P DgK PV ANL G S 49
Cl12015-b-1 AVEFARMIDGSESDKVDTIFBESTVTDTEEN I T EGEK b S50
C12015-b-8 S FARMBDGSESDQVDSIEVMEGLVTD T N[N I I PNEK| BRGHY S 50
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C12015-c-30 e FARMBDGSEEGKIPTIFMEGTVTDTE[EH LI EGIK S LENYES] 50
C12015-d-7 AVEFARMBDGTETDKIPTIFMEGTVTDTE[GN I IEGIAK GRY S 50
€12015-d-13 AVEFAR. DGTESDKLDLIFFBEGTVTDV DEN VI E GEK ! GMlY S 50
c12015-d-39 AVEIFARMMDGAEEGKIPTIIMEGVVRDTSEO 1T EGEK THANERAGRIY S 50
C12015-d-63 eFARMMEDGSESDHLDTIIMEGTVTDTQEN 11 ENBK g S0
AAC46228.1 HEG P T G A GAVKTGADEKEEFRIL O LNV 99
BAC16779.1 Hi PTGAJ O LIAN VIl 99
Cl12015-b-1 KS. . F VRN KR 98
C12015-b-8 KS. . A VRN TI8 98
C12015-c-21 S.. FYVIRD KIS 98
C12015-¢c-30 KS. . o1 VIR K8 98
C12015-d-7 KS. .[ORDIREAAR T T 1,SDO DEKN VA QINT UiV eNdeisiza= - e T iye, /18D K8 98
C12015-d-13 KS. . OSEINMBNR T I I ADDK@EHNY AVIEN KIS 98
C12015-d-39 KS. . LVIRD KIS 98
C12015-d-63 KT. . A LN Kl 98
AAC46228.1 ERHGNR 143
BACl16779.1 SR HGNR PE: 143
Cl12015-b-1 142
Cl12015-b-8 142
Cl12015-¢c-21 &R HGNR PSJHV Hp4 142
C12015-c-30 &R HGNR PEH VH§§ 142
Cc12015-d-7 ©R HGNR PEJH VHRFIRSENSEMR K1, T'TQ 142
C12015-d-13 R HGNR PEHVHMEVEENISRR KL TTQ 142
C12015-d-39 ERHGNR PRE{H V HMFRENENR K 1. T'TQ 142
C12015-d-63 ER HGNR PEIHVHMFISSENSERR KL T'TO 142

*

4 EEREFEREYFRIER CL0 F35 Acinetobacter Iwoffii K24, Burkholderia sp. strain TH2 3R AY
I 81 C,,0 FFIRIER S b3t 5 4
Figure 4 Partial amino acid sequence alignment of C;,0 from fecal microbiome of Nycticebus pygmaeus with
type I C1,0 from Acinetobacter Iwoffii K24 and Burkholderia sp. strain TH2
Note: The conserved tyrosine, histidine and cysteine residues are indicated by asterisks.
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