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ABEHMTENEYR—REENATELY), RHRANEENERE. 3R
. EEFNER, RELENEMEANALRNEFRRELEHT™E
RIEE. MAMELESBHEKSYBEERLEERAL, BERES. S4EFR
TREFERA, MEVERERKAETEE EZEM. Hik, JTRBERE
R TR FARAR A e S BK LB S B P RER R EER .

ABFAFA LB, 216L FILUKR) BLIE 5 My 0 WE— IR LR A 5,
ENELE KRR S P2 B 53] 26 BRI SRR MEAE B . BT, DAIR) B A ME— TR,
B EEY T ERIER IR ERER FR . XBIEHK AEIL 1 ANI3. Btk
AEJ1 7£ 48 h A% 8] B 3 (790.77 mg/L) I P AR 214 5 94.6%, T Bk ANJI3 Xt 762.75
mg/L (A R PR IR B T 92.2%. @i 16S rRNA EBEFFIT, M 2 MK
EREMTRRET 28 RARIEE, 4B T 20 MBI 28 M, EEARTHEN B
My B, Heb 4 SKETR R THF . AT 2 BREERFE AN3 B AE31

TTREMDREE, &R EREK AN3 2 Ontowia &) — AN FiFh, Hfr 4k Ottowia
| beijingensis AN3". Hitk AE31 4 Pedobacter BHI—/"FiF, 34N Pedobacter
beijingensis AE317,

SR EHRET PCR #7318, T R4 DNA X BER, 4RANE
¥k AE14.AN3.AEJ1 1 ANJ3 83 T XMyB A BS R EF 5 . Bibk AE14 55 Pseudomonas
mendocina PC3 FEY2ALBEEE R (9 7 FI AR PEIE B 99%; B £k AN3 55 Diaphorobacter
sp. J5-51 MIAB FRALEEEE R FUARBLE A 100%; Bk AET1 F1 ANJ3 5 Pseudomonas
putida KL33 B3R R F IR 99%.

AFFFN R 6] PR AR AN3T AT T ERAZEMIT, F4T HE
5%K. PRMMEERXOIRER. #Eik AN’ RRADEREXH. 7PEE
AR, Hh orfl610 & orf1642 3£H 13 MEFTT RS 5KB LD ER, 1
BT A RER RN B R, IR AN3T F R PR ARG A AR 8] (i R
BA%, Xt B Y AT e SR EN B RS AR R AR

G ERTR, AR MNENEKEES RS TS SOBERENREZRETE,
BA R ANE, FE2 B AETL f ANJ3 XTER) . B PEREMACRRE, &
et — P RA R .

KEE: EHEE: BB, WFB: EWERE; FEREUEER
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Abstract

Phenols and phenolic compounds are a major source of environmental pollutants,
which are very toxic, carcinogenic and mutagenic. More and more phenol wastewater
without treatment is threatening the environment seriously with the development of
economy. Compared with physical and chemical methods, microorganism biodegradation
of phenol wastewater is more effective, lower in cost, and without secondary pollution.
Thus, the isolation and identification of phenol-degrading bacteria are very important,
especially in promoting the phenol sewage treat process.

Together, 26 possible phenol-degrading bacteria were isolated from the activated
sludge through LB. 216L and phenol, m-cresol inorganic salt medium. Two other
degrading bacteria named AEJ1 and ANJ3 were obtained by enrichment with gradual
increase of m-cresol dosage as the sole source of carbon. Strain AEJ1 was able to
metabolize 94.6% m-cresol with initial concentration 790.77 mg/L in just 48 h; while

" ANJ3 metabolized 92.2% m-cresol with initial concentration 762.75 mg/L in 48 h.

Analysis of 16S rRNA gene sequence showed that the isolates belonged to 28
different strains of 28 species of 20 genera. Most of them belonged to S- and
y-Proteobacteria. Four of them possibly belonged to novel species based on their low 168
tDNA sequence similarity to the described type strains. Results of systematic
classification and identification of strain AN3 showed that it represents a novel species in
the genus Ottowia, of which the name Otfowia beijingensis sp. nov. is proposed. Results
of systematic classification and identification of strain AE31 showed that it represents a
novel species in the genus Pedobacter, of which the name Pedobacter beijingensis sp.
nov. is proposed.

PCR analyses revealed the encoding genes of phenol hydroxylaée, the nucleotide
sequence of PCR fragment from strain AE14 shared 99% homology with the phenol
hydroxylase of strain Pseudomonas mendocina PC3, and AN3 shares 100% homology
with the phenol hydroxylase of phenol-degrading strain Diaphorobacter sp. J5-51, while
AEJ1 and ANJ3 both shares 99% homology with the phenol hydroxylase of strain
Pseudomonas putida KL33. The existence of the key enzymes further confirmed the
phenol-degrading capability at molecular level.

Whole genome sequencing of strain AN3" with phenolic degradation effect and
preliminary analysis of the genome was carried out. Lots of phenol and m-cresol
degradation genes were found, including 13 genes (orf1610 to orf1642) which may be

involved in phenol degradation meta-cleavage pathway. Mera-cleavage pathway for
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phenol degradation in strain AN3" was proposed, while maybe there are two independent
pathways for m-cresol degradation.

In summary, lots of phenol and m-cresol degrading bacteria were isolated from
activated sludge, and of practical application. Particularly, strain AEJ1 and ANJ3 are
excellent phenol and m-cresol degrader, and need further study.

Key words: Activated sludge; phenol; m-cresol; biodegradation; hydroxylase gene
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1.1 SEEKBIHRIRESH M

BALBK R T e AP R A HOBK, AR R PRI MR
Ky BRI R RRREMBE . = TESBTHNEKE, REER (FH
%, 201D, BUBKTHARRIINENY, LARARSEFTE. B7E
BRMEEFERNREIMR. BURKRAREMEREMR., RERFNEIEK KT
HIMBEZERELEY. FAMEWF, HFEHEEIERIEER. §4Ly.
K. MANBRAYE, SERZOERRYR LALEIRFRAELXER
SRYTEEER, 2HMRSENKCEER (FF, 2011; HHES, 2011).

1.2 FE. FREBMMRERERE

X8 (phenol), NWAKE, S FHEUAWE 1-1 fix, R—FEERNAH
frikdmtk, BARHRE4S AR MEHBS BS0K, [ REETHSR KK, AlK
Ky SR RAK. WL BAMBIAT BASETIEAKS, £—FEEMLERHR
WG, KMASMBENRIE, LT[PRE 3%-10%EMA, RATaE5RE
YE (Zeng %, 2010; <BEHE, 2008).

OH OH
0 Q.
C00146  C01467

1-1 8 (C00146) FI[E]FEY (C01467) KI7F &M
Fig. 1-1 Molecular structure of phenol (C00146) and m-cresol (C01467)

6B (m-cresol), YR 3-FR), RABMMAREAAY, RHELAYHA
BB —FRESRYR, RERKOSEER HTEHRME 1-1 Fiz.
[ F R PR B AR U RRSNG . TR R A DA R A
WER. BEEH. T, G4 E RRBRGTEE, TEAETASmRLG
SHTBAKY, SR EAKERST. FRMEENTH (pcresol) FI4LH
B (o-cresol) 2 MRy ik, ENIEEG@IMFHELEME Jiang %, 2010,
IS, 2008).

K. (A AR A KKK I AT R SR S e, B
BAFIEOE. BB . SMBKE R SERRAAKERR AL, TR
ERIET:, IEIREE K (BB, 2006). TATH A B K MBI g
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ik, ATLLE A MR, NS AL NARE, NTOXS A
FREMFRSREEREHNEERE. BAEEARRE, KERPHBAESHT
52 Fok A0 LR BT, 3 TR K A B B2 B R 38 BB okt , 58 W7 DA R F AR MR T B iR 2B,
AR RERERN (Zeng %, 2010). S KEHBEY R FTEK
BEIEE] 0.002 mg/L, MEHBZHAE=EEMBRK, LRBREET 0.005 mg/L
B, KEARRKAT (FEHIEZE, 2004).

R, BRYGR o AR TR TR A E R NE, AL EA%IEREY
POANEBREERYLHE, FRAKXERESRERRAEGL, SIET™ROE
By s K HE AR e, BB R AAOKE S ER R MR EREET 0.001 mg/L, Hibk
K EBERRAVIRE N 0.002 mg/L (Zeng 2, 2010; &4k, 2006; %,
2007).

1.3 FE}. BRI YIRER R EERE

MXTETE. WEATER, RIS R EHE R X B R Fo#AT
EYRBRREBRTNARAISENSH TR KEEAR, wEBKTS R058E %
COyv HyO BREAL A HABTTE P =Y M TS EMR B #. YRR AR A
MEESHB B BERRREEY, HROFEEEERZY, 2FEM (Wang
%, 2009; RIARRE, 2001).

NTEMEYEMBEAIAR, EIMESLHRE, OO BERATLEMBERE.
B BT © 2 B A 8 MR MY AR B L35 32K (Ochromonas) (Semple %5, 1996). E ¥
F=BE (Alcaligenes eutrophus) (Kim %, 1997). MEMAKE (Comamonas) (Arai
%, 1998). BB (Rhizobia) (Chen %, 2004; Wei %, 2008). BEFHE ( Trichosporon)
(Kalin 4§, 1992; Kirimura %, 2010). fR#ME (Pseudomonas) (Kotresha %,
2008; Kukor %, 1990; Powlowski %, 1994). BEMRSAZIFE (Acinetobacter
calcoaceticus) (Paller %, 1995; Zhan %, 2012). RFH/LE (Bonting %, 1995),
Ralstonia eutropha (Tepe %, 2008) DLR—SefEMEEE (Lee 25, 2011).

HTRE TGRS RS, MARMEDEOTRES BB, BiTER
REN TEMEYEROAREEE FATFESHE. RS EEH TR EHS
. T T AP MR, BRI T AEERE A BEER— K
BARERE, HOLEEANMERER (Micrococcus) BRI, 2003). 145
EENKERRBHITNERT BB —RELETR, 2, SEB. X5 %
—BRIRMBEIRA K, WA RESS PR AR B IRRINUR IS R OB b NPANS, 2% %0048k
HB (Rhodococcus) (RBIESE, 2004). HERENT I BKPHBEBR—bEaELL
B ME—BRIR AN e R I R R Y A B PHEA-2, 3T 16S IDNA FE3I40 4T, %5
ARSI E (Acinetobacter calcoaceticus) (RERE, 2000), Fisriss \T

6



SRR KT E R BRSNS TTR

BREMA L V5RF ) BEH R —RE KB E (Debaryomyces sp. Gb), %E A LAZE
WRIZTEE 0-20%07 NaySO, F1 55 7 LAE 4y M —BRIEA e IR £ K (B, 2004).
HEGFENETNREANELE KT BB E Pedobacter. Castellaniella .
Diaphorobacter Pseudomonas % [B Z R TE MM EMEE, HPH 4 WREEN TR (Y
ZEH%E, 201D,
AT, HTRFREYERERE, B EBE X F B ALY RR O RR

Bo TMVBK )RR ) PRy B8ORS P B A A T 3 B /K A 3R iy £
TR, AR AR R A B J7 3 — R UE A FRYR EE7E500 mg/L
CAPY B Tl B K AR EE . [ R T8 Bt A 1) B ) 9 1 b 2 2 1R B R 1 ( Pseudomonas )

(Hopper%:, 1975) « EFFrF=WATE (Alcaligenes eutrophus) (HughesZ, 1984) .
WA R LR} (Candida tropicalis) (Jiang®%, 2010) . 2.7 2 (Coriolus versicolor)

(RH%, 2004) . AGBBLES (Candida albicans) « HLEBRHTE

(Desulfobacterium cetonicum) (Muller¥s, 1999) F—¥REF=HMEYE ((TH
%, 2008) . REKRZEMEEF. £E5E (Bergauer®, 2005; Jiang%, 2007b; 2
M3, 2004) IRIE T —HRAVIERLEEBHES2 h #5280 mg/LAY IR 7B e & AR

A SCHRTR T 9 3l 00 e 2 () PR I ) B AR A X 600 mg/L( Saravanan%:, 2008;

WS, 2009) . EREMMEYERIMNBRREEE2600 mgL (Afzal%,
2007; Jiang%%, 2010) . HREMSZIRAEIXE] 73000 mg/L (El-Sayed®, 2003; Zeng
%, 2010) . AW, Atk B, W mEIS. SIAST Hs OHBSmEK
MMRKEZ XS, WHET RN ELEKTBREY TN EE T mg/L

(ZERWEE, 2005) o BTLL, ERFMGEN A8 Tk B K K msm B s KA
LR, B Z BT

1.4 KB, ERERFEMER. BIERRE

X T EB Y BEFILFIRIIR, BF HHRERE XEK Pseudomonas U (Dagley
%, 1965), Ja kX ERBMAE AR LW EBHT THRATIR. F0EFER
T REHES TR L (Powlowski %, 1994; Shingler %, 1989), #H —%&4rT
Peaik b (Kukor %, 1991; Ng %, 1994), FByEYEMERENXEEREERD
F2LES (phenol hydroxylase) [, ©4h TRBEETHE /B, ATEED
BNEERILAE (BI4RE —F), catechol); TR ILFEBITHAMEILFE 1,2
MINEMEER LR 2,3 XUMEEE, BAIS IR ) LRMEITHRAL Cortho) FFERBLIRIAL
(meta) FT¥F, FLXFN ) PEMRIRTE T PR ALK TRE (ortho-pathway) Fl B4 &R
(meta-pathway ) o

T I (el A R A P AR A B AR B BK 2 Pseudomonas sp. CF600 (Powlowski
%, 1994), Btk CF600 IR REARERAL T BA pVIIS0 T 1.5 kb KA, M

7
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T —A> dmpKLMNOPQBCDEFGHI #4\F . W 1-2 Fir, JLISEEJLI%H 2,3 XN
ZUH (Catechol 2,3-dioxygenase) fEFI T4 A 2-F2 A A HEMR 2L (2-Hydroxymuconate
semialdehyde), Ff/5 MR AR IAF=4 X £3d 2-Hydroxymueonic semialdehyde
dehydrogenase. 2-Hydroxymuconie semialdehyde hydrolase. 4-Oxalocrotonate isomemse.
4-Oxalocrotonate decarboxylase . 2-Oxopent-4-dienoate hydratase
4-Hydroxy-2-oxovalerate aldolas. Aldehyde dehydrogenase (acylating)s— & 5|8 R (19
B, BREBLBE A (Acetyl-CoA) #EA TCA 165 . BT HRMAME LIS, K
i B ) 40 A ) i AR AR R FRAR B O , 40 Bacillus (Banerjee %, 2010;
Duffner %, 2000) ., Alcaligenes(Essam %, 2010; Kim %, 1997). Geobacillus( Omokoko
%, 2008). Comamonas (Arai %, 1998). Rhodococcus (VKBS 2004) Fikidk
BELIE (Jiang %, 20072) %. v

5 (a4 AR AR, T Y R AR AL PR AR IR P LM R IR R
LEFHNREL ] (Ahamad %, 1996; Ehrt %, 1995), FAERRTEMRERR
R4, AR (cis,cis-Muconate). 3-Oxoadipate. Z.BHHES A 2, Hikth
MEBEARTEUHEMBERNBAR, W Catechol 12-dioxygenase. Muconate
cycloisomerase. 3-Oxoadipate enol-lactonase A1 3-Oxoadipate CoA-transferase %, #1&
1-3 Fi7s.

W I B It x & N ¥
o 1 2 3 4 5 3 7 § 9 ® n 2 B ® bbb
E L S - | ) { - ¢ — X X X X -3
R K L M N OP Q B C D EF G HI
[ Phenol Hydroxylase [ Meta -Pathway Enzymes |
dmp(K)LMNOP dmp(Q)B dmpD dmpE dmpF

NADH, K’ 0, H o, zCOOHHﬁO/,\/ron (fz,'mmmm
O (el o R
“""““’;idmpc dmpHT,vwz

Cl= e
1-2 Pseudomonas sp. strain CF600 258y 8] b B2 2 R KR
Fig. 1-2 Meta-cleavage pathway for phenol degradation in Pseudomonas sp. strain
~ CF600 and the degradation genes
e BT T RN IR B dmpR 9% 307 18 55 dmpKLMNOPQBCDEFGHI B\ F i35 77
FARR . BABERIIRERE 1-1. B L SR WBYIAIA: N, Nod; P, Pwil; Bg, Bglll; B,
BamHI; E, EcoRI (Powlowski %, 1994)

o¢ooou



B A B P AR B R

OH
OH catA Ho catB o 0 OH catC
OH —> o — IO o

C02480 C14610 C03586

lpcaD
0o o "o 9
Hscj\s-COA - MS‘COA*_— o

C00024

Co0146 00090

02232 C00846

B 1-3 EBRIRAL R
Fig. 1-3 Ortho-cleavage pathway for phenol degradation
PH: Phenol hydroxylase; catA: catechol 1,2-dioxygenase; catB: muconate cycloisomerase; catC:

muconolactone D-isomerase; pcaD: 3-oxoadipate enol-lactonase; pacl): 3-oxoadipate CoA-transferase;

pcaF: 3-oxoadipyl-CoA thiolase (Ahamad %, 1996; Camara %, 2007; Ehrt %, 1995)

% 1-1 Pseudomonas sp. strain CF600 [58) MR8 72 HE R KTk
Table 1-1 Summary of the genes and gene products of the dmp operon

EF  BEM Tk 5% 30K

dmpK 92 Unknown (Nordlund %, 1990a)
dmpL 331 Phenol hydroxylase component (Nordlund %, 1990a)
dmpM 90 Phenol hydroxylase component (Nordlund %, 1990a)
dmpN 517 Phenol hydroxylase component (Nordlund %, 1990a)
dmpO 119 Phenol hydroxylase component (Nordlund %, 1990a)
dmpP 353 Phenol hydroxylase component (Nordlund %%, 1990a)
dmpQ 112 Ferredoxin-like protein (Shingler &, 1992)
dmpB 307 Catechol 2,3-dioxygenase, EC 1.13.11.2 (Bartilson 5%, 1989)

2-Hydroxymueonic semialdehyde, dehydrogenase,

dmpC 486 EC 121 .- (Nordlund %, 1990b)
dmpD 283 2-Hydroxymuconie semialdehyde hydrolase (Nordlund %, 1990b)
dmpE 261 2-Oxopent-4-dienoate hydratase, EC 4.2.1.80 (Shingler %, 1992)
dmpF 312 Aldehyde dehydrogenase (acylating), EC 1.2.1.10 (Shingler &, 1992)
dmpG 345 4-Hydroxy-2-oxovalerate aldolase, EC 4.1.3.- (Shingler %, 1992)
dmpH 264 4-Oxalocrotonate decarboxylase, EC 4.1.1 .- (Shingler %, 1992)
dmpl 63 4-Oxalocrotonate isomemse, EC 5.3.2.- (Shingler &, 1992)

B EBKEDEERK, BXE P BAYEBEIGSTRENED
Pseudomonas sp. strain CF600 Y BB ARY, ERELUEMM FEMTAEY) (AR
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AR Y o PR YAR ) M — BR RN SRR 4 K (Powlowski 45, 1994; Shingler %, 1989).
IR CF600 X 7] FF Y i) At th 2 B dmp B\ T TR N, FRIRESR A AL BRI 12 4R
XEEEB IR FEATEY . SRTTARL MR ARIR 1R N RS R AR ) 1 8 B AT A,
R—RMAEH el FEEMSRE, REELEERER, H—RIIRRATILE

ARG RN R LR FRAEMM (Lack %, 1992; Londry %, 1997;
Poh %%, 1980; /L%, 2009). WA 14,

0“ E2 g © OH E5 OH
_.) OH___) — H5C

/’ c02923 06210 00596 C03589 00022
OH
Ha OH ——) Gentisate Pathway
67
co4 oH

GorborotiE

€03354 03067 00587 ——) Protocatechuate
Pathway

OH
€00230

A 1-4 B FBRRHEYRERER
Fig. 1-4 Metabolic pathways for m-cresol degradation by microorganisms

E1: phenol 2-monooxygenase; E2: 3-Methy1catechol:oxygen 2,3-oxidoreductase(decyclizing); E3:
2-hydroxy-6-oxohepta-2,4-dienoate hydroxylase; E4: 2-keto-4-pentenoate hydratase; ES: 4-hydroxy

2-oxovalerate aldolase; E6: xylenol methylhydroxylase; E7: 3-Hydroxyybenzyl—alcohol:NADP+

oxidoreductase; E8: 3-hydroxybenzaldehyde:NAD(P)' oxidoreductase; E9:

3-hydroxybenzoate, NADH:oxygen oxidoreductase (6-hydroxylating); E10: 3-hydroxybenzoate

4-hydroxylase (Hopper 5, 1975; Hughes %, 1984; Kukor %, 1991; Poh %%, 1980; Stephens,
2011; BeAgHE, 2011)

1.5 AEMHREE

WEMELSRYHET ARG HENBL, RAREYVBOEESR, WED
M RE R SRBRHI AR LN AERSEENMA . BT8R RPN
EMHEARE 1%, REFAENPRECNRFERIFARFOER L, REH
RIE— RIIBTE R 2 REHE BTS2 (865, 2011, H—BHFRRWE 1-5 Fir.
FRINREE DN A NKE: | DEAR SIS ERNAEE I, Flmis
AR BRI, BB, AKEM4. BERER. UM, SoRK. SUEER
BRI 20 WEARKASKTE, FlmmmEE, L. L4 AENEES RS

10
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ﬁ*ﬁ FRANEAREEREAR, wESMHEIE. 440, RgsmAESsmEe
% (HPLC) ZHEA; 3. EARKT, BlmERHEK. BFHRRRICEARMESE
@Fﬁﬂéﬁﬁ% 4, BBKF, B3 DNA 4+ FZ3L. GC & & (G+Cmol%) HIHlIE .
16S tDNA 7447+ 168-23S tRNA ] (ITS) 75U, rRNA REHBEH) Sigma
KF rpoD UL HERS R R (grB) S EBEE RN FFI ST U KA ERANFEF(RE,
2008; JAEERR, 2002). MEMHL T XA FEEBEEFHEDEFESEEN ERAE
fr & ¥ (International Code of Nomenclature of Bacteria), H#EEFMENFE ST
f{1Z%7& International Journal of Systematic and Evolutionary Microbiology (Bl [JSEM)
LERFROSEBINT, SEHMTIYIRREER DSEM HBEH HiFHRE AT,

[ stk ematik |

[165 DNA 7318z |

MEHE FE R R R
AR ARIERYHEUR
5 B MR HE T BRI A BB

l l

| 95%-97% | | <95% |

DNA-DNA YN

KA A
d bt W?ﬁkiﬁ

1>70% | | 50%~70% | | <50% HEHR
'

FEEAHEL[RRH]

MEFHEEN

]
lﬁﬁ}mﬁﬁ%%l | FFHEfE l

B 1-5 AEFi (B 2REENHEE @&t%, 201D
Fig. 1-5 Flow chart of general typing of bacteria

1.6 EFEBNF

IEERMEEREERN KR, Hi— REIEQE&UF?‘K’Z*?%—EEEE EFEAERA
WA T EARBMBERE. REARERATRINLH, MEDERHAZNTRE
Zb R RER, 1994 FEEEREIRIES S THAEDFEREA TR (Microbial Genome
Project). Z 5B REMAYKAERAFFIHERNE, AFREENTVHEY. &
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BHAEY). WY — S EEREAMEY (Bolotin %, 2001; Fleischmann
%, 1995; Shimizu %, 2002). HAIFAENMEMERANHAFELHE: 1. &
BUFE BRI 2. BRNAAREHMARE, 3. MAEDREME, 4. HEK
FEBAMGAEDHAE AT (RE, 2008). B RT3 — L4 Y5 B 4 B4 HreF
ARY, REAEABHE - EHARRMEEE (Kim 2, 2008; Yan £, 2009),
Rt LU AR BB R R MR R L T2 BT R AL 1Y) (B RLEY).
R EEFEERAR AR, TUERNELERAREENE S DR
B RRFHREBRRURFTNRBBERSS., MIC2E 80 NERH KT
EEBAEMO AR CRIEESE, EENSRAKT LB A, MEDS
N LA R S KR EZ MM EER.

1.7 ATERMEHBFIENX

WRIATR, BUBKRAERARE, HhEMRSERENAILAY, T
R R BRI E NS Y. MEREEYE RIRERLBK L ERE,
—HTHESHERTZ, HIMEDERTRUMEEEREE TE. ETXM%

B AUANEBKAL R ISR S 4 B AR . R R R ER, BT

B BEEE, RS ER R, 8 FBEAEE Onowia beijingensis AN3T
ERAEEB R, DS RN ZANMRAER, HERHLREER. | TH
RS, EEFHNERDLIE, EERAH0RRET. FnsERE M LE
A%, ZRFROUEEFIINR. FRAFE PR ERRETEEEEY,
BAFKEIE LIERSRE T LB KA .

12
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2 MR EFZE
2.1 LIRME

2.1.1 BHIER
BB KGR S RN E T S ERE KL R, AE SHEFXETFE,
AN EERFEREN. BRT 4CEBEE, T-80CHHMEKBRFRSE.

2.1.2 EFE

LB B35 (BILE, 2007): NaCl 10 g, YEAST EXTRACT 5 g, TRYPTONE 10
g, FEANRKEEZR 1000 mL, EAEFERM 1.5% (WV) KI5k . 121CKHE
20 min.

216L ¥eFpdt (HZE, 2008): EH110g, 2B 1g, HFER=805g HR
¥ 02g BFMWF05g TRYPTONE 10g, YEASTEXTRACT2g, A EHKKER
ZF 1000 mL. BEEBEFERM 1.5% (W/V) KEER. 121°CKHE 20 min.

TeALEhFEFR 2L (Santos 26,2003 : (NH4),804 3 g, KH,POy4 0.5 g, Na,HPO,-12H,0
1.3 g, MgSO4#7H,00.3 g, HMEITLHEAM 1 mL, pH{E 7.0, MK 1000 mL. 121°C
K 20 min. BEMBTIA —E 21 20 mg/mL FMVEWR . B A FEMA 1.5%(W/V)
HIEEIER . MEBTERW: FeSO4+7H,0 0.5 g, MnSO,H0 0.15 g, ZnSO,4 0.14 g,
CoCl, 0.2 g, #/87K 1000 mL.

213 ERAER

S0XTAE Zm¥k: Tris-Z8 2 mol/L
EDTA 50 mmol/L

TE &M : Tris-HCl 10 mmol/L (pH 8.0)
EDTA 1 mmol/L

BB WHE  0.1gmL
Tris-HCl 10 mmol/L (pH 8.0)

BOMK FHAMK 20 mg/mL
FEFKEE, LRE 1 mg/mL

13
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2.1.4 LER5RF

£2-1 SRER

Table 2-1 List of experimental instruments
e K
IM-250 RYEL Bk REREBRHERAR
HSJ-A 2l RIE REMREERERE (FID HRAF
N BRSNS (B8 FRAR
Sup-250 B A= 4L 5 EERERRRETRAF
ZHIH-110 BEE R TS LA RS R A F
ZHWY-211 RUSR K LA AR FIE AR A ]
UB-7 B4Rt DENVER INSTRUMENT, America
ELGA PURELAB Classic #4i/K % ELGA, ENGLAND
iCycler £ PCR 1% BIO-RAD
SmartSpec R %R A X BIO-RAD
ACURA 825 T AR BRFEHBMA  SOCOREX, Swiss
Biolog 7 B {X BioSurplus, Inc. San Diego

Minispin &3 & OHL

Eppendorf, Germany

Bioscreen 4 B4t 4k 4 {3 pie

QP2010 RSB (GC-MS)

A& St A H]

® 22 TRRAMF

Table 2-2 List of experimental reagents

=il iR TR

NaCl bl AR niSkTEEBRALT

R e AR HSkATEREAL T

LR el AR NSkWEBE T

FeSO, TH,0 el AR niSkTIEEBEAL T

ZnSO, e AR WSkTEERRA T
MgSO,7H,0 ¥4 AR kTR T

CoCl, sriral AR Ak e B T
Na,HPO,12H,0 a4t AR BAEANERFERAF
(NH,);S0, atdl AR BEAEBANFRFER AR
MnSO,H,0 odE AR PEEZ (ER) LEERAAF
KH,PO, Fral AR WEKTTRBRE AL S AT
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SRR BR MR AR B R L MR R AU T

RS =5

YEAST EXTRACT

TRYPTONE

ERNG

TR

ifesE

By

I I

MEFEFA DNA BEGRHE (GERAR)

A4l AR

44k BR

C:V €414
T4l AR
99%

PCR 1AM R BRI A& (RERCEERD) -

AxyPrep PCR &AM &
APIZYM i i%

API20NE ##1%

Biolog

RedTaq DNA Polymerase
Fermentas Taq DNA Polymerase
RNase A

WK TTIEFRE A A A
OXOID LTD., ENGLAND

OXOID LTD., ENGLAND

I RRIREYR AR AR
GENE TECH (SHANGHAI) COMPANY
LIMITED

MBI

Mk TR T

Alfa Aesar
LERERERERER AR
LEFEREREAERAT
AXYGEN BIOSCIENCES, America
ZEBEREYHARA T
FEBEREYHARAF

US.A.
EEREBREREAERAF
TaKaRa |

Sigma

2.15 MBKXRRE

BLAST #4%: http://blast.ncbi.nlm.nih.gov/Blast.cgi; ZHE 16S tDNA 51 3t R
¥ EzTaxon-e: http://eztaxon-c.ezbiocloudnet/; 2 H). [a] B R & 75 ¥
http://www.genome jp/kegg/kegg2 html. http://umbbd.msi.umn.edu/index.html.,

2.1.6 S

Chromas Lite 2.01: Windows XP/Win 7 4t F &% DNA /54 B e E .
DNAMAN 6.0.40. MEGA 4 fl CorelDRAW 12: Windows XP/Win 7 &% F i
DNA FFIME A RE BRI FEHEAMH ARG,

AlphaEaseFC: EB $v 235 IS s ke B - #145 ,

2.2 LA

221 REECH

20 mg/mL EMEFR: BEBBIBA 60°CKE, R AR S BB 1.9 mIL
MAE] 98.1 mL EEASF, WATEMZLWM. i 4CEMARSE .

15
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20 mg/mL [ RAEEH: BN 1.9 mL A FENEAINAZ] 98.1 mL L BK,
BAZE A FBMEEEE. K 4CELRT.

PR K. FREX 0.9 g NaCl, %A% T 100 mL 4K F, 121C K 20 min &8

4 TC Y : FREX 0.05 g FeSO4TH0, 0.014 g ZnSO4, 0.015 g MnSO4H0,
0.02 g CoCly, ¥S#RT 100 mL MK F . M4 CHAER.

222 EMRE

TR S EBIMERKRE LB @%%3%%1:&11& HERKBEFHEE A, 4C
KEREIANRES.

K BRAE TR _EBREUE BF L i, RAMEA T 0.5 mL REH 16%’B°¥ﬂ1+5%
R AW, M-80CHRAF.

MCCC 1347: 3 e B A WA R .0 (MCCO) HER, DK
FUBREGE. S0CKEGEERNESARTRIESTEKIIRE

2.2.3 EHFEEH
EAEAR S 28 CHEBEFHERHEESR.
WAL SR 28 CIERBARRGGIEFR (180 /min)

224 RS E

FIREEAE: BEEERERRERES 105, I 10% 1078 10 FREH
B 100 uL, 43154 T LB A1 2161 PR, RN EEEHEMR (R IEETG et
B ORINEEREAENNED. BETRK 28 CEEMEESF A, HEE
WARR KB, AERTE LB, 216L BT LRIZLtit.

FEEAE. FRE SRR Sk ) FEIREE O YILE . B 1% R
VEFE YRR R R T 30 mL EHLELEESRE (% 10 my/L BFE) +, &K 180 t/min,
2 CHEE, SRIELL 10% M B RS — K EEBHEE Y 40 mg/L [AF BT
s (30ml) B, JBEK 180 r/min, 28°CHKSEESR. FHE, DURTFHEABITRESE,
4+5IFIA 1334 267, 400, 600 71 800 mg/L [H) FREMTEALE SRS (30 mL) #ATE
LY. BAE 800 me/L [H] AN TSR ERFEEERENE, HEE
TR RS 105, AR 104, 105H 109 HBEH 100 uL, #H7E 600 me/L 7]
FEETCHLE TR, BT 28 CHEEEFAREER . RkETAxXR (AR e
EREER, FMSETEKEIRR) . =XRE, THEEAFR (& 600 mgL
EEE) KRB, NSRRI 3 REARKER, ERF
B (600 mg/L) THLEERE TR ERlgeditt.

16
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2.2.5 EEMFRH &

M BRSBTS A %) 20 mL (100 mlL =AM LB Witk R+,
#EIK 180 r/min, 28 CHEIFHEF 20 h. LB WARBEFFEERE, B mL B%T 1.5mL
EHBELEH, 10000 r/min B0 2 min. A 1 mL EEEKERE K, ERBHLF
F. :

2.2.6 FEEKPEBATHRE OISR

BERIE: XMANTFRESR FHLE —2HERE. RBFRSEERME
WERTHRENENAEE TR LRIL, EPRET LAMERRE CERREE
B, M 8 CHEEHFAETEELS, V5 %R BN EE A P E A
&

BRI SUEERIELR, ARG ETR BT A K s 7%
[ AR . X B RR | mL TR 30 mL %/ (200 mg/L). [&]H
B (100 mg/L) NI AIEIRAES, B 180 vmin, 28°CIRIGESE 48 h, 45
72 0 7148 h AN 2B, 12000 o/min B0, AR L7500 2B 1) RS2 4 &
1M 48 h (R,

2.2.7 AHEELE DNA E'\J#;%Hil

F LB EAH5R £ LB i&%i‘%)fﬁ%ﬁ%%ﬁﬁ%ﬁi&% RERAREBAE
EF4 DNA REGAME (RERHR) AR EA DNA, I F SR A
HPHIT. BT-20CEHA.

2.2.8 BOX-PCR

519 GBI R, 2007): 5-CTA CGG CAA GGC GAC GCT GAC G-3°,
XA 30 uLPCRHAZ, fF:

TR B4k 21.25uL
10xPCR Buffer ' 3ul
MgCl, (25 mM) 2.4 uL
dNTPs (£ 10 mM) 0.75 L
519 (10 uM) 12l
Fermentas Taq DNA Polymerase 2 U
DNA #tR 1 uL

BOX-PCR ¥ ##8/F: 95C, 3min; (94°C, 30s; 53°C, 30s; 65°C, 8 min)
X35 ,ﬂﬁﬂ:; 65°C) lOmln; IOQC, hOldo

17
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8 2 (R, PCR 3 RIF= 4] 2935 B EL vk (100 bp DNA Ladder #1500
bp DNA Ladder f£>% Marker), EB Jef&/EaMHH.

2.2.9 40 16S rDNA FHIH 55

16S IRNA #1458 1 3| M1 (L B, 2007): 16SF: 5-AGA GTT TGATCC TGG
CTCAG-3’; 16SR: 5°-ACG GCT ACC TTG TTA CGA CT-3°

16S rRNA Z: (& PCR %A 50 uL #& &, WT:

B K 35uL
10xPCR Buffer 5uL
MgCl, (25 mM) 4uL
dNTPs (& 10 mM) 1L
16SF (10 pM) 1ulL
16SR (10 uM) 1uL
RedTaq DNA Polymerase 2 U
DNA #1X 1 uL

16S rRNA £ PCR ¥ #55: 94°C, 3 min; (94°C, 30s; 55C, 30s; 72°C,
90's) X301E¥; 72°C, 5min; 10°C, hold.

BB AR, PCR PRI 1%IREHBUR YK (Marker 3 fEXTH). EB
e S IR, PCR 7= PCR Paii i & (RERGHERY) RIREMGAR
& (RERCHERD) T4, HAWERFEmE LBETEN TREARREHRAH
R CGRFFEEI#12% P300. RP500 Fil PKCT. P300: 5°-CCA GAC TCC TAC GGG AGG
CAG C-3’; RP500: 5°-CGT ATT ACC GCG GCT GCT GGC A-3’; PKCT: 5°-TGC ATG
GCT GTC GTC AGC TCG TG-3").

FIF M3 Chromas Lite A DNAMAN 34T 16S DNA P34, #
htp://blast.ncbi.nlm.nih.gov/Blast.cgi ! http://eztaxon-e.ezbiocloud.net/ (Kim %,2012)
BN E#EAT 168 IDNA 731 EEXT

ENFIEE#K 16S tDNA 31, LLK NCBI ¥+ 5 iR BRFIRLE
HRE R EIERR 165 tDNA FF5l, Fil DNAMAN 372 F5ILLx, A/EHH Clustal #
ROLFEFILN %R, FH MEGA 4 RAAIMAY (neighbor-joining) I 16S
DNA R4 KB, FA CorelDRAW 12 BT XFFHMAMER, BAREKT
o

2.2.10 Xip. EEMIEHNE

SeygBE SE0 (12000 min, 2 min), BEUEHER, 4T LA e KBy, (A
BmEE.

18
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B, R REBA B SmartSpec BIZIRE FIEN CEIMMENET) BT
WsE. M 269 nm LHBARYE, HWHEBEEHZE 269 nm AL 5 BB RE
(Absye) Kn (KBEHE, 2008). |6 FELE 221 nm RF BRR ML, iR ER S B
FI%E 221 nm RbSEBIRIERE (Absy,) Fom.

22.11 FBY. B FEMRAE ph B LS

¥ 20 mg/mL ROZER . [6] R A8 17 SRORE FE R 1 25. 40, 50+ 100 F1 200 mg/L,
53 BI7E 3=269 nm F1 A=221 nm 4t, RIS 6 6BV BB 225 S BEX R
MBI F BRI AR (ERSTE, 2008).

2.2.12 X, |8 BEAE YIPEARSRLS

SXEMVTRLR:, BAVEE LR AR BB T HO A0 G RIXLEERE 1 mL
FFI AR 2 30 mL B (200 mg/L). 758 (100 mg/L) AL BB R4
", 180 vmin, 28 CIRAKIRISIE 24 h, WESEHE (NEMFH T, FNZE
HHERBKERNFE), 251460, 24 h ZIDEE, W%, REBEE, &
24 h B JEIX 1100 mg/L KBHI 800 mg/L IR AL AR A e 2, s
7 B SRS AR 0T A S BASXRBRE=NTTES, LRERRLT
.

2.2.13 FEHZUBEEN PCR =2 5447

ABMBRUBERY 519 (R, 2002): Pl. §- AGG CAT CAA GAT CAC
CGACTG-3’; P2: 5’-CGC CAG AAC CAT TTA TCG ATC-3°,

T HRMAARIT:

T 4K 35l
10xPCR Buffer 5 uL
MgCl, (25 mM) 4 uL
dNTPs (% 10 mM) 1uL
P1 (10 uM) 1 pL
P2 (10 uM) 1pL
RedTaq DNA Polymerase 2 U
DNA 4R 1puL

PCRF I 95C, 2min; (95C, 45s; 58C, 40s; 72°C, 455) X30 &
¥; 72°C, 10min; 10°C, hold.

PCR 73871 1%ZX AEBE RS 9K (Marker 3 /6% #8). EB R EHIBAN .
PCR 3" 37#)H AxyPrep PCR ¥& i iR &404k,, RAAL =% gt T ey TR

19
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RIRZE FRA T RFECGIF3197% PCR 514 PL . FI A Chromas Lite BEWFIR,
i 45 7E http://blast.ncbi.nlm.nih.gov/Blast.cgi Wik AT PR B LR .

12.14 ¥}, ARBEBENRENLEEE

Bikk AN F1 AE31 HOsE 3R R — RV E B AW KR AT M2 LB BIRE,
AiC 7 IR BT .

168 tDNA ] PCR ¥ ¥ 5 R R B REOME, JTEmaing.

FRERAMT. Bk AN3 fl AE31 MER B SR BRI LB EgERELT
28 CIEEEESE 48 h HASINREE . HATHFBHUENEN, WL TR EERKE
M, R KRB 23 K, BRXEBARIE | K, B
EREEEASET L. YRS mEERBEER (PTA) BATHR, A H-600
IS T BAGETE 100 KV &4 TT S mE.

B KRNI, BERERNTS 5 ml £H LB WA FENAET, &
T 41'CABBR B E S, B 20 uL EWEEEA 200 uL LB MAASEFRE 100 L
¥ (Bioscreen 4 BN K &M CER) &, BT 8T, 15C, 25°C. 30°CH137C
$2pR, 180 r/min 535 24 h 5 F Bioscreen 2 HEIAK b 2 2 A A e A RS

B3 EL A pH BOSE : 5 20 pL BIVHER T4 200 uL LB USRI 100 1L
% (Bioscreen & BENAEKHZ&AMT{XER) #, 28°Cx180 r/min BRI T 24 /)
WIS, Fi Bioscreen 4 H 244 M2 40 BT LI 5E A KORA  Fo P LB B NaCLIRBE(W/V)
WEHLLFREEE: 0. 05, 1. 1.5, 2, 2.5, 3. 4. 5H16%; pH EREUTRE: 3.
4. 5. 6. 7. 8. 9. 10, 1112,

FIFJ API ZYM A1 APT 20NE 37145 JIl 5 bk ) % S E . ArvfEdl % 0 A )
58 . IR Biolog MUEMY E AL % & B BRN AR BIRAIF A E L

IR AE (Shich 2, 2003) JUEEHBHAE R HIELR . HI& EHRATH B
sy TE LB BATEAR b, SHE TR LA L 5 TR, ET 28°C
WEERE S 48 /NS TRMEE AN (HR). —3EMR T LIT 28 FHHAER (ug per
dise) : BAEBEZ (10) . LREHE 30) . RFEEFEE (100) . LHAWKE (30) |
SEE (30) . kfRsE 30)  FRYE (5 « IHiEH 25 . SHERE
) . UEZ (15) . EFLE 5) . BAYE (10 . HEE G (10 . A
S (5). SLAITEE (30) . WRHIFEHE (100) . PUEFE (30) . BABR 30 . S
HEF (30) . kAWM (30) . KHBEE (B0) . KABE (10) . KAER ).
KEUFRE (30) . B (5) . XFREWEEE (1) . HER 10 HEH
WEB (301U0) .

sx (ENAERASEFM (RBEHKS, 2001) 5EEHRIEMBIEIEN

20
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BT HHT, BB ECEK (Sasser, 1990).

A PR AR BT B A 3 AP IR

BB BARAE LB BAPIR ERIGEFERK N EEES, RIAEEENE LB
FAFR L, 28°CIEEIEF 48h AL, AEEKTSHEE S E RN EENE
#H, ARREADLT 04,

B EREENMA 1mL & 1, FEATARS 5-10s EREZRTE, W
BEdR 20 s; AR KEERE 10 min, BRASES, B 100°CKBHRS
A 25 min; 4 5 min BUHIRS 5-10s; ZJFBARKPRIEA A .

FEA: EMEERM2 mLiRAF 2, REFEEE BLERERED,
WRHETRT 20's; 80°C/AKHRIE 10 min; Z JEHNA K HREAH,

B AERNEE AN 1.25 ml A7 3, fr 88 &, WEHRY 10 min FERER
#E 3-Smin, FFBEBSERHTERBRESHE, RE LEH.

Yeds: 1 BRI 3 mL AR 4, 17 R E B WK 3-5 min, #E 10-15 min
FHRBSE (MRHERABMASE, WFMA 500 uL B NaCl 58, &5
B#ES R, ABERERNLG 23 LERMAZ GC-MS SRS, =B,

B3

R 1: SEMLH (FFE ACSHRHE) 45¢
R (faiga) 150 mL
B4tk 150 mL

R 2: ¥ (6 mol/L) 325 mL
EE) 275 mL

KA 3: Eaks (k) 200 mL

BB T R (fBaaf) 200 mL

KA 4 SEMH (FFE& ACSHRHE) 108g
Atk 900 mL

WRSEAHAR: SUH (FE ACSHRHE)  40¢
FBAiK 100 mL
oM &AE: [ QP2010 B (HARE AR KRB (GC-MS); RTX-5MS,
30 mx2 mm BAER, BEE 025 um; WESAES, HHEE 1.5 mL/min; 3t
MRAE 260C, B MR 260°C, {REF 10 min. FUk%&HF: BEEN EL BH
REE 70 eV, B FIRIRE 200°C, 78 [E 50-500 amu, FHHEE 1 uL, A 50:1.
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2.2.15 EEEEEMNE

O 2 R 5 5 P A A e 25 2 24 Majorbio) 4 71 5% SRR Solexa
BEEITHA.
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ERE5 0
31 ERNBRMTERE

3.1.1 A BERVTETE

it LB 216L E R FAR S B B H LR AR B WA .

B HEKHERSN T ERAMTEERET A4, NEEES, AOSHLE
FL B B4k BOX-PCR # #5312 F40 DNA BB B, IR & HARIERK. B
3-1 &4k BOX-PCR L4 R, NEHER S ERBIMEETEHIRER
9, #0 1. 2. 3 A1 4 ST E A BOX-PCR &4 —5, MHAHENTAR—HkK R
REAE A —HREHENT— PR BkE S A 6 ) BOX-PCR & LA Bl FHEMR
#EE 16S rRNA ZEHFFIRX 23BN 6 A F—Hik.

312 BRI S BXRRERVITEE

BHR A WD PR, 23 17d MES. Ik, BASERPEF
MR EEIAE] T 800 mg/L, Z 5t &M ERMBIRA & F/H (600 mg/L) THLE:
FIATAR, PRECAEALE S0 R (600 mg/L) THLEEEEFRYI&LAN, BEH

B S RIS AREE, ¥ 33 16S (DNA FHI#ITEE,
M 1 2 34 56 M

3-1 ¥4rEBRK BOX-PCR B L8
Fig. 3-1 BOX-PCR profiles of partial isolated strains
M: 100 bp Fl 500 bp Ladder: 1. 2. 3 %14 Ky F—HF; 516 Hulaeh R — &
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3.1.316S rDNA F5| % E

IR R ERIEFEZ DNA, ¥ #3168 tDNA J¥51, PCR F=#)4ifk)5i% EigA4 L
EYTIEEARRESERATNF GUFSIYA P300. RP500. PKCT). WIF4RF
i Chromas Lite 1 DNAMAN #7751 50884047, MIIF455R b 24 16S 1DNA J7
e —HREE, BAEE MR 16S tIDNA F5iRA 2| EzTaxon-e Wb
hitp://eztaxon-e.ezbiocloud.net/HEAT 51 Hu Xt o i85 5 16S rDNA 75 AHLLE & = Y
BEXERENSR, BEN 2 MEEERAR DB 28 RARREKE, 28T 20
NE 28 MR, BARIR 3-1 R, HAP R ABJL F ANI3 RET H Fly = E£ 05
Mk, #IE 3-2

—MINA 168 DNA 75 SHERXERRI B AR E L 97% L T HiA /T GEZH Y
Fir, EERAHTEETEE DNA LR, DNA FTH RITE 70%LL A4 REWTE A
Fifb. @it 16S (DNA FFIFIS AT, SBEFREEDH 4 5RE R T HH,
BARTE TR 3-3 BT . 23 HIXTIX 4 #R 8 B Hi 3R 5120 DNA .PCR ¥ 4 1 16S rDNA
FRIFMF, BB RNFPERSE—RNFPERBATHR, &RRIWFELIR.

% 3-1 LB M 216L ‘PR 54> B8 By RE A B
Table 3-1 The phenol-degrading bacterial isolates on LB and 216L plates

Btk%S  GenBank TR B s AR Ak MEE (%)
AE12 Acinetobacter beijerinckii 582" 97.888
AN25 Agromyces ulmi XILO1" 98.023
AN16  Alcaligenes aquatilis LMG 22996" 99.815

AE36 Alcaligenes faecalis subsp. faecalis IAM12369" 99.181

AE20 Alicycliphilus denitrificans K601" 99.125
AN40 Alishewanella aestuarii B11" 99.189
AN4 Aquimonas voraii GPTSA 20" 94.208
AN3S5 Bacillus megaterium IAM 13418" 99.664
AE7 Brevibacterium epidermidis NCDO 2286" 99.862
AN38 Castellaniella defragrans 54Pin" 100

AN37 Castellaniella denitrificans NKNTAU" 99.932
AN18  Comamonas composti CC-YY287" 96.319
ANS Comamonas denitrificans 123" 99.723
AN3 Ottowia pentelensis RB3-7" 96.210
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AE19 Microbacterium natoriense TNJL143-2" 98.597
AN21 Paracoccus solventivorans DSM 66377 99.573
AE39 Patulibacter minatonensis KV-614" 98.591
AE31  Pedobacter saltans DSM 12145" 96.14

AEl4 Pseudomonas alcaliphila AL15-21" 99.392
AE28 Pseudomonas mendocina LMG 12237 99.241
AEJ1 Pseudomonas monteilii CIP 104883" 99.665
ANI3 Pseudomonas plecoglossicida FPC951" 99.666

AE23 Pseudomonas pseudoalcaligenes DSM 501887  98.914
ANG6 Pseudomonas stutzeri CCUG 11256" 99.313
ANS Pusillimonas noertemannii BN9" 97.321
AE27 Serratia marcescens subsp. sakuensis KRED"  99.867
AE3 Sphingobium cloacae S-3" 98.023
AN39 Thauera mechernichensis TL1" 99.254

£ 32 ERHERINE PR R EMRE

Table 3-2 The m-cresol-degrading bacteria isolated through enrichment culture

FH%S GenBank PAHUERFIEXER  HLUE (%)

AEJ Pseudomonas monteilii CIP 1048837 99.665

ANIJ3 Pseudomonas plecoglossicida FPC95 17 99.666

F 3-3 HRABWBKIETS R 4B 2097 BEFTH

Table 3-3 The possible novel strains isolated from activated sludge

BHRMS  GenBank TAIBIE REHERE R AE (%)

AN4 Aquimonas voraii GPTSA 20" 94.208
AN18 Comamonas composti CC-YY287"  96.385
AN3 Ottowia pentelensis RB3-7" 96.21

AE31 Pedobacter saltans DSM 121457 96.06
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100 _[ Comamonas denitrificans 1237 (AF233877)
72 ANS
Comamonas composti CC-YY287" (EF015884)
) — ANIS
AN3
5 Ottowia pentelensis RB3-7T (U518930)
Diaphorobacter oryzae RF3T (EU342381)
. ' 82 AE20
100 — Alicycliphilus denitrificans K601 (AJ418042)
Thauera mechernichensis TL1¥ (Y17590)
100 100 AN39
75| Alcaligenes aquatilis LMG 22996T (A1937889)
71 AN16
1904 AN36
Alcaligenes faecalis subsp. faecalis IAM 123697 (D88008)
100 Pusillimonas noertemannii BN9T (AY695828)
ANS
100 95 Castellaniella denitrificans NKNTAUT (U82826)
AN37
99 || Castellaniella defragrans 54Pin" (AJ005447)
94 ‘AN38 : .
Aquimonas voraii GPTSA 207 (AY544768)
AN4 |
100 | Serratia marcescens subsp. sakuensis KRED" (AB061685)
AE27
Alishewanella aestuarii B11T (EF660759)
100 ~ AN40
100 E Acinetobacter beijerinckii 58a" (AJ626712)
AE12
Pseudomonas stutzeri CCUG 11256" (U26262)
AN6
ANI3 y-proteobacteria
AEJ
Pseudomonas monteilii CIP 104883 (AF064458)
s Pseudomonas plecoglossicida FPC951T (AB009457)
e, Pseudomonas pseudoalcaligenes DSM 501887 (276675)
|_ Pseudomonas alcaliphila AL15-21T (AB030583)
Pseudomonas mendocina LMG 12237 (276664)
AEl4
64[ AE23
AE28
100 _{ Paracoccus solventivorans DSM 6637" (Y07705)
AN21 .
99 Sphingobium cloacae S-3T (AB040739) a-proteobacteria
AFE3
100 Bacillus megaterium iam 13418" (D16273)} Firmicutes
AN35
1o - Patulibacter minatonensis KV-614" (AB193261)
80 AE39
100 [ Brevibacterium epidermidis NCDO 2286 (X76565)
98 AE7 . .
100 Microbacterium natoriense njl143-2" (AYS66291) Actinobacteria
AE19
9 Agromyces ulmi XILO1T (AY427830)
100 — AN2S J

78

67

B-proteobacteria

57

100 |

T
E Pedobacter saltans DSM 12145 (AJ438173):' Bacteroidetes
100 AE31

Bl 3-2 ALBUK BB 16S rDNA PRI RER BN

Fig. 3-2 Phylogenetic tree of culturable strains isolated from coking wastewater
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3.2 EitkaY 16S rDNA FHI ARG H L 2T

& HHk 16S tDNA 5 & NCBI 3 5 HAF R &SI R E
FREY 16S tDNA FPRIETREMT, MEBEREXEH, WK 3-2 Fir.
BB 28 KA AAKE, WE 32 fin. ENFERBTEREN B
oy TR, A 35.7%8 35.7%, HEMAENR SR, FHNAZRKEHR o
W3 (a-proteobacteria, 7.1%). LW ) (Actinobacteria, 14.3%). #IFFE|]
(Bacteroidetes, 3.6%) FIEEEHE ] (Firmicutes, 3.6%). p WHAEHF 7/1NEH
107V, y EHEAET SNERK 040, MESHETEE. RTFHRARE
(Pseudomonas). AT E (Acinetobacter) FIF=WRE (Alcaligenes) EHZH WK
. [0 FHFEEERE.

3.3 BpfEMESRIGER

3.3.1 FEp. (8 PEMRAER RS H

- EIRE R 25. 40, 50. 100, 200 mg/L KIERKEWR, BRI IHE

K 2=269 nm ﬁl‘{ﬂﬂi'ﬁfﬁlg J Microsoft Excel 421 5 Fi 5 15 4 By R F& AR A ity

g, BEIFFARE: y=0.0133x, HHy: Absye: x: EBHKE (mgL), WK 3-3.
3 -

g
w

N
1

y=0.0133x
R*=0.9994

ISV i 5B
- &

0.5 A
0 T 1 1 T >l
0 50 100 150 200 250
AMKE (mg/lL)
A 3-3 XEMRHEmE

Fig. 3-3 Calibration curve of phenol

ACHIVRIE A 25, 40, 50. 100 200 mg/L flAIFREY KIS, 4 BIF &I
FEVHER A A=221 nm &3 E W6 EE o F Microsoft Excel 22 IR ' B % I 18] H By ok B
HIbndEf2e, /B2IRIH5FE: y=0.0383x, HH y: Absy;; x: BRIFHKE (mg/L),
W 3-4 fis.
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0 ¥ T T T ‘:'I
0 50 100 150 200 250
B BRI (mg/L)
3-4 7] BybnotE %

Fig. 3-4 Calibration curve of m-cresol

3.3.2 THEEFRIERG

BITHEE (200mg/L). [AFE (100 mg/L) THLEBEFRBENL, dRLE
3-4. bk AE14 A AN8 7E 48 h AXT 200 mg/L M) HIMEARER 4514 80.5%1 83.5%;
Wk AE31 7F 59 h A XA B (100 mg/L) HIREMRZE K 86.0%; Btk ANS 7 48 h
P %I R 3 (100 me/L) K BE R ZE % 86.3%; Hikk AN38 7E 72 h IR F (100 mg/L)
KRR MIAE] 90.5%. Flh, ERIXLL AR BCRBIF B — BB E YR

R 3-4 8 BRERXT RN ] B B R AR A 7 A 5 W
Table 3-4 Tests on the degradation capability of 8 isolates

HHHS HEH (200mg/L) 48 h [FAEE (%)  [EF% (100 mg/L) 48 h BMEE (%)
AE14 80.5 -

AE19 - 28.5

AE27 8.0 3.0

AE31 - , 86.0(59 h)*
AN6 49.0 -

ANS 83.5 86.3

AN35 24 4.1

AN38 - 90.5(72 h)°

MENEEESR 59 h BEARE, “IRMLHISR 72 h M@K
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3.3.3 ERPEMRSCIE

RIELEAR ML L R, IR R BT Rk AE14. AE31, ANS. AN38
REEIMLTBHREK AEN 1 ANJ3, HITRAYIEFLR . HT AEJL #1 ANI3
R EEIMLMEBEN, BELEPRAKHMOMIKE: 1 AE14. AE31. AN8
M AN3S REWYLITFE, MLl NRABKHBMKE. SR0E 3-5 .

MHTRI, Bk AEJL R ANI3 i8] Y B 1R I i PR AR R, Wk AET1 7E 48
h WX 790.77 mg/L (8] R EY PR RIE S 94.6%, TIE K ANJ3 XT 762.75 mg/L [A]
B AR IE B T 92.2%. IX B bR A M2 AR ] By M4 AW B A T B ATSCER (Tallur
&, 2006; WIS, 2009) FRIETH 600 mg/L. R, EAIXKBEERITFH®E
FEBUR , Bikk AEJ] 7E 24 h %% 1097.82 mg/L KR PEf# 72.8%, 48 h FRRZEIA T 93.2%;
HFE ANJ3 7 48 h I3} 1090.05 mg/L ZBy B FE MR ZIX 94.2%. T X LHRER
ERERUMEFRSH T HRBRE, BFRSEMLEHRBARNZSEF. MR
AMTROER, BKEREME TR,

RZYMLETE R AE14. AE31. ANS. AN38 Xt KA 8] At — 5 B BRAR AL
. ZHEEX 200 mg/L By, 100 mg/L 18] By BEARZEALE 24 h WERIEE] T 90%7C
A, WE 3-5 Pios.

R 3-5 6 BRI EXT KR [0 FRMERENRE

Table 3-5 Phenol and m-cresol degradation rates by 6 degradation isolates

BHmS K  ERE (mgl) 24hBEER (%)  48h EEE (%)

& 1097.82 72.8 93.2
AEJ i

[AEE  790.77 22 94.6

KBy 1090.05 87.4 942

ANJ3 -

AR 762.75 1.7 9.2

K&  203.51 89.4
AE31 X

A 106.96 912 -

E®  257.14 85.2 -
ANS -

AR 126.28 89.6

B 244.61 87.7
AE14

[EEE 115.06 87.1

B 23935 85.3 -
AN38 :

By 127.42 89.4 -
» B 1055.48 4.9 5.8
TEXHE

AR 85231 9.0 12.8
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3.4 FIHEWEEER PCR RESHHT

MR % AR NI FZ DNA, BB LR KR E S A BRIFS. A
MEAER AN3. AE14. AEJ1 f1 ANJ3 (92ER40 DNA 8 600 bp Zo45 HOBEHE f
B, PCR F=4ib )5 B ET A TRHAREERATANF. NFELERE
http://blast.ncbi.nlm.nih.gov/Blast.cgi P LT REFILLY, 458 K%K 3-6,

FIR LRSS RRIL, AN3. AE14. AEJ1 il ANJ3 (318 F B 5 My R AL L IR
FERER TR, HH AN3 (Onowia pentelensis RB3-7", 9621%) 5
Diaphorobacter sp. J5-51 KIEB U BEER FFAALERS (100%); Bk AE14 [
AP USRI 5 Pseudomonas mendocina PC3 BRI B, 1531 99%; Hikk AEN
1 ANJ3 5 Pseudomonas putida KL33 B2 LB R RABLE R, B4 99%. A
TTiER PCR =¥ R EBEUEEE M REH B, mNEEKT EHRRIE TX=
R REREE S . T BB EM BB K AR R 5 B RS 1LE
3-5, EHERRIK B RAMENEBRUBER T RER—/ME, T AN3 (Ottowia
pentelensis RB3-7", 96.21%) HIABBZUEEFFEY S Dtaphorobacter sp. J5-51 /4
FREURIBER R (99%), BRI BELE.

R 3-6 EBMPRUHATELRRN F B FF R4 2
Table 3-6 Blast of phenol hydroxylase large subunit gene fragment
EHYRS GenBank™ 1% % Hifk FRACLEE

Diaphorobacter sp. J5-51 100%
AN3 Diaphorobacter sp. PCA039  99%
Bacterium 7ENR100 92%

Pseudomonas mendocinaPC3  99%
Pseudomonas mendocinaPC2  92%
Pseudomonas putida KL33 87%
Pseudomonas fluorescens PC36 87%

. AEl4

Pseudomonas putida KL33 99%
AEJ1 Pseudomonas fluorescens PC36 94%

Pseudomonas mendocinaPC2 89%

Pseudomonas putida KL33 99%
ANJ3 Pseudomonas fluorescens PC36 93%
Pseudomonas mendocinaPC2  89%

30



ALK R Y AR B R L MR R R O A

98 ANJ3
100 ¥ Agg)
6 — 1 Pseudomonas putida strain KL33 (AY686639)
T Pseudomonas fluorescens strain PC36 (AY875746)
Pseudomonas mendocina strain PC2 (AY875722)

Pseudomonas mendocina strain PC3 (AY875723)
100" AE14

( Diaphorobacter sp. pca039 (FJ601374)
100 M Diaphorobacter sp. J5-51 (GU017973)
66' AN3

—
0.02

8] 3-5 4 BREE KRR AL R R SR R 20y B EL A4
Fig. 3-5 Analysis of phenol hydroxylase gene of the 4 isolates

3.5 —HERPEMEEH AN3' BB

35.1 Eik AN DB

bk AN3T 435 B o ANk A B AL KIS K AL B T IR TS s Ve e (O
ZH%, 201D, EHEGTRERAHERBERAT LB M 2161 BikEFE, FE
By EAETEE, HBALEEHAE. £ 165 1DNA 75 Blast &R K, ©EEA
itk Ottowia pentelensis RB3-7" B B FIARLME, 7 96.21%, AR ZEH—
AFA.

3-6 Witk AN3' MEERAS
Fig. 3-6 Colony morphology of strain AN3T
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3.5.2 BEHANE

bk AN3T7E LB B /&R EAK 720 5, AR E AR 0.5-0.8 mm FIEHF 4 7% -
THBE. ABEW. DEHRN. REEE (B 3-6). EBHETEHETUE, Hik
AN3T BRI, THE, EEK 0.9-1.1um, % 0.5-0.6 pm (& 3-7).

3.7 Bl ANST T SR A

Fig. 3-7 Transmission electron micrograph of strain AN3"

3.5.316S rDNA FH RS 4B O

PCR ¥ /82 Etk AN3THHE 4K 16S rRNA 2 FF 5 (1489 bp), FIFI M
EzTaxon-e (Kim %%, 2012) #1%/7%5 GenBank 9 (3£ K 5 513# 17 Blast ELX}, %
BRI G5B E Ottowia pentelensis RB3-7" A BB FEFIMMNME, 5 96.21%.
5Hitk AN3TEGHIEAEKIES Ramlibacter tataouinensis TTB310T (95.28%),
Diaphorobacter oryzae RF3" (95.22%), Hylemonella gracilis ATCC 19624 (95.20%)
# Variovorax dokdonensis DS-43 (95.09% ), 5 HAb & ¥k (15 FUARBUEER N T 95%.
& 3-8 & FARAL ANV EE () AN3 T 530 SR S HR 1K) 16S IRNA EH ARG R EW,
LA H, Hitk AN3TAL T Ottowia JBIX—FEK, WIHHEE N Ottowia JBII— N3
M, 58 B EEN.
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SQC Curvibacter fontanus AQ9" (AB120963)
92 Curvibacter delicatus LMG 43287 (AF078756)

[ Curvibacter lanceolatus ATCC 14669" (AB021390)
100 Curvibacter gracilis 7-1T (AB109889)
Caenimonas koreensis EMB320" (DQ349098)
63 _‘-—_—Variovorax ginsengisoli Gsoil 3 1657 (AB245358)
99 Variovorax boronicumulans BAM-48" (AB300597)
—————— Variovorax dokdonensis DS-43" (DQ178978)
66 Variovorax soli GH 9-37 (DQ432053)
K(:— Variovorax defluvii 2C1-b" (HQ385753)

Pseudorhodoferax soli TBEA3" (EU825700)
| Hydrogenophaga defluvii BSB 9.5" (AJ585993)
100 - Hydrogenophaga atypica BSB 41.87 (AJ585992)
Ramlibacter tataouinensis TTB310" (CP000245)
Simplicispira metamorpha DSM 18377 (Y18618)
Xenophilus aerolatus 55 16S-2" (EF660342)

Xylophilus ampelinus ATCC 33914" (AF078758)
Hylemonella gracilis ATCC 19624" (AEGR01000103)
Ottowia beijingensis AN3"

o Ottowia pentelensis RB3-7" (EU518930)
67 — Ottowia thiooxydans K117 (AJ537466)
64 Acidovorax avenae subsp. avenae ATCC 19860" (CP002521)

Acidovorax temperans CCUG 11779 (AF078766)
Acidovorax konjaci ATCC 339967 (AF078760)
Acidovorax caeni R-24608" (AM084006)
,_EE Diaphorobacter oryzae RF3" (EU342381)
Diaphorobacter nitroreducens NA10B" (AB064317)
Alicycliphilus denitrificans K601™ (CP002657)
Pseudacidovorax intermedius CC21" (EF469609)
Comamonas zonglianii BF-37 (GQ245981)
Comamonas granuli Ko03" (AB187586)

Brachymonas chironomi AIMA4" (EU346912)
81 Comamonas odontotermitis Dant 3-8 (DQ453128)
—A
0.005

& 3-8 ZT 165 rRNA ZEFFIRIE B Ottowia beijingensis AN3T REEHALH
Fig. 3-8 Phylogenetic tree based on 16S rRNA gene sequence of Ottowia beijingensis
AN3”

354 REEKEH |

Bitk AN3T RIFEE, B97F 0-2.5% NaCl ¥REF[I LB ¥, & NaCl
REEN 0.5%-1.5%, 24 NaCl #E KT 3% S AR AEK . IZEREAE 15C-37 CIRETE
BNAEK, BEEKRERN0CLEA, F SCTH 41 CHAEK. ZFRETE pH 6.0-10.0
EEANEK, B4« pH N 7.0-8.0.
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3.5.5 MERMMSE ,

B AERE R ANST BT BRI, SR T 28 AR, bk AN3T
HUTAEREUE: EFEFER (10pg) - ABEE G0pg) . REFEZX (100 pg)
KANREE (30 pg) « HHPE Spg) « KKEZE (10pg) kA= G0pg) -
BABK G0pg) « LBE (15pg) « RITBEE (30 ug) « LAMBE (30 pg) -
KETHAE (30 pg) « WHEDE (W0pg) - FEVE Gpg) . FEEG (10pg) .
ZHBEEB G0IU) . WRRLFGH (100 pg) « FIHEF (Spg). HBE (0pp) . &
JIHES (25 ug) FIFRE (30 pg) 5 XKFIRLE (30pg) « LHEY Gopg)
%ﬂ‘ﬁ%? (2pg) - HERME (5 pg)  AATER Qug) « XFREWHEEE (1 g
MAHEER (30pug) TEHIK.

3.5.6 Biolog B E

FF Biolog A% E RGE EHH AN3T X 95 M AR RBRIE KRR ER . Bk

AN3T Be/RIF MR FI B (Propionic Acid), B¢t SEFIH N-Z B-D-%i % 8

( N;Acetyl-D-Glucosamine ) . WP EM (Glucuronamide) , L-F ABHER
(L-Alanyl-glycine) Al L-K&Z B (L-Aspartic Acid) -

3.5.7 EpfERERE T

B TN E E bk AN3T M REARAE /7. S04 R, Btk AN3T
BRI RIF KA ), 96 h WIXTKEY (200 mg/L) HIKEARZEYy 10.84%, XA
B (300mg/L) MIFEMEERE 14.13%, HERLE 37T, |

HHl Ottowia BIUA 2 MHERE Bk, MR REHER . 7 FE IR RINIR
i (Felfoldi %, 2011; Spring %%, 2004) . Witk AN3TXIZEE). A HEHIRMERER
&, EEBRIRPEEEEK, HERRER, 0E 3-9 M 3-10 FrR, AiOEER
SR CRMyak A Y AME— BRI RREIE) |, AR AR R R B (A TR E K
. XHEH, Bk ANITTLIEER. (7R BAE TG AR L.

37 Witk AN3TXIHERY. [F) I REARR (1l

Table 3-7 Measurement of phenol and m-cresol degradation rate by strain AN3'

RhER 48 h FRIRZE 96 h PEMER
B (200 mg/L) 8.43% 10.84%
Py NEPOLE 0.82% 1.31%
IEF® (300 mg/L)  7.61% 14.13%

6] By e T e R 0.49% 2.44%
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& 3-9 Bikk AN3" LAREY M —BRIER B A KR
Fig. 3-9 The growth of strain AN3" with phenol as sole carbon source

ke WU A KA ME—TRIER S R A

3-10 Btk AN3" DL R R ME—BRIR I A K 1 0L
Fig. 3-10 The growth of strain AN3" with m-cresol as sole carbon source
fo: TORRUERTIE; Ai: [ EREY A ME—BRIFAISCRA

3.5.8 HittELigtr

Bikk AN3T M E L RIS, SR, SIERNRAYE, RERIUKERE. I
i, BAIGEEFEGA p-LILRTRE . ik ANST ATLUGERIRREAL, RERIFC
—F, BMEMAERR, TR THRLEMTMREER, AaeF R D&
M, AeREAmEIE, AASFIF D-#i%FE. L-FIR{ARE. D-H#pE. D-HERE. N-
LB, D-EIERE. EAEmE. Hm. 23-T 2B, PIRAEE. RK. T
BR. XK.

API ZYM WMscib 2 BB IR, Hkk AN3T R LTt BERR S . HEAB(Cy). K
RGRER(Co)~ R T elE . IR RRISHEHE . 2RI (C o) FIZEM)-AS-BI-BERRK B
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REPUES ™ R RS IR MR tE IR ARt LB O, B A, ok
AVEEE . o HBEELE. p-HERETE. p-LIAMETE. o WEHEETN. N-25-
HHPERG. p-HEAETRA o2 BEEE.

Fbk AN3"T 5HEIEZM R Bk Ontowia pentelensis RB3-7" 1 Ottowia thiooxydans
K11T (A AE b 2K 3-8,

& 3-8 itk AN3" 5HIEGAR BRI L

Table 3-8 Differences among strainAN3", Ottowia pentelensis RB3-7" and Ottowia

thiooxydans K117
REIE AN3" RB3-7" K117
WIiER - - +
RESHAER - - *
RKAE o+ - +
HERERY: - w ND
[ W -
BN v oW *
rERE - + -
KL - + +
G+Cmol% 676 68.5 59
F: RB3-7" (Felfoldi %, 2011); K117 (Spring %, 2004); +: FIME: - Btk W. #455.
ND: A#iE

3.5.9 RRRAERLAM 51

itk AN3"T B E S 2 Sum In Feature 3 (Cig107¢/Cre106¢)+ Cigos Sum In
Feature 8 (Cig.107¢c/Cig1w6c) Hl cyclo Cizo, SEIIAHA 27.13%. 25.79% . 22.72%
F17.01%. Btk AN3T ch & BEE G A Croo 3-OH (3.28% )+ Cizo (3.08%)-
Ciso (2.31%). Cig109¢c (1.83%) Ci7o (1.45%) F Ciao (1.14%) . X5 Ottowia
BRI AR EBERTBRAR (Cisa0Tes Cisocyclos Ciro M CigawTc) K&
HEBEA—H, BEMEER. W, cyclo Cio EMAE Onowia pentelensis
RB3-7" 1 20.8%, TiER Bk AN3T R Ei#k Ortowia thiooxydans K117 d143 5 1
H 7.01%H1 3.5%.

BAARL, bk AN3T 55 Ottowia J& 2 MR BERREO G T RR AL R L & B —
B, REBHRABEILEEMNGER . SRWPEK AN3' BT Onowia &, HXIX
AT ZBRE Y 2 B ERK.

Bt AN3T 538 2 AR BRI IS BR 2L Ak L 3K 349,
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% 39 itk AN3T AR GER BRI RA LR
Table 3-9 Cellular fatty acid contents of strain AN3T and related Otfowia type strains

Fatty Acid AN3" RB3-7" Ki1l'
Cioo : 0.23 - -
Ci00 3-OH 328 48 2.8
Cizo 3.08 3.5 2.8
Cizo 023 - -
Ci202-OH - - 2.1
Ci20 3-OH 025 - -
is0 Cia0 0.18 - =
Cuaa 1.14 0 2.1
Cy5.106¢ 0.38 - -
iso Clg;o 0.62 - -
Sum In Feature 3 27.13 - -
Cis105¢ 006 O 2.6
Cisa07c 0 14.1 427
Cis0 25.79 328 19.9
Sum In Feature 4 0.2 - -
anteiso Cy7 0.28 - -
Ci7108¢ 0.2 - -
cyclo Cy7o 7.01 208 3.5
Cino 145 - -
Ci60 20H 056 - -
Cigaw7c 0 18.1 20.4
Cig109c 1.83 - -
Sum In Feature 8 22.72 - -
Ciso 231 - -
cyclo Cigw8¢ 0 3.6 -
iso Cio0 0.32 - -

vE: Summed Feature 3: Cig107¢/Cig.iw6c; Summed Feature 4: iso Cyy,) /anteiso Cy7,) B; Summed

Feature 8: Cisq07¢c/Cigq6c; - ToAHREIE

3.5.10 Ottowia beijingensis AN3" ifh#id

Ottowia beijingensis (beijing.en'sis. N.L. fem. adj. beijingensis of beijing, the
capital of P. R. China, where the type strain was first isolated).

Btk AN3T A2 CEAMEE, EMEE, K09-1.1 pm, 3 0.5-0.6 um, BEHH
F, AiEF. £ LB BHFR LEERLEG. NER. L%00N. Rikwn, §
EHRL 0.7 mm. TR, BE7E 0-2.5% NaCl IR ) LB #5555 4K, Bi& NaCl
WEEH 0.5%1.5%, AKBEGEN 15C37C, REEKEEN 30CEA. £K
pH JEE 4 6.0-10.0, B&4K pH A 7.0-8.0. '
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Btk AN3T BAhRE. EULEEN IR, BEusre AR BN [ (AN S
(Co)s HEBITIEM. AR, KHGH(C ) RIZEM)-AS-BLRER K MBS, G50
BRI SRR RN, R TR M UM EEE, Feiet: b
BAEEE. BREAS. oY IBEE. o T BEEEH. p-RRREE. oS8t
M. N-ZB-HARE. pAAHEE. AR, BERIKER. A
B-+ABHM. bk ANST ATAEBROAL, BREFHRIEI® (Propionic Acid) RIE.
B, BWMBEMA N-ZB-D- WA K (N-Acetyl-D-Glucosamine) . % % B iz
(Glucuronamide) , L-A&BiHEM (L-Alanyl-glycine) . EREMA L-RLE®
(L-Aspartic Acid) . BRI DA, Trer=EBIR, TasFH D-4
B L-FTHAME. D-HEME. D-HER. N-ZB-H45E. D-E35E. 850
N N N A8 |

Btk ANST XM LU T R HEHEE. (B BYEEE. LHURR.
RRYE. KREER, k=%, BHEE. 48X, FHBE. LW, ki
WHE., BHROE. ERVE. FEZX 6. ZHEE B. REFAK. FIEE. %8
R RIHEAMNRE,

Bk AN3T I = RSB RS 2 Cie.0- Sum In Feature 3(C16;.1w7c/C16;1w6c)\cyclo Ci70
Fil Sum In Feature 8 (Cyg107¢/Ciz106¢). Btk AN3T 1 G+C & 8K 67.6 mol%. |

3.6 —HRBERNAEBE T AE31" R

3.6.1 H#k AE31" E’Jﬁ%

Witk AE31T 4085 B 8 S04 B TR AL B K 5 K AL B T S M B S YR AR
(BEFRE, 2011). FHEERFEGESEERBESRMT LB R 2161 ik,
R EMBARETIE, HEAEHEHEE. 5 16S DNA K5 Blast £ E%H, &5
BBk Pedobacter saltans DSM 12145" BB BB FFAILUE, H 96.14%, THEE

B — AN '

3.62 BEEAWE

Bibk AE31"7E LB B AR LA K 720 5, R 1.5-2.2 mm (A4 5 7% -
AEE. DNEH. DN, RECE (B3-11). EEFHETEEETWE, Bk
AB31" 2HFFIR, EME, BEK 13-1.5m, 35 0.3-04 um (& 3-12),
3.6.316S rDNA FH AKX B N

PCR ¥ I3 2T bk AE31" B 2K 16S rRNA KBEF5 (1476 bp), FIFHM
4 EzTaxon-e (Kim %%, 2012) #i%/%%15 GenBank {5 K £ 384T Blast HAT,
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HREIE 5 EM Pedobacter saltans DSM 121457 A R FHIROE, N
06.14%. L5Bikk AE31T I IR EBRIEH Pedobacter lentus DS-40" (92.24%) Al
Mucilaginibacter daejeonensis Jip 107(92.01%), 55 AR ARHIF FIFALEE /N T 92%.
3-13 R FIARRE I NEHIRE M) AE3 1T 53 4R bk 1 16S RNAER RS AMN
TUAEH, itk AE31T (1T Pedobacter BiX—#EK, VIHHiE T A Pedobacter JRH
—/NFF, BRI EH.

3-11 Eitk AR WE%ERS
Fig. 3-11 Colony morphology of strain AE31"

& 3-12 Eidk AE31" mﬁﬁi‘iﬁ?ﬁ@#

Fig. 3-12 Transmission electron micrograph of strain AE31"
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51

Pedobacter alluvionis NWER-I1117 (EU030688)
Pedobacter borealis G-1" (EU030687)
Pedobacter agri PB92" (EF660751)
Pedobacter terrae DS-57" (DQ889723)
Pedobacter suwonensis 15-527 (DQ097274)
Pedobacter sandarakinus DS-27" (DQ235228)
Pedobacter soli 15-517 (AM279215)
Pedobacter rhizosphaerae 01-96" (AM279214)
ﬂ{j Pedobacter boryungensis BR-9" (HM640986)
Pedobacter insulae DS-39" (EF100697)
Pedobacter heparinus DSM 2366 (CP001681)
Pedobacter panaciterrae Gsoil 042" (AB245368)
] 56 Pedobacter metabolipauper WB2.3-717 (AM491370)
Pedobacter africanus DSM 12126" (AJ438171)
61 Pedobacter duraquae WB2.1-25" (AM491368)
I 61 Pedobacter steynii WB2.3-45" (AM491372)
Nubsella zeaxanthinifaciens TDMA-5" (AB264126)
Pedobacter glucosidilyticus 1-2" (EU585748)
o | —— Pedobacter terricola DS-45" (EF446147)
Pedobacter lentus DS-40" (EF446146)
78 Pedobacter daechungensis Dae 137 (AB267722)

72

70

94

82

99

100

60
Pedobacter composti TR6-06" (AB267720)
9 Pedobacter oryzae N7" (EU109726)

Mucilaginibacter daejeonensis Jip 10" (AB267717)
Mucilaginibacter ximonensis XM-003" (EU729366)

» 9] H{h Mucilaginibacter oryzae B9" (EU109722)
69 Mucilaginibacter paludis TPT56" (AM490402)
[ Pedobacter beijingensis AE31"
100 Pedobacter saltans DSM 12145" (CP002545)
Pedobacter bauzanensis BZ42" (GQ161990)
Sphingobacterium kitahiroshimense 10CT (AB361248)
99 Sphingobacterium composti 4M24" (EF122436)
100 {Flavobacterium mizutaii DSM 117247 (AJ438175)
100 Sphingobacterium daejeonense TR6-04" (AB249372)
A

0.01

3-13 EF 16S rRNA ZEHF R B Pedobacter beijingensis AE31T RGN

Fig. 3-13 Phylogenetic tree based on 16S rRNA gene sequence of Pedobacter
beijingensis AE31"

3.64 mEEKEH

Btk AE31T RIFEHE, BEEAE 0-3% NaCl JREM LB 15 hA K, BiE NaCl

WER 0.5%-2%, % NaCl I KT 4% ALK, FHEEEE 15C37CRET
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BAAEK, BEEKEEN37CEA, 75 8CH 41 CHALK. ZE L pH 6.0-9.0
TEEAWEK, Bo@%K pH N 7.0-8.0.

3.6.5 MAEZFIELW

BE AR ERE BB AR T OFUERTIN, IR T 28 I E. Bk AE31T
SUTHAERER: EF¥FEE (10pg) . AEZ G0pg) BFEFEE (100 pg) .
kAdE (30 pug) + KAURE (30pg) « ARYWE Gug) « BHEE Gopg) -
AR (15pg)  FHREEE Qug) - KFENKE 30pug) « HHELE (10pg) .
FRDE (Sug) - RRTH (100pug) . FIBT (Spg). HHFEH (25pg)
PUE (30pg) s MHFEE G (10pg) - ZHEEB B0IU) . FHEE Gopg) -
Sk (30 pg) « L= (30 pg) . HEE (10 ug) « KKBE (10 pg)
KAE (G0pg) « FAHME (Spg) « HMATBE Qug)  FRPRFEMEER (1)
MALER 0pug) AU, '

% 3-10 B T Bk R ORGSR A BB 2 7.

% 3-10 Btk AR SRIEGMARRHERBBHNER
Table 3-10 The comparison of antibiotics susceptibility of strainAE31" with
Pedobacter saltans DSM 12145" and Pedobacter heparinus DSM 2366"
nER AE31" DSM 121457 DSM 2366"

ATHFER + o+ -
HRyE o+ * ‘ -
k=, - + -
S amenk - + +
WRULE * -
ERDE 4 + -

EEZXG - + -
EHEE - + -
THBE - + -

v NHEREK - WHAERTEUE

3.6.6 Biolog ‘AF% E

FIF Biolog A M1% 52 R4 % 2 Witk AE31T X 95 A RIBRE A FAEMN.
Pk AE31" BETRIFHOF ) o- 8% (a-Cyclodextrin) B ¥§( Dextrin) 38 L (Glycogen )
N-ZBt-D-F 8% (N-Acetyl-D-Galactosamine) . D-£F4E —# (D-cellobiose) .
D-+3L# (D-Galactose) . #fH —# (Gentiobiose) . o-D-#i%## (a-D-Glucose) +
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a-D-FL 8% (a-D-Lactose) . FLEBEHE (Lactulose) . EHH (Maltose) « D-H E 8
(D-Mannose) . D-# — ¥ (D-Melibiose) - B-F# 3 D-#i#1F (B-Methyl-D-Glucoside ) «
FEBE (Sucrose) . D-ME¥EHE (D-Trehalose) . D-iME5# (D-Glucuronic Acid) I
W=B (Glycerol) , REMESFIFHFA 8 (Turanose) . 2.8 (Acetic Acid) FIFEH

B (Succinic Acid) o

3.6.7 EHitb4 {LiEHr

Btk AE3I DX KIS, B, UMY, BRIk R
BtE. BEAUM D-Z2FME. N-ZB-W&REN . D% D-HEM, SmMssRIA L-
FIRAEYE . ANEEHATHRREM MR TR, AR mIiit, TasRIF DA%
PR, RPN, AEEFIE D-HERE. WEBRML. 28, FER. 2B,
ALBAERR.

& 3-11 Btk AR RIS BT s

Table 3-11 Differences in biochemical characteristics among strain AE31",
Pedobacter saltans DSM 12145 and Pedobacter heparinus DSM 2366

FEE AE31" DSM 121457 DSM 2366"
e - w w
L-FhfasE W + *
D-H &’ - - +
D-Z 3 + + w
FEIR * - -
D-25 - + -
% DB - + -
D-¥HMEBR - * -
|-BERREERE - + -
6-BARRHAIRE - + -

KisEE(Cl14)  + w -
AR5 EE -+ + -

HEMTIEE - w -
MRMITIERE W w -
p-HERRRITAE W + w
-ERETR - w -
GtCmol% 3624 37 43

+: PRt - Bt W B
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APIZYM Bl SE I 4 R BoR, Btk AB31" Be8 P Ll b B R LI (GANES
EREES(Co). MEMBEN . BEMITIEE . MU, p- LI . a- I B
. o HE TR BRI RETIRE . N- 2 Bk s KRG (C1a) WIZEM)-AS-BI-
GROKIERS: BB - Ry, o-H BB E RS el Ragr-t:
BRRARAR. BEAEN o2 HET.

Btk AE3T SHIRGAER B Pedobacter saltans DSM 121457 %u Pedobacter
heparinus DSM 2366" (1454 b 5% 135 3-11.

R 3-12 Bikk AE31" AL B0 RS R4 i Ho it
Table 3-12 Cellular fatty acid contents of strain AE31" and related type strains

Fatty Acid AE31" DSM 121457 DSM 23667
Cizyat 12-13 0.14 04 0.44
Cuao 0.68  0.77 1.13
iso Cys. 3446 3031 29.3
anteiso C,s, 7.13 1.18 33
Cis106¢ 385  4.01 0.54
Cis02-OH 0 0 0.17
iso Cjs1 H 0 0 0.27
Sum In Feature 3 18.61 19.96 23.43
Cis1w5¢ 0 0.3 1.18
iso Cys5,9 3-OH 4.5 2.71 2.54
Sum In Feature 4 0.8 1.37 0.86
anteiso Cy7,@9¢  0.55 0.65 1.31
iso Cy7¢ 0.5 1 1.14
Ci1.108¢ 0.58 1.37 0.51
Ci7qw6c 0.24 0.98 0.18
Cis0 2-OH 0.25 0 0
iso Cy79 3-OH 6.43 8.49 6.68
Cy702-OH 0.43 0.35 141
Capa1w9c 0 0 0.32
is0 Cyo, 1 0.33 1.15 0
Caoo 073 0 0

Sum In Feature 3: C16:107¢/C16:1w6¢; Sum In Feature 4: iso C;y, /anteiso Cy7,, B

3.6.8 AERAERLE RN 47

R AE31T B EE R B £ iso Ciso~ Sum In Feature 3 (Ci6,107¢/Cig006¢)
anteiso Cys0 fl iso Ci70 3-OH, & HIH 34.46%. 18.61%. 7.13%F1 6.43%. x5
Pedobacter J& 53 5t itk BBk Pedobacter saltans DSM 121457 R Pedobacter
heparinus DSM 2366 {¥) £ ZEfRRT MR 41 A R 3L 6 B i b — 3, HEMEER. i,
anteiso Cyso LR AE31" 7 7.13%, Ti7EMEA Bk DSM 121457 1 DSM 23667 h
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SRR 1.18%F1 3.3%. SRR Btk AE317 55 Pedobacter J& 2 PRI A PR B R
WA R A B — B, R RS BRE ER IR AR AE31"
J&F Pedobacter B, BXX BT %BHILE 2 HREE.

Eikk AN3T 55 Pedobacter B 2 MR HBR IR DI RRAL B ELBULR 3-12.

3.6.9 Pedobacter beijingensis AE31" e

Pedobacter beijingensis (beijing.en’sis. N.L. fem. adj. beijingensis of beijing, the
capital of P. R. China, where the type strain was first isolated).

itk A3 T ML RPN, 2EMR, K 13-15m, % 03-04um, BHE
£, FEF. 7 LB AATREEEEAAS. TEH. LEHAN. RENW &
KEAY 1.7 mm. HEFE, B4 0-3% NaClIRIER) LB Hi5REEH K, H0& NaCl
IR 0.5%2%, EKBEEEEN 15C37C, BEEKRKN 37CESL. 4K pH
WE N 6.0-9.0, B&4:K pH X 7.0-8.0. |

Btk AE31T Sy, EULEENMAYE, ARREFEATRIEBIRES FiaHE(Cq). KNERH
§(Cs). AR5 RLRE . BRI IAME. MRS . - ILFEE . oI
AR p-AAE . N-ZEB-HARE. FRE(Cl) MIER-AS-BL-BIRR
KRR, BEREE pERMT . o H BRHR MR REHATIHR
BAMTRHMLEE, T ERglEamn. FRAM. s =T, EEEBAN
7K fR B R I o :

ditk AE31T AR BB, BEREFHRIA o- TS (a-Cyclodextrin). #i¥%
(Dextrin). & (Glycogen). N-Z.BE-D-FLFEM (N-Acetyl-D-Galactosamine)
D-£ 4~ 5% (D-cellobiose)  D-£FLB# (D-Galactose)  JEfH—HE (Gentiobiose) -
oD% (a-D-Glucose)  o-D-$L#¥ (a-D-Lactose) « FLRHE (Lactulose) « %
#§ (Maltose) ~ D-H &8 (D-Mannose) . D-Z —F¥ (D-Melibiose) p-F 2 D-
#i¥#F (p-Methyl-D-Glucoside)  FE#E (Sucrose) - D-#3%$# (D-Trehalose) « D-
A EREE (D-Glucuronic Acid) FI7 =¥ (Glycerol) , AEMES I FIHA —F¥ (Turanose) .
7.8 (Acetic Acid) FIBEHI® (Succinic Acid) ; AHERIA D-HERER, ~AE
Bk, AR D-HBRL. AR, X8, TER. "R, KCBRIF¥RR.

Witk ARSI FHA R EFEEE. 4B R RATEER, LAk,
LFVEE . ARYE. BHIBEE. 4B, FHEEER. KENAR. R A
SRR, WA, FIERT. SOTFENAILAR.

Btk AE31T I EEHTRR 2 iso Cison Sum In Feature 3 (Ci6:107¢/C16.106¢ )+
anteiso Cys.o Fl iso Ci7.0 3-OH, G+C & &4 36.24 mol%.
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3.7 B#k Ottowia beijingensis AN3T 2 [ A 2 B By 4] 43 4F

MY R, Ebk AN3T BSOS IR . (1R (96 b RS 50 R
10.84%AH1 14.13%). ZRGIH%E, bk AN3T R Onowia BEI— AT, Hifix
BOUH 2 BB, B R NA LB FR 2 W) e i 1 108 ( Felfoldi 2, 2011
Spring 5, 2004) o Btk AN3TIES BEE T EMBAIA TR0 A B
R, AT ER AN3T BT T 2R 4 2 B R, FHATHPEBEAY
PEARAE R ShAE L

Hibk AN3T B RA R EIEE 525 4 Scaffolds, AT 1000 bp 1K Scaffolds
H 4554 Btk AN3THEBR 412 B 4 K/ K 4008239 bp, G+C 5B % 67.6 mol%, il
W32 6776 A ORF.

orfl609  orfl611  orf1613 orfi616 orf1619 orfl621 orf1625 orfl627 orf1630 orfl633  orfl636
ORI A ~G D> >

orfl639  orfl642
—>

orfl607  orfl610 orfl612 orfi615 orfl617 orfl620 orfl623 orfl626 orfl628 orf1631  orfl634 orfl638  orfl640
2000bp

L
OH HO o OH HO ©
OH O B
orf1610-1617 orf1626 2 orf1630 orf1631 OH i
@ > 707\¢(l:0f THO R, T M o T "S-Cok
2

C00024

C00146 €00090 Co0s82 C00596 C03589
orf1636
» lﬂdlizs Im:ﬂsss .}\‘ Tmﬂ&%
1 e) 0 2
2 orf1642 &
SIS Lg s e
0N o} 2 o] C00084

’ €02501 C03453 €00022
B 3-14 HEWER AN3" REREREY AR BHE B REAR S B 4 4 ]
Fig. 3-14 Proposed meta-cleavage pathway for phenol degradation by strain AN3"

and the organization of the gene cluster
0rf1610-1617: phenol hydroxylase; orf1626: catechol 2,3-dioxygenase; orf1628: 2-hydroxymuconic
acid-6-semialdehyde dehydrogenase; orf1630: 2-hydroxymuconic acid-6-semialdehyde hydrolase;
orf1631: 2-oxopent-4-dienoate hydratase; orf1634: acetaldehyde dehydrogenase; orf1636:
4-hydroxy-2-oxovalerate aldolase; orf1639: 4-Oxalocrotonate decarboxylase; orf1642:

4-Oxalocrotonate tautomerase

3.7.1 EEARERIRTRIHEN

RIEEETRERSER, Bk AN3T BRHTE BB W AR
B, LT 4 23 kbp [f) DNA XK. 0rf1610 & orfl642 XH 3N KR TES 5%
R I RAR , O RS T ST R B AR 32 2 ) e S L TR B HENKHRLE B T 3-14,
HRER 45 R LR 3-13. ARYESCIRIRIE (Omokoko %5, 2008; Powlowski %, 1994)
M KEGG <S5 FE I3, B4 GHibk ANST R4 B, JATHM T bk ANGT
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AR T Re AR, WRFTR 3-14. BIFK AN3T ) LS E A R iR
BER, 2—RIIBERBRNER, B RAFARA 2B A, HERIES
DA SRS —3L (Omokoko %%, 2008; Powlowski A 1994),

%313 WS 5ER. 0 PBRENERRIHRERE

Table 3-13 The genes and their products involved in phenol or m-cresol degradation

Identity
(%)

ORF aa. Similar Protein

ref[NP_887288.1] 5-carboxymethyl-2-hydroxymuconate ~ delta-isomerase
0259 149 50.34
[BOfdetella bronchiseptica RB50] hpaF

ref] YP_608654.1| 3,4-dihydroxyphenylacetate 2,3-dioxygenase
0262 307 81.11
(Homoprotocatechuate 2,3-dioxygenase) [Pseudomonas entomophila L48]

ref[YP_004618916.1] maleylacetoacetate isomerase [Ramlibacter

0770 211 73.58
tataouinensis TTB310]
reflZZP_08949808.1| 4-carboxymuconolactone decarboxylase [Acidovorax

1458 129 76.8
radicis N35)

1579 636 reflZP_01744473.1| phenol 2-monooxygenase [Sagittula stellata E-37] 75.43

1607 262 ref[YP_984535.1| GntR family transcriptional regulator [Acidovorax sp. JS42]  83.52
gb/ACN62952.1| sigma54-specific transcriptional regulator [Diaphorobacter

1609 585 92.48
sp. PCA039] '

1610 72  gbJACN62953.1| phenol hydroxylase subunit [Diaphorobacter sp. PCA039] 100

1611 330 gbJACN62954.1| phenol hydroxylase subunit [Diaphorobacter sp. PCA039]  83.33
reflYP_003279202.1]  phenol hydroxylase ~component [Comamonas

1612 94 71.78
testosteroni CNB-2]

1613 519 gbJACN62956.1] phenol hydroxylase subunit [ Diaphorobacter sp. PCA039]  96.72

dbjlBAH90067.1| phenol hydroxylase conserved region [uncultured

1615 118 100
bacterium]
dbj[BAH90066.1| ferredoxin oxidoreductase [uncultured bacterium] phenol

1616 354 95.2
hydroxylase subunit [Comamonas testosteroni]

1617 118 dbj|BAH90065.1| ferredoxin [uncultured bacterium] 86.44

1619 301 emb|CAA42452.1| 3-methylcatechol 2,3-dioxygenase [Pseudomonas putidal ~ 99.67
dbj|BAH89773.1| putative phenolics degradation regulation protein

1620 296 86.15
[uncultured bacterium]

1621 301 gbJAAX47248.1| LysR-type regulator [Delfiia tsuruhatensis] 95.35
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1623

1625
1626
1627

1628

1630
1631
1633

1634
1636

1638
1639
1640
1642

1788

1789

1790

1793

1795

2313

2322

2557

191

11
308
143

486

288

262

264

302
342

485

262

327

63

277

284

214

400

297

402

288

340

dbj[BAB62048.1| antibiotic biosynthesis monooxygenase [Pseudomonas
putida]

dbj|BAH89646.1| ferredoxin [uncultured bacterium]

dbj|BAB62050.1] catechol 2,3-dioxygenase [Pseudomonas putida]
dbj|BAH89648.1] hypothetical protein [uncultured bacterium]
dbjlBAH89649.1]  2-hydroxymuconic semialdehyde  dehydrogenase
[uncultured bacterium]

dbj|BAB62053.1| 2-hydroxymuconic semialdehyde hydrolase [Pseudomonas
putida)

dbj|BAB62054.1| 2-oxopent-4-dienoate hydratase [Pseudomonas putida)
dbjiBAH89652.1| short-chain dehydrogenase/reductase SDR [uncultured
bacterium] 3-ketoacyl-(acyl-carrier-protein) reductase

dbjlBAB62056.1| acetaldehyde dehydrogenase [Pseudomonas putida)
dbj|BAH89654.1 4-hydroxy 2-oxovalerate aldolase [uncultured bacterium)
ref]YP_004715330.1] methyl-accepting chemotaxis protein [Pseudomonas
stutzeri ATCC 17588]

reflYP_984555.1| 4-oxalocrotonate decarboxylase [Acidovorax sp. 1$42)
dbjBAH89656.1| twin-arginine translocation pathway signal protein
[uncultured bacterium)]

dbj|BAH89657.1] 4-oxalocrotonate tautomerase [uncultured bacterium]
reflYP_981102.1|  beta-ketoadipate  pathway transcription  regulator
[Polaromonas naphthalenivorans CJ2] IcIR family

refl[YP_987739.1| 3-oxoacid CoA-transferase subunit A [Acidovorax sp.
JS42]

reflZP_04764694.1| 3-oxoacid CoA-transferase, B subunit [Acidovorax
delafieldii 2AN]

reflYP_004236299.1| beta-ketoadipyl CoA thiolase [Acidovorax avenae
subsp. avenae ATCC 19860)

reflZP_04764552.1| short-chain dehydrogenase/reductase SDR [Acidovorax
delafieldii 2AN]

ref]YP_004618019.1] 3-ketoacyl-CoA thiolase [Ramlibacter tataouinensis
TTB310]

reflYP_002942709.1| 5-carboxymethyl-2-hydroxymuconate delta-isomerase
[Variovorax paradoxus S110]

reflYP_982255.1| aldo/keto reductase [Polaromona$ naphthalenivorans CJ2]

88.42

90.09
97.73
76.06

95.88

100

93.51

88.26

88.08
90.09

29

82.44

91.13

100

66.18

77.45

86.32

89.95

85.98

79.75

73.17

63.2
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4-carboxy-2-hydroxymuconate-6-semialdehyde dehydrogenase [Comamonas

2559 319 87
sp. E6]
reflYP_994980.1] protocatechuate 4.5-dioxygenase [Verm inephrobacter )

2561 455 68.32
eiseniae EF01-2] _

2562 311 ref]YP_001565462.1] amidohydrolase 2 [Delftia acidovorans SPH-1] 91.03

2562 311 2-pyrone-4,6-dicarboxylic acid (PDC) hydrolase [Bradyrhizobium sp. BTAil] 89

ref]lYP_003278786.1| 4-carboxy-4-hydroxy-2-oxoadipate aldolase
2565 227 : 84

[Comamonas testosteroni CNB-2]

ref|ZZP_08406691.1] 4-oxalomesaconate hydratase [Hylemonella gracilis
2566 348 88.92
ATCC 19624]

ref[YP_982264.1| LysR family transcriptional regulator [Polaromonas
2568 306 , 64.36

naphthalenivorans CJ2]

ref]lYP_004388419.1| S-(hydroxymethyl)glutathione dehydrogenase/class 111
337t 370 89.73
alcohol dehydrogenase [Alicycliphilus denitrificans K601}

ref]YP_980338.1| flavin reductase domain-containing protein [Polaromonas
3510 169 68.26
naphthalenivorans CJ2] xylenol methylhydroxylase (39%)

reflYP_004617196.1| beta-ketoadipate enol-lactone hydrolase [Ramlibacter

3511 264 52.52
tataouinensis TTB310}
4056 483 gbJAAD09868.1| dehydrogenase PhnF [Burkholderia sartisoli] 71.64
4056 483 gblACT53252.1| salicylaldehyde dehydrogenase [Burkholderia sp. C3] 69
4228 232 reflYP_003451000.1| fumarylacetoacetate hydrolase [Azospirillum sp. B510]  60.61
4228 232 fumarylpyruvate hydrolase [Azospirillum lipoferum 4B] nagK 65
' reflYP_001260477.1| gentisate 1,2-dioxygenase [Sphingomonas  wittichii
4230 103 : 62.86
RWI1]
ref[YP_002552544.1] FAD-binding monooxygenase [Acidovorax ebreus
4301 395 63.02
TPSY]
ref]ZP_03588597.1| 3-hydroxybenzoate-6-hydroxylase [Burkholderia
4301 395 40
multivorans CGD1]

reflYP_004618307.1]  protocatechuate 3,4-dioxygenase subunit beta
6496 187 v 73.37
[Ramlibacter tataouinensis TTB310]

3.7.2 |8 FREAPEREIRIZROHEN

MEERTAMERSR, Wik AN3T %ﬁ*ﬁﬁ%l‘ﬂ%‘%ﬁ%ﬁﬁ%&lﬂ}
Hooh AT B A S SRR A IR, KR RGN EE AR
GenBank $C¥E P ) B 4RGE 5 1 FoH B /R4 B, SR R IR 3-13,
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FRIE CHRIRE (Ahamad %, 2001; Hopper %, 1975; Hughes 5§, 1984; Poh
%, 1980) fl KEGG SHiRrEmt, BEAHME AN BRAERER, RATHEN
T Eikk AN3T B R RO AT RE AR IR, Wl 3-15 BTR.

EEk AN3T W AEE I AL RS R M FB. H—, WFBHZ 2 %
MEZETR 3-FE)LXE (B 3-15F), 2R 3-FE/ILXBE M RFEHEANLE
By R, RAERARRNZBHEE A, %A TCA 1838, 745, [HFBE
T2 R ERE R ER -REETFE (B 3-15 1), HHE—PEmR - BEXT
%, 2JG 3-BEAXFREAFABERTAANERERRNEILRR, Foredk
AFR (B 3-16) MEJLERRRE, 4 TCA fERRK R~ HhrRILFER
BIBES AR LR 2,3-REE R LR R 3 4- RN LRR4,5- R,
VL 3-17. 3-18 F13-19. Btk AN3T A8 18] F B A AT A AC IR A 0 LAGE SOk 8
{3 ] B AR5 12 4% 2 A — 3 (Hopper %, 1975; Stephens, 2011; 2765, 2009).

OH
OH ———) Gentisate Pathway
F E ,,ﬂ_m C00628
orjssw <
c03351 03067 cooss7 orf1STS ——3 Protocatechuate
Pathway
OH
CHy 00230
Co1467 CH, OC 3 OH HO O e]
% OH orn1619 O or16300y, 7, orf1631 OH L
orfl — OH_.)HO _) H3C” “S~CoA
OH SCH, o C00024
C03589
€02923 06210 00596 orf1636
orf1634
: 0
Hsc)HrOH 4 Ho
0 C00084

00022
3-15 Ottowia beijingensis AN3" &[] FEY AT RE Al 2
Fig. 3-15 Proposed pathway for m-cresol degradation by Otfowia beijingensis AN3T
orf1579: phenol 2-monooxygenase; orf1619: 3-Methylcatechol:oxygen
2,3-oxidoreductase(decyclizing); orf1630: 2-hydroxymuconic acid-6-semialdehyde hydrolase; orf1631:
2-oxopent-4-dienoate hydratase; orf1636: 4-hydroxy-2-oxovalerate aldolase; orf1634: acetaldehyde
dehydrogenase; orf3510: xylenol methylhydroxylase; orf4056: 3-hydroxybenzaldehyde:NAD(P)"
oxidoreductase; orf4301: 3-hydroxybenzoate, NADH:oxygen oxidoreductase (6-hydroxylating); ?:
3-Hydroxybenzyl-alcohol:NADP" oxidoreductase, B] &4 orf3371
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QO _OH o oH
H
OH orfi230 orf0770 ? _ orf4218 OH o
T F —9 OH™ P HQ” & +H30JH1’OH
H Ho"No ¢ 0 o]

€00628 co2167 co2514 coo122 o002z

B 3-16 Ottowia beijingensis AN3" BB [EME4 2
Fig. 3-16 Gentisate pathway of Ottowia beijingensis AN3T

orf0770: maleylpyruvate isomerase; orf4228: fumarylpyruvate hydrolase; orf4230: gentisate

1,2-dioxygenase

HO '
0 HO HO O ﬁ\
630 = 631 OH
Oﬁ:zo')f\i%_’ 7\)/:0? B S K’ch/k/lkn’ H;C™ "S-CoA
0
OH

€00024

0~ “OH C00682 €00596 €03589 .
OH 0rf1636
€00230 l"f‘m ‘]\"ﬂ‘” l)\A ‘[mﬂm
' o}
O orfréa2 0 i
[o} - ) _ﬂ_) OH H;C)H(OH + ch&o
0N ONF H o] 00084
C€02501 C03453 coo022
B 3-17 Ottowia beijingensis AN3" R )L 3588 2,3- 2R 27
Fig. 3-17 Protocatechuate 2,3-cleavage pathway of Otfowia beijingensis AN3"
orf0262: protocatechuate 2,3-dioxygenase; orf1628: 2-hydroxymuconic acid-6-semialdehyde
dehydrogenase; orf1630: 2-hydroxymuconic acid-6-semialdehyde hydrolase; orf1631:
2-oxopent-4-dienoate hydratase; orf1634: acetaldehyde dehydrogenase; orf1636:

4-hydroxy-2-oxovalerate aldolase; orf1639: 4-Oxalocrotonate decarboxylase; orf1642:

4-Oxalocrotonate tautomerase; ?: S-carboxy-2-hydroxymuconate-6-semialdehyde decarboxylase.

o]
é = O)\C: 2@”’“’* s oy~ Ay
O 0
03586 ’

Co0846
C01163
00230 co1278 otj‘1789lm;ﬂ790

o 0

X zmro ~ I
H3C” “S-CoA €—— I 5-CoA

C00024 C02232

3-18 Ottowia beijingensis AN3" [ )L 34- AR
Fig. 3-18 Protocatechuate 3,d-cleavage pathway of Ottowia beijingensis AN3T
orf1458: gamma-carboxymuconolactone decarboxylase; orf1789, orfl 790; 3-oxoacid CoA-transferase;
orf1793: beta-ketoadipyl CoA thiolase: orf3511: beta-ketoadipate enol-lactone hydrolase; orf5496:

protocatechuate 3,4-dioxygenase; ?: 3-carboxy-cis,cis-muconate cycloisomerase
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O
a;ﬂ56] arﬂsso = mﬂSGZ OH

C05375 C03671 C04451

€00230 CD4484
orf0259 ImﬁSH/ijSS?
0. _0OH
H 30&0“ Ho\n/\n)LOH orf1565 HOWOH %Tf M
€00022 C00036 C01115 C04434 05364

3-19 Ottowia beijingensis AN3" [& )L 3R 4,5-BRR 2
Fig. 3-19 Protocatechuate 4,5-cleavage pathway of Otfowia beijingensis AN3T
orf0259: 5-carboxymethyl-2-hydroxymuconate delta-isomerase; orf2322:
5-carboxymethyl-2-hydroxymuconate delta-isomerase; o7f2557: aldo/keto reductase; orf2559:
4-carboxy-2-hydroxymuconate-6-semialdehyde dehydrogenase; orf2561: protocatechuate
4,5-dioxygenase; orf2562: 2-pyrone-4,6-dicarboxylate hydrolase; orf2565:

4-carboxy-4-hydroxy-2-oxoadipate aldolase; o0rf2566: 4-oxalomesaconate hydratase
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4 1

AN EERRE R ST 2 MEWTS IR R R E ., 483 28 B
M, 5B T/NAEM 20 ANE 28 M. HA 9B IS (Pseudomonas)-

- PHRE (Alcaligenes) FMIAHNTE (Acinetobacter) S 2% WHER) . 1 FBBR
BE; TH—LRAME B, W Castellaniella. Pedobacter ZiR/DIR B B EMRES T,
FEARARDIEE PR R 0 . SMMBMRSR, APIBRIE 6 HiER.
[F) PR B PR SR R AF 9B MR AE14. AE31. ANS. AN38. AEJ1 FI ANJ3. iX 6 #kE
i 16S tDNA %L RN: ANS (Comamonas denitrificans 1237, 99.72%). AE14

(Pseudomonas alcaliphila AL15-21", 99.392%). AEJ1 (Pseudomonas monteilii CIP
1048837, 99.665%). AE31 (Pedobacter saltans DSM 121457, 96.14%). AN3S

(Castellaniella defragrans 54Pin", -100%) 1 ANJ3 (Pseudomonas Pplecoglossicida
FPC951", 99.666%).

AHFFUEL 168 DNA FFIMT, RIVE 4 BRE ol 668 T 5, X b ik AN3
1 AE31 1T T ARG REE.

Bk AN3 AEZKPME, RIERREETEY. GC 5B, BB,
PUERBUENE. Biolog LR LA R AT A IS, Hkk AN3 B& T Ontowia BFT
SSHIIFHE. BRULZOh, Wbk AN3 07 H— MG 4 AE . FrOABRATA N bk AN3
A Ottowia BHI—NHiFh, 4K Ottowia beijingensis AN3T, MCCC 12542 %
MCCC 1A01410.

FIER AE31 AEZRPMME, RIELREETREY. G+C 4B, WA,
PUEZEBURME. Biolog LI UL K HiA A ¥ AR (LAR4E, Bkk AE31 B& T Pedobacter
BRI RIRFE. BRbZ4t, Bkk AE31 thf H— SR E. JTUBAITANE
¥k AE31 X Pedobacter B HI—NFiFh, 35874 K Pedobacter beijingensis AE31T, MCCC
R34 5 4 MCCC 1A01299. |

BB LYY, RIVEH AEIL (Pseudomonas monteilii CIP 1048837,
99.67%) 1 ANJ3 (Pseudomonas plecoglossicida FPC951T, 99.67%) [&RH® . [d]
R RRCRRST, R RIR X R R MR RRAE R S R . ZER B AL S5 %
T, BFK AEJ1 7E 48 h Y5t [R By (790.77 mg/L) HIMEMEEILT] 94.6%, Bikk ANJ3
SHE R (762.75 mg/L) MIREMERIAEIT 92.2%. XK B e 1A B S H 4] da vk
BERTHHCHR (Tallur %, 2006; ZWERE, 2009) RETH 600 mg/L. F,
FPK AET1 BE7E 24 h ¥ 1097.82 me/L ZKR AR 72.8%, 48 h R IX 5 93.2%;
BIFR ANJ3 7E 48 h R 1090.05 mg/L ERYIMEBRBENE T 94.2%. BT XFbkE
RET EHEHEIE RN EMEKEES RGP, FkAHEEENSRENE
frfE.

52



BB R AR R L MR R (VBT

AT 5T 5 M AR R I I R BT 2 T T EAORFS, RILPTK R
WS ERERAEEER, B 5 RIRENE K& RVENE . A\BE#E AE14,AN3.
AEJ1 f1 ANJ3 IZF4 DNA 3 82 T EmE B A EER AR, S0FF
{§FH BLAST M7 R5ILxt, BEE bk AEI4 # PCR 15 Pseudomonas
mendocina PC3 HBYREEEE R M FFIMMEIAR] 99%; Bk AN3 ) PCR 7415
Diaphorobacter sp. 15-51 MR BB R FHIMIER R (100%); ik AEIL Hl
ANJ3 ] PCR F=#15 Pseudomonas putida KL33 ZMFEEEER W FARLE Y A
99%. MIEE/KF LREETIX 4 MERMEFIARIERE, A PTRTTT
AL |

AWFSUEE THH ANST BT BN . ZHE A RAER . HER. RED
Kk g BRI, Fkk AN3TZ Ottowia BH—ANFH, HATZBE MR WA KEE
) B M AR 3RS (Felfoldi %5, 2011; Spring %, 2004)

it Ebk AN3T ERAERMFE, ST H 5BRLESWRERHERED)
ReH, ERFTRAMERERER, Bk AN REATH BB BN ERF
JRERSE, orfl610 & orf1642 3tH 13 NERERES 5RM M EYRERE, HET AL
SRR RN BERE, ERACH KEREMEFAIER, HPmaieaits
HEES5EBNEYBE (ARRERZ). FEMEk AN3T R RERE N EH
RN AR AR, HREAET RS A SCERIRGE —3 (Omokoko %%, 2008; Powlowski
4, 1994),

5 IR Y REAE S T, HERIERE AN3T WTAREREA A MR RE: H—5X
YA YRR AR AR, SRR AR B LR 3-8 LERMR PR K
Se¥g I Y AN R - R, DR R LR, Baila
SRR ARELERER (BFERILRR 23-RERE. BILFR 3421
RRE )58 4,5-BE81%) 4 TCA I ia =4,

% M ERR R, F5T AR NS BIEER MR, i 3-15. 3-17
F13-18 Fivm o L A3t 3-BEF R ER A SN 3-REFPBX— NP ERNEN,
B RT3 ISR AR o B X 2L M R BB, AR AU i 7 AT BE I IROE 2 A
T—H ¥ X e AT B R A B R R S TR T AR AT IRl A A
iR Rl A, SRUEHEN Y (8] B B PR R AR o

AR CREBOMBEMENRESHEER, ERENANME FRRE. $5il
Rk ARJ1 1 ANJ3 BERAR . [0 FRAMS MR R, AR ENAT XN EBIE
KAEEITE.

53



RN 2012 R R A S AT

S 3k

HES, BAY, ¥ERE. EURKTRERERERREREGTN. T
B, 2011, 32(2): 560-566.

B, ARALBOK T R MR 1 Tk 5 IR R B OB (22008 3] AJE:
RIFET K, 2011.

3. KB, EOE. EAMERSELECTMM). Jb3 B, 2001: 352,

10.

11.

12.

13.

14.

15.

16.

30, AEUR, FHAE. (] PP A P A R O 00 S L R AR, . L T3 FB. 2008,
27(7): 1032-1037.

R, — IR RCRT AR 1 5 B S RS IR ST (22008 30). RO
Rl K2, 2006.

WAL, (42, SKEIRS. — PRI Lm0 MR AR R i 2 B R e MR 2. +
SRR, 2004, 41(5): 756-760. |
R, RAEMEREIEE RSB RIS (Bit200830]. ;e
ARIRE, 2007.

KpeE. EMBREN S RS T RN (M2 ). K KER
T K%, 2008.

S0, KB, BEFENSREEENE. FEBEREER. 2011, 414):
69-76.

BER. WEEEEPEREKE PAHs MBEHS MM [Bit2in
). &I BITRE, 2007.

FRE, PERE, BEL. UVH0, BEMEMRZN2HR. hilikse2s
CEARRHERRD . 2004, 43(3): 99-102.

FBW, BRIRE. MEDRRRALEVNTIARE. £EHER%E%R (8
SREMEAR) . 2005, (4): 136-142.

BRI, 240, XBksE. m%ﬁéﬁi&?ﬁﬂ’%:ﬁ&ﬂ%ﬁﬁﬁm%ﬂﬂﬁn M
AR, 2003, 30(5): 78-81.

T, R, WEA%. |0 PE RS Citrobacter farmeri B BEARIFVE K AL
BT, FREE. 2009, 28(1): 44-48.

WO, XK, ERES. KBFEMEEHIERE PNANS Bk (Rhodococcus Sp.
strain PNANS) K37} 458 MRARERE R TT R XU BB L B Y. SRRl a2y
. 2004, 24(3): 482-486.

TR, KEXR REE. EWTVEAKFRBLEREE RS REsS. &
AT R ACK TR R0 R 3 Je 5 e . 2011, 30(1): 225-232.

54



ALK TR R R ER KR

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

B B, M. EEMXNEAEZE (Coriolus versicolor) K K%K
BRI, HIERIFEFR. 2004, 24(6): 1135-1141.

R, KRBEAE GXP04 REXBBUBERNHA (MtEA0eX]. &
T [EKE, 2002, '

Mk, WEL. KK EERERA R EICARIS. BERFERE. 2001,
21(3): 48-53.

BER, ok, RIS, — PRI REAR I 2 AN 2 . PR SR 2000, 20(4):
450-455.

wHGHs. Lysinibacillus cresolivorans (118 A MRMRIFHE R BN NEWA [ #AL
WX, M EEE TR, 2011,

BE. QEFRESHSRRARENSHEES T REREFHFNIXEESR
RHLEBYISHI (BB, ' EITKE, 2008.

AR, WAEMFHREM]. bR BEEE R, 2002: 355.

Afzal M, Igbal S, Rauf S ef al. Characteristics of phenol biodegradation in saline
solutions by monocultures of Pseudomonas aeruginosa and Pseudomonas
pseudomallei. J Hazard Mater. 2007, 149(1): 60-66.

Ahamad P, Kunhi A, Divakar S. NeW metabolic pathway for o-cresol degradation by
Pseudomonas sp. CP4 as evidenced by 1H NMR spectroscopic studies. World
Journal of Microbiology and Biotechnology. 2001, 17(4): 371-377.

Ahamad P Y A, Kunhi A A M. Degradation of phenol through ortho-cleavage
pathway by Pseudomonas stutzeri strain SPC2 . [Letters in Applied
Microbiology. 1996, 22(1): 26-29.

Arai H, Akahira S, Ohishi T et al. Adaptation of Comamonas testosteroni TA441 to
utilize phenol: organization and regulation of the genes involved in phenol
degradation. Microbiology. 1998, 144 (Pt 10): 2895-2903.

Banerjee A, Ghoshal A K. Phenol degradation by Bacillus cereus: pathway and
kinetic modeling. Bioresour Technol. 2010, 101(14): 5501-5507.

Bartilson M, Shingler V. Nucleotide sequence and expression of the catechol
2,3-dioxygenase-encoding  gene  of  phenol-catabolizing  Pseudomonas
CF600. Gene. 1989, 85(1): 233-238.

Bergauer P, Fonteyne P A, Nolard N et al. Biodegradation of phenol and
phenol-related compounds by  psychrophilic and  cold-tolerant alpine
yeasts. Chemosphere. 2005, 59(7): 909-918.

55



SRRV R 2012 JERRHBF A #0830

31.
32.

33.

34.

35.

36.

37.

38.
39.

40.

4]1.

42.

Bolotin A, Wincker P, Mauger S ef al. The complete genome sequence of the lactic
acid bacterium Lactococcus lactis ssp. lactis 1L1403. Genome Res. 2001, 11(5):
731-753.

Bonting C F C, Schneider S, Schmidtberg G ef al. Anaerobic degradation of m-cresol
via methyl oxidation to 3-hydroxybenzoate by a denitrifying bacterium. Archives of
microbiology. 1995, 164(1): 63-69.

Camara B, Bielecki P, Kaminski F e al. A gene cluster involved in degradation of
substituted salicylates via ortho cleavage in Pseudomonas sp. strain MT1 encodes
enzymes specifically adapted for transformation of 4-methylcatechol and
3-methylmuconate. J Bacteriol. 2007, 189(5): 1664-1674.

Chen WM, Chang J S, Wu C H et al. Characterization of phenol and trichloroethene
degradation by the rhizobium Ralstonia raiwanensis. Res Microbiol. 2004, 155(8):
672-680.

Dagley S, Gibson D T. The Bacterial Degradation of Catechol. Biochem J. 1965, 95:
466-474. '

Duffner F M, Kirchner U, Bauer M P er al. Phenol/cresol degradation by the
thermophilic Bacillus thermoglucosidasius A7T: cloning and sequence analysis of five
genes involved in the pathway. Gene. 2000, 256(1-2): 215-221.

Ehrt S, Schirmer F, Hillen W. Genetic organization, nucleotide sequence and
regulation of expression of genes encoding phenol hydroxylase and catechol
1,2-dioxygenase in Acinetobacter calcoaceticus NCIB8250. Mol Microbiol. 1995,
18(1): 13-20. '

El-Sayed W S, Ibrahim M K, Abu-Shady M ef al. Isolation and characterization of
phenol-catabolizing bacteria from a coking plant. Biosci Biotechnol Biochem. 2003,
67(9): 2026-2029.

Essam T, Amin M A, Tayeb O E ef al. Kinetics and metabolic versatility of highly
tolerant phenol degrading Alcaligenes strain TW1. J Hazard Mater. 2010, 173(1-3):
783-788.

Felfoldi T, Keki Z, Sipos R et al. Ottowia pentelensis sp. nov., a floc-forming
betaproteobacterium isolated from an activated sludge system treating coke plant
effluent. IntJ Syst Evol Microbiol. 2011, 61(Pt 9): 2146-2150.

Fleischmann R D, Adams M D, White O ef al. Whole-genome random sequencing
and assembly of Haemophilus influenzae Rd. Science. 1995, 269(5223): 496-512.
Hopper D J, Taylor D G. Pathways for the degradation of m-cresol and p-cresol by
Pseudomonas putida. J Bacteriol. 1975, 122(1): 1-6.

56



BB K R AR B R S AR R U 5

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Hughes E J, Bayly R C, Skurray R A. Evidence for isofunctional enzymes in the
degradation of phenol, m- and p-toluate, and p-cresol via catechol meta-cleavage
pathways in Alcaligenes eutrophus. ] Bacteriol. 1984, 158(1): 79-83.

Jiang Y, Cai X, Wu D ef al. Biodegradation of phenol and m-cresol by mutated
Candida tropicalis. J Environ Sci-China. 2010, 22(4): 621-626.

Jiang Y, Wen J, Jia X et al. Mutation of Candida tropicalis by irradiation with a
He-Ne laser to increase its ability to degrade phenol. Appl Environ Microbiol. 2007a,
73(1): 226-231.

Jiang Y, Wen J, Lan L ef al. Biodegradation of phenol and 4-chlorophenol by the
yeast Candida tropicalis. Biodegradation. 2007b, 18(6): 719-729.

Kalin M, Neujahr H Y, Weissmahr R N ef al. Phenol hydroxylase from Trichosporon
cutaneum: gene cloning, sequence analysis, and functional expression in Escherichia
coli. JBacteriol. 1992, 174(22): 7112-7120.

Kim O S, Cho Y J, Lee K et al. Introducing EzTaxon-e: a prokaryotic 165 rRNA

‘gene sequence database with phylotypes that represent uncultured species. Int J Syst

Evol Microbiol. 2012, 62(Pt 3): 716-721.

Kim S-J, Kweon ’O, Jones R C et al. Genomic analysis of polycyclic aromatic
hydrocarbon degradation in Mycobacterium vanbaalenii
PYR-1. Biodegradation. 2008, 19: 859-881.

Kim Y, Harker A R. Cloning and characterization of the regulatory genes ph/RI and
phIR2 involved in phenol metabolism from Alcaligenes eutrophus JMP134. Mol
Cells. 1997, 7(5): 620-629.

Kirimura K, Gunji H, Wakayama R ef al. Enzymatic Kolbe-Schmitt reaction to form
salicylic acid from phenol: enzymatic characterization and gene identification of a
novel enzyme, Trichosporon moniliiforme salicylic acid decarboxylase. Biochem
Biophys Res Commun. 2010, 394(2): 279-284.

Kotresha D, Vidyasagar G. Isolation and characterisation of phenol-degrading
Pseudomonas aeruginosa MTCC 4996. World Journal of Microbiology and
Biotechnology. 2008, 24(4): 541-547.

Kukor J J, Olsen R H. Molecular cloning, characterization, and regulation of a
Pseudomonas pickettii PKO1 gene encoding phenol hydroxylase and expression of
the gene in Pseudomonas aeruginosa PAO1c. J Bacteriol. 1990, 172(8): 4624-4630.
Kukor J J, Olsen R H. Genetic organization and regulation of a mefa cleavage
pathway for catechols produced from catabolism of toluene, benzene, phenol, and
cresols by Pseudomonas pickettii PKO1. J Bacteriol. 1991, 173(15): 4587-4594.

57



iRl K% 2012 BRHFIT A 226710

55.

56.

57.

58.

59.

60.

61.

Lack A, Fuchs G. Carboxylation of phenylphosphate by phenol carboxylase, an
enzyme system of anaerobic phenol metabolism. J Bacteriol. 1992, 174(11):
3629-3636.

Lee DJ, Ho K L, Chen Y Y. Degradation of cresols by phenol-acclimated aerobic
granules. Appl Microbiol Biotechnol. 2011, 89(1): 209-215.

Londry K L, Fedorak P M, Suflita J M. Anaerobic Degradation of m-Cresol by a
Sulfate-Reducing Bacterium. Appl Environ Microbiol. 1997, 63(8): 3170-3175.
Muller J A, Galushko A S, Kappler A ef al. Anaerobic degradation of m-cresol by
Desulfobacterium cetonicum is initiated by formation  of
3-hydroxybenzylsuccinate. Arch Microbiol. 1999, 172(5): 287-294.

Ng L C, Shingler V, Sze C C et al. Cloning and sequences of the first eight genes of
the chromosomally encoded (methyl) phenol degradation pathway from
Pseudomonas putida P35X. Gene. 1994, 151(1-2): 29-36.

Nordlund I, Powlowski J, Shingler V. Complete nucleotide sequence and polypeptide
analysis of multicomponent phenol hydroxylase from Pseudomonas sp. strain
CF600. J Bacteriol. 1990a, 172(12): 6826-6833. |
Nordlund 1, Shingler V. Nucleotide sequences of the meta-cleavage pathway

enzymes 2-hydroxymuconic semialdehyde dehydrogenase and 2-hydroxymuconic

" semialdehyde hydrolase from Pseudomonas CF600. Biochim Biophys Acta. 1990b,

62.

63.

64.

65.

66.

1049(2): 227-230.

Omokoko B, Jantges U K, Zimmermann M e al. Isolation of the phe-operon from G.
stearothermophilus comprising the phenol degradative meta-pathway genes and a
novel transcriptional regulator. BMC Microbiol. 2008, 8: 197.

Paller G, Hommel R K, Kleber H P. Phenol degradation by Acinetobacter
calcoaceticus NCIB 8250. J Basic Microbiol. 1995, 35(5): 325-335.

Poh C L, Bayly R C. Evidence for isofunctional enzymes used in m-cresol and
2,5-xylenol degradation via the gentisate pathway in Pseudomonas alcaligenes. J
Bacteriol. 1980, 143(1): 59-69.

Powlowski J, Shingler V. Genetics and biochemistry of phenol degradation by
Pseudomonas sp. CF600. Biodegradation. 1994, 5(3-4): 219-236.

Santos V L, Heilbuth N M, Braga D T er al. Phenol degradation by a Graphium sp.
FIB4 isolated from industrial effluents. J Basic Microbiol. 2003, 43(3): 238-248.

58



BALBOK T EAM AR R R R R

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

Saravanan P, Pakshirajan K, Saha P. Biodegradation of phenol and m-cresol in a
batch and fed batch operated internal loop airlift bioreactor by indigenous mixed
microbial culture predominantly Pseudomonas sp.. Bioresour Technol. 2008, 99(18):
8553-8558.

Sasser M. Identification of bacteria by gas chromatography of cellular fatty
acids. Technical Note #101. Newark, De: MIDI. 1990.

Semple K T, Cain R B. Biodegradation of phenols by the alga Ochromonas
danica. Appl Environ Microbiol. 1996, 62(4): 1265-1273.

Shich W Y, Chen Y W, Chaw S M et al. Vibrioruber sp. nov., a red, facultatively
anaerobic, marine bacterium isolated from sea water. Int J Syst Evol Microbiol. 2003,
53(Pt 2): 479-484.

Shimizu T, Ohtani K, Hirakawa H ef al. Complete genome sequence of Clostridium
perfringens, an anaerobic flesh-eater. Proc Natl Acad Sci U S A. 2002, 99(2):
996-1001.

Shingler V, Franklin F C, Tsuda M ef al. Molecular analysis of a plasmid-encoded
phenol hydroxylase from Pseudomonas CF600. J Gen Microbiol. 1989, 135(5):
1083-1092.

Shingler V, Powlowski J, Marklund U. Nucleotide sequence and functional analysis
of the complete phenol/3,4-dimethylphenol catabolic pathway of Pseudomonas sp.
strain CF600. J Bacteriol. 1992, 174(3): 711-724.

Spring S, Jackel U, Wagner M et al. Ottowia thiooxydans gen. nov., sp. nov., a novel
facultatively anaerobic, N,O-producing bacterium isolated from activated sludge, and
transfer of Aquaspirillum gracile to Hylemonella gracilis gen. nov., comb. nov. IntJ
Syst Evol Microbiol. 2004, 54(Pt 1): 99-106.

Stephens S. m-Cresol Pathway Map. UMBBD-Pathways, 2011. (Accessed March 31,
2012, at http://umbbd.msi.umn.edw/mer/mer_image map.html.)

Tallur P N, Megadi V B, Kamanavalli C M et al. Biodegradation of p-cresol by
Bacillus sp. strain PHN 1. Curr Microbiol. 2006, 53(6): 529-533.

Tepe O, Dursun A’ Y. Combined effects of external mass transfer and biodegradation
rates on removal of phenol by immobilized Ralstonia eutropha in a packed bed
reactor. J Hazard Mater. 2008, 151(1): 9-16.

Wang G, Wen J, Li H ez al. Biodegradation of phenol and m-cresol by Candida
albicans PDY-07 under anaerobic condition. J Ind Microbiol Biotechnol. 2009, 36(6):
809-814.

59



el K% 2012 BRTEBFIT A 2201

79.

80.

81.

82.

Wei G, YuJ, Zhu Y et al. Characterization of phenol degradation by Rhizobium sp.
CCNWTB 701 isolated from Astragalus chrysopteru in mining tailing region. J
Hazard Mater. 2008, 151(1): 111-117.

Yan D Z, Kang J X, Liu D Q. Genomic analysis of the aromatic catabolic pathways
from Silicibacter pomeroyi DSS-3. Annals of Microbiology. 2009, 59(4): 789-800.
Zeng H Y, Jiang H, Xia K ef al. Characterization of phenol degradation by
high-efficiency binary mixed culture. Environ Sci Pollut Res Int. 2010, 17(5):
1035-1044.

Zhan'Y, Yan Y, Zhang W et al. Comparative analysis of the complete genome of an
Acinetobacter calcoaceticus strain adapted to a phenol-polluted environment. Res
Microbiol. 2012, 163(1): 36-43.

60



AALBK T R B B SRR S TR (B 5

i

BB BRI B SR B T XAk !

RS B R R R Tl b, BEMARLKELES, EEEL
BEFARUTURE X, FENELHSHREXARBELT L, W
FERAK K. TRFELE, KERE!

R B2, THELR EHAOES, EEER EMRLER, Wik
fERIRE, B! ‘

R 2N, R, EMEEIT. FAMEM. EWELmmKE T
S TE SRR TS S T 26 O R ! i MCCC BRI 0 ) &5 A B3 3
oA B !

Rl 320 LR M AR A, BERE. AEE. TRE. TR, T2T. K
th, FE. &5 BE. 08, KEK. ABE. M. BER. B, F
. Ed. . BRI, ZRD. WEFMERES. BEEIESE EAR
MIEBNRIEE, BRI e S LA RMXOMEE, LREMOEEH T IR
RETIRER, BOBUBARINTAE R R A TAER 2 2T P IRLCIR: !

e R K2, s R LK 2 ) Z T R 2 !

RS ROFNRBA, B RIIGEMR. . BRMMXE, BR#RiE TR
[ipeda N EI

61



R K 2012 BEIERTS A 22 A 3

B

BOEM AR RS B KRR ® L

R, EAY, WERE. SURKHB MRS E L RAREROT. FEh
. 2011, 32(2): 560-566.

62



	封面
	文摘
	英文文摘
	1 前言
	1.1 焦化废水的来源与组成
	1.2 苯酚、间甲酚的来源及其危害
	1.3 苯酚、间甲酚的生物降解及其降解菌
	1.4 苯酚、间甲酚降解基因、酶和降解途径
	1.5 细菌的分类鉴定
	1.6 基因组测序
	1.7 本工作的目的和意义

	2 材料与方法
	2.1 实验材料
	2.1.1 活性污泥
	2.1.2 培养基
	2.1.3 常用溶液
	2.1.4 仪器与试剂
	2.1.5 网络资源
	2.1.6 分析软件

	2.2 实验方法
	2.2.1 溶液配制
	2.2.2 菌种保存
	2.2.3 培养条件
	2.2.4 菌株分离
	2.2.5 摇瓶种子的制备
	2.2.6 菌株降酚功能的初步验证
	2.2.7 细菌基因组DNA的提取
	2.2.8 BOX-PCR
	2.2.9 细菌16S rDNA序列扩增与分析
	2.2.10 苯酚、间甲酚含量的测定
	2.2.11 苯酚、间甲酚标准曲线的绘制
	2.2.12 苯酚、间甲酚生物降解实验
	2.2.13 苯酚羟化酶基因的PCR克隆与分析
	2.2.14 苯酚、间甲酚降解菌的系统分类与鉴定
	2.2.15 基因组草图的测定


	3 结果与分析
	3.1 菌株分离及初步鉴定
	3.1.1 平板分离及初步鉴定
	3.1.2 富集驯化分离实验及菌株初步鉴定
	3.1.316S rDNA序列鉴定

	3.2 菌株的16S rDNA序列系统进化分析
	3.3 酚降解实验结果
	3.3.1 苯酚、间甲酚标准曲线的绘制
	3.3.2 无机盐培养液摇瓶初检
	3.3.3 酚降解实验

	3.4 苯酚羟化酶基因的PCR克隆与分析
	3.5 一株酚降解菌新种AN3T的研究
	3.5.1 菌株AN3T的分离
	3.5.2 菌落形态观察
	3.5.316S rDNA序列系统发育分析
	3.5.4 最适生长条件
	3.5.5 抗生素抗性实验
	3.5.6 Biolog细菌鉴定
	3.5.7 酚降解能力测定
	3.5.8 其他生化指标
	3.5.9 脂肪酸组成分析
	3.5.10 Ottowia beijingensis AN3T新种描述

	3.6 一株潜在的酚降解菌新种AE31T的研究
	3.6.1 菌株AE31T的分离
	3.6.2 菌落形态观察
	3.6.316S rDNA序列系统发育分析
	3.6.4 最适生长条件
	3.6.5 抗生素抗性实验
	3.6.6 Biolog细菌鉴定
	3.6.7 其他生化指标
	3.6.8 脂肪酸组成分析
	3.6.9 Pedobacter beijingensis AE31T新种描述

	3.7 菌株Ottowia beijinggensis AN3T基因组草图的初步分析
	3.7.1 苯酚降解途径的推测
	3.7.2 间甲酚降解途径的推测


	4 讨论
	参考文献
	致谢
	附录

