AP~k

Acta Microbiologica Sinica

2024, 64(6): 2115-2132
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20240186

Geomicrobiological Applications pisRpEexINY::

T PRI FR 4 v 22 I8 5 IR B fi# Bl Aquabacter
sediminisP-9' B953 55 . & & KM IR

i, EWR S, g FEY

1 WRINR i s be W REY=rss L, 7R BRI 518060
2 WINR A ST RN U E A TR S, 7R BRIl 518060
3 BIIRAAE A S BE, AR TR 518060

ZEELI, BETRAG, XUSI4E, M. LIREARUTER Y h £ 3 35 B % A Aquabacter sediminis P-OT Ay ES . M E M FESRHL
il BOBF T (7). A3k, 2024, 64(6): 2115-2132.

LI Jiayi, HUANG Yuhan, LIU Lirui, LI Meng. Isolation, identification, and mechanism of the polycyclic aromatic hydrocarbons
degrader Aquabacter sediminis P-9" in mangrove sediment[J]. Acta Microbiologica Sinica, 2024, 64(6): 2115-2132.

@ E: %35 R(polycyclic aromatic hydrocarbons, PAHs)& — X L B, HEFK R T4H4MH
B RIeH FF5 kM, B5R, 2TOEMHRAESZA% TS PAHs TR GIBET| R 2 EE, MAE
YIERFAHINA AL IE PAHs R A K. A B Rrk. B, ARFARAANT RE@A
A A PAHs 75 FAE A SR FnbeiR, Ami-Fie G EEMBERIK. BRIEAE . HETRRER
M 5 R, LA AR R R 69 PAHSs MR H 69 AR ALIE ) A Aa-dedk. [ B 69 ] ELsfikiiiss 2
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R R (25-40 °C). A F) pH (5.0-9.0)F= R E &AM &4 T, sk P-9" 69 &g 4t st frml 2, A
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PAHs &/ 47, @ A sediminisP-9T ¢y KB40 F N LI T — K 7 B K T 8L A Md sk, vA
B A5 A A b PAHs &Rt LA B . KB EILBEfotm it & & PASO X484, B4k P-9' T
VAJE 25-40 °CH= pH 5.0-8.0 69 55 FTIHEMIE, JTETHoAAR, FE. AR —RA KT, £
FENIEIKRE A 50 mg/L F3EF 5 d EMEEL 100%. #)F HPLC-ESI-MS/MS & KAWL I, #ZH
pRAF AL JEL R PRI T O 1B 2- AT, 1,2-A B A)LEEf -5 K-2-A8,
FEW E AR P-OT B R R KA BLIR 2 TE MR PAHs. [448]1 A, sediminis P-9" & Aquabacter /2 ¢ #7#F,
w BLR % & T B R K IE) PAHs /R H , AR H 37 °CA= pH 7.0, T3 i KA BRIE 12 & 2L
Mg, FEAGE.
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Abstract: Polycyclic aromatic hydrocarbons (PAHs) are a kind of teratogenic, carcinogenic, and
mutagenic organic pollutants. In recent years, the pollution of PAHs in mangrove ecosystems has
attracted widespread attention, for which microbial degradation has been recognized as an
effective, economical, and multifunctional treatment approach. Researchers have identified a large
number of bacteria that utilize PAHs as carbon and energy sources, whereas these bacteria
generally suffer from low degradation efficiency, narrow degradation spectra, and poor adaptability
to high-salinity environments. In addition, the degradation mechanisms of PAH-degrading bacteria
from mangroves remain to be fully explored. [Objective] The present study screened efficient and
broad-spectrum PAH-degrading strains in mangrove sediments and explored their degradation
efficiency and mechanism, with a view to providing a solid scientific foundation for the innovative
research and development of microbial remediation technologies in mangrove ecosystems in the
future. [Methods] A new PAH-degrading strain P-9' was isolated from mangrove sediments
collected from Futian, Shenzhen and identified based on the phenotypic and biochemical
characteristics and phylogenetic relationship. The genomic DNA of this strain was extracted and
sequenced, and the potential of P-9" in degrading PAHs was investigated by genomic analysis. The
degradation ability of P-9" was measured at different temperatures (25-40 °C), pH (5.0-9.0), and
substrate conditions. Finally, according to the intermediate metabolites detected by high
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performance liquid chromatography-electrospray ionization-tandem mass spectrometry
(HPLC-ESI-MS/MS), we preliminarily revealed the mechanism of P-9' in degrading PAHs.
[Results] Strain P-9" was proposed to represent a potential novel species belonging to Aquabacter
of Xanthobacteraceae and named as Aquabacter sediminis P-9', which was also the first
PAH-degrader identified within this genus. A complete benzoate degradation pathway and key
genes encoding dehydrogenase, salicylate hydroxylase, and cytochrome P450 involved in PAHs
degradation were found identified in the genome of P-9'. Strain P-9" could use naphthalene,
phenanthrene, or pyrene as the sole carbon and energy source and grow at 25-40 °C and pH
5.0-8.0. In a mineral salt medium (MSM) with phenanthrene (50 mg/L) as the substrate, the
degradation efficiency reached 100% after five days. Several metabolites, such as
1-hydroxy-2-naphthoic acid, 1,2-naphthalenediol, catechol, and 1-hydroxy-2-naphthaldehyde were
detected, which indicated that strain P-9" might degrade PAHs via the salicylate pathway.
[Conclusion] A. sediminis P-9", the first strain of Aquabacter identified to be capable of degrading
PAHs could efficiently degrade naphthalene, phenanthrene, and pyrene via the salicylate pathway,
with the optimum degradation performance at 37 °C and pH 7.0.

Keywords: mangrove sediments; Aquabacter sediminis P-9"; degradation of PAHs; salicylate
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1 MHEFRE L BELEE s R85 PR e €U B B

-~ A B RS w8 B A T 22 R 8 )5
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1.1.1 SUERYIRIR

ORI AR S B A DRIV F FH 20 AR SR PR
X, RUHE TN B XF IR (22°31735"N
114°1'34"E), REF)Z 0-30 cm WULEWY, 7
T TCH A EH4Er, 4 °CIYH.
1.1.2 BEFERRF

THLER KRG F7 H (minimal salt medium, MSM)
(g/L): (NH4),S04 2.00, MgSO,7H,0 0.20,
KH,PO, 1.50 , Na,HPO,12H,0 1.50 ,
CaCl,-2H,0 0.01, [& 4 55 57 3 %5 40 in A B Bg
15.00, 121 °CKEE 30 min, HIR¥EHEMA
500.00 pL Wolfe [CA™ I £ F; R2A 5573
WA S EAEYHARARAF .,

ZITFIEE: %5, JE. BE45 005 g/mL, N
PR, 2 e R B R IR s R
ZHHRICR ] TaKaRa MiniBEST Kit (TaKaRa 23 7))
1.2 PERREPREY Tk

FRECTTRIRE S S g, BSME] 250 mL A MSM
WK TR EE 50 mg/L)H, 7E 37 °C. 180 r/min
AT RAIR G FE R s ARG R 2 10 d S —A0, Y
L Z 5 UGB TR R RS, 1071, 1072,
107 3% 3 MR EL 100 pL ¥57 A 7E & A JE
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AR, 37 ClEEKEFE 5-7 do MIEEBFLLE
ZESETRE R, WS 5 [, BEdifk
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fEIR TR, WIMAR O 25% 0 HHm O T
—80 °C#5 1.
1.3 EH P9I HLE
131 FESZLEE

P-9" R £ FEFh 2 R2A [R5 32 3L 5% 3-5 d
JE SR IE T A KN Bt g5
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(P2l O v o i 1 S0 W= 2 1 s S e |
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A TAR () A A RS v JHEA TR I . b 4R
5/ 7415 EzBioCloud (https://www.ezbiocloud.
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net/identify) &4 7 b BOASE 20 B RR 2R AT W0 20 1 43
R, Ak, F B 16S rRNA JEH 741
4% NCBI (https://www.ncbi.nlm.nih.gov/){F¥
Wi o WS B AR R A e OB TR A 16S
rRNA JEH 74, A MEGA XUk {4 it
Clustal W F2F%F 16S rRNA K P51 4 ik A7
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SCRNBERIRSE M o FH AR B B I il - ik
4 Z [\ /7 34 R T R A L (average
nucleotide identity, ANT). ¥4 3k iR AH ) P
(average amino acid identity, AAT)FIJE K 2 [a] 5
1 (digital DNA-DNA hybridization, dDDH) :

EzBioCloud ) ANI i1 %% iR 55 (https://www.
ezbiocloud.net/tools/ani)?" s P i A=y K I 40
2% 52 I %% (Environmental Microbial Genomics
Laboratory) 7£ £k 11 5. /It 55 (http://enve-omics.ce.
gatech.edu/aai/) ;
Calculator (GGDC, https://ggdc.dsmz.de/ggdc.
php)*!, FdE>k A Rk P-9" K& 3 TSk
i 9 7K #F B (Aquabacter cavernae) Sn-9-2°
(GCA_003993795.1, 4.52 Mb)* | 3% R B/KAFH
(Aquabacter Spiritensis) DSM 9035"
(GCA_004346185.1, 5.16 Mb)®! | [ F: 8 (o hF 14

(Xanthobacter ~ autotrophicus) DSM 4327
(GCA_005871085.1, 5.01 Mb) >Ry 5L P4 .

1.4k P-9" E R B HNF Ko

FLH P-9T 43 [N 4 DNA KRS IR ST 436
A6 DRI A BRZA W EAT AL 5 5 A 0 A 2
EFEEAM Y, kA Illumina HiSeq ¥ 5 .
PE150 M0 FI 2150 bp (BT RS HEF T
J¥ . fdi i SPAdes #F(v3.15.1)> %t DNA %5 /541

(neighbor-joining,

Genome-to-Genome Distance

AT PF L, 4% R 15 K A B (contigs B
scaffolds), #%Jiiffl CheckM (v1.1.3)2°5%F L 4H
HEAT B A . R P 9 B 2 N A
i B LA TS 2] . i DA T A L B 2
RETERE. SEAIEE . I Proksee JE A ZH A]
Ak 2 45 W il (https://proksee.ca/) Ll rRNA |
tRNA, 5 G+C &ht, [AI AR AL R 8 A5
2z R D e R 7 R DR 2 9 o B AT o
NCBI #(#li/% 19 Prokaryotic Genome Annotation
Pipeline (PGAP)#EA7 3L R i P73k R oh g v
B BRI A ERR)IT 515 KEGG (https:/www.
kegg.jp/). NCBI [ COG (https://www.ncbi.nlm.nih.
gov/research/cog) #l (https://www.
uniprot.org/) ¥ 5 FE H 2 A1 D 8 B9 ¥ 81 AT B
XF, TR R R R R ZhRE
1.5 PAHs FEREEMAK

FEREMR R . DL 3% iR mFE 1 2
B 50 mg/L JEf MSM I BR S kv . AE45 A
i JEWREE . pH —BUNAIET, BE 4 MRE
BEEE(25. 30, 37. 40 OffFN7AshE; & 5 A
pH B (5.0, 6.0, 7.0, 8.0, 9.0)fF K754,
B 3 AFAT, R R JEWE . RE
(37 °C)—EMAMT, #EEEFE 1 W, A 5lfE
1. 3.5, 7 d AT IBORE, MR SRR A B0 1 244
B IR F o R W -V A IR O v AR IO %
SR A HFE, LS mL AW, 6 000 r/min .0
5 min 5 EEMASE AT NG, e iRz 2
B 10 min, £ 0.22 pm @8 M B85 it
HPLC A6 i 5% B 32 5 3 550 A0 DL iy 3 A 2
K, P C18 (% (4.6 mmx150 mm, 5 um),
i HPLC (4i%{L(Agilent 723 )X FF AL Sk
PR, WA 80%Z 5 : 20% 0.05 mol/L
MR B (pH 4.2), EIEHANGRZ N 35 °C, i
B 1 mL/min, MBS 254 nm, BEEEE
15 uL, fREEEHE] 10 min®, FIFHAMRE:, YR
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H WS R R R0 A e T AR EA 7 M i, R
WS e IS R R ST AR N AR R R, DL
253 (1)s

R A7 2%(%)=(C—C0)/Cox 100 (1)
K, CoRFBLUKNE, CoIRBRIBWRE.
1.6 [EREFHS T

Ktk PO HANRIZE . FERE ST RN
50 mg/L ) MSM WA SR, TE R i 55
TEREDCRE SR, AEERERINCEE 5 K) . il
(10 R)FUEHICGE 14 DMK FRML SmL, &
Y 6 000 r/min 2.0 5 min JEH F3E, I AZE A
B ZNE, WERIRZ A B 10 min, fIA 0.1 mg/L
) NaCl | FHE4) 1 min J5#E 10 min, AL
MK ZE, BORNEZLHZ, £0.22 pum iy
Je Je kRt U85 T HPLC 6 JE R v )
Yy A O, FFERIBOR N H DA R AT 4 9 43
20 HEAT YRR €835 T T A I 43 BT o SR FH A
3k BRI DUAR AT AT ] BT Xevo G2-XS Qtof
(Waters 28 w2V RIOBORH €203 - H I8 55 - o 1 9k
FHAY #8 (HPLC-ESI-MS/MS)HEATIEAR T 7= 4 43 85
K, 385 UNIFT #4(v1.9. )b FiA ks, %
SERIR P-9" [t PAHs AR AR R
R, WA A & 0.1%H BRAYK ; sl B:
T 0.1% MR NG, W 0.4 mL/min, #EEFE
J¥: 0—1 min (2% B), 1-4 min (15% B), 4—8 min
(50% B), 8—13 min (50%-98% B), 13—16.4 min
(98% B), 164-17.4 min (98%2% B) ,
17.4-20 min (2% B). FiiEscfFuT, BHEJT
P ESIH—; Bk : MSE; MSE nhili
fitkt: {KAE6 V, EAE25-40 V; RAEFRRTEH .
50—1 200 Da™, 254 B BRI =115 F
o3 S H PR A T X
1.7 Hfth PAHs PBERERE BRI 4R

Iy R R LIZEQS mg/L). FEQ25 mg/L).
EE(25 mg/L) S HAR A J v —R I MSM.
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WIEFRIL, &3 AP, ARG —H 3%,
7E 37 °C. 180 r/min HY3EEE S5 1F M HHIEIG I 8 d.
B RWCRE, F FH 2 T e B A ASUR I R  ODgoo
o 755 8 KM RORAR (AR (HPLC ) 3f:
THA R o 0 2 38 05 R I B A %

2 BER54

2.1 MBREEKRNS S

BN 4 PRAE A A TR 1 FE R A T
P-1. P2, P-6. P-9'. 5K 1 fin, 41k
fifE T 15 43 K T BR /INFT 1 )& (Mycolicibacterium) il
Aquabacter Pi™JE 1 RS OC R il . H A E R
P-1 # P2 57RO o B RN
(Mycolicibacterium mucogenicum) kb Xf A 16S
rRNA BE K AR PE fe i, 23 0l i5 21 98.88% Al
99.15%, KXW PEEJE T Mycolicibacterium
mucogenicum, [tk P-6 il P-9" 5 Aquabacter
cavernae FFFNAHAVERE S, 390l 98.26%
1 98.19%, KT 98.65%HI4Np 2 Fh (e, W]
BTk P-6 Fl P-9T & Aquabacter J& W 7E it 3 20
22 HHEPYHIKE
221 HESFEE

DAFE Ay ME—Bic I, 7 18 3 B3 At 3 0 T TE
FHEERR P-9T, AP E R2A FEARE IR PRI R 55
3d A TS, WK 1A PR, HRTEIESZRFTE
fhe, e, RADEHE/KIE, B2 0.5-2.5 mm, i
o A HL BT LB TR Bk P-9T ) BA AT S LA 1B,

R1 DEFERBEK
Table 1 Identification of phenanthrene-degrading
strains

Strains Identification 16S rRNA gene similarity (%)
P-1 Mycolicibacterium  98.88
mucogenicum
P-2 Mycolicibacterium  99.15
mucogenicum
P-6 Aquabacter cavernae 98.26

P-97  Aquabacter cavernae 98.19




BRI | MR, 2024, 64(6)

2121

1 HEHk P9 WEE A2 MBI
Figure 1

AR, FE0.3-0.7 um, K 1.5-3.0 um, S5
A #k A cavernae Sn-9-2" IR B (OIS TE S A &
BRM 22,
2.2.2 HIBEAR4FE

FLxT 25 R W], Witk P-9" 5 Aquabacter
cavernae Sn-9-2" ¥ 16S rRNA Xt A F 3 AHAYE
fix ® (98.26%) , JL &k J& Xanthobacter
autotrophicus DSM 432" (97.16%). Aquabacter
spiritensis DSM 90357 (97.06%); 7£ NJ. ME #l
ML B:E AR T 16S rRNA HEN ARG KBFR
h (&l 2), HitkP-9" 5 A cavernae Sn-9-2" JE i
T —AS7 A%, 2 T P-9T W] RESE: Aquabacter
JE I — A B R . B Rk P-9T Ml A cavernae
Sn-9-2" | A. spiritensis DSM 9035" | X. autotrophicus
DSM 432" Z [i] i) ANT{E53 514 78.45% .76.91%
M 77.12%; AAL {HA3N 73.37%. 72.53%F0
69.25%; Rtk P-9" 5 X LA 2 i A 22 [ 1) dDDH
(formula 2){E53 514 22.7% . 21.9%#1 22.0%, &
TR F Py A&l 43 19 B {EL(ANT 95.00% , AAI
95.00%—96.00%, dDDH 70.0%)"*, Hitk P-9" 7&
A5k EFM ES A cavernae Sn-9-2" &b T HU ()

The colony (A) and single cell (B) morphology of strain P-9".

I3, RGO FR I, I HAEKAE ANI {H
AAI F1 dDDH {E 5 % B AP AYARE
223 STEYFLE

£ 2B THEM P9" 5 A cavernae
Sn-9-2"22 A spiritensis DSM 9035 | X
autotrophicus DSM 432 24 2 A AR AR AE
PR P-O" ML [CRAYER, HHA 3 B R—
B, IR AR, ABRTEARE ML E A T R R
Rk P-9T i LATE 15—40 °CHYIRBETL AR K,
Forh 35 °CoOy @ R, 1M pH A= K I 7E 5.0-9.0
(Fi& pH K 7.0-8.0). 3o 46 1k U AN A Ak il 1
for i 25 AR L B . 7EP AR AT B, bR
P-9" 5 A cavernaeSn-9-2"' A EH B ER, H5A
spiritensis DSM 9035" T A AR . 7E4E AL B 1
Rl s & 5 A cavernae Sn-9-2" 45 %5 M R 19 45
R L BRI, BTIBERA . AMA 2
22U KRG R B S R B s 5, A oE 4
HB R P-9T 14 Xanthobacteraceae
Aquabacter J& HY B B B Bk, JFEH w4 N
Aquabacter sediminis P-9" ({45 : CGMCC
1.56041),
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100/99/100 Xanthobacter autotrophicus DSM 432" (jgi.1053054)
Xanthobacter viscosus 7d" (AF399970)

——— Aquabacter sediminis P-97 (0Q438900)

99/71/99 L Aquabacter cavernae Sn-9-2T (RWKV01000013)

Aquabacter spiritensis DSM 9035" (FR733686)

Xanthobacter tagetidis ATCC 700314" (RCTF01000015)

98/76/98
9 T
100/99/100 Xanthobacter flavus 3017 (X94199)
Xanthobacter aminoxidans 14a™ (AF399969)
Xanthobacter agilis SA35" (X94198)
Azorhizobium caulinodans ORS 571" (AP009384)
87/56/87 Azorhizobium doebereinerae UFLA1-100" (AXBA01000053)
88/73/94 L Azorhizobium oxalatiphilum DSM 187497 (FR799325)

Aneylobacter oerskovii NS05T (AM778407)

Rhizobium acidisoli LMG 28672" (MK751646.1)

0.01
2 ETF 16S rRNA EFE FFI#3E Aquabacter sediminis P-9" B &% % B it
Figure 2 Phylogenetic tree based on the 16S rRNA genes of Aquabacter sediminis P-9" (in bold type) and
other related species. The value on the branch represents the confidence (%) of 1 000 bootstrap tests in the ME,
ML and NJ algorithms for this node, the length of the branch represents the evolutionary distance, and the lower
left scale represents 0.01 nucleotide substitutions at each site.

# 2 Aquabacter sediminisP-9" 5 3 MER¥REY 4 IBAE (LASE
Table 2  Different characteristics among Aquabacter sediminis P-9', Aquabacter cavernae Sn-9-2",
Aquabacter spiritensis DSM 9035 and Xanthobacter autotrophicus DSM 432"

Characteristic 1 2% 3% 4%
Colony color White Yellow White Yellow
Gram stain - - - -
Growth temperature (°C) 15-40 15-40 15-40 10-35
Growth pH 5.0-9.0 5.0-9.0 5.0-8.0 6.0-8.0
Catalase + + + +
Oxidase + - + +

16S rRNA gene similarity (%) 98.26 97.01 97.16
Genome size (Mb) 5.3 4.5 5.2 5.0
DNA G+C content (%) 66.9 67.5 67.6 67.6
ANI (%) 78.45 76.91 77.12
AAI (%) 73.37 72.53 69.25
dDDH (%) 22.7 21.9 22.0

1: Aquabacter sediminis P-9T; 2: Aquabacter cavernae Sn-9-27; 3: Aquabacter spiritensis DSM 9035"; 4: Xanthobacter
autotrophicus DSM 432 *. Data from references”>?¥; +: Positive; — Negative.
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2.3 Aquabacter sediminis P-9" B9E FE A
vkl

BFE3RIR A A sediminis P-9T TE AR R 4H 4>
1 5 334 632 bp, 434 34 4 contigs, T5YLHN
0.11%, SE%EJF 99.65%, N50 {EH K 548 030 bp,
FEHA M G+C & HN 66.9%. Btk P-9" FE[H 4
155 18 5S tTRNA LK | 16S rRNA JE[H | 23S
rRNA K F1 48 4~ tRNA H:[H, £ PGAP Tiiilll
AT 4 806 NEE, HAE 4 716 4> Ry H G
BRI IER A5 16S rRNA JE R F 51 242
% NCBI Y GenBank #li /g, &5t 505 K
JARBFX000000000 1 0Q438900.

%5 KEGG. COG. SwissProt $#iFE4M#T
A. sediminis P-9" JE R4 Hh Bl R 4 370 4
(91.71%). 3 900 1(81.85%)F1 1 679 4~(35.24%)
DIReSEH . it KEGG i % 3k A (1) T g itk
PR, F 8 A M 78 AR (R BAR R
AL BAL PR 4 AJ 5] Hh AR 2 1
IHAEIE IR BE Fe i K (35.8%), HA L5 B Ak
PRGN SHRERY LN 4.5%, RIS E AL
WETHRERL NS 9.0%, 40 i R i sh
RERENELE 7.5%. R0 2 5ok &
Py A5 RN 2 3 R A S R B 2, il
394 AN 388 A, Tk SRR MR . AT IRTE
IR SRR G A QT B (] 3A). LA,
AR B A | b i B i (302 A R A
I B SN RO A AT (165 IR IA) AR
PIER T KA WA | RE A RN 2 5L 1R
P, AT RE A T AR 2o 5 RS R A B R
PAHs 75 YLyt AP 1T 56 1R A 15 R S Rl
X — AR R o R AR AR
A RS S AR R AR DG SR R (] 3B) il — 241
MrE®, A sediminis P-9" AP S AEZM
SMEYIRERRIEA, 165 DMIIREREILS ST 16 4~
AN F R R , A R 2 RSN A& 1) S
T E Y AR T R, Horh 2 5508 T Rk AR A 1) i

26 1~ ZEREMEIIET 4 4 ZIRITIRFEAR Y
FH 24

W% 3 frn, A sediminis P-9" KN4 5
A G 15 7K H R £k S04k 3 IR i (BenC) . i &L il
(BenD)*2 | &R Wy 1,2- XN 4 (CatA)*Y) | Al
fitf A 5:F5HF(Pca)). L TEATEE A PEILEERL T
(Fad A)YJE R, AT LLZH 850 4 14 2R HH R 6 4 At o
FEON S INE R BRZEREAR 22 BRI R A 3
Hh R I I U L S A R B R A 2 P450
D) | BRI (L4 KA R R AL ) PO 2R 2R 2
fige XU 4T 14 G A JE R BT
2.4 Aquabacter sediminis P-9" f&fiZ PAHs
B B & 551

FEANIA] pH S5 R REfR S IR rh, T 5 AR
FE(pH 5.0, 6.0, 7.0, 8.0, 9.0), Z5RUE 4A
ffi7s, A sediminis P-9" 7£ pH 5.0-8.0 i1 F
BRI R FAEE T A K Z5E , pH 7.0 o A. sediminis
P-O" R AT, BRARRIK 100%, FERTHRJE
(5 d), pH 6.0k ; 7£ pH 5.0 &M, WEE
WIRER 2 5 d, 7E%8 7 KREEMRTFE 100%; 1
£ pH 8.0 MZ&AMT, WA LK, (27
5 57 RIFMBRCRGT V%, BT 90%
2/ATE 11 d. G Bk, 55 (pH
5.0-7.0) 4T A sediminis P-9" XFE KRR .

ARSI T 4 DIEFRILE , TR HA S I 55 A
—FUPIRAE T #EATHE3R, E R A R R
A. sediminis P-9" 7EJE MR R A A KAB L
M EEYE IR 25, 300 37, 40 °C. A 14 d
) 955 SR A6 45 R 587 (18] 4B), A, sediminis P-9"
FE 37 °CCAMF T AR AR IS M i, 30 °CIRZ,
25 °CHl 40 °CAF| T A. sediminis P-97 % JE %
it (B AR <20%) . TE 37 °CHEFRAMT,
%5 0-3 K, A sediminis P-9" &b T4 K [y Bt il
W, ERZE, YW E I A
55 4-5 REEMRBCREEIG K, IFHES 7 KIEM
Fik 100%.
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Figure 3 Genome annotation of Aquabacter sediminis P-9" based on KEGG database. A: Function and
number of coding genes. B: Number of coding genes in xenobiotics biodegradation and metabolism.
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% 3 Aquabacter sediminis P-9" 15 5 PAHs &R0 X 52 EF
Table 3 Genes involved in PAHs degradation of Aquabacter sediminis P-9"

Gene name Annotated protein Refseq ID
benC Benzoate 1,2-dioxygenase reductase component WP_274775006.1
benD Dihydroxy cyclohexadiene carboxylate dehydrogenase WP_274776462.1
catA Catechol-1,2-dioxygenase WP_274776463.1
pcal CoA-transferase WP_274776942.1
fadA Acetyl-CoA acyltransferase WP_274776900.1
GST Cytochrome P450 WP_274773836.1
adhP Alcohol dehydrogenase WP_274773956.1
nah Salicylate hydroxylase WP_274777967.1
ligB Extradiol ring-cleavage dioxygenase WP_274776980.1
B pH 5.0-- pH 6.0 2-pH 7.0 =+ pH 8.0+ pH 9.0 B *-25°C = 30°C2a-37°C o 40°C
100 2 ] & 100

g 80 § 80

g Y

£ 60 g 60

£ g

5 5

2 40 g 40

] X

20 20
! g ok

t/d

td

4 Aquabacter sediminis P-9" ZER[E] pH GRE 37 °C)MA LR E (pH 7.2) FRIFEFE ARERLL
Figure 4 Effects of pH and temperature on the degradation rate of phenanthrene by Aquabacter sediminis
P-9". A: Degradation rate under pH 5.0 to 9.0. B: Degradation rate under 25 °C to 40 °C.

2.5 Aquabacter sediminis P-9" i PAHs &
R

WK SA PR, A A5 R a5 R, A
sediminis P-9" 7ESE M REARRITIH(AT 7 d)F 2= —
FhrplE =) Ao A HER H RS E] A 2.136 min,
HR(a] =) A H IR TE] A 1.245 min, 1.646 5 min
SV TIE(E SA). BEMERTIHIH ™) A B IE
iR BRI G 0 . ZEREAR IR 7-10 X),
FEEARGI S Ty — AR 1 (B), e ] AR
T 1.291 min (&l 5B). MAEREAfREHICGE 10-14 ),
FEAR ) (C) i W ] 7E 1.389 min (& 5C).
N TR A sediminis P-9T [EAEIERRAE, FIH

WM €35 H3 356 5 23 B BT £ R (HPLC-ESI-MS/
MS)XF A. sediminisP-9" B E 1) 3 A AN [R] B 47
A= g R I A T T %5 o DL R KA R F
SRR H R A v ] PR M i 43 7 U Ay Tl
SHEPATHONSE , i S TR T,
779 A PEITE] A 13.015 min, B B H A1
B (M-H)TE miz {5 187.039 8 &b, it e Tk
H1 C (6-15), H (5-10), O Q—-6)I MBI A 1746
R, WEREY A R 12 2R
[E] 74 B Al C 433 HEE B TSR 9 0.624 min
19.909 min HA Frikg . HiE =9 B #9505
T (M+H)TE Mzl 161.132 2 b, S5E N 1,2-25
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Figure 5 Mass spectrum of the major metabolites of phenanthrene on the 5", 10™and 14™ day degraded by
Aquabacter sediminis P-9T. A: Major metabolite of phenanthrene on the 5™ day. B: Major metabolite of
phenanthrene on the 10" day. C: Major metabolite of phenanthrene on the 14" day.
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EEXHIRAWIIRET1(K 6). 7E 8 d [R5 FRI ] X
25mg/L %5, dE. EERIREAEREIIA 100.0%, AT,
25, JE. 3 AR H SR EEA 75 mg/L (1)
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WXIZE, JE. EEIRGIRYIMIRRERIR 96.7% (3% 4).
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Figure 6
sediminis P-9" under different PAHs. NAP:
Naphthalene; PHE: Phenanthrene; PYR: Pyrene.
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The growth curve of Aquabacter.

# 4 Aquabacter sediminis P-9" 7£ 8 d %t AN [E] JiE
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Table 4 Degradation rate of different PAHs by
Aquabacter sediminisP-9" in 8 days

PAHs Concentration Degradation

(mg/L) rate (%)
Naphthalene 25 100.0
Phenanthrene 25 100.0
Pyrene 25 100.0
Naphthalene+ 25+25+25 96.7
Phenanthrene+Pyrene

AN, 7E A sediminis P-9" A2 FILE Fr I 5 2
RIS T 1-FR-2- 2R, AEE B iR
T, 43HHE 11.461 min A1 11.951 min A H F i,
S FE T M)A, 78 miz{E 173.075 1 ZK(E 7).

173.075 1 188.087 2
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| e o om0 e e M
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Figure 7 Mass spectrum of metabolites of pyrene and naphthalene degraded by Aquabacter sediminis P-9". A:
Major metabolite of pyrene. B: Major metabolite of naphthalene.
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