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Isolation, identification and genome analysis of Pseudomonas jessenii QYQ-1, a highly efficient polycyclic aromatic
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Abstract: A strain of polycyclic aromatic hydrocarbons (PAHs) degrading bacteria, QYQ-1, was isolated from the sediments of the
Jialing River bed. Through 16S rRNA sequence alignment, calculation of average nucleotide identity, and whole—genome
phylogenetic analysis, it was identified as Pseudomonas jessenii. The strain QYQ-1 exhibits a wide adaptive range for temperature
(15~40°C) and pH (5~9), excellent salt tolerance (0.5%~5%), and good heavy metal resistance (Cu**, Zn**, Co>*, Mn**, Cd*"). It has
a unique advantage in withstanding low temperatures (15°C), high salinity (5%), and heavy metals. The optimal degradation
conditions are at a temperature of 35°C and a pH of 7, achieving a degradation rate of 97.7% for 100mg/L naphthalene within
48hours. Additionally, it can efficiently degrade aromatic compounds such as benzoic acid and phenol. Genomic analysis indicates
that the strain QY Q-1 possesses various key genes involved in the degradation of multiple PAHs, including a complete pathway for
benzoate degradation and a meta-cleavage pathway for catechol. It also contains critical genes related to PAHs degradation, such as
salicylate hydroxylase, cytochrome P450, and protocatechuate 3,4-dioxygenase. Additionally, it carries a significant number of
resistance genes for heavy metals such as copper, zinc, cobalt, manganese, and cadmium. Furthermore, strain QYQ-1 has a robust
iron uptake system. This expands the application range of strain QYQ-1, making it suitable not only for environmental remediation
of PAHs-contaminated sites but also for potential use in environments contaminated with both heavy metals and PAHs.
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it R AN DNA IR, BLAE S A LA
Pseudomonas 4T ¥ 5% R 4. [ I ,CRISPR-Cas &
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FHTE L EOUE ] CRISPR JE M 4miE A5 S,
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Table 1 Genomic features of the Pseudomonas strains

bk GenBank % 3% 5 HEEEIK KEDbp) GC% CDS rRNA tRNA  RNase PRNA  other RNA
P, jessenii QYQ-1 GCA037889415.1 Contig 6168333 60.0 5581 7 62 2 3
P, jessenii LMG 21605 GCA900104905.1 Contig 6588452 59.5 5915 26 76 1 3
P, jessenii DSM 17150 GCA002236115.1 Contig 6537026 59.5 5912 9 60 1 3
P, jessenii E2333 GCA040201735.1 Contig 6240905 60.0 5631 3 62 1 3
P, jessenii GO3 GCA003225755.1 Contig 6993317 60.0 6874 2 59 1 3
P, jessenii EC-S101 GCA006151795.1 Scaffold 6234511 60.0 5546 4 57 1 3
P, jessenii UC4332 GCA003353505.1 Scaffold 6127106 59.0 5591 9 60 1 3
P, jessenii LBp~160603 GCA003205375.1 Scaffold 6766953 59.0 5987 6 62 1 3
P. aeruginosa PAO1 GCA000006765.1 Complete 6264404 66.5 5571 13 63 1 29

M GC Content
M GC Skew+
M GC Skew-
RNA
RNA
mRNA
NecRNA
M SPR RNA
M RNase P RNA
Wcas
M CRISPR
BWARGs
Mcos

Pseudomonas jessenii

QYQ-1
6168333 bp

1 TR QYQ-1 3L R4 K3t
Fig.1 Characteristics of the genomic of P. jessenii QYQ-1
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T B PE R QYQ-1 M4y AT T
# T NCBI #HsEHR4E 7 ¥k P jessenii 5357
Pseudomonas W HAARENERT 15 FREE N 4L 41
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N(E 2(),HHE QYQ-1 HEFE UC4332. DSM
17150 F1 LMG 21605 {E R4 K G FcoA e, el
WRAE — A K 7 >, AR B 50k, 52 1 168
rRNA MRS G W AHPLER QYQ-1 5 P
Jessenii FEIE R LMG 21605 2 [A]ff) ANI {Hf% i
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SE 45 B R, AR QYQ-1. UC4332. DSM 17150 1
J& T P jessenii {131 B A2, R KN P
Jessenii IE K LBp-160603. E2333. EC-S101 Al
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LBp-160603. GO3 X #4r23 Pseudomonas 7KF-.

P. jessenii LBp-160603

(b)

(a) Tree scale: 1 F————i

bootstrap P. jessenii E2333
0.13 P. jessenii EC-$101
) — P. jessenii GO3
0% = P.Jesseniiava-1
o 057 . jessenii UC4332
© o078 _[i - P jessenii DSM 17150
@1 - - - P. jessenii LMG 21605
r° P. syringae U643

- P. syringae Susan2139
P. syringae KF529
- - P. syringae CFBP2116

(c)
Pseudomonas jessenii GO3 (1)
Pseudomonas jessenii LBp-160603 ¢
Pseudomonas jessenii E2333 |
Pseudomonas jessenii QYQ-1
Pseudomonas jessenii LMG21605
Pseudomonas jessenii DSM17150
Pseudomonas jessenii EC-S101
Pseudomonas jessenii UC4322
Pseudomonas  syringae U643
Pseudomonas syringae MUP20
Pseudomonas syringae CFBP2116
Pseudomonas syringae Susan2139
Pseudomonas syringae KF529
Pseudomonas aeruginosa DSM50071
Pseudomonas aeruginosa Carb0 163
Pseudomonas  aeruginosa JBPA
Pseudomonas aeruginosa PAC1
Pseudomonas aeruginosa NCTC10332
Pseudomonas aeruginosa PAO1
Pseudomonas putida JQ581
Pseudomonas putida ATCC12633
Pseudomonas putida KF715
Pseudomonas putida NBRC14164
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Fig.2 Phylogenetic and genomic collinearity analysis of strain QYQ-1
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Fig.3 The growth curve of strain QYQ-1
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Fig.4 The growth characteristics of strain QYQ-1
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JH L5 IR 22— 3t e ARk o 37 7 25 AR W 9 3R A
FEQYQ-17E 15°CF120°C 14 fg K 4% B ft A i, R Ak
15°C I ,24h 15 B Xt 100me/L ) 28 % fift ik 3
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R I TS S B RTH Pseudomonas jessenii QYQ-1 [4) B %52 M AL R 41 73 Hr
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65.44% AT HA ORI PAHs  FAA# PR IE, BRI PR
QYQ-1 AT S U (1)l 3 WM AT 5 Y2 Vil 3 1
FHVE LS 3% B 5 A pH BBJE(5. 64 7+ 8. 9),
LA RE TR A — 35, 2 WIRTIAS ] pH B 41 e bk
QYQ-1 X ZE MW i e, 45 Fan I8 5(b) i 7, B bk
QYQ-1 7 pH {H 5~9 M4/ F T &l FIFHZE AT 4
K, pH=7 Z&Z M EAERM pH {H,pH=6. pH=8 X
2 pH=5.pH=9 1 T 25 B MR AR W ik R [4(<80%),
X AT e BARAE FORTE DL N KA 2 K 45 R
R A 25~35°C, kL SR SRR A
TR QYQ-1 X ZEBEAR. bk QYQ-1 AL A

100
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—>¢— CK T=35°C pH=7
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fif 2R ILF] 100%. FH AT WL PR QY Q-1 X 7% A ikt
HWERAT IZ B R X ve T SN 75

76 PAHs [ 2E 9 B ff o % o, ot S0l mT DA A
PAHs [ &5 T 36 A6 I 7 7 28 o 5 1) 52 S AR A
PAHSs #4061t ST T L — 2 R T R WA
A P AL B e ). 85 R R W (B 5(d)),
It S E TEAERT 6h T LA 2818 ,6~36h L id Tt
151,36h JG AT P22, B bk 1 e SR AR KR S
ZRIRT P il 28 A 1EAH G

1
48

1
36

24
i ] (h)

)
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1
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5 WK QYQ-1 [MFFfREs
Fig.5 Degradation characteristics of strain QY Q-1

2.42 TWH QYQ-1PAHs PFfRJEIN % E Tk
QYQ-1 FEMNAL o Hr R 3R IH SLEE R4 | R AR
2 1,2 BUINABILFHE N benABC. —FRFIA L
K5 PR TR I G 4 i K benD JLZRT 1,2- X048
G FEIN catA B FREIR ThIA M B i FE K] carB
iR N DM carC. F2 W HE T 1R A G
it LK pcaDL CWEAHEE A W67 B 4 15 2 (R
fadAl. 3~ AR AT A SRS L peaF,
AT LA RS 50 T 1) 2 R R At R LS T 20 A7 8 A

% (] 6),1%X /2 PAHs 2 (1) MU B Ad L DR A% b b,
R INZE L LA PAHSs PRI FE o -T2 B KM
FRFZ BRI LR nah ML 2 P4SO YuhdIiR
gst~ JFLIRIR 3,4~ XN B g i 5L K pcaGH L1
It St/ O BE N A B B SE DR adh 28RN 4 i
FE IR nahAc 2383 (0 JR -2 FR IR 5 ¥4 B G A S 1A
nahD %5 PAHs [ 1) O HEE DXL 40 [ €4 3% P4S0 #iiE
B LA 3 PAHs 77 4= Je o &0 1 A B A
PAHs™L HbAh A1 (035 PASO 1ERIRHIE 1. Ab
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S B[ R FH R 5k AR 5 A0 K I AR A R IR 47, 1K
F& PAHs HEL[1) U BRI DA 7% K R IR Y benABC
55 benD il T INAEUBEER A 482K 1y, SR J5 71 carA i
AT TFIRZEAR A LT -2,4- 2 0 2, T2 carB.

catC Y5 pcaDL A A FF R A i 34 O 1R, %
HAE fadAl 5 peaF LA T 2L BRI BEAHEG A,
HEN TCA MG A oK AN A8 A, SR R Bh 5
AR T 1) 5 A AR LA R DR 2 PR HE A gt
nah. pcaGH. adh. nahAc. nahD %5 PAHs F¥fR 1
RBHESE R ZE XU A Sk M PR AL ) iz A7 e T
25 PR AR T 2 25 R R 1 B AR B R 22— 4
{03 P450. LM A O EL B AE PAHS (1) R4
e fige Jok A v R ¥ A AR D, L@ R A B A R R
M S A St FEPOL BT RR QY Q-1 AR A SE AR I [l 4k
TR 6040 Ji 5 e AT I 6k 3 o 2, 4 ) L g [
IN A AE A 48,5 R P Rl PAHS B AR 3445 i I 4z 72
HAELN T, HEE QYQ-1 i /K 1 1 ik 4% [ it
PAHs.PAHSs 7 INAEU R « It S I 0 4 247 T 5 (1 A A
FR A2 BOK B 8, 330 N2 FP IR 4 A R0 ) L 2% Ty 20 A7 24
i A I 23N TCA D SR 56 4 Bl W A1 1)
IREA A T LI Rt — 2T
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Fig.6 The comparative analysis of annotated protein functions of P. jessenii LMG 21605, P. jessenii DSM 17150, P. jessenii
QYQ-1, and P. aeruginosa PAO1 based on the KEGG database

2.5 W QYQ-1 Ea BN % e 50

251 Wk QYQ-1 HEEEPirLH%E e Wk
QYQ-1 X} Cu*™. zZn*". Co*'. Mn*". Cd*"&H 48
HFYEA R 4(d)). 8 i 5 K45,
TERPE QYQ-1 FE R i 4558 i 14 Ml RES St
PEMIER (R 2), 055 3 ANgwmid i Hiit & 5L

peeA 5 pcoBD.1 A fith Hil i B 3 5% K7 CueR )5
KI(WP_102672585.1), JLXT 4EFF 4B Cu™ R+
43 EFEPY WP 340317730.1. WP_340314347.1 4%
i P A Cu"#8H H CopA Ml P B Cu” i tE A
CopB.CopA LIz Cu'™y Ag ANREFLIZ M i
T,CopB W L iz Cu®™, ~FWJET P &L ATP #
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TR TS JE AR R Pseudomonas jessenii QYQ-1 FI/ 5 %5 ML K40 4 #r 5171

FIEPH WP 340312925.1. WP_090454124.1 4 i XL
AT REE CusS/CusRILANIEH 1 ANt 24
FALEE T (WP _340314233.1),1 AN fith Hi J& ot
H 5L R(WP_057712135.1),1 A5 48/85hHE R 4t
AR FE K % cusABF.

B AT TG S T T R TR 2 AR A
VI 22 T 1R 8 )y D17, oy AR S TR 0T 440 PR 8, 4 0
R I AT ik 1 Al 45 S s A 42 B 1 ok R ) B bk

QYQ-1 AU /s WM Iz H R4, H

znuAB HE DR 5 5 5 AR 1 zor 280, BE DR A5 4 )
FEYIER RS AR ZnuABIERE ZnuB 5 ATP
g ZnuC.FE K] zar W45 40 B I BRI R, A7 T 1A
znuA 5 znuC Z 18]35 77 1055 znuBC A1), 5 znuA
FR P BEAN IR AT 2 AN 58/ A00s iy R AT 5 (1 3
KI(WP_057712686.1. WP_340312776.1)F1 1 ANht
Zn*"/Cd* Byt ATP B 5E A (WP_340312850.1).

*2 BEHQYQ I HEEEEREMMER

Table 2 Heavy metal resistance related genes of strain QYQ-1

QYQ-10RF ID R hagdik
WP_057712179.1 pecA periplasmic copper chaperone A
WP_090454179.1 pcoB copper resistance protein B
WP_090454175.1 pcoD copper resistance protein D
WP_102672585.1 cueR MerR family transcriptional regulator, copper efflux regulator
WP_340317730.1 copA P-type Cu" transporter [EC:7.2.2.8]
WP_340314347.1 copB P-type Cu®* transporter [EC:7.2.2.9]
WP_218498243.1 copC copper resistance protein C
WP_340312925.1 cusS two—component system, OmpR family, heavy metal sensor histidine kinase CusS [EC:2.7.13.3]
WP_090454124.1 cusR two—component system, OmpR family, copper resistance phosphate regulon response regulator CusR
WP_340314233.1 mmcO multicopper oxidase [EC:1.16.3.1]
WP_057712135.1 copZ copper chaperone
WP_340315694.1 cusA copper/silver efflux system protein
WP_340315696.1 cusB membrane fusion protein, copper/silver efflux system
WP_090454838.1 cusF Cu'/Ag" efflux system periplasmic protein CusF
WP_057712599.1 znuA zinc transport system substrate—binding protein
WP_057712600.1 znuB zinc transport system permease protein
WP_007989407.1 znuC zinc transport system ATP-binding protein [EC:7.2.2.20]
WP_057716421.1 zupT zine transporter, ZIP family
WP_340312850.1 zntA Zn>*/Cd* ~exporting ATPase [EC:7.2.2.12 7.2.2.21]
WP_340315712.1 arsR ArsR family transcriptional regulator, arsenate/arsenite/antimonite-responsive transcriptional repressor
WP_223532407.1 arsC arsenate reductase (glutaredoxin) [EC:1.20.4.1]
WP_340315710.1 arsB arsenical pump membrane protein
WP_057715353.1 arsH arsenical resistance protein ArsH
WP_340312632.1 yydH putative peptide zinc metalloprotease protein
WP_057715704.1 zntB zinc transporter
WP_008045818.1 zur Fur family transcriptional regulator, zinc uptake regulator
WP_218494927.1 chiK nickel transport protein
WP_340312141.1 cobN cobaltochelatase CobN [EC:6.6.1.2]
WP_223503310.1 vanX zinc D-Ala—D-Ala dipeptidase [EC:3.4.13.22]
WP_057712905.1 pqqL zinc protease [EC:3.4.24.-]
WP_057716421.1 zupT zinc transporter, ZIP family
WP_057714654.1 modA molybdate transport system substrate-binding protein
WP_223502676.1 modC molybdate transport system ATP-binding protein [EC:7.3.2.5]
WP_340312099.1 modB molybdate transport system permease protein
WP_340317412.1 modE molybdate transport system regulatory protein

PR ARSI, K QYQ-1 J& mJ AEXT HAL T 45 )
HAGUE e 8%, BRERAE Al 5~ R sk 2
AIRENE, T WP A AR QY Q-1 3k (K141
T E S T R arsRCBH BE A7 1234

RIS = TR % ars FRO TR s R G 4%
DRI~ ArsR,fHE ACHHR £5 340 J5 Ay SV AR 6 ) At i 26 ik
J5UHE ArsC STFiEEE 1 ArsH L ArsH 2 —Fh AL AT
NADPH KHPER) FMN I8 JR i, 4k =405 HLATAR
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KoM R % 45 %

Ay LA il 8 SR v 40 P 4 AR 4 B
— Ol RS IR ER s s ChrA SRARPUR IR #h 55
PESTL BB QY Q-1 SEIN 41 Hh %558 th 2 AN IR BRI
BN, R IR S s R ChrA RIS IR 6 14 Ji il

ChrR.ILAM I % 52 1 ANgmbd Bl 24 B Y L R (WP
340312141.1)5 1 M Yaidi i is & A FEE K (WP

218494927.1).

252 W QYQ-1 ERJEIUMEAM AT ERE
I PAHSs AR B 2 A7 B LR B IE A LE
By Qe T I N 52 v G BT v PAHSs B A# AL
BI04 2, T 4 e ] e A AN [R] AR LA SR I,
SO BRI AR A B S PAHs EATS R TR A
A o AL PAHs B fi# T 8 .91 W1 Pseudomonas
gessardii LZ—E 7] LAZE 10mg/L Cr® 44~ ,F 48h
Xt 800mg/L 2% B fi# ® ik 77%P% Bacillus
licheniformis F1 Bacillus sonorensis £ 1%/ % H 4>
e BES L B)E AT T, E 7d AT 100mg/L
(KIZE AR ZRIA B 73%M1 52%1°) B A 70 R iR,
BRI E 4B M BEIE HE PAHSs (1 B g0,
BEPRA A iR B RE QYQ-1 54 Z M G Jm ik
FERRE DR B FG A . B B BRI SE 4 JE 4T
PEIEDR 32 4 1k R A 22 IR s i AA AE 4
FEIHTENLH] fLHE Cues Cus. Pco 5 Cop R
Gel% 3 4 b 2R G810 AT O JE DR B A7 AE T Bk
QYQ-1 KM 4l rh 584 (H) Cue W RGTH 3 Fiok
B (CueR. CueO. CopA).EHFE QYQ-1 Hhilk
cueO PR AHAFAE— Z 8 A ALBGIE D mmcO, ik
A, cueO FIBIHEL AT L copA AR E#E QYQ-1
B Cus RHY Colibacillus " IR EREL 55 44 1k
Cu/Ag YR B cusABF J& X%, g i 7= ) 0 4515
%W CusA. J8JFiEE [ CusB. Jiifl# 25 1 CusF.Cue
55 Cop 5 RY:AE Acidithiobacillus ferrooxidans'®
Y5 Ralstonia spp.*" 44 i Ml 4R 1 .Cop R %5 th
copSRABCD J M %44 i, B Ak QY Q1§ /D> copSRD
HH, 5 Burkholderia W {F#FE LWK2 %) Peo
RYAE Colibacillus 1 P syringae® 3545 KN, HokE
RIS 4 AN (pcoABCD), G 1 AN IFEE A
(PcoD),1 MMEEE [ (PcoB) AT 2 AN it Cu* 454
F1(PcoA Fl PcoC),1% R S 113218 H I Y. 25 1 PcoD
S5ul g N H PecoR #H|. E KK P jessenii
QYQ-1 HAGAN Peo 4 R G, ALK A /b

pcoAC FEPRLZE TR, Wik QYQ-1 B+ AR
W HvE R g8, R ok W B AR Pl I S 56 X T Ak
QYQ-1 8 Ft 21k ML 1 J2E A7 - N il B7 . b A1, i1 PR
QYQ-1 R4 ik A IV 2 158 L il £R FNES 1R 6
S5 4G B PUIEAH DG DAL AN B e s R G AH O I S5 IR
f% znuABC. BRFUTEA KL% arsRCBH 45,4
TR 58K PR P 4 S s ) X U B QY Q-1 AMY
AT LA T PAHS 75 437 M R BB 0E 52, 60T 58 ndde A
BERESIES PAHs 5 H575 4t B AT AN
A
2.6 K QYQ-1 #kIHI R4

FIFE QYQ-1 {E VFDB ¥ 2 hit: B 21 194 4
B SR 3 23 ANFE RIS ER (Iron uptake) f5 5%
(Kl 7),2%5 Pyochelin, Pyoverdine. Yersiniabactin
SRR B k. 2 B 4 B AR A
5ty By DR R A e T 0 (%) Wl v R 0k, 4 i 0 1 4 R
PEAT T A2 B ) Ak Ak ) A7 A A4 40 1 LA K
(1) 4z J SRR g, e A7 A 1) 4 2 T nT LS5 30
B8 1) <5 Je A T DL N AR K AR A R AR Ak
Pyoverdine H A7 1R & 2k &5 15 FIRE 7, m] LA s R
B IR A B 8k Ju &, [ B, Pyoverdine
2 — PR AA SR Y 231, LR A0 B Y S AN Tt D
PR AN R S 50 TR S IR A
PrpL(Endo—proteinase PrpL)H14h5i 2 A(Exotoxin A)
() 7= 4= 1970 pyoverdine 1) & 1 H1 AF 4% B 44 ik Wi
(Non-ribosomal peptide synthetases, NRPSs) - 57!,
WA QYQ-1 JENALH B A &M NRPSs 158
pvdL1ID & PR % b A0 3 75 A7 2k 28 1R 195 s o i 1
PVdE #1281, T UK A R Rk 2304 RE T8 38 440 i s
AR b — ik B A4 2 Pyochelin, Hiik B TS5 A1 g )
I T Pyoverdine!”, H 2 5 H £ 4 & 1l i) 3 BRI %
/b Pyochelin /G2 7E P aeruginosa H R I, FFT
T, A Y IR BT R R AR A AR A L P
aeruginosa A 43t Pyochelin!”* Pyochelin FIA7ELE
DU T MR QYQ-1 B 47 1 I Y AIG Bk A 45
Yersiniabactin s&—Mgaid 7t PAls AR, 2
FAAEHR IR #R W B (Yersiniae) W 141 & L =4 8002
A L A L FE E AR | S PR s R L M RR A
A B8 i AE OB A& IR B (NRPS)/ 28 1 A 1
(Polyketide synthase,PKS) i & ML ) 3t 47 ) B bk
QYQ-1 BAEGME PR BARIIRE ) X T H S 4f
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T2 TS R AR R Pseudomonas jessenii QYQ-1 FRI/ 3 %5 M I R 40 4 Hr 5173
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Fig.7 The comparative analysis of annotated protein functions
of Pseudomonas based on the VFDB database
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31 JHIEH MK E A PAHs FFfE R P jessenii
QYQ-1LIZRWHEEA | JZ M (15~40°C)F pH
(5~9)IE P [l A R IR £5 12 (0.5%~5% ) Fl L 4 1)
F4 B HIIE(CU™ . Zn®. Co® . Mn®t. Cd¥). It
FEGIR(15°C) m R (5%) LA 4 J8 s 461 T 3K
I Sk 2 (R U R, R I A S N P .

3.2 BHFEQYQ-1 WI7E 35°C. pH=7. #hJ¥F 1%5:1t
4 100mg/L Z54E 48h P AR IA E] 97.7%. [F] I,
BRIAR QY Q-1 31T LA vy 2% A i < FR I R Ty 455 0% Ay
WAk &, 7] LALE 48h A SEBIAT 100me/L 2K FH R L5 24
13 1) 56 A= B Ak

3.3 B QYQ-1 B ZF PAHs [ A%
BEILDR AT AN . B AN B, RS E AR

PEFEDSL AR, BT QY Q- 138 A AT i K BRI AR 4.

RPN T PR QY Q-1 AN i LAY
LU T PAHS 75 Gt (AR 52,58 BAT W T
H B A PAHs E 575 4l BB R v ).
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