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Elucidation of nicotine via the pyridine pathway by
Paenarthrobacter ureafaciens Pul’7

HUANG Yingqun', LI Ang’, LI Jiaying', LUO Junhua', JIN Jinhang', YUAN Chunhui', XU Xiaoxia?,
JIN Fengliang®

1 Hunan Tobacco Company Yongzhou Company, Yongzhou, Hunan, China
2 State Key Laboratory of Green Pesticide, College of Plant Protection, South China Agricultural University,
Guangzhou, Guangdong, China

Abstract: [Objective] In view of the production and environmental issues caused by excessively
high nicotine content in upper tobacco leaves, this study aims to decipher the molecular mechanism
of nicotine degradation by an efficient nicotine-degrading strain Pul7 screened out in the previous
study via genomic approaches. [Methods] The taxonomic status of the strain was determined by
average nucleotide identity (ANI) analysis. Whole genome sequencing and annotation were
employed to clarify the nicotine metabolic pathway. Key intermediates during degradation were
detected by MS/MS. Live plant trials were conducted to explore the optimal application method for
nicotine reduction. [Results] Phylogenetic analysis revealed an ANI value of 96.51% between
Pul7 and Peanarthrobacter ureafaciens, identifying Pul7 as a strain of P. ureafaciens. The genome
of Pul7 was 4.47 Mb in length, with the G+C content of 63.34%, encoding 4 155 proteins.
Functional annotation and comparative genomics identified unique gene clusters related to heavy
metal resistance, cell surface synthesis, and metabolic potential in Pul7, which constituted its
environmental adaptation strategy. Metabolite analysis detected key intermediates such as
6-hydroxypseudooxynicotine. This result, combined with that of genomic analysis, confirmed that
Pul7 degraded nicotine via the pyridine pathway, with key genes (e.g., nboR, mao, and 6-hino)
primarily located on plasmids. Efficacy evaluation demonstrated that the Pul7 fermentation broth
effectively reduced nicotine content in tobacco plants through both foliar spraying and root
irrigation, achieving a maximum degradation rate of 14.00% in live leaves.[Conclusion] This study
systematically elucidates the molecular mechanism and application potential of P. ureafaciens Pul7
for nicotine degradation from genomic, metabolomic, and application perspectives. It provides a
theoretical basis and microbial resources for the development of bioremediation technologies for
tobacco waste and harm reduction.

Keywords: nicotine; MS/MS; strain Pul7; whole genome analysis
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F2Z2 Pl BeAh, BN T AR v A R R
FEY RS A REE I T o M S N TR T AR
RS T n] Be i ik B K b E AL R K, i
MO TG GY . EEA OGS, el T Rl 5%
A I B it ik R B, 6 AR ZH 25 A i AR R
PEROW . R, RRBERLAE 1999 4F B KA R
FYIINA A EESYC. BRE AN ST
HIB AR 2 B A G Al 45 . Py Bk 2 b ]
WAEY AR 3 25, SR, Lol TBeAr e g A
B AR A R R W3k A O i I A
B, HulRerr R wis gy, M2 T,
YikEfr el T BA XGRS . AL
BN Ry AR AR I AR A b e T &
A RLERST,

AR ARSI Z o, Ay
KM BHHRE, FEHEASBE . el
R et T R 4 7 T R LR = k. IRT5 e
AIHRFER R T H A O AGE 1 el TR
i A ) S S MRS R A L R E IR AR SIS -
MEIE R AR FEAT AT, H UL A3 (i R T
(Pseudomonas sp.). 17 ¥T & J& (Arthrobacter sp.).
AT & (Agrobacterium sp.) . H K & (Shinella
sp.) X4 AT & (Ochrobactrum sp.)2 21014,

SR, ) PN G T 1 A I B A Je T T ROt
FEARRTA B, A 08 2 8 h T bR Bk e
T EUE R T R RRACR X H AL
il 5 A R AR Y R GRS B  k= . H AT
FREED THAEY BB, #oARRER
Wit 1 T 3K R B AR K s S0 6T R i 250 1Y 52
e, CAMI RN, TEEE AR T AR X e
T EA AT BT ) . 2RI T AT
POHLEE 100 mg/L Je oy T2R0F T, TRid i
30-40 °C . Hif pH 7.0-8.0 J [l N F& Ak R0l 15
97.6%-96.9%; XBWRIR A" 53 B§ (¥ Arthrobacter
sp. AH14 7E 120 h WAl 52 P& 6 g/L Je i T,
XF 14 g/L Je ity T IR R R 30.22%; M4 3%
AEUSIE 358 0 15 10 P4k Arthrobacter sp. Z3 [ H
W et T 20, FEdc A T B A R0k
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31.06%. 7 ¥idkiE, FIHHEESFFE GYC103
RIEALERN: 12 h J5, AR e . JER AT
JR A BIREAK 4.32% ., 32.50% A1 8.20%, L
5 O A3 3G 13.51% F1 10.02%, 5%
ELRRTE T G

ARSIZIG 28 DI A R AR X 3 B A 3 — R
[R5 ¥F 1 (Paenarthrobacter ureafaciens) Pul 7!,
R B S M, Bl AR K A R e
Wl 2.0 g/L. JHE 30°C, pH 6.0; K ihzksy
Mrivsr, HAE LB 5537560 GE i 0] 2 4 T4l
Bk #2255 Pul7 RE LAJR G R o — ik AR, 7E
48 h N AR IK 92.75%, 1E LB B35 60 h
REfEFN 90.57%, HAT, 3T Z4H¥-R50H
AT FT R AR B T o L o i w2
K, AHIEIE 2R A R PR 40 24 55 O IR AR
5% Pul7 BEfg e TR 0L, DI e T
of i (%) ML g 34k AR B G T DLE , IF AME SRTAE
IR AT A o PR AL B AR 4

L AR5 7%

1.1 Btk Pul7 BN ERENFS5EEK
B Pul7 BB VS AP T LB WA, 77 4k
T30 °C . 150 r/min 35 F7F 20 ORI, B
ODg0=0.6-0.8 Z[0], Bfif5, 7E4°C. 10 000xg
B0 5 min WAETEIR . BT g MR ACRE i i 2 4R
KRB AT A BE DA I 5 o 0 R DA Sk I
MG E SRR IR R K 2] DNA BESL A BL L,
SRR KR I M H AR R B, RSk AR
Wy SCIE 5 A FHEE 2307 £ (Ox ford Nanopore 2
F)) 58 B SC il % . >R Fl DNBSEQ Platform il
Nanopore Platform il 5% *F 5, BGISEQ Dat #
288x, PR A PE100, reads N50 4 17 134,
HIH Canu B (v1.5) X 45 17 51 #5474 5 2H K
ke 2. Hen, fdH gene ontology (GO) (http:/
geneontology.org/). KEGG (https://www.kegg.jp/)
F clusters of orthologous genes (COG) (https://
www.ncbi.nlm.nih.gov/research/COG/) F 4 X} 2
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BEAAT I DR 2 PP 9 A T3 T D e TR
1.2 FEHBREHR—-HEAND DT

BE T 16S rRNA LD 7 51 LE XF &5 5, M
NCBI Assembly £4f 72 H T 28 5 Ttk Pul7 rfe
JB Iy SR R S S RSN A P51 . R
FH OAT #fF(v0.90) i T4 S E Rtk 5 Pul7 Z ]
Y Y454 1 1R — 201 (average nucleotide identity,
ANDfE, VIV RS R FM RN 7 E RN
2, ANI 5807 DNA-DNA 2% 52 {8 3 2L [
VE 9By b %) 73 19 G BE 4 b, A BT AR
DNA-DNA Z%%Z (digital DNA-DNA hybridization,
dDDH){E>70% 1l ANT {H>95% ) B #k 7] =1 4[]
—Wfh, ABFER AN 53875 dDDH 434743 5138
i EzBioCloud 7£ £k~ 15 (https://www. ezbiocloud.
net/) &2 GGDC 3.0 ¥ ¥ (https://ggdc. dsmz. de) 5¢
o NP Pul7 ARG LT AL, ML
X 45 2R P O ANT(E R T 95% M BBk, H
NCBI R AL 751, JF4% Pul7 ik L
T G AP HEAT B ROK S E 4 B D 20 LU R
DSORGB b e A LA OC 2 S i AR BT
1.3 FEKEEXS 5

M NCBI 504 % T 2% P. ureafaciens M AH %
FiE TR PR 2SN AF 5 . B oG, BEALIEIRCE
$& Arthrobacter agilis, A. bambusae. A. citreus
SELEN B 12 BRACRETE R . R AT BGRI #
(v0.95)Kt Pul7 IFRAYGLOIR 1 55 LR R PRI G
k1 AT 2R A X ok, L e
P. ureafaciens FNE K, H NCBI FEHLIER LTS
P. ureafaciens DnL1-1, SD-1, YLI1 Z5ENAY 12 £
Bkk . [RIFE(S ] BGRI 2 :(v0.95), % Pul7 4
AR 1 53X BB AR 1Y 94 (04 1 R AT R 48 X
I3
1.4 Bk Pul7 XEREA IR RS 2 E AR TN

HT KEGG H 3l B & 4t (KEGG automatic
annotation Server, KAAS)'—? BlastKOALA T H
XF Pul7 4B i i 4 155 IR EAT DI fE
R, TR nicotine degradation, nicotinate

metabolism M [} % 5 (EC number) i#F 17 9 2 fifi
. F1H KEGG MODULE #5429 M00811
BEHL (e 7 T R i L W o 3% 42) 5 map00760 i
B (U B2 5 8 T e A 34 225 47 K5 40 DS I 55 2%
H
1.5 Pul7 iSER~H8 MS/MS 7347

RFEATRRRE Pul7 XEARBR A FCS R, #it
T RGNS X EUE K BIE Pul7 Rl
FARTU BN 1% WHEERh 3 A LRI Ry ME— ik
RIB(WIIRHE 2 gL ML RF 723, e
KR IR A HAPEXT I, F 30 °C. 150 t/min
RAF N ERSR, S alAEFEFI S 24 h R 48 h HUEE .
FE b 28 10 000 r/min &0 10 min J5, BB IE R
i 0.22 pum JEAR, BT -20 °CIRAT7# . AR
7 R FH R o 50RRE €233 - £ 1G5 (A gilent A
ENHEAT AT, A BIFE BEH-C18 b (it
AT, AR 35 °Co ahAH A B 7K (10:90,
RFLEL), SEFEVRE, E 1 mL/min, 0K
259 nm, %R HIEE AR, B 7RG
120 °C, FiiaE# S 400 °C, HEfLHLE 3 kV.
M XS SE R 4 5 % IR ARG 2 5, RS
e R R A it at AR P B R TR 5
1.6 Pul7 PEERIEAIHE KRR A & & e
73N RE
1.6.1 BEi&HI%

PREL Pul7 SRR VR 42 F0 T LB W85 97 2
F 30 °C. 150 r/min 3535 & ODgpp=0.6-0.8, ¥4
KR IARFLLE 1:15 i Bl 5KkIR 51, BN
Pul7 jiti W ; K545 & LB 55 3% 3L [A] Lb 1913 F%
%ot BRI
1.6.2 e SR SIS

VeIt 5 Ak EmiiE AL, LIS K 17:00 Jit
RSEEAE, 53 e o R it (AT, Bl 17:00 it
H), DL AR I 556 o B a) A5 22 /A A 1 IR
(A2, Bl 14:00 F11 17:00 Jifi ). 2 ¥ (A3, H]
11:00, 14:00 A1 17:00 jiti ). 3 ¥(A4, HI 8:00.,
11:00, 14:00 F1 17:00 Jiti ). 4 (A5, BP 5:00.
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8:00. 11:00, 14:00 1 17:00 jifi /). £ AbBT
i 24 h 5, CREEMEIRE H LR A 5 Bk,
4120 /it ESERE 3 K.
1.6.3  HREFERE RGN

PLEERR 400 mL A7, 4 Pul7 jiti H i be
TET IR B AR TRAE AL FRLE , DL 0 R AR
VE R BEZH . Tt Jo AN TR ] AR AR50 5 A
M, SREEJTER 1.6.2 15,
1.6.4 HMARESAFNEELE

Wit 6 FAbERA A . SR EP-L). 1T
TUHART it (T-L) . PIEIRGR I (D-L) . R4k HAAR
HE(P-R). 1T T0UIBI AR B (T-R). P 0 XK AR
(D-R)o VAt X HER A X HE . TR A I b B S
72 h R, R ER 1.6.2 75,

O R I e R i A ) 2 R 2 e g AL
W7
1.7 BRSS9

% GraphPad Prism (v8.0) 117 &l 3 22 il
I3z JH IBM SPSS Statistics (v25.0)%F #4748 35>
Mo 2] AR FH B DR 25 7 22 43 MIr sl IR 25 22
30T,

2 BEREAH

2.1 Btk Pul7 BERFEEFFIHER R E
AER

RFERT RS AT B (P, ureafaciens) # kR Pul7
MR 5, AT AT T 4 S P 4L
IESERE KT . dES R, Pul7 1Y
SEAEIER AL 1 A PRR G R AN 3 A TR AL
(K 1), BLR/NHN 447 Mb, 1Kk G+C &8N
63.34%, L FI R 4 155 > FE A G i I
(coding sequence, CDS), KN 3.97 Mb,
LR B BERY 88.73%.

Yefa (R K /NN 4049 701 bp, G+C &N
63.57%. 3 AN TRL G R /NS Bl 4 A% 5 -
Hof g K #F HEAR 1 (219 760 bp, G+C & &
60.11%), FHR M FRL 2 (113 710 bp, G+C &
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61.65%)FJFk: 3 (87 341 bp, G+C F1E 62.81%).
AN, FERZH HERR] 6 4~ 5S rRNA FE[H . 6 4
16S rRNA F:[A | 23 4~ 23S rRNA A | 53 4>
tRNA JEH DL 4 4~ sSRNA FEF(EE 1), Pul7 #H
HE. 4% ScienceDB, DOI: 10.57760/sciencedb.
j00231.00039.,
2.2 ETF ANI LEXTHIBRIFM 5 K EE
Pul7 () 16S rRNA FE[KZ: PCR 4" B4 A ¥
WAL 2Kl 1365 bp., K 16S rRNA LA
I 4% & NCBI # 17 BLAST [t %}, Pul7 5
Arthrobacter sp. HS-B2 (GenBank % 3¢ 5 K
F901933.1)f) 16S rRNA L REARL, AHUE K
100.00% 7, FEF ANI 434, BE#E Pul7 5770k
WP (P. ureafaciens) ™ 195 % B # (GenBank %
S5 GCA_017357445.1)1%) ANI {H 4 96.51%,
e T2 TR D R R A A A BB (95%), PRI
Pul7 J& Tiz¥FP. S2ZHML, Pul7 SHAGH
() 45 AT AR B ) ANT B2 KF 90.00%, #f—
W FFH S P oureafaciens TE R KT LINE R
KZR(F 24), T ERGR, ZERIE SN
P2 R AT B (P ureafaciens) Pul7, RiF—R5T
HILHHEAE, K Pul7 5 M NCBI $5d 2 3R
[ 12 BETTFF B (Arthrobacter)E BR BIRZ O YL B AR
(R afh DIFT T, 458 En, X afk
FEEAR TR RRR = 0 e AR S5 A2, 14
M7 zEZORERA R, AW, 4
1 700-2 000 kb XIS (FRic A b1) ML F] g 3 1 45
225 . X IAE Pul7 WAL & 287 ikt 41
(CDS %i'5- 4 Epul 7GL001547-Epul 7GL001833).
DiReiERER I, XU 2 S5 ZF Y
R, FEAREREI06 M FE) . G BN
(34 PNEER) RN AL (5 BALEE(13 36, s
WA R . NI S AR E RGO
RE(T IR 9.0 7 F 9 ANFER), 1% 25 5 X Il 5
IR 20 A AE AT RE Sk T Pul7 7EEEE 1SR R ak
IRBEIE 1 T 1T S A R TR R R A T BE 43
fk(E 2B).
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Genomic maps of Peanarthrobacter ureafaciens Pul7. A: Complete chromosome map of Pul7; B:

Assembly map of plasmid 1; C: Assembly map of plasmid 2; D: Assembly map of plasmid 3.

2.3 ETF ANI LExt Ry a i KL E

MR RR Pul7 50280, ARBFREET
ANI ¥ H 5 24 7 IR A5 FF 3 (P ureafaciens) 7 Pk
AT T BRI By o B AT e XS5 SR 8w,
Pul7 S5iX 6k ANT AT 96.39%-96.95%,
PIReE = T AR P B B A TA IR (95%), H
5 P ureafaciens AAC22 H AH 1) P &% &
(96.95%). %L EA 1 H L RRR Pul7 IH2E R

PERCTAT R, IR WIS YA i %0 A R

HEVNRZERBXLFR, 20 Pul7 Y4t
1 5\ NCBI $is FEAR UL 9 #k P. ureafaciens
Fy e otk 1 TR PE A (K 3B). S5 R,
Pul7 LA | 530 S B AR AE KB o0 DX ek 22 30 v
FEARIME, RO ARG IR SF . (HAEPT
b X BR(Z9 9901 010 kb 55 3 100-3 150 kb)
FEFE I 22 5 o e 2 S5 DXl 40 316 iy LA 3
PRI R i ohfig . 47 F 990-1 010 kb By IX 3K :
X I terC. arsR., dptH &K, 53 5 4 s
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F1 FEIRDFEPul7E E B B AHE
Table 1

ureafaciens Pul7

Genomic features of Peanarthrobacter

Genome features Value
Genome size/bp 4470 512
G+C content/% 63.34
Gene number 4155
Chromosome size/bp 4049 701
Chromosome G+C content/% 63.57
Protein-coding genes/(CDS) 4155
Total CDS length/bp 3966 174
5S rRNA genes 6
16S rRNA genes 6
tRNA genes 53
23S RNA genes 23
sRNA genes 4

i PR R DU PR 2 TerC . 2 5 ffi/f 301 107 25 19
ArsR FEE SRR T, LUK DNA Bifs
T B B M PN D DptH. 7 T 3 100-3 150 kb
B3k . Z X SE N T RE oy 2, EEW
2 P RE /SR 2 B B . B T R T S oy
RPACEHEAR . A0 RBE/SEMEA AR G . AEE R
8 iz 7K M (TagH, tagG). M %t 5% 5% fiff (Weal,
MshA) . BEFRFEFS i (TagT U V)M CDP-H2% 4
WERR L AL B (TarL) 55 . MR RRARISTA DG . s
W - 1-WR M2 W 1T IR F2 B (RTbA) . dTDP- R 24
4 WEF(RmIA, RffH, RfbCD, RmICD)#1 UTP-7%
- 1B DR B S AL B (GalU) 55 . HAohBE:
L 4 K A i (BesA), JLT FHG . 155 IKHE 1
(SipW). Bk H I (DagK) . R S BEAH G A
X1 i (PaaG, PaaE) Ll I Al F420 S 1k B 7 FE
(FrhB)&F o X S6 I R A A A7 A5 53T 51 22 57 7] g
BT Pul7 fEREEIE N (UNEE &R b)) . diffesk
T 235 46 5 S AR e A BB ThT 5 H A ™ iR 1
FF R RR A9 5346 o
2.4 Pul7 EHREREIIEETRE

i XF COG. GO M KEGG #¥s 1 713h
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REVERES T, Pul7 BRIMR AL 40 (7 i I 35 1
R S BEARAE . FE COG 425, R 2K
3 587 A 2 4 TR (metabolism) 28 5]
1772 A, RUNZE R A TR ER A
RE(E] 4A). GO RS Rk — 20 SRk — At .
fE 7 606 /> 11 B B A Hh A= ) i #2 (biological
process) i o FE K KiE e 2 (M 3 888 4, Hirp
LA A3k 72 (cellular process) (FL11 1 856 4~ 3
D A1} 1 #2 (metabolic process) (A1 1 666 4~
) E (K 4B). [FFEHL, KEGG i i 73 Hr
BoR, FEETT 3 180 A>T B AL A rh SR Jm T AU
] (metabolism) K LK £ 35 2 441 4>, HiE
7t #H 5% {5 B AL P (environmental information
processing). i 1% {5 B Ab P (genetic information
processing) %5 H At 24 51 (€] 4C). X #L45 JAL ]
FW, Pul7 BENA S T+ H H 2R
ek A
2.5 FZRTHE Pul7 EMREVERB D
FERRTAT R AR Pul7 W52 FE R 24 il — 4%
IR AR 3 A BORL AT B . G R KNy
4049 701 bp, G+C & i N 63.57%; 3 IR
KNG IR 219 760, 113 710 F 87 341 bp, 3t
A A8 B K /Nl 4.47 Mb, SEY GHC N
63.34% HYSERILINA (3% 2). HLATEIN A 0 A
SR, YR L D A S5 B 2R
TR B AN [ B PR R 22 e 1 3, T
¥k P ureafaciens L-1 AN & AT An] UL, 17 B B
P. ureafaciens SD-1 W #5747 2238 7 DBk, ek
Hac R, Pul7 LA R R/IN4.47 Mb)FI G+C
e AL T B A R P (R R RS
4.40-5.10 Mb, G+C &) 63.50%), 5471k
AT R A R L R 2H REAE
2.6 Bk Pul7 MEEHAHEE R A
KEGG VERAREW], Ekk Pul7 AL
P51 55 b I 32 5 AR AR A A S 5 P v B [ 05 1
FEo o GrBT B, 255 NG A Ak 11%) G S DA
FEM TR L L, 5A 1 ADEEFEAA T Bk
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7

R A N TR SR S R S A T TS S S S S S S S R S S
RN =

N

. ureafaciens
5 22ygsT3ysegnggese $2ESLTEE YL ELREEEYNEY
cSSSSE I8z ERSESSEEESEE SRS STETSSSEEETENEEEES
e R e TRt R
T EESNERET SR®UUSSTLEETT S R S )
Sof 8% 59§ Y &E 5 & < < Y g g
X AR : < < <= 2 é\ <
A
B i B G+C content A. oryzae
e ‘ G+C skew 100% identity
BWGHC skew (-) 70% identity
WG+C skew (+) 50% identity
Pul? A. subterraneus
100% identity M 100% identity
70% identity 70% identity
. 50% identity 50% identity
A. agilis A. tumbae
100% identity I 100% identity
70% identity 70% identity
50% identity 50% identity
~bamb A, wol .
Pul? M 100% identity ~ 100% identity
3000kb 4049 701 bp 70% identity 70% identity
50% identity 50% identity
A. citreus P. nicotinovol
100% identity 100% identity
70% identity 70% identity
50% identity 50% identity
A. flavus P. ureafacien
100% identity 100% identity
70% identity 70% identity
50% identity 50% identity
A. nitrophenolicus A. koreensis
W 100% identity M 100% identity
70% identity 70% identity
50% identity 50% identity
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Figure 2 Average nucleotide identity (ANI) between strain Pul7 and 12 closely related strains of the genus
Arthrobacter. A: ANI-based alignment between Pul7 and Arthrobacter strains; B: Chromosomal structural

alignment between Pul7 and Arthrobacter strains.
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Figure 3  Average nucleotide identity (ANI) between strain Pul7 and nine closely related strains. A: ANI-based

comparison between Pul7 and Peanarthrobacter ureafaciens; B: Chromosomal structural alignment between
Pul7 and Peanarthrobacter ureafaciens.
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Figure 4 The genome-wide functional annotation profile of strain Pul7. A: COG annotation diagram; B: GO
annotation diagram; C: KEGG annotation diagram.
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Table 2 Basic genomic information of strain Pul7 and 10 strains of Peanarthrobacter ureafaciens

Plasmids

GenBank number

Chromosome, plasmid 1, plasmid 2, plasmid 3 -
Chromosome, pADNL1, pADNL2

Chromosome, unnamed 1, unnamed 2,

GCA_017357445.1
GCA_025919765.1

unnamed 3, unnamed 4, unnamed 5,

unnamed 6, unnamed 7

Chromosome, unnamed 1, unnamed 2,

GCA_025919745.1

unnamed 3, unnamed 4

Chromosome

Chromosome, pAAC22-1, pAAC22-2,

GCA_014076395.1
GCA_011393315.3

PAAC22-3, pAAC22-4

Strain names Genome G+C ANI
size/Mb  content/%  value/%

Pul7 4.47 63.34 -

P. ureafaciens DnL1-1 4.7 63.50 96.51
P. ureafaciens SD-1 5.1 63.50 96.39
P. ureafaciens SD-2 4.9 63.50 96.45
P. ureafaciens YL1 4.7 63.50 96.49
P. ureafaciens AAC22 5.1 63.50 96.95
P. ureafaciens xwA7 4.7 63.00 96.47
P. ureafaciens L-1 4.4 63.50 96.80
P. ureafaciens AT 4.6 63.50 96.78
P. ureafaciens CZY1 4.4 63.50 96.87

Chromosome, plasmid
Chromosome

Chromosome, pA, pB, pC, pD
Chromosome, pCZY

GCA_051027645.1
GCA_032598885.1
GCA_022810785.1
GCA_016694995.1

3, 2RI T P AR (K] 5A), X SEELP A0 45
ndhC. ndhA. 6-hino. kdhA. dhponh. dhpH .
nicF . nicE. maid. nboR. mao. mabO. gabD
E N R ) G R g S
fill (] 6).

P2 R B R, Pul7 Hh AN MR a4 i)
PR 5 28 260 [] 050 5 R AR BB 2 v (3% 3). Fer, J@
W T AR IE C (ndhC) . 6-FILBEEH T
I S o I BE(kdhA) . 2,6- —FR I IE-3- BN 4
i (dhpH) . Je it T i ALk S i (nboR) M 4-TH 2
BT MR A AL B (7 W) (mabO) 9 AH ALLEE 1
100.0%; (S)-6- %2 3 Je 1ty T %A 1k B (6-hino)
99.8%; 2,6- _FREARE A N T IK i (dhponh)
H99.7%; oK B e R Bk e K fi# B (nicF) M
98.9%; LM A B (nicE) N 98.8%; 4-F & Ik
TR B AL (7 W JE) (mao) M 99.8%. M4,
KRN S A il (is0) . 2,5- ¥R FE M e XU 44 il
(hpo) FJE i T Wi LB 3 A (ndhA) B AR 43
BIH 97.2%. 94.7% F 91.6%, JARILE 2 F 5%
RN 3 AN (A SA L 3R 3).
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2.7 Pul7 KEHHEI~4 MS/MS #20

HET MS/MS Zr AR, XTHFE Pul7 441
TR F= AT T 202 . WK 5 fis, 7E4R
b R ORI E 3 FhOCHEE A Y, AR 6-F%
3B & JE 7 T (6-hydroxypseudooxynicotine) ,
6-F53E-N-HH FL Ui (6-hydroxy-N-methylmyosmine)
DA N B3R i £ (maleamate), =3 1) J& T AR G itk
WE [ A i A2 R IE AR . BARTTR, 6-5%
F- N-FH JE U BB 125 1 ity Eb (m/z) R 195.112 7,
FEMENE TN 66.0342, 94.028 7, 122.023 8,
148.075 5 F1 164.070 8 m/z, S5& 5B M JEIEAFHF
—H . 6- BB EJE T XN BB R A L
(m/z)>h 177102 2, HE B35 103.054 3,
120.080 8. 130.065 0 & 148.075 7 m/z, S5& 5C
FR B A 5 i BEVE L . Eh R R (B 25
JF AT FE (m/z) K 118.086 4 m/z, T F B F 44 45
58.065 5. 71.013 3 £1 99.008 0 m/z, S5& 5D )
WEEW A R, B IR P ) 4 e g5 R ik —
AR SE, Pul7 A I i e A5 R R B
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Figure 5 Nicotine degradation gene cluster and mass spectrometric analysis of metabolic intermediates in Pul7.
A: Composition of the nicotine degradation gene cluster; B: MS/MS spectrum of 6-hydroxy-N-methylmyosmine;
C: MS/MS spectrum of 6-hydroxypseudooxy-nicotine; D: MS/MS spectrum of maleate.
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Table 3 Nicotine degradation-related genes identified in the Pul7 genome
ECID Gene Gene mapping Gene function KEGG
names similarity/%
1.5.99.4 ndhC Plasmid 1: 72 049: 74 763: - Nicotine dehydrogenase subunit C 100.0
ndhA Plasmid 1: 74 986: 75 618: — Nicotine dehydrogenase subunit A 100.0
1.5.3.5 nctB, 6-hino  Plasmid 1: 70 704: 71 966: - (S)-6-hydroxynicotine oxidase 99.8
1.5.99.14  kdhA Plasmid 1: 66 784: 67 674: + 6-hydroxypseudooxynicotine 100.0
dehydrogenase subunit alpha
3.7.1.19 dhponh Plasmid 1: 62 701: 63 786: + 2,6-dihydroxypseudooxynicotine hydrolase ~ 99.7

1.14.13.10 dhpH
3.5.1.107  nicF

Plasmid 1: 57 606: 58 799:

Plasmid 3: 72 277: 72 828: +

5.2.1.1 nickE, maiA

1.1.1.328  nboR

1.5.3.21 mao Plasmid 1: 29 566: 30 831: —

1.5.3.19 mabO Plasmid 1: 36 195: 38 669: —

1.2.1.16 gabD
1.2.1.79
1.2.1.20

Chromosome 1:
(1165530:1167011:+)

(1773 781: 1775 220: -)
(1871582:1872937: +)
Plasmid 1: (32 025: 33 263: +)
(194 584: 196 068: -)

(217 819: 219 195: +)
Plasmid 2: 12 595: 13 974: +

Chromosome 1: 3 883 908: 3 884 636: +
Chromosome 1: 3 328 960: 3 329 571: +

2,6-dihydroxypyridine 3-monooxygenase 100.0

Maleamate amidohydrolase 98.9
Maleate isomerase 98.8
Nicotine blue oxidoreductase 100.0
4-methylaminobutanoate oxidase 99.8

(methylamine-forming)

4-methylaminobutanoate oxidase 100.0
(formaldehyde-forming)

Succinate-semialdehyde dehydrogenase/ 85.4
glutarate-semialdehyde dehydrogenase

99.4
99.3
91.7
914
71.8
90.4

2.8 Pul7 BEAEHFRLEXTEREE
R P H (R R ) P R S SR
ARBFFEMAE T Pul7 38 2L ARy 2 Ah FEXT 7%
AR A I e K ) R AR . SRR,
T Wi Pul7 A S5 AR el B . L
WSt 3 YR Ab B2 R e o B, M
BN MEZH T B 19.98%; Wil 1. 2. 4. 51K
(1) Ak P 2 2 (] FR TG 35 25 5, ELIRAR 7 1 2 B
KT AL (B TA). ARV b F TR] B 5 3 AR
TR TR, FEALBRS 42 h AR B R AR R
K, AT 13.46%; 24 h Fl 72 h 1Y [ i

FAHR 8.87% Fll 9.18% (& 7B). [l AR J#E vk
Bub P BE B AR S 5, P ARRE 3 Ik
4 R R RO B g2y, R 0l
13.45% H1 15.60%, H 00 FHREE 1 0H 2 1K
AEFR(E 7C). HEAh, ASTRD i B I 45 2R
ANCAE FT 100 HA 328 47 155 it (P=0.936) 25 #R 3§ (P=0.525)
X AR I 3 SR s TR SR AR I (P=0.035)
5B I8 it (P=0.012) 24 AT Ib 2 [ AR AR ik 55 12
XU AR O A, 2 B I 2 P R AR B (P=0.012) . FL
L RIS it Ah 3B A RO B A, R R i A8 TR
#] 14.00% (& 7D).
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Figure 7 Effects of different application methods of Pul7 on nicotine content in tobacco leaves in vivo. A:
Effects of different frequencies of foliar spray; B: Effects of root irrigation; C: Effects of different frequencies of
root irrigation; D: Effects of foliar spray at different application timings. Values in the figure represent means+
standard error (n=3). Different lowercase letters and asterisks above the bars indicate significant differences
among treatments (P<0.05), and the Sidak method (B) and the Tukey method (A, C, and D) were used for
multiple comparisons. *: P<0.05; **: P<0.01; ****: P<0.000 1; ns: No significant.
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