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Isolation, characterization, and degradation pathway prediction
of a myosmine-degrading bacterial strain Shinella G-2

GAO Hui', YU Mengmeng', ZHANG Ruyun', JIA Wei', ZHANG Xi’, FU Bo', XU Zicheng',
GUO Zhigang”’, DANG Bingjun'’

1 College of Tobacco Science, Henan Agricultural University, Zhengzhou, Henan, China
2 China Tobacco Shaanxi Industrial Co., Ltd., Xi’an, Shaanxi, China

Abstract: Myosmine, also known as 3-(3,4-dihydro-2H-pyrrol-5-yl) pyridine, is a tobacco alkaloid
found not only in tobacco but also in various foods, fruits, and vegetables. It serves as one of the
precursors  for the formation of the carcinogenic tobacco-specific  nitrosamine
N'-nitrosonornicotine, posing a potential threat to human health. [Objective] To screen bacterial
strains capable of degrading myosmine and preliminarily explore the pathways and mechanisms
underlying myosmine degradation. [Methods] We used myosmine as the sole carbon source to
enrich and isolate the myosmine-degrading bacterial strain from tobacco-growing soil. Taxonomic
identification of this myosmine-degrading strain was achieved by a combination of morphological
observation, physiological and biochemical testing, and molecular analysis. The myosmine
degradation products by this strain were analyzed by HPLC and UHPLC-MS/MS. The degradation
genes were predicted by BLAST comparison. [Results] A strain G-2 capable of degrading
myosmine was successfully isolated. The strain was identified as a member of Shinella, designated
Shinella sp. G-2. HPLC and UHPLC-MS/MS identified five degradation products. Genomic
analysis showed that strain G-2 possessed a homologous gene cluster of a variant of the pyridine
and pyrrolidine pathway (VPP) gene cluster. [Conclusion] In this study, a strain Shinella sp. G-2
with the ability to degrade myosmine was isolated. Strain G-2 might use enzymes in the VPP
pathway to degrade myosmine through a metabolic pathway similar to the VPP pathway.
Keywords: Shinella sp. G-2; myosmine; degradation products; degradation pathway

R SR R F Sy S (B 7/ IR =Y N
G SRR A . MEHA, CrEME

8 (N'-nitrosoanabasine, NAB) . N- V. fi§ & 87 4K B2
B (V'-nitrosoanatabine, NAT)i% 4 Fp#ff 584 £+,

S AT SO FAS ] B 0 A At A
Yimgos S IRER . RS PR ER S N JE i — FR S AR
KR A Al B (tobacco-specific N-nitrosamines,
TSNAs), % had # = 8% A TE B SR IS 1Y)
(O I R A 7 N VL B = - 1 N AR
8 M H AR AT A e, HErh NI Y SR R A
(N'-nitrosonornicotine, NNN), 4-(N- . fiff 3 FH 5
&)-1-(3-MEBESE)-1-T i [4-(methylnitrosamino)-1-
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NNN Fl NNK & # A5 T A 2 27 [ B 98 i AF 5
PLF A R 26 I8 80m ), R R e 14
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FEIR 1Y 3 R S AR A R —— Tt bk, TER bR
PR AR Rk 2 Y b e A0 A AR VE R % 40
R AR, X — Al 2 3 35 B IR T R el
BT AR . NNNL 22 Al
B2 A T SRR ARk 5 6 IR R 22 e A
oM, BR T XEBRARE RSN, 2 B2 R
AL NNN I aiiRY . — gesh, AR g 5
At MR EXT 2/ AR 2 A
WO, AR E AN B EE -
Bz M A AR R A i AR AT S i i
SRTEJA B TP Y & il W UL, HEAUFEET
MHEC Y, B2 AT TR KRS R
A= S O N E32 V) e 97
S5 TR LA K 5 22 A 5 B 00 B R A TS
B e, MR R R — B S R
FAE 20 28 50 4RA0, e ZA T E TR OF 5T
B0 2 P A A i . Wadal"™ R DA - A
A i B S RE A% LA IR R A e A e — il U5
RBEHATERK AR, XL A 73k 2
AL R A YT R E A i R g
HKA B AT PR A E A B AR A RE 7, i
LA 68 i 3% 081 0 R AP A BB 1 B ) o R
Zefftst, HRiC B EE g2 AR
W fe AR B e D AR, XA 2R T
& 5. L 5 J& (Pseudomonas) PO, i ¥ H )&
(Arthrobacter)?" | A& T 1 J& (Agrobacterium)® |
21 3R B4 J& (Rhodococcus) . 253 F K &
(Nocardioides)™" . & {1 FT i J& (Ochrobactrum)®*!
o IR E AR B L AR
it 22t Ban, S RihsseE
B 4 2%, S HPJEMEERAL (pyridine pathway)],
NH I BE 1242 (pyrrolidine pathway)2" 8 A g Fin:
% Jog 22 3 42 (pyridine and pyrrolidine pathway,
VPP & 12) B30 i i B 3 38 12 (demethylation
pathway)®'. FE B 7355 58 5 A% AR Bl 94 ik BT e
SERC SR N H, AL HE T R K Ab 3
FHF MR & BB - DL S T 259 rh Al A il 45 45
i, DUKR B 55 475 Ge i  HE rh 43 B ) S

P4 actamicro@im.ac.cn, 7% 010-64807516

B 55 f# T B 1B B0 0 1 (Pseudomonas sp.) HF-1,
TERIN BN TGS Ve J5 Re e U e 7l JF A A2
3 5 1 K v AR AR5 DA 0 39 v 8
(1) 0 B R A T PR 1R B MY TR (Pseudomonas sp.)
Nic22, o H ] b R T v Mot 04 1 A et T R 6% 4
K OB R B e, R T
L 358 v B ) 0RO S T e O R i
W (P. putida) S16 Zeid JE R T REHE , HOEE T 4
fith 3- 3% FH I WLk WE BRI 420 8 (3-succinoylpyridine
monooxygenase)Jk K] 14 A K 1 5848 M LA HR.
MR (P, putida) S16dspm, 1% 28 A8 BRAE 0 A= W
AR TT Tl o5 B PR 2 AR 3-BRFAmEnRE Y,

S SCHR B T 22 MR 3 fof T R O
HACH B R HAT TIRABESE,  (EEF X 5 0 Bk
A2 $r B 1 I A T ik S HLAR & A2 B B 58 AT
SRAEXTEE = o HAET, O B%whmyBA 1%
il K2 R Bk B8 T 1) TR AR AN AT HY LG T (Shinella sp.)
HZN7B3 5 #F @i (Arthrobacter sp.) NORSE®!
4y KW R /N BT R (Mycolicibacterium  sp.)
SMGY-1XXP, FHES TR, 43 55 4 i
1022 0 B e ik ek S /D H R AR 20
2 /N FF B (Mycolicibacterium sp.) SMGY-1XX
1 # 2 B A# (Sphingopyxis sp.) J-6U%, T k4>
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3 3 b 3 AR A i 22 0T WY I A R A e R
(Sphingopyxis sp.) J-6 WIFIF VPP i k1 7 R#f# .
AN, 5= B & (Sphingopyxis sp.) J-6 iS4
— ZF M A TE TR W 4 T e AR A A G
WhEte . fEizEeh, LU 3-38 50
P it B (3-succinoyl-pyridine), I i &9 AL h
3-MEWE £, 1R (3-pyridylacetic acid). X1, HHEIC
RV 22 307 B e ot T R IR AT SR AT IR, %o G e f
AR 5 4 FHLE B AS 785 . BRI, BTy
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FEAREI T R A A S T A AR R AR . AR
FE . — 77 T A M A P ) AR i S AR T
BRTRFR IR, 55— 07 MR T U AR ) e
AR A QR AR AL Py B

1 M5 r=E

1.1 #§
11,1 T3ERR

PR+ ERE A A S22 -20 CCLRAF B AR
1790 o A
112 EHE

LB W R85 5 5 . 07 9 L 15 5% 2 (mineral
salts medium, MSM)fll R2A BiEH 7= R A L ] =
% SCHR[38,40]. LB ARSI FL R8T 1y R 35 57 5
TE 121 °CK B 30 min 5 {# ], R2A HfgH; 575
1E 121 °CKEE 20 min J5fdifH .

1.1.3  EERFIFLEE

W, iR EAR A RAR,; &
WrBHbRMES, . FH LB FOKBCHTAR B R 500 mg/mL
(RER, HF 0.22 pm /K RUEBLTIERR B . 3-38
FABEAEE , VBT T AR AT RN F
3-BEFATE ML BE bR v & 28 K LR
1.25 mg/mL BE, F 1 0.22 um 7K R 98 MR 58
PREA . (ISg P, JOHTHE DU AR 414k i
B REAN, bt BEEAEYHE ARG
TR ] R, Oxoid AH); NaCl, EZjtE
AR FI A BRAF] 3 APIZYM, API 20NE it
Ma, ALY EIRAE .

R TEAL, T2 AR R A R
] RIRRZRE.OHL, Eppendorf 23 Fl 5 4846
ALy SRR, R SRS R AR A B A T
R ZE TR SR, Wi T 2R AT BR A 7
R A, IR RN A IRA R W
BXHI{Y, ThermoFisher Scientific 2\ ) .

1.2 ZHrBAREFRE R THix

FRELZY 5 g HIERESL, AR 100 mL &
500 mg/L Z B 1Y MSM 1% 73 5L 19 HE IR i
30°C. 160 r/min ¥53% 7d )5, B 5 mL SR

W, MAGHBI2EA 100 mL 7 500 mg/L 7 1 B
) MSM #5323k BA PRI 4 K, K53
1) e TR R 0 B U A P A U A Al L
FHET 30 cCRY R RA IR . FREM B
WERTETE R, BRIBCRIEVE I T Zealift .

W 2liAb 515 B TRV i AR 100 mL
#5500 mg/L Z B MSM ¥ 35 5 i i
30°C. 160 r/min 3555, #8555 58 020 6 5%
JE e A W AR AL, T X R T R A T R A T
HPLC 3, LA W7 2 A EL AT 5 fiff A2 B A
AEJT.

1.3  ZZHBA P& AR B ok P& AR X HTBA AY A (8]
KRBT EE

Wt 1 1) 2 BT IR A PRI AR R ) LB WA
FRHEP TR R M, HURRAE 4 °C. 4 000 r/min
B0 10 min, 57 B35 R REIADIE S FEINAKT MSM
IR TEERG, EAE 2 K. BRI R RS
TR 2 ODgo=0.6, AR IARF I ECH 1% 1)
F il A5 500 mg/L 22 B MSM . #5536 H
PO HUE T 30°C, 160 r/min £ F155%
15d. BUEFRIEAE 4°C. 12 000 r/min &[> 10 min,
B E3EGE 0.22 um 7K R IERRIE TR R T4,
WA IR, InEisg P s, i 0.45 pm
Je e U B A5 3 2 S W R A 7 e i, X HHEA T
HPLC 43#7#1 UHPLC-MS/MS 4358,

HPLC % 3% # (4.6 mmx250 mm, 5.0 pm,
Waters A F]), 847 20 mmol/L KH,PO4 (pH
2.6) FTH {2 (97:3, WRFL IR &Y, RN
30 °C, %A 1.0 mL/min, #EEEHE K 10.0 pL,
R4 A 268 nm.

UHPLC {%3#%4E (3.0 mmx100 mm, 3.0 um,
Waters 23 7). el A R 0.1% H R /KA,
LSl B O EE, SRABEEEVENTIS, BRI
AR 0-2 min, 95% A; 2-6 min, 95%-85%
A; 6-10 min, 85%-50% A; 10-15 min, 50%
A; 15-16 min, 50%-95% A; 16-20 min, 95%
A, HEIRK 30°C, WM 0.4 mL/min, #FFEHE
47 10.0 pL.
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K HESIAE R B, IER B, 4
K full ms/dd-ms? top10., —Z&FTH 20 P4
470 000, TN 50-600 m/z; AT
OIHERN 17500, AIRESTH 50 m/z, HGHR
BCEA 40 arb, HEIEARN 10 arb, WIZFHE
NIEET 4.0kV, BAEIREN 320 °C, WiHHE
J#4 250 °C, S-lens BE N 50%. W0 m
fE filf 48 fi# 25 (higher energy collision dissociation,
HCD), FRRAER MICE N 15, 30 145,

1.4 ZHTERMEAREMRRY S E R BN F

W O EE A5 2 Y B AT ik 22 T B RE ) Y T AR
Fefh 3] LB W AR 23, 30 °C . 160 r/min K5
I, TR FREEMIS, 4°C, 12 000 t/min &0
2 min, WUREIADIIE, % 2RI RIEHFHEL
AR, ik DNBSEQ -5 T4 5 K 2
¥ o BRGNP T HLE X T i, AT
FfP) clean data, #RJ5H ] SPAdes v3.9.0 ZH 25/}
X} clean data #EA72H%¢ . 4135 K19 10751 A%
% NCBI %4 J£ (https://www.ncbi. nlm. nih. gov/),
4% GenBank %5524 JBBEYH000000000, i
H prokaryotic genome annotation pipeline (PGAP)
AT PRI N S PR P RE T R
1.5 EHERERERINEE

K API ZYM F1 API 20NE 5 £ X} i #k
G-2 ST A BA AR AR, FASRAERR I 1050)
SULI kT

I e TR AR B 36 R A T B S e 3 3
16S rRNA B 751,  F A% % EzBioCloud i %
(https://www.ezbiocloud.net), i i} BLAST T.H.
FoxH 75 38 [ AR B9 16S TRNA JE R [ IR 37
1E MEGA 11.0 B/ R ISR EE M E R GE R
B, bootstrap {EIE A 1000,

V- 4 ¥ R — B {H (average nucleotide
identity, ANI {f)>K H| OAT (orthologous ANI tool)
AT

DNA-DNA /) F 4% 2 {H (digital DNA-DNA
hybridization, dDDH {E)f# F 7£ £k T. H. genome-
to-genome distance calculator (GGDC) (http://ggdc.

>4 actamicro@im.ac.cn, 7 010-64807516

dsmz.de/)iT B A5
1.6 2% H BA B 47 B Pk B0 A L P 1R B X
o

it BLAST T Hff itk G-2 /4 2 % 25 H
JPAl 5 B OHCiE R Rk T WA
(4. nicotinovorans) pAO1 (MLWERAE) . AR L R
1B 5 i 58 (P, putida) S16 (MEM& BEik12) . B #E
H i AR AT B4 (4. tumefaciens) S33 F1 A #k B [
(Shinella sp.) HZNT (VPP 38 12) (i) 48 1 [ At AH 5%
B AT R PR LU XS, e WPE G2 il figS
55 R 526 A ) A S DR B e 1 [ R 1

2 HBERE5AM

2.1 ZHARMEMEEH G2 NFEAEE
ESE2ER)E2

Wt E AR B AR Al fb e B
OB —Hk G2 Hitk. ZEMRAE R2A BIE T
FARKMIESRERKA®M, REHE T, ~F
W H AR KRRk G2 A 500 mg/L 2
B4 100 mL MSM £ 23 5 32 5, HE 3R
ol B JC AR R R A, A W R R G-2
FLAT R 22 B i e

X IRE G-2 HEAT 2L ALY, 242k 6
455 83 4> contigs. MHFE G-2 FER A B K
6073 194 bp, G+C Fi-h 64%. il 2] 5L A 3
5839 4, HipgmtdLHAa 5717 4>, BHERA
69 1>, RNA JLHA 53 1. 7 53 4~ RNA J:[HA
i1 5S rRNA K:[H . 16S rRNA J:[H 1 23S rRNA
FEH A 14, (RNA FH 46 1, ncRNA 3
4 4~
2.2 ZHTEAREMEENE G-2 IERE

& H] API 20NE 1 API ZYM 271 & % 78 bk
G-2 AT A B AE AR . API 20NE 45
WA, Wk G2 HAMREIRIEEE T, BEK
L, HAT - URE R A AR
Wk, NEEABERIENE, JORS 2R /K RS
NRE IR K, WAREKMIING . Bk G-2 fE
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FIFH D-A40E . L-BTRaE . p-HEsbE . p-HEs
. N-Z WAz . p-A2 2588 . SERMAE L
2, ANReRIFHEAERA . FIR . C M
FFBER =4M . API ZYM PR 45 50 Bon, @bk
G-2 1 B Pk W 2 6 i . TR W (C4) . 2R IR TR 1
(C8). 1AM T5 il . Ry ety . W2 ie o5
Wil . R NG . B I . PRVEREIR G |
Z5 1 -AS-BI-BE R /K f g . oI 25 1T B . B-F
HIPWE AN N- £ ToE- 4 2 A e g 2 PR 5 SRR Il
(C14), o-PFUMETEE ., B-WHIERR G . o-HERHE
RN B- b A B

IR G-2 WA AR IE S T RGE R 6tk
H1 [ B R (Shinella) B BRAHALL . 7F API 20NE

M, AR G-2 53X 6 Bk H S & (Shinella)
B PR BERI A D205 . L-BIRLHE . p-H
FEWE . D-HEREE. SRR . D-Z 2P N- 1
ARG s YA A W N RE R A A
ToNG AR KRB TE 1 . AN RER SR R H AN
BEK WA NS . 76 APLZYM Iikrp, Fkk G2 5
LR T RR R E(C4) . AR RTT M .
M5 Wity . JBREE (G . PREBEIREG . o- #2490
it R 251 - AS-BI- R /K A B34 S B 5 T a2
FUBEHG . -SRI . o H RS AN -7
BEVETRE 2OIPE . B T LRI TebRAh,
PR G-2 1y F A A= BEA= AL 8 H5 53X 6 BRI IC TR S
(Shinella)yfE= R A W 1 25 5% GR 1),

Fz1 ERG-256¥kShinella B E#kBIAPI 20NEFIAPI ZYMNK 45 R

Table 1

API 20NE and API ZYM test results between strain G-2 and six Shinella strains

Characteristic 1

2 3 4 5 6 7

API 20NE
fifliR£hi4 )i Potassium nitrate +
Jik T Urea
LM 7K f# Esculin
B-21 7| B i B-galactosidase
I FEFRHT Potassium gluconate
T\ % Adipic acid -
FrA&H2 =M Trisodium citrate -
2K ZFR Phenylacetic acid +
API ZYM
TR PEREIR LR Alkaline phosphatase +
)R TR (C8) Esterase lipase (C8)
255 /H(C14) Lipase (C14) -
Je & 275 e Cystine arylamidase
JiEEFL A (T Chymotrypsin
B-# 2 WA 1 B-glucosidase
N-Z. k-7 21 i N-acetyl-B-glucosaminidase +

+ o+

+

+ o+ o+

1: BREG-2; 2. UTFWH RH (S, sediment) B3.7"; 3. X HRELH G (S, kummerowiae) JCM 14778"; 4. 45 il B [G 4
(S. curvata) JCM 31239%; 5. Bl I8 #E B [T (S. zoogloeoides) JICM 2072875 6. 111 J51 Hi [C T4 (S. yambaruensis) CCTCC
2011083"; 7. 4WKLH [CIRA(S. granuli) JICM 13254, +: JRBIBHYE; —: RBIBIVE. HHR2-7HIAPI 20NEFIAPI ZY ML,
K H O RRICHR[42], FErb gL K A RN B- - LW T B2 50 R A Sk AR -

1: Strain G-2; 2: S. sedimenti B3.7"; 3: S. kummerowiae JCM 14778"; 4: S. curvata JCM 31239; 5: 8. zoogloeoides JCM 20728"; 6:
S. yambaruensis CCTCC 2011083"; 7: S. granuli JCM 132547, +: Positive result; —: Negative result. The API 20NE and API ZYM

test results for strains 2—7 were obtained from published literature [42], in which the results for esculin and -galactosidase were not

reported.
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i1t EzBioCloud 4 % (1) BLAST T.H-%}
HE G-2 (19 16S rRNA FE K F 5147 H X 40 #r o
g WoR, HEM G2 A 16S rRNA 3
J7 5 A ABLBE % A X TR R Ol Bl S TR AR R IR
(S. zoogloeoides) ATCC 196237, FHLIEE A 99.57%,
ZJE W)Y IR B R (S, kummerowiae)
CCBAU 25048" . 171 H G (S. lacus) T1A350"
O R (S, curvata) C3T, 4k IR B
(S. granuli) Ch06", #8{4H [CE(S. fusca) DC-196"
AL E B G B (S. yambaruensis) MS4", 1% B8
PRI 16S rRNA K& K 5 H £k G-2 ) 16S rRNA
B AIARBUEE 23 314 99.34%. 99.00%. 98.44%.
98.08%. 97.94% #1 97.16%. 1 Ff MEGA 11.0
A BUE VR G-2 5 Shinella J& B IRIBEHY 13 4
AL TR, DA SR R Ah 2 0 TS i 2 1
Jijal (Sphingomonas melonis) DAPP-PG 2247 %
AR RE L EW . W 1A R, HEH
G-2 5 3 it B FE B QT (S. zoogloeoides) ATCC
19623" W — 3, FUIH FH HA BT %R %

Sy itk — A AR G-2 YA SSHLAE, M
NCBI 85 T #2525 L TR ER 7 bk
KR & (Shinella)B X A MRFE K 2T 91, (RIS 4%
I [X T4 B (Shinella) ™ € 41 18 1 EL A 5 A AR 6 e
71 04 T Bk I B (Shinella sp.) HZNT By 5 [N 41
J 8 LA#EAT ANTE 20 HT . 0 2 TR Z 1) ANT
{E = T 95% g 4k [l A0, |y 1B Al A,
AR G-2 53X 8 FRIA B ANI fH K T 95.00%
(84.98%-87.58%).,

76 ANI {8 20 B 0 JL il b, ok — 2 % B Ak
G-2 5 8 tkH K& (Shinella) itk #EfT dDDH 1
1155 . dDDH J& 4 B 4 Fl i) 43 i) B A4l . Y
2 BRI Z [ /Y dDDH fHAR T 70% BB AT 1840 R
ANFEF; Rz, # dDDH H & T84T 70% I
Bl R R A ADDH 8 45 5 3% 2 iR,

>4 actamicro@im.ac.cn, 7 010-64807516

WPk G2 55X 8 Bk & kY dDDH fH 7l ¥ 7¢
29.3%-33.8% Z [0, HEALT 70% MYE{E . 45
G A FRA AR S oy A e A R, FE
FK G-2 R H KB & (Shinella) (T FE T 1, K
Btk G-2 fi 4 A Shinella sp. G-2. % #k T AR5
T b [ i A 8% 55 Y£R8 0 (China Center for
Type Culture Collection, CCTCC), F# ik 5 &
CCTCC M 20251354,

2.3 Btk G-2 PEEEZETRRAY B X 51
Mo

I o X6 22 S B e i 7 U i 25 4T HPLC 43
Prlge sl 24 g8 24). o, 5 P1 R ER
FHETE] Y 6.924 min, 522 Wy B AR i A9 £ B8 B
M)A —2, DRI P1 A] BEE AT (R 2A),
W P2 fA5: BRI E) Ay 33.205 min, 5 3-BEFAMEML
WEARIE L 1 DR BRI TR AE W) 5, HEDIIE P2 AT HRE
3-BEFAWEALIE (K 2A . 2B).

2006 22 W W Rt = A e A T UHPLC-
MS/MS 531, BHUE T 22 5B RN 3-8 BRI AE 1Y
FE4E . UHPLC-MS/MS 53 #1 22 Hir BH [ £k 7 )
mnAE 6 Mk A Y, GIERZ L. 3-BREImL
mE B4R Ak 2= B B (pseudooxy-nornicotine) |
6-F5HE-F2 7 (6-hydroxy-myosmine) , 6-F£3-3-
% ¥ Wk Mk WE (6-hydroxy-3-succinoylpyridine) Fll
2,5- " F FLmE g (2,5-dihydroxypyridine), 14L&
C 7E1E B TN AR 0 i 71 0 7 5 116
mlz 147.090 8 [M+H] ", i & L 4 F & K
CoH oNyo  7FH: 20 Jo 3% 1] W A8 2 1 - i -0
miz 106.028 9. m/z 104.049 6 Fl m/z 78.034 2, %
FEAEY) C HEZE(E 2C). L&Y F fEIEE
TN B A5 0 T Ak 4 T B IS miz
180.064 5 [M+H]", #fixE H 4+ 3K CoHoNOs.
e H g g R U A% B R R T mz
134.059 8. m/z 162.054 7. m/z 106.029 0. m/z
78.034 2 £l m/z 80.049 9, YL EYIF Jy 3-3%
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A 94 Shinella sumterensis MEC087" (MYFO00000000)
98I Shinella oryzae Z-25T (MZ870504)
Shinella sedimenti B3.7" (MW287281)
Shinella lacus T1A350" (=CPCC 100929") (MZ570262)
Pararhizobium giardinii H152T (ARBG01000149)
Shinella kummerowiae CCBAU 25048" (EF070131)
Strain G-2
Shinella zoogloeoides ATCC 19623" (X74915)
Shinella curvata C3" (LT545981)
Shinella granuli DSM 184017 (=Ch06") (AY995149)
Shinella pollutisoli AH-1T (KY054581)
Shinella fusca DSM 21319T (=DC-196") (FM177879)
26 Shinella daejeonensis MJ02T (GQ241319)
Shinella yambaruensis DSM 188017 (=MS4T) (AB285481)
100 = Shinella albus xn-1T (KX268681)
Mycoplana dimorpha 1AM 13154 (D12786)
Sphingomonas melonis DAPP-PG 224" (KB900605)
0.02
B Strain G-2 19 %()
%
’ 90
= §5
£y 80
Shinella sp. HZN7 (GCF_001652565.1) 37 ;(5)
& & 65
ng C. 2, 60
&
Shinella curvata C3™ (GCF_022899935.1) Q;gg C%';Eo
R 2
76/ 5.7%)
; T (= T Ky &, Eo)
Shinella fusca DSM 21319 (=DC-196") (GCF_014203155.1) “a, 0> 2
& £ &
6'1’)0 s'?i) CPQ:{‘Q 6,‘/7
. . -~ £ &% 59
Shinella granuli DSM 184017 (=Ch06") (GCF_004341885.1) 7&7 Yg} Tp
& & & &
&
Shinella kummerowiae CCBAU 25048 (GCF_009827055.1) c%.}o @7) rf{?s,
& &
0 2, a. S
Shinella lacus T1A350T (=CPCC 1009297) (GCF_010994755.1) dz?)) &OT%
% £6)
Shinella yambaruensis DSM 188017 (=MS4") (GCF_025656855.1) df!‘%
%
5,

Shinella zoogloeoides ATCC 19623T (GCF_020883495.1)

&1

BERRG 2D FEMFLE. A: HIEG-21016S rRNAKLH T Y 245 & B W (G 4GS 1 8 H 16S

rRNAZEH 731 ) GenBank & 5 55 43 SZ AL U Jebootstrap( ; AR N /R BEOL5.0.02 MZ R B ) ; B
BARG-21 ANVYEL AT (AR5 TG P L FE R 27 51 %) GenBank 5 5%5) .

Figure 1 Molecular biological

identification of strain G-2. A: Phylogenetic tree of 16S rRNA sequences of

strain G-2 and other related strains (The NCBI accession number for the 16S rRNA gene sequence of each strain

is given in parentheses after the strain name; The value at the branch is the bootstrap value; scale bar represents

0.02 nucleotide substitutions per site); B: ANI analysis of strain G-2 (The NCBI accession number for the

genome sequence of each strain is given in parentheses after the strain name).
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2  Shinella sp. G-25 81K B [KEE (Shinella) EAHIdDDH{E

Table 2 The dDDH values between strain G-2 and eight strains of the Shinella genus

Strain name Accession number dDDH value (%)
Shinella sp. HZN7 GCF_001652565.1 315
Shinella granuli DSM 184017 (=Ch06") GCF_004341885.1 314
Shinella kummerowiae CCBAU 250487 GCF_009827055.1 29.3
Shinella lacus TIA350" (=CPCC 100929") GCF_010994755.1 29.6
Shinella fusca DSM 21319 (=DC-196") GCF_014203155.1 31.3
Shinella zoogloeoides ATCC 196237 GCF_020883495.1 33.8
Shinella curvata C3T GCF_022899935.1 29.5
Shinella yambaruensis DSM 18801 (=MS4") GCF_025656855.1 315

HATE L BE (] 2F). k&%) D TEIEE FAR i
PR T F 1 Fl6 ok m/z 165.101 4 [M+H]",
B Hor 12X CoHaNLO, TEH BTk [ il
LR B 16 m/z 148.075 4. m/z 106.028 9,
m/z 80.049 9 Fl m/z 78.034 2, MEEW D N
B4R 25 HARAR(E 2D). tbA%) B 76 IE B FAat
AR T AR Sy F B T UECH m/z 163.085 6
[M+H]", #i5E HaF2Uh CoHoNO. 7EH 4%
F i O S BN R 8 U8 m/z 136.075 4. m/z
118.065 1 1 m/z 91.054 4, %EEW E K 6-32
FL-Z (K 2E), LB G TEIE R PR
Lo F B IR m/z 196.059 6 [M+H]",
1 78 H 537 x0h CoHoNOyo 7E G0 BTG W58
FIRE B T m/z 96.044 7. miz 122.023 7. m/z
150.054 7 Fl m/z 178.049 5, M EMAEY G K
6-F3-3-BEHIMEML I (K] 2G). (LAY H TEIEE
TR TSR Fs T8 TFIEN mz
112.039 0 [M+H]", #5454 F 308 CsHsNO,.
TE ik oS B 25116 h m/z 84.044 7
m/z 94.029 0, YEAGY) H O 2,5- Atz
(I 2H).
2.4 Shinella sp. G-2 HEFH P& iR B E 7500
2 100 WA A Ay 0 6 10 45 R 28 U, T R A
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b A b oa] B8 5 0 w6 R A R ARG 2 . AR BIESE
A BLAST T HH% Btk G-2 19 % 15 5 A e
B 5 ML E R AR M b iR 42 M VPP IR AR Y
3R TR AR H %8 1 AR A i A OC Bl S AT
FEXForfr. a5 Mo, Wk G2 BN A ff
TE5 VPP ik 12 T A ¢ Bl B A i 25 A X N )
M P62 I, 46 M B B & B (nicotine
dehydrogenase, NdhAB) . 6- ¥% 5t 4 fisk 4 1L iy
(6-hydroxynicotine oxidase, Hno) . 6- % 3& {5 4
1t W0 B8 % 1k B (6-hydroxypseudooxynicotine
M Wi A A (6-hydroxy-3-
succinoylsemialdehyde-pyridine
Ald) . 6-F% 5k -3- 3% B Ik ik WE 32 1k i (6-hydroxy-
3-succinoyl-pyridine hydroxylase, Hsh) ., 2,5- —
¥ ALk mE R 4 B (2, 5-dihydroxypyridine
dioxygenase, Hpo). N-FH [ 55 >fe ik frig 18 i FH o
fif (N-formylmaleamate deformylase, Nfo), 3k
Pk e iR 7K f#t i (maleamate amidase, Ami), KR
I fZ 544 it (maleate isomerase, Iso), #F—#73#r
R, el YE I N DU R e e, HE
R HEZ G 7 5 AR S A KT 18 (A. tumefaciens) S33 Al
i [C T (Shinella sp.) HZNT () VPP 1455 55 A
U(E 3).

oxidase, Pno).

dehydrogenase,
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E2 BERG-2MEMBEHANRS=IMEE. A: HRG2EZ IR ™ YA T HPLC /T (AL : FEff = 4)
FEAYHPLC TG s A2: M BE250%n RUREME " I RE RV HPLC (35 18 5 A3 3-BEIAMEMLIESRIfE A A HPLC
@GR A4 ZHIIBRMES FHPLCEIEE); B: AN RHHBOKHPLC 3% € (25-55 min); C-H: Ktk
G2 fifp 2 S AR = My i) — R i A — i 1], o CORZEIW, DOM R 2 HVRER, Eob6-F25E-
AW, FA3-BEIBEMLIE, Go6-FRRE-3-BEIAMENLIE, HoM2,5- —FRAEmEnE.

Figure 2 Identification of myosmine degradation metabolites by strain G-2. A: HPLC analysis of the myosmine
degradation products by strain G-2 (A1l: HPLC chromatogram of the myosmine degradation sample; A2: HPLC
chromatogram of the 25-fold diluted sample; A3: HPLC chromatogram of authentic standard 3-succinoyl-
pyridine; A4: HPLC chromatogram of authentic standard myosmine); B: Enlarged view of the HPLC
chromatogram of Figure A (25-55 min); C-H: The primary and secondary mass spectra of the myosmine
degradation products by strain G-2, where C represents myosmine, D represents pseudooxy-nornicotine, E

represents 6-hydroxy-myosmine, F represents 3-succinoyl-pyridine, G represents 6-hydroxy-3-succinoylpyridine,

H represents 2,5-dihydroxypyridine.

3 Itk

H1 QB8 I (Shinella) & B MU TR 1] -2 T8 T4
W (Alphaproteobacteria) {R 8 & H (Rhizobiales) 3
Je8 R B} (Rhizobiaceae) H ) — 2 ¥ 24 [RGB 14 ©
B R EA R FE EE S, £
AIFIE . BERCSBR R . BN ER . W A &
HHAK S5 o BN, KB (Shinella sp.) FLN 14 fg
WA R R . AR R R 2 R
BUEY, "THTZ2WIEE AR DB
WY, TEBRH [T (Shinella sp.) Y-4 RENE AT R %
i IE P R B W 39 2L BB, o TR B R T A
R RAF IR S, oryzae Z-25 BE
i Ko At f 5 o™ T AN B TR 1 3 ORI B R
I [C 4 (Shinella sp.) HZB1 BELARUEY A Ay ik —Fix
TERRE R AR K, A s sy A W
(Shinella sp.) HZNT W8 41 18 ELAT B A A i ) fiE
J1o ARWEZES> B Y Shinella sp. G-2 T bk H A
Wi A2 BB BE ), O WROR BLEAT B A2
B BE 7 04 B [C & (Shinella) Wbk, % T QR
J& (Shinella) R PR RERFEMFARTR, 0 RERE A5
AN A W, AT LA O R A R A2 T A 7
B & (Shinella)H B R SEBILT AT REAFFEARRINE

AT 9 388 3 X T F18) R R o A A S il 2K 2
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T RGE R b, fEmtk G2 h 2 E H—4
VPP BB . ST X — & B, JFEa X H
PR G-2 W fife 22 3T W1 ok A8 o 7= A A A7 1 1)
TEAER, FATHEN T Rk G-2 f4 2 H W  fi d
(G R T R PR T SEA R I EX (VR 7/ R 11
Bk G-2 AT R A VPP & 4% Hp (1) g 28 3 1o 2%
LT VPP i A2 i A a4 Ofe S X 22 17 B i e
fifp o RN B AR IRAR AR - (1) 22 WD A ke e
Wk AR BEAL N A B 6-F2FE-F W (2) 6-7%
W B & K f# A2 i 6-hydroxy-pseudooxy-
nornicotine; (3) 6-hydroxy-pseudooxy-nornicotine
B 6-F2L-3-BRAME 1 IEMEIE (6-hydroxy-3-
succinoylsemialdehyde-pyridine), J& ¥ i — & #
Akl 6- 2 BE-3-BEIAMEMLNE ; (4) 6-72%E-3-F5 I
ERL et — 2 A Ry 2,5- ke, 2,5- 2%
B M I 8 o — ZR 8 B A O S R (fumaric
acid); (5) B BIRIEA ZIRMRIGS, 5¢ nFE A
(K 4). SR, FEARBEFEH, BR T HEl @A T
LAY 6-F2HE-3-BEFAMEMLIE | 6-F5KE-A2 Hr ] |
5425 HHEAR RN 2,5- — ¥R REmtng 4 Fp kg4
Ab, AN E) 3-BEIAME AL BE Y AFAE, T 3-3E 3
P ML I 2 R 35 118 L P 72 42 v ) v ) 7 4
EUR PR G-2 IR T LI Le iR AR S . A,
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Figure 4 The proposed myosmine degradation pathway by strain G-2.
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