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Isolation, identification, and degradation pathway prediction of a
pymetrozine-degrading strain from a saline cotton field in Xinjiang

CHALI Lili, GONG Shasha, Mira-Mulati, XU Hao, WU Siya, WANG Xinran, ZHANG Wei"

College of Life Sciences, Xinjiang Normal University, Urumqi 830054, Xinjiang, China

Abstract: [Background] Pymetrozine is a pesticide that exhibits stability under alkaline
conditions and possesses potential carcinogenic properties. Most existing strains capable of
degrading pymetrozine have been isolated from highly contaminated environments or pesticide
production facilities. [Objective] To obtain strains suitable for bioremediation of pymetrozine-
contaminated alkaline soil. [Methods] We collected soil samples from long-term continuous
cropping cotton fields in Xinjiang. Pymetrozine-degrading bacteria were isolated by enrichment
followed by purification. Subsequently, their degradation characteristics, metabolic pathways,
and key genes were investigated. [Results] An efficient pymetrozine-degrading bacterial strain
3BR11-2 was successfully isolated. This strain could completely degrade pymetrozine when it
was inoculated in a 250 mL Erlenmeyer flask containing 100 mL basic inorganic salt medium
(50 mg/L pymetrozine, pH 8.0) at an inoculum size of 2% (ODes00=1.0) and cultured at 37 °C and
120 r/min for 36 h. UHPLC-Q-TOF/MS revealed the production of three metabolites during the
degradation process by strain 3BR11-2. These metabolites were identified as 3-pyridinemethanol,
nicotinic acid (NA), and 6-hydroxynicotinic acid (6HNA). The phylogenetic analysis based on
16S rRNA gene sequence comparison showed that the strain shared 99.29% similarity with
Nocardioides simplex. With the genome of strain 3BR11-2 as a template, primers were designed
based on the pymetrozine hydrolase gene pyzH from strain Pseudomonas sp. BYT-1. The gene
pyzH was then amplified by PCR, which yielded a fragment of 846 bp. This fragment shared the
similarity of 99.65% (843/846 nucleotides) with pyzH. Furthermore, amino acid sequence
alignment indicated that the pymetrozine hydrolase expressed by pyzH of strain 3BR11-2 had
three residue changes: A195S, C212S, and A263T. [Conclusion] This study enriches the
repertoire of highly efficient pymetrozine-degrading bacteria and holds promise for the
application of bioremediation strategies targeting pymetrozine in unique saline-alkali
environments.

Keywords: pymetrozine; biodegradation; degradation products; degradation gene
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Figure 1 Growth curve and degradation capacity
of strain 3BR11-2.
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Figure 2 HPLC analysis of pymetrozine degradation
by strain 3BR11-2.
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3 ETF16SrRNA EFFIHWENEM 3BRII2ZHWRERZLERN /0¥ EAYEUT 3R bootstrap {H
(1000 REX); $55NF5H GenBank x5 tr/RAIE 0.010 RRIFIHM S L 2R

Figure 3 Phylogenetic tree of strain 3BR11-2 constructed based on 16S rRNA gene sequence. Bootstrap
values (1 000 replicates) are indicated at the nodes; Accession numbers in the GenBank database are
provided in parentheses; The scale bar represents 0.010 units of sequence divergence.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



194 A 2 AR Microbiol. China

A + Raw spectrum
100,00k 105.041 50
3
=]
[+ &
'g I Pymetrozine
| 50.00F i f
2 & N
2z N N— =
5 VN
2 >—/ @
i 5101200 . 0315 L1 ‘ 134.06763 | 218098 80
' 50 100 e 150 200
B _Raw spectrum

3-pyridinemethanol |4 05025

100.00 - @_\
- L
L:) \N / OH
=l L
=l
= I 93.046 26
= 50.00 80.037 91
L
i
=
o
[
65.025 75
PO s AT | PO | N 1
50 60 70 80 90 100 110
miz
C . Raw spectrum
100.00 - 80056:30 124.043 62
© NA
Q
g Oy _OH
<
£ L
2
S 50.00f .
i =N
= 53.020 25
a1
I 106.028 29
0.00 by 6800945 9402340, [, o .
50 60 70 80 90 100 110 120 130
m/z
D . Raw spectrum
100.00 122.017 13 FiTEA
3 I HO._ O
5
E 98.023 31 =
S 50.00f Ny
4 56,930 69
& OH
=
& l 140.033 23
! | 83.046 68 I |
0.00 1 | I | I " " I 1
50 100 150

mlz

4 E#K 3BR11-2 [EREAETE S I2 PR~ REIEE A M B: 3-MEBEREE; C: M
f2; D: 6-F25LMRR .

Figure 4 MS/MS spectra of degradation products during pymetrozine degradation by strain 3BR11-2. A:
Pymetrozine; B: 3-pyridinemethanol; C: Nicotinic acid (NA); D: 6-hydroxynicotinic acid (6HNA).
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Figure 5 Speculating the degradation pathway of pymetrozine by strain 3BR11-2. AMDT:
4-amino-6-methyl-4,5-dihydro-2h-[1,2,4]triazin-3-one; NA: Nicotinic acid; 6HNA: 6-hydroxynicotinic acid;
pyzH: Pymetrozine hydrolase gene.

F®1 WEFERKBEER pyH REEABHENEER

Table 1 The pymetrozine hydrolysis gene pyzH and its protein’s physicochemical and structural properties

(RS FENFIRLE S5 HL A i KPR TMAEM FEfPEE KBRS 275 3k
Strain Gene Isoelectric  Grand average of Random coil Extended  Accession Reference
identities (%) point hydropathicity (%) strand (%) No.
3BR11-2 No data 4.61 —0.273 69.75 32.03 No data No data

Pseudomonas sp. 99.65 4.61 —0.243 68.68 32.03 CP072561.1 [13]
BYT-1
Pseudomonas sp. 99.65 4.61 —0.243 68.68 32.03 CP097493.1 [19]
BYT-5
Pseudomonas sp. 99.53 4.61 —-0.253 65.48 32.03 MW690117.1 [13]
BYT-4
Hydrogenophaga sp. 99.65 4.61 —0.243 68.68 32.03 MW690115.1 [13]
BYT-2

BYT-1 S5 B fRE A LR pyzH F77E 3 MIRIE R A9 pyzH & DR 38 505 1 e AF 1 /K A i E 265 195 TN
ES, LTS 583 (GIT). 635 (G/C). 787 @f‘a@%ﬁe A TSR 212 PR EFR C A8 M 22 A B 5k
(G/A)ii; 5 Pseudomonas sp. BYT-4 f77E 4 1~ 3 S, 2 263 INEBRIEHEE A F7E NI d IR ik It
BRI S, AL T 583 (G/T). 635(G/C). T 4 WHRRIEAIZEYE T 6K BRIEE N,
787 (G/A). 491 (C/A)fi. MM 3BR11-2 3R iK1 KA Fr 3 9

W SRR F S4B U RE, HRk 3BRI1-2 (—0.273/-0.243), JoRbE: A & e, &Pk b
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FEIEEA (R 1),
3 Wik
3. FERWMELTEREZHEMR
= D AEL 57 ] B2 % 4 o< BT AR

BT DX A T, IR Ak
AR IAEE AR BN N 22 T A Rk i e 2
L (HZ R — AR X AR 200 A 5% BT
SR MRS B R gErh ) Sl S SRR T
YL BF ] oy 20 oA e AT o DA P 40 B S Y 10 AR T
B 5 7 LA o i o I T A BB T, (HEE 240
PR I ARG 00 20 R OC 5% A 15 1, 7R TR A X gk
AR DL F R Sy o — i IR AR [ AR, RITE
T K AT B 2 [m] 2 5 nik F R ) % Ak . P25 R
B RGBSR T AR IR, AR R
Hh Db SR D A - 458 v T A 5L AT I A D) BE Y T
PR, DR O BT il 8 v A 2
ZAFE VT A LT R R S AR A A . HAT, Ok
T8 (1) nH A 1R 2 A% TR A SR J& T Pseudomonas 5 #k
Hydrogenophaga 1 #f. Achromobacter 1 #f .
Klebsiella 2 #kF1 Sphingobacterium 1 £RI18 0 A
W98 B AR B R 3BR11-2 J& T2RE R IRE
J& (Nocardioides), %)@ B K & BLELAT [ fif ik wof
figE /1, I H5 Pseudomonas sp. BYT-1 5 #k
VMG pH {24 7.0 A A, Fk 3BR11-2
o 255 VA et ML M il 4335 BT pHL (B 8.0 . Pseudomonas
sp. BYT-5 7€ pH 8.0 A9 454 T~ MLACF il K i 25 24
90%, TMiEA A% 3BR11-2 7€ pH 8.0 195 F FREAfR
Al 100%. A1, Rk 3BR11-2 £ pH 5.0-10.0,
VR 1%-7% e 4K . AV R E bk =
L A gy 205 I A TR U, AR P R B PR A
18 0 BE 7 HA - ok T R e 1 R 5 ot
ef i e S A
3.2 WHEERAYSE 2 1L FHEEE AR E Y
i

AT 1 o 2% A T R BB D AR R B T
XTRIGR ) i Ak LAl B3Ry, (R — bk
R A AR 245 I 1 v ] 7 )t A AT B X PR BE A R 1

F L A nt s R A a7 ) AMDT ., ZEAS A
G A B 1% bk A D v 250 O A TR e L RS
#| AMDT, ULBHEHE A AT LK AMDT [
fi# . i3t UHPLC-Q-TOF/MS #:l, F#k 3BR11-2
2% figt I Mo ) 3 R SO I 3 3 FH B . NA
F 6HNA X 3 FPREfg =y, 5 Z i i ik
i) ok i T A R AR PR SR A9 7= ) AMDT AS[R] 131,
PR R TEE (1) B R R A R AR L 1Y
TR 5 o i 3 A58 TRV R i 6 D) IR 5 R R, RLY5
W AEYME RN R B R A A
FEWFT TR 5 (2) HEERETE B o0 B B i i 42 1)
BEWR, MARBAEYREL2V 1. G2t
FENGE LT IR, DA A il v 5 5% At o A
Sy ESREREAE AMDT MR PR, DESTSLREAR 1)
AR RN AL A, Al 2 I A o R 0 FH T 2R
BE.
3.3 FREUWERE pyzH BiEE TRM
4 T~ 7K R AL BF B

AHFFE T B AR 3BR11-2 14 I AT ] 7K i il Ji
pyzH #£47 PCR ¥ 34 3RAF T % 2L A9 )3 514
B, Hr &k Bl5 Hydrogenophaga sp. BYT-2,
Pseudomonas sp. BYT-1 %5 1 kk #5 45 19 5[5
pyzH HA 99.65% AU , FA7E 3—4 LAY
Ze5t o TG S R LI R K A 3 A
RILTRIRIL R A FORAEM A . B
R PREL AL etk . TR PER IR A PR B 22 2 1R
T B K R 48 2 B v I TE A BRPE A5 1 T R E
PEIEPE, 025 55 3 B bR P 7E () A B A —
B, (ETZ TR AR T 220K 1 Wk 0 ) 7 At il 1 1k 5 ELAAR
PEJFA 75 38 1k 5256 7 DL UERT . B g R K PR,
55 Pseudomonas sp. BYT-1 5 Hitk—FE, %A
P F R RIS 1 B0k I, (HERE 3BR11-2 #547
B BRL(313 770 bp)itit KT Pseudomonas sp.
BYT-1 S MR B BTRL(75 715 bp). BEAb,
TEFATT 43 55 B A At b S i 55 ik 11 ok v R % B
A TRIRE /N SR, 17T 3 B2 fiff TR 0 2 DA L o
il 401 38 e AR B W] — TR R A B B, X
SRR R TRAT . PRI R A W VR S RS e 1)
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BIkk . X ETE pH 8.0 B 4E T, 76 36 h Al 5%
SRR 50 mg/L (A NHAF R, 7 R Sk bk A ) 2o
Hr AT 34N R R URAGE PR P 40) O NA
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