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Isolation of atrazine degrading Arthrobacter TW-1 and its preliminary application in soybean
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Abstract: To allivate phytotoxicity, a degrading strain TW—1 (with atrazine as the sole nitrogen source) was
isolated from farmland in Anda City, Heilongjiang Province by selective medium enrichment culture. It was identi-
fied as Arthrobacter sp. The degradation rate of 100 mg/ L. atrazine in the medium by strain TW—-1 could reach
99.5% within 48 h. The results of pot experiment showed that strain TW—1 could increase the chlorophyll content of

soybean plants, increase the contents of catalase and peroxidase, effectively alleviate the atrazine damage of soy-

bean plants. It was considered to have a good application potential.
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7H,0 0. 2 ¢/L.,NaCl 0. 1 /L, D %% 2 o/L, Bl 541
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TW-1 AR HAE AR S e S5 R N3 1 R 45 & A3 A:
25 5 16S rRNA S5 5 245 4L, W W) 25 1 W 147 pk
TW-1J& T 1 FF & (Arthrobacter sp. ) o
2.2 EHRTW-1R4EKiEZE

WA A 7 T AR AR T TW—1 114 A K il 26 an 81 3 T
IR ERFRPI(0 ~ 8 h) , EARK H 18 N 2218, tEt
TR R TW -1 9 48 7 ], 3 32 R i T TW-1 X 85
FRIEAT B IE R R A KA . 7R 12 ~
32 h B R PR AR K, I AR 9 48 5O (S A K
W1) o 7E32~48 h, R AR RRE , 3K B T R 2]
KOEE W, AT HRLE 16 h, 75 40 ~ 48 h B RR B35 K
AR,
2.3 TW-1B&fEsE R

WA i AR A TR TW — 1 174 [ A B 1 it 2k T ] 4
B, i DVE AR SR 01 (0 ~ 8 h) , TRk TW—1 X
BT AR T R AL R N, S TR S B R S R R
AR, 7E 12~ 36 h i), FEARE R Rtk , £ 4

" _
Ld A f Y b 0
. ="
[ ' Jas
&g ~, .
- .
o0y
r »
¢ ‘ .. L
«? . A 10pm
. .-

Note: The figure on the left shows the morphology of TW~1 taken under normal light source, and the figure on the right shows the Gram staining micro-

scope observation of TW-1

1 TW-1EE5ERESE
Fig. 1 Morphology of TW-1 colony and strain
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Paenarthrobacter ilicis strain DSM 20138 (NR 026235.1)

77

Paenarthrobacter aurescens strain DSM 20116 (NR 026233.1)

88| |Paenarthrobacter nitroguajacolicus strain G2-1 (NR 027199.1)
98

& ‘Arthrobacter sp. 9V (LR735534.1)

Arthrobacter sp. StoSoilB22 (AP024652.1)

57

100/ TW-1 NMDCNOOOORLI
74 ]:Paenanhrobacter nicotinovorans strain DSM 420 ( NR 026194.1 )
% Paenarthrobacter histidinolovorans strain DSM 20115 (NR 026234.1)

Paenarthrobacter ureafaciens strain NC (NR 029281.1)

95

Arthrobacter psychrochitiniphilus strain GP3 (NR 104702.1)

-Arthrobacter tecti strain LMG 22282 (NR 042251.1)

Arthrobacter deserti strain YIM CS25 (KT946776.1)

& Arthrobacter crystallopoietes strain DSM 20117 (NR 026189.1)

0.0050
B2 ET16S rRNAEEFIMEHNEKRTW-1HREREHN
Fig. 2 Phylogenetic tree of strain TW—-1 constructed based on 16S rRNA gene sequence
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Table 1 Physiological and biochemical identification re- £

sults of TW~-1 £ w0

SRR WRR TW-1 %:

Experiment name StrainTW-1 § &l

R ) T 40
Gram staining =
B R AR . B
Glucose oxidative fermentation test ’%

FERA A% £ - - -

Starch hydrolysis test i = 0 12 N 24 36 48

ydroly Hif[F] Time /h

ALK 5 N B4 TW-1BERREE S L
Methyl red test Fig. 4 Degradation capacity curve of strain TW-1
0.0025 % NI R LK 5
0.0025% Congo red test ’ i3 48 h B 7 5, B AR TW—1 XF T ML Eh 15 35 K vp

HE ORI - R B 100 mg/L BT REh7 i (14 R 505 51 99. 5% .

Note: +: positive; ~ negaive 2.4 PUHFALEREXT R TW-14£KBZ N
09 A [5] ] A R A A B %o T AR A K 4 ) S Wi
el L5 7, BT LA Hh RG F vp i) B R R B2 A 100
ol = 500 me/L I, B TW =1 R4 KB 22 5 AL {FL 2

5 0sf B 455 o7 Ik R i 500 mg/L B, HAE K BB

= U Rt 25 I BRRR TW -1 B BT 4 o7 v i KT 2 1k
oal FE 9 500 mefL. SR VR, B 20 BBk
01F ARG DL I R

%04 8 1216 20 24 gé %2 36 40 44 48 52 56 60 2-5 ARLBAEMHEZESENTH
el R I b B 7 R AR A AT 6 B 4 25
E3 ERTW-lHERES BRI AN 2 % 0T LR 1 B 2K 540
Fig.3 Growth curve of strain TW-1 .
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Fig.5 Growth of strain TW-1 under different concentrations of atrazine

®2 FAEALEAXEHZRREE
Table 2 Chlorophyll content of soybean in different treatments /U/(g-min)

ICFERT A Sampling period (yy.mm.dd) A

C AT BT CT

=B Triple compound leaf (2021.07.04) 26.71+0.91 Ba  25.60+0.78 Ba 26.51+0.75 Ba 31.49+0.89 Bb 30.75+0.92 Bb 27.35+0.98 Ba
=& Triple compound leaf(2021.07.08) 23.61+1.11 Aab 22.44+1.16 Aa  20.97+1.02 Aa 25.64+1.22 Ab 25.64+0.99 Ab 23.49+1.16 Aab
=& Triple compound leaf(2021.07.12)  22.64+1.12 Aab 22.44+1.04 Aab 20.66+0.86 Aa 29.47+1.00 Bd 26.43+1.07 Ac  23.34+1.00 Ab

AP A BTRER L (2.5 mgrkg) 5 B BRI (5.0 me/kg) s C: FIRRRZHE (7.5 mgrkg) s AT : BPRERE L (2.5 mg/kg) + TR TW—1; BT Bl REh7 2 (5.0
mg/kg) + PR TW—-1; CT: B RERL L (7.5 mg/kg) + PR TW -1, B8 5 AN [F) K5 7R 287 45 BURE I 3 =22 [ 19 25 535 510 0.05 19 i 7K P ARG

FRERIR AL BRI 22 535 51 0.05 1Y 8 3E KT

Note: Treatment A: atrazine (2.5 mg/kg); B: atrazine (5.0 mg/kg); C: atrazine (7.5 mg/kg); AT: atrazine (2.5 mg/kg) + TW—1; BT: atrazine (5.0 mg/

kg) + TW-1; CT: atrazine (7.5 mg/kg) + TW—1. Different capital letters after data refer to significances at 0.05 among sampling periods; Different low-

ercase letters refer to significances at 0.05 among the 6 treatments

TR XA 5 AT.BSBT X C5CTIL
AR B[] BORE K B0 i 4 3 B U
TR 790 Ak B A S 3 R TNV I B R A A B LR AR
SURIURERS , AT b33 -2 28 5 95 A b B 5
JERK, 1 CT AN B CAb BN 22 57 R 3% 5 b4
FEIH B RE TW—1 X 38 v (g BT e R A — 2 114 R fi
YR, L GG e J3E Bl 4 o e 24 3 0 22 VR O
T
2.6 FEAEBAENEUBSENTL

AN A B W 3 S AL AU (CAT) % it A2 Ak an
3R, AR HL K Bt AL Y (POD) 75 i 1Y)
AN 4 FR , AT LA 55— R BBORE B I i 4
AR Tl 25 Ah 3 2 ) 22 S R K, T & T 88 — IR BURE B
Jite FH TR T A A BRI R CAT 5 i 5 % IR 4 22 S 3k
BEAOE Hoh CALb oA B R CAT St/ T
25 U/(g-min) (F4) . [AEF, it A TR A AL BRI - rp
POD & i 50 HR 41 22 5 3, Horp A A B X fe o

B i, POD % 42 8 T 29 583 U/(g-min) . Z5H %
B, 5 38 Hhobte FH 8 ik TW -1 AT DL 3R R 4
WA CAT 5 POD W& M, B 58 K G401 LIS BE )
3 3t

THUAE 0 E B 15 T 3 R I R0 o8 fie 45 T P A
FYIEA EEE S HAT, 8 A P 08 50 B i 31
355 v B B AR R R U — SR TERUE
Wi P g b BT 4 7 38 2 5 ) EL JC B
IR 2. 445 HAGRTHE 09 B vk W24 7638 BORE T
(25~307C) X} 100 mg/L () Bl FF R HL 4 A SR AE 40% LA
P BB W1 7E TCHLER 35 F e 60 h T 100 mg/
L 114 BT A A A R 97, 1961, 3 5 et 00 i o
R L I DR R B R AR o AT e SR v
Bk B R AT AR R B IR 2 HETE 20 25
AT AR e o ik P AN [ 288 7R - 38 vl BT 3 00 1 o fe
B 1 A SE A ], T DA 5 it — 2 R TN [ R 58
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£ 48 h K 100 me/L 1 B RpR HE 0T 56 4 R, 76
WA BE 0 75 TG T H A B 41 8 A8 R 20 TR A
TEAE WA 32 S P58 Foih 36 BT, A48 L P ) 3 12 A
o VAU N, 38 R A A B e A 47 LA K 4 AE
oo WA A S ALY ) AT TR
TR N BT AR, e AT AT LAVR S AR A N A Rl
A R BB AP, TR B R HE ST A
YA N BT AT 5 2 X AR A B e 31 4 A
M EWUR T — s BREE B2 AR TR ) i A
j | KEEPAERRNRS.
Y PRI 85 7K A o 0 S T L A A ST, F Rk 9 b FH B Re R X R A
U Ay TR AR (BT RS0 R B 4 2.5 mg/keg, BTV TW -1 3 JE BRFE A T 25 FME L it 6 At B ke T 402 i Bl s e
ﬁizTrillL:ﬁ is clear water soil pot, the middle is atrazine soil pot with 2 AR T BP0 4 T R DTl
bacterial solution, and the right is atrazine soil pot (the concentration of TW-1 1] u%ﬁ@ j(—‘EL*Ej%E/‘J %%ﬁﬂiﬁﬁ ’ %EE_'% j(—‘EL*E
atrazine is 7.5 mg/kg and the concentration of bacterial solution TW-1 is RESPT P R A K
I BT S 85 B B bR TW -1 B AE 15, AT LU
o Ee RRIEXSEETAZARR YA AR BT R P AL R
Fig. 6 Changes of soybean leaves under different treatments .
it R AL 1 AS WA, T 06T B AR i
AP E R B . AW B R AR AT L E R AR 0 S R B RN AL 43 ) A G A 7K £

x3 FRALEXEIELSE(CAT)EE
Table 3 Catalase (CAT) content of soybean in different treatments /U/(g- min)

BURERHY Sampling period (yy.mm.dd) A B C AT BT CT

= & Triple compound leaf (2021.07.04) 106.25+5.31 Bab 112.50+5.63 Bb 106.25+5.31 Cab 106.25+5.33 Aab 100.00+5.00 Bab 93.75+4.69 Ba

= 1 Triple compound leaf(2021.07.08) 87.50+4.38 Abc 68.75+3.44 Aa  81.25+4.06 Bb 105.25+5.00 Ade 106.25+5.31 Be 93.75+4.69 Bed
=& Triple compound leaf(2021.07.12) 81.25+4.06 Abc  75.00+3.61 Ab  50.00+2.50 Aa  100.00+5.00 Ad  87.50+4.38 Ac  75.00+3.75 Ab

AP A BTRERE L (2.5 mg/kg) 5 B : BTRFRLEL (5.0 me/kg) 5 C: BTRERLEL (7.5 mg/kg) s AT : BIRERE (2.5 mg/kg) + BRI TW—1; BT : Bl REhr A (5.0
mg/kg)+TE I TW=1; CT: BRI HE (7.5 mg/kg) + TR TW 1. B J5 AN [R5 T8 3R 45 ORE YT =22 8] 19 22 57 38 51 0.05 1 1 35K s R RS
FRRFRIR A AR TR 1) 22 5735 51 0.05 114 i KT

Note: Treatment A: atrazine (2.5 mg/kg); B: atrazine (5.0 mg/kg); C: atrazine (7.5 mg/kg); AT: atrazine (2.5 mg/kg) + TW—-1; BT: atrazine (5.0 mg/

kg) + TW-1; CT: atrazine (7.5 mg/kg) + TW-1. Different capital letters after data refer to significances at 0.05 among sampling periods; Different low-

ercase letters refer to significances at 0.05 among the 6 treatments

®4 FRLEXEZIENLYE(POD)SE
Table 4 soybean peroxidase (POD) content in different treatments /U/(g- min)

BUREAF ] Sampling period (yy.mm.dd) A B C AT BT CT

=B M Triple compound leaf 2100.00+ 2616.67+ 2091.67+ 2550.00+ 2650.00+ 2025.00+

(2021.07.04) 105.00 Aa 130.83 Ab 104.58 Aa 127.50 Ab 132.50 Ab 101.25 Aa

o 3291.67+ 3758.33+ 3125.00+ 3700.00+ 4600.00+ 4333.33+
=mEn Triple compound leaf(2021.07.08)

164.58 Bab 187.92 Bb 156.25 Ba 185.00 Bb 230.00 Be 216.67 Be

o ' 4250.00+ 4516.67+ 4616.67+ 4833.33+ 4900.00+ 5083.33+
=HEn Triple compound leaf (2021.07.12)

212.50 Ca 225.83 Cab 230.83 Cab 241.67 Cab 245.00 Bb 254.17 Ch

AP A BTRERE AL (2.5 mg/kg) 5 B: BTRFRLEL (5.0 mg/kg) 5 C: BITRERL L (7.5 mg/kg) s AT : BIRERE L (2.5 mg/kg) + BRI TW—1; BT : Bl REH7 A (5.0
mg/kg) + T I TW=1; CT: FPRFHLHE(7.5 mg/kg)+T R TW 1. B8 5 AN [A] RS T B3R 45 R IREHYT =22 18] 19 22 5 35 51 0.05 () | K- s AR /NE
FREFOR A AL BRI 1Y 22 5735 21 0.05 19 1 K F

Note: Treatment A: atrazine (2.5 mg/kg); B: atrazine (5.0 mg/kg); C: atrazine (7.5 mg/kg); AT: atrazine (2.5 mg/kg) + TW-1; BT: atrazine (5.0 mg/
kg) + TW-1; CT: atrazine (7.5 mg/kg) + TW-1. Different capital letters after data refer to significances at 0.05 among sampling periods; Different low-

ercase letters refer to significances at 0.05 among the 6 treatments
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1Y atzA L atzB atzC . trzN 55 3 K 5 G i 0 2415 Tt (1Y)
atzD . atzE . atzF trzD S HE P o B[R] & 8] 22 7488
K IRIETE R TW—1 1 B 7 iz e o fige Bk PR 422 1 ok
AIBRIEFE T 1) o ELRSRATH AT — 86 [ il 5 29— 20 4R
FE, BN, 5250 5 v A A AR T R A AR AE AR S
R AT 2B SR 2 W) & B )
BT, A AR Sims AAFSERY, 24 RIEP RO R & i
REAR D VAR ), gl 2 % = 498 v ) B i i 45
AR 5T 0 A W St R AR VR T I SR e R i
T REf v bk . e, PR B A2 8 30 0 K 22 8%
i VR B G PR AR B AT A 25°C~30°C2 ], S AN
JU 77 s DX R A S A e sk 6 A SIZ 0 B Al 5 AR
0 56 H PO T R 42 o 1) 1 9K B 8 O T i 114 1)t
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