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Abstract: [ Objective ] Chlorpyrifos residue poses a significant challenge to food safety. Microbial degradation which is called
bioaugmentation is an effective approach for the elimination of such residues. Bioaugmentation often involves an invasion
process requiring the establishment and activity of a foreign microbe in the resident community of the target environment.
Interactions with resident micro-organisms, either antagonistic or cooperative, are believed to impact invasion. However, few
studies have examined how the interactions between the invaded degrading bacteria and resident microorganisms in the target
environment can influence microbial degradation. In this study, chlorpyrifos-degrading bacteria Shingopyxis granuli CP-2 was
used as material, from the perspective of microbe-microbe interactions, to select resident bacterial helper of CP-2. [ Method ]
Soils from the field were first collected, a batch of bacteria from the soil was isolated by continuous dilution method, and
identified by full-length sequencing of the 16S rRNA gene. The 16S rRNA gene sequences of all isolates were aligned using
MUSCLE. Sequences in the alignment were trimmed at both ends to obtain maximum overlap using the MEGA X software,
which was also used to construct taxonomic cladograms. A maximum-likelihood (ML) tree was constructed, using a general time
reversible (GTR) + G + I model, which yielded the best fit to our data set. Bootstrapping was carried out with 100 replicates
retaining gaps. A taxonomic cladogram was created using the EVOLVIEW web tool (https: //evolgenius.info//evolview-v2/) . The
taxonomic status (phylum) of each rhizobacterial strain was also added as heatmap rings to the outer circle of the tree. The
resident bacterial helper which could promote the growth of CP-2 was then screened by supernatant assay from the isolates
isolated from soils, and the bioinformatics results of these helpers were analyzed. At last, a bacterial isolate which well promoted
the growth of CP-2 was chosen, and its effect on CP-2's ability to degrade chlorpyrifos was investigated in vitro. [ Result] 109
strains of indigenous bacteria were isolated and were classified into four main phyla: Proteobacteria (54.1%) , Actinobacteria
(14.8%) , Firmicutes (15.6%) , and Bacteroidetes (15.6%) . Among them, 41.3% significantly inhibited the growth of CP-2,
17.4% had no significant effect on CP-2, and 41.3% (45 bacterial strains) significantly enhanced CP-2's growth and were
identified as indigenous bacterial helpers of CP-2. The 45 bacterial strains in the helper bank mainly belong to 3 phyla, 4 classes,
7 orders, 13 families and 20 genera. One strain (B72) , which exhibited a strong growth-promoting effect on CP-2 was selected to
assess its impact on chlorpyrifos degradation by CP-2. The results demonstrated that both the bacterial strain B72 and its
supernatant significantly promoted the chlorpyrifos degrading ability of CP-2. [ Conclusion ] Together, the strains identified in
this study provide valuable resources for future research and applications involving microbial degradation of soil toxicants such
as chlorpyrifos or other pollutants. Furthermore, the indigenous bacterial helper of chlorpyrifos degrading bacterium CP-2
significantly promoted its ability to degrade chlorpyrifos, which offers theoretical guidance and technical support for potential
co-inoculation strategies involving both chlorpyrifos-degrading bacteria and indigenous bacterial helpers aimed at pollution
remediation.

Key words: Bacterial interactions; Microbial remediation; Indigenous bacterial helper; Degrading bacteria; Chlorpyrifos

BEFE WU iz A8 R A HLBE R dUR), HER B fi e 1B, AEAE SEBR N o 2 B A B R A T
MR AT, N A P R A I RAG . e b a5 2 g R 22—l e
JEHBR AR A SO R A 20 42 70 4RAT A 7% L83 by FH 3 A v A7 S AR B S i i R T
VLK, 20k L) 75 5 W5 Bk U5 RITRE VR 1) B4 ik 141 4 9 AR, BV SR AR AE Y7 H AR A 5E 08 5 i
B Y %2 . Pseudomonas . Bacillus . Arthrobacter | e YRR TP B R IR IZ IR T AT R S B . R
Stenotrophomonas ., Sphingomonas % Z N JEWE W5 HARKE T EEMEY ZRIMHEER, e
WL I i TR E 5 5 2% T X EE SR R I R AT R SERTPUIE B 2 PRI A, 352 5 e A TR A AR
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gEL, AR RO RE R R AED . Ik, BRI R4 LW ZEMWER (SM ZZ i ): LK IR EE

15 Y A 39 A S5 T W R B R A B 2 TR ) A
KRFR, X T itk A 25 T A 5 v 68 ot DR A7 0 SO R i
e A FER LB 2 OCH 2,

PRI A I AR AL Z ISR AR Y R R
WABER B | G RS r g, R Az
YR 2 N A W AR S R AR 2k A T B
FAEMEIRIRSE R, WAFTEA FAR R 2 R M,
WEFEERMY, AR W 2 18] 0 B R4 AT A i A 58 v 1)
5 Yl N, SRR EEREE R Arthrobacter
sp. DNS10 L5 f##i & Enterobacter sp. P1 ( JoBu4FHr
HEREMRRE 1 ) TR IR ST BT ARr e R A 5 R It
5 T HIMk Arthrobacter sp. DNS10 45535 44t . 31k
Bl Enterobacter sp. P1 fEfgil i i E Y sc HAEH K
R S BB T Arthrobacter sp. DNS10 1R i Bl 45:-h7 4 A9
REMYs MR OK PR TS ) 2,6- UK W BERE R
f#H Aminobacter sp. MSH1 F TAHYMEE R, HAY
IEE P A TEAE A fE 2,6- &K R e 19 351
APl Hk, FETE Y R RG] A A0 R
WITERCT , W DGR & 5 A 7E P A 14 1Y+ & 35 T
Sy 5 i TR AR A A 27 IR A 64 A TR T B Y3
PE, TR R AR I R RN S MR R A . AR SC LA
HIT 0N A 8 v S 2 Y 35 B8 WL A% TR Shingopyxis
granuli CP-2 PRk, DA A58 v 7 i s L 448 TRy 5
T, EE TSR AR T L AR T, IR
9% CP-2 1Y 1 35 4 P 45 T X0 L R ik 3 S I A0 S i), 285
TN] 4 I B S0 R ik TR R S A0 DA R T i L R
15215 Je PR B T AR S

1 bRk

1.1 ket

111 R R B AU WL f# P Shingopyxis
granuli CP-2 H B A KA Bl 2z 2 B 4 ik, 4
SRR Ny o 3

1.1.2 FERF Luria-Bertani ( LB ) %553,
FREVEE R 10 g, FEREKT Sg. NaCl10g, A2
BN, R4 EAE 1000 mL, 575 pH
£ 7.0; BREEKEGHREARESRIE (TSB): FREUBE
Hk 15g, KEEAK 5g, A 5, HHE
BRI, A ERZE 1000mL, J# pH £ 7.0;
% K R R B 92 9 (TSA ): TSB 1592300 15 ¢

2.0g, Afkéh 5.8 g, 1 mol-L' Tris-#hfk (pH 7.5)
50 mL-L', 2% ¢ 5 mL-L"'; PLEREFREET 115 C
R K 30 min, .

FEAEMARAE S (99.9% ) I T2 E Dr.Eh-renstorfer
GmbH A7]; N (ks ) T EE Merk A F .
1.2 MIRNBERFE
121 REMESE. A5 R
B ERET 4 CORFIORAE, T e 35408 . % 1 g
+THY5 9 mL SM Z¥E R 30 CFERKTD
180 r-min' %% 30 min. i FJC R KK 302
FEZ 10°~10° SRJ5 ¥ 100 uL 390 Bk 3 50 Hu i A
T TSA B3R BEM G R L o Fe 3 Sebh BE R R iR A
BEART 30 CRIEE 48 ho i (f FHJC I 2
REAFE PRI TR T S 2 R0 ME, A
A 100 uL TSB £5773 (4 TSA B ) 1 96 FLAR
i, BEEKENTCEERER, 30 CF 180 rmin’
R0, A 100 uL 30% H il 3F: 78084, R
W HARAF T80 CoKAE#&AH . B RAFRIEIRTE LB
AR B RIZ, o122 BREEAE, HY (1~122)
Prid G EERAR IR, FeP b e K,
#H.

122 B EEMREEMNSEE LEHENS
TAEY) e R AR B 1S 16S rRNA L (1Y
Jrk. P 16S rRNA JEHEFIGIY N 27 F
( 5°-AGAGTTTGATCCTGGCTCAG-3" ) Hl 1492 R
( 5>~-AAGGAGGTGATCCAGCCGCA-3" ), HkJE N
10 pmol-uL ™" o W 1A R fLFE: dNTP mix 4 uL.

10xPCR ZZ 3 (% 0.75 uL 0.1 mol-L™" MgCl, )
5uL . JCH K 365 uL Fl Taq DNA % $% i
(5U-pL™") 0.5 pL, JoHR A Sk A folc ek B 1A i A2 Bz
WREY, RE . RVEFWTF: 94 C Smin, ZJ5
AT 35 MER, TEH&MHR 94 C 1 min, 52 C
I min30s 172 °C 1 min, f%J5 72 °C 10 min, ¥
PCR 434728 i B 0 R W H AR AT B w1 kAT
i fb s M E . WF SRR A R E, B
http://www.ncbi.nlm.nih.gov 7E £k 2 i) 53 ¥, FH
Blast Z LA % ( GenBank ) H 5 HiA E 5151
PEAT R oA, /R A9 8 5 A R E B .

123 rETFEWRRREKEWOME U
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16S rDNA 4 K FHHE4T Xt i@ it F a6 4 e
XA, X o ) 3 B R S 06 4 DR A IR Y
HE. REMHEAEAR RS (GTR) + G+ 1A
F 3 T e RAUSR( ML) . i J5 #IFH EVOLVIEW ¥
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REEEW. BTERRGEEE S LEME LK
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B, R BRALAR B % 1 22 D00 7 07 4 1) = 25 400 183 % 2
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LML 10 000 r-min B0 10 min, $F 250 )5 09I
FH0.22 pwm U UERR TR, A5 20 R E TR 1 T TR R T
W, %M. BiEALS 9 CP-2 7E 180 rmin”', 30 °C
(38 R R 5 35 1, B0 R TRBAE 600 nm I Ak
B GAE( ODgoo )N 1, £5 H o LAEERE 35 41 20 ulL
(1) 2 TV AE R AL B3 I A5Gy 180 pL ¥R JE
4720 mg-L ' FEAEMEMY 10% LB WK R 509 96 FL
Mo, FAEEAEBRNA 2 pL ODg=1 fJ CP-2
W, WHEMBEMEXEAMA 200 pL W E R
20 mg- L' FEAEWLAY 10% LB A F2 3L A1 2 uL CP-2
B, BIMEXTEECA A 200 uL R JEH 20 mg L' #
FEWREY 10% LB WA 373k, M 3 EE . 1% 96
fLARE T 180 rmin' . 30 CHIFEIK, W36 h 5
il ODggo 1B, FfFE CP-2 A KIEMN ., X+ &40
DR BN CP-2 I AE KA i R PR BT, AR
LN T R R T RS T 2 S AN R
10 34 28 fie TR A RS, A Sy 2 40 R A o A A T A
il # o
1.2.5 HEQETFIEIE CP-2 B a5 5 M i SR
i PEFEX] CP-2 S HFAUR AT 1Y 72 5 13521
B B72 VB HANEE T, 0198 B72 BA M H O &
B AR 1 CP-2 B i ¥ JE MR ) A52R o FE TE AL 1Y
CP-2 #l B72 43 57 LB WA #3180 rmin”',
30 CHREIRIKIETE, A% ODgo N 1, #HIo

B72 TR AR XT CP-2 [ fiff 75 4T WA 5% i AH DG Ak 240
T: CKAbHE: 3 mL FAEMHE R 20 mg L' A9 10%

LB K34k, CP-2 Ab¥E. 2 850 pL FEALWRMK K
20 mg' L' Y 10% LB RiFRFEHMA 150 uLCP-2 1
W ; B72 AbFHE . 2 850 uL FEALMMK K 20 mg- L' Y
10% LB B3 2 3Ll A 150 pLB72 B i ; CP-2+B72
AbEE . 2 850uL FEAEMEME E R 20 mg L' B9 10% LB
Rigr3Lhin A 75 uLCP-2 B A 75 uLB72 1 i o

B72 4 JC TR 4 T RN CP-2 [ it 75 50 W 4 5 i) A
FKALHRUNT : CK AN CP-2 4b # 7] B /& 5256 ; CP-2+B72
TCHE K BEWALFE . 2 550 L 7 5E 0 E N 20 mg-L!
B 10% LB KrgEFEpin A 150 pLCP-2 B i Ml
300 uLB72 BYTCHH A e . RRALEE 4 A . KDL
REFRAF BN ATC B 09 10 mL BEES 30048, B TR
30°C. 180 rmin' WOEEEFE, HIFE 0, 12, 24,
36, 48, 60, 72 h HUFE, Kl ODeoo fH . Fifi/5 42 i
S 3 2R A 3R R A B T S B B IR R A
BEAUMAL, JEAG I 7 A0 W B
1.3 #iELE

IR I B 4 3L ] Excel 2013 1 SigmaPlot 12.5
ST Tk . B R AbEESR A Adobe Tllustrator
CS6 #f o Wi Ab PR L 37 1R ¢ K6 ( -test ),
P<0.05 R EER

2 4 AR

2.1 SEHNTEREEITKFEDMAER
oML e e e T 0 3 R VAN
PRI ZREME, JET 16S rRNA I R A bk i iF
TIaReE, IWHARZLKERZRER (B 1), 7
Frigss, e tEAE ELRET 4 N, 25
NASFE 1 1( Proteobacteria ) JEBE R [ J( Firmicutes ).
I AF B 1] ( Bacteroidetes ) F1 W £ B 1]
( Actinobactoeria ), 435 5 40 B B BT 54.1% .
14.8%. 15.6%F1 15.6%., %ELREY], B0+
R T T A POl R AR R A A
22 TEHAENSHEBERE CP-2 £RKIIT
B EARE T, A 41.3% 58 E T H BRI
fift T CP-2 2B, 17.4%XT BEFEMEREAR TR CP-2 [2E
KICRFZM, 41.3%58F (et mp LM IEfiR | CP-2 1Y
AR 2a), 55 —JERRBORCN FESE IR A 19 CP-2
RIS . AR CP-2 A RKMgIE T, SkHTF

I ] ( Proteobacteria ). JEEEEE|] ( Firmicutes ).
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["J7K3F Phylum level
AFTE ] Proteobacteria 54.1% (66 FRT#)

TR 1) Actinobacteria 14.8% (18 FR1#)

B JEREE ] Firmicutes 15.6% (19 BRE)

Il AT Bacteroidetes 15.6% (19 #41)

E3 W it o2 1 W SR U7/ 2 S eI e

Fig. 1 Diversity and classification of isolated indigenous bacteria in the soil at phylum level

A YA XFCP-2A K A5

Effects of soil indigenous bacteria on the growth of CP-2:
C ik Facilitate
BRRER 41t Inhibit
BB v % {E ] Not significant

b)
09 r T
= A
S
8 TT it T
soost I i
25 il i il
£ E ml|® f
gg T T f Tf i f ==
TR L @ fiil f
=5 ot il e |z e | | el L
=
S = TR A L H A R H A TH R T
0.6 -
© AbFR Treatment

T : CP-2 J B SLMREAR B 2 5, 3~113 AL FE MBS S . R ¢ 1655, P<0.05 FR A BE MR . T, Note: CP-2 is the number
for chlorpyrifos degrading bacteria, and 3-113 are the numbers for indigenous bacteria. The #-test was used, and P<0.05 indicated a

significant difference. The same as below.

B2 EAME X RS MEREAR  CP-2 AE K Asgm (a. XF CP-2 AL KA ANFEH M HE AW LLFl; b, WEEH CP-2 4K
1 5 2 )
Fig.2 Effects of soil indigenous bacteria on the growth of CP-2 ( a. Proportion of indigenous bacteria with different effects on CP-2 growth; b.

Indigenous bacteria that significantly promote CP-2 growth )

FUFTF T ( Bacteroidetes ) FIELZE ] ( Actinobacteria ) NI HCHI 50 12.1%. 12.5%. 21.1%F1 37.5%
B EE A3 43 3R 36.2% .37.5% . 78.9%F1 18.8%( £ 1); (F£ 1); CP2 AR F, KAV LEUATTA
X CP-2 A K IC W FEEH N F 40, ke |5 LA B W5 5R 51.7%. 50.0%. 0.0%7F1 43.8% (% 1),
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F1 TRERNEHTZFAEX CP-2 EKFIMF BB T
YE R RYZB T B & BY EE I
Table 1 The proportion of bacterial isolates per phylum whose

supernatant showed inhibitory, stimulatory or no effect on CP-2
growth

X CP-2 A A AN RIE FH Y 35 40 81 LE 3]

The proportion of indigenous bacteria with

different effects on CP-2 growth/%

Phylum -
fe i it Jo ke E1EM
Facilitate Inhibit Not significant
TIBHI]
51.7 36.2 12.1
Proteobacteria
T
43.8 18.8 37.5
Actinobacteria
JERETA ]
50.0 37.5 12.5
Firmicutes
PR
0.0 78.9 21.1
Bacteroidetes

i s L EAE A 45 RE T CP-2 1 HE
F ([ 2b), Hrp 48 S . 72 55 X) 5540 M 5 it 2
CP-2 WIMEIHE A IA ., ARFFOR 72 SHEE

98%

RGNS CP-2 FEfEF LM T, f5h
B72. Wtk B72 (1 16S rRNA J¥ 5117 [ R HLXT
IR G AR, ZERNE 3 PR, KIZEk
5 &R F A8 ( Lysinibacillus sp. )
o, H 5 R 2F AT B ( Lysinibacillus
xylanilyticus ) RIRE R IR 100%, 125 %% R i
H R R AT I ( Lysinibacillus xylanilyticus ).
2.3 FIRMEEMFEE CP-2 T EZ2HEFEFENDH

BFR

WAL A B DS 16S rRNA JERA 3k, o
155 45 BRBEFEMLRE A D CP-2 + 35 40 B RS - 1 ) ol
FE (I 4): X 45 BRANBEHE T EZRIET 311,
0 9 A A8 JE B 1] ( Proteobacteria ) . J& BE B ]
( Firmicutes ) FZR ] ( Actinobacteria ), 735
SO B 66.67%. 17.78%F1 15.56%. T
I# ] ( Bacteroidetes ) 7 A< §ifi 158 1) 757 SE 09! % i i1 CP-2
AT XL TRET 4 4. 7 AH L 13
SRR 20 N8, Horb = AN R T = Y T DR A R
)& ( Pseudomonas ). N JE (Acinetobacter )
MZEZEAAT B ( Paenibacillus ), FJE 453505 B4
BT 15.6% . 11.1%M 11.1%, 3% =& 19 &
FLR S T 37.8%.

—— OP986828. Lysinibacillus xylanilyticus strain AFS027465

99% ——— KF475851. Lysinibacillus fusiformis strain IHB B 6505

97% . o ) .
EU741101. Lysinibacillus sphaericus strain 13651V

98%

99%

98%

100%

B72

MNI176425. Lysinibacillus sp. strain Anti-3

FN433012. Lysinibacillus fusiformis partial

MN258971. Lysinibacillus macroides strain M4

OP986862. Lysinibacillus xylanilyticus strain AFS023351

GU384236. Bacillus cereus strain ZQN6

B3 bk B72 (R G R
Fig. 3 The phylogenetic relationship of bacterial strain B72
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["] Phylum 44 Class
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W ZEH T ] Proteobacteria (66.7%)
W JiTZE T ] Actinobacteria (15.6%)
JELBERT ] Firmicutes (17.8%)

W R 4N Actinobacteria (15.6%)
W FFE4H Bacilli (17.8%)

Bl Family

W ZEFTHRF Bacillaceae (2.2%) W FHi R Moraxellaceae (11.1%)
I (1 %[GR} Burkholderiaceae (11.1%) M %ﬂ%ﬁ‘—ﬂ Morganellaceae (2.2%)
A ML Comamonadaceae (6.7%) M i WPl Nocardiaceae (4.4%)

J7FF %} Enterobacteriaceae (17.8%)
W TR Microbacteriaceae (6.7%)

W HEREFL Micrococcaceae (4.4%) M SR EIF] Planococcaceae (4.4%)

BASIE 4K Betaproteobacteria (20.0%)
Y 49 Gammaproteobacteria (46.7%)

W FRFT R} Oxalobacteraceae (2.2%)
W AT A Pacnibacillaceae (11.1%) B PR Enterobacter (2.2%)

I B Pseudomonadaceae (15.6%) W 435 {18 Kicbsiclla (8.9%)

H O"I
"'

43 kT8 F Corynebacteriales (4.4%)
M /%47 Enterobacteriales (20.0%)
W 3K F Micrococcales (4.4%)
W 5 [ Pseudomonadales (26.7%)

o
N

W SRR Acidovorax (2.2%) W R 5 [ )R Kosakonia (2.2%)

W AT Acinetobacter (11.1%) W $UERR SA0FT B Lysinibacillus (4.4%)
TANEEIE Arthrobacter (2.2%) 0 T 8 Microbacterium (4.4%)
SFFTRIR Bacillus (2.2%) 0 JLEAUFT R Pacnibacillus (11.1%)

W SRR Cupriavidus (8.9%) (S TRIRGEIR Paraburkholderia (2.2%)

W AT R Curtobacterium (2.2%) W AT R Providencia (4.4%)

B RURKRAERE Delfiia (4.4%) W ([RBREE Pseudomonas (15.6%)

0 R KB R Raoultella (2.2%)

B 213k 8 Rhodococcus (4.4%)

W PAERAE R Sinomonas (2.2%)

W 2k Actinomycetales (6.7%)
W ZEFEATE A Bacillales (17.8%)
{f15 [CE 7 Burkholderiales (20.0%)

W 268 Herbaspirillum (2.2%)

Kl 4 FEHCMFEMRTE CP-2 AN TIEN YRS B

Fig. 4 Species information of the bacteria that significantly promoted CP-2 growth

24 TEMETLFEMBE CP-2 EFSIEEY

A

W F P WA T CP-2 ROk 1 25 40 v %
F B72 K ICH & BEBAE S BE R 20 mg- L' #5E
WA IR A R B G 3R 72 h IR, TR R R AR K
T BLFIR R T BESE MR B . &) Sa FIE] Sc &M,
BEALMRRR AR R CP-2 5401 F B72 H7ER
12 h JFH#EACE G, PR B L R i AR ) e T 4%
A Rk B IR AR Y, H B72 BRI TG & B
B E IR CP-2 AR K . & S5b ARl 5d @R,
25 AN HRALFRZE (AU ARG SR A EE SR ) thEEAE
WEAE 0~60 h PIEANEESE, KEgE 72 h G kit
R AU /D [ i L TR bR B72 Ab BRZH P SEAE 0~
72 h WIEARAREESARE (& Sb) , ULRHZEARSLR 4
T, WKk B72 NEAREMEEIEMINEE ) . SEAEMERE
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