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103! [7-8]
[9-11]
[12-14]
[15-17]
1
1.1
1.1.1
(Lactuca sativa L.)
1.1.2 (32°30’
45"N  118°94'7"E)
0~10cm 4°C
(18] 238 g/kg 454 g/kg
318 g/lkg pH 7.7 1.7 g/kg 1.7 g/kg
1.3 g/kg 17.5 g/kg  CEC 19.4 cmol/kg
1.1.3
300 C (1]
556.4 g/kg 13.6 g’lkg C/N 35.6 186.5 g/kg
2.3 g/kg 11.6 g’lkg pH 9.5

1.14 tetW
(green fluorescent protein GFP)
K12(Escherichiacoli K12)

ampC (red fluorescent protein
RFP) (Pseudomonas aeruginosa
PAO1) YSZ 5K( 110 nm
80 nm 120 nm MOI =
0.1)
1.1.5
(Leica DM 5000B) PCR  (Applied
Biosystems StepOnePlusTM)  BIOLOG(MicroStation
™ 14060316 )
Luria-Bertani(LB)
1.2
8 kg
100 ml 107 cfu/ml
K12Grp rewy PAOLREp ampe)
4
(CK) 3 ( 0.5~1cm
18°Cx27C) B)
(10 g/kg) (P)
100 ml 10® pfu/ml
YSZ 5K (BP)
YSZ
5K 3d 75%
10d 5
10g 60
4 C [20]
1.3
100 ml 5 min
10 min 100 pl
LB K12 PAOl1
1.4
DNA (FastDNA® Spin
Kit For Soil 116560200) DNA
NanoDrop DNA
(OD260/0OD280 1.8 ~ 2.0 )
gPCR(StepOnePlusTM RealTime PCR system)
tetW ampC (D
tetW ampC
1.5
(Zeiss LSM710)
K12 PAOI
3~4 4 ml
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£1 MEEE terW F1 ampC # PCR #5915 51
Table 1 Primer sequences for denitrification genes teftW and ampC gene amplification
(5°-3) (bp) (C)
tetW tetW-F GAGAGCCTGCTATATGCCAGC 168 60
tetW-R GGGCGTATCCACAATGTTAAC
ampC ampC-F GCT TGG TGG CGA CGC TAT TG 126 55
ampC-R GCA GTG TAG GTT GCG AGA TGT AAT AG
16S rRNA 16S rRNA-F CCT ACG GGA GGC AGC AG 197 55
16S rRNA-R ATT ACC GCG GCT GCT GG
DNA
(TIANamp Bacteria DNA Kit dp302-02) [23-24)
DNA gPCR(StepOnePlusTM CK B
RealTime PCR system) tetW ampC K12 PAOI (P<0.05)
60 K12
1.6 PAOI 5.1x10% cfu/g  5.63x10*
1.2 cfu/g
Biolog ECO (21221 Bjolog ECO (B)
(average well (P) BP (P<0.05)
color development AWCD) K12 PAOl
AWCD =3 (C;-R)/31 D 25 21 4.65x10" cfu/g
C R 5.15x10* cfu/g
31 31
Biolog ECO
(Shannon (H) Simpson (D))
H =-3 p;(Lnp;) )
D=1-3P’ 3)
pi i (C-R) )
(20D))
1.7 2.2 ARGs
3
SPSS 21 Microsoft ARGs
Excel 2016 OriginPro 9.0
) ARGs
ARGs
2.1 2
K12  PAOI1 ARGs K12  PAOl1
K12 PAO1 ARGs
1 (P<0.05) (BP
K12 PAO1 ) ARGs
BP>P>B>CK (P<0.05) ARGs
ARGs 22 32
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Fig. | Dynamics of K12 and PAO1 abundances in contaminated soil
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Fig. 2 Dynamics of resistance genes tefW and ampC in contaminated soil
tetW 1 2.3x10° 2.3
copies/g 60 2.2x10° copies/g ampC
6.6x107 copies/g 5.6x10° copies/g ARB/ARGs
tetW K12
ampC PAOL1 -
K12  PAOl K12 PAO1
(3 3
K12( )  PAOI( )

B3 360 RETEZFRFNA B K12(4 5)F0 PAO1(LL ) B9 £ T 1£(40x/0.75)
Fig. 3 Detection of K12 (Green spot) and PAO1 (Red spot) in lettuce roots and leaves
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K12 PAO1 (P< / K12  PAO1
0.05) K12 PAO1 CK>B>P>BP( 4)
K12  PAOI1
K12 3
PAO1 CK>B>P>BP BP (P<0.05)
K12  KI2 PAOI 5.1x10%  1.9x10°
PAOL1 cfu/g 60
ARGs ( 3
K12  PAOI 60 CK tetW  ampC
5.3x10° 5.1x10° copies/g
BP ARGs
BP (P<0.05) tetW  ampC CK
62 5.7 4.3x10" copies/g
1.8x10” copies /g
ARB ARGs
K12 PAO1 - K12 PAOI1
ARGs 60
14+ (A) PAOL1 14+ (B) W77 PAO1
[ 1KI2 [ 1K12
12+ 12+
< 10F ) 10+
2 2
e 8r 2 8+
R Ry
4+ 4+
2+ 2+ %
0 Il | | | O L L L !
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poszl phsdil
4 ARELEEHTERIRA). MHB)F K12 # PAO1 IR GFHE
Fig.4 Counts of K12 and PAOL in lettuce roots (A) and leaves (B) in different treatments
L (A) ] etW L (B) W
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2
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Fig.5 Abundances of fefW and ampC in lettuce roots (A) and leaves (B) in different treatments
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Shannon(H)

60
2

>

Simpson(D)

Biolog ECO

£ 2 TEAMEARTIEMENMEZNES MY
EE(E 60 X)

Table 2 Diversity indices of soil microbial communities

(AWCD) (Shannon) (Simpson)
CK 0.542+0.03 ¢ 4214+0.32b 0.565+0.02b
B 0.575+0.02b 4.542+0.45b 0.531+0.03 ¢
P 0.538+0.03 ¢ 3.675+021¢ 0.784+£0.02 a
BP 0.592+0.01 a 5413+031a 0.422+£0.01d
(P<0.05)

AWCD BP>B>CK>P
Shannon Simpson (
2)

(P<0.05)
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Combined Biochar and Bacteriophage to Control and Inactivate

Antibiotic Resistance Pathogenic Bacteria in Soil-Lettuce System

ZHAO Yuanchao'?, YE Mao®", SUN Mingming', ZHANG Zhongyun®, HUANG Dan’, ZHU Guofan®”,
ZHENG Xiaoxuan', CHAO Huizhen', FENG Yanfang®, WU Jun'", HU Feng', JIANG Xin’

(1 College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China; 2 Key

Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing

210008, China; 3 School of Resources and Environmental Engineering, Hefei University of Technology, Hefei

230009, China;

4 Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: Ubiquitous existence of antibiotic resistant pathogens (ARP) in the agricultural land and vegetation system has

posed great threat against public health and environmental safety, making it essential to develop targeted controlling technologies.

In this work, biochar and bacteriophage combined technology was investigated for its effectiveness in targeted inactivating the

ARP in the soil-lettuce system. Biochar and polyvalent phage YSZ 5K were applied to the ARP (tetracycline resistant Escherichia

coli K12 and chloramphenicol resistant Pseudomonas aeruginosa PAO1) contaminated soil. The residual K12 and PAO1 counts

and antibiotic resistance genes (tetW and ampC) abundances were determined after 60 days of incubation. The results showed that

the combined technology was proved most effective, followed by sole application of biochar, sole inoculation of YSZ 5K, and the

control. For the combined treatment, the counts of K12 / PAO1 decreased by 2.1-3.1 magnitudes and the abundances of

tetW/ampC decreased by 2.2-3.3 magnitudes in the soil and lettuce leaves, respectively. In addition, the structural and functioning

diversity of soil microbial community was improved significantly after the combined treatment. The results obtained here

demonstrate the combined application of biochar and polyvalent phage YSZ 5K an environmentally-friendly technology that

could effectively decrease the ARP in the soil-lettuce system.

Key words: Soil-vegetable system; Biochar; Agricultural phage therapy; Antibiotic resistant pathogenic bacteria
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