—t

64 www.kjdb.org

RN S48 2022,40(3)

TEMERHIED  KIE. I HAI G

&

LT, Sy

PR R e TR SERE 72 Wbl PR BE 5 il e T e 4, R A T i A e 4, JETT) 361021

WE LIRS RPUEEEN ARSI, BRI L A KPR B 2RI, 25
BT LIRS TP BT SE I B R BRI R KB A T, B T pU R AR LAY | S-S
Lo 2R REAR R R G B R AR, B4 T iR 7E 3 b A A 3% 5 BOPLARD , WK
IR R R R TR P P R85 P AR R 1 £ 20 TL 2 — 5 IR R G B MR A FR
Bl NIALRRY BN — D ERE RIS HU M 2R 88 1 E BRI AP A i
i PR EL AT ™ i A R U, 5 v XS )T P i DR X A g N SJS A e LA o B S TSk A%

Hl R PTA: RAGTER RS R EE TR —.

KR HHES ARG P RPN ACH IR RS s ISR ; BRs s

PUER)Z T NEEST Rsh P3R5+,
N TS G B (4 TR A6 i T ER
TTHK o SR R TP AR BRI B el P AN, ik
R PUPE RS IR, MR R T A R IR
ORI N RIS e e . X ot R btk
20 B S e P R A E S T IY) JE EAR Hh T BRI
SR AR A NANTERBIGUAE R YCIEFE N (LT faf K
PUvESE N ) 7 2058 P 9 & 4 AL 6 A O RE LUt
A FRAR B G HE B, s R e EAT T RT3 7k
S N e A% S i At AN IR Lo o, JE ORI 9
ZEPTIERT, FERIA DT R TR 2
TGRS AR

N Bl AR HUAE R A RMESE T sh 5%
FEY 9 SR AR W K T S5 , 24 ] S B 5 r
PP SR 05 5, 2E MG v R BRI 3 7
PRI R LR i Tl e N -2h -
PRI AL R, N S ) £l B 0B I3 i e 2K
R B, A T AR 2 A R Bk 41
U S S TUAE 2 2R A8 WD 41 Hh AR 3l T A —
184E (One Health) J5 £t , DR N 7 A2 3
PR A 5 v (AL R A I, R X A= i
[

TR S NRK R A BV 2 —,
AMURHCIERE A 9 K IRAk 2, [R]85 i A

Yk H 41:2021-06-28 ; & 11 H 4] : 2021-12-20

FAWH - H KT S &5 H (2020YFC1806902) 5 5K HAAR #3411 H (81991535,21936006,42021005,32061143015)
VEF A 280, BV ERT ST 61, IF 55 07 [0 R IR UAE W AE 25, B TS 46 : xlan@iue.ac.on; TR AR GEIGVER ) , BFE T 10) 0 BREE 304 H24 Alis

AW oA - FEA :jgsu@iue.ac.cn

SRS AN, S sl . A FZ AL ORIE B BOR SR Eh R (). BHE SR, 2022, 40(3): 64-74; doi: 10.3981/j.issn.1000-7857.

2022.03.006



—t

RN S48 2022,40(3)

www .kjdb.org 65

FMBHERE AN IR 50 B R KEMH T EST
& & F2 58 AT Fia 7 AR TS P , (i1 A
(UNSESIEY) 7B ERE SN i K et L2 R e e I i
e FE B AR B A B oA 2R BE e 2 HE Hh 451
S U A PLEEIE s oK B R A bt A R
G R 7 G, 2 1T T 3 o 38 T R b R AR T A i
(EE/ I DEBVEZS A sha S & &% e b= Y& N U AN
BE Bt i R AT sl o A s R IR A SR
FHAK B ASFEIBAR AN, TR0 TR NS [ A4
2 R i SE M BT Mk R TR T R N SIS AR
W, I A: RGO TS YR R A IS i R i) E A
BEIm 8, ORAP - SR fe Feth 2 A BRI Rl J i TR
— AR R H bR . YA R PR (soil
resistome ) 2 ¥ 1€ Hg J5L TRURN AR5 S5 TR 19 i A e
AR YU DL AR SR B ASETEshi
e L SEHT L ORI o3 AT S AL R P, AR SOR &
45 )R+ BERREE i AR R ovE TS Yy FEEOR IR (K
BN ARG AR Ry BOL I A R B 4 R
PUAE R PUVETS QTR SRR 2 R

1 HREBRPRGEERNEREE

1.1 TEREERREEFRRE

SRR ER RS R E R E L
AL LEZS AL, 205 o 6 Z R A e
I 227 IR T A 0 A B R 22 RN T
AR R N A R 5 B A 3 A AR R R I . AL
THER G IE N B — DB R R . BFFEER
W1, N i 404 A b il b 38 vh al A6z I 3 160
AP P AR R AN 2 N T B I A BT B 30
TR e v i 2 381 22 Fof T 2L 19 beta— 1A TBE i 16 2
PR BV £ v 2 (3 3 4R i) B9 oK 1R b v AR R AT
R Z) i B BT beta— N BERE S PUFR L T B R
SRANBE IR A 22 AR 2R i P2 I U - 4
HRTAG I 2 131 AR BT PESE N, X SRR AR R
T B RS TR D LA AE T A AR S IR
P T BRI PR A 2 T g A

N i 2l 2 - S S IR A R A A R g
o, ZENC T 2 AN IR G L DA R - SR

) —FpEZ 0, EEALE GRS RS, bk
FME S W ERBRR IR, i TR IRE
YRR IE ST, s e B vk L DR R b BN A
A5 S Wy FAF BN PO SE P B A . shi %
6 2 LA 2 0 260 A MR 5 A3 3 5 A o 3 R
PUPERE , FLF B RRR S B B 5 T b it S
PR K ST, 33 40 1 5 DA il 25 AL it P 2F A 1 4
J& , AT R B SE S IR A 1 k1 4
UL DR = B R A T s 2 R £
(A HLAE rp 5 B bt Ak 28 R o 4 Rk 7 DA A
BLST, 0T 2 AR = ey B 4, 0 I el AR 3R
TETE 2540, B RO 4 B % B b 3 R kb =
A BRI RE R T, (A B B A WG 4, nT R SE AT
LR A 7 H R BT AR M R e S R n] A
g, H B K WA T g

H K (] R A S R e e R PR AR R e AT 5 —
AN EIRA, V5K AL H TR RO AR A
WG K BT R K TR R K e Tl 5 K 45K, A
FE S PIHEM ) |2 e K Bl 25T KSR R
SEPUPE BB I AT KA B O — N E
KBTS RAGEAE ™, SR, H RS KA T2
FEARRETE & R BRTT /K R I PTHE LD, Bl K HE il E
N FWERRES , QnimT i v | R IEAE, A — e R
KER, &S E R R LG5 K 8 C# A  T 28
221 HKCH T RE R A - 4 DA o] R migAk
TGRS Yo e, A ST R WIS K AL BT
TR AT DU SO DT S P (R K AR R AT
A 00 3] A i B PR B DR AR AE A 5 5 0 BRZS E 1- B AR
LE, R K E R 2 Tl S BT S R 2 R
FEVE 2 T, 108 PR3N 3 &

KATIRICRE TR AT hbE L NS
Peffki 2z — . WFFE R, V5 K AL B IR L
T s R e s R KR G S HR A
KEPUHE R APTIESREA TS K AL B S5 R RE
ERRE R AP PR A F BRI, e, fidth
BTS2 DUAE S R 2 AR,
X2 S R PR R Sl T KR
SRR UTRE ) 7 2R 0] 58 i, E A AR i
HEHUPE RS I TE R BT h O AE R /L, A3 fif [

[14,16-17]
(e}



—t

66 www .kjdb.org

RN S48 2022,40(3)

TR BT K R K b & 2R AS TR B ik 2
IR BLE AT AE 5 A3 RO 75 GeA 56
WA, ZERE R 3 UK K AR AN 3 4 B ZRER e
SELA, EATTBAT AR B B 0 A b S A R AE X
SERFTERE /N T 2 P A TP Al e s R
MEULREIEA PR
1.2 TEOUEEES HHERSIEF

TR BONE B, IR
HE DN 2 M sz 2 Z M A ) S AR N T 152
Wil o B 5, ANTRI S Y 8 N IR JE A 2 AT
F S HUC, RTINS e A AT R £
SEHTIEFE D AL Uk, AT 3l S B P A &K 5k
B E SR UBR A AR T U Y
PR s e AL IE B KR S R R
FRIUR , XL E IR IR 5 A 1] BUAE - HE A T e v
L, 2 TR ) L ST R TN

1) 3R ORI L3RR B AR R ) £
53 0 11 0 o e 3 1 v o L o N T P i 1122
i - e PR o S HLTRE . A HLR, B AnAR T
AU LA ] I R e s 1 A H Rk
PAKEFRAERE S o AN LSRR T - e iy T
LA A R A 555 A ], FE PP A A
TR LB A AR E 22 . I, U
P RE VR AR AT AT S AL ) 20 JF0 = B2 BAT AN [

Sto WHIERWL, s b R e o

it 2 M A U B A Rl R P I, SRR e
Wi e 1 PR 4 73 A, 5548 A T AR i
serb HAT 9 2200 H AN i R R R BT I, bt
CE RN AN R R AR TE S AN R
PUPESREDI A9 oA, WD £ He ) 66 L L) SR AT 2
SR T AR B - S b bR B Y A
WEAN , BEVE R GEAIR] UL R A 7 A A% Jm e B 22
S, AN, FAELAE A 9 5 RACRS 3 rh A etk
PO 28 57 35, X R B i T A SRR A R
BB RE TS 45 0 03 22 S I s, W, 4%
b DX 838 T 25 S R BR A BUAN [R] , o R RESE
WAL S BT B R Y Sh A A

2) ANIREIA o F B SR I KL 5 A L
FE T FH AT LAY S R A A B R AT R D R A £

S, W UR IR R A . TR
SOl B AR R A S 3h W B 5 5 2 e
PEFEDR] 57 K a B A PR ) A Wit P 1) - 4
R S A S v 7 AR SR R S Y i
FEIE 7 A T R A I R TR S 5 S5
B, BE T TR T AN E R B PLIL (536
XEFEHNA- ) Tt FH X e SR A A 7 iy - S i
SZIR o & Bt FH 2 N3G i T 4 3 v ok 6
ZAEPERNLAE N F B AR [ B FEAT X et L A
(RS TG f 35 25 5 A 1 S8 TP AEAE S04 E
APUHEELD A 4R AL T, SR ity
(R NIRRT T B DR i A R B S M R R AR 1
FEFE A, A A TEHLAC FA HUAE Tt A mT
DA AN s b ot B o ) R BE R 2 A LT T A
{18 b A O i PR AR TE A AL it T 1) 3 v A
DUE A7 ALAC AT BE 2 38 B i 5 DA 15 i A R T
WA U AR 0 1 e R -3 b i i
WA RIS — YO N X AR H R e B BAy
FIAFZ A, 55X PR 3R L — YO IE S5 1 -3
B DRI ZH R A BEATS S G I X SRS R W T
VoA 2 I AT, R 2 b 2 ik - 8
HPT IR R H S R RO A A
A, oK AT TR SRS A DU PR A -
SEIRIEE R[]I, o 23 52 i e PR 7 S b i o0 A
AR, oKk B AP T R i L D i i
R WK IR FREEE A 435, Bl I rp i A i
Ve o 52 ) 0 S BT R AL 08 3 A s A S RUR B
AR TP BT B DR it XU 7R A= O e b
AR 3l o 4505 e A 10 55 4 i KT 1 PMs
(Particulate Matters) LA J ™ B (1) 4 25 55 Bifi 45 O
TEABRYH, 0 BT R 5 45 R A i B IR A
TR AR A A e P A BT P R DR AT AR 245
[l 3 K T8, A A 8 b B R N R L R
AL

3) PiARKE . MEEALEFEE RN E
Ji ORI Z PR R T & S PRRIPIG . XL
A W R Z RO RER S W) 58 W, 29 30%~90%
LA R ARSI 19 2RSS HE AR ST
BB IR S 2 v R B R A B A



—t

RN S48 2022,40(3)

www.kjdb.org 67

AL L3 28 R (U0 beta- N BERE )
HEA T2 5 i SR A 2e A R AR KW
g Y (AN R IR I R TS T R 2 ) | 2 1 3 AR
SR H, 2 EOAEE th UM N s Rk
BT 25 PE R W28 58 . Cheng 25 % PR 28+ 4%
i A 22 A H S5 R e v TR H -4, K
- BEANE = A i NS P AR BRI R R A
KK H R K 100% , 1375 T 2K Pt A= R B9 H %R
431N 69.23% F173.68% ., 8L iE— LA &
B, K g B R B B I sul2 AR F 2 5
ik e — FH W g R ) 8 2R ) o B IR AR DG (P<
0.05) , el A = BE 5 R0 (e A 22 R] TG B I8 AH 56
P (P>0.05)", McKinney %5 %& i A4 [ -+ 38 F1 55 4
Y35 v DU PR R I ARGs SHiAd 5 i %
IEAROCP, X FERM THUAEREW T L
AT oA, AT LR BB U B, T S T
PRI ERE . TR T SRR 58 32 ARG I ) 2 Py
INFE R IR G M R 2 4 AT R0 A R AT
KHUMEEE R ARk AR A AN AR R APk 2
PR AR SC PR A o I R WA BT AR 2RV BN 25 4L
PR PR 2 B A E— PR 2, 348 1] B SZ B PR Hh LA P
R 4R  pHAE AT AL i 5 R

4) EHEREE . N THRE SYINRE S 2
B BERKER, BRI E SR T
ML SR HFERMEDESREE, WE N
SEARHTEESRIG Y. SPUEEML, ELE
ANy kit AR IR B R AR A7 A, v DAFEAR D £
P AF R E T4 BT REXT e A R
PRI A R I B R ) . P 2 A e
RO SR Uik iR R AR R A 454 A ) fig
FRIE, 5 4B AN B R AR AT DL i e PR AR
FHE SRRy RPN . X TELE
FHL A Z LB 5 (co—selection ) I WL 254 4%
i T A TA R, S AL S EALRR AR 38 (1)
XA A A AP R REXT A R A
& BRI = A Bt s HER R 58, (2) DhEPL
PR 8 40 R 1) Z AR e B B T [R]—astA
T L ks A e AL (3) BT
ARV S E SRR P RIEEE  HE R bR

RN ESIRE T PRI T RN — R 55
ST B R N 28 2R e 1) o o LA R g P A A
S, MRS R, it FH 2 AE 30 4F (1% 138 v Cu Zn.,
Pb & RN, It H 5 tet G.tet O tet W tet B(P).
sull (sul2 .erm B Flerm F 835 1EAHG, R HE 4
JEATRES 5 AN AP ML B Y, Hu S8R
o 3 2 4 i PCR B AR (HT-qPCR) A5 A 45 1
s e e I g AR R PUrERE FEE, R
BRI AT DA S 2 e A e A R PUE SR 1 2 MR
FE I H X Az o] G2 B AR e i R T £ 3))
WA TR T IR S oK AR A LA T A 2
FER 10 4 )5 3BTRS K 10 22 5, & % R
255 b BRZH A SR R TR 53001 O 34.3+2.4 mg/kg
H169.3426.9 mg/kg, 3B FE T CuCl, (47 I 1 5
B A b py AR I 1 2 TR (P<0.001) o F5 2 F
1550 10 4F 5 , 3EPT 3L KA b T8 7K
i B 26 TR it FH AT 3 e M S R A K B A
TE , Hov yeel _mdiH F1 ephA J& DRUTE ¥ 26 R0 it FH 5
Fofr b 2 e 4y W) 2 A L SR WA AT R g
YA RprtE LI EEY B EE N E R A 3
FENT ] Y B e A TR R oL R B L AR
A B )RR I AT 3 e e AR T 30k H A 4
Uk B & AR, W A5 4 I A 0l O 1 a2 1 it
R 14 4 Ja 6T I R DR A 5

5) HAWH ARG ey . ARG S A 1R 28
PG LR IR R AR S A E T T
e 1| a7/ B e 1| R 371 /NG w578 T DO R 7 G X 7/ D
AR T AR K BRI 75 sl R A KR
VIR X HUE S R AR s o ol SO R e
AR ZE U TR R D TR RS B RTE & Y S, Y
WA e A R e e A R AL,
IS R A ) A R AR T K AL 38T 15 T i
TR AE P RS L i, HPT A R PUPER N T Rk 30
FE SR, H ATET X TR X B B R )5 )
FAE TR KRG, LR b . 9k
AT 35 PR ) s i A0, 328 Y7 A7 381 AR A 22 1 O T
H iz T Tl f 188 B3R 7 il 5
53 3 A R 24 PSR N PN 2 0 RT DA S St
PETRERGL . S5 T B 58 R W GOKRAR AT D) b 2



—t

68 www .kjdb.org

RN S48 2022,40(3)

SEANAMHER POV RE D B 2B, O 3 O TR
VR MATPEAL R AT NI, 7645 B RTSE T AR
Hh R S TR AT Y 35 S M X D R R
M

2 TRMREPHRMHEENEETRE

2.1 fiERETE-EMREHHESE

R IC A ™ A g T D ) T 7 it
il TR SR HUIERE DN E AN M i B4 i A, 3
YRR AR BB TR T O S deh #F
FER], JLF B A Bl S AT e DR A AR ) (i
B R G BIE GRS VDRI ) R, AN BE R RS |
RS DUPR RIS R R T R I e 2k A
beta~ N LM IEHTIERE N EHATIIRIBT S A L,
T 45 32 A ML =i it A AL IE ) 2 ik iy itk
e [N SR B A 3 v T AL e A AR i SR it A6 AR ) ™
T WFFERT, A FE /KR 5 vh 73 5 1 Y
RS KT T+ 40 28 BN R B2 9 T A 3R Tt 24 1R
Wang 45 R F Wt 2 A 14 F - A7 Rt
5, R BMGR G HLE SN AR B P R R R
PRI, SR FH 3 I 7K R 88 55 26 4 D A HILAE R
A I Rh AL S e, S5 5RO BT D e
SRARPR ARMRPR AT F AR A 03w . X LT
UL DILAL T FH A0 mh K R 25 N R 385 Sl AN AU )
T YRS AE R P R W Ae Rt TP A
Yrrbp O . I, SRR B RN T 80R 4
PR S IR, AT BE SRR G R s N FR AT
PETR MR RE N 3k S AN P D R BEAE
18 A E SR A AR U B A 1 TR R 2 TS
AR R, T Y S B D A F 5
Z AP e JKIRRIR SEE IR T, ) SAE
Pyt A NI JE it 5L I LR Y s = R GE1E
RWIFE, SO BZ A P AP B AP ] 2
AT LIRS SR N3 Hh Y B IR
22 HMERAELTE-KERFEHHEE

HBFRKAR T5 KRR K AT E A I 31 R e
PETRRITE RS B AEAE , R A b B e D] ] L
AR BE R A LIRS, e Ry

e PR 2 R K R |l AR AV i AT RETE MR K
TKAEAFFREE A B AT A BRI B
B TAR MK i EFE YRS KR IR, B & SR EHE
O K P SR AR RS IR BT A R ST R AP
FE DN A, 47 A PR B A 22 Ax IR R, 491 4 2 U5 2l
W i B ) H BTG A 2K R At Al 2 5k B A A
R P /1 S S BEW R R L2 7/ BB RV AT 2
Yy AW AR R T REA S WA v A DU X —
52 2% BT A ELAE T A R P B R TP D A 3
FH , M AT 1 B AT BT 3 PR R A DTRR ) B
Ja ] e 2 A A R G P AR R
2.3 tEIHMGERREEERNY E

ISR A A AR G A R ),
JRW) o3 CE SRS RERFERS LRV RS I
15 YWy ek Ak 55 07 T R 436 T AR, IR s A ol
ok HE Sl Wy i 1 S TR VR ) BB IR R A
JE, LA Bl HC B B IR Ah A R R A R
FH fEARGE S 2 2R B 2 B B 2 PR
Yy i) 22 K, Bk L 5 A 21 v Al 28 B 67 57 45 Al beta—
PN Tt JHe R 0 A 2R A A DR S AR T Bl s
T R R N A A B R R A B
Ve e A MU S E Mt Fo B AR b
A REFR R BIPUE R AR I g . WFSERIT L IR
BREVUER 14 dJa, Bk R B ok R N
AR5 A= B 2 25, R W Bk T A e A S R
PO D A R SR P A4 AR I 9K
SR AT L 5 s/ Bk M g T P Y A R A
ZRENE R T RS W e D X G e
Wy 4 ) 7 5 B 2R A

3 LiEhHitEEEERY B

BERL S R 3 R e B8 SR O S N AL H
HLE 2200 T L], LIS i 73R L I
JE B Z AR (ELUK T B AR R o — b B PR 7 2R
W 20 LA R YU s BRI 3, & i
AR TEKE DNA J Boffeidh 2n AL RR R , o mi7e 2 AR B o
TaE MR 2 AU, TP IR RS 1 2 n] RS gyt %
JLIE(ANBORL B & 1 R T BT IS5 ) A G0k



—t

RN S48 2022,40(3)

www .kjdb.org 69

HEAT , FEE A 3FHLHOR SN He G L ASREL LN
BT WA IR TE DT PR 0 K- B R e B vh
WG HEAE R, HATE 5 R BOR 2 105G TE
3.1 HEMEGER

2 TR 1Y) 4 B e i UL BE DR KPR RS LT, 5
S BT [ F2 5 RS 1 ORI S P AR Dy
PRAEE AT P B DA 7 Bt o A R TR 10 52 AR T ] o
AIPTIE B BT RS o Fan SEA T R A7 55 97
&R W5 T ) 1 UKL RPAAE IR B h i 4
Bl 3 U AN L o3 R 4 A T AN Y 2R B RP4 JB
R AT (] L e WU RETE e B e R R 20 0 107,
Proteobacteria . Bacteroidetes . Firmicutes Fll Actino-
bacteria & RP4 U 7F - 3 (1) =222 AR T [F)
B} 7 32 A B B v K P4 $E Acinetobacter baumanii
Aeromonas wveronii, Bordetella avium . Staphylococcus
spp. S5 I E N J5UA , R BT BORL A S PV L A
TE A SRR rpa] B 7% B SEBUR T b, X AT R
T OB TE R, BUvE BOR RS FR  —2
P 0TS B LA, - SR AL 1 Jo dn - 9 5 3l
TR pH BRI B2 25 X 7] S R e 5 B R AR
- S5 S Wy T D A S R e ] S A PR R A 2 R )
FURLHe S 5675 o PudEE o0 R BLAEDUAE R A
T B RS AOK R T A BRI A
TR, H A RS 9K BRI IR R T L dE o P 1AL
Jof i 2 A2 B TR A 5 B B0 B N Pseudomonas
putida KT2442 F KR GUEYIIEVS (05678 2t — 20
o3BT W5 55 /8 40 K Ak % i T e R R N 32
VAT 20 M3 325 P RBP4 4L (ROS) R G2 AL 5
F 5 T A% R G R IR 1) 2 30 S AL AR a0 S5 e 5
¥ o BRI — LA T A A pUvE R I Ry 2L
VEFERL , [ AL R I BR T AR 3R LAAE, 3 0y G TR
PUAE R AL A DA 38 5 5 e KT R R R S S B
PEREDI B RO
32 HHBREW

TR IR Tb T2 40 R R AT K P BE D e R 1Y
—> Ty AR T DL R S v i AR R
DNA, JF 53] 3 S A A A TIhRERIL . $efk
P AR AN AL T A AR AT R B A AR
S E A CUE WA R A 80 BRAN TR JE T LA H AR EL

PRI, VF 2 Bk TP AR AF7E S 55 DNA SRR JE (] s
IR T A SREAC R Rz A0 A B A IR AT
FEH R TR, B E SR =z 5
HIRZEFEFWLZINGES, DR, bk R 25
ARV 2 A E ISR RIUE R AT
DABEBEBUIE AR 107 5 AT DA S S T R b o 2
A A AL . Wang F 4l T ARBTA R 258 n]
PLIE 2 MR DNA B8 S 25 (i e 1 5 PR A 7K1
e R |3 2ok 4 R 2H 00 e VR 1 4H O i L
BE UL AR 1 58 SR T AN IR AZ A R K
V- B A L ROS #3847 O, Traglia 45 & 8L
MLYE F & H A Ca™ 1] DL 50 J8 57 25 240 il Acineto-
bacter baumannii FPUIEREH F AR AL A, Bal-
salobre 45 & S 145 A 510 14 5L K (parC parE Fl gy-
rA) FE Streptococcus pneumoniae . Streptococcus mitis
Fi1 Streptococcus oralis 2. [8] & H= 46, H A £ XF
UL A SR AL OB FE 8 32 24 vh 7 52 56 28 b
58, T PR R 5 A X I AL - S rh T v
PRI ARG A B R HE AR I BIF SRR R D
3.3 MEHENINES

e IR W AR (A TR 75 ) A0 0 e (0
AR AR DNA Z [ 567, 2R % S P L
7530 PR A R S MR S AR ) e, AT T
[6) 5 | R A AT — A A T B DR 2 B i e B
A 5 I SR S0 W TR AR E A e B L R vh 455
76 00 DNA Bt 7ede e PR b, i R i
RN SER VAR E AR LR TB e 371 (G L |
VU W RR e S, 24 0 W TR A 3l DNA B SR 4K
SRS B G PN B ) B AR A I R AR T
Wk B A M1 32 R 20 | 35 D) 2 i AT i & 1> DNA
PE DL e ek 00 o K dim o A 2 P PR 05 Wk PR (R e 47
A R YU RYARAS RN T R R AT
A IR TP TR
JROT, M R Wk T AR K HL A T A — A G R B
B (NTTNEE I s w45 07,72 =2/ SN [ 6 s e = 41
AR T AT S DR K P56 B i) R i 7% J5 1
IKRIRIE o Ross FE 7R ATAE 1 PCR T BOX it FH it
GRFEAE AT A A BEZE A 7K S HE N A 2R AT
18 S T 14 200 T FI 55 DNA JEA TP ME L DA o



—t

70 www.kjdb.org

R S48 2022,40(3)

SR, R BIRAE NS HE DNA Hhfs o] il 21 5 bR i
(strA ,strB, sull fl aadA) . TR W58 & Ipi A 26
(Rl — P s | 20N 75 8 2 SR PG 1) s ml e ik
Wt T A A 3 1 0 Pk 5 PR KPR B8 1 R A, Lar-
rafiaga 35 75 i 5% T 3895 5 DNA FR kG I H 42008
TR R BTN beta— PN IR I Bl 2 S5 BT M 5
I3 S A AR 5 S 50 e I A i U B TR Y
FRRER I TR YL RE Sy X R R A AT LA
AT Z R Uk HE I, OF B AR R pvE 5L D i v
B SR FH 2% 5 R A DN s AN [) A FH it A 4t (A )L
NEANTEATUAL bt T ) =358 rhofig 2 DAL CHHE A A
PR, A HILAE it P AR A 240 21 s g v R I =
JE U AR R M E TR TR R
FPUFR R BRI N BRI PUPE R R T 2 18, AN
[ i JES A 380 4 5 R A A TR R s L R TR A
AR E CEUlE AR & 3K ) o i T B AT 5 b g
PRI BIFTE IR AR AT IR, Wit T (A 0T -+ 3 rh i P RE DA 1Y
IR 1) 58 B TTHRIE T R AT
3.4 EFEENSHIEERKFEER

JEC 900 A% 20~250 nm K/ EYERIRZE 4, 41
L A1 0 i 3 e A TR AR A, 32l G-
A, IR AT DL S A MR A T Rl TR
A AT T #4511 “Cargo” o TEIKOF 5 DR 5% % o 7
HhY TR DA IR A R 7 A 0 R, T L
MMM, B A DNA . 5 R, 46 & Acineto-
bacter 53 %5 [ BE 1 AT LATEAR SMFE RS U A= R PUPE
Fi7 . AHALLHE , Escherichia coli 430 17 4% ¥t \] LA
I DNA SR, KN, B ATE6 1 BRI 7% K
P-4 TRV 7 A 1 Y TR B R R K- i R e
8 TTHRATIAS BT AT

4 Z5ip

R DL R IR SR 5 AR TRl
SEENTEREY B E 2RI AR 26 - e 1
SNG4 B B 2557, NI sl e M ]
SEDUPE I DA L PRI v ) R B, X SE AT Rl e
KV IEN e R A AN R A0 B R A5 4% , B = e A% 2]
TEAE A BB T, X N A B Sl PR A o RS

SR R BT I K A AL A AR
RS ARAEA B T 1 ) L A 25 R G P PSR A 1Y
PRI AR AL FIAEE R XUBSE , il il 470 AR BT PE R 35
B R P LR R A (IR 1) o HATHE T e3R8
PR B AGTIEFE N B FEATS A — 28 i R fige ke 4 ok
=y U S LA DS R 1

& R AR
O JEfL o ®Wa

%

SRENEE ik

WEMRRE

T

K1 HIRASRG R hUA R UL
AT AR 60 ekt IR

1) TRF-J R e A% JE it N 7E R85 rh A 1 Y
FEEIPFHLGIZ — o HATE 2 PR T 1
PUPESE UK FRZ BTSSR AT X HAb T 7 Sl g
ool inse & 45 ot (ICE) Al ATTIF W i {4
FE IR T 1 A3 AT RAE IR IR T LU BT S
PUPEE N A 5 5 BOHL ] B BT ST AR e it 4
J 22 IR E I G TE B R A AT S T 4L
PEIE P AT FAZ P o

2) SR AR GRS R BB 1] A2
Ry B — B EOR LS R UMERE DN A2
Fe Y EZORIE . BB Y RGP Rt
P 0 R P A PR AN R B T e IR



—t

RN S48 2022,40(3)

www.kjdb.org 71

o HAMNTERA RGN TR KR AEI G R
PEAF AP LR FRYTIERE N BLHE A, TR A2
i FRE S P A U o SR, RS T R - &
GEPUTE IR N AL AR A BT ST IRAR D, — B AL R A DG 1Y
SRR R) AT AS BT AT, 0 = 3 — L) 2R 58 e A v A
HERHTIESE DN I A [R] L - R L e FE A
4 B AR AR 25 s A ) L - R G b R 3l
TUAA 5 (0 TR A o DX 7T P R DA 2 B 2 AT oR
2TAR . I, A Y R G BT R ) 2
AR S LR B S5 2 — D IRABIFIE

3) AN A A PR AR E A T R ) Ak R
I, 6 v XU TR R D X A 7 A\ SR A B AT
B HTINE TR PRiZ SUsBIEFE 45 SRR B
FEFRIFE I ] UKL B8 B BOA MR
I HILA AR B B B 255 . KT,
1o EEHUERE ROFA BR B = AU, ELASTRI ST
PEBE DN Z [A] HE XU AT 35 22 5%, BRI P e e R A
P o JBE 22 A R R XU B, 2 55 A i) 7 A 00 BB B
B DA W5 o b iy e B e LI, b B0
PRI R A B DR AR S 2R B s , DA A
TR RRARONE , S Sr bl B T AT BT AR RS
PUNEAE R MBI R 2R

4) WK PR PRI HTAE R AT N5 Y
HETBZ— SR H AT sh SRk 7 15
KA BT K R A 75 e Hh A 2R S A
PRI R R TR DR AR | PRIE AT 5 DAL R % B 4 1)
FHRARMERE S, AR AR ZR AL Al AN 5 A X T
PR [N B 6 PR 000 S5 AT S AR X Bk = o AT itk —
A A B A FRE T TR D2 AR 4910 1 £ 9y 75 W B A
HEsh W iH Ak (Ui i1 55 ) 45 L BRI BT P O HTLE R AN
PUPEEEINTG 3

2 % 3Lk (References)

[1] Forsberg K J, Reyes A, Wang B, et al. The shared antibi-
otic resistome of soil bacteria and human pathogens|J].
Science, 2012, 337(6098): 1107-1111.

[2] Gillings M R, Gaze W H, Pruden A, et al. Using the
class 1 integron—integrase gene as a proxy for anthropo-

genic pollution[J]. The ISME Journal, 2015, 9(6): 1269-

1279.

[3] Tiedje J M, Wang F, Manaia C M, et al. Antibiotic resis-
tance genes in the human—impacted environment: A one
health perspectivel]]. Pedosphere, 2019, 29(3): 273-282.

[4] Cytryn E. The soil resistome: The anthropogenic, the na-
tive, and the unknown[J]. Soil Biology & Biochemistry,
2013, 63: 18-23.

[5] D'Costa V M, McGrann K M, Hughes D W, et al. Sam-
pling the antibiotic resistome[]J]. Science, 2006, 311: 374~
377.

[6] Hu H W, Wang J T, Singh B K, et al. Diversity of herba-
ceous plants and bacterial communities regulates soil re-
sistome across forest biomes|J]. Environmental Microbiolo-
gy, 2019, 20(9): 3186-3200.

[7] Allen H K, Moe L A, Rodbumre J, et al. Functional
metagenomics reveals diversef —lactamases in a remote
Alaskan soil[J]. The ISME Journal, 2009, 3: 243-251.

[8] D'Costa V, King C, Kalan L, et al. Antibiotic resistance
is ancient|J]. Nature, 2011, 477: 457-461.

[9] McCann C M, Christgen B, Roberts J A, et al. Under-
standing drivers of antibiotic resistance genes in high arc-
tic soil ecosystems|J]. Environment International, 2019,
125: 497-504.

[10] FRBEAR, M4, TRk . R FESREHUE RV
HE 5 BRI, VTR A i (R 5 AR i R R,
2017, 43(6): 691-699.

[11] Zhu Y G, Johnson T' A, Su J Q, et al. Diverse and abun-
dant antibiotic resistance genes in Chinese swine farms
[J]. Proceedings of the National Academy of Sciences,
2013, 110(9): 3435-3440.

[12] Christou A, Agiiera A, Bayona ] M, et al. The potential
implications of reclaimed wastewater reuse for irrigation
on the agricultural environment: The knowns and un-
knowns of the fate of antibiotics and antibiotic resistant
bacteria and resistance genes: A review|[]]. Water Re-
search, 2017, 123: 448-467.

[13] 280, ZR a5 . % T Je oAk R otk 3 R i o i e
[J]. A9 3E 4z, 2019, 46(8): 2069-2079.

[14] An X L, Su J Q, Li B, et al. Tracking antibiotic re-
sistome during wastewater treatment using high through-
put quantitative PCR[J]. Environment International,
2018, 117: 146-153.

[15] Thebo A L, Drechsel P, Lambin E F, et al. A global,
spatially—explicit assessment of irrigated croplands influ-
enced by urban wastewater flows[J]. Environmental Re-

search Letters, 2017, 12: 074008.



—t

72 www.kjdb.org

RN S48 2022,40(3)

[16] Wang F H, Qiao M, Lv Z E, et al. Impact of reclaimed
water irrigation on antibiotic resistance in public parks,
Beijing, China|J]. Environmental Pollution, 2014, 184:
247-253.

[17] Wang F H, Qiao M, Su J Q, et al. High throughput pro-
filing of antibiotic resistance genes in urban park soils
with reclaimed water irrigation|J]. Environmental Sci-
ence & Technology, 2014, 48(16): 9079-9085.

[18] Ahmed W, Zhang Q, Lobos A, et al. Precipitation influ-
ences pathogenic bacteria and antibiotic resistance gene
abundance in storm drain outfalls in coastal sub—tropi-
cal waters|J]. Environment International, 2018, 116:
308-318.

[19] Zhu G B, Wang X M, Yang T, et al. Air pollution could
drive global dissemination of antibiotic resistance genes
[J]. The ISME Journal, 2021, 15: 270-281.

[20] Ding L J, Zhou X Y, Zhu Y G. Microbiome and antibiot-
ic resistome in household dust from Beijing, Chinall].
Environment International, 2020, 139: 105702.

[21] Wang L J, Wang J H, Wang J, et al. Soil types influence
the characteristic of antibiotic resistance genes in green-
house soil with long—term manure application[]]. Journal
of Hazardous Materials, 2020, 392: 122334.

[22] Wang F, Xu M, Stedifeld R D, et al. Long—term effect of
different fertilization and cropping systems on the soil
antibiotic resistome|J]. Environmental Science & Tech-
nology, 2018, 52(22): 13037-13046.

[23] Pu Q, Zhao L X, Li Y T, et al. Manure fertilization in-
crease antibiotic resistance in soils from typical green-
house vegetable production bases, ChinalJ]. Journal of
Hazardous Materials, 2020, 391: 122267.

[24] TREIEAR, M4, TR . FENE S — YO XA
P A RO R AR R )], NS B A Y
i, 2019, 25(2): 328-332.

[25] Fahrenfeld N, Ma Y J, O'Brien M, et al. Reclaimed wa-
ter as a reservoir of antibiotic resistance genes: Distribu-
tion system and irrigation implications[]J]. Frontiers in
Microbiology, 2013, 4: 130.

[26] Lu J, Zhang Y X, Wu ], et al. Fate of antibiotic resis-
tance genes in reclaimed water reuse system with inte-
grated membrane process|J|. Journal of Hazardous Mate-
rials, 2020, 382(15): 121025.

[27] Hu J L, Zhao F Z, Zhang X X, et al. Metagenomic profil-
ing of ARGs in airborne particulate matters during a se-
vere smog event|J]. Science of the Total Environment,

2018, 615: 1332-1340.

[28] Li J, Cao J J, Zhu Y G, et al. Global survey of antibiotic
resistance genes in air[J]. Environmental Science &
Technology, 2018, 52(19): 10975-10984.

[29] Hu X, Zhou Q, Luo Y. Occurrence and source analysis
of typical veterinary antibiotics in manure, soil, vegeta-
bles and groundwater from organic vegetable bases,
northern ChinalJ]. Environmental Pollution, 2010, 158
(9): 2992-2998.

[30] Cheng W, Li J, Wu Y, et al. Behavior of antibiotics and
antibiotic resistance genes in eco—agricultural system: A
case study[J]. Journal of Hazardous Materials, 2016,
304: 18-25.

[31] McKinney C W, Loftin K A, Meyer M T, et al. Tet and
sul antibiotic resistance genes in livestock lagoons of
various operation type, configuration, and antibiotic oc-
currencel]]. Environmental Science & Technology, 2010,
44(16): 6102-6109.

[32] Larsson D G J, Flach C F. Antibiotic resistance in the
environment|J|. Nature Review Microbiology, 2021, 4: 1-
13.

[33] Pal C, Asiani K, Arya S, et al. Metal resistance and its
association with antibiotic resistance[J]. Advances in Mi-
crobial Physiology, 2017, 70: 261-313.

[34] Yin Y, Gu J, Wang X, et al. Effects of copper addition
on copper resistance, antibiotic resistance genes, and in-
tll during swine manure composting|J]. Frontiers in Mi-
crobiology, 2017, 8: 344.

[35] Hu H W, Wang J T, Li J, et al. Field-based evidence
for copper contamination induced changes of antibiotic
resistance in agricultural soils|J]. Environmental Microbi-
ology, 2016, 18(11): 3896-3909.

[36] Hu H W, Wang J T, Li J, et al. Long—term nickel con-
tamination increases the occurrence of antibiotic resis-
tance genes in agricultural soils[J]. Environmental Sci-
ence & Technology, 2016, 51(2): 790-800.

[37] Bank M S, Ok Y S, Swarzenski P W. Microplastic’s role
in antibiotic resistance[J]. Science, 2020, 369(6509):
1315.

[38] Pham D N, Clark L, Li M Y. Microplastics as hubs en-
riching antibiotic-resistant bacteria and pathogens in
municipal activated sludge[J]. Journal of Hazardous Ma-
terials Letters, 2021, 2: 100014.

[39] Chen Q L, Zhu D, An X L, et al. Does nano silver pro-
mote the selection of antibiotic resistance genes in soil
and plant|J]. Environment International, 2019, 128: 399-
406.



—t

RN S48 2022,40(3)

www .kjdb.org 73

[40] Campos J, Mourdo J, Pestana N, et al. Microbiological
quality of ready—to—eat salads: An underestimated vehi-
cle of bacteria and clinically relevant antibiotic resis-
tance genes|J]. International Journal of Food Microbiolo-
gy, 2013, 166(3): 464-470.

[41] Zhu B K, Chen Q L, Chen S C, et al. Does organically
produced lettuce harbor higher abundance of antibiotic
resistance genes than conventionally produced[J]. Envi-
ronment International, 2017, 98: 152-159.

[42] Holvoet K, Sampers I, Callens B, et al. Moderate preva-
lence of antimicrobial resistance in Escherichia coli iso-
lates from lettuce, irrigation water, and soil[J]. Applied
and Environmental Microbiology, 2013, 79(21): 6677-
6683.

[43] Wang F H, Qiao M, Chen Z, et al. Antibiotic resistance
genes in manure—amended soil and vegetables at harvest
[J]- Journal of Hazardous Materials, 2015, 299: 215-221.

[44] Chen Q L, An X L, Zheng B X, et al. Long—term organ-
ic fertilization increased antibiotic resistome in phyllo-
sphere of maize[]]. Science of the Total Environment,
2018, 645: 1230-1237.

[45] Marti R, Tien Y C, Murray R, et al. Safely coupling live-
stock and crop production systems: How rapidly do anti-
biotic resistance genes dissipate in soil following a com-
mercial application of swine or dairy manure[J]. Applied
and Environmental Microbiology, 2014, 80: 3258-3265.

[46] Wang F, Fu Y H, Sheng H J, et al. Antibiotic resistance
in the soil ecosystem: A One Health perspectivelJ]. Cur-
rent Opinion in Environmental Science & Health, 2021,
20: 100230.

[47] Watts ] E M, Schreier H J, Lanska L, et al. The rising
tide of antimicrobial resistance in aquaculture: Sources,
sinks and solutions|J]. Marine Drugs, 2017, 15(6): 158.

[48] Marti E, Variatza E, Luis Balcazar J. The role of aquatic
ecosystems as reservoirs of antibiotic resistancel[J].
Trends in Microbiology, 2014, 22(1): 36-41.

[49] Zhu Y G, Zhao Y, Zhu D, et al. Soil biota, antimicrobial
resistance and planetary health[J]. Environment Interna-
tional, 2019, 131: 105059.

[50] A&, BRTFAR, T8, 5. IR RGP hul Ry
BEIH 5 R R AR - O S R B[], TR R ARy,
2019, 49(12): 1652-1663.

[51] Liu Y Q, Sun Z J, Wang C, et al. Purification of a novel
antibacterial short peptide in earthworm Eisenia foetida
[J]. Acta Biochimica et Biophysica Sinica, 2004, 36(4):
297-302.

[52] Li W L, Li S'S, Zhong J, et al. A novel antimicrobial
peptide from skin secretions of the earthworm, Phereti-
ma guillelmi (Michaelsen) [J]. Peptides, 2011, 32(6):
1146-1150.

[53] Zhu D, An X L, Chen Q L, et al. Antibiotics disturb the
microbiome and increase the incidence of resistance
genes in the gut of a common soil collembolan|]J]. Envi-
ronmental Science & Technology, 2018, 52(5): 3081-
3090.

[54] Zhu D, Zheng F, Chen Q L, et al. Exposure of a soil col-
lembolan to Ag nanoparticles and AgNO, disturbs its as-
sociated microbiota and lowers the incidence of antibiot-
ic resistance genes in the gut[J]. Environmental Science
& Technology, 2018, 52: 12748-12756.

[55] Lerminiaux N A, Cameron A D S. Horizontal transfer of
antibiotic resistance genes in clinical environments|J].
Canada Journal of Microbiology, 2019, 65(1): 34-44.

[56] Fan X T, Li H, Chen Q L, et al. Fate of antibiotic resis-
tant Pseudomonas Putida and broad host range plasmid
in natural soil microcosms|J]. Frontiers in Microbiology,
2019, 10(194): 194.

[57] Pu Q, Fan X T, Li H, et al. Cadmium enhances conjuga-
tive plasmid transfer to a fresh water microbial communi-
ty[J]. Environmental Pollution, 2021, 268: 115903.

[58] Pu Q, Fan X T, Sun A Q, et al. Co—effect of cadmium
and iron oxide nanoparticles on plasmid—mediated conju-
gative transfer of antibiotic resistance genes[J]. Environ-
ment International, 2021, 152: 106453.

[59] Johnston C, Martin B, Fichant G, et al. Bacterial trans-
formation: Distribution, shared mechanisms and diver-
gent control[J]. Nature Reviews Microbiology, 2014, 12:
181-196.

[60] Chen I, Dubnau D. DNA uptake during bacterial trans-
formation|[J]. Nature Reviews Microbiology, 2004, 2:
241-249.

[61] Seitz P, Blokesch M. Cues and regulatory pathways in-
volved in natural competence and transformation in
pathogenic and environmental Gram-negative bacteria
[J]. FEMS Microbiology Reviews, 2013, 37(3): 336-363.

[62] Wang Y, Lu J, Engelstiidter J, et al. Non—antibiotic phar-
maceuticals enhance the transmission of exogenous anti-
biotic resistance genes through bacterial transformation
[J]. The ISME Journal, 2020, 14(8): 2179-2196.

[63] Traglia G M, Quinn B, Schramm S T, et al. Serum albu-
min and Ca® are natural competence inducers in the hu-

man pathogen Acinetobacter baumanniiJ]. Antimicrobial



—t

74 www.kjdb.org

RN S48 2022,40(3)

Agents and Chemotherapy, 2016, 60(8): 4920-4929.

[64] Balsalobre L, Ferrandiz M J, Lifiares J, et al. Viridans
group streptococci are donors in horizontal transfer of
topoisomerase IV genes to Streptococcus pneumoniael]].
Antimicrobial Agents and Chemotherapy, 2003, 47(7):
2072-2081.

[65] McInnes R S, McCallum G E, Lamberte L E, et al. Hori-
zontal transfer of antibiotic resistance genes in the hu-
man gut microbiomel[J]. Current Opinion in Microbiolo-
gy, 2020, 53: 35-43.

[66] Lekunberri I, Subirats J, Borrego C M, et al. Exploring
the contribution of bacteriophages to antibiotic resistance
[J]. Environmental Pollution, 2017, 220: 981-984.

[67] Ross J, Topp E. Abundance of antibiotic resistance
genes in bacteriophage following soil fertilization with
dairy manure or municipal biosolids, and evidence for
potential transduction|J]. Applied and Environmental Mi-
crobiology, 2015, 81(22): 7905-7913.

[68] BREZLE, 28N, Hel, 5. d g ik 2 A /4t
A RBUHEBER KCF e B 0 58 0 R (D). 1 AR 252 4l
2021, 32(6): 2267-2274.

[69] Larrafiaga O, Brown—Jaque M, Quirés P, et al. Phage
particles harboring antibiotic resistance genes in fresh—
cut vegetables and agricultural soil[J]. Environment In-
ternational, 2018, 115: 133-141.

[70] Rumbo C, Ferna’ ndez—Moreira E, Merino M, et al. Hori-
zontal transfer of the OXA-24 carbapenemase gene via
outer membrane vesicles: A new mechanism of dissemi-
nation of carbapenem resistance genes in Acinetobacter
baumannii[J]. Antimicrobial Agents and Chemotherapy,
2011, 55: 3084-3090.

[71] Yaron S, Kolling G L, Simon L, et al. Vesicle-mediated
transfer of virulence genes from Escherichia coli 0157:

H7 to other enteric bacterialJ]. Applied and Environmen-

tal Microbiology, 2000, 66(10): 4414-4420.

The soil resistome: Origin, dissemination and driving factor

AN Xinli, SU Jianqiang”
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Abstract Soil is a heterogeneous habitat and serves as the major reservoir and sink of antibiotic resistance. In this review, we
summarize the sources and driving factors in shaping soil resistome, and the mechanisms underlying the transfer of antibiotic
resistance genes (ARGs) amongst soil bacteria. We also present current knowledge on dissemination of ARG among soil, water,
plant and soil fauna, and propose the future perspectives in this filed. This review will help illustrate mechanisms underpinning
the dissemination of ARGs in soil.
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