TRAE SRR Oct. 20, 2018, 45(10): 2217-2233

Microbiology China http://journals.im.ac.cn/wswxtbcn
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.180042

Tit Sk

INEFRIEZEHEERS | IS T RHERE
REED AT KRR MER® AWM BEAEY

(L. dERt R Rl A S T AR2EBE Jbat 100871)
(2. TER RS PR TSRS 1108 B8 214122)
(3. IV R4y IR 2=22pe Bl 200234)

 E. A Z kA E (Antibiotic resistance genes, ARGS)YE A —Fr#7 A 17 4 £ TR IR3% F
SR KRS, MAATRFERARGBRERTRXAGBERNE. R, | 2 EE5F(nt])
A~5-49 ARGs 7K-F4045 R IRBT A (kA = £ dt i e B Hig i3, | AL TS K F (intll)
5 ARGs ¥ E EFRE T I T 4569 AR XM, Int | 7T AAE A A7t £ — 2 A2 £ R B ARGs
RS F 6 i HAUINER AR E DY AR E . AIALBARGS 5 Int | EFRIFLF 8RB 55 H,
Bt Int | /549 ARGs it B HEAHUE| A BAR XA R 7 ik, B R KGR EREAY.

KPR A FRMAR, | BEST, KBS, KPFEAREHR, £

Antibiotic resistance genes and class 1 integron in the environment:
research progress
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Abstract: As a new type of pollutant, antibiotic resistance genes (ARGs) come from complicated
sources and distribute widely in different habitats to pose a great potential risk to ecological
environment and human health. Meanwhile, class 1 integron plays an important role in ARGs
horizontal transfer among environmental bacteria and turns them into antibiotic resistant bacteria
(ARB). The abundance of intll and ARGs in the environment shows a significant
positive-correlation, therefore Int | might be used as a molecular marker to indicate the mechanism of
ARGs transfer and transformation in the environment and reflect the impact of human activities. In
this paper, we introduce the sources and distribution of ARGs and Int | in the environment, review
the dissemination mechanisms of ARGs via Int | and related research methods, and predict the future
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research trends based on the current research progress.
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Figure 1 The sources, distribution and dissemination of antibiotics and antibiotic resistance genes (ARGS) in the environment
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Note: A: The development course of antibiotics and ARGs (data from https://www.cdc.gov/nchs/); B: The sources and dissemination route of
ARGs in the environment®.
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Figure 2 The structure, function, sources and dissemination of class 1 integron in the environment
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Note: A: The dissemination mechanism of ARGs based on mobile elements; B: Class 1 integron structure and function™?; C: The sources

and dissemination route of class 1 integron*,
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KR intlL A R R AR TR R T T Ak Ak
R Gt N BB AT AU AR ISR 4 A 7 HEE A7) b 20 1
FH, (HAS B ERRG intlL i4a Xt =£ 75, R ab 3
RS intl1 A X 2 RE T S AE [ SREREEAY
B, KB intlL A SRS TR, &
BHKEREZG Int | 75 YLk AR X 8 0 2
23 | IR EFEARIEYENE TR EEH
gl 0 v

UAEARA BT B AR Int | VE R A28TE Shik
JRIREE TS Yepg—FibRic ™, JEIRIR . (1) M

sk b, intll 5 ARGs, B4 EHIMHEIEN ., W
RGP SR AFAERR R (2) Int | fFE T ZFh3h¥)
FNRERT . FAERAMEN; 3) Int | Z2444ETF]
Balst ool AR AR A, HARAG R,
FREXS PR AR N AU (4) BTG A sl A7 A
() intll J& 157 7ILH (Xenogene), RIFETHAAZSTE
YRR BE R T sk iR . BT,
Int | ZESEAPRRRE b a] LU B ACRTE S0t ARGs 15 54/K
SERGT AR JRFE , [RIEFRAEANA] ARGs FEEE
H AR O , T IEAl ARGS ITETEAE XU o

MO BITFE S Int | 5 ARGs BUFHEK R,
TEIGA T, FERST Int | 540752 =25k ¢
ZESO LB Int | AYRERRE R Int 1 AT
PR 774 Z M 2451 . Krauland 257545kt il
WEEA TSP TR 251 TSR, S5 R R
B XD T TN 245 25 R R A R R A e R e 1R K
A KA AR AT R e
REFFEPI R BTGP N Int | 2R S A
9 FEAIEI ARGs, AT HE AT Int | UFA(E
(5931 L= N T P e (T P20 o S 6. )| W AR O
HAZHEATI 2515 Int | 5 VIAH G

TEASRBN TIME I, R LT Int | ZEAN[FH]
HEEA /5 ARGs 4% BUVER], Ma 2015
FH 38 7 R AR AV LR A 500, FEF A
intll FFFEHEZEA ARGs BEE , X Int | Frdas S
& LRy ARGs #EAT TN, FIXF 8 FAER RSN
64 PIMEFEARM TR BN . AFRAERRGEH
intll 5 ARGs F=JE 2 [ #F R 3 1 4 = i AH G Mk
(Pearson’s r=0.852), {HARIA ARG Z Mt AR 2=
52, HAEG KRR oK ARG R B, e
IKAEFRTHEK L K BB IR SO R
HAb g4 BRI AR Yintl 5 ARGs FEZ
B] s 2 B T AR 5 19 A o5& 1 (Pearson’s r=0.941)( 4]
3C). Pkt intll FEEAHCHRH>0.5 #Y ARGs HEATLEL
B, —3t 49 FEAELSTE 13 25 ARGs, Z5HRKH
Multidrug. Aminoglycoside. Beta-lactam ZE28514%¢
Z ARGs F4 5 intll “FEEAHE R 55 (K] 3D),
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Figure 3 The distribution of class 1 integron and its relationship with ARGs

W Ar | RS TAEARRTS YHE R G AT R EEBUR ;. B | BUE & TR A SRR B AT EREBUIR; C: | Bk AT
GRS PP R ER HEREG D: | AT SAREIIAE RPIERERGHCREG E: 23RAE 280 TS
FHER I BRT,

Note: A: The relative abundance of class 1 integron in different pollution discharge systems; B: The relative abundance of class 1 integron in

different natural environment; C: The correlation of class 1 integron and ARGs in different environment; D: The correlation of class 1
integron and different classes ARGs; E: The status of class 1 integron emissions due to global human activities®.
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Nardelli 25053 T 5045 1 intl1 F1 ARG 193
DR AEAN AR T AL R S T 25 57, 45553
Int | [ {2406 A SRR b FLR B R A, (R
SR R AR, iR r) ARGs
FFEBAIHERHALE Int 1, Horp sull JE AR 1k
FEEEA %, qacEL/qacEAL KL 1E [ A= 1 g it il
MiMEAA €A, Borruso ZEMOUAMT T 32 AR IE S5
FUXIR intll @504, S5 EHEATA AR ER S
Int | ZELMV IX BRI TR B 2, EER A
el DX a8 R 2 intl 1 K2 PR AP ol L B
WFFE B, intll 5 ARGs £ 2 8] 5 A7 72 45 B
AR CE, W] RAFRAEAS R ARGS 1EFREE 4 HE 1 v
FERES, Rl —E R b e T ARG ShXT 3 482
B YRR 0 TP
3 HAERIMERS |\ HESTHHATE
31 ETFPCRHMDFEMENTAE

— MR, X TFHUAE R PO RE SR
BT RUEYIE SR 2 80R0, W P R RO
Hpepeto, (B TR R M E Y U T 3R, X
ARG Z A=A REE TR Y 2R, [F)
B XA T3 ARGs (AL RE 1 R o2 BR AN .
MR, TR RN R RN, ik
2 1o ARGs 1 Int | BOBFFEERAE T KT RE . KA
Tt 28 52 v/ (Polymerase chain reaction, PCR)4% AR ]
PIXPREEREA R B ARGSs F1 Int | FEAT5E MR, 1%
Rk RE. MER, 78 ARGs Fl Int | 5T H Y
AR T Z P, S T D A T E e, H
HE) iz Ad A 2 SER 9O 2 i PCR (QPCR)HIAR
FIHZE YR PCR =4 TARiC , M 1 4G
PR O EEREE ST ARGs I Int | ARG
sERIS Zhang Z51F) I PCR il gPCR H A
T BB WAL 1 R Y SR Ak
] ARGs 731 , 45 R & IR G ok X B UE R (A AL HE
ARGs FEE/A T 2-4 M ES, W5 HIEFEW
ARGs J& tetB. sul2. tetA Fil tetX, 275K+ 3=
BfH ARGs & sul2 F1 sull, Hardwick M0
gQPCR AR ERFWFE T Int | FEMIEREAR P Y F R,

SERRWIFRBTRYh intll BER 54 KRR E
BEHIE, KR Int RS T 5 R85 A 1k FE
PEALHY, A S04 2 A9 - Luo 255 il PCR
Fl qPCR H ARKI T ARGSs 7E K HFRI 4341, 45
SRV RN R PO IR AT, T sul2 AT osull
FEFTAREAS R IR AR =, AR I VR B
JKH 120-2 000 % [A, /4 PCR #AR M #b 72,
PCR-7E 16 3 e H 7k (PCR-DGGE) . DNA 4258 4%
ARUCIH DNA 85 A HAR IO 5 X BR R
ARGs Fall 38 FE

AN, A TR YT 5 15 (Loop-mediated
isothermal amplification, LAMP)/1: 3 f Szt 5e i
SE 1 PCR # A1 (High-throughput real-time PCR,
HT-gPCR)TEITA-INA AT, IR B & JR 1
#o Hr, LAMP 2 4 MRS A
HHEEBIEER) DNA BA RS TR &
R P I DNA AR, 2028 T 3/ME
It DNA f937 140081 Lo dndE Int | SR EERARAY 1 4R
KB, X gPCR, LAMP iS5 intll B
DIFAXT RS ARGs £ BRI R B w1, i
HT-qPCR E1EPEGE & PCR Lfifl b, [R)m A6 e &
B Sh LR I FER TR, W A SRR R
K53, Enl RS, WaferGen Biosystems /3 F]
FF& ) SmartChip /=il S SERT ¢t E i PCR R40H]
[FIITSERLZA 5 184 NS GV . % ARGs
Mk, PIEEGT AR ARGs s AMRE T T
SERAMT, LA HT-qPCR i T3 1 BRAEEAE S i
WFgEHr, RTLAKGINIf 2 5E 285 FfF ARGs, %44 ARGs
36 T HRTE A % ARGs 2B
32 EToBENFMAESHAE

it 2 0 P e AR AN A SR AR, FgE AT LA
KA EE T X EE DNA 70y, IFiE
TP X R % E ARGS il Int |, i il e AR
TR R ARGs 1 Int | #9434 K ZFEMER
T 1S4, WiESh ARGs I Int | BFFEHEA T 40
SR, AR 2 E AR T HUA: F B (Antibiotic
resistome) "% AT B Bl i A4 B Ak 4H (Antibiotic
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resistance mobilome)™ A FIHE & Hi Ak EHTMELH R
B EYIER 4 Ty ARGs HI4ES, T #24h
TILEE?TIL @?EU”JE?EHFL A W) 5L R 4 vh B A T

Bahse oo e S e E | gt
&y iﬁi%fﬁléﬂiﬁﬁ THUAE R hEER I, I
PON i A= N OE N o s W s G 0 M AN |

5> ARGs 5 B RIEE I Y ARGs AN, X i /i
HIELH ARGs RN F B i H AT A TR

[Fi) i i K BF 22| B0 R ARG -5 8075 B i B skt
LTI R BIAETR T S = FEARALL, 76 T HbIIESE T 3R5%
2 B FINEO 2 A AR ARGS IS LR 1)
HHETXF ARGs FIR st & o b (1) 41 24t
5%, OV ZEURERTE G AT LUl e (g
1), AR A FEEE &t TS T
F At BRI A 2 B ARDBH I
CARD % ARGs $i# i, if 5 INTEGRALL F Integron

F1 WMAESHEEREREXATBIEETHOERAFARERTER

Table 1 List of general resources for genomic analysis of antibiotic resistance genes and associated genetic elements™

412% Classification

% Resource

M3k Website

EAIESE 7]

Antibiotic resistance

BER TR el E 2 S
Other resistance and
virulence determinants

FARFTT R shisi AL ook
Vectors and mobile
elements

P Ry R e

ARDB (Antibiotic resistance gene database)
AU RPUHEEERE

CARD (Comprehensive antibiotic resistance database)
P R YU R G TR

RAC (Repository of antibiotic resistance cassettes)
B R

ResFinder (Resistance gene finder)

iR prEse

ResFams (Antibiotic resistance function)

A RPUHRLE R

ARG-ANNOT (Antibiotic resistance gene annotation)
TEEHE TR

MvirDB (Virulence factors and toxins)
AEBUR RO S L

PATRIC (Pathosystems resource integration center)
AW R R JE et

BacMet (Biocide and metal resistance genes)
HMIFEE-LRik

Efflux pumps (Review)

BT R

INTEGRALL (The integron database)

A TR

Integron Finder

WP, TR AN JRE

ACLAME (Phages, plasmids, and transposons)
A TTHAN

IS Finder (Insertion element finder)
ST T

ICEBerg (Integrative conjugative element analysis)
FE R 2H % T

IslandViewer (Genomic island prediction)

B BB

PAIDB (Pathogenicity island database)
JAE A Wy S AGH

PlasmidFinder (In silico plasmid detection)

http://ardb.cbcb.umd.edu/
https://card.mcmaster.ca/
http://rac.aihi.mg.edu.au/rac/
https://cge.cbs.dtu.dk/services/ResFinder/
http://www.dantaslab.org/resfams/
http://en.mediterranee-infection.com/article.php?
laref=283%26titre=arg-annot
http://mvirdb.lInl.gov/
https://www.patricbrc.org/portal/portal/patric/Ho
me#

http://bacmet.biomedicine.gu.se/
http://cmr.asm.org/content/28/2/337.short
http://integrall.bio.ua.pt/
https://github.com/gem-pasteur/Integron_Finder
http://aclame.ulb.ac.be/
https://www-is.biotoul.fr/
http://db-mml.sjtu.edu.cn/ICEberg/
http://www.pathogenomics.sfu.ca/islandviewer/

http://www.paidb.re.kr/about_paidb.php

https://cge.cbs.dtu.dk/services/PlasmidFinder/
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Finder 2548 4T T, Heln, Yang 20 2
FER 22T ARGS TETG /KAL) 2 R KRS
AR T TR, A5F BTGNS 271 28 ARGs, H
Hf 78 Ft ARGs TEAMIAb L JGAkERER R, HLIS e
AbFIF ARGS 1) MR AR B AK AL B 5 Tian 2E0)
P 22 B DR 4 2 5 B 9 1 DA HP 0 80 7 PR Y
fbig e A Ryr k4l nl 88 sk Khr el
Ak, SR EBAERIRAMT ARGs KRR
TELE UG B . (HXS T3R8 Int 1 A9 S 500k 356
INTEGRALLMIF] Integron Finder™! H g4t X4 B 1

SIERIZ | SEH A RN R BB AR T, T
X 7 DR A e ) e B2 P41 (100150 bp) W ik
HER RS PRI, SUAHSEEEE% ARGS F1 Int | 47
SEIR 2RI T — ST A T 07 (1 4),
TSR EHE T intll JEREARZE, FRLSEE
1 ARGs FdiEE, XIRFEPAEEFEA T intll JeH 4
i ARGs RN LS T T 40 FE & . i IF5E
WIS R SR E T B, R B
RIFPSCHERA ) | SRR R, BEEAh A
ARGs {LAE I B KUK P-4,

L RIERISS

Sample collection

DNAFZHL
DNA extraction

e 3 T
High-throughput
sequencing

AR T B A R
int] IRE P AR EE
Construction of class 1
integrase int/] database

|

|

I

|

|

|

|

|

|

Vo FENCBUSAE P i FOCHE T R #ined 1154

I intl] sequences downloaded from NCBI database
I using keywords )
(IS 0 7N 20| I 1 99 N | o i R |

| De-duplication, identification, validation and
| removing partial sequences

o TR RIS NREE P R 3R 0 22 ined 11741

| Retrieving more int/! sequences by comparing with NR
| database based on similarity homology

R B A RN R A 4

| Identification, validation and removing partial sequences
|« PR inel 175\ B4 e

|

|

|

I

|

Class 1 integrase int/] database were obtained

AR T ind L K
Level of intlI in
environmental samples

2PN e 1R DR PR R T
Quick quantification of int/] genes in
various environmental samples

FEH & AIPCRY 1Y
PCR amplification
of gene cassettes

[kl
High-throughput
sequencing

|

|

|

|

|

|

|

|

|

|

|

|

| LR L 212
| Metagenomic
| assembly
|

|

|

|

|

|

|

|

|

|

|

HETHEAARGEIEFERSIARG
ARG identification using structured
ARG database

X T AT ARGHEDR & IR PR R
Gene annotation for ARG-carrying
gene cassettes

it 1T R & ARGs YIRS
Identification of ARGs on gene cassettes carried by
class | integron

4 | BBETEEEIHERNAREAZMRE AL
Figure 4 Metagenomics research route of class 1 integron and ARGs*"
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S, A I P A A A A BT T AR
FEMIS A BAE M e R, (AR RAR B |
WER T AR GE o0 AR A 5 WA S R D G R S R R
KRR, AR Y ARGs K HAH
KRR Bt G e £ FE R A T IO, R
HiHJE T ARGSs VR REALRALHI IR TE , AR
— BB R PN 4 R R T 1
4 FwhHRY

H i = A 0 AR 21 A s 8] A 30 ) i 2
2R W T, A T ARGS 7E AMAFIEREE H Ak |
SYATIE DU N AR, VA Y AR R B XSS
BERRBFAR . BUNFIARK) IZEM . AR L
INIHE] Int | XF ARGSs FERREE ARG FIY HUR#5E T
HEAEN, BRI A Tl 250k 0 B R AR
HAEA ) Z 80 ARGs 1] BE S B A 31— LEBUK I 11
FERAL, TR A A e e o (HUE, BAEXT
Pk 2 S AT I R A BR B4 A 0 RS A 1 A
FEHASERE, Int | Fl ARGs [T RS EE AL I N 7E
PLHIBESE M AS R GE, PSRBT e LT =
J5 18 T AR

(1) KM HT-qPCR SEZ o FAWHR , IF
S50 BT il I E A s, AR [RBREE
BT Int | AT ARGs F-REFA TR, S4TSR
S Int | Bl ARGS FREE /3 A B, JFH A1
BRI SE 2R B b A rO0is, DA T ot S A 50 s T
TS

(2) E—2HF55 ARGs TEFRSEH AYEIEFIY T
U, JCECEAH Int | FEX —id B ERT, ATRAE
a3 F . MK BEESATFKCEIF RYLERAST, W
SrFThtAER CIREE . pH SERREE X Int | F ARGs
FAFA B0 S LA, e PAG Int | A1 ARGs
1R R4 B PR3 G A WA Vi 20 A0 0 22 R A 1) 5 )
K

(3) JFE Int | 1 ARGs ) LBrIFFE, HibreF
FHZ R SE AR A T IR SR HERCR 4], FEAK Int | 0
ARGs TEFMGEH SR EE FRE, [A] I B BL LA 2H 224

REIIEHA ARGs, RAFLNFERHTHE
BL, A BERT RIS AR R BT A T A At S A A
AT RIBTTE , X PRI A S e A E 2 5
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