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Isolation, detection, distribution, and transmission of
intracellular and extracellular antibiotic resistance genes in

the environment

JIN Yihao, LIU Zishu, HU Baolan’

College of Environmental & Resource Sciences, Zhejiang University, Hangzhou 310058, Zhejiang, China

Abstract: The transmission of antibiotic resistance genes (ARGs) is a potential threat to human health.

ARGs are present as both intracellular and extracellular fractions of DNA in the environment.
Intracellular ARGs (iARGs) and extracellular ARGs (eARGs) have different distribution and

transmission characteristics in different environments. In this paper, we first categorized chromosomal,

plasmid-borne, phage-associated ARGs into iARGs and eARGs with regarding to their occurrence

states, and then summarized the methods for the isolation and detection of iARGs and eARGs from soil,

water, and the atmosphere. Afterwards, we described the abundance distribution of iARGs and eARGs

in livestock and aquaculture farmlands, wastewater treatment plants, rivers, oceans, and the atmosphere

and compared their transmission methods and ability. This paper is expected to provide a theoretical

reference for the control and assessment of the health risks of ARGs in the future.

Keywords: antibiotic resistance genes; iARGs/eARGs; isolation and detection methods; distribution

characteristics; transmission routes
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Figure 1  Scheme of iARGs and eARGs. 1:
intracellular chromosomal ARGs; 2: intracellular
plasmid ARGs; 3: secretion; 4: lysis; 5: free
extracellular plasmid ARGs; 6: free extracellular
chromosomal ARGs; 7: particles and colloids; 8:
adsorbed extracellular ARGs; 9: phage-associated
extracellular ARGs.
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Figure 2 Separation methods of iARGs and eARGs.
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Figure 3 Schematic distribution of iARGs & eARGs in the environment.
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oS B SRR B, B S DR 2
WK SVER T AW S R, R R,
I TR AR S B 05 o B P pO v S R YL A I
WL MR B IR B-N RG2S
T2 | DU 3R R 2 1t 24 B R A7 AE T I 7 1
Hh, TR I B v R I TR A T R AE T T S R
R R E BN, 55 kA iR
ANREEEER, BIANTENG R h i 5 & A 1
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1.57x10°% , ZE R K g 2x107°—(6+0.5)x 10 15353
(F 1) (ELAR T A2 pR T W O 1R 2 DR T 4
AR SERHRAE , 1ARGs #0952 Al 5 298 %
Ok B 5 U R e Wi TR 5 @ TRIVE T i 2 S ]
LR,

3.2.2 eARGs HIfEIEA R

AL eARGs HATH I F 2w 1e, 541k
[ K HE R PR TR AFAE LA DNA - HL 32 (420 il
b F Iz A0, BFSEEIESE eARGs | IZAATE T
W (3.1 kAT AR, B T
LS TS TE RS o Al — SEil s Y A
(R AE SR B S PAE R G Ea ) L
it 3 B A2 1 7 SR 2175 - A B b sz 281501,
T ARA T 80%LL I A 41 P2 W AE Y B2 35
i, DREE DU R T YR, ok
i 1 FE AL VA T KEHE RS (14 7T BE I T e 2 4R

H AR Sk kA IR TG 7% 7%,
il an7E = HERE A R BR A & AR AR R 23107
9x107*, TEZhP AT h &L AR R 2x107-
107°B7390(3 1), {HRVFZ ks R W R85
eARGs W& #E HA 1R = 19 £ B XU . Naquin 55
oA mecd (WAEVIMBTMEFERN) TS5 KA i
BT F] eARGs, FH F AR P MRBRURR 1) 42 BT 65
Hi) %5 BK B8 (Staphylococcus  aureus) % 5% 115 /K
i, RIBESS S. aureus X H A PG AR A= T Hidk,
T Ay SRR TR PR ) e A R AT 2 P PR AL T

% 1 iARGs 1 eARGs By {5 1B 88 /1 Ok FEE R BINE)
Table I Transfer ability of iARGs and eARGs (Frequency of horizonal gene transfer)

Type of propagation Environment Frequency References
Conjugation frequency of Activated sludge 1.7x10 °-3.4x10 ° [37]
iARGs Activated sludge 9.0x10*-1.4x107? [38]
Activated sludge 3.39x107°-5.05x107* [39]
Wastewater 2.0x1072-1.0x107"! [56]
Sediment (7.48£1.91)x10'~(8.48+4.67)x10”" [40]
Pig manure 2x10°8-6x107° [41]
Pig manure 8.1x10°-2.4x10"° [42]
Transduction frequency of Clinic environment 9x1077-1.9x107° [53]
iARGs Ocean 5.1x10°-1.57x10°® [55]
Freshwater 2x107°~(6+0.5)x10" [54]
Transformation frequency Chicken manure 2x107-1072 [57]
of eARGs Soil 1.4x107-5.6x10°° [58]
Soil 2x1073-9x107* [59]
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