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Effect of Environmental Factors on the Formation of Several Typical

Tetracycline Resistance Genes in Soil
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Abstract: The extensive use of veterinary tetracycline in the stock husbandry has led to the increasingly serious environmental
pollution, the tetracycline resistance genes induced by which could bring more hazardous environmental risk than veterinary
tetracycline. This study investigated the effects of environmental factors on the formation of several typical tetracycline resistance genes
(tetA, tetC). The results showed that temperature, light and pH could have impacts on the formation of tetracycline resistance genes in
soil, the amounts of the tetracycline resistance bacteria and resistance genes induced in different treatments all reached the maximum in
the proper environmental condition (25°C, 500 Ix, pH7.5), which were all significantly higher than those in other environmental
conditions( P <0.05). In contrast, the adverse condition such as high temperature, strong light and high pH could effectively inhibit
the formation of tetracycline resistance genes, probably due to the reduction of tetracycline residues or the direct influence on the
formation of tetracycline resistance genes. And the results also showed that environmental factors could affect the growth of tetracycline
resistance bacteria. Further analysis proved that the content of tetracycline resistance gene in soil had a positive correlation with the
number of tetracycline resistance bacteria in the studied samples, therefore an inferred result was concluded that the growth of
tetracycline resistance bacteria played a key role in the formation of the tetracycline resistance genes.
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1.2 AFENREZAMFES

FETCTR 250 T AR A2 S 100 ¢, 4% 1 mg-kg ™'
() L A3 ) = 48 v S i Y B R bR E W (11000
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B R AR E AN FEI Sk 4. 21 d SR BT B ek
G3HT.
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FRECER 27 J5 B9 1332 0. 25 o, 7% B8 PowerSoil ®
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1.6 3mSR 20 T RN DU BR 1 24 B A 2 B AT
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T 200 r+min "' ¥&3% 30 min %R, 0 B
BE 1, SR 542 HE 10 A5 45 LURR REAY 5 Bl i BE AR R
1077, 1077, 107 107, S0 BB H B ) £
BRI 200 pL AT T 16 pg-mL ™ PUR R AN
PR WE RIS b 2500 B T &
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772 ~5 d, MR EE A KAG B0 55 R E (H) .
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China ) FEHCSH AR S A JE 241 DNA | $2EUT) DNA
FH 1.0% 3 g W F Uk K %5 4h 43 06 6 B 3F (UV-
8000PC) A5l 5 & A M 4l i (A260./4280 {ELAE 1. 8 ~
2.0 Z[]).
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WA 2.5 mmol ANTP, 10 pmol /s Y.
ddH,0 #bFEARFRZE 25 L. IRA] BRI ,94°C
AR ME 5 min, SR )5 % 94°C 4 VE 1 min, 58°C | 60°C |
59°C (16S rRNA | tetA . tetC) iR k 30 s,72°C 4Efif1 45
s, 15 T 72°C M 7 min 55K . PCR § 1474
28 1. 5% BrBEWEEE I A VKR, XoF be B AR AR R
/N E. coli DH5Soo AN ter FE[R, B 2547 B 14 %ot HAL.
1.7.3  #J# RT-PCR FHP:AREAR

K H PCR 7= ¥y 4 1k 30 7] & ( Sangon, China)
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Fig. 4 Amount of tetracycline resistance genes

in soil at different temperature
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A tetA | terC K& R A8 45 T B 45 1 E) 19 A2 £k
AT, UL AR AR 251 T, 1B tetd | terC
SERM S R AR E Y A K

0.6
| BB retd/16s IRNA KE[H & it
05} @ rerC/16s IRNA H P4t

Es5 AEEBREFHTEHREREEEBANREE
Fig. 5 Copies of tet genes/copies of

16S rRNA at different temperature

2.1.2 RRENREETF L U Rk 1k
A 3 0 - 4 T Y R A B R DU A FR T 24 R Y
FJE, 0T LU OSR]I 8 2% 44 T s % B TR T A
VU PR 22 i} 245 B A 945 B 2 IRI A7 AE 3 B 22 5 (T 36
1). 25°C F1 37°C Z 41 7T 5% 3% 4H B 7 7% ZIOFN I 346
FN 24 B TR VR B 2 e T AR (P <0.05),
AT LA I A PR e R sl i Al B AR . JHp
TE 25°C I, PUPRZR Tt 24 TR B8 7 BOA B K, (2013
0.07) x 10°CFU-g ™", 2y 42°C B} e AIR(EL 1Y 2.5 1.
(BT 8 110 2 9 DU A 2T 24 TR PRV S0P 45T
25 AR AR 345 DUBR U 3 R A 4%
AR T Ak 342230, T LR DU 3R T 25 B
PR VE B DU R R PUEFE R G B & = AR R . A
AT AR BT H T 2% P KR ) T DU B 2 24 R 1) A
1, SRIERZ A 2 T 24 5RO PR 2R ot S R Y A

. [E I A | terC IR A RS L
R HBR B KA IEAHDCHED™ iy FLYR B 2% 1
g 50 -+ rh DU PR R gk B 02 AT R S
BT L HErh UPR R BT K B PUPR R U SE N 5
e 1k,
®1 ARBELGTLERTEFEROREWGREEEY
Table 1 ~ Amount of cultivable and drug resistant bacteria

in soil under different temperature conditions

. = 1] ij: I ¥ =3 N é ST T SR
woe RN WG
4 2.07 £0. 12 1.20 £0.07
10 2.44 +0. 11 1.39 +0. 04
25 3.27 0. 11 2.13 £0.07
37 3.79 0. 16 1.98 +0. 08
42 1.62 £0.13 0.85 +0. 04

2.2 OGRREAEXT DU ZR L ] B Y 5 e
2.2.1 ARDGRTE H 5 U R A
MEL6 R LA R B AT, L
VIR RBUPEIE R ) & e AETE B AR, tetd BRI Y&
EILEHN 6.99 x10* ~2.19 x 10’ copies-g ™', AKX T
tetC 3 R By & 78 B 0.86 x 10° ~ 2.36 x 10°
copies-g . MOEIREE L] 500 1x B, retd il terC HE
PRI 2 o e K (HEUE RN E AR 5 0 Ix B F
(tetA P =0. 661 ,tetC P =0.631).500 ~20 000 Ix 3
FEIIN  tetA 1T terC 35 DRI ) 55 2t 9000 2 Bl 5 Y6 I 32 ) 3
I, Hr20 000 1x B PUBE 240 5 R R B
(0.93 x 10° copies+g ") {5 500 1x B} ) 35.98% .
500 ~1 000 LxZ [ESEHUPEHE R S 5 i T o W
() — B, Dotk SE PR 0 B B S A LUK T 28.87% . Hi
PE AT DU H 6 REEE BB X U B 2T L PR 114 A i
A BRI, YOG RE B AT 500 Ix B, Bk SR Y
SR SO B HLAUAEICOC R, B B (B
KPS Y & B BIR. 1X 5 Engemann 257 BF
S G BRI 8 DU PR 2R B 5 PR A 1) 252 A A AE AR
Kok, QR 7 BN tetd | terC FEPR 5168 rRNA R 1K
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Fig. 6  Amount of tetracycline resistant genes in soil

under different illumination
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Fig. 7 Copies of tet genes/copies of 16S rRNA

[ tetd/16S rRNAJEPEA it
@ 1erC/16S rRNAJEH & ik

Iy

1 000 5000 10000 20000
e S

under different illumination

2.2.2 A[EDGRZAET Hgeh A RZhotk K221k

ANFEDEHR AT T B3 i ] B 2 A R VR 5
[ AN FE 8 K 22 5, BB 7E 3.52 x 10° ~ 3.78 x 10°
CFU-g "JERZ N (I 2) @ FR— M HEH,H
ARG BSR4 DU 2 2 T 24 R T B 22
SRR (P <0.05) , Bifi 5 O B (%) 38 Jin U 2R 2 1t 245
P R T B s /D . 7RIS H Rl LB H AR ) 25
T, b DU E T 24 TR A I O 9/ X iy 2 DU A
Exnc PSR e ib] e 2 E R <E =Y S E e
P IE AT AHERTZE S [R] A BE R R R, DU 2R 25 1t 25 7
PR TE AR DU IR 2P0 3L R R A i 2 ) LA X Y O
R, VUSRZR T 24 TR B 95 55T LAY 4 v DU A R AL
PESRER S B, YA A tetA | tetC FE R ) &
5 e VURR R 1R B AT AR IE ARG Y
HER U R B CMRRE™ | 586 I8 5 42 Uty
WERPAE R A A5G TR 2 H

£2 FRAABEHTLEFTEAEEENS
I R S T 24 B S 2

Table 2 Amount of cultivable and drug resistant bacteria

in soil under different illumination

JEHEBE A HE IR TE R TR R VU 2K T 245 R T 7
/Ix x10%/CFU-g~! x10%/CFU-g~!
0 3.69 £0.09 1.93 +0.04
500 3.52 +0.03 1.72 £0.03
1000 3.54 +0.07 1.54 +0.05
5000 3.67 £0.07 1.18 0. 05
10 000 3.78 £0. 04 0.51 £0.07
20 000 3.64 £0. 04 0.27 +0. 04
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Fig. 8 Copies of tet genes/copies of 16S rRNA

under different pH conditions
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Table 3 Amount of tetracycline resistant genes in soil under different pH conditions

A R A A TR L P B2 T 245 T T 7 50 tetA FEPR & tetC FEK & B
pH x10°/CFU-g ! x10°/CFU-g"! /copies-g ! x 10%/copies+g !
6 1.97 £0.03 0.11 £0.01 860 +98 1.75 £0. 06
6.5 2.01 +0.06 0.15 £0.02 4290 +321 1.96 0. 04
7 2.13£0.09 0. 14 £0.01 6954 391 2.20 +0. 07
7.5 2.09 +0. 07 0.16 +0.01 4 470 +255 2.54 +0.08
8 1.27 £0.04 0.05 +0.01 2010 £139 1. 40 £0. 06
8.5 1. 04 0. 03 0.04 +0.01 527 +31 1.21 £0. 04
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Fig. 9 Liner equation of tetracycline resistance bacterial
colonies and the total amount of resistance genes under

aerobic conditions (n =30)
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