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MIRES 34-FHEESTRTIMHEERA tetAC) FEE ST

7 25 1Y &2 M)

/ﬁ%})ﬂﬁa éjﬁa /\'ﬁ l\x) LFE{X

B AR R BEIE SRR E 2 BE, VLR P At 210095

BWE: [ B9 ] 295 P R IHAEAEAR R JE DU 2R &K (tetracycline, TC)F1 3,4-753-¢E (benzo [a] pyrene, Bap)
XU SEA tetAC) = A mbitE R A Rz . [ Jrik ] AR FF R (Escherichia coli, E. coli) 1 F Rk,
PACYC184 FURi/E a8 iA , TR R HiPEIL A tetA(CHE IBIFTEXS 4, SR 5 i PCR AL RE R SCE Y 7 %
T DR G AR O N R LR A O RS AR . RIS E A IRV B TC HLE N 0-30 mg/L Bap LA KA
in 0-30 mg/L Bap AUAMFEZH , B3Rt pACYC184 Fkif) KIHAT I 14 d, 4 HPEEHLPkIE 10 MRS 5
PUrERImwAR, XHPE tetAC)HEH 7 B iy, FREs &7 AL R B, R s Pk b i 5L
RAS L EBUE R Lu o [ 2551 ] W45 R BoREMRMREE TC 8 E 1T, Bap MBS ST, mit
PRI R 28 A8 Bk o (1) LI 4 R (P < 0.01), IASYSAIN TC B, Bap ¥R 5 i HbESE R 2848k 5 L 22 7] o AR
R (P>0.05). [ 4t ] M5 h [RIBHAA7E Bap AV TC B, w8 A8 5L 5 T b 145 16 ) I
7Tk

A 20 fH20 20 FRRURIMERRLSKE, PiAER
YA LRI . A& TR TIRIRIBTT . PLAERA
AAETR T B J R A #, it Hoak gk
ARSI AR AET, Rz 0 TR0
FEs Hol 2, R AR A 2 R 2 5 KR
RE TR B ALAA AR R, e i i HE i 4 T =i
AFREECL LI S X st 3 A 7 S i - et A

EEWE: HEZARPI A (31470551, 41571244)

JEAT K BRI IA il R Rk F] 102 pg/kg™,

Ji SEXT F VL b R I SR A6 A A g
A R & IR A 2 B Ik 2450 pg/kg® ., R
HHUAE RN RRUERZ , A3 T IR B A
PR R T, BRI 172 MIC
WU IR R 52 KA I 20 d )5 i SO 2 it
2y, FEAE KR B A PRSI 1) DU 2 2 B 1k 35 PR R
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M 25 2 10, Wu A T 3R Rk R 15
PRV IR RSB IED, Horp o SO itk 6 DR
Rt BREE Fp oI D — B A AR T 2%
BRI A RS 1, DUtk BERAR STERE K
WEAED, ST IR AE 3R 2 P UG % | A
TH 2R DL R A B35 Tl A 0y T 2 32 v i 1) JL R R
A5, DRIt T R i R 0 A — ol 28 g R
SRCE L) e =

PrA RPUME S FE AN A R WY/, Bt
PRI E R R PE ey, R B ke [ N K i
PR RE T R 25 PR = A
— RGN RS, Guay 25k BLIUFF KBtk
B tetA(B)Z5 231 Ao €524 R 58 A8 Ay Ik 24 R R 25
308 i 22 AR R L RS AR , W T T Ptk B
i 2 DMG-Mino HIBTIERS, Lv 2854 DR 4
LA P A R R AR AR I P A R R
Hxr 2w prERagbtE, iy 224k
FHUE LR R & A e At

AR, A PTG G S PirE e I 2 [E] i 5
H #5528 ¢ . AT HAAERT AR T A L5 4L
Y5 hi A PR B 2 A e R U E R
TRAME G A BTG G PR B 5 R B AR R
KA R BT Tl & e b b Bap 1544 H 25
JUEE P GE 1979 4F ESERAE I E 5 IR Y Bap
HHREIAF) 10 mg/kg 247D, 2007 45 £ 4%
XL BT B3P Bap KNS 1 i ik
191 mg/kg®?!, Bap X HA #FUAIE DNA S7A8%k
I, A SCHRIE Bap RT3 DNA BERr 24545122,
H. Bap X K AT A 2L R A 5 S A iRl P,
Pt LL Bap 58 B ST 4 .

F BB K5 56 T2k R s 5 g
/DS g e SRR AL I (SN i % ) S S ol R 71 e
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B, HXPTHiAER AL R0 58 s
G Puik 3 R 7 A B 28 A8 1 S i 6 A i
P A S B B 5E BRI E TC 5 Bap
RATG TP R H tetAC) ™A mbi ik

AR

1 BR R

1.1 BURCAIERR

RS PP pACYCL84 ki 1 Mook 3k K
tetA(C)INEUAR, FFAEIBUIEIE A tetA(C) Y ve A
M. BEHUT —kk pACYC184 ki 55k, %578
PRAE SR AL 10 FE P tetA(C) LN %5 1049 bp
(ACTHATT) i A RAE , ZAL SRR T T
tetA(C) kKR 13 U SR = = ik, DA 414
R HAD GRS R S BT F 51 L XS o AR S0 6 11
KIHAT 7 DHSa VE R 15 I #E , I F TaKaRa /A
1.2 BEFERHiAER

LB S5 5Ehr (o/L): Bkt 5, ZHFR 10,
FALEN 10, TC BRRAC )y - MEFFRIL TCO.1 g T
1 mL Z— HEBE I S BRI LR A 1720 °C #%
TC EREIMARHIZ 45 °C 2471 LB BigRdtrh,
FELERY . 2R R S AN L FAL R R A
Al, TC IA3EF Macklin 2cw], —H AL T |
A s P R A PR H]
1.3 BfRMEHRE (MIC)

¥ 22 2 DH5a B #& T LB MR RE 3R 4L 37 °C
250 r/min 2548 F 555 200% 1A $)] ODgoo=1.0, #A&
J5 UL 1% E2 A A ) LB Wik R ik 37 °C
250 r/min $ERIESEEE TR 72 h, 2 RARRE TR A8
7% 72 h J5 ) ODeoofH, H.HU ODggo=1.0 Hsf ) T i
100 pL EHEEA T LB K5 FR 3w 37 °CHIR AR 1ESE
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B3R 72 h, BEFREEh ANk Sy 0.5, 1. 2,
3. 4 MI5mg/L /) TC, M5 72 h J5 I AR V5L
KAF O, SE M5 TC X 25 2y DH5a PR MIC,
[ 2 TC X7 pACYC184 ik DH50 i Fk
1) MIC, ¥ TC £ % 70, 80, 90, 100, 110
A1 120 mg/L.
1.4 FEFESCEEREST

K 545 PCR My SEBH UM ik, LU
PACYC184 JFiki 1 tetA(C)FREH M 1 B AR .
BT ARIE tetA(C)FE A iy B — B L (ZE R) 1
SRR AR AR T REE, S5
tetA(C)FE K A4 30 bp 4k : tet-F: 5'-TTAAATTGCT
AACGCAGTCAGGCACCGTGT-3' tet-R:5'-ATCC
GTTAGCGAGGTGCCGCCGGCTTCCAT-3', 54k
PCR RNVRZRINFE 1 fiw, NS IS B i
Fr B Ul i

Ffl pfu DNA polymerase 4b 3 H At 3 R fifi oK S
AL, TN AR WA H I R Bt A T A i R
aave

Ll pACYC184 ki A 15idk , carrier-F:5-TCAC
CACTCCAAGAATTGGAGCCAATCAAT-3  #I
carrier-R: 5-CTGTGATAAACTACCGCATTAAAG
CTTATC-3" K IE [ 5| Wy Al i 1] 51 5 435 H i 2k A
A, s o e ISR Y R Bt fise [al i

%1 5% PCR RMIKER

Table 1. Error-prone PCR reaction system
Composition Dosage
Error-prone PCR Mix, 10x 3uL
Error-prone PCR-specific dNTP, 10x 3uL
Template DNA (high-fidelity PCR products) luL
Forward primer and reverse primer 1 uL each
Error-prone PCR-specific Tag DNA polymerase 0.5 puL
Error-prone PCR-specific MnCl, luL
Ultrapure water Add to 30 uL

FHl T4 DNA Ligase %8480 B 547, %
HH FURLA L 2R fL7E S AR DH5a Y, 75 1h
JoE ¥ L BRI A T 5 SR EE TC 1Y LB B SR dkrh
(1.2 A5 LB Sk 323k o TC X 74 pACYC184
JBki DH5a 19 MIC), T 37 °C ¥53% 72 h, F¥ 5
W TC Pk bRy sa R R USRI EE TC
(10 mo/L)WHrfif LB WIS IR AT, ¥ KGR E
PRIUTRL, I H 2 AL R R E R e fh S 2R
() DHS50 20 L N , 52 700 )5 T AT T R B2 TC Pl
P B T P 1 tet A(C)FEIR, A5 3] 14 I PR 98 AR o7 g5
F R RN AT A S mHME S AR B R SO, IR HL T AR
AR S 5 Rtk Z IR D RE X R .

W F S Ptk R AR LA 5 R, — S Ry
ZAEE LGABNLEL, N T B E BB R
AR S BB SR  , HE AR A
B3| Yt 8 20 Bk
15 Bap 5 TCEH5H

ARSI 5% 3 Bap AYSEPRUE S HE Bap
ARSI, A% B T 10 ZHALPELL K, 1 ZHNHRE,
AW IHTE LB “PAREE IR AL i T . SCgm kAT
14d, FRUEEANEIAHIRATT LB Bigedkd, W
FARMKE TC 5 Bap INE AT iZmMe & AA
B, RN R R AT TN TC 1 Bap
1) LB HEFRBrh R gisise, 25 O O TEREAN SN
TC AT Bap i LB F-AH R 157745 pACYC184
JFCki Y DHSa ik, 12 ZHALFRIS|F3 2,

% 2. Bap 5 TC EGTHRUIBEKE
Table 2. Concentration of Bap and TC combined

pollution treatment group
Treatment Control 2 3 4 5 6 7 8 9 10 11 12

TC/ 0 00 0 0 O 10 10 10 10 10 10
(mg/L)
Bap/ 0 25 1020300 2 5 10 20 30
(mg/L)

All treatments in triplicate.

http://journals.im.ac.cn/actamicrocn
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16 PR SSEHESTE

IR K 0 BT A 5 et o e 4 3 1Y £ s
2k W41 ] BioEdit & Chromas # {4 #&F | LXK
I3, SCEE R FR 4 i Excel & Origin 8.0 3k {458 i,
RIS HE [ SPSS 22.0 34

2 HX

2.1 MIC 4#7

XF 1.3 SR I E MIC IG5 Rk AT 53
Mr. LB AR FRIE TC X443 401 DH50 FHEHY
MIC 2 2 mg/L, ifi LB #iikEFRH TC X5
pACYC184 Jiiki DH5a FFEH MIC Sk 110 mg/L.
LB -4z 4 TC %} 28 %k DH50 B % MIC 2y 2 mg/L,
i LB P4 TC X447 pACYC184 Jitki DH5a
A MIC 24 100 mg/L.
2.2 BSLEPIRAEFCE

PR 1.4 TP A AT SO T B 4 PCR
TG L% IR WEEE I L UK S 2 B I BURA S
FEL v, KPR I A S T A AR i R
fRJE 00 B AR B2t 0.75%BU N5 e I B 9K )G 4

1. 548 PCR 18 tetA(C)E F AR &

Figure 1. Gel diagram of tetA(C) gene amplification
by error-prone PCR. lane 1-4: products of error- prone
PCR; lane 5: product of plasmid vector PCR.
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BE G A s TR/ 2-A v Tk gk ik PCR 74
LKA 285 SR DL & 1 2% 5, Ve [RDfSc ™ By v Dk 245
HRILE 2-B 447 1.

5 JI TR 2 R A 45 A 3L J kT o 20 T R
e, FKAT 48 HRRIALN S HUEM K, FHEd
URHG AL NI SR i $8 1R 1) 28 A8 MR v i i 1 20
PR HUE R TR , W0 P TR 1Y tetA(C) L
HET ST S HU I P (B 2 IR ) 28 A8 S . 20 #R I
RYGEAR () bt M R AR TP AETE 6 BREZ (2
DL )OSR A SR B bR, L 18 AV 5
LA, KX EEREARA TP (3 3).

(A) bp M 1 2 3
2000

1251 bp
1000

(B) bp

5000
3000
2000

2994 bp

B2 &KMFYERE

Figure 2. Gel diagram of reaction products. A: lane 1:
gel recovery after error-prone PCR; lane 2: pfu DNA
polymerase treatment; lane 3: phosphorylation
treatment. B: lanel: gel recovery of plasmid vector
PCR.
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#z3. TERERTSY
Table 3. Primers used for site-mutation of tetA(C)

No. Serial number Sequence (5'—3") Base site

1 4-49-1 127F: GCTGCTAGCGCTATATGCGTTGATGCAATT 127
127R: ACGCCATAGTGACC GGCGATGCTGTCGGAA

2 4-49-3 740F: CTGGAGCGCGACGAC GATCGGCCTGTCGCT 740
740R: CGAAAGCGGTCCTCGCCGAAAATGACCCAG

3 4-50-2 951F: CCGGCGGCATCGGGATA CCCGCGTTGCAGG 951
951R: AAGCGAGAAGAATCATAATGGGGAAGGCCA

4 4-61-2 743F: TGGAGCGCGACGATGAA CGGCCTGTCGCTT 743
743R: GCGAAAGCGGTCCTCGCCGAAAATGACCCA

5 4-9-2 994F: GGTAGATGACGACT ATCAGGGACAGCTTCA 994
994R: TGCCTGGACAGCATGGCCTGCAACGCGGGC

6 4-11-1 916F: GGCTGGATGGCCTTCCCCG TTATGATTCTT 916

916R: TCGCGTCGCGAACGCCAGCAAGACGTAGCC
The bases marked with * in the upper right of the table are mutant base loci (only the primer sequences successfully constructed and
enhanced resistance are listed).

Wik PCR VA B4 LA i A7 AT JEHSCRE, N Tl RE A 2 A BRI BT PE 2
tetA(C) 3 (A |, # & & 41 ik pACYCL184- SR, MIE LB ARG IR TC XA~ EH41H
tetA(C), [AIFER T 1.4 WLk vl (AR Bt & BRI MIC, S5 BRI AR 5 HAT AN
AT RR, JL3RAT 6 bk SiTaThkan 20 bk FREPHR S, RS HAIDY 10%-120%, 51F
AL R AR R AR TR AR, IR ETR IR A K 4

x4 BRRTEAXE
Table 4. Library of high missense-resistant mutants

No. Serial number Base substitution Base loci Protein loci Resistance improve/%
1 2-29 GGC—AGC 34 12 40
2 4-49-1* AGT—-GGT 127 43 90
3 3-1 GTT-ATT 184 62 10
4 4-65 GCC—-TCC 466 156 10
5 4-44 GCA—-GCT 642 214 30
6 4-4 ACT—-GCT 649 217 70
7 4-49-3* ATG—ACG 740 247 50
8 4-61-2* ATC—AAC 743 248 120
9 2-20 GTC—GCC 797 266 40
10 1-50 TAC—TTC 872 291 30
11 4-30 ATG—ATA 906 302 120
12 4-11-1* ATT-HGTT 916 306 10
13 1-13 ATG—-ATA 921 307 20
14 4-18 ATT-GTT 922 308 30
15 4-48 ATT->TTT 922 308 120
16 4-50-2* ATG—-ATA 951 317 10
17 4-9-2* CAT-TAT 994 332 60
18 4-16 ACT—-TCT 1039 347 30
19 2-15 ATC—GTC 1045 349 30
20 4-19 AAC—-ATC 1100 367 100
21 1 ACT—-ATT 1049 350 60

All mutant strains marked with * in the table were obtained by site-specific mutation.

http://journals.im.ac.cn/actamicrocn
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23 AN ESEHMRREERE 40 NI BAKFHES T 4 v, /N REFTLA

Sy PCR ¥EAREMHIE 1191 bp KR tetA(C)
S BRI s R AR R A, AN AR SRS
TSP LRAALS R B, (AR RIS R
T4y 9 AR S A B R DA S AR S S Rt
M THAEC R BRI tetA(C) T 2K
1191 bp % 60 bp MAEZE A KF-HBNTFE 3 /Ny
HE FH DAAR T 3 R i & A 28 AR I A5, KR 1
1 tetAC)EHFIEMETFII 2K 396 TSR

prRicHE A PRI R AR R . X Tk I R] DU
HAEHTVESR i BB SCRAZER R 3T tetA(C)JE A
[TetAC)E AR~ 73, X AT REMIFEIER T C ¥
KR FEN G A ] Rede bl , Bl B /s 14X
REACRIZAL A I RAZ RE TR R e

ZE RS R N —Bap 5 TCE A
19U tet A(C)TLEHE R 7 A s v AR R e 12
HEH R .

1

6l
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081

1141

Figure 3.

ATCAAATCTAACAATCCGOTCATCGTCATCCTCCCCACCGTCACCCTCGATGOTGTAGGC
A

ATAGGCTTGGTTATGCCGGTACTGCUCGGGCCTCTTGCGGGATATCGTCCATTCCGACAGT
ATCGCCKGTCACrATGGCGTGCTGCTAGCGCTATATGCGTTGATGCAArTTCTArGCGCA
G
CCCGTICTCGGAGCACTGTCCGACCGOCTTITGGCCGCCGCCCAGTCCTGCTCGCTICGUTA
Al
CTTGCAGCCACTATCGACTACGOCGATCATGOUGACCACACCCGTCCTOGTGUATCOCTCTAC
GUCCGGACGCATCGTGGOCGGCATCACCOGGUGCCACAGGTGUGGTITGCIGGCGCCTATATC
GUUGACATCACCGATGUGGGAAGATCGGGUTCGUCACTTUGGGUTCATGAGCGCTTGTTTC

GGUGTGGGTATOGGTOGGCAGGCCUCGTEGUCGGOGGACTUTTGGGUCGCCATCTCUTTGCAT
T
GCACCATTUCCTTGCGGUGGUGGTGUTCAACGGUCTCAACUTACTACTGGGCTGCTTCCTA

ATGCAGGAGTCGCATAAGGGAGAGCGTCGACCGATGCCCTTGAGAGCCTTCAACCCAGTC

AGCTCCTTCCCOTCGCOCGUGGGCCATCACTATCCTCGCCGCACTTATCAICTGTCTTCTTT
T G
ATCATCCAACTCGTAGCGACAGCTGOCCGCCAGCGUTCTGCGTCATTTTCGGCGAGCGACCGC

TTTCGCTCGAGCCFGACCJTCJTCCGCCTCTCCCTTGCGGTATTCGGAATCTTGCACGCC
C A
TCACTGGTCCCGCCACCAAACGTTTCGGCGAGAAGCAGGUCCATT
C
ATCGCCGGCATGGUGGCCGACGCGCTIGGGUTACGTCTITGOCTGGUGTTCGUGACGUGAGGC
T
1GGATEGCCTTCCCCHTTATitTTCTTCTCGCTTCCGGCGGCATCGGGATtCCCGCGTTG
A G| Al

CTCGCTCAAGCCTTCG

A
CAGGCCATGCTGTICCAGGUCAGGTAGATCGACGACCATCAGGGACAGCTTICAAGGATCGOTC
T
GCGGC1CT1ACCAGCCTAIC1FCGE1CACTGGACCGCFGAFCGFCACGGCGAT1rA1GCC
T i T

GCCTCGGCGAGCACATGGAACGGGTTGGCATGGATTGTAGGUGCCGCCCTATACCTTGTC
Ir
TGCOTCCCCGOCGTTGOGTCGOGGTGUATGGAGCCGGGOCACCTOGACCTGA 1191

3. tetAC)EBESSMZENRTRXAFME

right sides of the chart represent the positions of the bases in the tetA(C) gene.

actamicro@im.ac.cn
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Code table of the mutation relationship between tetA(C) gene and high resistance. The boxes in the
chart represent the corresponding base mutation loci, * represents the base G/T, and the numbers on the left and
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81 I,Gg'l'lD\"All\lA'l"l'P\"l‘Wll
12l ADI TDGEDRARIFGLMSAC
16l APFLAAAVLNGLNLLLGG®CTF
200 S S F RWARGMT | vr\ﬂl.nﬂvr
241 FRWS,\'I'GLSL«\:’FGFI\LII
281 IAG,\IA.All)RLGVVLLAFATR
32IQ,\MLSRQ\'DD[F)HQGQLQGS
361 A 5 A S 1

TWGLAWI VGCAALYL
I

;G

¢

P F

1611
I GLYMPVYLPGLLRDIYHSDS 40
‘APLGALQDRI“CRRPVLLASL R0
A(];R1\'AGl'l'GA'l'GA\-’AGAyl120
FGVGMYAGPYVAGGLLGRA|ILSLI 160
LMQESHKGERRPMPLR,{F.\'PV200
IMOLYGOVYPAALWY 1 FGEDR 240
ALAQAF[VITGPATKREFGEEK QAT 280
GWAFP|?MILLASGGIGPAL 320
1 V| I VA [
LAALTSLTSI’TGI’LIVTA[Y:\360
\’CLPALR%G,\\\!\ISR:\TST* 396

B4 TetAC)EHEEMZEHNRTXRAFHR
Figure 4. Code table of the mutation relationship between TetA(C) protein and high resistance. The box position
in the chart represents the corresponding amino acid mutation loci, the numbers on the left and right side of the
chart represents the amino acid position in TetA(C) protein, and all the letters in the chart are amino acid

abbreviation symbols.

24 TC 5 Bap EAI5YXEEMRBBERN K=t
PR

55 14 RINEA A AT 1 mL
K, MEREIRAT T LB BRIk, $53% 16 h)Eit
B, AR ERXACREN Bap A1 TC)LL K 11
YA B A A R A 28 10 CRU/mL, B R
TEA 14 d B RSE H TC Fi Bap &2 G5 et
S A FAEBIERLON

R T PRI R AL AL B A R S B R AR ECE 5
XF R Z RIS BOC R, ISR B 0 4 A AR R 22
10° CFU/mL, HU 100 pL WA FasIn T &k i
TC(100 mg/L)Y LB} dkrr, 3i5% 72 h Jeit4k,
S50 A R 29 T A @bt R M B . B
P BE TC(10 mg/L)HRERIN Bap AL IR sy
PUETIMRE B 50 B AH L TR R 22 5, BEIHIR
VS TC TE5 9] X A BT 7 AE = U TC AR BTk 5
AN TARMEEE TC(10 mg/L)FUAR[RIHEE Y Bap 1)
Ab FRZE rh R A TR B R E B S T R, OF
.15 Bap ¥ J¥ ly 2-30 mg/L 35 Fil N @i 6% Bap
W FE (4 B S U R AR BRI AE RS I s 2
JC TC #EFEEnt, SPitkEtknE HIEE Bap

e A IFA T2 W s A PHH 550 IR AR FE
R PUIERAR B H B REUR TR 5 o,
BCE R AR L

8 .
21 _

+ A= [=}
T T T

(U8 ]
T

Fold change mutation number

.\\ \

1k YR RNE
0 Iﬁ \ \
Ny

S R s BN ot O A0
O A N S e R
AR RO RN

E5. AASMEAZ ESHEEREENERXER
Figure 5. Multiple relationship between the number
of highly resistant strains in the treatment group and
the control group. Control group: wituout TC and Bap.
The X-axis represents tetracycline concentration and
Bap concentration of control group and treatment group,
unit is mg/L. The Y-axis represents the fold change
between the number of high resistance mutant strains
in the treatment group and the number in the control
group. The expriments were taken in triplicate, and
error bars representtstandard error of the mean (SEM).

http://journals.im.ac.cn/actamicrocn



1612

ShanshanYu et al. | Acta Microbiologica Sinica, 2020, 60(8)

TERF AL PR RELELE 10 Bk BTk wibkoxd
tetA(C)E I 7 Bt A il e, Kl e 4 R S s ik
B[N G AL SR 2 LU Xt J 0 W Rl ml A Sk B2 A
WA EE TC HAUSIN Bap AbPRLH B9 btk 1
R P RSN B R O HE DR SR AR s A S TCH
WIS EE Bap AL HRZ AT Bt 36 R 28 A8 ik
7 A, ERASARECRE R BeA MU T As i
WE TC F[FEIFININA R UL Bap AL ERAH Bl
Bap #¢HEAUHIIN, i HUIESE N S AR MR A RSt 1
I S. APREHT A 6 .

B 12 P45 5 mPiiE R AS AL R RS
Ja , X R ORSN S 1R SRR ORI T kB AL,
AN I R At SO S T LA DU SR o

60

50 +

.
=}

Percent/%
(] (%]
< (e

10| &
L HA0 A0 DA S D AN D
\,‘io AN .Q\ Q’L ) Naal ‘b% N QY Qrb
B S A SO
(EERCAOACAR SR OO

B 6. ARGEBEARSHME tetAC)ERRTHSFAB
=S E bR AT L

Figure 6. High resistance tetA(C) gene mutants
accounted for the proportion of all high resistance
strains in different treatment groups. Control group:
without TC and Bap. The X-axis represents TC
concentration and Bap concentration of control group
and treatment group, unit is mg/L. The Y-axis
represents the average number of high resistance gene
mutant strains per 10 highly resistant strains in the
treatment group. The expriments were taken in
triplicate, and error bars represent standard error of
the mean (SEM).
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PR LRSI A 5 AL I T RAL, AR
J& TCAHAERITE DL , 7= A S DU IE SR AR BN
PEE R BA i AR FEIN RO T4 T A
BRI S, At KA B 5 Tl i hikE
R RAE PR 2 Bap WS8R I 2R
FNRARR AT e, SRR, A
i RSN HRA MR B Z 4R, IR e
J& TC gk AVERT T LR B AR AIA 1 AL bk
WO AN 2

25 MRS

L SPSS AT AT A, 2 IREE AR
TC i}, Bap W B 5 it 3k B 28 A8 bk s R Ay 4 %
Z ARG 25 L (P>0.05), WFSET A 4R Bap
SREOLE A, (ARTIS ™ T 6 R AR
AFERD, HEPAMEETUER, xR
LR R BN e B VR, A 25 98 % W) At TR Ak —
FARREAR, 14 d MREFRI U 5 1A 15 5878 5k
PITE AL ARG AR th AT BRI OR BE ROk 5 T 2 PR Hh A
FEARVR BE TC B, AHSCHE A 285 2R /R s vk 2 [
AR BLATR 5 Bap ¥k 22 1] S LB & 1IEAH
K(P<0.01), RIMIKHEEE TC X 25 28740 Fk R 2] i
WAER, A %5 2848 i 3 B SO R R Tk
RERAE TR,

3 itig

UL AE R 25 BT A B 2 = 2 O — A
AE/NBLE TR, e AT S S A
AL TRDRRL, TS 48 ™ A i 24 1 TR Sk RO
FED, DR AT B 1 i DR A B 5 B TR
AT R B UL 77 AR | e A% S AR A [N
Rt dr, A& TOPTEREN . Ee)EHE
L AL R HER . IR AR R R P, A
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W gT A 25 R m btk XA — 2R
P, BB P IR DR = B v 2 ofF 200 TR T 24 1 4
P4 B S DR g AR A R R 8 AT 25 T P
/o LN N G N SBE VAR I e AL (N L O
BEE RS —3.

AT LT, UL B TC(1/10 MIC)
B, ZHPEREFR 14 d J5 )™ AR 1 Bt s 24 TR (1 250
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Effect of tetracycline and benzo [a] pyrene combined pollution
on the generation of resistance gene tetA(C) mutation

ShanshanYu, Gen Li, Meng Huang, Si Cheng, Jun Wu"

College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, Jiangsu Province, China

Abstract: [Objective] Here, we explore the effect of the low concentration tetracycline (TC) and Benzo [a] pyrene (Bap) on
the generation of high resistance gene tetA(C) mutations in the environment. [Methods] Escherichia coli,
pACYC184 plasmid and tetracycline resistance gene tetA(C) was used as the host strain, the vector and the research
object, respectively. Error-prone PCR was used to construct the gene library, the code table of high resistance
mutation sites was established corresponding to high resistance mutants in the gene library. At the same time, the E.
coli carrying pACYC184 were cultivated with 0-10 mg/L TC and 0-30 mg/L Bap 14 d. We randomly selected ten
high resistance mutation from each group. The tetA(C) genes in these mutations were then sequenced. Sequencing
results were compared with the code table of high resistance mutation sites, calculated the proportion of high
resistance mutants caused by tetA(C) gene mutation in all high resistant strains. [Results] Sequencing results
showed that under the selection pressure of low concentration TC, while the Bap concentration increases, the
frequency of high resistance gene mutant increases (P<0.01). But without TC, there is no corelation between Bap
concentration and the frequency of high resistance gene mutants (P>0.05). [Conclusion] When Bap and low
concentration TC both in the environment, the high resistance mutants were easier survived by selection pressure.

Keywords: tetracycline, benzo [a] pyrene, resistance gene, gene mutation, error-prone PCR
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