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(BB REME. BRERKIFERORRAMRERNSG A, D ERRREERERY
ROFTMMAZR, NIFRF ARGs WA EZRHESE,

[7575] 9B EE tetA. tetRIXFAMUFRNMEBERRBNKHITE (E.coli) , HEEEMELR
K (Dei=1.0) , DRIFEEBAE. TEHE (XHEWEIK, H,0,) KB /H,0, k& XTI FAFMHT4E
E.coli I B R#FHITERR. BELEIEA3INAE, 25079 200% (C20). 40% (C40). 80K
(c80) , 0% (co) YEAXTHRLAR ; H,0, RhIBIGH 3 NH, 435K 10, 20 60 mg-L*, LA H,0,
YERSTIRA ; BB /H,0, RSB AFM I BAR 9 HAEHER, SIFHH,0, 8584
I 4H, 1% 30min (T30). 60min (T60). 120 min (T120). 240 min (T240). 360 min (T360) 5
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M+9BEE, R5aEME0.51 MIESR (10mg-L? H,0,, 360min) ; MEIT tetR N2 H
BARIEINIER, RSN 0.45 NMIES (60 mg-L* H,0,, 240min), B H,0, B & 1ER
FHUME E.coli Y R IEBRE LIRS H,0, FIEZ BIEEREEA (P<0.001) , EMHBE K
%, H,0, FI 2%, ERMWEHEIFHIHEE | teta (C80, 10mg-L* H,0,, 30 min). tetR (C40,
10 mg-L™ H,0,, 120min) &2 3R 1.15. 0.56 MRER, B, H,0, XFEEA 30min [,
tetA. tetR IR EREBT BN R T W HRAE (P>0.05) , BREFIZR H,0, IFFTUERR
HERBRESBEARITFEN (P<0.001),

[45it] BE MBI KT REHRIMRG, SRAIITREE. REYRH. H,0, %17k
ARFHOF R MEER tetA. tetRBAERERRIER, X E.coli A tetA BIRABEMN &
FRUMER, X tetR B R EIEINMESE, S8B—T5 AL, BEBESG H,0, Al SLHERE H,0, X3
M E.coli A tetA. tetR BYB N EFRo
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Removal of tetracycline resistance genes in water by ultrasound/hydrogen peroxide ZHU
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Medical College, Hangzhou, Zhejiang 310013, China)

Abstract:

[Background] Tetracycline resistance genes are the most representative new environmentally-
polluting antibiotic resistance genes (ARGs), mostly in the form of antibiotic resistant bacteria
(ARB), and are widely distributed in the water environment, posing potential harms to human
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health and ecological environment stability.

[Objective] This study explores a new and effective method for removing tetracycline resistance genes in the water environment, and
analyzes the factors affecting the removal, in order to provide reference for the removal of ARGs in the environment.

[Methods] Escherichia coli (E.coli) containing tetracycline resistance genes tetA and tetR was constructed and inoculated in sterile water
(De0o=1.0). The two resistance genes were removed by ultrasound, H,0,, and ultrasound/H,0,, respectively. Three groups of ultrasonic
treatment were set: 20 times (C20), 40 times (C40), and 80 times (C80), taking O times (CO) as the control group. Three groups of H,0,
treatment were set: 10, 20, and 60 mg-L™, with 0mg-L™ H,0, as the control group. Ultrasound/H,0, combined treatment was divided into
nine combinations of the two separate treatments. For the H,0, treatment groups, samples were collected at five time points: 30 min (T30),
60 min (T60), 120 min (T120), 240 min (T240), and 360 min (T360), and O min (TO) was used as the control group. The sample size of each
treatment was 3. The removal effect of each treatment was evaluated by the reduction of the magnitude order of target tetA and tetR
before and after treatment [logarithm base 10 of the ratio of the concentration after (0) to before (po)].

[Results] When resistant E.coli was treated by ultrasound alone, it was found that with increasing number of repetitions, more tetA and
tetR decreased, but the overall decrease was not significant: When ultrasound was administered 80 times, tetA and tetR decreased by 0.62
and 0.17 orders of magnitude respectively, and the removal efficiency of ultrasound on tetA was significantly higher than that on
tetR (P<0.05). Under electron microscope, the surface of resistant bacteria showed spherical protuberance and some bacterial structures
were broken after the ultrasound treatment. When H,0, acted on resistant E.coli alone, there was a significant interaction between
H,0, dose and treatment time (P<0.05), and a significant difference among different H,0, doses (P <0.05). The removal effect of low-
concentration H,0, on tetA and tetR in resistant E.coli was better than that of high-concentration H,0,. H,0, removed tetA over time by
up to 0.51 orders of magnitude (10 mg:L™ H,0,, 360 min), but increased tetR by up to 0.45 orders of magnitude (60 mg-L™* H,0,, 240 min).
When the resistant E.coli was treated with ultrasound and H,0, combination, there was a significant interaction between ultrasound
treatment repetition and H,0, dose (P<0.001). Higher ultrasound repetitions and lower H,0, doses were associated with better removal
effects: tetA (C80, 10 mg-L™ H,0,, 30 min) and tetR (C40,10 mg-L™* H,0,, 120 min) decreased by 1.15 and 0.56 orders of magnitude,
respectively. After the combined treatment for 30 min, the changes of tetA and tetR were not significant over time (P>0.05). However,
different doses of H,0, showed significant differences in the removal effect on the two resistance genes (P<0.001).

[Conclusion] Ultrasonic treatment can cause mechanical damage to E.coli, resulting in E.coli fragmentation and entocyte outflow. H,0,
has an obvious removal effect on tetracycline resistance genes tetA and tetR in sterile water, as well as an obvious removal effect on tetA
and a reverse increasing effect on tetR in E.coli. Compared with single treatment, ultrasound combined with low-concentration H,0, can
effectively remove tetA and tetR in resistant E.coli with a higher efficiency.

Keywords: antibiotic resistance gene; resistant bacteria; ultrasound; H,0,; combined treatment; removal method

HFMEENEEEMSIXEB R, IF
BT EE (antibiotic resistant bacteria, ARB) /314
Z 3114 B A (antibiotic resistance genes, ARGs) K=
FEEMZER, REBEHARN=%, WES
REMALRBEESHKT EXRNEBEREY, IEERX,
ARGs B E BB AR R BIFA S IE R s ARB 1EJJ ARG
NEBHE, BESENHAMEE S ARGs EEFAF
HIEHRIEMT “RIP7, SEEMAKLEBRARNER
spERgE. RES. REEKEFEFTEREABOFTIER
M EPRAEAAMEE. MR, AR T EXT ARGs
B ERRMR ), BARKREA, BEBEEINME A E. =
HIERSWRAELEME S, MU (XIFNE
K, H,0,) BKAEBTZHERNEMNMT, H=ER
HO- AIXY AR BV ARGs 7 ERIE AR IRIR , 183 R (5 &
W, ZEARF H,0, NEBFIELRA S, 3Fit, 74
R INBREEURT R D AEMAMEEE. HMppE
EWEMm, BREEARNH,0, B, DHBTERES
H.0, R ESEERRFEBAE B S H,0, WK E NI
EMER tetA. tetRIEFRRR, AREHHN. BS
WTBERY ARGs BRF T ZiRESE,

1 MEERZE
1.1 EFElFIFNER

Hieff UNICON® qPCR SYBR Green Master Mix ( 71
K%, Low Rox) (EBHEREERLE, ¥EH),
KOD One™ PCR Master Mix (FRIEHEYRIEBRA
@), HZ), GeneRed Nucleic Acid Dye. =4l BRI A
RiIAFIE. MK/ AR/ AL E R A ONARIUR TS
(TIANGEN, A1 [# ), pMD-19T (Simple). DNA Ligation
Kit Ver.2.1 (Takara, HZ), 30% (FRE 49 #0) H,0, (93
W) (ETEMITERMDEBRRAE, vE), 3
S 1L S E (2000~5000U-mg?) (Sigma, £EH), BFE
HARRMIEN (TRAZEMRERBERATE, #
[E), KAHEE PCRIY (Applied Biosystems, £[E) , 3
BT 2R (JEoL, BA),
1.2 A%
121 MMEEGRNEESESF B PCREARME
SERIRPA KL LI 12 H tetA. tetR TR, EEE
pMD-19T H{A L, ENFRIEEHRYEXRZS AT
B, &7 T LB (Luria-Berteni) E{Aig7RE (LB1R) L,
FHRBFEPIRIES, AR BEEEZEM T BR
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&, REMR, £PCRIIEFTF 37°C, 220 %% -min’
EZHTEIDBIERTDIETE 16h, BX800uL EiRS 200 uL
KEHHERS, £F 1.5mLKEE R -80°CKFER
7, EERNERE R

122 ERFEZEE (1) BELE | BEIEEREK
1EF16h Y LB R 10mLF 50mL ELEH, 1789xg 7K
FEO 10min, EiE EER, BLEKEZEEMA,
HFHH. AMARUSOMLNBELBENEXRET, 818
DENRERETRA 10mL, BRVIBZE BT Deo=1.0
SRAFHFIEE, 294 1.0x10° CFU-mL™ !, {558 Jy92-1l BB AR
MR AT B RHITNIE, BG4 AINE 200W,
H8FE 3s, (B8 s 1T 1R, B NBAEIIZEK L#H1T,
LUHBRBE = £ AL, BYXE A 0% (C0).\ 207%
(€20). 407x (c40). 80/x (C80) WYKIF 1 mLTE TR
TR, #HITPCREM, (2) H0, R I2 : FHEMN
pMD-19T/tetA. pMD-19T/tetR FRKLIATF 10 mL KA
i, FEEAIAZEE D59 0.53. 0.85ng-uL?s BX30% (&
E7%) BIH,0,787,K 89.1. 178.2. 534.6 uL TARMA,
£ H,0, RERE 95710, 20. 60mgL*™, SBRAfE
FF&a1t8Y, F 0min (T0). 30 min (T30) . 60 min (T60) .
120min (T120) . 240 min (T240) . 360min (T360) BYEX
20uL 7K, IZEPAON 200075000 U-mgt R E &L E
Bg 20 uL-mL* LRI R JEFERY H,0,, RIFTF -20°Co &
MBS XMEMEAREE—R, LUERARNIRE
o KBARFIMMERIITENERR SR ERR
M, SHAEBERMETENE 1mL, RETF -20°CEH
To (3) B/ /H,0, XA AR : BEAIEE G, FEER
&8 EREIMANH,0,, FT0. T30, T60. T120. T240.
T360 BYEY 1 mLK#¥, SLEMIOANFRFERACEHRE L
H.0, IR [, fR7EF -20°Co

1.2.3 DNABVIEENSREF MIBIK /488 /AR E R
28 DNA BB & 157 BA B IR EXVK AR BI DNA, BX 1 mL
REIERIKEE DNATEN B tetAl tetREN SR, BX
23318 208, 40%. 80 RHYKEEERFERE /H,0, &
AR S —XTEE, 32EUDNA [T, FHIRFETE -20°Co
1.2.4 PCROT AEAERNAIEAT EHREURN,
FH Nano Drop 2000 3 ¢ e E it (v1.0) M EZER K FE
54iF, #xF 0260/280% 1.8~2.0 WRRIEN TR EmSR, &
FIFREN 10'~10°, RN E 2RI R PBEE K
20 uL qPCR 2 (SYBR Green Master Mix 10 L ; 1E[E]
S51#70.4uL ; RASI¥0.4uL ; AR DNA 2 ulL 5 ddH,0
7.2uL) , 15 B AR A BR 4L BB LURR TE K AE A tetAl tetRBY

FE, sIYBEMMNERNEYEARERATLITHE
B, Z51MEIINT L. REZHR 95 CTT 4
5min ; 95°CZE4 30s, 57.4°CIR N ZE(H 30, 72°CHEAH
30s, 35 MEIF ; 72°CREZEM 7mino

®1 KHRATEEPCRISIMIFT

Table 1 Primer sequences for real-time PCR

EREA Elklezdl FRERAKE /bp
tetA IEf © 5-TCTGGTTCACTCGAACGACG-3' 167
R[A : 5-TGATGGCGTAGTCGACAGTG-3'
tetR IE[A : 5'-CGATCAGAAATGAGCGCCAG-3' 178

[6) : 5-GTAGACGGTCTGACGACACG-3’

1.3 s£I8igit

BhEES A tetA. tetRIKAME (E.coli) , F
BEHEMETE KB (Dwi=1.0), 1NN E.coli
HKABRETARBEMETAIE, BEMES 5
79 CO. C20. C40. C80, AIEFEFE 1 mLE R R7F
F-20°Co MM 10. 20. 60 mg-L* H,0, H{TAIE, UiEe
B ERERK, WEERTE I T30, T60. T120.
T240. T360, ZEN1mLERRFETF -20°C, BXREE
A IBEIER 1mL, AFITE R tetAl tetRBIE. 1
BN RAIHE R T R K, #ZEEZET H,0, L
12, WA EE S H,0, BE1E1ER T KB R& T tetA.
tetR T ERBIM R, FALINEE 3K,
1.4 HitFESR

FI)FH Excel. SPSS 16.0. Graphpad prism 8.0.2 (263)
X EIRHITHIT 2, WNEBELIENEIERARERERE
ti3 ; WENEBRERSS5SRITHMNBIEREEN
ENZHELED, ARERFEDTHITZAEAER
AN, ABEF DT, F Turkey K056 XT #6 M 7K 3
TRIE, ¥ a=0.05 (M) o EPRRER LA IEH]
EMERRNRELVE, BIREBEENEE (o) SHEE
E (po) LLERERXIEUE [Ig (o/p0) ] RIKIR,

2 HR
2.1 HiEE.coli B SEF

1A A tetA. tetR 5 pMD-19T A Th iE 1 G FU 45
RE, @83 ZA5XLE (B 1B) Bk INE KA
M E.coli KEIEFT, #HITIMMERNNIREMGETM
E.coli I EBRIZLE,
2.2 BENE

2 NBEER TR E.coli NERE], 7]
NS BAE R EBIIE, tetA. tetR FHEMEEMZ
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BIEEARRK (P<0.05), BEN tetA W EFFRHB RN T
tetRo

[E] A KB, ERtetA, FA tetR, 7 marker, tetA. tetR 73 I3
[ 1000. 800bp BT, B : HEEABILL,
1 pMD-19T 5 tetA. tetR INEIZEIREEVELR
EEKEFE BB
Figure 1 Agarose gel electrophoregram and blue-white screening
after successful connection of pMD-19T with tetA and tetR
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Ig(p/Py)

|
o
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—{ - tetR

-1.0

0 20 20 60 80
BERE

[E] + . 534884 (co) 4Lk, P<0.05,

E2 BEMEHIEE.colitsRE (n=3)

Figure 2 Results of ultrasonic treatment of resistant E.coli (n=3)
3NETBELEBEENMERTER M
E, IR LEE, ZHARKE~EKEOE,
B AR LSRR

.; P a0

[E] A 39HR4H ;B 1 C804H, EikFR/R /T E.coli FOARERBEFT ; C 1 C804H,
BSKFRR A E.coli FRIEF= £ BRFZ (hit,
3 E.coliBREAIBETERE THIMRE

Figure 3 E.coli under electron microscope after ultrasonic treatment

2.3 H,0, %%

2.3.1 H,0, IBACE RPN tetA. tetR E 4A HI H,0,
BIREAETIMMRER tetA. tetRBINRE], Fid 451t
SITEIHNH,0, 7 8 5 AN BR8] 7 el fFE R B EA (P<
0.001) , tetA. tetR ¥ & = FEE& H,0, 7| = AV 1E K F1 8

BIRYRIRTRL (P<0.05), BELVHEEZFINRIE,
RABTFE, StetRiELL, tetANEBRBEES,
7£ 10, 20mg-L"* H,0, {EFE 0~120 min B, tetR ISR EH
BB EFH, BRERRIRD 2B, B
HIERIAD, 1F 60 mg-L™ H,0, YEF 360 min B tetA. tetR
AR R, 23R T 1.77 1 1.99 NMAEXK
2.3.2 H,0, 4h3E E.coli AT tetA. tetR B 4B J9 H,0,1E
BT Ecoli IR B, 1451153 #r &I H,0, 7
E5XENBEIZEIEEREER (F=44.26, P<0.05),
REH0, FIEZ BB ER (F=667.8, P<0.05). ME
AT T H,0, XT 1M E.coli R BY tetA. tetrR = I H KK
EEXRRURENTERENIN R, BE L, H,0,%
tetA WA PRTEFPRES BT BII RIRMIG5R, MEXT tetr
HEIMHREIEINER, BEXMNKRHEERER
BN RRAMBPINE,

LAl

0.5
— _. 0.0
< <
Y 3-0.5
o0 o0
-1.0
3L | | | ! ! ! -1.5L ! ! ! ! ! !
Q O O QO O O Q O NV 0O O© O O
NN R RN R S
BY{&]/min B 18)/min

—o— tetA-10mg-L* —1— tetA-20 mg-L* —— tetA-60 mg-L*
—O— tetR-10mg-L* —o— tetR-20 mg-L* —— tetR-60 mg-L*

] EA : tetAl tetRAIEBER B S5 H,0, I EZBIEERXEEMR,
F=101.40, P<0.001, F=141.50, P<0.001 ; [@— B [&) 7~ [& H,0, 7
BHAZEEBER, P<0.05 EB: H0,FIE5KENEZ
BEBRXEER (F=44.26, P<0.05), A H,0,FI2Z B E£%
(F=667.8, P<0.05) 0

4 H,0,X37K3A%& (A) FE.coli (B) HtetA. tetR BIERRK

8] (n=3)

Figure 4 Removal of tetA and tetR in sterile water (A) and E.coli (B)

by H,0, (n=3)

2.4 #BF /H,0, Bt & IR E.coli R tetA. tetR

5 2B /H,0, BXEER Tl £.coli FEAL IR
BRI X R, Al A IELEREIERRIET 30 min B/
ETEBNEBRERNEEES, U30min ATR, &
30 min BUEEBFS /H,0, BUEX & EFRERT BV RFR Tk
HABEE (P>0.05), BREFIZHIH,0, % FAPIT 14
HEENERYRENEESR (P<0.001),

Wi 5E 488, AT A MBE S H,0, HEE
BB, FE&EREH0, BREEMRURALTERE
IR, BEBENNTNEBIDNE T tetR B E & M1
My, BELIEYH, BESH,0,NEXE1ER
(Bl 6) ¥t tetA. tetRIEBFBREMTFRE—F% (B2,
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El4B), EARELH, EBAE. H,0, REBRXEEFRARZ
BI{EFTME E.coli PET tetA B ER 1.15 M E 4K (€80,
10 mg-L*H,0,, 30 min) , tetR E[F A /L 0.56 M2
(c40, 10mg-L*H,0,, 120min) o

&l 6 B /H,0, Bx & EA F #1114 E.coli 360 min
NERE, 2T DHAI, BELIES H,0,7IE
2B BEBXEER (F=230.60, P<0.001) , H,0, B97EFT
MEREE, ARBEAENHBERREZ, £BRY
REFRIHEE, BE T tetR B A, tetA IXFHIEH L
NAE,

s S
= =
-1.0
-1.5L1 I I I I L
QPO VO N O OO
b,\’y,\/‘bqy‘,,p%b

BY8]/min

—o—tetA-10mg-L*

tetR-10mg:-L*
—{+tetA-20mg-L*
—o—tetR-20mg:L?
—A—tetA-60mg-L?
——tetR-60mg-L*

Ig(o/p,)

-1.5 L L I I

M
B 18]/min
[E] B A B. CHO3BF 204 40, 80 KJSHIN H,0, [EHIRIRE, tetA.
tetR SO IBEY[B] 5 H,0, T & Z BIFERX E1EMA, P<0.05 ; F—HAYE]
TEH0, FIBAZEERABFHITFERN, P<0.001,
El5 #7 /H.0, BXE1ERTF E.coli &R (n=3)
Figure 5 Results of combined ultrasound/H,0, treatment
on E.coli (n=3)

1.5 1.5
1.0 1.0
< <
305 3 0.5
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0.0 0.0
o5l 0 20 40 80 45170 20 40 80

HBERER B R
[J0mg-L'* H,0, [110mg-L"* H,0, [120 mg-L* H,0, l 60 mg-L"* H,0,
[7F] teta (A). tetR (B) #BE RIS H,0,FIEZ BB EENRE(ER,
F=230.60, P<0.001, A, AEIR—LERALLKYEETEEYS
&, P<0.05,

El6 B /H,0, B & 1ER T E.coli 360 min BIZLRE] (n=3)
Figure 6 Effects of combined ultrasound/H,0, treatment on
resistant E.coli for 360 min (n=3)

3 e
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SHAGARPHIOIRZTER R tetA. tetRBHENE
BRYEA, 1B3F E.coli NN tetA. tetR BIEFRTEF AT Ko
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mEl, ROHRIRE T AREIKGIET Z 3T ARB B AR
fER LY, HPRZHEELEHAES RIS,
KIMNBRF REANUTE, RELVEEICR T AR
K/ BKBIBSIEP RN ARG HEMERNE
BB NGRpRE e Y, RKRA, FRTEER
AL FIFEIREM A7 £ SRR LIB R A E
PR R, HEFAREHFEE ARB AL HWHIHIR L,
BHiZSHEEYRNER, 5512 7KF8 ARGs, EA]
OJRER T RIIEY) ) e E R K B F B E]IERE bl
= = | A5 BY 2R 3 (6 B R AR A 38 10 7 AR,
TRESSIFMEARIZ 0 E, TR EKIARIE LT
BIREXT/K RV EIEYIE A E 2,

AR T, BELIEI tetA. tetR BI KRR
HABE, BEIHEBEMER, A LIERBESY
ARB Al 4E M B8 RIFHIRIRER, X5 Wang & 1¥
ARG R —H. ZARE H.0, BIZERTKFH
MR, SRR+ EE, BERH.0,EFRTER
B, RRENAFTIFN, B B LI, BN ERF R
HINFIERBEE, PRSI TR H R,
Cengi F  IEHA R AR AN FIXT & RIS F4 3 ARGs
HERRMER XM, REH,0, M Fe* IREIEES
(9891700, 280 mg-L?) , 1BLZ3d 24 h RMIBFRIM R
HFHARBAE, Ferro F" R EZNSTIEMN AL
423 ARB 195 5EF ARGs B ZEFRo Koivunen &5 12
BRRRER | —RIERT, EUFE LS EHEY
MAAREE, MBENTRASR, RedT2WEHFEYRN
&R, 40 RNAFIDNA. LI, 114 E.coli AARMEE. 4B
AR S MR AR T H,0, WEMIER. T LR
155, 23T BB EL A H,0, W HUIE E.coli A tetA.
tetRH1T bR, LRI, BEBEFRT E.coliMEEE,
AR, FRERERN H,0, A LI ERE
B KR, XM F T H85 /H,0, X & TE E PR A
HENX, FEB AR ERENE LTI KEFR RS
EYRERIAE 2,

LR, ERRPIRFELL TR © 2 H,0, K
A, E25BRNSENEBERES Y, XS
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MM H,0, XF ARGs B ER ; LI RIKGIN /55 FE
E P gPCR A E, 5P MBI A N A BEIRER S
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