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Detection of integron and antibiotic resistance analysis in a
lab-scale quinoline degrading microbial community
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Abstract: In this study, PCR and clone library methods were used to analyze the composition and po-
tential functions of integrons in the ecosystem of a lab-scale quinoline-degrading bioreactor. The results
showed that the integrons carried gene cassettes of sizes between 200 bp and 1 000 bp. Some gene cas-
settes could not find any analogue in database. But some of them are similar with the sequences of in-
tegrons previously found in industrial wastewater, such as FIdF gene, which might be related to degra-

dation of aromatic compounds. Many cassettes had aminoglycoside resistance genes, such as aad4
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gene, which might encode antibiotic-resistance protein. To verify this result, we measured the antibiotic

resistance pattern of 34 isolated strains, which were dominant in the quinoline-degrading bioreactor.

Results indicated 44.1% of the isolates were resistant to antibiotics, and the incidence of multiple anti-

biotic resistances was 29.4%. The ratio of resistance to ampicillin, kanamycin, chloromycetin, strepto-

mycin of the isolates were 29.4%, 23.5%, 20.6%, 23.5%, respectively. There barely exists antibiotic

stress in the quinoline wastewater bioreactor and the environment where seed sludge came from. How-

ever, the dominant bacterial strains were generally resistant to antibiotic and many integrons carried re-

sistance gene in first gene cassette. This phenomenon so far has not been reported and its mechanism

needs further study.

Keywords: Bioreactor, Integron, Gene cassette, Antibiotic resistance, Quinoline degrading
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1.2 RENELEYE#ERS DNA REMES
PCR 731

1.2.1 2 DNA$REL: MU # HORE R & B P,
iz ] Bead beater 352 UL W IEFE i A9 5 DNANY,
122 EEFEHEUNERESH: i/ 1CC48 (5-G
CAACTGGTCCAGAACCTTGAC-3")#1 ICC21 (5'-G
TCGGCTTGRAYGAATTGTTAGRC-3") 3k ] 4y '
(El 1), PCR etk &K 25 uL, HH & Taq
buffer, 1.5 mmol/L MgCl,, 0.2 mmol/L dNTPs, 5|4
% 20 pmol, Taq fifi 5 U, it DNA £ 20 ng, PCR
HEFR A 95 °C 10 min; 95 °C 45 s, 51 °C 45 s, 72 °C
90 s, 40 MEH; 72 °C 10 min, {87 1.2% (W/V) R B
BB BRE 5 FL VKRS DU 47 1445 2] 1Y) PCR 724 .

123 EBETFERESHW: i HS286 (5-GGGAT
CCTCSGCTKGARCGAMTTGTTAGVC-3")Hl HS287
(5'-GGGATCCGCSGCTKANCTCVRRCGTTAGSC
30 kalt? (& 1), PCR KWK ZR 1.2.2, PCR
HEFR A2 95 °C 10 min; 95 °C 1 min, 55 °C 30's, 72 °C
150 s, 35 MEER; 72 °C 10 min, fHifH 1.2% (W/V)H)
By N A s rL VK ARSI B 3 45 21 19 PCR 740,

1.24 BEEASTEXEWEMME: K PCR Y 1Y
7 VL 4l AR iR ) & (Geneaid) 17 44k, P
T4 DNA 4% iE R E pCR 2.1-TOPO"™ 7¢ [ 48 14

attC

(Invitrogen). % 4% 7 ¥ AL 56 AL 1 e AN KT
DHSo Y FE e SCIE o BEALPRER BH M s e el 2 T
A ) TR () AA PR /I HE T 7 o

1.3 D EEREITZE N E

1.3.1  BEkk: SRR ST B B Mk ) B i Ak
SN A A AR i o RIS RN AT B
TRIIAANE, Py 26 #RE AT T 16S rRNA 3
PR ) 4558 (3 1a),

1.3.2  EFFEFNIEFE &M LB IAE SR IR LB [E &
WA AT A AR R . AR 25 IS0 I, LB $5
FEIEEFMARFGER, PR LILLRE 55 h:
R H %= & (Ampicillin, & FK Amp, 50 mg/L), &
J8 % & (Kanamycin, fij#% Kan, 50 mg/L). @& &R
(Chloromycetin, f& #& Cm, 30 mg/L). %% % &
(Streptomycin, fij # Str, 25 mg/L) . F| & F
(Rifampicin, fAjFR Rif, 100 mg/L).

1.3.3 BHIAMENE: RHEA Pk e rm
PRIGRSRMT 250 . 2 AR T 1 mL LB KRB 5= 56,
150 r/min FEPRIEFRSE, HL 200 pL 5535 AR IR A6 5
LB R4 b o 8 S BRI BT A 2R 30 1 Y [P
UEAC R TUCE TR ORI AR I R L, 37 °C 55
16 ho AR 0T I RN ke dff e pi A ik
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Fig. 1
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Structure of integrons and positions of the primer pairs used

© PEMERMEMFRTEATIBRSHEER http://journals. im. ac. cn



WA A5 W IARIAE i S 0L 5 AT A B 5 ARG R T R S 24 20 B 1017

E

R R B Iz 23 A 4 B A L R B AR R R PR 241
Table 1 Antibiotic resistances of bacterias isolated from biofilm in a denitrification reactor
a) MZ51F 5 —Y% 3 Antibiotic resistance of isolates

iR btk BrA Ryt
bR = YA HA Antibiotic resistance bR = gesine g Antibiotic resistance
No. strains Taxonomy Amp Kan Cm St Rif No. strains Taxonomy Amp Kan Cm St Rif
IS-FXY12 Rhodococcus sp. = = = = = IS-FXY32 Stenotrophomonas sp.  — = = = =
IS-FXY46 Rhodococcus sp. = = = = = IS-FXY47  Brucella sp. 4=F H=F +* +* =
IS-FXY51 Rhodococcus sp. = = = = = IS-FXY16  Pseudomonas sp. 4=F = 4HF = =
IS-FXY52 Rhodococcus sp. = = = = = IS-FXY22  Pseudomonas sp. = = = = =
IS-FXY10 Microbacterium sp. = I = o = IS-FXY23  Pseudomonas sp. o = HF = =
IS-FXY43 Microbacterium sp. = = 4 4RF = IS-FXY25 Pseudomonas sp. - - - - -
IS-FXYO01 Bacillus sp. = = = = = 3-35 Thauera sp. = = = = /
IS-FXYO03 Bacillus sp. == = = = Q20-C Thauera sp. - - - - /
IS-FXYO05 Bacillus sp. = = = = = Q4 Thauera sp. = = = = /
IS-FXYO08 Bacillus sp. = = = = = 105-B07 Unidentified 4 G = ++ -
IS-FXY34 Bacillus sp. = = 4= = = 105-D05 Unidentified i G - ++ -
IS-FXYO04 Staphylococcus sp. = = = = = 105-F03 Unidentified S H=F = HF =
IS-FXY14 Staphylococcus sp. = = = = = IS-FXY11 Unidentified = = = = =
IS-FXY53 Staphylococcus sp. s = = = = IS-FXY13  Unidentified = H=F = HF =
IS-FXY54 Staphylococcus sp. = = = = = IS-FXY42 = Unidentified 4=F o I HF =
IS-FXYO02 Staphylococcus sp. s = = = N IS-FXY45  Unidentified - - - - -
IS-FXY17 Stenotrophomonas sp. — = = - = IS-FXY48  Unidentified = = 4 = =

TR+ PUESR; + PVEBOR; — Johihk; /2 RUE.

Note: ++: Strong resistance; +: Better resistance; —: No resistance; /: Not detect.

b) MfZ51ERICS Statistic analysis of antibiotic resistance

B R XS S [0 A 3R A i 24 %%

W 2 % P LT 0
) Resisimes me Multiple resistance rate Resistance rate to different antibiotics (%)
Number of strains o o )
(%) (%) Amp Kan Cm Str Rif
34 44.1 29.4 29.4 23.5 20.6 23.5 0

c) MZ51%E 42 Types of antibiotic resistance

KM Types YUY Resistance types HRSiS Strains
A Amp IS-FXY02, IS-FXYO03, IS-FXYS53
B Cm IS-FXY34, IS-FXY48
C Amp+Cm IS-FXY16, IS-FXY23
D Kan+Str IS-FXY10, IS-FXY13
E Amp+Kan+Str 105-B07, 105-D05, 105-F03
F Kan+Cm-+Str IS-FXY43
G Amp+Kan+Cm+Str IS-FXY42, IS-FXY47
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FRAE AR N £, TN A T s PR R A P ], S R
23 °C+2°C, 2009 4F 12 F S hiy g 7K FHECRE, LA
HPLC I % M b 5 £, 12 Asf () 0 18 ok 25 B R
85.4%. %I —AF N 2 W IORE E AT S A W VR
SEF R A2, AR UCEUORE R, [ Ak AT e R R 1Y
HPLC 437, 455 3% B R 07 #5 Ao A 20 457 2 1o 1Y) s b
REff R, O THAE, ROV PR — 2 0GR
FH A0 B I s Ol e 1) A8 A o 7 FE R A
BHELERTE 2 DA, EAMEOEEG3 nm)kaill %
B IS0 45 1) W W G5 fi Fie ) AR (R HP AR
22 HYRESFHEANEERSHY S

FH ICCA8/ICC21 5|4 14 A Wy RS A ot % A
DNA, FH4ifbik#] & (Geneaid) #7401k )5, TifE b
EERC IR A RN 2 R, EEYRFHTAH 6 &,
K/NG51K 200, 300, 500, 800, 1000 Al 3 500 bp
A, WANE A — S B W IR B AR, o A e
200—4 000 bp Z[a], 7 HH 500 = FA Y S A Ak s ok
Wit SN e, AR 2R &
23 BEETERZHYIE

FH HS287/HS286 5| 414 47 14 A= 40 A i P
DNA, W4kt £ (Geneaid) A7 4ifL 5, Bl b
BERC TR 2 A 3 iR . REY IR AAE 4 54,

bp M NC A P

2 000
1 000

500

2 ICC48/21 51X 1B EMIRRE T DNA ME R R
Fig. 2 PCR amplification and purification of gene cas-
settes in biofilm DNA using primer pair ICC48/21

Note: M: 100 bp ladder marker; NC: Negative control; A: PCR
amplicon before purification; P: After purification.
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KNGk 400, 500, 700 #1800 bp 245, (HSH
PP G B SRR EL, L B A ORI
24 EEZSFIISH

SLH Gy s Yy s T SR SCE I Y, AT
R G570 ORF gt H AT fE . 1CC48/1CC21
PR BE ST SO E T 12 A BUFS . LA NCBI
B ¥ )% #E 47 T BLASTn (http://blast.ncbi.nlm.nih.
gov/Blast.cgi)/#1, F-#i% DNA ¥ [E IE ¥ 51 o
gERFW], Hid110/145/192 34 SE 9 — 3, K
JE24 978 bp, 5 Tn21 ¥ . s fHINE . REES
B T RN 2 A T OB SE Y40 8 A AL R
99% . 112/120-2 3@ B ¥ 9K BN 527 bp, 5
Thauera sp.. Wi U> ] IG TR 55 B ER 40 15 5 AHALLEE Sk
97%LA 1o 120-1 3ERERF I EE N 575 bp, 52
s AR B 55 B 7R 53 7 AU ARBLRE hy 80%., 1107, 132,
135/143/149/152 i B 1) J37 514 FE 43 51 2 598 bp .
190 bp i1 218 bp, £ & 4 A ZA T 5 o

[fliF, i NCBI ) ORF Finder F2£J¥ (http://
www.ncbi.nlm.nih.gov/gorf/gorf.html) A 1> DNA
B e A v #8500 B8 1 JF R 65 HE (Open Reading
Frame, ORF), #RJ5ffiH] BLASTp (http://www.ncbi.
nlm.nih.gov) S # i ORF $mis 5 H A RIIRE H, 245
Rk 2 B, WLE, 12 ka5 A
A 5Pl R P ARG I

bp M NC A P

2000
1 000

ANNNN

500

3 HS287/286 |3 H IBEMIRETE DNA WEFE
Fig. 3 PCR amplification and purification of gene cas-
settes in biofilm DNA using primer pair HS287/286

Note: M: 100 bp ladder marker; NC: Negative control; A: PCR
amplification result; P: Purification result.

© PERFRHEDTRAATIERSHEL  http://journals. im. ac. cn



WA A5 W IARIAE i S 0L 5 AT A B 5 ARG R T R S 24 20 B

1019

HS287/HS286 "3 Jy Bt se Bl JP 45 3] 5 254 &%
FEH . HeXH T e R B R, HI16 STRERFIKE N
393 bp, H—ARMANE PR RER SN GE A BT
HIALEE g 87%., H35. H45. HA7/H786 TilEHF
GIK B4 A 510, 334 il 321 bp, 7EEHEIE Tk
AREFLFH] . XEFHIH ORF g Lk 3
7w
25 SDEEKRIITHZAMNT

Xt 5 B AR 2 25 Y RURAE I B, sk
94k 1y SR A S e Ay B B 34 MR R, A

44. 1% W BRAFFE T 25 1, 29.4% 10 A M A 2 H i
2Pk, a3k la. b FR, A 5 R R 2
RN BREFR 29.4%. FIBHER 23.5%. &
FHK 20.6%. FETER 23.5%, FFFIHE U4 EREUR .

PR 25 R R 4R 7 AR TR 253,
T e i BRT 6 BRA K E 7 FE A7 1 B8 Bk A1,
R H R A PUERAPUEN 3 HREAE TR
BEDAT], MR H &SR MERZ R AIER 2 b
FYE TR EE, RIS KA P 0w )
HERAYE,

#*2 BHEFEZE PCRZ=HH ORF 2 #i(3 413 ICC48/ICC21)

Table 2 OREF derived from first gene cassettes amplified by primer pair ICC48/ICC21

RF K/ i i
sepegn  ORFAM mmE A A B P L
Clone ORF size Left boundary Right boundary Top hit protein Identities
(bp) (bp) (bp)
110/145/192 931 5 931 AadA(streptomycin/spectinomycin resistance; 303/307 (98%)
adenlytransferase)
Aminoglycoside adenylyltransferase (Klebsiella pneumoniae o
LIPS 2= e il subsp. pneumoniac MGH 78578)(YP_001338814.1) BRI EH)
ABC superfamily (Glutamate/aspartate transporter), o
120-1 318 ! 318 ATR-bind¥ek Proteifl (Azoarcus sp. BHI2)(YP. 931943 1yis1  82/102 (80%)
ABC transporter ATP-binding protein (Pseudomonas o
aeruginosa PAT)(YP_001349400.1)") I (%)
ABC-type amino acid transport system, permease component o
2=t > 73 (Magnetospirillum magnetotacticum MS-1)(ZP_00208411.1) LS (T2
Site-specific recombinase, phage integrase family protein o
L1 20 S S (Pseudomonas aeruginosa PAT)(YP_001345493.1)!'4 LIRS (@1150)
135/143/149/152 201 1 201 lSég;gé)transductlon histidine kinase (Haemophilus influenza 18/43 (41%)
132 189 2 190 No significant similarity found

%= 3 HEEZE PCR =187 ORF 21 (31493F HS287/S86)

Table 3 OREF derived from first gene cassettes amplified by primer pair HS287/HS286

eSS ORF K/ Ze B VERuLi AH L RN S
Clone  ORF size (bp) Left boundary (bp) Right boundary (bp) Top hit protein Identities
H16 228 162 389 Putatlye integron gene cassette protein (uncultured 68/73 (93%)
bacterium)
FI1dF protein (Sphingomonas sp. LB126) o
H35 507 4 509 (CAB87572.1)%1 23/56 (41%)
Hypothetical protein XCV4367 (Xanthomonas 3
SES S0 15 5 campestris pv. vesicatoria str. 85-10)(YP_366098.1)!'®! 022 (57%)
H47/H78 285 32 316 No significant similarity found.
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3 it

HRAE T 5 43 AT 45 5, 76 RN 48 K S A T 136
VISR B T inddl W WL anel FE,
AR E A SRR Hi 110, 145 192 #5917 aadA
FHFHIARLE 98%LA ), 2% 3k K 4 Ath S 3 W
K OWRILEE LW, 4857 172 3L PH & 0 40 T mT o 22 b
YU R A 251 . aadA 3RS H AT % P A
H)IZ ISR &, AP RR . R R
A HRIE, W To21 . SR AIRE . AR
85 o AR5 A 1 AR I e S Al A s 7 25 A 0 RS e % oh
BN O R E e B SO TP RIS aadA FEH,
PERIZ VR 0 A P e B R S 2k . 112
F1 120-2 PN TE B 11 3 PR 85 7T e 4 i 2 S0 1
KR EEAS W, B AT 7= A S R IS 24
FUFINLE Thauera sp. B4 | i b TG H . 7
A PS5 Z R A h G o X UL, BR aadA JE
PIAL, S50 28 I 7 e A 0 MBS TRE T v ) R S 200 b v
FE A A 3K — i R 4 A 1) B 1 A A R R AT T 2
P Liu SR8 K, FEAS S5 % 19 S 5 A= ) I
%, Thauera J& M 0 B ERIIRELFE " B4
A g 5 S ST 25 P G . 120-1 v A 1 5
& ORF FIRE4wid A E M Eh/ K &AMz HE A .
IR Azoarcus JR'™, HISE BRI R, 7ot
AL TR J L 52 HL A DA P BT 4% 22 ol 4 R v 24
K, 120-1 SR 1) 55— ORF 0] fEgmtts —F 5
EEH, WS 5AEMRN i E., Hie swhEflA
() BE R 3 9 5 7R 2R e — A~ FE Tt b 2% 300 56 I8 G A
PUPEAR =5 AN ARME 93%), Koeinig %5 AKX —
HEE RS 515 WMD), R IERFITRK
VR IRBE 55 A G 0 S i K PR IR B A AL, 2 75w
5 AL G Y . H35 FURE#ET iy L K & mT i g il
FIdF &, A#ERNZEASS T2 (— 5 &%
T A P B o g o R v A 2 S D s RO

53 5 B A2 B B R JCARRUT B o U BH I K Ab
W AR B h G T R SR AR, A
FrifE—2 k4

JRUAE B R K AT Y PRI b A0 B T S R A
RPN E A K EMRE, HR, R X5
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