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Isolation and Identification of Bacteria in the Activated Sludge from Four

Sewage Treatment Plants in Nanjing City and Its Antibiotic Resistance Analysis
GE Feng'?, GUO Kun', ZHOU Guang-can', ZHANG Hui-juan', LIU Ji-ning”, DAI Yi-jun'

(1. Jiangsu Key Laboratory for Microbes and Functional Genomics, Jiangsu Engineering and Technology Research Center for
Industrialization of Microbial Resources, College of Life Science, Nanjing Normal University, Nanjing 210046, China; 2. Nanjing
Institute of Environmental Sciences, MEP, Nanjing 210042, China)

Abstract: Bacteria were isolated from the activated sludge of CN, CE, JN and JM Sewage Treatment Plants ( STPs) in Nanjing city
and identified by 16S rDNA sequence analysis. The antibiotic resistance analysis of the isolated bacteria was conducted by Kirby-Bauer
Disc Agar Diffusion Method. The objective of this study is to clarify the current state of bacteria antibiotic resistance from the four STPs
and analyze the potential environmental risk of the produced waste water and the sludge. The 7, 9, 8 and 11 bacterial strains with
different morphology were respectively isolated from the above four sample sites, which belonged to 25 species and 17 genera.
Antibiotic resistance analysis indicated that 97.1% of isolates had antibiotic resistance and 80% of isolates had multi-antibiotic
resistance. The drug resistance rates were 71.4% , 37. 1% , 37.1% , 57. 1% , 34.3% , 68.6% , 94.3% and 65.7% of ampicillin
(AM) , kanamycin( KAN) , chloromycetin( CHL) , streptomycin( STR) , gentamicin( GEN) , tetracycline( TET) , erythromycin( EM )
and spectinomycin( SPE) , respectively. It indicated that the activated sludge from the four STPs had high antibiotic resistance. The
drug resistance analysis between different bacteria indicated that the genus Aeromonas, an aquacultural pathogen, had multi-antibiotic
resistance,, while all of Bacillus were sensitive to CHL, STR and GEN. The STPs should enhance the sterilization of effluent water to
avoid the second pollutions.

Key words :activated sludge; bacterial identification; antibiotic resistance; Aeromonas; Bacillus
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Table 1  Basic information of four sewage treatment plants in Nanjing

15K AL B

V57K AL H ) S d ] AhBET D
CN 12 Unitanks
CE 10 A%2/0
IN 8 = E
M 64 A/O(—H1) A2/0(—H))

1) Unitanks: 28 B X AW 4 B 2755 A%/0: Anaerobic-Anoxic-
Oxic, WM A SRR ; A/0: Anoxic/Oxic, [RAHR

Pk ZE R VG Ampicillin, AMP) , KR &R
(Kanamycin, KAN) , 5% % ( Chloromycetin, CHL) ,

BEAF K (Streptomycin, STR) , K K% 2 ( Gentamicin,
GEN), VU ¥ & ( Tetracycline, TET ), 4 % &
( Erythromycin, EM), K M % 2 ( Spectinomycin,
SPE) WA i TA Y TR F.

Pk Z OB E F Mueller Hinton (M-H ) £
FREE (g L) BRKAEEE A 17.5, 7T M 3E B
1.5,4~ & 20. 0,35 17.0,pH 7. 4.

0 W K 3% ] Luria-Bertani ( LB ) ¥ 3 2
(g-L7") :BEEERY 5.0, 8 (PR 10.0,NaCl 10. 0, 3505
20.0,pH 7.2.

1.2 TEE O E

TR TS U R B 5 R R Y I 2 H IR GB/T
4789. 2-2010¢ rh 4 A R AL RN [ B bR ifE £ A
EEY RS TRV S AN E ) A SN 0168-92 ( Hide
N RN HE O R SR A Tl A o B R
IR W bs HE R AT, T3 1T 8L TR 38 08 1B A
( colony-forming units, CFU) i14%.

1.3 JEPETSUE AT RE SR R S

MR A K B LB A b PR R R A A
A W I 25 S TR R, SR Ze gk ), R
16S rDNA JEF 53 A A T Al 38 22 . FA L Pk e
%, IMA 20. 0 wL JGEE 7K, 100°C fii# 10 min. 3275
B0 JE U5, 0 pL /R TREVE PCR 438 AR X i
7% PCR AP H8 M 4%H5 1 40 T8 RE i 32 BUCRE DR 44
PRI FERIZ] DNA (42 ECHT 16S tDNA F Bt iy
PR RESCER 11 ] D7 64T, SR A — % 38 FH 5
¥ K1 (5'-AACTGAAGAGTTTGATCCTGGCTC-3") Fi
K2 (5'-TACGGTTACCTTGTTACGACT T-3") , 43 5%t
L FRKBFFEE 16S tDNA 112 ~25 nt Fl1 479 ~1 500
nt'”’. PCR ¥ (KR R4 1 10 x Taq A I 28 1
5.0 wL,MgCl, (25.0 mmol-L™")5.0 nL, dNTP(2.5
mmol+L"")5.0 pL, 5% K1 (20.0 pwmol-L"') 1.0
pL, 514 K2(20.0 wmol-L ') 1.0 pL, Bz 5.0 pL,
Tag DNA B4 (5.0 U-pL™") 0.5 pL, K #H W%
K 27.5 pL. SOW AR R BARSE 50. 0 pl. PCR 74
FERF N 95°C FiAZ % 120 5,95°C 60 s, 55°C 90 s,
72°C 120 s, 3£ 29 N EFR, 72°C 10 min, 4°C &
PCR 7Y 2 S R MEEE B HL UK 99 IE S5, 36 B E g2 T
AW TR . A4S 16S DNA JF 1) i i
Internet 7£ 3 [E A= W) H AR5 B 0 (NCBD) A% R E
FEH AT Blastn 3. R4k E MR Mega 5.0 3K
Pt A7 #4 2, H Neighbor-Joining 72 #4) #: 2 48 & 4
R, 1 000K FEALAIAE , 355 H 51 1E ( Bootstrap ) LA
VA R G0 R AR T AR L.
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100| |1 IM-12 JF
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100. 0. 5% PG BH M 20 7 1) o 28 B Ak R FH 4 78 €0 3 4 100 6ot gmi-l:éﬁ?n?—i?ﬁinm‘niﬂm EU327084

BRI ATCC 25923, 55 = [G PR 20 B 1 45 e Ak ol K
¥ G ATCC 29522. 4% 5] 2 Fit NCCI1.2003 it
PAT. T 2515 = 2 U (S) A (1) (i 24
(R). MEFGit, it 2540 F H A (1) I3 AT 24
(R) P&,

2 HZRESW

2.1 4 DV57KAEBRTIE PETS U 2 TR S A

WM TR AL 5 /K D RE T2 B T B AR
PEVG e TR Y. 615 Ve L B A B UG A 4
W R A CNLCE N HI JM 3 4 475K 4k 3
TR TS Ve v B 40 R (LIRS VeI 2 R
3.8 x 107, 4.2 x 10", 6.3 x 10" Al 1.5 x 10°
CFU-g™". 4 /N5 K Ab 3R ) 1 1 35 U v 1 200 R 4
i Er2E R Al e S A T K AR ek R AR 21T
2GR AN R K.
2.2 WREEE

6 H T CN L CE N Hl JM 57K A BT i1 3 75
e sr e s 7. 9. 8 Al 11 BRIEA % 141 i
LT 35 B B DIFFAHY 35 BRANTE Y 16S tDNA JFHI7E
NCBI #ZBE G H 54T Blastn FEXTIFHHERE R E
. R DLIET 1. 3K 35 RRAE YR 17 1,25 A,
Hp s 22 [ PHPE I 11 Bk, o 22 TRBAPE IR 24 PR 36 1
15 Ve R UL S TS ( Pseudomonas ) | 2 FLFT T4
( Bacillus ) . AN 3l #F B ( Acinetobacter ) . 5 ¥ T
( Flavobacteriaceae) NTHNMIH ( Comamonas) S
L& ( Aeromonas) K ¥ % G ( Escherichia ) %5
JER BRI AT DN 4 A5 K AR R (835 1 75 e v
BT, IEEICTH ( Neisseria ) T BRI ( Enterococcus )
A R R R LR A B ). M TS e s e s B T
ST R 1 W K M (A hydrophila) | FUIR
PR (A puncata) FHE BRI (A
veronii) VA S BE KW (E. Aerosaccus) (1), 1g
IR TR T KA B 2 7K ™ SR A 8 UL
JERNS T M G KAL) B KT, AR T R
ST 60% TG /K A 3 . HE K &= R0 HA
KA B 5 RE 7 A TR K HE IR . AR
A TR A R REBE 75 7K A RS Y H K A K

1
98_[ IN-1 JF496541

Aeromonas veronii GUT35964
CN-5 JF496525
100! /M-8 JF496556
Aeromonas veronii F1940849
IM-1 JF496550
87| Aeromonas hydrophila X60404
99| IM-3 JF496552

Aeromonas punctata HM 172499

5 CN-4 JF496524
g’.? Pseudomonas aeruginosa GU384228
1001 IN-3 JF496542
Pseud sp. GU566346

LIM-6 JF496355
100 IM-4 JF496553
Enhydrobacter aerosaccus NRO29005
CN-1 JF496521
JN-11 JF496549

Acinetobacter johnsonii EU337121
30/ CE-9 JF496538
92 100, IM-10 JF496558
Neisseria sp. AJ586614
100, IN-2 JF496543
9 C denitrificans AF233876
To0l 4 IM-13 JF496561
100! Acidovorax temperans HQ259691
CE-2 JF496533
100 Pseudochrobactrum saccharolyvticum AM180484
100, CE-6 JF496536
I Flavobacteriaceae sp. EU581834
100l IM-9 JF496557
100L Chryseobacterium indologenes AB517708

Microbacterium ketosireducens NR0O24638
00, CN-6 JF496526
Enterococcus faecium EU003447
IM-7 JF496559
00 Enterococcus inusitatus AM050564
JN-6 JF496545
Bacillus megaterium GQ870260
76, CN-10 JF496530
99| Bacillus cereus GQ148914
IN-7 JF496546
CE-3 JF496534
Bacillus pumilus F1999558
99| (Bacillus subtilis GQ305125
9g} CN-2 JF496522
CE-7 JF496537

95

53 SCALEAE 1 000 VURAMAE S 1T 47 1 A3, AR T 44 )5 7
P E IR ERR A 165 tDNA JFFITE GenBank ¥ 4 w7 i1 5 3¢
Z5 CE-11 FJM-5 3% 2 R HIlAH T 600 A rDNA 7
51, AR5 HADTERR D1 400 Z B AR 16S 1DNA JF 51— i R 5t
KB 2 AR 16S (DNA JF51 H 3 45 54091 5 BT 1
M. ketosireducens TR FZEFUFF BT B, subtilis (AR 35 31 98%
VILIFHAE T R E TR —47 50 b
Bl1 4 #EMESRPHMAE 16S rDNA RERER
Fig. 1 Phylogenetic tree based on 16S rDNA sequences of

selected strains in four active sludge

VL, 15 YR VLR K BT A B X T b i £ 2 AR 2SR
FRBH " H 5.
2.3 S PETS I A R A 22 TN 25 PR

XK H T 4 A5 KA s TS e v g3 i 3
(1 35 BRANTAIEAT 8 FhPLAE RMFLGHEAGIN (£ 2) . &5
SRR 4 A5 K AL BT 835 1 75 8 Hh il A TR T 2)
PE. ZEINGGETTEERNZR 3 s BRED N A
B. pumilus CE-3 Xf A MHAHT A= R BURSL, HAh &
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Table 2 Results of 8 kinds of antibiotic resistance test based on bacteria from activated sludge of four sewage treatment plants

w R R
AMP KAN CHL STR GEN TET EM SPE

CN-1 ARSI A, johnsonii R I S I I R R I
CN-2 Wit ZE AT B, subrilis S S S S S R I I
CN-3 bl [CHAFTHE E. asburiae 1 S S R S I R 1
CN-4 FEIRAR B P. alcaligenes R S R 1 S S I S
CN-5 e SN A, veronii R I S R R S R S
CN-6 HIHERTE E. faecium R S S R R R R S
CN-10 BERZEFEAT S B, cereus R 1 S S S S 1 1
CE-1 AEPEVS T S. proteamaculans R S 1 S S R R R
CE-2 A AR E P saccharolyticum R R R R S 1 R I
CE-3 $/NEFAUATHE B, pumilus S S S S S S S S
CE-6 WA B Flavobacteriaceae sp. 1 S S 1 S I R S
CE-7 Wit ZE AT B, subrilis S S S S S R I I
CE-9 LYRAEHFTH A, johnsonii S S I S S R R I
CE-10 A [a] 5L FLEC I K. intermedia R 1 1 I S I R 1
CE-11 AP M. ketosireducens R R R R R 1 R R
CE-12 KIGFHE E. coli I I S R S I R I
JN-1 AL O PHEIE A veronii R R I R R R R R
JN-2 Wi RNE I C. denitrificans R S S R S | R R
JN-3 R R P P aeruginosa R S 1 S S S R S
JN-5 BIIBFT# E. cloacae R S I I R R R R
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IM-1 WEKSHMIBE A, hydrophila R R I R R S R R
JM-3 RORFESBAME A. punctata R S S 1 S R I R
JM-4 S KW E. aerosaccus 1 S 1 S S I 1 1
IM-5 Wit ZE AT B, subrilis S S S S S S I I
JM-6 R HLHITA Pseudomonas sp. R S I S S S R S
JM-7 ¥R E E. inusitatus S S S S S S R S
M-8 RS AN A veronii R I S R 1 1 R S
JM-9 FEME G TEATE C. indologenes R R R R R R I I
JM-10 Z5 LG Neisseria sp. S S S S I S I S
IM-12 KT E. coli R I S R R R R S
JM-13 B TR T A. temperans S S S S S S S 1
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Table 3 Multiresistance statistical results of strains
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Table 4  Statistical results of antibiotic resistance rates
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Table 5 Antibiotic resistance analysis of Aeromonas and Bacillus
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