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WMESRTSHELBRMARRNSALB R ELFNETNZANR P WA RN LR EMEYREEHHL W FIA PCR i,
XL 16 R IR R BULEH (TRGs) HAT TR, Kp 6 FEHE O R T # A & iBd Real-time PCR X H AP By 3 M i 2 A (ter(L) |
tet (W) R tee (X)) BB AAE K 16S rRNA B [H 1T E B 447 (TRGs/16S rRNA B R ) , G5 R F 05 cvet(L) (et (W) F rer (X) 5 16S rRNA EHE L
HAHK O T334 %1072 ~2.38 x10 ") BEBE FHMH D LW (1.16 x107° ~2.38 x107%) , KA KHMER THHGLE . X
Z Wk TRGs/16S rRNA HFH B 8 K T4 Z. FIA] PCR-DGGE M AR RITRY AR ESHET TR, SRR, SKROHFREE
WA T A YRR R 54, — Se Ut TRGs £ 3 40 B B 4R 7 HE B0 R0 LT 57 B9 38 .
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Abstract; Changes of tetracycline resistance genes and microbial community structure were investigated in a river receiving treated municipal wastewater
containing oxytetracycline production waste streams. Among the sixteen tetracycline resistance genes ( TRGs) studied, six TRGs were detected at the
discharge site and downstream in the river. Real-time PCR results show that the abundance of three TRGs (tet(L) .zet( W) and tet( X)) normalized to
16S tRNA genes (TRGs/16S rRNA genes) increased at the discharge site and downstream (from 3.34 x 1072 t02.38 x10 '), compared to the TRGs/
16S rRNA genes in upriver samples (from 1.16 x 10 "* t0 2.38 x 10 "2), which suggested that wastewater discharge affected the distribution of TRGs in
the receiving river. The values of TRGs/16S rRNA genes in summer were lower than those in winter. At the same time, a remarkable change of the
microbial community structures in the river sediments was found before and after wastewater discharge. According to PCR-DGGE analysis, bands of TRG
host bacteria increased at both the discharge and downstream sites.

Keywords: pharmaceutical production wastewater; tetracycline resistance genes; microbial community structure
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D (ter) F1 3 FATUHF EHZGEN (orr) . WH R
HENBRIEAETTEIE FB SN 3 MR H
FEAMEHR e (A) %) mEZEERIFEAN
EH (et (M) %) s i — P B A RSN BN
A (tet(X)%) (Aminov et al. , 2001). Pruden %
(2006)AE TR R MBI X LGY WA ERLE
UL 4 955 | AL 8 . 5 42 /K K fLER R K
KPR EEER  ERRANGERNTS
Pedp % et (0) et (W) EZIERAKS BEH K
hgRd. WA RN EREEG R K. BN E
) T 3 0 T 7K A R B RS T B ( Chee-Sanford et al.
2001 ; Pei et al. ,2006; Mackie et al. ,2006) , R &
BAHERVEDN AT BT RIAAEE BT
WA KA E A ERNBIRERN, 5K Kt
WA EEHBRMKRESRERDPHERE T HARTY
R, RUTGKAEET ATRER BTG EE K — 13
BERSPE (Auverbach et al. ,2007). B—FmE,fiEER
EERKBRITAER TIA M E 5 E AR
MWA—NEEER, ZRBEHWORH THERNA, -
BEAETRKGEEHKAE] BN G, Z9H
WA EHEREERN L ERKIGY (L et al. , 2008).
BE,TFBXEKNZHAMM P HAGERMIT R
OAEFIE— SR,

FEHTH T AR 60 S Al b, A SCRE B b 77 SR T 0
PUAE AP K Z 91 i (MX ) AR A BF R MR
FEBRASBE KM RKET SN AT
JKALERT AR IS LI, ARG T K S T i
K—EHEA QD W5 KALE B Z )5 H W H
BRI ZZ KA. ARKF H PCR 1L i 2 & PCR
(Real-time PCR) Z 28 T A {25 L UF . i 25 &K 1
SR V5K HEB O A W R RS TSR R BT A
B i A2 AR AR AL, R T 3R 5 Bl X T -2 M
BE R H8 7k (PCR-DGGE) BF 5T T 15 K Hi ik Xt ] I FL AR
Y1 eP A R v S R

2  ## A iE (Materials and methods)

2.1 BEXE

AR L0 R S IR B TE MX LR K HERL B
1) % Ak B K HE B O (Industrial Wastewater, f&]
FRIW).QD i i5 /K |~ HE B (& %k MWTP) |
MWTP T iff Lkm (F#¥ 1) . F#f 3km(F#¥ 2) 4L (40
B 1). F2008 F&F(12 A)M2009 F£HZF(7 H)
FEABURE S 4 BIRE T TR /KK 2L, ) it L AR B
Mmlkg HFHTACKEPRAEFFTELLE, T
ACH PR, FEERR N T AL .

w T Xiao River
N MX River - , . } S
> ! — Y \
L QD-MWTP T2

H1 ARE#E[SGETESR
Fig. 1 Map of the river sampling sites

W sE TP KRR E R B, SR
B .pH {8 . DO .COD,, . HA . B R (BRHFRR K

B K WM A3 87 5 8 Y 24, 2002, ). ¥A] K Y 4 2
fEFeFRINE 1 iR,

21 EFARFAKNPEMLRER

Table 1 Physical and chemical indexes of the river water in winter and summer

/T pH {8 DO/(mg-L™1) COD/(mg-L"') NHJ-N/(mg:L™") TN/(mg-1L"")
REER &% EF 2% HE &% &% HEF &% HE &% ) =
i3 16 30 8.05 - 6.38 6.00 21.26 17.70 0.69 0.53 6.26 9.44
w 16 30 7.96 7.74 4.26 3.73 20.33 159. 40 1.25 16. 84 6.12 36. 86
MWTP 16 30 7.98 8.01 6.19 5.81 75.85 35.80 69.70 44 .30 75.67 49.72
TFig1 16 30 7.63 8.33 7.03 6.55 160. 51 41.10 60. 86 20. 67 68.56 95.70
T2 16 30 7.55 8.38 7.06 6.15 173.91 38.00 64. 89 19.99 68.24 90. 60




84 XUET BT %5 - ] 245 132 /K 32 44 60 34 o D R S0 25 6 I B R W BE VR S5 B LT A 1553

i# 1F SPE ( Ben etal., 2008 ) 1 LC-MS
(Hamscher et al. ,2002; Li et al. , 2008) #7551, Ml
ETBBAERE WK LERLH3 M EEER
7= (4-Epi-OTC , a-Apo-OTC , 8-Apo-OTC ) HYJ ¥k J&.
HZE LMK 4 MY EAOEEZ A 0025
mg- L™ HER O T U K o 4 Fh A v B 2 R
TR (0.231 ~0.293) mg- L™, KU1 &3 K HF
BHEBA BT ¥ b 8B R RS Yk
BEREFHES,FEENETHIRER OTC W& MK

Mk B (MIC,, 4 0. 25mg + L") ( Halling-

Sgrensen et al. , 2002).
2.2 PCR

BUA R AE R 10mL JKAE, BLO. 22um {9 SRBKR
BE AR L 08, ISR T K P B A Al , T - 80°C {RAE.
BB RSB TIRY AL 0.5g, - 20CIRAF. R Bk
PR ERUE I b 09 A= WA o A0 T i U AR 4 B & (0. 25g)
A BB S 2 B8 K 5 (SEL et al. ,2000) 1 14 3% DNA
7 BUA 77 & ( MP Biomedicals, LLC) 2B DNA.

XF 16 Fh PG 2R K 51 25 B A #E 17 PCR Rl , (0 4%
tet(A), tet(B), tet(D), tet(E), tet(G), tet(K),
tet(L) ,tet(M), tet(0), tet(Q), tet(T), tet(W),
tet(X), tet(Z), tet (B(P)), otr C. RNIEKREH
2.5uL 10 x Buffer,2uL dNTP,0. 5uL(20pmol+L™")
BET U5 49,0. 125uL ex Taq 8§ ( L4 T A
Al) S LWL B s 0K B8 4K 2 25l N R 0
F :94C Hi A5 4 Tmin;94°C 25 M 45s 3B & 45s,72°C
FEf# 1 min {EER 35 ¥K;72°C ZEf 10min. F 1% Bifg
WEELR Ik I Y 45 R. AR TRGs #93B kIR E
22 L Hk ( Aminov et al. , 2001,2002; Kim et al. ,
2004) ,H LT BLKHE.

2.3 Real-Time PCR

f# F§ ABI-7300 & & PCR {¥, i i Sybr-Green
F 7 5 X & BURE ST K R TR A i 3 b2 5
K (tet(L) (tet (W) Fl tet (X) FIE 405 (16S rRNA X
B AT T N8 E 8 5. 250l K& &
12.5 wL SYBR Premix Ex Taq (2 x ),0.5uL Rox
Reference Dye (50 x ) ( Takara 2 ®] ), 0. 25 L
20pmol-L ™"y - ##5(4) (IF# & PCR) ,1pL DNA
AR tet (L) tet (W) 1 ver (X) B9 52 L B 7 AH IR«
95C 30s;45 MEEH K 95C 10s, 60°C 155 ( Pei
et al. , 2006 ; Koike et al. , 2007) ,72°C #E {8 15s, 3
T 80 ~83C 26s WERFLFS, LB 51 Rk
BT 88 15 B2 P K :95C 155, 60°C 1min, 95C

15s, 60°C 15s.

HWILX PCR =4y AT SE B, FF M F , BB A
tet (L) ctet (W) H1 ter (X)) $RAE Jr B9 18 ¥, F BORL
RBGAH & (KW, F@E mR /MR &, BOo8
BB E PR FER DNA. R E B W & X
(NanoDrop 1000, 35 [H ) il & ki DNA RIMEE. kL
DNA BB E 10 f5%] 10 44 E & PCR fr i
il £ AR AR

2 IR B3R RN A ORI R 4% 4 , A o R R R 5K
BrAf ah BB AT 2 , BT AR R i 2 #E AT BIREAT
.

2.4 PCR-DGGE

FI R R K B #F B 16S tRNA 7 51| V3 [X 341
1534 {3 S H9 I8 F 5| 9 341F H1 534R 34 BURE ST
WULRR I DNA £ i #5477 PCR 43, Hovh 341F #9
5 WA T —~ 40bp K E R GC £ (5 -CGCCCGC-
CGCGCGCGGCGGGCGGGGCGGGGGCACGGGGGE )
(Muyzer et al. ,1993 ). Touchdown J7 & 8 JH S #E 17
PCR §" 38, A & [ 7 % ¥ 41 F : 95C 10min, 95%C
1min 65°C 45s( WIFHFEAL0.5C ) 72C Imin fFEF
20 & ,95°C 1min.55°C 455.72°C 1min ¥ 10 X,
S5 T2°C A Smin. 3 =Y A 1. 5% 19 BXHE 0 B
JBE L Tk A A

#) 30puL i PCR =#1fl A 10% (g-mL™") 9
NGB BE R TP (RN B N B =
37. 5 1BE/RH) , 0 M B R JBE v, 7R 5P ) b FE Y
BN 40% %) 60% ,1E 0.5 x Tris-Z B -EDTA ( TAE)
22 1P H #E47 DGGE (Bio Rad, £ [H ). AL 3K i i i
180V, i BE S 60°C, i} [B] A 6h. EEfE A EB Rt 8
30min J5 , 7E 550 T AR (BHE1'H 77, KCB10-2800) .
i#id Quantity One ¥4 %F DGGE # 4% #1720 #7,
FHFI A UPGMA J5 i 3 & N KE B AT R L 47 [
e X £ i v AR R AR BEAT UG DI &R
HIA 20 ~40uL TE S, - 20°C ¥ 7R3 &, Uk Rl
ZIEAE N R #HFT PCR 3, 51 ¥ 5 341F #
534R. 2 1% BRASHIUE 15 FhL 3k W U i B9 PCR 7= 4 i
I, B TR ERBA AT WF
ZE B A NCBI R %4 (http ://www. ncbi. nlm. nih. gov/
blast/) ) b 317 ¥ 51 [F) 5 M & 3R L X

3 #HE(Results)

3.1 HAXEHPCRANER
B % F F§ PCR $~#8 %t 2008 4F 12 7 R4 # i
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#3 DGGEXEL£WINFERERRYESHT
Table 3 Sequencing results of DGGE

KAWHEERS LR xR FHEIME
LU 1 Uncultured gamma proteobacterium 94 %
s 2 Uncultured Comamonadaceae bacterium 94 %
it 3 Uncultured Acidobacteria bacterium 93 %
¥ TFHE L. 4 Acinetobacter 100%
LU 5 Erythromicrobium ramosum 100%
i 6 Exiguobacterium 99 %
W MWTP. Fifl. 7 Uncultured Actinobacteria bacterium 99 %
w 8 Uncultured Firmicutes bacterium 99 %
w 9 Uncultured OP8 bacterium 100%
w 10 Ralstonia 98 %
MWTP 11 Clostridium 100%
MWTP 12 Prauserella 96 %
T#2 13 Clostridium 100%
MWTP . F 3 2 14 Uncultured Acidobacteria bacterium 93%
T2 15 Uncultured bacterium gene 99%
MWTP. F## 1. F#2 16 Uncultured Clostridium 99 %
MWTP. F## 1. TF#2 17 C. sticklandii small subunit ribosomal RNA 100%
IW MWTP. T ¥ 2 18 Uncultured Peptostreptococcaceae bacterium 99%
IW MWTP, Fi#i¢ 1. FifF2 19 Thioclava 99%

e dmManBEER, RN AESHERIT —
EREMNWKE. X DGGE & E (K 3a) P 19 M F &
FKWHAT T IR T, SRR 3 iR

WA EWETRY P, ~6 SETHHER
B 58 v B B8 ( Uncultured gamma proteobacterium ) |
M E B M B ( Uncultured Comamonadaceae bacteri-
um) \BBFF 8 ( Uncultured Acidobacteria bacterium) , A
EN#F 8 ( Acinetobacter ) . 7 B8 J8 & ( Erythromicrobi-
um) /NI E ( Exiguobacterium ) FL. B2 T 4 5 %
WETW lkm S A, HEFFEHROMT HY
HK.

£IWHRD, BT L ERRFEER R
FEWZ B ( Uncultured Actinobacteria) JBEBEH ( Uncul-
tured Firmicutes bacterium) .F i & ( Ralstonia) (433
XFRL T ~10 554 ) MR B ( Clostridium) | JH AL HERK
& ( Uncultured Peptostreptococcaceae bacterium) . i BR
¥ ¥ ( Thioclava) (53 HUXF B 16,1819 S &7 ), &
B il J 7K HE ORI W UL RR W o o S A W B R
BT BEREW. Kb 16,18 f1 19 5 &7 MWTP
HER O R T i 1km 3km $FEE M ,7 SHRWET I
3km Ab A 38 5k, 72 B 4k B2 K HE B UTAR B P B AR
P& R ERA. £ MWTP Hii 0, WA T
11.12.14 17 B &%, 2+ 3 5 RE B ( Clostridium ) |

B F K E R (Prauserella) \BRAT B T KRR ( C.
sticklandii) FXT N , W 7E IW HEAC O 4 B0 8 ~ 10 &
AR Y R X S AR W AR X E AT REAE .

FE T % 1km 1 3km 4, 5 MWTP e O —2 i
A 4.7.14.16 ~19 BLHEX R M ANITE HLHE .
BT R H S RE AR BRIE E, R R
SAKBIHEB S Tl R P A BRI W
BK.

A KT IS K R AR R E S, B
WERBEDBHEEHHEERL. BE, N ER
THERPAAUEHSBRSRERBIUAEREK
MEEB AT A B E S M ER T — .
£ Roberts(2005) 52 IUSR R A REE W TE EH,
REBTARRFLERANAIFTE BLE T
BEFAREE (455 N #E &H# 4.7.10,11,13,16.18),
HPRTASL£WHIME LWHM T 25, H
B4 LA HE ik O AT RS R

4 451 (Conclusions)

1) &8 %R 5 K HE 15 32 99 T 540
KPR NARGERMYEES EFH
PE B 3% 0.

2) BEKHE S B R UL AR Y P R A Y R TR
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SR YA, — 255 TRGs 15 3 41 B A X B B9 &
WA ZAT B R B A B AR ) ZE HE AR
AT LT i B 48

B AMTEHERAZKBEFI P OO RESE TRS
R ITAHIRE SMRESFEIBEE P TR,

REMEERA: KE(I3—), £ ¥+, BAAXR. 224
RAMARLBFRAENFEESARLLRERARAF R, £
HU863” EREKBELELLERE.
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