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WE. VLRG3 A s B AE 5T 5T 42, iF 9T 57 T — Fh i 7% 58 58 it PCR (reverse transcription q quantitative PCR, RT-
qPCR) J5 ¥k, ARG I K i im i I . WFFR 2 3R ZH R A 1 RNA Z850 RT-PCR %% 5 i cDNA J5 FI ] qPCR A 5E
5 A0 3 R B DL, XA T RaE AR K A KA AT T (1555 6 ~ 18 h) FIZE B BRTE (1557 10 ~ 38 h) (RPN RNA & 2 uE 7400 43
54 1 copies+ CFU ™' F17. 98 x 10” copies- CFU ™', LAICAE g 40 1A 7 f2E (A , 74 0 HERf 2 A K b H (9 5L E RNA 5 D80
B E AN S H Y. JEd 3 MOk (H5 3715 gPCR. RT-gPCR) Al $OK3 J5 19 KW AT B A€ 3K T, 25 R R S
qPCR HIEL ,RT-qPCR FEHEIX 43 1. 43 1g copy (KIAFTH) 5 2.5 1g copy (FERERTT ) ARG ML, 11 0 208 1 M AG 00 375 5 DL
FBRAKFE Y ELBTNS RT-qPCR J7 I SZ AR K RT-qPCR 515576 Z R P AR G PE ( KIBFT T, R® =0.930, 3¢5k
B LR =0.948) , ARFGTEE ST 14 75125 1T L FH S KA 58 2 5 D B ) A

KRR WG SR AZ B PCR; RNA; KIGFT R ZEMERE; 1R

FESES. X52 XEARIRES: A XEHS . 0250-3301(2012)11-4040-06

Selective Detection of Viable Pathogenic Bacteria in Water Using Reverse

Transcription Quantitative PCR
LIN Yi-wen, LI Dan,WU Shu-xu,HE Miao, YANG Tian

(State Key Joint Laboratory of Environment Simulation and Pollution Control, School of Environment, Tsinghua University, Beijing
100084 , China)

Abstract; A reverse transcription q quantitative PCR ( RT-qPCR) assay method was established, which can quantify the copy numbers
of RNA in pathogenic bacteria of E. coli and Enterococcus faecium. The results showed that cDNA was generated with the RT-PCR
reagents, target gene was quantified with the qPCR, the copy numbers of RNA were stable at about 1 copies+CFU ™' for E. coli and
7. 98 x 10* copies-CFU ™" for Enterococcus faecium respectively during the stationary grow phase for the both indicator bacteria [ E. coli
(6-18 h) and Enterococcus faecium(10-38 h) ]. The established RT-qPCR method can quantify the numbers of viable bacteria through
detecting bacterial RNA targets. Through detecting the heat-treated E. coli and Enterococcus faecium by three methods ( culture
method, qPCR, RT-qPCR) , we found that the qPCR and RT-qPCR can distinguish 1. 43 Ig copy non-viable E. coli and 2.5 lg copy
non-viable Enterococcus faecium. These results indicated that the established methods could effectively distinguish viable bacteria from
non-viable bacteria. Finally we used this method to evaluate the real effluents of the secondary sedimentation of wastewater treatment
plant (WWTP) , the results showed that the correlation coefficients (R*) between RT-qPCR and culture method were 0. 930 (E. coli)
and 0. 948 ( Enterococcus faecium ), and this established RT-PCR method can rapidly detect viable pathogenic bacteria in genuine
waters.

Key words: reverse transcription q quantitative PCR (RT-qPCR) ; RNA; E. coli; Enterococcus faecium; viable bacteria
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1 #MBEFZE

L1 F2E0N S5 AGR

AR TR bRETE R A b E
RO AT H 0 . K FF B ( Escherichia coli, CGMCC
1. 2385) M1 W% BK B ( Enterococcus faecium , CGMCC
1.2315).

KIAT i 5 26 o BR i 85 SR 2 e T LB % 57 ik
(REE R 10 g, BERESEIY) 5 g, NaCl 10 g, ZE1RK
1 000 mL,121°C KB 20 min).

RT-qPCR Fr i 12 7] B2 A% 4% : 300 % s il ) &
ExScript™ RT reagent Kit Perfect Real Time ( Code:
DRR037A) , %% it PCR X771 & SYBR®  Premix
Ex Taqg™ ( Code: DRRO41A) Al Premix Ex Taq'
(Code: DRRO39A) 1y H H A Takara 72\ ) ; iCycler
Q5 7 it PCR U [ 32 [F Bio-Rad 24 ).

HoAl i) 5 A0 A% A HE P 4] RNA 4 B0 &
RNA prep pure Cell/Bacteria Kit( Code: DP430) I F

TIANGEN A&l B E.O000E [ 14 5 Eppendorf o
HJ; Biosepc-mini A% B2 A 1AW H H A B HA A
1.2 STk

1.2.1 AR hZemyie

¥ 1 mL Fi 32 A KIAFF I (Do =0. 11) 32
AL mL K532 A 25 BR B ( Do = 0. 06) 3 Fh 5]
100 mL () LB ¥ 33, 40k 3 A FATHE, & T
37°C,150 r-min 'H5FE. 2 h BRI AE 4 i
ORI ). U500 pL HEIERS T 1.5 mL
BT 12 000 remin B0 2 min, 2% 15 AR
HIP 7T -20°C AT DNA $#25L; HU500 L 4075 TR
AWT 1.5 mL B4, 12000 remin ™' B0 2
min, £ FIEWEHHIE T - 80°C HI T RNA 41
1.2.2  qPCR 5|¥FIERE 4%

ARWEFTE K SYBR®  Green qPCR % K5 il K
Tk, R Taqman®  qPCR 5 7 46 0 2 iz 3k
B BRI B RS | RER A ) A AR
IR 1.

®1 (PCRRXAMBNER. HE5IMURRF

Table 1  Gene targets and primers used for qPCR detection

TS TRE F g A 31 (5'-3") PCR P ¥
E. coli

UALI1939b utdA ATGGAATTTCGCCGATTTTGC 167 bp
UAL2105b ATTGTTTGCCTCCCTGCTGC

Enterococci

ECST748F 23S rRNA AGAAATTCCAAACGAACTTG 86 bp
ENC854R CAGTGCTCTACCTCCATCATT

GPL313TQ FAM-TGGTTCTCTCCGAAATAGCTTTAGGGCTA-TAMRA

1.2.3  qPCR brifEfh B4

A5 TR RO i O BORCAR Vi, 4 D7
W WSCHR[ 23 ], RIGH B85 A widA LR ) BORE
DNA 2 s BK 1 ) # & 4 23S rRNA J& PR i B AL
DNA. $&HU R DNA SR FHA% R 21 110 % DNA
(R R, i IR LA 20 A A R e PR DL
FE IR P2 DL (copies-ng ™) = (nxM,)/(NLx10")
AP n ARHBRIEE (bp) , M, ARH R, WUk
DNA — XS H R I BT 4 660 , NL B4R (4%
#6.02 x107.

Fe 5L B DNA 4% 10 1586 2 i B 15 3] qPCR
BRUE M. AT i 28 00 R AT R s v it v B2y
2.5 x 10" copies-pL_l; KW E RN 6 x 10"
copies-uL ™",

1.2.4 Uik

KIGAFIEFIZE R BR TR Y RT 19 S W AR &k (10

pL) :5 x PrimeScript® Buffer (for Real Time)2 pL,

PrimeScript® RT Enzyme Mix 1 0.5 pL,Oligo dT (50
pwmol -L."")0. 5 L, Random 6 mers (100 pmol-L™")
0.5 wL,Total RNA 6.5 L. RT-PCR W AEEHNT
37°C 15 min( SLEESRIN) ,85°C 5 s (L% B 1) %
TR, W AFE]H eDNA T - 20°C A7
1.2.5 ¢PCR

KW FE B qPCR 1 & B & & (20 pL) .
SYBR® Premix Ex Taq™ 10 pL, " T84 0. 8
pL(ZHE 0. 4 pmol-L~")  DNA (AR EkeE i) 2
pL, BZEIK 6. 4 wL MR % 20 pl. & & PCR
RBARFFANT 1 DI, 95°C,30 s;5 40 G
95,5 5,60°C ,20 s,72°C ,15 s(UWEEZDS) 5 Kifih
LRI FE A . 95°C,1 min, )k 60°C FFHH % 30 s TR
T 0. 5°C, ML UEAT 71 DNPEIR, SR IRE N
95°C , R M ZERZ )5 4°C fR1F.

FEMERT qPCR B9V RFR (25 pL) 2N Premix
Ex Taq™ 12.5 pL, I FU#BI#% 2.5 pL (20K E
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1.0 pmol-L™") , Tagman® Z&NGHEEN 1 pL (LW E
0.25 pmol-L~") ,DNA (bRl 5FEf ) 5 pl, AUZE
K15 pL #MERFIE 25 pl. qPCR JVFEFAIT .
1 AMEH95°C ,30 s;5 40 NMEH.95C , 15 5,60C
120 5,72°C ,30 s(WEESEN) , ek th Sl #2, SOy
ZERT 4CIRAE.

2 #HR5ItHE

2.1 qPCR BYLRMEAIN X 8] 5455

qPCR HYZPEAG I DCTRI N R . RIBFF I R 5 x
10° ~5 x 10° copies - reaction ' ; FEMHERE K 3 x 10
~3 x 10° copies - reaction "', DUbR v i Ik FE X BUE Ry
AL BRI SR EREL ( threshold cycle) S Ak b 4 57,
qPCR WUINE (& 1) . R RPRAE A A 9256 =
C Zethil &, BAR WL SCHR[ 24 ]

KIGHT R RN ZE I BR AR e () Ze M AF OC R 5L
(R*) ¥R T 0.99,PCR § HRICRAE 90% ~110% Z
). BT T 925 ik o e 2 B — P AT | WS T 2R
IEME K 87°C £0.5°C. M T Tagman® HAEEWE 54 5H
PERY PCR 456G, AFEARRS A 3 7 ) s | )
TR, I ESERE Y qPCR A HEFT 45 il
£k oy

FRGIRIR], AW LB qPCR J7 ¥ 4G
FRAG | o 8 X [B] ) HLARR S MR, £ 5 il % qPCR A5
e 2 ny oK.

35

30 |
y=-3.375 3x + 35.266
25+ R=09922
§ 20 |
o
& 15+
&
10 |
5L
0 1 1 1 1
0 2 4 6 8 10

TR R S X

B 1 ZEPFIKER qPCR FRAE &

Fig. 1 The qPCR standard curve for Enterococcus faecium

2.2 HEAREHRET qPCR 5 RT-qPCR £
NP

R0 5 45 SR AT I Ao D T ) A i 2,
BRG] 5 H2 B DNA 5 RNA R qPCR 5 RT-
qPCR 5 FLMR B2, S0 5 J5 A 1) DNA 5 RNA #%
(K2, K3).

KIGAFRTERE R A 52 7 30 h 55 T K
WAFFREm A K Bl 5555 2 h 3 AR B K

B 3B
60 1E+09
2
5 50 I B
L T
& 40 & 1E+08 =
5 | 2
= —— uidA gene 5
* 30 4 —8— uidA gene mRNA (L_T-)
g —— TS =
2 1E+07 %
. :
Z10
=
E:
0 1E+06
0 4 8 12 16 20 24 28
t/h
B2 KBHEEK#BLSRAMKBTEL
uidA E£E ) DNA/RNA #% U
Fig. 2 Growth curve of E. coli, numbers of uidA gene
DNA/RNA copies per CFU
1.E+06 1.E+09
E
S 1.E+05 -
B L 1.E+08
& 1.E+04 g‘
& =
ﬁEé 1.E+03 | & 1.E+07 é
B S
F] 1E+02 L —&— 23S rRNA gene ‘%
g —8&— 23S IRNA 1 1E06 E
; 4 o TS : =
3 O1LEH01 T Ll
& $
£y h
1B+oo Bt 1 111 1 1 1 TR0
0 4 8 12 16 20 24 28 32 36
t/h

B3 EBHEERHLSEGCERKEL
23S rRNA E [ ¥ DNA/RNA # R#
Fig. 3 Growth curve of Enterococcus faecium , numbers of

23S rRNA gene DNA/RNA copies per CFU

1,306 h J5BEAFEE W, i 2 Frs  fEfs i (0
~2 h) BT AP DNA 5 RNA A9k B 5 ik |
Fb, B KAE 43 9l 38 8 T 43 copies-CFU ™' 5 23
copies-CFU ™"y TAEXTEUERKWI(2 ~6 h) , B 40
W DNA 5 RNA ¥ B33l B2 1
copies+CFU ™' ; TERGEHI (6 ~ 18 h) , FA(7 20 il Y 1Y
DNA 5 RNA #kEEAERFTE 1 copies-CFU ™.
FEMERE AR &R 3 FR, 7E4%F 2 h )Y,
HEE AL T 2 h LUE 2R AR K3, 210
h JE#E AR E . AL T & i I (0 ~2 h),
BALTZNAT G DNA 5 RNA B #eJE 3 T, ek
H2r 9K 3 T 1.72 x 107 copies-CFU ™' 5 1.54 x
10° copies+CFU ™" ; 7EE2E M (10 ~38 h) , B 4l il
PN DNA #% DIE0AE 4 copies Zc 47, 1 RNA # U1 %%
N HEFFTE 7. 98 x 10* copies-CFU ™.
2.3 B0IE RT-qPCR X9 Ji B T 14 A B 8 45 P A0
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BT mL &b TR E AR 0T K T 1 R0 2 i 35k
B (37°C FR:FE 24 h) £ 95°C KT 10 min, il £
BTG R B R R S PR B S T T A B 1 999

10

y=-1921 5x + 8.266 7
R2=0901 4

YK JE 1gCF UK (copies)-(100 mLY™!

6 AN y=-0.8663x +8.476 1 1
R2=0.888 1
5 L 1 1 |
0 20 40 60 80 100
EHEEE /%

100: 900 . 500: 500, 900: 100 . 999: 1 L. 43%& hin , &l i
KH RT-qPCR 5 qPCR | K5 3% ik b 474 00, A5 ) 2%
HULA 4.

y=-1.448 5x + 10.959
R2=09178
10

+ R2=0.8528 L3

SB ¥k B 1CFU/(copies)-(100 mL)™!

| I I
0 20 40 60 80 100

R E 4 /%

El4 RT-qPCR 5 qPCR XA EFEEIENLE R
Fig. 4 Comparison of detection results using RT-qPCR and qPCR for different pathogens

Bl 4 B, H L qPCR X 3E 16 P o A R I 45
SAH LG T8 PR I B A R B, 31X 2 i T R AR
P DNA LWEARAE , RERS 640 R AL 5 — Beid ] <
WIREE A, 15 qPCR AR 25 AL T 1%
P D R U AL T S T 0 AT T v AR ot v A 3
PER B, RT-qPCR XT38 76 M B A0 4G I 25 SR A
TRFRE S PCR BRI 45 S 22 8], 24 E 16 P Y
HEBIBE AR, RT-qPCR 5355 3% 32 (%) 46 0 {350 5 B
R, SRR 0. 1% I, B 3746 0 K FT
RIS BR TR 3 50 TR T 2.28 1g 5 2.26 lg, Tk
F RT-qPCR Kzl B 350l T B 1 1. 43 1g( KIAFFIH)
52,5 lg(ZEIHERE ) , U RNA 7835 5P B P R At

9

* LETK

T8 L m ik
[
El
g 7
= =0.885 7x + 1.060 8
8 R2=0.9788
Eor
@“ (@) WEHEKBITE

5 L
% »=0.904 2x +1.089 2
E R2=09325
F 4|

3 1 1 1 i

3 4 5 6 7 8

AR B 1g/CFU-(100 mL)™!

HORBEPL. AR AL TR 2% A R REEA
VBNC PR, Ab 35 Fl bR A 19 20 B 0 1k FH 385 % 1 4G
TG RNA ABSRAF A6, X AT B RT-qPCR 4l
SRR R R ZE L TR, RT-qPCR KU
FEARBENZ 30 A RO IX 43306 P A 5 A 0 T A
2.4 JKFEEYIIE TN RT-qPCR 5200

R T VAL S BRARE L 5% RT-qPCR 5 ¥ 1Y 52
e, 0 A B Y 100 WL 9 41 B ( 40 T 5 AE 10° ~
10" 53R 12 h 7)) 20l 2 10 mL 9 L8 oK
HT 5 & K TR %) 0T 4 7K ( secondary  sedimentation
effluent, SSE ) 1, 20 52 55 ] 35 B BT %oF B A i
ZERLANE S,

13

—
S}

y=0.9833x+3.8054
R*=0.9522

—
(=]

(b) IR

B YK B Ig/copies-(100 mL)™!
T

o0
T

¥ =0.845 4x +3.809 2
R*=0.948 7
1 | | |

3 4 5 6 7 8 9
B YR B 1g/CFU-(100 mL)™

B 5 KERERYERIT RT-qPCR BIFE

Fig. 5 Effects of matrix in genuine waters on the detection result of RT-qPCR method

t S o] LIS 2], Y40 b R 3 2 B oK i,
RT-qPCR 58557k Z (A4 Fb 3 B I 19 26 M A0 o6 1
(uidA FEF L IEM L RE R 4 0.978, 23S rRNA
ILEMERC R B R S 0.952) . YN HF 3 — T
HK R RT-qPCR 5153735 Z [R5 4 He ¢ B S 1

LR PEAH M (widA e R B PEM O R B R 435 R
0.932, 23S rfRNA HIZEPEM KRB R® 4 0.948).
PRI P RT-qPCR J7i5 A H BR A 107 A, 24 4l 18
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