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BE. DR EE AT S, @57 —F 5-cyano-2 ,3-ditolyl tetrazolium chloride ( CTC) 425 A A AMAAL ( CTC-FCM) FY 5%, DAk B A6
K EREE R AR P 1) 2 LS. 1200 ik I DR A T 5 A S SR M et CTC R A T, B AL 8,5 4 5, 4 U =X 200 AL 5
PR AT R AN TG PE TR . B IR R AR, CTC Yo i AL SN 2544 : CTC #REE D 2 mmol - L' 37 CHMOEHFH 3 h. 1% 7 B am R il B Sy
10° 4> -mL ="l SR FRIE R CTC-FCM J7 A A I J5 B9 K AT 1, 25 56 B CTC-FCM J 125 W] ol IX 3 6 M TR R R 1, B S B 9 ik
I BABIFR LN R (R* =0.9465). Jif I CTC-FCM J7 ¥ K U 92 Bt iy, 45 R BRI B S8 R I 2Z A B R &R (R =
0. 8121) . ARWFFTANL Y CTC-FCM J5 ¥ T 18 AR AR K BbR v 5K, ELAGHIN IS 18] LG B % TR LSR5 20 ~ 40 h, 1T LU T BREE AR b i PR 4 7
iRl

X §E17 . CTC( 5-cyano-2 ,3-ditolyl tetrazolium chloride) Yuk} H BlimavEd! i X G el T g s SEBREAE AKRE LS A I

X EHE :0253-2468(2013)09-2511-05 FES%ES.X172,X832 XERFRINED : A

Rapid detection of viable bacteria by integrated CTC ( 5-Cyano-2, 3-ditoyl
tetrazolium chloride) dying and flow cytometry assay ( CTC-FCM)
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Abstract: An integrated tetrazolium redox CTC (5-Cyano-2,3-ditoyl tetrazolium chloride) dying and flow cytometry assay ( CTC-FCM) was developed by
using Escherichia coli as a representative organism. This method can selectively detect and quantify bacteria with metabolic activity, based on the principle
that only active bacteria can react with CTC and form a fluorescent red intracellular CTC-formazan ( CTF) easily detected and counted by flow cytometry.
The results showed that the optimized detection parameters were 2 mmol-L =" CTC at 37 °C for 3-hour incubation. The detection limit of CTC-FCM method
was 10° CFU+-mL~!. Compared with culture-based method for detection of heat-treated bacteria, CTC-FCM method can effectively distinguish viable
bacteria from non-viable bacteria, and a good correlation was observed between these two methods ( R? = 0.9465). This method was also applied to
detect viable bacteria in environmental water samples, including tap water and reclaimed water. Results showed that the correlation coefficient ( R*)
between CTC-FCM and culture-based method was 0.8121. The CTC-FCM method meets the needs of drinking water quality standards and the detection
time was reduced by 20 ~40 hours, therefore is an effective and quantitative tool for detecting viable bacteria in environmental waters.

Keywords: CTC stains;flow cytometry;viable bacteria;environmental water sample ; fast detection

B AAE D R b R] B SR B A R 2 A R

#0.001% %] 6. 5% ( Staley et al. ,1985; Hammes

YR R B TR (RIS IR K B AARAEY et al., 2008) , AR 22 IR 480 B e 1 T AR 3 1) FH SF i
(GB5749—2006 ) #LiE /K BT FUAE bR 2 —  HARME  HEFRIEA (Strous et al. , 1998) ; @ P-4 Hh AN [F] 4
R gy vk 28 B FREE FRE, BRAREZA WIYARKE R, JE R 7 KNS R, S0 e

1 5|5 (Introduction)
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VEAETT ARG AR b v Be e 4 (GROBTAR 4R 2003) ;B3
EERE R WA R AL T, ol kA
“HAWMAEIC B FE” (Viable but not culturable,
VBNC) IR & (Lleo et al. , 2000; Roszak et al.
1984 ; Lemarchand et al. , 2004), VBNC B JC % 7E
R IR B AR BT AR DR — AU fE
2009 ) F1E G £ (Liu et al. , 2010;
Fischer et al. , 2002) , RETE S B 55 4 #FTE(%#F
KEZHE (Fera et al. , 2008 ; Cotruvo et al. , 2004 ;
2002 ; Jjemba et al. , 2010) , 5| &4

(Berry et al. ,

Zhang et al. ,
Yy 2z 2z KR

CTC HeHe—PhJC o ] 5 2 20 MI R 1) ) 5, 7
240 M PN T 2 T R N e rRL T A 39 B AR JEUE B S

BRI B 21 €8, 5 UL TE Y it CTF ( CTC-Formazan )
( Gruden et al., 2003; Schaule etal., 1993;
Bhupathiraju et al. , 1999 ; Rodriguez et al. , 1992) ,

FFHTAE 450/630nm T BEIHCA, M B 2¢O B B
i =X 4 g A A5 A I 3 11 E ( Proctor et al. , 2001
Kaprelyants et al. , 1993; Yu et al. , 1994). th T4
Ji CTF B34 5 10 PR R 5 CTC W 0 & i 1]
4547 % (Bartosch et al. , 2003) , I, AT LA CTC
I A L1 A8 56 A0 I RISy BA ARSI 4 1) 40 .
CTC Gk i 4 | DR 48 S SHe P 40 1 X9 W] S i, AT kg
TEREI S o P45 v 0 8 2 440 e s B A K %) 1)
#r1E ( Proctor et al. , 2001 ; Bartosch et al. , 2003 ;
, 1999) . I JH it 3 4 g S bR i 3
B CTC YL, oT SEBi s s AT, H AT,
1 CTC 5 A0 i A 45 G W 26 I #1458 K A v
AN B E R D

BT, Zliﬁﬁw\jt%ﬁ%ﬁﬁﬁﬁiﬁgi,ﬁ%
AL T CTC G 25 K it AN LA o3 B S8, 1T
T CTC Gt iy 36 1 20 1 O =4 B A O ik
(CTC-FCM %) ;88 )5 , tbA: CTC-FCM J5 ik 5 piit
BOLAS I 5 P 40 R Y RE ) ; s AR Ry CTC-
FCM 75 A S b ek I 7K B p- AR 7K rh 40 T Gl 8, IF

Bhupathiraju et al.

5 R G I 2 AN e B
At
/{/ % » ' 8
0 m
\/__. \
A )

2 ##l5 7% (Materials and methods)

2.1 FEREMGNE

AT S P A o AR I v R e s A
B L (CCMCC) . KIFTFEE ( Escherichia coli,
CGMCC 1.2385). i FHKFEBCA 15 48 R 22 3R 5817 fiE
B R AOKFEER A U REA KT R AT K.

S = S SR K IAHFT R T CGMCC #ERF 195 57
Wit Fe . FER TR A4 WE S g, HAMK 10 g,
FALEN S ¢, KB F K 1000 mL. In#GE @ e, Y
pH 7.2 ~7.4, 121°C K 20 min.

20 TR RO R A SR BN 4 R A (A TR RO
JK bR A 3 J7 1% 8 AR W 48 AR, GB/T 5750, 12—
2006) : K 10 g, FH 3 g, AL 5 g, BilE 20
g, 7&K 1000 mL, 5 bR R IS IR i
P pH N 7.4 ~7.6,121 °C K 20 min, f5 H IR E
W% 50 CHY,BIAERR 9 em [ TCH T,

CTC 44} H Molecular Probes 23 ) ; i 20 4H it
{30 ) 22 [ Beckman Coulter 23 7 ; 1 i 2500 LI A
15 [ Eppendorf /N7 s Thermomixer Comfort I A 1 =]
Eppendorf 23 F].

2.2 EE ik

2.2.1 CTC-FCM 7 %ty #& Wl R # R #  CTC-
FCM J735 LA i) A3 7% A Dby 3% M 40 1 ) 9F 4]
PR, CTC 7T 2375 20 B 40 i I, 5 B AT AR PR
JF T DA A 3B 4 S, 7 M N TR I (8,28
JEUTTE , A A B A SRS

TR AT I SR P BN OB A0 [ BRSO

(side light scatter, SS) 2%k %% ) ( green fluorescence,

L1, (530 +15) nm) A% %¢ )t (orange fluorescence,
FL2, (585 +21) nm) FIZL2¢ )% (red fluorescence,
FL3, >650 nm). AHFFELL FL3 G IaR I, 35 P
JAFF BT CTC BN Az LA 6 B i &, I
TS ETG PR B T4 CTC-FCM 5k FR 4G T 37 2 4
B . i A A S B i O FLL O 4011,
FL2 24 6.29, FL3 Jy 5.47 i AAFY 50 pl.

LLAFIE CTF

ﬁgmﬁﬁ{‘/ A AL
37 C3 Seo--7 ([N L34 Y

. ~

’ N

' }oaeTss

\ ’ . ~
A ’,
~ .

E 1 CTC-FCM kgl it emie
Fig. 1  Process of CTC-FCM assay for selective detection of viable bacteria
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2.2.2 CTC-FCM 77 3% 0y & 2 0K J& R & B e By 4
7% M 100 L KAFFREWR T 100 mL & 5%
WZREFR L, T 37 °C 150 r-min "' T35 16 h. Bt
100 pL B, HI B PBS F Be & 1 mL, R J5 78
12000 r-min~" 4 °C FE.0 5 min, 2B FIERIE P
BT 100 mL PBS ZZ oyl b, 15 2036 R 29K 10°
CFU-mL ™" A BA B

FHICEZKCHS: CTC YURHBe E sk 4 10 mmol -+ L™

) CTC fif 8T 72 96 FLEEFRAR A 100 pl. &
TR RO EMAFRY CTC 45, CTC IR e & Uk
BEAY S 1,25 mmol - L', 3 0. 85% ¥ NaCl
VEVRAN 2 200 L. B L3R J7 ik Be il R A R R A
37 CHFRF N (R P HE 0.1.0.5.1.2,
3.4.6.10 .24 h J5 , A W04l B0 R A PRI AR
WA TR (R L0041 T S, i A
CTC Yo fy die fE 1k B 07 75 st 1]
2.2.3 AHEHBRFAET E B mLKELN
10° CFU-mL ™" AUBE (2. 2.2 TP#l#) T 1.5 mL
B TE Thermomixer Comfort JII # Y | F 70
°C 300 r+min " FHIE 10 min, 5 K5 40 5.

T R FIBE R TR B VA TR 1)« 3 1) KA B
5EA W KIS BB AR R R L BR A (%
1) BHRETHE 10 pL 520 pL CTC fif & W ( &%k
JE4 2 mmol-L™") 70 pL (0.85% ) i) NaCl iKWK IR
A AR TR — i B 5, R A AR A R B
DA A SRR Al 5 5 0 R AT RN 95 9 26 1 A
1 K.

F1 EMSRTEAGITERELL

Table 1  The proportion of viable and thermal-inactivated E. coli

A YA EPEA T PR
BERERIKER . . o
LERIRIER WL B WRB/uL WA L
A 0% 0 100
B 20% 20 80
C 50% 50 50
D 80% 80 20
E 100% 100 0

2.2.4  Ji A CTC-7t 3\ 48 ML U 52 bR AR #E AT 20 A

SEBRAK A B E AR B R K I S P AR K
AR 7K. TR 5 50 & i . AR R B AR UHE GB/
T5750. 2—2006 § A= 1 Tk FH K 6 55 07— A=
BAR) , BRI S B DU A SR P L850 | 767 97 B
JEEFREE A EAET 37 CHi 3% 48 h. HkKh 4
PR BE AR, FR e W 4 B 10 mL [ 2B7K T 15 mL

TCH LA, 12000 remin ™' F L 10 min; £ F
YEV, FH 1 mL JCH PBS K 5 i T

CTC-t 2 20 A4S RN TR 7 B30 1t 7 1% B 200 L
FEMIIA 96 LA, LA 4 L 50mmol - L ™" CTC,
FE2.2.2 IS B RS TR R A U = A
PGH T B 200 pL AR AR 96 fLAR AN
CTC 1ERBIPE.

3 R 5138 (Results and discussion)

3.1 CTC-FCM 77 3 A M 4 14 1 b

AWFFEHEE T ARIR] CTC e B M & I A X CTC-
FCM 73k RAEE 52, 45 5 & 2 fR. 407 & it
[E]AH[R], CTC ¥ 1 mmol -L ™" 5 5 mmol - L ™" B} 45
IR B4R e /N T CTC W EE 4 2 mmol - L™ iy
Y EIEE. Bartosch 45 (2003 ) 7E LA 9 % i iU A 5%
H AR A Pt &2 B, RS CTC VR
7 e AT A TS P AR P 2 X T Y CTC
W BE /NI, RN RE S 4 BB Y EL AT 30 M %) 40 T A i
A, 024 CTC e Bk v B, LT 40 B 400 Jf = A —
FEEME. 24 CTC e /KW R 2 mmol « L'}, CTC-
FCM R0 285 58 55 1% % 1% (A ARG I 245 2 — Bk A e,
VLI 2 mmol - L' ¥ FE Y CTC REfSF1 10°CFU-mL ™'
W BE IO A TR 7843 & A RO, LG A0 R A Y B PR
/. B E CTC fe M H W E N 2 mmol
L7

4 CTC e B2 AR [R) s, Bl 5 905 75 e ) g 385 i, ]
P 37 X A LSRG ) ) 4 B 5 i S n s b, 24
EEEFIE] A 3 h B A 21 A% 20 P AIGA B B KA. X
TR S CTC SEATHE AR | 75 25— By I 8] i
N PRI RY AR | 2 5 SR AT AR . YAl S CTC
F R i CTC 2 5% 40 B 7= A — 5 1 B E AR
JH A5 4 TR G315 14 5 B, Proctor % (2001 ) 7EWF 5%

50

—&— 1 mmol-L™!
—eo— 2 mmol-L!
—m— 5 mmol-L™!

w
=]

/(10* 4 -mLY)

ARG R

1
0 4 8 12 16 20 24
i ] /h

2 A[E CTC RERMERNE THITHER

Fig.2 Results of different CTC concentrations and incubation times
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TR A0 B B & B0 T X R B4, e e
CTC 5240w K i B e A e B TR A 3 h.
A5 AT LU B SE CTC 14 B A% 1 i ok i = 2
mmol - L.~" ,E’i{%gﬂ%ﬁ%ﬁ:yﬂ 37 °C 3 h.
3.2 F|H CTC-FCM 3 # £ AN & HEH
Y T T 37 T R I TR TR VR, I A U By
2 mmol - L' CTC,7£ 37 °C FROEHFE 3 h, F AR
AL TR R 8 57 R 15 7 8 0 e TR A
PR P M KT VR B 25 R K] 3 iR

6 —
=0
L
E 4|
<L
<3 =0.555x+2.4686
2 af R2=0.9465
&
gt
| | | | | J
00 1 2 3 3 5 6

logo[M,/(CFU-mL™1)]

E3 ¥EFES CTC-FCM EHUAREXRFHELERILR
(M, : CTC-FCM HEEER, M, - AT RS R)
Fig.3 Comparison of culture-based and CTC-FCM assay on

detection of thermal-inactivated E. coli

ZERFH | CTC-FCM J7ik 5 M FR 1 H R0k 1Y
SR HEARIFMAMEXLR (R =0.9465) (K 3);
CTC-FCM J7 A5 3 i 25 5 He s 3R s v, X R 2002
e IR AR T AR T BEE A VBNC RZS, RIG
B AR EE, T AR A S BT
CTC Yokt & A L. R, 3% i AT LLSE i 1) R AIF
TEITEANTE. LA, CTC-FCM 53k AT LAFE 3 h N3]
SEIR R SRIA Y 48 h T E I, HERERT R R
ORE = ERA I AT, T DL T o R AR A v
FR) 305 P 24 1
3.3 Al CTC-FCM 3 4 | 52 R BRI FF & B9 78

e

A4 BIF B CTC-FCM ¥ R M s i
DU SIZBR KA v 0 200 TR B, S5 R 3 2 . ik 2
A[45, CTC-FCM I I 25 5 24 S V- H 3 F 500 A6 T 225
SR04 2 A5 F 2 RO R B 25 R LA
JiEN y =1.0323x, R =0. 8121. ASZE 45 AL,
VP20 LI FR1E 0 4 AT 9% B WA Qs o, 1D
VBNC ARZSHR B A, T, 15 50 BB 97 1
AT BRARAS 77K P PR 20 B B £, CTC-FCM J7 02
GioRlUb SRR RN S S A QL S R G R R < |
CTC G RFRE S TCHAS I 2 9 6155, UL SE bR ke
an P BERSRE CTC YUlhA R A Y 5T, B 5 P AR

Py O R 45 R ANTE 0, T LA T S B
PP S BRI A, CTC-FCM 12 B A6 FRE
S 10° A mL ™ W 285 R 4 J5 1 R KR TR A I
FH AT LRI TR K b 4 R S B A

F2 CTC-FCM &5 TR A4 M SRR A B B9 5 4R B R B

Table 2 Detection of viable bacteria by CTC-FCM and culture — based

assay in environmental samples

CTC-FCM 3 bt
Ak /(A mL'](jE; /( cmﬁf-‘ )
L PR K T EK 1 2377 1200
TR B PR KRR 2 7945 3450
L AR KT H K L 526 415
B AR KT K 2 406 350
THRE A KK 49 15

4 #5i8( Conclusions)

1) W CTC-FCM A 7K H B PR AR g
(R AR R, CTC A B MR 2 mmol - 17,
R E A1 37 C FROEFE 3 h

2) CTC-FCM ¥ FI A 880 BEEA TG PR KGR
AT 45 B 5 A H 50k A R & X R
(R* =0. 9465) A E] 48 h 4% % 3 h.

3) WA CTC-FCM i I R 58 7K R | JHC A ) 45
RPN THITEGEN 2 £, BERFE 20 25
FPER A TIOR8 B WP ARG M. 5 LR T ]
BRI R T VA AR L 2 7 BRI S [ T TR R A AR
PP 7K IR i P T SR
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