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Application of FCM-qPCR to Quantify the Common Water Pathogens

WANG Ming-xing'*,BAI Yao-hui’" ,LIANG Jin-song® ,HUO Yang’, YANG Ting-ting'*, YUAN Lin-jiang'

(1. School of Environmental and Municipal Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China; 2. Key
Laboratory of Drinking Water Science and Technology, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, China)

Abstract: In the past, fecal E. coli was always regarded as the indicator organism for estimation of pathogens in water. However, a
weak relation between fecal E. coli and water viruses or bacterial pathogens has been demonstrated by previous studies. Therefore, for
water pathogen study, it is essential to select and quantify typical pathogens. In this study, a combination of quantitative PCR ( qPCR)
with flow cytometry (FCM) was established to detect the concentrations of viruses, bacteria and several typical pathogens (e.g. E.
colt, Legionnella, HAAV, Giardia, Cryptosporidium) in water. The method was applied to measure the pathogen concentrations in the
influent and effluent of a wastewater treatment plant (WWTP) , as well as its receiving river. The results revealed that the WWTP
treated the pathogens with high removal efficiency ( >93% ) ; the effluent of WWTP did not show a negative effect on pathogen
concentration of the receiving river. The study provides a technical support for the evaluation of WWTP treatment effect and the
ecological impact of WWTP effluent on receiving river.
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Table 1 ~ Summary of water pathogen research in recent five years
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Table 2 Primers, probes, and thermocycling conditions of target pathogens
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il F: CCCATGAAGCCCGTICAA 95°C 15 min; 95°C 30 5,60°C 60 s,72°C 60 s,40 MEH  [26]

R:ACAATCAGCCAATTAGTACGAGTTAGC

F: CAAATTGATACCGTTTGTCCTTCTG
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P.HEX/TGCCATACATTGTTGTCCTGACAAATTGAAT/BHQ-1
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P.FAM/AAGTCCGCCGACAACATGTACCTAACGA/TAMRA

95°C 2 min; 95°C 10 5,63°C 1 min,72°C 1 min,45 MEH  [6]

95°C 15 min; 95°C 10 5,58°C 8 5,72°C 26 5,45 MEH 6]
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Table 3  Physicochemical properties of different water samples

SREEE TN/mg-L~! NH; /mg-L™! NO; /mg-L~! TP/mg-1~! SRP/mg-L"! TOC/mg-L " COD/mg-L"!
w73 6.94 1.29 2.46 0.11 0. 10 7.51 30. 14
K 29. 05 12.16 12. 88 10. 53 2.67 16.70 135.77
K 17. 40 1.97 2.76 0.11 0.10 7.92 15.22
T kE 11.22 0.62 1.63 0.06 0.05 7.23 27. 80
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counts-mL "' DL _F. [R]l— KRR H S R R B UK OF 4l
BRI e — AN L L R K R 4N B R
BOH 4 % A 100 ~ 10° countsemL™" Fll
107 counts-mL ~' 3047 | 5HFoT 45 R —E

Zedin K AL B AL B A0 TR B (5. TTE +
07) counts-mL ™' [ % (2.28E +05) counts-mL™";
SR EE H (4. 68E +08) counts-mL ™' &% (1. 12E +
07) counts-mL ™", 2% B &0 % 43 5l ik 21 99. 85% I
97.61% . FH T 1E7K P 240 B AT 75 19 e B8 e v, BT A
RIS = ) B BRRCRZ T, K v 8 T A4 vk
IR .

7 EZ i
_E T
108 |
E % . %
£ 10k % ’
H
2
<]
- 10° 3
0" 1
i il 8 itk Tl
E1 HAEMFESRERD
Fig. 1 Concentration of bacteria and viruses in different samples

2.2.2  HLAU A

W& 2 B Tl — KA AN T] A o D A e o 2
SRR WY . I an ZE A TR R B e, 3K (5. 81E +
04) copies-mL ™" ; i Bt 4 Ho vk B2 Fe A%, o5 e ViR
FEAU R (1.29E +01) copies-mL ™", %= [ B 5k K o &
FoBafel B DR B v i 3 R gL WEE R,
BRI T ER R S 4 P8 DUBY B S BE 2 1 5
PRI DRI gt e B ol o T AU

16S rRNA J [R] # B2 75 {75 /K b B 3 K & 3k
(1.25E +08) copies-mL ™" ; HZKHREREZE (2. 83E +
05) copies-mL ™", FEPKI$5 DUBREAIR 3 B0 9%, 2Bk
BERIRFN 99. 77% . [FINE, KIGHTF B ZERTE | A

BE DU SRR AR 1 R DY R R BR AR i) A
99.99% . 98.95% . 99.47% . 97.38% #1 93.82%.
BEARW], 15K AR B0 S v 4 25 BRASCR f
FREIK . K o A e BE KA 3 22 5

o SRR T Y 5 B SR BT SR B8 TR EE A
BT Z(MBR + 55MERE) AEFEATHRER. W
T5KAL B A BTG K ) AR K TS Y8, BT LA
Kb BT 7K e A R K R DA 2 DR B 7 75 78
DR T 368 3 I ) 4 P, DR B DA R T
T rf B I A5 7K o TR v J3E DR WA J3E T e
st 8 2 i AR 8 0 T A A B, S B UK R Bk B
JEUAR (4 2% 5 TR, e il — L8 Jf 40 ) DNA 53 fif.
MBR T2 12 o B 5 S B o SR 1 25 B
W B SRR AN g R 5 SN T 2
R AR IR AT , A8 BC 5 A5 S AR SR AT B A Ay T
RE. BRI A BRI 75 e b, LTS O
B LER.

10°

=

108

107

i S B E

=

I
[N
L_]%
A
BB B
EEEEH] e

10°

He )i /copies mL™!
2

]

i ek hk Fi

B2 ARERKEERRERE
Fig. 2 Concentration of the water pathogens

in different water samples
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SR K B AR LRI W s s b, R
FEEUE -m1 5 IR A DU L 9 K T A 7 5 o T s 1)
AEAFAERE R A S AR DGR . Rt A s (R BT AR
AR At 9 N K AR AR R 5 1) R R 2 —
L D B Bl A6 B TE PR BT A e RS A, R R A3
PITH BRI A A HEPURE T, O &y KB, 56T IR B8
TENFEFNIAGE M 3l P | K H: | SR 52 T N e &
(e S 10 222 8 1 LA D AR e i L 1)
TR BRI R, R HREIA T, — B R
s A U0 A M X KR 32 B T N R A TS
Y20 B P T L A 2 A R e 2 B0, EL 9 91 £
85% ~90% ; WLAh, 4= A1 T Ja e LA JE # W0 5 A T
SR N FIT SR 1 BR T A 2 s A R B IR

FEF XA FE A BT E oA, A5 T
R 5 Fof A5 SRR (KM AT B8 . ZE AT BT |
B, BT RIS HUIX 5 R IR AR ) AT B AR AR
FR L BRHR A TH 2 W E AR E KA B AR LR T

3.2 IEEERAE, RN R

FESEE, 510 R S E PCR B3GR I 285 2 1
PR RN S A . AR R R 3 v B O iRE 1Y
AT, R AFE . R BN EE DA AR
Bofi - Ha 3 R 498 2 2 38 I 4 SRS [, X A
UM AR EAT T 2 PCR §7 3. X PCR 7™
YA T RLUK , 5 S R R A L UK A R B A i —
ok, IR A KNS BER S KM — B 1k
Ab KT LA BTG A P B TN B R RO 4 ot
NCBI #4755 , BI85 A K00 19 B Ars A, =4
I AR ARG 5 4 R B 1Y) SR B AL TR S A% TR
Yukhah G i AR DO, 145 Ui 2 4 A X 240 B A
BE ARSI LA AR 5 1) o S

WERIE A IRE S AR 3 A ATRE , H 2 it fT
R, R EE R B A0 R . ZERTR L R
WEE . AR RN BROTE T R X B o R 22 0 B
1.5% ~10% . 6.3% ~10.7% . 3.4% ~ 8.96% .
5.7% ~10.8% . 4% ~10.3% . 3.8% ~14.7% ; i
o T RIS 2 AT 1) A X A 7 O 25 20 0 12% ~ 18%
M 1.5% ~4.8%. kaillgh R 2o, B
22 PRI B TR AR IE T 5 1 A e Af v

KRR | 2855 22 UG I RN IR , 235 SR e R 1% vk
XTANE , KA . ERIE ., BN EE . B155 LR R
07 1 H 9 3 A S5 IR I FR 43 1A (1. 48E +
02) . (2.06E +01) , (4.62E +00) . (2.15E +00) .
(6.01E+00) . (1.02E +00) copies-pL~". #AKH
G T IR A 4532 9k T ARG 0 AR 55 7K A P AR R A6
Jr A B 1 DA A I A
3.3 AR T RE A I [N 2

FCM-qPCR 77 %k 32 BT W 3R 3885 7K AR g T A4 1y
K. 5 PREE KA B, R K b 5 20 BRRE X
Sy a7 5 R T DL 32 vk A T [ ke 7K o
IRIAEAEKTE. BRBCAA (H FIZ A i e i
PV IR (HIE O A 24 FCM g e A
WG R R . L O IR S
TR 3.

qPCR & v, v] 8 25 52 SRR 5 & 19 52 M, an
Wit b A 4R E T . Taq BEIHIF . e ik b g
M, 2L FTLITE DNA $2 50 2 vh B A
M. BT 2O b SR A A M T,
FEATRE S Z FK TP 2RI R, ORISR A
1o I KA.
3.4 FCM F1 qPCR %

HAR qPCR A1 FCM J7 AR AT LA I A i v 44



14 TR W FCM-qPCR J7 i 5E TG I 7K b UL ik 389

PR, (B2 —H R BUEH A — 22 5%,
qPCR FREUA B E X T i X R

S PR G T 3 (A G T 25 5 25 5 () AR AR i P
FET, RGN 7 32 (4 JE A R] - qPCR 2 1052
FrESE  FCM FH THHBAnE A 2. BFoe 3, it
DNA AT AR i [E A s 3 i, 28 1 2 7K (R oo kit £
DNA BEF H R 00, [N, BREBE AR & b — 26 i Ak
DNA FEHEFT 408 1 2 v 2 Wil 25 0K 400 4 #0 FE AE D
L, FEPEHE, DNA B8 8 AR B, o &1 72 v g
Sh DNA [RIRER e . P 3R W, 7 S se 4 i 1A o 75
B 24168 rRNA JER Y3l 25k 25 — 4~ 41 1 ]
RERITECH Z 4. BT 16S tRNA JEH )2 17
FETFAEAEN TR E T R S ZE5 Y, 7
HG 25 R . AR FCM B, 2K R A2 7 1) i
S DNA ANt 4 XFF&H 24 16S tRNA S A
ANt LBE BT B — k. BT BB Z RN, %
5y 2 EUE I qPCR AN E] 1% 20 A e i 2 s 3 =X 4
JIRLAR Py A AL

P M HLEL , 16S rRNA JE K76 i ] qPCR 44
T3 72 P 25 5 % SR o RN VR RS A R I T
il FH FCM W A] DA ARk G M 2 S5 119 & A c7E
2 P B B RS Ef ] FCML
3.5 HHLE SR A PIREAR AR

K REURE 4 Sh 9 AR B A AR T 3R, A L
Yk . AR SRS A g B
FEFW] A 94K 5 COD RIS B E ARG . 52
B = bt 5 R R RS bR A — R b fR] 4
S WA IR BRI PR, KA R A LA A [
JEARI) G R oy EHEE.

T KA E X LS bR R A M HR AR i )
R, H IR R ) — Bk, X AR R b R
TG R H] SPSS A AF HEATAH S /3 AT, 45 SR R
RIS COD FHOCHEIE R W35 (P <0.01) 5 JRJRIK
5 NH, -N M EPE % (P <0.05).

3.6 SR DU Y L
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(1 R, KA R B A S AT hy

PTG K AL B R v 9 T 0 I A AH LU B fin v
FBRANICIE  FETG K AL B (R HEK H A SR S IR T
P NBIRREARAE . BF9E & B, 775 /K Ab B ) Hik
TS SR AT 5 e VA B T IR B AR AE. DRI o R ARG

AR TG K A B AR PR AR AT A B AY. X
IKAE B84 T2 B AR ARSI AIE 5, W] L A
A I T Z L AR T T AT S, P
T SRR 25 BRACR Ul D AR g R 3 T A A
JE AP 28 KA. 3 b, i AT LA PEAG 15 7K Ak B
I RE SRR B HE KON 52 A A A 8 AR S A A AR AR R
S

4 i

(1) FCM PR R X 20 b A REEA T34, gPCR
AR SR AR KT, AT D S 3 s D
WIS RAE s J5 3 A OW AR B2 TR TR S A 75 G 7K -
PRI I ARSI 24 SR S AT iR .

(2)FCM F1 qPCR 156 HH 1 FH 21 52 BT 7K Zb BT
RS ARARRG I v G5 3R R B %5 K AR BT %
TR B I R ( > 93% ) 5 1% T5 KA HEAK %
S AN IR B A A T R

(3) WFFE R TAG 75 A A 3T A B ARCR K AR 7K X
SRR A 2R W S (R HOR SR, DT ] DL 4
A A 7 A T B TR
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