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Evaluation of Pathogen Disinfection Efficacy by Chlorine and Monochloramine
Disinfection Based on Quantitative PCR Combined with Propidium Monoazide
(PMA-qPCR)
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Abstract: A novel detection method of quantitative PCR combined with a DNA intercalating dye propidium monoazide ( PMA-qPCR)
was developed and then applied to analyze inactivation efficacy of chlorine and monochloramine on E. coli as a representative organism.
The results shows that PMA removed 99.94% and 99.99% DNA from non-viable E. coli and Salmonella cells respectively and PMA-
qPCR could effectively differentiate viable bacteria from non-viable bacteria; According to the first-order kinetic model, the inactivation
coefficients on E. coli obtained by PMA-qPCR were 2.24 L-(mg-min) ' and 0.0175 L-(mg-min) "' for chlorine and
monochloramine respectively, both of which were lower than those obtained by traditional plating counting method. In order to inactivate
99% of E. coli, the ct values by PMA-qPCR were 0.9 mg-L ' +min and more than 100 mg-L " +min for chlorine and monochloramine
while those by plating counting method were only 0. 6 mg-L ™' min and 20 mg-L ™' -min, respectively; E. coli concentration detected
by conventional qPCR kept almost the same when ¢t value increased, indicating that conventional qPCR was unable to evaluate
inactivation efficacy of both chlorine and monochloramine disinfection. In summary, PMA-qPCR shows to be a promising method for
evaluating disinfection efficacy by chlorine and monochloramine more accurately.
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Table 1  Gene targets and primers used for qPCR detection
514 4 B ERVERE FPH(5'-3") PCR /¥ K JE/bp SCHk
E. coli
. ATGGAATTTCGCCGATTTTGC
UAL1939b uidA 167 [20]
ATTGTTTGCCTCCCTGCTGC
UAL2105b
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. . R ATTCTGGTACTAATGGTGATGATC
invA2-F invA s . i . 287 [21]
. GCCAGGCTATCGCCAATAAC
invA2-R

W T R R AP TS widA R R B 514, H bR 3 R 28
PCR ¥ 34 Z J5 ¥ F¢ & M 7= W & 2 A pCR® 2.1-
TOPO # K (Invitrogen) ™, %L BV % & I F 4
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qPCR S LR B 25 11 % B (LA AR [) 44 FRU A X7 7K B
X DNA) |, BRI E 15 2 AT HE.

2 ER5ITR

2.1 qPCR BYZMER I IX 8] 5 55 51

ABEFE T qPCR B R M A I X ] R . K
B oA 1.20 x10"' ~ 1.20 x 10" copies-reaction ' ; ¥[']
FCH M 4.72 x10° ~ 4.72 x 10° copies-reaction . L)
s fE il W RE 1 X BIO(E o B A A, DA B A PR B
(threshold cycle) iy 9\ AL b5 € 57 qPCR Y Fr i it £k
(F2) . KNG A 1) 5 T b v it 2 i 2 A O
FHH >0.99,PCR ¥ HEBCRTE 90% ~110% Z [H].



44 A B AR T PMA-GE B PCR 28 85 P 4G T B AR 114 i 7 A 28 45 PEAF 5% 1123

y=-2.958 6x + 32.865
R2=09951

I FAEH B

0 1 2 3 4 5 6 7
KB T B o e R 2 0 00

y=-3.516 4x + 36.989
R2=10.9947

I FAEH B
S

o 1 2 3 4 5 6 1 8
T B B A R B B

2 KBHBEMDITKER PCR iR A& L&
Fig.2 qPCR standard curve for E. coli and Salmonella spp.
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Fig.4 Agarose gel electrophoresis profile of qPCR products for E. coli and Salmonella spp.
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Fig.5 Inactivation kinetics of chlorine disinfection on E. coli
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Fig. 6 Inactivation kinetics of monochloriramine

disinfection on E. coli
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