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Abstract: Objective A TaqMan-based real-time fluorescence quantitative polymerase chain reaction (PCR) method
was established to detect Clostridium perfringens (C. perfringens) in tap water samples. Methods The highly conserved plc
gene located in the pseudonucleus of the bacterium was amplified and specific primers and TagMan probes were designed. After
optimization, a TagMan-based real-time fluorescence quantitative PCR detection method was established. Combined with
the filter membrane method, simulated polluted water samples of standard strains containing plc genes were treated, and
the established method was tested. Results The established TagMan-based method for detecting C. perfringens showed
high specificity. Ct >40 were found in 13 foodborne pathogens, 3 Closiridium difficile and 1 Clostridium putrefaciens
strain. The detection limit of this method was 1X10 copies/pL, showing high sensitivity. The minimum detection limit for

the simulated polluted water sample was 1.0x10° CFU/mL. This method was also used to detect 4 simulated water
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contamination samples and 90 imported water samples. The results showed that C. perfringens could be detected in 2 simulated

1. 0x10* CFU/mL-contaminated water samples, while not in 2 simulated 1. 0x10 CFU/mL-contaminated and imported water

samples. Conclusion

The TagMan real-time fluorescence quantitative PCR method established in this study for the

detection of C. perfringens has good specificity, high sensitivity, and practical value for detecting C. perfringens in water

samples.

Key words: Clostridium perfringens; real-time fluorescent quantitative PCR; TaqMan probe method; water sample

detection; foodborne pathogens
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Table 1  Bacterial strains used in study

2 RN AT AR IE S ple BB 51 ) 1y 51

Table 2 Primers sequence of C. perfringens plc gene

AT HHKT
TR IEMER T A BL(C. perfringens) ATCC 36241
FERIENAR T A BL(C. perfringens) c57-11¢

R IR B EL(C. perfringens) C58-11°
FER R T BEL(C. perfringens) (58-21"0
TR IEREAR T CHU(C. perfringens) C59-211
TR IEWEMR T C L (C. perfringens) C59-411°!
TR IENMR T C L (C. perfringens) €59-4211!

R I D T (C. perfringens) €60-2"°
J&5 WA 1 ( Clostridium septicum) €55-11"
M MERR 1 ( Clostridium difficile) IIfs A 43 5 Bk
4 W O B ER B (Staphylococcus aurous) ATCC 6538
40 B BT ER B (Staphylococcus aurous) ATCC 25923
% F 7% BR 1A (Staphylococcus epidermidis ) ATCC 35984
% 2 7 % BR 1 (Staphylococcus epidermidis) ATCC 14990
Jili 4 4% EK T4 ( Streptococcus pneumoniae) ATCC 13883
K G FF 18 ( Escherichia coli) ATCC 8739
K T B (Escherichia coli) ATCC 25922
i LR A BB 1R ( Pseudomonas aeruginosa) ATCC 15442
5 FEVS 11T (Salmonella typhi) ATCC 14028
FE W ER T (Enterococcus faecalis) ATCC 29212
fiti ¢ 52 % A1 ( Klebsiella pneumoniae) CMCC 46117
T A1 i 14 AE 2R304 B (Listeria monocytogenes) ATCC 19114
O A EBEBR W (Beta hemolytic streptococcus) CMCC 3221
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305,72 °C 455,30 MG ;72 °C 7 min'"', PCR j*
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HIZER B, 2 Sma 1 & BamH 1 Y] 5 5 R AE
it U1 Ak LY pUCST 28 R 452, #5162 DHS o 8%
2 A 20 M 5 R BH M TR IR SRIBUTURE , S A% T IR Y
G 5 S5 A E S K T AL O A 44 A pUCST-ple,

e 7
319751 (5'—3") )
E20S KJE /bp
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GGATCCGTCATCTGTTCCAGCATCTTTTTC 600
CPA-R
(BamH 1)
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VIC F1 BHQ1 43 BIAE R iz PR 1 2 e 4t 3 T S i
KIEHA

F 3 TR LR ple 3 BRI B | 4 R AR B I 61

Table 3 Primers and probe sequence of C. perfringens plc gene

I 514 4R A1 (57 30) R
B 475 B /b
ple-F ATTCTATCTTGGAGAGGCTATGC

ple-R CTCTGCAAAAGTCTCAAACTTAACA 115
ple-P VIC-CGCTATCAACGGCAGTAACATTAGCAG

il i 7E 28 LT H Primer-BLAST (https://blast.
ncbi. nlm. nih. gov/Blast. cgi) ¥ 1% 51 ¥ 1 F¢ 5 P i2F
AT R IE , P 53 H B PCR X 2¢Ok 5 & PCR 519 i
1145 SR E
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WS i 286 B PCR KT IN ik i e Sk o RT3
B 5 R IERR T JE 1 BRI R T S 3 RO
MERR TR 43 BBk DNA AR 3 — 20 K I Ak &R AE 1R
R A R A S
1.4.4 REFHELE

A3 HILA 10°~10° copies/ L A A & JURE pUCST-
ple fE BT, 32 47 55 B 28 & 2¢O PCR #2 5, & il
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1.5 N TBEHRLTS e 5t Al
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FERE i 0 o 00 PR o i R TRA R D A A R
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pUCS 73tk 3 000 bp
1 000 bp
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Figure 1 Enzyme digestion identification of pUC57-ple
recombinant plasmids
Primer-BLAST 45 5 /R iZ 5| WL e 5 7 < 3 AR
AR VLA , 2 B2 5 1 W) BAT B4 19 e 91 R S 12
A BH P B o & SR pUCST-ple A5 HR , 3 3 7
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1000 bp
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Figure 2 Fluorescent quantitative primer specific routine PCR

results
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Figure 3 Standard curve of fluorescence quantitative PCR
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Figure 4  Specificity experiment of TagMan real-time fluorescent quantitative PCR for Clostridium perfringens

TELEHERN b, DL 3 BRSO T 3 MORMERR  PR(K 4, 6).
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T B RN E R R R A (] 5) .

25F
2.2.4 REFMLE 2/3
43 EA 10°~10° copies/ L W P S AR ple 0 i i i i i i s i
N . . N . 5 10 15 20 25 30 35 40
S5 R G I A 1 & T pU C57-ple F TR R AR, 4G 0 TR
FER IR B TagMan %66 5E & PCR K& R 14 R T 1R RAR T C59-252: 7= AT SE AR 14 60-253 + 7= A JE M AR 14
OPE 45 B T R L AR R 10'~10° copies/pL ATCC3624 ;4 : & THS 18 C55-155-7 : M MEM T8 I PR 43 55 1k
N R w NN 8 B M X
S54RI £ Co (AP D I T Lo
B DL G35 H1E RIHE 4 100 copies/ L BEJE | e B R
G S J y s N e S ad
FOIL B CLs3s The 1 107 coples/n TR 52 P
R =1 s S B
FEICAT 5 ELARY it il 28, 205 o 47 480 B 4 5 3 ) Figure 5 Specificity detection in Clostridium bacteria of
r @_TL 3] F': /ﬁ ﬁﬂj’% *ZL{ % TagMan % ﬁlﬁ% & PCR *ﬁ TaqMan real-time fluorescent quantitative PCR for Clostridium

W7 v 1y %{E& F 4 10 COpieS/}LL , HAE® % 1 R perfringens
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Table 4 Ct value of sensitivity test for fluorescence

quantitative PCR of C. perfringens

RN IR B TagMan %86 € & PCR 7 X 7= R 3K
JIES A2 B b v B R N MRS e A S R AT ARG, O
5% PCR kb7 tbdr . S5 20, =R IR

Eudes L L 2 B TSI B A 0 AL PCR G0 (G 1
2 2057 100 000 FR A 10° CFU/mL, TaqMan 2¢ % %€ & PCR J7 ik A9 B
3 23.75 10000 A PR 107 CFU/mL, 5% # PCR kM L, i%
. o . Dk FRAER RS T 1000 .

6 32.15 10 TE3E 652 i PCR Ko U i 7 bt L R 230 K41 2%
! — 1 HE P 555 LU YR 0 92 6 5 565 58 BE 9 HE A8, ARn 2411
2.3 AT HEILYS Y b A B T 45 B A5 5 2 R W99 61 (ARn=Rn—JE4) , XH ke

W 7 R JE B R T TR AR ME L B VR DHS«
(pUCS57-ple) LA 10 1546 BE R B )5, 530 5 50 mL G
HOKFEIR A, H 0,22 wm A 8 B 0 47 0 38 W HE
A, 2 vk B UK R 5 FH VAR 5 I FH BT At ST 1Y

DR B 0 8 TR R . A S ARn Ol 6. 349
R B, Co (BBl 2 N TASEH0LTS Yo if v B 1 o
R T B4, BHAERE S A Ce (E /N F 35,10 CFU/mL
B Ce (KT 40, H0 & R 938 B4k

A (533-580 pum)

%

f

2 1:1x10° copies/wL;2: 1x10° copies/wl;3: 1x10* copies/wl;4: 1x

40 45
B3

10° copies/pL;5: 1X10” copies/pL;6: 1x10" copies/wL;7:1x10° copies/wL

F6 PRI I 9O E B PCR R 44 £

Figure 6  Sensitivity amplification curve for quantitative fluorescent PCR of C. perfringens
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Figure 7 Sensitivity test of TaqMan fluorescence quantitative PCR (A) and conventional PCR method (B) for simulated

contaminated samples
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Table 5 Ct values of artificially simulated contaminated

samples

iLE [k Ct I
1 8.9 BH A %) B
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3 22.04 107
4 24.19 10°
5 25.49 10°
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9 — 10
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TR

FE 1 BEE X BB (B & BORE pUCS7-ple) 32-3: 1107 CFU/mL AL
15 Yl BH P BERE i 5 4294 Al N 175 Gt i B A ok KR
B8 7 JEMEM T TaqMan 2SO AE i PCR X R AKFE & 1
LRIl
Figure 8 Detection of tap water samples by TaqMan

fluorescence quantitative PCR for C. perfringens
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