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Study on Quantitative Method for Detection of Opportunistic Infection Bacteria
in Sewage by Polymerase Chain Reaction.

AMEM* . KNBTE*, BIRME*, Es*
Ginro ENDO, Yohei KIMURA, Hiromi UMES AWA, Isamu KATO

ABSTRACT ; Reuse of treated wastewater has been generalized especially in urban area. Under this
situation, water quality of reclaimed wastewater is requiring new standard on health related
microorganisms. Actual pathogenic microorganisms have been interested by hygienists and sanitary
engineers. However, another important attention should be taken for opportunistic infection, because
an unspecified number of people including handicapped persons in health are eventually exposed to
water born opportunistically infectious microorganisms.

In this paper, the authors present new detection method of sewage Legionella pneumophila, which
is an important waterborne opportunistic-infection bacteria and causes legionnaire disease.
Polymerase chain reaction (PCR) and DN A-DNA hybridization methods were employed to detect L.
pneumophila and PCR method was improved to be applied to quantitative detection of L.
pneumophila. The results from PCR-DNA hybridization test show the possibility that L.
pneumophila survives through secondary sewage treatment and disinfection process. For sewage
sample, conventional selective media method for L. pneumophila are not available. The experimental
data of PCR-MPN for L. pneumophila shows good correlation to the enumeration data obtained by
fluorescence stained direct count of this bacteria.

Key words; Opportunistic infectious microorganism, Legionella pneumophila, polymerase chain
reaction, PCR-MPN, DN A hybridization, sewage.
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RFXLTIE, 20X % BRMRESREE OF L UTLegionellapneumophila (FEMEANRE) WY LW, &
FRHE MM % TTHE & ¥ B Polymerase Chain Reaction 15 (P CR#:) Vi S o icg &Mk FEcT 22 L 2T
I ZPCR-MPNIEIC X 2 2 EMRMDOBAICO WTRH Lo $72. TAH OL pneumophila¥ BT 5 7
WOPCREEDNANS ZVFA¥— 2 a v BEOMAEDOERLDED L REFEORREERA T, Zhi
o THRCELFETAVWTTFAUB TRIIBVWTIOHMBERRENS L DY 2EH 2 RET I ICOVWTH
HL., B TEOBREREICBVYTHLERLTWATREEZRET 2 #8280 CHE Lwy,

2. EBMHBB L UHE

(1) He3EE
American Type Culture Collection (ATCC) 2B $%RfF SN T\ 3 L. pneumophila®type strain (ATCC 33152%K)
BX UCRMEO ATCC 3315383,

@) A mxsY

L. pneumophilaD & B 53 O 120 1AV ZBCYE- o« B & AR OB 7idTable LR L7258 ) TH 5,
¥/, TA%ZEKE UTL. pneumophila% BIRMICHEEL TRIBT 22 L 28 572012, LiCTablel DX #b
{Zvanco- mycin ( 0.50 4 g/ml), cycloheximido (80 ¢ g/ml). colistin (16 # g/ml), polymixin B (50 units/ml)® 4 &
OFEYE % M X 72BC YE- o BIRFHEHRE V720

3) #®ETK
TAROEBIEBT B, TATA, BOLRDS Tl contents ot BCYE- 4
~ > or Legionelia Cuitivation.
wik, EHESTR (BEERAWH | R LR
K. B L UCHEFH#LEADS BBEERL T, Ingredient Concentration(g/180mL)

Legionella preumophila® € =% ) ¥ 7 & {7 o 7 Legionelta CYE Agar Base:

@) P CRIC X AL pneumophila |5 E#% DN A veast Entract vo

FEHEHET 2200754 v — Agar 13.0
L. pneumophila D& ZRBWHFESAD bHT BCYE Growth Supplement:

B D < a)%%z‘ﬁt Ly @j(ﬁfﬂﬂﬂ@, (7 7877 = :/) ACES Buffer/Potassium

CEETLIBRICNEEEN LY 27 HMip) D Hydroxide 1.0

e v f— . ~ N e Ferric Pyrophosphate 08.625

EHIETTHSmip @ﬁzﬁiﬁ ., PCR (ir’ik Lo L_Cysteine HC! 0.04

THWET 2 22D Table 2R LD NAT 54~ — o -Ketoglutarate 0.1

AAWEYD, Then 754 v —WEBERICKEL
THRRAKRKOATIFALMEIZLo
TALEMICAE L 23D TH A,

(5) ZmAD NAOFHMER

Table2 Specific BNA primer for the PCR detection of

BARKERIZ L » THEEL /2L Legionella mip DNA.
pneumophila % B .LATEEIC L © P p—
THHEL., 50mM Trs-EDTAIZ Position  1465hp-1484bp (Reverse primer)
BELLE, YV F—an Nucleotiude Sequence S’ —3' ; 5’ - 66T GAC TGC 66C TGT
s e N TAT GG-3’
TortF—-CR|, 7/ - Primer Lmp-2
/7 au7 s iR L, T Position 853bp-872bp (Forward primer)
. Nucieotiode Sequence 5' —3' ; S’ - GGC CAR TAG GTC CGC
¥ 7 =ik BIZ X o TR RS CAR CG - 3’

GUBRBEE TRz, &5
R Nas e TRUEL, 72/
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Table 3 Thermal cycling conditions for the one set of PCR.

Pragram Step Rction STep [Temperature(C) |Ouration Time(min)
program-1 denature 94 1.8
annealing 58 2.8
extension 12 3.8
!
1 cycle
Program-2 denature 94 8.5
annealing 58 1.8
extension 712 1.8
}
23 cycles
program-3 denature 94 1.8
annealing 58 2.8
extention 12 3.8
+
1 cycle

*These three programs were linked sequentially.

2days incubation of Legionella
pneumophila on BCYE- «” agar

plates V

Liquid culture of L. pneumophila
in BCYE- «

Recovery of chromosomal DNA

PCR of mip DNA of L. pneumophila
I

Y

Agarose gel electrophoresis
of PCR product

Recovery ofiCR product
of mip DNA by electro-
elution

Southern transfer of DNA

onto nylon membrane filters Labeling of recovered DNA

by DIG-ELISA (non-radio-
active) method
(Production of DNA probe)

DNA-DNA hybridization € I

Detection of presence of PCR amplified mip DNA
with chromogenic reagents

Fig. 1 Protocol for Detection of L. pneumaophila
by PCR-DNA Hybridization.
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3. ER#R
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WiH O VEBRIKBORERERLZ BYT4 732 PO —VICBWTPCREWDDN AMKEFHAT &2
dbOD, 2. (5) WRLAHFETER LD NA%$E LS 5P C ROMIREY I, Y VERIKE - =5V
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Eixbhd, Fig. 2 Detection Result of PCR Product of Lagionella DNA
R B 0 FHBIZ4E ) L. pneu- on Agarose Gel Electrophoresis.
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PFAERZIELSBRECE L o zdIT, EMLMP NEHREZE2 2L IKIRE 6 BP0 2o LA L., 308,
36HFM . 42B5F ., A8RERIEEICOVT IR, FREE LFTEREZT oL 25, TNThOBRERIZBNT
FTHCERNLEZONS PCR—-MP NEXFELN T2,

—F. 2. (8) TRLATZ VIV ALY VEESBLMBFEECE o THIE L £RBMICB 1) 2
L. pneumophila#$# % 1 m 1 O £HIE MO HE #5213 Table 5 1R L75B Y Th o 720 B 5 4280 0%
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WY vFV Y IUEBHEICE AL pneu-
mophila® & ¥AE K (AO Total Count)
LPCR-MPNEiCLoTROLN
TMERE TR LT, RicEe®
72b DHFig. 4THh 5o DRI, ;
P C R-MP Ni#t AO Total Count : b
TR BEAE 2 5 b 00,
L. pneumophilaDTEH R 2 E R
RLICE TH Y, GBS 31T
WRETELI0THREILIHMLA
720 AO Total Count 32 TOMBEZ
AR TELENLFETH B0, K
% 72 MBS OB W ASRIE T 5 Rk
PORENOMBEL BT Zkicid
RATER WD, TAFOL
pneumoph-ilaDEBEN & 5 B HD Fig. 3 Detection Result of PCR Product of Legionella DNA
72 IZiEP CR- MP NEDBAD by Southem Hybridization.

DBETHY POEHTHAL LEZL

Noho iz, TNHLOFERPLEBELTPCRELDNANA 7Y F A ¥ =¥ a3 ¥ EEICE B L. pneumophila®
BRI BRI . L. pneum ophila D5 A b Reta ADNAZ MU LT P CRIEIC L o THIE L THRINT 2 &1,
BAEDODN AR FHEIC X - Tid
102 cells/mLiith L #x b,
PCREWC L 2BIBEREL 51
B 5702k, DNADHIME

Table 4 PCR-MPN of L. pneumophila at each cultivation time.

EHE S HIKERT A LA - Detection Frequency

EThi, SOk kAR, T Cultivation |, pch at Each Dilution PCR-MPN | Cells/ml
° : Jime Ratio (5 tubes method)

JK R BRFK A HL. pnenmophilaZ To-2 p— 154

P C RN &> THRINT 3 5 2T 6n 1600< | 16x10%<

R R e d e

BIFICER LEX DD,

10-2 10-3 104
12h 81 8.1x102

=] ++++—| ++++—| +++++

E
- 2 10-2 18-3 104
E 3 PCR-MPN 18h 1600< 1.6x10%<
E
%f" -------- A0 Total Count Fhdbt| A A+
=) 2 25 L " 10-8 18-9 1g-10
g x - 24h 33 8.33x109
® = 50 & o e I e e e
2 F 20 | :
X 8]
2 g 10-8 10-9 10-19
83 r 3en 350 0.55x1610
g § SRR Ak
3 5 10 L
Q
g§ % 10-8 10-9 10-10
< E o5 | 36h 928 8.92x1810
5 3 R R B et
Z - ol e
¥ 8 10-8 1079 1g-10
e 2 0o 10 20 30 40 50 42h 1600< 1.6x1010<
2 R e S I

Cultivation Time (h)

- . 10-8 108-9 10-10
Fig. 4 Enumeration Data of L. 48h 1600 1.6x10'0

B I b o

pneumophila by PCR-MPN
and A0 Total Count.

—181—



YL ECE LI RBRICE TV T
PCRELDNANAT) ¥4 —
a VEZEBIT LB TAROL
pneumophila&H 120w T KRE L7z,

Table 5 RO total cell count of L. pneumophila at each cultivation time.

h ‘:9&7»5 -, T*ﬂﬂ%ﬂﬁ ”, C}lltiuation Counted Cell Sample DiluAtion Cells/ml

A& TEOBRAL F4E O 1 Time Number Uolume(mi)| Ratio

PRSI S NBL. pneumophila% & 6h 1.73 10 18-5 6.124x108

ngifg% e bﬁ;gfigg 12h 3.276 ] 19-5 1.1597x 109
- wiTzon

ELTRINT 52 L 28 720 cep- 18h 8.248 10 10-5 2.920% 109

halothinZ FEML 7z b DIKE LTI

M 5 8ERR Td 5 L. pneum ophila® 24h 13.09 18 10°5 4.635x10°

RERTHELT AL SO0, 30h 17.38 10 10-5 6.153x109

L. pneum ophilaiXcephalot hinfii i T

W I EHFbho Iz, vancomycink 36h 30.646 18 10-5 1.0849x 1010

cycloheximidoD¥FEME X —R & LT,

colistin, polymyxin BZVENI L 7= b 42h 6.412 10 10-6 2.270x18'0

?;fﬁééﬁ{’;ﬁ?ﬁp h’_’:::;f}; 48h 6.945 10 18-6 2.458x10'0

ChEF U BHRGHICERIK LB A

I EOFR WL AEY DRMAEIS B

RoNn/: (Fig. 5 8L FFig. 6) o

EDKER. Legiondlak Bbh 3 au

Z—BBNTE Lol TRHD

LY, TAEMNBEET 2BECRBEYEOBE L 2ORMBEL H-ICEXE L) L CHEET L EN
HBEEXOND, LPL, TARCHEATERLZREDE S TIAMUL B ORE IS HFET L 2012, H
YRS BRI X 2R OB A EREARR ICIRE LBW EEL: 5h3,

Fig. S Sewage Microbial Colonies formed on Fig. 6 Sewage Microbial Colonies formed on
Uancomycin, Cycloheximide, and Coli- Uancomycin, Cycloheximide, and Poly-
stin Selective Medium. myxin B Selective Medium.
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pneumophiladZ P CR— A1

v 70y FDNANATYFAE
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REEEA T 7B AL 1/10 0CH
RLBRKBWB T, Ju—-7tk
NATVTAXTEEZ3TODNAD

fAeration Tank

Effluent from Primary -
Sedimentation Tank

Effluent from Secondary
Sedimentation Tank
Disinfected Effluent

Positive Control
o S -3

Influent Sewage
R B
i

First PCR T~

second PCR —: .

Negative Control

Fig. 7 Detection Results of Sewage Legionella by
PCR-Dot Blot Hyblidization.
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DTRZVWLOD, TADOZIODO L)% BB RERE OFG 2 BN EM 2V, BERBRSICE
B AT MEAT ) R B UGEREFMILETH LI LERLTWVS, BIC, KEICHERTEZE 2 O
HAREE UCFARLIEAOBRIAZHAET S 20121t 4% 131, pneumophila® & 9 72 H MIREHEH IO W
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FHER, Fho ORBEMAEYO TARBETRICBT 22H2 W50, LBTEICE 285 % BRI BH
DRARERHATZ IATHILETHLLELZLND,
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(3) TFAMHE THRICH T AL pneumophilaDEBEX* PCR EAT Y b7O v INA ) FA4E -V av ik
CEo THELLEZ A, BORBMBAEA. RETRERTABL L CHFRHEADICZOMEOD NA
PRETLZELHREN, ZOMBEF0b OPEATITHRLEEZEETELV I LHRB AN,

(4) FFRCBOTHWEZETEBEEIAIHEPE TR, B FAFRRICETIL E BEbhL
pneumophila’t BMITHERELRIMT S T RATR EFEZ b, RETHL 20k ) RS
% FARAOL. pneumophilaDBIMIE AT 2 L ZHETH 5 Z L ¥ A5 Wiz,

(5) EFELoZidb, PCREBLIUNATVFA¥ - a YEOHAICE % TKP D Legionel g B
o BMRBRREEORNG L. RHET - BAOBEAME L 20 EEN ZFMT 27200—%k R 2) —=
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KR D 512 %72 TEBRM B & L. pneumophila DR EFESERXOWTHER 7 FANM R 2025 F
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