B TR 78550 - #542% - 2005 (Environmental Engineering Research. Vol. 42, 2005 )

(62) Multiplex real-time PCR &% AL V- ERLHE L RRIEE THEORRER

Simultaneous Quantification of Sulfur-Oxidizing Bacteria and Sulfate-Reducing Bacteria
by Multiplex Real-time PCR
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Abstract ; Multiplex real-time PCR was applied to simultancous quantification of sulfur-oxidizing bacteria and
sulfate-reducing bacteria in a novel wastewater treatment system enhancing sulfur-redox cycle by a microbial community.
Three approaches in real-time PCR, such as SYBR Green I intercalating dye, TagMan probe and multiplex TagMan probe
(multiplex real-time PCR) were evaluated by PCR amplification efficiency with a serial dilution of 16S IRNA genes amplified
from DNA extracted from Thiobacillus thioparus and Desulfobulbus elongatus. The PCR amplification efficiency of multiplex
real-time PCR was found to be low in comparison to those of SYBR Green I and TagMan probe in case of both bacteria. For
application on sludge sample taken from an aerobic biofilter, cDNA, obtained by reverse transcription from total RNA, was
used as real-time PCR templates. Changes in 16S rRNA level of Thiobacillus gen. and Desulfobulbus spp. groups determined
by the three real-time PCR assays showed the same tendency during experimental period, but the values obtained from
multiplex real-time PCR was less than 10% of those obtained from other assays. Numbers of 16S rRNA of both bacterial
groups virtually remained the same level in the aerobic biofilter throughout the experimental period.
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B A A AMEIR A TARBITIEEAME T4 3 DIk L, RS ol IR RIE R T T L 2 OGN
PREET 2700, KB RBOTH— BN 2R T 5 R D,

EELIE, BN THREORILETY A 2 A RIER LIF TR Y 77 4 —DO%BFEIEIZRNT, 16S
IRNA BETFEENE Ly 0 —UfRERATY, ZOMAMRSERELALNI L, ZO/RER, REFSEE
VRO B SRR IS & LT Thiobacillus BHMEIET D Z L MBI GNI7RY, Thiobacillus JB % FRRIUITHRH]
LEETAFERI L, L, HBEBUFSESIRICI Desulfobulbus TEZIX U & 3% 6 -proteobacteria \ZJ&
TARBSSETHE G TEEL, IHREYEORE AT DS R X - T SR e BT L,
B Thiobacills BICEHA L TWD T LARB S, LEA-T, V77 ¥ —0 L ) ERSRHEFERRRLRT
¥ VRIS A, MEOEBHLITRTD ZEPBOTEETHD,

AR, SUEMOEEE RERICE =2 —3 5 Fik s LT Realtime PCR 23 B ST 5, 168 RNA SEEF%
WO EECEBIO IR Y, BRI T A R ERERA L S BEEBIOMBRRIHE S Oy, F o
FR#EFRITEEITIERL T3, $7z, TagMan probe EAIEHL, — OORIET 2— 7 W CHEROBRFHTH & R
(ZRHLERS HFESL T Multiplex real-time PCR #7257 H & TV 5, Multiplex real-time PCR #43, RIFHZHEK
DEGEFEERTED 0D, BERETORBLIHEL L-RETRIOR, YA AVAORE ", EF
BRI\ T S EOBE 1 & BRI V72 & IRV BF TRV BTV D, £77, Tinneman 5 213, Multiplex
real-time PCR ¥£/Z Trm enhancer #3ECé#»% Minor-groove binder (MGB) #8758 7= probe % FiV “TRIFHER
BO—HEERY (Single-nucleotide polymorphism : SNP) fENTA FREIZL, ZABMEDBE T4 RBRCE=S— 758
WEEARL TV,

ABFFED BAYIE, Multiplex real-time PCR #:% VY, FREES(VATE & BRERHDE THIE O M & FRHC T =4 —7"
LEERBR L, BEFSEOLYERNITR DTEEOSEEERT 5 2 & Th 5, Multiplex real-time PCR i3
PO E T ARG LR TRETH DA, FOBMRFEND, TTA4 w7 n—7 DRFEES
EREOZ LS PEREET BDUENRD D, % 2 TAMIETIY, ETREEMGE Thiobacillus J& & BRI T
HIPE Desulfobulbus FEOMFHRREED 165 RNA BETH A BT, SYBR Green | A v % —H L—F —Zf»
7% (LUF SYBR Green I #5285, TagMan probe i & Multiplex real-time PCR ¥1Z X 5 PCR S#EIEZh=RDIEL »
ERETLI, S50, %EBFEH) DR UIBRY 7 A b4 RNA 2HiHL, WEEE L TE LU cDNA
23 L CH FHEDHE 24TV Y, Multiplex real-time PCR #5412 & 5 Thiobacillus | & Desulfobulbus FEDRIFFERIED
BREIT o, WIC, BRI FER VTR BIFRAEOTEIRY 7 N ®D Thiobacillus J& & Desulfobulbus TEH
S 16S IRNA BEOEEFITV, TORREELEBEF LT,

2 EBAZ

21 RBEBRUYULTYLT

RERFEEERE S PR LI ay T2 ML, A2 Y — B0t TARZEnEAK L
TA4—VE L YTFA—TFAMEER L D, VAT AL, T KB (14m’) & UASB (B4m’) MB7R5HE
S TR SN, RIFEMAR @32m°) LIEE Q88m’) ZECHIESND, RS TEH b RATER
OREEIIERT A 23T, £, Sl e gEEAERICE, SPIREEREL LTT 7 U AROMIEIZ
WRIRAR L DRBEVATTbOEFIE L, EBREA 116 B B AEOBEE R0 B L o, BRI,
VAT NEEOHERE A 24hr (ICREL, TR 2 TR L2 RUNT GEIRSAD 184 ABET) &, fBRH
0.3 TEERL/- RUN2 (184 HHLIM) & Uiz, FEREAM 248 U CRERIENITH203 o7z, Realtime PCR IZ&
DEEFERICM UERIE, BAEESOEEE 120 HEX G 372 B EETOM, AR UBRENLIFREZF
BRI TER LI b 0ES T L L,
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Table 1 Qigonucleotides used in this study

Oligonucleotide Seguence(5'-3) Specificity Tm(’C) _ Reference
BONEG663cF AGGGGGGT(A/G)GAATTCCA Most Beta-proteobacteria 55 14
Thio840R TCGTTACTAAGGGATTTCAC Thiobacillus gen. 52 4
Td626cF GGGAATGGCRTTTTGAAC Thiobacillus gen. 54 15
Deltad95acF GAAGCACCGGCTAACT Most Delta-proteobacteria 53 16
DSB660F CAGAGGGGAAAGTGGAATTC Desulfobulbus spp. 56 16
UNIV907¢R CCGTCAATTCCTTTRAGTTTC All Organisms 54 17

Thio840 MGB probe FAM-TGAAATCCCTTAGTAACGA-NFQ-MGB Thiobacillus gen. 50+ This study
DSB660 probe ROX-AATTCCACTTTCCCCTCTGGTA-BHQ Desulfobulbus _spp. 58 16

Table 2 Primer and Probe sets for three types of real-time PCR such as SYBR Greenl, TagMan probe and
Multiplex real-time PCR to detect 16S rRNA gene of Thiobacillus gen. and Desulfobulbus spp.

MgCl2 Primer,  Expected

Method Target Oligonucleotide concn  Probe concn  product
(mM) (uM) size (bp)
SYBR Green I Thiobacillus gen. BONEG663cF 3 03 177
Thio840R 0.3
Desulfobulbus spp. DSB660 3 0.3 947
UNIV90Q7cR 0.3
TagMan probe Thiobacillus gen. Td626¢F 0.1
UNIV907cR 7 0.1 281
Thio840 MGB probe 0.8
Desulfobulbus spp. Deltad495acF 0.1
UNIV907cR 7 0.1 412
DSB660 probe 0.8
Multiplex Thiobacillus gen. Td626¢F 0.1 281
Desulfobulbus spp. Delta495acF 0.1 and
UNIV907cR 10 0.1 412
Thio840 MGB probe 0.8
DSB660 probe 0.8

Table 3 Amplification conditions applied for each real-time PCR method

BONE662¢F-Thio840R pair DSB660f-UNIVI90QTR pair TagMan probe and Multiplex method

PCR reaction Temp. Time PCR reaction Temp. Time PCR reaction Temp. Time

step (C)__(sec) step () (sec) _step (C) _(sec)

Denature 95 60 Denature 95 60 Denature 95 60
Denature 95 15 Denature 95 15 Denature 95 15
Anneal 60 20 Anneal 68 20 Anneal 58 20
Extension 72 15 X40 Extension 72 15 X40 Extension 62 14 X40
Fluorescence. 3 6 Fluorescence 5 6 Fluorescence 5 6
measuremention measuremention measuremention

22 =F®D Realtime PCR IZ & % Thiobacillus B & Desulfobulbus BORIETFE R

ARFIECIE, BERCOBMEYRERERTOREE b & ICHEEME & LT Thiobacillus &%, MiFRHETT
HIE & U Desulfobulbus A B SR HML, TRENE EREOMBREL L7, Real-time PCR I, EDFHAE
D5EV VB SYBR Green 1 74, TagMan probe % & Multiplex real time PCR 5D ZHE 28 L, Thiobacillus BB LT
Desulfobulbus T 168 1RNA &= F4% Smart Cycler (Cepheid, TaKaRa biomedicals) % FAVzTRIE U7, BERIT
R-PCR Version Takara Ex Taq™ & AV, 24 F 1L Realtime PCR FUSHEOMEIITBO v =2 TARBEIZL, &
BREORI AT T, T TN TT A +— & 70 —7 OHEIEE|% Table1 12, =FD Real-time PCR 14
DRIHEHRL A Table 2 (R,
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SYBR Green 1 5TV, Thiobacillus J&0> 168 RNA 1% % BONE663cF-Thio840R pair THIE L, Desulfobulbus
FED 16S rRNA 1&{5F% DSBB660F-UNIVOOTR pair THEE L7z, %77 A <—%& v F® PCR SUiS% Table 3
loRd, TERAESR T 0 —7 % FU - TagMan probe 15 TIL, Thicbacillus B 16S RNA BizF %
Td626¢F-UNIVOOTR pair THIME L, Thio840 MGB probe 12 & ¥ EANITHRIT U7z, $ 72, Desulfobulbus T8O 168 IRNA
Bf5F-% Deltad95acF-UNIVOOTR pair THIHE L DSB660 probe 2 ¥ RRRANZH&H L7z, Multiplex real-time PCR %
Tt%, TagMan probe {ETRV V=754 = —¢ T u—T & v E—2ORGET 2 —7WTRA S, FFIC PCR
RIS AT &, Thiobacillus & & Desulfobulbus FE0D 16S IRNA BIEF 2 FRHIIEIRL, EELT

Z#E0 Real-time PCR OEESERIL, AF V& — NPV I LR UTREROBEE A B LT, AF ¥
— Ri3, Thiobacillus thioparus (DSM505) %'/ s DNA % Td626cF-UNIVOOTR pair TPCR IR L, HEHEEY %
K58 10°~10° copies 122D XS ICHER LI b DL, Desulfobulbus elongatus (DSM644) D%/ I DNA 56
Delta495acF-UNIVI07R pair “CHENE L 7= IR ZFIR O LR Z AT o 72 b DZ VT,

23 IFEHERY L TIL0 PCR BIEDEORE

BEHTRIENOFERY 7B LT, 15IEDDEN L4 RNA D HRERIRIC LY cDNA ZERLL,
Thiobacillus & & Destulfobulbus T80 168 rRNA G T ZRIE Uiz, WEEERISIIET v & LT T4 <=2/,
FOFEHFARL WOHRICHE U, BV 7o 168 RNA BOFERICEIT % “f0 Real-time PCR D1
TEEIEROBENE, RNA Ing Z¥HEE L THEON (DNA O 5 FEFFE AV e, £, EREOBERZEL, &4
ZRIOPIELEH LT,

24 BEBRIFFIEAND Thiobacillus 1R & Desulfobulbus T 168 rRNA E&

BT SHED HIFIRY o TR RIS L, Y 7 APO Thiobacillus 1& & Desulfobulbus T80 16S fRNA
B OB OB B L, 77— M2, BRI LML L2 RNA Ing 25 X L7574 <
—ZTHHEE L7z b OZ Y, =0 Realtime PCR Z IV THIE L7z, 16SRNA 353, HIEMOHIEL, KR
L 7= RNA 1ng 1 Copy % (copies/Ing-total RNA) ¥ & LR Uiz, A 4 — Rid22 & FHRRIMUERDE
TEFEM A RSB L, AR U2 bOx AV, =R real-time PCR (2351) 5 EREOERERZT, EEOBE»HH
MLz

3 BREER 40 S - SYBR Greenl
. SYBR Green 1

31 BEREBREED 16S rRNA RIEFEA - 0 TaqMan probe y=‘3.z33x-+41.61

ZMV==HED Reaktime PCR IZH1T 518 A & Multiplex REZ%?

BHEIZDONT g3 \

Figl |, =M Realtme PCR £ 9 T 225 ~ Ta3q‘1‘\;1an _&1(')0;);
thioparus 3£ 165 RNA BIETWIH OBMEH &, a iz2=2(§993' '
R TN B/ENTRERETT, VIR E=195
DZAEO Realime PCR IZHWVTHIEHRE R Multo

N NPT plex
fEIX099 LLEE 220, RIFSALERIEOH 10 y=3.732x-+41.649
o, ZOWMREBBOMEE )5 PCR BIEIE E) 2 3 4 5 6 " R=1.000
%L, Z0 PCR BB, 10 157 Lomyo Starting quan Ty o1 165 TRONA gene E~1.85

BH| OB EROEE % S £ 95L& E=10"CF  Figl Standard curves for three types of realtime PCR

XN, 10 [EATRFIDHER PC AR method with the serial dilution of PCR products that
® AL *B%m RIBIELTS | oined with Td626cF-UNIVOOTR from Thiobacillus
ET5HE E20 L725, ZFED Realtime PCR thioparus.
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DOEMERNRIT- OV THE, SYBR Green I 1 40 v SYBR Greenl

Zb, Realtime PCR DFCH s o YBR Green | 3 545037 868
(ZHs, ‘ eal-ime =, 35 ~ ® TagMan probe i{2=0999'
PRI & SD TagMan probe #5434 '\\:\A,Multipl’e;, . E=191
195 EEVMEERLZ, LAcLAaRs, 230 \\;\\‘

TagMan probe {E TRV T T4 <~—L7 3 \. . TagMan probe
. . . 5B = y=3362x+42.425
77w b % Multiplex real-time PCR & 2 R=0.998
(A LIBSciE, 185 LIETF L7, 20 ~ E-1.98
Fig2 |2, T thioparus D& LERRIZD. 15 .

! HRD 16S RNA BT DB NP
elongatus IRNA IR = 10 y=3.828x+46.405
BRI D LB LN RBRE R 2 3 4 5 ¢  R'=1.000

E=182

7% D. elongatus 233V T % TaqMan probe
{£TO PCR #AiigzheI3 1.98 & RAFTH-
7=, T thioparus DA & R,
Multiplex real-time PCR /ATt 1.82 1K T
L7z,

Log,, Starting quantity of 16S rRNA gene
(copies)

Fig.2 Standard curves for three types of realtime PCR
method with the serial dilution of PCR products that
obtained with Deltad95acF-UNIVI07R from DNA of

Desulfobulbus elongatus.

ZOFAEIY, Multiplex real-time PCR IRIZRBWTHEE OB #8085 2 L12 X 5 PCR #EESROIET

DS LTS EFEESND, Weller 5271, Multiplex T TagMan probe {735\ T B RIS WA % B2
HORFREICHIE UERT A 720120, IEEEES 60~70bp IZRET 20T ELL, B<TH200bpie &
OHRETLEHEL TS, BB D Multiplex real-time PCR #C, Deltad95acF- UNIVIOTR pair, DSB660
probe set T412bp & K& <, —FEDOMEIENTHR %155 TaqMan probe EDBA TIE-HCTh - T8RS, “ED
HANERTH %15 % Multiplex reat-time PCR & T+ 07288 BB bnieh oo b S HllT S 1D,

32 WRABEPEY D TVIZEITH =0 Reaktime PCR O PCR EIEHE(Z DIV T
PEIES 7 A BEIY L 72 DNA % Multiplex real-time PCR {5007 2 7 L— h & LIz AT THEERRR MDD TIK
FL7= (F—#3E5AR) . Multiplex real-time

PCR {ED X 5 7o 0B5E T W 5 HEg ® ©SYBRGreenI  SYBR Greenl
+5 PCR BUETH, MO bR 4 "\\Z Mg T
BTRAET DBEFIC Lo T PCR MIEA 35 F=1.84
MRS, SEEAIET LIcbo B ] f\m\ \ TacMan orobe
BB, L7A->T, Muliplex real-time £ '\‘\\m\m /381055734
PCR JRICIVTI, 4/ 5 DNA %488 25 ~ R*=1.000
THEY HA RNA 0 80%E< DFIE 4 E=183
ZEDBD16SRNAZ X —5» ML Multiplex
WERITHD LHIF Ui, Zhug, Sem 25 s 0s 1s YAEAR0702
FICHEARILTLE S DNAZ~—XICL ) Log Startin-g z;uantity of R;VA extracted . R i0.993

o E=1.64

from the aerobic biofilter sludge

BETEREICHE LT, Thiobacillus (ng-total RNA)

B8R Desulfobulbus TEDREHVNEIEE %
M % 16S IRNA EOE &7 H\WHERS
{bRTF > o % W ENGEHETE D H D
EEZ LN,

16S RNA OWHEEEY % Multiplex

Fig.3 PCR efficiencies of three types of real-time PCR method on
amplification of 16S rRNA gene of Thiobacillus thioparus. Serial
dilution of cDNA obtained by reverse transcription of the RNA
extracted from the aerobic biofilter sludge was used as PCR
templates.
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real-time PCR 15 CRET D55, SMUEREL 72
DIRERA Y VF— FH TN LB T
JVInBiE7- cDNA @ PCR HIEZIERRE L TH
AT ENEE LW, FIT, HBRYVTLENE
@ ¢DNA @ PCR 3R E =F7 Real-time
PCR 7HEHL, 3.0 OFGBERL LT,

Fig3 2, Thiobacillus BRI =FED Real-time
PCR %##FA LT, BV 7/VHED cDNA
DERFHFIHOE&ELN-RERE T, W
NDFEITIBO T H AR R MEIX 099 248
Z, BIFRELERNME DIV, L LERS,
PCR #EZERIZoVYTid, TagMan probe 4,

Multiplex real-time PCR & biZ T thioparus B

Threshold cycle

e
W

SYBR Greenl
40 y=3.6295x+24.()18
R"=0.999
1 —_ \\ E=186
30 L ~5 TaqMan probe
\ y=3.738x+28.948
25 ~ R*=1.000
2 ¢ SYBR Green I E=1.85
:® TaqMan probe
15 4 Multiplex Multiplex
y=4.900x+32.992
-2.5 -1.5 -0.5 0.5 R2=0.993
Log,, Starting quantity of RNA extracted E=1.60

from the aerobic biofilter sludge
(ng-total RNA)

Fig.4 PCR efficiencies of three types of real-time PCR method
on amplification of 16S rRNA gene of Desulfobulbus

FORBRARAZ VHF— R TAhBELN
7260 (Figl) &H#ET 5 E/E<, Multiplex
realtime PCRIEIZIBVVTIE 1.64 & Z O TR
OTHE Th-7z, Figd 12, Desulfobulbus TERHRD ZFED Real-time PCR %A L TG LN RERERT,

Desulfobulbus FEREHIFR T Thiobacillus BIRHHROBE L AR, PCR HIEZISEIE Multiplex real-time PCR {£IZ36
WT 160 FTERT L,

ZHUL, RERAY L F— R LR L L ORIEESIEROBE DD Z L 2R LTV D, 0
—&IE, A% & R TR ROBIEREY) & 15D 7V BTN OERE L B 2 b D,
S BIZ, AHFFE IS Multiplex real-time PCR {51236\ VT Thiobacillus J&% EET BBV = Td626cF-UNIVIOTR
pair, Thio840 MGB probe set 7% Thiobacillus JEIZHRYD TRRRAVZRENI R > TWDDITXE L, Desulfobulbus % 7E
835 Deltad95acF- UNIVIOTR pair, DSB660 probe set %, § -proteobacteria \ BT HHEEDME AT WA A& L,
Z DB Desulfobulbus FEFRSROBEFWT % DSB660 probe (2 TR AEEHI/>TD, LR~ T, Zh
DETFRRY 7R LTS, Desulfobulbus FEESEOBIETFWIA DY Desulfobulbus FELIIND 6 -proteobacteria
BT AMEREOREG I & T T4 v FA LTV ATREREZbID, LinL, AF ¥ — R
MR LT8R T OB E IR W 31729, 7°F A ~—Tt v M Desulfobulbus FER KOG T BT R DT
FEETHZ LIRS, 9 LERR ZOMEOIEIROENIHFS LTV  Z L b TREND.

elongatus. Serial dilution of ¢cDNA obtained by reverse
transcription of RNA from the aerobic biofilter sludge was
used as PCR templates.

33 =0 Realtime PCRIT & B35 RY > FIVNO Thiobacillus & & Desulfobulbus ORI TFER

Fig.5 12, =#0 Real-time PCR IZ % % Thiobacillus J&> 168 tRNA B B AL A R~d, ZHED Realtime PCR
DOEONT IR & T A 0 — R P NVERKEI TR LT-& 25, WO Realtime PCR IZBWT HHRE
TR R OWEIEM R 12005 o0, JERERASEIRIIMR Sheh o, LTsii~ T, #ERO Oligonucleotides 7378
7£9°% Multiplex real-time PCRIEICIHNWTH, H7T7 A v &7 0—7 1 v NORRMIHICRES N LT
BB T B, SYBR Green I #:& TagMan probe 517 & 2 FEEKERIL, 10°~10°copies/ng-total RNA DRI CHERE L,
IR RO TIHIRROEER /R Lz, L LR35, Multiplex real-time PCR 152 X 2 BERERIZINT
i%, 10'~10°copies/ng-total RNA DRI THERB L, BT LHET 5 LM | A—F—R MEZR L7, Figé IC=ED
Real-time PCR {Z & % Desulfobulbus FED 16S IRNA #OF% BB L E <3, Thiobacillus J& & [FYFIZ, SYBR Green I
& TaqMan probe HE 2 & 57 BFERIT 10%~10°copies/ng-total RNA ¢Off] THER L, Multiplex real-time PCR 51235\
T L A — 7B MEZR U7, LH L, Multiplex real-time PCR VB #3512 B85 53, SYBR Green I #5585
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LU TagMan probe R L B ERAEREF € gprgq —RUNL RUNZ
BB R LI, g /N;—%\
£1.0E+03 L ;
34 BRBFKBEROD Thiobacills BE 7, /N/ / j\\/ ‘
Desulfobulbus WOEWIZ DT §1 OE+02 /:

A TIL, Multiplex real-time PCR 5% & /{/( \g//
BT R AT AORBISHISRF S Z |~ SYBR Green1 _|
Thiobacillus J& & Desulfobulbus F&D 16S é ’ -# TagMan probe
RNA BOEENZBH LT, T AT L0 é LOE+00 A Multiplex :

C1.

R 2 THELE RUNL 2ERIL 100 150 200 250 300 350 400
03RUNDIZEET A &, BHRRFD Time (days)

Thiobacillus J&7> 168 IRNA BI3BITIEM  Fig.5 Changes in 165 rRNA number of Thiobacillus cells in the aerobic
Uiz, ZHuU3, BTEY UASB “COOEZisE biofilter sludge determined by three types of reak-time PCR.

DML, BBAFREICRAT DR e
BED 10me-S/L 58 30mg-S/L F2EE B&-
L= bz b, 85332 BHIC
Thiobacillus &7 168 IRNA BEO &)

1.0E+03
BHLNTR, ZHIUIATEE UASB 5% W/):V/?Q\//f
B ERE~OBROTANCL Y, VAT b 2 1.0E+02

EROUEPEREMET L2 Z EAFERT

1.0E+04 RUN1 RUN2

16S rRNA (copies/ng-total RNA)

b5 (F—HIFN) . —77, Desulfobulbus 1oE+01 —* & SYBR Green I
FHED 16S IRNA &1E, RUN2 THIIL, 7 —* Mulitiplex

e ~+ TagMan
- AOREEMEID T D Lo Tz 1L.OE+00 ‘
Thiobacillus B7 16S IRNA B & 1 HIFFHED 100 150 200 250 300 350 400
BAbER Ui, ZAUTFRE a2 AN L Time (days)

WE E BB YIS A R L BE Fig.6 Changes in 16S rRNA number of Desulfobulbus cells in the
BRI AR R I L B TRA aerobic biofilter sludge determined by three types of real-time PCR.
£ IWHRER VAN YL

B (BH) OB & - - RERE TR
L ORICEE e AR L CFE
LTWAZERREL TV, 561, BEEDS RNA F10 16SRNA BiTFE L~V Tha Z LML,
Multiplex real-time PCR IR Y 0 & X O$E R IO Z FIRICERTE S L HEEREF L
T3, Lo, Sk ot A0 L 5 RiESMAEMRICETEEZEAT 56T, EREEFOITETT 28
LI REOBEFIT L > T PCR ¥MESENME T T 2HESNH BN e o7z, BB CILZORBERIT 572
DITTERAHLAERNA ZitH L, O EEEEDH SERPEYIERED 16S RNA O = P —HAEET5FE
FRA L, ZOFETH Multiplex realtime PCR #13t10D Real-time PCR {ZH#E L THY 1 A—F —/ N SWERIE
BRUIH, 77 A ORI RIS, BRI TOREFE(LE SYBR Green 1YERB IO
TagMan probe ¥4 & &< [ U A7 Uiz, L7=ASo> T, ARFIECEI%E L7~ Multiplex real-time PCR g, o7
MDA T 2 > % NORREEE TR T 3 v VORI L& 1B 51X+ Ch B Ll & 5,
SN, EEEERE ST ERETSFA ==L Tu—Ty FOWAEDEEERFTH Z LICL > THEIE
ZEROE EEEY, 2 BOERORREEBFEEHTT 5,
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4 W
RO T A 2 AV ETER L2 TAUELY 25 AOBFEEIR TV, BERFSHERNOBERPIIRBITS

Thiobacillus & & Desulfobulbus FE0 16S IRNA 8% SYBR Green I #%, TagMan probe #£:& Muiltiplex real-time PCR {%

D=FED Real-time PCR IEZ AW THAIL 7R, UTOHRABE L,

1) Thiobacillus J&. Desulfobulbus TEDEHHNELEA> HIEIY L72 DNA 0 16S RNA &1 PCR BB OAIR
Fl& A8 E, =HEO Real-time PCR {AOEIERIEIT, # & $1Z Multiplex real-time PCR B &\ CHEIER)
FIMET L7,

2) Multiplex real-time PCR ik &5RY L S MTHEFBT 5854, &7/ A DNA L9 & RNA OMEREEY S 771
— MR HERENTH D,

3) ZFED Realtime PCRIEIZIVT, 150> BEIR U7 RNA OWSREREYIORIEIERIL. FFERy BRI L
72 DNA @ PCR HBIEEMH S VB L IR BIRA & L & — R 7 VOB ~ME T L=,

4) Multiplex real-time PCR {512 & % 16S rRNA &3, SYBR Green I #£& TagMan probe {EIZHEIL TR 1 A—4—
INSVMETH T, LisL, REBIFRIEND Thiobacillus J& & Desulfobulbus FD 168 RNA OB, Wiho
Real-time PCR i & & IZIHER UAEA AR Lz,

5) TEEEHAR Al U CRBAFRIEND Thiobacillus J& & Desulfobulbus T80 16S RNA BOELIIRI TEMERL,
2 RNA FO 2 EHITTR L L~ o7,

EF3

ARFENT, SCTRFERIENNE GRS (©), FREE R 16560489), NEDO FERHHIFEEEDRE GE
REEE-01B63001d) KM UVABBRHMEETE D Y — 7 MRS (RBREERERIIER, R ey
=7 N OBREZT CHTLIELOTHD, IR LT, BoELrET 5,

S50

D EEWRL LSl WIDEE [WEET STNER JILHER] (LSE-, IS 2003, BIEYUASB HEHTSITAIES
BRI AT DN GRTT 2 VAR Ui T, B T AR TEE 40431440,

2) EWEZ R LOMES] BRE - ONER ILRE- TR RIS TERINE 2004 SR M ey RRY
—/VUASB CEREAESSANRERIE < L ST TR SR Dy Ran e 416977

3)  (LEFE—, IUOMER], FOAMESS JREFHH 2003, UASB-HHMER L FAMEE S 25 A & BHH & BEOR
FEEREHEE. RTRERSUE. 734:135-143.

4 JILHER AR (LHES] AEREZ, LSS PHRMNE 2004 BB BRoth 2 VS LB KGR 7
7 B3 T Dl VORI & 0N B TR TROTEE 41205212,

5)  SEEE FEFRT, GE] MR 2004 Realtime PCR ZF VA BN Ciol T R DO 2 L —a L F ()
I A BTG 41321330,

6)  FRRBRE TAIER |LORER] | LIBRE—, JEREL RS 2002, ReaHime PCR {724 Competitive PCR #44-F = Nisosormonas
JED16SIDNA KU amoA IR FOER TR AP GmTE3T365375

7 RARED, ANER REREL (LOMES] BRESR 2004. #H TIEE T EIHEIEER ) T AT A R
THREELHRBBETOER HREEFE552779179.

8) Gruntzig, V., S. C. Nold, J. Zhou and J. M. Tiedje 2001. Pseudomonas stutzeri nitrite reductase gene Abundance in
environmental samples measured by real-time PCR, Appl. Environ. Microbiol., 67:760-768.

9) Loredana , E., M. Marco, M. Luisa, M. Giovanna, B. Sonia, K. Mouro, R. G. De, F. Robin, and C. Giuseppe. 2003. A

multiplex reverse transcriptase-polymerase chain reaction strategy for the diagnostic molecular screening of chimeric

- 568 -



10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

genes. Haematologica. 88:275-279.

Fan. Jiang, Kelly J. H., and Laura L. S.. 1998. Rapid simultaneous diagnosis of infections with respiratory syncytial
viruses A and B, influenza viruses A and B, and human parainfluenza virus types 1, 2, reaction-enzyme hybridizaion
assay (hexaplex). Clin. Infect. Dis. 26:1397-1402.

Ibekwe, A. M., P. M. Watt.,C. M. Grieve, V. K. Sharma, and S. R. Lyons. 2002. Multiplex fluorogenic real-time PCR
for detection and quantification of Escherichia coli O157:H7 in dairy wastewater wetlands. Appl. Environ. Microbiol.
68:4853-4862.

Jinneman K. C., Ken J. Yoshitomi, and S. D. Weagant. 2003. Multiplex real-time PCR method to identify Shiga Toxin
Genes stx! and stx2 and Escherichia coli O157:H7/H serotype. Appl. Environ. Microbiol. 69:6327-6333.

Kutyavin . V., L A. Afonina, A. Mills, V. V. Gom, E. A. Lukhtanov, E. S. Belousov, M. J. Singer, D. K. Walburger, S/
G. Lokhov, A. A. Gall, R. Dempcy, M. W. Reed, R. B. Meyer and J. Hedgpeth. 2000. 3°-Minor groove binder-DNA
probes increase sequence specificity at PCR extension tempreratures. Nucleic Acids Research. 28:655-661

Amann, R., J. Snaidr, M. Wagner, W. Ludwig and K. H. Schleifer. 1996. In sit visualization of high genetic diversity in
a natural microbial community. J. Bacteriology. 178: 3496-3500.

RANEE, SEEA, TEATEHA. 2000, TR DREBEMEE Thiobacillus denitrificans 0 FISH HEIZ L 5
R, 537 BB TFRIE 7 4 — T LFRIHAR. 37: 95-97.

Loy, A., A. Lehner, N. Lee, J. Adamezyk, H. Meier, J. Emst, K. H. Schleifer, and M. Wagner. 2002. Oligonﬁcleotide
microarray for 16S rRNA gene-based detection of all recognized lineages of sulfate-reducing prokaryotes in the
environment. Appl. Environ. Microbiol. 68:5064-5081.

Amann R.I, J.Stromley, R. Devereux, R. Key and D.A.Stahl. 1992. Molecular and microscopic identification of
sulfate-reducing bacteria in multispecies biofilm, Appl. Environ. Microbiol., 58:614-623.

FIAST, SR (LIOHER] (LIRfE— JFITFHH2003.amoA mRNA OERBRIZE SV in-site (23T 57 8=
T ERLIEVEOFE, TR T FRTIERRCEE, 40, pp63-70.

Pfaffl, M. W., G. W. horgan and Leo Dempfle. 2002. Relative expression software tool (RESTO) for group-wise
comparison and statistical analysis of relative expression results inreaHime PCR. Mudeic. Acids. Research. 3036-46.

Weller S. A.,J. G. Elphinstone, N. C. Smith, N. Boonham, and D. E. Stead. 2000. Detection of Ralstonia solanacearum
starins with a quantitative, Multiplex, real-time, fluorogenic PCR (TagMan) assay. Appl Environ. Microbiol.
66:2853-2858.

- 569 -



