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Bacteroides fragilis group 16S rRNA KW - R
Bartonella group 16S rRNA FEEE - A
Borrelia group 16S rRNA B - R0
Brucella melitensis 16S rRNA FREWEE - A
Campylobacter spp. 16S rRNA REEEEE - R
Chlamydia/Chlamydophila spp. 165 rRNA KEEEEE - AT
Coxiella burnetii 16S rRNA R EE - AT
Leishmania spp. 18S rRNA KRB - AT
Leptospira interrogans group 16S rRNA HeRRAEE - R
Mycoplasma pneumoniae group 168 TRNA R - A
Orientia tsutsugamushi Virulent gene  X5EEREE - AT
Plasmodium spp. 18S rRNA REENE - AT
Rickettsia/Ehrlichia spp. 16S rRNA REFEEEE - AW
Treponema pallidum 16S rRNA KW - AT
Trypanosoma. spp. 18S rRNA REREE - A
Haemophilus influenzae 16S rRNA PUSES OpTIIA =
Listeria monocytogenes 16S rRNA GHT I B
Neisseria meningitidis 16S rRNA ST S FE
Salmonella typhi vip R Virulent gene  FoEFT SO E
Staphylococcus aureus MRSA MecA A IS A
Streptococcus pnewmoniae Pneumolysin B IGAE
Vibrio vulnificus 16S rRNA E N e EE
Enterobacteriaceae major 16S rRNA

Enterococcus spp. 165 rRNA

Mycobacterium spp. 16S rRNA

Streptococcus spp. 16S rRNA .

Fungal universal 18S rRNA HE—f*
Bacteria universal 165 rRNA M —& "

*Microarray b L { IZEFHE 21T VEEO M 2 2 B OE.
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— ZFIMEEEER P VOGS 7 Vs %

[CBET OREREZIT ) Tz BIRL Tw 5.
V.
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AR, EE 2 BUE 7 8 O 9 452 O M 19 R
BTHBH, —HHMEP T ETHRENLTIUL

BREWG oo T BDT, MELHIED
universal primer b ffH 3 5 (F& 1).

MmN EEME, 74 VA SENICT
HizhEMERNGE T 5, FBHEOIIIME2m »
5 DNA Z [\ 5 FEERER LR L Tw b,
MEF O AV AL 200l 22 ST 2 Hikz
FRL TV, METOMEDOAE R LT
LEEL, BE OV S T, B EOMEERE
TR TE B O T 2-4ml DMLE & BFE A
L7z d TE 5.

FE 5L 16 D well 12 1-2 FEFE O primer %
ANT28 7N —TOME, »CEHEEBEES
% primer set Z{ERL L, WA % screening 9
LRABER L TwAH, ZONETIE primer &
HoLOtube CANTERLTBE, #H
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£2 16 well THRFEEIDEIEXRE
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x£3 MEESEHSHBET 2HES LUEED primer

AT SHAORER
10XTaq buffer 36 1
10XDXPT 361!
DNA & 5041

Hot start Ex Taq 1ul(6U/D
DH20 C total 3600 2L, % 204l
% tube IZHVET 5

HHTE 16S rDNA BLFSEIRH primer GEYEEEYD #9510 3825)
foward: 5-AGAGTTTGATCRTGGCTAAG-3
reverse. 5—GTATTACCGCGGCYGCTG-3
AR E 18S rDNA H primer GEIREY 49 362 H23L)
foward: 5—GAAACTCACCAGGTCCAG-3
reverse. 5—ATTCCTCGTTGAAGAGCA-3
*Z OO BEORATET 1L 285 rDNA X b v,
SR 28S rDNA H primer (I EEY #9635 1536)

foward: 5-AAGCATATCAATAAGCGGAGG-3
reverse. 5—-GGTCCGTGTTTCAAGACGG-3

P I2BESE & DNA % % well 1220 ul (R 2) AR,
Realtime PCR L {1353k E D PCR #4795
BERHALTWS. RNA YAV ADEE, &)
BB RIS EIT o Th 5, &tube lZHKES
STEL PCRTHIRT 5 53x & o T b,
tube % 16 & % 25{ & % 20 ] TITH O THM
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EOEHRTHITHLDOT, FESHIFEI IR
9 primer TR L, BVIZHREL THA, A Y
DBFET = N=APA T3 TH LN, v M2
WATEITHACICRELTT— 7 &l h
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rSDNA @ spacer, @ % >4 285 rDNA @ D1/D2
S AME b TV A,

EE 513 ABI @ Capillary Sequencer % F s,
Ya— M LARERT A L TERMICY VT
Ve d—sx—ica— Fg, 1R
BHIASHA L HIZLTWA, ZOKHED1EY
YD — Ty REEIT 200 HEETH D
O, BiiTHY, MEZTY—7 TV ALRE
LA BERET AL 10050 bEWEH
FLTWAE, MBEOHAIIRERDIZEALD
RH OB 2D > TBY, FEFEHTH 5.
2L —HoOWEEETIEY A Y — LE5 A
100%FMLTHRETCELVWEELH 5.
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D1/D2 BTV 5.
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BT LBEBINTWAEWVE ZANE L, Bifik
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TANVABRIEDZDWHTTHEZ 5 &, RS
ECIR— R EERENPLTH S, V—F
BMETRERO—MEERL2SE 2 b Twas b
AMWE, IR IORETIE, BEEVIEA
THIEL,ERETEIEPESN TS I Ens,
RO IR LI —HOFEREAROBRE I LrEREL 2
VW, —f, BEEYYA 37T X0 kS B
EEDOKRE L, EAIOERYEH 5 T THRENR
Wz, mEESHEREEINSE o ER EOX
BBbH 5,

UledS-> ¢, Mgk, 3 av— MR
L T T & 5 DL Streptococcus, Haemophilus O
LD —EOBENNRIZ R B30T T, 1,000 2B
THMRFERGES L URERRREEV —F Y RED
TRIZIT 2 5780,

EEREDSE, b —DRKELFERL TV
%, BHEEAOMEMEL L TIRBELTWAE
Bi23% <, BHECROENEEESSEEAL T
WEDT, FTREDHEE KB 2B Tidzy,
VB SR B 5 WL A EEZER U - MR g &
no P, FRAORESHEL .

TANARERBEE ST, HHEERBI 5T
WAREEIIEEIOGIOOT, HEREFY N, &
EFRENF Y b &L THRE LT3 Influenza

Ying Li*

RAmiE 3t

TR

virus, Adenovirus RS virus 7z ¥ —ZRi2 3 £,

=@ N—-FoREONRESLUENSE

REHL—F L BRENE
Staphylococcus aureus
Streptococcus pneumo-
niae

Streptococcus pyogenes
Haemophilus influenzae
Neisseria meningitidis
Branhamella catarrrhalis

HHRENEE
Bordetella pertussis
Prevotella spp.
Bacillus anthracis
Porphylomonas spp.
Anaerococcus spp.
Peptinophilus spp.
Bacteroides spp.
Fusobacterium spp.
Treponema spp.
Burkholderia spp.
Corynebacterium diphth-
eriae
Corynebacterium spp.
Mycobacterium tubercu-
losis
Mycobacterium spp.
Yersinia pestis
Legionella spp.
Mycoplasma pneumoniae
Aspergillus spp.
Candida spp.
Cryptococcus spp.
Mucor spp.
-

AT RSN A/ E R |
Chiamydophila/Chlam-
ydia spp.
Orientia tsutsugamushi
Neorickettsia spp.
Rickettsia spp.

Bartonella spp.

Coxiella spp.
Hisoplasma capsulatum
Anaplasma spp.

(EEHER)

* Ezak1 Takayuki, Ying Li, OHKUSU Kiyofumi, KAWAMURA Yoshiaki, [ B AZAFREFZTEENHERARGIH 5
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RO WEMBESSAY-OXRERE

#@® Pathogen array IZEE L -FREEORFEH

Tube . Actinobacteria 90‘~i
- Organism Gene ) L
B Mycobacteria 62
- . — Streptococci
Tubel Neisseria meningitidis 16S rRNA , -
] Stapylococci-clostridia
Tubetl Streptococcus pyogenes StreptlysinO Anacrobic GNR
Tube2 Mycop/asma pneumo- 165 riNA anaerobic ccoci/clostridia 92 ,
n/?e ‘ Flavobacreia 90 |
Tube2 Rickettsia spp. ‘ 16S rRNA. Enterobacteriaceas o |
Tube3 Branhamella catarrhalis 165 rBNA ) -
i Legionella spp. 93 |
Tube3 Ch/amydoph//a/Ch/am— 165 rRNA Pseudomonas Acinetobacier 78
yd/al sPp. Haemophilus-actinobaceria 60 |
Tubed  Legionalia g.roup N 185 r.R,NA ) Campylobacter-Spiral bacteria 72
Tubed Pneumocystis carini Specific Antigen Fungi 60 |
Tubeb Coxiella burnetii Specific Antigen |
Tube5 Pseudomonas aerugiosa 16SrRNA Total 1027 |
group (EEFR)
Tube6 Corynebacterium dipth- Diptheria Toxin
erige o o
Tubeb Mycobacterium spp. 16S rBNA RO WMBMREOMELTEVANRADI AL
Tube7 Legionella pneumophila  DnadJ HHV1/2 simplex virus
Tube? Streptococcus pneumo- Pneumopysin HHV3 : Varicella-zoster virus
niae HHV6 | Human herpes virus 6 type A
Tube8 Mycobacterium tubercu- Dnad HHV7 : Human herpes virus 7
losis HHVS8 . Human herpes virus 8 (Caposi Sarcoma
Tube8 Orientia tsutsugamushi 168S rRNA related)
Tube9 Bordetella pertussis toxin  Pertussis toxin Human Adenovirus all
Tube9 Staphylococcus aureus MecA Human Influenza A virus
Tubel0 Burkholderia cepacia 168S rRNA Human Influenza B virus
TubelQ Staphylococcus aureus TSST-1 Human parainfluenza virus
Tubell Enterobacteriaceae 165 rRNA Human respiratory syncytical virus (RS virus)
Tubell Haemophilus influenzae 165 rRNA Human Rhino virus
Tubel2 Aspergilius group. 1638 rRNA Human Cytomegalovirus
Tubel2 Bartonella group. 165 rRNA Foot-and-mouth disease virus
Tubel3 Bacillus antracis Protective Measles virus
Antigen Mumps virus ?
Tubel3 Yersinia pestis Virulence factor Rubella virus
Tubeld Klebsiella pneumoniae 16S rRNA SARS virus
group Vesicular stomatitis virus :y
Tubeld Prevotella group 16S rRNA ()
Tubel5 Fungus universal 185 rRNA
Tubel6 Bacterial universal 185 rRNA THEZBIEI L, MRELV NNV THATRET

H5H, FEMIGTEIARRBIAVLDOT, bivbil
i, WEEOELGTERL D207 V=13,
IN—FBTHIEREL2HBD T 7 4 ~—CHIE
L, RDBEEIECTDEDAT v I Tvf7u7 4
P, EMTBREYB IR FEOREEZBC
o TWwab,

E@IoRLUIZE Sz, 16 well 38R L 7= tube I
T4 v —% 1~ 2 EEAN BEOBVWEELFE
HIFRY 25 —E#EKIG (PCR) &2 TRED

(EHER)

1. WENTHEEEDRS

ROIFR L KERLEEIE T3 XN TCORERR
EEEBENETERT 2OFRAEETH L0, bl
b ER@D T R TORELDERT %1 - It
THEWICERFER T2 2 L 2BEL TS,

KOO TN THEN TS A ~—%TH1L L

62(342) SFEEREERE  Vol.8 No.4 2004
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Fluorescence (F1)

507 o o 00
| e

0 2 4 6 810121416 18202224 26 28 30 32 34 36
135 7 911131517 192123262728 3133 35

Cycle Number

3 )
(FEFHERK)

Streptococcus oralis

Streptococcus intermedius

[ ek ss B o B iz i <

9.3— 1oQ
854 1:%7 - o
FERRE Bacteria universal [o
7.5 a7 1
74 A9
e.g- e
559 cal
54 LA
454
24 3ia0 S aureus MecA
359 +:af
o2] [ia] S aureusTTS-1
EERNEPY:
1.5 S
14 o §thl g OO0 OO0~ OO0 O
054 i
o] T
-0.5 fa0
-1 T T T T T T T T T T 1

60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94
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16,000
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10,000
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BEE
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| .

6,000 ‘ f |
4,000
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Actinobacteria
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HEOR®

B30
(€£-5(359)

STRET A LD icL, BMEBESES, VR Mk
BEFE X universal 77 4 ¥ — DOEIREY * X W=
L7oIRIEE7 v A TR 2 TEEERL Tw 5,
TANAGERFTD BT EREL TV W
2, RODY A Mh D7 A VA %FRIHIE 16
well AL THREE R L, WAL Twb,

WRSE & DEEB] (H@)
NHEE 7% D B DIREEM 2, 16 well D75 4 ¥ —
set THEME L 72, WREEZA O BE OIRE = fiiE TR

TR AR
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Flavobacteria

BEET LA &fE - -HEOHEE

L, ®OQD 77 1 ~v—set THEIEL 72, Realtime
PCR &L, H@OFER %, Universal 7Z
A *—DHEEIEY & Staphylococcus
TTS-1 & MecAERFHHEIEE N, AF Y U
MeEE T Py BRE (MRSA) BRIC & 2 HEE & 2
U7z,

aureus O

BEZOHEEED > 7TV OHF (X®)

B OWREHIZ B ¥ % bacterial universal 7
T4~ —THEIEL, BUERE, ROOY X M iiE
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B2 NIEEET VA TS L7, Z0OKBR, 5
FIREAE, OENEFEED signal Oz HH1RE
B signal & S 7z,

R EEE O WHE BB M B Legionelle  pneumo-

phila, Staphvlococcus aureus R4S L, 10°/smear
¥ THREED signal WEHETE 5 2 & BHERT
7.

HHOHIC

16 Well CREVZIBREREEZ A7V —=v 7L,
H 1 &% B4R 1T Bacterial universal 75 4 < —%
FRL, BEL~ 707 vA TEBRT S HESEN

L7z,

Universal 7’7 4 = —T—#ME BN T 20K
JFRIZ, BT 10°~105cfu/smear L~V O H
T, —HHE ORIV F A TW 3 EEMA % univer-
sal 7oA v —THRHET L1, FFEREL
WEREND b L,

—7, JOREZEIREEREIC L BH0K, THE
ReAZY—=> T TEHREEEE TR, Z
DI DWTIIEFREDT —F N—2ADEEBLETH
D, T—YOEEIBInbhNIT, BE»SEY
2 flora BEETNITBAITE 27280, BETOR
BOMBCEELBEREIRMTEZ LFZ TS,

64(344) AFIEREFE Vol.§ No.4 2004
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9% DNAYAZ7u7 LA zHNE
LRI T VR O EEE O

TLZEAT™!, KRGS, e’

IR W > TN OB BT B8, WEZT AR BT O REREE whRLRMO
B ED L) HHRLTERT220EE LWERETH b, 20 DIFEOBEYICIRE L72E
WRBETERETERT 2 FE e B2 EHBNER I TE 2, LA LERLABRC LD
3 RMEMIELT AP 2 FUTE 2VIEE, BRI 2 LEFTL B, TRTORK
DY % RS ECENTT 5 2 L REBNICRTHER O THRA W, 165 rDNA TRESEISE
S 0T & M A BRI T 3 DO FEOBEE o Tw b, ¥+ RO
I RERL TV AVABERTEOBERR TN RORROE R TSy — LBl i o T
 ZOHFEOHEFERENT o

1 B4 70701 OER

MEILAEZMTIE 06000 ERICRRINTEY, H300phylall #H LT WA, LaL
B I HE S ORMEOMESEAL TV A E VDR TE D, 0% (IEEOERTIIE
B0, BAORBRETIEEoTwa, L LEHEERICE L RRSEOHED16S
rDNA OF— 5 %2 RTh, RPFEORKOEREFEOFEROLIPEHEL, FLw
phylumZ R T A BRIZE LD TH LV, _

Z I TH AT O6,0008 3 FTE T 5 #9508 O E 2R EED16Sr DNARY| % L, #
DJE OERIZ LBIRE £ T 5 Fd 540~505 1R OBF % B4R L 720ligoDNA % &5 L

% Takayuki Ezaki BB AZKAEE EEPEN BASTRHZEE mEAHNDEIE
e
% Kiyofumi Ohkusu WEEKSEKZEE EXFER BAESTRNZEE HEENAE
e
% Yoshiaki Kawamura BEKZK2E E2REH BEFTENSEE MEEHEE
BE BB
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H9E DNAYA 7 U7 LA ERAGEEY 7L O W B O R

&1 PLSAIIATEL FEEFORBELEEBOK

Ffi Oligo DNAZ{ERK L 72 B 0%
1 Archaea 66
2 Actinobacteria 134
3 Firmicutes 190
4 Chlamydia 8
5 Cyanobacteria 39
6  CFB group 42
7 Alfa Proeobacteria 121
8 Beta Proteobacteria 57
9 Gamma Proteobacteria 119
10 Delta proteobacteria 49
11 Epsilon proteobacteria 12
12 Spiral bacteria 19
13 Fusobacteria 12
14 Deferribactera 5
15 Acidobacteria 3
16 Fibrobacter 1
17 Nitrospirva 2
18 Nitrosomonad 1
19 Flanctomyceta 4
20 Thermodesulfobacteria 1
21 Thermomicrobia 1
22 Verrucomicrobia 2
23 Aguifica 5
24 Thermotoga 5
25 Chlorobia 4
26 Deinococci 3
27 Chrysiogena 1
28 Chloroflexa 5
29 Dictyogloma 1

Total 912

24 7uTLABERELE (F1)'Y,

2 TEODNADMH

BAHDOB 38k~ 2 HEDODNAZ W ELFHTHE T2 HENLEII LS, R4EZ0
HEDOZDIZ7 T LAEHR, REOMBE 2T 57D RIS TE A7 AL -X%
TR T AD 2 fEE v giriconia beads Z M L THIERICHET A2 T2 ALY, Ty
g 7 36mlD50mM EDTA pHS.0WZHEE L, EHRE, LEA2mIE L), ME0E LEL8
12000gT 5 5 L L7ze EEATE T 1 %SDS, AM®gunanidium?iA - 72 B B E200 1 1%
Mz, S 5121 g® giriconia beads #71 2 Multibeads Shocker (ZeHi%%s, KR THER L7z,

95
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HERT R E MBI IE O S 5ty

%2 TEERDPFRIHhDZLAINIOKEREEHBEEBETF

g2 BET HIgEZE (bp)
Bacillus anthracis group 16S rDNA 329
Bacillus antracis Capsular gene:CapA 408
Bacillus antracis Proteoctive antigen ;pag 390
Bacillus antracis Slayer 555
Brucella melitensts 16S rDNA 319
Burkholderia mallei-pseudomallei 165 rDNA 307
Chiamydophila /Chlamydia spp. 16S rDNA 272
Chlamydophila psittaci 16S rDNA 413
Coxiella burnetit Surface antigen 552
Coxtella burnetis 165 rDNA 351
Francisella tularensis 17kD major OMP 350
Francisella tularensis group 16S rDNA 307
Mycobacterium tubeyculosis Dna] 302
Mycobacterium tuberculosis group 16S rDNA 323
Orientia tsutsugamushi 16S rDNA 285
Orientia tsutsugamushi OMP 331
Rickettsia spp. 16S rDNA 416
Salmonella spp. invA 422
Salmonella typhi vipR 409
Yersinia pestis virulence:pesticin 363
Yersinia pestis Pla:plasminogen activator 346
Yersinia pseudotuberculosis/pestis 16S rDNA 308

300 IOBEHWEZEML, 90CTIONFHmMELHE L72» %, Phenol-chloroform-isoamylalcohol
(25:24 1) OBRATEE 500uliMz, —4HE vortexL7zo ZD%#%12,000gT 3 oH&LL, LE
AEF LT 2 — 728 LphenoliR FH O % & 9 —~ER DKL 720 EEAE 99%ethanol,
70%ethanol TiLEk, i 200110 TE buffer 22 L, BEFHIERICICHER L7,

3 EfETFHEE

TP S L72DNAKD 3 20 primers TR L 720 — 213 1B F OB % Wi O O
7O E IR 12287 universal primer, WHEIZHEE L 18S rDNA @ universal primer 3 X
OF HHIE 2@ universal primer 2 L7z, ZOMIEEMF Cy3TERRE, Rm7LAb
LOREMWT VA &GS, BN2AEORESMm 2 HI L7,

—%, EEOREEME TR T 57200 primer set £ LT, E2IZRL LA 3 DOFEE
@ primer set, LUV XNV 2LUTOA - S OMBEERIEMARD primer set (R3) 2HEHL,
realtime PCRIETHIRZ E=% — L7
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x3 BRHEHOESICPrimer Z1ERK L 7z 1BEBRER

Wk Lo B LN Wkt B sk
Acholeplasma spp. 1 alfa-proteobacteria 165 rDNA - -

Achromobacter xylosoxydans 2 Beta-proteobacteria 16S rDNA
Acidovorax avenae group 1 Beta-proteobacteria 16S rDNA
Acinetobacter group 2 Gaimmma-proteobacteria 16S rDNA
Actinomadura madurae group 2 Actinobacteria 16S rDNA
Actinomyces bovis group 2 Actinobacteria 16S rDNA
Aeromonas spp. 1 Gamma-proteobacteria 168 rDNA
Afipia_felis groud 1 alfa-proteobacteria 16S rDNA
Alcaligenes group 2 Beta-proteobacteria 16S rDNA
Anaplasma marginalis group 2 alfa-proteobacteria 16S rDNA
Arcanobacterium haemolyticum 2 Actinobacteria 165 rDNA
Avrthrobacter group 1 Actinobacteria 16S rDNA
Bacillus cereus-thuringensis group 1 Firmicutes 165 rDNA
Bacteroides vilgatus group 1 CFB group 16S rDNA
Bartonella spp. 2, alfa-proteobacteria 165 rDNA
Bilophile-Lawsonia group 2 Delta-proteobacteria 16S rDNA
Bovrdetella pertussis 2 Beta-protecbacteria 16S rDNA
Borrelia group 2. Spiral 168 rDNA
Brachyspira hyodysenteriae 2 Spiral 165 rDNA
Branhamella catarrhalis 2 Gamma-proteobacteria 168 rDNA
Brenneria alni group 1 Gamma-proteobacteria 16S rDNA
Burkholderia cepacia group 2, Beta-proteobacteria 16S rDNA
Burkholderia group 1 Beta-proteobacteria 16S rDNA
C.perfringens -tetani-botulinwm group 2 Firmicutes 16S rDNA
Campylobacter spp. 2. Epsilon-proteo 16S rDNA
Cardiobacterium hominis group 2 Gamma-proteobacteria 165 rDNA
Chromobacterium violacewm 2 Gamma-proteobacteria 16S rDNA
Chryseobacterium -Flavobacteriem group 2 CFB group 165 rDNA
Citrobacter group 1 Gamma-protecobacteria 16S rDNA
Clavibacter michiganensis 1 Actinobacteria 16S rDNA
Clostridium coccoides group 2 Firmicutes 16S rDNA
Clostridium bifermentans group 2 Firmicutes 16S rDNA
Clostridium difficile group 2, Firmicutes 16S rDNA
Clostridium perfringens 2 Firmicutes 165 rDNA -
Clostridium tetani 2 Firmicutes Tetanospasmin -
Corynebacterium group 1 Actinobacteria 16S rDNA
Cowdria_ruminantium i alfa-proteobacteria 16S rDNA
Fdwardsiella group 2 Gamma-proteobacteria 165 rDNA
Ehrlichia-Anaplasma spp. 2. alfa-protecbacteria 16S rDNA
Enterobacter group 2 Gamumna-proteobacteria 165 rDINA
Enterobacteriaceae(major) 2,1 Gamma-proteobacteria 16S rDINA
Enterococcus spp 2.1 Firmicutes 16S rDNA
Eperythrozoon group 1 Firmicutes 16S rDNA
Erwinia group 1 Gamma-proteobacteria 16S rDNA
Erysipelothrix growup 21 Firmicutes 16S rDNA
Escherichia group 21 Gamma-proteobacteria 165 rDNA
Haemobartonella canis group 21 Firmicutes 16S rDNA - -
Haemophilus influenzae 2 Gamma-proteobacteria 165 rDNA - -

Gamma-proteobacteria 16S rDNA - -
Gamma-proteobacteria 16S rDNA - -

Haemophilus-Pasteurella-Actinobacillus group
Hafnia alvei group

SIS
oo

Helicobacter pylori

Gamma-proteobacteria 16S rDNA - -

Kingella denitrificans Beta-proteobacteria 165 rDNA
Klebsiella pneumnioniae grounp Gamma-proteobacteria 16S rDNA
Kluyvera ascorbata Gamma-proteobacteria 16S rDNA
Legionella group Gamma-proteobacteria 16S rDNA
Leptospira interrogans group Spiral 16S rDNA
Listeria group Firmicutes 16S rDNA
Listeria monocytogenes Firmicutes 165 rDNA
Melissococcus pultonis group Firmicutes 16S rDINA
Morganella group Gamma-proteobacteria 16S rDINA
Mycobacterium spp. 2, Actinobacteria 165 rDNA
Mycoplasma mycoides-pneumoniae group 1 Firmicutes 165 rDNA
Mycoplasma pneumoniae group Firmicutes 16S rDNA

Neisseria meningitidis Beta-proteobacteria 165 rDINA
Neorickeitsia-E.sennetsu 1 alfa-proteobacteria 165 rDNA
Nocardia group 1 Actinobacteria 165 rDNA
Paenibacillus larvae group Firmicutes 16S rD

Pectobacterivem group Gamma-proteobacteria 165 rDNA
Photobacterium_phosphor Gamma-proteobacteria 16S rDNA
Plesiomonas shigelloides Gamma-proteobacteria 16S rDNA
Plesiomonas shigelloides Gamma-proteobacteria 16S rDNA
Proteus -providencia group Gamma-proteobacteria 16S rDINA
Pseudomonas aeruginosa group 1 Gamma-proteobacteria 16S rDNA
Pseudomonas group 1 Gamma-proteobacteria 165 rDNA
Rathavibacter rathayi group Actinobacteria 16S rDNA
Rhizobium group alfa-proteobacteria 16S rDNA
Rhodococcus group Actinobacteria 16S rDNA
Rochalimea quintana alfa-proteobacteria 165 rDNA
Rothia dentocariosa Actinobacteria 165 rDNA
Staphylococcus spp. Firmicutes 16S rDNA
Stenotrothomonas maltophilia Gamma-proreobacteria 16S rDNA
Streptobacillus moniliformis Firmicutes 16S rDNA
Streptococcus spp. Firmicutes 16S rDINA
Streptomyces group Actinobacteria 16S rDINA
Suttonella indologenes Gamma-proteobacteria 16S rDINA
Tavlorella equigenitalis Beta-proteobacteria 16S rDNA
Ureaplasma group Firmicutes 165 rDNA
Vibrio cholerae/mimicus Gamma-proteobacteria 165 rDNA

Vibrio fluvialis

Vibrio group
Xanthomaonas group
Yersinia pseudotuber/pestis

Lo IO D RIS — B 10 10 1 10 B 10 e e = RO IO RO R 10 10 0 ke DO 1O 10 10 RO 0 00 = 10 RO B B3 D
=

(]

Gamma-proteobacteria
Gamma-proteobacteria
Gamma-proteobaciteria
Gamma-proteobacteria

165 rDNA
165 rDNA
165 rDINA
165 rDNA
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Universal primer CH#iE LCy3 T L/-DNA%Z, w4 707 L 4 &£55~60C T 4 M RIG S
720 FUGH, Laser ScannerCENY 7 FIVEEE L7,

4.1 HEROMIFHE

4.1.1 REHESLICEFEDOHERES 15> /-E#O Screening
TEBIOUREKICEINIHEKIZIIE b, B, Y, AEEI HL25e FLEYTIEL

NV 2P EDOMEE 7 EIZRET 2 ER 4R LA L HIC 200~220BBETHY, ~4707

VAZERA L% L OPCRETHETE 5, FAIHRD 96 wellZFF AR % HIEYT 5 primer

setZVERK L Tscreening % T-> TWh, I OBOprimer setidMlE Tid 16S rDNA, ZEpye L7

primer set%YEB L Tscreening% 17> T\ 5, 165 rDNA THEMEBEDLLAEN ZFEH L TH

x4 EZF-HREEEISNSREFEER

ik [ R B

v bR EAR 215 136 49
BRIER 220 8 105
HEB R R AR 72 1700 /
£ HIEIR B 60 13 26

1 BHEERLIBOBRE
AWIZERE LTS DNAZME L, Universal primer % - /2B L 72DNAZ Rk~ 707 L 4
EES & (), BLICHBTAHEERESTBOPCREY R <A 707 LA THF B) LTHEL.,
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K2 B (L), FEFREE (F), ZRE (F) OEE

BREOMFIIHATA L, $2Z20EFNIIER SN TR WEROBENEIG L TL 2567
HDTH T Thscreening FELHHEL T3,

LAV 2 TIREMEOBWETE, BX ULlevel 3 OFEMEIEscreening THREIZ R o 72854, &
PICKELRBELBLIETOT, WEEFZEIET S primer set #HAELE THETALIL
TEYWRELBHEB I %) HEE L o Twh,

KINWCIITEIZABT HIREMRD 16S rDNA 2554, HFLETE, BIUHBEURZD
TEPOHBIBE N T,

4.1.2 BHELHEORGHR

HEHCE I NARBEFORBIERFH L ICRE LS, 281 g PIBEARLABEELZVE DD

B K E BB ESD Do REEDZ Y —2 Y 70 E 3 ISR & primer & iV AUE BN
CTHEBNTAEETH A25, universal primer ZHEHTIIIEMN LB LIENTE 2V E Vo
WAV DBo BULEDORRBITIERT LI/ 270T7 LA B L NVTHENT 5D TRHEDS
A R E LIRS 2 13 ERTH 5,

FRATICRIR L7z I a A e T T b 247 9 8, BbO 01l o BA L2188, B

FOVEEAEEZ T LB EOTIED 3 D& flio THELL 72,

1i2iE=A4 207 LA OFTOBEIE, K2 IC3EELEBEEDF -2 Lo Lz, BRTET

lXActinobacteria®signal & Proteobacteria Dsignal il 4F B A SN b, BEEOTEDO Y — T
\d ProteobacteriaMsignal ik A U, FEERIIBEONRY — VAP LYV FUBBE ST w5,
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4.1.3 BEEL NI

WAL VOB 2479 B & I ERICHFRN 20 2 B U CHRENICELE M 5 HiE
PRI D, TOFEIEBAwell 2 - THEZ L OEE PCR%4T ) 7 universal primer %
LT L~V OEI % 1T ) microarray 2 8 ) L EAH b, Fxlde F Ofloraff iz Z oF ik
EAALTREY, b Oflorad X ) IZEBT AWM L (NS H, KESRBPRL - LH
BAEVRWESIIANTH LY, REOLESIRABERFEEANIIZVOTY /S VT LALY
Bohzv, REMREIOZEEAER LA 2707 LA 2B LRSS TO/LNEG VT
7 Widclostridia, bacilli, actinomyces & pseudomonads, sphingomonadsZ: & —#OEEIZE SN
BN, FAOREBTIERBMOA R I T T VIEEE . TARD L) 2k FPOEFEHKIEENS &
) 72 7KiZIZEnterobacteriaceae, Aeromonas, VibrioaceaeZ X UH & L7z THIZ B 2 TIHEMAKDS
ZLEEINDL-D, FEERT VA 2o BB % 5,

5 HBbUI

R4 70T LA, BIXOREAR<A 707 LA L BETFHBIEFELHEAEDETRETD
WA & RRAAT T 5 A 21T o 720 WEKOFBEOMEIZ I ERFIEEE, BELEORBNT
(Z4& universal Primer THIEL72EWZRM~ A 707 LA THEMIZHITT 2 HESRADD
B WA OATIZIEE L Tz, SRISEYREMR, MY, £4%87% Escreening®
72ODBETHROREHELTLEND S, FIERITITHIREROAENE CERT A7
O, TEORHEBHLBELBEL LTRINTVLY, EWHEERREEOEEFF— 71372
FHCEERENTESTHENCREDOS A 2707 LA OFRIZEERSA R L Twa,

X 3

1) KRiEECM2003 fE 7/ L2 OB LZME A EORSE BB L UBED2LORER
DNA/RNAR B FHEOMINIZTIT T, AARBEESS, HI

2) TLEE#172003 Realtime PCRE ZFT L A # V7Y HO BRI ik, A4 >~
TATTFA v 2 AN beA, 105-111 GELA)
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Use of the dnadJ Gene for the Detection and
Identification of All Legionella pneumophila
Serogroups and Description of the Primers Used to
Detect 16S rDNA Gene Sequences of Major
Members of the Genus Legionella

Hongsheng Liu, Ying Li, Xinxiang Huang, Yoshiaki Kawamura, and Takayuki Ezaki*

Microbiology-Bioinformatics, Regeneration and Advanced Medical Science, Gifu University Graduate School of Medicine, Gifu,
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Abstract: We sequenced about 930 bp of the dnaJ gene from 15 Legionella pneumophila serogroups and some
other members of the genus Legionella. As L. pneumophila 16S rDNA sequences could not discriminate
between all subspecies and serogroups, we assessed the use of dna/J gene sequences to differentiate between
Legionella subspecies as well as between L. preumophila serogroups. A phylogenetic analysis revealed that
dnaj gene sequences were more variable between the L. preumophila serogroups than mip gene and 16S
rDNA sequences. By studying 61 strains from 41 species of the genus Legionella, as well as other genera, we
established a PCR method that conld amplify 285 bp of drna/ gene from all L. preumophila serogroups. This
primer set was more sensitive than mip gene primers and was able to detect 0.25 ng of purified DNA. We
also describe the 165 rDNA primers that were used to detect most Legionella genus members.

Key words: Legionella pneumophila, dnaJ, 1dentification, PCR

Legionella pneumophila, the causative agent of
Legionnaires” Disease and the type species of the genus
Legionella, was first recognized in 1976 following an epi-
demic of acute pneumonia among veterans of the Amer-
ican Legion in Philadelphia, Pennsylvania, and led to the
discovery of a new species and genus (7, 24). Since then,
this genus has become very large with 47 species cur-
rently recognized (11, 20, 26). Nonetheless, the major-
ity of Legionnaires’ Disease cases are still attributed to L.
pneumophila (6, 23, 28).

Routine biochemical identification methods based on
phenotypic properties (biochemical tests, serotyping)
are not applicable to the identification of legionellae
due to their poor biochemical activities. New methods
based on molecular techniques have been developed
that allow a more reliable characterization of Legionella
strains. Genotyping methods such as ribotyping (9, 15),
16S-23S intergenic spacer region PCR (29), 16S or 5S
rRNA gene sequencing (1, 4, 12, 17, 25), macrophage

*Address correspondence to Prof. Takayuki Ezaki, Microbi-
ology-Bioinformatics, Regeneration and Advanced Medical Sci-
ence, Gifu University Graduate School of Medicine, 40 Tsukasa,
Gifu, Gifu 500-8705, Japan. Fax: +81-58-267-0156. E-mail:
tezaki @cc.gifu-u.ac.jp
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infectivity potentiator (mip) gene sequencing (27), and
randomly amplified polymorphic DNA (RAPD) (21)
have been shown to be useful in classifying isolated
strains to the species level.

Dnal, one of the members of the Hsp70 (heat-shock
protein) family, co-regulates the activity of heat-shock
sigma factor 67 (5, 8, 13, 14). The dnaJ gene has been
used for species identification in the genus Mycobac-
terium (3, 32), and may be a potentially useful gene for
the detection and identification of other pathogenic bac-
teria.

Materials and Methods

Strains and cultivation. As shown in Table 1, 61
strains of L. pnewmophila serogroups 1-15, 40 Legionel-

Abbreviations: ADP, adenosine diphosphate; ATP, adenosine
triphosphate; a-BCYE, buffered charcoal yeast extract agar
plates supplemented with o-ketoglutarate and L-cysteine; CFU,
colony forming unit; dNTP, deoxynucleoside triphosphate; GTC,
Gifu Type Culture; EDTA, ethylenediaminetetraacetic acid; Hsp,
heat-shock protein; PCR, polymerase chain reaction; RAPD,
randomly amplified polymorphic DNA; Tris, Tris(hydrox-
ymethyl)aminomethane; UV, ultraviolet.
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Table 1. Amplification of Legionella species with mip, dnal, and 16S rDNA primers

Species Other name W 3 (mip) W 8 (16S rDNA) W 19 (dnaJ)

Legionella pneumophila subsp. pneumophila Serogroup 1 GTC745 ATCC 33153 + + +
Legionella pneumophila subsp. pneumophila Serogroup 2 GTC746 ATCC 33154 + + +
Legionella pneumophila subsp. pneumophila Serogroup 3 GTC747 ATCC 33155 + -+ +
Legionella pneumophila subsp. fraseri Serogroup 4 GIFU9246 ATCC 33156 + -+ +
Legionella pneumophila subsp. fraseri Serogroup 5 GTC297 ATCC 33216 + + +
Legionella pneumophila subsp. pneumophila Serogroup 6 GTC748 ATCC 33215 + + +
Legionella pneumophila subsp. pneumophila Serogroup 7 GTC750 ATCC 33823 + + +
Legionella pneumophila subsp. pneumophila Serogroup 8 GTC751 ATCC 35096 + + +
Legionella pneumophila subsp. pneumophila Serogroup 9 GTC754 ATCC 35289 + + +
Legionella pnewmophila subsp. pneumophila Serogroup 10 GTC757 ATCC 43283 + + +
Legionella pneumophila subsp. pneumophila Serogroup 11 GTC756 ATCC 43130 + -+ +
Legionella pneumophila subsp. pneumophila Serogroup 12 GTC804 ATCC 43290 + + +
Legionella pneumophila subsp. pneumophila Serogroup 13 GTC805 ATCC 43736 + + +
Legionella pneumophila subsp. pneumophila Serogroup 14 GTC806 ATCC 43703 + + +
Legionella pneumophila subsp. fraseri Serogroup 15 GTC807 ATCC 35251 + + +
Legionella adelaidensis GTC697" ATCC 35292 - + -
Legionella anisa GTC464" ATCC 35292 + —
Legionella birminghamensis GIFU117497 ATCC 43702 - + -
Legionella bozemanii GIFU9141" ATCC 33217 - + -
Legionella brunensis GTC5157 ATCC 43677 - + -
Legionella cherrii GTC374" ATCC 35252 - +2 -
Legionella cincinnatiensis GTC477" ATCC 43753 - -+ -
Legionella dumoffii GIFU9244 ATCC 33343 - + -
Legionella erythra GIFU11748" ATCC 35303 - + -
Legionella fairfieldensis GTC698" ATCC 49588 - + -
Legionella feeleii GTC3227 ATCC 35072 - + -
Legionella geestiana GTC703" ATCC 49504 - + -
Legionella gormanii GTC300” ATCC 33297 - + -
Legionella gratiana GTC699" ATCC 49413 - + -
Legionella hackeliae GIFU10740" ATCC 35250 - + -
Legionella israelensis GIFU11367" ATCC 43119 - +9 -
Legionella jamestowniensis GIFU107417 ATCC 35298 - +9 -
Legionella jordanis GIFU31937 ATCC 33623 - + -
Legionella londiniensis GTC7417 ATCC 49505 - +° -
Legionella longbeachae GIFU9245" ATCC 33462 - +4 -
Legionella micdadei GTC299" ATCC 33218 - + -
Legionella moravica GTC5137 ATCC 49180 - +

Legionella nautarum GTC742" ATCC 49506 - + -
Legionella oakridgensis GIFU100617 ATCC 33761 -~ +4 -
Legionella parisiensis GTC444" ATCC 35299 - + -
Legionella pneumophila subsp. fraseri GTC3027 ATCC 33156 + + +
Legionella pneumophila subsp. pneumophila GTC296" ATCC 33152 + + +
Legionella pneumophila subsp. pascullei GTC7027 ATCC 33737 + + +
Legionella quateirensis GTC743” ATCC 49507 - + -
Legionella quinlivanii GTC512" ATCC 43830 - + -
Legionella rubrilucens GIFU107437 ATCC 35304 - + -
Legionella sainthelensi GIFU10392" ATCC 35248 - + -
Legionella santicrucis GIFU11746" ATCC 35301 - + -
Legionella shakesparei GTC7017 ATCC 49655 - + -
Legionella spiritensis GIFU11199" ATCC 35249 - + -
Legionelia steigerwalrii GIFUT1747" ATCC 35302 - + -
Legionella tucsonensis GTC5167 ATCC 43878 - + -
Legionella wadsworrthii GIFU10062" ATCC 33877 - -+ -
Legionella waltersii GTC1737" DSM 10501 - + -
Legionella worsleiensis GTC7447 ATCC 49508 - + -
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Table 1. (continued)

Acinetobacter calcoaceticus GIFU119627
Burkholderia cepacia GTC13"
Chryseobacterium meningosepticum GTC8"
Escherichia coli GTC503"

Pseudomonas aeruginosa GTC2"
Sphingobacterium spiritivorum GTC120"

ATCC 23055 - - -
ATCC 25416 - - -
ATCC 13253 - - -
ATCC 11775 - - -
ATCC 10145 - - -
ATCC 33861 - - -

+: PCR positive.
—: PCR negative.

@ L. brunensis was amplified using W 8 forward 6 and W 8 reverse primers.

» L. cherrii was amplified using W 8 forward 5 and W 8 reverse primers.

9 L. israelensis was amplified using W 8 forward 4 and W 8 reverse primers.

4 L. jamestowniensis was amplified using W 8 forward 6 and W 8 reverse primers.
? L. londiniensis was amplified using W 8 forward 7 and W 8 reverse primers.

" L. longbeachae was amplified using W 8 forward 2 and W 8 reverse primers.

¢ L. oakridgensis was amplified using W 8 forward 1 and W 8 reverse 1 primers.
" L. waltersii was amplified using W 8 forward and W 8 reverse 2 primers.

la species and 6 other genera were used in this study.
Legionella strains were incubated on buffered charcoal
yeast extract agar plates supplemented with a-ketoglu-
tarate and L-cysteine (0-BCYE) at 37 C in 5% CO, for
3-5 d. Bacteria from other genera were incubated on
nutrient agar at 28 to 37 C depending on the species for
1-3d.

dnal sequencing and phylogenetic analysis. As only
one dnal sequence from L. pneumophila was available
when this study was initiated, we compared the L. pneu-
mophila dnaJ sequence with sequences from other close-
ly related proteobacteria. Based on this analysis, we
designed dnal-specific primers to identify Legionella
species. After trying several primers, we finally select-
ed the following primer set: DN 13 F (forward) primer:
5-AGCGGGATTATTATGAAC-3', and New LG-R
(reverse) primer: 5-GACCGGTGTTTCTACAAC-3".
The amplicon is about 930 bp.

Amplicon sequences were determined using a DNA
sequencing kit (BigDye™ terminator V3.0 cycle sequenc-
ing Ready Reaction) (Lot No. 0208111, Applied Biosys-
tems, Tokyo) with forward and reverse primers and a
3100 genetic analyzer (Applied Biosystems, Hitachi,
Japan). For sequencing reactions, 50 ng purified PCR
product, 32 pmol primer, and 4 ul BigDye terminator
premix were mixed and adjusted to a final volume of 20
ul with distilled water. Reactions were run for 25 cycles
of 10secat95C,5secat50C,and4 minat 60 C. Asa
double check, both strands were sequenced. dnaJ gene
sequences from the 15 L. preumophila serogroups and
some Legionella species were compared by multiple
alignment using CLUSTAL W (31). Phylogenetic dis-
tances were calculated by the neighbor-joining method
(31), with and without gaps, and their similarities were
calcufated (Tables 2 and 3).

For comparative purposes, we obtained mip gene
sequences from the L. preumophila serogroups (27)
and 165 rDNA sequences from some Legionella species
as deposited in the GenBank by Ratcliff (27), Fry (12),
Hookey (17) and Park (26). After sequence alignment
using CLUSTAL W (version 1.7) (31), phylogenetic
distances and similarities were analyzed (Tables 2 and 3).

Designing PCR detection primer for Legionella spp.
and L. pneumophila. With compared sequences of
Legionella, we designed the detective primer set of W 19
forward (dnaJ) primer, 5-AGGTGGTTTTGGCG-
GATTTGG-3" and W 19 reverse (dnaJ) primer, 5-
TGAATTCTGACTTGCCCCATG-3' for Legionella
preumophila, which gave an amplicon of 285 bp. We
also designed primers to amplify the mip gene and 165
rDNA sequences for comparison: W 3 forward (mip)
primer, 5-GATAAGTTGTCTTATAGCAT-3; W 3
reverse (mip) primer, S-TTTCACTGAAATTAAGT-
GAA-3; W 8 forward (16S rDNA) primer, 5-
AGCATKGTCTAGCTTGCTAG-3" W § reverse (16S
rDNA) primer, 5-TCCTCCCCACTGAAAGTG-3".

To assess primer sensitivity, purified DNA from L.
pneumophila GTC296" (ATCC 33152) was used as the
template DNA. For sensitivity for living bacteria, fresh
L. pneumophila GTC296" cells were cultured on o-
BCYE agar plates for 3 d, suspended in distilled water,
and diluted using a 10-fold gradient. Live cells were
counted by inoculation on -BCYE agar plates. Dilu-
tions were then used immediately as template DNA for
PCR after boiling for 5 min.

Bacterial samples were boiled for 5 min and the crude
DNA preparations were then used as template DNA for
PCR. PCR mixtures contained 0.1 uMm each deoxynu-
cleoside triphosphate (dNTP), 0.2 pum each primer, 1 U
Taq™ polymerase (Takara Shuzo Co., Ltd., Otsu, Japan)
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