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#F2 16 well TRREDEIRE T

2279

#3 MEEESSKRET 5 HE S LUEED primer

FRYT2HENHEE
© 10XTaq buffer 36 ul
10XDXPT 361
DNA i 50 1
Hot start Ex Taq 1u1(6U/D

DH20 T total 360, \ZFEEL, %204l
% tube \2TET 5.

HIH 16S rDNA EEFUBEIRA primer GENEEEY  # 51038%)
foward: 5-AGAGTTTGATCRTGGCTAAG-3
reverse: 5-GTATTACCGCGGCYGCTG-3
SORE 18S rDNA A primer GEIREEH 49 362 183%)
foward: 5—GAAACTCACCAGGTCCAG-3
reverse: b—ATTCCTCGTTGAAGAGCA-3
*ZOEBOWEORIEES 12 285 rDNA & § v,
SIRE 28S rDNA FH primer (VB #9 63518 %)

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

FrIZEESE L DNA % % well 12 20 ul (R 2) AR,
Realtime PCR & L < I3fERE D PCREZ1TH
EErRALTWS, RNAY A VADREE, &)
WCHIEEER S Z1To T b, & tubellidFE2r
SEL PCRTHIET 2 HEZ L o TWwa.,

tube i 16 % 2 2B % 20 ul TIT ) O THH
T HEDARIHL T L EICILHT 5.

VI. MEHER MIVOEGTFRE

RAETHIEL, walk away 7z EIIERSEEH
VAT AEREBALTVIYE, 8-24H TS
O, WOWILY 7+ IVl A, ZORE
THRIIMBE TSI REFEEG 2R, BT
AiES LC&7: HOWMBEY 7 F VDY 7
VS 7R TERER Vv 2ml LY, EET
BEZITH. ZO%E, WIRICHEHET % primer
i34 ¥ &M O universal primer 721 TXIS T
&5, 2HEL EOMER 7 ¥ OBREFHIEE
L723%E R RETH 505, Bmogs, HiEE
WA REIZ Y — 27 TV 2T h o TV IZ B
TR DNRDHDT, FO/RET—F X=X
EHBTNITRESREE TE 5 0BAETIES
DFEPROMEETH 5.

% L~V Tlid 16S rDNA BEF o) 500 15 F: 58
EOBERTHITHLOT, FEELIIEXIITR
¥ primer THIRL, BHEZREL TS, A Y
DFET = FN=ABATHTHLH, b
MRELITACICRME L TF—F 2 LT
ISR ENTE S, 18SrDNA, 18S rDNA & 23S
rSDNA @ spacer, & %\ 28S rDNA @ D1/D2
HEEAMFE b T W5,

& 53 ABI @ Capillary Sequencer % F\»,
Ya—bMATAERMETAZ & TEMICY YT
VaE Y= v¥—zu— R, 1EEDAIC
BHIAFHAELICL TS, ZOHED1EY
72Dy —r Ty ARET 200 RRE CTHL -
B, ZiTHY, WEETV -7 TV AZRE
LEEZHBRET AL Chb b EH
LTS, HEOBEIMEARDIZEALD
SO b o> TRY, BEIESTH 5.
7272 L —EOREREETIZY XY — L EH| A
100 CTHRETERVEHAELD 5.

HEDBFGET —F R=ABA+5TH LI
MORERRITAVEBELTTF— 5 &1t
IS EN TE A, 185 rDNA, 18S rDNA
& 23S rSDNA @ spacer, @ % i3 28S rDNA ®
D1/D2 g AMEb N T 5.

EELIIEEDPSHEES NIRRT,
WRETRZETE R VWREREL -7 VAT
FETL2H - A%ToTWAHD, 2T 1-24
THRAFR ) SR S i r — A TR FEOH
LWHEHED K4 &R0 o Tnb.

& ZAHPRMEDEERFR O EE, FEORHO
BEOME) O EEHROBBITHINLZ &
BLELIED S, Zo0L) e EEY—7
IYARIZENT, FoTrOXk) R o—
TERERE LHAENEVRIIEEET S, EE
LI L0 EHEOREMEO S 70T L, %
YERL L, universal primer CL2MEZ o7z
F—ATYV = TV ANTERVHEICHEL
TWaY, L LIREOBYE Tl EEFIHEES
BTOLBEBINTWRWE ZADEL, Bz
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T VA OFENEE T BEECEET 20X N
TH».

RS E B S TSR R ARITHLS L 12
O, —RICRITANLNAREIZIZ
Hbhhwv, EELLIA 70T LA OERLE
Big L7:fk4 2B A ZITo TV 5%, HRIR
BMAEICEATAHIIEEREELE L OUEBEPLE
PZEEZTWS

VIL ZEHEERORE

FRIMEICET 2 B FIHHRITES CERS
NTETVDA, BEOER CIERERSTIK
ZWHEFUTHETICRES TRV, EED
FRH LAV T O ERETERIIEE AR
HLTB5T, MRSA¥ODKEW, Enterococcus
J& ® vancomycin THEFEE TH 5. primer DFFE
HHALHEED Y, WHEEERTEZREOERRE T

HARRRM 62 %5 125 (2004 -12)

B 270 BHNOREBEARZR Y AT 2ITH
WWERNZFECE RS Ry, FER O,
R BETFOWEL CTHEREIIZ R T, T
BILTFOEEZTTRZER 100% FHT50
AHREETH D, BREL-EELZEE LEAT,
M HEIE T 7 ARIENT T 2 OPBHENTH 5.
BB TFOMRB R 7 —7 5% { i
NTWAEY, FEEOIEMEERTICEL TIZE
FladsmE L, EyES> oz HET 5
FRTF—FIR—A2ER/FEL TS

70 LRATAEA TS Z a#a SEAN e 14
=F w7 ETHNT AR T NS & FHl
ENLY, BEOBRBITET—50ERET
IR EZEZ TS

il % DEEF OB EFIBEIZOWTIE, BE
L OHBRIAH Y, EMROTLRICEAT
vy,

X 7y
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LIS TT*

[FUHIC
— IR RREREDRREEER—

IO SR A HE DR R AR DR T 2 M B - B,
TANVABRED Z DS TEZL S &, MBS
ETIR— BB EERESFLTH ZD, Vv—F
BRE CTRBEEO—BMERHS B I hbhTnd L
ZAME N, L IABIORETE, BEEESEA
THILEBRTEIEPRONTLE I L5,
RO - L - —EOREEEDOREIC Lo BRI EL
v, —F, BEEY~A a7 A0 &S RRHRL
BEREOWRER, EMOERESH - TS TRENR
YD, MEEHAERINS LwoERLOR
mRd 5,

U7eH35 T, Mgk, 73 av— hEEER
U THRETE % DX Streptococcus, Haemophilus O
& —EOB BRI BT, 1,000 L8
T HARBEERS L OEHRREREERIE Y —F VIRED
FFRIZIZ I B 7%,

BB OEE, bI)—DOKRSRFEELHZ TY
3. BHEPIMADOWEMBE L TRELTWBE
fing {, BHRCEOBENEER»ZHEAL T
WBHDT, TREDOHEZ KL M Cldizw,
SVEEEE D 5 IR BRSO U 7o MR &
s ei3del, RREOHRENE L,

TANVABRBRZES> T, HEERESB - T
WABREZFEEIGEVOT, FREREFy N, B
TFHRENF v b & L THEREN T % Influenza

Ying Li* X#EFx*

ST E

virus, Adenovirus RS virus % &—&fic 3 X g,

BQO L—-FrBREONZRES IUENERE

REML—F o HENE
Staphylococcus aureus
Streptococcus  pneumo-
niae
Streptococcus pyogenes
Haemophilus influenzae
Neijsseria meningitidis
Branhamella catarrrhalis

HHRENRE

Bordetella pertussis
Prevotelfa 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
Aspergiifus spp.

Candida spp.
Cryptococcus spp.
Mucor spp.

AT E B EREE/ R
Chlamydophila/Chlam-
ydia spp.

Orientia tsutsugamushi
Neorickettsia spp.
Rickettsia spp.
Bartonella spp.

Coxiella spp.
Hisoplasma capsulatum
Anaplasma spp.

v
!
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O WENBESSAT-OHREE

Tube

_ Organism Gene
BT g

Tubel Neisseria meningitidis 16S rRNA
Tubel Streptococcus pyogenes SireptlysinO
Tube2 Mycoplasma pneumo- 165 rRNA
niae
Tube2 Rickettsia spp. 16S rRNA.
Tube3 Branhamella catarrhalis 165 rBNA
Tube3 Chlamydophila/Chlam- 16S rRNA
ydia spp.
Tubed4 Legionalla group
Tubed4 Pneumocystis carini Specific Antigen
Tube5 Coxiella burnetii Specific Antigen
Tubeb5 Pseudomonas aerugiosa 16SrRNA
group
Tube6 Corynebacterium dipth- Diptheria Toxin
eriae
Tube6 Mycobacterium spp. 16S rRNA
Tube? Legionella pneumophila  Dnad
Tube?7 Streptococcus pneumo- Pneumopysin
niae
Tube8 Mycobacterium tubercu- Dnad
losis
Tube8 Orientia tsutsugamushi 185 rRNA
TubeS Bordetella pertussis toxin Pertussis toxin
Tube9 Staphylococcus aureus MecA

16S rRNA

TubelQ Burkholderia cepacia 165 rRNA
Tubell Staphylococcus aureus  TSST-1
Tubell Enterobacteriaceae 16S rRNA
Tubell Haemophilus influenzae 165 rRNA
Tubel?2 Aspergillus group. 16S rRNA
Tubel2 Bartonella group. 16S rBRNA
Tubel3 Bacillus antracis Protective
Antigen

Tubel3 Yersinia pestis Virulence factor
Tubeld Klebsiella pneumoniae 163 rRNA
group

Tubeld Prevotella group 165 rBRNA

Tubels Fungus universal 185 rRNA

Tubel6 Bacterial universal 185 rRNA
(EEVERD)

1. REREIREEDRSE

ROF LU I-[EREEZRE T T RXTORERR
BEEBEFETERTIOATETH L7120, il
bZRO@D T X TOREERDOEBEZF 2o -t
THRENCERFERA T2 2 L 2REL TS,

ROOT XN TCHENLG T 74— %741 L

F@ Pathogen array ICEE L 2REFORKEH

Actinobacteria 90
Mycobacteria 62
Streptococci 90
Stapylococci-ctostridia 60
Anaerobic GNR 88
anaerobic ccoci/clostridia 92
Flavobacreia 90
Enterobacteriaceae 92
Legionella spp. 93
Pseudomonas Acinetobacter 78
Haemophilus-actinobaceria 60
Campylobacier-Spiral bacteria 72

Fungi 60
Total 1027
(EFEED

=O WENBREOHNBRETZ IIALIOY XL

HHV1/2 simplex virus

HHV3 | Varicella-zoster virus

HHV®6 | Human herpes virus 6 type A

HHV7 . Human herpes virus 7

HHV8 : Human herpes virus 8 (Caposi Sarcoma
related)

Human Adenovirus all

Human Influenza A virus

Human Influenza B virus

Human parainfluenza virus

Human respiratory syncytical virus (RS virus)

Human Rhino virus

Human Cytomegalovirus

Foot-and-mouth disease virus

Measles virus

Mumps virus

Rubella virus

SARS virus

Vesicular stomatitis virus

(@EFR)

THREEZBINI L, AEEVAVTERETRET
bH5HH, EHBSETIEAAREICIEWDT, bhibh
X, WEADEETZTZWL DLOI V=725,
IN—TWRETIEER BT 7 { ~—THIF
L, RBERIGCTOEDRAT v /T4 a7 vA
BEV, LB EESB IR FEOREEBZ
BoTWw5h,

RO L7k o, 16 well p9ER L/ tube 12
T4 =% 1~2BEAN, BEOEWEELRKER
WERY X7 —EE#EAKG (PCR) E2 0 TRES

62(342) SHFIERIER Vol.8 No.d 2004
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Bacteria universal

o S. aureus MecA

S. aureus TTS-1

Fluorescence (F1)

0 2 4 6 8 10121416 182022 24 26 28 30 32 34 36
136 7 911131517192123252728313335

Cycle Number

o
(EEER)

Streptococcus oralis

Streptococcus intermedius

16,000

[ R ss R O 48R RyEe s iz Ao <

o3 100
8.5 Tay o o
8 £a9 Bacteria universal [
78 114
65 T
6 123
55 cad
42 %%'
4 ‘a9 S, aureus MecA
a5 {49
2.2 {2 S aureus TTS-1
2 [
157 1iaf 0
o8B 0-0-0-0-0"Nomomo-ogolgro
-0.5 .;‘ "
-1 LINMARE B e LIS ML BN R R Su e R Bt B SA |

60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94

16 well &{# - 7= Realtime PCR & Staphylococcus aureus E1E signal

Enterococcus flavescens

Acidaminococcus fermentagns

14,000

Staphyfococcus caprae

12,000

|__— Cedecea davisae

10,000

| _——— Sphingobacterium mizutae

Byean

8,000 |
6,000 1 | il

] ;

4,000
2,000

Spiral
Firmicutes
Actinobacteria

Protecbacteria

HEORE

2]
(EHERK)

SERET 5 Lok l, HURMEEES, YA Mgz
BFE T universal 75 4 v —DEREY » X 2=
UTemIRIRT v A THEBIT 2772 B L Twv 5,

TANAZER DT =7 ZEEL TWwizn
2, ROOV A MNIH 274 VA ERIZANE 16
well B THREEZ(FRL L, REL T3,

MREE X DEEHN G (@)
TREE R O BE OWREME %, 16 well D77 A = —

set TR L 7=, WHEHZ O BFE OWREE » fifE TEl

SFEHRESRE  Vol.8 No.4 2004
-99 -

group

Flavobacteria

REET LA & E-> ~EEOHER

L, B@®D 75 f v —set THIE L 7=, Realtime
PCR # %L, H@DIER % HEI:.
4 =—0OBEIEY & Staphylococcus
TTS-1 & MecABETFHBIEIN, XF ) UK
MEE T R vERE (MRSA) BRic & 2IREEK & 2H

L7z,

Universal 77

aureus 0

REEDOWHEEED Y 7 FILOEHIF (X0)

{8 O WNEE R B ¥ % bacterial universal 7
747 —THIRL, HEESRE, KOOV X b
63(343)
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HINREART VA T L7z, Z0ORR, B
BUREME, OERNEEEO signal Ooic BFIRAE
JE{RD signal 2SS Lz,

BEEE O RBEBE A BT Legionella  pneumo-

phila, Staphylococcus aureus ZIRE L, 10°/smear
¥ CHREMRD signal B TE 2 2 L PHERT
&7,

HHOIC

16 Well TREMBIREGRERA 7V —= 7L,
H #0 By B 441 Bacterial universal 7% 4 v —%
FRL, WEE~ 707 VA4 TENT 2 &80

L7z,

Universal 77 4 ~—T—#&HE BN T\ 25
ERE, BIRTIE 10°~10%cfu/smear Vv D
T, —HE ORIV F AT AEEME % univer-
sal 794 v —THRHET 2121, FRBRERHFE
MERENLLD Ly,

—7, ZOFEFBMRRBEEC & BMK, HE
KEAI)—= 7 TELHUREEZ > TWS, £
DIDIRBBEFEDT — ¥ N~ ADEBSLETH
b, F—yDEBIBIbhnE, BED»SEY
iZ flora WEBITNIERIMTE 2729, IHEF DR
BOWBCEERBERTERTEZ £HF L TWD,

64(344) ASFIEEEERE Vol.8 No.4 2004
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£9% DNAXAzZua7 LA ZHWE
RIEY O TV O Y O AT

TLSZEAT !, KMEC"?, kTR

B DY ¥ T OBER E AT B8, MBS ERY LT L BEREL bR ARND
KM% EO L) HRLTENT 22 RELVEETH b, 2079 bISEOBEDICIRE L7
FZBETIIRET 2 RET 2 FE2 M2 SHENESICTE 5, L LIERLZBEICED L
) BN EBRT B0 E TR T E RIS, BRIOICENT 5 LENETL 5o TRTORMK
OBED & HEHECHIT 5 2 L ZEENICTTHZOTRA S, 165 IDNA TRESEIE
BT & 7 & AT 2 72D O HEOBRE o T b, 375+ 2R BORN 7
— I FER LTV R B HELEEEOBEER CBENROEHOER 2 E2 s — LR fioT
- COFEOHRFEEBINT o

1 R/~ o7070 14 OER

MBI OEEICIE H6000EAIERICERINTED, #H300phylalzmo i LTwW5b, Ll
B I E T ORMEOMBENEB LTV S EVWHITHEY, 0%  I3BEOEERTIIE
RWEEL 720, BHORESTIEE > T L LEFHERICE XSRS EOBED16S
rDNA OF— 52 RTH, RAFEOEKOE L EHEOSERO LI, CHEL, HLw
phylum% JEEL§ 2 H#kiL E DD ToH L v, _

Z ZTH A TEFD6,0007E 0 FTE T A #9508 D E 2B EED16Sr DNARFI # gL, #
OE DB LB RRT & TV 258D 540~504 2 R OFFI % 2R L 720ligoDNA % &7 L

* Takayuki Ezaki B RFRFEER REFHEHN BESFRESEE HBEEHEHZ

- B®
#  Kiyofumi Ohkusu WKBERFRER EZMER BESTHREFEE FHEEREHSES
B BF

% Yoshiaki Kawamura WRBKERER BEFMERN BASTFHESEE FEEAHNGZ
58 BhEEE
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o9& DNAYA 7 U7 LA &EGBEY Y 7 h OBUE R DR

£1 FPLSAIEEL -EIORKEEOH

ik Oligo DNAZERL L7-B D
1 Archaea 66
2 Actinobacteria 134
3 Firmicutes 190
4 Chlamydia 3
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 Shiral bacteria 19
13 Fusobacteria 12
14 Deferribactera 5
15 Acidobacteria 3
16 Fibrobacter 1
17 Nitrospira 2
18 Nitrosomonad 1
19 Planctomyceta 4
20 Thermodesulfobacteria 1
21 Thermomicrobia 1
22 Verrucomicrobia 2
23 Aquifica 5
24 Thermotoga 5
25 Chlovobia 4
26 Deinococci 3
27 Chrysiogena 1
28 Chloroflexa 5
29 Dictyogloma 1

Total 912

24 7u T VAICEEL: (E1)Y,

2 EODNADOMHH

B OB IZ 14 4 7 BEEW ODNA R 1% 72 S fECHI T 2 H A BB 2 B0 BAZZ0
B2 7 5 AlgthkR, WEOMMEE LT A DIRENHENTELTF ALY - %
TENH T AD 2 %E\ > giriconia beads ZH L TR A2 5 ELZRA LY, g4
g 236mlD50mM EDTA pHSOIEE L, HER, LEAR2mlIz L), MEOHLELE
12000gT 5 7ME L L7z EEAZIFE TR 1 %SDS, AM® gunanidiumAs A - 72 B 200 u 1%
mz, 5121 g® giriconia beads % /il 2 Multibeads Shocker (Ze3#Ess, KR THIRL 72,

95
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BB Y BT IE O S A

%2 £BELEFFHINDZLANIIOKRESEEBREERTF

[ EIETF HigEE (bp)
Bacillus anthracis group 16S rDNA 329
Bacillus antracis Capsular gene:CapA 408
Bacillus antracis Proteoctive antigen ;pag 390
Bacillus antracis S-layer 555
Brucella melitensis 16S rDNA 319
Burkholderia mallei-pseudomallei 16S rDNA 307
Chiamydophila /Chlamydia spp. 16S rDNA 272
Chlamydophila psittaci 16S rDNA 413
Coxiella burnetii Surface antigen 552
Coxiella burnetit 16S rDNA 351
Francisella tularensis 17kD major OMP 350
Francisella tularensis group 16S rDNA 307
Mycobacterium tuberculosis Dna] 302
Mycobacterium tuberculosis groud 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 165 rDNA 308

300 u lOBEHEIEZEM L, 90CTI05HMEME L 72D, Phenol-chloroform-isoamylalcohol
(25:24:1) OREWE 500ulnz, —5H vortexL7zo ZD#12,000g7T 3 57 HE L, L&
HEFHLWF 22— 728 LphenollBEROMEE S 5 BV EL . EFEAIZ 99%ethanol,
70%ethanol TILER, Vb 200 410 TE buffer 12& 0L, BIETHEERISIER L7,

3 EIEFEE

T8 S L7z2DNARD 3 00 primers TG L7ze — DX BER OB 2B OB O
DIZEIEME 2874 universal primer, BHIZHE L 18S rDNA @ universal primer 8 &
O SRS IEE 2 universal primer 2 L7z, Z OBIREY 2 Cy3STERME, RKE7T LB
FOREET VA &S S, B EAORMSH & 5H L7z,
—7, BEOFHEME % RHET 572D primer set & LT, R2IIRLAZLANV 3 OFERE
® primer set, XLV 2 LTON - S OMEERIEAED primer set (F3) #FHL,
realtime PCRIETHEIEZ =% — L7z

% ~103 -



9B DNAYAZ 07 L4 R FGZBEY 7Lt O 4 O AT

R3 BRHOEDICPrimer Z1ER L - LB ERRES

W A T FREERY ST
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 Gamma-protecbacteria 165 rDNA
Actinomadura madurae group 2 Actinobacteria 16S rDNA
Actinomyces bovis group 2 Actinobacteria 165 rDNA
Aeromonas spp. 1 Gamma-proteobacteria 165 rDNA
Afipia_felis group 1 alfa-proteobacteria 16S rDNA
Alcaligenes group 2 Beta-proteobacteria 16S rDNA
Anaplasma marginalis group 2 alfa-proteobacteria 16S rDNA
Arcanobacterium haemolyticum 2 Actinobacteria 16S rDNA
Arthrobacter group 1 Actinobacteria 16S rDNA
Bacillus cereus-thuringensis group 1 Firmicutes 165 rDNA
Bacteroides vulgatus group 1 CFB group 165 rDNA
Bartonella spp. 2, alfa-proteobacteria 16S rDNA
Bilophila-Lawsonia group 2 Delta-proteobacteria 16S rDNA
Bordetella pertussis 2 Beta-proteobacteria 165 rDNA
Borrelia group 2, Spiral 16S rDNA
Brachyspira hyodysenteriae 2 Spiral 165 rDNA
Branhamella catarrhalis 2 Gamma-proteobacteria 165 rDNA
Brenneria alni group 1 Gamuma-proteobacteria 165 rDNA
Burkholderia cepacia group 2,1 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 16S rDNA
Chromobacterium violaceum 2 Gamma-proteobacteria 16S rDNA
Chryseobacterium -Flavobacterium group 2 CFB group 165 rDNA
Citrobacter group 1 Gamma-proteobacteria 16S rDNA
Clavibacter michiganensis 1 Actinobacteria 16S rDNA
Clostridium coccotdes group 2 Firmicutes 16S rDNA
Clostridium bifermentans group 2 Firmicutes 16S rDNA
Clostridium difficile group 2, Firmicutes 16S rDNA
Clostridium perfringens 2 Firmicutes 16S rDNA
Clostridium tetani 2 Firmicutes Tetanospasmin -
Corynebacterium group 1 Actinobacteria 16S rDNA - -
Cowdria_ruminantium 1 alfa-proteobacteria 16S rDNA - -
Edwardsiella group 2 Gamma-proteobacteria 16S rDNA - -
Ehrlichia-Anaplasma spp. 2.1 alfa-proteobacteria 16S rDNA - -
Enterobacter group 2 Gamma-proteobacteria 16S rDNA - -
Enterobacteriaceae (major) 2.1 Gamma-proteobacteria 16S rDNA - -
Enterococcus spp 2.1 Firmicutes 16S rDNA - -
Eperythrozoon group 1 Firmicutes 16S rDNA - -
Erwinia group 1 Gamma-proteobacteria 16S rDNA - -
Erysipelothrix group 2,1 Firmicutes 16S rDNA - -
Escherichia group 1 Gamrma-proteobacteria 16S rDNA - -
Haemobartonella canis group 1 Firmicutes 16S rDNA - -
Haemophilus influenzae Gamma-proteobacteria 168 rDNA - -
Haemophilus-Pasteurella-Actinobacillus group 1 Gamma-proteobacteria 16S rDNA - -
Hafnia alvei group 1 Gamma-proteobacteria 16S rDNA - -

Helicobacter pylori

Kingella denitrificans
Klebsiella pneumoniae group
Kluyvera ascorbata
Legionella group

Leptospira interrogans group
Listeria group

Listeria monocytogenes
Melissococcus pultonis group
Morganella group
Mycobacterium spp.
Mycoplasma mycoides-pneumoniae group
Mycoplasma pneumoniae group
Neisseria meningitidis
Neoricketisia-E.sennetsu
Nocardia group
Paenibacillus larvae group
Pectobacterium group
Photobacterium_phosphor
Plesiomonas shigelloides
Flesiomonas shigelloides
Proteus -providencia group
Pseudomonas aeruginosa group
Fseudomonas group
Rathayibacter rathayi group
Rhizobium group
Rhodococcus group
Rochalimea quintana

Rothia dentocariosa
Staphylococcus spp.
Stenotrophomonas maltophilia
Streptobacillus moniliformis
Streptococcus spp.
Streptomyces group
Suttonella indologenes
Taylorella equigenitalis
Ureaplasma growp

Vibrio cholerae/mimicus
Vibrio fluvialis

Vibrio group

Xanthomonas group

Yersinia pseundotuber/pestis

RMENNNN NN N NN

S SISESENECES
- [y = - bt ot P (S =
2

WHRNNN NN RN NN NN -
™

[\

Gamma-proteobacteria
Beta-proteobacteria
Gamma-proteobacteria
Gamma-proteobacteria
Gamma-proteobacteria
Spiral

Firmicutes

Firmicutes

Firmicutes
Gamma-proteobacteria
Actinobacteria
Firmicutes

Firmicutes
Beta-proteobacteria
alfa-proteobacteria
Actinobacteria
Firmicutes
Gamma-proteobacteria
Gamma-proteobacteria
Gamma-proteobacteria
Gamma-proteobacteria
Gamma-proteobacteria
Gamma-proteobacteria
Gamma-proteobacteria
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Abstract: Quantitative DNA-DNA hybridization to measure the genetic distances among bacterial species is
indispensable for taxonomical determination. In the current studies, we developed a method to determine
bacterial DNA relatedness on a glass microarray. Reference DNAs representing a total 93 species of Enter-
obacteriaceae were arrayed on a glass microplate, and signal intensities were measured after 2 hr of
hybridization with Cy3-labeled bacterial DNAs. All immobilized DNAs from members of the family
Enterobacteriaceae were identified by this method except for DNAs from Yersinia pseudotuberculosis and Y.
pestis. These results suggest that quantitative microarray hybridization could be an alternative to conven-
tional DNA-DNA hybridization for measuring chromosome relatedness among bacterial species.
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The sequences of nearly 6,000 taxonomically
described species and bacteria have been reclassified
according to their 16S ribosomal DNA (rDNA)
sequences. As a result, ribosomal RNA sequencing has
become a powerful method for determining the phylo-
genetic position of unidentified strains. All together,
the sequences of more than 60,000 16S rDNAs covering
more than 97% of the sequences of officially described
species has been accumulated. This data has revealed
that many established species have nearly identical
rRNA sequences. Thus, given sequencing errors and
variations among the five to eight copies of the 165
rDNA operon on a chromosome from a single species, it
is practically impossible to identify an isolated strain by
sequencing if the strain less than 2% different than a
closely related established species. The Ad Hoc Com-
mittee of the International Systematic Bacteriology rec-
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of Microbiology, Gifu University School of Medicine, Gifu,
Gifu 500-8705, Japan. Fax: +81-58-230-6489. E-mail: tezaki
@cc.gifu-u.ac jp
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ommended that, if the 16S rDNA sequence variation
between a new strain and an established species was
less than 3%, chromosomal DNA-DNA hybridization
data is needed to describe the new species (18). Since
the last century, members of the family Enterobacteri-
aceae have been classified according to their biochemi-
cal traits (3). For this reason, genetically identical
organisms, such as four species of genus Shigella and
Escherichia coli, had been misclassified as different
species (26, 27). Also, early in the 20th century, more
than 2,000 Salmonella serovars had been classified as
independent species, but they are now known to be a
single species (33).

Chromosomal DNA-DNA hybridization can solve
the problems of phenotypic identification and 16S
rDNA sequencing. A bacterial species is genetically
defined as a group of strains that shares more than 70%

Abbreviations: GTC, Gifu Type Culture Collection; PCR,
polymerase chain reaction; rDNA, ribosomal RNA gene; SSC,
saline-trisodium-citrate buffer.
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Table 1. List of 93 type strains immobilized on a microarray and three strongly cross-hybridized strains
to reference DNAs

Labeled strains strongly cross-
Array position  Type strain hybridized to reference DNAs
GTC 109 GTC 118

1 A-l Arsenophonus nasoniae GTC 1349 - -

2 A2 Budvicia aquatica GTC 1689 - -

3 A3 Burtiauxella agrestis GTC 1505 - -

4 A4 Cedecea davisae GTC 345 - -

5 A-S Cedecea lapagei GTC 346 - -

6 A-6 Cedecea neteri GTC 1717 - -

7 AT Citrobacter freundii GTC 108 - -

8 A-8 Citrobacter amalonaticus GTC 1718 - -

9 A9 Citrobacter braakii GTC 1320 - -
10 A-10 Citrobacter farmeri GTC 1319 - -
11 A-11 Citrobacter koseri GTC 113 - -
12 A-12 Citrobacter rodentium GTC 1323 - -
13 B-1 Citrobacter sedlakii GTC 1322 - -
14 B-2 Citrobacter werkmanii GTC 1321 - -
15 B-3 Edwardsiella tarda GTC 112 - -
16 B4 Edwardsiella hoshinae GTC 337 - -
17 B-5 Edwardsiella ictaluri GTC 1340 - -
18 B-6 Enterobacter cloacae GTC 109 100 -
19 B-7 Enterobacter aerogenes GTC 121 - -
20 B-8 Enterobacter amnigenus GTC 340 - -
21 B-9 Enterobacter asburiae GTC 1719 - -
22 B-10 Enterobacter cancerogenus GTC 1704 - -
23 B-11 Enterobacter dissolvens GTC 1514 53 (16)” -
24 B-12 Enterobacter gergoviae GTC 350 - -
25 C-1 Enterobacter hormaechei GTC 1318 - -
26 C-2 Enterobacter intermedius GTC 1678 - -
27 C3 Enterobacter kobei GTC 1531 - —
28 C4 Enterobacter nimipressuralis GTC 1513 - -
29 C-5 Enterobacter pyrinus GTC 1516 — -
30 C-6 Enterobacter sakazakii GTC 336 - -
31 G Erwinia aphidicola GTC 1688 - -
32 C-8 Escherichia coli GTC 503 - -
33 C9 Escherichia blattae GTC 1342 - -
34 C-10 Escherichia fergusonii GTC 1720 - -
35 C-11 Escherichia hermannii GTC 347 - -
36 C-12 Hafwia alvei GTC 1G4 — -
37 D-1 Klebsiella pneumoniae GTC 107 — —
38 D-2 Raoultella ornithinolytica GTC 490 - -
39 D-3 Klebsiella oxytoca GTC 132 - -
40 D4 Raoultella planticola GTC 1343 - -
41 D-5 Raoultella terrigena GTC 489 - —
42 D-6 Kluyvera ascorbata GTC 338 - -
43 D-7 Kluyvera cryocrescens GTC 339 - -
44 D-8 Kluyvera georgiana GTC 1508 - -
45 D-9 Kluyvera cochleae GTC 1506 - -
46 D-10 Leclercia adecarboxylata GTC 1267 - -
47 D-11 Leminorella grimontii GTC 1369 - -
48 D-12 Moellerella wisconsensis GTC 1370 - -
49 E-1 Morganella morganii GTC 1500 - -
50 E-2 Obesumbacterium proteus GTC 1507 - -
51 E-3 Pantoea agglomerans GTC 1261 - —
52 E4 Pantoea ananatis GTC 1705 — -
53 E-5 Pantoea citrea GTC 1680 - -
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(Table 1. Continued)

Labeled strains strongly cross-

Array position  Type strain hybridized to reference DNAs
GTC 109 GTC 118
54 E-6 Pantoea dispersa GTC 1472 - -
55 E-7 Pantoea punctata GTC 1511 - -
56 E-8 Pantoea stewartii GTC 1666 - -
57 E-9 Pantoea terrea GTC 1512 - -
58 E-10 Pragia fontium GTC 1557 - -
59 E-11 Photorhabdus luminescens GTC 1341 - -
60 E-12 Proteus vulgaris GTC 134 - -
61 F-1 Proteus inconstans GTC 1502 - -
62 F-2 Proteus mirabilis GTC 137 - -
63 F-3 Proteus penneri GTC 349 - -
64 F-4 Providencia alcalifaciens GTC 111 - -
65 F-5 Providencia heimbachae GTC 1501 - -
66 F-6 Providencia rettgeri GTC 1263 - -
67 F-7 Providencia rustigianii GTC 1504 - -
68 F-8 Providencia stuartii GTC 1722 - -
69 F-9 Rahnella aquatilis GTC 1499 - -
70 F-10 Salmonella enterica serovar Choleraesuis GTC 103 - -
71 F-11 Serratia marcescens GTC 135 - -
72 F-12 Serratia entomophila GTC 1316 - -
73 G-1 Serratia ficaria GTC 343 - -
74 G2 Serratia grimesii GTC 1268 - -
75 G-3 Serratia odorifera GTC 1344 - -
76 G-4 Serratia plymuthica GTC 351 - —
77 G-5 Serratia proteamaculans GTC 1278 - -
78 G-6 Serratia rubidaea GTC 136 - —
79 G-7 Serratia liquefaciens GTC 323 - -
80 G-8 Tatumella ptyseos GTC 344 - -
81 G-9 Trabulsiella guamensis GTC 1379 - -
82 G-10 Xenorhabdus nematophilus GTC 1515 - -
83 G-11 Yersinia bercovieri GTC 1317 - -
84 G-12 Yersinia enterocolitica GTC 127 - -
8 H-1 Yersinia frederiksenii GTC 1264 - -
86 H-2 Yersinia intermedia GTC 1723 - -
87 H-3 Yersinia kristensenii GTC 1724 - -
88 H-4 Yersinia mollaretii GTC 1690 - -
8% H-5 Yersinia pseudotuberculosis GTC 118 - 100
90 H-6 Yersinia rohdei GTC 1315 - —
91 H-7 Yersinia ruckeri GTC 1266 - —
92 H-8 Yokenella regensburgei GTC 1377 - -
93 H-9 Yersinia pestis GTC 3P417 - 87 (15)”
94 H-12 Herring sperm DNA - -

@ Other Salmonella serovars and Shigella species were not spotted on a microarray.

¥ Values in parenthesis are range of variation.

No. 1to 17, 31 to 46, 48 to 83, 85 to 88, and 91 to 93 did not cross-hybridize to reference DNAs.

similarity in chromosomal DNA under optimal experi-
mental conditions (15, 31). Many chromosomal DNA-
DNA hybridization methods to measure genetic relat-
edness among bacterial strains have been published and
have been indispensable for describing new species. To
measure chromosomal DNA similarity among bacterial
strains, two methods have been used: free solution

hybridization membrane filter hybridization and a
hydroxyl apatite method (5, 13). However, these meth-
ods require a large amount of purified chromosomal
DNA.

In previous studies, we introduced a 96-well
microplate-based protocol to reduce the amount of
chromosomal DNA needed for DNA-DNA hybridiza-
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tion (7, 8, 17). In this technique, DNA is fixed to the
surface of the microtiter wells by physical adsorption.
The method does not require radioisotopes and requires
only microgram level of DNA. However, the DNA
must be highly purified because of the limited DNA
binding capacity of the microplate. Also, binding of
DNA to the microtiter well can be competed by contam-
inating polysaccharides. Therefore microgram quanti-
ties of highly purified DNA have been needed for the
method (1, 2, 22).

DNA microarray techniques using synthesized DNA
(11, 14, 24), PCR amplicons, or covalently attached
presynthesized oligopDNAs or complimentary DNA (25,
26, 30) have become popular. These microarray tech-
nologies require only nanogram levels of DNA (23), an
advantage that has been applied to species identification
4,21, 32).

In the present study, we developed a new method to
determine genetic relatedness among bacterial species
that utilizes a chromosomal DNA microarray with sev-
eral thousand immobilized chromosomal DNA frag-
ments. We measured the similarity in chromosomal
DNA between the members of the Enterobacteriaceae
family. With this method, we correctly identified 93
species covering almost all of the genera in the members
of this family.

Materials and Methods

Bacterial strains. Bacterial strains were obtained
from Gifu Type Culture Collection (GTC). The refer-
ence strains from which DNA was extracted and immo-
bilized on glass slides are listed in Table 1. A total of 92
strains were used for these studies.

Preparation of reference DNAs. Strains were cul-
tured on heart infusion agar for 2 days. Sedimented
cells (1 g wet cells) were resuspended in 10 ml saline-
EDTA buffer (0.15 M NaCl/0.1 M EDTA - 2Na, pH 8.0),
and then lysed with lysozyme (1 mg/ml) followed by
sodium dodecyl sulfate (2%) for 10 min at 60 C. The
lysate was treated with phenol-chloroform-isoamyl
alcohol (25:24:1) and ethanol according as described
previously (6). Ethanol precipitated DNA was resus-
pended in saline-EDTA buffer and treated with RNase A
(50 pg/ml) at 37 C for 30 min and followed by pro-
teinase K (50 pg/ml) treatment for 60 min at 55 C. The
DNA was then purified using a standard phenol-chloro-
form-isoamyl alcohol method (8) followed by ethanol
precipitation.

Immobilization of DNA. Four different DNA con-
centrations (100, 50, 25, and 12.5 ng/ul) were prepared
for spotting on the glass slides. These solutions were
heat-denatured with 3X Standard Saline-Citrate buffer,

Fluorescent intensity

15,000
10,000 i [
5,000 1

_i [

100 250 500 ng/u!
DNA concentration

Fig. 1. Selection of an optimal DNA concentration for the
microarray using a 2-hr hybridization. DNA from E. coli GTC
503 (500, 250, 100, and 50 ng/ul) was hybridized to spots of its
own DNA for 2 hr at 45 C.

pH 7.2 and were spotted on poly-L-lysine-coated glass
slides (Matsunami Glass Industries, Ltd.) using a
GTMASS stamping system (Nippon Laser and Elec-
tronics Laboratories), and the glass slide was stored in a
dry chamber at room temperature. Next, 20 LUl of pre-
hybridization solution (2X SSC, 5X Denhardt’s solu-
tion (8), 0.1 mg/ml of denatured salmon sperm DNA,
and 50% formamide) was added and the slide was cov-
ered with a cover slip. Slides were kept in a humid
chamber and incubated for 30 min at 37 C. After the
prehybridization, the slide was placed in 1X SSC,
washed for 2 min, and then dried.

Fluorescence labeling of extracted DNA. FExtracted
genomic DNA (1 pg) was labeled and denatured using a
Label IT Cy3 labeling kit (Mirrus) according to the
manufacturer’s recommendations.

DNA-DNA hybridization. Labeled DNA (10 ug/ul)
solution was mixed with 20 pl of hybridization solution
(2X SSC, 5X Denhardt’s solution, 50% formamide,
and 2.5% dextran sulfate). Twenty microliters of the
solution was applied to DNA-immobilized glass and
covered with a cover slip. Slides were kept in a humid
chamber and hybridized for 30, 120, or 240 min at 35,
40, 45, 50, or 55 C. After hybridization, the slides were
washed twice with 1X SSC buffer for 2 min and then
centrifuged to remove excess buffer.

Data analysis. Hybridization slides were scanned
with a ScanArray 4000 confocal laser scanner (GSI
Lumonics). The average signal intensity of hybridized
spots and local background signals were analyzed by
QuantArray software (GSI Lumonics).
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Fluorescent intensity
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HybridizationTemperature

Fig. 2. Optimal hybridization temperature and time for the microarray. Labeled DNA from E.
coli GTC 503 was hybridized to spots of its own DNA at different temperatures (35, 40, 45, 50,

and 55 C) and hybridized for 30,120, or 240 min.

Results

Selection of the Optimal DNA Concentration for the
Microarray

To find optimal DNA concentration for spotting,
three different DNA concentrations were prepared.
These spotted DNAs were hybridized with heat-dena-
tured Cy3-labeled DNA from E. coli GTC 503 (Fig. 1).
Two concentrations, 250 and 500 ng/ul at 50 C gave
strong signal after 2 hr of hybridization. We selected
500 ng/pl as an optimal concentration for rapid identifi-
cation.

Determination of the Optimal Time and Temperature
for Hybridization

Five different hybridization temperatures (35, 40, 45,
50, and 55 C) were examined (Fig. 2). When 500 ng/ul
of DNA was used for spotting, the hybridization signal
at 30 min was too weak at 45, 50, and 60 C, but strong
signals were detected after 120 min at approximately
45-50 C. Based on these results, we selected 2 hr
hybridization at 50 C for the identification of Enter-
obacteriaceae on the microarray.

Fluorescent Signal Intensities of Hybridized Spots on a
Glass Slide

DNA from the 92 species in the Enterobacteriaceae
family were arrayed and hybridized with Cy3-labeled
reference DNAs (Fig. 3). Although all species were
labeled and hybridized to the reference DNA spots on
the glass array, only two species cross-hybridized with
other type species (Table 1). Specifically, DNA from
Enterobacter cloacae GTC 109 cross-hybridized with
DNA from E. dissolvens GTC 1514. The variance in

their 16S rDNA sequences was 2.4%. Also, DNA from
Yersinia pseudotuberculosis GTC118 cross-hybridized
with DNA from Y. pestis GTC 3P 417. This is not sur-
prising because, based on a DNA-DNA similarity higher
than 80% and identical 16S rDNA sequences, the two
species are considered genetically identical (3).

Genetic Relatedness among Species of the Genus
Escherichia and Shigella

We next determined the interspecies similarity of
members of the genus Escherichia and the genus
Shigella (Table 2). Among members of the genus
Escherichia, 16S TRNA similarity between E. coli and
E. fergusonii was the most similar. The relatedness was
also reflected in the similarities of their chromosomes as
determined by microarray analysis. All four Shigella
species were genetically identical to E. coli GTC 503
because their similarities with E. coli GTC 503 were
higher than 70%.

DNAs of serovars of Escherichia coli, Salmonella
enterica, and clinical strains of Serratia marcescens and
Klebsiella pneumoniae were spotted on a glass slide,
and their similarities with each species in the genus are
shown in Fig. 4. Twelve strains of Salmonella enterica
serovars made an independent cluster from 4 subspecies
of Salmonella enterica. Escherichia coli and the §
serovars and 4 species of genus Shigella made a single
cluster and apparently different from 3 independent
species of the genus Escherichia. S. flexneri, S. dysen-
teriae, S. boydii, and S. sonnei were confirmed to
belong to E. coli even in this method. Four species of
the genus Escherichia had different level of 16S rDNA
sequence similarity to the type species. Especially E.
blattae had only 96% 16S rDNA similarity to the type
species, E. coli GTC 503 (as in Table 2 and Fig. 4).
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Fig. 3. Hybridization results for selected strains. The DNA spots on the microarray are described in Table 1. Labeled strain
A, Budvicia aquatica GTC 1689 (position A2); labeled strain B, Buttiauxella agrestis GTC 1689 (position A3); labeled
strain C, Erwinia aphidicola GTC 1688 (position C7); labeled strain D, Yokenella regensburgi GTC 1377 (position HS8);
labeled strain E, Cedecea davisae GTC 345 (position A4); labeled strain F, Citrobacter freundii GTC 108 (position A7);
labeled strain G, Enterobacter cloacae TC 109 (position B6); labeled strain H, Escherichia coli GTC 503 (position C8).

Table 2. Similarities among species of genus Escherichia and Shigella

16S tDNA

Type strain homology to

Relative similarity values agaist labeled strain
(calculated from spots on microarray)

E. coli GTC 503 GTC 503 GTC 1342 GTC 1720 GTC 347
E. coli GTC 503 100-98.6” 100 - 55.2 -
E. blattae GTC 1342 96.2 —b 100 - -
E. fergusonii GTC 1720 99.6 37.0 - 100 -
E. hermannii GTC 347 974 - 31.6 - 100
S. dysenteriae GTC 786 99.8 95.0 - 45.3 -
S. flexneri GTC 780 99.3 98.0 - 46.2 -
S. boydii GTC 779 98.8 95.0 - 38.7 -
S. sonnei GTC 781 98.8 92.6 - 40.1 -

® Variation among 7 copies of rDNA operon of E. coli GTC 503 was 1.4% (18 base difference).

» —, signal lower than 30%.

Six clinical strains of Serratia marcescens made a
close cluster to the type strains and their similarity val-
ues to the type species was higher than 80% as in Fig. 4.
Established § species of the genus Serratia had DNA-
DNA similarities to the type strain less than 45% with
96-98% 16S tDNA sequence similarities. Seven clini-

cal strains of Klebsiella pneumoniae made identical
cluster with the type strain with more than 99% 16S
rDNA similarities. While 2 species of the genus Kleb-
siella and 3 species of the genus Raoultella were
proved to be independent species with less than 45%
DNA-DNA similarities by this microarray method but
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Fig. 4. DNA-DNA similarity of members of the genus Shigella, Escherichia, Salmonella, Klebsiella, and Serratia and
species from each genera as determined by the microarray method and 16S rDNA sequence homology. Open bold cir-
cles, S. enterica subspecies enterica ATCC 13311 (A), E. coli GTC 503 (B), S. marcescens GTC135 (C), and K. pneu-
monige GTC 107 (D). (A) Closed circle, four subspecies of Salmonella enterica (S. enterica subsp. arizonae NCTC
8297, S. enterica subsp. indica DSM 14848, S. enterica subsp. bongori CIP 8233); open circle, 11 members of Salmo-
nella enterica subsp. enterica (including serovars Typhi, Choleraesuis, Patatyphi A, and Dublin). (B) Closed circle, three
species of genus Escherichia (see Table 2); open circle, eight serovars of Escherichia coli (including 0157 and 0121);
closed square, four species of the genus Shigelia (see Table 2). (C) Closed circle, eight species of genus Serratia (see
Table 1); open circle, six clinical strains of S. marcescens. (D) Closed circle, two species of the genus Klebsiella and three
species and one clinical strain of the genus Raoultella (see Table 1); open circle, seven clinical strains of K. preumoniae.

their 16S rDNA sequence were close to the type species
because their 16S rDNA sequence similarities were
higher than 98% as in Fig. 4.

Discussion

The taxonomy of the Enterobacteriaceae family was
thought to have been well established by conventional
biochemical methods, but genetic information has since
shown that many species that were previously thought to
be distinct are, in fact, genetically identical. For exam-

ple, Escherichia coli and four species of the genus
Shigella are taxonomically identical species (26), and
four DNAs of the genus Shigella strongly hybridize to
the reference DNA of E. coli even by this microarray
method. Also, many earlier attempts at bacterial taxon-
omy classified many Salmonella serovars as indepen-
dent species (10, 11), but they have now been proposed
to be part of a single species (33). The potent human
pathogen Salmonella typhi and the animal pathogen
Salmonella enteritidis have been shown to be genetical-
Iy identical and it has been proposed that they be classi-
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