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FRBEFISHED—>Tdh HTSAFISH#NY, FISHE CRHUMEEA2FBEQE AR ~SEEEh TV, Ll
TSA-FISHHENY, B0F T SHRPEER 2 AN ~BE S ¢ DN S ) MRSV ChD. €T, Hail, B
FAFY VR < THERIBREEOHINEAS FTARE hybridization chain reaction (HCR) #:% V>, HUESELEMAMEY AEBREC D
R ATHE A IREEFISHEE Td Sin situ HCRIEDBASE 21T - 1=, Escherichia colitrRNAZ RIS ~DEIS 2R
L& 2 A, FISHEIC ATV HOBEE ST L., 51, (UESIEERUHIRESEMEDHEY WS-t Lin situ
HCREEZERA L= L = A, IS EA & §°L LTSAFISHEE (68.5 + 3.5%) LV LIV RHE (80.1 + 4.8%) *i&
L7 In situ HCRE:S, MIMIEESEHEAMEL SR L T HIRELRHSFRETH Y, TN ETRIHHEELV L

ENTE I FBEMBPE~DOFANWITEND.
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1. XL&IZ

Fluorescence in situ hybridization (FISH) i, 2R
Y% RBER AN S TICRLE TR FTRETH Y, 4
R AEMBEHERITIC B W THARY — L TH B,
LA LZAsh, FISHEETE b2 ENEHEEL, RNADS
ARIKFEL TV A, HRECEFRESRMNCE
BLTWAHAEDIL, MEDEEDET L & LITIRNA
OTHER LD LRHAREC R 3 BERH B>, —o
&9 2RISR LT, 3TE, W< O DORRBEEFISHIEDS
B|EEN TV B, T hhorseradish peroxidase (HRP)
% A\ “/-tyramide signal amplification (TSA) -FISHEI3I£ D
RO E D bk 2 ot AACERER TV,

Pemthaler & 1%, RAEMBEEF LV EEREDICH L
TSA-FISH# %1%/ L, FISHETORE L 0 LER2{E0R%
HREERTE LMELTVSY,

BBREFISHIED < 1T, S FROKE LEE-oHEE
EMoRBRYRX I VAF R a—T2HAAZ ¢ TH
WHENHER G TWAD. £, TR RERSFEHHR
RISER X H7-HDOFY) R HRELENRERINS.
L Ldih, £TOREDIC—RRIThR L R HifeE
MEFEITEE SN TE LT, ERAEMICE L TS
B A RE L TV AORERTH B,

T, BRRISERAV RV REFHERTCHS
Hybridization chain reaction (HCR) "% L 7<FISH#: (in
situ HCRE) ASEUBABDOmMRNA % BRI H#E S h =19,
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Insin HCREEDEIE#BR-1ST™T. £7, EASTHETFICR
HT AL L R SOES D20 % - Dconnector 7 1
— 7 BERRE IO 3. ki, BRI 328
DE AT L T= 7 1o — 7 Hiconnector 7 1 — 7 F AL A
& LEIBANIZ B MBRWISASHET 5 Z & THUERO 7o
—7REFIRNEMICES LTV, &R BRRGE
FIA L2 THRWERBENG SN S. In sim HCRiE
DRROFEEIT, MBS (EHNES)) MIEELRWE
&, RUTHERISHEE 2VWEL, A3 o—7R
50 HEMETHD Z L TH DY, #- Tin sitn HCRIENT
BEMOFEZEREFETH Y, FISHEICERTA8ER
FREEOAIRBEATE C L BB LA FIRE Cidiev i L B
ha.

ABFFED B AL, in sin HCREZ FEAESICEA L,
IRNADIEER BRAED ORI R UHITREE A £ 1T/
WHTHRSREFISHIE AR T2 2 L THD. Brid, K
BAEMICHCREZ BIGT B 1-012, T Escherichia coli
DIRNAXER L LABEONRRYZEENMALTH S
EUB338fE =% L Tconnector 7 1 — 7 #8%3 L, #lik
k% FAV V- BRI Tin sin HCRIEZRAT-, & 61T,
BAEMTEMEAME L F - MRIBIEDEY VEEERIE
#} L Cin situ HCR#E:# 3%, FISHIER UTSA-FISHE & e
#1532 L CHREFISHE E LTOBMMRVT T o —
T ORSHEERFUE LT

2. REAk

(1) ETVREDORERUEEY V> TILORE
EFNEEMITIL, E. coli (ATCCT00296) %BEL, 12
H)5>F & UL TIRNADEUB3SHEIR E LT, &£/, X VT
4 7 ar ba—AEMINZIX, Methanococcus maripaludis
(JCM13030) % 3®BE L7=. M maripaludisiXJCM (Japan
collection of microorganisms, Saitama, Japan) A3ERT B4
HCHER L, E. coli 13, LBEHCHEE U7, 153% LIz iitk
VRt EOETAIAIC BN %4% /35 RV AT LT B KT4C,
12FEE L, =% / —/V £PBS (137 mM NaCl, 8.1 mM
Na;HPO,, 2.68 mM KC, 1.47 mM KH,PO, [pH 74]) #1:1

Step1
«—Connector 70—
Step1 [X4RAYERfZ & 33
EUB338 fai#
v
\nl/ ER ;
Step2 R
‘J Step2 70— JRALD
THRUBRIZELD
HEDOBHBEL

+—Connector 70—

EUB338 iR
B3-1 In situ HCR HE0HEE

TRE LI-EikP C20'CTRIE L. Y Vs
BRABTHOWERIZBO THERTOWKZ I X 0 ERE
L7z (Ed37883243, HAR138E404Y, 1EKIRAE12.0°C,
IR AER0114E3A6R). Yo 7 EENRE, Bkokik
ERIRICEE L. &6, AT LU T 40 F— (pore
size: 3 um) ZAVTERIEEREL, Ebig, ATV
7 4 NVF— (pore size: 0.2 pm) AV GTHEH, 20°C
TIRITFL-

(2 Fn—JnRE

FISH#:, TSA-FISH#ER Uln situ HCRIEIZFV - 7 a—
7 %F-1TRT Insitu HCR#EH, EUB33SSHISIC RS D
L & I RAR R OERF DR % 5 Dconnector 7 1 —7 %
BEH LAV F£, TORNIZAR—HP—L LT520
TF =% RICAWE2fi0 71 —71%, Choi
SRRV r—71 HI) RETr—72 H2) #EF
%E LER L.

(3) FISHEER UTSA-FISH:%

FISH#:#, Sekiguchi & DHE N L LITF o7, Fu—
TS AR Cy3 2R L=,

TSA-FISH#:i3, Kubota b DA ENTHHA LT 7. 71
— 73S A CHRPEAZH L, tyramide-Cy3 % FV TR
el

81 FHFETHV VS o—7

Bk Eq:0l WREN (5 -3) HIRRE AR
FiSH EUB338-Cy3 Cy3 - GCTGCCTCCCGTAGGAGT 18 17
TSA-FISH EUB338-HRP HRP - GCTGCCTCCCGTAGGAGT 18 7

)
in situ HCR connector 7A—7 memmgmgmmwggagta 49 XHR
H1 TCTAGTCGTTGATGCTTTGTATTCGGCGACAGATAACCGAATACAAAGCATC - Cy3 51 16
H2 Cy3 - CCGAATACAAAGCATCAACGACTAGAGATGCTTTGTATTCGGTTATCTGTCG 51 16

a) FHEBIZEEE TRV O3 initiator OEEFY, /N3CFIL EUB338 DOEF.
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(4) In situ HCR3%

In situ HCRIEIZHAW ARSI, BfaT Tr—2
CEHL, 10/XDATA FHF A (Matsunami) (4GS
i, [@E LTEE I 7 o 02— ETEEL,
T APICINEAS LT A Z— L, @S
Ho—A&fWTEE L. £A T4 FIX60°C T,
50, 80, 96 %D=EHF 2 —)MTZTHTNS, 1, 153722 LT
KET2Te. ATV EFAE—TaniyZr—1 20
mM Tris-HCl [pH 7.5] , 0.9 M NaCl, 20% formamide, 5 mM
EDTA, 0.01% SDS) IZHHHEE 0.5 pM (Zhe b L 1T
connector 7 11— AR 4, FONUS 10ul i FL,46°C
TABp Ll EASME S B, E 0%, ety 77 —1 (20
mM Tris-HCl [pH 7.5] , 0.9 M NaCl, 20% formamide, 5 mM
EDTA, 0.01% SDS) |Z48°C 304312 L, tEf&iTolz &
B, " TV FALE—a3 23y 7 7—2 (50 mM
Na:HPO;, 0.9 M NaCl, 0.01% SDS) (ZCy3 % {Zik L7=H1 %
UH2 2 A&HEE 5 pM 12725 £ 91N, 46°C T2k
VLB, E6IC, iy 7 7—2 (50 mM
Na,HPO;, 0.9 M NaCl, 0.01% SDS) (2R T30 Lk
1TV, B TISM, =% /—TlLaihid L, i
eyl

(5) SRfMSRERER

FISH#:, TSA-FISH#ER Utn situ HCRiZEI 274
sl #ER A (ProLong Gold Antifade Reagent with
DAPI, Invitrogen) THA#, SAMEEZHCHE L/, Wik
BETIE, PEREDEETIMEIBX-50 (OLYMPUS) # vy, 5
TLOFEETIZICCDA A ZDP70 (OLYMPUS) % Uiz,

(6) BRtHEDH L

A OB SE, DAPIHDE T O D A
SR L ER L, ORI L HEETIHO NS IR
B 2Em G L TRE L, iz, REHIED,
FFEIC LY B CRoB 72 o] 2 PUE LI 7.

3. RBHERRUBE

(1) R¥EWIZxE Bin situ HCRED:#E A

£7°, EUB338 fHBICZEMET D K D lciit Lz
connector 7 11— % J{IUNT, E. coli \Z%F L in situ HCR {4
sz, FISH IETHWORA T 1 ha—n Mesd
(Zinsitu HCRIETHW AT STHOTa—7%05uM &
LCHEEBREZIToM & 2 A, Wik 68N E s
FISH £ CHR OGN DH M L RBRE Tho Tz (7—¥
JHH#R). £ 2T HCR OpEERRT Z L Tt s

.= - A
8 - I

(-2 FISH {2 Utin sita HCR 542 12 5 E. coli DFHH, (A) in situ
HCR 42 A8k, (B) FISH #:lc LD Fa. AL UV bk
|2 &% DAPLHO YT, AT GEbEIC X HH0EHIFCh 5.
Tu—TREFENENS0pM & Lo SR, s
LiZRE W & Uiz, A —/brS—E 20 pm #7157

B-3 E. coli & M. maripaludis #i8& Liz3 7 & vz in
sitt HCR GEIC L DRpRRY ek, 2RI UV BhElZ L D
DAPI S0EHHTE, A1 G FIEIC L A3 THS. #L
BEIIEE 500 ms, A4 —br3—[E 5 pm &R

WICERvin LB R, MRIJAVWD 2 07 r—70
HAEEA 0.5 pM, 1 pM, 2 uM, 5 pM, 10 uM & BEREYC 1
REWi- B, REO RS L LB ICHsE5EE M
L7245, 10 uM (Z72 D & D E T S TR
L ORI RFAPHR LN o T, Tr—TD
HERE A S M & L7z, B2 ICRaE SR T TiT>72in
situ HCR 7EOFEFERA =T, F—0@EXerEiicisuy
C, in situ HCR #E7 SA8D TRV VEIRIEN G O, E

coli BN GHEFEPFEREI N, KIZ, 3> ho—LK
4T D A O M. maripaludis % R\, connector 7

n—7 OEHFICBITAA ) P2 — B E

H, W0 T & 202 1T > 72. M maripaludis 0
RNA 1, ABFFE THIV 2 connector 72— & 28D T
MENAEIHTRTS BELEOI Ay FThoto.
i, E. coli DA GRERIREE 5 2 LTI L

7= (A-3). F7z, =2 bae—/ %% L LT connector 7

0= RS T HI B LU H2 7o — 7 0% il
THREAT 72, |/TOVF LT NATBOLTHEN TS
<Fbhiginofe (F—F##HFR). Thud, AFREO

FiREAS, connector 77— 7 MBSy A ASMET B B
THREENTWAZ L AR LTWA. Connector 72—
R 112289 2 BE I 238V v T, connector 7' —77
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AV X7 LAF R e —7%FWAilFE0 FISH i
EEHRDIART 4 7 ATIHEL TV A EBbiLs.
STAFEOFRML, FISH EERBRETHAHLEZD
na.

B @in sitn HCRIEIE, TTEZAEYIOmRNA 22/ &
LCWAA, AR ORNAZ RN & L TR
Y, AR e AR S PS5 & L 3T
MEND, =5 LB ICH LThizeEmetsl L
TeFISHIEIC RT3 2 FE TOHEND, N TV FA
B—ra Ay 77 —ICSDSEAND T L, Fu—F
THEREZACC LB A ENHNTHAZ L3m s
hTWaY KL EN L ERE A kT3 2
L Cin situ HCRIEDSFUEAMORNA T 44 sid =)
HETHHZ bt

(2) In situ HCR3EIZ & BB O H

F 4 I3, in situ HCR iEAMETEMED O RaiEhEHE T
AR EIS R RERER T A 20z, e T
RV AT o7 B4 ICHEEE 2 & L
FISH %, TSA-FISH £ % Ui situ HCR #4415 L 7= 325
FEELZ, F7o, R-2 ICHIFIEEALER AT HEIC X AR
Ot 7. £9, FISH 3 X OB EE & 1 L
7= #%\Z1T > 7= TSA-FISH £ U* in situ HCR (5T 641
TSR E 5 &, FISH 1543 57.6 + 62% & K\ —
J57C, TSA-FISH #, in sitn HCR {#: CITFH 741876 +
6.4%, 88.1 £ 3.0% & @ido iz, ZALIARIIE TRV HE
P TR T AEAEDOEMEE L, 15
T T D IRNA OFFFEELIEV 2, FISH ETiE+4
RHOEERERE ST RHENMET Lizbo L bh
7. %7- in situ HCR {1, TSA-FISH £ & [RIfEE O R
EOPG BN G, WA FISH 5 & L TBE 7
MZHSICERTTRECH B 2 LR &

Uiz, HIREEEALEE % X 2T 5 72 TSA-FISH#E & in
sitht HCR {#EOfHSE AT 5 &, £ThTh 685 +
3.5%, 80.1 + 48% T Y in situ HCR #EDF A3V B
FBETFLE 2, 50 HEREOSERTo—7
DF B HRPBEE TR L= 7 0 —7 L 0 L35 H0AH
WZ EICEEAT A EBPbhS. ZDZ LY in sim HCR
IR ESEEOEOEUERE ISR L TE R AR
WThHrFERLTNS.

4. FEH
AWFFE I, £9°, connector” 1 — 7 &34 Tiit L,

PIFMERRE O BRI & Vin sitt HCRIED L A4
ICHBISTE D Z L 2MER L. S 61T, WHEEME

(-4 FISH i, TSA-FISH 5 Utin situ HCR ¥412 X AHE
PO, HIEA R, (A) FISH #5121 5 i, (B) TSA-FISH
EIC L HHEHY. (C) Insitu HCR 1512 X AR, ZRIT UV i
12 5 A DAPLHOGREF, AL G X A 80 ERFTh 5.
PR FEIC B W T 2ol b LI L=,
AL — e S—1 20 pm AT

F-2 HRUENBEOATEIC X D R OE:

+ik MEENEQHRE
= =
FISH 576+6.2 NT
TSA-FISH 68.5+3.5 87.6+6.4
in situ HCR 80.1+48 88.1+£3.0

+: 1mg/ml V /' F— A% FVT 37°C T30 SIS S
- fOBEALE A L NT : SR L.

IZin situ HCREE 2380 &4, #8050 B ORI
DRV OBIENTE L CoFRMEEZR LK. in
situ HCREIL, 207l F i fisr ShTn
TR WA RO AE R A R IR L TR R AR IR T
HBHEEZLND, E6C, AER A—FFF—F
EEAAT B Y N0 L CTSA-FISHED @A
<, Ha bNERFEEEZ ERICIAIETE WY
YT HMB L TWD CRBET—%). T LI
BAENT S L, in situ HCRIEIL, BED L Z AflifaiE
QILE ST % U & A B EEFISHIEIC B W CHED T
R Thn vz b,

In sitt HCRIEDOF| R D—2IZ, 7 F N HIEIZES)
RN DA Z LT NS, Lizdi- T, connector
70— ORERIC AT AL OB A E X S
PO, ENESARRICEETED. £-Chibly,
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BERO S u—7ty FEAVWS Z & CRIFHIBIEED
mMRNAZBRH L THE O, ZELRGOFHALITETSH
A.
HARREEHEE SR N R BB B e ARRIBE LR F i
BRVEEDRER, MAEDBHESEVEDRL, &
IR A OB AED I U L T3 BIREET
IZBHAER LTV 3. In sim HCREEL, HIRRELEHEE
WEAESIRRC X L T O EBRE R RIEASRRETH Y, Th
FCRIHMEE LV & ST E - HERE~OERA R
aEhd.
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Development of a novel sensitive fluorescence in situ hybridization (FISH) technique
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Highly sensitive fluorescence in situ hybridization (FISH) with enzymes or polynucleotide probes is
routinely used to detect microorganisms with a low number of rRNA molecules. However, some cell-wall
treatment is required for better penetration of these enzymes or probes. Here, we developed a new highly
sensitive cell-permeable FISH technique by using in situ hybridization chain reaction (in situ HCR) with
3 oligonucleotide probes (approximately 50 mer). Applicability of rRNA-targeted in situ HCR was
verified using Escherichia coli. The signals obtained using in situ HCR were more sensitive than those
obtained using conventional FISH; however, this technique showed the same specificity as conventional
FISH. Applicability of in situ HCR was further evaluated using a seawater sample. Tyramide signal
amplification (TSA)-FISH and in situ HCR showed the same detection rates for the marine bacterium
after cell-wall treatment (approximately 88%). Without the cell-wall treatment, in situ HCR showed a
higher detection rate (mean, 80.1 + 4.8%) than conventional FISH (mean, 57.6 + 6.2%) and TSA-FISH
(mean, 68.5 £ 3.5%). These results indicate that the sensitivity of in situ HCR is almost as high as that of
TSA-FISH; however, it shows higher cell permeability than TSA-FISH.
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