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Fluorescence in situ hybridization (FISH) and its applications in microbial

ecology

HU Qings QI HDng—Yan 'y ZHANG HDng—Xun (Environmental Biotechnology Lab. , Research Center for Eco-envirenmental
Sciences Chinese Academy of Sciences,Beijing 100085,China), Acta Ecologica Sinica,2004,24(5) : 1048~ 1054.

Abstract:During recent years,molecular techniques such as PCR and denaturing gradient gel electrophoresis (DGGE) or DNA
sequencing have revolutionized all fields of microbiology,and sensitive detection and exact identification of bacteria are possible.
Fluorescence in situ hybridization (FISH) using 16SrRNA probes does not rely on PCR amplification.and as such provides a
useful complementary technique to DGGE for the analysis of organisms.

Because of FISH allowing nucleic acid sequences to be examined inside cells without altering the cell’s morphaology ar the
integrity of its various compartments and providing information about number,spatial distribution and cellular environment. it
has become a powerful tool for phylogenetic,ecologic,diagnostic and environmental studies in microbiology.

Fluorescence in situ hybridization can detect nucleic acid sequences by a fluorescently labeled probe that hybridizes
specifically to its complementary target sequence within the intact cell. Its general procedure in FISH analysis of
microorganisms is as follows: (1) fixation of the specimen; (2} preparation of the sample, possibly including specific
pretreatment steps; (3) hybridization with the respective probes for detecting the respective target sequences; (1) washing
steps to remove unbound probes; (5) mounting,visualization and documentation of results,

Because FISH gives a detailed picture of the microenviroments without any selective purification or amplification steps.,
there is a large scope of FISH applications.

It has been extensively used in the field of environmental microorganisms diversity such as the investigation of microbial
communities of aquatic habitats and soil habitats.

Most obligate microbial symbionts are as-yet uncultured. Using the 165rRNA approach, they can be identified and
phylogenetically classified. Using different FISH strategies,bacterial endosymbionts were detected in many microorganisms.

Population analysis by FISH has proven particularly useful for description of the normal flora or that of mixed microbial
infections. This has been shown for medicine research such as oral cavity,gastro-intestinal flora,respiratory tract infections.

It should be pointed out that FISH is not free of biases as with other molecular methods. The maost striking problem is
autofluorescence of microorganisms themselves. In addition, accuracy and reliability of FISH is highly dependent on the

specificity of the oligonucleotide probe.
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Fish provides inlormation about the prescence,number,morphology and spatal distribution of microorganisms. We believe
that FISH as a powerful tool will make more contributions to the assessment of the population structure of complex microbal
communities.

Key words :fluorescence in situ hybridization; microbial ecology; 18SrRNA; probe
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MEHRMREYBOEZTHRS T, FRARAFHEDHEYSEENBEDHEZ 9N EARUENEARR
PREDHEIFHLEMNENTESEENREEMEYEETENTIEFRE .45/, 4523 R E IR 45 E A 6 55 6 52 5k
BEEREYESEARNTA REE TSR AT FLYSHEANER . SEYE SO RER L B FR%En.H
A, MEARIRINERNERTREANEH. FEERMNMEYRBEEHRA XERBTAIAEERAES
BN IR AR A A AR E .

EEMBENMEMEREDESERRNBENAZTZ— HFETERUTILH ORMERT., BB R POREN . T
DEZRFEMRKB BB EY ERTEERESEFENEFT AR BATENER. OMEYEF . BEHAN T EAPR. A
ERTHEEFORED MERELRAATREPHEDBHEARNBESE . O FAWEBM, B3R JLE B TARE &
11 SSR.ISSR,AFLP.RAPD.SSCP # DGGE SW W i M AR EMEFREYRETHHER, AL LT PCR
MTEMRESET MR PIIARE FBETHEEBNETE. %A 22 (FISH) # R4 W —F R K #i PCR M4 F 44
ERRULEMSFIRCHEARANA RN E FRBEREES BB SHS G EERFETTHEEY AT UG ERE
WA MAEDETHERUEFLE L,

1 FISHHERERERESFEIHER

FISHEARBRARE R RS ESR S AR YA DEESE NSRS BE NN TE.
1.i REERSTHEYEHEIRTY

AT FENBEY ORI A E S FMMEY AR - RN, GBS E BT R AIME
. & T rRNA M RRE TRAEDF BN R R BUR . ER A4 MH R FI 04 Bl 82 f1 PCR 38585 — 3
BERRZ. FISH AR LEREEAMEDREERNERERTAATERANRBANT HESSIRMHMERER. L, FISH
ARG IZ N R TS0 Y B A T, B K A IR e SO B AR RN BE P 9T . Simon Nathalie, Biegala Isabelle % 7E 2002
FHH FISH AT R RKTAENEEREHBHZAMMEEIERY. Araya Ruben; Tani Katsuji 2% 2003 4 X% % o #17k
A P b e B R TE BEAT T FISH BRI,

FISH f RS (AR S ¥ b @y 00 85 51 5B 77 1 30 25 o VR 22 O 3 oK 2 o 8 £ 2 A B BE 08 40, BT AR ) 26 5% BF 6 % 85 )4 380 0 o
WY EF I RN . Liu T, Leff L G 78 2002 4E R AL E R Wl TR e BB 3 58 40, #f FISH B ABR T —&
AT AT BRXE SRR R A R — & H7 I A F 58 . Girguis P R, Delong E F 7E 2002 48 Fi K 0 % 5 /077 1 M BRI VLR o
B g Bl — Sk B LBl /S A FISH $5 R 3 XS B #4977 % 5 ). Menamara Christopher J,Lemke Michael J,Leff Laura G e PEE
FISHEARMEE TP RAMNEREROIBY PR ORISR AERERT TR A ZEEES T AN BRBFES
PRMEYFHBENARI IR ERACNEEY.

1.2 {GKOHEMEXMEYEELENTR

Ardern #l Lockett 7 1514 R THER B REAHIS K. BREEINS EREYRBEN TSP HERLRE=S TR
BE BFNTREEER, FERUTENES . 2T rRNA W FISH R R FIBE AN BoEE T8 A Lee T
J S HE 2002 S M FISH AR THR T 15t 15 8 P R 9% 8 28 B1R Y 40 85 (PABs ) 088 BT 5 40 (8 (GABs) B 808 025 ) 4
751, Coskuner G,Curtis T P F 2002 45 FISH B R BN % & TSP R RSN, SRS K Mk
EEBARETEEMNRZ B,

1.3 AHREREYHTIR

KB NEEREYRETIERY. fA 16SRNA HREMNTUEE EMBELSE. 755 & 305 R 58 8 fE 9k

AR RGNS 5 A A S R X 5, R FISH # R o BUA12e 30 B AT LU T 413847 % %) . Peraud

O.Yousal M.Hamana M T %F 2002 X4 1 B0k b 3 4 S RbBESE AT RO 007 » RBLF= 2 LS %16 & ManzamineA #9138 %) 1] f
W AREEFRAUEDHMEDREE-,

1.4 FISHEAREEEMEWESFFEB N A
1.4.1 HEROMEDBE
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(D OFEFHMEY CRIEW.FISHERESI T EFEAMEYHEMRSHEBRAER DN TR FH FISH AR
MEEALITEFR 300 RMARMAE HPRKEZEERERFARATEERRMNKRM, DEER . WIERTREMTEBR
S AN AR M B AN BE A 3¢ . Brinig Mary M;Lepp Paul W;QOuverney Cleber C Z7E 2003 £ FISH HERTR THETIEFHH
TM7 B AEAL B PR RERPLIE . 2003 4 Foster Jamie S;Palmer Robert ] i i3 FISH $ A DL A2 1 8 4 B BE 7%
FEBPE T & EH XA KA E 4 H (genome-genome interactions )3

) HhEE BEEMAYEAGBRMERENEN R FUMREE@EMNEEERAELERNEYEAEEY S
R, RRER,BERREFT SR EDE B AR 2. Swidsinski Alexander ;Ladhoff Axel B F 2002 £ 3] FH FISH #
AMETHREENGHEEH RAEERALSREENME, R R E OB R% B %k, 2002 4 Zoetendal Erwin
G;Ben-Amor Kaouther 5 H] A FISH 3 A Xt A 25 36 8 v 4 F 45 3% 49 00 B 2R 08 #E 90 B (Ruminococcus obeum-like bacteria)¥# 57 T
EEMTH - RAMRABERALXEFREEEHH R,

(3) PGB A XK RREEFERHIBRITE MNP ZE LB, Buccat A;Juretschko S T 2002 £ FF
FISH BRI EL XHGEMRAFERSETTHRELED. EARKOR MR EWIERE S RIT%w. 2002 4
Buchbinder Susanne; Trebesius Karlheinz &R FISH B AR 32 R AETF B W AKER S B BF R KEFHE
B B (Legionella spp. DT T ¥ &7,

2 WARURZIBRANEZRIE.REBERE A FISH BZRF
2.1 HRAENERTBEARAWERRLE

9 H IR A 2% A2 B R IR A 2% 82 4% R (In situ Hybridization ISH) R &, K [B] 2 1 T RS0 84 5 B M5 Je 4R IC 8
£ B B . Pardue .Gall | John .Giovannoni F Del.ong S5 88 3T THE A i T R A & B AL o 7 Fgele—20, SHEHFEEEE . 5
R ARUT AR O 2:Qa PR AT EH AR N 25 B8 ; @9 48450 T 0L 2 3R F 3 K 89 o8 45710 y AT TE— 18
WA TP AR A EERBHRFEA . BT 10a. 08 TR 5 FISH NREZBAMEVRERT . MEYEDSS FRRME
FEHURRBEREYTRPEAE DT AR,

2.2 BRHKIFAE e 3T HR By RO

W FE A o 302 18 18 G BOUAT IE B B T R R B 1% 00 T T R L B R 9 7 52 3 A 0 Bl 5 4 10, HESBERLU T
ﬁ:@lﬁﬁﬁﬂﬁ@ﬂﬁﬁ#ﬂt:@ﬁ*ﬂﬁiﬂ@ﬁﬁiﬁfﬁ‘%‘%ﬁ:@'ﬁiﬁiﬁ%%ﬂ?ﬁﬁ‘;@'ﬁlﬁaiﬁﬁiﬁ%ﬁﬁﬂ
2.2-1 WEFRIE WRITHEFEREELEFEH WSS E B EUBRHATE S, — /1 HA FIR K BN TE 15~30bp &
. SEREBE BRI HARF T BB e R B0 RE T FR AT S, H R MR I 4 3 3,

(LYK% 7 E R F FIER 4 (probe to chromosome-specific repeated sequence), o B . TE I JMES . im0l
MUKW KT IMb. A8 EREEES S RALE G B 3TIE S50 5 F I . % A F 0 40 A 3 3 9 i e e 4

(223 fo {4 8 By 4 1 [X i 48 B MR 41 (whole-chromosome or chromosome region-specific probes), —F ke H
ﬁﬁﬁjﬁﬁﬁﬁﬁﬂgﬁﬁﬁﬁﬁﬂ}ﬁ,EfHHEfﬁﬂ"ﬁﬁﬁﬁ*ﬁﬁkﬁﬂ%ﬁﬂiﬁﬁﬁiﬁﬁﬁiﬁﬁﬁaE?@ﬁ’ﬁﬁffﬁ’fq"%ﬂ%ﬁﬁi
HAHME B S,

(345 7 {i B B 41 (specific-locus probe), X ER B — BRI AR, 0T A E DNA KBRS F SRR
cDNA ZREH B, TEARBITERATE .DNA BAE N AR M DNA K7D BRHZHMB LY, I8 — LR H P
TR1pfsE,

RICIR T HEE T AR S 4n T m a0 HERAGCEEAM IR, —# A REAE S RO T ES — P RE D %K
RS TFUREEETEZFERN 5 8, AN RARREBEE AR CHE T MEE TR 375, 3 & 18] 4 4
B W8 % K R (Fluorescein-Isothiocyanate FITCMBIEE F 345 1 B o] 0 b (S S 38 17 . Ped 75 28 A% 198 9 Ot 28 47 P 90 00 BT 99 4
FIRE. RT3 WIS TF L ST 4 DT LM 4 IR 64T T 190 LATE 24 i) 1] 196 0 00 0 15 0 4% 0 FF B A
P n: 01

fﬂﬁﬁﬁ%ﬁﬁﬂﬂﬁ%ﬁi%ﬁ%ﬂﬁﬁ%%sﬁifﬁﬁﬂﬁi’ﬁﬁﬂﬂﬁ*ﬁﬁiﬁﬁfﬁﬁiﬂﬁﬁ%ﬁﬂ]b FISH i) % 24 vl 3§
IR 5 KT8 B R ﬁ'ﬁlﬂ%—ﬂE*ﬁ@ﬁﬁﬁﬁﬁﬁﬁﬁ*ﬁmﬂﬁE%ﬁﬁﬂﬂﬂgﬁﬁ:ﬁﬁvﬁfﬁ%ﬁﬁ%iﬁi’ﬂ
fr FARCE R 8 & AR EI B CHRP TR H M, LADE O 5 10 9 B B 87 I 0 BT B I £ S U R 5 R (Tyramide
Signal Amplification TSAYF] LI B {5 S 3B E 10~ 20 f&032, HRISERE TR SMHIE T FHTHFICAMNES TSA 28
MREZE., WHZERDHEFERBRRESELE FRHAE,

2.2.2 BOEROR REAE R R K 892 56 3ok 0T (3 B 1 00 5 R B 2 4 Ak A IO F B ek T 0 R ¢ O P50 1 B T R SR AR )
FEBMETR ., B4 P9 o8 R B 3% S ek B 38 20,
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x1 HetEH

Table 1 Probe sequence

¥4 5 (5 ~- 37 )Sequence of probe

H 5 {4 & Target position

¥ R Specilicity

| 1 FHER universal i

ACGGGCGGTGTGTRC 165,1392~14086 i Fl Universal
GWATTACCGCGGCKGCTG 165,522~536 i Fl Universal

F & Kingdom level
GTGCTCCCCCGCCAATTCCT 165,915—934 & Archaea
TCCGGURGGATCAACCGGAA 165,221 B Archaca
GCTGCCTCCCGTAGGAGT 165,338 ~3h5 M B Bacteria
ACCGCTTGTGCGGGCCC 165,927 ~942 40 Bacteria
ACCAGACTTGCCCTCC 165,502~516 H# Eucarya

RKBEL Group level
CGTTCGYTCTGAGCCAG 165,14~35 « 5 B Alpba suhclass of Protecbactera
GCCTTCCCACTTCGTTT 235,1027~1043 B 2 I B Beta subclass of Pratepbacteria

GCCTTCCCACATCLGTTT
M % Genus level

235,1027~~1043

Y /B ¥ Gamma subclass of Proteobacrteria

TAACCCAGGGUGGACGARG 235,1325~1342 FLER L ER 9 M Lactococcus lactis
GCTGGCCTAGCCTTC 235,1432~~1446 BRHEBE R/ Preudomonas
GCAGTTACTCTAGAAGACGTTCTTCCCTGG 165,442~470 HKIERTF M Paenibacitius

& Species level
AACACCCTACTTCTTTCG
ACTACCCTCTCCCATACT

235,1428~1447
165.655~672

ah R Holospora obtusa
WEERM Legionella Ivtica

R=AorGiW=AorT; K=GorT;Y=CorT

2.2.3 FISH ME#ERBPES HIEESNBEREEAERE
MR X UEEMEFNAERESS. FANEERS
HA B B -L-# ® B L K ph e U,

(1) Bl HAMBEERSE FAA (Formalin-Acetic Acid);
Paraformaldehyde (fik B ¥ ®); Glutaraldehyde (J§% B> . BE
100mIFAA & 2 # ., K1 4 % :Ethanol 50ml, Acetic Acid 5ml.
37% Formaldehyde 10ml,DEPC- H,O 35ml,

(2) A BiAKRFASED K. A8 MEEJEKBA, B
RTHRBIFE 100MRTHGE 3.

(3) 3 (U HCl & 3 # Proteinase K 4k, ¥ & B &
0.2M HCl HZE R4 20min RER A HO ¥ 2min & - K.
37CF,2XSSC H1, B #e 30min. B ¥ #f 89 Proteinase K & ¥
20mg/ml, B 2. Sul JI A 50ml B Proteinase K Solution (ZINE
Bad# RS HBKE FH1T Ruase LB f, R E K
lpg/ml.37 CIRE 30min. MAE 2mg/ml Glycine ¥ PBS , 5
HBALEE 2min R IE RN, @ BEZEMBEK. HEH 40 mg/ml
Paraformaldehyde / PBS, NP GOC)MABBB EERE
B EERBARTLE 20min BIE. BA 1XPBS 4L 5 2
KK Smin. FEH 1 ml/L Acetic Anhydride (B ¥ BF )% F
0. lmol/L TEA(ZZME). HESB AT EE T4
10min, 3 8] A B3R 4% . B A 1XPBS 40 2 K, 5 K 5min, 2B

K2 WEMFISHASTHEAROELRY
Table 2 Fluorochromes used for the detection

of microorganisms by FISH

) % (nm) B £,
% 64 H Flucrochrome Wavelength Color

MBOLIE & EEg

Excitation Emission

Al it 3 & AMCA 351 450 i 8 Blue
MR RE FITC 492 h28 £2 %, Green
5-(6) % F-N-72 3 1 Bt .
WM T FluoX 488 520 b 0, Green
MR ERRREKLE ST
B TRITC ah7 576 #7 0 Red
A EFEN L Texas Red 578 600 21 & Red
| /e

3Cv3 0
¥ Cy >0 270 Orange/red

_ ARE- 5 3 )

Cy5 651 7
e# 5Cy oTd W Infrared
R3O BERK
Tahle 3 gradient dehydration
7% %) Degree 1 2 3 4 5 6 7 8§

DEPC 7k DEPCwater 46 30 15 0 O 0O 0 0
.7k Z. ¥ Ethanol 50 50 30 50 25 0O 0 0O
3 T BE Tert-butyl alcohol 10 20 35 50 75 100100 100

BB K H.0,1599,30%,50%4,70%,85%,95%,100% . HATRESRZ. @ 58 BB K4 R % B B 255
T KB 100~800ng/ml, FMFERZRE 45C, BREITF Q2 CHERA FARNEBE, BME TR 0. BB _F oL pyE
A CFmE L REAEN B EXBR O BR—/NE ] parafim 3 BEH% . BB M FRAED . 4203, BB A HA7C 2

XSSC MKkaET . BEHER BK.

(4) ZEMLAI Rnase fb# (D YEME. B 37 C T ARG F/H 2XSSC # 2X 15min, 8R/5 37 C FER @S 3 B 1 X SSC # 2
X15min. (2 Rnase 438,401 20mg/ml Rnase fi% MM A 2] 40ml NTE $ (8K 20pug/mD AR K 37 CEF 30min, 37C

T H 0. 5XSSC #t 2X15min, B A PBS 4 Cii i B #1100,
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2.3 ¥/ FISH #AR

LA T FISH AN A FBREE . EHEM E.FISHERZEHER TN A GRE 0 Ah ke kB MLl
gefn kB DNA FEMERBH . RMEM SR RETLH mbim kb . B E S mmE SN mAEN KRFBERDRFER
1 BAC/YAC & HIE A,
2.3.1 BEKNFEAKRZE(nFISH) FISH ™ F) B4 8] 8 & 6 28 56 R B pric A Ja) g B 4E , R 0 b — S 38 5 347 4238, DA i [ B
fir B FE AL A R B FE DNA LB mFISH, (it TARMEARZ MR EEABNES . METEE Z6EH 3 Mo v B A 745
g,
2.3.2 DNA H 4% AFE {7 (DNA fiber-FISH) Wiegant 45 fl Heng 27442 DNA 1 R B 43% DNA B8 MW iE s
DAN #H 4, BRI ER tE LM DNA T8 B8 E% 7T FISH XX EFISH WA HRRERE L, HIBHR SRR EH 4 B XA
R
2.3.3 PBEMRIE S M K B HE R 3 35 (Tyramide signal amplifi-cation FISH TSAFISH) . BI fE 383 &L 9B (HRP) it B 1
B, LA AT RIBE R A Y. TSA RETUEEERMEE 10~20 1%,
3 HKiF

HAE AR 1989 FAEC AR FEM R TR ARANERM P ERBERN —BIERHES THRBIE2XER.ES
Eed " ZF6E. AXEMES.FISHERERT RN ER . ZHEE M E SR BCURTHEWELES, 4
DNA HEEESNE FREEANARELE RIS BERCEABANETEEARS HREEHANER TRUBRSHL G
R ARYHEANEEXREFAREATHRNGER. ELER. FSHERABH MAEASSBRL LR MENESLYHE
ZFIRAREARCE AR ENESEFRRPBRBT - FAZTARE B AAEARBEFREZL FISHERGFE 4 AL 5H A
SEPEERNTN LR FERSERERNE R . FUESTREDESEWR P ESERNER BRS R
ARG TEDENEM BB ERANERENAT(E. WEEH £ AR RN BT 2645 JFISH BUHER 1 FI R |E A5 — S 107 L 75 #
A ¥ 2 R ST A A B R 0 3 4 R
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