FISH HAREMEMESERHHARAHER
Mg HE#H EEA

(MARET L KFTEFETREE RMKE  150090)

HE: S TAPPEAEMEDESEMRPAARE. HRARENRSE, BAEER
MAEHWESE ., FEER, TRGHEHER. RERNRZHEAGE T o THEYFHH
BEMEHBENTHERE, TUAEARERPEMALEARNREY ME, RHEX
MRS R B R M MEYHATION . AR Z LR AR ZRA THRENBESR L
MiEth, AERAIREDH FESFHREPHRAER, WRARMRALHERBE RAE
AW FESF PR AEST THR, B 7 ZEARN AT EN RSN LRI R,
XA FOHBELIAE, 168 RNA, #EF, PNA, MAVHTFESE

RESEE: 03 RMFIRE: A XBHKT: 0253-2654 (2003) 06-0114-06
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Abstract: Molecular technologies are sensitive, fast, and cheap in the study on microbial ecology. However, these
methods do not provide information about morphology, number, and spatial distribution of the micrecrganisms. In cont-
rast, Fluarescence in situ hybridization (FISH) combines the precision of molecular biology with the visual information
from microscope, and permits visualization and identification of individual microbial cells within their natural habitat.
FISH not only allows the detection of slow growing microorganisms, but also of yet-to-be cubtured. It is useful! for many
applications in diagnosis and assessment of the population structure of complex microbial communities, and is a powerful
toal for molecular ecology studies in microbiclogy. In this paper, mejor techniques and progresses of FISH were de-
scribed. Its application in microbial ecology, as well as problems , pitfalls, and perspectives of FISH are discussed.
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B R B SR S T RMAED A S FHRTRANERRAFEMA
75, HBARBAMBIRE. EREETAREESA TERPRHED A, FEGE
R PBESHRE SR RGTFNHIN. EHREMSEEFNEE TS N
51, MEFEERNRBIE S MM BRI, T R4 ZORBN 2R
FERBHNMAEECEARBBBRER. ELE, BHhaFEYETRENRRHE
YR A EE R R MEY S BEET B, X RERCR AR
BAEYMESY . BE. SHATAARFREES. AEPAHIMEIMNTEE
MRS R ASFEET U TRAMMN—LEL, HEMTAEAFERESEE
B, ERUUKTEXME AR BB ST RAETN, AT R R B % RSO
BEARABATHEEERAENMN. AT, BTERERENERRESS ™ EKE
FHEMPUFRERM XM LT AZB TRE, SkME, ZARARZER (Fluo-
rescence In Situ Hybridization, FISH) HLHTHTEDFNERAENBHENTHE, 68
B B AABUES T R S AR R R, R XA Y R AT . H
B, FISHEREMEY S TASEMRTHT EMAH, LTEERARARE. BE,
KBS, (R R IESS B Bt ] R R S B AR N BT AL IR

1 FISHEARRE

FISH B AR BB R F 5158 1 56 JeAnic MRS FE 4R P S5 38 3 1 L AME MR F 2438,
BT R R EARERRRES . EEARFEGFHEUTIL MR ORBNEE;
O SRR EHBLE, QR OFMERTE: CRAARNIES &GN
FREIKEFES; @EEEREEE NG ORUAXES, #HERMT.

1.1 EBHZEBREHOFE FISHEROESOHERAAREAERE, REEMR
FRALBEE., SETESRNESCTREITHIBFENA - MEREL, B
% M AL T AT IR SHEARIE. & 1 HFI%E T RNA W73 FISH 430 —
EEAE M EERE . REANERERE—BR 15~ 30bp, EHEHE TS
HPRER, A—BEERRIC. FENIOERET FEERICHERRC. HEX
FebRiCRBEN AR SEE T RRREAETRENE S, RRBARAR BEE=H
B, I HRELEARESTFHELAGIARERL, EXXATHERRBKARS.
FEEBTRN VRE 3 WMA— M FREENEETIREY, BHEOEENALEE
— B 5HAERR, BFEERRARTMAFETMN S'H, #XNAXERER
BB R. FEERGIMCERIRICY (ME¥. £9%) EEIEs L, REAA
BBAFCRRREME. SRR TRRE I

1.2 PNA %t PNA (Peptide Nucleic Acid) EFAEREK, B—Fh A4 B A8 DNA 241
Y, HIHSRRHEEM N QERLE) HERUBKBRATA, WEAIT
B EEE] PNA TR E. PNA S TEE LB HNEEE S LSRR
3%, Wi ELXRh A SHIN Y DNA S FAZHLE & I B E B, B1T PNA/DNA
SFZEBEBEHEF N, FHARERTSREHN BB EES, XHARNES
WEMBEEE SHKET L, PNA EhRMEMEMERE % TEAR, FUErH
B M R TS SRR DA TR . PNA #5412 RNA B HBEA MR, ERE%
BEAMT —R55MA RNA FRE, BHRHES THEELFT. PNA B ORISR
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REBIRIEA T RNA BREHE B PRI REES], RAEE T PNA-FISH Kl 2 &
¥, M DNA B4 AHEX —HH. T PvA SERZNAFSEMY, HiK, U
rRNA W8T FIRT PNA $RETE 3 L DNA 38405, — MR 15 PREE PNA S LB
BEH. BHEMRGRARENERE, QR T RENENTSAEE, £25
FIHET LY FISH f8 (28 PNA #4F, —2LBF9T 500 PNA #5415 DNA SR4HH 1
REE BB — MR ET] . Worden %' Bl FISH 4- 479 2 B 05 400 B 7 K PNA $5 4+
5 DNA R SmERE 5 1%,
£1 HBEM FSHRT P ANESTREH

#E FEF Rt HLA7 8
ARCHa15!- GTGCTCCCCCGCCAATTCCT Archaca 165 rRNA, 915934
EUB338!L! GCTGCCTCCCGTAGGAGT Fubacteria 165 tRNA, 338-355
EUB338-M1®  GCTGCCACCCGTAGGTGT Non-sulfur bacteria 165 tRNA, 338-155
NHGC? TATAGITACGGCCGCCGT Low % G+ C Bacteria 23S tRNA, 1901-1918
HGCE9al! TATAGTTACCACCGCCGT High % G+ C gram- 235 rRNA, 1901-1918

positive hactenia
ALF1b" CGTTCG (CT) TCTGAGCCAG a-Proteobacteria 165 rRNA, 19-35
ALF96g! GGTAAGGTTCTGCGCGTT o-Proteobacteria, 165 (RNA, 968-985
some 3-Proteobacterig
BET42a'- GCCITCCCACTTCGTIT B-Protecbacteria 23S tRNA, 1027-1043
CAMA42a[! GCCTTCCCACATCGTTT ¥-Proteobacteria 233 (RNA, 1027-1043
SRB3g5!" CGGCGTCGCTGCGTCAGG 3-Proteobacteria, 165 rRNA, 385-402

some gran-positives

F2 R WE FISH 2635 b A7 A Y PNA BREH

Rt FF (5—'3) iEimes Tm (C)
EuUni-1 CTG CCT CCC GTA GGA Eucarya 70.3
BacUni-1 ACC AGA CTT GCC CTC Eubacteria 66.2
Ecol6506 TCA ATG AGC AAA GCT Escherichia , eoli 68.9
Psel65832 CTG AAT CCA GGA GCA Pseudomonas . aeruginosa 70.2
Stal6S03 GCT TCT CGT CCG TTC Staphylocoows . aureus 61.8
Sal23510 TAA GCC GGG ATG GC Salmonella 73.9

1.3 RTRRM ERMERGES RO HER RS, 3, SXERF
RABZEEERE, SiER SRR B L WRES T, RSELE IR
M. R ESHOCA# -1 FISH R, & ERC MBS0 @ e
HEYEBERRN S PR, XD ESREH HNPP (23883 2501 B RREREIR) BE TR
ERERRAER, MEL TRESERROERL, HABFLE— Ml EE T RN
8 ff. Ht—H RHIBBE ST Kb HBHRIE TSA (Tyramide Singal Amplification) &%F, H
BB HHILT LY (Horseradish Peroxidase, HRPO) #5iC, THELIFE R E-BHE
HIRY), TSA RGRERINTES IR 10~ 2015, Rk, S50 M R4R1048 A
HARE EHH B RE L, XTREEN TEASTEAAAEANEAROBENREL,
ARAETHBEEARKEBERETHESHWERE, X TR L RAREMEL
WEIARRERIFRTHEE. EHREF PRI ERES TN S BT RE
# o] B MR FISH KBRS, BRl, SARETNRCHNESBRTRES, &
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& TSA RS FISH BB 85

2 Multicolor FISH (M-FISH) # A

i, ZFERICREREN PSR o] LR et £ RS, BB EE FISH v [H
B 7 MG ATRE . SO R EE A [F R R e LU E A — R
WY, Perry-0" keefe ' i FJ 4 A PNA 41 H0 M-FISH X RS EYIEE . ©EOHE
BRI, WITREA KB RHFT TR, Am e WE M-FISH, [ f 2 HikrIEes,
BE PR A A UM, LIBHEIRE RS EES, ARy RS
HEE, AREVRREERRNHHEREENETIRN, M-FISH F ¥ FREE %
AUBREENREIOCRHERN., | REHEREFOLREMEE (Widefield Deconvolu-
tion Epifluorescence Microscope) XTEMEZE Bl B F 0 #3 1otE. HERLHLA
i 8 (Confocal Laser Scanning Microscope, CLSM) E&TEEHZERMET RS
fh, WAV RERK, EEH TR CISM 5S8R EXK, AEREMAEAR
WMERAES .

3 FISHEARATREYSHMEMFREIIERR

VL JLAE, MR FISH SORTTESE H AMIERAE Y SRR RGBS L, WF A Fn s 1L
TR KU BERU R TR R RN RS, FSHE AR W
RATHENMAREPHOBEYREDS, BEWEAMSUEAREBRENE N, Rt
SRR R RN A A R RO RS, Bh AN, i FISH B AR K 0% 1 S g% 77 R Ff
REHME, NEXBBELYE ( Thiomargarita namibiensis )" . REIBMERTFE R A
B (Bacillus)™ % . 165 rRNA NHEFF1H) FISH A BYGE AT R4 TEYF LR,
AU 3 7 e M IR A &L h R X Rt T R . XM TR
WEPEIS RV REE S WA E , PR X457 B 1T =8 (A8 O BUIR 07 4 B 2F W
K, WABER (Zoogloea)” . TENFFHIB (Acinetobacter ) MR B ALAMBE S 91T
TR, Silyn-Roberts ' B A FISH 2 A %of 13 7K 40 3838 o By RS 4T T3S, WA T
BB EAN T BB . Sekiguchi -89 T UASB R L8 &7 A iR B0k 15 06
BIREAEYEE, Bn TRV E S RREREN, 0 RE AR e
TTHEW . REFEHSENRAEDRARSITF, R 165 RNA REEHTEEMTA,
MM ARMIA KK S B Y, B FISH AR E 4 R bt A Yot S E Al
EL .

4 FISHEAREBELERER

4.1 FISH BIMSRIE  FISH 3 SR s A T S T E B H RIRH R R,
P BE B0 FIPFOT 0 B E . 7ERK FISH R il P AR E 3 B F MR A SR F 58
RA LS ECHE ARG N Bt IR B R R B SR A E 4
HE, AWE 18 THENTZEREH P MHRBER LB EFIARF G E
M. Bit, BETRRBALRT LH0IIERAEKN RNA FF5), A HE SR
R 0 TSR PUEFHBEY, BRMBEART (AR FEEH
FeiptE, LBERHBOTHOGHEN, SNAENFTEEK, REEHRLHRH. 5
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SMRET AT R AR A B T RS KT, RCHBRIRE . BRI E SR
HEFF A

4.2 FISHEMNOMBMAYE MEYH A STOLE S T FISH W, B — a8
BREHERE. FHER. H2OERN. 3400885 BE I r= P 5 P e PR
JeArtt. AR B ZTOUH A YL R B Y SR TRk Y R E M SN R
b, R BT FISH MRS A A 3 5 4. R B S E RO,
MFREL, HLFRFEEREL, FNEN MRROTEARES, SR E s
HROTEHE I FISH 1 AR 20 B HE R, B P £ 0 B0 28 18] 5 6 2.1 B8 018
BRBNES, TS CLSM MIBERBEIF MR, MDA, By kfus B
MRANESBREATRROEH. FHKERRNOBEENESHKRATEMRLA
BRI, AFRNMEEKY ASGFRFOGREREEW, Hit, ARAIXNES
B BSEATET 1L A B E BRI, DIBY IR R

4.3 FISHRMOGERYE FREQSWERETNBES, TRSRAZESRER
K. FXRARREELEKY, IFEZRETREH GEBINBERHRA, &
ZREEE AR TEHROEEMITLE, URSFEHMBES. SfhT RNA R
BREEH, FERK, SIS RNA-BEORMES#, BERTRE TSR
EFEF, BRIRZ, XWMETERZ T EMER RNA 2k DNA ZEHE R fE RS AR 45
MER, #HRITAGEERNA B KRR RSHBRIBRZGSHE. KA
PNA $RETATHEMROR DR FIRE, $REAACHR, MMk FISH S f R vk, 4088 4000
FRNA FEAHAZWERANER, FEME RNA SRBEAEX, BEER—#
PREOA A FR A H & BB R R, PR B 200 I o A AN 56 R 0 40 B T B S A S 3 e
FERERERFAYE . esh, 400 2 BN AR B R A B B B, MM
BRI SREAE, HAIRRESEERE Cy3 B Cy5 RIZEHIMNT, URMAGS
BARAREREH RN T HBRALES. H T FESTERREREERIRE
AR, R AR AR B B B B AL RS (3R Skt B £ A e (T )
THEEN,

5 B8

MY A R SRS SR FSHER A — S RBH T, FEfTEEE
IBFRBIAK T B . SEY I BRAS S & KR FISH BUAR 28 SRES R4 92 b E A 9
N—HARFE, LFEX, FOKENEEH (Green Fluorescent Protein, GFP) 4rF# 5 3|
MAEPESFERIIR S, BARMEEHAMEYRH RN SR EE DNA, BENEE
PHEO L FRETERAEMACE TR Y0 S 3 FIE R A B A EA. BAT, RAH
Rt H A T IO R A L B P FISH A S, REAREREYNES SIS
BAAfEE, HENTRIFHENZHNRSHET Qs biE 404, HFHEg
HEYHTRBEN %, FISHER SHEERGETIHAD LS IR RETE L
HE S, FISHEREZ2MAMEYESEHTF AN RNERFEZ .
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