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Application of rRNA-targeted oligonucleotide probes in the

analysis of microbial communities in activated sludge
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Abstract: Wastewater treatment by activated sludge is one of the most important biotechnological processes
and has been used for more than 80 years. However. the information on correlations between the microbial
community structure and function of activated sludge is less provided. Due to intricate interactions within
the microbial community, it is important to detect the prominent population and describe microbial

community structure in the wastewater treatment process. Conventional cultivation methods often result
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in pronounced population shifts in the community structure and lead to a failure to detect dominant
bacterial community memmbers. Recently. rRNA-targeted oligonucleotide probes were introduced as a
new powerful tool in situ menitoring microbial ecology in activated sludge and have made revolutionary
progresses. Based on it, microbial ecologists can for the first time determine the true composition of
microbial communities. This review introduces the identification of it in structure and function of microbial
communities in phosphate-removing activated sludge, nitrifying activated sludge, bulking sludge and
foaming activated sludge, summarizes most of probes which have been developed and used, analyzes the
advantages and disvantages of it.

Key words:rRNA; oligonucleotide probe; hybridization; microbial communities; activated sludge
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FiENBRELBSAKREYAHR ERATENFTKLBTLZZ - HO A OFELXFHHR. ETE
ITBRSECABATARIE AEXTFEAESRPETEEANBEDHBESH SN XRHA
HBESER SUEREWESER -BEENRMNBHAE. AEAEFHUFECAERIGER BN
BETRAREBRANE AU ETEBEYRERNEEENN A ¥RTON BRTREFETFERA O
R B TERBELEENEE EXREAFTHFEAG TR ERL MO ELREREME R
BiEERE HERFLZHREEGNARE KEUNMHER  QHBRENTHBINAKEKSEDN
HEHRERBEAXBEABREEMPNEAMNARARPEERXER(GHELIMEMNEN 1L ~10. B
HRERABREEDRATERA: QAR FEBENE RS EREYHEAANEARERARER
EREMB AT FBRMALAFERERROERY. ARXBBEHEEN TR EES R ARFE
R NC RO ZRE TS . EREAMEE X AT L XL MM RTREMK
#tt. T K. .rRNA-targeted BB T RIFEEN RV EETAEN —HFH T HEHESIA S L FERHEE
RoEHEERFREREEREESEYREYHRESAY. B TEESRIMEDHEARNXCRENR
W LUK LI EHENE MBS KAERERANTELASREMEYBTARH R
TAFHAETSIREREARRBENGRILEFERAT . SREES. AERRSH A NERNEESR
BRI KLBREERPESFE L.

1 rRNA-targeted JWiZE B
1.1 rRNA-targeted AL H BRER 4 R 7 ML TE LTS IR PR I B ¥ &5 9 ML DNy B Y [ 3

SRR E rRNA 8B FEF L 8 A T FE PCR 1% % 7 85k & il L S B AR IE
DNA X EREH . ARFEHSEEFRIMEDEANN RNA K&K AREEFEEZSME. . ST A B
B RHRLARNEM LR EREDMESFRMNEZFESHITRM IS FARXE T REFHT S0
ES5EEEFRERNMEHABRM AR RETHERDBTHEMERSRASH R .

1.2 rRNA-targeted B FBEH LA

(DREBEARKEERRL RNA,ZHRBEEGMMA RNA ZLL 10 B 10° ENKARY
M AR EREH AN EEE R R RER AR EEREE.

(2)rRNA BH M T BAE T RERTHFEI XA H 5B KM ; Bt rRNA-targeted 248 1 B
HUTEMEYREERTFOFARKF LAHRBEMN TR EHRS,

(DY HERTE RNA FFRAIMESE R E.BRE#r THT rRNA BRI EFFAIEX
¥ 1 i RDP (Ribosomal Database Project) 2 # i F 2+ 7 # % iR 4F B0 8K &' 30 ARB(Latin, “arbor” =
tree) %, B ARB 8EERIE 22 000 MR EM{A/NE R RNA 1 500 & X ¥ RNA F3, 8
ARB 540 U RAERNE X E i ' RNAtargeted EHETMEH Y . THERY TELATREFHKER
FA M AR,

1.3 Z9 0 &N &
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(DZEFEENBRESHEMMERBHETEL L HRMEMBA rRNA & B8 T A0 & HE
RA, MBREEZMESBERERTREAREID (B EmalB s MR R (T0% ~80%) HIE R
FHEFHFTEAY%~10%) . 20 F FH 40K P28 & B W 4 68 8Os I 20, 18 7T B2 2 B X 46 41 & I 7 4%
MARERMAREE " . AN (RNA B EFE TR RS EMEY BRI EBES HRERE
MESRAEEREX,

(OEERNNEBREE.BGCG MG HHNUKRENENTR . - RIEREFBEEG HM SRR
EEEE G K. B F & TR R E R E

(DBFIMARPHEHTLEHNE MR ENZEE  BREXTHAEE,

1.4 rRNA-targeted X H B HEH FI8E &

(DrRNA 28 R R SRS il iR

OEBEEREH > FRE TR S AKEHMNRK.BEEES AR, B TRML,
2 rRNA-targeted FRH BRI T RANBESEREORRTSHMOESTNER
2.1 rRNA-targeted I8 MR £ BR B 15 I8+ 09

EAYRBRILZP BEEYRBEANEGRPIHNERE QE2XNEREEFTLENEHENE. A
AEHBRATHERM, BRREABRENFEAIDEBAE T E R R RS R (Acinetobacter spp. ) (Y ¥ 49
TR RATAEFEPHRATHBERDRRABRNEL X S5EYRBTEPHNEANAFAR ), R
ZF M 16srRNA-targeted EEHFRFEH AN ARAXAERRE P KL A, rRNAtargeted B
HFREHEAEMRXTFISHESEF A EEENRREETRP R EDYBEESARTHE RXHGRE
HEHEBR AL RTRALEHHEANGHCIERTNG . HAMHBEAANSHETL 0% BRBRNTERD
MEERTRAOUULHNAHHAE BERFEFENFREMNFYZHNER . MAFFBEHN G+
CHERRAOGELHEHXHEN RPN EI & LA HT M, T 8-2 KL I (Rhodocyclus
spp. JERBRGRFSHEALHA TBOFEELAYRBTEEEEAS I AMEREELTRE R
W HAEEE . MEAMERANIEDEYE B2 TRV E R BRTE (Propionibacter spp. ) 2 Br B
BRIFRERENETERR? —HE W RBRE-BIB/DA 8§ (Microlunatus phosphovorus) FERETE 1L &Y
HABRDMBERTEELEYRRESRPEAE A, B4 M EBRKIE DAPI(4’, 6-diamidino-2-
phenylindole ) X €5, 3% 4 07 FH BB 4R 80 7 BUA% 0 A5 0 9 AT MR #1555
2.2 rRNA-targeted 8 H BESHE ] 253 + B R A

EMEYBAREPHAEANESREESBRAEEN - XB. TRFHURMNNFRIOLFEE
R R E L EE M R AR A ESRAMLBEAAN LAY 2.3 1%, d FileARtt A
i B ER T RGN BB ERAR RN EETHRE 16s IRNA R HE ST E
ME B2y TXF-SaREELNRSHEI A TS KAE PX L@ RA KM . Mobarry
T THELAENERRERNEERZERTRERN — FRF] 5 4 16s rRNA-targeted EEH R K # R
FANBAEBSRPHECAROE RN SRR, HEFROERRENERZTNEARARERIIRY
EXREEAPLEE TR BB E (Nitrosomonas spp. ) HITH LT B (Nitrobacter spp. VHHEL K HE
a2 BREXENHRFYREFHESEPRID TN ARENHLTH TRAARNAAERER
B % B 5 4L 2R 8 M B I A5 1L YR B (Nitrospira moscoviensis) UM E N BT ER ML EADH
(Nirrospira){zg‘ml=ﬁﬁiﬁﬁ@ﬁf%ﬁﬁj}ﬁﬁ%ﬁﬁﬁﬁﬁ%*ﬁi%ﬁﬁﬁ%ﬁﬁxﬁ[m., R LA R
1% X & ( Hyphomicrobium)DNA/DNA £ X # HG27 ZRF MEKEAE ML BEHG B KAER] HHES
BHRERB LM EER R Z—Gliesche FiZit T HG2T KR H X H R K4
Hvu-1"%7;Christian R R EML AN ZWAHSEHNEKAE MERFEHTT 15 M ANEE. R
HHG27 BB RRASEEITREEREE SR 30X . AEEARNTEASHBAREEN T HE
X B EMHXE. Real-timePCR ME BRI HH SFEU R T HERHEHRSEPRENEDHEH
ERARB AT HNHAETRPEAREEY-HLREHTTERWETL U EZTRIEH N ENS
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FAEME AR NSRBI T A TFREMA G REANIEARFRR BRI 22T RER
BRI EYREAAMIEA SR
2.3 rRNA-targeted X8 # B8 £ £ 76 K 8 3| AT V5 U2 BY Bk 4 & - #9 hif A

EEAEERES KGR STHEBR . OYEEBRERIEN. SAERSRERSERABS L
B LAy 2 AR R RS B SR S Y 0 K % . Eikelboom # iR T HEHEIS IR 26 Fp &K
E AXHEEFEATHRBNOREYESARERNERAEBRNSIFERGHHX.OLRK L
& & (Thiothrix spp. ) Eikelboom02IN HIEBRIE X Wi (Leucothriz spp VL EFAEBEL SR 2. HE
BREABEFSTHENZREAER B ER . rRNA targeted T RIEE T LU AT RES 15 B B KA 41
FEAT O R A W BRIE R B AR REEER P BSKLER NEFRE. FHESETFHGC EZREE
A HMAT & R (Haliscomenobacter spp. ), B K ¥ W (Sphaerotilus spp. ) ¥ & B &R (Leptothrizx spp. ) . 8
R K ERA EikelboomOZIN. EfIF VMG EHTRERATIBREFEAGFRIRITREEK;
Wagner S 7 T FREEFN 16:RNAtargeted REFREHIFRMABHARREMRESHTE
HERARN AT EREN PO HERNMAZREARZTARRASHEYN TR . REZHERR
MR REZRELERREREENREAEE TSI FAALEERXE S H L2 KRR LN
& .Eikelboom02IN I EHRREEEE 4T . HAEBREKE KR DB U AP, daliEsREkaR
BHAZATMLEARENRRTRGVEEHE KRR LT/, KSR D ¥ XL IRE Eikelboom004]
EHENNRAER T MERIEEN FISH A MAR(BMEA B BARRRAETNIZRERTHEREM
RigHEH AR,
2.4 rRNA-targeted BETFRFEHEFRBEKRP AL

FREKERSKLETFEN —MPEREMEARE, CHEBEREERT KR, AWESHR
WIOME LR TREAEFEAMNNEE. SREENFENRESENMEERAPIABETHEX, LLRKARN
F 75 R R B X W (Gordona. amarae) B AT EMEBM T EHIEARREKTHAEE. BABHLRE
KEXARU EETEEMTENELESTFEBAEAINKERBRINSHYME HFIL, Francis FR T H
F 1 B (Mycobacterium) B X EBAGR X BAEKEARNFHEEH N ERBRAKHLRBEFT
BUAR. RALMGRXEXANMHAFXEAGENR N B MAEARBEKLR SRS
A rRNA BHERAXRKERTAD REARMEANER . FHEBEFPREAEALNMMN rRNA 7
REWEEAN. . BRTEEETRES REAREN T ERE XA ARETEENBEMSIT, KR
BERNARSEY AR ECRY T ERMGITSRER P XS N LY R F Y Ocrther F
BAFEM KRR EMHEZRBEEYHET T ERIR  RABKERIB TR EANN LD RN
EYERI BN, {H 5 & (RNA ERMHBAIRK . BRERB LS . AESEDRPHONASHEEETR. HE
ELREERXBAENEFTESLRBREYNEAL SHIOARBBEENOHERETRR.
3 EESREMAEN®MSEFY rRNA-targeted J X H RIS

H#% M rRNA-targeted EEFRBH A TER SR (EERU L 4 HBRIMEY N B H &1V L AT
HRHMAHRERAENT (AE D . FBHORT VHEMRRERHITEHRNSSL.
4 RE

ERGRBEDESERYNESFTEMPEMSR L — rRNA-targeted BB H R 8 R 322
HREHGRX - EREYHREKERTRHZ —. HH {RNAFINRENEETREHBEENS
WAL BF TR R E, AT AT EHE RPN EEYRTEMNR EREA EEF M EA
EN. ZFESHTFEESMBMES 82X PCR-DGCGE N 4M{L M MBI EAEMEY
RMBEEGEEEENEDESFEEBMAT LZSREAMNERISERE IR ESHWAER, HEH
BRI BEmEN SR ZRETI BYBK RN RUEENREREITHILE.

MR EREFRBMEYHE AR EEEFET KBRS A L H rRNA -targeted X% § BRIEF
{if 4¢3 # PCR-DGGE 3K 17 4 Y% B # DNA {5 S BIKPTR R E AR R H 3 B
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Table 1 rRNA-targeted oligonucleotide probe name,sequence,target site,specificity
Bk 2 R 537 L i . g P
Probe Sequence(5’-3") rRNA target site® ¥ 5 1% Specificity References
EUKS516 ACCAGACTTGCCCTCC 165,502-516 Eucarya [14]
EUB338 GCTGCCTCCCGTAGGAGT 165,338-355 Bactenal [47]
EUB338- 1 GCAGCCACCCGTAGGTGT 165,338-355 Bacterial (48]
EUR338- I GCTGCCACCCGTAGGTGT 165,338-355 Bactertal [48]
asubclass of protecbacteria,
ALF1b CGTTCG(C/TYTCTGAGCCAG 165,19-23 scveral members of8subclass of [12]
proteabacteria, most spirochetes
BET42a GCCTTCCACTTCGTTT 235,1027-1043 Bsubclass of protechacteria [12]
GAM42a GCCTTCCACATCGTTT 235,1027-1043 Ysubclass of protechucteria [12]
Cyvtophaga- flavobacterium
CF319a TGGTCCGTGTCTCAGTAC 165.319-336 cluster of cytophaga- [49]
flavobacterium-bacteroides
phylum
HGCé69a TATAGTTACCACCGCCGT 235.1901-1918 G* with high G+C DNA [50]
BONEZ23a GAATTCCATCCCCCTCT 165,663-679 Bl subclass of protecbacteria [51]
ACA?23a ATCCTCTCCCATACTCTA 165,652-669 Acinetobacter spp. [20]
ACA652b ATCCTCTCCAATACTCTA 16S.652-669 ﬁﬁ:"gpe‘;;‘i“”w“ Actnetobacter- o)1
ARCH4 TGCGCCACTTAGCTGACA 165,54-111 Arcobacter spp. [52]
ARC1430 TTAGCATCCCCGCTTCGA 165,1430-1447 Arcobacter spp. [52]
RHC175 TGCTCACAGAATATGCGG 165.175-192 Rhodocyclus cluster 53]
RHW456 CGGGTATTAACCGAAGCA 165,456-473 Rhodocyclus-like clone R1 [53]
RHW99] GTTCTCTTTCGAGCACTC 165,991- 1008 Rhodocyclus-tike clone R 53]
RHX458 AGGGTATTAACCCAAGC 165,456-472 Rhodocyclus-like clone R6 [53]
RHX5%1 GCTCTCTTGCGAGCACTC 165,991-1008 Rhodocyclus-like clone R6 [53]
Rc9388 ggﬁhTTLLT&ALAT{]TCAAG 165.988-1009 Rhodocyelus group [54 ]
PAO462 g;(;ECATCTALWLAGGL’TAT 165.462-485 PAO cluster [54]
PAOB51 CCCTCTGCCAAACTCCAG 165,651-668 PAOQO cluster [54 ]
PAQORg46 GTTAGCTACGGCACTAAAAGG 165,846-866 PAO cluster [54]
NIT3 CCTGTGCTCCATGCTCCG 165,1035-1048 Nitrobacter spp. [55]
. Ammonia-oxidizing in the
NSO190¢ CGATCCCCTGCTTTTCTCC 165,190-208 Bsubclass of proteobacteria L28]
NSQ1225 CGCCATTGTATTACGTGTGA  165,1225-1244 Ammonia-oxidizing  in  the o+
Bsubclass of protecbacteria
NSV443 CCGTGACCGTTTCGTTCCG 16S,444-462 Nitrosospira spp. [28]
NSM156 TATTAGCACATCTTTCGAT 165,156-174 Nitrosomonas spp. {28]
NSR8&26 GTAACCCGCCGACACTTA 165.,826-843 Freshwater Nitrospira spp. [30]
NSR1156 CCCGTTCTCCTGGGCAGT 165,1156-1173 Freshwater Nitrospira spp. [30]
NMV TCCTCAGAGACTACGCGG 165,174-151 Nitrosococcus mobilis [29]
?E} ; 6_-?-‘.:2?_8 AGCACGCTGGTATTGCTA 165,1026-1043 Nitrospira moscoviensis [29]
S-G-Hypho- GCTGC(G/CICATTGTCA ) . .
1241-2-19 COGOC 165,1241-1260 Hyphomicrobium genus [56]
Hvul034 GCACCTGTCCCACTGCCT 165,.1034-105% Hyphomicrobium, vulgare [57]
HHY GCCTACCTCAACCTGATT 165,655-672 Haliscomenobacter hydrossis {381
LDI CTCTGCCGCACTCCAGCT 165,649-666 Leptothrix discophora [38]
LMU CCCCTCTCCCAAACTCTA 165,652-669% Leucothrixz mucor [38]
SNA CATCCCCCTCTACCGTAC 16S,656-673 Sphaerotilus natans [38]
TNI CTCCTCTCCCACATTCTA 165,652-669 Thiothriz nivea {38]
21N TCCCTCTCCCAAATTCTA 165.652-669 Eikebloom 21N [38]
- % -Myb-0736-CAGCGTCAGTTACTACCC 1 .
f-;-zz Y 6 AGAG 165.736-757 Mycibacterium complex [42]
S-G-Gor-0596- TGCAGAATTTCACAGACG
A A 99 ACGC 165,596-617 Gordona [42]
oA CACCCACCCCCATGCAGG 165.192-209 Gordona. amarae [42]
?:1 ;9"_‘:_' Al é TCGCGCTTCGTCCCTGGTG 16S.,439-457 Gordona. amarae group 1 strains [43]
?4 ;g'_(;_' ;"‘;29 CGAAGCTTCGTCCCTGGCG 16S, 439-457 Gordona. amarae group 2 strains  [43]

* Escherichia coli numbering
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FiM B TR R BITARI DS BRAM H B EHEFRETHR . (DFERRRRIHFRTR
VRS (ORISR S T M B REEEAGEH: QARG RERH R ORAENRFIE
I M A G HT A EERNA A LS E (A AR AR EEMI AT AR
S EBREBMK L FEBSENEARAERAG . TUEETZEAHMESNEXTRHER —
BRER) IR YN EEHEREDNYRSETMEKERSHEKR. SHMEY REHDHHE
FUEL e &G AHEMXRE. EBLN. BN AR FEESRAENEH, & 25 3 5 RAHm T
PR ARBERBANREA L BB TRE. XY R rRNA-targeted 3B H BRIER ST IR 17 35 0 JERp 1
ERPEEEFANERELABNSISTAARENSERLH ETE2RMKASHHEERK
AE IR PEMTHATHESMBRZEMASREASITRE., 82 BHESEREMHES BRI STHE K
B iR Bt R REEF LN HE AN E . rRNA-targeted EEEMIFHEZTEHMSIASIE
TZA B EFREREL.
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