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Identification of functionally important microorganisms in a lab-scale anaerobic

biofilm reactor for quinoline-degradation
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Resource Science and Environmental Engineering , Eastern China University of Science and Technology , Shanghai 200237, China) . Acta Ecologica Sinica ,2006,
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Abstract: Microbial community structure in a lab-scale quinoline-degrading anaerobic biofilm reactor was dissected in comparison
with the seeding sludge to identify the functionally important members. Samples were collected from the biofilm when the reactor
reached the stable quinoline and COD removal efficiency. Total DNA was extracted from the samples. 16S rDNA v3 region was
amplified and DGGE analysis was performed. The dominant bands were excised and the nucleotide sequences of the rRNA genes
were determined. At the same time, a near-full length 16S fDNA library was constructed. Nucleotide sequences of 100 randomly
selected clones were determined and identified by nearest neighbor analysis. Comparison analysis with the seeding sludge indicated
a significant increase of the Gamma Proteobacteria and Desulfobacter postgatei during the acclimation period in the reactor, this
suggested that these microorganisms may be functionally important for quinoline-degradation under anaerobic conditions,
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FAXERGE, BEKLBRERBHARBREMATASRGEZ - MREFZG THAEYLE BRI RREE
KEBRGH - ITEBEHRT T, SREKLEN N FENTERREREIEBAS B EKLEE S, Fir
EMRERAERM AR PRMGEERR ZABBLRY . FEEFERETEUREN RN, MBEFE
BBRA, BRSO HNEAE TN AR WA EREXGTRE. BRREMEDEERLDIERANSE,
XS AL R B Y M RE T TXHF AR EY , EEREERRERNERE, LR
STEVENTFEMNATHRIARERPEEYHXRAR, G/ AN REBEDWINRE TR M3
Bo HARWAFKYFE KN, Chovari ERERERENEKLBREFRAT —MHHMEDEEY,
XERMEHMTHERKORELAHIBHE -SHEAHEBRESUR .

BRI EEFFERREKLEERGEN, N EENREREEELRESBIANREEEREN
EYBEEKRGETH , ZBEYRELRRENRETHREMN, IEBRHENESNERE RILER
BHWREITREN . AT K PN T ESERERTENRNET, EEFTERERTEN S BRE
KEHINES SR, ORREADERELRERAE TN M F I ERRERENIRBERELE
HABIREW, B T HAIENEREEERNRE, TEESHNHEYCEABETERKLAEREIRE
B FEE S, X F LB KEE IR EITHBGHEREREFE L,

WEDERKNEYLHEIBPEEEENER. ME> FRANATAEFRBEDX ZRHHE, &
A E A FHE R R DNA HATT 8 TR, ATE 3 Tk EH RNA REFF', (HiX % F5)
RESCEEFRBINAENREXABRE, TEACANGENE#HTLEE, A3 BEDFENRE
BB 5 IX S FE B AT R, AT U Bl — e 6 TR A M ShaE F A5 B, AT AT LUK X R G iR
BTN REN |

IR - FENSTALITLAY . REETHRE L BHKEIHFESRBRYZ —, LR R HAEH
AAEFEHEMBOEES . ME TLEKLCEI RS, b2 —fE L ERRNE RGN —, BEE,
HT B TS e 5 A A4 K Ak A [B] R A S R 45 9 2 B AT I,

FEARLEH BT — N REB IS E PR vk i IR R AE W B S L 2% , B ) DGGE F# 2 S8 R SCE M 3, X
HMEYARET TR, A5 FERENMED X FRARFITH AN, B HEDR RABRNEL
FAR MR EHKA TR FERE FEERANIIRE, AXNHARERKFEEAXALAGYNEREE —ENE
X
1 XRAZE
1.1 HEEBRLSHMRE

R SRR A 1SL, BRHEAMPRE VK, HFISERET LEAMA BEKLEREN — i, ZES%
FIRAF FISIRHFETHER, AT & BUE KBRS e wk B% 8 . (NH,),S0, #1 K,HPO, . MMk 40mg/L, fRIF &R
Seb ik A BRI L 150:5:1, A BURKE — B BZIE R (ES series, IWAKI, Japan) % 2% il A |2 5 #8 # 3 %
FeK S F B etia R 24h, RGEHIRE B — > F A (YH, China) #ZFH7E 30°C, 433 6 AMER, 855
BT —AREMRSE, %L 5d WMk COD RBR% % . COD Hi Greenberg E FRR 7 B M5 ™ . ook Ay ¥R
B i1 HPLC(high performance liquid chromatography, GC7890, Techcomp, Shanghai China) %l &, pH {H & i &
(DO) 4+ %1/ pH T (pHS-3C, Leici, China) MBS FE (0xi3301, WIW, German) HFTHE ., UERAZLEHBRER
ShE, REEVESSFTHEDABL T
1.2 H e T4 B A0 DNA 25

A LI F BORR TSI R SCER T BT 5 0B A9 AL T R R LSO
1.2.1 HAFAE EAYEFS NS FERN TENP 8 (50mmol/L Tris,20mmol/L EDTA , 100mmol/L
NaCl 0.01g/ml PVP,pH10) R B{ BEEk 75 43 HE#R (Smin) o 11821r/min (10000g) ,4°C B> Smin, WE TR, 15 fFK
R84 PBS 4% vP ¥ (8g/L NaCl,0.2g/L KCl, 1.44g/L Na,HPO,,0.24g/L KH,PO,, pH7.4), BE#R, WETIE(EE 2
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K)o tn PBS BB, 53D 10ml B0, SEN 4ml BFEBA 1ml HM, — 28 H 4T DNA B,
B AR RS BUE - T0CHRF
1.2.2 DNA MR ¥ BEFMERDED 1.5ml B.0% P, 11821r/min (10000g),4°C B .L> Smin, K IE 50
~ 100mg £ 54 , 1 20041 1 32 2% #h ¥ (100mmol/L Tris, 100mmol/L EDTA, 200mmol/L NaCl,1% PVP,2% CTAB,pH
8.0),0m 2 B FEIMEK, BEIR Smin, FHER T BF . A 200 SDS B h#k (2%SDS), b T B8 Smin, B F K
£ BEMA#ET 13479r/min (13000g) B0 10min, 3% EEREBI - TPHOBOER . A 4000 H B GHE B
BRSBES . B PFT 134790/min (13000g) B0 15min, ¥ L HEBREBI —IMFHWELEN. REFEH
400p] B FEAS (1:1) K 400pd | EHR 1 K, ELFEBFWA 0.6 FRBWRAE, L THEARSEET
~ 20 CYL¥E R B , 139871/ min (14000g) B .C> B §h 20min, BIH LW . FH 70% ZBEHEEFHIK, ¥ % T 4 30min,
FA 100pd XFE KB BHES . MA 1.54] RNaseA (20mg/ml) 37 C 44k 20min, 78 B|# DNA BT - 20CIR %
1.3 16S rRNA £ K V3 X PCR ¥ 3% F 35 B i %% B¢ B3 3k (DGGE) 43 #F

16S rRNA B H K V3 X ¥ ¥ R A EERASI % P2, P3", PCR ¥ #k R R B F R A Muyzer £ AHWH
B, PCR 7= 38 13 28 #6883k (DGGE ) #4743 BT (Dcode system, Bio-Rad) o, ot 25 #7)#%  H 35%
~60% (100% ZEEFHH L F Tmol/L MR EM 0% M EE FHRBE). XRRA SRR ABEER, B kB
MWLH 1 x Tris-Acetate-EDTA (TAE) (pHS8.4). HL3k7E 200V HL £ .60°C & 44 T i& 17 200min, B 3k 4 3K 5
SYBR green | (Amresco)¥:f6,, DNA i@ i UVI BEB B8 R G (UVItec, Cambridge, United Kingdom) #4743 #r, Xf
Bk EEREHTHREK, ESEFY I R WFEHFEEINHTH FLEE,
1.4 16S rRNA B 2KV ¥, mEXFEHE

16SRNA EEM LK Y R HAEEATI % P0,P6!"™ . PCR ¥ K& R REF R Di cello ZAMNF
%=, PCR ¥ 7=yl 3 7% B M % B F pGEM T-easy FLIE £ 4K (Promega) , i 1 L #% 4L 3k (BIO-RAD) 85 4L 3l
KB B DHSa H, Ffk 100 4 FH k7o e by 2 5 R SO/
1.5 WFEFF 28

Xt CHEE Y 100 R B SER PO I F — A RBE L, IEB B 100 NS MFER EREBAEYERA
R} 52 L, — AN B K 2978 B 500bp 2276 BIA 3T T, LU FI AR BAYE 99 % KR dE , #3X 100 N7 51 %1 4 4 s B 4+
252 E B0 (OTU, provisional operational taxonomic units) , XF &> OTU B — MR FEREF BRAES Y T7 M
SP6 HAIT&KEF . M FSIFE RDP U FE o # 17 #% & 1K (chimera) B3¢,

ATRMERCENMFRETRES, RAT Kemp EA W ERBEE, B3R, BE2RRKX
/N8 52 R JE (pseudo-librariy) o ¥t 8 — AN RERE , B HE Kemp S A B B B HHE B A estimators, S, "™
Sace o HEXENBEBA-—NEXNHERFE, BINERARBRE Kemp M7 EHTLB,

RT3 SCHE R TR RE B SE AL b AL $E AT 4 5E , 7F GenBank (http://www. ncbi.nlm. nih. gov/BLAST/) ¥3E B rh
N ERFFIHTHN S, FRFEXFZBOIWMERTIE, HWE I LB (Phylogenetic tree) o
1.6 HBRFF )% %5 (Accession number)

A1 5T b B AR B A Y BB & B DGGE 2%4 B JF 51 B 52 R& SCE 16S rRNA E: B /¥ 51 ZE GenBank 338 FE Y
B %5 R DQ296464- DQ296465 Fl DQ296466-DQ296474
2 KRS
2.1 RN#BEEBEITRA

Zi36 MYk, RNBEBWTRENBITRE, RLEW pHEHR 7.0, BHHRA(DO) <0.1mg/L, £33
5d Xt sk COD LR FHES M, B BIM Tk LR HE R 53.6% ,F19 COD ERHMER 60.4%,
2.2 DGCGEHEERFELZHHNATERE

BB FHERMAYEERMAEYBREORES S DNA, HHAE ARSI YWY # 16S DNA V3 K, i#d
DGGE S tT8 RIS A 1. XM HEHPHEWR (R a~)HITHR, EFHY Y, REMF 5. 7 GenBank


http://www.cqvip.com

£ 000 http://www.cqvip.com|

5# M FNERERNREEYRUESTEENREROLE 1393

(http://www .ncbi. nlm. nih. gov/BLAST/) B E R H#H T LI 4T, RAELXF  HWFIIRBHBEFHE
Pseudomonas sp. PCP2( AF326380) , 55k b [l IR B B M & Desulfobacter postgatei (AF418180), TiFhFi5 R+
MEE R (c~e) T3 M HRBHAEFMMEYRAREHRBE T a M b RXEEMFERPILTEE
A8, X—FREH, EPHIERD ,ZH a Wb IIRROBEYWFLBENN, MYLRESHEWMKE
ARG THTH, TEENBEYRATERREREXMETRBERN EEEA.

35% RS GenBank + #J [F] I 5 5 £ 5 A8 el BR5
Bands Related bacterial sequences Similarity ( % ) Accession No.
Pseudomonas sp. PCR2
a 99 DQ296464
(AF326380)
Desulfobacter postgatei
¢ b poste 99 DQ296465
( AF418180)
d
¢ Uncultured beta Proteobacterium
c 95 AY945926
(AY133064)
Uncultured Bacteroidetes
d 97 AY945927
bacterium( AJ575722)
Uncultured bacterium
e 97 AY945928
PHOS-HE36( AF314435)
60% \

* RS 5ELZEPHRES AN Bands were excised from DGGE gel shown left

A1 RERESTFORTFESRRBERENEDERSMMENK R DGGE B RS TELAHHNITEELER
Fig.1 DGGE analysis of 16S rDNA v3 region amplified from the seeding sludge and the biofilm in the anaerobic reactor.The denaturing gradient was from

35% to 60% . Table 1 shows the result of the sequence analysis of bands obtained from DGGE gel
1: % TSR M Lanel : Seeding sludge;2: RE X M 35 LY B & Lane 2: Anaerobic Reactor

2.3 16S rRNA EE 2K UENE R

FFBRRERESERN A  EYBRERBAT 97 MR R G 3 A BRI RS E), TR
UE BT 2 ) SCPE R 2 LA A oK M o B4 9T 0 ¢ 5 B9 3 B (phylotypes richness), R T Kemp % A" i 87 #E R 4%
(progressive sampling) M 7 5. S5RWNE 2 FiR , NEIHR AT LUE S, B4 estimator ¥ X B AR A, KB BT 2 14
SCEEW P B 34T o
2.4 EESXERFIIGSHT 20

A WIRERE S SR B BT R TR RE B 99 % JF B IR R 4
bR, L5 B 9 MA A OTU, S E 1 OTU LK
3 ,7E GenBank BB h T LI 4347, IR FLE X F
BOE MM e g, 4 33 1L ( Phylogenetic tree ) i1
3. NEIHATUE L XESFHE SEEHH
OTU(AR2 I AR, tL5i 43 5% 54.6% F1 26.8% ) i ¥ 3 - o 00 1o
53315 GenBank —“1~ Gamma Proteobacteria T4 (¥ 4 B FLREM Library size
(AY972868 ) K Desulfobacter postgatei T W) 1% & ¥
(AF418180) R A & & i /751 [7] J 44
3 4ig

ARSI T W05, T B IREE T ot i oy v e g 1 sl sl st o
ot TRHTFIERERERNMBREBITRE T BB phylotype richness
X RABRRE, FEE PR $, 165 1DNA XE S

OTU # Predicted Phylotypes

B2 RIE Kemp FH I B BIAY Spce M S 895375 B
Fig.2 Predicted numbers of phylotypes based on the S,cg and S¢y,, versus

the subsamples in the library. The library reached an asymptotic maximum,
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i #2 B4 Gamma Proteobacteria Y. 44 1 Desulfobacter postgatei Fh B 2 YITE SCEE 5B R E#AL . 7E DGGE B i 4
reh, &% a WFSIRIBEHER B KR Pseudomonas sp. PCP2,iX &£ — MBI Gamma Proteobacteria Y 44 L 4=
Y, AR LRE R R Gamma Proteobacteria ILHFN Desulfobacter postgatei B HITH A ¥ J& I 1 2% P B9 4K
BHAEY ., ERTERY XEMAEVHARKEH , CRRRYRNBELE TREAH T RAEWH
MR , KM EYX R PHENN - HEYBIEE, FUALRPEEHW AL BREITRERRERE
FUT Rk FEIERE,

100 — AR-89 [OTU-ARI11, 1]
100 ' F Uncultured bacterium clone (AY218598) |-CT L
69 Acetonema longum (AJ010964) Firmicutes group
n AR-23 [OTU-ARY, 4]
100 [ Clostridium diolis (AJ458417)
AR-22[0OTU-ARI, 26] ] DeltaZZ T B N4
56 100 L Desulfobacter postgatei (AF418180) Deltaproteobacteria group
100 ; AR-93 [OTU-AR9, 1]
100 I Dechloromonas. sp. [AF170354] ] Beta 2270 M4
AR-61 [OTU-ARS, 2] Betaproteobacteria group
53| 100 | ————— Uncultured gamma proteobacterium (AJ619045)
I 0% AR-24 [OTU-AR2, 53] GammaZZ ¥ 4
00 Gamma Proteobacterium BAL281 (AY972868) Gammaproteobacteria group
100 L Uncultured gamma proteobacterium (AY693817)

AR-29 [OTU-ARS, 3] MG R e B
100 E Uncultured bacterium clone (DQ067004) Unclassified group
Cytophaga sp. (AB015532)

100 AR-57 [OTU-AR7, 1] WIFE4
100 —AR-33 [OTU-ARS, 6] Bacteroidetes group
53 - Uncultured bacterium clone ( AB186809)
Meth, cus jelii (M36507)
0.05

3 EYBRERTEEERHE OTU RHEE GenBank PHFEZXRBENFFIMHENRERTR
Fig.3 Dendrogram of 16S rDNA sequences showing the phylogenetic affiliation of the OTUs in AR. Neighbor joining tree was constructed of the near-full-
length 16s rDNA sequences of the representative clones of each OTU and the retrieved sequences from the GenBank databases.The OTU name and the number
of clones belongs belonging to that phylotype are shown in the square brackets. The scale bar representss 5 nucleotide substitutions per 100 nucleotides.

Bootstrap value(100 replicates) above 50% are shown at nodes

BAALRUE T — e L BRI AEE , (5L 2 RO A S e TR SRR O A BLYI O B 4 R v 4
Rl S0 T L 1 T R I SR AT , S R 23 B R (FISH) , B HE I 6 BRI AR (STP) ™~ 1L
Rt B 5 0 1 35 Rt 17 5 B 2 07 M T R A O B3 o
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