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Diversity of Culturable Filamentous Bacteria in the Activated Sludge from A’O

Wastewater Treatment Process

GAO Sha'?,JIN De-cai’ ,ZHAO Zhi-rui*, QI Rong’ ,PENG Xia-wei'>, BAI Zhi-hui’

(1. College of Biological Sciences and Technology, Beijing Forestry University, Beijing 100083, China; 2. Research Center for Eco-
Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract: The anoxic-anaerobic-oxic ( A’0) process is widely used in wastewater treatment plant, however, sludge bulking and foaming
are the most frequent operational problems in this process. Activated sludge bulking is caused by the overgrowth of some types of
filamentous bacteria, especially Microthrix parvicella. In the study, 17 strains of filamentous bacteria were isolated from the bulking
sludge of A*0 process using Gause’s medium. The 16S rRNA genes of the 17 isolates were sequenced to analyze their diversity. The
results showed all of the 17 isolates were Sireptomyces. Further analysis of these strains by the repetitive sequence based on polymerase
chain reaction (rep-PCR) technology showed that there was a high diversity in these isolated Streptomyces. The physiological properties of
them were different from Microthrix parvicella. The settleability of activated sludge was improved when some of the isolates were
inoculated.
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T2 IR HAT 5 2 AR B T 22 AR 25, (1 S
Tl B ) AR PR 22 S BB AR TG PR TS TR N R AR
HEF Y RS IS | R 1SR, AT
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1 #RE5FE

1.1 #E

K G KA BT AP0 T 25 R A I K 01 0
PEVGIR, —20°CARAE45 1.

1.2 B

SERFRED RAER—5 4 W R,
¥ 20 g, WSIRER 1 g, AALEN 0.5 o, BER A 41 0.5
g WRIREE 0.5 ¢, BRERIEER 0. 01 g, Billg 20 ¢, ZKIRK
1000 mL, FHEXERER 50 mg,pH 7.2 ~7. 4.

BEREAE. BRI RE (AT ES
PR .

HIBPER L AR IR I A 0.2 ¢, R4
Bz 0.1 g, BERR A 41 0. 05 g, WilREE 0. 05 g, TR
2 g,7Kk 100 mL,pH 7.2 ~7. 4.

WA R B33 . + 5100 g, iBREP 1 g, &1k
0.5 g, BEIRE —H 0.5 ¢, BFREE 0.5 g, BRIV 2k
0.01 g, Bl 20 g, 7%1%7K1 000 mL,pH 7.2 ~7. 4.
1.3 BRI B ROE UL

TR T RIS ¢ W PETS TR R dh T 264 45
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PRV, B 100 L IR AR T K — S35 3R 3 1, 28°C 1
TR 4 ~7 AP KB B R TE PRI AR R
Frdk FiATRILR i B ali AL R 97, 4597 5 ~ 10 d, W
FFICSR AT FE TR 5 1 i 07 TR AR HE AT 4 v 5 9% 5
~7 d, RS, B TR B (O 000
T ) T USRI TR 1T AR ARFAE
1.4 FE[H4] DNA $2HUFT 16S rDNA 1) PCR 374

SR FH 20 TR 5 PR A 4 BB 7R 6 (R AR A= Ak ) X il
LRI SE 41 DNA HEAT /MBI 16S rDNA fR5F )7
G 1G5 W Ry 3l 15 |9 27 F11492r.

16S tDNA-PCR W AR F (50 pL): 5 pL 10 x
Buffer,4 pL ANTP (2.5 nmol - L. ), B 5945
1 pL,1.2 pL DNA #4 (/MNF 1 pg),0.5 wL Tag
DNA AW, PCR [ 2514:95°C 5 min; 94°C 1

min; 55°C 1 min; 72°C 2 min, 30 PE¥H; 72°C 7
min. PCR 7=#)F - 20°C A7 H.
1.5 16S tDNA J¥HE K R G5k B H

P B 22 4R 40T 16S rDNA (1) PCR 97 8 7=y 1%
et L TR A Y HAR A RS BTN, DY 2
5 NCBI #J GenBank #£47 Blast 43#r, 3% FH FF 51 43
Bt MEGA4 N-1 K R G AT
1.6 Rep-PCR &[R40 3 44!

PCR ¥ 1% 5] ¥ 5y BOXAIR (5'-CTACGGCAAGG
CGACGCTGACG-3"). ¥ HKZR 25 pL R ZR™ 2.5 uL
10 x Buffer, 2 pL dNTP (2.5 nmol-L™"), 2 uL 5|#),
1.5 pL DNA £5Az, SZEKEME 2 25 pl. PCR 5%
4::95°C 5 min; 95%C 45 s; 44°C 1 min; 72°C 3 min; 35
AMIEER; 72°C 10 min. 385700 R UK 43 B8 S A4 SC
HR(11,12,16 JHE4T T 2kt 1. 5% W IE MG T TBE
LR L6 wL T 3l loading Buffer 124,80
V H 3K 150 min 2§ 100 V H3K 120 min.

1.7 PEInEEER R 43 2 AR TS e TR P R Y 52
S

P S TR R A TR R T S R B h 27 °C
160 remin ' FERIEFE2 ~3 d, FIRARERF . B 100
mL IR IS I T 150 mL FRHL A K IR A
KEHRA WA 5 VR 2% | 5% | 10% T %
A KIS TR = M, 7E 25°C,60 remin ™' $E KR
DiRG, B 3 h W E — T3 e 1Y 15 e B i 2
(SVI) , BN e B 6 B AP A A7 5250, BOE-#41H
WNAAPAT LI 45 5 (AR 1 I 22 88 21 10% , 0] P
L.

2 ZER5iTie

2.1 ZZARUNT Y5 B AL AR SRR

FIFRG B 43 B i, L5 g 31 17 BRIEVE IR
BRI (R ) E LR R BN, BRI
G*. X 17 BRIE HEATHE B AW AR R B, 225000 Bk
FEN B 2253 R 5, ORI, AN 24 A 1) o1 ok o 22
AW, B 1 I 9 Bk AT R IR 2R B 1A s
TR R (R 00015%) , 51 75 U H#: DAPI
Y [5G BT B R T I 22K R S i — DAY
Xt L.
2.2 16S 1DNA BN 73 S R4 k& R4

X 17 BRZZIRANE 1Y 16S rDNA JF5 50 BIEAT T
W7, 5 GenBank ¥ 751 HL 8%, 45 S R B . firfd
17 BREZAR M S JE T 555 W | , L 16S rDNA JF 41
H5ZWF LSRR E T 97% LA (3R 2).
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Table 1  Culture features of the isolated filamentous Wjj(%'é ﬁ ( [g 7 ) ) gs ﬁi I. GSI2 . GS16. GS02.
strains on Gause’s medium NV
- ez GS03, GSO1, GS14, GSI1, GS17, GSO7; ZKEHE .
WHES  — ek ek AR GS15, GSI13, GSO5, GS09, GS08, GS04, GSIO,
GS01 B T T GS06.
GS02 EINS| R x S
GS03 IRE T % 28 1 #,GS12, GS16, GS02, GS03., GSO1
gssg: §§ i Y%jﬁfl GS14 BAE—A~453 32, 4335 Streptomyces microflavus
GS06 " % be 126196 (JN180208) . Sireptomyces cavourensis 173883
ggg &f féi ?é ( EU570437 ).  Streptomyces  microflavus 2429
GS09 KA HH P ( JN180194 ).  Sireptomyces  microflavus ~ PM258
ES B - N N v
Gn £t X (JQ422163) 45 BBk 0 AFDL 5 35, 24955 9996 L1
Gs12 Z/iﬁ“g ii % . Hr GS03 5 Streptomyces microflavus PM258 A
GS13 RZ b . e N
cs1a s o - U KE T 100% 5 Hibk GS11 55 GSIT M4 R
g:ig ?LEFl ﬁﬁﬁ i I, BT Streptomyces rubiginosohelvolus NXPT24
G817 B i BT (IN999920) f A1 L BE &z 5, 43 il 9 99.5% Fi

1 AEEERNEHESEMERA SReHBRERRTY

Fig. 1 Microscopic photograph of the cultured isolates and Microthrix parvicella

R2 TWIEFLWKEER 16S rDNA FHIS 1
Table 2 16S rDNA sequence analysis of the culturable filamentous bacteria

bR 5 16S rDNA J¥%1] GenBank %55 GenBank HV AR DL TR I S AR SR AHLEE/ %
GS01 1X430438 Streptomyces flavofuscus (JQ924410) 99.9
GS02 JX430439 Streptomyces microflavus 2429 (JN180194) 99.8
GS03 1X430440 Streptomyces microflavus (JQ422163) 100
GS04 1X430441 Streptomyces phaeochromogenes ( EU594471) 99.5
GS05 JX430442 Streptomyces sp. XAS589 (GQ395243) 99.6
GS06 JX430443 Streptomyces sp. OA20 (JN942132) 99.9
GS07 1X430444 Streptomyces sp. CPE393 (JN969034 ) 99.6
GS08 1X430445 Streptomyces sp. CPE338 (JN969025) 99.5
GS09 1X430446 Streptomyces rochet (FJ792577) 99.5
GS10 1X430447 Streptomyces sp. 195018 ( GU263875) 99.9
GS11 JX448396 Streptomyces rubiginosohelvolus NXPT24 ( JN999920) 99.5
GS12 1X679243 Streptomyces microflavus ( JN180208 ) 97.8
GS13 1X465725 Streptomyces sp. XAS589 (GQ395243) 99.7
GS14 JX465726 Streptomyces sp. QZGY-A23 (JQ812080) 97.7
GS15 1X679244 Streptomyces sp. MJM3859 (EU603347) 99.7
GS16 JX679245 Streptomyces lavendulae ( AB184079) 99.9
GS17 JX465724 Streptomyces rubiginosohelvolus NXPT24 ( JN999920) 99. 8
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GS12 (JX679243)
Streptomyces microflavus (IN180208)
Streptomyces praecox (10Q924404)
Streptomyces sp. (HMS579818)
Streptomyces lavendulae (AB184079)
G516 (JX679245)
65) Streptomyces cavourensis (EU570437)

GS02 (JX430439)
Streptomyces microflavus (JN180194)

GS03 (JX430440)
1 Streptomyces microflavus (JQ422163)
651 GS01 (JX430438)
Streptomyees flavofuscus (JQ924410) } |
_| G514 (JX465726)
8l Sireptomyces sp. (JQ812080)
P ﬁSI‘l ( IX448396)

GS17 (JX465724)

Streptomyces rubiginosohelvolus (IN999920)
Streptomyces mediolani (F1792545)
Streptomyces sporovirgulis (EUT81491)

Streptomyces sp. (GU211901)

4
-

ks

100 | g4]

— GS07 (JX430444)

g0 | Streptomyces sp. (JN969034)
Streptomyces bacillaris (IN400100)

77| GS15(JX679244)
I Streptomyces sp. (EU603347) )
100 Streptomyces murinus (AB184622)

Streptomyces sp. (JN969013)
100 G513 (JX465725)
— Streptomyces coelicoflavus (AB548687)
Streptomyces sp. (GQ395243)
GS05 (JX430442)
Streptomyees avidinii (F1481066)
Streptomyces rochei (F1792577)
GS09 (JX430446)
Streptomyces sp. (IN969025) i
Streptomyces akivoshiensis (AB184095)
411! Streptomyees phaeochromogenes (EU594471)
G508 (JX430445)
GS04 (IJX430441)
Streptomyces sp. (GU263875)
Streptomyces humidus (HQ607425)
GS10 (JX430447)
G506 (JX430443)
'% 9p || Streptomyces sp. (JN942132)
91 Streptomyces griseorubens (IN180193)

98

B2 $FEHE 16S rDNA F5IN-J REXER S
Fig. 2 Neighbor joining phylogenetic tree ananlysis

of 16S rDNA of Streptomyces

99.8% . GSO7 5 2HE I rf HA PR MR (RSB % ¢ R
I g B RAE— A X b, SRR Streptomyces sp.
CPE393 (JN969034) FUAHLE M 99. 6% . JEHf 11
&8 BRIE AT 40K 4R 2 4332, BR GS15 E kA A
BT —Mobh , Hom 7 R RIS A3 L
GS15 5 Streptomyces sp. MJM3859 (EU603347) [ 4H
IPER R, 18 99. 7% 3 HiAy 7 kA 5 H B A B T8 Bk
FIRLE AR 99% DL . 4N, T RGE KT W
(AR R] 43 32 b 2t B [R) %) 2 LB R, T DL e
BB NAEALE 16S rDNA J3 51 1 AR AL 4 AS [5] B8 A,
PRHCAY 43 B TR A% 1Y) 16S rDNA JF51 5 GenBank %%

P 0 2 P 9 HE AT L X, 38 AS BB 28 1) 21 Fh Y
K-
2.3 Rep-PCR [ F5 LK 1E 4T

K HH BOXAIR 51H1%F 17 #REE W AT T rep-
PCR ¥ B8 LI 431 (1 3) . X s I A T 3R 28
GIHTIE R 3k SO B TR T B A o 4 RIS 2B
# 1 .GS10, GS06, GS08; ZEHF 11 .GS17, GS15; 2K
BETL . GSO7., GS11, GSO3., GS12; ZKBEIV. GS09 .
GS04 ., GSO5, GSO1, GS02, GS16. {HAF—HEhHYJE,
BEAERED A RIRRTKH DNA JFHKE | e &R
FRIA] FEAE— 8 1 22 524, A6 rep-PCR ARG H T
FoftJ8 O ZR 50T TR Mk 2 REME BT IR . AR B R
85k BB M4 S rep-PCR R RELE R LR &
B, RN AR B A5 AR — 2L
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