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SRR RE 7R IR 5T, FIR, AR B 35 K 1E4T 10—
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PP A AL 5 SpMDIS-TH AR % 12, JFi@
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ANEHERMLBRE AR - E T37CHFFMETFH*.
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CACACAGG-3"X} BH 4 7 B JE 1T B V& PCRY™ 1 £
I, 35 B Ry B /N IE B 1) . [ 326 28 900 5 8 ) 58
o 45 B AE GenBank i /7 BLASTEL X,
R EG R RZMITHE I 16S tDNAF I, FlH
MEGA X# {4, 8id 242 (Neighbor-Joining me-
thod) M RGE R B W o
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14 ERFENFHHER TR

FHZR M 4 $2 754 B PR 21, 48 NanoDrop80007#
TR ANy Y T S 1 Yokt i B vt fie FEL VK SEAT IR
FE R B E , el S A% e, 1% = w7 AR
RN, WS RAMHALRECHR
SPAdes ik K| 4L 4% T H I e 45 R EAT 412, JF il
JIIRAST (Rapid Annotation using Subsystems Tech-
nology)Z& R 2H H 21T B IR 55 as EAT 1 FE
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2.1 EERAFRERERNIFIL

BATN = A V0BG KA B R 1
15 Ve R i B K RE A 4 3 I Al Ak 31— ik 18 e AT B
EYNI2( 1). £16S rDNAJFE 55 H1 % 58 Nk
MIKEHEME . SRR IES S B R
Dot R A F B2, YNI2HEAFA K, kg%
FE TR R TR i P R ] A 855 77 2 B 1) B v AT
SEEE, 5NEBTRY T 5B B PR K
P LE B [ 16S tDNA T 1 [F] 35 14 b #8 5 A Hei,
UK T MR YN 1245 %8 N Pseudoduganella eburnea
2.2 HHRYNI2ET16S rDNAFFIMN ARG A Fift
&SEgin

5 16S rDNA ¥ S - 45 SR AEBLAST L AT
Hext R IR, HREYN12.5P. eburnean 10R5-21" FIP.
violaceinigra YIM 31327 [RIAHALLEE 43 51 98 .8% Fl
98.5%. ¥RG K AMITHMKII16S rDNAFFILE
MEGA X3 H i ik 45 7k (NJVE) JEAT LT B A 0
(¥ 2), FEF B BE T, FHRYN125 05 FLi KR
YIM 31327 BRAT10RS-21" MREL % R EIE, 5P,
danionis E3/2" £ 551 )2 it b #0542 5, 545 &
ARG D [ B 8 5 4L 98 IR B9 8 (Duganella)
5 2 G B (Massilia) [F) )& T4A 70 & 48 K H
(Burkholderiales) 5. R #F B £l (Oxalobacteraceae), —
AR RIE SR 4 K R, 5431 H (Rhodo-
cyclales) ) 3l i B & 215 25 % R AR B0
23 ZRFBMHABRKEYNRERBNAERSTRFE

KR @A R ESE P, eburnea YN123&
BRI, X B AR BT 2R E AN . FJHRASTH
FERE RS ARG R (R 1), BERYNI12ZE R 2
K /N1 N5933582 bp, G+C& & N63.9%, 5P,
eburnea 10R5-21" BRAREE, 447 104 MRNA, 55
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5313/ A i gmbs 7 41, Hodm bt i B 4% e D RE v K(126,2.37%), Bi e~ BEGLABHAAH (122, 2.30%),
RULN LR 3): . e E. HEAE BB ARIARDE(16, 0.30%), Z R IhEEF 5543, 0.81%),
ZAIC QT8N EEA, 155.23%), 4 i B A S5 BT B AH W T A I B A L B JRE IR T ORT R FH SR (1,

1 Pseudoduganella eburnea YN12 B it BT B3R 24 J i i 1

Fig. 1 Floc-forming phenotype and microscopical observation of P. eburnea YN12 strain
ANIRGHE TR BIRRYN12 ()R 25 BIY B MR YN 21 BLJS D0E (1 3 A2 [ COUYNI2AE it BB T iR, W R e D2
WA BB AR YNL2; SR A F5 R 810 pm
A. Agitated bacterial cultures of strain YN12; B. Settled bacterial cultures of strain YN12; C. Microscope image of methylene blue staining
of strain YN12; D. Photographed with differential interference microscope of strain YN12; Bars: 10 pm

j2IJ— Massilia albidiflava 45" (NR_043308.1)

59 | L Massilia lutea 1017 (NR_043310.1)
0.010 8 I— Massilia umbonata LPO1T (NR_125569.1)
20 L Massilia dura 167 (NR_043307.1)

\_’7 Massilia flava YOU (NR_117901.1)
26

[ Empedobacter haloabium G393-B445T (NR_125708.1)
Massilia terrae J11T (NR_157771.1)

26 00| [ Massilia solisilvae J18" (NR_157772.1)
99 L— Mussilia agilis 197 (NR_157770.1)

40 I— Pseudoduganella eburnea 10R 5-217(NR_159256.1)

99 I,| Pseudoduganella eburnea YN12
63 55 L Pseudoduganella violaceinigra YIM 31327T (NR_025770.1)

L Pseudoduganella danionis E3/2" (NR_152711.1)
g Duganella radicis Sac-41" (NR_108217.1)
L(: Duganella ginsengisoli DCY83" (NR_147711.1)
75 Duganella sacchari Sac-22" (NR_108216.1)
73 Duganella zoogloeoides IAM 126707 (NR_025833.1)
I Rugamonas rubra MOM 28/2/79T (NR_104915.1)
54 Herminiimonas saxobsidens NS11T (NR_042610.1)
88| Aquaspirillum arcticum IAM 14963™ (NR_040898.1)

77 I Janthinobacterium lividum DSM 15227 (NR_026365.1)

7i|— Zoogloea resiniphila DhA-35" (NR_027188.1)
[ Zoogloea caeni EMB43™ (NR_043795.1)

100 Zoogloea oryzae A-T" (NR_041286.1)
?‘7— Zoogloea ramigera 106" (NR_026130.1)
2 Pseudoduganella eburnea YN12 S i AN H 5T 16S tDNAT 5 [ R G R B SEAL
Fig. 2 Phylogenetic tree based on 16S rDNA sequences of Pseudoduganella eburnea YN12 and closely related strains
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Tab. 1 Genomic information statistics

Ji A5 S Version P. eburnea YN12

FE K 2H K /NGenome size (bp) 5933582
G+C & &GC content (%) 63.9
Scaffold N50+K: & Length of scaffold N50 (bp) 451172
HFZHL50 Genome L50 5

¥ 5| 2 & F¥£40 H Number of contigs with PEGs 81

F R HNumber of subsystems 465

& A 4a A% ¥ 5 Number of coding sequences 5313
RNAZ%{ H Number of RNAs 104

0.02%), EALE HH (296, 5.57%), BB T EU 518
WA (59, 1.11%), RNAAC A 52 (184, 3.46%),
ot SRR AR (116, 2.18%), & A JF AR AH %
(300, 5.65%), 4732 JE HIAH (37, 0.70%), & 35))
PEREAL A 2227, 4.27%), L EIEANE 55
FI(49, 0.92%), IRFAREIHIH(S, 0.15%), DNAL
WHAHIC(113, 2.13%), TR M i AN e L — A A
K (135, 2.54%), BACEAH (49, 0.92%), FRHRFNHI
FIE AR (4, 0.08%), FFIRAE FHFHIE(131, 2.47%),

HprK-related kinase A
HPr-rel-A system PqqD family peptide chaperone

@ Hypothetical protein
40 Polysaccharide export protein Wza

f Serine protease DegQ2 precursor

Polysaccharide biosynthesis chain
length determinant protein Wzz

Asparagine synthetase
[glutamine-hydrolyzing] AsnB

Protein-tyrosine kinase Wzc

PEP-CTERM system-associated
outer membrane Porin

AAA ATPase
UDP-N-acetylglucosamine 2-epimerase WecB

‘ Polysaccharide deacetylase
‘ FemAB-related protein

Glycosyltransferase

Eight transmembrane protein
EpsH / Epsl

Glycosyl transferase

ThiF family adenylyltransferase

Asparagine synthetase
[glutamine-hydrolyzing] AsnH Molybdopterin biosynthesis protein MoeY
Glycosyl transferase, group 1 ‘ UDP-glucosyltransferases family protein

UDP-glucoronosyl and

Flocculation-associated PEP-CTERM protei

Glycosyl transferase, group 1 PepA

3-oxoacyl-[acyl-carrier protein] reductase

Capsule biosynthesis protein CapK

Glucose-methanol-choline (GMC)
oxidoreductase:NAD binding site

Glycosyl transferase, family 2: f Membrane-bound lytic murein
transglycosylase E precursor MItE

Nucleotidyltransferase family protein

Wzy polymerase

Polysaccharide deacetylase
Hypothetical protein

GNAT family N-acetyltransferase

Acetyl-coenzyme A synthetase

Diaminopimelate decarboxylase

Polysaccharide deacetylase
Phosphotyrosine protein phosphatase

ATP-grasp enzyme-like protein

TPR domain protein PrsT1

< Long-chain N-acyl amino acid synthase

TPR domain protein PrsT2

IS 38R N R 55 (194, 3.65%), 75 B4k -& WA AH o6
(24, 0.45%), B HEIR S FLATAYIAH K (436, 8.21%),
IRAR R AH 9233, 0.62%), AL A2 (48, 0.90%), ik
KA & YH 2% (323, 6.08%), ThEE KA (1961,
36.91%).
24 BEHRYNRETEFESFRMINZBEIERK
¥ 2 B [E 75 B A S B E 4w AL A= 48] A b 3

LA R G YN 123 R 40 h A2 78 5 2
AN EMMB™ 7L R T K E RN 2 R iR
2 TEBE AL B XHY - A6 BA ) I 41 22 5 A 40 45 P
B PrsK-PrsRX)zéﬂ/\%éﬁ%ﬂPEP-CTERMH@%
EAZRE, SLENSAEE T HREAOER. 55
HHL, EkYNlZB@H@%%*E%%EDﬁ%ﬁHH%
FLR AR o AE R, BB AL R/ 972 kbR
USRI, ALy E 008 I R A% & 2L K] as-
nBFflasnH. ZMHEFEFEREEEILIN . 76 %) RS IR K
Y S5k B Rluge, XWAH 7 B G0 AH 3 Kl prsR-prsK, 4%
SR B SE K epsB2 %5 5 T 11 T e AH DG (1 2 1A

5 B FRMMB i b 2 58 W FH 5% 25 IR 7% A L,
YNI2F & H A prsTHI S IE A, H A A 9 5 4]

< Cytochrome c5 family protein

Acyltransferase 3
Aminoglycoside N3-acetyltransferase

Hypothetical protein

PAS domain-containing methyl-accepting
chemotaxis protein

Glycosyl transferase, group 1 family protein

Glycosyl transferase family 2

Polysaccharide biosynthesis protein WzxC

UDP-glucose dehydrogenase Ugd
UDP-glucose 4-epimerase Uge

Sugar transferase EpsB2
PEP-CTERM system histidine kinase PrsK

PEP-CTERM-box response regulator
transcription factor PrsR

Hypothetical protein

TPR repeat protein

TPR/glycosyl transferase domain protein

PEP-CTERM hydrolase 1

PEP-CTERM hydrolase 2
Acyl carrier protein

»-»-»-»“—»4-4—4-4-4- E=ta = e

K 3 Pseudoduganella eburnea YN12 19122 WY fiAH o< FE K] 7%

Fig. 3 The extracellular polymeric substances biosynthesis gene cluster of P. eburnea YN12
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EMMB H [R] Y5 5 D] 4 5 7= 990 1 AR ABLBE 350 33 %
(3% 2). ZHEM 2 WEEE (Polysaccharide deacetylase).
Fe A B H CapKy RABEZ & i AsnH . £ FE
i E A Wza, B8 5B PrsR BA SR 6%
TR ] 25 A o S U g d 55 B AR (R L TR 3R P ) A AR
ABEEIITES0% A2 4a, 7 FUARSS AR SF o Ix e gt B i
B B AR X P A B I 2 JB Beta B 2 B 4N 119 7 N AN [F]
1 H, HERANZHE . KA 2 R E KR/ Y
LA ) 5 WL E 5 AL
2.5 BERYN1I2SEAMERER R ENRF A
BB EEEZ S

2 B 388 5 T LURI 2 R, CL3E A ML 444,
S B ALK I B 2 . BioLog H A%
JE Z2 48 T] LA MU T 4 (At 200 o A A B A o Al RS
GRAZLEEMIE. WP, eburnea YNI12F0FLAR 1
Y A5 RS OB R IR AT U, AEBRYE R
FIH(FE 1), BHRYNI25P. violaceinigra YIM
31327 FP. eburnean 10R5-21"#B 0] LA % 4545 .
FIERE. PYE R M. N- L R L SRR
AME—BRIR, AT AR HHER . 2R RS RIER,
{HHEABERI A VEmE . RN, (LB AT R -

BN P. eburnea YN123&: K 2H 01 K BN, 1ZH
A TR =R O TR S B IR A
& 1% (pentose phosphate pathway) A= P45 A 1
Entner-Doudoroffi& 1. LA 7. FHE. H iR
R TR 1 R AR % i AH DG 25 TR, 55 BioLog 70 AT 45
RV

4 P. eburnea YN12 12 R 21 55 H R #p 7 1:1E
BEHIP. violaceinigra YIM 31327 JEFI AT Hext G

RI, BEARYNI122: K4 5 A N- L BED-2 5 %
VIS RS, L ARE. N-ZWiD-s 7. HE
Wi D-LALMERR . D-E ARG . D-Hlh. K&
TERER v AR A E I 5 e S o AR AR AR S SR A
AABRAMRFIZERRBEMEAGIH]. GlItK.
G BRI AR R R A Mg Ag )P 5 TERIEF)
FHJ7TH, BERRYN12BEF]FH IR A FE & o

SR HEMMBAE H, YN 123 20 & il 4
IR, 4-FIHAR. HER. B R PR,
AR, N-CHRAEFEE . N-LBE AL .
PG . D-2FILBERR . D-AI AR . Hh. 2k
FLAE . ENE S AT A OGS L, A B I H IR 1
A=W ORI R AT PR A DGR R . T MMIB 2 [A]
HhEHAR. JRE. KW WIER, HE
Bl12. FE NG R A A KER, BRIt EA
ChrB. Z HE % & A MarC. KF i85 HMerT.
EAFINTEMPGIEE A XK. CRISPRIKHE
I gmis 75, B 4k KRB RIg 1R, 4- 52 H
LRy AR AR, B BRI LER Y
s, MRS, EARYNI127E 2 58] FH 05 o 8 1 Bk
MMBR R=E &, 7] DU R CRIAE) LT i AR
JRE SRR SRR ) K 4> T . 1T S 2 6t g 05 R A
Fis (0 ) FH 68 %8008, 5 BioLog 2 M 45 A A4
2.6 AREPKEHAIBKEEARMNTGE

FATT N2 A8 B BH T 7N LA e [ R 2 5 K
A A WD ST BT A T L S b K RE vy 5 3 O AL i
I 1 J& B MKF 1 H1SS 14, 16S rDNA T 51 4 58 43 #r 45
HIEOR, 5P eburnean 10R5-21" AHBUEE 4351 5499.4%
F199.6% . TR 1 F7 (1) T8 J R 5 7% A T R 1 T

# 2 Pseudoduganella eburnea YN125E R S EMMBHEPS & R 18 X B E fE A =180 F A 14
Tab.2 The gene products of the extracellular polymeric substances (EPS) biosynthesis gene cluster of Pseudoduganella eburnea YN12

strain and the predicted orthologues in the closely related proteobacterial genomes (the polypeptide sequence identity was shown)

EE| T T 4k : : Zoogloea : Sl Th g : : Zoogl
I T g G T gloea
Protein TH T G Predicted function resimiphila MMB & H Protein T I §E Predictedfunction resiniphila MMB
Wzc  EPS chain length determinant 48% FemAB-like protein ~ Unknown 49%
AsnB  Asparagine biosynthesis 44% Wzy polymerase EPS unit polymerization 44%
MItE Sg;‘yl}’alseelsym murein transgly- 42% AAA ATPase EPS export 46%
CapK  Unknown 55% Polysaccharide Removal of acetyl group from 57%
deacetylase EPS
EpsH g)a; irﬁ)zr;ﬁ:ﬁ:;frotem involved in 32% DegQ2 Periplasmic serine protease 43%
AsnH  Asparagine biosynthesis 66% WzxC Flipping of EPS units 21%
Wzz  EPS chain length determinant 43% Outer membranePorin EPS export 22%
Wza  EPS export 58% Ugd UDP-glucose dehydrogenase 71%
PEP-CTERM system associated o Synthesis of UDP-D- o
EpsB2 sugar transferase 44% Uge galacturonate 22%
PrsR PEP-CTERM box response regulator 66% PrsK PutativePEP-CTERM system 42%
histidine kinase
Putative PEP-CTERM system TPR- o Diaminopimelate . . . o
PrsT repeat lipoprotein 33% decarboxylase Lysine biosynthesis 63%
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Fig. 4 Floc-forming phenotype and microscopic observation of the Pseudoduganella eburnean strains isolated from different water bodies
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Panel A, B and C were the YN12, F1 and SS14 strains photographed with differential interference microscope, respectively; Panel D.

Agitated bacterial cultures from panels A to C, from left to right; Panela E. Settled bacterial cultures from panels A to C, from left to right.
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Tab. 3 Utilization of carbon source based on BioLog results of Pseudoduganella eburnea YN12

fi#JF Carbon source 1 2 3 4 FiFCarbon source 1 2 3 4 5
HIAE Dextrin + ND ND + JVLEEMyo-Inositol A
% 2 HiD-Maltose + o+ o+ - “H i Glycerol - ND - + +
R HED-Trehalose - ND ND - - [|WiKGelatin ND ND - -
212 — #ED-cellobiose + o+ o+ - — || HEB&-L-JRZ R Glycyl-L-proline + ND ND - -
JEJH — FEGentiobiose + ND ND - - ||L-HW#&HL-alanine -+ =+ +
HEPESucrose + + + -+ ||L-f5ERL-Arginine + ND ND - -
¥ —#ETuranose - ND ND - - [||L-R&ZML-aspartic acid + - - +
7K I HlStachyose - ND ND - —  ||L-AE R L-glutamic acid + — — +
Hii ¥ FED-Raffinose -+ - - - ||L-#"=RL-Histidine + -+
F.¥Ea-D-Lactose - ND ND - — || L-2& B2 L-Serine + -
% —FED-Melibiose -+ - = — ||%KPectin + ND ND - +
B-FE-D-#HE H B-Methyl-D-glucoside -~ ND ND -  + || Hi##2D-Gluconic acid - ND ND - +
/K D-Salicin - - 4+ - — ||FERML-malic acid + ND ND + +
guﬂfﬁf B RBEN-acetyl-D- + ND + - - [|[frCitrate - - - -
I;li?fs-?n;iﬂ;fL BfN-acetyl-D- + ND ND - - ||#MLactic acid -+ -+ o+
1 %) M o-D-Glucose + +  —  + ||m:#H40 Tween 40 ND ND -
H & FED-Mannose + — — — || T2 Butyric acids ND ND + +
RHED-Fructose + - - -+ ||NE&Propionic acid -  + ND - -
F A BED-Galactose + ND + -  — ||"'B&Formic acid - ND ND - +
‘P FEFucose - - _ _ || Z# Acetic acid - + - + +
L Z=HEL-Rhamnose - - - - - | LBt&FAcetoacetic acid - ND ND - +
WL+ Inosine - ND ND -  + [||[NFEH l§Methyl Pyruvate - ND ND + +
L1 24 EED-Sorbitol - - - -+ ||BRHEFZEp-hydroxy-phenylaceticacid — ND ND + +
H #& F¥Mannitol - -+ + || LR H ¥ D-lactic acid methyl ester - ND ND + +
Bl 37 1 B¥ D- Arabitol — ND ND -  + |[|lo-Fi/% = o-Keto-glutaric acid - ND ND - —

T

T 1. BIBEP. eburnea YN12; 2. HI¥kP. eburnean 10R5-21""%; 3. BI#kP. violaceinigra YIM 31327"; 4. Witk Z. resiniphila MMB'™;
5. BIMkA. tertiaricarbonis RN12"" .+ Rl LRI H; «— %R AR, “ND» 2R A A 56 S0
Note: Strain: 1. P. eburnea YN12; 2. P. eburnean 10R5—21T[”]; 3. P. violaceinigra YIM 31327T[8]; 4. Z. resiniphila MMB[G]; 5. A.

Lo . 12 u .- . . . . - .
tertiaricarbonis RN12", «“4 , Positive reaction; “—”, Negative reaction; “ND”, No data available
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ISOLATION, IDENTIFICATION AND GENOMICS ANALYSIS OF ACTIVATED
SLUDGE FLOC/BIOFLOC FORMING PSEUDODUGANELLA
EBURNEA STRAINS

LIU Ya-Qil’z, LIU Shuang-Yuanz’S, GAO Na” 3, DAI Jing-Chengz’ *and QIU Dong-Ruz’ ’

(1. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, China; 2. Institute of Hydrobiology, Chinese
Academy of Sciences, Wuhan 430072, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In activated sludge process the separation of sludge and water is achieved by gravity, and the floc-forming
bacteria are predominated and play a central role in the water purification. In this study, a floc-forming bacterial strain
YNI12 was isolated from activated sludge of the municipal sewage treatment plant of Luxi County, Yunnan Province,
and it was identified as Pseudoduganella eburnean and was phenotypically similar to the type strain 10R5-21". In or-
der to reveal and compare the floc-forming mechanism and carbon source utilization of the strain YN12 with those of
other floc-forming bacteria, the genome sequencing, assembly, annotation and comparative genomics analysis were
conducted. The results showed that the genome size of Pseudoduganella eburnea YN12 was about 5934 kb, the G+C
content was 63.9%, and it contained 5313 protein coding sequences. Comparative analyses revealed a similar floc-for-
ming and regulation mechanism to Zoogloea resiniphila MMB, Aquincola tertiaricarbonis RN12 and Mitsuaria chitosani-
tabida XHY-A6, which involves the exopolysaccharide biosynthesis, PrsK-PrsR two-component system and PEP-
CTERM domain containing protein family. Meanwhile, these genes involved in the synthesis of extracellular polyme-
ric substances (EPS) were concentrated on a large gene cluster of about 72 kb in size, and the YN12 strain was more
functionally diverse in the absorption and utilization of carbon sources, particularly monosaccharides, disaccharides and
polysaccharides. Moreover, two other Pseudoduganella eburnea strains had also been isolated from a river and an
aquaculture pond. It is suggested that these strains could also be utilized in biofloc technology to improve the water
quality and nutrient recycling in aquaculture.

Key words: Pseudoduganella; Floc/biofloc formation; Extracellular polymeric substance; Activated sludge; Genome;
Biofloc technology



