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WEE: W7 LA i B L8 EAE A S B R G /NE R B RN H 1, A b AR E 2R G b 2 B Al Al — Pk
H ZUEETA AR, X FLEAT 2 40 7 285 8 T 8 W2 B PR 1) 43 R A7, 5 DRIV B A AT ER 1 AR s A B vk B P AT
. WI2E#k 5 Massilia arenosa MCO2' A1 552 5, J996.21%, W12 Mk 15 FL 3 25 55 R 9 ) LRk =X ok
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JE %) 37 G AT o T Sk AR /K B R o B A L SR EHE
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7 7 M T I 5 B AR T AR A 6 R P O EE B
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RGN e . AW T AT & H 25w E D)
S RGNS FAR DY B, WA R TR
YE R > B AU I — PR R B AR, X AT 2 A
FREF A ARG B, 1230 R B ORI T e
LB, LIS E 2 R G D) RE R AR B BB R A

1 ARSI

1.1 #R

BkR AR s e R K IR
W ) A IR I KA, TER2ARE 725 BRI
MBI AT AL AT BRI 23 B 24k, I 3RA5 (1)
W12 B AR IR R R T H 6] e 28 85 7 O L, PR
%5 NCCTCC AB 2021126,

EHRE  R2ABFEEL: BERHRHU05 g, &R
FIR0.5 g, B 2R (/K ARA0.5 g, &0 0.5 g, I
WER0.5 g, K,HPO, 0.3 g, MgSO, 0.024 g, T4 il iz i
0.3 g, Biflg 20 g, iN7K #1000 mL, pH 7.0—7.4; 121°C
K 20min.

TSAR; F#3E: A5 g, KE S g, NaCl 5 g,
Bifl§15-20 g, N7k %1000 mL, pH 7.2

LBR;FR3E: IERFHEEAS g, B AME10 g, NaCl 5 g,
JH7K %1000 mL, pH 7.0—7.2.

FERFIFME  2.5%% EE 2R H
g AR A AR I A R ), At R A 2
T2 o [ 7 g3 A 2l B 1 24 4R AL R A TR
AT, S FAEYER R 515G B AT
) TAR(HERA AR AR TR IRG 5 7746
(ZQTY-90S, EigEnFEAXZRA PR A ] PCRAY Sk
KA AX (Bio-Rad A wl), i& 5 FL 1~ i H AL A w])
1.2 EENMEAESNELE

W R PR W 12K R Rl T R2A B JIE B 77 2, 28°C
B FR2dd AT K T A WS . M RINER B 77 B R B
V&, A T R2AR A RS 77 H b, 28°C L 180 r/min
BrFR2d, DA 22 Qe 8 OB S B IR T IR TE A,
BARTT 2 TR [9]-

1.3 HBEEHENE

i SE B MR BT IR . BO@EpH. B T 2 4
1iE, F 1% W12 B8RP 0 4 Fh B R2A TR A4 15 77 2
o, FERRIREE (4. 104 15, 20, 28. 30, 35. 40.
45F150°C)F, 180 r/min¥% 7% 7d; AH M pHYE [l (pH
5—10, [8] B 14> 547 )FI NaClik i (0.05%  0.1%.
0.15%+ 0.2%- 0.5%- 1F12%; w1, 28C
180 r/mind 77 7d, M %2 Ak AR KA B . 8 H API
20NE 3751 G i 340 73 A2 A S 56 AR [R) A S 56
14 HESASH

AL B MR RD BIR2 A VAR 1 5 3 1, 28°C

180 r/minkf 77 2d, B USCE B A&, SR I F G 1 /K Bk
23K, W UR TG AR AR IE 2T N
BFLTTATIRORED . PR . HRAENRRO SR
RO €K TR . R T] Agilent 6890 5%
A% 2 [ WIA07-2002:45 A A #E 3E AT 240 B 15 017 R 45
TE o A HBURH RURE R JZ 5 T s
L5 SFEMFESH

2 TR 5= [R] 2 1Y) 2 B 2 HE DN A B2 B 771 &0 i B
FkAT o FH PRI R Ak R A DNAYE AR, BAA
B 51 %)27F (S AGAGTTTGATCCTGGCTCAG-
3)A11492R (5'-TACGGCTACCTTGTTACGACTT-
37i#4716S IRNAEE R P H1 (9 15 . PCRI VLA 3
FHRDNA 1 L, b FiE5 1490451 uL, Premix Taq 20 uL,
ddH,0 17 pL. PCRJXFEF: 95°C 5min; 95°C 30s,
55°C 30s, 72°C 40s, 30X {&#; 72°C Smin. #44
J& I DNAFZ 4 50 & 2| pMD19-T # Ak I, %% 14 3
E.coli (DH5a)/% 32 25 40 v, BRHCBA 14 7 FE 1k A T
VTR B A R A w347 — A . Bl
7 5 2 3t 2 J5 5 EzBioCloud B3 22 H 1 A5 =X B Ak
BEAT 16S rRNAJE K] Fe 51l AH LU 23 By, 1 FIMEGA
XEAF AR 3E 5 M & R G2 K B M, bootstrap [ fig
1000 K56 22 48 K B W 40 Fh 45 0 BLAS X TH]

PR ) 4 e R AL 48 B 36 AR EOR
A R 2 &) K H Hlumina+PacBio Il 7 77 20 58 1, &
2H 5¢ A B A 2H 2& 3K fHFunicycler v0.4.833E 17 =X
7540 3% . A8 FINCBIR 7% & K 20 3 2hid B2 7
(https://www.ncbi.nlm.nih.gov/genomes/static/Pipeli-
ne.html)FT RASTM i (https://rast.nmpdr.org/rast.cgi)
KSR A HEAT AR MR TN 2 197 51 S KEEG
Bl e . NRECHE 2. COGHUIRE JE LL Xt Jim i &5 51,
A3 AT AR B 25 K P PHBAH S I T REJE I . {3
EzGenome Webft 45 #% (http://www.ezbiocloud.net/
tools/ani){JOrtho ANTAL VA 1155 B bk W 125 AH T B A
[P IRZFR — B E(ANDE, SR b FERE DRI 2 AH O
#" . 38 iF Genome-to-Genome Distance Calculator
(GGDC)M ik (http://ggdc.dsmz.de/distcalc2.php)iFE 47
# 7 DNA-DNAZ~ %2 {8 (dDDH) ) i1 52 ™, F A
Circos 812 | J5& [X 2H Bl 1]

2 #R
21 EHMBLE
ESFENR W12 B8 AR o =2 B B P 41 1

TER2ABE PR L2 At FE. LM, A
FEH . MIBEFR. RREE. AR ERE La), B
PRIER2 AV ARG 775 H R TR R SRR 1b).

NFENMFELEE W12 #R 1 16S rRNAZE
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GIREE: — Mk H R BN Massilia sp. W12 240 50 285 8 K 4= R o it 3

PR Fp 31 K & 241482 bp, ©. b 4% GenBank, 3% 54
MT522856. F|fEzBioCloudfilk %5 #1217 16S rRNA
FE DR PP AR ACM It 23 A7, 45 SR R 5 W1 2 58 R AH AL
5 7 R R 1 ik N Massilia arenosa MC02', ARAULE
N96.21%, BT 7T A% LA A 16S rRNAJE K Fr
B 555 B AR AR LU T98.7 %6 4 v kil 4387 b i 1
(", BRRWI2T] B R TE BT Rl . SR AR B 1
ERG KRB IW, anE 28R, WI12HE M5 Massi-
liaJ& () FAh B AR SR AE — i, [R5 Massilia arenosa
MC02" T B (388 4% R B8 e, Ui B I FRW12J8 T
TR A, FRW 127 RGN ST Be— A0 3,
REIW 1218 1k 7] B8 & Massilia J& P 11— A8

K1

Morphological characterization of strain W12

Fig. 1

HE— S E W12 B R IR S A7, 4 3
DRI 4300 5 #c 4, 64T 7 dDDHATANTH 520 #r . 2
xR, WI2BE RS H R 400 RBUE I LR S 2
I Pk dDDH{H £ 19.6%—22.9%, ANIH 7£71.61%—
72.23%, i1 T dDDH 5 AN 51 2 1 3 B 1) 1) (8
70% 1 95%", — i I\ )y DNA-DNAZk 52 8 7F
20%—70%I N A — J& , i — 2 Ul Btk W12k
Massilialg W ) HTF
22 BRREVAETRAE (LAFE

W12 R EELBRITSAR; 77 3 FRfgA K,
PR ARENS 7 15—45°C, pH 5—9H10—0.05% 5 AL 54K
FE AR R, Hmid A K %1450 5 828°C, pH 7.0

FERW 12 BT 25 AR

Massilia antarctica P8398" (OM243916)
Massilia rubra CCM 8692" (VUYU01000070)

0.0050 7 Massilia firigida CCM 86957 (WHJIG01000115)
100\ L afussilia aquatica P3165T (MN612031)
Massilia atriviolacea SOD™ (MH551481)
ol 87\ Massilia mucilaginosa CCM 8733" (WHJHO01000140)
Rugamonas fusca FT3ST (MT786439)
I HE Rugamonas apoptosis LX4TW' (MT786441)
95 Rugamonas brunnea LX20WT (MT786440)
Duganella vulcania FT81WT (MN865810)
Massilia cavernae K1S02-617 (QYUP01000153)
77 —99|—— Massilia agrisoli MAHUQ-52T (MT514500)

77

Massilia putida 6NM-7" (CP019038)
Massilia forsythiae GN2-R2" (CP051685)

71

Massilia agilis J9T (KU870756)

Massilia tieshanensis TS3T (HM130516)

_|:Massilia niastensis 5516S-17 (EU808005)
52 Massilia pinisoli T33" (KU296190)

Massilia sp. W12 (MT522856)

_|

Massilia arenosa MC02" (MN733818)

2 HBRWI2FET16S rRNAFER] 751 ({41 535 R Gl A
Fig.2 The phylogenetic tree construct using the Neighbour-joining method based on the strain W12 16S rRNA gene sequence
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F0%EAANIKEE . fEAPI 20NER G, p-7 4 B
AN A A RE 1, oAt S R34 B
23 BERRILE 5 AAFIE

20N, W AR W20 3 Z 5 i R (>5%) 41 ik
HC160(30.14%), LEEHRHIES (C .07 H/ELC 4., 06¢)
(57.21%), 5 HAHACL T AR ALE I 07 B2 4H e A 75 & A7
FELE 72 e R BRI Ao AH R, AR A B3R
JEHHE, 15 /2 5 Rugamonas & 314 71 B8 ¥k 1 11| 77 B2 W]
PABR S A3 I o WU 2 Z 0T W (B 3), kw12
(1) W% M i 3 2 D — % G 195 T (Diphosphatidylgly-
cerol, DPG). i i ¥t £ % JfZ (Phosphatidylethanola-
mine, PE). % 5%t H ¥ (Phosphatidylglycerol, PG)-
KA S (Unidentified lipid). %0 #FE G (Unide-
ntified glycolipid)FH A %1 1 2 2 1§ (Unidentified ami-
nophospholipid). B ¥k W12/ 45 4iF % fig /2 DPG.
PGAHIPE, ff& S W @ P k. WHWI2LLQ-8 4+
BPFIRER AL . 25 b, WHRWI2RF 5 5 38 5 & 1Ry
fiE, T S5 FARAL B B A B L X
2.4 BEHRWIEVEERFHTE

mol%"”, tAE% - H AT £ 4% 1% i Rugamonas Ja 12 1k 1
GHCE &, WI2KE K A R K E Bk . 5 A4
F B PR 9558440, tRNAZ i K694~ , RN AsHi 5
R 124 (44155 tRNA. 44168 rRNA. 44238
rRNA), BRI G204 5, K 355884 bp,
PRI E 17794 bp. TIAT 1A BT E B A4, K S
919283 bp. 7E 3 K 41 1 % % #1274 CRISPRs.
FEPR 2 B ] S, W2 TR A 1R G A g BRI R 4
Pl Pl 1) B 4/ D — B B 2 DR 4L 11 K /16136891 b
2R A3 N IEEE . B L gRAD T A, A F S
[ w51 R R COGHI T BE 2 AN, g i S [A]
S B B 55840, H Ty DLy BE B COGHY 2t K] 4
35640, AR AL IR IS F AR . TTHLER B 110
iz i AR 1T 25 26 418 U rRNAFTRNA; 56 SFE
GC#H&; N — I NGC-Skew H (& 4).
#2 WRESHELEkIEBERAMR

Tab. 2 Comparison of fatty acid composition in strain W12 and

similar strains

Massilia  Rugamonas ..
8 Massilia

s . Fatty acid W12  arenosa rivuli AT
BRI A W 1210 B[R 401 )5 21 4 18 5 [ A= 4 B Mc0o2  Friosw’  “silis 19
'D(NCBI)GenBankiiTEE},—%i, B35 NCP147776. Cizo 2.93 Tr 11 55
T BRW 1211 42 35 [ 21 K/ 96136891 bp, G+C oy & Cuaco T 564 Tr 33
"~ Cis:o 30.14  30.01 26.5 36.7
57.24 mol%, ik T 5 %8 I J& G+C& & (62.4—69.4
> SELIE A= ( ) Cig:107¢ ND  ND 52.7 ND
R 1 ERWRSREERERS TR Cig07c ND - ND 4.3 4.6
Tab. 1 Comparison of the molecular characteristics in the strain I50-Cig:o Tr Tr ND 14
W12 and the most similar type strains Cio:0 3-OH 4.35 5.26 4.4 4.3
SZ A 5 LU C14:0 2-OH ND ND ND 2.1
iy Ewmpgr  TEEEER R
BORARRE ) 6 RNA gene PE{  dDDH value Summed Feature 3 57.21  49.07 ND 347
Most similar strain " ooty (%) AN(I(,/: ;‘lue DN/(’:%?NA Summed Feature 8 334  5.65 ND ND
Massilia arenosa 96.21 7214 19.6 Note: *Summed features represent groups of two or three
T
MCo02 fatty acids that cannot be separated by the Microbial Identification
Rugamonas 96.21 72.02 19.9 S . g d 3 . FCl6t 107 &
apoptosis LXATW" ystem; Summed feature consist o ‘lo7c and/or
Massilia 95.7 72.03 214 C16:1w6¢; summed feature 8 consist of C18:1 w7c and/or C18:1
. 7. T
albidiflava 45 6¢; ND. not detected; Tr Fatty acids comprising <1% of the total;
g\?ﬁﬁ? putida 96 71.61 229 Data for strain W12 are obtained from this study, data for Massilia
Massilia 95.86 72.23 19.9 arenosa MC02™, Rugamonas rivuli FT103W™"", and Massilia
atriviolacea SOD" agilis 19" are obtained from the cited references
1 p2d i
DPG
RE
PG ;/A/ PE
g 58 S . _\APL
A AP
o
1
|3 > F | —>F Ist
Wl AIENE

3 ERRWIZEHR NG — 4R i
Fig.3 Two-dimensional thin-layer chromatography of phospholipids of strain W12
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GIREE: — Mk H R BN Massilia sp. W12 240 50 285 8 K 4= R o it 5

COGHUE E RS IR IR, 3564155 (K] 56 Al )
FIERE, AR R 1972.82% . Hoo (5 55 AL
HH R HE DR 43 B B s v RE B, TAB4020, 184K
FIThRESE R, 32 Ty e P AN = R R i 12 S AR 2
DR 550 5 43 3] Ry 33412964, 4T it R/ B /00, JEE 26 40
AR RN ERN275, 5. R
AW I A B R R269 0

B KA & W) HE o< Bl 2 2 (CAZy) Hh FE R 3
LTI E A, W 2 5 2 3 (Glycosyl Transferases)iE FE
B RN E KL, N0, B 3F5 Hhm T H AL 4
o AR HEE KB (Glycoside Hydrolases)Fl i
21 f# ¥ (Carbohydrate Esterases), 73 7l ¥ 5264~ Fll
25N
25 EHWIRRBZEHEXERERE

AT FC AT R 53 28 A% 2 R0 B DR 40 22 T B

X2 i 8 15 B (Zoogloea resiniphila MMB)FIH [
FF i (Shinella zoogloeoides ATCC19623") [ 215t 11
3T AL AR 78, I —AN2540 Kb a4 2 4 A4
Y6 OK B R % ) PEP-CTERMZ 1 2 5 M AR
B B LR, R A IR S S AT
1 2%, PEP-CTERMZR [ f) S A A2 HL
Feiig BA WA 735 5K, Bk B A R ~F I PEP-
CTERM3, f1#5PEP (Pro-Glu-Pro, fifi 2 F&- 73 & & -
i R L e R s FL ik R Y,

33 3 (A 2 B AIBLAST /0 M & B, W12 ]
¢ 4G 304 G PEP-C TERM &5 #4135 2K 141 /73 (1 Jk
K, HA 24 pep-cterm3& K 5 f 41 % BE & AAH 9% 11
FERRES . B SPR, %R RS A 3N i
FEELFL M) L IR, G b UDP-H %] M 4- 22 [) 57 44 I Al
UDP-#] %) §% 6-Jiit 01 1) 2 R Je i ok 2 BB G . o

A. RNA processing and modification
B. Chromatin structure and dynamics
C. Energy production and conversion
D. Cell cycle control, cell division, chromosome partitioning
E. Amino acid transport and metabolism
F. Nucleotide transport and metabolism
G. Carbohydrate transport and metabolism
H. Coenzyme transport and metabolism
1. Lipid transport and metabolism
J. Translation, ribosomal structure and biogenesis
K. Transcription
L. Replication, recombination and repair
M. Cell wall/membrane/envelope biogenesis
N. Cell motility
O. Posttranslational modification, protein turnover, chaperones
[l P. Inorganic ion transport and metabolism
Q. Secondary metabolites biosynthesis, transport and catabolism
R. General function prediction only
S. Function unknown
T. Signal transduction mechanisms
U. Intracellular trafficking, secretion, and vesicular transport
I V. Defense mechanisms
B W. Extracellular structures
Il Y. Nuclear structure
l Z. Cytoskeleton
H 16S_rRNA
I 23S _rRNA
H 5S_rRNA
H tRNA

4 TEARW 1211 3 R 4 P [

Fig. 4 Genomic circle map of strain W12

galE

ugd lacZ

—€ &4 G-t GSEaO &S

epsl epsH epsG  epsF  epsE  epsD

—4dldE G TttTTESesS

PEP-CTERM protein

Other functions
Transposase

. Hypothetical protein

. Exopolysacchride biosyhthesis protein
. Glycosyltransferase
. Flippase 1 kb

K5 BEHRWI2M A2 0 A R %

Fig. 5 Extracellular polysaccharide synthesis gene cluster of strain W12
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BTG, KEMH SR w7t R
PEP-CTERMA H & & K 4 W % (45 5 79 Asnsl &
N)FR A, 7T RE 5 M4 h 22 0 8 N- T 40 B B A TP R
AW, BB AR e 2
Haft: )\ 25 g 5% ECHE IR A1 22 08 4 4 & F 3
7 T 4 i X EpsH Al AT BE 2 25 == IR B 1% 40 1 v 11
4173146 Bl (Exosortase), 1 g — N8k % JIE (1) i £ 1,
EpsH ] G845 5 == [ BH M B 11 70 18 il — FF B 3% Ik
filg Ty e, X PEP-CTERMEZS ¥4 3k ik 47 U1 1 9 H 8
G 3NH B BE A AR E R b, IS AT
TORME— B E AN TP B AW R 4
TR R ILET 4 26 B DS IR B[R, PRI W12 H 215k
(1) 53 7 LI W] e =A% I 30 B AR o
2.6 HEH#WI12 PHBA IR ETN

T2 I T BRIE (Polyhydroxybutyrate, PHB) & —
M B QSR 1 i B 2R #4255 IR 7 IR BB (Polyhydrox-
yalkanoates, PHA), fig V& P& 5ok, BA sk, HAE
A FARGE, XK AEKIERE . HATIRE. BT
AACRE ST Ty DhRe K il RS O T A — 8
(R I, 335 FE T i AR R R A ER s v Y
TR A LB S PHBIE A B A K &= R AR
BT % 26— 2, HPHBJZ AE W) 2 A+ i) 8 BLvE PR Ak
5y, B R LIN5%—20%" % 3h A T i &
H 5 2 AH B EEORF o e ) B AR W12 PR ZH il K
PHBAC U AH ¢ 1) g 65 FE AT, 7E B HRW 127, PHBAE
Y& e Je 3 : PhaA. PhaBA1PhaC, PHBA: 4
B G T A R AR 7 A B AN ST A S
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Tab. 3 Genes associated with PHB anabolism in the genome W12
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POLYPHASIC IDENTIFICATION AND WHOLE-GENOME ANALYSIS OF A
SELF-FLOCCULATING BACTERIAL STRAIN, MASSILIA sp. W12

GAO Na, CHEN Cheng, ZHAO Xiu-Xia, FANG Ting, CUI Kai and LU Wen-Xuan

(Key Laboratory of Freshwater Aquaculture and Enhancement of Anhui Province, Fisheries Research Institute,
Anhui Academy of Agricultural Sciences, Hefei 230031, China)

Abstract: The functional components of bioflocs are highly complex microbial aggregates, and the design and opti-
mization of these intricate microbial communities are crucial for improving biofloc performance. To screen self-floccu-
lating bacteria as exogenous reinforcement strains for biofloc systems, a self-flocculating strain was isolated and puri-
fied from the breeding pond of Chinese grass turtles. Its taxonomic status was identified through polyphasic taxonomy,
which included 16S rRNA gene sequencing, phylogeneticanalysis, and whole genome sequence analyses. Strain W12
showed the highest similarity with Massilia arenosa MCO02" at 96.21%, the ANI values for strain W12 ranged from
71.61% to 72.23%, and the dDDH values ranged from 19.6% to 22.9% with several type strains of closely related
species, which were much lower than the thresholds for discriminating a new bacteria species. This strongly indicates
that W12 is a novel species within the genus Massilia. In addition, genome-wide analysis reveales that the self-floccula-
tion mechanism of W12 may is similar to that of the Zoogloea resiniphila, likely mediated by a combination of extra-
cellular polysaccharides and PEP-CTERM proteins. It is hypothesized that strain W12 synthesizes PHB through the
PHB synthesis pathway I, involving three enzymes: PhaA, PhaB, and PhaC. The discovery of strain W12, a novel
species of the genus Massilia isolated from a turtle breeding pond, highlights its ability to synthesize PHB and self-floc-
culation through extracellular polysaccharides and PEP-CTERM proteins. These properties are significant for bioflocs
formation, underscoring the potential application of strains in enhancing the biofloc system.

Key words: Polyphasic taxonomy; Self-flocculation; Extracellular polysaccharides; PEP-CTERM proteins; Massilia
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