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| dentification and analysis of a large gene cluster involved in floc
formation of activated sludge bacterium Mitsuaria chitosanitabida
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Abstract: [Background] The activated sludge (AS) process has been widely applied for municipal sewage
and industrial wastewater treatment. The microbia floc formation is very important in gravitational
sludge-effluent separation and sludge recycling. A floc-forming strain of Mitsuaria chitosanitabida XHY-AB,

Foundation item: Key Program of the Chinese Academy of Sciences (KFZD-SW-219-3-2)
*Corresponding author: Tel: 86-27-68780215; E-mail: giu@ihb.ac.cn

Received: 15-04-2019; Accepted: 11-06-2019; Published online: 13-06-2019

EEWME: FEBERESHED H(KFZD-SW-219-3-2)
*B{E1E&: Td. 027-68780215; E-mail: qiu@ihb.ac.cn

ks HE: 2019-04-15; 3E HER: 2019-06-11; M%K% HHEA: 2019-06-13



FEARAE: TETETS VR W SR TR v BRI AT FURH SR TR PRI 7 ) 25 AL A 1947

has been isolated from the sludge sample of Beishigiao Sewage Treatment Plant, Xi’an. [Objective] We
intended to analyze the genes and reveal the mechanism underlying the floc-forming phenotype of Mitsuaria
chitosanitabida XHY-A6 strain. [Methods] Molecular genetics, including the mariner transposon
mutagenesis and genetic complementation, and genomics approaches were utilized for analyzing the genes
and gene cluster required for floc formation. [Results] Two floc-formation deficient mutants have been
isolated and the transposon insertional sites successfully mapped to the sequenced and annotated genome of
Mitsuaria chitosanitabida XHY-A6. The glycosyltransferase (termed gt3) and polysaccharide chain length
determinant protein (wzz) genes are located within a large gene cluster comprising the genes for extracdlular
polysaccharide biosynthesis and secretion, epsB2-prsK-prsR-prsT genes, a PEP-CTERM gene and other genes.
The requirement of gt3 gene, wzz gene and wzc gene for floc-formation were further confirmed by genetic
complementation. [Conclusion] Our results demonstrate that bacterial floc formation mediated by both
exopolysaccharides and PEP-CTERM proteins might be well-conserved between Zoogloea resiniphila and
Mitsuaria chitosanitabida. The chitosan-degrading capability of Mitusaria strains could be utilized for
treating the seafood processing and other chitin-containing sewage and wastewater.
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Gene cluster analysis
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Tablel Bacterial strainsand plasmids used in this study

FE, HEFRREN 37 °C, FEFRrar U E R . R
E50pg/mL, PFRREFZR 15ug/mL, E. coli WM3064 15
FEIF T ALHR 50 pg/ml 19 A ELBE R
113 FERFIFLIE

PR ORGSR REERE DNA a1l
B, FERAHRBGR &, Omega/swl; BRHEEHND]
i (Kpn 1, Hind 111), &fEEEE PrimeSTAR Max
Premix MHiAER(RIFER, KKER), TaKaRa
/33 MonClone™ Hi-Fusion Cloning Mix, Z44:
YIRHL v o PCRAUEER EAY , Bio-Rad A F] .
114 SIMgH5EK

FE A 5142 i DK — W A R A R
Al G GER 2).
12 KWAZE
121 HEFEANRTHREEETFE

W T A SR ILMAR KT WM3064
(#5747 pMiniHmar RBL) FIZ K Rk XHY -A6 15
Z—EWEG, 4°C. 10 000r/min &.0> 5 min W4
A, FHICHUE 3 SR e 3 SR R B Pk
FERIFRA I, R IFTH R A L R LB
AR FR 2 T 28 °CH53: 5-8 h)&, 1 mL ddH,0
AREFEAR R AR T o A 1) TR ke R
1:100 M HLBIHEATR RIS ISR T oA FIRE R
() R2A AR IR Al I, 28 °C HERf PR EK
B e, BE PR RE, A RIRE R

PRIR/ TR 5| =R IR
Straing/Plasmids Description Source
Escherichia coli 2 R 7 S e R Provided by W. Metcalf
WM3064

Cell wall defective strain

Mitsuaria chitosanitabida & #7540, REMEIE B B ] This study
XHY-A6 Activated sludge bacterium, floc formation

Ymce7 B R ABEIR gt3 JEK Mariner transposon insertion in gt3 gene This study
Ymc6 o JRE 47 AP wzz iRl Mariner transposon insertion in wzz gene This study
Ymc10 o JRE 47 AP wzz il Mariner transposon insertion in wzz gene This study
PBBR1-MCS-5 iz 46 £ Bl s 2Rk Broad-host-range cloning vector [21]
pminiHMarRB1 PMYKBK FIATLEF=H &4 ROKy SZHIE S, RARE RPN BE i [22]

A derivative of pMyk6K, with oriT-Plac, inverted repeats (IR), replication (R6K)

and kanamycin (Km) resistance gene
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Table2 Primersused in thisstudy

519 5]
Primers Sequence (5'—3')
LAD1-1 ACGATGGACTCCAGAGCGGCCGCVNVNNNGGAA
LAD1-2 ACGATGGACTCCAGAGCGGCCGCBNBNNNGGTT
LAD1-3 ACGATGGACTCCAGAGCGGCCGCVVNVNNNCCAA
LAD1-4 ACGATGGACTCCAGAGCGGCCGCBDNBNNNCGGT
AC-1 ACGATGGACTCCAGAG
SP-1 GACCGAGATAGGGTTGAGTGTTGTTCC
SP-2 ATCTGGGAATCATTTGAAGGTTGGTAC
Ymc7-F GGTCGACGGTATCGATAAGCTTCTTCGTCGAGGATGTGCGCA
Ymc7-R GCCGCTCTAGAACTAGTGGATCCGGAGGGCAGCATCAGGAGAG
M13(-47) CGCCAGGGTTTTCCCAGTCACGAC
M13(-48) GAGCGGATAACAATTTCACACAGG
Y mc6-F GGTCGACGGTATCGATAAGCTTACATCCTCATCATTCCCCAG
Y mc6-R1 GCCGCTCTAGAACTAGTGGATCCCGCTTGTTCAATCAGACTG
Y mc6-R2 GCCGCTCTAGAACTAGTGGATCCCTGGTGTAGCCCTGGGAGAC

R2A 535 5LT 28 °C. 220 r/min #R 73555, MELH
A, VPRI AT S b i s AR A T S S5
122 BHEFEANRTHRHEE

K TAIL-PCR % RIFACA XTI R3S 8 PCRIAXT |
SO EI R A MR T E P, B — R L S E bR Y
FELRIZH i, IBERLEIF514) LAD1-1, LAD1-2,
LAD1-3, LAD1-4 fhik Bt 2-3 M LiF5 14, F
W51 F5 14 SP-1, PCR W AZ (20 uL): #5
#2 0.5 ul, 2xPCR Master Mix 10 pL, 20 pmol/L 5]
P14 1L, KB ddH,0 7.5 ul . PCR 2 454F: 93 °C
2min; 95°C 1 min; 94°C30s, 60°C30s, 72°C
80s, 11 71E¥; 94°C30s; 25°C2min; 72°C
3min; 94°C20s, 58°C30s, 72°C80s, 26 M
FR; 72°C5min, 5 5 LIFRE 20 f5 05 —5 )
AR, AC-1F1 SP-2 5147 PCRY4, PCR
JZRAAR Z2 (20 L) : #54 0.5 ul, 2xPCR Master Mix
10 L, 20 pmol/L 514¥4% L uL, K ddH,0 7.5 L.
PCR S &51F: 94°C 2min, 65°C30s, 72°C40s,
2 MEH; 94°C 1 min, 68°C30s, 72°C40s, 94°C
1min, 68°C30s, 72°C40s, 94°C1min, 50°C30s,
72°C40s, 14MEHR; 72°C5min, § 7281
PEWHEE RS HL VRN, AR S bk Aty 4R s A T
WG AT T, A NCBI % 245 6 itk

XHY-A6 JERIZMFLER, i 5 AR I LA
123 RTHRENBRE B

PITE K XHY-A6 H7AE FRIFLIZH DNA AR,
PCR 1 HIWFE [, [ PCR ¥ ¥4 /=¥is, FIMH
— TR S0k B B3R A B R B 40 (Kpn |
F1Hind 111)XLEY]H pBBR-IMCS-5 #4A |-, i%4%
WAL KT WM 3064, Tide M TErE T, 0%
BEEAFINY, B0UE B AMEAE BT .
U BN BAAE o B A B 1 T S AHE N R
bk, RIS EAMARK, [FERE pBBR-IMCS5 %5
AR AR XHY-A6 B A= BRI 5 A8 bk AV g %ot
BT BB S A G ok (O Esin i s
2 ZR 5k
2.1 BT R A B 5% BE T4 N\ R R BY IR
ME5%E

Kok Mariner #% i n] {15175 = DNA ) TA
CRATRRITIIRA R T RN TR, FRATF
FHE R BRL pMiniHimar RBL 4 40 % -4 A
GEASKRIZA | 28 IR IR VL T P e 47 AR
SRR . IWARFRATTRIAE I e 3] 3 M B i AT A sl
(IR, 2ot Tail-PCR %58, iX 3 AR H % 1A
TAEARIR T 2 5 M52 HA -5 43 1 0 WA AH
KIEM, nFk 3 Fim.
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Table3 Transposon insertion mutant with floc defect and
itstransposon insertion site

RASRGS  FePETHANLE

FEH
S Number of Transposon
mutants insertion site
LA R T L Ymc7 ACGCCCACTAC
Glycosyltransferase 3 (gt3) TACTACCC
LR KILEREH wzz  Yme  GAACAGTIATT
Polysaccharide chain length CTCTCAG
determinant Y mcl0 AAGAAGAATT
ACGAAGA

TE: BA FRIZM TA R RO B Tl A RLA.
Note: TA dinucleotide with underline is the transposon insertion site.
RERTT RN ZHE . SRR Z WA
IR | B S N Pv e ) WD R S i
WA — AT AL A BB S e B 212R S I — I i -+ —
BRI —WEIR S 1 b, SRJE B A S S R T
HRUCHS HADTE AL MR R IR S L SR Ao
5 A TR e A T B SO N A Bl ],

HRAT Wzy B SR E R WK AE , 2055
WL SMEFLER TR B A FL A s B A, 33l 2 T
H B Wzy #e#fiig 12 (Wzy-dependent pathway)., F1i]
WA B AL L AL I 3 AT RETE AN R 2 5 5
WERAALI G L 2R e 8 Wzz AT RES 5
PE FHZERH R LR R K o XA S DR A
HEHIR S MMB BEFIARAL T BE/KE B RN12 B
(LA 22 R N 3 A 712
22 MHEEERBHMEERMNBEEIIN N

T 2o 35 1% BN 43 AT T — A A S R AR -
PR [ AH M, RO IRAT TIPS B 1l 3 1Y
R TR ZEAR ok pBBRIMCS-5 H, 15 %)
PBBRIMCS-5-gt3 Jivki, it A 1E AN Fria g
PBBRIMCS-5-gt3 Fikifi 4k Ymc7 28484k, [AIRhFE
PBBRIMCS-5 75 # {453 il At Y me7 S8 B BRI T Pk
XHY-A6 B A= B R (K] 1), vabe 2 g2 ok b it
SR gt3 AT LASE KA Y me7 S92 R 1 T

B 1 EEEARRERER g3 BiFiLSiREE N

Figure 1 Floc-deficient transposon insertional mutant screening and genetic complementary analysis of the requirement of
the gt3 genefor floc formation in Mitsuaria sp. XHY-A6

e A TR XHY-AG6 BFAET(#47 pBBRIMCS5 %5 TR AR B 720 i ARG ISR, RS 8 1A e P L (O FH 36 5 e 1) s B
Y MC7 B T4 A G AR (B 2 BORL) M R I b, ERIEE R, B AR S U e R h . EEMRED H); C:
Yme7 HAME@EW e ot3 ZEF TR pBBRIMCS 5-gt3) 1y i Bk i, RIRBIE MR ARE s D RS 4R IR F (A F1 C)
AR TERE SRS v (RADU Tt B ST R A1) 5 72 BRI 7490 (B) -5 A BT A 1 e AT F IS B B AR A AT 9 5 00 1 e 4 2
SRR, SRAI S AT B SEIREEVEG , TR RS R R (A F1 CYUTTE R I8 R (BTG M5 TR A8 ikt
WA TE YINE, ATy, BEMSCIS IR EI); RARRR(B)IKAA B MARES, AREDIRE. ARR: 10 pm,

Note: A: The floc-forming wild-type strain carrying the empty pBBR1IMCS-5 vector under microscope (stained by methylene blue); B: The
floc-deficient Ymc7 mutant carrying the empty vector; C: The Ymc7 mutant carrying the complementary pBBR1IMCS-5-gt3 construct; D:

Agitated cell culture of A, B and C (simulating aeration tank); E: Settled cell culture of A, B and C (simulating settlement tank). The turbid
cell culture of the Y mc7 mutant (B) could not settle down and the scattered single cells were observed under microscope. Bar: 10 pm.
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AT VIS Gt 22 e R e B 1 SR I wz e 3
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—ANKRBIER R, L 26 1L (K 3), KEZ
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AR (Sensor histidine kinase) 1 Ji7 5% 55145 [
F-(Response regulator) , fie i F A 1 & BLAE =R AR S
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PEP-CTERM JE K i st Prek 82 (915 SR %
KA PrsT B— MR, THES 5 207312
HF U GNAT X% N-Z B IE 6 B i 2 5 %
WEREME . BEkk XHY-AG6 Jfa{k DNA H b |
sy PEP-CTERM Z [1)iT PepA HR AL ATHE
BAEERNE S MMB T B2 [a] Y5 5L P —
% 5| Prsk-PrsR W44 248 F1 RpoN (sigma™) sigma
BTN B MoeY il ThiF [RlJ8 11 Y 5 3

2 BERBEAFMBRER wz fl wze BITF IR 5IZE B

Figure 2 Floc-deficient transposon insertional mutant screening and genetic complementary analysis of the requirement of
thewzz and wzc genes for floc formation in Mitsuaria sp. XHY-A6

TE: A: i pBBRIMCS 5 %3 JTURLY XHY-A6 B A BBk B4 ; B: #5417 pBBRIMCS-5 %8 UL Y mc6 S B bk il i B¢ 5
C: Ymc6 H MRk (5 e wazz Fl wze ZE R A FE 4 JFkE pBBRIM CS-5-wzze) Y B BT NSRS s D: MAE B A3 F IR G R TR /Y
A %E C; E: WAELMAE#HERFFIREN A Z C. /R 10 pm.

Note: A: The floc-forming wild-type strain carrying the empty pBBR1MCS-5 vector under microscope (stained by methylene blue); B: The

floc-deficient Ymc6 mutant carrying the empty vector; C: The Ymc6 mutant carrying the complementary pBBR1M CS-5-wzzc construct; D:
Agitated cell culture of A, B and C (simulating aeration tank); E: Settled cell culture of A, B and C (simulating settlement tank). Bar: 10 um.
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Figure3 Theextracellular polysaccharide biosynthesis gene cluster in the genome of Mitsuaria chitosanitabida XHY-A6
T BISZPS i E 0 0E i T R AT FC Sl RE SRR A 28 A8 e v 2 1A 14 A BT B 5 B wz 711 gt 3.
Note: The shaded genes indicate the transposon-disrupted locus, wzz or glycosyltransferase gene 3 (termed gt3), identified in the specific

floc-forming deficient mutants that we obtained.
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