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Screening and characterization of soil phosphate accumulating bacteria from
Dongzhaigang mangrove wetlands in Hainan, China®

WU Siyu, ZHOU Zhiru, YOU Qing, ZHANG Wenfei, XU Da, LI Telun, YAO Qi, ZHANG Qichang,

WU Hongping & WANG Ruiping"™
Ministry of Education Key Laboratory for Tropical Animal and Plant Ecology, College of Life Sciences, Hainan Normal University, Haikou 571158,
China

mm Dongzhaigang Mangrove Forest Nature Reserve, located in northeastern Hainan Island, is the major mangrove
wetlands in China. The mangroves are evergreen trees that grow along the tropical or sub-tropical tidal shores or river
estuaries. At high tide, they are totally submerged or only their tops are visible; when the tide recedes, they show themselves as
dense thickets. The mangroves are periodically submerged by seawater, which have the same eco-environment of accumulation
of large quantities of polyphosphate within their cells and the removal of phosphorus by Phosphorus Accumulating Organisms
(PAOs). Thus, PAOs are selectively enriched in the bacterial community within the activated sludge of mangrove wetlands.
In the present study, we screened 134 sludge samples isolated from the mangrove wetlands in Dongzhaigang and obtained
185 isolates of PAOs through the methods of BCIP blue-and white-colored screening, Albert staining and Nile Blue staining,
which determined if the polyP or polyhydroxybutyrate (PHB) is on accumulation. The results showed a phosphorus removal
rate of 42 PAOs as higher than 20%, and the maximum removal efficiency for phosphorus higher than 80%. Biolog phenotype
microarrays and 16S rDNA sequences analysis were conducted to identify the isolates of PAOs. The result showed the
populations of PAOs constituted by the bacterial genera of Acinetobacter sp., Bacillus sp., Stenotrophomonas sp., Pseudomonas
sp. genera etc., with Acinetobacter being dominant in the entire communities. In our study, Dongzhaigang Mangrove Forest
Nature Reserve is rich in PAO strains resources with good diversity. In this study, PAOs isolated from Dongzhaigang Mangrove
Forest Nature Reserve are important in enhanced biological phosphorus removal and can be a candidate strain for preventing
eutrophication in water bodies.

[@mjﬁb water eutrophication; mangrove; phosphorus accumulating organisms; screening; Acinetobacter
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Fig. 1 Observation of bacterial isolates under the optical microscope and
scanning electron microscope. Gram staining: A- strain SC36, B- strain
SC24; SEM micrographs: C- strain MS31, D- strain SC24.

S M T O TR RO 7 B A R RE I A R R A
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Fig. 2 Result of dying inclusion of phosphate accumulating bacterial. Poly
P staining: A- strain SC36, B- strain SC24; PHB staining: C- strain SE64, D-
strain SC45.
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FREA VR A BRTE 2R 7E30%-40%, KR R A BRBE 75 50% LA -,
TP 1) 25 B e d i T A 30 69.5% (1) .
2.4 BEERMMERTE

Biolog i A ¥y % 2 22 4 1) F il A5 W 0 AR ) i 8 k47 1P %

224 (HET 4% 399

F1 B RBEOREEENIE (15K E: 184.57 pmol/L)
Table 1 Phosphorus removal ability of some PAOs (initial concentration:
184.57 pmol/L)

LT B It B I bR
[EL7 S D Total phosphorus Phosphorus Phosphorus
Strain 600 nm in supernatant ~ removal amount  removal rate
(cy/umol L) (cg/umol L) (/%)
SC36 0.380 56.26 128.31 69.5
DTI12C 0.175 113.76 70.81 38.4
SE63 0.299 117.38 67.19 36.4
ONE4 0.213 122.16 62.41 33.8
SC24 0.184 127.31 57.26 31.0
SE65 0.235 131.53 53.04 28.7
MS31 0.265 133.62 50.95 27.6
YCo6 0.267 134.08 50.49 274
SC3T 0.285 134.26 50.31 273
YEIO 0.268 135.82 48.75 26.4
SC45 0.316 137.41 47.16 25.6
DTIIA  0.258 137.59 46.98 25.5
YC4 0.206 140.04 44.53 24.1
YCl11 0.278 140.53 44.04 239
SD23 0.292 143.16 41.41 22.4
YB3 0.235 143.30 41.27 22.4
YA3 0.270 143.62 40.95 22.2
YB7 0.222 144.33 40.24 21.8
YA2 0.290 144.75 39.82 21.6
YE2 0.218 145.96 38.61 20.9

PRI I 22 S 0T BR B E AT 58, AR OS5 B 1 2 650F R LI
ISR L DR AU L B BERTZZ AR TR S A, IR T
A EEMN 5N hW) . A OC IR, B9 R BT
i R W R 2 N A S AT R s, A 2F AT 3 IS (Bacillus) | 3%
FEHLM B S (Stenotrophomonas) FBIAA S (£2) . J50F
FERI, ASBAT TS Sy s DA R O S TR A, T L A
HHAk B & A R B RE 1

2 FIFBiologRFE L EHE K ER
Table 2 Identification of strains by Biolog Phenotype MicroArrays

[ig7S NGRS g ARMPE  fIEE
Strain Species ID PROB SIM DIST
DTI11A Acinetobacter tandoii 0.876 0.603 4.429
DT2C Bacillus oleronius 0.697 0.697 4.372
MS31 Staphylococcus haemolyticus 0.689 0.689 4.499
ONE4 Acinetobacter tandoii 0.689 0.689 4.47
SC24 Acinetobacter venetianus 0.711 0.711 4.111
SC36 Acinetobacter tandoii 0.881 0.64 3.838
SC3T  Acinetobacter baumanniilgs 3 0.689 0.689 4.393
SD23 Acinetobacter tandoii 0.772 0.526 4.538
SE63 Acinetobacter tandoii 0.603 0.603 4.734
SE65 Acinetobacter tandoii 0.674 0.674 4.632
YAl Acinetobacter ursingii 0.667 0.667 4.761
YA2 Acinetobacter tandoii 0.653 0.653 4.934
YA3 Paenibacillus xylanilyticus 0.575 0.575 4.982
YB7 Acinetobacter baumanniilgs 3 0.617 0.617 4.915
YC4 Pseudomonas putida biotype B 0.689 0.689 4.482
YC6 Acinetobacter tandoii 0.582 0.582 4.579
YCI11 Acinetobacter tandoii 0.689 0.689 4.479
YEI0 Acinetobacter tandoii 0.653 0.653 4.953

16S rDNAT] LIVE by 5 5 FH W R 48 ik fb b it 4+, i
Ktk Z B E YR 16S rDNAJT 1 4 W 2 I Wi A B B JE 5
B P . Ry A BT I 5 Bl DA 2 D O P D B R
o B T 18 Bk 41 T 43 B3 bR 11 16S tDNAJT 41, K5 3545 1 16S
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rRNAJE[H 5 5142 52 3] GenBank B 4ff v, ARAFARBI (G F 414 &3 FUM16S rDNA 5% E Mk 4R .
(DT11A: KU353544; DT12C: KU353545; MS31: KU353546; Table 3 Identification of strains by 16S rDNA sequence analysis

e s R [’
ONE4: KU353547; SC3T: KU353548; SC24: KU353549; Bk PRifETE fr fver Sﬁ{léﬁ
Strain Standard strain Q 70/ P/ y
SC36: KU353550; SD23: KU353551; SE63: KU353552; STIA 4 " a DSM 14970 (;;0(()]) (980)
cinetobacter tandoii strain
SE65: KU353553; YAL: KU353554; YA2: KU353555; DTI2C Stenotrophomonas maltophilia stain IAM 12423 100 99
YB3: KU353556; YB7: KU353557; YC4: KU353558; YC6: MS31  Acinetobacter tandoii strain DSM 14970 99 98
KU353559; YCI11: KU353560; YE10: KU353561) . ST 18%k 41 ONE4  Acinetobacter tandoii strain DSM 14970 100 98
SC24 Bacillus anthracis strain Ames 100 99
e . S Ry Y . 337 /‘\ N 3 A §
168 rDNAJ? bz %%JT U R Tﬁ%ﬁ‘]@ ROk H *XT SC36  Acinetobacter tandoii strain DSM 14970 100 98
(EI3) , K II8KR S B TR bk 1 B4 5440 3, BREEAFEDTI2C, SC3T  Acinetobacter tandoii strain DSM 14970 99 98
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? %z AR LY, S9JE TS AR, A %j‘f . j@ IR SE65 Enterobacter cloacae subsp. dissolvens 99 99
FAE U R 2R ZE W £0 AN AR OR 4P DX, (B BRL Dy SR A I ] L strain LMG 2683

I LR — 0, BT ORI QRN —E R % 5ipE,  YAL Acinetobacter johnsoni stain ATCC 17909 99 ”
6 75 9 b 21 AR R B R R B TR A T 4 emetodacter fancor stran

- YB3 Acinetobacter tandoii strain DSM 14970 100 98

BLAST/ {45 GenBank 1 EL % 5% 11 16S rDNAJF F1 47 b X, YB7  Acinetobacter tandoii strain DSM 14970 99 98

k}%@fﬁ‘% %‘H&Lﬁ;ﬁ\:p{jﬁﬂ%‘%[ﬁ]/ﬁlﬁ gﬂ{l 98%, ﬂ‘lxjﬂ\ﬂﬂ%%ﬁ YC4 Pseudomonas putida stain FI 99 99

e e . o T S e YC6 Acinetobacter tandoii strain DSM 14970 99 98

AR, ﬁ;ﬂP L] jfﬁ SE63 5 Acl"[;ﬁ"ba“e’ tandoiifFEYEN 9% ol inerobacter tandoii strain DSM 14970 99 98

(3R3), IR AlgE2 — A YEI0  Acinetobacter tandoii strain DSM 14970 99 98
@ % % B, X L0 BRI SR B DA I I 5 e DL B . A oY B AR TR

HE LU MR T IR I (0 S5 SR R B 0 AN ST T, 0 A BT 25

SR AT 1) B A A R AR R TE LW A B SR IR BURE B 1 FRFT R . B R O i R R P R R B O I R
FEREEMIEN, ENSAE ARG TR 2 B A R ke TR PR 1) SR 5 8 ) B 1o B 1K 30 69.5%. I £ B bR AR A5 1) 3Rl 1T
HCEY), AR — BRI TG Ak BE T A 15 PRI PR PP O BB A R AT SR A MR PR s A B R A A R T e R
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Fig. 3 Phylogenetic relationship between some PAOs based on the 16S rDNA sequences.
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