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Microbial Mechanism of Pollutants Removal in New Biological Island Grid
GAO Ming-yu, XIE Hui-jun, WANG Wen-xing
( Environmental Research Institute of Shandong University, Jinan 250100, China)

Abstract ; Biological island grid is a new in-situ water purification technology. Based on the analyses of water purification performance
of biological island grid system (ZLT) in the initial stage of plant growth, the biomass and activity of microbe in the system are
measured with bicinchoninic acid ( BCA) protein method and the fluorescein diacetate ( FDA) activity, respectively. The microbial
characteristics are also detected by PCR-denaturing gradient gel electrophoresis (DGGE) technique. Results showed that the removal of
various pollutants in ZLT system was significantly higher than that in traditional floating-bed system (ZL) and control system (ZT),
which was only filled with filler. There was little difference in the concentrations of the fluorescein and protein among different layers of
~' and 50.8 mg-g~"

. The trends of the other two systems were similar. Diversity index

filler samples in ZLT. The highest concentrations were 277.5 pg-g respectively, while they were nearly three

times lower in root samples, only 95.8 pg:g™'and 18.1 mg-g ™'
analysis of DGGE pattern showed that ZLT samples decreased from 1. 66 to 1. 23 with the increasing of water depth, but this trend was
not evident in ZL samples. More than 80% of the microbe on the biofilm carrier and root belonged to Gamma-Proteobacteria and
Bacteroidetes in this stage.

Key words: biological island grid; biofilm carrier; microbial mechanism; pollutants removal ; microbial communities
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PCR-DGGE FAR ST T 12 Wi B AR P AR A A P i 2k
R AU D0 s P RS AR AR IR A SE T 1 A=
Yy 5 A A FR AL, DA A A= 40 B2 B 1 52 B
e R SRS S H .

1 #RE5FE

1.1 HRAERSMR R 5iatT

BB 5 W e A SR SEDRL R AR P A B, L
Wit 5z T BRI SCHR[6].

1.2 LRt

S FE AV T R DU B AT (N 34°
46. 146", E117°08.992") , i S 807 71 A1 it i 1) 4
AN AT K 10 m, S 5 m, W 0.6 m. BT
AT B RA B R w5, DUEIE B AR O6 R A
G0 T 7K 2 B S I SR 7K SRy T TR K . 4 A4S
I BRSSO  ZLT AT + 235 + sk sk
ZUATHRE + 355 Z0 448 + kR 1. s
F 7K .

1.3 JKEEHT

IKEELE 2P0 1000 ~ 11,00 M 52563t BURE | FiF
FRE b 2 AR ORI K O BORE. BR SRAE T, 4
FESRZE0. 45 pm JEBEE I8 AT COD KZE A (AN) 41
Br. R UERE S T4 A SVA (TN) FLEE (TP) .
FE RN Y PURURIK BT A B AR 3 S L5
G e L BRI A R

EBRR(%) = (¢y —cp) x100/¢y

K, ey AT K HWEE, o, BT ARG H K
W
1.4 SURME S AbEE

Fon o B EDRHEY B (S, EREZ 10 em 42) |
(Z, Y 30em 4b) K (X, RBEEZY 50 em 4b)3
JZUBAEIRI(G) ,8 MHEMARIE ZLT R4
BB RS F(LTS) , H (LTZ) , F )2 (LTX) ., HR #B
(LTG) ZL MR (LG) ZT ZREERHY [ (TS) |
F(TZ) [ FJE(TX) FEf.

K — 7 B AR A H] C M FE BB T8 50 mL 2§
LA e LGS 03 o A9 22 #h (0. 05 mol - L™ %
iR — EANZE R, pH 7. 8) |, IR IR 17 e IR o 1 Uk
5 min, eV 2 IR KRR IR AAAE 10 mL 208,
4CTRAEEH.

1.5 HEAWRERREE LR (FDA) BREG T

M E 1 mL BIRWFE S INA 1T mL
1 mol-L ™" NaOH iFWAE 55°C P55 2 h 5, A
1 mL 1 mol-L™" ) HCl ¥ A1, #R )5 A FH BCA 7

HEE R & (AR LHE, A 96 ALk
FHEEARUAE 562 nm AbI 52 BE A S vk .

FDA Fig B 36 PR A2 . B 1 mL B V7 ORR AL BT
50 mL = A, A 15 mL 0. 05 mol - L~ M2 — &
M (pH 7.8), /% 0.2 mL 1 mg-mL~" FDA fi§
W, w5 O ZE, BT 30°C 1H IR AR % 46, 200
remin "' 5537 20 min 5, 2 BIAIA 15 mL & 45/ H %
RAEWLIER N, & DIER MR KGR
50 mL B0 71,2000 remin ' B0 3 min. WHL 15
mL T 50 mL Fe @ H BB G hiRE S
TE 490 nm 4k He (i) o)

1.6 HFih DNA FREU Y 34 s yk

B2 mL B TR AE 4°C 8500 remin~' T B> 8
min, 7 13, R P DNA $EBGH & (A &5
XHUTTE H A DNA #4742 0. 16S TRNA 2 K (1 4 34
18 K. 968 (5'-CGC CCG GGG CGC GCC CCG
GGC GGG GCG GGG GCA CGG GGG GAA CGC GAA
GAA CCT TAC-3") F1 11401 (5'-CGG TGT GTA CAA
GRC CCG GGA ACG-3', R=A or G).

PCR JZ WK Z 2.5 pL buffer,1. 5 mmol-L ™'
MgCl, ,0.2 mmol-L™" dNTPs,0.2 wmol 5|4, BSA,
2.5 U Taq #,0. 5 pL 54 PCR ¥"#8 244 .95C
AEYE 5 min,95°C 1 min, 65 ~ 57°C 7% 3R k4%
1 min,72°C 1 min, 16 7 ¥; 95C 1 min, 57°C
1 min,72°C 1 min, 24 MEH, I 40 MER, )5
72°C & 7 min.

PHG 5 R A A L AR R EE R 35% ~ 55% 1)
YRR BEBE R HL UK ( DGGE ) H 43 18 45t i, 483 Dl
75 B R S B % R T 9. 45 3] 59 7 51 1E National
Centre for Biotechnology Information( NCBI) 4 /%2
HEFTXT LG, 75 R B
1.7 PCR-DGGE Eli%43#r

WA REE Z2 FEPETE R H Shannon - Weaver
F8EC(H') R, H' W] WA EE P B FP R =22 B] ) a5t
TR 2R A 25 5, LR IR R

N n, n,
H =- ; Wlnﬁ
X, S OHRAFER SHECH s n, B | FhRREE
WIAAREL; N SRR aE b i AR S, S AR BS0OR ik 0
RN

FIIH Quantity One-4. 6 A A4 XA i (1] A9 AH A4
HEAT AT ARG S5 AR B B4 2 i 52 B SR
UPGMA JEA & T — AR RIPERE BREIR .
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Fig. 1 Removal rates of different pollutants for three systems
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RYEXT AN A1 TN 19 R 035 3] T 36. 6% #il
45.8% ,1fi %} COD LB A 10. 1%. WifE ZLT
R, X AN R TN 1 25 B 245 51 2 48.0% il
50.3% , 2N ZL W3 2 4% IRl b 2T RGERY BR300
BEH T 11.4% 4. 5% ; % COD 1 TP iy 5,3
PMRGEZ WA RE2ZER (P <0.05). 7£ 2T R4
HUBR T COD MY L BRBEARSL, HoAth 3 KI5 e &
FREHARE ZLT AHZE A RAR K, Bm T HA YT ZL
R0 X ULAZEAE P A WA A A A g R e A iy i
PRI F75 Y 1) 25 Bt AR E B2 I 2 o) R
SR IR TR B 1% T COD AW B AT BE AR
WA A A R W/ A 8, BT DA e ZL BSIG. X 5
h i SO R 1 — L

NEE SRR ] LU B A ) B s G
(1) KBRS B B A T AL Ge i AR 27 5, T A B
HURHY ZT RGEXT5 i) LR BAR m, i T
ZEIPIA Ouyang 2517 R IE BN TR RGP DY)
() H 42 215 E AU AN S 10% — 3.
2.2 AR GG

15§t F R %
8 g8 3
T T

)
T

TP

AT R & AR BUE TS LA DL
W AR A B E Wi A SE IR 4 SR LI 2.

60 = 300F |10
o 1
50 = as0b =< . /‘ § =
_ - L \. 1% x
- , ° =
o 40 o 200 A oy
B30 250l e /e =
> T
¥ oo 14 =
O 20 -2 100} 3
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Fig. 2 Protein and fluorescein concentrations of the samples

IR 2 7R, 25 FF i B D0 R B AR R LG
195.8 pe-g ', BN TX FAY299.0 pg-g™ ',
AR ZE 3 A% (AR, MR ERAE i ke B W d
T DRS485 Z AL, X 5 Tasur-Kruh 2507 (58
SRR SRS 2 2 [A] v BE A 25 A K, Hor ZLT
RGLTE A 7] BB 926 R Wk Bl 250.0 ~ 277.5
pgeg ' ZT ZRBH 200.0 ~299 pg-g " ARG DS
CRWRE LAY & BB . 56 THE Y SO
TREEN AR T P 52w A 58 F A 2 AU 45
WK AFE Y. Mermillod-Blondin 25 JA M 7E TR
KUY Bt TR BE 3G I FDA B R 15 P 2 A
EXTEAM ST T 1y H T AR . X T RS il R
A HEZ g K2 T sh 1Y, W i S R 7E 7. 0
~8.3 mg-L ™Ay E EKF

Tl i AR Ak B P OG R AL, AR AR Y 2
AN it B 0 A TG, JECRHAE f 14 ¥ B85 K 249 A AR A o
W 2 f5 ZLT RGP FETE (42.6 £8.2)
mg-g~ N, ZT £ )2 EZEAE (4.5 £5.5) mg-g ' L
AR K, 2 A R G819 R B 72 A et A [F].
XFTRESE I THY A KW, R b & 1 0k el
SERAAE , B —Hh R F AR W B B AR PR IR A 65 i
2, &7 RS2 AR A ik — B WE T

IR b SO0 R B 5 AR R R AR
AU H5OER 5 E AW E D A A
AR UL 2) AT DL R AR R A i v 3% 40 i AE
Ay R L. S5 R R, ZLT Rg IR
RZMTEA L BIER L 2T Rg v, LR 2
MZRK,ZLT TR 711 x 107, L TZ @l T
1.24 x 10 7 AR T o 0 L 5 5 B 2 AR 1
HE W ZL REEMAR, 3X 7T RE & T AR A8 5 1H
B R Z B FE AR A, B LAAT — 8 B AH B 52
A A, K 3 ARG I A FE A5 RT3
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T M 7 AR W W LI AE ZLT ZL 2T REh oy
Sk :6.25 x107° . 5.30 x 1077, 6.13 x 10 7°, X
5 NP &GP LFRFER/IN(ZLT > ZT > ZL)
WG, UL AT LAE 5 A W3 40 i 5 A s 1Y
HWES A LR R IEM M, ZLHES
AN TN TP EBRF B M R B R 43508 0. 73

LTS LTZ LTX LTG LG TS TZ TX

0.99. 0. 92, 0] LIUEBAAE 15 YLy i) 2 B v, D02
RO B 22 B, B2k B v 1 3% 00 ke 3] R A .
2.3 YRR S 5B
2.3.1 DGGE &

AW 5% % 1 PCR-DGGE $5 A % ke & v i i A=
WSS HEAT 43T, LR WLIE 3.

0.66 070 0.75 0.80 0.85 0.90 0.95 1.00

T T T T T T 1
X

0.77

TZ

0.89

0.79

LTS

LTZ

LTG

3 DGGE Bi& B4+ & 8 B o 47

Fig. 3 DGGE pattern and the similarity analysis of samples

SERRWY AN R R S8 0 AS TRV RE it o, S50 I A2
B UM ESAARE, BAFESEA 2 ~3 4
BESERY AT B, R WA B A A AN [ 7 P4 A AE
& AR B PLARIRE. T T 2548 A AR AL 23 BT 45
Aok 2 S —4 o ZLT ARG 4 FER K LG
RYIRRTAE i 20 2 2T RGP IR ERY 3 A4

For, AR i B2 2T R b Bk B2 A

HZ Y 2 A A, AL 4R Bk B 89% 5 HR K
ZLT RGP BURL N 2 FIAR AR & AL 87%
X 2 A 5 E R AR IA F T 85% .
SR, A A EURHR] A TE 9 ZLT R G ik
WEsk 5 R Y ZL R 50 R L (FE AL FE
BT9% ) 5 RATEHY ZT R EA IR AL, A
IV R 66% X BEHITEA: 1) 5 i v Al ) AR B R B
X PR P R G W0 RE VR A5 A A — SE RO RE IR 31X ]
RE-S5H AR B A W A 6
2.3.2  WEYREE ZREETR BT

XT DGGE K1 144 4545 (1) Shannon ZFEHEH5%K
(H") BEA5 538, 5 X5 3 A R GEAH A I RE S A 14, 4
Kl 4 Pios. 5 R ERWT, ZLT B0 h iU v nl 240818
BB A T A 1IN AT, (H X R S ZL A

i ORI L X R R AR A A I A R e
TRIE RSN AR AR B -0 ) P HE AR, DR T A A
VIR ZREPEREAIG. (02 ZLT R, L2 A 230k
R Z AR R TR (LTG) | 3k R W 4% 14
SRR A8 A R TR Y0 B 53 81, ZL B
AR B RUAE M) 2 BT R T ZLT ARFRAIRE dh , 3%
ARE S PR O A SRR B A 0 9 A 2507 5 4 1 A
E"J[lﬂ.

2.3.3  GHAEVIRE ST

LTS LTZ LTX TS TZ TX
B4 TRERASHEEYR

Fig. 4 Diversity index of different samples
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¥ DGGE EIE b1 7 A~ i1 VI K J& PCR
P AT, a5 R B b 5 5547 (61,62 .64 .65,
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Table 1 ~ Gene sequence alignment of the samples
RS Xof o7 P A FATLEE/ %
Gl Aeromonas veronii strain w-s-06 ( JF490065. 1) 99
Bacterium AhBYK2010RS-1( HQ322682. 1) 99
G2 Aeromonas sp. 111 (JF444773.1) 100
Aeromonas hychophila strain NJ-1( HQ876090. 1) 100
G4 Thiothrix eikelboomii strain AP3 ( NR024758. 1) 98
G5 Pseudomonas fluorescens strain NFL16 ( GQ496662. 1) 99
G6 Uncultured bacterium clone W_0307_3 ( GQ379420. 1 99
G7 Uncultured Bacteroidetes bacterium clone IRDISHO08 ( AY947982. 1) 99
G8 Uncultured bacterium clone SD5( AY187502. 1) 99
Uncultured Flavobacteria clone ATB-LH-5952( FJ535179.1) 99

10 Bacterium AhBYK2010RS-1 (HQ322682.1)

G2

Gl

62 G4

100 —— G5

100— Go
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Uncultured bacterium clone N1512_07 (EU104180.1)
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Aeromonas veronii strain w-s-06 (JF490065.1)

Aeromonas hychophila strain NJ-1 (HQ876090.1)

Gamma-Proteobacteria

—— Psendomonas fluorescens strain NFL16 (GQ496662.1)

—— Uncultured bacterium clone W_0307_3 (GQ379420.1)

65 Uncultured bacterium clone SD5 (AY187502.1)
J’E Uncultured Flavobacteria clone ATB-LH-5952 (F1535179.1)
G8

Bacteroidetes
Uncultured Bacteroidetes bacterium clone IRDISHO8 (AY947982.1)

04 Uncultured bacterium clone ML-5-107 (DQ235024.1)
76 Uncultured bacterium clone X0074 (FJ820476.1)
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Fig. 5 Neighbour-joining analysis of microbial populations on biofilm carrier
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