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MG AEVEFEE A R R U I 2, PCR-DGGE ¥4 /R K 8 % . YA BLEATTRY 1—3 9%, IRh )5 2000 5E
AR A A S A S B - AR O R, BR R 10 A0 JEACHR ) =99 9 R R T BUSR AR ) — D20 S0 F . 1930 4 D257 7
FI(YPI—YP 4) 2 BLAST F#, 35l 4 2 ) PR drafe ) 2 MV ARE , 205 A v s IR KRS FRRT 7™ R 9 B (A T . BLASTX
PR B YP1 55 2B A Qi A LA G 5 YP2 IR 2R AT B A i 1T S ATSC , A B /E T ; YP3 5 APOE IR H e JIRE
FAML, 25 A 19 43 AR5 YP4 DIRE VT BE S5 40T AU G,

KR N TR ARPR Y s SE R RS FR 2505  PCR-DGGE ; BLAST 737

Seasonal changes in microbial diversity in different cells of a wetland system

constructed for municipal sewage treatment
CHEN Yonghua, WU Xiaofu" , ZHANG Zhenni,JIANG Lijuan, LI Kelin, LIU Jun

Research Center of Environment Science and Engineering, Central South University of Forestry and Technology, Changsha 410004, China

Abstract ; Selective plating medium and PCR-DGGE techniques were applied to analyze the seasonal changes in the number
and diversity of micro-organisms in the rhizosphere of three sequenced cells in a vertical subsurface-flow wetland system
constructed for municipal sewage treatment. The relationship between the community structures of the microorganisms and
their functions in removal of the organic pollutants was also analyzed.

The results obtained from the two applied methods showed that with the seasonal changes in the sequence of autumn-
winter-spring-summer, the number of the micro-organisms displayed a general “up-down-up” pattern. The largest number
of microorganisms from the rhizoshpere in three treatment cells detected by the selective plating medium method was in the
autumn while that by the PCR-DGGE techniques was in the summer. Correlation analysis indicated that the seasonal change
in temperature was the main factor that determined the observed pattern by affecting the growth of the microorganisms. In a
given season, the number of micro-organisms obtained from the two applied methods displayed a different pattern in the
three sequenced treatment cells. Towards the flow direction in the sewage treatment process, the number of micro-organisms
increased from the first cell to the second cell and then decreased in the third cell, accordingly, with most of the organic
pollutants being removed in the first two treatment cells.

Based on the structure comparability of the microbial community among treatment cells, all soil samples collected in

the same season, except for sample no. 11, were clustered in the same branch, with all DGGE comparability values being
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higher than 20% , which can thus be classified into the same group. The DGGE spectrograms of the soil microorganisms
from different seasons are different. The highest comparability value, 40% , was found in the spring, while the lowest,
about 25% , was in the summer, indicating that the level of the microbial diversity was higher in the summer season under
the tested conditions.

Four different sequences ( YP1—YP 4 ) were obtained, and their closest known-origin groups were identified by
BLASTX analysis as Enterobacter sp., Vibrio sp. , Erwinia sp. and Klebsiella oxytoca, respectively. The BLASTX
comparison tests showed that YP1 played an important role in decomposing organic matters; YP2 was fund to be related to
the life activities of the Cerea Spore Bacilli with functions in phosphate dissolution; YP3 had functions similar to the
apolipoprotein e ( APOE) that involved in catabolism and metabolism of micro-organisms; and YP4 had an effect on

nitrogen removal subject to microbial activities.

Key Words: constructed wetlands; micro-organism of plant rhizosphere; selective plating medium culture; PCR-DGGE;
BLAST analysis
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Fig.1 Process of the vertical-flow wetland system
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1.3 SRk
1.3.1  BEPEMETHR R IRk
SR BRI B T (A 5 7 30 FR T R R R T TR A
T (A g) = WK PR RS T 2 E
1.3.2 PCR-DGGE Jj¥&

& DNA U 5 BB SCERT  PCR M3 DR &R 5 Ll 10xBuffer (& Mg™ ) ,4 L dNTP (2.5 mmol/
L),2 pL 514 GC-357F,2 pL. 5% 519R,2.5 wL 54 DN A,0.5 pL Taq fE(5U/pl) ,34 ul ddH,0, PCR
¥ :94 CTAZME S min,94 CZEPE 1 min,55 CiR 2k 30 s,72 C#EMH 30 s,30—35 EH,72 °C ZE{H 10 min,
DGGE Hi¥k 7 ¥ Macmk™
1.3.3 WP Z RS

(1) Shannon-Wienner ¥8£0 A1 AN (1) .

H=- zp log,p. (1)

=1, H 2y Shannon T84S i REGH 4R P, = N g T AR VOR N AR R A AR
(2) Simpson FREIITFEAX NI (2) .

D, =1- ipﬁ (2)

i=1

A, D, O Simpson $5%; S KBRS RH P, = % Jng AL ASFEAS ARG N O R R B

A,

(3) MR A Bt

FHH UPGMA B3 M5 DGGE 5 20 B3 A7 AL B 254047 .

(4) DGGE HL 3K 3% 3 by

i Quantity one %X} DGGE HL ik #4750 ¥ .
1.3.4 225 By sakEill J¥ BLAST 434t

FEERSMT FUIT DGGE Kl RZ M2 75400 , Uid 5 =R T 60 L Jopd Milli2Q 7K 24 h LA, 220
pL #47 PCR kY3 9377 Y) 2 DGGE i\ — 45 sl f5 |, 2k J5 % 28 A= ) 2\ w6l (Sangon, 116 )
F o P45 RAEAE GenBank J3k154%52 %5, 1 GenBank 9 BLAST X485 S b A7 [ 247 .
2 HR5R
2.1 BT SR AL
2.1.2  AFEZEVZEBEYREE Z R0 g

FHFPE RS B 5 5 R0 7 (9 N T 958 b 3B 0 5 o P B W T T S B R 2 i

N 2 AT LAE Bl BK-2-F5- 57 BT 928 AE , = SN T B e R T o B A W B AR
K- ARG, RIRKE R f i, i AL TRV RRAIG, SR B A T RE A B v I v B
FERKZE R 5SS B0 X e A Yy — 4 P DUAS 21 A AR AR SR SO R] , 4% 2300 B iR B AR ARG, L
A PTEE AR, T B L A BRASCRAART AR, T B SR 0 T, SR s R, B A
Jnple, B LIS ok i g A £ | 5 ARKER 1 RS FR TR IR RS e g s R, S R AR
KB EINRKEE  TERK R0 B e i 0, AR5 BRI B R AT Tl A P i s IR RRAIR , T 8 A R P B AIRAL
2.1.2  AFBICZBEYIREE 2R LR

M =R T R E B AR R, A 1 BB 3 K, S E st e s A 2 9, OO 1 4%, il
553 90, BA R 1—3 GUE B B ARSI (AR e B N TR R g U E W R A
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WK T 1) 22 K- AR A BRSSP B4 1 T B S PR ¥ 7K 8 R AT BILAD 0 S i v o N T M 8 P
ROFRATHES , DL, WA P R A AL B2 A v, LA TR . o o A SV N T s A K A
LA R SRR SRR AR A BB 28 Fh s R BN TN 25 Bk SRt -t A G rh i | A B O A it S A AE TR
HFTHR S ER e
2.2 PCR-DGGE ¥
2.2.1 ARRIZENZ YRS 2R

PEBUAE Y A DNA JG7E4T PCR 9788 SR 5B 485 PCR 5 MLk AT , A 4571 IOARE S, BT DGGE ik, 1)
AR HE WK 3 TR,

foé 16 1 ——3-1 = =
<§ 14 32 _
=S 2 ——33 = - = - _
X E 120 - - =_--_ZZ¢=°¢z =
.EED 10 = g B —_ _
Ko - = m = = I = = = -
8 = = =E Z = =Z E Z = = =
$§8' = E_ E = _ E E E _ =
XE 6} = ==2 2= 2B 22 5 =2 =
ﬁwa = = - = E = - - =
ﬁﬁ M - = = = = E = =E T = =
RE 27¢ = 5 2 02 B B 8 = = -
ﬁg 0 . . . 31 32 33 3-1 32 33 31 32 33 31 32 33
:i
=& *E A% HE S # H A %

AR ZE45 Different seasons
3 DGGE 2/ E

2 AEZETHMEDEHE Fig.3 DGGE Vectorization

Fig.2 Population of microorganisms

M3 ATLUE Y L 12 A A LRI B 124 FORTR A 2607, 801t 3 N4 50 30k B2 24 4~ H
4 39 A Bk R 25 A, &R 15 A, TRVE IBES < B-A-R-EDT 2 AR AL SR WA s B S
IR BT ARG X S BRI TR R A i P g R S — 3K, {0 PCR-DGGE 7545
W B e R IR R SRR AR SR AN E M B B R e — A, X T R
HY 6L T AT BB IS A — 2R B LR I i A K TASE B R W AR A, 25 SR L b ik e T
REAR B RUE Y 2R RO —E . — DR T R 2 BO 2 | 2SI [] 73 A LU 88 & WZae % 1)
W Z PR B R AR RS R Y SR I TC I B R
2.2.2 ARRIZENZ YIRS 2R L

M3 G otz AR E M BOR AR N 1 B 3 G B K- MK AR R B, 5 e R AR B R 2
PO B S — B, (A2 DGGE J73k nl LAUSE 4 () 7 ) W] — b BE A ST ZEAH W] 1 2297, DGGE &l 3%
HARZHF AT, Lk 8o AT, bi H R E Y i SRR 25 M AL, eI S5 EAh  E R A 2 iR
BRI [ B STAE AN R 2T, DGGE Bt A 3wl vkt , (0 K 250y iy 07 A ] B 13 iy £k
A 25 5 U A R R — ELRR E AR AE , A LR R B 2 2R 1Y AR Ak, B A Dy U AR A A A AR A R
TR
2.3 AL - (Shannon ) FEEURIE 2 AR S 500 BT

M Shannon F§£4F1 Simpson #5443 1) W LLE ), B B MUEYF R R Z  EFMKFRZ A FiRD ;X —
45955 PCR-DGGE #:05E Mt E s b —3, =22 M LR E B E R« 2-2-07  Hilh
ZE TR BRI KA 77 18] Shannon $8 XA Simpson 281 “/b-Z /b7 AR b a4 E— B Ui AR R g b itk v 2
FEPEIS KR 7 ] S22 51 05 08D 4
2.4 B4

¥ DGGE B3 4 & 115 B T i ALAL B, DL 3 i % Ut FRE 4T UPGMA SR 2870 B AS W] b 22 ]
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AP SR RO AR I, I 4 B, 1.2 .3 100 4 3-1.3-2.3-3,4 .5 .6 N 3-1.3-2.3-3,7 8.9 NFk3-
1.3-2.3-3,10 11 12 44 3-1.3-2.3-3,

%1 Shannon }5%7#7 Simpson 5%

Tablel Shannon index and Simpson index

B FHCBAEAH)  FIRAD) B TR () A
Sample Shannon-Weiner Index Simpson index Sample Shannon-Weiner Index Simpson index
% 3-1 Spring 3-1 3.219 0.960 % 3-2 Spring 3-2 3.219 0.960
% 3-3 Spring 3-3 3.045 0.952 % 3-1 Summer 3-1 3.638 0.974
% 3-2 Summer 3-2 3.689 0.975 % 3-3 Summer 3-3 3.664 0.974
# 3-1 Autumn 3-1 3.135 0.957 Fk 3-2 Autumn 3-2 3.258 0.962
# 3-3 Autumn 3-3 3.178 0.958 % 3-1 Winter 3-1 2.708 0.933
4 3-2 Winter 3-2 2.773 0.938 £ 3-3 Winter 3-3 2.485 0.917

12359 K%K3-13-23-3,45.6 HHE3-13-2,
3-3,7.8.9 MFK3-1.3-2.3-3,10 11 .12 K4 3-1.3-2 3-
3 DGGE FHELRAENHIG ZBX 12 FEE T 1 Y
42 BREE L A, MR 20 1 R RS R LA R — A
HR L R —Z= A R R AE Y DGGE &% ) Al )5 Ry —
H S AR R T 20% , AR 21 R B
DGGE sy @ ANF4, BPsE—4hEFEZ 3-1.3-2.3-3,5
SN AK3-13-23-3 K32, BN H 3132, 4 0 36 » s
3-3, 50 DUAINA 3-1.3-3, IRUEEEART, SR AT 4 1A LEOERSHE
B, 25 A PRt %) AR E IR AR R e e, Hep R R Fig.4 Cluster analysis of 12 soil samples
A RIAR I E e A B T 40% A4, M
% AN 25% X VLI E ZRME M ZREvEF 5, 3X 5 DGGE A6 3 B = MAE Y 2 R — 30, Wik — 5t
A 24 A TR AR AL X R M i 2 RE v B s e
2.5 MPER T

e [ SRS B A S S BEUEAT T IR IESE , X Hoh Y 4 A BESEAT T el o, HAZ BRI 7 1350 43 45
R
YP1
GGCGAGCTCTCTGCGGTACGTCTTGAGCAAGGATTAACTTTACTCCCTTCCTCCCCGCTGAAGTACTTTACAA
CCCGAAGGCCTTCTTCATACACGCGGCATGGCTGCATCAGGCTTGCCCCCATTGTGCAATATTACCCACTGCTG
CCTCCCGTAGGAGTA
YP2
CGAACGCGCTCTCTGCGGTACGTCAATGAGCTAGGTATTAACTTTACTCCCTTCCTCCCCGCTGAAGTACTTTA
CAACCCGAAGGCCTTCTTCATACACGCGGCATGGCTGCATCAGGCTTGCGCCCATTGTGCAATATTCCCCACT
GCTGCCTCCCGTAGGAGTA
YP3
ATCGGACGCTCTCTCTGCGGGTACGTCATGAGCAAGGTATTAACTTTACTCCCTTCCTCCCCGCTGAAAGTACT
TTACAACCCGAAGGCCTTCTTCATACACGCGGCATGGCTGCATCAGGCTTGCGCCCATTGTGCAATATTCCCCA
CTGCTGCCTCCCGTAGGAGTA
YP4
CGGAGCTCTCTGCGGGTACGTCATGAGCAAGGTATTAACTTTACTCCCTTCCTCCCCGCTGAAGTACTTTACAA

—_ W
N-lk o)
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— N W 30— o =
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CCCGAAGGCCTTCTTCATACACGCGGCATGGCTGCATCAGGCTTGCGCCCATTGTGCAATATTCCCCACTGCTGC
CTCCCGTAGGAGTA
2.6 Blast 734

VT3 7 5% A GenBank , F Blast B2 /7 A TAHUE LU 0B, ELARZE RSk 2—3% 3 ion i f )79 5
BRI 16S tDNA JFH A UMEAE 94% —97% Z[8), VLB TSP 5 X I N TAE Y , 1 HAE GenBank P4k
BT AL S

%2 PCR-DGGE &5 B H) DNA B
Table 2 Characteristics of cloned DNAs isolated by PCR-DGGE
BRI ¥ 55 AR HABRE. 75

DNA 5ef& EIL7ERS E
DNA fﬁl@t ;I% 1l E", Nucleic acid identity ; Similarity Amino acid identity ; 5 [%l‘
clone rimer pait Accession No. /% Accession No. vae
Escherichia coli . 3 ,4-dihydroxy-2-butanone-4-
S 11 1(YPI1 F357 1 4 ’ ¥ 4e-
FIFIIC ) (F357GL/RS18) ACX001000167. 1 o phosphate : ZP_06222660. 1 e
Escherichia sp. : hypothetical protein:
=X I aral 3 |
ZEFIFHI2(YP2) (F357GC/RS518) ACIDO1000033. 1 96 7P 06213060. 1 e-08
. Shigella dysenteriae Low quality protein ;
)75 3(YP F357 1 7 >-11
EFIFIII(YP3)  (F3STGC/RSIS) NZ_AAM]J02000006. 1 ? ZP_05997968. 1 Be
Shigella boydii: Conserved hypothetical protein:
=N ~ -
EFFII4(YP4)  (F3STGC/RSIS) NC_010658. 1 o7 AA009423. 11AE016800_28 Se-12
%3 7 GenBank HHRIRIEEHE
Table 3 Closest species in GenBank
R 2575 1 PE5ITH 2 25T 3 ST 4
Sample YP1 YP2 YP3 YP4
AR T T R [kt s [N RS TG T PR e T
Similar species Enterobacter sp. Vibrio sp. Erwinia sp. Klebsiella oxytoca
S5 Registry Number EF450119. 1 FJ764192.1 FM161470. 1 FM992868. 1
E {8 E value 2e-22 le-22 2e-24 6e-22

ERF 1 (YPL) B R ¥ 915 KW ¥ 5 ( Escherichia coli) (%8 5% 5 ; ACX001000167. 1) AHBLE 1k
94% , BLASTX LA LI 3 ,4- 58 5E-2-"T Hlil-4-BEM2 (3 ,4-dihydroxy-2-butanone-4-phosphate synthase) i £
{H N 4e-09 (B3R5 . ZP_06222660. 1), 3 ,4-—FH-2-T Fi-4-B5 2 & —Fp DHBP & BN, $200A% HBE 5 iz
WR-5 s IR . B R A LEE R B2 SR AR R A G 2 R IR ISR A IR (FAD) 5 38 R IR RS L%
TR (FMN) (2R 51 , 25 40 TR R i A AN 48U fe R IR s Ry, o] B8 -5 40 B AR o i A LA G IR
IR BEIEAT L300 14 i U VSR , VRN -3 S T, REA R A A A R K ™) R R A BEAIUR

ZSFA 2(YP2) M HIRITF I 5 Kk [C I ( Escherichia sp. ) (55% 5 : ACIDO1000033. 1) AL 15
96% , BLASTX Fb#4t B % BRI% 2 [ ( Hypothetical protein) fY E {8y 3e-08 (& 55 . ZP_06213060. 1) , JH Fil
R A BRI AR ZE ORI AR A S Sh A5G . AR, R A EC R R 2E AUAT R B0 AR G A O IR, R AR
YP2 25 535K B BT Be -5 240 TR A G

ZSEY) 3(YP3) FIAL TR 41 S5 R0 5 8 FC 1 ( Shigella dysenteriae) (7855 : NZ_AAMJ02000006. 1) A
RIPEIR 97% , BLASTX FLE4E & BARIE B (LOW QUALITY PROTEIN) i E {4 8e-11 (B 5. ZP_
05997968. 1) , L 15 APOE # R [ e AL, 2R A E S AW AN AT A H il = B8 E AR 5 i &R
FIAY, YP3 22 363k i BE DI RE T B2 S S5 40 B 1) o e AR se

Z S 4(YP4) BB IR 741 5500 G 75 B8 B ( Shigella boydii ) (%8555 :NC_010658. 1) HIIEX 97% .
BLASTX a4l 5 & BLAR 57 R % 25 H ( Conserved hypothetical protein) E {H A Se-12 (5 5% 5 : AA009423. 1
AE016800_28) , 5 H A5 AH I B R 5 F5 (11X B i A v, BAT & I LS R 8 ™ R ™= <, K R 2, vl LA
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FIRRIRER A A B Ak 2UR S SR R BB M SR 2 YP4 22 53856 i BEOIRE T RE S 40 B 2 0
3 &g

(1) B R P 3R 5045 5 DGGE Ik kAT 1T AR 271 5N [F] B TT AR Pl I AR PERT ST . 7EAN W)
ZA5 (8], B RK-2-FR-B I ZE B4, 2 O B E WA B R R L m - AR A
HETE B ERERE 58 BoRn B B m L SR F Ui i W8t 8 A E 22 R IR B RS2
SHPTTZ IR 13 G R A, 2 T AR S AR AR AR e BT N TR R g
A DB LA K T ) 52 S 3 0 5 s/ R I DRLUEL , A B 1) o i A B AR A SR b T 5 R R s L, A
Shannon FE U Simpson F8ECKEE 15840, E R MAEYVR R E L  BEEMKERZ L Fmb, ZHPTZ
] BV 7K 3 75 7] Shannon 84U Simpson £ 8 “/D-Z2 /07 fARL &G | LE516 5 Hi 1 BE ML - Al 15 55 3
A RIS R — 2L,

(2) )\ UPGMA 53 Hr AN [a) b 1R G A= Py R Vi S A0 AR R B, 12 DR TR TR 4 4, BRAE 11
Hb AR IE 20 B EAE S R AETE R — A>3 3T W] — 29 B9 ARG 9 DGGE [E3E AT A 2 — 20 2 335 [ AR el
R T 20% , AR ZT LHRAEY Y DGGE YR AR, Hrh B AW A IME R &, 358 T 40% 247,
HBFPERAR, A 25% X E AW 215 X 5 DGGE 4G 2 B R A Y 2 fos —
2, i — 25 W = 1 IR R AR A 1 8 2 A M Y 5 e

(3)1ENH 4 D2 FH, 205 A E IR BROCIR T 7 Ry A B . %81 BLASTX FLAL, & 3
X4 NS 3,4- "5 FE-2- T H-4-B5 1R (3 ,4-dihydroxy-2-butanone-4-phosphate synthase ) , 558 H , LA
B PRSFRBCE RO ART, YPL 22 5738358 i Be I RE FT R 55 4l R ok A i A DL A DG YP2 22 ik i
BLUIRe S W RE 2R AT o AR A S ARG, A R VE R YP3 22 53Rk R BE IR 5 APOE ZARE M e AL, =
YA YP4 22 R0k BLOIRE AT Re S AR KA A K
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