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Construction , Identification and Its Denitrogenate Ability of Nitrogen—Cycling Bacterium Functional Group
XIAO Jing—jing', ZHU Chang-xiong', TIAN Yun-long', GUO Ping', HUANG Ya-1i*, YU Jiang'

(1.Institute of Agricultural Environment and Sustainable Development, CAAS, Beijing 100081, China; 2.Biological Institute of Hebei
Province, Shijiazhuang 050081, China)

Abstract: In the past few years, water eutrophication due to high concentration of nitrogen(N) and phosphorous(P) have become increasing—
ly severe and a global problem. Thus, it is immediate to control and remedy N pollution in water environment. Now eutrophic water is restored
mostly by artificial environment created by plant. While from the perspective of N cycle, since the nitrogen—cycling bacteria could promote
the N cycle and reduce nitrogen concentration in eutrophic water, microbial restoration based on such relevant functional bacteria is a good
way to control N. But,there are many nitrogen forms in the eutrophic water and one single microbe hardly tranform or removal of all nitrogen.
So nitrogen —cycling bacteria functional group that composed of ammonifier, nitrosobacteria, nitrobacteria and denitrifying bacteria, could
convert nitrogen— containing material into nitrogen gas through its metabolism process. Five ammonifiers, four nitrosobacteria, four nitrobac—
teria and five denitrifying bacteria involved in nitrogen cycling were screened from various environmental samples, such as activated sludge,
pig manure fermentation liquid, fish pond water and soil. The nitrogen—cycling functional groups were no antagonisms each other. The nitro—
gen removal abilities were then assessed. And two groups, AGIQ and AGMR, perform better than others with the removal rates of 80.92% and
82.36% within 4 days, respectively. No nitrite or nitrate nitrogen were accumulated in the treated water. The four strains comprising the group
AGMR were identified as Bacillus subtilis, Pseudomonas mendocina, Bacillus cereus and Pseudomonas Pseudoalcaligenes, respectively.
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H AT A TIRE B R HRIREA S, AR
BRI a2 IE it 245 8 1 [ e AL R AL B L A SR I AL
W A RS E BRI R R B TR
SRR, H KoK S 2 U] B 8 s i = PH A A
I S0 R 11 0 S i e B o S E A ol 2 W LAk
15K, SERFVIHM ARG B RBRMER . KL
PR e SRR AR TR, A B RIAL
R BHAFAE— e T INBRAE R N8, A 5 5
PR, JUHR N T bt AE RO X C/N iR
KT SNIBRIE o F: L Fiy A P 40 B R S A AL A i A
RAMEA R, B AR A e — R P R B
DS NEETT, RGEEZ%, EEAE, T4k, RGP
B AT R RE AR S R, IR SR AL, LR
AR BT R, AR B B, BRI R AR, IR
TR BRI, 8 A S RE AL ad A T A R — S AR N
SERR, £ 7 A2 B BRI AE T 2 AH B A R, X AR
BB g KRR,

AWSETLE T IR WAL B AR B , S &AL
R EEECE , SRR AR AAB IR RMAEY
WA, 7RI RE IR RN AL R L, L
HSCBR AN 2 MBI AR

I RS

1.1 &
LL1 EEERE AR

TSR, RS 157K A0 31 i LA B Atk

FrIEGIEZE R R  F E K B S
1.1.2 Brgpdt

OB REFREE, B8R K 25k (Stephen-
son ) FEFREE ALY,

ORI FRE:, SR 9335 25 (Stephenson )
BrgvdE B,

O BUAH A T 3 % LB ] - WIS 1 g, A BR
4 10 g, CaCl, 0.5 g, KNO; 2.0 g, K,HPO, 0.5 g, ZE187K
1 000 mL,pH 7.4~7.6,

@REACRREFRERC K] E AR 5 2,KHPO, 0.5 g,
MgS0,-7H;0 0.5 g, &/ 7K 1 000 mL, pH 7.0,

(©PDA 350, FFIRAF BRI

@R B MUOKELH] : B2 HE 169 mg, & H
88.88 mg,KCl 63 mg, Ju/K CaCl, 23 mg, KH,PO, 23 mg,
MgSO, 23 mg,NaHCO; 65 mg, (NH,),S0, 37.71 mg, i
£ 0 & (FeSO,, MnSO,, CuS0,, CoCl,)0.2 mg, Z5 18 7K

1 000 mL,
1.1.3 &5

TEE 43 M 2t 5 A AR A — 2R B iatn] A i
il L SCHR[10],
1.2 ik
1.2.1 BE 8RO B

B EEFESSAMAREA 100 mL 24k, A
b AL E SR SR AR 250 mL TR A, 78 28 CfH
TEFEPRLA 180 r-min™ 47T E SR % (AH L B # B 55
%), B4 d AR RS 10 mL JE R0 A 2
Bt B ISR AL E AR IR,

FEAH N 4 B R BRI AR A R IR B R A
M B 3G SR BRI TR (RS B R A e 2 AR s )
BT 28 CHAIEFFANIES 3~5 d, BRIEA RN
R R R AL R 2R |, 4 CIRAE
1.2.2 HFhE

OW AL HE R . BB KT AL R —3F,
R FE2A 100 mL WAL R 3G TR WA 250 mL 4
A A, 28 C.180 remin™ FEIREEFE 4 d. FMFIHHR
FIRI , 258 VRS ERELATE , W R AT €8, TR I B FT A
B IEAEAAE o A A2 e i 2 A D 3 5
W R R E RO, R 5 SR = R vk AR
A R/INHI RE B MR B A AL BE 5 55102,

QYL TE 19 82 57 - BB R AL B — 36, 3
FAA 100 mL AEALEAARIE SR 250 mL #EEHE
28 °C. 180 r-min™ $ZIRILFE 4 . FIAE B HE
FEEP W REIRIE R BN, AR, W RN TSR
ORGSR, R R 2
&, A HRREE R A B, UEBH LR A fE AL VE R o P
FEFEFRW T NO; -N V& B 128 A0 15 DL, AR 38 3 55 W
SEAH BRER AR B R R/ N E A AL RE T 5R 55 o

@R ALTE R 5 - BkBI I ) &AL B — 3R, e Fh
FHA 100 mL ZALBARIEF ) 250 mL HEEHEH,
28 °C.180 r-min FERIEFE 4 d, MEERIBANU
o B TR I R AL IR K AR R
Xof B i 22 AL RE 758 T BRI B AR

@R AL B R 57 - BRECI 0 4 S S Pl B 4 A
A 10 mL ARl piE (R B AL R NE D,
BEIESR 4 d 5, WE/NE TR RAEN, X AR
AP EB K BERRIIE NOs-N vk BEARfR 0136,
1.2.3 FEfh&E

X LA 5 H 0 TR R T R A TR RR AT A
Z: A0 % 8 F0 (B8RO ) A CH I 40 18 3R
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SR EFHI, BN TE A A RRAE F AR 3 A
FERHE

X4 BARIEAT 16S rtDNA [ PCR 714, SR 4B
FEAME AN & (LR XS EYHE AN F)HRE
BERREYS DNA, DUHO AR, R 40 5@ A 514 PB
5’ -TACGGCTACCTTGTT ACGACTT-3" #1 PA 5’ -A-
GAGTTTGATCCTGGCTCAG-3" 43 % B bk s DNA
#E4T 16S rDNA Ay PCR 373,

PCR Jz W f& & 50 pL:10xPCR buffer 5 pL;2.5
mmol L7 dNTP 4 wL;10 mmol - L™ J [a] A1 1E [0] 5| ¥ %%
2 pL;2.5 U-uL [ Taq fi§ 1 pL; DNA 2 pL;ddH,0 %b
JEZE 50 pLo, PCR S 214K 94 CHIAE I 5 min, 94
CA5HE 1 min, 55 CiB K 1 min, 72 CHEf# 3 min, 35 4
PE3F, B J5 72 “CEEAY 10 min, 4 CI7FE. B 2 pL PCR
PR 1% (whv ) BB RE B A L Uk 43 B, ASril JHL o
AR, RFELE ST E AW EARA R HEA T
W 74554 Genbank H1>R F BLAST 273547 [RI R 14
K#&, FIH Cluastx2.0 MEGA4.0 S0 K34 HE1T R
GRE T, NI B RGE L TR,

1.2.4 FHifE A%

SR FFIAR B2 oot i 6 45 2] %) 2 6 TR AR 1 A7 B8 PRk
[EFEPTERE R E , W K B A AR AR S — B AR
i) PDA SR E, #RHR A 200 pL 55 — B Rk B & B
W ,28 CHEFF 48 h JE ISR B A B ™ A& , &
%, B 3 AN ER
1.2.5 BiAERE R

1) R 2830 B2 05 R BT A 07 5 P9 R0 B PR AR kg
TR, NE A RRI DI RE R MR (B IE R AR L AE 1L
B SRR R R R A B ) S — R HE T A KA S
AP RRIE 1:1:1:1 (9 ELBEEFD T80 100 mL 4L S
BEFALKFER 250 mL 4T, 4 28 °C 180 remin™
fEEIRG SR 4 d 5, E SR V2 IR EREh &
SERER A A AR LI 10 o 8 LA B0 B R A AU

BRI BB (7K (4 Hh A PR R H MR FR AR R 4k 7
BARMR R A -
1.2.6 Wi PR R RER 5T
eI L2 B R 2125 100 mL B4
B EFROKEER 250 mL #9UET (WRE AR E R
8.06 mg L', BAMKE N 16.93 mg L), 535 5514 F
b, B 24 h BUEIE SR B HBR R /RN T AH
PREVAMEEE
127 BARBEE BRI E AT
BRI JFoK i ) BR 2R LA R ER
RAANAERRER R AYVEE , B 100 mL K443 F 250 mL
PR 3ANES . B ARG RAMGFR L, 4d
JE W E £ BAEDR o

2 HREWE

2.1 BEAERE S BIHIE

ZEE oENEREIEME 112 tk, TR
71 Bk, FHALET 44 Bk, SRR 13 bR, LB BRI 20
B o AHE— BT R, R ATk E BT
RIS RIACATE 5 bR, RSB 4 8K, AL 4
i, SRR S B, X LERHRR RUAGFE L BE T B5m (3R
D), A B E Rim ok RSB TR TR
2.2 HMERE
2.2.1 B ERITE AL

Xf A W-C-3.G #§-3.M & —-4.R -5 H#HTHE
FILSMBE AL ST NES, PR 2 A1k 3,
2.2.2 B BIMRAE A ALRHE

A W-C-3.G -3 M &-4.R X -5 HHHRAIE
A ARFHE IR SE R IR 4~6,
2.2.3 B HPRAY 16S t1DNA #5438

kR 16S tDNA () PCR ¥ 3 F=#) 7€ 1.5kb Ab A
Rtk A, 5 B R/ N—8, KB A R o R
458 F BLAST 72 J¥ X} 2 B bk #9 16S tDNA J¥ 51 Fl

®1 BHEENEBEAERELRNBR

Table 1 The nitrogen cycle bacteria screened and their abilities of transforming nitrogen

WAL AR AR RS ER R N BRI || R AR ER
SHiB R AR EBRRI% SiliE R AR FBRFI% R mg-L™ SiliE R AR EBRRI%
A TF-C-3 91.60:0.83aA || E fif-HA-B-1  93.33+3.84aA I %-86 329+15aA N Z-#5-B-2 10024
B -4 84.61+6.02bAB F f§—4 91.11+4.10abA JH-5 322+15aA 0 Z-i5-B-4 10024
C F-C-2 77.42+2.59¢B G k-3 88.89+2.51abA K £-80 271+8bB P [Z-5-B-6 10024
D -7 67.74£2.32dC H -1 84.444.05bA L %-90 251+8bB Q x4 1002A

M H-4 249+11bB R 2-5 1002A

E/NEFRFR 0.05 BEKE, KEFRFR 001 ZEKF,
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R 2 EHELEEFE(PDA) LRIEFRAHE
Table 2 The colonial morphology characteristics of bacteria on PDA

Btk R JEAR BV /M mm Bifa HGAREL e it mE EYE
A F-C-3 A 0.5~2 AEM 3 EEBR bR e e ™ 7N
G -3 54 1~2 AEM 3 EEBR bR e e ™ 7N
M -4 54 0.5~5 AEE = EEBTR S R i AEH
R -5 B 0.2~1 BEM I EE BT e 2R ¥ il
R 3 WEEGHSHE
Table 3 The mycelial morphology characteristics of bacteria
o Btk - 2]
95 MR R N S YA ERRIR R
AT-C-3 R, BT 2.5~6x1~2.5 PR £ H
G -3 KAF, BfT 3.0~4.0x0.2~0.7 BRI 7
M -4 SERT, BAT 0.6~2x0.5~1.0 PR A, HEE HE
R -5 SEFT, BT, BER 0.5~1.5%0.8~1.2 B I
F 4 SEMNEER ENIFE
Table 4 The physiological and biochemical characteristics of bacteria
HE R AKIEE iR e e, . _—
BEH 200 37C 60 CK0min 2% 5% 7% log et AR HO.E WMBER st
A -C-3 + + + + + - - THIF4E, + + + +
G f5-3 + + + + + - - HFE - + + wt
M & -4 + + + + + - - TR - - + +
R -5 + + + + + + - SRHEEEA + + + +
TR R W RRF A K e T ROR R B
R 5 SEHKNEEREWSE
Table 5 The physiological and biochemical characteristics of bacteria
AR YL
WS KEKk M-R - V-P T
cre 3 Y HS . i34 [icd-3 )z FEEE (AR
R R RILREE 7o) PR Gpies) oqRmE)  (GERE) Ll nsyaEE
A -C-3 - - - K - - +++ - + +
G fig-3 - w+ w+ - - - +++ - + -
M &4 - + wt - - - -+ - + -
R -5 + - + KB - - + - + o+
A% 4,
R 6 BEMEHEER EWISE
Table 6 The physiological and biochemical characteristics of bacteria
HER BRI o IR
WHRERE (20 °C) BAd SO AW Wl LA B IR OB DUBE HERRE AN MR Hhb
AF-C-3 ++++ - - w+ w+ - - - - - - w+ - + -
G iH-3 + ++ w+ + + w+ w+ w+ + w+ w+ w+ + - -
M &4 ++++ +++ - + - + - - - - - + - + w+
R -5 + +H+ + + w+ + + + + + + + + +owr

E:Iﬁ%‘"o
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Genbank FFELB SR P 91 BEAT AT IR [R5 LU A, 45
RFEH A T-C-3 5Z¥ Bacillus subtilis {75 [F]
VIR ] 100% , 40 Bacillus subtilis HDYM-11;G A§—
3 5Z ¥k Pseudomonas mendocina 1JE % [E] U5 14 35 2
99%, N Pseudomonas mendocina PCT;R JZ-5 5&4k
Pseudomonas pseudoalcaligenes [EIJFEME2 51353 99%,
4N Pseudomonas pseudoalcaligenes SW05;M & -4 5%
B Bacillus cereus BY[RIVEME N 94% , U Bacillus cereus
QAR-01d %,

FIF Cluastx2.0 MEGA4.0 %5 S B 1 2 2 B Bk
S5 SFEH W, HT 168 1DNA FIIMERGE LT
# (E 1), TLAEHEH,A W-C-3 5 B. subtilis 1 B.
velezensise. M & -4 5 Bacillus cereus. G i -3 Fl
Pseudomonas A17, R JZ -5 F1 Pseudomonas pseudoal—
caligenes WIFEZ R REFEY]

£ 16S rDNA il Jy7 Be [ LU, 456 BRI TE
S PARRE, AT E TR A T-C-3 2K Bacillus
subtilis .G §-3 & Pseudomonas mendocina M & -4 &
Bacillus cereus R [ -5 K Pseudomonas pseudoalcali-
genes,

PEAOE , WK ZF A B A A B AL
VB AR 2 HUAF R X S R AL S FRER vk BE 1 e
AR R, B RGBT B 7K 7 B K B
NN Z o RIEFPEW B REAER T2

Bacillus subtilis C7-2 EU25743
Bacillus subtilis E9 DQ474759.
Bacillus subtilis AB195282.1
Bacillus R-27355 AM910200.1
Bacillus velezensise AB244285.
Paenibacillus favisporus 2R100
Bacillus subtilis HDYM-11 EF42
A sample

Bacillus vallismortis BCRC1718
Bacillus amyloliquefaciens BCR
Bacillus subtilis Kb003 EU8717

0.0010

0.0005

95

0-0002 72, Pseudomonas SWS3—came EF15127

Pseudomonas pseudoalcaligenes
Uncultured Pseudomonas clone5—
Pseudomonas GC80 AM402949.1
Pseudomonas BWDY-26 DQ219371.1
Pseudomonas mendocina PC12 DQ1

BB L B ZW27 R ha AR S M R ZW23, P& 1Y
JE SR RGP F E RS LA B, 5 B N ad AR A
BAKNRTHSANESEANRR, X5AREN
e —3
2.3 RIEREREFEIERENIE

X5 B AR Z B A FEBUE BB T E (R 7)), B3
ik CF-C-2.D W-7.L&-90.J &-5 FHAhE A
TEREHUE R, ELR Bl 2= A B 8 )33 A 1) o At PR ik >
[EATEAEFEDIVE . TR, S BB P T B R
24 BiEmEENNE

e R e A b PR 3 MREALE (450
HJ LK M) .2 BRIEREE (4543510 AB).3 #RAH
WWHE (%530 E.G.H)F 4 BRAHILE (%545
2% 0.P.Q.R) HTFHAWERMARE, Hit 72
MHE . WA RN

(1) EFEEAEAFDEMBREAEREES 4 1k
AR A BB, SIS 2 AN A AR B R
LT

(2)BEBOEA B AEDE Rk

(3)HFEEA B A RS AR BRI R

()BT B ASRRER R BREE R A B

B 4 mL IR R T 00 46 AR E R 23.64
mg- L AR N 7.62 mg- L7 WAL E B R LKA
ORI E 11 AEA MR ABCRRIT (%K 8),4

Bacillus NS3 EU573774.1
Bacillus thuringiensis AM77899

45 Bacterium CWISO7 DQ334346.1
39 Bacillus anthracis AB116124.1
37 Bacillus EC4 FJ194530.1

Bacillus pseudomycoides B-60 E

58 Bacillus Y17 DQ302161.1
100 Bacillus cereus QD87 EF472263.
Bacillus cereus GCH-1 FJ611966

1'4 Bacillus B312008 EU384285.1
Bacillus cereus HKS4-2 D()28906
E/Iacillus cereus BQAR-01d FJ217

Bacillus velezensis AB244285.1

’791

0.04

87 P.pseudoalcaligenes sw04 FJ544
4100.: P.pseudoalcaligenes sw05 FJ544
R sample

0.03 0.02 001 0.00

49

N P.CL-1 FJ594992.1
P.mendocina JM3 FJ472855.1

97
— P.204 EU841536.1

Pseudomonas K19416 DQ298032.1
G sample
Pseudomonas A17 EU770268.1

68 ! P.CLSD EF175872.1

P.clone EHFS1 S08b EU071492.1

Pseudomonas mendocina DS04-T F
89 — Pseudomonas mendocina LysoH EU
[ Pseudomonas 19-28 EU167964.1

100

Uncultured bacterium clone6C23

0.006 0.005 0.004 0.003 0.002 0.001 0.000

42 | P.clone GI3-S-4-C06 FJ192206.1
69 P.clone GI3-5-C03 FJ192206.1
37 P.mendocina zyj1-4 EU311211.1
32 Uncultured bacterium C3r1 DQ30
68

0.001 P.clone GI3-S-3-G07 FJ191833.1

—

E1 E#AT-C3.CH3.ME4FRRE-5HEZELZERRERE(N] &)

Figure 1 Phylogenetic trees based

on srain A.G.M and R(NJ)
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Table 7 The result of antagonistic action test between bacteria

ABCDETFGHTIJKLMNOPQ QR

I “AB.Coo "B BTG S, &5 BN TERZ FRIEIL
£ 1, “+"FRINE B EAZ <10 mm; “++” FRIME B ER 10~15 mm;
‘" RN TE R B> 15 mm; ‘=" R TR

d WXL SRR KRR 50%L |, SBAERE
FE 75%LA L o FFEREFLE R A REFERSCR T A B A
4 HAGIQ F1 AGMR,4 d Py Jii 20 2R 43 51 v] DA 35 3
80.92%F182.36% , X} & A BIFEAIZS3 TR 79.66%F
79.79% , 3+ B Az BB A RER AR R B 1) W0 A Rk R Y

25 REEHLEENEERAKEIERERHS
RUEMTLER

AGIQ F1 AGMR >4 & Ab AR I & B Fr 1K
R R, R R R AR O D0 I 2 FE 3,

XX A A FEAL FE S A5 K R A R R
& 5 B[] 43 34T Pearson MRMEMT , S RBE R
A, M X RS 1M -0.952 67,-0.956 10(a=
0.05), XPMHEMEINE BEFRMKERBAIE
BBIFH A IBOR , R AR A PTG, B Re
A FRER R AN AR B R AR AR . 4B AGIQ
FEALFRTEIK 24 h JG AR AT 5% 66.15%, XTER
HFEALFR IR B 67.49%; 417 AGMR 7EAL 35K 24 h
JE AR BN B 62.57% , %o &5 A 1Y i Ak 2. ik 3]
87.22%, W ACFRETE] A3 , B EURIIE A BREL AUk
YR TRk, Hh AGMR 404 /e 548 iRt a] N
BB A BRI

20 1 > EA 105
W TR A

150 X A 104
A THERERA

SRRV /gL
5
s o
(8] w
TR R B L

3
T
.
e
=

o
NS

0 24

48 72
Fsf /b
E 2 AGIQ ASFAE/KEIT R AR EEN
Figure 2 The nitrogen concentrations variation of AGIQ community

in treating water sample

R BMARNHALRARMSER

Table 8 Some results of the community’s denitrogenation abilities

%5 HEHWR BREBRE% BRERE% AR AN /mg- L WAHERER IR B /mg - L
3 AHIO 53.15+1.41{E 83.88+1.56bB 0.08+0.02 0.04+0.01
8 AGMO 55.25+2.10fE 92.60+£2.04aA 0.25+0.06 0.04+0.03
12 AHIP 61.02+1.15eD 79.61x1.37cdeBCD 0 0.05+0.02
13 AEKP 66.40£1.51dC 78.43+1.90deCD 0.06+0.01 0.04+0.01
14 AGKP 55.51+3.08{E 90.40+1.06aA 0 0.06+0.01

20 AGIQ 79.66+1.04aA 80.92+1.98bcdBCD 0 0

22 AEKQ 73.36+4.65cB 76.44£2.92¢D 0 0.04+0.02

27 AHMQ 77.69+1.84abAB 76.61£1.77eD 0.64+0.08 0.02+0.01

34 AEMR 75.46+3.28bcAB 76.27£1.95¢D 2.21+0.09 0.01

35 AGMR 79.79£2.14aA 82.36+3.02bcBC 0 0.03+0.01

36 AHMR 75.46+2.43bcAB 80.92+1.68bcdBCD 0.04+0.01 0.06
CK 0 0.03+0.01

AR A B Co - "R B bR S , o S AR BRAIR IR L PNETEIOR 005 BEKF; KETRHIR 001 BEKF
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20 > 58 1057, 2 Noo N0 B — Pl 2 UK, 2 RBT PR IR [
L% |, £ I, ANEFR R 5722 N.O L R AT B
s - - {6 NO BOP= A A FIRABIL.
g 03 5 (4) 4 A HORE R R ST B BER AN 1L
& .- BT P PR T 2 A B SR K P e AT PR,
£ & BRHLSE B A BRI R
5 0.1
B O % BEIR:

T P LX) 2T A, M . ¥ E K S L5 A B T 2 7 BT

B 3 AGMR AR/FELE KT EF AR ETL
Figure 3 The nitrogen concentrations variation of AGMR

community in treating water sample

26 RARHEEEERUKEHNERNHAR

BUFTKAE, 2005 SRR 33.77 mg- L7, &
RN 30.04 mg L, WAHERELZMKE A 0.03 mg-
L7, MR AME N 246 mg-L, HARFFEH
AGMR, 4 d JEIE : MAWEH 11.55 mg- L, EFR
H 65.80%; FEAWE R 10.14 mg L7, EBRER
66.25% ; WA FRER AWK FE A 0.05 mg- L™ iR EL A Mk
ER 0, RIMA G EABIR LR EAMARRGE
1,3 B R AR AN AR EE R . X FRIS
Y KR, NEIEA AR  RAMEDER
TRA PR R R B FRERL, K P A R MR,
WIE—FIE BT o R IR NEER P HERT SE Bk A
B8 AR HFITRAS

3 #ig

(DAL T2 112 ¥k, TEAE 71
R, IEALE 44 R, SOBEILE 13 Bk, WIAE B R A5
Yok RRAE T B AR PEIR o

(2) XK T HARYUEENRER AGMR
WS R EEFRMOKH TR, 4 d NESAT
W 82.36% EA T M 79.79% , /K 5 B B o503 5 U
KEE, XSTHBEATATE ,4d AW ERABERER
65.80% , E A M FZBRFH 66.25% , TRF BRI AR LR
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