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Abstract

Nitrogen loss caused by denitrifying bacteria is an important link in the global carbon-nitrogen
cycles, whose community compositions and abundance may have a role in regulating emissions
and forms of gaseous nitrogen. Based on 454 pyrosequencing of the 16S rRNA gene, as well as the
reported denitrifying bacterial genera mentioned in many literatures, we detected community
compositions and abundance of denitrifying bacterial communities in Xilin River sludge. The re-
sults showed that 5744 quality reads were grouped into 2263 OTUs at genus level (0.05 distance).
After alignment with known sequences deposited in GenBank, the unclassified bacteria genera
accounted for 57.49%. 204 classified bacterial genera covered 20 denitrifying bacteria genera, in-
cluding 1.40% of Flavobacterium, 1.23% of Hydrogenophaga, 0.19% of Bacillus and Thauera,
0.17% of Thiobacillus, 0.15% of Hyphomicrobium, etc. Among them, Flavobacterium and Hydroge-
nophaga were the most dominant denitrifying bacterial genera in Xilin River bottom sludge, ac-
counting for 69.03% of the total denitrifying bacterial genera. Correlation analysis showed that
Flavobacterium preferred to attach to coarse sand grains in relatively high pH conditions, pro-
moting the emission of CHs and inhibiting the production of N2O and CO-. In opposition, Hydroge-
nophaga showed special preference to fine silt grains in rich nutrition conditions, promoting the
emission of N,0 and CO; and inhibiting the production of CH..
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R

FREUERS R EE AR EREBIANEERTY, HFBRHREEENSSEENRBNHTRER
IR . 248 ECIRIOE RS E, 22T 16S rRNAZEH 454 BRI PR A Bl T 3 pRIe JEE U8
R BE RS WA ERE . SRR 57TH4FRUFFE “B” KPFLEKEKK22631M0TUs, 5
GenBankH B4 P51 L} E IR R 5 RIHHE B (557.49%. B4 M204 0N 4HE B 2048 R EA
H &, @ %iFlavobacterium 1.40%, Hydrogenophaga 1.23%, Bacillusf Thauera 0.19%, Thiobacillus
0.17%, Hyphomicrobium 0.15%% . &, & )8FlavobacteriumA1WESE % j& Hydrogenophaga®
BHRAREFREEMNRBEUAE, X ERWEUEHSHRN69.03%. HRESITRA:
Flavobacterium® EXXpHM X E KR, R3ECHABIFMHEIN0F1C07 =4 ; T Hydrogenophaga & &
KEFREE WLRL, (RN 0FCOHBEIMHI CHa= 4

XA
ERRNF, RIECHE, HEAR, £E, SRR

1. 53|

L 454 £21%ER Pyrosequencing A1 Illumina Solexa %5 A4 3 (1) il & 77 B AR AN B8 e M 7T i 2B
MRFE R S Z e, IR e e RTS8 R AN 22 T AR =R B2, e & R VDR I 45 M 0 it
R(DGGE 1 T-RFLP)[1]-[5]1F15E & HTH AR (QPCR)[1] [61FIFHIhEE, 1EF 7T 5 I IR B FE S A VDBV 45
HE F Ve F A T E AR [7]-[10].

33 Sk A NLO BRI 2252 SO AL B SR 3 B A= W i 8P E FH 6] [11]-[15]. B A A6 T Ak
W07 Z AR P AE ARG 7 B3 TR . IO AG TS 0k A B3 & B 1 e A K R e 01 fe 45 D7 T
[16]-[19]. B AR JE 1Y %5 e 2 Bl A W82 A B AE AL R &2 16S rRNA 35 [K] [H] Y8 14 43 A R gk 47 [16]-[19]
124 TR I 60 A& 40w 2 A R DI Re, A5 AL G S b DA A4 181 A T8 52 T 1 B 48U
FAG TR [12] [13] [20] . A B 75 338 I A TR A 3 P 5 NLO REJSCR: (7] ¢ &% 7 T B BAS B 233 e [6] [14] [15] .
AR IR e SO A TR AL R = B 23 (R AT R RSB B g N T K BRI AR, SORM AL TR A AL R S
F ok B LR R PR AL, R RS R AR AL (N O/N) A & [11] [13]

PRIERE B ] B SR A A S 0.1%~100% . il B30 57y T BE T8 R K B0 e AL 1 32 ML
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ASCHET LS8 16S rRNA JE R 511 70 H7 ST (14 SR A 11 i DR B3 30528, G 214 16S rRNA B [K] 454 FEREIR
WP BARGATHIRELSE, N “JR” KT Eyadl B R Dh RE K40 B RS AL S E R, Bl e 4k
T JE Y R AR 3R SR AR = AR R AR R 2 K

2. 5 HZE
2.1. R ERIEARER

BT 2 5 T R X R R ARER M B A BRI R A B AR T E R SRR AR RS RGE
B3 PE ) (43°36'N~44°29'N, 115°32'E~117°12'E). & X @ik 1+ 7 KM RAE, FIHE-0.4C, F
PIR% K/ 336.9 mm. KA RE B B UK E S (Glyceria triflora) . #UB R 24K (Poa subfastigiata) . 2K Jik & &
(Carex appendiculata)®§. W5 TR E M) 2 mUR A R RRVE . OB, 105 CHEFIE, mhnk, S
FIFY RGBS Ve UKL 4L R . 7K 2> & B(WC) pH. ZKIEMEEE 7> M B (DS). BB NI HHX . FiE
FLIRZ ML BT O LR MNE B A HLER(TOC) . 2% (TN). 2WE(TP). R[IL e b ki & &
15% + 1%, MrRi & 55% + 2% 75 47, RIS & 30% + 1%. WC: 22.72% + 1.83%, pH: 8.31 + 0.15, DS: 0.71
+0.16 gkg !, TOC: 6.45 + 1.14 g-kg *, TN: 1.27 + 0.34 g-kg %, TP: 0.33 £ 0.09 g-kg . J] Agilent 7890A < #H
ERHERIN N,Oy CHav CO, [IRFE . RFIIAAIKEE: Cs(ppm) = AsxColAg, Firt As: RFIINRE S I A ;
Co: R SIREE(L.O ppm); Ag: ARSIETIAN. WHHJEYE N,O. CHyv CO, HEREIKIA 0.372 +0.014, 2.227
+0.013. 623.6 = 3.9 ppm.

2.2. JFJEE DNA B93REL. PCR F& BRI

FE 78 /IR S JE R 0.5 g #%SCHER[2 11347 A 0 R R ZH 5 DNA 25, FJH 16S rRNA %:[A V1-V3
X 5| #5347 PCR Y184 . 51 4 8F(5’-AGAGTTTGATCCTGGCTCAG-3’) i 454-A %k (5°-cgtatcgecteectegege-
catcag-3’), 533R(5’-TTACCGCGGCTGCTGGCAC-3’)/il 454-B £k 5|47 %1l(5’-ctatgcgecttgccageccgeteag
-3")[10]. HFAMFE AN 10 bp #7455 (barcode) 7 41 LAZRIX 5l o PCR [ %44 £2(20 pL): DNA 4 1 uL, FastPfu
DNA R4 0.4 uL, 5 x FastPfu ZEHi% 4 uL, 2.5 m mol-L ' dNTPs 2 uL, 1E. JEGI#(5 p mol-L )%
0.4 uL, HJr#MEBELEKE] 20 uL. PCR Jx M 4. 95°C HiZs Pk 2 min; 95°C454: 30s, 55°CiE-k 30s, 72°C
M 30's, 25 MEH; 72°CIE LM 5 min. BTA RS PCR P& 4l fl e & 5 4k g2 AR R 25 Ft
FABR A A % IR 4 GS-FLX 454 Titanium /7>~ & (Roche, Mannheim, Germany) i 17 K47l
P

2.3. MEFBURDHT

BTk AREAET S P 2 2585 R A R0T 5, DR, EBRIAERE R G A B,
Bk PRpECEE S S X AR KSR T A, SR E>150 bp FIRALTH]. K55 SILVA $id P
(http://www.arb-silva.de) ' 16S rRNA & 7 FI3EAT Hox,  LBRikA &k (Chimeric) /741, @it Mothur # £
(nttp://www.mothur.org) 347 B5 25 AT # A1 OTUs(operational taxonomic units, R #/E42 80 L.
i EMBL/GenBank/DDBJ #% & - 41| ¥ 4% )& (Accession Number: DRA000705)[10], #&F OTUs £ 0.03.0.05.
0.10 7K~ AL PR B9 0 RS A . B B b R0 TR 2 i S AN B ARG =F B2 [22],  F Mothur B
Plot-rarefaction #2)7 AE s it i 26 14

2.4. WG 3
% Excel2007 F1 Origin Lab 8.5 #f4(http://www.originlab.com)# 17 3 A B #2241 . i SPSS16.0(SPSS

O,
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Inc, Chicago, USA) ¥ {11347 Pearson AHC MM #T o FRAEFEVE h SBH AL B B8 =8 FE . L3 LRI S 4R ot
$J73%: 1) Shannon-Wiener £ #£E$E$(H') H'= —YPilnPi, 2) +Simpson 1E#EZ$54((D) D = 1 - Y (Pi)?, 3)
Pielou 2] £ 48 (Ip)Ip = —(ZPilnPi)/InS, . S——FIERFE IR B EH s N——FTrEREE 1 BT
A S B R AR ECZ R Ni——FTFEREVA 9 SO AG TR | M4 Pi = Ni/N.

3. B/RE S
3.1. EBREMFER T

KT 16S rRNA JERERERR I T 708, AHEFi 5 5 3845 6353 25 XUT 511N 5744 %414k 7 %1)(Quality
Reads). [4] 1 5 OTUs 7 0.03.0.05.0.10 it 4% 7 s (R B i M 26 1] o F<] 1 g th 2 F0 < 1 o (1) 78 55 2 (Coverage)
53 S TR ) R FE RN S A AR S R A R R 7 S AR A . 4 0.05 1A% IE BS A R 2263 A
OTUs £ GenBank 4 LEXT 5, A3 No_Rank B HE=F & =ik a4 B 2 1 1 57.49%, S “J8 7 /KF
PR P AIE R R A B B EA R, BoRB 2 R0 RAEM IR ARE R T30 204 AN E 2
RS 5 AN A 2 ) 42.51%, 456 SCHROK S ARIE (1 S B AL TR I, AR 70 AN 90 51K 204 A1 Ja 3t
i 20 AN BEAGA B @, o S 4H TR 2R 3.81% (W] 2) .

32. R ARFESERRER

20 AN SRS R A 2 B ) AV L A 0.02%~1.40%, ZFAEE &7 204 AT JE F 1 9.01%. KA
XoF = B H BRI 20 S SAiF AL 1 J B Ve 4P a0 R - Flavobacterium 1.40%, Hydrogenophaga
1.23%, Bacillus #1 Thauera 0.19%, Thiobacillus 0.17%, Hyphomicrobium 0.15%, Stenotrophomonas 0.08%,
Microbacterium £ Alcaligenes 0.06%), Pseudomonas- Rhizobium F1 Herbaspirillum 0.04%, Sphingobacterium.
lamia. Acinetobacter. Rhodospirillaceae. Sorangium. Rhodococcus. Derxia 1 Zoogloea #3°4 0.02%( %] 3).

OTUs
500 1000 15002000 2500 3000

1000 2000 3000 4000 5000 6000 7000
Number sampled

Figure 1. Rarefaction curve

1. WL

Table 1. Sequencing information of sample and diversity indices

7 1 HmBANFER R SRR

Samplin Qualit Total Coveragde Total Total Shannon-Wiener ~ Simpson Pielou
Sifes 9 Rea dsy OTUs (%)g Bacterial DNB Richness Dominance Evenness

Genera Genera Index Index Index

HB 5744 2263 68.0 204 20 0.51 0.75 2.20

DNB: denitrifying bacteria.

O,



et 30 R A AR AT 80 AT T U B 1A T R AL S A B

80
DNB: Denitrifying bacteria
70
$ 60 57.49
g
k| 501 4251
5 40-
)
o 304
2
= 20
&
104 3.81
04— . ; . —

No_Rank Bacteria DNB

Figure 2. Proportion of different taxonomic groups
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Note©® 20 denitrifying bacterial genera were as followed: 1. Flavobacterium # T )&, 2. Hydrogenophaga M4 1%i)&, 3. Bacillus % ffT &,
4. Thauera Z K&, 5. Thiobacillus fifTIKE &, 6. Hyphomicrobium 42273 )&, 7. Stenotrophomonas W& 3 2 5 7= H f i J&, 8. Micro-
bacterium fFF i J&, 9. Alcaligenes /4 % &, 10. Pseudomonas {2/l &, 11. Rhizobium #UEEJE, 12. Herbaspirillum LEiHp )%, 13.

Sphingobacterium ¥4 & AT )&, 14. lamia, 15. Acinetobacter A"zh#T i /&, 16. Rhodospirillaceae Y& A MZE R, 17. Sorangium Ff

18. Rhodococcus 41 BKT &, 19. Derxia £33 i (X &, 20. Zoogloea ) i T i J.

Noteo 204 bacterial genera were as followed:

u Arcobacter = Sulfuricurvum
™ Hydrogenophaga ™ Anacrolinea
¥ Propionivibrio ® Leptolinea
® Family XTI Incertac Sedis Incertac Sedis ™ Lachnospiraceac
® Paludibacter = Veillonellaceac
= Flexibacter = Albidiferax
® Aquabacterium = Novosphingobium
® Ferruginibacter ® Syntrophus
= Comamonadaceae = Caldilinea
® Desulfobulbus ™ Femribacterium
™ Saprospiraceae = Alcaligenaceae
™ Lacibacter ™ Nitrospiraceae Nitrospira
u ® Fluviicola
" Bacillaceae Bacillus = Arcnimonas
L] i c. = Thauera
= Azovibrio = Desulfuromonas
m Thiobacillus = Quatrionicoccus
= Syntrophaceae = Hyphomicrobjum
™ Geobacter = Fusibacter
™ Fibrobacter " Caldilineaceae
¥ Lutibacter ™ Prevotella
= Acidovorax = Schlesneria
¥ Rhizobacter Spirochactaceae.
Levilinca = Geothermobacter
™ Tropicimonas = Helicobacteraceae
= Chryseobacterium CL500-29 marine_group
Gallionella = Runella
® Cryptanacrobacter = Trucpera
" Nocardioides Pseudomonas
Rhizobium ® Herbaspirillum
L] irellula * [lumatobacter
Phaselicystis Thermomonas
Victivallaceae = Sphingobium
Vogesella ‘Vermucomicrobiaceac
Limnohabitans Polynucleobacter
iangi Nordella
SM1A02 ‘Nannocystis
Tamia Acinetobacter
Phenylobacterium
Rubellimicrobium Ramlibacter
Acti Labrys
Spirochaeta
Azospirillum Blvii28 wastewater-shudge group
Azoarcus Caulobacter
Emticicia Acctobacteraccac.
Prosthecobacter
Elioraca Formivibrio
Prolixibacter Azonexus
Methylotenera Roseococcus
Acetivibrio Agrococcus

HH 15 % »

™ Erysipelothrix ™ Flavobacterium

™ Anacrolincaceae ® Sideroxydans

® Acidaminobacter = Nitrosomonadaceae

¥ Gemmatimonas = Leptothrix

u Clostridium = vadinBC27 wastewater-sludge group

= Rhodobacter = Fastidiosipila

= Candi Ct ] i

™ Sinobacteraceae ' Polaromonas

= Ruminococcaceae Incertae Sedis -

™ Treponema ™ Saccharofermentans

™ Massilia ™ Porphyromonadaceae

= Pircllula * Opitutus

™ Proteiniclasticum = Coriobacteriaceae

® Chitinophaga = Porphyrobacter

= Alkaliflexus = Smithella

= Geothrix = Giesbergeria

® Hymenobacter u Pl

= Synirophorhabdus = Planctomycetaceae

" Dechloromonas = Gelria

L] Incertae Sedis ¥ Sandarakinorhabdus

™ Stenotrophomonas Azospira

i = Piscinibacter

™ Anacromyxobacter = Demequina

= Syntropl Anacrovorax_
Sporobacter = Bryobacter

= Microbacterium L]

= Lachnospiraceac_Incertae Sedis Alcaligenes
Flavisolibacter = Xanthobacteraceae

# Pedomicrobium = Gemmata

“ Candidatus _Solibacter ceae_Streptococcus
Ignavibacterium = Syntrophobacter

" Hye hilaceae = Desulfovibrio
Candidatus Microthrix Coxiella
Sulfurovum Bellilinea
Rhodovastum Dictzia
Zavarzinella Lysobacter
Acidimicrobiaceae Sphingobacterium
Rhodospirillaceae Sorangium
Chthoniobacter Pseudolabrys
Brevundimonas Xantho
Blastopirellula Sva0081_sediment group
Derxia Caenimonas
Leadbetterella Sporotalea
Zoogloca Methylophilaceac
Holophagacecac ‘Undibacterium
Gallionellaceae Acidithiobacillus

ili Rhodoferax

Desulfobacca Desulfomonile
Mitsuaria Planococcus

Figure 3. Relative abundance and community compositions of bacteria and denitrifying bacteria in Xilin River Sludge
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33. BRWHAEREENSRT KA TOHEREFE

AP UMK 2 TR e SRS BN T B SIS, R RSB R o 3 AN (K(<0.02%), AR
(0.02%~0.50%) , 7 (0.50%~1.00%) , % & (>1.00%) . & F A5 £ 5 Bl %, e £ EE
(0.50%~1.00%) F11) =1 (>1.00%) ) S i AL B @ A AR 38 R . IR Te R 2 MR S AL 4l B, 43 )
M B Flavobacterium FIEEZ(# )& Hydrogenophaga, W53 735 b5 SR A0 240 e e A ZHL ) 36.75% 411
32.28%(<] 4), it 69.03%, T AL B RSV 7T0%. 25 8 B A IR I, FRAT RSB 4>
FKEITNT T 1N B BRI XS = B, & P 2% J@ Hydrogenophaga ATt b (145 7 B | ] Proteobacteria.
AT # 44 p-proteobacteria. 1F 7% K # H Burkholderiales. M ¥ % £} Comamonadaceae FAH X =F 4 Ik
N 44.21%. 21.82%. 12.41%. 10.82%, Hydrogenophaga FrfERII T 4N« H RIRHER & 40 1 L% b i i 34
HILE R4y AR ELT 35 35 AT )& Flavobacterium BT N7 (48T 14 1] Bacteroidetes. # T % 4% Flavobacteria.
A 1E H Flavobacteriales. ¥ #F | Flavobacteriaceae [ 3 FE KK A 15.77%- 2.03%. 2.03%- 1.67%,
2 41 B R T L I ARG 2

4. g
4.1 SRENFRATXERERHEEFEENL S

i 16S rRNA RERIEEBEIRINFE ,  AHT T — KPR ) 20 NSO AL A o g, SRR Tl 1 AR IR I
v R e T i 1 IR AN T B DN Py SR BB BRIV IRGEPE . O E RN, wIEENFRA &GS TED
FROEIIRE, AT FE 0 E YRR S5 S B2 FE[71-[9], eI B4R Bt s A I I HOR PR R .

4.2. REEHAABEREE R R1ERE R EFEIQZENS

L 16S rRNA BRI AR I 7 73 67, AT SR Ak B AR AR N = L R 1K 0.02%, B 1.40%, il 5 AFX
FFE>1.0%[1) Flavobacterium F1 Hydrogenophaga & #5 MRyl iaT i1 i SR H AR 35 S i AL 1T« Park S[23]i8
it DGGE HiAR &I A M I b 2% (AL #3 5 J& Hydrogenophaga /& /8 i 3% 9% (037 BY s i AL 4n i s, RE R
HENE N PR R R AEER L. Calderer 25 [1] & IR & b A2 v 2 41 1 AN LI A R B R T, |
%] BE I Hydrogenophaga 28 A% B . Michaud &5 [24]i8 i KA A T PCR 45 2 k4> F H R 7t g
PRI AT AE P RV AR, R RIS I S [R) R A 35 B Flavobacterium, i 3 26 415 35 B A

>
''''' . —é Flavobacteriaceae
20 Denitrifying 100.00% &
bacterial genera 3.81 Comamonadaceae
B .
_ué Flavobacteriales
il 3228% © Burkholderiales
Hydrogenophaga "
1.23 2 Flavobacteria
@]
Betaproteobacteria
£
Flavobacterium 2 Bacteroidetes
140 z
A Proteobacteria 4421
# Percentage of dominant genus in total denitrifying genera 0 10 20 30 40 50
w Relative abundance across total sample(%o) Relative abundance across total sample(%)

Figure 4. Dominant denitrifying bacterial genera and their corresponding Phyla, Classes, Orders, Families in Xilin
River sludge
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Table 2. Correlation analysis between environmental factors, greenhouse gas and dominant denitrifying bacterial genera in
slurry and sandy sediments of Xilin River

2 MR BT ME RN ERSMEEF REESERBEXME ST

N,O CH,4 co, wC pH DS oM TN TP Sand Silt
Flavobacterium  —0.880" 0.960™ -0.998™ -0.994™ 0.991™ -1.000" -0.998" -0.997" -0.999™ 0.997" -0.998"

Hydrogenophaga 0.875° —0.959™ 1.000™ 0.998™ -0.993™ 0.998™ 1.000™ 1.000” 0.999” -1.000" 1.000™

“Correlation is significant at the 0.05 level (2-tailed); “0.05 /K°F R HIS(BiE). ~Correlation is significant at the 0.01 level (2-tailed); “"0.01
S R PN

AR AetR K WIE L W UK PR ATRRIE, 38 AT W o A R ST AT
SR 32 AR TS KRS M YR S &5 R B AR GeiN iR [3] [4] [16]-[19] [25]-[28]. satkskit, kT
Hydrogenophaga 1 Flavobacterium 1 Jy S A6 0 54 A0 1 Jg A E IR 2D, “J& 7 7K~ B s la) oA . AR5
FAIE B R R W2 8. 1B Hydrogenophaga A1 Flavobacterium Frsd M (A8 LB 1] Proteobacteria
AT R ] Bacteroidetes 2 [ 17KV 4H i #F #& HhHER 58— FE 0REA B, W AEXS 3 B2 il 44.21%F1
15.77%, EALFE 59.98%, F2 I 41 B VA 5 4L 60% . X (A4 564IE | Hydrogenophaga £ Flavobacterium
VE e 35 S i A 240 1 g HH BIAE TR AT JER e H 1) 2 W B S

AR ZH I8 I HT AR LA T R IR H O TR DL R E (D RL S & > 95%), HARE/KE WC
(17.95 £ 1%). /K7 #E DS (0.30 £0.02 gkg ). A A HLEE TOC (4.51 +0.14 g-kg )+ 4% TN (0.44 +0.05
g-kgh). 4 TN (0.03 £ 0.01 g-kg™) &K T IR (P < 0.01), {H pH W& TR . =S 4nf b
WEFRIN, IR TR N,O A1 CH, HECR 53 H0vb TR N,O (0.363 + 0.007 ppm)Fi CH,
(2.281 + 0.015 ppm)[H] G it 3% Z 5+ (P > 0.05), 1H CO, HEAl & & K TV b BT CO, (500.0 + 2.3
ppm) (P < 0.01). 16S rRNA J&PRIEEBERR T 73 A3, Tl HoCo b BT A 6 32 FE> 1% 10 35 S A 4K TR
R Flavobacterium (1.65%), 1fii Hydrogenophaga #H%} 3BV A 0.20%. Pearson AH & 73 Hr 45 &,
Flavobacterium 5 pH. ¥HRi& 8 CH, HEBCR 2B E IEHE R, Sk AKFES SRR D Z MK
#: Hydrogenophaga 55 Flavobacterium (1 BLIGTEA R, 5K KFR0 & 8. N,O Fl CO, Hiil & 2RI
FHIEMRKR, 5 pH. WHEEM CH, HiiE 2T E AKX R (K 2). Zhang 2911 5T K I Flavo-
bacterium £l Pseudomonas 77t T [A]—E 55 #H I 5% 4+, Flavobacterium bt Pseudomonas A= & PR 2= 41 56
i EFREEX, MEENE)E Pseudomonas T 5a4 /155 R AR E IR AR R X o X AIARFF Hydro-
genophaga 4 Flavobacterium 7E [F]—2E 38~ AH HL 5 4+ (1 45 A8 — B0 o X Uk BB W94 4 2 (community
assembly) i B v B TN B R 58 4, R IN HH FE LA R e T 1 B 4, B AR ZS 6719 734K [30]-[32] -
5. &ig

I AHET 16S rRNA Jik R AE B R I 7 7£ 85 MR JEC U A LA I HH 20 AN AE S i A ZH 17 g« Horhr,  BEFF
I# J& Flavobacterium W5 i J& Hydrogenophaga 2 M 34 S Ak B 3L R 5 A 1 il =ik 69.03%, 2t
Ak R AL R 70%. P AEAE ARSI 204 Flavobacterium 58 S X0RS I AE pH AT s Vb kL b, 2
Bt CH, MHEGERT N,O F1 CO, HEB= A= #0HI4EH, 1 Hydrogenophaga B & XUk I 757 75 F & ML EK
KKE b, {231 N,O I CO, HFIBIF X CH, (7= A=A HI/EH -
oW

R K E AR ST H (No. 41361053) 5% 1 H 28R} %354T0 H (No. 2011MS0603). & RH
#B 973 vk mIHARF 7T H (No. 2009CB125909) 1 4 5% vl K 2E AL 2 K 24 AE B it X 30 H (No. 2012234)7F
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