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Effect of cyanobacterial accumulation on the nitrous oxide emission
of Corbicula fluminea and intestinal bacterial community structure

SUN Xu'?** YANG Liu-Yan'"

(1. School of the Environment, Nanjing University, Nanjing, Jiangsu 210023, China)
(2. School of Environmental Engineering, Nanjing Institute of Technology, Nanjing, Jiangsu 211167, China)

(3. Nanjing Institute of Environmental Sciences, Ministry of Environmental Protection, Nanjing, Jiangsu 210042, China)

Abstract: [Background] Benthic animals are an indispensable constituent of lake eco-environment
and play an important role in transformation of nitrogen between sediment and water. There have
been showed that benthic animals are the potential source of N,O emission, while the release
capability is closely related to habitat environment. The water quality without cyanobacterial
accumulation is different from that with cyanobacterial accumulation, which is usually a hot spot of
N,O emission. [Objective] To compare the N,O emission of the fresh invertebrates between with and
without cyanobacterial accumulation. [Methods] Combing gas chromatography with modern
molecular biology techniques, the N,O emission flux and intestinal microbial from Corbicula
fluminea were analyzed to extend our knowledge about the microbiology mechanism of N,O
emission through laboratory microcosm experiment. [Results] With cyanobacterial accumulation the
N,O emission flux of C. fluminea was 447.2 pmol/(ind-h), decreased by about 63% in comparison
with control group. The intestinal bacterial and denitrifying bacteria of C. fluminea have different
responses to cyanobacterial accumulation. The 454 pyrosequencing revealed that Proteobacteria (p3-
and 6-), Chloroflexi and Bacteroid were dominant bacteria in control group and occupied about
67.3% of the total bacteria number. While in cyanobacterial accumulation treatment the intestinal
microorganism was mainly Proteobacteria (a- and B-), and the relative abundance reached 85.8%.
The index of Chaol and Shannon indicated that the richness and diversity of intestinal bacterial
community structure in cyanobacterial accumulation treatment were lower than the intestinal
bacterial in control group. Further analysis was conducted on denitrifying bacteria in the intestine of
C. fluminea, the result showed that the relative abundance of denitrifying bacteria in cyanobacterial
accumulation treatment occupied to 22.6%, which was 2.3 times as much as the control group, thus
strengthening the intestinal denitrification. [Conclusion] Cyanobacterial accumulation decreased the
richness and diversity of the intestine bacteria from C. fluminea, while increased the abundance of
intestinal denitrifying bacteria, probably enhanced the complete denitrification, resulting in
decreasing the emissions of N,O from C. fluminea. The data obtained in this study could serve as a
valuable resource for the environmental effects of benthic animals, which has a great theoretical and
practical significance in greenhouse-gas control.

Keywords: Nitrous oxide, Cyanobacterial accumulation, Corbicula fluminea, Intestinal microbial
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AALRESE S DT Y BRI N,O, o 18t BB R ik
N,O, BEHCESRTE 0-93.1 nmol/(g-h). JEMIZhY)
HEBAGE ™A N,O, F & R s e A4
N,O, — 7T ZI 4 18 N SR AL A E AN
SERAHAIER A N0, X ERI NLO 2 5 Jic 5l
1 NLO B () 30%—68%, JEJEMIEIHY NL,O Bk
(0 AR Ty — 5 TV 311 400 2% TR RS B 1) 2 40
AL NoO BT, AR 26 NLO %
e ALK R Eh R 173500, TR S NLO B
e 5 HAR BB B VIAASE, 7E 4-10 °C BYIREE
T, ¥4 H(Chironomus plumosus) N,O FEHUH R
5 FBEKR A A B B A,

N T E ESRALHIRIEh Y N,O BRI
A, AR S DL R S B 5 DX, TRy A
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LV S R
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11 FEMBRIEE
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B S5 2 A5 o

RS 2 L IR A B 020 m. &
0.15 m WIAMLILEEAAS, WPRER KM g
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AR RARTRE 2:1), =iREEFR 2R, BRE
o K. BEESREHE, 51 3 AN K/N—Sryi
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5 AFAT, —4UAAINEERXTIRAL(CK), H—4h
PRI B A AR FRAH (T), R 0 8 10 A A 52
7 FEUKIHEEE a WREE(500 pg/Lyssimisk!, 3¢
ik 1C S X B B RFI & A Microcystis, HIXTE
JE 4 95%-98%"*13, By SLUG AL AE 25 °C Bk 5%

2 J8, FH 0.5 mm {1 P USCHE A7 R TT AR
1.2 A N,O BRUE £ RNE

2053 B 3 AT, P JC B K I PRI 2R T
3 K, W TERMEKTIERAE 200 uL NaNO;
(0.5 mmol/L)i 50 mL #EIEH, T HAZEEHR
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1.3 A/ A% E 4 B E 4H A 1R BY

A3 BIBEFERT(GO) . X BEZL(GN)FIAL FEZH (GA)
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EWHEE I HL UK IE H 4T, JFIE 230, 260,
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1.4.1 454 SE=ENF

PRI I 18 B 2H DNA A AN E TAG #n
S0 IS 9 B-27F (5-AGAGTTTGATCCTGGCT
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B3k, B M5l AsEEk", PCR MIAR
S5xFastPfu 2% W 4 pL, dNTPs (2.5 mmol/L)
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IS T OTU (Operational taxonomic unit)32S,
PR OTU it 2 7 5 R AR T4
HEATHERE, X EE N Greengene, 3RA1%REA
OTU RERIFIMYIF 3 2KAE L . WM EEY)
RSB o AT B SE I, AR TR BN T R A
FEOTSrZ 1) OTU, 1320 OTU RAIT F kL
P tre AAE OTU Rrpry&S A RSO,
N QUME #AFHEAH M RhZ . MlEFEE
J& (Chaol 75 %) f1 Z # £ (Shannon . Simpson #§
), ILERANE G SR B R S R R A
s A . AR 454 IR ARAS Y P A TE
NCBI Sequence Read Archive (SRA) &5 N
SRX502686,

2 ZRE454
2.1 HESERMEFARTATER N,O FRHUHE

Xof BECZEL T WA 5 | B0 505 5 2 i iE A TR
Yrep, AbBRLALTIE AL T UK B, Ahe Rk
RZS . 2 2 JEIBE IR B LR RN Ak R T A 2505y
B 13 AF 104>, AFE 501K F)] 86%F1 66%.
AR BTN N,O BEHGE A7 a5 25 52,
WE 1 AR, 2 h PIXT IR AL BRZL AT NLO i
WM 1 335.6 pmol/ind Fl 894.5 pmol/ind
(P<0.01), N,O FEH#535124 667.8 pmol/(ind-h)
F1447.2 pmol/(ind-h), FHEAK LRI NLO B
R 2 VRS TIGH A8 03 IR 33% 1 37%, R K i
AR HE R ZE T NLO AR
2.2 ETEMEFANAHASIE N E AR SR RN

I P AR, 2P A A e RN 2 B
AW, 3 MHERERIEE] 9 661 AKmTET
§1), KBEEMTE 300-548 bp, H:AF LIS 428 bp J&
Z. WE 1 PR, 97%MIAMBUE T35 1 043 4~
OTU, GO. GN. GA 3 s OTU £ H 409k
562, 619, 65, KZH¥ OTU ZpAifEHirp—A
PIAFER (L 2), 4 2 JEMREFR, X BRI g
iE OTU ZHA Ak, AbFRA A% 1E OTU £ H
KR REAS, T/ W 8 7K A 2 2 b Y] i 3 240 7 o
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Figure 1 Effect of cyanobacterial accumulation on N,O
emission from C. fluminea

x1 HBENEFEENS FEEN
Table 1 Richness and biodiversity indexes in intestinal

bacterial
Name Coverage (%) OTUs Chaol

Shannon  Simpson

GO 97.03 562 579.21 8.15 0.99
GN 96.59 619  639.43 8.45 0.99
GA 99.06 65 85.31 2.70 0.72

A, WE 3 fk 1B/l 3 MR
MHZAE 97% M AHRUE T T F ok 2l fn, [H]
IHRE A BB 5 BETE 96%—99%, Ui gt — il e IR BE
2 769 B 3 AR AR AN B A5 2 A BE S e ]
IR 17 T A4 TR R R TS AR

GO GN

[
\/
&

GA

2 AHRAAIE 16S rRNA £ Venn

Figure 2 Venn diagram of the intestinal 16S rRNA gene
from C. fluminea

H: GO: WREFREWWE; GN: XREALIGIERE L GA: &b
PRZH T W B .

Note: GO: Gut before incubation; GN: Gut sample from the control;
GA: Gut sample from the treatment.
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Figure 4 The communities structure of bacterial with phylum (A) and class (B)
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JEEETR [ ](Firmicutes). FRFF# I J(Acidobacteria)
&, WP U], BRI BRI, &
LRV RERE G T P o 2250, 31X 5 Rk
PNBREAARNS B 84.3%-90.1%., N[k R £ ]
W 18 240 B RE TR A RLAE T ) 3 2K B E—E
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I BT (50.2%)> WA B 1] (13.1%)> ik 19 1]
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FE XTI ERE G TR AR LI TSR] U
WD, R ST TN 53 2K #1747
Br, GRNE 4 7R, AR A3 TS0 1 A0 TR R

EHAFEH RS . ZAIEETTHEA B-. -\ y-
IR F, FXTFEEE AR 13.7%-36.3%.
1.4%-37.5%. 1.2%—18.9%, i &-F1 -5 [ 40 AH X}
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Flavobacteriia, Saprospirae J& ¥ B ZSHE, HAHXFE
FEAY IR 3.4%—6.6%. 0.1%-3.2%. 0-3.6%, GO 41
PR ILA B3R 3R 32, GN Z1A1 GA dHBIFFiA
P RIFTFE RN R TSRS
FEAE GO I GN ALghikG i, ki I LU 40 A
F, HAE GO F1 GN X FEREEFIN 7.4%F
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Figure 5 The bacterial community structure of intestinal bacterial from C. fluminea at genus level
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311 V&, A 110 e KB 201 RAE, A1
XFEREAMIR 18.8% 1 81.2%. 311 ANJEH AR =
ERT 1%0EA 15 1, @+ Dechloromonas
(7.49%) . Acinetobacter (2.8%). Propionibacterium
(2.5%) . Chromobacterium (1.55%) . Bacteroides
(1.44%) A& 10 4~

XPART 32 BE KT 1% 009 A i a8 Bl Ff kA 7 40 A
KB, LK R H (Rickettsiales, 16.1%) .
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35%) . GCA004 (2.4%) . H 1 ¥ W #
(Sinobacteraceae, 2.2%)% & FERHE . A
i R M WAETEW 25 5, GO AR AR F
F 7= 2% A A B B 7R B (Comamonadaceae ,
5.9%)> g H Jt T F} (Methylophilaceae |,
4.5%)>envOPS12 (2.9%)>ACK-M1 (2.7%); GN
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A P RV ) B R AE 2 — 2 T MR V%
MRS E PR, SR D A5 M RS E I N Th RE AR E
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T S R AR B AL LN SR 2 P, 3 MRS
HIERAT 23 FhECRHALER, FLAIXTERERE] 17.7%,
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¥ % J& (Acinetobacter , 2.8%) F1 N R ¥ # &
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Figure 6 The unclassified community structure of intestinal bacterial from C. fluminea at genus level
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x2 UUBERFELERREN
Table 2 The intestinal denitrify bacterial community
structure of C. fluminea

Denitrify bacterial Total (%) GO (%) GN (%) GA (%)
Corynebacterium™ 0.30 0.87  0.00 0.04
Mycobacterium™” 0.10 029  0.00 0.00
Propionibacterium™ 2.50 2.17 5.34 0.00
Streptomyces!™ 0.05 0.14  0.00 0.00
Cytophagaceae™” 0.07 022 058 0.00
Flavobacterium™" 0.78 2.17 0.11 0.07
Hyphomicrobium™ 0.02 0.00  0.07 0.00
Methylosinus® 0.18 0.04 043 0.00
Ochrobactrum™ 0.05 0.04  0.00 0.11
Rhodoplanes™ 0.04 0.00 0.1 0.00
Rhodobacter™ 0.10 0.18  0.00 0.00
Rhodospirillaceae®!! 0.05 0.14  0.00 0.00
Achromobacter™! 0.08 022  0.00 0.04
Burkholderia® 0.05 0.14  0.00 0.00
Comamonas™" 0.25 0.76  0.00 0.00
Hydrogenophaga®” 0.24 058  0.07 0.00
Rubrivivax™ 0.01 0.00  0.04 0.00
Thiobacillus™ 0.67 0.25 1.77 0.00
Dechloromonas®" 7.50 0.51 1.01 2091
Zoogloea™" 0.29 079  0.07 0.00
Arcobacter™" 0.61 1.05  0.00 0.79
Acinetobacter™” 2.80 834  0.00 0.07
Pseudomonas®" 0.90 209  0.00 0.61
3 Wik

JEE AT ) 0 T 2 343 A1 7R IR K R P TR

H, BKA S RGN E ARG, AR
KB ITE YR, RS 5KEB RGN . A .

B BV RMEES, WY RS e — A
TETER NoO B IR, ASHIRSE LA G225 BF
UK, TS 4, A B T S
BRI S HERUE DL TR 3 NLO I RRIBURRAE

FIR R FEK SRR a RELIRE] 500 pg/L B,

T NLO BETIGHE N 447.2 pmol/(ind-h), & T B3k
B RS SEEH{E 300 pmol/(ind-h)™, &4 A i
PR B R 500 ind/m? HEERY, WS Kt
T NLO BGHE A ik 9.8 pg NoO/(m*h), 29,5771
YRR 11.4%" ) KRSt & 53R
R N,O EE MR Z —, Wl L8 E
Mo 3R, 5HABRN S N0 B AT
o, ASBFFTAL PR NLO B b T — 4%

B, JERRI A i (Chironomus  plumosus)FEHL
134965, UK Tl SR (Bithynia tentaculata)]
BEROKF-, 3 SR sl v A 5 r b 52,
A A B A SREIINLO, (H A A PR P iy
AL SR AR E DITE I E RN, O, Herh iz 1B ik
4 N0 i RIS R IIEY 67%—84% . X5ESEIN
TR T H TR i — 2 A, R m A Ak 4
W ETEA DD, A BRI N,O 4y
SRR 173, T S AR 5 2/3, AN
FOREAN [ b P2 ] W T 5 15 s 2R T N, O R TCE
I, IR IIRER amod 51WIXpiE
AOA (Ammonia-oxidizing archaea)#l1 AOB (Ammonia-
oxidizing bacteria) #4791, FHARMINY I HHEY
SR, RUTIL 8 BA e A m R AR ARG A Ak
WA, DASCT AR R S, DI NoO
TR R a5

L N,O FBECE: S H 8 N S s AL e vk e
YIRS, #141 NOs -N, DOC J DO %, HHfF5
W EBDKNO; -NHRENET 15.5 mg/L 8 DO & F
2.9 mg/L B, #MEMEYIAIEN NO;s -N #l DO
W BE 55 K A v B AT 2 AR
ABFFEAL PR GA 2H i THERUE BEAREAR , B

x3 FREHEY N0 BHES

Table 3 N,O emission by various aquatic invertebrate taxa

A itk R
Aquatic invertebrate Habitat type  N,O emission (pmol/(ind-h))
Bithynia Filter- and 600—900
tentaculata” deposit-feeders
Mytilus edulis™ 150-426
Chironomus 10—-128
plumosust®?83
Ephemera danica®™" 100-351
Corbicula  fluminea 447-667
(this study)
Anabolia nervosa”  Shredders 100-200
Asellus aquaticus™ 20-45
Ecdyonurus sp.!” Grazers 10-25
Baetis sp.”! 2.2-8.1
Erpobdella 5.1-32.0
octoculata" Predators
Orectochilus sp.”” 4.2-18.4
Sialis lutaria®! 2.5-12.2
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REASANER, FEK NOy -N il DO W5y
% 3.8 mg/L F1 1.5 mg/L, B RARTF X HELL GN 11y
7.6 mg/L fil 3.7 mg/L, AT LIHEM GA 4174738
NO;™-N Il DO ¥ETFXIRL GN, 1 DOC ¥4
TXPIRZE GN. 3 1S I a] ) R 35 i BERAAIR S A
= NoO:NN, i E, AR & A LB PR
HAT B B S AU AT, SR 20 N,O B
A N,PO

YER AR PRI E LI, AT
WAA S RGE AR B fe vh R 453 H %
YER . R 454 wia el e SoRBESE 1 5 BRI,
] T A0 TR T R LA, AR EOR, W
E NN 30 1] 75 49 118 H 237 B 3118, K
ZRUERATFE, b DGGE (Denaturing gradient
gel electrophoresis). T-RFLP (Terminal restriction
fragment length polymorphism). F& [ SCEZAE SR
A RIS T B R RS 2 i A E 10T, &
2 JEl Ry B SR AL TR TR 3 R S A TR T TG -
FB-SIETE, AR FER5 85%, XS RRZE [ i
EWHASTE R TR B-. v RIE ARG, [
Aab T T 0 g T A T R RN 22 A A A AT 0
o X AT AE S TTLAEAS [ S PRE Y ~F 1 K Sl )
TR PYIEPEEA G, Jok B eI N I LA TTTAR
Prhdis s, FEELGTRYIERC &, FEOM R
TR f T A TR S ORI A DR A0 5 6
HEFHEREE T I B AE Ve K P Z ], GO,
DA A SRR TR O R B, T A S 2 A T
B LIASE RO, AR TE T o T5 Y I
X OB PSR 128390 g — A ok dof i g 1
FCAEAC A0 TR AT 20 Hr L O BT ML g 1 PN S A A 4
FRARXT 2R 10.0%-22.6%, A FRZH T i 18 I i
AR A0 AR 3= B2 R BT 2.3 £, FEEL
Dechloromonas 7, X2 A2 I 18 AR5 7K
APERGEP RN E], BHATSE 4 S ALRE Ty, Al
B NOsH#EAE N N, X5 Svenningsen 251 HFSE
R, WEEINEEE D (Dreissena polymorpha)

JiE R nirK TUH nirS TGS R ZAEIERAR, nirk
RIF3ED) Dechloromonas K=, T nirS B AL E F
BIE o LIL R Rhodobacter #1 Rhodopseudomonas .
AN R T 16S rRNA JEF W TP,
BT 308 55 25 3 o0 A T 2 B 1 A, AR R AR
TERRINI P VA-VS5 RSN T AR s AR (2
o '3.0%), T V6 DI il e R fie i5 (Z9° 13%),
HWAHWFTRINN V3-V4 KEURIE TG T 24
PERFIE B e A DI, X P B S FEAS I 2 A R A
K, AHIFSE TR g 1 A TR 22 AR A T
e, HIMCRA V3-V4 XS T Hr A REE 55
RS B0 2R X T Rl A B IR T
T, HTAELERNER, HY5 16S rRNA FER Mk
HEAE, PR IR S 16
RNA JERRGE T RFBAAERRNZES, Bk
L 16S rRNA B KA A 41 08 2 Rk 3 i 2=
g — e R R BARA, , JCH R — SR B B B i
PRI A 2

4 g

I N TR S, AL RS T
L NLO BRI, 8 T NO Bl A%,
A Sk G BRA AR A A ) S s B R A IR S
WA, FEESUT .

(1) WEBERHERLRT L NLO B 2/
63%:;

(2) W S HE AR S P AR T IO i PN 40 1 R A
ZREME, HINRIE N o-F1 B-AETE B ANAI R
REARIARE BT T RN GRS B T A E B, U i
TR TR AL

(3) WA BRI WA 1 P9 SRS AT RE TR
FRAF = B T RS TR0 A S A BT B O R At
), AR AIAE] 20.9% 44, HE—iRikse
SREER, 21 N,O 0 Ny, /i
R NLO RS, BRSO N IR A s, e
FAAAS R AL Z —.
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