55 49 &5 3 ] T K A E (AR R R Vol. 49 No.3
2021 45 H Journal of Hohai University ( Natural Sciences ) May 2021

DOI:10. 3876/j. issn. 1000 - 1980. 2021. 03. 010

H BTN R B B W R A B T Y 2 i
ROH,E B, E O, RTHR

(TR I BE  TLI5 F At 210098)

-

FEE . AIRIT K T IUKAL Y F i W 1 2 4 B A A 25 S04 v BLAUAR] , oAU K AL A AR R 3 g B 5T *F
% AR 4246w 4% 16S rRNA &8 20 5 A % PCR ¥ ¥ HE K IR K 4 Fr a8 RORE (2 mg/L.8 mg/L
20 mg/L #= 40 mg/ L) Fo 3 B A4 T ARE SE & 8 40 1A B A AF AR B AR K BB AL AR IR ) AL ALAE . 4R
FOR AR AW A K AR ALART AWM E o $ A B, $ AR IS SR A A
BRE: A T A B A M E B A £ B £ F; Proteobacteria, Planctomycetes, Cyanobacteria #»
Bacteroidetes 52 £ M L6911, 5 xb B AR YL, B8 Rk 8 T BAE AL 28 B ( Rhodobacter  Acinetobacter F=
Bacillu) #9 % ¥ & B A 175] (napG .nirS cnorB .qnorB F= nosZ) F F 4934 n ; W & 57 R R AW R A
WA B EE I A EAE R X R R A RAEAAE R AE B 3 TR P R A F AR,
KR Al R LKA Z i P i AR B ROR AL ) 5 ROFR AL IR )

FESES X524 MRS A X E %S ;1000 - 1980(2021)03 -0272 - 07

Effects of nitrate on bacterial communities of biofilm attached on
Myriophyllum Verticillatum

ZHANG Songhe, YUAN Qiang, CHEN Jie, ZHANG Ziqiu
(College of Environment, Hohai University, Nanjing 210098, China)

Abstract: To reveal the response mechanism of bacterial communities of biofilm to nitrate, this study took the submerged macrophyte
Myriophyllum Verticillatum as the research object and explored the variations of bacterial community structure and related denitrification
genes on the submerged macrophyte under four kinds of nitrate loading (2 mg/L, 8 mg/L, 20 mg/L and 40 mg/L) , with the scanning
electron microscope, 16S rRNA high-throughput sequencing and PCR amplification technology. The results showed that nitrate
stimulated the growth of biofilm but reduced the bacterial a-diversity. The By diversity index showed that the bacterial community
construction under nitrate loading was dominated by species replacements. Proteobacteria, Planctomycetes, Cyanobacteria and
Bacteroidetes were the dominant phyla in biofilm. Compared with the control group, nitrate stimulated the growth of denitrifying bacteria
( Rhodobacter , Acinetobacter and Bacillus) and the abundance of denitrifying genes (napG, nirS, cnorB, gnorB and nosZ). Network
analysis showed that there were complex interactions among the microbes in biofilm. These results indicate that microbial denitrification
plays an important role in the process of nitrate removal in wetland.

Key words: nitrate; submerged macrophyte; high-throughput sequencing technology; microbial community; denitrifying bacteria;
denitrifying gene
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1.1 RKEHZE

DI 4 M B i g VK A AR B M T 3K 5626 1 ) 140 L.(700 mm x 500 mmx400 mm ) 17K 56, B8
7 el YIS UTRR Y (B A 1 52 52 Je ) LA K 30 em B9 KK, FasE— RGBS K AR RS 60 AR 4
30 em HIE AT AT 5 (PRI 24 300 #k/m® , FAEEREE N 5 em) o TR YA 2 JE G, 430 4 il K A
A E A 2 mg/L(M2) 8 mg/L(M8) 20 mg/L(M20) il 40 mg/L(M40) , H-i% B 25 AN IRZH MO, £ 2d W
W1 RAS R E AN ERE LA (w(NaNO, ) = w(KNO,) =1 : 1) IR E e, FHIRK%RE 3 4
SATHE, T R AER KA SR AR B S R A A S AR = IR = N T
1.2 HESMNE
1.2.1 RIFREIFACIE AR Z

KR Z S8 T (HACH, USA) 4 2d 4 8:00—9.00 il 2 7 K HhiEf#RE (DO) .pH HLF
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50% 70% 80% 90% ¥k & BT KE /K 15 min , FFH 100% ¥ B RS K 2 ¥, B 15 min, W% T2 12 h
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1.2.3 AWBERE
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A WA AEAE -80 °C I T4 DNA
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R ES 1 R 2 3 A BHEE IOV (qPCR) J7 3 5E AR W05 DNA KRS b S fe 3 R R 28 R
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Table 1 Physicochemical characteristics of overlying water in control (M0) and

nitrate treatments ( M2-M40) within 14 days of experiment

IRAFE pH p(DO)/(mg - L") ORP {H/mV E./(uS - em™)
MO 9.07+0.69 5.3410.75 522.5422.3 293.0+17. 1
M2 9.07+0.37 4.69+1.12 470.3+21.9 300.8+23.5
M8 8.86+0.45 4.35+1.01 491.7+29.0 335.5+28.3
M20 8.38+0.48 3.75+1.20 499.9+22.4 418.6+33.5
M40 8.88x0.47 3.4421.20 488.9+23.3 525.0+108.3

2.2 MEEMREREMEEMELESENL

ARG LB B, o IR A BT IR 388 i e 45 R4 3 A R DL, B T 2D ol A W A7 A A LR A AT B A
(I 2(a)) ;1M 20 mg/L M AALEE 14 d Jm IR SR TR A T ORI (40 B (BRE ZF AR s AR A AR B ) ol
YR G AT RIBE S S5 ), Sk e R i ik 1 5 70 WA F) 0 JBORY 328 SRR A — k2, T B T I A8 1) A ) S 9 45
U (E2(b) ) o X R II AU I T TOKAE I G AR P IR e B SR W 2 B AR A XDl
oA, E T DK AR A I

@ ZFafrE
@ HRH
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OF =S
2 MEEMHRREABBRERRE
Fig.2 SEM photographs of Myriophyllum Verticillatum leaves surface
2.3 FEAEEIRE N & s A B %2 LMBHEREENRF o SHIERY
E4F Table 2 a-diversity indexes of biofilm samples by

bacterial sequencing

AR AR v 300 2 I P 4 2R X A T 2 PR A
KAERES OTU #ti: shannon $8%K simpson FaH simpson Yy5)

AT T M (£ 2), SXFIR MO A kb, M2-M40

. . b : MO 1268° 5.84° 128.21° 0. 108"
AN ) Fh F 5 B (OTU ¥ohe ) (HETE Z A M2 579" 4.69" 48.01" 0.082"
(shannon Fl simpson #§ %% ) 1 #¥ 75 15 &) & M8 618]’: 4.74: 51.55]” 0.087:

_ o M20 590 4.63 44.98" 0.085
(simpson 332J ) £ . 2 B Ik (ANOVA, P < M40 798" 4.74" 39.98" 0.053"

0.05) , JXxLbahk BLi5 HF AR R £h 10 & 4 5 FRAIR T R a b R A RE R I A7 722 5 135 (ANOVA, P< 0.05) ,
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Fig.3 OTU level cluster analysis of bacterial community, and relative abundance of major phyla/Proteobacteria
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Bacillus(0.08% ~0.31% ) (2] o St E AR S RGP AN EE — FEARHT , Rhodobacter 3=
YR i E A AL A0 . Rhodobacter  Acinetobacter A1 Bacillus B3 EAE M2 \M8 M20 M40 &5 34 =
F MO, Rhodobacter TEF 35 5F Tl R KSR ; Pang %' K B Rhodobacter F1 Acinetobacter Jl‘i_ﬂ,j%am
JE B B 25 A M I () O B SRS AL 20 B 5 Bacillus 275 7K A0 B RS 3 B 0 rb a5 DL i) S % RO Ab i 7 ax s gt
SRB IR EREL T IR S A A T A R 7R A W S A R b 4R T AR

RN E TR — B A A, PR AE SF AL 4 i/ 1 2220 gld JsUOh A R 6 — A fb R — %A1k
THRAA SR (NO;—>NO; —>NO—N,0—N, ) "' Horfr AR £ L K (napA/narG) | WA R £5 38 JFL 3 [R]
(nirK/nirS) . —%8 AL &b JF B (cnorB/ qnorB ) Fl— 8 Ak — F A IR FE T (nosZ ) & I fil Ak ok 72 H ) % et ik
BT 55X IR MO AH EE Al R G es T R B AE SR napG .nirS cnorB .qnorB Fl nosZ EFE AN, FEH nirG
F1 nirk 43595 nirA 1 nirS BEAGAIAGIHEE? ' AW, 5 napA 1 nirk A, B E A ITRTRE nirG F
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Fig.4 Dominant genera and abundance of denitrification genes in five biofilm samples
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