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Abstract: The goal of this study was to examine the impacts of sedimentary colonization by Suaeda heteroptera on benthic
microbial biomass carbon (MBC) , microbial biomass nitrogen (MBN) , 16S rRNA gene abundance, potential nitrification
rate, and the richness and community structure of B-ammonia-oxidizing bacteria (3-AOB) in a salt marsh located in

Shuangtai, China. Sediment samples ( 10—15 cm) were collected from a site colonized by S. heteroptera and from an
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adjacent unvegetated mudflat in July, August, September, and November of 2013. No significant differences in MBC were
detected in unvegetated sediment among the various sampling dates, whereas MBC in vegetated sediment increased
significantly in August and September compared with July (P < 0.05); overall, MBC in vegetated sediment was
significantly higher than in unvegetated sediment (P < 0.05). A similar temporal trend was detected for MBN in the two
sites, with higher values recorded in August than in July and November (P < 0.05); in addition, MBN in vegetated
sediment increased significantly in July, August, and September compared with MBN in unvegetated sediment (P < 0.05).
Bacterial 16S rRNA gene abundance, measured using a real-time quantitative PCR technique, was significantly higher in
both habitats in July, August, and September than in November (P < 0.05), and was significantly higher in vegetated
sediment in August, September, and November than in unvegetated sediment (P < 0.05). No significant differences in
potential nitrification rates were detected within the two habitats for any of the sampling dates, but potential nitrification rate
increased significantly in vegetated sediment in August and September compared with unvegetated sediment (P < 0.05).
The abundance of 8-AOB ammonia monooxygenase subunit A gene (amoA) in unvegetated sediment was significantly higher
in August than in September and November (P < 0.05), but no difference was detected in the abundance of 8-AOB amoA
in vegetated sediment among the different sampling dates. However, B-AOB amoA abundance in vegetated sediment was
significantly higher than in unvegetated sediment at all sampling dates (P < 0.05) , with the exception of September. When
data from all sampling dates were combined, MBN, 16S rRNA gene abundance, potential nitrification rate and abundance
of B-AOB amoA were significantly higher in vegetated sediment than in unvegetated sediment (P < 0.05). The community
structure of B-AOB was analyzed using the denaturing gradient gel electrophoresis ( DGGE) technique. Sequences affiliated
with species of Nitrosospira and Nitrosomonas were recovered from the two habitats. Colonization by S. heteroptera influenced
the community structure and diversity of B-AOB. These results add to our understanding of the role microorganisms play in

sediment dominated by S. heteroptera and provide a reference for the ecological restoration of salt marshes.

Key Words: Suaeda heteroptera; microbial biomass; 16S rRNA gene abundance; nitrification; 8-AOB

ERVRTEE IR AL B R AR X A AR R G YR SR HAT AR TR K Al 1Y) v R G
F1U BRI AR R B TURA A58 R 3 I TR A 0 RS YL, % R AR B S - ek W e VR L B
M) = 0 75 SR I A ORI A FEAR R S s B ML B B A SRR A A S W T TR R TR
Wi AR A VR 2 BE N9 ) R & — B JE e

Ria de Aveiro Sh{BUUY) LA [RIER AR AR FP S 0o 45 A R RF 95 () F B T B o0 A AL, DO SHEYY)
TR ELAE FH A P B 5 (TR BE K40 B i REAR A1 ) T A AN E 2 ) . Emporda Al Dofiana 1 HiAZE7K 4
HIP) R HARPRANER 16S rRNA FEFRIE R T30 = A1 PN AN [ 4 2 780 9l A 0 v A BT O B A
PR = R Wy LA e 3 W A W B (MBC) 3 Al BRI M 3R )Z (0—10 em) R T HEPIJZ (1020
em F1 20—30 cm) , ELFEHBHTE LE P4\ PR 4k 28 750 38 v = R W%k LA M 58 MBC R[], bl
B R BB A MBC & s AR

EAAE ], A8 A0 BT S8 A0 22 T A R Eh AR & , 76T 1 AR B 2R AR Y & ik A LA ™ 1k
A FH AN H B 20 3 S AR/ T i R A R AL LV P2 22518 #EAL T Savannah 1Y Skidaway 5 R A 25
ARG = ALK B Spartina alterniflora YRR YIEAE RS AL 58 LU R B ALK F TR 01 10 4%, T JGHH
BUURR ) B LE RS AL R T W 2 10 Lucio del Cangrejo £A 735 Phragmites australis bR AE G b
R TABIIR A BEES . AR h R R T A AR R Z LA (AOB ) F1E fil R 42 Ak 41 B
R, HrAH AOB b 2 E AR RS A A BRI 25 B DR i A 6T 32 V8 il Ak 40 TR A A 5% 32 224 X AOB
PEAFLO R E AR R IR AOB Z NN S BEIL K (amoA ) FEFE HUAR B ALK VLRI = 1—2 N EUR S,
WH ISR . Wequetequock-Pawcatuck £h 77 155 H.AE K FFIICK . Spartina patens JUFY) B-AOB

http ; //www.ecologica.cn



24 4] X A5 SHRGE X TR DRI AR Y AR W R Y B SR A A R R 7 (ST 3

amoA FJE B E R THREAKT | Trias % 2012 55 £ W ,Emporda F1 Dofiana {5 H42E 7K P AE 4 52 i) HOAR s
AOB R | RIS B BE s b U AOB BEELS IR ZREME

XL TR T 5 T R T b 57 T3 7 48 S T ARV L, ) A [ B i B b 4% i A K T R ) T
TR, SR BRE DR P = HRIKORE | T ] v 2 B b X e R VTR IR L, H R Y] 1 (R A T
XA E GG F SRR D) B b ORI i A A T L AOB 2508 RV Y BIF 9T 3R W, 7 =5 AR B 580 1 Xof i AL AR
A RRHERT . AOB RSB 25 S AE R K 22 57, 2h o R AR WL 5 1S AOB B I 43 43 A
FIEZERZ MR R RREIEREE T AOB B fIfE s 45 22 R K1Y, (MM Suaeda heteroptera X5 7R
AR A i K -2 E AR TRV 052 T v R DL ARG o AS 308 LA S Y] 1 A 491, BIF 50 3 i 32 f 3k v T AR
EYE YR 168 (RNA FEH E B AERIL 3R B-AOB 32 B FIREIS 4540 (20 | % R B i AR BB E HoR
RS

1 RS

1.1 FEACREE

T 201347 H4 H 8 H14 H 9 H26 HFI11 H 22 H , 7EXLE A 11 80 M 108 B = 38 s A 1K L3
B RS ATSRRE A, S1(40°55.821'N,121°46.764'E) . S2(40°55.409'N, 121°46.886'E ) 1 S3 (40°55.573'N,
121°46.796'E) (& 1) , REAEZ U7 10—15 em PUFRRPIFE S, IFEAE ST FI S2 BT SE HUICAE Bl 2 55 PO AR ME DX 3, R
EFFERE DT IAE . REMEES S T KW B 3480 AR 1525 %

VbR

i
HEE: GS (2016) 1475

1 REFuh iR EE

Fig.1 Location of sampling sites

http ; //www.ecologica.cn



4 2 R

B
i

Eild 36 &

1.2 FESIE
1.2.1 MBC FRUAEYAE i A (MBN) I

UUBY MBC A MBN {5 R FHEE 23R L7 o BB 2R A 3Ry 25°C BL28 26 1F N 85 9% 24 h, 2GR T
WA 0.5 mol/L K, SO, W (1t 1:2.5) o 23R P A AL B0 22 2R LA AL 22 A (TOC V
HA R HE) #47, MBC(mg/kg {&+) A1 MBN(mg/kg ¥2 1) 45 Hi T 2R A5

MBC=E/ky.
MBN=mE, .

K Ec WIEZE 5 AREARTIRY SA VRN, by HFACRE B 0.45;E,, W HEZE 5 R ZZTIR  Ef
R SR, m AL R EUE 5.0
1.2.2 407 16S rRNA K ERE &=

FI S AF 5 6 22 B PCR (real-time PCR) 52 UL 40 4 16S rRNA R FJE i 5] & [ LK 4] DNA
PR B (3 A T A TR (i) Befin A FRAA A SR TR 8 DNA, AR TAEY) TR (i) Bk
A7 BN RMdE AN 16S vRNA LR FH S 1% F357/R5181 47 PCR 474 ¥ 4lifk )5 19 PCR P-4 o 2|
KT FF B R s PSRBT 2 1 B M s e T, 2 I 8% 9 I R BB TTORE DNA, 1R Sl IFOREAR E i o Tk
B i B LR TR B R 1.34%10° copies/ L, X BURIPRHE S 2E A7 40 FEFR BEIT 3,20 pL WK R % Green-2-Go
qPCR mastermix (2x) 10 wL,5[#)(10 pmol/L) %% 0.5 wL, 4 DNA 2 pL,ddH,0 7 pL, § 8FERF A 95°C fif
154K 10 min, 95°C 721 15 5,60°C iRk 60 5,40 DMEH, 471G 45 5 ML A F0 B FE 10 & R 46 75 DUECR AR B C
EAEbRAERNZE . DAVTRY) DNA RSO BRIEST PCR P71, 738 S5 40 5 A vf o AH (], ARORE B o il 215300
FEDFE DR, DLAE IR T A A A 16S tRNA JER P2 DUECH R TR R 40 16S tRNA JER 3
1.2.3 VAR AE ORI

2% Moin %51 B NINEE: SR RS IMAB SO 52 DORR D TR TE A AL 3% . FRERZY 10 ¢ DURURE S, B T3A
100 mL NH,Cl ¥53%% (25 mg N/L, R 5 PSU) (9 = A b, ARSI E 01, 307 b mFLLASL, e T1E R
P LEY 24 h (25C 150 v/min) , BFRR 4 h UG TR 1 mL 250 (RRRIBOR G A R AN 2 )
ER4en fj]ﬁ‘*flﬁ(( AutoAnalyzer 3) ( {5 % Bran Luebbe 28 F]) & W5 W h NO;-N( RO R
:) \NO-N (& i (FRAEAR JR-28 £ e 43 0GRV ) o ARFEFR B0 NOS-N R NOS-N A3 i+ i e i Ak
B,
1.2.4 B-AOB £ EH

FHHF19%F K amoA- 1F/amoA-2R " real-time PCR %t B-AOB amoA ¥4 UL EHEATINE | LA 4E 78 i+ fr &
A1 amoA ¥ N RIIRRY) b B-AOB FHE kR 1.2.2,
1.2.5 B-AOB HEVEL5H

K DGGE XU B-AOB [REVE 2540 47 7047, JH B-AOB 1Y 16S rRNA 5117 5 PCR 971, 55—
K PCR ¥ F FHB 1 41% A BAMOL/BAMOr'™' | 50 L JWAKZ % 10XPCR buffer 5 wL,dNTP (2.5 mM) 4 pL,
MgCl,(25 mM) 3 pL, 514 (10 mM) 4% 2 wL, Taq (5 U/uL) 0.5 pL,DNA #47 3 wL,ddH,0 #ME 50 pL, 3"
HEFEF N 94°C TR E 5 min;94°C 728 30 s,55°C B K 30 s,72°C ZE{H 90 5,30 MIEHF ; 72°C ZE{H 5 min, 25 K
PCR "84 [-3#51%0 CTO189f-A/B-GC FI CTO189f-C-GC, FiiF51¥) R CTO654r" | 50 pL Sk £ 55—
K PCR MR, § 38827 A 94°C FiAEYE 5 min;94°CZEYE 1 min,65°C B K 1 min(BAMEHRFEAK 0.5°C) ,72°C 4E
ff 1 min, 20 PMEFF;94°C 28 M 1 min, 55°CiE K 1 min, 72°C #Ef 1 min, 10 MG ;72°C #E/H 10 min, $ PCR =
Y 1 REE 459%—55% K8 BE S VEFR 1Y) 6% 5 NG R BEIE , 76 TAE HHLyk 16 h(TREE 60°C LR 70 V) 2R 5 H]
Genefinder 1% 4Rk HE S 5 30 min, BERSUSAORES , BLHESW VIR Ve, A GC Jeny iR 51 Py itk
17 PCR B8, F= Wik A= T TRE (i) et A BRA RIHEF TN . 4 DGGE Z47 il J 7 25 SR 7E GeneBank H
PEFT BLAST Huxt, $RH B ARRUT 1, JH R S 4 & AT 8- MEGA4.0 AT 83 FRIER IS0 > L SRIT4R ik

http ; //www.ecologica.cn



24 44 X A5 SHRGE X TR DRI AR Y AR W R Y B SR A A R R 7 (ST 5

( neighbor-joining method ) #4J# R 4E & B, IF38 1 [ 25 7341 ( bootstrap ) #4775 BEAZ I, I 2% B0 45 4 1000
W, KM Quantity One F XS DGGE K& #EAT 704 , 75 BB Z5AF A K BEAEL, T3 B-AOB HFv% 1 7 R -HE A0 45
%% (Shannon-Wiener) ZHEMEF450(H) , H =- 2 P, xInP, =- z (n,/N) xIn(n,/N) ,(PACERES 1 4700 K
JE SRR BRI LA n RS § R BB, NV AERIZVKE 1Y 4571 SR AL
1.3 Hmit

F SPSS16.0 A AN [) KA H A RRME A1 5832 D0 A Tl A= 0 A= W0 it (16S rRNA IR 2 B V8 71l Al
M B-AOB F= LR HEA T SR R Ty 2253 W AN Tukey 22058 HUER, W [A]—RAE H I PR AR AR S5 50080 EA T 00 ST FEAS ¢
Kid, 24 P < 0.05 AFEAE &2,

2 #HR

2.1 MBC fil MBN

BRMEGTAR Y MBC Bifi s [B) 3547 d 3525 57 (S G DUAR Y MBC 23— RS 2045 ,8 AFI9 A&7 AR
FTE (P < 0.05, 18 2) ; A Rt A A B mssE DU Y MBC 288 TP < 0.05, 181 2) . #RIMETTRY MBN
8 Hiwci,7 AR 11 ABAR(P < 0.05, 3) , M0 DIFY MBN 8 19 A BE & T 7 fil 11 A (P < 0.05, &
3) o HETARAE H R EHRSS G o it e TR Y MBN I 2 = TARME (1K1 3,P < 0.05) .

200 30 -

0] —
—_ : *B &

> B A0 - = |

§ 160 [ %D 25

*AB ® E

& g T = 20
=S 52

E 0 HE 51
4 2 R E
R E g
i g ﬁi:-a

B a 83 10
®3 2
e L
§ =

0
) 7
8 11 H 4y Month
H 4 Month

E3 RRMHBEMEMER

Fig.3 Microbial biomass nitrogen in salt marsh sediments
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Fig.2 Microbial biomass carbon in salt marsh sediments
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Fig.4 Abundance of 16S rRNA gene in salt marsh sediments
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Fig.5 Potential nitrification rate in salt marsh sediments
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Fig.6 Abundance of 8-AOB amoA in salt marsh sediments
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Table 1 Shannon-Wiener diversity index of 8-AOB community in salt marsh sediments
FHEH MHMEILERY) (0) MPSE TR (A0)
Sampling date Bare mudflat sediment Suaeda heteroptera sediment
7 H July 0.83 0.99
8 H August 1.60 1.09
9 J September 1.43 1.84
11 H November 1.35 1.83
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rUncultured ammonia-oxidizing beta proteobacterium clone 2309SP1005
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8 Uncultured Nitrosomonas sp. clone MZS-2
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Uncultured bacterium clone upper band AOB
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Uncultured bacterium clone AZP2-4
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61 “Uncultured Nitrosomonas sp. clone: Ni245
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Fig. 8 Phylogenetic tree of S-AOB derived from the sequences of the excised DGGE bands in salt sediments
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