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Effects of root radial oxygen loss of Hydrilla verticillata on typical iron-oxidizing bacteria
and iron-reducing bacteria in sediment
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Abstract; Iron is the most ubiquitously abundant redox active transition metal on earth, which has an important indication on lake
sediments. Root radial oxygen loss (ROL) of aquatic plant allows root to create a rhizosphere oxidized zone and the rhizosphere is a
biologically active zone in which oxidation and reduction occurred simultaneously. In the present study, microelectrodes and real
time qPCR were used to investigate the effects of ROL of Hydrilla verticillata on typical iron-oxidizing bacteria ( Gallionella) and i-
ron-reducing bacteria ( Geobacter) in sediment. The results showed that H. verticillata grew quickly, and changed valence state and
fraction of iron. ROL was an important parameter, which affected the bacterial communities of rhizosphere. The abundances of Gal-
lionella and Geobacter were higher in the rhizosphere, suggesting that the rhizosphere promoted microbial Fe cycling. These results
provide insight into the contribution of microorganism in Fe cycling.
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1.1 EEEHHY

AW FERBOITAS R (29°52'N, 121°34°E) YUARY R BFIE X 4. TR A5 25 % U 2% R 48 1 vh 0
0~ 10 cm RIZHFTEEGURY) , B TOEE oA POE AT [0 5296 2, 6 8 B2 80 H i (il S i ARy v KUk
PUREM) , 0 FIRAT, A ARUIRE | d R, SEm AR BTTIE S (IN) & iR 2.59 40.14 mg/g, &
BE(TP) 54 0.12 £0.03 mg/g, A HLF(OM) &4 13.41% £1.66% , S8k (TFe) & 13.46 £0.44 mg/g,
Wk (Fe( 1)) &M 6.74 £0.17 mg/g, pH K 7.04 £0.05.

ST SASECR [ 2 M SO SR AR S ST A M SC 0 & A R K iR O T 25 Bk BL TR 24 K R R
HAps AR5 T = NI, 4 /.

1.2 RHEIT

W 50 ml TSR O AR, TR O 078 SRS (B 1) A 7 em ZEA TR , B —7R.
BUHR—30 KX 5 om BB BT TG a8 0, S ARG 2 1 S 4%, RAIEAS . X MR AR FF- 4 B
P HAR R SEE2H X AR ZH FSEE0 4l &8 18 DN IEE. AL FHFE (70 emX 50 ¢emx50 cm) F, /MO IEA B 3K
K HARRAREFLE 40 em Z245. BOAEIRZE W EESR IR 25°C 555,12 h/12 h BIB/E% (1500 1x/0 1x) . 5%
46 v A R ZR IR R ZE R I8 8K 4y, B R TR R 60 d, 45 10 d B 1 YR BURE ikl Xof I 4H R0 52 06 21 4%
REALIBCGE 3 S F TR 20l 2.

BURERS /N B T, S8 PR F AR D S AR TR 1L 2 v A2t SR A TR R0 TR , SR J SR AT 10 TRk BB
RGP AR AU SO IRBR TR X IR 2B RZ M TR (1 em) J5 € O AEMR BRIT
T, /DR IR, —20°C P47 F T B 5 040 78 AT DNA (32 HR.

1.3 HHFE
UM Bk (TFe) FINEAR (Fe (1) ) FH 3 mol/L HCI $2HX 16 h J&,5000 #%/min B.0> 5 min, 358 2,2-1¢
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MHEIE S EOERE B E T BRI UURR Y kA B 45 SR DL S A )
AR FYE R 5 A s B vk SRR DR R RITE S k. B
AN SeH 1.0 mol/L MgCl,(pH=5) $2 B AT 22454k, B 0.1 mol/LL

SRR IR LS B A Bk SRR 0.2 mol/L B/ S MEE (pH=3)  gonpms it
PR 4SS Bk, TR DCB B (% 0.03 mol/L Na,C H,0, -2H,0,
0.125 mol/L NaHCO, F1 0.06 mol/L Na,S,0, ) 2B 25 & A8k, 5 m H B Y
WAETRAR ORI AR, i M EIBOR A 2, 2- 1B ML e A3 BE s I s e rp C
k. Ui

TR /K T 0 OV 30 PP Pk, 0 7300 P 1) S0 e
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T L2 ZE UK A A8 A LA 2« Se e Bl Al o2 7 U il i Kol
FEML( Unisense, P15 ) L HEATH AL AR IE. 7E 28 FIAE & B 1 A 22
BETE 1 DA 48 (MC-232, Unisense, F147) b, F B i gl g4 P 1 RS

(MM 33, Unisense, J'} 22 ) H5 H AR A E B A 2. 30 1 98 15 40 R 1) 2 880
(MAREFEIA 3 s, 2B B8 500 wm) B 58 LR H-7K 55 T 35 T A R
BE Ry, IR TE R AR R A 2 mm DA HEAT S (1 1) .

DNA (#2I% IR E.Z.N.A. soil kit 13 DNA 26 (Omega, 3 ) MIULEH 53E47. DNA 21U , /8
FH 1% BN BEEE RS L UK AN DNA. SR J5 % H A% DNA #1788 PCR &3, 1 45 0L 3% 1.

YEIEE it PCR AR Sl B 25 2444k PCR 77455 pMD18-T 2k {4 ( Takara, H 4%) 4% , il & SVAH P
5 A EC TR FAT B RR e . BLR 5 B:oh R 358 PCR 7= 938 i 458 18 v Sk 46 T )5 D Axygen Ji2 1 ISGIRC S 2
(Axygen, J& ) T4k ARG ARG pMD18-T A4 U B 5 #E 47 7% 452 S b, F-A i 27 W) 5 A BRI T 18
(DH 5a, Takara, HAY). DNA J Beli 2l A 2] pMDI18-T #fA 5 , 4 Fo A AE & A AMP B3R 3¢ 1
B B F OB PRk AN B R VE R 5 IRl il 5l PCR A, R AT A5 TG B AR AR 5 kil 52
UG , RERIEAE 5 , BRERIUR — A YR S A B R I0 ) , D5 58 U5 #4 B3 7 51 55 NCBI 4%
P& X, F38 i Bankit #2382 Genbank BUE %, RIS 7515 . # Axygen FURLIFIBGA £ ( Axygen, EH) I
BT B 5 AT RS . T BR M VI Aae 11 (TaKaRa, HAS) $EAT RS R . BEEIIE B9 BRI 43t
JCEETHINRE BURL 0D, , THE TR MR B T LA S 98 It PCR AARIESD.

# 1 %OGER PCR 31 A&

Tab.1 Primers and conditions for real time qPCR

Fig.1 Model of syringe experiment

H bR LR 519 FEI(5'~3") PCR RV PAE TR 2% 30

RN 341F CCTACGGGAGGCAGCAG 95C 4 min, 94°C 45 s, 0.988  99.4% [20]
797R  GGACTACCAGGGTATCTAATCCTGTT 65°C 20 s, 40 MG,

FAFEE  122F ATATCGGAACATGTCCGG 94°C 10 min, 94C 45 s, 0.994  94.9% [21]
998R CTCTGGAAACTTCCTGAC 59°C 30 s, 45 PMEIF.

AT 564F CAAGTCGTACGAGAAACATATC 94°C 10 min, 94°C 30 s, 0.996  110.7%  [15]
840R GAAGAGGATCGTCTTTCCACGA 55.7°C 30 s, 40 MG,

FEEAE i PCR #5381 A S [ 0B 5 A AT [C B R AT A T 38, RRAR R UNR RN 10.0 pl,
HH iTaq Universal SYBR Green Supermix( Bio-Rad,32[E)5 wl, 51445 0.5 wl, 84 DNA 0.5 wl, GHE K 3.5 pl.
PRSI ILZR 1 R EAm A BFRIE P T0RE 10 A58 A B e A i i 8, R it O 52 S 50808 1 7 3k
SRR E 3 A BT RER 6 AR [RVBR BRI, B RE S AR S A1 3 A TPAT, IR (&) 5Ok
FERRUEZE Y 10 REVE N BIME , 706 fh 2 2 R o — 0. STUR I 3 SOR AR il 2R AH S () AR 1.

AR SN B F S TE Genbank TSR 5 0 KP714253 , 3 FI55 [GH B 7E Genbank HAYE 55K
KP714251 ; {bAT B 2L H ¥ 5 FE Genbank H B S5 A KP714257.
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1.4 HIBELIEB R ST
BAEAL BT SPSS 19.0 B AF#EAT. BRI R Jr 22 03 el - i S0t AT W 2 MoK P A B, i 2 KT
P<0.05. EFK M Origin 8.0 fEEL.

2 #R

2.1 IRFEEKEHE
TS TP A AR bR 24 B B SR I ] (484 TS 3 0, e o B R R O A AR 2, bR
BRI 1] B, Ak A R, A AN T . DR AR AR B R IR 1] 0 S i U AR G, TR B

WEAY RN (£2).
2% 2 A[R] e ] B g A R
Tab.2 The growth of H. verticillata in different times
fiaE]/d W/ (mg(DW)) IR HWHE/(mg(DW)) HE/em HREL
10 0.18 +0.04* 1.33 +0.58* 0.01 +£0.01° 2.25 +2.47* 0.67 +0.58*
20 0.26 #0.11% 2.33 #1.15% 0.03 #0.01* 15.75 £7.42% 1.00 #1.00*
30 0.39 0.11% 3.67 +0.58" 0.05 +0.03* 24.83 +6.01* 1.67 £0.58*
40 0.42 +0.04° 3.33 £1.15" 0.06 +0.01" 37.33 £10.50" 2.00 +1.00*
50 0.96 +0.15¢ 4.00 +1.00" 0.07 +0.02" 51.17 £9.80° 3.33 +1.53"
60 1.48 £0.05° 4.67 +1.15° 0.15 +0.04¢ 86.49 +20.87¢ 6.00 £1.73¢

s B AP B bR 2 | RS EARAN RN PR R 22 5w B35 (P<0.05)

22 IR BABERENERINETK

SR T RS SR R XA - 2K A T SO0 T ) 5 ) AR P e AR RS F 9 S A 4R ( DO ) W I )
TRYZsAk, 45 B BoR , BELK K DO WRIEH 174 wmol/L, TXTBEZHAL A 137 wmol/L( & 2a) , 3 156 B B 3 14
TEAEMUKAR DO He BERE N, M4 i st A VR /K LIRS , DO M8 e R, AT 3 mm ZE 47 A0 RN 0. 2413
R ARZEIa] T 2] 7 mm Aoy, 0 1 AN S A I (/N 40 wmol/L, 0 52 8 mm, R T A FEAR 25
(291 mm) , X510 B AR R I SE I TEAE.

WHEZRERE STRHAFEZERE N 5.5 mm 24 (& 2b) , H AT AR A I & Fioi 22 35 4 A
JRIREE W E BN (P<0.05) , ¥IKTF 8 mm, FLFE 7 37 B 7] 2 00 9 R 35, 156 B B B RE A LA vh DO YR

Ham.
—— HEg  —e— R4
101 18 +
a b
51 15
i g
- 0 £ 12
g =
=N o
t® I
e =4
-104 T 6 1
154 3
=20+ T T T T T T T T T | 0 T T T T T |
0 20 40 60 80 100 120 140 160 180 200 10 20 30 40 50 60
DO/(pmol/L) st [l /d

2 BT -/K ST DO T 5 HI TS Ak (1557 40 d) (a) T 22 IR (b)
Fig.2 In situ measurement of oxygen profile( cultured 40 d) (a)and
oxic layer thickness (b)of the water-sediment interface
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2.3 BEXTRY AR

FRA BB e  MRBRUTR T Fe( 11) &85 RVBR & 810 45% 2247 (B 3) , HL& 25 (T 0 B4 (62.53% +
6.60% ). MERIIEZS KRG (B 4) TR n] S8 e SR BLES & & AR R R b B0 e AR h
BREBRURSEATYMEGDRME R, B AS AR PN TR E R T RA, S5k a2
BEART X IR, X B B AR R EAE AR AR PR TR Fe( 1) BOSAAL. L0645 AT U Hh A ik
TN 13.15 20,17 mg/g, 5 I 4R I DR rh VR O B 0R W 0 25 25 5, U WA 0 o 2 1) I i A TR AR
N, FERRIE S KA.
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I fr)/d O3S Fo3ES & &8
B3 LB Fe( 1) 5 K 4 SCER AR I U h A B 2
587 AR iNE B e ey AE e
Fig.3 The percentage changes of Fe( Il ) Fig.4 The percentage changes of different Fe
of the total Fe in sediments fractions in sediments at the end of experiment
2.4 MR FARBMEINHAMKERTHEN
WS AT P5 DUEOR T BRERS 50 d A, MR BELL AN HRALIF 0 35 22 52 (181 5) . 5 FI4 TR A 45 D8R
Frgrmh ] E e 75 60 d AT TR, WU FORTE  BRYS 40 d Ah, BSELH 5E R 5 QB #5 DB i 7
XFRRZL WP BIMER R, Rl 45 A1) 557 EQ B 78 DU RO O B 9 1.92 4%, M FF I #8 DURCE B 57 10 d e, B s

FEIFR] A BE N A R ORAS. WBCR FoRFE , B P4 AT B B0 5 T3 B4 WS (ESRE |, BB 2 AT
P DB ST FRZH Y 1.94 £5.

3 itig
3.1 BEMARY -k REARBEREN M

TUR /K T 1) 7 A S RS2 A AR R I AT ) B RE S0 A5 R 5 . AR 55 1) FH el
WA, BRI E T AR R WA IAEAE (& 2a) . KA FE PR 2 M6 S8R A ) 72 4 IS K B AR of A AR BRI
SEL W A AL SN R R B A U S Y B e R TR SRR AR 0, il it 28 AR
HAFRFEYAR R AR RIPR. BARALUREA ERZS M A4 2, B R 7EAH ) 4 4 38 S SR A
i SR AL — A5 (5 1% P 50 3 18, {8 A% 36 1) S0 S 400 30 2 8 A0 30 6 8 B B AR 2R RN AR B UL AR )
SRR K B R R RSN (B 2b) .

3.2 RZ M EXTIRFREKIEINHI S0

R ZR UB 40T LA AR R AT 2 303 (14 s DA AR B Fe( 1) it fb~F 055 1k Fe (1) TWiJE
BRI R IR A A 6T 35 40 B MR R R o A MR A — S T 4 R e R W AF AR A AR
PRITHT , AR AR R AR M ) T2 b 0 LA P 4, — AR AR Brokk F R A RS , R A KA R A AR K it
B Fe(I).
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O, F4HRBR Fe( 1) AR Fe (1) (& 3) , i Fixid

—o— xR —e— Ry
10'2 5 FRIERT [ R B RRE | BF A 78 I 5 7 v J2 45 Bk
RSN Fe( 1) SAALAT AR RS L. (HZ A HHE
101! - FRER S A TR AT R R PRk 1) S A S Tt Bk 4 A T A
TEM AR BE J1 LAl 2 /F T SR Bk A E 0 2800

N § I AR A R S L 20% -
;”*“4§<$1%:: 75% ) e ]S A AR 7 A BB O B e
] S TEREN. B NTICEY 5 R8RS T

4 1= Fe( 1) (5~25 mg/L) A% O, ¥ (<50 pwmol/L) Flf
Ttk pH(6.0~7.6) 250 FAEAE 3 SADIIE Y 2440

A/ (F5 T g(dw))

15}

O T T T T o L AR P B AR R R KRR R A
et/ PRI, O, 38 5 A5 A oy 0 4 OB AR P e S5
10°

g, AT LA Ay 6 DA B (AL R PR S

AR R DR b 5 R 2 TG 1 550 B A 3

— n B GE o4 kB, AR BR AR AR bR ORI

g S PR B T 8 35 22 57 (18 5b) , X 35 220 P O U
— YA LR AR B RS B R A7 . A SR
W], BT AN AR A W Bk S A R S 4, i U SR R

PRAFIAR AT B SEAAE T DR AR U E A K BT

TR AR AL BN RE & U L | 36 B

FHERE A G AR(E 4) TR R SR

(=]
E
1

SIS QT (F DU g(dw))
S

O T T o0 30 a0 o o B, IE Ak v R LR A [ 5 R 20N AR R
o Wi/ M B AL 5 8 T R (18] Se) . BRIt R R R
c DA R DAk A T R R i A DA

P B ARER .

A ) 0 ) 5 ) 7 T 7 2 9
Fe( 1) U Fe( ) 26 ISR )77 22 0. 17 4R B D07
PR RS O B REL R Fe( 1) RULERES T
Fe( 1) T 50 5. Weiss 45" il i 5 U MU S0 00
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Fig.5 Changes in gene copies of total Bacteria, 4 ZEip
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Gallionella and Geobacter in different sediments
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