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Abstract chelating Ni of methanogenesis cofactor.

METHODS AND RESULTS: EDTA was selected as
BACKGROUND: Methane(CHy4) is considered as the chelating agents and added into wetland and rice paddy soil
secondmost potent greenhouse gas after carbon dioxide at the rates of 0, 25, 50, 75, and 100 mmol kg‘1 before

(CO»). Methanogenesis is an enzyme-mediated multi-step 4-weeks incubation test. During the incubation, cumulative
process by methanogens. In the penultimate step, CHj4 production patterns were characterized. At the end of
methylated Co-M is reduced by methyl Co-M reductase the experiment, soil samples were removed from their jars
(MCR) to CH4 involving a nickel-containing cofactor F430. to analyze total soil Ni and water-soluble Ni content and
The activity of MCR enzyme is dependent on the F430 and methanogen abundance. Methane production from 100
therefore, the bioavailability of Ni to methanogens is mmol application decreased by 55 and 78% in both soils
expected to influence MCR activity and CH4 production in compared to that from 0 mmol. With increasing application
soil. In this study, different doses of EDTA(Ethylene rate of EDTA in both soils, water-soluble Ni concentration
Diamine Tetraacetic Acid) were applied in flooded soils to significantly increased, but total soil Ni and methanogen
evaluate their suppression effect on methane production by activities showed negative relationship during incubation
test.

CONCLUSION: The decrease in methane production with
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methanogen activities and reduced methane production in
flooded soils.
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7t th7] '501]’\1«] HEE- wiitel] o)it
§]'E}£:4 ¢k 25 Hﬂoﬂ ‘j sh= A2 484 94(Global warming
potential, GWP)E #|4|aL ’E]- IPCC (Intergovernmental
Panel on Climate Change, 2007)°] 9Ja}d =o|u FA&E
St S e EobollA WEEE viwke] vlEe A 2
Ze] °F 30%E AAEaL Stk

RS2 wiRE A el ofsf vhdAle] E4 WS
A dojdrt. olgst Hgk A FEHCE maA
genes 7FAil 9low, Intracellular enzymeSl Methyl
coenzyme M reductase(MCR)-> HeH3A ¥ F wpx]ut
Al Fulsh= 8 G40t Jaun et al, 2010). MCR
2 71421 methyl coenzyme M(CH3-S-CoM)} coenzyme
B(CoB-SH)E W&} heterodisulfide (CoB-S-S-CoM)Z
A7) A Foeb, o] G4 arBayv2 oligomer®l
A 371¢] THE subunit o2 A E el om ek Ao wA
sl oy nFHFATCEAM 289 cofactor F4300]
oufoigictar 2eiA4 ItkFig. 1)(Noll and Wolfe, 1986).
Schonheit et al(1979)+= 1979d¢] w|gk AAA] Al4o]
YAl oJ&Estt= AMS WS 11, Diekert ef al(1980),
Whitman@} Wolfe(1980)< coenzyme F4309] 3d< 9
3 UAs eTsithe AMdS W UiSlth  Diekert et
al(1980) F4300] YA HEZ9E Fxehs A3 54
£ AlFst3lal 2= methyl coenzyme M reductase®] k.
AEAldolgl= AS HASIIEllefson et al, 1982).

A1 57H] coenzyme F430- methanogenic archaea®l|<] %t
%}ﬁﬂcﬂdr A Azt wjel el A9k v gl AAllA 9

g 9X= coenzyme F4309] FEeA= 534S 7Y
(Frledmann et al, 1991), coenzyme F430-> MCRo| |
& e Fuljst=dl A efsiAl dck

A157H] coenzyme F430<> methanogenic archaea®]l
A ez dEAHA A vk YA A} ujele] EAjek vE
2] AN E9 A= coenzyme F4309] FEe{A| =
E4& 7H"(Friedmann et al, 1991), coenzyme F430
= MCRo] "& A5 Fofsh=vl =7 toishA Aok

R gtell oJgh wIRHIA Rhg-ow e we A
Aol 714 Fel7s 243sto] 54l Methyl Coenzyme
M (CH3-5-CoM) & AZAIZIAH, wigh Bdaad]
MCR®] #d& sl vk BAEE AA7]= 2] 7t
& JoR ddEo] At vig At 1/]’“ s Yl
ato] MCRE] 235 ofAlstal vigk S g3t ow A
A7 HRbo 2 A ATl ol A, ’ﬂﬁlﬂﬂ% &gt
pH g5l e YA &=s Aar7le WHlol slom,
Aold ofo]dES o] &8 Aoy @?}% &3 cofactor
F4307}-9) 23S A3)A)7)= et B 2o} E
8] Aejold ooldEE FuHs 7K 5§ 4]37‘1 ol 4
Al &3l 7Fs3t Felz HEE Tk $tKChen and Cutright,
2001).
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Fig. 1. Methane production pathway and the reaction catalyzed by methyl coenzyme M
reductase in methanogens(Ellermann, 1988; Thauer, 1998).
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Zyold oo]E Ao wpE wg ik 27ke] a7}
5 AP fst AlES o9 1l ekle Adshr] Sl
Aellr] st AAEIch A8 gl Bl B An) =
E FAESS AFste] Adx § ARH(<2mm)3te]
A Agle] o] g-3I9itk Ag el AMEeE =TS pHY 6.37
24 Y =E% Hyt 555980 thah EgoH(FENS
%, 1985), FA] EFe o]gleta] 540 Table 19 Zth

Table 1. Soil properties before the test

Parameters Paddy soil =~ Wetland soil
pH (1:5 with HO) 6.37 6.55
CEC (cmol* kg™) 10.55 5.54
T-N (%) 0.23 0.12
Total heavy metals (mg kg™)

Ni 72.0 85.3

Cu 14.7 14.0
Water-soluble heavy metals (mg kg™)

Ni 0.04 0.04

Cu 0.08 0.21

AREE E9F 255 125ml vial'gell 9ar, Az AAQl 4
#o|y oo]EZA = Ethylene Diaminetetraacetic acid
(EDTA)E A7ste] ol gsialtt. Aelze B 7719 0,
25, 50, 75, 100 mmol®] W= 0, 0.183, 0.365, 0.548,
0.731 g& EF AAg &4 &3 $ 75 50 mLE %
TIE EYORHE 3 cm Fo|EA w@dElst Azith
vial™ headspacet= # A1 7 30-35C 2] ¢k Z7el|4] <1
FHlolElE o] &ato] 4571 o]Foi5tHYang and Chang,
1998). Al 7I3F &2t s A4 3 am Eol2 fA] 8t

.

ey ol

7k AFE AU A A 1Y SRE] SR ¢
HA o] Fo] [t} Headspaceol#] A% 7k~ A&+ Gas
Chromatography(packed with Porapak NQ column
(Q80-100mesh) and a flame ionization detector(FID),
Shimadzu, GC-2010, Tokyo) = ¥43lgion, ojuj
column 100 C, injector 200 C, detector 200 CTZ &%
A4 elom Nt VIARE RS, AIARE FAE

olg3teich. wgk WS The Aol mreba ARttt

CH, Production(mg kg"') = CH, Flux(pl L") - d - h
/ Soil Weight(g)

[d= Methane density (0.714 kg m”),

h= Headspace volume(mL)]

EUn B4 U LA &Y =AL

A F A ARAR B o8] F U S
A7) Sl 1 go E%S 20 mle $4(Aqua regia,
HCLHNO;, 3:1 v vi)el 2 EeiAzon, 84 vz
U 24 9191 =% 2 goll 10 mLYl F55E 7Hl 1
AIZFERE HEstaL ot $- ICP-OES(Inductively coulpled
plasma-optical emission spectrophotometer, Shelton
Connecticut USA)E olg-slo] Y29 ks Sl
BT 045 m membrane Filter®=A] o]3#A[A Ni 3
& 2 B9k

HIEPEE T M

ARk o & wle A Tte] AeE FAS il el
ol EASHE marA e Solidzte] MATEA st
312l It Lueders ef al, 2001). DNA F%7]E(Fast DNA
SPIN Kit for Soil, MP Biomedicals, U.S.A.)E ©]-&3}%
T4 Axd EYY DNAE F5% 5, maA_f (5-
GGTGGTGTMGGATTCACACARTAYGCWACAGC-3)
/mcrA_r (5-TTCATTGCRTAGTTWGGRTAGTT)E ©]
£l Luton et a(2002) ] el w2} quantitative PCR
(C1000 Thermal Cycler, Bio-Rad)S 2A8IS$ItHPCR %
Z: 95°C oA 53, 40 cycles® 94, 55, 72°Col|A 22} 45%).

A 42 SAS package version 9.2 & o]83}0] AA|
sk oM HAR2A} (LSD, Least significant difference)
o] &gt #AHEA (ANOVA, analysis of variance) 829
2 Z7F A3 Batgk 1k 2ol & vlwaolek gk At
B £42 PASW statistics 18.0 & o]-g3o] AAlE1%C
™ T ¥R (Simple correlation analysis) © 4] Pearson
A}#A4 (Pearson correlation coefficient)S ©]-&3fo] z}
HEEe] SIS vlwsksich
2 W oE
e A E4

wEGME A AP AR 3 179 B wg A
Aol F7VebA] ekgkont, ol E gk ko] A F
7hee AT 5 SASHFig. 1). ©l= ¥ APlE el AL
HoH Aa v|5e] o8 FrheE At At Axl-EA
24 Zgsto] dAFer wgl AT BAE AIAA
Hgto] 179 A3 $of Tkt Zo® IdEtiWang et
al, 1992). =5t 179 43} $-5-E EDTA A2|Zo] 7kt
of whet wigh ko] gds] s gl 4= It
J8ar FAENAE] B, EDTA Aol e wek g4t
O] HSR S (ol B ekgkom A ekA] ekgith

EDTA AHg|gel w 45710 & vgt Ak =EY
9] EDTA 0 mmol 2|74 182.8 CHy mg kg, 100
mmol A2 7elx 824 CH; mg kg' ©2 EDTA 100
mmol #2714 E 0 mmol thH] F 55 % 2] gk ik
o] Faadirk FAEYY ¥ e AT EDTA 0
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Fig. 2. Changes of methane production rates in EDTA amended paddy soils and wetland soils

during incubation test.

mmol 274 199.7 CHs mg kg, 100 mmol #2]7
oM 447 CH, mg kg =241 ¢k 78 % 2] wwk Baked o] A
7] 9ckFig. 2). olxke] A7E %3] EDTA Ag#o] F7}
Shol| whel vk A AL FoES glsigith

EY FH EUS L LA e

EDTA A el wp weh A7kaatel st J3RixtE &
Ask7] Al Al F B T YA 9 84 UAS 54
aIQitE =Rk SA B RFoA EDTAY Ay#s =
7R mek F YA o] fhAadhs A HIItKFig.

3). o= 24
& W EAeks MCR2| &7d¢] Z.%iff.}i:?—fi E‘*?i yz
ojZo] g3l Zow wEEelitt, Eou & Ni 3ok
i), EDTA A S7k BES Wl 784 U2 842 5
YA FALE =ESFoA EDTA 0 mmol ﬂ?ﬂ:ﬁ 0.04 mg kg,
EDTA 100 mmol #2]7 0.33 mg kg o|™ FAEglA
EDTA 0 mmol #2]7 0.04 mg kg', EDTA 100 mmol
AT 048 mg kg ©2 UERIT (Fig. 3). o] Yol

o] EDTA®] ¢Ja Zglold geol wel MCRe] 0§34 3
lo] AjA oz B Lor g3 7Fss YAo] Eolsly]
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Fig. 3. Cumulative Methane production at different level of EDTA application after incubation test.
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Fig. 4. Change of total and water soluble Ni in submerged soils amended with different rate

of EDTA after 4 weeks of incubation.
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Fig. 5. Change of water soluble Ni in supernatant water
applied with different levels of EDTA after incubation

wolgka #edE o] XtHKosson and Garrabrants, 2000;

Chen and Cutright, 2001).

2 Feo] B ol Ni & AR 3 B Ul &
e 84 U §Rks dolt A3, EDTA A2 7t
of mt B Ul YA o] Sk AEs BSItHFig.
4). EDTA 0 mmol HgTFolXE =Edd SAESNA Y
A shego] SATA ekgtrh v B o) YA
EDTA A& 3ol weh vepskon, =E% EDTA 25
mmol A&7 100 mmol A7 7t ZHz} 0.78, 0.93
mg L'24 0.15 mg L9 0|5 BYu FAEGS 27}
061, 1.10 mg L'24 05 mg L"'¢] xo]2 B3}t (Fig.
4). A B SallE 849 YAl $Eke EDTA 100
mmol H2]7olA Ml B4 50 mLof| st HFAEYS]
735 0.06 mgol3 L =Eke| 7 0.05 mgel At spA
T YA k] Al nlE B o] £8lEo] U 4
A UA dE 7o) ajol= I ¢lSith o] YAl 4284
o] opd the Fe= ©g HIAY B Ul EDTA A
gl wE By Sl mE U o A are
a1l o] ok

HEMEM T &Y I}

EEFOIA gk A B4, S merA AR THA
45 Quantitative PCRS 53l dol® A}, EDTA #2|%
o] el met fod oz wgk e EAo] Aads
H3th EDTA 0 mmol 2|74 mcrA F42k2] /WA
7} 7.08x10° ©]v 1o HEE) 100 mmol A e]FelA
6.46x10" 02 3] g I 5= 9IKFig. 5).
ol Eok U vigt AAto] 7 & T v EY Ul 784
YA &=k B ) YA /¥l weh Haa

il

mek
ol
e

Paddy Y= 6.9x10%-3.9x10°X+5.9x10*X2, R?=0.988
a
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Fig. 6. Methanogen abundance at different level of EDTA application in the flooded soils

after incubation test.
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Table 2. Correlation among parameters after incubation test

Parameter Methane Total Water Soil mcrA gene

production Ni soluble Ni water Ni copy number

Methane production - - - - -

Total Ni 0.487 - - - -

Water soluble Ni -0.841" -0.326 - - -

Soil water Ni -0.730" -0.474 0.858" - -

mcrA gene copy number 0.980™ 0.502 -0.863" -0.971" -

*

coenzyme F430 W] YA v¥E A F7F A7
o o uwe e A Z(merA gene copy
number)®| A Tads Aoz Ay o] Fc

A 2

Bk} vk Ak ok 1)
2ko] A9 048774 G284
F U 84 UA Feahs AaAGTE -0.8417 24 YD)
FoE Fo) ARTIAS I Q= AoR Yehton &
W YA Sk AT 07300 24 B8 e A
HAAZ v} webd EDTA Aol we 484 1#o]
S7Fhe AL Hgt Aabdel] IA s TS Ao
#lw]o] ZtKTable 2). ®3 Eok o vk Qo] &
QlFfHlold A¥ F vigk F Ak g Tl 71

ATAGR 0,980 = LFEREOm Aeks] f-ogt Ao A
AZ 7ML Q0 Zo® Hol WghlAdite] Edo] H|

Abgoll 71 2 S mHS Zlojg} dkEh

O O

o
¥

d)

[ oX

M w

)

o
s SRR wet Bk W
Y] DS ARE S R Adte] E4do] A7k
of whet ek RS AAS] FAsiglon vt
B3} v =E ] Fog AEAE AYar gl
o} ofelgt vigk A7k g¥h= EDTAA 2] we} coenzyme
F4309] Nio| EDTAS} Zeold ghas 4Tl meh &
22717} SHistA B 2A methyl coenzyme M reductase
(MCR)°ll 9Jgh vgks deh= vke= oA 2171 2o ¢
low sdert

AeA o7 GrEgelr EDTAX ] & YA vg
A A=) F57E AAIE AL ol2fdt YA FAel
= R GS ANA B wT Y gk gAY
e AA 20w SlE it

)

and ** denote significance at 5.0 and 1.0% levels, respectively
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