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Optimum Condition for Arsenite Oxidation by Bacillus sp. PNKP-S2
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msnzdswuaiioeendladensdlud Bacillus sp. PNKP-52 luemsidoade
enrichment and growth medium (EG medium) #ifiaanuiduduvostnunaidouensdludiusu
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U aaENnmsa 150 seusewnd Wunan 96 Hlus dlilnunadeuensdlurianannie
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annsadumadenvidunsiluldiuitenistdaihldaulagiimedinweold
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Abstract

As (lIN-oxidizer, Bacillus sp. PNKP-S2 was cultured in enrichment and growth
medium (EG medium) containing of 100 pg/ml initial potassium arsenite under various
conditions in order to investigate the optimal condition for oxidation and removal of
arsenite by this bacterium. The result showed that the optimization of As (ll)-oxidation
was obtained by cultivation of Bacillus sp. PNKP-S2 in EG medium containing potassium

arsenite and sodium acetate at 100 pg/ml and 15 umol/, respectively, with the initial pH
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of 6.5 and inoculum size of 6 %. The incubation was performed at 150 rpm of rotary
shaker at 35°C for 96 hr resulting in the concentration of potassium arsenite reduced to
0.75 pg/ml or 99.25% of the oxidation rate. This study indicated that Bacillus sp. PNKP-S2

could be an alternative strain for bioremediation of groundwater in the near future.

Keywords: arsenite-oxidizing bacteria; arsenic-tolerant bacteria; oxidation of arsenite;

bioremediation
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ety Sgviaihilevisdasdulissmmumniufitihiuhldvowuesaduayulsiiussumgtiy
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quusitlasludsauumeulfuazuinassmasuysiifuhilvwasdihailvadusass
nsazauvesRznauAuitWanan [5] fyenunasatununsiuidouvetensaieludiliauly
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Uszmnsluamituiidinaniinnudssteauiufivieswesensdta [6-12] dwmiulsemelng
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whilvsFaduldldinn uinmsiudeuresosidaluhlffuuaznisaioumiouduneluladnis
Urdaimnzanfulsemelnevieluwaguruddlnenuiiosnn fafussinsvesiguiaifendos
Femrsnsemindedamuartladondosineg yosnstuiloulfnniuy saufaimuuanansdidn
vaauwmaluladitonsitnmnudufiviesensdiaieantymenaniioaintudeluly
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nsanAuLdufivreseniddaazifedesiunisivasunlawesefdiaieglusuves
91381ud [Arsenite: As(ll)] wavon3dium [Arsenate; As(V)] wadansenszuiunsialuildae
Wanswedlunsanazneusisdia (arsenic precipitation) wsen1sgatuensidauuianueuds
(adsorption on solid phase) LU hydrous-iron 38 manganese oxides, lime treatment,
activated alumina, reverse osmosis [13] ion exchange [14] electrodialysis reversal wag
nanofiltration [15] aehslsfinnadsnsmaaiimandldlamlunistnda Asv) usdazldlunistdn
As(il) IpgslaifiuszAvBamiviniians [16] Safeserdeufzennisidasu Asi Wu As(v) feu 3
Ugﬂimmnmmaﬂ‘u&a‘iaaﬂﬂmm’m"“] U chlorine, hypochlorite, ozone permanganate VED)
hydrogen pero><|de/Fe [13] uaﬂmﬂmﬁmimmmmmmiaﬂﬂimmiawwmL‘wwv maam'ﬁ
W15EMesNEN1IANTNNNT WU Audugs aamgias wagldinallanieiiu electrolysis Fageq
THansiedl ideeTliiegauazdomisfifoamnauame [17] msvidannunduiiveeensdialagis
3301w Sadumadennilefivzldnaunuiinismaed Tnsedefanssuvesuafiielunis
\AnufAsensoondlad Al u Asv) titeananuufivreseidia nseuiunismedininds
fidoldUssuninnistrdamand iesnidussuuiiiiussansnin simgn quadnudte annnsld
aseil Lifinathadesiodanndon uazlifesendelidengy nemumasatunanfuaiiFed
aunsaeendladannuduivvesensd-lud laun Alcalicenes faecalis [18]; Agrobacterium
albertimagni  AOL15 [19]; Thermus aquaticus Wwag Thermus thermophilus [20];
Hydrogenophaga sp. str. NT-14 [21]; Bordetella sp. SPB-24 Wwag Achromobacter sp. SPB-31
[22); Variovorax sp. MM-1 [23] waw Bacillus sp. PNKP-S2 [24] 1idbiiaeii¥agusvasdly
mMsfnwanmeivanzauieniseandladensdludlaouuaiide Bacillus sp. PNKP-S2 e
UsvAvsameasuuaideuasfudeyafiugrulumstanmaluladmsviinlngldqaunis Suay
Buwmdlumstidmildnvluammunvessemalnesely

2. B/NNAADY
2.1 uuAfiBe ovnsiasLdauasmsSeuade

wuafise: wuafideildlunsmeassiowuafiSusendladens@lud Bacillus sp. PNKP-S2
?faﬁmLLEJﬂmncﬁ"gasmauu%nmﬂaﬁwmmaﬁmqmﬂa g, fdusy 0. 13Ut . QUaTIYNH
wuaiSedtinrudumuienrudufivveteEludluomsdeateitonsdlufuumamdsny
[24]

9siaEade: Enrichment and Growth medium (EG medium) Usznaumeansainain
gan 0.02 nSuredns (NH,),50, 0.8 nSumeans KH,PO, 0.4 nSusedns MgSO,.7H,0 0.18 nSuse
ams uaz NaCl 0.18 ndusedns YSuieniiiu 7.0 wienwdfinsnaaesimun thlisindei
il 121 e gaLTya ussstuleth 15 Yeussennsnain Wunan 15 wiil

Msw3suTLe: Yuuaiiseeandladensdlus Bacillus sp. PNKP-52 snwmnzidesluems
\Aeaiie Luria Bertani broth (LB broth) ﬂmﬁqmmg:ﬁ 30 ssrwadoa aneliniswenfiannuda
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150 seUsiowit e 36 Halus thiudeuuaiiFedldunuiulisauuiinnuenadu 600
wluans (ODyy) Sy 0.05 witeldidurudosiy
2.2 Yaananfivincaudenseandnduansdlud

thidenaduliuns 3 wWesiud (vA) nmeidsdduemisidsaide E6 medium 7l
anududuresnnadenensdludviiu 100 lulasniusefiadans UsuienSudureserms
doadewiity 7.0 vuilgamgl 30 ssmwadea ngldiniswgnfianuida 150 sousiowdi it
AN9AZANEFIOE1INIUTINIANRNG Ao 24, 36, 48, 60 waz 72 Falue WITRANTIILLLTELYRd
mondesaalnsinlnfimesinueniadu 600 uiluwns thansazaiediogianmyuniesd
ANUL3ITOU 6,000 SOURBUNT Tigaumgdl 4 srwaioa Wuan 10 undl thdnlauinTuw
o138ludfndedes silver diethyldithiocarbamate assay [25] ¥in1snaaeniuauiiliiingg
WnziEssagLUATISE (without cell) Lﬁamwaaums@meﬁmazﬁaﬂiimaq abiotic activity
2.3 fiavfimanzausonisaandnduansdlud

ThfidedaduUiuns 3 Weddud (vv) sumnziEsduemsiasnde EG medium aUdu
fMovBUF YD VT As U a7y FUANS % (4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5 Az 8.5) LazilA1u
utuvedlwumadenorfdludizudusindu 100 lulasniuseiiadans Unflgungll 30 eaen-
wadea meldinswgnfinnuss 150 seusewit Liufegmutisaivngauiildainde
2.2 thansazanefegnamyumiedinaniasey 6,000 souseud ﬁqmugﬁ 4 peAaLioa
Juan 10wt dhdnlauinusunaensdludiundesieds siver diethyldithiocarbamate
assay [25]
2.4 guvgiifivanzausieniseandinduen’dlus

Thidemdul3unmns 3 Wesiud (vA) wneidsddusmsidsade EG medium FaUsud
suduTe s A Tefinzanande 2.3 uavilrnudutuvesliumadenensdludiud
winfu 100 lailasniusiefiadans vuneglanisiugniiaauda 150 seusewnit figamaisedusineg
A9 30, 35, 40, 45 uar 50 eALwAdYE UMD IRNITIIAN WLz auTildande 2.2 1h
asavanefog eV LIIBsTinEeU 6,000 TaUsDUT ﬁqmwgﬁ 4 psrwadea Wua
10w thaulauinusinaensdlusiivdeseds silver diethyldithiocarbamate assay [25]
2.5 Vinasidessduiinzauseniseandinduanidlud

ﬁﬂﬁu%aéaéfw%mmsmﬂ A9 2.0, 3.0, 4.0, 5.0, 6.0, 7.0 wag 8.0 Wasiduad (v/Av) 11

wnzEsdduemsiasade EG medium euufitevBuduresemsidsateivuzanainds 2.3
warfinnududurednvafeuersdludEuduriiu 100 lulasnusediaddns Yunneldniswen
finnandy 150 seuseundt Mgumgiiivanzanainde 2.4 \iudogrsmudisnafimunzauils
1nte 2.2 thansazaremeesmyumissiinnuiiisey 6,000 seusounit figuvnd 4 ssem
waldea 1WTuwaan 10w ddiulanntausunaesdludiudenisds siver  diethyl
dithiocarbamate assay [25]
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2.6 wisaAsUauiivinaNdonseandnduaniTlud

Thfadedadulsinasivansauande 2.5 suwzdeduemnsidenie EG medium 7
fuvasanivevniineg (uifeuozdan ledoudingm wnuea glasauaznglea) Aszduany
dudy 15 lulesTuadedns deusuionsuduvesemsisadofimnzauands 2.3 waziinny
Wuduvednuwnadenensdludisuduwingu 100 lulasndudedaddns vunieldnisweniinmumsy
150 soUseundl igamaiifanzanainte 2.4 \iusegunutinafmngandilsande 2.2
thansazanefee s myuiesiinuiisey 6000 seuseundl figamndl 4 esmivaidea
wan 10 wift thdulaninuiunaensdlusiivieseds siver diethyldithiocarbamate assay
[25] ¥inmsnaaesaauAn (control) filailFiAuuvasaivey

3. Nan'ls‘vmaaﬂl,taz%'ﬁaj
3.1 gasanfimunzaudeniseandinduensdlud

dewmnzidswuaiizoeendladonsdlud Bacillus sp. PNKP-52 uemsideaide EG
medium Aifianududuvesmumaieuefalud Suduindu 100 lulasniudeiadans Uiudies
Buduresonnadsndenintu 7.0 vuflgungfi 30 esrueaidea nglinisugniiniung 150
FOUABUNT MINTAIAIAEG HANITNAABINUIMUATISBiNSRsyuazaunsaendladeonsalud
IFogemaianielunm 24 $2lus Ao SUsinmuensdludindewintu 4.05 lilpsniurediadans An
D 95.95 wWeddud dlewmnzidssfunarunuiusasrnmsieiyuaymseendladersdlufiuly
o9t Fauandluguil 1 idemnzidsaduna 96 Halus nuhiiviinuesdlufivdesgivinty
1.21 lulpsnSusiefiaaans Andu 98.79 Wesdud wandiduimamzdsuuaiisaduna 96
Flug WWutananfivnsaudeniseondladensdludlaneuuafiie Bacillus sp. PNKP-S2
wuaiideiinsasyedsmsiluenmsiasate EG medium wandliidiuinonsglusiisssuau
it 100 TalasnusediadanslifinadenisnigvosuailiFeaeiuid  wuafiFeannse
oondladorstludlsifeuanysallurieifinisadaylustes exponential phase dmiunisviaaes
muauilifiwaduuafifenuimalnunadone$d-ludiiviinuanaafisadntesintu 0.5-
1.0 Wosidud ﬁ'ﬂﬁﬂwmﬁmmﬂ abiotic activity Gihring Wag Banfield [26] 51847191 Thermus
sp. HR13 @unsneendlad inorganic As(ll) 1du As(v) meldanneiifesndiaudedniins
oondladuszanas 100 whisgsnhdnmmssendladluanzilifivad warlifwdnuAntuain
UiAsenseendled daluannedilifioondiau wuaiide Thermus sp. HR13 amsold As(v)
Tunsasymugluivufisemsesndladuanian (lactate oxidation) Yoon wagamuy [27] wui
wuATiSe Alcaligenes sp. RS-19 SuseavEnmluniseandladonstludgagaiomnededluszuy
wund lnsannsneendladensdludfiseiuaududu 1 fiadluand Wuersdumangluiian 40
Falu

18


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Banfield%20JF%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus

o d

NIETIEImansatanszds N 25 aduil 2 Weunsngiau-Suinmy 2559

100 r 025
=~ 9
&
i© 80 F 02
@
3
& 70
o |
€ 60 0.15
e g
é 50 8
"€ 40 F 01
=
®
w30
@
g 2 F 005
7z
S 10

0 T T T g 0

0 24 48 72 9
wan (Falua)

UM 1. rsaivangaulunisesndladens@ludlaeuuaiiise Bacillus sp. PNKP-S2 Lilg
& v a o & -2 § @ s & & . v a
WNZLAgIIgUSHInTEawinAy 3 Wesidus (vAv) lue1msideads EG medium USuiiiew
BUAUVDIDIMNSAYNTDMNNY 7.0 kazdlAnUuIuYa N nadaua1sa buiisuswviniy 100
lulasniusefiaddng Uufigamall 30 esruwaildea aeldnisiugifinnusa 150 seusewdl

USU10u815TLUA (®) 0Dy, (A)

3.2 Meviivzaudaniseendinduenialud

dewmnzidswuaiizueendladonsdlud Bacillus sp. PNKP-52 luemsideaie EG
medium fiflanadiduvedlunadouenidludFusuvindu 100 lilasniusefiadans Uiuiiow
Bufuresermadsadoiseduiien dunigldniawgndl 150 seuseund figumgd 30 ssm-
waldea Wunan 96 $lus nansveaesmuiuuafieaunsaoondladesdludlalurisiitevii
nhefadlomzndsduswnadeadefiifeniudusysewin 4.58.5 Shnseendinduagludag
97.44-99.00 Wesidus urmsoendieduaninldniigaidemnsdsdusmadoadeiiviuiiey
Busuwiniu 6.5 Faduannzidunsaidnieslasiiviinaenidludivdenintu 1.01 lilasndude
fladdns vieAnLdu 99.00 wWedldus dauanduguil 2 asulddfieindu 6.5 1ufesiivnzay
nseondladenidluflasuuafiFoaneiusi SsenuimuaiiGeasiusdudy wafliGeaeiug
SPB-24 wag SPB-31 pendladenstludlifigaifienviniu 6.0 [22) TuvasfiuuadiFondluding-
oalalnsuanoiug NT-26 anunsaoendladensdludlddfifionsindu 55 wazniseondlad
onsFludiintulneeulmimeinanafinensdlusoondina (periplasmic arsenite oxidase) [28]
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Gt

gﬂﬁ 2. feviunzanlunisesndladensdludlasuuaiiie Bacillus sp. PNKP-52 iaimzides
Fevsinasiaderiiu 3 Wesdud (vv) luemsideade EG medium UsuiiesSuduves
omsiasudeisziume wazdanududuvednunadenoridludSudusiiu 100 Tulasndu
sofladans Uuilgamgdl 30 esmiwa@ea meldnsiwgiianuss 150 seuseuit iunan 96
Falug

3.3 gauuiiinanzausaniseandaduenidlud

P

dewmnzidswuaiizueendladonsdlud Bacillus sp. PNKP-52 uemsideaides EG
medium Afaduduvenumadenensgludisusurindy 100 lilasndudediadans Usutien
Bufursomadeadefimzanviniu 6.5 dumeldmaiendl 150 soustoundt igungfisedu
e 1unan 96 $alus namsvmasswuitwuafiieannsneendladenaludladlunndag
qmﬁgﬁmaqmﬂwwmﬁymﬁa 30-50  esmwgAldEd ensInseendinduadlugi 97.61-99.03
Wosidudt uwimsoonBinduenidludazfnunflaailemzidesiigumnd 35 esaueaidoa lned
Uinnienigludndeiniu 0.97 lulasniusesiadans wieAndu 99.03 Wefidud fuandlugui
3 awldiigungd 35 esmealduaidugumgifimngandigalunisesndladersdludlag
wuediFeaneiusi TuvnzfidemnzdsuuaiiGooondladeonsdlud Bordetella sp. SPB-24 waw
Achromobacter sp. SPB-31 lugwnsideade minimal medium #iflen$8ludviniu 5 fadluans
nuhuueiidsansaeiugiansnsentladensdludliffifionsindy 6 fommal 42 o
\waLgya [22]
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Ui 3. gumgifmnganluniseondladensdludlaeuuaiiise Bacillus sp. PNKP-S2 1l
IAsEUSinesTaderiiu 3 Weddud (vv) luetmsidsade EG medium Usuiiow
Sufuresemnsidsaiewiniu 6.5 wazdnnududuveddnunadoneidludiSuduwifu 100
lulasnfusiefiadans vuaneldnisivgniinnmid 150 seusieunil fgungiisneg WWuian 96
la

3.4 Vinasiadersduiivangausoniseandiaduansdlug

dewmnzidswuaiizueendladonsdlud Bacillus sp. PNKP-52 luemsideade EG
medium fiflanadiduvedlunadouenidludFuduvindu 100 lilasniuseiiadans Uiuiiow
Buduresemndsadefinyanuiiy 65 vungldininugnd 150 seudeundt flgamgd 35
ssmeaidea Wunan 96 $alus nansvasemuiuaiiGeaunsoeendladensdludldndue
Usinasiaderiududaud 2.0-8.0 Wedidud (vv) Taeinsniseondinduaglutag 98.79-99.15
Wesidud uinseendinduestludanfnuniiandelividedauiiiviinawiniy 6 Wesiud
(vv) TnediUSinaonsdludimdewiiu 0.85 lulasniurediaddns Andu 99.15 lWesidud fawang
Tuguit 4 aguldhimnariade 6.0 Wosidud utnuiudeimnzauiigalunismzdeade
dionseendladensdluflasuuaiidoaneiugi
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USuawinbonadu (%)

U 4. Vsnarideanyaslumssentladensdluilneuuaiife Bacillus sp. PNKP-S2 iile
LW’ISL?;}EJ\‘IﬁQEJU%M’miﬁ’JL%@‘ixﬁu&hﬁ"] Tuemsiaeade EG medium USufiteBudunasems
Heatewiniu 6.5 wasdanududuvednunadenonsdludisudumiaiu 100 lulasnduse
faddns Uuilgumgll 35 esmuwaidea aneldnisivgnfinnmii 150 sousewdt Wulan 96
Falu

3.5 uidsanfuaufianzausaniseandiaduaisdlud

dewmnzidswuaiioeendladorsdlud Bacillus sp. PNKP-52 luemsideads EG
medium  fiflunasnrususiagieg daududurednuadeuensdludiduduviafu 100
lulasnusiofiaddng Uiufensuduresemadsadefimneanindy 6.5 Unilgamadl 35 v
wadea neldnswefinnnusda 150 seudewit WWunan 96 Falus nan1snaaemuIuuATidy
aursaldunasasveuiiooandladensdludlinareviinfe loiiouasdan lowieudinm
wuea glasauaznglaa Aszduaududu 15 lulasluasiodns Tnefidnsniseandinduey
Tu19 98.77-99.25 Wesidud aemisﬁ’muLﬁ"@LU%EJ‘ULﬁauﬁ’umimammuammwﬂmwwL?ﬁum
Tuomnsdeadeililfiiuundsasvou maiulefonesdan warludondingm wuidnsnis
panTnduianlndlAgatu As 99.15, 99.25 way 99.15 Wasiuanuaisu é’aumﬂugﬂﬁ 5 LAAY
Tviunsiusrasansveuldiinadednsiniseandindustnedl deddey aguldduuaiise
Bacillus sp. PNKP-52 ansaialuenmsidsadelnsldorsdludiluunamaany Sadu
wuafliFeUszwnn chemolithoautrophic As(lll) oxidizer #ildensEludiduanslsdidnnsou [24] &
seunaeatuiinannduuaiiiSs  chemolithoautotrophs fae8nauu  Agrobacterium/
Rhizobium-like bacteria, NT-25 and NT-26, @mnsaasglaglinassuainniseondindu
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o153 ludiduesTiunlneldoandiaumduaissudianaseu a1sdludiuanslvdidnnsounay
msvaulneanlydiduunasasuey [28] dwuwuailiie Y- Proteobacteria MLHEL @310
pandladenstludiuenstiun neldlu-nsaduanssudidnnsou [29] wuaiiiSe Bosea sp. AR-11
annsaeendladensdludiduenid-unneldanneliennrlaglifesfivansiiiazSudidnnseu
[30]
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JUN 5. unasmsueuingauniseandladersdludlasuuailise Bacillus sp. PNKP-S2 \ila

X P a o & s & & & & . aa | ¢ a
WZIEI928UTUIRTHITe 6 LUasdus (v/v) Tusmsideatis EG medium Vidlunasarsuausiln
A199 USUiiLeuisniuretemsdesdiowindu 6.5 waslianududuresinunaduuesdludisudu
wiriu 100 lulesnsusiefiaddng uniaamgll 35 esruwaded neliniswenfinanuss 150 seu
moudl 1Wunan 96 Talus

4. a3unan1Innag

PNHaNIIAaeandlAliuIuAie Bacillus sp. PNKP-S2 @unsasendladensdlus
Ifideimnzidsduommaideate EG medium fiflfieniudusinty 6.5 vuflgungli 35 as-
wadea meliniswend 150 seusewdt (Hunar 96 Falus Teeldludeesdimmduunes
AsueY TaEUSInaideR Uz auiigaeniseondladvinfu 6 Wesidus (vA) 1nanne
fananisiuinliiuaiieannsaeendladorsdludldgeian Tnefvuaeisdludfivdeio
0.75 lilpsnfusiefiadans Anduuszdnsammsesndlad 99.25 wWesdud dwiu wuaiiSe
Bacillus sp. PNKP-S2 fawduwunfidenilsiifidnennseniseondladensdludidueisdun dean
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