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PURIFICATION AND CHARACTERIZATION OF PEROXIDASE FROM CYANOBACTERIA

Oscillatoria sp.

AN ABSTRACT
BY
CHAIYASAD KACHENSUWAN

Presented in Partial Fulfillment of Requirements for the
Master of Science Degree in Biology
at Srinakharinwirot University

May 2013



Chaiyasad Kachensuwan. (2013). Purification and Characterization of Peroxidase from
Cyanobacteria Oscillatoria sp.. Master thesis, M.Sc. (Biology). Bangkok: Graduate
School, Srinakharinwirot University. Advisor Committee: Asst. Prof. Dr. Somkiat

Phornphisutthimas, Ph.D.; Dr. Surasak Laloknam, Ph.D.

The research aimed to investigate the screening of peroxidase activity frome 5
cyanobacteria: Oscillatoria sp., Nostoc sp., Tolypothrix sp., Synechocystis sp. PCC 6803
and Synechococcus sp. PCC 7942. All samples were extracted by Tris — HCI buffer, pH 9.0
and crude extracts were measured for peroxidase activity using a reaction mixture
consisting of 4 — AAP, Gallic acid and Hydrogen peroxide. The reactions were incubated at
30°C for 10 minutes. Oscillatoria sp. showed the highest peroxidase activity, 235.49
units/mg proteins. The Oscillatoria sp. crude extracted was fractionted by ammonium sulfate
precipitation at percentage saturation range of 0 — 20, 20 — 40, 40 — 60, 60 — 80 and 80 —
100, respectively. Ammonium sulfate fraction range of 60 — 80 % saturation gave the
highest peroxidase activity, of 828.92 units/mg proteins. The percentage of ammonium
sulfate fractionation at 20 — 80 % saturation was selected to precipitate of peroxidase from
Oscillatoria sp. crude extracted and gave 57.98 % recovery with 3.21 fold purification.
Partial purification of peroxidase has been obtained by passing the 0 — 80 % ammonium
sulfate fraction through a diethyl amino ethyl — Cellulose (DEAE — Cellulose) column. The
fraction with peroxidase activity were pooled separately and passed through a Sephadex G
— 100 column for further purification. The purified enzyme preparation exhibited a specific
activity of 5170.00 units/mg proteins, while purification fold and yield were 21.95 and 14.41,
respectively. The purified peroxidase was homogenous as judged by native and SDS
polyacrylamide gel electrophoresis. The molecular weight as determine by gel filtration and
SDS - polyacrylamide gel electrophoresis was 54 KDa, which suggested that the purified
peroxidase contained only one unit. The optimum temperature and pH for purified
peroxidase were 30 °C and 9.0, respectively. The affinity of the enzyme with different
substrates showed as the highest relative activity on Gallic acid followed by Phenol,

Ascorbic acid and Caffaein, respectively. The apparent K and V, , values of the enzyme



against Gallic acid were 1.00 mM and 10000.00 pmol.min-1.mg protein-1, respectively. The
presence of metal ion such as Fe3+, Mn2+ and Na' enhanced peroxidase activity. On the
other hand, Hg2+ strongly inhibited the enzyme activity at 0.5 mM. Peroxidase was stability
in the presence of each urea concentration. The activity was then decreased when SDS
and EDTA concentration increased. At 10 mM SDS and EDTA, the peroxidase was

remained activity about 80 %

Keywords: Purification Peroxidase Cyanobacteria Oscillatoria sp.
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AI Ada aa v =1 e 6 v v ) = Qs A
IudslisIaludITh Cyanophyta SanusIaNTaRIATIEAG 8L IlTwAeInUNT loenlu-
WUANLSILITRARINITOATI bblaTian e (Incharoensakdi; & Laloknam. 2005) Oscillatoria
erythraea uaz Oscillatoria thiebautii 1JugNEaTudUlUuM oM IILT MBIz Lol
miw'%tyLLazLﬁmhmuasmimL%h%ﬁﬂﬁé’@fﬁwmaan%wuua:"l,ﬂq@m"’uﬁm%nmaaé’mfﬁw
o 8 v &0 @ Aa o = a & A o ¢
pnvhlddafineele @il dnwieana. 2554) annsdinszes InSsol aTsBauing
WazAe (2554) WU Oscillatoria sp. sanTataia lanaldniizniinda NaCl idudu 0 — 1
luan uazaiy lddngananududunes NaCl - i 0.25 luans laslun1izidana
LﬂTwﬁumaaLﬂﬁagmzﬁﬂﬁLﬁ@mmm’%‘maaﬂsﬁmfu (oxidative stress) HWAABNTZUIWNT
uanifpudiinasan (electron transport chain) lapdinssinauaziivanseyyadase lilumad
2 { . . .
m%gmﬂﬁﬂmﬂuwaﬂ reaction oxygen species (ROS) Lo lalasiaummasoanlos (H,0,)
{ ° Aaaa o = 2+ [ { ] o Aaan o a - A
WavhdJfsennuman (Fe ) azldaanhadanivhd jisonvenyalaasenda (OH) o9
o a & Aaa A o & A @ & A o
sanInhaodldue fRauwbaiuimas uazlilsduld lasasazinineuauasdanaln
Tunsdaanzianloidwanyadas: (antioxidative enzyme) L% UANILAF (catalase) Uz
& a : ¢ 1 & o il 25 A a X &
wasaandias  (peroxidase) Lawlwinguittiolunisiige - H0, Mifedunvluisad
(Takeda; et al. 1998; Becana; & Lotassa. 2007) TIFOANRSINL Saha LAZAHE (2003)
89w Oscillatoria willei BDU 130511 1duloslunuaiiSefn liausaadslulasaule
uwdazlawlmiduanyadary 1w gililadaanloddadining (superoxidedismutase:  SOD)
uaziwaseandias ot e lunsdnTedia lwanizneialulasiau O. wellei BDU 130511 3
AAMITFILATIZAMUUFI LAzLaANAI NV IMLATASANING (nitrate reductase) Ansasnslasin
Aa & A A . a A o A
HAaLaulaingaTuduining (glutamine synthetase) In1aiasuudaslaseainsvallsfu
o o { a é’ v )
wazian H,0, NIYSIaINNIUEIEWasoanTLad 3INTILNUVES Rout Wae Shaw (2001)
) A = o Y A L. . A o @
wud luRznudnazasraewlodduauyadass (antioxidative enzymes) 1Naz8ri19@ H,0,
ANalwA1Iz oxidative stress LT% LANUAR UALINETEANTIAR NNTANBILEANITIVD
LANLAR LWAZIWE308NTIARINNENRIIURINIEIAN (Hydrilla verticillata) s1%18wuwa (Najas
L. . v o i _ ' Aa a A X
indica) wazaWIBIFUGNY (Najas gramenia) wuin lun1iznfianueIsaanindegilu
1 U v 1 1 an =) QI g
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@23UBLIANaTaU (electron  accepter) (Tugumh Hnfiu. 2548) unzaandladiuminiadli
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(ascorbic acid) (Vernwal; et al. 2006) 33insiuwaseandias bltUszlomiataunsnans
Tumimaunng gasmnizneInns insasniay uazmathiaiifsanlsnugamnnas
Aa A ' = PN o A A a A
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ATAz. 2551; Rty anTu IR E); UAZENINT IUNTLUINGS. 2553)
iwasaandiaanwulansluds a7 uazgAuniy (Kongwithtaya; Laloknam; & Chairote.
2010) lwdvgtiwweseandiaanishanlslunsiianefdjiseneiildansnaainisds
lé v o v 1 o v o a Ui
(horseradish root) Tadasvidanddszinaviliianlmiiinags inInmeaaslddnm
a a v a A€ 1 1 4 o L3 1
wwndsniauazuaninataandiaalivignianundsen g ihain Il lomidely las
FNUATaINETOANTLARATUANA N UITNUAIINNTA AT
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1 6 a A v = a5 A cg/ 1 A e a = ;V %
wuh weseandieafiuenladinnuuigniianiu 89.3 v Sand@idulnalalusduiiimin
luanadszanm 200 KDa vhauldaniias 5.0 wazgunnd 55 asruoaifus audau
aa v o + o & o 2+ 2+ { v o
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6 a L o AR i 6 a A v a =~
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| @ o v 2+ 2+
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Chairote. 2010)
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2. weTeanBiasuignsnnloenluuuafii3s Oscillatoria sp. anannth luldszloml
Tududnag e 1iu gaswnisunszans wazmiamaseusnsUsznaufiuedn

2O ULYAVDINIIVL
miﬁmu,zmvlszimfmmﬁﬁL%zlﬁ‘lﬁ'uaﬂ?ﬁﬁﬁﬂmﬁzgaqﬂ
aTAmuanidnuasnaseandiagnn loenluiuafiise 5 sfialaun Oscillatoria
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° A A ] L @ o A A A
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(sonicate) Ui#AuILNBLENAZNaBLATHIBIE Brd1nlanianaznawllsdudlsinte
wanlufladala vilaazlada (dialysis) vhlesanlasnnuvuuanilfoudszy (on -
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(native — PAGE)

AnuaNUaaINDIDaNTILAE
PINNIENIRNIzaNGakaANINYaIlNasaanTLas Laund Niaw gaunnd
AWANFAT ANNIUNIZADTURLNTG 080k AVINREa18aUNIE LazRIIULILAANIN VD

Lath beal

2R NI IANTHNITIVY

LSUAILG NN 2554 — Qumw"'uf 2556

A0 NNIN1INAADY
#o3UJuan1Imeingiaigasanans 15 wag 623 a3z ineragasng lu

AR IANYNFNRAS URIINLNRDATUATWNT 176



RENANT AN
3 a i Aaaa a L% %
1. wasaanziad »uneis owlinssl jiseeondasulunisaassusinig
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2. My lL3gns naneils mavhineseendiesfianuusaniuisiulasms
6 v A = L= o A % o ¢
anaznaueuloiamainiauanlufisudana ilasunlasnnAuuuusnilfsulzydinaasui
DEAE — Cellulose kazvinlasanlasnnAuvuunsnawalaslsaaauii Sephadex G — 100
3. tawloal 1 v nansdy Usinowanlodnisslfiseneandietunususna
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Tuaudsuit vnsansanasusznwisoiAgadasauday ead
1. lwenluuuafiise
2. loenluuuafiisy Oscillatoria sp.
3. aubodinaseandiaa

Y a A€ wa a
4. ﬂ?i‘ﬂ’]l%ﬂiijﬂmmz’ﬁwﬂ@]’ﬂ I as‘aaﬂmma

Tsalwuuaiisy

a

A A A P oA A ol A [ | ) ) A AA
lonluuuafiGeniasnie®mdpiunaniiin 9aagluddsu Cyanophyta 1luadEia
A o & o ) A o A ' A A a =<
ARVNTOFILATIZRARBURS LA LT AR DA wuin loonluuuafiiSousriaaiunsaad
Tulasiananaimeld (Incharoensakdi; & Laloknam. 2005) a1nM3ANENNANGILTIN (fossil)
A v o A ! AAd & a Ada A a & A &
fo1gtszanm 3.5 wudull wudd laenluwweiiGuduilizialununniauiaaandiaugou
UysEnmMe WU e anInIIaRaN@19 9 LTk NELA WRE91NAa ﬁrwg%“au uazludn (Osswald; et al.
& =3 o =) Al
2007) oo luunafiiodaganamnsadagluassslosfidoainanasalsfadie uaz
analslasd saudinEwiannlwladalus@n (phycobiliproteins) (Dittman; & Wiegand. 2006)
snwuzvadloinluuuaiiFoutndu 2 dszinn (216 Nwsiena. 2549) aad
AAN = Y A & A A
1. dsznnlalafinlddlwduwanonIoiduisaasaen (non  flamentous  form w3
unicellular  cyanobacteria) ﬁaumnag}ilugﬂ coccoid form  WUMNWINTNALLTAALALY LT
Chroococcus LLazwaﬂﬁaEii’suﬁuLﬂuIﬂIaﬁLLUUWW§LNaaﬁ (palmelloid colonies) LB Eucapsis
sp. W& Anacystis sp. LEAIAINTNYIZNaU 1
2. Yszinninlansmeidulduans (filamentous form) LEWENELAANNTITDIGBN UV
\asl3unIn lay (trichome) lu Oscillatoria sp. Was Lyngbya sp. taaunsisssaantiln
wwuassnazisou luanuansSonansmziiuiiin homocystous form &ulu Nostoc sp. Uy
Anabaena sp. LTA8ITISHIABNULLL heterocystous  form 389G aNULAZNLTARLTNLITRS
A A L% 6 & A s A A %
(heterocyst cell) Tefinttaimasnul 2 Tu ISpvaaunisagndindaiszasinilay ugaaas
mwisznay 1
loenluupafiFoiimfuiusuuulierduwe 3 2 35 (a1 duyia. 2547) asil
1. mudanad lunduisaaiasdinsudassarildiieanguaadruiuagnioly
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. A a A L , o o A o A 8 « eaa \
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N. Chroococcus turgidus (Wagner. 2006)

. Eucapsis sp. (Graham; & Wilcox. 2000)

@. Oscillatoria sp. (Graham; & Wilcox. 2000)

J. Anabaena sp. PC 7120 (Flores; & Herrero. 2010)
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1. AUTULRY LRIDANURIAYADNITRTINEIMITLAUNTELIBFILATIZAAIDUES
TosSinnwsifidoinisveslonluwuafiGoudazsfiaszuandraiuly Gimoauues ol
WWHNE  wazAmE (2553) 318930 auLTunsIINadan sl e ke luuuaiie
Hapalosiphon sp. laamuasnzadlomluwuafideludennizinildsuuasannsssua
(AU NLRILUTI9 10.30 — 12.30 %. YNy 1,806.06 umol/mzls wazlus91a1 16.30 —
18.30 . HAN¥inAy 202.56  pmol/m’/s) Lﬁ]’%tyvl,ﬁﬁﬂ'jmmwﬁLgslaluﬁaoﬂﬁﬁ'anﬁ (40
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\WANLEW LU Hapalosiphon sp. 193ty laaNgafigaunndlutag 30.43 - 33.56 aseioaifos
(W30 L&ANE; uazaAme. 2553)
3. anulunIa—Lus ﬂ"rﬁLawﬁmm:awiami@hia%ﬁimmaoﬁaﬁ%ﬁmluﬁﬁﬁmagli
Tus149 6.0 — 8.0 el uuua RS uaaTRANAMNG0INITAMNLT UNTA — LUF NUANGIING
a A A = oAl 5§ d & A A a
lagdnd@ loolusuafiFosansaain laaluanwiaiiduus  loolunuefiSausrsia
sanIniady laaluunsasinidunsa wiw Hapalosiphon sp. 1a3ay lddNganAlata4 9.055 —
9.376 (h])3" L8HINE; LazATE. 2553)
4, mmﬁmaaﬁn AnadaUSuN L aINFaIHIWRINT Lstin I@ﬂmgmml,muaaﬂﬁa%i
Ty WA N3N I21392 091 RY I@mtmmadam:gngwﬁ"wmvﬁ e ld 1 lwnveuaunny
RILATIZRALILLES
5. USumsgeInis "l,san,uLmﬂﬁL’%ﬂLflu,’é‘mﬁ%‘imﬁﬁaaﬂ’]il,ljm@;ﬁﬁiﬁLflu@iami
WIYLTURLINLAT TiuLisaanauaNudaInIsia 2 ngu a9d
5.1 uiT9NdaIMIIuIN (major  elements) Luuisgiuasdsznay
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= a A o 6 r=|
uAaLTey untgun Taiwas uazlnunsidoy
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l@un aaa3w AN uuINBE lusan §INSE NaIues uazluRuATh
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AdnmmInsznsrasunasiaawioludedsw awingdsveuuin lasAudadilugg
woeRmew Sodanswney 2543 wuindlloenluuuafiGeswan 9 vie Tugdain 1 laenlu-
Lmﬂﬁﬁyﬁﬁﬂ%mmwmﬁq@ﬁa Oscillatoria sp. 8589893"Aa Gonium sp. lwala1Wa 2 wu
Anabaenopsis sp. mﬂ‘ﬁlq@] 389894708 Oscillatoria sp. LR Euglena sp. ﬁaﬂﬁq@ wazlu
ﬁ'ﬂ@’lﬁ‘ﬁ' 3 U8z 4 WU Anabaenopsis sp. mﬂﬁq@ J898981A8 Oscillatoria sp. LAZWL
Chroococcus sp. ﬁaﬂﬁq@ §OAANDINLNUIEYDI 17T URunIwe uazAmAe (2544) @nw
minsranepadloan luwuaieluiuiinanudaen Fandagnioeyd I w.a. 2542 lasiiy
daddloonlunuaiiselusinfonusnes 2542 — unInay 2543 1%1]81,’5{1\‘1?’3{1?’1&’1@3’] W
loanluuuafiis 13 ana lagnInnuafisefnuuinuszwuaaaagafiviinisane leaun
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289 Oscillatoria sp. WANAGaFNLET WA ANUFNNWTLTILINAULSI e lwlnsd (r = 0.154)
LAZANMAFNNUTLTIAUALANNAN (r = ~0.221) UazFanANaINY Laliad Tauyy uaz Wil
WRINNY (2553) ﬁﬁﬂmmm%mﬂ%mwammﬁimﬁvﬁmme{wLﬁuluw%ﬁwmé'mwﬁg
RIVAN Imﬁnmsnﬁu*’ﬁagaslumdlﬁaquwmﬂw — LQOUNWOFAMYY 2551 IINUNRRIANI 6
meluuringasinun 8 anit wudn ethdagsiiuamnsissluamsings BGA
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nndayaawiduaglldin Oscilatoria sp. dwlwenluwuafizeiauisonyldason
1) anauws g g e maninnazdnademidissdiavessa i wu dywinIgadn
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TesalwwuafitSe Oscillatoria sp. (Funnaugn@ AIwsiens. 2549)
Kingdom Monera
Division Cyanophyta
Order Oscillatoriales
Family Oscillatoriaceae

Genus Oscillatoria

) . & Aaa A e a S a o by
Oscillatoria sp. ‘DuloslusuafiSodioasadsr Woiwnuiidn 61 waziiiana
& L e & A o & [y X A v =
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! i i o a A A o ¢ a A PN
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=) v 1 =) aa A v =) =)
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2011) Hnsawinlooluwuafiiss Oscillatoria willei BDU 130511 ®18150831981%13 16a1n
nMIFIATIzRGIBLEY uazaaenloidiueuyadasy i sUweseanladasiining (SOD)
uaziwasaandiad iNad28lumsissdn lunnziveaunanlulasian O. wellei BDU 130511
o 6 aa a a o _ a v
zAAMIFILANERUEILazanfidfvadion ol luiasaIaning (Nitrate reductase) Snsasnd
L = (% a a 6 = = .
ludu maasuudaslassrirsuesldsiu uaznAaauloingardu Suining (glutamine
A { o @ { a & '
synthetase) uaziwasaandiaaianiiae H,0, ARNUSNIMUINTY (Saha; et al. 2003) LTu-
W@eanumstsuanwvas loenlunuafiise Oscillatoria princeps Oscillatoria limosa Anabaena
. g . lﬂl I a U a A = a
sp. W8z Phormidium laminosum lunnizifufisainansnu wudt loeluuua el
nganinlaunuazualifinasanas uazairaawlod uanas siilaseanloddaiinina (SOD)
uwazuasnaiinineioandiaa (APX) iNatieaaanuduiinanavyld (Panchali; & Ruma.
2011)

mwisznay 2 loenluwuaiiSy Oscillatoria sp.
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Uv-B
HyO DNA / %
Catalases ,
] Proteins o /\ /\ RUBISCO

peroxidases i
FeS H,0. i ~ MAAs
[Fes] 2 1 Lt H,0
S0Ds Fe+t +
F ] o NADPH
-:g.[-s:file - Flavoproteins

methionine _.,‘,‘.—:,’f"_ o NADP* + H*

m.As \
\’\/\/\4 A
Stroma
' J pa - e \
N - .
psi ) (S \ P|s| )
N\ PQH ;
Pt = |

Lumen'

H,0 1 Oy + 2H*

_ ona’l
2 Op"= _ proteins
Lipids

mwisznay 3 nszuiumINaa ROS lulaenluuuafiise (Latifi; et al. 2008)

IwEsaol ATsBauiny uazame (2554) WU Oscilatoria sp. a1unIaiaigy lanle
nMENaMALAN 0 — 1 M NaCl uaziady ld@nigafinnaiduriiny 0.25 M Nacl laslun1ie

v ° v oA A o ) . = '
ﬁmmwmuma@mﬁagaﬁlzmlﬁm@mmm’%maaﬂmmu (oxidative  stress) TINNAGB
NITUIWANILANLURUWILANATW (electron transport chain) I(ﬂ&lflmia%'NLLa:Lﬁumimﬁa
dave i luinad waztddoutu reaction oxygen species (ROS) v lalasiauiwasoan taq

A ° Aaaa [ I 2+ % a - A o

(H,0,) lasillavhujiseniuman (Fe”) azldouyalaatanda (OH) Tisaninluvhae
ALDLD §ﬁ@umﬁm§m6ﬁa§ walUs@u (Takeda; et al. 1998; Becana; & Lotassa. 2007)

lun1zanueTHaaanTLATY "lsﬁm‘[mmﬂﬁ'L%y@auauaaﬁamﬂa"lﬂsl,umsﬁﬁ'@a%a
8a3r lasnmidaanziilanloiduayuadass (antioxidative  enzyme) 1w giidasaan’ad
Aa A 6 a 6 €A A o Y . -
Aalung uamiags usziwaseandias lasgiilesaanlod@aiinma 3@ oxygen anion (0, )
Taglugdlalasawmnadaanlad (H,0,) nntuwazlfuaniasuazinaseandias thatiolu

s e . X . v - n

miftia H,0, Mifadumeluwaasagluzivasin (H,0) ugaidanwdsznay 3 (Latifi; et al.
2008)
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sl lxseland

gl Sesawysod wasAnaTE 776 (2550) anwinsinsaasmanningelasls
loenlunuafiise Oscillatoria jasorvensis Wax Microcystis aeruginosa W31 ANNRINIID
gaqﬂlumig}@sﬁumﬁwaa O. jasorvensis W8z M. aeruginosa \¥inNU 114.94 Uaz 98.04
Saansudansuiminui ﬁ]’]ﬂﬂ’]ﬂ“ﬁL‘ﬁﬂﬂm’l‘ﬁU’]IuLLUﬂﬁL%Uﬁﬁ%%@gl@%ﬂ@zﬁﬁLL‘lJ‘lJizEJzSJ’I’J
WU vL‘IiquLLiJﬂﬁL%ﬂﬁdﬁﬂdﬁﬁ@@@%ﬂ@zﬁ;ﬂﬁaEh\ﬁ’mL%)lufuLLiﬂLLazﬁﬂ’ﬁ@Wﬁ'Uazi’mﬁlf’] 9
@imﬁaavlﬂau‘éuq@mimaaaﬁ 15 % Lﬁaﬁuq@msmaaa O. jasorvensis Waz M. aeruginosa
sansafnsanzmaniaeld3euas 95.5 + 0.2 uaz 75.1 + 0.7 ANEGL

loenluuwuniise Oscillatoria deflexa \Huunasansarmisnaioaia taun 1Uséu
(Fauaz 54.5) Afa (Fapaz13.8) aslulaasa (Seuaz 10.0) nTaeziily (Seuay 27.43) Faniiu
1 3008u B1 B2 Uar E UAWIBIE199 LT LARN (Fe) WNINIBE (Mn) Naduad (Zn)
wananiiwunse luiusndudeseme (Gribovakaya; et al. 2009)

mahilsfiawannmuuzwitlaswin lomluuwuafite 3 siia ldurd Phormidium
sp. BDU — 2, Oscillatoria sp. BDU — 5 LLlaz Anabaena azollae WU Phormidium sp. 813130
siamamsmmmwﬁ”nvlﬁﬁﬁq@ Imﬂy‘ﬁ'”lﬁﬁLLi‘m@gLLa:mimmiﬁmﬁJﬁ%%mMﬁ@ LT
Tulasiau Weawads Iwunaidon waatdoy loduuuazuudnite (Anbuselvi. 2009)

nndayansiduaidladn laenluwuaiie Oscilatoria sp.  aanIniinluls
Uszlapdlanatodnn L1 L‘ﬂmmdaﬁq@uﬁaUmsmmwm6] s lusdin anslulansn fa

AU UBIITIAAN 9 uanINBesnansa i lumsiaaasfslwingelasndos

lanluiinasoandiaa

AMAAYaanlBNINaSaanBIAE

waSaanfiaa (E.C.1.11.1.7) Wwawlodiissjrsmeandiatulaslflalasian

waseanlos (H,0,) LHuaisudianasan (electron accepter) (%uqum Bufin.  2548) uaw
pand laddumnyaf IWBLENaTaw 1% Auaa (phenol) ualsunfiniaiin (aromatic amine) NI@
wasnasiin (ascorbic acid) wazanIUsznavafiuriae (Vernwal; et al. 2006)

nabnnstiadfisen fe Lwa§aaﬂ%L@aﬁa§1uizﬂ:ﬁn (E, ferric state) 1% 2
Binavauny H,0, Ujisenliasilien uaziwaseandinaazatlugy Compound | NI
2ONT IATTUFNTA (AH) LLazLﬂE’iwamwa%}‘lugﬂ Compound Il uazldnAadmsigarineidu
WuazanTizneuaiin (quinine) Fuad (A) Imﬁmﬂmﬂugﬂ Compound Il 223U 1
didnasaurliaglusze: E uazsunsanavanvidjasenlndle (Smith; & Veitch.  1998)
LEAIRIAIWLIzNaY 4
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E(Fe’,R) +H,0, —— E(Fe =0,R”) +H,0 1)
Native enzyme Compound |
Compound I + AH E(Fe4+=0, R) + A (2)
Compound Il
Compound Il + AH _— E (Fe3+, R) +A +H,O (3)
Native enzyme
agﬂ"lﬁé‘af: peroxidase
2AH +H,0, ——» 2H,0 + 2A (A 147)

mMwiszney 4 nalnmaiadfizonvesneseandias

6 A a 6 o 1 _ . . . .
\WaseanTLaaaanT AT TURNTA LT phenol, gallic acid, ascorbic acid, caffeic

acid, guaiacal Las diaminobenzidine (DAB) TURINIAVBILNAIBONTLAFLEAIAININLTZNOY

5 Iuan’l’Jz‘ﬁﬁ H,O, (Kongwithtaya; et al. 2010; Quinn; & Graybiel. 1996)

2 /CH3
=t 5
HO OH — o)\N N/
OH HO OH |
CHj
Gallic acid Ascorbic acid Caffeic acid
OCH,4 OH
e NH, NH,
Guaiacal Phenol Di — aminobenzidine

MWUIzNay 5 FURNTAVDILN a§a AanNTLAN
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6
iszinnvasnasoandiad
& A o & A v & a a6 & A A
wodaandiaanulaniluis  §af uazadunid laviweseandiaaaniisuas
a a 6 1 a A v a ] d' 6 a d' v
dunidnduuuaiiiiodsznaudioniaaziiludizanm 300 nihe lusnzfiweoandiaadle
nFaUszneudiansaaziludszunm 576 — 738 Wiy wazdunuFumiswuszlailand
(covalent bond) iwaseandiaasiunnarunisisessnauniaezilulaidu 3 dszinn asit
(O’Brien. 2000)
1. waseandiaavaslnsuaslea (prokaryotic peroxidase) L% LaRABLURLNG -
2ONTLAR (ascorbate peroxidase) lolnlasudinaseandias (cytochrome C peroxidase,
A & A ! A A o & a & A o &
CCP) nndad #5891 wuafiseananeseandiasluunielslunsunilasisasain
AMMEANULATEABANTIATY (oxidative stress) lwenluuuafiiunialalasinaiaandiaa
. { o J | a 1 v & :’
(hydroperoxidase) 1Nafinda lalasiawnaioan lwaasduisdaioas il (Regelsberger;
oA v A A a & a A Yo @ &
et al. 2002) L uwLALINUNTANEA WD SR NTLAFLAZULANIAR e lTHNda lalaTianinas-
panladaanatnaaalIwaaduas bulnwaa (Shigeoka; et al. 2002) §aaaaaINUIILINWHL
Arnuwiaundna lnlun1stlasnuni1izalnuiaseaaandiasuanaNNAulaaNTITRI
% a . : A £ { ' o '
Lauvlfﬁﬁmua%aam: (antioxidative enzymes) YUNNUNDTI8T1AA H,O, LT% WANILAR
waseandias nNAnEILanfiINvedan lmllanIaRLAINE SaaNTIAT INENRIILANI
N3238N (Hydrilla verticillata) &1ATIRWIN (Najas indica) WasENRINULEUAY (Najas
1 i J U U v 1
gramenia) WU lun1ENiANATEANINRBFITN ANRTIELEUGAIY FIRTIBRUIN Uz
1 aa a ﬂl A/ aaAa a
swiewwnzianfiueaiiifiineseanfiasfingsiu lasuanfilfivasuasnaiumnaisandios
1 ﬂl J { aan a 1
IR INTETNANDY IuiziuaafiiNuaLarABlLaNEsaanTLaa lwararwIx
URZENITIBLEWAERARY (Rout; & Shaw. 2001)

2. INB30aNTIARUBIRIINARINNLTAIN (secretory fungal peroxidases) LT
AnAuLweseandias (Lignin  peroxidase) Waz WaIN s nasaandias (Manganese per-
. = ' v Aa = a g ' .
oxidase) Fanalimialsnnnanluis TINEANNLTEITY Phanerochaete chrysosporium
(Conesa; et al. 2002) Lwa§aan6’?jma1um§w secretory fungal peroxidases 3L TaNGAN KA
« . e dd s 2 o4 e
WuseladalWd (disulphide bridges) 4 dunus MiBaudis Ca- 2 dunis (Tuguos Budu.

2548)
& A A o A . & caa
3. LW2IDaNDLARVDIRIINNARIIINNY (secretory plant peroxidases) vuaulodini
AN umzdaiitaltaudazafia [ NINBLEREILIAMNNLIALNE FIILASTONUTNNHILTAS
% i o a 6 A = a ] 6 £2 1A a a
LAzIEIzA99 uaztstiuaand ladansniduiudaisas oun Auaa waluunfiniefiv uaz
lalasiauinaseanlad (Sisecioglu; et al. 2010) NT=LIWNNITRANY indole— 3—acetic acid N3

sisantau  iweseandiaslunguitluluwasinalalysdin (monomeric  glycoproteins)
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(% [ o & 2+ ! a o A ' ' v A, 1
ﬂitﬂ@ﬂ@?ﬂwuﬁzvl@]éﬁﬂvLW@]LLﬂz Ca LBULALINUUILLANN 2 UELANFINNUNALAUIVD

wWuszladalnd (Tugum Buiiu. 2548)

UNAIHAAINDSDONTIAE
6 a a yg; o 6 A A A A 1
B3 0aNTIARENNNTONAR [N 9Lk §0T AT wazuuafiiSe ITeawin Steptomyces
viridosporus  T7A  g1unsadsasfnfiniwaseandiaa (extracellular lignin  peroxidase) L8
aaﬂ%vl,@sﬁmsﬂi:ﬂauﬂuaa, vanillic acid (4—hydroxyl-3 methoxybenzoic acid) W8z syringic
. . . . o . . . s o
acid (4-hydroxyl-3,5—dimethoxybenzoic acid) laols 4—aminoantipyrine (4-AAP) TInH
waafiifivasineseendiaaaz laasdsznaunifunliauas (Spiker; et al. 1992) L FuLA8INL
wasaandiaavadionluamsiuudnfianIanainnuead (malt extract agar) Wuin
. . a a é L g: r—Y
Trichoderma  harzianum SIWT 25 mmmwa@Lwa%aaﬂsﬁmamﬁNazmmmsl,ﬁmymm
Scytalidium lacrymans, Coniophora puteana Laza1iad lasiauaafiifanniunvasleladives
T WAZHINLIN S. lacrymans aaNsaasLdule (mycelia fans) seulalafives T, viide 8n
ae (Score; et al. 1997)
A a & ! & a & eaa
ik gIenanunr uazame (2537) Manwi iwesaandiamiuiawlodnd
ﬂ’n&lﬁ’]ﬁmﬂumﬁ’]LLuﬂﬁu‘Em“ﬂ’]&l (Tamarindus indica L., Leguminosae) 91nnNN3ANEIWLAN
dn1sszauinaseandiasadlunisimadia (epidermis) wulnlolnseasasiaaduniime
. & = e o v do a Er ¢ & A
(palisade) LTANEUWA (spongy) UAZLTARNTITRUINSURLIUILAz@IRII VLA TaLE D
SUABILAZEIANT [wAEINUIWaSoanTLaalunIznaU’ (Brassica oleracea) (Yazdi; et al.
2002) Rty 01TuTIEnLY) LAz §NINT uNTiIned (2553) wuil ImmeWuinumii 1 aan
= a A [ % % 6 d‘f . . . =
weray W9 71 uazgwaImys 90 AildTuniinszdudiomlafiTon Pyricularia grisea
aa =) QI J v { 1 s v
waafitfivasinaieandiamAinauandud i ldsunianszgu
> 6 & 6 aa da 6 a
26U AalnauY LAz (2548) MEUNL wafiifivasngenislewwateandioas
(glutathione peroxidase) ludaidaavasgia Mnihsaljisonsaais H0, ldnaoidu
luianavesi lunzanueisaeandiadu Ludsiny g3e0 13yaT uazame (2551) 1d
2 v o ¢ & a AV v A o !
anmanuduiuszaInga lslawneiaandiaaludszmoun ldsuAinanammy Sowod lu
ngudatnaf ldsuaIngaziinanfidfivesnganislaniwateandiaadias lassainsvasinas-
2anTLARINYI (Aedes aegypt) Hanwuzidudlulsdunizondenudiowuszladalnd 5
o ] 2+ 1 % [ a [ ¥ Y
dunis uazll Ca-  ipwidpanulassaisveanweeandiaaludadianIgnainun uazwy

lihs@unas AePox luganniy (Zhoa; et al. 2001)
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v '3 I'4 a
nldlsdlaniaasnasoandiang
6 a I (n:ll 1 Aaaa a % ' 1 =1
wasaanFiasduian lodNissl fAseeanteTunutusine 11w Auos wae
g1vUsznavazlsun@niain lusgniizndlalasiauiwasaan taq %aﬁmsﬁﬂﬂﬂi:qﬂm‘w
Uszlomiagnsnnnung aat
1. msiUaRILEY
:’ a a a a a a
WILFHINYARIWATIUNAEAN NIzaNM GRIGEY LazgasNWNITNLAL Azl
gvdsznavluaauazarsdsznavazlsvnantain Saduiuda FITTIALARILIORA Y
(Nicell; etal. 1993) %aﬁaaﬁﬁ@msmmﬁﬁauﬂdasaagﬂmdaﬁ’]mmma Waseandarann
. . o o & A Ada v o = A a o . oA o
31 Coprinus cinereus ax1TatNUakLFaNTaNUTNTUY IR U 200 HaANITNGADAAT bo
% a dl o Aaaa dd‘d 6 o >3 ] % nlld
Fawaz 65 Wiarfiwanzaulunisiid jasenlunsdindienloddnawinny 9 uazide

Tuta9 5 — 9 lusnmzniiowladiissnadansinlisen (Massuda; et al.  2001) EEwdeny

]
=

waseandiaannnlnaed §IN1TAR90 2,4-dichlorophenol 1938882 90 WATHNNWIWEA1ILN

Hunsa'le wuldsinugasnisaoiweseandias (Kennedy; et al. 2002)

2. MIANIARHONTILATIEZR

WasaanTLa&aN Pleurotus odtreatus 811300 T Remazol brilliant blue
l&uazi9aunaninga bromophenol blue lefssanas 98 luumed heterocyclic  dyes,
methylene blue W& toluidine blue O maNTaANIaldiEI5asas 10 Witk (Shin; et al.
1997) [wwABIRY BasnisaTinaioandias (HRP) Juszaninnlunsisaddauiisas
28N1131N13IUIARBNTIN WU HRP Fonladlugnizimiondinit 6 swiIn
ﬁﬁ'@?\luaavl@i”aﬁq@LLaziaammﬁa ramazol blue W&z Cibacron red @N&1aU (Bhunia; et al.
2002) HaNTBuNITNIaFaNA28E RS Debaryomyces polymorphus W8 Candida tropicalis
wazlua Umbelopsis isabellina W8 Penicillium geastrivorus ﬁmmmﬁﬁ@ﬁﬁaw reactive
black 5 'l@ (Yang; etal. 2003)

o 13 a 6

3. mMsdILATIznadNas
goinaTwesaandlassaiansiaanafwaioslsindn lagvindasennuy
A a ~ o o A A6 & a ¢ &
srUsznauiues uazazlsun@nadin ludivinazanedunis 1w iweseandiagannthausias
(African oil palm) &13135AFIATIZR polyaniline wae sulfonated polystyrene lagld aniline 10w
duunuuluiwinasniies 3.5 aWI0aTI98aL polyaniline sulfonated polystyrene @28NR83

JanyIaiBLanasau (Sakharov; et al. 2003)
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a 3 . .
4. N1IATIENR enzyme - linked immunosorbant assay (ELISA)
a 6 v a | ad d'd o e A o A
lunlienzidsinadia ELISA (luwisnlianadnwzgaluszaviiauasd
anyhlummasauseuas 85 — 94 waranudwmzltlumsanasauiihuansludlatnslas
U a ~a =3 o Qs Y A o v { a =)

lfuaudved 2 vha lassdausniianusiwznuasithnunedsinsinnduieudiaw sdia
dl > 6 dl o ] dl a aana 1 a A a o a 6
7 2 szquewlodiNavanduniiNifial izonseninsuondvaduazuandivan i ld3maesd
ANNIQANARLEY DIKNZIMILMTIATIRAAI8E9ATIAAN g (FINT0L Fauiaiwn. 2544)
insinllfdeloodluduniiifiadoliauazlugasnninennis igu nnandalalu
laaneatanavadinnizdaaniwsugaialdsdlanasuaundaaainalioiaulad HRP lag
1% glutaraldehyde Lg%y aldehyde uazduNL primary amine vaslululaauaauanivad
IINMIATIIFDUALE SDS — PAGE WULALLMA 194 KDa 3NMSANHINLINRINNTAAAAAN
wanAveflaan 1E4-1C2 ag HRP  leuazgssnansaiidjisonnuuandiansiwizluns

ATIILAUALAIUTIEINATLA direct Lay sandwich ELISA o (laen 3ud; uazanie. 2551)

5. MSINBAT

anuFunusvasindelsawiangen Pyrcularia grisea wuin Trasuwus

Unumilt, aanwze, wWiel 71 uszgwaaa3 90 Aildsunanszdueinadefiran Pyricularia
. A aa A 6 a A J A a = o o A 1 e U A a

grisea fiuaaiiifivasneToondiamAndwiionTouAsunudun lilasunanszdu Safiaan
natnnstlasriuaniasuedie (Rede 0170 TIanug; uaz §0INT AuNiianad. 2553) uas
TENUVBI TUITH BUAIRDA (2546) WUTN 1NRB NaCl AnadasJanaw Ascorbate peroxidase
(APX) wloenlunuaiiise Aphanothece halophytica NN NTUaBINGa Nacl 0.5 M LAz
20 M Huaaiiifidiwizues APX iy 0.52 uaz 048 siladafiadninllsfin uszhaiw
\intuvadinia NaCl iMfiL 50 — 300 mM wWud1 APX nuldddsaansnaydlddn APX

27N A. halophytica 81315011971 L9 l&NNIZNAANLA

o a =3 A a
i iuignsuazaaiifzasnnasoanBing

miﬁﬂﬁmai‘aaﬂ%maﬁmwwu’%qﬂ‘ﬁ:mmmﬁﬂvlé%smﬁ'mé’ﬂmﬂ,mﬂmué’ﬂwmz
MM EATNLRZTININ %&ﬁgﬁﬂmiﬁﬂmﬁaﬁj

L‘Wa?raaﬂe?jl,(ﬂaﬁnﬂﬁuﬁﬁﬂ$%5dﬁﬂﬁu%qw§ﬁ’lElLﬂﬁﬂLLﬂNTNLﬁUN%ﬂLW@]ﬁﬂ’J’]&IL‘ITSJ“]?I/M
Buda¥asas 40 — 80 ansilasanlnnsuuuduwizlasldaasusd concanavalin A waz
lasunInnAuuuusnawauunaauii sephadex G — 200 MUFIAL WUTN WWaSaanTLaad
mmu‘%qw%{fﬁu 16 191 wazdLaafiiNgwie 560 U/mg protein ﬁm{mﬁfﬂimaqaﬂizmm 105
KDa uastiiadiazens SDS — PAGE wuinluseiuilsiwin 54 KDa fomansmzidulnala
Ts@u wud 3% TEMS mwnsnaadSanmenslulansaldaaassonas 50 Gevinlen K lu
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n3sslJAsenaandiatuaes H,0, DAB guaiacol o—dianisidine pyrogallol aaad (3INI0L
ROWINUN. 2544)

Lwas‘aaﬂ%mamﬂm:%é’lﬂﬁﬁﬂﬁu’%qwﬁmadauImU@mm:ﬂauﬁ’muaﬂmﬁw
Faanenudududuaafonaz 60 — 80 IWuaafiifigegairiniu 1432.65 piladafindniu
Ts@in aniudarinnsanaznanlugas 20 — 80 wm"u,wa%aaﬂ%maﬁ"lﬁﬁmmu‘%qw%gqaﬁu
3.82 171 uazlAnanRasasas 58.50 qnm:j“ﬁLLa:ﬁLamﬁLmn:amiauaﬂﬁ%ﬁmauwai‘aaﬂ%
L@ELYINAD 40 adealdios uaz 7.0 aUs1aU iwadaandiaalan K uaz V. winu 125
UM W&z 17.2 pmol/min-mg protein ANANGL (T=aTANE LENGI; LazAME. 2553)

\WaseandLagann Tartary buckwheat bran anaznaualsinfauaylaiiaugaine
LLazﬁﬂﬂimem’]WquLLaﬂLﬂﬁﬂuﬂiqu@ﬂ’L%ﬂaﬁwﬁ DEAE-sepharose CL 6B wazvinlas-
alnnAuuuuenawalasltaaauil sephacrayl S—200 u’%qw‘ﬁu 53.8 L1 WazWLIN
Lwai“aaﬂ%mau%qw%(ﬁﬁmﬁfﬂimaqaﬂnmm 34 KDa lasfuaafidfidiiwizivinny
656.6 U/mg protein WU Lanfiifiwadnesoandiaaanaiiauas 56 Lﬁm_imau"lfﬁﬁﬁqnmn“ﬁ
75 asmoalias NLaw 6.5 LTuaa1 30 win %agandwaas’m@mwa%aﬂ%uﬂa (HRP) lu
AIZNANBILALINGK (Zhang; et al. 1999)

\WaseanTlaxINWaNznan (Olea europaea L.) \duinasaandiagwiia cationic
WA anion 881982 4 A28 WU WwaTeandiagsia anionic ﬁﬁﬁﬂﬁfﬂimaqaﬂszmm
20 KDa iUsznaudisazinilus (arabinose) 39 mol% LLa:ﬂi@LLﬂLLaﬂﬁIaﬁﬂ (galacturomic
acid) 38 mol% Fadugnwdsznavlusonadiuadinniiv Sen pf iy 4.4 qmwgﬁua:ﬁw‘*ﬁ
ﬁ‘lﬁuaaﬁ%ﬁﬁﬁqwﬁwﬁh 34.7 adABALTYR WAz 7.0 @IWAIAU @1 K 289 phenol uaz H,0,
WAL 41.0 way 0.53 ANEGU WasLA POD,, IFeandlad phenol Wity 99.1 kJ/mol
Lau"lﬂjﬁgﬂﬁﬂﬁlﬁﬂamwﬁ'qmﬁgﬁ 36.5 a9 TaLTaE (Saraiva; et al. 2007)

wwasaandiazannisain (Beta vulgaris L.) LLazﬁﬂﬁu’%qmﬁ@Ummﬂ@ﬂauﬁasl
nRakaNluionaaine LLa:ﬁﬂmmemﬁWLLUULLamﬂﬁﬂuﬂi:@ﬁaﬂﬂaﬁuﬁ DEAE-
cellulose WU Lwai‘aaﬂ%maﬁvlﬁﬁmmu‘%qﬂ%iﬁu%u 15 11 Fuaafiindniwizivinnu
10,500 U/mg protein 31NA13%1 SDS—-PAGE W1 Iﬂiauﬁﬁmﬁfﬂimaqa 45 KDa \Was-
panFLasatuINNeT 5.0 uazaanasiasay 70 Lﬁaﬂmauvl,mﬁﬁqmﬁ{]ﬁ OIRGRIG RIGHE
W% 20 Wil iwaTaandiaadianudnwizdaaaiinlaazfifiu (orthodianisidine) launniy
waafidfivadnasaandiaaes periodate (HIOs ) wazlaoidouialeod (sodium azide, NaNs)
(Rudrappa; et al. 2007)

wwaseandiasann loenluuuafiise Anabaena sp. PCC 7120 udunwaseandias
(heme peroxidase) ﬁﬂlﬁﬂ%qw%ﬁ@m‘iﬂmmlmﬂmm@Ul%ﬂaé'uﬁ Toyopearl DEAE—650M
ANAILABANIU Toyopearl Butyl-650M LazaaaNil Hypatite C WU iwaseandiaaiianiny

a £ A X 1 Aaa o [ . g | .
LIgNDLANNIH 50.5 I LaANINIUWIZLYINNL 283 U/mg protein Nanwmeidu tetrameric
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protein ﬁﬁﬁ%ﬁﬂIuLaqaLﬂﬂﬁu 53 KDa Waz@in Isoelectic point (p/) t¥inNU 3.68 fNLaTUAS
qmwgﬁﬁmmmwlumimﬂg’jﬁ’%ml,vhﬁu 4.0 waz 35 DIANTATLE AINEIAL A1 K LRZAT
k. /K, U84 Hy0, WAL 5.8 M WAz 66 X 10° M's' anud1eu waztisliguand@lumiaad
danlaairudeinuaain-Lsamineseandias wae fungal DyPs 8n@as (Yoshihiro; et al.
2009)

Lwa%aaﬂs?jmamﬂ@‘hﬁaﬁmmu‘%qw%fgﬁu 17.45 191" ﬁﬁmﬁfﬂimaqawhﬁu 45 KDa
ﬂ"]ﬁLaml,azqmﬁgﬁﬁmm:aulumsﬁ'aﬂﬁﬁ%mwhﬁ'u 7.0 U8z 40 BIALTALTLE ANNE1AL
I@mauvl,ﬁnﬁﬁ]zgﬂm:{]’uﬁ’m cu” usz ca’ LLazgﬂ{TuiizaéTw cr’ uaz Hg' finnudutu 500
Tulasluans (Kongwithtaya; et al. 2010)

IWB30aNTLARINNIAAWININRA (Pleurotus eryngii Quel.) ﬁﬂﬁu‘%@gﬁﬁ@mﬂﬁ@ﬂ-
arnaualuinaauaylatiauaaine mﬂﬁf’uﬁﬂmmimﬁ?\lLmumeﬂ’é’iwﬂsz@uamumwﬂ
PYUIA WU L‘Wa‘?aaﬂ%maﬁﬁmﬁﬂimaqaua:@h Isoelectic point (p/) LYINNU 40 KDa &
41 @URGU Sfi'uamm“?’il"ﬁﬁa 2, 2-azino-bis—(3—ethylbenzothaizoline—6—sulphonic acid)
WU ﬁLaml,a:qm%gﬁﬁlﬁumﬁ%ﬁﬁﬁﬁqwﬁwﬁu 3.0 Uaz 50 aIALTALTER ANNEIAL AN
V o 8 K iU 188.68 U/mg protein 8z 203.09 pmol/L (Chen; et al. 2010)

\WaseaNTLARINT MLINGN (Raphanus  sativus L) I@Uﬂﬂiﬁﬁlﬁﬂ%qﬂ%{ﬁﬁﬂﬂ’ﬁ
anaznaudsuanlufoudaadudansasas 20 - 60 udavinlasslads wuin iweseandiaa
ﬁmmu’%qw%ﬁu 1.8 190 mﬂifuv‘iﬂmm‘[mmwﬂLmuu,amﬂﬁwﬂs:ﬂmlﬁwaé’uﬁ CM-
sephadex W11 Lwagaaﬂ%maﬁmwﬁqﬂ%ﬁﬁuﬁu 9.7 ¥ LLazwawﬁmq@ﬁwﬁmﬂu{aﬂa: 2
NMIIATHRA8 Native-PAGE LLae SDS-PAGE wuldséu 1 uay ﬁﬁn%ﬁfﬂimaqmmﬁu
66 kDa 1# K, W V. lasdiuineann Lineweaver—Burk lae guaiacol (2—methoxyphenol)
uazlalasaunesean lodilusuainsalavinny  0.036:0.08 mM  Laz 0.0084+0.003 mM
Qs Lwagaaﬂ%malﬁuaﬂﬁ%ﬁvlﬁﬁﬁq@ﬁﬁLa°ﬁ 6.0 ﬁqmgﬁ 45 pseniTaLEus wasfiany
Waduuastiniwas 1.0 M (Sisecioglu; et al. 2010)

wawlasafiniwaseandiaa (anionic peroxidase) 31NIINTasNLIAT (POl lag
myanaznansaginaouanluflsutanaduaifnfosa: 75 laaslads uazlanalansil
LLUULLaﬂLﬂaﬂuﬂizﬁ]‘I@ olinaanil DEAE-sepharose CL-6B WazWUULEATWIAGIE
AaaNl Sephacryl S—200 wu31 POIII ﬁmmu%qw%fl,ﬁwfu 29.3 1711 lasfiuaafiif
FUNWIZLYINAL 26,805 U/mg protein mﬂ’imm:ﬁmﬁmﬁfﬂimaqaﬁaﬂ SDS-PAGE WU
lUsdu 1 unvawna 56 KDa teulsifliuenfiifigilu  o-phenylenediamine uaz
guaiacol lnamefilwuanfisfivwnarsly o-diaisidine wazliuaafizfidnlu pyrogallol

' ]
a =

. . . = ' v Aadda Aa
LRE p—aminoantipyrine IMTNNIIANINUIN POl IWLLaﬂﬂjﬂﬂ@Wq@ﬂqm%{]N 40 a3¢@n

=)

LIALTEE WazLaAfiiNanadsasas 50 ﬁaqamgﬁ 60 BIFLTALTOR THNLET 4 — 8 I(ﬂf;l POl FL‘V%/
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Lanfifunninsess: 50 finias 5.5 POl lﬁLLaﬂﬁ‘iﬁﬁﬁﬁq@ﬁmmLﬁwﬁu 5 mM
Fe” lWuanidfifindwiniasa: 160 Iumm:ﬁuaﬂﬁ%ﬁgﬂ5u§olu1aﬂ:@iwa6] (Mohamed.
2011)

\Wwaseandiagannniziiw (Leucaena leucephala) mmsnﬁﬂﬁu’%qwﬁﬁuﬁu 89.3
LN I@]ﬂﬁauﬁ'aLﬂu"l,ﬂaIﬂIﬂiﬁuﬁm{mﬁfﬂimaqaﬂi:mm 200 KDa lasvnoulaafinies
5.0 u,a:ﬁqm%gﬁ 55 asruzaLfoa lasuenfidfivasienlodazgnnizdudis Na' uazgn
§UfIdan Cao way Mn” Annududuunnnit 50 mM lasfl sodium azide laifinalunns
{Tu{?qmiﬁqmumml,auvl,eﬁﬁ (Veda; & Dwivedi. 2011)

\WB308NTLARANNKNAN (Spinacia oleracea L.) ﬁﬂﬁu‘%qﬂ?ﬁ@U@ﬂ@:ﬂauﬁ’mmﬁa
wanluitouaaine LLazﬁﬁImmI‘ﬂmeLLmJLLanLﬂﬁﬂuﬂizﬁﬂ@mWﬂaﬁwﬁ CM-sephadex A—
50 WU LW@%Q@ﬂ%L@aﬁﬂaﬁuu%qw§%u 22.6 11N 1ﬁLLaﬂﬁ3ﬁﬁﬁﬁq@ﬁﬁLa°ﬁ 5.2 goannd 60
asrmTaLEsE Nanududuaaitesn 75 mM amansvasnasoandiaalasld Guaiacol
waz Catechol W UTUFNIG WUT A1 K, LVINU 17.35 Uaz 1234 mM uaz V, w¥inny 1234
W&z 645 EUmLmin | @nusey (Koksal. 2011)

WaseanBaaanlUBUNKAN (Phoenix dactylifera L.) las¥inlasanlnsnaniluuy
LLaﬂLﬂﬁauﬂszﬂmlﬂﬁﬂaé'uﬁ DEAE-Sepharose Wazuwuulgnuwalagldnaaust Superdex 200
WUIN Lwa%aaﬂ%maﬁmmu’%qﬂ%;ﬁu%u 15 i1 wanangarnefalluiaoss 58 11 native—
PAGE uaz SDS-PAGE wuliséu 1 wau ﬁﬁmﬁﬂimaqmmﬁu 55 KDa LWa3aanTiaaln
LLaﬂﬁﬁﬁﬁﬁﬁq@ﬁﬁmﬂuﬁN 5 — 6 QUNNINNAL 55 BILTALTUE WU ‘ﬁqmﬁ{}ﬁ 75 896N
raLTuRuanTINaaadTasa 42 A1 K 289 guaiacol WAz H,0, LN 0.77  uaz 0.045
AUS1A Lauvl,ffﬁﬁﬁuaﬂﬁﬁﬁga%u‘[u Ca Mg Mn~,zn" usz Fe LLazgﬂg‘lJE‘i‘lﬁ’)U cd” (A
Senaidy; & Ismael. 2011)

mmm’i%’mﬁmﬁ"uﬂ’]iﬁﬂﬁu%qw%(lm:auﬁ'amaal,waﬁ{aaﬂs?jma mmma‘gﬂvl,ﬁ’jﬁ
ﬁv'umaulumsﬁﬂﬁu’%qw‘ﬁguaxiuﬂﬁiﬁﬂmauﬁ’amaaLwa%aaﬂ%maazﬁuagﬁumiﬁﬂﬂ%

dselomilududn g lasfituaannuanarsnuaanly uaasnsass 1
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2A5A N NBNITIVY

A a A
Toaluuuanisanlslwn1sdnu
> A A 6 A 1

1.Nostoc sp. IMIALWITLINLMFEALAzNAlwladurstszinalng

2. Tolypothrix sp.anaanywissinsnemaasuazinalulaguisdszind lne

3.Oscillatoria sp. NaANLRILINmMFasuazinaluladurisdszinalne

4.Synechocystis sp. PCC 6803 1InmMAIMTNal amkzinmemans wiainsnt
NAINELAL

5.Synechococcus sp. PCC 7942 :INAAATTUAN AnzInseaand awiainsal

URIINERE

MIAIRFALLAAN NV INDSaanBLAaLazrIUTH LU TR
aTInLaANINvadwaseandiarn o luwuaisy 5 aila lawn Nostoc sp.
Tolypothrix sp. Oscillatoria sp. Synechocystis sp. PCC 6803 LRz Synechococcus sp. PCC 7942
lasaaulasnnitues Kongwithtaya (2010) lasKNRNRNTAZANY 50 mM Tris—HCI buffer, pH 8.0, 2
mM 4 — AAP, 2mM gallic acid, 4mM hydrogenperoxide 1/31@3gND 2.5 J8AFAT LHNFIREAE
Lawloy 0.05 JaRaaT ﬂwﬁqmﬁgﬁﬁauﬂunm 10 Wit MNMiuALeaRidfiveswafaandiaalay
f@ﬁﬁg@ﬂﬁmmﬁmmmaﬂﬁu 400 wlwuas laodmnald 1 wibeanlod winny USunu
owlmaifilg lalasieumasaanlad 1 lulasluadowii meldamiznanss uaswySanmlysan
laelt352849 Bradford (1976) lagidi EJ‘]Jﬁ"]JﬂﬂWm@]ig’mmad Bovine serum albumin (BSA) il’mfl?u

Aauon lnluiuaiiFonliienfifsumngigarihmafinmndall fa Oscilatoria sp.

msv‘iﬂﬁmas‘aan%mau‘%‘qﬂé

e luwuafiSe Oscillatoria  sp. ﬁLgmlummsgm BGy; 818 15 U AU
AssRANNE) 4000 x g e 20 Wi wensulauazaznen NiuENAzNanGIY 50 mM
Tris=HCI buffer, pH 8.0 :NuwnlUUwWIB9finu52 4000 x g 1Twan 20 Wt ¥
aznawinmiin 15 N3Y Liy 50 mM Tris—HCI buffer, oH 9.0 iWaw 0.1 mM EDTA 15310 50
LERGR Lmﬂl,s:lﬁaﬁehmﬁmﬁmmmﬁg@ (sonication) 71 30% amplitude tJuta81 10 W1t 14
I8N BRI BINANIS 4000 x g tTuaan 20 Wit wenaznew uazfusaulad

a a & @ o € o @ & o o
ATUWHRNN 4 IALTRLDYR Lwalmﬁumiaﬂ@%MULauvLGﬁu uqaqiaﬂ@%ﬂqULauvLGﬁﬂJsJ']ﬂql'ﬂ

q U

a al

UsanslasnmIanaznandasindauanlufisusainaanududuiudiouas 0 — 20, 20 — 40,

9
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40 - 60, 60 — 80 WAz 80 — 100 MNEGL niwnlUtuwaBeiauI5) 4000 x g 1lwIan
20 W71 uenEIWlE LAZANIAzNauRIY 50 mM Tris—HCI buffer, pH 9.0 vhlaezladalasldiia
iaglagluansnzatudwWiWas 50 mM Tris — HCI buffer, pH 9.0 Aaly 1 an ﬁqmwgﬁ 4 p3en
watoa laoaswmsazainiwined 3 a3 ihansazansuvilasnlasnswAuuuuan-
Lﬂﬁlﬂuﬂi:ﬂmm%sma&wﬁ DEAE—cellulose (3 x 42 Lou@aas) Ususuganasui
(equilibrate) @a1Taza8LNIWeS 0.05 M Tris—HCI, pH 7.5 TN IRI0gN90tIdaLiad
@28 0.0 — 0.5 M NaCl 11 0.05 M Tris—HCI buffer, pH 7.5 @288aT1n3lna 30 Saaaasdatalug
fiudragneas 5 Taaans Talsanmllsaunanugaan 280 nm uasvuaniiifiuadinesaand
AR ﬁwﬁashdﬁ’l,ﬁuaﬂﬁ%ﬁmaaLwai’aaﬂé'fimagdﬁq@mﬁﬂmmimﬂﬁﬁLLUULLﬂﬂmm@I@ ol
Aaawl Sephadex G-100 (1.7 x 90 Lou@iua3) Uiusugasivaniazaiutinines 0.05 M
Tris—HCI, pH 7.5 da88a51m3lna 15 Sadansdadalus (iudaagneas 5 Saaans SaU5u1m
TusauAinuenInan 280 nm  URzmILaARITU0INe SaanGLaq vin Native—PAGE  LWa
maﬁ]mmmu'ﬁ?qw%inauauvlﬁnﬂ LLazmﬁ’mﬁfﬂIwLaqamauwa{aaﬂ%mahﬂ% SDS-PAGE
wazdaUSumlysaulasldifuas Bradford (1976) lagtiigununsnwauiasgiuvay Bovine

serum albumin (BSA)

NMIANBIANUAVDILNDS DO NDLAE

Namaaqm‘ngﬁﬁmmmmiaLtaﬂﬁﬁﬁwaama{aan%ma

AnunaanINuadlawriinasaandLas Imﬂmaﬂmﬂﬁqm%gﬁ 0, 10, 20, 30,

40, 50, 60, 70, 80, 90 Waz 100 adyrtualTua N pH 7.0 tJutaa1 30 Wi nnwinldia
aa a w > 6

LaaNINveINesoanTLaR ‘1:L’1ﬁ’]ﬁvl,@v&nﬁ’]u’,]%ua:Lﬁﬂuﬂi’]wLLﬁ@]x‘iLLE]ﬂ‘YI’J‘Y]ﬁNW‘Y]‘E?Iﬂ(‘I

\waTaandinafigngildngg

NRUBINLBBNIANIEFNADUDANINIVDILINDIDONTLAH
=S an A 4 [ 3 a ' L [ 4
dnwuaaiifvesewlosiineseendias lasvuianlafluasazarotwines
\TUT% 50mM NAFNLaT619 g a3t pH 4 — 5 (Acetate buffer) pH 6 — 7 (Phosphate buffer)
pH 8 — 11 (Tris-HCI buffer) Nigamnndwasduian 30 wifl Mniuwihldiaueafiifivesinad

pandiaa e leunfwmniaziswnnnugasnaafidnaunnivaaneseandiaaniiaTa1s o

AAWANFAIVDIINDIDANTLAF
Anwnaaumaastaunasaandias lagwidl K, waz V. vadiwasaandias

laglTaazane H,0, uae Gallic acid (Judumnia nuwineg K uaz V. Alauidon

N3 W Linewaver—Burk plot
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AMNIUNIEADTUANIAVDILNDIDANTLAE
AnsanudmisdaTuanIavadiweseandias lasld galic acid, phenol
caffein LAz ascorbic acid 1ALAANINUBILWAIAANTLAR WIAIN LANIAIWIWL AL HUNTIN

LRAIAINIUNIZADTURNIAYDILN 63{8 ANTLAR

nazadlanawnanaandNnuadnasoansad
= ana A 6 a U d'd d' £Z £z 1
Anwuaaiinvaaweseendiaanoldan1iznilessuwnanuidududreg las
. { 2+ 2+ 2+ 2+ 3+ 2+ 3+ 2+ 2+ 2+ 2+
lagtniawlain1izinf zn~, cu”, cd” , N, Cr ,Fe , Fe , Mg , Hg , Ca , Mn~ Na

+

s

+ a & o Aa A o a = Aa A v & o aaa
Wae K Lﬁ%L’Jﬂ’] 30 #IN INBUIALDANAIN LANLYIVUNBUULDANINFUNNTNLLDANINY DY

éﬁﬂauqu

NA2IANTHUSINITYIN w2 ILaw l7al
= Aa A & A @ Ao o a aeW v a
dnwuanfidfivesnataendiaamuldanizfidaamazasdunid ldun oSy
(urea) waz sodium dodecyl sulphate (SDS) wazlunizidanssuginisrinauvadianlas
@ur ethylene diamine tetra acetic acid (EDTA) laptinian lodiduiaan 30 wifi aniuia

aa d v A = aada v o 6 @ an A s
LaANIN LL@'JLl]ﬁil‘]JLYILIfLILLaﬂ‘Y]’J‘Y]?(&I‘W‘YI‘EﬂULL?JﬂYI’JV]“U?N@]’Jﬂ']UQ&I

Qq// ) v Aa A€ wa a
VUG Eluﬂ’ﬁ‘ﬂ’]l%ﬂiﬁj‘ﬂﬁuﬂzﬁﬂH’]ﬁ&lﬂ@]‘ﬂ BILW ﬂgﬂﬂﬂ‘ﬁm BT'fU’]ﬂVL‘IiEJ’II%LLﬂJﬂﬁL%‘EJLL&@{'I

asnwudszney 6
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wnziass lrenlunuaiiise 5 viia lawn Nostoc sp. Tolypothrix sp. Oscillatoria sp. Synechocystis sp.
PCC 6803 W&z Synechococcus sp. PCC 7942 lua1vnsiasisiia BG,, WLat 7.6 1381 12 — 18 7%

v

LAULTRAGI UM IUAIAIANAINLS? 3000 saudawfi tduwian 10 wifi

v

IaznNauwas 15 g Lax 50 mM Tris=HCI buffer, pH 9.0 iN&w 0.1 mM EDTA US¥1m4 50 ml wanLuasaae

ARLFE9ANUDFIN 30% amplitude ThanIazABNIWAILINANLTY 4000 x g Lluaan 20 wil

SIWE | AzNaw
ITRNARLILLNDTDONTLAR s
a aa a 6 a a = = CR-Y 6 a
JanaaInUaswasaangiaruazUSI Ly 6N ANEENUAVa I NEToaNTILAR

Aa A9 9a 6 a
VLEHEI']I‘I/LLLU@W]LiﬂﬂI%ﬂiﬂJWMLWE]iﬂﬁ]ﬂ‘m@ﬁigﬂq@

v

v A = a
@mmnaummnaauauimuw%mﬂm

lao:lads

l l

TaLaaNINTaNesaanT ARz US I awlU 361 ANMIRYUAVBILNATEONTLAR

!

DEAE-cellulose (lon exchange chromatography)

l

Sephadex G-100 (size exclusion chromatography)

l l l

o Aa A & A =2 an a %y )
AALAANINVDILNDIDONTLAR ANENRNUA ATIVFOUANMNUINDEIY native PAGE
wazUSu1amlys6n YDINDTRANTLAR LL&WW%’]@Mmqamauwas‘aan%ma

@18 SDS-PAGE

Qq: o Y A Qf e a
MNUTENAY 6 TG ﬂ%ﬂﬂiﬂ’]l%ﬂi?ﬂ’ﬂmtﬁﬂH’IE{MU@I"BBG tNW E]{E]aﬂsﬁL@]ﬂ’%’va‘ﬁil’]I%LLﬁJﬂﬁL%U
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Nan132928

=< aa a 4 a A
NI3FANEN Llaﬂ'ﬂ'}‘n"ﬂa\‘iL‘WE)?E]Elﬂ‘lﬂﬂﬂ'i)'lﬂl‘liﬂ'\f%l,l,ﬂﬂﬂL‘SEI

LW’lngvaﬁﬁ onluluafiise 5 wia bewn Oscillatoria sp., Nostoc sp., Tolypothrix sp.,
Synechocystis sp. PCC 6803 uwax Synechococcus sp. PCC 7942 Iummﬂ'gﬂwﬁﬂ BGy;
fow 7.6 moldugsrnduig 12 — 18 5 niwAumasasnauas A iianuE
Jau 3,000 saudauwf tuiian 10 w1l deznewaaanszaneallurIsazaauWines
50 mM Tris — HCI buffer (pH 9.0) udanaLtaw lodinaseandiasan koo luwuafiiss 5 vhia
nniwianenfiifiuasmsaiansnuinesoandias lagld 50 mM Tris — HCI buffer (pH 9.0), 2
mM 4 — aminoantipyrine (4 — AAP), 2 mM gallic acid L8 4 mM hydrogen peroxide li&wdi
aunniviad (30 At Tes) 1Hwan 10 Wi ﬂﬁﬁ%mﬁuﬁmﬁ”’mmnaummﬁ'@%mu
aulod 0.05 Jadaas ’Yﬂmgmﬂﬁuumﬁmwmmﬁu 400 W lwuaIeoLe3as UVAVIS —

spectrophotometer Model Jenway 6405 (Jenway, UK) LEAINAAIATIN 2

AT 2 LanNINYaIWaTaanTLaFaN Lrs luuuaisy 5 T

A waANIN PSanmldstin  waaiIfisunwig
Taaluuuaiise
(umol/min/ml)  (mg protein/ml)  (Units/mg protein)

Tris — HCI buffer

(Negative control)

Oscillatoria sp. 37.68 0.16 235.49
Nostoc sp. 30.85 0.14 220.32
Tolypothrix sp. 21.83 0.11 198.42
Synechocystis sp. PCC 6803 19.71 0.10 197.11
Synechococcus sp. PCC 7942 19.56 0.10 195.56

na 2 wodlseluuuafliSe Oscillatoria sp. THuaafiifidimzgiga i

a

235.49 gﬁ@l@iaﬁaﬁﬂ%ﬂﬂsﬁu 3098981 bAUA Nostoc  sp. waANRINTUNITVINAL 220.32

a

piiadadadniuluséiu Tolypothrix sp. uaaRifidwiziviniy 198.42 yiladafindniuldsfiu

U

a

Synechocystis sp. PCC 6803 waaiiifidnwiziviniy 197.11 giladefiadniullséiu uaz

o
)
=
>
ee
.
)
e
[
—
(o]
o
(@]
»

Tl
pd)
3
3.
©
2)
)
)
~
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—1
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o
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prwd
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sInzanpiWiWas 50 mM Tris — HCI (pH 9.0) Lludiaiuquitliluaafitfivasinaieandias
= 1 a A . . v aad o [ 4
annnsdn wud leeluwuafiiSs Oscillatoria sp. luaaifidnizuainaieandiaags
S8 A A o = & )
g0 JadanivariinsAnmuaauda |y

ANUAYDINDIDDNBLAFANARYIUIN Oscillatoria sp.

wmlaaqmﬂgﬁﬁmmzaudauaﬂﬁ%ﬁmaaLwas‘aan%maaﬁmwmumn Oscillatoria sp.

danlodiwaseandiaaananany ﬂuﬁqmugﬁ 0, 10, 20, 30, 40, 50, 60, 70, 80,
90 uay 100 aIANLTALTHR LuaTazauuWiWes 50 mM Tris — HCI, pH 9.0 tJutaa1 30 w1fi
LEIRLEANIN URAINAAIATNLIZNeY 7

Relative Activity (%)

0 10 20 30 40

Temperature (°C)

50 60 70 80 90 100

Awdsznay 7 wmlaaqmm{]ﬁ@iaLLaﬂﬁﬁﬁmaaLwa§aaﬂ%L@aaﬁ@ﬂﬁﬁuaﬂﬂ Oscillatoria sp.

nAwdITnay 7 Laad MiAuweseanFiaaananeuan Oscillatoria sp. Mlkaafidf
Ium\aqmmgﬁszij 0 — 90 AIALTALTYR I@]ﬂqmﬁgﬁﬁlﬁuaﬂﬁ‘iﬁmaaLWﬂ%ﬂﬂﬂ%L@aga
ﬁq@whﬁ'u 30 AIANLTRLTR é’aﬁfuqmﬁgﬁﬁmmzau@iaLLaﬂﬁﬁﬁLwﬁaaﬂ%maaﬁwst
> A oA a & A a aa A
WAL 30 asALTaLTus uazwuIulagmrnlgsiunionaadann 30 asruaalios waaiiif
YDILNDTDANTLARAAR ﬁqm%gﬁ 0 DIALTALTLR LLazﬁqmﬁgﬁmnﬂdﬁ 90 AIALTALTUR

1A an a 6 a
vLJJ&ILLﬂﬂV]’]Y]“IJﬂGLWQSﬂE]ﬂ‘ﬁL@ﬁ
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NaYBINLaTNINNNLENABLaANITI DI INaTaaNBIAGENARLIUINN Oscillatoria sp.
o 6 6 A o ] L 6 v v A a A
duanlodinaseandiaaananeny valuamsazamatwinasitudu 50 mM NRldAes
Tug9 4 — 11 a9ft Awaw 4 — 5 (Acetate buffer) WaTs 6 — 7 (Phosphate buffer) LRz NLET
8 — 11 (Tris — HCI buffer) Naannil 30 avaiwaldus waan 30 Wil uamLeaiifves
Wwaseandiad LRAINAAINTNLIENaL 8

100

90

80

70

60

Relative Activity (%)

pH

awilsznay 8 navadRlaTealaniiiNuadlnasaandiaggNaA®L1LaN Oscillatoria sp.

nawidsznay 8 aTunelainiweseandiagann Oscillatoria sp. lALaaRIinns9

q

= d' o = 1 A ai v aa a 6 a o d' 1 o v
ANLATNYINMIANEN I@;memwlmaﬂmmauwasaaﬂsﬁmaanwmugmq@mﬁﬂu 9.0 1%
LaANINIWIZYINAD 235.49 gﬁ@l@iaﬁaﬁﬂ%ﬂﬂi?\u AIBUANNLATNL RN FUGaLaANINY DS

o

a

WWASEaNTLARINARLIULYINAUNLET 9.0 LLa:wudwﬁﬁLamgaﬂdﬁﬁ%aﬁaUmfm,wa%aaﬂs'fn@aﬁ
Aaa A Aan A & ’~ o A a > =
LaANINanaY lasuaaninuadnasaanTiaaanadsasas 30 NANLAT LY1NU 11.0 LAzl
faunin 7.0 ilwuaanaNnaanadsTasas 90 mﬂmiﬁﬂmqmﬁﬁﬁua:ﬁLaﬁﬁmm:awmaa
\NB308NTLARFNARLILANN Oscillatoria sp. WEAIRINNWLITNBY 6 WAz 7 M lAnsAn B TH
da'lulTasazanstininas 50 mM Tris — HCI WLaw 9 wazgmanndl 30 DIFANLTALTUR LNAR

P & a @ ) . T
waafiifivasuwaieandias lagld gallic acid lusuamnia
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MIRNBIAIIARAIENIVDIIND DA NTIASENARLIUIIN Oscillatoria sp.
AnENIanAIEAITaINaTaanTLar widl K, uaz vV, lesld Galic acid 1ilw

FUNIANAMULTNTY 0 — 12 mM UEIAIAT K Uz V. LROIEINIWLIznay 9

max

500.00

450.00

400.00
o 980,00 1 0,095
-1}
% 200,00
£ 300 , 0.020
= s
= r
S 250000 / S 0015
E ) =
E 200,00 f T o010
=

0.005
2 150.00 ‘/
! — -0:0%4- . -
100.00 ' |
-5.00 o o 0.00 500 10.00
50.00 1/[S]
000 il & W & p——- | = W :
0 2 4 6 8 10 12 14

[8] Gallic acid (mM)

MwdTzney 9 auMENSIBINeTeaNTIARRNAREILUANN Oscillatoria sp. tag/ld Gallic acid

WUTURLN TG

IMNAIMNUIZNOY 9 WUIN Lauvl,ﬁﬁﬁﬁmm:ﬁwwaz@iasﬁ'uammgaﬁmmﬁwﬁumaa
Gallic acid ¥y 0.25 — 4.0 mM lasfid K, iy 0.96 Jadluaand wazdl vV wviny

370.37 lulasluasauNiaaniullsan
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AMNINNILADTUSANTAVDILND S NBLARENAWLIUANN Oscillatoria sp.
Ansnanuimnsdesusantadineseandias lasldTuainsaidu Gallic acid,

Phenol, Caffeic acid, 8z Ascorbic acid LRz IALAANINVAINETANTLAR LRAINAAIAITI 3

AT 3 AN WNZFRTUANTAVBILaW Nl naSeanTaaanNaneLan Oscillatoria sp.

AMATNTH  AQANAKLEY  waANITiT NI

FUANIA K, V, ..
(mM) (nm) (Units/mg protein)
Gallic acid 2 400 235.49 0.96 370.37
Caffeic acid 2 400 39.61 0.54 56.18
Ascorbic acid 2 500 41.59 0.68 57.80
Phenol 2 500 55.85 1.00 75.19

a9 3 WU leld Galic acid uae Caffeic acide WIwTURINTA F158ANE
g@ﬂﬁuﬂﬁuumﬁmmmaﬂﬁu 400 wlwwas uaztiiald Phenol 1az Ascorbic cid 1wy
mmmsa:mUg}@ﬂﬁuﬂ?z"mmﬁmmmaﬂﬁu 500 W luluas laginaseandiasanananu il
anuduwizda Gallic acid laaliiuaafiindnwizgigaiviiniy 235.49 giladadadniulusdu
098987 b Phenol dluaafiifiiviiiy 55.85 piladaiiadniuldsén Ascorbic acid Auanfil
AWy 41.59 gﬁ@@iaﬁaﬁﬂ%'wiﬁsau Waz Caffeic acid HiuaandInyinny 39.61
pliadafia@ninlysdn  audeu dedansandl K, wudn weseandiasananunudl
AMwdunIzda Caffeic acid §98a ¥y 0.54 Tadluans 1a4a9un ldun Ascorbic acid,

Gallic acid Waz phenol AURIAL
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Na2DIloaawAalaANINVaINDIaNBIARANAKLIUNN Oscillatoria sp.
duanlodinaseandiasanane 1y vuluasazarstwiwes 50 mM Tris — HCI (pH
{ a 3+ 3+ 2+ 2+ 2+ 2+ 2+ 2+
9.0) NLAx 5 50 waz 500 wlasluarsweaCr, Fe ,Zn", Cu', Cd , Ni , Fe', Mg,

2+ 2+ 2+ + + aa A s A o
Hg ,Ca ,Mn Na uwz K LRIARILAANINVYDILNDIDDNTDLATULTFAINRAIATIINN 4

719 4 HAUDY laRaudaLanNINvaNeseanGlaaanana LN Oscillatoria sp.

a

an a o ed ¥ ¥
LaANIN NWYI‘EY]@’J’]&IL“II&IT%VLQBQH (%)

siialesan
5 uM 50 uM 500 uM

Na' 138 224 253
K 102 108 117
Mg’ 227 221 218
Ca’ 104 136 154
Mn®" 112 125 157
Fe”' 100 100 85
NP 137 153 186
cu”’ 100 103 105
zn” 66 64 60
cd”’ 100 100 35
Hg 81 56 48
cr’ 08 82 44
Fe’' 123 145 194

' a a v aa 2+ + 2+
MNANTN 4 WU iweTeandiassnaninugnnizduLanfidfilas Mg, Na , Ni,

3+ 2+ 2+ + 2+ 2+ 2+ o & P & a P
Fe',Mn~, Ca , K uaz Cu_ lag Fe' uaz Cd~ gusiuaaiiifvednaseandiagnaing
v v & A v v 3+ 2+ 2+ o & Aa A
Wt 500 bulasluans luasmeRanuduty 5 mM 289 Cr Hg' Waz Zn' Su8duaaiifn

YpIWasoanTIaw
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NAYDIEIITUIINIIN I NTDILaN i AanannINVad INas o N LARENAKYSILIIN
Oscillatoria sp.
o 6 6 a o 1 [ 6 .
deulmiinaseendeaananeny vnlussazarotWines 50 mM Tris — HCI (pH
9.0) TG %lL%EJ(Urea) ILRe Sodium dodecyl sulphate (SDS) W&z Ethylene diamine tetra
acetic acid (EDTA) @NaduTulugig 0 — 10 mM udivnuaafiifvasinesoandias Laadua
AIATWUsznay 10 — 12

100 = = - — 4100%
50
60

40

Relative activity (%)

20

N B . B U B

0 2 4 & g 10

Urea cencentration (mM)

mMwisenau 10 ijaa%JL%U@iaLLaﬂﬁﬁﬁmaaLwaﬁ{aan%maaﬁwmumﬂ Oscillatoria sp.

100 -
~ B0 80 %
=
Z s0 -
k3]
[~}
a
2
B a0 -
5]
[1'

20 -

0 | T T |

0 2 4 B B 10

SDS concentration (mh)

AMwUsznay 11 Wawes SDS dananiiiNuadinaseanTaaananeuann Oscillatoria sp.
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100

Qo
(]
1

80 %

&
[}
|

I
=)
|

Relative activity (%)

20 4

0 , ,
0 2 4 B g 10

EDTA concentration {(mM)

mwisznay 12 wawad EDTA dananiiifivednaseandiaaananeuann Oscillatoria sp.

2 o & 3 & A o
ANAINYIZNOL 10 = 12 @RBINITIUEINIIINWIaIwasaandiarlaslt Urea
SDS 18 EDTA NUAMUKINTH 0 — 10 mM WU Urea hidinasian1ivinaiuvadiwasaandias
TuameN SDS Az EDTA IHadan13vineInuadinesoandas lagnNaududwyad SDS

w8z EDTA 10 mM vinlduanfiifianadinaasasas 80
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o v 4 a a A a =
f’ni‘ﬂ’ﬂﬂ N Biﬂﬂﬂ%tﬂﬁﬁﬂﬂl%ﬂ'\f%uﬂ an L‘SEI‘U%’%‘!‘{]E

¢ o v ~ (%3
mMsanaznantawlosianaratualaLaaluiaNtaNg
o & & A o a A 3 .
deulodinaseandiagananenuann bwenluiuafiiie Oscillatoria  sp. a1
anaznaualsuanluitusaine (Fisher Scientific, USA) LHuga9 0 — 20, 20 — 40, 40 — 60,
60 — 80, LAz 80 — 100 LA IFIWIURILEATNINVBINDTDONTLARLAAIAIANTY 5

A13739 5 NIANGZNDULN ai‘a ﬂﬂ%L@ﬁﬁ?ﬂLLﬂNT&lLﬁﬂﬂJ‘Eﬁ 313

Soaazana s AT HANG waAi NI Sauaznanda m’mu‘%qﬂ§
gasuanlatiangaine (units/mg protein) (%) (fold)
Wwaseandiarananeny 235.49 100 1.00

0-20 105.97 6.23 0.45
20 - 40 310.85 21.36 1.32
40 - 60 581.66 32.21 2.47
60 — 80 828.92 28.64 3.52
80 — 100 61.23 5.49 0.26

0-80 755.92 57.98 3.21

AMOITN 5 WU ﬁm’]m“ﬁuﬁu?ﬁ'uﬁwadLtaﬂmﬁﬂwﬁ'aLW@gaﬁq@mfmﬂmﬂau
aulmiiwaseandiasriniusasas 80 I@ﬂlﬁuaﬂﬁ%ﬁﬁ‘mww:goﬁq@ﬁ%mzmm’éwé’h 60 — 80
Ya3uaN I HsNTANG Winny 828.92 gﬁ@l@iaﬁa'ﬁﬂ%ﬂﬂsﬁu é’dﬁ?ﬂumiﬁﬂﬁu‘%qﬂ‘ﬁgmmm
sadananaznavianloddanenluiiiondamadudududafosaz 0 — 80 anuurIMg

aa a o aadA o

v 1 a a Qg 1 v
VL@’IFJJLW%'& LRIV ATIINITLNIS wmnwa‘?aaﬂmmmqw'ﬁmamu I%LLBﬂVI’J‘ﬂ"ﬂWLW"Iz

Dy

WiNNY 755.92 gﬁm@iaﬁaaﬂ%’ﬂﬂsau Al uNANARTaLRY 57.98 LAZAWLIFNT 3.21 1

& = wn co A
ﬁ]qﬂuuﬂﬂ‘]ﬂ"]awﬂmﬂlQGLE]%VL‘ITN@N‘%
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6 a

C¥7-N a d{ 1 - -
dNUAVDILNDIDANDLAFUIFNDUNIAININ Oscillatoria sp.

{ a o 4

Namaaqmwgﬁﬁmu'\:audml,aﬂ'n%‘nmaaLwasaan%tﬂau%qﬂ§uﬂadauaﬁn
Oscillatoria sp.

ﬁ'u,au"l,snﬁmﬁaaﬂ%maﬁ%qw%rmamu ﬂuﬁqmwgﬁ 0, 10, 20, 30, 40, 50, 60, 70,
80, 90 LAz 100 BIFLTaLTR ManTaza uTWiWas 50 mM Tris — HCI, pH 9.0 tTwian 30 w1
LRIMLEATIAN LRINAAINWLIznay 13

110.0

100.0

0.0

80.0

70.0

50.0

30.0

40.0

Relative Activity (%)

3000

20.0

10.0

0.0

0 10 20 30 40 an G0 70 g0 g0 100

Temperature (*C)

a aa a a £ ' . .
Awdsznau 13 NamaaqmﬁgmaLLaﬂmﬁmaaL‘wa%aanmmmquwmumn Oescillatoria sp.

v 1 =) a Ae 1 . .
INAWUTENaY 13 LRAILALRWI LWas’aanmmamqmmamumn Oscillatoria sp.
o aa A ' a ' a ad) o Aaa A &
lﬂLLaﬂwaﬂiu‘*ﬁNqmvxgm:mn 0 — 90 AIFLTALTER T,(ﬂqu‘mgwlﬂLLaﬂmmaameaaﬂ
TLaw gqﬁgmvhﬁ'u 30 AIANLTALDYF é’aﬁfuqm%{]ﬁﬁmm:amaLLaﬂﬁﬁﬁLwﬁaaﬂ%ma
1 5 1 { =Y ‘3/ ana
WinAL 30 a9ALTRLT R u,azwmwLﬁaqmﬁgugwuﬂ‘%aa@mmn 30 2IALTALTUR LAaANIN

YAILNDIAANTLAFTANR Nanni 0 aseoalBod uazgmn)ianndt 90 aseiaiTs Yl
Juaafinvadwasoandias



37

aa a 6

H 1 I =) g 1
HazadlarNinanzaNdaLaaiINvadnasaandiadUIgNSU9a11aN Oscillatoria sp.
° 6 6 a a £ 1 [l Cd 6 v v Aa 1
iieulmiiwaTeandiaauIgniunidin unlumazaotiwiwesidudu 50 mM Add
Aaw 1ut29 4 — 11 a9l Awas 4 — 5 (Acetate buffer) WaT 6 — 7 (Phosphate buffer) LLae
W17 8 — 11 (Tris — HCI buffer) Aigawnd 30 asaiwaiTos 1Hwiat 30 w1l udImuaniin
209 ND300NTLAR LRAINAAININLTZNaL 14

10

100

a0

g0

70

G0

a0

Relative Activity (%)

40

30

20

pH

an a a Q€ ! . .
AwWisenay 14 Ns’ﬂlﬂﬂﬁLa"ﬁ(ﬂ’r]LLE]‘F]‘Y]’J"?]‘IJE]\‘lLWE]%E]Elﬂsﬁmaﬂiqﬂﬁﬂ’]dﬁﬁ%ﬁ]’m Oscillatoria sp.

A o A A £ ' . .
nAUIznay 14 afunelain L‘wa%aanmmmqmmamumﬂ Oscillatoria sp.
[ aa a I = ai o =S 1 =) d' 7 aa a 6 a ni
1%LLaﬂquﬂmawLaﬂj‘nmmsﬁﬂm I@ﬂmwLa%ﬂlmmﬂmmauwasaaﬂsﬁL@aga'ﬂq@
Wiy 9.0 TWaaRI NI wIzinny 755.92 Qﬁ@l@iaﬁaﬁﬂ%ﬂﬂsau AIWWATNLATNLANZ TN
' an A & a L e oA o Ada ' A o oA
douaaiiiNvaanaioandiaayinnufies 9.0 uazwuintnftesginimratasninfites 9.0
WA ANTLARNLAANANAAAY laglanfiiNYadlwasaanTaranadsagas 70 ANLATLYINNU
10.0 wazNLaTaLNIN 7 M llaanInansdTasas 90
=Y { =) ) QF 1
ﬁ]’mmsﬁﬂmqmuguLLazﬁLa"ﬁﬁmmzam"uaaLw a§aanmmamqw5mamumn
. . v o v = & ] v LY 6
Oscillatoria sp. W&AIAINWLT=NBY 13 — 14 Mlimsanmauda lltasazaratwiwes 50
mM Tris — HCI WLaa 9 Lazannil 30 AIFLTALTUR LNaRILaATNINYDIINATaaNTLAR Loy

o gallic acid \HuduainTe
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1 s ~ g 1
n3EnEARAREATTaINa T aNBIARLIFNSUEINAN Oscillatoria sp.
a =y Qf 1 o !
anwaaumaaizatnaseandiaauIgnsuvdin lasduaumdl K, uaz V,,, lag
19 Gallic acid 1JwTUSMNIANANMUTUTH 0 — 12 MM URIWIAN K Uae V. ULEAIA

max

nwdsznay 15

1400.0

1200.0

1000.0 _

300.0 o |

500.0

[V] Unit/min mg protein
1/[V]

400.0

[§] Gallic acid (mH}

~ A £ ) ) . % .
AMwYsznay 15 "Dﬂ'voﬁ']ﬁ(ﬂ%“llaﬂLWaﬁ?aaﬂsﬁl,@ﬁuiqﬂﬁﬂqﬂﬁ')uﬁ]']ﬂ Oscillatoria sp. I@ﬂl"ﬁ Gallic

acid tHuwrUaINTe

nnwdszney 15 wud teuladiianudumzdedusiniagananududiuves
Gallic acid ¥NAU 0.5 — 4.0 mM lasfidn K, vy 1.11 Jadluaand wazen vV, winy

1111.11 ulasluasdawniaansulusdn
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o 1 % ) =) é 1
m'mml,m:maqjuamimmaama%aanmmauiqﬂﬁmamumn Oscillatoria sp.
Qs =) ) Qg 1 v o [
ﬁﬂmmma‘hwamaauammaaLwaﬁ‘aaﬂm@amqmmamu Taoldrusnaiin
Gallic acid, Phenol, Caffeic acid, W&z Ascorbic acid WazIAULAANINUaIWASANTIAR

URAINAAINIIN 6

) a a £ ' . .
A1 6 ﬂ’nmi'u,mmamuammmauau"lmﬁl,wa%aaﬂm@]amqﬂﬁmammm Oscillatoria sp.

AT AQANAKLEY  waANITIT NI

FUALNIA K, V.o
(mM) (nm) (Units/mg protein)
Gallic acid 2 400 755.92 1.11 1111.11
Caffeic acid 2 400 391.73 0.737 526.32
Ascorbic acid 2 500 565.62 0.692 769.23
Phenol 2 500 532.82 0.643 714.29

a9 6 wWuin Lileld Gallic acid ws Caffeic acide tilufusinsa ssazans
g@ﬂﬁuﬂﬁuumﬁmwmaﬂ'&"u 400 wilniwas uaztiiold Phenol  uaz Ascorbic cid i
TURLNTA mia:mﬂg@nﬁuﬂﬁlmmﬁmmmmﬁu 500 W LULNAT I@yLwa§aan%L@au‘%qw"§
vudniianudunizde Gallic acid lfwaaiiifid1innziviniy 755.92 glladafiadniulusdiu
Ja9893 leuA Ascorbic acid Jwaafiifviniy 565.62 gﬁ@@iaﬁaﬁﬂ%‘ﬂﬂiﬁu Phenol JLLaaANiIN
WiNNU 532.82 gﬁ@@iaﬁaﬁﬂ%ﬂﬂiau ez Caffeic acid Auanidfivinny 391.74 gilada

FaanTulv6u anud1au
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wamaﬂaaaudauamﬁ%ﬁmaaLwas‘aan%mau‘%qw%gmaei'mmn Oscillatoria sp.

ﬁ,'n,auvlmﬁl,waﬁ‘aan%mau’%qwﬁwdm vulugsazarstwiwes 50 mM Tris — HCI
(pH 9.0) 7itéin 5 50 uaz 500 lulasluans vas o', Fe™, zn”", cu™, cd®', N, Fe*', Mg™,
Hg ' Ca-', Mn~ Na' uaz K udiwuonfidfiuasinessandios Laainaaiansns 7

an a ~ ﬁr 1 . .
I 7 NamaavlaaaumaLtaﬂmﬁmaaLwagaaﬂm@amqmmamumﬂ Oscillatoria sp.

a

an a o ed ¥ ¥
LaANIN NWYI‘EY]@’J’]&IL“II&IT%VLQBQH (%)

siialesan
5 uM 50 uM 500 uM

Na' 130 220 225
K 100 98 95
Mg’ 107 210 221
Ca’ 107 116 124
Mn®" 207 100 95
Fe’' 110 110 85
NP 103 110 201
cu”’ 95 80 45
zn” 100 70 60
cd”’ 100 90 55
Hg 80 62 15
cr’ 100 85 65
Fe’' 186 205 207

' A A &£ ) o Aaa 2+ 3+
ANANTN 7 WU Lwa§aaﬂsnmamqmmdmugﬂm:@;uuaﬂmm@sJ Mn~ Fe .
+ 2+ 2+ 2+ 2+ oA v v & 2+
Na, Fe  , Mg ,Ca uaz Ni° laswuin fAanududu 500 lulasluans 89 Mn” uae
2+ Aaa A 6 a a @ o 6 2+
Fe' uwaaninuadiwasaandiaganad bsumsnaNutydn 500 tulasluas vad Cd
Aa A & A o & v & o 3+ 2+ 2+ 2+
LaANANYaIWaSDaNTLARAARITALAE 50 LLa:Lauvl,stgﬂaummu Cr,zZn ,Cu_ uaT Hg

AanudutwuInnii 50 wlasluas
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Namaamsé’n’uif\amiﬁﬁmumaaLaulsnafﬁiattaﬂﬁﬁﬁmaame{aan&ﬂau‘%qﬂgmaé'm
21N Oscillatoria sp.

ﬁmauvlmﬁl,wa%aan%mau’%qwﬁwdm dyluansazaratwiwes 50 mM Tris — HCI
(pH 9.0) ﬁllﬁ&l %lL%ﬂ(Urea) IRe Sodium dodecyl sulphate (SDS) LLas Ethylene diamine tetra
acetic acid (EDTA) AN ulUg19 0 — 10 mM wadnuaaiifvedinaseaniaauandnag
aynwlsznay 16 — 18

120

100 - il —l— - = 100 %

go -

o -

40 -

Relative activity (%)

20

o 4 ¥ = ; | A |

0 2 4 & g 10

Urea concentration (mh)

aa a ~a :Sr ! . .
mwisznay 16 Nﬂﬂlax‘i%JlL%El(ﬂ'PJLLE]ﬂ‘Y]’Jﬁ"lJENL‘WE]%E]ﬂﬂ“ﬁL@ﬁUquﬁU’Na’luﬁ]’m Oscillatoria sp.

100

B0 80 %

B0

40

Relative activity (")

20

0 ! I ! !
0 2 4 6 8 10

SDS concentration (mM)

aa a a Qc ! . .
Mwusznay 17 Wawas SDS @aLLaﬂmﬁmaaLwa§aanmaamqmmomm1ﬂ Oscillatoria sp.
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100 m

g0 L L M 80%
> 60 -
2
ho]
=]
@
2 40
=]
3
1

20

0 1 1 1

0 2 4 6 8 10

EDTA concentration {mM})

an a ~a Ag U . .
AMwisznay 18 Wawad EDTA @1aLLaﬂm‘ﬁmaaLwa%aaﬂm@amqwﬁmamumﬂ Oscillatoria sp.

AINANLUITENEY 16 — 18 ANHINITTULINIIVINIUTaIwasaandiaslasld Urea
SDS 18z EDTA NUaMUEINT% 0 — 10 mM WU Urea hilinasian1ivinaiuvadiwasaandias
Tuumen SDS ez EDTA INAdaN1I9InTadnesaandas laananuiutuwuad SDS

waz EDTA 10 mM vinlsnanfiinianadiniasasas 80
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o v 6 ) . . a £ v o =
nsinldinesaanBinaain Oscillatoria sp. v3gndalani1sinlasalasnsluuy
uanlaswilszy

o 6 6 a a nr 1 d' v v = [

iianlodinaoanFiasuignsudiui ldannnisaznaudisuaulufiondaie
ANNTuTUANAISasa 0 — 80 uazinlaas ladaluasasaratwiwes 50mM Tris — HCI, pH
9.0 mvlannlasnnAuuuuaniddoutszalasldhedul DEAE — Cellulose U3uauga
AaayY uaTazaauWiWas 0.05 M Tris — HCI, pH 7.5 wasszansalatindatnisatitaseas
0.0 — 0.5 M NaCl 1%t 0.05 M Tris — HCI buffer, pH 7.5 6188031015 1A 30 AaaaaIdatlu

LAUAIENIRY 5 NAAANT LRAINAAINNLITNaY 19

0.050 20

0.045 —m Oy
- Peroxidase activity
0.040

—9= NaCl Concentration

0.035

E
=
0.030 b
2
g =
o 0025 k]
05 -0 o
0.020 s
£ 04 ' z
8 °
g 03 0.016 &2
z
g 0.2 0.010 4
(&)
CGG 0.1 0.005
=
0.0 — 0.000 e

0 20 40 60 80 100 120 140 160 180 200

Fraction number

¥ a ” . v A £ o
nwilsznay 19 mavhldinaseandiasan Oscillatoria sp. WU3and lasvihlasinlasnail
wupuanilasulszadionaduit DEAE ~ Cellulose 7261881382818 50 mM Tris — HCI
pH 7.5 8@31N3 A8 30 VARRATAT NI 1AL 5 NaRanT

nawdsznay 19 wudn JluUsduesnun 4 29 leun 44 — 48, 87 — 89, 109 — 112
ez 125 — 128 NtmLenfidfiuainasoaniiag wuin 1299 4 ssazanslunasadi 125
- 128 Wuanfiifivasweieandiaags Lazwaaai 127 IHuaaifveaweioandiaagiga
iy 14.76 glladaladaa walidTanalusduwriany 0.009 Sadniulusdudaiiadfay Aa
Juwaahiinduwizivinnu 1736.47 gﬁm@iaﬁaaﬂ%ﬂﬂiau NNEWIINRRAAT 125 — 128 UE2
yﬂ%ﬁﬂlﬁﬁ&]%ﬂ

leazladadruarsazatsininas 50 mM Tris — HCI WLaT 9.0 LiNauinyinl#
ﬁ o

da'ld IWuaafianuadiwasaandias 49.55 gﬁ@@iaﬁaaﬁm AatdukannInswIzrINL

2914.71 gﬁ@@iaﬁaan%’uiﬂsau
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o ¥ s o . . a &£ v o =
nsriliwesaandiaaain Oscillatoria sp. u3gnsnrzmsiinlasanlasnafuuuuan
WA

° 6 6 A n:{' o v A Q( =1 n:l' o
ieulmiiweseandiaaivhliuigntanlasunlasnmnAunuuanifoudszgan
v Aa Af v v L %
TWu3gnt dolasanlannfuuuuenawalasldheduil Sephadex G - 100 Uiuauga
AN LazTzaNIAla81988196aLilade38 0.05 M Tris — HCI buffer, pH 7.5 d288@31A13

]
' o

118 30 FaRFaIAaTILNY LAUAIBLIIA: 5 NARAANT LRAINAAININLITZNaL 20

0.01 20
—a— 0D280 - 18
—— peroxidase activity

0.008 - - 16
F1a E
E
0.006 22
=
2 >
o F10 B
(m] |5}
(o) X §
0.004 - . -8 =B
Void volume Bed volume b
o
-6 o
o

0.002 -

gy Ueeey

T IO b +— 0

0 20 40 60 80 100 120 140 160

Fraction number
o v 6 a g i v Aa n€ o A
nwisznay 20 mavhlineseandiasain Oscilatoria sp. Wudgns lasvilasanlasnail
WULLENIWIAG8ABANY Sephadex G — 100 TEAIBRIIAZAE 50 mM Tris — HCI, pH 7.5

AAIINNT VA 30 UadAaTdaT N LRUAENIRE 5 DAY

nnAwdsznay 20 wudn Alusdusenyn 2 229 lewd 40 — 48 waz 81 — 83
MnEwmLanfiifuasnasaanies wuit 4197 2 ssazansluvasad 81 — 83 1Wuaafiiv
maama%aaﬂ%maga Lazwaaail 82 lﬁl,l,aﬂﬁ%ﬁmaaLwaa'?aaﬂ%magaqmmﬁ'u 17.64 gilada
188807 wasdUSuauldsdwrinny 0004 FaanTulusiudeiiaddns Aatlunaafiindwng
iU 4410.00 gﬁ@@iaﬁaaﬂ%ﬂﬂsau NnuINRRad 81 — 83 lianfidfluasnaioandias
36.19 giiadaladdny Aadunaaiifiduwizvindy 5170.00 giladaiiadniulysdu NN

) = v 6 a a QG’ 1
m‘lﬂﬂnmauumaaLwaiaaneﬁmamqwm BVL']J
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mwisznay 21 ls@uanagu Ausndslasanlesnnlupuusnwiadlsanasuit Sephadex

G — 100 TEF8RIIALAY 50 mM Tris — HCI, pH 7.5 803103 18 30 UaaaaTAaT L8

LUANBE1I8Y 5 NAAaaT
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mwu’%egﬂ'ﬁfmmmas‘aane?jmm'm Oscillatoria sp.

WWB3aNTLARINNANARLILINN Oscillatoria sp. ﬁﬂﬁu‘%qw%iﬁu%u‘[@mm:nauéﬁﬂ
wenlufioudanafitrsnnutudududisossz 0 — 80 vlasulasnmunuuanifon
Uszadinnadud DEAE -  Cellulose wazrinlasunlasnnAuuuusnuuiaalanaaNi

a g Qo
Sephadex G — 100 ﬁ’]%’)%%’]ﬂ’)’mﬂiq‘ﬂﬁuﬁ@d@]\WI']‘S’N 8

o v a £ & & A i i
$13714 8 ﬂ’]?ﬂ’ﬂﬂﬂiiﬂ‘ﬂﬁ"ﬂa\‘]LauvL‘ﬁNLwaiaﬂﬂeﬁL@a‘ﬂﬁlﬂ Oscillatoria Sp.

> HaANINI NN Sauaznanda m’mu‘%qﬂ§
YA
(units/mg protein) (%) (fold)
WA aNTLARINARLL 235.49 100 1.00
0 — 80% (NH,),SO, 755.92 57.98 3.21
DEAE — Cellulose 2914.71 26.30 12.38
Sephadex G — 100 5170.00 14.41 21.95

NANTY 8 WU IwaSeandlaaaNaneUANN Oscillatoria sp. LALaANINTILNNE
Wiy 235.49 gitadaiiadniuldsdu &Lwﬂy'umaumiﬁ’]Lau"lmﬁslﬁu%qw%ﬁ%mmnmﬂamﬁ”'ssl
wenludisudailadudisasss 0 — 80 wuinlWnananTouas 57.98 LLazm’mu‘%qw%{ 3.21 1¥i
wanlaidilaluvinlaes lads LLﬁaﬁﬂmmImm’]ﬂmemmﬂﬁmﬁs:ﬁﬂ@ oltaaayil DEAE
— Cellulose WU MMNaNAATaBa: 26.30 LLﬂ:ﬂ’]’]&lU%ijVI?; 12.38 1w nsiwinlasanlas-
AN UULLENIUAAIBABANY Sephadex G — 100 WU Lau"lsﬁﬁu’%qw?ﬁgﬁu 21.95 ¥ WAz

IWnanRaTasa: 14.41 @A
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o
nsaRdeuaNNUIgnsuazmawmalaanazasanludinasaanding
) 6 6 a A o v A J & ] a ng o
inauloiinaseangiaafiviliniantlududrg amaseuanuyignd lasv
Indazaazludiaauuuladidoanin (Native — PAGE) uazmumalaanavadinasoandias

UULLREENINGRE SDS — PAGE URAINAAININWLIZNay 22 — 24

mMwiseneu 22 Native — PAGE 989iWa38andiagain Oscillatoria sp. Tuduaannisvinls
u‘%q‘n§ Gl 1. maseandiagaianeny (20 ug)
2. anaznauelsuaulaiiausaing 0 — 80 % (5 ug)
3. DEAE - Cellulose (2 pg)
4. Sephadex G — 100 (1 ug)
5. Mifaunaaiifiiweseandiaalasld Phenol iuduania
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KDa

260
140

100

70

50

40
—
e < ———

1 2 3 4 5
AMwilsznay 23 SDS — PGAE aadwaseandiasain Oscillatoria sp. Luiu@awn3vin b

u%qw%g @‘ﬁ‘f: 1.Spectra Muticolor Broad Range Protein ladder 10 — 260 KDa
2. 1Wasaandiaaananeny (20 pg)
3.anaznandlouanlutisusame (5 pg)
3.DEAE — Cellulose (2 pg)
4.Sephadex G — 100 (1 pg)

1000

260 KDa

140 KDa .
- Peroxidase from

100 KDa

100 Oscillatoria sp.
z <«
37 70KDa e
3 a 40KDa
10
1
0 1 2 3 4 5 6 7 8

R (cm)

mwisznay 24 mmeﬂuLaqamaﬂﬂsﬁummg’m (40 — 260 KDa)
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Q =Y { o v =) Qg g; 1
nwisznay 22 ugasansnizunuldsiuveunesoandiaafivihliuiantluaudisg
@t w1 wuanumennulUsfuradiwasoanBaarnareIU SRa1uLnUINDSaanTLaw
A £ ' o a o A AN va o ) &
mqmmamﬂﬂymmﬂmﬂaumULLauImuwsﬁame TUseunladanumeTalanliv Loy
a o 6 a dl o Y A nsl o A
wWuLnulUsanITwIn 4wy Lwaiaanm@aﬂml%mqﬂﬂ@stImmImnﬁWqu
u,amﬂﬁmuﬂi:ﬁ;@i”amaﬁmﬁ DEAE — Cellulose WulUsAuid1uwinlouaaadinia 2 wnu
=Y { o vV Aa Q(y v Q
waseandiaanlinignidanlasinlasnniuuuuenuwadioaadu Sephadex G — 100
wuwauldsauiiegs 1 wou innstaunanfiinuadwasaandiaalasld Phenol LTuduainsa
> a 1 { =) QSI =) { 1 o v =) a ana a
AuametaNIgnd wurTnnuaullsduiidunsmliigniiiaueafiifizesneseandias
=3 = =\
WAL URLAS
) A€ =) 1 a { v
nwilszney 23 uaadnuuIgnivediweieandias wud iweseanfiaanuenld
\ & a £ £ { '
TuudazruaeuinuuIgndgsdn unaf 1 swaluanaveslisduanangiw wud s
wanNUWIALUAW L6 bt 40 — 260 KDa 'léii 40 50 70 100 140 Wa: 260 KDa wasaandd-
Qs Q 1 = =) a Qg 1
waananeuiiansmzuaullsdunaisunudanu inaseandiaauigntuedinlasns
(3 a g a o 6 a dl o Y A AE‘
anaznaudiuaulufivadaa wounuldsdudmwan 4 uou iweseandiaanviliuigns
I@ﬂﬁﬂmmimmﬁ\lLLmJLLaﬂLﬂﬁﬂuﬂizﬁ;@Twﬂaﬁwﬁ DEAE — Cellulose Wulils@utinegs 1
=) { o v =) Q( o U -5
uny iwaseandiaanvinlitianslasyinlasinlasnmiluuuusnauwad unadu Sephadex G —
100 wuldsGwines 1 o mﬂﬁfuﬁﬁmummmﬂimaqamauwa%aaﬂ%ma
=) A; Q a
13gns 1 lasfisuiunnwswialaanazedldsduinangm (nwdsznay 24) weseandias
=) Ag 1 Q
13gn3 Hvwaluanaiiniy 54 KDa
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A a a & . N
auummaama%aansmﬂamqﬂﬁmn Oscillatoria sp.

aa A 6 a

s { 1 ~a\ 4
Na“]_la\‘]Qﬂbﬂg&lﬁLﬁN'lZﬁNGIQLLQﬂYI')‘YI?JGGL‘Wﬂiﬂﬂﬂ‘lﬂﬂﬁﬂiqﬂﬁ Oscillatoria sp.

£ A Aa

T ﬂuﬂqmunu 0, 10, 20, 30, 40, 50, 60, 70, 80, 90 LA

U

iieulodiwaseandiaauign
100 adenioardos wansazanatWiwas 50 mM Tris — HCI, pH 9.0 tTuaa1 30 Wfl wdmn

waANINVBIWAT0ONTIAR LRAINAAINWLIZNAL 25

110.0

100.0

90.0

80.0

70.0

60.0

50.0

40.0

Relative Activity (%)

30.0

20.0

10.0

0.0
0 10 20 30 40 50 60 70 80 90 100

Temperature (°C)

a aa a ~a £ . .
Mwisznay 25 NamaaqM%gu@aLLaﬂm‘ﬁ'maaLwagaaﬂmmamqwﬁmﬂ Oscillatoria sp.

a aada

[ a £ . . v
NNNwlIznay 25 LLa@\‘iIVILﬁ’uLwagaaﬂeﬁL@aUSqﬂﬁ%’]ﬂ Oscillatoria sp. EL%LLQQV]')V]

=

Ium\iqmﬁgﬁizdw 0 — 80 BIALTRALTER I@quwgﬁmﬁuaﬂﬁ%ﬁmauwai‘aaﬂ%ma §INgA

q

6

LYinny 30 AIFALTALT R é’aﬁuqm'ﬂnﬁﬁmmmmiauaﬂﬁ%ﬁmmaaﬂ-

U

De

a

TLORLYINNU 30 2IANLTALDUR LLa:wudﬂLﬁaqm%Quawuﬁ%a@aaﬁnﬂ 30 AIALTRLTYR

U
IS a

waANINVaINETDaNTLARAAR ﬁqnm{]ﬁ 0 aIALTALTUE uazamnNTNINNTT 80 89¢N

IS 1 aa a 6 a
LsﬁﬂLSITEIQVL&INLLaﬂﬂﬁﬂmadLWﬂiaaﬂsﬁL@]ﬁ
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aa a 6

{ 1 [ ~ g
N&ﬂﬂﬂﬁlﬂ‘ﬁﬁlﬁ&l’lzﬂ&d(ﬂaLLE]ﬂ‘YI'J‘VI?.Ia\‘JLWEI‘SE]Bﬂ“ﬁLﬂﬂ‘]J??!YIS%']ﬂ Oscillatoria sp.

£

iianloidineeandiaauignd dulussszaodwinafidudu 50 mM Adddias
Tus19 4 — 11 a9%h Aiaw 4 — 5 (Acetate buffer) Niaw 6 — 7 (Phosphate buffer) WaziLas 8
— 11 (Tris — HCI buffer) Ngmsnndl 30 aseiwaldos LuIa1 30 win udminaaiinuas

[ 4 a s
INDIDONTLARLRAINAAINIWLIZNOY 26

110

100

90

80

70

60

50

Relative Activity (%)

40

30

20

10

pH

an a a £ . .
Awisznay 26 Na“ﬂadﬁLa“ﬁ@]aLL@@Y]'Jﬁ?JE’NLWﬂgﬂaﬂsﬁL@ﬁ‘Uiq'ﬂ’ﬁ"mﬂ Oscillatoria sp.

aada

a Y a a £ . . v a
INANUIENaY 26 E’Jﬁ‘]_nEIVL@]’J’]LWEﬁE]E]ﬂ‘]IL@]mJﬁjY]‘Eﬁnﬂ Oscillatoria sp. I%LLﬂﬂ‘ﬂ

\ a A

q

o = oA A v aa a 6 a P ' 04
Ylﬂ“ﬁ’)x‘]WLﬂ"H‘ﬂ‘ﬂ’]ﬂ'ﬁﬂﬂHﬂ I@Uﬂ’WWL?J"D"Y]sl‘ﬂLLI’Jﬂ‘YI’J‘Y]?.IFJ\‘]LWﬂiaﬂﬂ“ﬁL@ﬁgGﬂﬁi@Lﬂ’]ﬂU 9.01
3]

€

aad o 1

LEANINIUNIZLYINAL 755.92 gﬁ@@iaﬁaaﬂ%ﬂﬂiau FoiuA eI audaLanfiifiues
WWaseanTaFFNARNUWINAUALET 9.0 LLa:wuhﬁ'ﬁLamgoﬂiﬁﬂ%aﬁamﬂdwﬁl,am 9 wanhiin
284N D308NTIARANAY lasuanfiifiaadnaseandiaranaduinnindesas 70 lusi9fias
10.0 waztasiasnin 7 vliunaafiifanassenas 90
mnmsﬁnmqm%gﬁuazﬁLam‘?'immzamauwa%aaﬂ%maaﬁ’@% B1U31N
Oscillatoria sp. W&eIG 3N WszNa 25 was 26 nlinsanwtuwdellls ssazastiwines
Tris — HCI Wi 9.0 uazamnnd 30 asraLSas tNaruanidfvaanasondiaslasls

gallic acid LHwruanIa
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1 s ~ g
nIdnsARaneanszadwasaandiaau3gNndn Oscillatoria sp.
=) =) Qg o U v
anwaaumanizadneioandiaauignd lasdruwiunmidn K, uaz v, lagld
Gallic acid LIWTUFINIG NANNTUTH 0 — 12 MM UEMWIET K udz V. UEAIAY

nwdsenay 27

12000

10000 -

8000

6000

[V] Unit/min mg protein

4000

10.00

2000

[S] Gallicacid (mM)

A a n€ N E ¥ . .
nwiaznay 27 IauaaivaNnaiaanTaaLignsan Oscillatoria sp. lasld Gallic acid

W urusnge

IMNNNWYIZNaY 27 WUIN Lauvl,sﬁﬁﬁmmfﬁnww:@ia%’ummmgaﬁmﬁmﬁuﬁmaa
Gallic acid AU 0.5 — 4 mM lasiidn K winu 1.0 Jadluaans wazdr Vv, iy

10000.00 ulasluadauNuaaniullsan
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m’m&‘i’nm:@ia%’uamimmaaLwa§aan%Lmau%qﬂ§%ﬂn Oscillatoria sp.

ﬁﬂmm'}m‘hwaz@ia%’uammmaaLwagaaﬂ%maﬁqw’ﬁr lasldtumnsadu Gallic
acid, Phenol, Caffeic acid, Waz Ascorbic acid ({wiuansa annsuiauaniidivesinefoand
LOR LEAINAAINIIIT 9

£

@139 9 ANNTUNZEATURNTAVD L@%vlsﬁﬁLwaigﬂaﬂ%mﬁﬂ%Qﬂﬁ

AT AQANAKLEY  waANITIT NI

FUALNIA K, V..
(mM) (nm) (Units/mg protein)
Gallic acid 2 400 5170.00 1.00 10000.00
Caffeic acid 2 400 2679.24 1.87 3389.98
Ascorbic acid 2 500 3868.52 1.30 5478.42
Phenol 2 500 3644.13 0.64 6490.75

@139 9 wuin Lileld Gallic acid ws Caffeic acide tilufusinsa ssazans
g}@ﬂﬁuﬂﬁuumﬁmmmaﬂﬁu 400 wlwwas uaziiiald Phenol uas Ascorbic cid 1wy
N3 mia:mﬂ@@ﬂﬁuﬂﬁmmaﬁmﬁwmm’é‘u 500 WlULNAT I@mwa%aan%mau‘%qw‘if
UFIBRAMNTINIZAe Gallic acid Lﬂwffuammgoﬁq@ﬁLLaﬂﬁﬁﬁwhﬁ'u 5170.00 giiasia
Aaaniuldsdiu sasaaunldinn Ascorbic acid Suanfiifliviiny 3868.52 piiasdaladniullsdu
Phenol ULaanInLyiaNL 3644.13 Qﬁ@@iaﬁaﬁﬂ%’wiﬂsau uaz Caffeic acid Juaafiifivinnu
2679.24 giladaiadniulysfiu awdau \afiansandn K, wud iwaseandiasaianaud
ANIUNIZAa Phenol §9§@ 1ML 0.64 dadluand 3898980 e Gallic acid, Ascorbic

acid Wwaz Caffeic acid AN&1OU
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1 aa =) =) CF
wamaﬂaaaumauaﬂmﬁwmma%aanmmamqnamn Oscillatoria sp.
a a n§ 1 1 a .

ﬁ,'n,auvlmﬁl,waﬁ‘aaﬂm@amqﬂﬁmamu vulus1sazansiwiwas 50 mM Tris — HCI

{ a 3+ 3+ 2+ 2+ 2+ 2+ 2+ 2+
(pH 9.0) MLén 5 50 waz 500 lulasluans ves Cr , Fe ,Zn ,Cu ,Cd , Ni ,Fe , Mg ,

2+ 2+ 2+ + + [

Hg ,Ca ,Mn Na uag K UEAINEAIAIIS 10

an a ~ ﬁr
?13739 10 wamaﬂaaaumau,aﬂmﬁ"uaaLwagaaﬂm@amqﬂﬁmn Oscillatoria sp.

s

aa a o ed L
LLBANIN NW‘Y]‘E'Y]@']']?JL?.I?J?J%%QQQH (%)

sialesan
5 uM 50 uM 500 uM

Na' 120 150 180
K 98 94 87
Mg’ 107 210 221
ca” 107 116 124
Mn®" 207 100 95
Fe’' 110 110 85
Ni* 103 110 201
cu”’ 95 80 45
zn” 100 70 60
cd”’ 100 90 55
Hg ' 80 62 15
cr’ 100 85 65
Fe'' 156 185 207

' & A A £ o P 3+ + 2+
ANA1TN 10 Wudn inadeandiaauignognnizduuandiifilas Fe”, Na, Fe
2+ 2+ 2+ 2+ oA v @ & 2+ 2+
Mg ,Ca Mn  uaz Nii lagwuin Aienududu 500 lulasluans vad Mn~ was Fe
Aa a 6 a P % % I 2+
LaANINUaILNaTaNTLaRAARY UM NANITNTY 500  lulasluais wa9 Cd
Aa A & A o & o & o 3+ 2+ 2+ 2+
waafiifivasweTeandinaanaiionas 50 uaziowloigndunsdas Cr , Zn , Cu” uaz Hg

AaMuTNTUINAT 50 lulasluans
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L Qg: o 1 aa a ‘{
Nﬁ‘llﬂ\‘iﬁ’]iﬂﬂﬂ\?ﬂ"l‘iﬂ'ld"l%‘lladLB%l‘ﬂ&jﬁlﬂLLﬂﬂ‘ﬂﬁﬁﬁﬂd Lwagaaﬂﬁlﬂﬁﬂ‘ﬁ!ﬂﬁ%"m
Oscillatoria sp.

o & & a A £ @ & .

mmu%mwasaanm@amqm vuluansazanstiwinas 50 mM Tris — HCI (pH 9.0)
TG %JL%&I(Urea) ILRe Sodium dodecyl sulphate (SDS) LLas Ethylene diamine tetra acetic
acid (EDTA) aNUdutulugi9 0 — 10 mM ud I ueniifiaaweseantias LRAINAAT
mMwisznay 28 — 30

120

100 g S — — = = N 100%

B0

B0

Relative activity (")

40 -

Urea concentration (mh1)

an a ~a Qr . .
mwisznau 28 Nﬂ“ll'a\‘i%JlL%El(ﬂE]LLE]ﬂ‘Y]"Jﬁ“lJBGLwagaﬂﬂ“ﬁmﬁﬂiqﬂﬁ’ﬂ’]ﬂ Oscillatoria sp.

100

80 - 80 %

[=)
=)
1

I
=3
!

Relative activity (%)

20 4

0 T T T T
0 2 4 6 8 10

SDS concentration (mM)

aa a a Q; . .
Mwusznay 29 Wawad SDS (ﬂElLL'eJﬂV]’)“?I"IJE]GLWﬂgﬂaﬂ‘iﬁmaﬂﬁq‘nﬁﬁ]’m Oscillatoria sp.
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100 m

g0 L - o
> 60 -
2
ho]
=]
@
2 40
=]
3
1

20

0 1 1 1

0 2 4 6 8 10

EDTA concentration {mM})

an =) a Qg . .
MWUsenay 30 Wauad EDTA @1aLLaﬂm‘ﬁmaoLwa%aaﬂsm,@amqwﬁmﬂ Oscillatoria sp.

ANMWLIENAY 28 — 30 ANEINIIHULINIIVINSINTaINasaandaalasls Urea
SDS 18z EDTA NUaMUEINT% 0 — 10 mM WU Urea hilinasian1ivinaiuvadiwasaandias
Tuumen SDS ez EDTA INAAaNIIN9LTadnesaandas laananuutuwuad SDS

uaz EDTA 10 mM vinlsnanfiinianadiniasasa: 80



UNN 5

aEﬂuazaﬁﬂsﬂﬂwaﬂﬂsﬁﬁﬁ

2
@ AA

a & A o A AaAa A9 o aa A & A Aa
nddpaiagleaidinedaien lomluiuafiGenliuaafiifivaunateandinand
dl g; o vV Aa Ag U = Qo o o =1
@ mﬂuuﬂﬂ%mqﬂﬂ@ymmﬂmﬂaumﬂLLaquLususﬁmW@l i ldvinTasanlasnduuy
wanidAsudszydionadnyd DEAE — Cellulose uazvinlasanlasnmAunuusniwiadiy
> wa a é =)
ABANL Sephadex G - 100 uazdnmaulifvaunwaioandias Timaninasluazailne

RIGGRLT

a@uaxaﬁﬂ‘nﬂwam‘ﬁ%ﬂ

Aaa A 6 a a A

NSANBILDANINVDILNDIDANTLAEDN e LU anLS Y

WAANINYDIWASDONTLARENARLILUD S ke Lsliuafiise 5 a9a lawn Oscillatoria
sp., Nostoc sp., Tolypothrix sp., Synechocystis sp. PCC 6803 LL8s Synechococcus sp. PCC
7942 wun brenlunuafiisend 5 e WMueafinvediweseandias lay Oscillatoria sp. W
waafINduNzgINga Lvinnu 235.49 gﬁ@@iaﬁa’ﬁﬂ%ﬂmau 5098907 L9 uA Nostoc sp.,
Tolypothrix sp., Synechocystis sp. PCC 6803 wazSynechococcus sp. PCC 7942 ANRIAL
a 1 6 a syg; A o ¢ a A 6 ' % % 6 5.’1 6
Ioanwinwesaandiaanu lansluis &7 WAL L g (EUA AILNAUWI: LA
Az, 2548) Steptomyces viridosporus T7TA (Score; et al. 1997) &3 (Aedes aegypti) (Zhoa;

OI . . é v Q a
et al. 2001) waznIzRala (Brassica oleraces) (Yazdi; et al. 2002) DigaaaaaINy yrasANE
WEHUA9 UAZATE (2553) LAYiTNTAAUENUAEINAALE K ITllNa3aanTLIAgNNHNINWIH 10
sha laun uzidamnd HANIATI2 LaInd1 USanaad vzidiatlsn: wasan ALY WNNnad
MIHNEN7 waznznanla wudﬂﬁﬂnﬂmﬁ@ﬁﬁm’m@aaalﬁuaaﬁ%ﬁmaama%aan%ma Tag
(; v ana a & U Qs 57N a
ﬂ:ﬁmﬂﬁlﬂLLaﬂm‘ﬁﬂnaaLwairaaﬂm@agoq@ TIRDAANBINU FNUG AIINGT LATADAE (2554)
o | A o & & A = ' A & =

laamanunasnlwtawlodinasaandiaslnnadnzlasdnen lugruiddan 1ita Laziuae
wudwmiaﬁ'@%mmnﬂm:"qﬂé’amuﬁﬁﬂmlﬁuaﬂﬁ%ﬁmauwa%aaﬂ%ma Taowuinluain
mauL&lﬁ@slﬁuaﬂﬁ%ﬁmauwa%aan%mag\ﬁﬁq@

AMNLASUADANTLATWIZRINAGANTZLIUNTLANLURIWALANATW S LW AAN1S

v =3 a o & d .
EmaLLaszJmia%aamzvl,ﬂuunﬁlﬂummumn Fagunsatfswluiilu Reaction Oxygen
. ‘ﬁ' & s 1 6 6 A U ‘ﬂ' o > a %% ' [
Species (ROS) I nauaINOa@0LTAR LsnaamumiaﬁoﬂavlﬂLwamwawaamzmnm’s A
TYIMWIIWVEY Veda WAL Ahe (2011) wuin%aﬁ%ﬁmza%aLauvlsnﬁﬁwuamgaga‘éasz"lﬁm
=) a = { o Qs { a 3
egﬂl,ﬂﬁaaﬂ"lm’mmma LANLAE WRZINASAaNTIaw Lﬁasl,f*ﬁ'l,umsmﬁma%a ROS NLAa%
6 d‘ ° aaa L =3 (% a dl o A & aa

Tuias L&lamﬂgﬂsmﬂumam:%a%avl,amaﬂma TIFNNTOYNRLALOULD ADALNNLLTH
wazlusaule (Becana; & Lotassa. 2007) TIFDANRLINU Latifi Lazae (2008) Newinla
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mMizanueisaendiati laoluiuaiiiioazaeuauaddionalnlunisidneyyadas lay
Ifeulodgolilasoanlodfaiinma f1ineyyazaseandian (0,)  IHegluzuuas
Talasiantnasoanlaod uazaonLlan IINUBLANILAT LaziWDSeandLas K140
"Laimwmwa%aaﬂ"lsmrﬁLﬁ@%umsflul,sﬁaﬂﬁa%ﬂugﬂmaaﬁw @931891UVa9 Saha WRTADAY
(2003) WU Oscillatoria willei s$9anfimnasaandiamAndulunizfianaunanlulasiamn
ROAARBINU Yoshihiro Wz A (2009) mmmf’n,wa%aaﬂ&@aﬁwﬂu Ananaena sp. PCC
7120 Januaziilu heme peroxidase JaNUAIUNIANIARTN A LEULAEINY Panchali kaz
Ruma (2011) WU'jﬂuma:ﬁLﬂuﬁmfmm‘mﬂmmimmﬂﬁL‘%m Oscillatoria  pronceps,
Oscillatoria Limosa, Anabaena sp. W< Phormidium laminosum ﬂ:ﬁ%ﬁ\‘ll,auvl,mﬁsgﬂl,ﬂa%aaﬂ-

raaaiIung LANILAE LazuagaasUNINasaanTLaR Lﬁaa@mnmﬂuﬁmmmwg

msvlilwesaandiaaan Oscillatoria sp. fu%q‘n§

§NIRNANEIUAN Oscillatoria sp. LAkaafiINFWIzgIgaLNAL 23549 pilada
Saansulsdin answinasananenUan Oscillatoria sp. anaznaudiswenlufigudama
ANMUTUTWENAITEAY 0 — 20, 20 — 40, 40 — 60, 60 — 80 L&z 80 — 100 AINAGL WU
anuduTurasuenluisudanadusiiasas 60 — 80 luanfiifivesneioandiaagiga
828.92 gﬁm@iaﬁaan%'ﬂﬂiauslwﬁ”'umaumsﬁﬂﬁu‘%qﬂﬁ%mmnmﬂamau%ﬁéﬁsl
wenluigusaadusifasas 0 — 80 antwrinlaazlads wudnlikanaatesas 57.98 uas
mwu‘%zgﬂ%{ 3.21 win s leinueaanit DEAE — Cellulose Lwai{aaﬂ%mau‘%qﬂ‘ﬁu 12.38
i uazldnananTonas 26.30 mniwinluUruaoduil Sephadex G — 100 wuin tawlmsl
u%qw%gﬁu 21.95 i1 uasldnanansana: 14.41 G980AAEEINUIINUUDI Yoshihiro Az
Athe (2009) \WaseanTLaaan Anabaena sp. ﬁm’mm%qﬂﬁﬂﬂsl‘ﬁ’ﬂaé'&lﬁ Toyopearl DEAE —
650M, Aaawil Toyopeearl Butyl — 650M Waz Hypatite C Lniw 50.5 111 wazlinandaas
Az 48 LIWLALINU Vede uWazAmie (2010) WUGN iwaseandiasannannsziin (Leucaena
leucocephala) ﬁﬁﬂﬁu’%qﬂﬁ@UmmﬂmﬂauﬁaEJLLaquLﬁwsﬁ'aLW@lﬁuﬁa%“aya: 50 iy
HN1UABANYE DEAE — Cellulose, Aaadil Sephadex G — 200 wazAaaNil Con — A A1NANNY
%qﬂﬁﬁu 89.3 171 uazlinandasonas 26.00 Sesannaadny Sisecioglu LazAm (2010)
WU IWaseandiaaann (Raphanus  sativus L. V‘hlﬁu‘%qw%{l@ymmﬂmﬂauﬁa51
wowlufisudanalutrsnnudududuaifosas 20 — 80 nuurnlaeslads waziinlusim
AaaNil CM — Sephadex mmu’%qﬂ%iﬁu%u 9.7 win uazlvinandnsanas 2
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msmmaauaaumwu’%qw§Ltazw1muwﬂfuLaqawaataulﬁaftwas‘aanﬁtﬂa

mwaaummu‘%ﬁgﬂﬁmaaLWE}%ﬂE}ﬂG’?jL@ﬁ%Wﬂ Oscillatoria sp. AHAUNIIANALNEUAIL
wanlufautane LAk wAaaNY DEAE — Cellulose Waznaaiil Sephadex G — 100 lasns
Mwadazasan luatasiantasiwladauwuy ldiFaaniw (native PAGE) wazvinnmstanuaafiifi
Tagl% Phenol 1iusumnia wuinwasaandiaaluindog ﬁmmu’%ﬁgwﬁﬁ'wﬁu laginas-
sandiagananeuiiauauldsdudiuinunn Lfiaﬁﬂﬁu'%qﬂﬁ@mmmﬂm:ﬂaué}”’m
wenlufgndaanuuoullsinsnan 4 unu weseanFiaairnuaasuil DEAE — Cellulose
wounullsen 2 uny uaziwesaandiaafin unaausl Sephadex G — 100 wuwnulsén 1
Wy vmafanuenfiif wuiifiaueafidfiusiminullsin mmmﬂimaqamauwﬁaaﬂ%-
walagyiwadozasantluaadianlasiWladauuuidoanin (SDS — PAGE) wuuaulusdn
Fwan 1 unu swnaluianaiviniy 54 KDa #aaadedny 31nIok sauiaiun (2544) wui
palaanavedinesaandiasaindudidznaaiivuwa 54 KDa 13wduany Yoshihiro uaz
Atz (2009) WUTBWIALNENATBINETOANEIAFAIN Anabaena sp. PCC 7120 w1 53
KDa Gsaandasiu Mohamed (2011) Nonwhwmaluanavedineseandiaganiingain
1367 U0 56 KDa 13wABIny Al — Senaidy Waz Ismael (2011) Wuawialuianazad
waseandiaaanludunuay Juuie 55 KDa

Nl AVaINaIaaNTLIATRN Oscillatoria sp.
wamaaqmgzﬁ@iaLL@ﬂﬁ%ﬁﬂﬂdLWﬂ%ﬂﬂﬂ%tﬂaaﬁn Oscillatoria sp.
\wasaandiasan Oscillatoria sp. lwuaafilfiluztisamnnil 10 - 80 a3
L TALT I@EJqmwgﬁﬁmm:amiauaﬂﬁﬁﬁmaifaaﬂ%mawhﬁ'u 30 99ANLTALTYR WASWLIN
Lﬁ'aqmﬁgﬁgﬁuﬁ%aa@aomﬂ 30 BIALTALTHR WaANINVBINETRENTLARAART ﬁqm%gﬁ 0
DIFLTRLTY R LLa:ﬁqm%Qﬁmﬂﬂdw 90 avanaldes liuanfiifiuasnaiaandias vad
mmﬁ@mmau"l,éﬁﬁl,ﬁmmwLﬁaamﬂqmﬁgﬁ GoRannaaInNUIWaS0aNTLARN Anabaena
sp. PCC 7120 ﬁqm%gﬁﬁ'mm:amiaLLaﬂﬁ"SﬁmaoLwa%aaﬂs'fimawhﬁ'u 35 2IANLTALTYR
LLa:wudwﬁqm%Qﬁgdﬂdﬁ 50  evALTaLSus LanfidnvodwasaantLaRanaInSInile
(Yoshihiro; et al. 2009) LTWLABINLINBIILVAY Saraiva UazAhe (2007) wudwqmmgﬁﬁ
WaNzFENAaLaANIN VeI NaTaanTLIARINNNANLNEN (Olea europaea L.) YNy 34.7 aden
wados luvmefiiwosoandiasanuzifonas (Solanum melongena) ﬁqm%nﬂﬁﬁmmzau@ia
waAfINvednaseandaayinAy 84 adaaal@as (Verwal; et al. 2006) LazINH9NUVDI
Al-Senaidy W&y Ismael (2011) wuiwqm%gﬁﬁ'mm:awiaLLaﬂﬁﬁﬁmamwa%aaﬂ%mamﬂ‘l,u

DUNNANLYINNY 55 a9aLTRLTER
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NaaINlazTAauaanIvadlnasaandiaadn Oscillatoria sp.
& A 3 3 o Aa A ) a A o =< A
\waTeanBLasan Oscillatoria sp. Waafidfinndrsfiiasnyinnisdnm driias
A \ Aaa A & A . B \ e oA \ Ada
AnanzaNGaLaaiINTaILNaIaanTLasaNn Oscillatoria sp. LYNAUNLET 9.0 LazWUINNNLEY
1 A v 1A 6 a A aa A aa A 6 a
giniwiadauniifies 9.0 inaseandiaaluaafiifianss lasuaaiiifiveunaioandinaaa
a9308az 30 ARLaT YNy 11.0 uasilaatasnin 7.0 ¥ lvueafiifanasiauas 90 44
ROAAREINU Ogawa WazAe (2004) wuittwasaandiaaain Bacillus sp. No.13 Hauaiiu
. . = d' 1 aa A 6 a ] > A % >
alkaline peroxidase WLaTNLRANZFUGBLAATNINYDILWNAIDONTIAFLYINNY 10.0 TIHOAARDINU
Susuki LALATHE (2006) WLIWWB3ENTLARINNLUAA buckwheat ANLaTNRINERNABLEANI-
AvasnaseanBiaairinny 8.0 luaumeN Rudrappa Wazame (2007) neduitneseandias
nmisaiin IResNrINzaudaLaniiNvadnasaanTAFYIINY 5.0 [ULALINY INaTaand-
\ARANNKNYY (Spinacia oleeracea L.) ANLaTNRINLaNALEANIN VBN DONTIARLYINAL
5.2 (Koksal. 2011) Chen uwazaiwe (2010) THNWINNESDANTBLATINNLAG Pleurotus eryngii

ANLaTNANNZRNGALAATNINUDILWATAANTLARIINY 3.0

ANRARAIEAIVDINDIDINBIAAN Oscillatoria sp.

Lwaﬁraaﬂ%maaﬁwmuﬁm’mémwwz@iaeﬁmmmgaﬁmwmﬁmﬁmad Gallic
acid 1Ny 0.25 — 4.0 mM lasfldn K 1wiiny 0.96 Tadluass wazel v, 1iny 370.37
lulasluadaifaansulysdn

Lwai’aan%mau’%qwﬁn&huﬁmmﬁwL‘Wﬂ:@iasffuammgaﬁmﬂmﬁuﬁmm
Gallic acid 1¥NNU 0.5 — 4.0 mM lasildn K, iy 1.11 Jadluaand wazen V. winy
1111.11 lwlasluademniafnsnlusan

Lwai’aane?jmau’%qﬂ%fﬁmmﬁ%w]:@iasﬁ'uammgaﬁmwmiwﬁumaa gallic acid
WAy 0.5 — 4 mM lasfidn K 1viny 1.0 Aadluaans wazen Vv 1wihnu 10000.00 lulas
luadawiladaninlysdiu

nndoyasitllddn iweseanFiaaan Oscillatoria sp. Aaudnnizedauaaiiif

Nt Gallic acid WIWTURLINTA

AMNINNILADTUANTAVBILND I NBLATNN Oscillatoria sp.
\WasaanBiagann Oscillatoria sp. AN UNIZAaTURINT® gallic acid gd‘ﬁqm
J098981 laun phenol ascorbic acid LL.ae caffeic acid ANEAL Lﬁal"ﬁ gallic acid LLaz caffeine
Wugusinsa msazmﬂ@@ﬂﬁuﬂ‘é"uumﬁmmm’mﬁu 400 W]I%L&l@li LLﬂzLﬁa&L"ﬁ/ phenol LLag
ascorbic cid tIuTURINT® msa:mﬂ@@ﬂﬁuﬂé"uuaaﬁmmmmﬁu 500 W]I%L&J@]‘S %G

ROAARDINU Kongwithtaya Lazamse (2010) TNEWIN 1N IaanTLaganEunanae (lvy gourd) &
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m'ma‘hl,wwz@iaa’mh:ﬂauﬂua'ﬁm’%mé’]ﬁuﬁaﬁ gallic acid, chthechin, ascorbic acid W&
caffeic acid @INEIRU INNIINARBINLINETeENTLART AN WIZR e TURINTANT
Snwmsndaniy galic acid uaz phenol  wazlisuwizdedusinsafislassainnanaiu
caffain §3p9uanuiunzdasumnIavaenlodiwesasndiaadnanuwlauunssfiny
LT Mohamed Wazatie (2011) WU UWB38aNTLARINNIINTDINIIAT AA1NNTWNT6e
TUFLNTA Guaiacol, O — Phenylenediamine LLazLﬁEﬂ“ff O - Dianiaidine, Pyrogallol W8z p —

. . . &/ o ] & a 1Y PV & < <
Aminoantipyrine W UTURNTANLIN Lwaiﬂﬂﬂeﬁl@iﬂ,ﬂ LaANINanadtluaI9nis

Na2adloaanAalannINYaINaIaanBIAaa N Oscillatoria sp.

6 a . . v an d 2+ + _2+ 3+
LWBIRaNDLaRIN Oscillatoria sp. Qﬂﬂi:ﬁ@luLLaﬂ‘ﬂjﬂI@ﬂ Mg ,Na, Ni , Fe ,

2+ 2+ + 2+ 2+ 2+ o & P & a P v @
Mn~, Ca , K uaz Cu~ lag Fe uaz Cd” dugsneniifivasnaseandiaaianuidudn
{ v @ 3+ 2+ 2+ o & Aaa a
0.5 mM lumianuiduds 5 mM w83 Cr Hg  Uaz Zn~ dugduanfiifiaadinaseandias
a ! & a & ed o o . 2 o v A Aa
Isnuwinweseandiaadutan lminavnulans (metalloproteins) 39viliatiuslun1izny
A \ 2+ ' Aaa
losauvaslanzurenhia 11 Ca” (Almagro; et al. 2009) dsswitnanfidfvasinasaan-
a v v 2+ 2+ . + . .
TLARONNIZQUAIY Ca , Mn~ (Al - Senaidy; & Ismael. 2011) uaz Na (Veda; & Dwivedi.
= @ o : ' a o o
2011) T9gaaAaadNL Kongwithtaya LazAmE (2010) TN89%IN LWD380NTBLARINNANGRT (Ivy

' Aaaa [ 2+ 2+ o & aad v 3+ 2+
gourd) QﬂLiGﬂQﬂiﬂ']@'Jﬂ Cu ez Ca LLazgﬂU‘UUGLLaﬂ‘V}Tﬂ@'}U Cr Hg

HaBIANTHUSTINTTII9wadlanladananfiinuasinasandiagen
Oscillatoria sp.
AnwmItugamavneseanaseandiaalagld Urea SDS uaz EDTA Aflanw
T 0 — 10 mM Wuda Urea lifinadaniivinusaswaioandias luameil SDS uas
EDTA §nasansvinausasinesasndias lagfinnudutusas SDS waz EDTA 10 mM ¥
I¥uanfdfianainiasoos: 80 T9aoAAR0INU Rao was Ajila (2009) T1g97winfAiaaa
[T 20 mM EDTA weefidfivasiwasasndiasainiadsnfidanaitosas 33 Liesen
EDTA limansaludunvlesen Fe™ uluanavasinasoandiaaiornliusnmssfazen
(active site) HIAIFAN LS LAz Kongwithtaya Wazame (2010) Wuin iwaseandiaganndnadas
LﬁﬁﬂiLﬁﬂﬂéiuﬁ’]‘iﬂza’mgSU Urae luamefinnududu 3 mM SDS wonfisfivasnasaant-
LAFRARIASINILS
mﬂNamimaaqiﬁaﬁummma‘gﬂmiﬁﬂﬁu‘%qwﬁamwﬁamaaLwai‘aaﬂ%maﬁnﬂ

Oscillatoria sp. W&AIAIAITI 11
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a . . d o ¥ A £ &
ANA14 11 WU Iwe3eanTLaaann Oscillatoria sp. ﬁml%mqﬂmﬂmumau q
qmwaﬂﬁua:ﬁmmﬁmm:amiauaaﬁ%ﬁmaamai‘aan%ma WINNU 30 29ANLTaLTUR WaY 9.0
o & & A . . 2 A wva @ o & & a .
AIBULNDIDONTLARINN Oscillatoria  sp. ﬁqumauumﬂuaam"lamwasaaﬂﬁmcﬂa (alkaline

. P & A v o 2+ + 2+ 3+ 2+ 2+ +
perxidase) LAANININDIDBNTLARONNIZ UAIL Mg ,Na,Ni , Fe , Mn , Ca , K uaz

D,

6

2+ Aaa A o & o 3+ 2+ 2+ 6 A A A <
Cu LLﬂzLLaﬂﬂ’JﬂQﬂﬂﬂﬂdﬂﬁlﬁl Cr ,Hg usrzZn an K, TadLWﬂiaaﬂ‘ﬁL@aVﬂNﬂiﬁ’ﬂﬁ ¥iTap)

9
&

aan%mau’%qw?momm'mm‘m:ﬂau@hﬂLL@NTNLﬁUNGﬁ'ﬂLW@ LLasza§aaﬂ%L@au%qﬂ%ﬁciwu
AaayY DEAE — Cellulose a2 Sephadex G — 100 YNy 0.96 1.11 uaz 1.0 mM aN&1aU
WazA V. mauwa%aaﬂ%maﬁ"laju‘%qﬂ§ L‘wa%aaﬂ%mau’%qw'ﬁfmamumﬂmm:ﬂauéfa21
wanlutiougaLne LLﬂ:LWﬂ‘?ﬂQﬂ%L@au‘%qﬂ‘ﬁfﬁmuﬂaé’uﬁ DEAE - Cellulose Laz Sephadex
G - 100 L¥iny 370.37 1111.11 LAz 10000.00 U/mg protein @10 MNTayawuinguLd
28 ILND30NTIARFNANREL Lwaﬁfaaﬂs’fimau’%qw‘ﬁguwd’m LL@ZLW@%@QT]%L@&U%E\!Y}%{ YRR
Indtasanu 6{\1ﬁf'umsﬁﬂﬂ%ﬂiﬂﬂmﬂmzﬁuq@]m%mmmmﬂﬂﬂugﬂLauvl,ﬁﬁﬁaﬁ'wmu h

AATUADWNIINE Lo
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NUATY Telod. (2546). manaugniiaTinsaanloiiuassandias. Inefinus ...
NINNY: T INenay IaInIniumineas. dotenans.

N FIURNI. (2547). MSIWIIBE9EIM Y Spirulina sp.  HEIMITIINLABE N TINIAT.
INLANUT IN.N. (I3TEFAT). TV UMAAINGIRE WA INENADRIVAIUATUNS.

72aIANE WENA9; WRzAmM. (2553). ﬂ’]i?lﬂ‘]:ﬂﬁ&lﬁﬁ%EJGLQ%VLGEﬁLWﬂgaaﬂ%L@aU%qW%T
VNEIMINNIEREUR. 2sernKagiseingimans inaluladussfuaasa e
maseug. 1(1): 28 - 34.

%uqmm Bufin. (2548). msﬁw”@msﬂiznauﬁluaaZ@mﬂafaanﬂ?fmﬁﬁ?@”mnfa@.l,wﬁ'aﬁ?
M sneas. Anodnns n.u. @lanalvazinsazaswedines). NIINWY:
UuHaInendt IWIaINTIRANEIAL. talanans.

330l FOWIMUN. (2544). anwcauUavadiaseandiaaluniiug1Uznad Manihot
esculenta Crantz #89m3tALiAY. Anenfines an.a. (naluladnisdanin).
NTILNNY: UNaININY ﬁgwmaﬂitﬁwﬁﬂmé’ﬂ. fN8LaNENT.

algan wie; eEn §a3IIRad; 808 nAdz; aSyn Aol uaz 93T dendie.
(2553). nisdnwatlasuiinurzaudanisiadayiaulavedloe uuuaiise
Hapalosiphon sp. L’%"aagﬁmﬁﬂﬁijma’iqfvmﬂaamv’jwma"'mnymmﬁwf asIn
48 : 712797, 3 — 5 NUWIWUT 2553; NTILNN: 446 — 455.

FUITH SUAIRDG. (2546). unymvadion o catalase uaz ascorbate peroxidase FlaN1IN%
\finYaJ Aphanothece halophytica. ~ TNBWITL IN.U. (TUAT). NTINWY: AT
Ineenaas PaInsaiunInend. dralanana.

faen aud7; 99IN3 WIARULANE: waz USenwnn 29d9uns. (2551,nusn8u). n1IHEalulu
Tanan wandvadsunizdsianiusudanallsalonsouauiiaaaainalsiowlss
paiasdnilaiaandiaadniuinuanangiduiuingl. 13a1nnaia
muwneifeslva. 41(3): 167 - 174.

Uzia3g a:430. (2554). awneEdsunuiiulududy. Fuduile 8 fuanuw 2554, 310
http://www tistr.or.th/t/publication/page_area_show_bc.asp?i1=83&i2=8

U396 sufinny. (2543). 7Rau8zAINABIMEBYaILITINTUNAI TN AT BT IF %
UAINGISIVAHUNK. TIIUITY .U, (GNP FASTILING D). VOULAT: ADAY

FNLNENFNT UEIINLIRLVAWLA.
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6

NUWNIWN WADT. (2553). WATBIUEIFEN ¢ uszmnwizidgsluaniaziama lslnsfiniidda
masyiavlauasysuimIWands lUsduvesloon luuuailise Oscillatoria sp. KC
45, INNANUT .4, (T1nen). Beslud: Tadiiadinenay sniinenaoigesln.

Ingoaol ansfanuiny;  uazAmiz. (2554). WATIAMUIANGANITITY T9ATAY ULaTAT
saslulwamaunudlulonluwuafiiSs Oscilatoria sp.. 71291401332 78351777
AATIIUSTUNAITAUUIAITIH ATIN 5. FIUAN: WATINPRUTITANUATUNS

NSl Sasusnana. (2554). lasan1sauinswWusnIIwne ; LLwmn‘wauﬁ%?@ﬁuﬁ@%ﬂﬁm
uulan. ﬁuﬁmﬁa 2 §IW1AdN 2554, 31N http:/Awww.rspg.or.th/articles/series 1
/plankton1.htm.

INTRANR. (2548). FmseFmduaununnsy ;. amneiialuniamiavaslsang

N
)
9N
=p

A \ 2 & o
Ine. Foalnd: loawnSud 9n0a
---------- . (2549). FMI0INT. RURATIN 2. 1 Tedlna:  MAITTIINeT anAneneaas

VAANLA LTI L.

DD

oty 170 TIAnEY; WAz §MWT TUNTINed. (2553). T19I4TIY 1Sa9 AansInzay
t8ulal peroxidase Auyjnsesialsnlndvesdnarswug. dnumil: gudidodn
Unumil. dsanas.

25U GIlneWIIT: uAzAmA. (2548). anuduNusuoInganlslon, nganlsleniasaand
wanudnslafainet uazdnafiadfinlugialoduds uazgdvgany. (Fovlna
FOIUNNYFTT. 31 21 — 29.

AU Usunsnd; anlumd wWignovnes; 3szdnd [391930); UaE Slud WAL, (2544).
msmzmwaamm’wﬁ@mLmuﬁ%?msluﬂmé?mﬁaqm@h PINIAFWITORLI. 159
Lﬁa/miilizgﬁmmiﬂ/mmﬁwma‘”mnymma@§ﬂ%ﬁ" 39: @171 INemans : 161
- 167.

FUUA AN wazamz. (2011). NSATIIMMEANINVa e lTinaTaanTiarluNaLIN:.
fnimwmz/?a“’z/?mnmﬁ@fmﬂZu[aﬁua:?amm”amﬁaw“'@/mn'm?ﬂuj 2(2): 97
- 103.

FUWT LNBUMD; UAE §WT WTA9. (2552). Lang1sdsznaunisaan 377 318 312 inafianiy
Faundl naeu Tn1sdnw 2552 1599: lon Exchange Chromatography. Uawuiin:
ALINYINENT UNIINLNRL VDU,

giliodl Sesmuysal. (2543). nImvqunIRIYdulavaiunasfaawile (Oscillatoria sp.)

lagldwasunfuuazaaain. 213813 ABATHIZ9aLLAET. 18(3): 30 — 37.
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gl Sesawysol; uaz fnady 76, (2550). myfsaasmanidesanzileslsles
enluluafitsy Oscillatoria Jasorvensis W& Microcystis aeruginosa. I1I81INIE804
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amstag loanluwuuaiit3s BG,,

N13LA38. Stock Solution
Stock Solution I (331615 200 Jaaans)
K,HPO, 6.27 g

Stock Solution Il (U331615 200 Aadans)

MgSO, . 7 H,0 1.50 g
Stock Solution lll (331613 200 Hadaa)

CaCl, . 2 H,0 720 g
Stock Solution IV (331613 200 ¥adans)

NaCl,CO, 4.00 g

Stock Solution V (1331613 200 §aaaas)

EDTA 0.20g
Citric acid 1.20 g
Ferric ammonium citrate 1.20 g

Stock Solution VI (Trace element A5 + Co U331613 1000 Naaacn9)

H;BO; 286 g
MnCl, . 4 H,O 1814
ZnS0O, . 7 H,0O 022 g
Na,MoQ, . 2 H,O 0.39 ¢
CuSO, . 5 H,O 0.079 g
Co(NO3), . 6 H,O 0.049 g

awnsaaslwanlunuaiiise BG,, (USu1a3 1000 Aadans)

d@13Lad
NaNO, 150¢
KCI 0.67 g
MnSo, . 7 H,0O 6.92 g
MgCl, . 6 H,0 5.50 g
CaCl, . 2 H,0 147 g
Solution | 1.00 ml
Solution I 1.00 ml

Solution Il 1.00 ml
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Solution IV 1.00 ml
Solution V 1.00 ml
Solution VI 1.00 ml

azaneluiinna 700 §a8a6T NUWUTUARNLATIRLYINAL 7.6 WaLANINNAwIR

UTunasgarineiiniu 1000 Haddas anuwinlainzadiaiasilausdulai (Autoclave)
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Polyacrylamide gel electrophoresis

Stock reagents
30% Acrylmide 0.8% bis stock solution
Acrylamide 30.00g
N,N’-methylene — bis acrylamide 0.80g

Adjust volume to 100 ml with distilled water

1.5 M Tris — HCI, pH 8.8
Tris(Hydroxymethyl)- aminomethane 18.17g
Adjust pH to 8.8 with 1 N HCI and final volume to 100 ml with distilled water

1.25 M Tris — HCI, pH 6.8
Tris(Hydroxymethyl)- aminomethane 15.14¢g
Adjust pH to 6.8 with 1 N HCI and final volume to 100 ml with distilled water

0.5 M Tris — HCI pH 6.8
Tris(Hydroxymethyl)- aminomethane 6.069g
Adjust pH to 6.8 with 1 N HCI and final volume to 100 ml with distilled water

Tris — Glycine electrode buffer stock — solution x5 (25 mM Tris, 192mM
Glycine, pH 8.1)
Tris(Hydroxymethyl)- aminomethane 3.03g
Glycine 14.40g

Dissolve in distilled water to 200 ml to give final pH to be 8.1
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Non denaturing PAGE
7.5% separating gel

30%acrylmide solution 5.0ml
1.5M Tris — HCI pH 8.8 5.0ml
Distilled water 10.0ml
TEMED 7.5ul
10% (NH,;)»S,04 50ul

Total volume 20ml

3% stacking gel

30%acrylmide solution 2.5mi
0.5M Tris — HCI pH 6.8 2.5ml
Distilled water 7.5ml
TEMED 7.54l
10% (NH4)»S,04 50l

Total volume 10.0ml

Sample buffer
1.25 M Tris — HCI pH 6.8: glycerol: distilled water = 1: 2: 2 (v/v) were added
with race amoun of bromophenol blue. For loading, sample was mixed withone part of

sample buffer.



SDS - PAGE
7.5% separating gel

30%acrylmide solution 5.0ml
1.5M Tris — HCI pH 8.8 5.0ml
10% SDS 0.2ml
Distilled water 9.4ml
TEMED 10.0pl
10% (NH,),S,0g 50pl
Total volume 20ml

3.0% stackting gel

30%acrylmide solution 1.0ml
0.5M Tris — HCI pH 6.8 2.5ml
10% SDS 0.1ml
0.2 M EDTA 0.1ml
Distilled water 7.5ml
TEMED 5.0ul
10% (NH4)»S,04 50l
Total volume 10ml

Solubilizing medium

Glycerol 2.0ml
1.25M Tris — HCI pH 6.8 1.0ml
20% SDS 1.0ml
B3 - mercatoethanol 1.0ml

Bromophenol blue
One part of solubilizing medium was added to three parts of sample.

The mixture was heated 1 minute in boiling water befor loading to gel






OD595

0.200 -

0.100

0.000

y =0.0506x
R2=0.9738

BSA ug/mL

n3a1n3g11lUsGwBSA aaa35v09 Bradford

12

81






0D400

1.2

0.8

0.6

0.4

0.2

y = 0.005x +0.004
R?=0.9975

T

50 100 150

[gallic acid], mg/l

NINNIATIIUANNT VTNV Gallic acid

200

250

83






85

60.00

50.00

o~

o

(=)

(=]
1

30.00

[V]Unit/min mg protein

20.00

-5.00 _g.020 0.00

10.00

[S], caffeic acid (mM)

6 6 a o ” ' ¥ . . = o
INUAIRAIVBILNIBDNDLARINANEIUANN Oscillatoria sp. I@]Eﬂ.‘ﬁ caffeic acid LUTURLNT®

70.00

60.00

50.00

40.00

30.00 +

[V1Unit/min mg protein

20.00

10.00

0.00

[S], ascorbic acid(mM)

6 6 a & . . 4 . A = o
FRVANRGAIVDILNDIDDNDLARINAKLIUINN Oscillatoria sp. lagl4 ascorbic acid WuTURNTA



90.00

80.00

70.00

60.00

50.00

40.00

[V]1Unit/min mg protein

30.00

20.00

10.00 -

[S], phenol (mM)

WUMFASVBIN DS DANTLARENANENLUAN Oscillatoria sp. }aulF phenol 1 JuGURINTS

86



87

700.0

600.0 -

500.0

400.0

300.0

[V] Unit/min mg protein

200.0

100.0

0.0

[S], caffeicacid (mM)

A A £ ' T : ¥ . . & g
ﬁ]auﬂ’]a@l%ﬁ]aﬁl,wa%ﬂﬂﬂ‘ﬁL@anqﬂﬁU’Na’]u%’]ﬂ Oscillatoria sp. I@UI‘T caffeic acid (UwTUw

N3

900.0

800.0

700.0

600.0

500.0

400.0

[V]1Unit/min mg protein

300.0

200.0

100.0

0.0
14

[S], ascorbic acid(mM)

& & a a £ ' ., , % . . ST
IUManTranaTaanTLaauIgNILNIEIUIN Oscillatoria sp. lauld ascorbic acid iDudus

N3G



800.0

700.0

600.0

500.0

400.0

300.0

[V1Unit/min mg protein

200.0

100.0

0.0

14

[S]1, phenol (mM)

a a £ J - . ¥ & o
ﬁlaumam’madLwaﬁ‘aaﬂm@amqmmamumn Oscillatoria sp. La#/l% phenol {UTURINTS

88



4000

3600 -

3000 -

0.00500
0.00400 W -
0.00300 J

0.00200

2500

2000

[V]1Unit/min mg protein

s 0.00100 - M
—0.00000} | -
. 5,080.00100 0.00 5.00 10.00
I @ %.00200 4
500
0 L " Al g, O~ T W ]
0 2 4 6 5 10 12 14

[S], caffeicacid (mM)

6 6 A A £ p . ¥ " f & o
InumaaivewaseandiaaLignsan Oscillatoria sp. Lauld caffeic acid iluduainia

6000

5000 -

4000

3000

[V] Unit/min mg protein

2000

1000

[S], ascorbic acid(mM)

4 6 A a £ . . ¥ . . & o
VRUAIFAIVAILNDIDDNDLATLIFNDIN Oscillatoria sp. lawlt ascorbic acid WuTURINTS



5000

4500

4000

3500

3000

2600

2000

[V1Unit/min mg protein

1500

1000

500

[S],phenol (mM)

6 6 a a £ 3 L ¥ & o
InUMaaTTeINaiaandiaaLigNnsan Oscilatoria sp. lasld phenol iludusinia

90






92

&

mmdyIN i dean

Y AR
S L 1

: | o
' i ,
'l
y [
/
1
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Abstract

This research aimed to detect the peroxidase activity from
five cyanobacteria, Oscillatoria sp. Nostoe sp. Synechocystis PCC
8803 Synechococcus PCC 7942, and Tolypothrix sp. All samples
were exiracted by phosphate buffer, pH 7.0. The exiracis were
measured the peroxidase activity using a mixture of 4-amino
antipyrine, phenol and hydrogen peroxide, and incubated at a0’c
for 10 minutes. The result showed that the crude extract from
Oseciliatoria sp. for 14-day incubation had the highest peroxidase
activity, 235.49 units/mg proteins. Peroxidase activity was reduced
while NaCl was increased. The crude enzyme had the optimum
temperature at 55°C and optimum pH at 9.0. Peroxidases were
diluted at 3.21 fold, and partial purified as well as precipitation by
saturated ammonium sulphate, yielded 57.98%. The partial purified
enzyme showed peroxidase activity as 755.92 units/mg proteins,
optimum temperature was 55 °G and optimum pH was 9.0.

Keyword: Detection/ Cyanobacteria/ Peroxidase

1. Introduction

Cyanabacteria (Blue green algae) are widely accepted as the
major of phototrophic: prokaryotes and oxygen evolving organisms
[1]. They themselves are produced the free toxic oxygen, so they
have to find the way to maintain their lives. They use a more or
less extended time period to detoxify the oxygen; however, it still
is more poisonous partially reduced species, called reactive
oxygen species (ROS), e.g., superoxide radical, hydroxyl radical,
and hydrogen peroxide. The efficient removal (detoxification) of
these ROS in cyanobacteria and other living cells is to adapt to
the new way, i.e., increase oxygen-rich environment, elaborate a
number of different redox enzymes including peroxidases and
superoxide dismutase [2 — 3]. Under stress conditions, ROS are
generated in cellular components, including DNA, protein and lipid
membrane, of cell damage [4]. Cyancbacteria have evolved
efficient antioxidant systems that can protect them from the

damaging effects of oxidative stress. These mechanisms employ

ROS scavenging enzymes, e.g., superoxide dismutase (SOD),
ascorbate peroxidase (APX), catalase (CAT), and low molecular
weight antioxidants, e.g., ascorbic acid, glutathione (GSH) and
phenolic compounds [5]. The enhanced activity of superoxide
dismutase and peroxidase (E.C. 1.11.1.7) were shown upon
exposure to either NaCl or Seawater salinity [6]. Peroxidases
(E.C. 1.11.1.7) are the enzymes that catalyze the H,O, dependent
oxidation of a widely substrates including phenolic compounds,
aromatic amines and ascorbic acid [7 — 9]. In some previous
reports, peroxidases were regarded as a marker enzyme and
used in medical diagnosis immunochemistry and enzyme—linked
immune—assay [10]. Peroxidases are widely distributed in all
living organisms [11 — 12]. Peroxidases have been purified and
characterized from a widely sources, such as Chlorella vulgaris
[3], Avicennia marine [4], date palm leaves [7], Pleurotus eryngii
[8], as well as Tartary buckwheat bran [10]. Thus, this study

aimed to investigate the peroxidase activity in cyancbacteria.

2, Materials and methods
2.1 Microorganisms

Five species of cyanobacteria, Oscillatoria sp., Nostoc sp.,
Synechocystis PCC 6803, Synechococcus PCC 7942 and
Tolypothrix sp. were supported by Department of General Science,

Faculty of Science, Srinakharinwirot University.

2.2 Culture conditions

All cyanobacteria were photoautotrophically grown in 100 ml of
BG44 medium, pH 7.6. The media were supplemented by 0 — 05 M
of NaCl concentration before sterilization using the autoclave at 15
Ib.l’im:h2 for 15 min. The cultures were incubated at 28°C under
continuous fluorescent white light (30pEm23'1) [13]. The growth was

measured by estimation fresh weight of cyanobacteria for 30 days.

th
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2.3 Enzyme extraction

The harvested cyanobacterial cells were washed three times
with 50 mM phosphate buffer, pH 7.0 at room temperature. The
15-gram of wet sample was resuspended in 50 ml of phosphate
buffer as a sonicating buffer. The cyanobacterial cells were
disintegrated by sonicator at 30% amplitude using cycles of 20s
on and 10s off for 10 min. The cell extracts were centrifuged at
5,000 xg for 15 min, at 400, and the supematant was designated
as crude enzyme which was used to determine peroxidase

activity.

2.4 Enzyme assay and protein detemmination

Peroxidase activity was measured by colorimetric method
following a modified Wright and Nicell [14]. A reaction mixture (5
ml in total) was contained 50 mM phosphate buffer (pH 7.0), 2
mM 4-AAP, 2mM phenol and 4 mM hydrogen peroxide. The
mixture was incubated at room ternperature, :.%ODC, for 10 min. The
reaction was then started by adding 0.05 ml of crude enzyme,
and the initial increase in absorbance was monitored at 500 nm
using UV/VIS — Spectrophotometer Model Jenway 6405 (Jenway,
UK). One unit of peroxidase activity was defined as the amount
of the enzyme consuming 1 pmol of hydrogen peroxide per minute
under the assay conditions. Protein was determined by Bradford

method using bovine serum albumin as a standard [15].

2.5 Effect of salt stress on peroxidase activity
Effect of salt stress on peroxidase activity was determined
after 1-hour incubation of the cyanobacteria cells in BG,; containing

a range of 0 — 0.5 M NaCl.

2.6 Ammonium sulfate precipitation

The crude enzyme was fractionated by slowly adding the
ammonium sulfate at concentration range of 0 — 100 % saturated
(NH,),50, with continuous stirring at 4’c. Afterward, the precipitate
was collected by cenfrifugation at 5,000 xg for 15 minutes at 4'c.
The precipitate from each step was dissolved in 50 mM phosphate
buffer, pH 7.0. The fractions were stored at 14Cto keep peroxidase

activity before use.

2.7 Effect of temperature and pH on peroxidase activity

Effects of temperature and pH on enzyme activity were
determined after 5-min incubation of the reaction mixtures at
various temperature ranges from 4-100 DC. The dependence of
pH on peroxidase activity was determined by using 50 mM
buffers of different pH ranges of 4 — 11 in the following buffer:
acetate buffer (4 — 5), phosphate buffer (6 — 7) and Tris—HCI buffer

(8 — 11) at fixed concentration of substrates.

3. Results and Discussion

Five cyanobacterial species, Oscillatoria sp.. Nostoc sp.,
Synechocystis PCC 6803, Synechococcus PCC 7942 and Tolypothix
sp. were screened to assay the peroxidase activity. Ivy gourd
(Coceinia grandis L.) and phosphate buffer (pH 7.0) were used as
a positive control and a negative control, respectively.

The result showed all samples were found the peroxidase
activity (Table 1). Oscillatoria sp. gave the highest peroxidase
activity, following Nostoc sp., Tolypothrix sp., Synechocystis PCC
6803, and Synechococcus PCC 7942, respectively.

Oscillatoria sp. was selected to study the optimum growth
rate to find the highest peroxidase condition. After photoautotrophically
grown in BG4y medium at 2800, the mid-log phase was between
12 — 18 days. The highest peroxidase activity of Oscillatoria sp.
was 14—day incubation (Fig. 1).

Table 1 Peroxidase activity in crude enzyme of 5 cyanobacterial
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species
Peroxidase activity
Samples
(unit/mg protein)
Ivy gourd (Positive control) 349.95
Phosphate buffer (Negative control) No activity
QOscillatoria sp. 23549
Nostoc sp 220.32
Tolypothrix sp. 198 .42
Synechoeystis PCC 6803 197.11
Synechococcus PCC 7942 195.56

The effect of salt stress on peroxidase activity was also
investigated. The results showed that the Oscillatoria sp. incubated
in BG4y medium containing 0 M NaCl concentration had the
highest peroxidase activity, and the activity was then decreased
when NaCl concentration increased (Fig. 2).

The effect of temperature on the peroxidase activity of crude
enzymes was investigated. The maximum peroxidase activity
from Oscillatoria sp. was at SEUC. and active peroxidase activity
was in a range of 40 — 60°C. When increasing temperature, the
peroxidase activity was decreased, and wholly inhibited at 10(}DC
(Fig. 3). A wide variability with regard to temperature has been
reported for peroxidases from various sources, e.g., Raphanus
sativus L. with optimum temperature at 60°C [11] and Leucaena

leucocephala [16] with the optimum temperature at 55°C.
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Fig. 3 Effect of temperature on peroxidase activity in crude

enzyme of Oscillatoria sp.

The pH effect on the peroxidase activity was investigated.

Peroxidases from Oscillatoria sp. were alkaline, acidic and
natural. The optimum pH on peroxidase activity was showed at
pH 9 (Fig. 4). The optimum pH for the peroxidases from various
sources such as Leucaena leucocsphala at pH 5 [16] Ivy gourd at
pH 7 [17] and Bacillus sp. No.13 at pH 10 [18] were reported as

this study.

120
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100
S0
80
70
60 -
S0
40
30
20 -

Relative peroxidase activity (%)

0 2 - g ] 10 12
pH
Fig. 4 Effect of pH on peroxidase activity in crude enzyme from

Oscillatoria sp.

Peroxidase was salted out using a range of 0 — 100% saturated
ammonium sulfate. The 60 — 80 % of saturated ammonium sulfate
showed the highest specific activity of 828.92 units/mg protein.
The maximum peroxidase precipitation was obtained at 80%
saturated ammonium sulfate. The result of partial purification at a
range of 0 — B80% saturated ammonium sulfate showed the
highest specific activity as 755.92 units/mg protein. The yield of
enzyme partially purified at 3.21 fold was 57.98% as shown in
Table 2.

Table 2 Purification of precipitated peroxidase from Oscillatoria sp.

Percentage of Specific activity Yield Purity
saturated (NH,),50, (units/mg protein) (%) (fold)
crude enzyme 235.49 100 1.00
0-20 105.97 6.23 0.45
20 - 40 310.85 21.36 1.32
40 - 60 561.66 32.21 2.47
60 — 80 828.92 28.64 3.52
80 — 100 61.23 5.49 0.26
0-80 755.92 57.98 3.21

The effect of temperatures on the partial purified peroxidase
activity was determined. The maximum activity of partial purified
peroxidases was at 55 DC, and its optimum temperature was at a
range of 40 — 60 °c. The peroxidase activity was decreased when
temperature was increased at a range of 40 — 60 OC, and
dramatically decreased and/or inhibited at 1000(‘. as shown in Fig. 5.

The effect of pH on partial purified peroxidase activity was

investigated. The peroxidases from Oscillatoria sp. were a mix of

alkaline, acidic and natural enzymes. The optimum pH on partial

purified peroxidase activity was at pH 9 (Fig. 6).
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4. Conclusion

In conclusion, all cyanobacterial samples showed the activity
of peroxidases as others reported, e.g., in Oseillatoria sp. Nostoc
sp., Tolypothrix sp., Synechocystis PCC 6803, and Synechococcus
PCC 7942. The highest peroxidase activity from Oscillatoria sp.
was at 14—day incubation, and the activity was decreased when
the NaCl concentration was added up. The optimum temperature
and pH of the crude enzyme was at 55°C and pH 9, respectively.
The partial purified peroxidases at 3.21 folds using ammonium
sulfate precipitation was also the same optimum temperature and
pH as total pericipitation previously. The peroxidases from five
cyanobacteria can be purified using the simple procedure and used

for enzymatic reactions in living cells [19 — 22].
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Abstract
This study aimed to investigate the screening of peroxidasze activity from five cyanobacteria,
Oscillaforia sp. Nostoc sp. Synechocysfis PCC 6803 Synechococcous PCC 7942, and Tolypothrx sp.. All
zamples were exfracted by phosphate buffer, pH 7.0. The extracts were measured the peroxidase
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activity uzing a mixture of 4-amino antipyring, gallic acid and hydrogen peroxide, and incubated at an'c
for 10 minutes. The result showed that the crude extract from Oscillatoria =p. for 14-day incubation had
the highest peroxidase activity, 235.49 units/mg proteins. Peroxidase activity was reduced while MaCl
was increased. The crude enzyme had the opfimum temperature at 55°C and optimum pH at 9.0.
Percentage of ammoniem sulfate fractionation at 0-80% saturation was selected to precipitate of
peroxidaze from cyanobacterium Oscilaforia =p. crude extract. Peroxidase was purified 3.21 fold with
57.98% yield. The partal purified enzyme showed peroxidase activity as 75592 unitsimg proteins,
optirum temperature was 55°C and optimum pH was 9.0, Peroxidase showed K_ and V__ were 0.944
M and 461.209 units/min-mg proteins, respectively. Peroxidase activity was enhanced by an_. K™ Na’,
and Ca”" and =strongly inhibited Hga_ and Zn}". respectively. Peroxidase had stability in the presence of
Urea, EDTA and Sodium dodecyl sulfate.
Keywords: Peroxidase Characierization Cyancbacterium Ammonium sulfate precipitation

Introduction

Cyanobacteria (Blue green algae) are widely accepted as the major of phototrophic prokaryotes
and oxygen evolving organisms [1]. They themselves are produced the free toxic oxygen, so they have
to find the way to maintain their lives. They use a more or less extended time period to detoxify the
oxygen; however, it still i= more poisonous parially reduced species, called reactive oxygen species
(ROS), e.g.. superoxide radical, hydroxyl radical, and hydrogen peroxide. Detoxification of these ROS in
cyancbacteria and other living cells is fo adapt to the new way, i.e., increase oxygen-rnich environment,
elaborate a number of different redox enzymes including peroxidases and superoxide dismutase [2-3].
Under stress conditions, ROS are generated in cellular components, including DMA, protein and lipid
rmembrans, of cell damage [4]. Cyanobactena have evolved efficient antioxidant systems that can protect
them from the damaging effects of oxidative =sfress. These mechanisms employ ROS scavenging
enzymes, ... superxde dismutase (S0D), ascorbate peroxidase (APX), catalaze (CAT), and low
rnolecular weight anticxidants, e.g., ascorbic acid, glutathione (G5H) and phenolic compounds [8]. The
enhanced acfivity of superoxide dismutase and peroxidase (E.C. 1.11.1.7) wers shown upon exposure to
either Nall or Seawater zalinity [6]. Peroxidases (E.C. 1.11.1.7) are the enzymes that catalyze the H, 0,
dependent oxidation of a widely substrates including phenolic compounds, aromatic amines and ascorbic
acid [7-9]. In s=ome previous reports, peroxidases were regarded as a marker enzyme and used in
rmedical diagnosis immunochemistry and enzyme — linked immune — assay [10]. Peroxidases are widely
distributed im all living organizms [11-12]. Peroxidases have been purified and characterized from a
widely sources, such as Chlorella vulgars [3]., Avicennia marine [4]. date palm leaves [7]. Pleurotus
anyngii [8], as well as Tarary buckwheat bran [10].

The preliminaries work to screen of cyanobacteria have peroxidase activity and therefore is
selected the cyanobacterium showed highest peroxidase activity to produce of the enzyme. Five
cyanobacternal species, Oscillatoria =p.. Nestoc sp., Synechocysfis PCC 6803, Synechococcus PCC
T2 and Tolypothrix sp. were used as a source of peroxidase production, which has not been
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attemnpted before. These could be an aliemative commercial source of high perodidasze actvity.
Oscillaforia sp. gave the highest peroxidase activity. However, extraction of enzyme is a limitation to
enzyme production because reduce enzyme activity and yield. Conventional initial purfication step,
armmoniumn sulfate precipitation was selected for this research to reduce process time, low enengy
consurnption and biocompatible environment o the biomolecule due to the presence of large amounts of
water in the exfraction systems. Therefore, in the present study were investigated the propery of
ammonium sulfate precipitate peroxidase fromn cyanobacterium Oscillatora sp. 1o use enzyme source for

phenolic compound biosensor.

Objectives
To screen the highest peroxidase producing =ournces from five cyanobacteria and partial purified
by ammonium =ulfate precipitation and characterized of peroxida=ze from cyanobacternum Oscillatonia sp.

Methods

Microorganisms: Five species of cyanobactera, Oscillaloria sp., Nosfoc sp., Synechocystis
PCC 6803, Synechococcus PCC 7942 and Tolypotiwix sp. were supporied by Depariment of General
Science, Faculty of Science, Srnakhannwirot University.

Culture conditions: All cyanobacteria were photoautotrophically grown in 100 ml of BG,,
medium, pH 7.6. The media were supplemented by 0-05 M of Nall concentration before sterilization
using the autoclave at 15 Ibfinch2 for 15 min. The culfures were incubated at 28°C under continuous
fluorescent white light [SGuEmzs"j [13]. The growth was measured by esfimafion fresh weight of
cyanobacteria for 30 days.

Enzyme extraction: The harvested cyanobacterial cellz were washed three fimes with 50 mM
phosphate buffer, pH 7.0 at room temmperature. The 15-gram of wet sample was resuspended in 50 mil of
phosphate buffer as a sonicating buffer. The cyanobactenal cells were disintegrated by sonicator at 30%
amplitude using cycles of 20s on and 10= off for 10 min. The cell exiracts were centrifuged at 5,000 xg for
15 min, at 4°C, and the supematant was designated as crude enzyme which was used fo determine
peroxidase activity.

Enzyme assay and protein determination: Peroxidase activity was measured by colormetric
mathod following a modified Wright and Micell [14]. A reaction mixture (50 ml in total) was contained 50
mM phosphate buffer (pH 7.0), 2 mM 4-AAP, ZmM gallic acid and 4 mM hydrogen peroxide. The
mixfure was incubated at room temperature (30°C), for 10 min. The reaction was then started by adding
0.05 ml of crude enzyme, and the initial increase in absorbance was monitored at 400 nmn using UVVIS
— Spectrophotometer Model Jenway 6405 (Jenway, UK). One unit of peroxidase activity was defined as
the amount of the enzyme consuming 1 wmol of hydrogen peroxide per minute under the assay
conditions. Protein was determined by Bradford method using bovine serum albumin as a standard [15].

Effect of salt stress on peroxidase activity: Effect of salt sfress on peroxidase activity was
determined after 1-hour incubation of the cyanobacteria cells in BG,, containing a range of 0-0.5 M
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MaCl.

Ammonium sulfate precipitation: The crude enzyme was fractionated by slowly adding the
ammonium sulfate at concentration range of 0-100% saturated (MH. )30, with continuous stiming at ac.
Afterward, the precipitate was collected by cenfrifugation at 5000 xg for 15 minutes at 4°C. The
precipitate from each step was dizsclved in 50 mM phosphate buffer, pH 7.0. The fractions were stored
at 4°C to keep peroxidase activity before use.

Optimum temperature, Optimum pH and Enzyme kinetic: Effects of temperature and pH on
enzyme activity were determined afier 5-min incubation of the reaction mixtures at vanous temperature
ranges from 4-100°C. The dependence of pH on peroxidase activity was determined by using 50 mM
buffers of different pH ranges of 4-11 in the following buffer: acetats buffer {(4-5), phosphate buffer (6-7)
and Tris—HCI| buffer (8-11) at fixed concentration of subsfrates. Kinetics was studied with ammonium
sulfate precipitant peroxidase using gallic acid as subsfrate. The inset is the Lineweaver — Burk plot for
K. and V__ estimation.

Effect of urea, Sodium dodecyl sulfate, EDTA and Cations: Peroxidazs were incubated with
increasing concentration (0-10 M} of urea, SDS and EDTA for 15 minin 50 mM phosphate buffer pH
7.0 at 30°C {room temperature). Also the effects of cations was examined using different cations, Crz_.
Feg+, En2+, CL..a_, Cdi+, Niy, Fef‘q, Mgz', I-Igz_, Cﬁz', Mnh, Ma and K respectively. Peroxidase was
incubated with increasing concentration of vanous cations for 15 min in 50 mM phosphate buffer pH 7.0
at 30°C (room temperaturs). Peroxidase aclivity was determined after each incubation perod. The
activity of the unfreated enzyme was considered as confrol [100%) for calculating percent activity.

Results

Five cyanobacterial species, Oscillaioris sp., Nosfoc sp., Symechocystis PCC 6803,
Synechococcus PCC 7942 and Tolypotivix sp. were screensd 1o assay the peroxidaze activity. vy gourd
(Coccimia grandis L) and phosphate buffer (pH 7.0) were uszed as a positive control and a negative
control, respectively. The result zshowed all samples wers found the peroxidase activity (Table 1).
Oscilfaforia =p. gave the highest peroxidase activity, following Nosfoc sp., Tolypotiwix =p., Synechocyshs
PCC 6803, and Synechococcus PCC 7942, respectively.

Table 1 Peroxidase activity in crude enzyme of & cyanobactenal species

Samples Peroxidase activity (unit/mg protein)
vy gowrd (Positive control) 34995
Phosphate buffer (Negative control) Mo activity
Oscillatona sp. 23549
Nostoc sp 22032
Tolypotinix sp. 198 .42
Synechocystis PCC 6803 19711
Synechococcus PCC 7942 19556
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Ozcillatora =p. was selected to study the optimum growth rate to find the highest peroxidaze
condition. After photoautotrophically grown in BG,, medium at 28°C, the midJog phase was between 12-
18 days. The highest peroxidasze activity of Oscillaforia sp. was 14 — day incubation (Figure 1}). The effect
of =alt stress on peroxidase aclivity was also investigated. The results showsed that the Oscillaforia sp.
incubated in By madium containing 0 M NaCl concenfration had the highest peroxidase activity, and

the activity was then decreased when MaCl concentration increased (Figure 2).
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The effect of temperature on the peroxidase activity of crude enzymes was investigated. The
maximum peroxidase activity from Oscillaforia sp. was at 55°C. and active peroxidase activity was in a
range of 40-60°C. When increasing temperature, the peroxidase activity was decreased, and wholly
inhibited at 100°C (Figure 3). A wide varability with regard fo temperature has been reported for
peroxidases from various sources, e.g., Raphanus safivus L. with optimum temperature at 60°C [11] and
Leucaena leucecephala [16] with the optimum temperature at 55°C.
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The pH effect on the peroxidasze activity was investigated. Peroxidases from Oscillatoria sp.
were alkaline, acidic and natural. The optimum pH on peroxidase activity was showed at pH 9 (Figure 4).
The optimum pH for the peroxidases from vanous sources such as Leucaena leucocephala at pH 5 [16]
vy gourd at pH 7 [17] and Bacillus =p. No.13 at pH 10 [18] were reported as this study.

The filtered crude extract was added by ammonium sulfate to precipitate ranged of 0-20, 20-40,
40-60, 60-80 and 80-100% saturation. The result showed that ammonium sulfate fracfionation ranged of
60-80% =aturafion was the highest specific activity, 828.92 unitsimyg proteins and ammonium sulfate
precipitation ranged of 20-80% saturation was selected for partial purification of Oscllaforfa sp.
peroxidase data as shown in Table 2.

Table 2 Purification of precipitated peroxidase from Oscillatora sp.

Percentage of Specific activity Yield Purity
saturated (NH,),50, {units/myg protein) (%) (Told)
crude enzyme 235449 100 1.00
0-20 105.97 623 0.45
20 - 40 310.85 21.36 1.32
40 - 60 581.66 3221 24T
G0 — 80 82892 2864 3562
80 — 100 61.23 549 0.26
0-80 Thb 92 5798 321
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Figure & Effect of emperature on partal punfied Figure & Effect of pH on partial purified peroxidase
pernxidase activity of Oscilaforia sp. activity of Oscillatona sp.

The effect of temperatures on the partial purified peroxidase activity was determined. The
maximum activity of pariial purified peroxidases was at 55°C, and its optimum temperature was at a
range of 40-60°C. The peroxidase activity was decreased when temperature was increased at a range of
40-50°C, and dramatically decreased and/or inhibited at 100°C as shown in Figure 5.
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The effect of pH on partial purified peroxidase activity was investigated. The peroxidases from
Oscillaforia sp. were a mix of alkaline, acidic and natural enzyme=s. The optimum pH on partial purified
peroxidase activity was at pH 9 (Figure &).

The apparent kinetic parameters for ammoniurm sulfate precipitant peroxddase are shown in Figure
7. The plot zhown is foe gallic acid. The K, and V.. values for Oscillalona sp. peroxidase were 0,944
mM and 461 209 Unitmin-mg proteinz, respectively.

50

[¥] U1 g s i

151
Figure T Kinetic of Oscillafona sp. perosidase activity

Urea, EDTA, SDS and some cations were determined for peroxidase activity. Peroxidase activity
did not change when LUrea concentration imcreases. The peroxidase activity was enhanced in the
presence of 2 mM of EDTA, the enzyme still aclivity at EDTA range of 4-10 mM. SDS, an anionic
detergent on the activity of peroxidase indicated that peroxidase activity of SD5S was increazed at 4 mM,
and the activity did not change when increased its concentration to 10 mM as shown in Figure 8.

we WTOTA AR | L

A

g

Aelidh o ity (41

g

P—
Figure & Effect of Urea, EDTA and SDS on partial Figure 9 Effect of cations on partial purified
purified peroxidase activity of Oscillatoria sp. pernxidase aclvity of Oscillatona sp.

Cations, peroxidase activity was enhanced in the presence of Mn2+, K', Na’, and Ca  because

of zome heavy metals act as cofactor for enzyme reaction. Alzo, peroxidase activity was strongly

inhibited by Hg™, Zn" and 500 uM of Cd" (Figure 9) because of heavy metal precipitated the protein

and denatured enzyme protein.
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Conclusions and Discussion

In conclusion, all cyanobacterial samples showed the activity of peroxidases as others reported,
e.q.. in Oscilaforia sp. Nosfoc sp., Tolypofhnx sp., Synechocysfis PCC 6803, and Synechococcus PCC
7942 The highest peroxidase activity fromm Oszcillatona sp. was at 14 — day incubation, and the activity
was decreased when the Nall concentration was added up. The optimum termperature and pH of the
crude enzyme was at 55°C and pH 9, respectively. The partial purified peroxidases at 3.21 folds using
armmoniurn sulfate precipitation was alzo the same opimum temperature and pH as fotal pericipitation
previcusly. The K. and V. values for Oscillafors sp. peroxidase were 0944 mM and 461.209
Urnitfmin-mg proteins. Peroxidase activity did not change when Urea concentration increases. The
peroxidase activity was still activity at EDTA range of 4-10 mM. The activity did not change when
increased SDS concentration to 10 mM. The activity of peroxidase was enhanced by Mn™", K. Na”. and
Cca” and strongly inhibited Hg” and ?_'nm. respectively. The peroxidases from five cyanobacteria can be
purified using the simple procedure and used for enzymatic reactions in iving cells [19-22].
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Abstract

This research aimed to study the growth of six cyanobacteria, Anabeana ambigua, Nostoc commune,
Spilurina sp., Oscillatoria sp., Oscillatoria salina and Oscillatoria sp. TISTR 8491, on salt stress by increasing of NaCl
in BG,; medium, and detect their peroxidase activities. The samples were extracted by phosphate buffer, pH 8.0. The
peroxidase activities from extracts were measured using a mixture of 4-aminoantipyrine. gallic acid and hydrogen
peroxide, incubated at 30°C for 10 minutes. The result showed that the optimal growth rate of Anabeana ambigua,
Nostoc commune, Oscillatoria sp., Oscillatoria salina and Oscillatoria sp. TISTR 8491 under no salanity while Spilurina
sp. was 0.25 M NaCl. The salt stress condition on growth of Anabeana ambigua was under 0.25 M NaCl, Nosfoc
commune, Oscillatoria sp., Oscillatoria salina, Oscillatoria sp. TISTR 8491 and Spilurina sp. was under 0.5 M NaCl.
The specific activities of crude extracts from Anabeana ambigua, Nostoc commune, Spilurina sp., Oscillatoria sp.,
Oscillatoria salina and Oscillatoria sp. TISTR 8491 were 32.34, 29.75, 12.86, 10.67, 9.60 and 3.82 Units/mg protein,
respectively. The peroxidase activities were stable at the pH range of 4 — 11, with optimal activities at alkaline condition

at pH 9.0,

Keywords: Screening, Peroxidase, Cyanobacteria, Salinity
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