KOR. JOUR. MICROBIOL June, 1992 p. 225~231

Vol. 30, No. 3

Chlamydomonas reinhardtiitl| A ZH|8t Ascorbate Oxidase2| S

2I8S - O|FH - T -

A EA N 2] ascorbic acid : dehydroascorbic acid system & ZAsl=t] Fojal= Ao ozl

ascorbate 4F3} § o] AL X =zFal

Chlamydomonas reinhardtiio) 4 8130 23 o]

Exel A% AL 2t AL native gel A7) FFo AH B G5 By
EAC 2% ascorbic acid®] FFE & FH A FAE B Vel 3R I,
hydroxyapatite §2% A2 wlE12}9), 18|32 Sephadex G-150 gel &3} Z2rjeaalv)g 23
2=} 26.1 units/mg 2] specific activity® e}l %lch. £2)¥ ascorbate 4}3} &= 55°C, pH
4.6 1A 713 BA 7} 9t} Native gel 7] 9 E o4 88,000 dalton 7}}2] Ez}ekS 7hA) 2
VAL 229 Ae] EAFe 55000 o). =& Western blotting technique s ¢] &3l C

reinhardtii2] ascorbate oxidaseE ¥4l3}3ic}).
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AA W] F28 A F2) sl ascorbic acid
(vitamin C)&= AEely FEIM =T A=,
22 de] FxEe] glon, Al o] 28w
guinea-pig 52 - 5] glo] g R
AHE P82 3} Ascorbic acidE 1920dt)] e
Szent Gyorgyioll 93] #e]®l )% 33}, As}sh
=233t SAel digk B A7t AgHe] A
kT8 AedlA Yehs o] B BqrAA
gl 2 75l i e B AR A =
At} (12, 28). 2ol = QAW ol] 42 ascorbic acid$)
4e3 71522+ ascorbic acid®] #%A] collagen
e wslste] (34), H¥We zHste (33), 2
AF8kAHE-]] dehydroascorbic acid: AAHE Bd&
23 (11, 12) 8k Ae® ¥uEe] glt} =g <At
Ho g qbe] Xgel #AHFH] 9leE AAlsle B
A5 HEste] ofe] AelE] 75l BaAF gllw
a3z qle} (5,17, 23, 24, 28, 30).

AW A ASCE Fe) 202 dehydroascor-
bic acid (DHA)E 4k3t=lt} (20). Edgar (11)= A
A el ASCe} DHAS ¥%u|7} Anle] ubat 4%
Edolut o2 kA Al xRy e] Aol 3t indicators
2H-8-3tta 3kgich o) 5 ASC:DHAQ] sxH] (13)2
24% 4 e &E49 3k}l ascorbate oxidase”}
2] WAE o] F (4) o] FollA =T
ek o] &A4E Felo]&E EFH= ascorbate
oxidase7} AbnE HAALLAZ o] g3l ASCE
DHAZ  4HA17]32  (10,17,22.30), EEo)Ale
dopamine S-hydroxylase (15)9} 7+& FASo)
ASCE AbgA7Im, 59 259 Myrothecium

verrucaria  (35)9]  Ex}e} FARH A o]=l3H
ascorbate oxidase®} ascorbate oxygenase2] &4]o|
JdE Aoz FoFger (18). =& Pleurorus
ostreatus®] FAF A X ascorbic acid AFgtAE A &
Aol sle 7ol AN (19). A EellA &3] 2
7= ascorbate oxidaser H-2}EFo] 140,000]% 8
A FeE FREaL gle &mield (10,22,25),
ol AlEe AEAY THAEY el S 4
F2 WE== ascorbate peroxidase ascorbate
oxidasesh= 9] E2lEF% 30,000 Axo|w, Feld
4l heme group-g 7} 9lt} (7.8, 26).

B A HE xR UEd C
reinhardiiiol 5 ASCe] Alshahge ddmsel gle

ascorbate oxidase®] &AL FHlslglw, o] &48
el AAste] 2rhA] EejEetd EAS zalelg]
o}

Mz 3oy

A2 75 % ez A

2 Agol A8 FF= C reinhardtii straino]H,
Chlamydomonas stock center (14)23-E F-of wlo}
AHgshdTh e A wike 4 F Aoz 3
dem], TAP & wlx] (29)e] HZ3sle] 25°Col A
ekl AA4E EAASY) 9% C rein-
hardtii®] dEF ok 20 L ste] wief7)el A =45
A717bA] 5UZE TAP iAol wjoksle] ony, F39
BHgo} Az whokst H-el= HSMS AR2-3)
ik
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Ascorbate oxidase FAEMEO| HF U M
et

C. reinhardtiioll &&= ascorbate 4H3} &4-9
$48 EAsr] Siste] of2e F bR wEE Al
43191 =4 native polyacrylamide gel 7135 (9)
< 57 F o] gelollA HAe] AXE Antond
Markakis®] W (1)& AH83te] FA8ldct 84
AAe 93 ASC &4 0.1 mM EDTAE %3
0.1 M sodium phosphate k&89 (pH 5.6, 25°C)
of 0.l mM °] HEZ ASCE $38A1A HEslor
A71odEste] 2 gels whzel Aol 30¥-7F
whe A7) %, o] gel&  1mM  26-dichloro-
phenolindophenol (DCPIP) &3} 5-10 #7+
Al A bandE E]lstlch 3 FmAe o
FAagA 23 9y (16,27), ukgolol| 2.7 m/2] 0.1
M NaPB (pH 56. 25°C), 02mie] EXAEE
932100 ul=] 3 mM ASCE do] R-g Al 3)s]
i"i HHS-2 265 nmeol| A 5—«:’&-4 TR AR F
Aatodich iig] Gaekgl= 919 dkgellA 1 5
ool 1uMS) ASC7} 7hashes A8 15H9](unin 2

1}

Astgdch,  mE FFE+= Beckman  DU-50
Spectrophotometerg °]-4-3te] ZA 3t

bl Al oke  Smith & (31)9] ubH<al BCA
(Bicinchoninic acid) protein assay reagent (Pierce.
Holland)& AF&-3}ed. 562 nmeoll 4] F3 =g =H3)
do). FF AR E bovine serum  albumin
(Sigma. USA)E AH&-3hdTh
20 HA|
ZH A (crude extract)Q M=

TAP wix|ell A C reinhardtiisd 5 4 F<F 4
wlokalZl &, A182]7)(5.000X g, 1085 o] &3lo]
AES —’Fi}b‘]-"jﬂ}, o] Z 33]oll ZA freeze. thawing
g 3 kgt AE e 2 il =HEE 50 mM
NaPB (pH 86. 0. mM EDTA. 7mM ME¢2} 0.5
mM PMSF7} #7bsh)s #7igk 5 AxE 4°C=
S 7IHA g 2 (Cole-Parmer
Instrument Co., USA)E o]&3}te] 15% F9F 80
watt® oAl Baskedch o] Iafel-g 15.000X =
4° Coﬂfﬂ 60 L7 9 ‘EE](Haml Industrlal Co.)3}od

>, o] e FEA HoF ARgEkal

A )4 Coll 4 A A8l

282 Sl 1A BAITES X3 40-60%
7} 5‘—].5:3— 117],5}.0;] 4° Co“ H 1/\] 7} _‘r_0]> oJM A]?]
F10.000Xg oA 2087 IAF-Esle] AHES
Aol o]E Fol stEgdoR faA]A A8-slel
c}.

Hydroxyapatite &2 Z2rtE2bds ¥ o]
o]Feo]# hydroxyapatite column (2.7 X 15 cm)el]
bt el HAUES Selldt AnAEE YL
sodium phosphate £H=8-<%o] S0 mM. 150 mM.
300 mMe) =& Bx9 step v VEVIE AiE

::
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|Z A7t} Hydroxyapaliteﬁ’] A z=E Bernardi (2)

o] uhS Rk Chai 5 (6)9] wWilell we} 43
stojct. shAdEl whAl A AE = hydroxyapatite [
(POL)(OH)-J&= AHE-3}7] ﬂ?]}z] 4°Cl Bk
o}

Sephadex G-150 gel 0iz} I E0iE12}y|

Hydroxyapatite &% ZZvlE12lu]dA £-&%
23 & gAo] gl FEE Fo} Centri-Prep Con-
centrator (Amicon, USA)E F&A17]31, o]7]4] &
o]z EAHS 50mM NaPB (pH 5.6, 0.1 mM
EDTA. SmM ME)Z #3171 Sephadex G-150
(Pharmacia Fine Chemicals, USA) column (1.5X
90cm) o ¥& F FdI SFgdow LA
t}.
49 4

Native gel F7|HEof 2o/st 22Xt £H

Native gel A7] d%& Davis (9)¢] Wiz
ssld v B-zpeke] A4l #h2 Sigma Chemi(,al
Company9] protocolell wle} 73 stgick &7 =
WA 2= Jack bean urease (Mr=272.0002} 545,
000). bovine serum albumin (Mr=132.,0002} 200,
000). chicken egg albumin (Mr=45.000). bovine
erythrocytes carbonic anhydrase (Mr=29,000).
bovine milk @ -lactalbumin (Mr=14200)2] non-
denatured protein molecular weight marker kit
(Sigma, USA)E AH8-3taich
SDS-PAGE®!| 2|8t 2Xig 53
Sodium dodecyl sulphate-polyacrylamide gel elec-
trophoresis (SDS-PAGE)¥ Laemmli (21)3d< ©]
&3sledct A28} acrylamide ¥ %+ separating 8.5
9%. stacking 4%<] discontinuous systemZ AR&-3}
e} EF FAEES Bio-rad®] high molecular
marker2} low molecular marker® 8o oju}
e sled abg-ahoic
g4 gMFo st 2 H pHe HE
A4 BAx i 2xe] s xAbsly] 9fske]
16°Cel| 4] 70°C4Fole] 2ol 4 0.1M NaPB (pH
56. 25°C)S Ahgste] FHEG FAshlch A4
el g pHe| 8-S x4bstr] glste] pH 4
ol 4] pH 5.6 7F#%&= 0.1 M acctate $H58-°1 pH 5.6
o4 pH 7.6 7<% 0.1 M NaPB& 2Hg-ae] 24
=5 FAskelch
Km I Vmax ZA—" Eg

B F—]{l Fe] 714 gk apparent K, ' Vi
e ZAsl7) glste] oe} V) dF el g A
A2 30°C, 0.1 M NaPB (pH 5.6, 25°C)ellH &3
sloich ASC2] HwH s 0.01-0.1 mME 3talch

b

stiel &AM 3 western blotting.

Cucurbitadl 41 2] A% ascorbate oxidaseg
Boehringcr Mannheimol| 4] 78] 8}eq 43‘3]"’3‘3}

oleflth gk &l A&d] A7hA whabe] mgow A
Adatedh
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Western blottingE 2|8t A|J2 =H|

Ascorbate oxidase®] §7F Bo]Al-& AF3}7) 9
E. coli 2 C. reinhardrii M| 2.2 staionary phase (OD
w0974 Wikt F 53 (5000X g)5ted pellet 10
ule] RIPA bufferell suspensiond o] 0°Col| 4]
10253 sonication (5 cycles/15 sec)st5t}. Soni-
cation¥t ¥ 308 Fob ARz (15,000 X g)3}ed
o1zl ASHS Western blotting®] A|l82 Al4-3}
airJr 1 4% N5& 5DS-PAGE sample buffer (21)
of ¥ 1087 Aok AH-E o 712 —20°Coll
_‘?_-‘&6}“11]- Westing blottingS 18 SDS-PAGE:=
Al e AR s, 3 FAeke
Sigma Chemical Co.oll4 pre-stained molecular
weight markerd F<J&te] A}8-3}sic)
Immunoblotting

A7ld%o] BEF gelZ transfer buffer (20 mM
Tris-glycine buffer, pH 83)e] 10% %9} incu-
bationgt ¥ Trans-Blot cell (BIO-RAD)sj gel3}
Nytran membrane filter (0.2 um pore, Schleiher
and Schuell)Z assemblygh3-o 30 Vol 4] 54| 7FE e}
transferg  a3Act.  Transfer  effinciency:
prestained protein standards®] transfer A= & =
A3t Transfer’t ZW%E 3 A7+ £9} Blotto/
Tween blocking solutiono| 4] membraneZ block-
ingA) 713 Tris-buffered salinesl| 4] 5 A 23}oic}
°]% 500 ®l 3]4% primary antibody (rabbit
anti-ascorbate oxidase antibody)ell 2 A]7} ¥F-S-A]
Fla, AHE F 30008 3A= horse-radish
peroxidase conjugated secondary antibody (goat
anti-rabbit IgG serum; Bio-rad)el] uF-&-A)7)x 3F
A1ZE EEel F9th. Horse-radish peroxidase2)
substratex insoluble product® AAA)7]= 5-
bromo-4-chloro-3-indolyl phosphate} nitro-blue
tetrazolium chloride® A}8-3te stainingdtsich

A o £of

Ascorbate oxidase & FHAs}7] 93t Fajqd o)
/\}Jg_?:s_} x]g} 40-60% jg} gl.x}oh:xg-__ 1.]‘:/]5],@! o
o dojxl FHES A native gelZ electropho-
resis3- 71}, hydroxyapatiteol] 4] o]z &Ado] gj =
+&8& ¥o} Centri-Prep Concentrators %3}
Z-& ARS8 Acrylamide %57} 7%9l native
gel A7]°d5l A ascorbate AlstE o] FAS x|

= o2 FEMY band2, 4L AR 9=
FEE T8 el (Fig. 1). DCPIP: 54
Sl AstE Al o FEAS Jehyzun
FlE Y02 W= redox indicatorz Al gel
dellA #gdo] 9l H-E& ascorbate oxidizing
enzymeell ¢Js] ASC7} DHAZ nul¥jglong ==
Aol IR ol A HAmk 1 o]ele] mEe
EAst= ASCell s DCPIP7} $Hsjmz o)
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Fig. 1. A- Acuvity staining of ascorbate oxidizing en-
zyme in the eluant of hydroxyapatite chro-
matography by the method proposed by Anton
and Markakis (7).

Py el
J—"‘l‘a

abA =l g2 ARg-3sked native
gelell A7|AI7] 3?— AN TYsdE A4S 45
Z2el ascorbate oxidizing enzymes ¥ iso-
enzymes EF  Ul2v} (date not shown).
hydroxyapatiteZ 3H A= 29 Uy
isoenzyme®] W2 AAHZ F ZFI Ity
of Wl=e] |l Aol digt FHAE A x3)
drd. Fig. 1ol B gl%o] hy roxyapatite
columng FH AR A5E AHEsdS A9 C
reinhardittiel £ 3= ascorbate  oxidizing
enzyme?] gel patterne F% d7pz] =& A
st} ol#dt A3ke= Hwang 5 (19)0] Pleurotus
ostreatus*l| 4] ¥-2]3 ascorbate oxidase9} ®]2=%h
W& Holul, Marchesini®t Kroneck (25)7}
Cucubita pepo medullosa| ]  H-2]%F ascorbate
oxidase 5 o]u] °H?;Hl NAEH EA) ofafo] Wo)

T3S o T Utk EHFEAE 083 ascorbate
A3 49 3 évr.va‘ 265 nmiol| A 233 A

£ S
T
=3

s°] AP we} ASCY FHE7}t Fasis As
= 7 st (Fig 2). AdlA D9] peakes 7+ 5%
2} absorption spectrum$& R T 9lon Ex=
ASCE 7] 93 791y, 2558 7#xhak 59 Do
#12] ASC°] F3w7) E9 74.4 axsle oz
Hol BE ASC7F 4bsbE9l -8 & & itk
ic}"]‘”y— 2] 2] of] 4] °é°1 2 218  hydroxy-

apatite columne]| "‘2}*]?1 50. 150. 300 mM 9]
NaPB ¥%= 7272 §&414& %% NaPB ¥%7}
0.1-02 Mo sFsh= B3olx] asel 48 et
Wik (Fig. 3). Table 1ol vehd 73t go], o]
Ao A specific activity7} 160 units/mg ©.2 =7
7k shd ot wbd 88 70% ol A 16%E 27
Araslde) o)+ ascorbate oxidase?} E-2]FA-L
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Fig. 2. Absorption spectra of ascorbic acid after en-
zymatic oxidation. Scan interval was 5 minute.
A-D reaction mixture contains 0.2 mM ascorbic
acid and 200 ul eluant of hydroxyapative
chromatography. E reaction mixture contains
eluant only.

AXEA B EE Jehha gloy, &4 od el A
one bandZ 1}27] ufF-of o] wio] T Ao Ea
FAl &FHolgla Aztsleic). Hydroxyapatite
Aol 4 Y 2] ascorbate oxidizing enzyme E&
A7 slH A @& ok ascorbate oxidaser} 7ol A
=)o) ascorbate oxidased Wol LLE = AH$
o] upH-& Al&sh= Ao 14?‘{}8}2] ot} A zhaic),
Ascorbate oxidase &Ajo] HH-& F-g]sle] F&=x)71
F Sephadex G-150 gel o33} FZupE12}u]e]] 4]
%%*lzi S 735 35-55 ¥-3)3} 80-95 H-Ho A &9
o] 7 ffﬂ]?«il (Fig. 4) °] % 7zt F13 F22
[e]

grstdon wrEsl % resa, Fat
A 7] 5} “‘]‘iitjr F19] -r-".f spemﬁc acmv1ty7}
85.7 units/mg o & o} 1.8%2 &5 Helge] &

elAA7E dAdES ¢ %lt’r
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Fig. 3. Hydroxyapatite chromatography of ascorbate

oxidase. The volume of each fractions was 3
ml. Protein, --- Ascorbate oxidase, -O-O-O-.

E2 &l

T Aae PR RFHHAS A%
8. 9%<l native gel

acrylamide ¥%=7} 6, 7, 7.5,
(non-denatured gel) A7]35& G- sle] F3pich
A A o8& ExlEke] Agdiggiol dig 34
F4E 28 AAS e (Fig 5, 2 A #
AL 8800022 FAHE BHE wEAEA
o #-2]¥ ascorbate oxidaseZ9] - EAlgo]
132,000-140,000 A X)L (4), Celuloplasmin® 73-%-
o= ExPEFe] 151,00081 AHell w®|FS) ®E C
reinhardtiio 4] £-213F ascorbate oxidasex F-x}eFo)
s Apda & 5 glch

=gk SDS-PAGE #7]%d %% 53 2994 (sub-
unit)®] AR A% 23 (Fig 6) #2150l 55.
00022 ilel} Strothkampe} Dawson (32)°] X
SAl B4 H2]% ascorbate oxidase<} Tr*}?ﬂ-ﬂ%
Pleurotus ostreatusol 4 5-2] &} ascorbate oxidizing
enzymeXx ascorbate oxidase?] Zo.Z Al Ee &
ZFo] A AL o) FAE HA s F“— 74 2 o3A% ‘:}

o] Ao HhE2kol iyt sk, 55°C7t A
250l o & gloled E gdx & ulo s

).

P) 001'
m&?L flo

Table 1. Furification of ascorbate oxidase from Chlamydomonas reinhardtii.

Total Total Specific Yield
Step Protein Activity Activity (%)
(mg) (units) (units/mg)
Crude extract 284.4 995.4 35 100
Ammonum sulfate 86.6 710.1 8.2 713
precipitation
Hydroxyapatite 2.6 160.3 61.7 16.1
chromatography
Sephadex G-150 0.2 18.0 90.0 1.8

chromatography
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Fig. 4. Gel/ filtration chromatography of ascorbate oxi-
dase on Sephadex G-150. The volume of each
fractions was 3ml. Protein, -/ Ascorbate
oxidase, -O-O-O-.
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Fig. 5. Molecular weight estimation of ascorbate
oxidase by native gel efectrophoresis. Molecular
Standard markers: 1, a-lactalbumin (14,000);
2, chicken egg albumin (45,000); 3 bovine
serum albumin, monomer (66,000); 4, car-
bonic anhydrase (29.000); 5, bovine serum
albumin, dimer (132,000); 6 ascorbate
oxidase.

UEsd Ze3 25E 65°C9 30°Co)it} (data
not shown). #2]% ascorbate oxidasc®] 4] % ol
v 2= pHE %388 2 A3} (data not shown)
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Fig. 6. Electrophotoretogram of ascorbate oxidase.
Left lane; Molecular standard marker: pho-
sphorylase b (97,400), bovine serum albumin
(66,200), ovalbumin (42,300), soybean trypin
inhibitor  (21,600), and lysozyme (14,400).
Right lane; purified ascorbate oxidase.

pH 45 oA 7} ¥ #4=E Yeblx, pH 55
o] el e ALBA T} uk o3lE A=) of
BB wFA)EAY Pleurotus ostreatuso| A H-2] <
ascorbate oxidase= pH 52 HZo] 32 pHd]
(3). C. reinhardtii®] 73%- pH 5.2 oA = 80%<] &
AEE e pH 45904 o] & #4487 x
sliet o= 7IAZ AMS-5+ ascorbate monoanion
A2 EAF pH YAl Q7] dEql Aoz ap
53k Fels"l  ascorbate oxidase®] )&l
ascorbate®] FEH 3l wE WHEEEE 3l
apparent K, Vo, 5t Alabsiaich L-ASCell
&k ascorbate oxidase?] K,7t2 23 yME 1le}
Wtk (Fig 6. C). o] Hwang = (19)o] ¥.wa
Pleurotus ostreatus| 4 #-2]§+ ascorbate oxidase7}
ASCell HE K, 3k 22 uM3 7] dx]sta 9}

¥ AyolA ¥2|q ascorbate oxidizing en-
zymes Cucurbitaol| 4] ®-2]8le] Q2 ascorbate
oxidase®] &9} Western blottingg 3 23} (Fig.
7). EAkFe] 5500001903, Chlamydomonasel A =
vls=gh Expeke) el A Cucurbita®l  ascorbate
oxidaseol| thgt &4 & QA5 band S A3 7}

e, B AFox o)zl &7} ascorbate
oxidaseztz #telsdlgic). t2-o] E colid A% as-
corbate oxidase7} EA|ste]  ©)HL  Chlamy-

domonas‘t Cucurbita®} -8 =719) iz Hxlo]
©] 4} ascorbate oxidase7} X3H o2 ¥ 9l
Zel ozl oA, BE E coli®] 7% o279
WE (FAbeFo] oF 86.000: 55000 40,000; 37.000)7}
Cucurbita®) ascorbate oxidase2] FAE QA st
el Fels Ea gl

ole] Axg w|Fe] Chlamydomonas7} #1317
Loz F7hAe £a3n gle] wlmH AspHom
Pleurotus ostreatuset 218 2]l ¢li= Aoz A
7t} obge] E. colil A% Cucurbita®) ascorbate
oxidase #AE <4F= major band (Fig. 7)7}+
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Fig. 7. A Ascorbate oxidizing enzymes (from E. coli)

Y

subjected to electrophoresis under denaturing
conditions and blotted onto Nytran filter and
probed using rabbit anti-ascorbate oxidase
antibody; B: Ascorbate oxidase (from Chlamy-
domonas reinhardtii), C; Ascobate oxidase (from
Cucurbita sp.). MW, Molecular standard
marker; triosephosphate isomerase (26,600),
lactic dehydrogenase (36,500), fumarase (48,
500), pyruvate kinase (68000), fructose-6-
phosphate  kinase (84,000), B -galactosidase
(116,000), and asmacroglobulin (180,000).
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ABSTRACT: Properites of Purified Ascorbate Oxidase in Chlamydomonas reinhardtii
In, Y.H., J.H. Lee, Y.G. Chai, Y.K. Choi', S.-O. Kang’, G. Jeong’ and Y.C.

Hah® (Dept.

of Biochemistry,
Microbiology. Seoul National Univ.)

'Biology, Hanyang Univ.

and ‘Dept. of

To identify and characterize an ascorbate oxidizing enzyme in Chlamydomonas reinhardtii,
we studied as follows. Ascorbate oxidizing enzyme activity from the crude extract of
Chlamydomonas  reinhardtii was detected by specific active staining through native gel
eletrophoresis and ultraviolet spectroscopy. Ascorbate oxidizing enzyme was partilly purified
by various procedures including ammonium sulfate precipitaion, adsorption chromatography
on hydroxyapatite and Sephadex G-150 gel filtration chromatography. The molecular weight
of the native enzyme was about 88,000 dalton by native gel electrophoresis and subunit
molecular weight 55000 of this enzyme was determined by SDS-PASE. The optimum
temperature for the enzyme was about 55°C and pH 4.6 was the optimum. Moreover,
ascorbate oxidase in C. reinhardtii was confirmed by Western blotting technique.





