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Haloperoxidase® JAbsH w4 B-& £2317] S1ste] S A28 35T 59 A 2ol M 29 BAF
TFE W22 S T3t B3 Q= 27 FH2EEZ5E F2ld ¢ T79 HAT#H#460)00H 2
haloperoxidase &4 o] HAHANS. £ #F9 A= - A EAL Sreptomyces §3 #4131 QAR E
haloperoxidase: M X & FZEE2Y%€ ammonium sulfate precipitation, High-Q column chromatography, gel
permeation chromatogr aphy, Hydroxyapetite chromategr aphy =22 X hydrophobic interaction chromatogr aphyS-
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o] CI= 05M AXolal Bre 1mM, 281 5= 1uMdl &
ke 5 Sl Hlgl vl w& Hola dtEu 2R/ F Y

AEEo) oste] Aate= 221 AL AHE Folle ol gk d=7l
BFHEE9] Hlgo] mf$- EUH(2,13). F7IE-e] E=2A3) vk
2 7134 W FoAE - o] ¥R 4EA e
H], 1 o]-f= HAFx13}3 (dectronegativity)] "¢ E& o]#3H
HaEolA HAE o A|7IHA §hg-o] X8 =]7] wfo|ct. wp
A F7 IR o] WS sk ] HeiMe a2 318t T
ul-e- AEgk 9k Z7do] HQsh o] B9 Aoz F=As}
= F29lo] gAIslsry SolAdel B2 &4 7E Al "HThQ).
Haloperoxidase (HPase)etal sh= €¥de] aae 714 71835 A
dHog dzAssl= a424 FFE= iodoperoxidase,
bromoperoxidase, chloroperoxidase 5°] oM ol Eihe F
2 o]a} thAKFE & haogenation® E29] Aol odsiALt
FA FUE HISA FI1ES 39 27|l Bos=
Ao g AAA I 9o 2EA40] F7 wel Heme-HPase, Mn-
HPase, Fe-HPase, VarHPase, flavin-HPase 5-0] 431012, 14).

2 BAEL 83 71AEA QA PF &5 fol29d
C~ 5 &= Fols o8 & o & tE 7|FA== 4
2 thAlell A B2 02 HhEHE hydrogen peroxideS ©]-&3Hch,
ol 2ka tir}Aol A FtslA AAE reactive oxygen species
Z 3R Ikl Aae A4S AlASHE peoxidaed] 715 E
Fte FoE AR glow old wet A ilslE=
7174 71d9] AeZLe nje & ZoF B o) E
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Haloperoxidase reaction:

Organic-H + H,O,+ X~ (=17, Br-, CI") — Organic-X + 2H,0

Tt AE Fo2HE oY 79 hdoperoxidese’l £, B
15o] 21EH Mold Caldariomyces fumagooll A 2] € chloro-
peroxidase= 42kDa A9 EAHOZ Fe? iong S5
7HA 3 en FeO-Cl FH|] Solgt FIAE A3t 712S
chloringionsl= AS 2 d#X]31 131(5), lactoperoxidase= iodine
Eo] ghgA wde] Tyra} His 27]9] 188 AR
deld oz wkgste] At ¥ ddS A F9dA
lodine®. 2 At w9 F&3A AFEE I UThR). =
Polymorphonuclear leukocytedll E2)3= myeloperoxidase= I+
shraeel S Sols o3t A ol 712k sk
o] 2Rl HAd AFEe] T @lES hdogenation A7
S 2 o]E& AFEAITIE 715E 7L VI Stk s el A
HY FFY FEFolA hdopeoxidase®] #2]7F HaLE ] o™
A1t Sreptomyceset £-718-2] £3l] T3 0] FHoldt Pseudomonas
AlFEoNME Barsa 9ITk({, 15). Ald-i-2l halopeoxidase
AN WEH7 haopeoxidasedts ©a] ZAEAE heme
system7FAAL QA ge AT Bon TR diil Ao
Akl 28 A0 BAZE gle AR deiA Jov 1 AR
Q1 715l dhslix= ob& delA AA] 4rh4, 8).
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7] 8RS, 53] Aol 2 IR AEEAdel
580 7IHETH2, 10). wehA] £ AFolMe sl Al 2 W
Ao Z2HE o3t G4 (hdoparoxidase)E AN S AT7E 4
3Tt oAFAHES Ailshe e R SRlE WAT v
o} §71E BTl =2 w55 oz S sk S0
BHRAY Aolgte At st HA 1T = U= antifungd
activitys Rl WA TFE 94 SR AAsial o
A FoA A EES W g FRANA HPase 8438 24,
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Phenol red, hydrogen peroxide (30% solution), KBr, EDTA,
phosphate = TrisHCI, Trizma base 5 9598 222 Sigma
(USA) AIE-S A28l 95% of|ehe-e Merck AlES AMS-
3heleh. AZehE e} S resin & AIF AFS AHSSIC

o3 T

TFEE A3 sl F= A E= SCUBAR A E 4] 2-3
g 4x9] AFEE Fto] ol 22 =718 AASL 4
7HIE olgste] HiZe] 05em stz Al A& FH 1ml9
BaE SrE ZhelaLl BAARER A9ttt e B E vkl
£ o|&ste] Wel e Ade Hatol o]E dF EEde

2 o]lg3lde ols v FulE B ujx|(ZoBdl HIA,
SWC iAol 0.1mi¥ 71star EHsle] A FJegto] FAE o
712 v st SlA HA &0y slg= Pt 50ml conical
tubec] ol Az ksl X2ttt 53] W] B¢
£ oF E9S 60°C waer baholl A oF 1417 2 2)s)o]
LRk Hl-S A A & o)E WA E28 vl X (Bennet's, Sarch
Casein KNO,, Chtin, M3-| and Il B17] 5)oll =2afe] £ajats]
o}t B2d 3o A3ehd 548 EASY-24Eplus Kit (Komed,
Korea)S ARE-3te] AR

2 Hunter-Cevera®} Sotos®] HHH (62 ™} phenal
redE hydrogen peroxide®} KBr& ©|-8-ate] & ] Azo] =8

AABIATE. o] WHEL 96-microwell plateS AHEE = Slo] A
A A A B olE) B4R dAlAE -850 AR
T A= Wl

A Ao 7)AgHOT 95 el =2 0.2% (Wh)
phenol red &4 4ml¢} 0.3M potassum phosphate buffer (pH
700 =<2 50mM KBr -£9 96miE & 42 8A8 2|23k
o} 3k w e AlS s Rl A LoopE ©]8-3t] 50
mg A% #3 3 1.5ml Eppendorf tubesl] 23l 05mle) lysis
buffer (10mM EDTAS} 10 mg/ml lysozymeS ¥3H31= 50mM
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Phosphate buffer, pH 7.5)2 21 127 229423t cal S
g3)et & AR5} (5min at 23,000xg, Vison High speed
centrifuge) cel debrisE | A3l supernatantS 0.1 ml 3k 1
miEo] disposeble cuvetted] 2l 1 mi2] AA-EA} 10ul9] 3%
hydrogen peroxideZ 713F 3 2 41ojA A& &8 25°Col|A] 30
B2 RS £ 595 nmol| A SRS SAs A4S AL
Stk 3T =842 73 Hdoperoxidase 448 9Jv]s)
™ 3087t AS 10 Z7MTIE EAYS 1 unit HPase2 3
o} 84 EAo] o go] A7to] red-orange A blueviolet
o= WslsiAl Flrt. Spectrum 430 nmel] YERs= phenal red
peake} FH7 595 nmell 3B == ANEE FF peakt AFETH
(== \]AA).

o] WL o FRFEE S3)o] 7153 96-well microplate
o] Zt welloll 0.15mle] w4l F=E-5 7Fstar wlg] F=xlgk 24
£ 100miE 1mle] 3% hydrogen peroxideE 43S 84 0.15
miE 7Fete] E50] FHA] 3087 ¥ F3gk $ 595 nmel]
A] microplate reader (Bio-Rad Model 3550)2 ©]8-3le] ZANS}
At

Agar platedi| M HPase &4 2444

Agar plaed 10719 i} TF5 22 I FEE S
colony’} FAHH o5 AHAZ A2 replicas o] -85+
colonyES = 5 7)o 05ml] lysozyme solution (1 mg/ml)
= 7FeaL cdl wals 717 9fsf 3031 wj it o] SHAAE
CHCI, 7|2 X3}A17] desiccatorol| A 307t wljgsled Alz=t
< &3r17]1aL 2-33] ERt SAE THES cdlS FUHE
gate] YgEo] Ao 2HEA gt o] d#HAE solid
buffer (50 MM phosphate buffer, 0.1 mM EDTA, 1% agar, pH
75) 91l Yol 2A17F WA|ste] B4 o] agar® ~MEA St
o] 7)ol 15mle] ¥H2-8H(0.2% phenol red, 50mM phosphate
buffer, 0.1 mM EDTA, 1% agar, pH 7.5/ 7}8kaL A& ghalo)
A AR 1 §REAIZ) F Azl wiskE s

A14600l| M Haloperoxidasee| 22| HH|

Late exponentid pheseel] =€ 75 10L #lgH-S 02um
pore size2] tangential flow filter (3,500cm? surface, Microgon
Co., USA)E o|83le] 212 ¥Z=A]7]3L High speed centrifuge
(Vision Science Co., Korea)= 15,000xgellA] 2087 441 BEajs}
o #AE A Wet weight 100g Fx2] #AE 4 F
oj710)] mlE] 4£°CE 43+ 400ml¢] lyss buffer (5mM phosphate
buffer, 100mM EDTA, pH 7.0 7514 cold roomoll A 1A7Hs
QF wyk A7l & AlxetdE Bt 843 7] 98t 2Su
A5 o83t de=ol B dHlelA 173 253E V1St
I 1R aRk A7) HEE 53] WHES AW FEES
Eata g Ax F2271E AAS] 95t dAEE
(15,000xg, 30 min)dt] 24588 3|43} tt. 12]3L ammonium
sulfate 55 35%%} 75% Ateldll FHE JHES 3|3t
°]2 30ml¢] 50mM phosphate buffer (pH 7.0)0] =2 &
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Econo 10-DG desdting column (Bio-Rad, USA).S.= ammonium
alfaes A|ASIA. o8 FNE AEZ A4 High-Q cartridge
column (Bio-Rad Co., 5ml capacity)°l] 7}5t1 columng 50 ml
o] FU% huffer® Ao1ZT} 9714 0.1MelA 0.8M7EA] NaCl
F=HE ¥A3k= 50mM phosphate buffer (pH 7.0)2 column
S §EA1A smiy BFH8 HPese FAEE Hols BAS 3
=5} ultrefiltration (Amicon dtirred cel, 50 ml capacity, with
PM30 membrane filter)sle] 5mlZ %39 ©]5 Sephadex
G-200 column (25cmx 95cm)ol] 718} columns 0.1 M NaCl
< ¥3}3} 50mM phosphate buffer (pH 7.002 -8 A1ZATHFlow
rae=10~12 mi/hr). 4 238 Ro} thA] ultrdiltrationsted 5ml
Z 533l hydroxy gpatite chromatography (Phosphate &%= 781
o]g, 20~200mM)¢} Phenyl-Sepharose columns- ©]-8-3F hydro-
phobic interaction chromatography= NaCl <& =7-91(0.6~0.05
M)E o]&-3t A
ot ¥ nF

Haloperoxidase (HPase) EfA4 1} XX ujX| MA

HPase®] A4F 58S AMsL7] 918t oF 1200075 ZAKSH
Att. olF 3F°] HluF F3g HPase 84S BHYoH ofF
At § FTRA1460)7F 7S =2 84S JERITE £ o
= Falet el AR THERA] B2 sFF-o EHoNA
o)t 94 A3 aAg/de] HA wiRE st
1 915t ZoBel, Sea water complete (SWC; bactotryptone 5 g,
bacto yeest extract 3g, glycerol 3ml in 75% aged sea water, pH
7.5), 10gL NaCl t4l 75% 35 &fsh= W3 LB A& A}
L3le] A &9 7 G HPae 42 73A18E growth curve
£ 7% 23 swC wijA7E HH o g2 AAHo o]F FujAR
AHESIATE B HPasee cdl massol]l whaf 1 &=Fo] Hl#E|ste
Z7bele S Bow daionary phasedl] B8 3 3453
o] Yol @S B} old wt AALRS 9% o
F3]|4=2] A|7)E %7] dationary phaseoll Al 433kt SwC Hj
Zof| A BiFA] ZE A AejolA 23 unitml®] =& HPase &
35 YERSITH

N o

Pl
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HPase 2§ &F sl et M 7 A14602] M5tetH S4

HPase A4t sl d-4et A14609] A3}sha] E242 Table 19
[okslon, a3k o R JMe] VHALE Hole dEF AR
WATe] B8 ®o|al 9lal 40°ColX e A37BtARE 4°ClM =
A AESA Erh 28 e 54 A= B-
galactosidase, uresse, gelatinase, amylase 5 #3 &4 4do)
Hold Z10E RO HPase 874 ©]9]dl] catdase E4= U
E Ao=g Ugytth o] cadae 24 hydrogen peroxide 3%
solution 713w AE(atA) S BT A0 E HPase AR
o Feiono] EHrElo] = Ao E AR FY Bhgo g
F o858 HlaA Holxs Ho g YRt on akedo] v
HrE TS miAE ARSI E H,SE AEEA] = AR
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Table 1. Biochemical properties of HPase producing marine actino-
mycetes A1460

Properties
Color of aerid mycellium White
Cultureat 4°C -
at 40°C +
B-Galactosidase +
Arginine dihydrolase -

Lysine decarboxylase -
Ornithine decarboxylase -
Urease +
Gdatinase +
Amylase +
Catdlase +
VP-test +
Indole production -
Citrate utilization +
H,S production -
O-Ftest F
Gram-gtaining +
Mobility -
Sugar utilization
Glucose -
Mannitol -
Inositol -
Sorbitol -
Rhamnose -
Sucrose -
Mélibiose -

Arabinose -

Hol 7 f718 o] 85YE W AoE Yyepdth Al {2
haoperoxidases = Pseudomonas 432} WA % Sreptomyoes
S HIE 9lom, B 75 AL460%= 2] 7HA] SHelA
Sreptomyces &3 AR 5798 Kol it

S M A14602 2 FE{ HPase?| 22| |

A1640 75 & flaskE ©]8-3t>] SWC medium (150 rpm
a 25°C) Wi AlellA wjFsE A3} wjF 2073 oA Hoje] aag
AEE BYom olufe] HPase 442 25unitml AZFTF
2 427 gLFH. o] FAE AHEE]E 3|43l ultrasonicatorZ
st do iMoo ZHE 35-75% ammonium sulfate
precipitation, High-Q ion exchange chromatography, Sephadex
G-100 ge filtration chromatography, Hydroxyl-apatite column
chromatography, Phenyl-Sepharose column chromatography 5=
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Table 2. Purification of HPase from marine actinomycetes A1460

sk f2) haoperoxidase 119

Sep Volume (ml) Total protein (mg) Total activity? Specific activity?
Crude extract 500 3,520 1,820 0.52
35~75% Ammonium sulfate precipitation 40 1,750 1,541 0.88
IEX (High-Q) 36 484 1,284 258
Sephadex G-200 55 135 1,077 7.98
Hydroxy apatite chromatography 15 58 899 15.50
Phenyl-sepharose HIC chromatography 8 21 766 36.48

2 Activity : increased absorbance at 595 nm at 25°C, pH 7 for 30 min

53t 42%9] &3 purification fold 7002 A A|51S3tH(Table
2).

i M ? A14607 21 HPase2| Z| X HHE =74

Phenol red (Phenol suifon phthaein)= HPaseoll ©]3F hao-
genation BH3-A3} 40#}1] haogeno] A3} tetra-ha ogenated
phenol red’} E= Ao dEA 3IUHE). Haogens: o2 Al
Foh= 7|AZE F2 KBrE ARSIHoY KCloly KIE 713
2 A48 5 S FRlaiie. 22y arel 7% Brell =gt
o] 5% nmellAe] FRE 7IEoE oF 50% HEe] EAS Kol
A glom 179 g olit} s vtol B3t 250% o] 24
< Jepdth 9431 phenol redtt £ =3}% phenol red?)
55 nmel| A 9] EFFATFE el vt glod BEstd
phenol redo} frAtettar 71 wf wh3-/do] 50% T2 B
Al vEhdar ol met 54 ATt woAlEE B AdM=
KBr& 71 7122 ARt 2oy d2al dase] AR
312 wj-ol chloroperoxidase= ClI-, Br, I” 55 7|42 o4&
st 4= Q)= WPH bromoperoxidese= Brr % |-, Z12]3l iodoper-
oxidese= MM 712 = o]8F F Aot B 40| 49 hdo-
peroxidase 5 chloroperoxidase® & 4= =t o]ZA A8}
T/t & O E 71ZZE o]§E 4 = chloroperoxidase”}

=<
HPese % 7V 827} Seehan & 5 Sleh,
2 kel A7 pHsl LEF W) G5l pHe} £ SEE

= 2810 Al tigk pH Q&A= pH 5% 69 ©]
277HA Hls=d AEe] A4S Bolal At pH 7oA | pH
7} HRItk(Fig. 1A). &= 259 Jaolxe 45°C7F HA vk
T2 UeRgst Ad=2Q] 25°Col|lAe] Aol Hls) oF 130% B=
o £X)2 Holil glon 35°CAXE 125% Z=9 73td

< yehditt. 55°Coll M 25°Coll M) oF 95% HE=E EHAo)
Pasiar oy EAZE ule of|HoE we d MBS
ZHA 2 QIthFig. 1B). B &AEA pH 84 713 ¢HgAde] &
o} 60°CollA] 1AI7F Wi Foll= EAZAIY] 50% HE7} Hol
AE NS HATHFig. 2). 70°CAME oF 1587+ 50% SH4do]
FAEEH ol#st F2 d e G40 e A & F
o] HH o] AE o] 83 F2As} W FYo = §57} S
Ao g 7ijEnt g Aoy WAt fr2f HPase’} themosteble
eserase®}t 1 727t AR e 18E o o]Hd = E

=

ox H

oy
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Fig. 1. HPase activity at various pH. A series of buffer with different

pH were prepared in 0.1 M solution, and 20 ul of HP solution were

added into 80l of each buffer. Phenol red, KBr, and hydrogen

peroxide solution were also prepared with corresponding buffer, and

the absorbance at 595 nm were measured after 30 min reaction at
room temperature.

AT esterasesl] TEFAMIO] 719l Ao FAH
A Al AHEEE 5 AeolN Bz A5 lipse 5
esterase®| 7] AHgo] & 202 AZHTKD).
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Fig. 2. Thermal stability of haloperoxidase from A1460. one ml of
HPase in 50 mM TrisHCI (pH 8.0) was incubated at 60°C water bath,
and a every 10 min, 50 ul of aiquots were taken and analyzed for
remaining HPase activity.

HP activity (A595 nm)
(4]

pH

Fig. 3. Stability of haloperoxidase from A1640 at various pH. HPase
samples (1 ml each) were incubated in various pH indicated overnight
in cold chamber (4°C). Each samples were adjusted to pH 7 with
desdting column (10-DG Econo column) and 50 mM phosphate
buffer, and assayed for remaining HPase activity at 25°C.

olg] pHellA 9] &4 &4 PAS pH 8l 7 & fAH
A2} pH 49014 pH 109] Mol Hlw A QHFgAo] & fA5]
£ A4S BYtHFg. 3). ¥ HPase: sodium azide$} sodium
cyanidedl] 23] F& o]E2A A& FS UElE Ho= njFo
cofactor®24] Heme2] -5l #AIRe] F& iong ztal A+ A
o2 FHHEAY(Fig. 4). ¥ AT A1460 T EREFQI HIR]
oA - & A3 HPase AT E2 HolAgt I {4
5L A7s] 98l sld faxke] B40] 5 Had Zo

2 Helt} o]n B Sreptomyces aureofacienss $AIE H =
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o o
o [eo)

HP activity (A595 nm)
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~
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Inhibitor (Lm)

Fig. 4. Inhibition of HPase by sodium azide and sodium cyanide. The
inclusion of sodium azide and sodium cyanide dissolved in 0.1 ml of
50 mM sodium phosphate buffer (pH 7.0) into 0.9 ml of reaction
mixture, and after 30 min a room temperature, the remaining HPase
activity were measured.

WA F Pseudomonas pyrrociniadll Al HPase f-44171 Bl
vl 9l0](12, 16) o]E34e] ATl tig Ar) & B
ojth & Hlw3 =& E IFAE o]gste] B} wi=a 7HH
2] A PHE FaE]ofoF 3 Fot},
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ABSTRACT : Screening and Partial Purification of Haloperoxidase from Marine Actinomycetes
Ki Woong Cho (Department of Marine Biotechnology, Anyang University,

Incheon 417-833, Republic of Korea)

In my search of microbial source of novel enzymes, a marine actinomycetes, A1460, producing haloperoxidase
was isolated from macroa gae from south sea, Korea and studied for physiological and biochemical properties.
The hal operoxidation reaction was followed by the bromination of phenol red in the presence of hydrogen per-
oxide and potassum bromide. The haloperoxidase was partidly purified from the cell extract with 35~75%
ammonium sulfate precipitation, High-Q anion exchange chromatography, gel filtration chromatography,
hydroxyapetite chromatography and hydrophobic interaction chromatography to ayield of 42% and purification
fold of 70. Thisenzyme showed relatively high heat stability without losing 50% of activity after 1 hr incubation
at 60°C. The highest activity was found at 45°C, and the optimal pH was about pH 7, but higher stability was
observed at pH 8. Azide and cyanide ion showed strong inhibition at less than 1 uM level suggesting that the

enzyme was Fe ion dependent haloperoxidase.



