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YUMo Z2E| Haloperoxidase?| Z4A{1 S4

Haloperoxidase & A Ab8H= ] & 22 517] 918to] ) A28 9 35T 59 s 8ol A Eejd A d
TFE A2 A S T3l 38 U= f=2F 2521 L9 ¢ F79 BHT#H40)0NH T2
haloperoxidase &4 o] HA=HKS. £ T P - A3}¥A EAL Srepomyces &3 F-ALsh YALH &=
haloperoxidase: M ¥ £ 3222 3 € ammonium sulfate precipitation, High-Q column chromatography, gel
permeation chromatography, Hydroxyapetite chromategraphy “12] 3 hydrophobic interaction chromatography&-
%31 42% 2] 4-&3} purification fold 702-2 A A 8¢ o}. ¥ . 49] A wWh-§- pHE 70) 3L pH 89| A o] ¥ ¢t
A& B 60°Col A 14 31 ul-§-of] EAA 9] 50% 7+ A S35} E cyanides} azide o] -2 ]3] 73 A WA}

£ o,
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Aol = chloridet} bromide & ik
o] CIe 05M A%0)3 Bre 1mM, 183 1 uMol &
ke T Sl vE| ue =& Holn Jakmy 2R/ 5 %
AEE st AlEE 23F AL AR Follk olg E2Al
SIRIEEY] Hlgo| vl$- EUH2, 13). 7152 &&A3) uks-
< 1A Whg FolXT - ol Wk dEA e
d], 21 o]f= AR (electronegativity)o] w9 & o]&§h
HagdM HAE o' A71WA wkS-o] R3] wFo|t}, u}
2 F7IsHdellA] o] ¥ke-E 8] s e 1%t 5o
- AE3 vhg xdo] Hash o] A9 PuHow E=A}
e 599 JASE Bolddl e &AE 7EH A FvhR).
Haloperoxidase (HPase)eh3l dl= d# o] Fht 714 71238 A
axon gzl ELEAM FFHNE  iodoperoxidase,
bromoperoxidase, chloroperoxidase 5] o1y olE aihE F
2 oZF YARHE F halogenation® 2-22] AAke] FodsiArLt
oA FUE HISA ey Bale) 2r)dA¢) Bodsie
Ao Z AARAT Qo 2FEAS] 27 @} Heme-HPase, Mn-
HPase, Fe-HPase, Va-HPase, flavin-HPase 5°] £4131T}H2, 14).

B 4SS T8¢ 7IARA A 7Y &3 g0l
CI 5 27 Jo]2s& o8 ¢ Jor & v 7jdze A
4> YiAbllA B 0 2 S hydrogen peroxideS: o8-8}
ol 4k thAlEY oA Hr)slA AAE reactive oxygen species
Z 3Rl IsgA] B8 AASHE peroxidase?] 715 %
Fshs AL AR glon old we} g 4leE=
714 7129 AYEE vie Be Aoz HuHo] Qi) &
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Bhe 7P EF 7R A esterasedt TR FBHECI
FARE Ao FeAL TR,

Haloperoxidase reaction:
Organic-H + H,0,+ X (=T, Br', CI') = Organic-X + 2H,0

Ok AE Fo2HE o8 FH2 haloperoxidase”} ], B
5o} =l Mold Caldariomyces fumagod A 2 E chloro-
peroxidasex 42kDa A= EAHOZ Fe¥ iond EAH-H ol
7FA31 1o Fe-0-Cl FE|9] Bolgt FAE FAeH 7125
chlorinationdH= A2 LHRA| 3L 1TL(5), lactoperoxidase™= iodine
5ol Ea24 ©Ee Tyt His A719) 188 EAp 200
Ae)H o2 wkg3te] AT 3H DdHAS AN FE4
Iodine®. 2 {A3h=t] vf-¢ f-&3A AHE-HT ATH3). &
Polymorphonuclear leukocyte®] ¥4]3H= myeloperoxidase™ ZH3t
sanst B2 Fol g of8at AR o] 7R sk
g 2R HYPe MFsy 3 ©¥ES halogenation A7)
224 o5& AFEAIE 1% 7HAAL VIR St s dellA
= FE F79 FZFIA halopeoxidase®] E8]7F BalH ] 0™

A5t StreptomycesS} 77182 B3l FE o] Hold Pseudomonas
MFENE B Yk, 15). A2 halopeoxidase
HHA AWE-F2 halopeoxidasedl= €T FEAZ heme
system7}A| 3L PA] B AT Bgon 28 Ak A2
AR AHZR] BAVE gle AeE A dod 1 FAF
¢l 71l disiAle obz] A AR FTHd, 8).

o|gA &ANg-0] A4 olF Fhd o RS} -2
&2, ZdGolA - BHe 8] T1EE R whgo]
HEg o] &=} S Suishks Ea4w oY 7HA ofFe
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71 @RS, 53] gl w2 IR ALEAd )
S8°] 7ItiETh2, 10). weEbA £ Aol e sk Al 2
Ao ZHE o]#gt & (haloperoxidase) S HAsHs G118 4
ATt oIAARIE-S Al Ao BlE WAH TF

%} #71% Rolso] ®& F5E tos @S saske Aol

=
activityS 21 AT TFE ¢4 B g AAsige
FA AN LT T 3

g B e - AAGT A ) Asje 4de) i
A7E S,

T
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Phenol red, hydrogen peroxide (30% solution), KBr, EDTA,
phosphate ¥ TrisHCl, Trizma base 5 &8 A|2F2 Sigma
(USA) AF= AH8310™ 95% oe-e-S Merck AES ALE-
Sttt ARvE T8 resin £ BAIG AFS AHREIT)

=3

TEHE 913 U E A5 SCUBAE AFA =A4] 2~
Lo AIRE FH3l YR B BVE AASa @9
£ ol&3ste] HUdo] 05cem ©5tE AA A2 H 1 mle]
| e Zhekar BAMER dogtt B Wad vhsA)
ol-g3td YR FrE FAL FH3lo] o) #F Eyjgde
o]-g3t=H °]F wg] Ful®E HW wiA|(ZoBell B A,
SWC #l2)ell 0.1 mP 7Fslar Tk o) Hghe] #AE o)
7hA] veketit). S|4 A g0l g W ® 50 ml conical
tubeol] Hol APHR Hkste] X2)EiHet. 53] Wil A
T TF YL 60°C water bathol 4] ¢F 1A)17Hs¢t xg)s)]
At TS AAT & o]E W Be]-8- v (Benvet's, Starch
Casein KNO,, Chtin, M3-1 and 1 %] $)ol| =@ale] Ea)sl
ot e E w5 AJslebA EA1e EASY-24Eplus Kit (Komed,
Korea)S A}-8-8t ZAlet4iTt.
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A 71482 Hunter-Cevera®} Sotos?] WY (6)S we} phenol
redE hydrogen peroxide$} KBr& o]-&-3}l] o] M7zto] F35)
Aol A HA o 7 WMeks AL 595 nmelA FREZ 0|83}
AT o] WMHE 96-microwell plateE AHEFE 4 glo] A
A gl oot} GAEA dAME R-galA AeE
T U= ol
A EAL VL&A 0T 95% gkl =9 02% (wh)
phenol red &Y 4ml9} 0.3M potassium phosphate buffer (pH
7.0 =21 50mM KBr &4 96 miZ 41> &AL A2319)
o 3w Aldg 3k FablR|ol A LoopE o)E-3ked 50
mg AE FH¥ F 1.5ml Eppendorf tubed] 2T 0.5ml] lysis
buffer (10mM EDTA®} 10 mg/ml lysozymeS E83H= 50 mM
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Phosphate buffer, pH 7.5)% YW1 187t 229488k cellS
gt F ANE-2] 5 (5min at 23,000xg, Vision High speed
centrifuge) cell debrisE A|ASFIL supernatantE 0.1 ml &} 1
mlEo] disposable cuvetteol] 21 1 ml2] AXEA7} 10 pie] 3%
hydrogen peroxide® 713t & Z- 410jA A& &-& 25°ColA 30
B2 A e 3 595 nmoll A SEEE S5k aA48AS AL
31t F3r 84E 7S Haloperoxidase 878 2|v|3}
H 3087 Ay B 1.0 7P EAYE 1 unit HPase2 A7H
o} &4 FAo] 9low gallo} 7] red-orangelA] blue-violet
o7 WaleH "o} Spectrums 430 nmol WER= phenol red
peak®} A 595 nmol| FHE ANEE FF peak’t AGHET
(5 PIAAD.

o] e 2o FEET 80| 753 96-well microplate
o] ZF wellell 0.15ml®] HA FEES 7F8laL vle] 813k A4
29 100 ml% 1 ml¢] 3% hydrogen peroxideE 412 £ 0.15

g 7lste] EE0] FHA 3081 98-S T T 595 nmol
2] microplate reader (Bio-Rad Model 3550)E ©]-&35}] ZAAls}
A
AR

Agar plateOi| M HPase 244 7424

Agar plate@d 10709] o2 #5=5 22 "l Je= wiede &
colony”} AEWH olF AHAAZ AZE replicad ©]-831]
colonyE-& & H 7)ol 0.5ml2] lysozyme solution (1 mg/ml)
< 7FBIAL cell walld 7§7] {3l 30@3F Wit o] HAAAE
CHCL, 5712 237 desiccatoroll A 30%-7F wlj ko] Alaet
< S3AI71T 2-33] LHTh QTS WESH] celle FUIR
gt} Ylg-Eo] @] AHEA gt o] QHAE solid
buffer (S0 mM phosphate buffer, 0.1 mM EDTA, 1% agar, pH
7.5) Yol §of 2417+ R[5k EAMO] agars AHEA i}
of7lell 15m1e] WHS-8-<4(0.2% phenol red, 50 mM phosphate
buffer, 0.1 mM EDTA, 1% agar, pH 7.5)& 715k A& b2l
A IAIZE B WhgAIZ) H AAe] WskE @Rt

A14600{| A Haloperoxidase2| £2| ZX|

Late exponential phased] T2 T 10L igAS 02um
pore size®] tangential flow filter (3,500 cm® surface, Microgon
Co., USA)YE o]&5to] 21L& F=A]7]1L High speed centrifuge
(Vision Science Co., Korea)2 15,000xgol 4 2083t @4l £2]3}
o] FAE FZ3ATh Wet weight 100g FE] A2 Ao &
o719 vl2] 4£°CE 21SE 400 ml9] lysis buffer (5 mM phosphate
buffer, 10mM EDTA, pH 7.0 718} cold roomell A 1A17Hs
oF Wk AlZl F- MEFAE Ko} 48] &17] flste] 25Tk
ANE o]&dte] ESEA H dHA 187 229E 78]
T 1ET wRE AT S 53 ihESit MY FEES
Festa staE AE F2e71E AAS] fste] AR
(15,000xg, 30 min)ate] 545 F)4=5bg et 21831 ammonium
sulfate 55 35%%F 75% Ateldl] HH® HHES sttt
o]Z 30ml% 50mM phosphate buffer (pH 7.0)9] <9 %
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Econo 10-DG desalting column (Bio-Rad, USA)°S.2 ammonium
sulfaes A ASHA. ©1& 748 FJPZ 923 High-Q cartridge
column (Bio-Rad Co., 5ml capacity)ll 7}3FT columne 50 ml
o] FLZ bufferZ RIETE 4714 0.1 MM 08 M7HA] NaCl
FETE FA3H= 50 mM phosphate buffer (pH 7.0)2. column
& 82A1A smi¥ £33l HPase EAEE Hole EHLS 3
4381 ultrafiltration (Amicon stirred cell, 50ml capacity, with
PM30 membrane filten)dt] 5mlZ FF3ATE o€ Sephadex
G-200 column (2.5cmx95cm)o| 7}3}aL columnE 0.1 M NaCl
£ ¥§3 50mM phosphate buffer (pH 7.0)2 82X A HFlow
rate = 10~12 mb/hr). 4 £8& Tol thA] ultrafiltrationdt] 5 ml
& F=3}3L hydroxy apatite chromatography (Phosphate 55 74l
©|-§, 20~200mM)$} Phenyl-Sepharose columns ©]-8-% hydro-
phobic interaction chromatographyE NaCl 9% X=74(0.6~0.05
ME o|-&3td AT

&3 3 nF

Haloperoxidase (HPase) Ef4 3} £ X x| MH

HPase9] At S HA3}7] 913e] oF 1,200058 2413}
Stk 0% 3Fo] BnA F33 HPase BAL HYoH olF
AT & TFHAM07E 7P B2 248 Jehiich 2 &
T Al Azl YT FHHA B ARF TN
28 ATl 4 AT 5484 HF wiA s A
7] $13}] ZoBell, Sea water complete (SWC; bactotryptone 5 g,
bacto yeast extract 3 g, glycerol 3ml in 75% aged sea water, pH
7.5), 10 gL NaCl 4] 75% 3455 sl ¥ LB WX S A}
3t 483 99 @A F HPase 84S AN growth curve
g 7% 23 SWC WA} HHog AR o|F FujAE
ARESIATE B HPase® cell massel) we} 1 31ako] H]d)51e]
S7Vehe S BH O stationary phaseoll TE3F 3 F&:3)
o] wolAle e BT oldl wheh A 1% 7
F3)9] Al7)& 2] stationary phasellA] 38810t SWC )
Aol A v Al Z2EAN AElo)A 2.3 univmle] ¥ HPase &
4 HeEhAUTt

HPase 24+ SHFUM T A14602] M3151E 54

HPase A4t Sl A14609] A3}8H2 EAL Table 19
feFston, a5k oz Fae] J|FAE Hole A
WAL BEE Hol3 Qla 40°Ccoll e A8t 4col e
A3 AEA] B S5A4L filen 2 ANME B
galactosidase, urease, gelatinase, amylase 5 23] &A EAo)
Holdt 2102 VERd o™ HPase 84 0|99l catalase A= 3l
= 222 YERT ] catalase 8432 hydrogen peroxide 3%
solutiong 718 W] AF3k4) BAES BE3 A0 Z HPase A8
o Fe ion®] $fo] le Aoz AR G gagdoan
T o858 B "ol Wo g Jehton gikgo] thak
e FlE AR AT HSE AAEA g How
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Table 1. Biochemical properties of HPase producing marine actino-
mycetes A1460

Properties

Color of aerial mycellium White
Culture at 4°C -
at 40°C +
B-Galactosidase +
Arginine dihydrolase -
Lysine decarboxylase -
Ornithine decarboxylase -
Urease +
Gelatinase +
Amylase +
Catalase +
VP-test +
Indole production -
Citrate utilization +
H,S production -
O-F test F
Gram-staining
Mobility -
Sugar utilization
Glucose -
Mannitol -
Inositol -
Sorbitol -
Rhamnose -
Sucrose -
Melibiose -

Arabinose -

RHol 714 #7718 o]859% B2 Aoz vepdo) Al el
haloperoxidase™= 2 Pseudomonas 252} AT 5 Streptomyces
ZoA HIEI glon, B 75 Al460% o] 7HA] SHA

Streptomyces <3} A8 548 Ro|3l ).

UM T A14602 27 E| HPase| E2| HX|

A1640 TFE 2% flaskE ©]-83}) SWC medium (150 rpm
at 25°C) iAol A ul Sl A3} ujF 20713 A Hojo] B4
AT B3om o) HPase /44 2.5 mivmlPL DEFF
2 427 gL} ©] FAE YAETE 3|43} ultrasonicator=
Bt A2 24RO ZRE 35~75% ammonium sulfate
precipitation, High-Q ion exchange chromatography, Sephadex
G-100 gel filtration chromatography, Hydroxyl-apatite column
chromatography, Phenyl-Sepharose column chromatography &<
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Table 2. Purification of HPase frora marine actinomycetes A1460

S FHT 7 haloperoxidase 119

Step

Volume (ml)

Total protein (mg)

Total activity®

Specific activity*

Crude extract

35~75% Ammonium sulfate precipitation
IEX (High-Q)

Sephadex G-200

Hydroxy apatite chromatography
Phenyl-sepharose HIC chromatography

500
40
36
55
15

8

3,520
1,750
484
135
58
21

1,820
1,541
1,284
1,077
899
766

0.52
0.88
2.58
7.98
15.50
3648

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

T3t 42%] 83} purification fold 7002 313 THTable
2).

oYM A14607 2 HPase2| Z|Z{HI2 X7

Phenol red (Phenol sulfon phthalein)= HPaseo] <3} halo-
genation WH3-Z 3} 4997} halogen©] A% 3t tetra-halogenated
phenol red’} & 222 4#A QTH6). Halogen® 0] &S A
e 71AEE 2 KB AHSI 2 kel K= 713
2 A8 & S FAEAT. 22y cre] A Brol w3}
ol 595 nmellAe] FHE J)FE0 R oF 50% XS AL Ho
3 glem 1o AeE o|hr} 1 Yol Bt 259 370 84
< Yebdth @484 phenol redtt 2 92.E3}9 phenol red?)
595nmel 8] EFFASE 4wt gloy e
phenol red?} FAFSIEAL 718 wf) wkg-Ado] 509 $EOE Y
A WAL old] whe} 24 gmrt wolrEg B Al AE
KBre 7182 7|2 E A3y 22 g2 9459 71X
38wl chloroperoxidases CI', Br, I" Z.5E 7|2 o]&
& 4 0= 9P bromoperoxidase= Brr @ I7, 281 iodoper-
oxidasew I7he 7)H=R o885 4= ok B G20 A halo-
peroxidase % chloroperoxidase® & 4~ =] |27 A=} z8}
7 & s 7148 o|8% 4 Y& chloroperoxidase”}
HPase 5 71 S-8%7F H0hal & 4= v},

& 8520 HF pHY 255 UV 95k pHS) 2% oET
£ AR 8499 U3l pH Q&40 pH 55E 60 ©]
E7VHA g o] €4S Bolal 90 pH 794 HA pH
7} BIthFg. 1A). & 252 93As 45°C7)F H3 whe-o
=2 Uehget] 2]l 25°co o] Aatol uls] oF 130% A=
= TAE Bola 9lor 35°col e 125% A= ZelE &
3= UERit). 55°Cellxle 25°ColM 9] oF 959 AER BAjo]
Aot glovt AARE vl ojfFor e A S
7EAAL QATh(Fig. 1B). ¥ G4 FA pH 8oA] 714 Qg Ade] =
oF 60°CellAl 1A1ZF Bl Follx EagAde] 50% Hmr} do}
UE FFE BHJFg. 2). 70°COME oF 1527 50% BAdo)
FAHE ol2lg & d HgAe G Bl HAe & %
ol EH o] AE o83 S A WS- Fae 857 =8
Ao 7IojEr). B Aol HAF -8 HPase?} thermostable
esterase®t 1 TZ7} fALETRE AL mEE o) o3l 2o o

© © o o o
s Y N ;e

HP activity (A595 nm)
o
w

1
T
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©
o
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=
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o
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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 80 pl 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.

PHIE esterasete] TERAMIA 7|0k Ao FAHEHM
A A AREEE T oA BE 7153 lipase T
esterase] @ AME-o] AT Ao 2 AZHETKT).
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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 at every 10 min, 50 pl of aliquots were taken and analyzed for
remaining HPase activity.

HP activity (A595 nm)
(4]

0.5 -

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
desalting column (10-DG Econo column) and 50 mM phosphate
buffer, and assayed for remaining HPase activity at 25°C.

o8] pHAM Y E4 &4 AL pH 8ollA 713 Z /]S

O} pH 4914 pH 109] WYX Bl g Ado] & A
© ¥4 RACHEFg 3). ¥ HPase® sodium azide?} sodium
cyanide®] 93] Fx 9J&H A AYES Yehlle Jo 2 njFo]
cofactor®A] Heme®] -F-Fol #AIlO] Fe* ionS zZHil A+ A
o=z FEh(Fig. 4). ¥ AT A1460 T GER] wiR)
oA wi-¢- Z 7381 HPase 3% & Holx7 1 {37
EAS Ayl 93l el fRxke) 240] &% Had Ao

2 2o} oln)] BE Spepromyces aureofacienss A3+ 2

o
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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 at room temperature, the remaining HPase
activity were measured.

o) WrNTFH Pseudomonas pyrrocinia®t’] HPase +AA17} B3
# ak doj(12, 16) olEF] AT e A77t FF 8
olt}, &t Bl ¥ d YA o]&ste] Bt whE1 A
Ha) A = s ojob & Aolt}

ol W

HAR| o

B AT sl 5471% A7AY dgos 43
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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 macroalgae from south sea, Korea and studied for physiological and biochemical properties.
The haloperoxidation reaction was followed by the bromination of phenol red in the presence of hydrogen per-
oxide and potassium bromide. The haloperoxidase was partially 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 a yield of 42% and purification
fold of 70. This enzyme 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.



