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WE HTALYEBPOD) L A AR ARG ALY, BB EE ETERE, LA B0 &Enm X3
(Chondrus ocellatus) JE 3 (Gracilaria sjoestedtii) BB (Corallina of ficinalis) #AT T R iT & L4 B8 59 # 0 % 3E ,
Fe 0ot I 5 R O B B R AT R L ALY B 4 B AL R BURI R T, B G BR 4% WU UE \DEAE-cellulose 52 B ¥ X 2
1 .Sephadex G-100 %t E 4T E 5k, AT BEh 72 BAEZR T BN YE, T ZEEFHARY, 28BS FER K, KN
S FEN 64 kDR BT PE K &E pH MR 6. 05pH 75 5. 0~9. 0 BT BB 35 P AR 52 s 7F 30~70 “CiRL ¥ 10 [H py B 75 M 7R
5E;Ca’" \Co®™ \Cu®" \Mn’* \NaF il EDTA S & W R AMYEEE TR ARERERSEETL, RENHELE
T, %X Br JH, 0,0 Kn 47314 7. 40 mmol/L 1 96. 09 ymol/L, [ El/A =%l 4,2007,14(3) :482—487]

KB G R A s B AL 1 T
FE £ S S986 XHkFRiREE A

BHERRTDTREZESOEZNENNLEY,
XY R A P | BB R S R R R A S T
eSSk R/ PRl S/ AN SR S iINesE f Y o
WG B G (R BET g 3R I AL ) B R — AR R I
HE A B, AR AEIR 2 H Bl st B R B R
TRV 0 A WL, T LIS B A A A AL R
51 SR A S At e B AR 5 BT EGHE 245 400 6 BRI
v B AE AL & 0 & BT T RS 2 AR T 51 A AT
ki EHRLD,

B 2% S AL ) B A BT R T 1 3R T o 3
i &I S G W) B8 (CIPOD) , 8 it &0 4 ) B8 (Br-
POD) fffid & 4k 1 88 (IPOD) , S it E AL i I %
SKVE TG o AR, RO S A B SRR T
FEAED), Forb i B R R E AL W B I SR UEDT
T VE 4R 20 AN A A R 2R AL e, 2=
R ZE R R E AL B R TR TR
) 1 i 5 b T B A B R AR R 2T,
(B3R 2R WA 5% o [ I 3 1) i 35 v VR o S ) I O AT
FARE, AW F T EEEE LR A X
(Chondrus ocellatus) YR (Gracilaria sjoest-
edtii) I E (Corallina of ficinalis) AT T V=B
SE AL WD ) 6 L, I 0T BV R v A B O R L R

W75 B 9 :2006—08—28; 1£3T H #8:2006—12—25.
4B x 973 E/#F K I H (2003CB716001).

X E%HE:1005—8737—(2007)03—0482—06

W B BEAT 70 B 2L R I BE S, B ERT 5T
W B T R A Bl B A S, IR B IR R
TG 10 T e L P B 1k il

1 MRE5FE

1.1 ##

iy X3 Je e M B 4 T 2005 4F 9~10 A
KB RNERBEE, WERNEZRAEREERT, B
T —70 CUKAEFCRAFEH .
1.2 itF

DEAE-cellulose 52 (Whatman) ; ¥ & % B
(Monochlorodimedone, Sigma); Sephadex G-100
(Amersham Pharmacia Biotech AB) ; #5 #E & A Fi 4
TEEEYITREAR) 4 MiEHEE@BSA),
TR R 1 (SDS) , TN BEHE (ACR) | H UM A 4
Bt i (BIS) W 3 2 i (TEMED) i i B2 ¥ . o 310
BB DTT.% 50 =1 R250,3 5 EH =4 #r 44,
1.3 Z®|AE
1.3.1 HREFEHHE W200gHELE@EAE),H
1100 mL & 25 mmol/L H, O, [ #§ & 8 22 i W
(0.1 mol/L,pH 6. 0) 7E KK ¥ T HF BE $2 L, & HX
WTE 4 °C,6 500 r/min &0 20 min, ] _FE WAL A

TEEE M HH Q968 =), &, H L, BIHRA, TENFEBFEMED. KAWL W E b 9 5F 5. Tel: 86-411-84379316 ; Fax: 86-411-

84379069 ; E-mail : yanjin@dicp. ac. cn
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FHIRW, A1 W 80 % B BR A% T ¥, 10 000 g
25010 min, IR VTIE, VIIEH &> B K 25
mmol/L H, O, I % B& 2% ¥ (0. 05 mol/L,pH 6. 0)
ViR, =75 KEMT 2 h, A Tris-HCl £ 3% (0. 05
mol/L,pH 8. 3) &Nl &, /> &M W AE BT 5
1 Bl I S AR R = RN

1.3.2 DEAE-cellulose 52 & F X #®EH WEMN
J& HIES W FE Y £ DEAE-cellulose 52(3X 20 cm) , H
NaCl ik EBE 5 0. 2~0.5 mol/L H] TrissHCl 2%
% (0. 05 mol/L, pH 8. 3) £k M & FE VL B, & 4 &b
25 0.6 mL, & EWER A4 8 min, W& & EIWE
WA EE TS J 280 nm AL IR R (E, KA R M0 4
NE I,

1.3.3 Sephadex G-100 £ EN &L H#H
ENT TS A B TR 45 L Sephadex G-
100(2 X 75 cm) # B 4%, A Tris-HCI(0. 05 mol/L,
pH 8. ) E ik Ee i, & 5 #1450, 65 mL, §EHIE
B TA) 28 4 min, 0 585 50 &R W 1V B 0 1% &% 280 nm
AR AR, & R A BT AL 5y

1.3.4 RIFLYEHFEENUE 2R TE8],
R R A W, KBr #1 H, O, K1k & 4 %l A
50 pmol/L.100 mmol/L I 2 mmol/L, & I & % &
ik 3 mL,pH 4 6.0,7E =& T F 290 nm &bl 52
A AR AL, DLBE 73 B FE 1 pomol 5580 X H I T 7
MEgEE XA — NIRRT AW A, RH
Lowry EFTIERE M B A &8, WHEBEREIE S,
1.3.5 RIEHYEBLITENHE RHAES
SDS-PAGE™® 1, ¥k 4 Jiz I ¥ £ 4 5% , 43 &5 I 1 ik
BA12%, 5 S =1E R250 Je 0, IrEERA N
7T EI1 Marker,

2 FRESH

2.1 2RI E N RI AR

LI 1.3 10 32 B O R A, 00 A R Y
RIS ALY RIS, 45 R R 1 fros, Prdilfg 3
TR HR A W S A W) Bl I, R I O AR A
M il 375 P A e 5 328 B RE O 1 B v ) I ) 9 VR
AW HEAT 0 E AL,

*1 HEEEMEIENYBEE. EASEMLEN

Tab.1 BrPOD activity, protein concentration and specific activity of marine macro-alga from the Yellow Sea

T H 3 B X 3 T 43
Item Corallina of [icinalis Chondrus ocellatus Gracilaria sjoestedtii
B 1: /(U « mL™!) Enzyme activity 0.037 0.015 0.014
?E & %/(mg « mL™!) Protein concentra- 0. 99 0. 60 1. 30
ion
b 71/(U « mg™!) Specific activity 0. 37 0.024 0. 011

2.2 RESUYEHSEEL

+5 T ) B M B R K IR & 3T 8094 T BR B DT IE
DEAE-cellulose 52 & T 2% #: Z #T , Sephadex G-100
WA B S8 BT 7 B i, & A 5 7 il A
280 nm W& 6 FE ik A MCD & I B A 5 & MR i
AP EETEY, B 12 HBEE S DEAE-cellulose
52 BT RXMHENFHEAIERE, 2 S5, LI 2

AMEAK, 20, L% 2 A EAK R FEEE,
X 2 G E AT B G IR E ALY B R AL
HE 2 W W41t DEAE-cellulose52 B T A2 #: 2 #7
HatE, BrhkE hEF R, BZ40HE
Sephadex G-100 &t B 44k, Lb i 1825 T 30 1%,
BB MR & R I BB, L% 5 o ) St
AT IR A B R R AT

F2 WWEPEIENMEAL

Tab.2 Purification of BrPOD from Corallina of ficinalis
Al B B HEH/mg RBWEME/U WHEN/U-mg?) EHlE/% ER A g
Purification step Total protein Total activity Specific activity Recovery  Purification fold
#H#2 ¥ Crude extraction 1788.8 1736.8 1.0 100 1.0
T ER ¥ VT (NH,),SO, sedimentation 1 056. 6 1147.9 1.1 66.0 1.1
DEAE-cellulose 52 & F 30 #: Z 17 37.5 620.5 16.5 35.7 17.0
Sephadex G-100 #E %L 2 7 0.6 18.5 29.1 1.1 30.0
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484 hE KR RV
4 14
—— 280nm MR LS 112
Absorbance at 280 nm
- 10
—— UL SIS 43

BrPOD activity

B A BETE M/ (U » mL™)
BrPOD activity

Fraction Number

1 W &R 4 DE-52 EHfst i E
Fig. 1 Chromatography of crude BrPOD extract from C. o/ ficinalis by DEAE-cellulose 52

2.3 REFUHEMER
2.3.1 ROSHKYELSTE HALERRIR
AT R E SR Bk, U ey 78, 7F
E7Z 4 PAGE ik H R T S 4& LT AR
3, VL ZEE 10 7 T 2R K, & SDS-PAGE & A
9 T ez el ik 1 IR O 1R 2, L BR v B 3 T Mlarker 5
TBERFEREL, UTRRTENIEHRN ST &
64 kD, SCERIRERTEMAYBELH 12409 T&E
64 kD MWL B, 2 T E L% 790 kDA, M 4y
TEMEIEKE, AU FRIRIE 2 K85 ek [12]
RIS A AV EE S T EAEYE

2.3.2 BEERMNFNFER FAH Lineweaver Burk *{
B2 EA P ER AL A O, MK IRHE 3 K, , 1R ES
FH Kn="7.40 mmol/L; H,O, [f] K, =96.09 ymol/L
(A 3,

2.3.3 ROSWYEBEERN pHE 7 pH 3.0
~9. 0 M A HEAT IR I PG 1 Ak B SR I
SRy 5 BRI AR AL A I VR A B X W R )
& pHER ., pH %5 :pH 3. 0~5.0,NaAc-HAc;
pH 6. 0~7. 0,KH, PO,-K, HPO, ; pH 8. 0~9. 0, Tris-
HCI, H Al 4 A2, DLEE % & & [EA4F 4 100 % H X
g 3g , ARl pH T IR S AL 47 B 1 35 P 1] 4 R,
FE 4 70,78 pH o8 6.0 414 B & & KA X B
75, pH (BT 5. 0~7. 0 [¥170. Fil Py VR o 424k A0 B 1 A X

Bl I 2 T Ik B 5094 UL B IR T Blm T % Y 1 Bl =
JE R B,

kD

— Q7]
BrPOD [ 6.2
I — 43
|
— 3 ]

=

— (.1

— 4L

2 R FNYEE SDS-PAGE Hi¥K
1. 440 R S BACES ;2.8 7 F 2 E E it Marker
Fig. 2 SDS-PAGE of purified bromoperoxidase from
C. of ficinalis
1:Purified BrPOD;2 : Lower molecular weight standard pro-

tein

2.3.4 HEENLYEEAR pH THREEME X
FHEAU T EIRS R BEE AR pH T H5
ENE, WAL HIBEW 5 pH 3. 0~9. 0 H 22 i 44 F A
BE@GEWBERRFF),4CHE 24 h 5, JUEEH
TRTE B AR RN 4 A pH 6. 0 B I 58 B 3E . DL IS &
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mEHN 100%, 85K WE 5, ZBEFTE pH5. 0~9.0 ]
Yo B R LB YS, pH K T 5.0 BB VS
SR TR, BT A% R S AL A B TR H TR 1 Y [

5000 a
4000
3 000
2000

1 000

\g/
q

WA RIS R s M, X — R R R E A A T R
FEAT LA S T T A R A

2000
1500

1000

(min * umolgl)

&S 1/ (min e pmol ")
o

P

0 0.2 0.4 0.6 0.8 1 1.2

1/[KBr] /(L * mmol )

-0.01 -0.005 0 0.005  0.01 0.015  0.02 0.025  0.03

1/[H,0,] /(L + umol ™)

3 R E A B BN F BB Lineweaver-Burk X 8] 41

a: BIA b EHE
Fig. 3 Lineweaver-burk plot for the bromination of monochlorodimedone catalyzed by BrPOD
a:KBr;b : HzOz

2.3.5 ROSHKYEHRIBEN. HF%ERERENR
T A AL A B 0 B e, R B VR 7E 30~90 CHlLE T
4y B ARR 10 min, 30 min, 60 min J5, M| & H i M,
VL 30 “CHIBEIE 714E 5 100 Y5 40 X} B 3E , A [RIVERE 4 1
T BE B FR XTI LI 6, 7E 30~60 °C il P VR I A
g MR FRE L 7E 60 C LA, fRR 60 min, B
WA F B IREE 70 °C B 4E+F 30 min B35 7
KA, T 60 min 5 B B R T BN IR SRS
80% 380 ‘C 4k +F 10 min B 5 (R FF7E 80% , 1M1 30 min
PLJF B 3 A 2 JR R 1 40% LA F 538 B ik 90 C i,

B e A kg,
12F
1_
=2
\\ié 0.8F
r R
HZ04f
=
02F
O 1 1 1 1 1 1 1 J

N3
w
~
w
N
-
)
O
)

5 AF pH E TR EAYEE T E 5
Fig. 5 Effect of pH on activity of BrPOD from C.
of ficinalis

2.3.6 HEYPNRIELYEEEIMNEZE B
RN R R A i S EALE, N T & T

HHX TG/ %
Reclative activity
S o o 2 -
(=) o B O o8 — (89
T

8]
(5]
N
wn
[}
~
oo
o
—_
<

pH

4 pH X R & ALY B I T R
Fig. 4 pH optimum of BrPOD from C, o/ ficinalis

—— 10 min -8 30 min —— 60 min

—_——
— N R~

A BT/ %
Relative activity
oo
[oxNer]

c o

20 30 40 50 60 70 80 90 100
IREE/C Temperature

6 VE I A EE Y AR E
Fig. 6 Effect of temperature on activity of BrPOD

from C. of ficinalis

A& 4 6 B I B2, DL I H A 4k S 4 B RO B
5 100%, 43 Bl A IR E A 1 mmol/L 1A F 4k &
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14 %

W), 76 2T AL G W 0 VR I S8 AL ) Bl B S B RS TR, 45
R 3, FrHURR 5 T IR T S A W Bl 1 3 1 4R
ob, A4 & WAL B IS WS A T BE

®3 (LEMWRIENYEEEEEMZNE
Tab.3 Effect of compounds on activity of
BrPOD from C. of ficinalis

heEw ol E ALY AR B/ %
Compounds Relative activity of BrPOD
Na; VO, 125
EDTA 69
MnSO, 85
CaCl, 91
Co(NO3), 61
NaF 70
CuSO, 65
3 it

BT B A ETBRE S, LHUAE
IEE AN EPT b Sy ad - Ric) B R E R DA W ]
AR A 520 B AT 5T 0 KR I AR Y 3 Fh AT
T b A IR I A A B O M, o I R i R
A S B

B WM E (Corallina of ficinalis) BRI &
A BT O A IRIEDE R S T 45 B K B8 5 S
BRAR T R E A BB AE M L AR T &
BRHZN TR AN EEMRTESTER
64 kD, & £ pH 4 6.0, & £ S M £l 60 °C, #l
AT DA 5 R ek AL 0 B U I, DR UG VT DA B A B 5T
P 2IMBE RN — W |, R Ak
VIBGLE G LG BT BR T B A0 0 o1 )R YA E B
TEAG B SR B B I el 24 TR Y H T B L& R
IR 2, MR R WA Ak 7 R T ) O B TR
2, PR S EELE 70 C A A OR Rr 58 v VG 1,
VA% M F A R 4 B B S2 v, R Bl Tk

WHRIHIE Dy, PR ALY B 2> & B SRl
TR, v BB PR BT R R B R A ROR 1B L
T 52 6E 1, B K A HL B TR 52 B8 0 W 9K HLAE
AHLE R B AE R, g R, R R
Py g ) A S5t L 4% T i AR BT 7 R 1, DY
UERIE 5 I e e TNl R F (R A B 32 R 2 R O
S B 2 A1 1

SE

[1] Dembitsky V M. Oxidation, epoxidation and sulfoxidation re-
actions catalysed by haloperoxidases[J]. Tetrahedron, 2003,
59:4 701—4 720.

[2] Andersson M, Willetts A, Allenmark S. Asmmetric sulfoxida-
tion catalyzed by a vanadium-containing bromoperoxidase[J].
J Org Chem,1997,62.8 455—8 458.

[3] Almeida M G,Humanes M, Melo R,et al. Purification and charac-
terization of vanadium haloperoxidases from the brown alga pelve-
tia canaliculata[ J]. Phytochemistry,2000,54:5—11.

[4] Bulter A,Carter-Franlin J N. The role of vanadium bromoper-
oxidase in the biosynthesis of halogenated marine natural
products[J]. Nat Products Reports,2004,21:180—188.

[5] Bulter A. Vanadium haloperoxidases[ J]. Curr Opin Chem Bi-
01,1998,2.:279—285.

[ 6] Itoh N,Sasaki H,Ohsawa N,et al. Bromoperosidase in coral-
line pilulifera is regulated by its vandate content[ J]. Phyto-
chemistry,1996,42.:277—281.

[7] Moore C A,Okuda R K. Bromoperoxidase activity in 94 spe-
cies of marine algae[J].J Nat Toxins,1996,5:295—305.

[8] Itoh N, Izumi Y, Yamada H. Characterization of Nonheme

Type Bromperoxidase in Corallina pilulifera [J]. J Biol
Chem,1986,261:5 194—5 200.

[9] Lowry O H,Rosebrough N J,Farr A L,et al. Protein meas-
urement with the Folin phenol reagent[J]. J Biol Chem, 1951,
193.265—275.

[10] EXB,TEH. BEEAFEARF MM, bR R H A, 2000,

[11] Almeida M,Filipe S, Huamnes M, et al. Vanadium haloperox-
idase from brown algae of the Liaminariacea family[J]. Phy-
tochemistry,2001,57:633 —642.

[12] Sheffield D J, Harry T,Smith A J, et al. Purification and charac-
terization of the vanadium bromoperoxidase from the macroalga

Corallina o f ficinalis[J]. Phytochemistry, 1993,32:21—26.

PDF SCfHffiH "pdfFactory Pro" i A4 www. Fineprint.com.cn



http://www.fineprint.com.cn

34 B S5 LA i 8 T R T S (b A B R U U B B SR A 487

Bromoperoxidase activity in three species of marine algae and the characterization of va-
nadium bromoperoxidase from Corallina of ficinalis

JIN Yan,ZHANG Jin-you, WU Pei-chun,ZHANG Wei, ZHAO Xing-wen
(1. Dalian Institute of Chemical and Physics,Chinese Academy of Sciences,Dalian 116023, China; 2. Dalian Fisheries Universi-
ty,Dalian 116023, China)

Abstract ;: Bromoperoxidase was a kind of peroxidase which was found particularly in marine red algae.
In this study,bromoperoxidase activity was detected in extracts of three species of marine red marco
algae Chondrus ocellatus yGracilaria sjoestedtii and Corallina of ficinalis collected in the Yellow Sea.
C.of ficinalis presented the highest specific bromoperoxidase activity among the three species. Bro-
moperoxidase was purified from the crude extract of C. of ficinalis by (NH,;),SO, sedimentation, DE-
AE-cellulose 52 and Sephadex G-100 chromatography. Characterization of bromoperoxidase from Cor-
allina of ficinalis was studied. The relative molecular mass was 64 kD as determined by denature gel
electrophoresis. The optimal pH for bromoination was 6. 0 and bromoperoxidase activity was stable as
stored at pH 5. 0—9. 0. The bromoperoxidase of Corallina of ficinalis showed remarkable thermosta-
bility, retaining appreciable activity at 30— 70 ‘C. Of a range of compounds, only vanadium enhanced
bromoperoxidase. Kinetic studies for the bromination of monochlorodimedone (MCD) gave the K,, of
Br~ and H,0, as 7. 40 mmol/L and 96. 09 umol/L respectively. [ Journal of Fishery Sciences of China,
2007,14(3) :482—487]

Key words:marine algae; bromoperoxidase; purification ; characterization
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