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Hemocyanin functions as the oxygen carrier and storage protein in the hemolymph of many
mollusks and arthropods. In this study, we have found that hemocyanin can also act as a
monooxygenase enzyme when it is treated with denaturant such as urea. Spectroscopic
features of the active oxygen species, ( +— +2: «2peroxo)dicopper(Il), as well as the
oxygenation mechanism of phenols have been explored in detail. Furthermore, catalytic
oxygenation reaction of phenols by hemocyanin has been developed as an environmentally
benign oxygenation process

AT R FERR
(BN - 1)
RS [ e 2 & &t

2008 4EJE 6, 900, 000 2, 070, 000 8, 970, 000
2009 4R 6, 600, 000 1, 980, 000 8, 580, 000
2010 4R 1, 800, 000 540, 000 2, 340, 000

R

R
&l 15, 300, 000 4,590, 000 19, 890, 000

W8 - b

BFEOF - M HAb - AR by

F—U—R:W{F NI E, ~EVT =2 T —8 WEERE., 5 IRIEE OIETEL,
7 x ) —VOBEFALEOG, ~VA R Y TR SRS, b SO AE

1. WFEBRAE SO 5

FnrF—t (EC1.14.18.1) I FIRER
F# (0 12X D7 =/ — VOISR (7
x /) F—PIEME) 0T a— /VEHOBRLIS
(7 a7 —8iEM) %2558 am iR
Thsd, ZOBRIIMED»SHEIK, Y.

N EDMRANVERERICFEL, V=2,
TIRI)A R For=r BTa—nr7 I,
AT = aFEREDEEBIBRIZES Bb
STWD, BERIEMPOICIIMERAICEE
HAEH L7 Z 208 A A2 (ZEEHTE M H
Lo 2 A7 34) BF{EL (E. I Solomon, et




al. Chem. Rev. 1996, 96, 2563), — DDA
U B—liDIREETH D Deoxy KN 7TIk
e L et 52 Eicky Oxy (KICED D
(Scheme 1), &iZ, Oxy KL BT =/ —
RO L, Met (& & 17 a— VAR & 5-
25D, ZOMet fKlE, EHlCHTa—ntb
i L C Deoxy RSP SR 1 7 v
NED, AR LT-F% /7 UFEIRIT L BRI E R
TRA T =t EICA SIS, Scheme 1
VR LT ROSHREIZIE R I Mk S e
DTHDHN, EEITITE < ORISOEZ Gl
B, B O W TIIARBAL SN L
<FEEN TS,

His His His His

0, ) SO
His—Cu' Cu'l—His ————> His—Cu | Cu'—His
/o7 N\
His His His His
Deoxy Oxy

R R
HO+ 5 O/Rj\ /(R\ <Pl:
@\OH His / i

OH  His—cu" cCu'—His OH
His o His
Met

Scheme 1

— 7, WRIKESCHTE B O ik CEE SR
B Y 7 HELTHIEEL TWE T
T = OBRFEMEAWMIZH EikoT e v
— B LD P LREENTEY,
Scheme 1 IZ/rL7= X 97 side-on R~ 4
XV TRSA(NSERZ E T Oxy R & REE(I)
BE(R % G T Deoxy 1R & 0[] C R WIIIC BRSE 7y
F OB N T TN D,

UTAE, BRFEDIEW X LRIV EThH~EY
7 = OWALIEITTHERE I OV TR M T o
Moy MK RIS SO MER CULBE 5 = LT
0., ITa—nNOBLiEE (W72 7—F%
EME) BHEBET L2 RNbhoTE (H
Decker, et al. ChemBioChem, 2004, 5, 163), L
N, ~NEVT =0 EHWE, K EEHED
EBRINS (B ) A7 —EiEH) %
BERR L 72 Bass £,

2. Lo HB

5B AL AW O ik 5 6 7K B AL B I 0D B %
%, AEEELEA T ORI E
WCHERIZEERICREO —D>ThH D,

SPOIEFRITHZEN RIS TE 7, Ll

WR © WIE T TORIRADOZRINAY 22 il Y
KBV SO & TR U T2 BN FE R oD 7y, —
. EME O SIICBOTIE, RO
T, BB BIERIC L D0 FIREEDIE
MALIZ DWW T OWRZEDNE DN R &, 1%
PR Z R OG- MER L OIS TE DR
FRB LN ENTEZ, LLERBL, £

N DOER AR R & F2EE O AR RS~
HLT2BNEFE E vy, BT, Hal OBREME
R DT DR =— XD, KETREE L
T AR DOBRABENEHE Lo TWD, £,
ALV TH & B O SO
HEIZBH T DR N ETRITITHOIL TV D, &
BEEE A T AL LTV RILAKED
KBRS B3 2 A 2E IR & 12 2,
2 TAMZE TR, AR FOXF Y VT
— L LTI ~T YT = OERE 2 BRI
\CHE LT, BESSRCIE AL % 7] D A
XA —8 (BLEEE) T/ AX 75—
Y (T BERNEEE) AR L, oz
FIH U728 LW A 7 OB b i Fi il g Al
kiR DBRYE A2 H 45 L7z,

3. WHED ik

g (VY H=) OMmEHn»s~T
T =R HEE - BRI 2D OB LEEEE
DI LB ~DISH X 5, 72, &
FHEYFHFEZRAW-, 20 BEORE
TR DOFEEE L oy 1R 52 OGS O
RN H7=0 . X0 2hRAy e s BRI b
it DBRASE 2 Bk T 5., BRI e N A T
TEEOEY TH D,

(1) ~EVT =2 O@h 4K, h72=
v, BLORNEE2Z=y FgDH
HiE - AR

(2) F/NEVEZ= b g DS TEMFIHR
B BLR DO

(3) EBALFFRAIERERGTE (R4 b=
—7—ay) R L/ NEE =
v b g OWE

(4) “ERIEMER IR DEE L F DR
PAL RS D fREA

(5) BALSUGHEED AT J—=2 7

(6) BRSO HERE O R B & il K S0~ D I
H

(1) KRR T T v b7+ —5b &L
7o N LKL SR 38 OGS

4. WFFERE
(1] 24 T3RA VNV BEERWN-FEK
L&Y DE FEKERIERIE
HERZUZYT=nbM Y 8K % B
L. A Fo58Hh T L E2HNTNELT =
VOFKHEER 1~V BLO6 BIRE B - R
L7~ (Figure 1, 2A), Gon7=KV 7 2=
v b &6 BRI AT A T R L]
ExEITHT2E 2 A 0TI 338 nm & 580 nm
W (o=~ V A ) ZRZE ()RR E R
THRNBRKEZFFD, ZNHDO~NETT =
25 oxy fRE L CHRBES N Z & AR LT,
FZOAULER VT 3 M DRFBHFLE T,
BT C O IR Z EICHAIET 5 2 &R
SR RTERI A X7 R Lo 1 AR L A S



7 kv (CD) DEIEMN BN T,

> 00
D 00 q&

Figure 1. Quaternary Structure of Arthropod Hemocyanin

@) D)

1 2 3 4 5 6

h

Time/s

Figure 2. (A) Native PAGE; lane 1 ~ 5: isolated hemocyanin
subunits | ~ V, respectively, lane 6: hexameric hemocyanin. (B)
Time courses of O, consumption observed in the
monooxygenase reaction of p-cresol (12 mM) by the
hemocyanin subunits (I1 ~ V) and the hexamer (26 mM based
on the (u—n2, n2-peroxo)dicopper(ll) unit) in a borate buffer
containing urea (3 M) at pH 9.0.
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Figure 3. (A) Spectral changes observed upon addition of
p-cresol (1.5 x 102 M) to the oxy-form of hemocyanin
monomer V (1.25 x 10°°M) in 0.5 M borate buffer (pH 9.0)
containing 5 % MeOH and 3 M urea at 25 °C under N: 20 s
interval (Inset: First-order plot based on the absorption
change at 338 nm). (B) Hammett plot.
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Figure 4. The active centers of metallo- B-lactamase from S.
maltophilia (PDB : 2FM6)
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