
Vol. 4, No. 3,196l BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

IDENTIFICATION BY ELECTRON SPIN RESONANCE SPECTROSCOPY q THE 

PRIMARY PRODUCT OF TYROSINASE - CATALYZED CATECHOL OXIDATION1 

H. s. bf@SOll, E. sp8nCer, and I. Yemazaki 

Department of Biochemistry, university of Oregon &dical School, Portland 

Received February 9, 1961 

We wish to report that during the oxidation of catecho in the 

presence of tyrosinase, the electron spin resonance spectra of o-benzo- 

semiquinonee can b8 observed. U8ingafloutechniqueuehavemea8um3d 

free radical concentration8 a8 fWation8 of time, pH, enzyme and substrate 

concentrations, and ue have compared them with the corresponding concen- 

trations obeerved when catechol is peroxidatically oxidized. 

Our ObSerVatiOAS were made with a Varian V-&O0 e.8Zg SFnBCtr-- 

ter USillg 100 kc modulation. Aflatquertz oellwasmouuted tithe m80- 

name cavity and attached through a four-jet lucite ndxer to a gas-driven 

solenoid-controlled flow system through which 10 ml/set. of I%aCtiOn mix- 

ture couldreadilybe foreed. Field &rengtheueremonitoredwithaVarien 

F-8 fluxmeter, and klysGon frequenoiea uith a Hewlett-Packard frequency 

meter. Free radical cOnCeZWatiOM were zwwnuwd against freeh titrimetri- 

tally 8tendardized solution8 of pemlamine dieulfonate prepared in this 

laboratory by Dr. 0. Narni. 

T~OsiJXtSe, pu&%SdfrCelpolcrhrOaarr, bpthe l%'ieden-OtteSen $XWJCed- 

we (1) had specific activities in the order of 70&1200 Miller-Dawson 

unit8 per mg. We USed CryStalline horseradish percatidaee, R. 2. = 3.0. 

The autoxidatire formation of o-benzoeemiquinone from O.OlM. 

oateohol, pH 7.6 (O.lM phosphate), at 0.6 ml4 02, cmld not be detected, 

1. This study was supported by the Americ8n Cancer Society aud PBS. 

236 



vol. 4,No.3, 1961 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

but in the presence of 15 Miller-Dautzon unite of tyrosinane per ml. (over- 

all reaction velocity = 2.1x lo4 y/ccec) or IA.4 x lOa M peroxidase and 

1.2 ml4 E202 (overall reaction velocity = 3.2 x lo4 M/set) the concentra- 

tion of o-benzoaemiquinone rose to 3.2 x ID-6 M, then decreased. Au M- 

identified radical then formed. The zmximra concentration of o-benzosemi- 

quiuone was dependent upon initial catechol concentration but not (within 

the limits employed) on enzyme concentration, which, houever, influenaed 

the time required to reach the zxxdmum. Up to the point of virtual exhaus- 

tion of O2 or H202 respectively, the free radical formation curve6 appeared 

to be described by the equilibrium relationship, Equ. 1: 

1. bee radical)2 

(Catechol) (o-Quinone) = %qu. 

During the first 150 msec. at ph 7.6, the peroxidatic reaction was 

characterized by a steady state free radical aoncentration proportional to 

the square root of enzyme concentration, as previously reported for peroxi- 

datic ascorbate oxidation (3). No eteady et&e WLB ob,zerved in the case of 

tyroizinase acting at a comparable overall velocity (Flgure 1). 

At pE 5.3 (0.1 M acetate buffer) the equilibrium concentration of o- 

benzosemiquinone generated frau 0.005 H oatechol and .005 M o-quinone is be- 

law the level of detectabiUty by wr 8. a* I-. spectrcaneter (10-T X). The 

generation of o-benzosemiquinone from 0.01 M catechol? 0.6 ml4 02, by tplo- 

ainaee (V = 2.6 x 104 M/ssc) could not be detected. Neverthelese,~percxi- 

datic oxidation of 0.01 M catechol at the came pX and overall velocity 

(Y = 2.3 I lo4 M/sea) produced a typical steady rtate at 0.4 x.lOd M o- 

benzof5emiquinone. 

Accordingly, 94% or morb of the primary product of tyroainaee- 

catalyzed cxidation under these oonditions Pat& be 0-benzoquinone. The 

f'ree radical which appear8 during the reaction at pIi 7.6 is very largely 

if not entirely formed by revewe diemntation. Tbe meohanii4n of tyroeinaue- 
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Figure 1. Comprison of o-bewosemiquinone generation by proxidase and 

tyrosinase at pH 7.6, 0.1 M. phosphate buffer, O.Cl M. catechol, at 219Ar 

peroxidaae (V = 3.2 x lo4 M/eec); C: percxidase (V = 0.8 x 10B4 M/MM); 

B, tyrosinase (V = 2.2 x l& M/set). See text for other detaile. 

oatalyeed oxidation therefore involves two two-electron transfers per mole- 

culeofoxygencon8um d, end the Type III mechenbn~ (2) for the creeolase 

function of this enzJ%ue beoomes probable. 

A canplete report of tbie investigation will be plbliehed else- 

where. Our 8. p. r. work is now being extended to the problem of creeolaze 

lllWhani8Ill. 
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