
Phyroehem~~rry,Vol 24, No 5,pp 905-908, 1985 
Pnnted m Great Bntam 

0031~9422/85 S300+000 
Pergamon Press Ltd 

INHIBITION OF MUSHROOM TYROSINASE BY TROPOLONE* 

VARDA KAHN and ANDRAWIS ANDRAWIS 

Department of Food Technology, Agncuhural Research Organuatlon, The Volcaxu Center, P 0 Box 6, Bet Dagan 50250, Israel 

(Ramed recewed 14 September 1984) 

Key Word Index-Tropolone, mushroom tyrosmase, mhlbltlon 

Abstract-Tropolone mhlblts both mono- and o-dlhydroxyphenolase activity of mushroom tyrosmase Most of the 
mhlblt:on exerted by tropolone was reversed by dlalysls or by excess Cu’+ The data indicate that tropolone and o- 
dlhydroxyphenols compete for bmdmg to the copper at the actlve site of the enzyme Comparison between the 
effectiveness of various copper chelators showed that tropolone 1s one of the most potent mhlbltors of mushroom 
tyrosmase, 50% mhlhtlon was observed with 04 x 10e6 M tropolone 

INTRODUaIONt 

Tropolone (2,4$-cycloheptatrlene-l-one, 2-hydroxy- 
2,4$-cycloheptatnenone) can complex with metals The 
complex forrnatlon of femc tropolone [l], cupric tro- 
polone [I, 23 and magnesium tropolone [3] 1s well 
documented 

Goldstem et al [4] showed that Clsopropyl tropolone 
1s a potent mhlbltor of dopamme-j-hydroxylase of beef 
adrenal glands At 1 x 10m6 M It gave 40% mhlbltlon 
Dopamme+hydroxylase and tyrosmase [monophenol 
mono-oxygenase, phenolase (EC 1 10 3 l)] are both 
copper-contammg enzymes Visser proposed recently [S] 
that the mechamsm of actlon of dopamme-fl-hydroxylase 
and that of tyrosmase are analogous, except that m 
tyrosmase, odlphenol replaces ascorbate as a reductant 
(AH,) In view of the above it was of mterest to test if 
tropolone 1s also an effective mhlbltor of tyrosmase 

RESULTS AND DISCUSSlON 

Effect of tropolone on the monohydroxyphenolase actrvlty 
of mushroom tyrosmase 

The hydroxylahon of a monohydroxyphenol by mush- 
room tyrosmase 1s characterized by an mltlal lag penod 
The data m Fig 1 show that tropolone extended the lag 
period of tyrosme hydroxylatlon (for detah, see Fig 1, 
inset) Moreover, tropolone also slowed the rate of 
dopachrome formatlon (A at 475 nm) followmg the lag 
penod (Fig 1) 

E&ct of tropolone on o-drhydroxyphenolase actwty of 
mushroom tyrosmase 

Tropolone mhlhted the o-dlhydroxyphenolase actmty 
of mushroom tyrosmase when different o-hydroxyphe- 
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Rg 1 Effect of tropolone on the rate of tyrosme hydroxylation 
by mushroom tyrosmase. The reactlon rmxture Included, m a 
total volume of 3 ml, 2 mM L-tyrosme, 47 mM sodmm phosphate 
buffer @H 6 5), 100 pg mushroom tyrosmase (added last) and 
tropolone as mdlcated The lag penods were calculated from the 
curves obtamed and are shown m the mset as a function of 

tropolone concentration 

nols were used as the substrates In the range tested 
(0 3-200 PM), the tigher the tropolone concentration 
used, the greater the extent of mhlbltlon of the rate of 
formatlon of pigmented oxldatlon products obtamed 
from each of the o-dlhydroxyphenols tested The effect of 
premcubatmg mushroom tyrosmase with tropolone at 
erther 1 or 5 PM for a penod of up to 20 mm was tested 
Samples were withdrawn from the premcubation mixture 
at dtfferent times and o-dlhydroxyphenolase actwlty was 
assayed lmmedlately It was found that the same extent of 
mhlbltlon 1s seen after exposing mushroom tyrosmase to 
5 PM tropolone for 1 or 20 mm, suggesting that tropolone 
1s an mhlbltor rather than an mactlvator of the enzyme, 
although the posslblllty that a rapld mactlvatlon (com- 
plete wlthm 1 mm) IS responstble for the loss of actlvlty 
cannot, at present, be excluded 

The mhlbltlon exerted by tropolone on the oxldatlon of 
DL-IXX’A (3&hhydroxyphenylalanme), dopamme and 
Cmethyl catechol by mushroom tyrosmase 1s summa& 
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Fig 2 Effect of tropolone on the o-dlhydroxyphenolase actwlty 
of mushroom tyrosmase The reactlon mixture Included, m a total 
volume of 3 ml, 6 7 mM o-dlhydroxyphenol (4-methylcatechol, 
DL-DOPA or dopamme), 47 mM sodmm phosphate buffer 
(pH 6 5), 100 c(g mushroom tyrosmase (added last) and tropolone 
as indicated Actlvlty m the absence of tropolone was taken 

as 100% 

m Fig 2 It 1s clear that the effectiveness of tropolone as an 
mhlbltor of the enzyme depends on the substrate m- 
hlbltlon is highest with DL-DOPA, mtermedlate with 
dopamme and lowest with 4methyl catechol We have 
shown (unpublished data) that the K, values of mush- 
room tyrosmase for DL-DOPA and dopamme are 4 8 
x 10e4 M and 3 6 x 10e4 M, respectively, while that for 

Cmethylcatechol IS ca 0 8 x 10e4 M Thus, it appears that 
the higher the K, of the substrate, the lower the concen- 
tration of tropolone required to inhibit the enzyme to the 
same extent These data are consistent with the hypothesis 
that tropolone and substrate compete for binding to the 
copper at the active site of the enzyme 

To obtain further mformatlon on the type of mhlbltlon 
exerted by tropolone on mushroom tyrosmase, o- 
dlhydroxyphenolase actlvltles (v), were measured as a 
function of DL-DOPA concentration for several concen- 
trations of tropolone A plot of 1 /V vs tropolone concen- 
tration (Fig 3) shows that tropolone produced a mixed 
mhlbltlon [6] The K, value for DL-DOPA IS estimated 
from these data to be 4 8 x 10e4 M, m agreement with the 
estimate of K, mentioned above, while the K, value for 
tropolone 1s 1 5 x lo-’ M The mixed mhlbltlon exerted 
by tropolone may come from its ability to chelate copper 
at the active site and its ability to bind to that portion of 
the enzyme that normally binds the substrate, and/or due 
to the posslblhty that tropolone might mhlblt the SO- 
enzymes of mushroom tyrosmase differently 

Reversal of the mhtbttron exerted by tropolone on mush- 
room tyrosmase 

Goldstein et al [4] attributed the mhlbltlon of 
dopamme-ji-hydroxylase by tropolone to the copper- 
chelating properties of tropolone, although the inhibition 
by tropolone could not be reversed by Cu’+ and could 
only be reversed by a 24 hr dlalysls agamst sodmm 
phosphate buffer (pH 6 4) 

The effect of dialysis on tropolone-mhlblted mushroom 
tyrosmase was tested as follows Mushroom tyrosmase 
(1 5 mg) m 86 mM sodium phosphate buffer (pH 6 5) was 

F 
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Fig 3 Inhlbltlon of o-dlhydroxyphenolase activity of mush- 
room tyrosmase by different concentrations of tropolone The 
reaction mixture included, m a total volume of 3 ml, 47 mM 
sodium phosphate buffer (pH 6 5), 100 c(g mushroom tyrosmase 
(added last), different concentrations of tropolone and 0 33,O 66, 
I 33,2 66,5 00 and 6 66 mM of DL-DOPA m A, B, C, D, E and F, 
respectively Veloctty (v) refers to mltlal o-dlhydroxyphenolase 
actlvlty (A at 475 nm/mm) The data were plotted as l/V vs 
tropolone concentration and the Ki estimated from the graph 

obtained, as described by Webb [6] 

incubated with 0, 1,2 or 3 mM tropolone (samples A, B, C 
and D, respectively) for 10 mm, yielding a completely 
inhibited enzyme Fiach sample was then dlalysed for 48 hr 
(against several changes of 005 M sodmm phosphate 
buffer, pH 6 5) and Its o-dlhydroxyphenolase actlvlty was 
tested with 6 7 mM DL-DOPA (m 47 mM sodium phos- 
phate buffer, pH 6 5) as the substrate It was found that 
90% of the mhlbltlon caused by tropolone (in samples 
ED) was reversed by dlalysls (I e 90% actlvlty was 
recovered), indicating that the tyrosmase-tropolone com- 
plex IS dlssoclable 

Figure 4 shows that, m the absence of Cu’+, but m the 
presence of 166 PM tropolone, o-dlhydroxyphenolase 
activity showed a AA of 0 07 at 475 nm/mm (see x-axis at 
zero copper sulphate concentration) compared with a AA 
of 044 at 475 nm/mm m the absence of tropolone 
(indicated by an arrow on the x-axis at zero copper 
sulphate concentration) Upon addition of copper sul- 
phate at various concentrations, the o-dlhydroxyphenol- 
ase activity of the tropolone-mhlblted enzyme was re- 
covered, with maximum observed recovery achieved at ca 
0 1 mM copper sulphate A large molar excess of copper 
sulphate-tropolone was required to obtain maximum 
reversal of the inhibitory effect of 1 66 PM tropolone 
indicating that, perhaps, tropolone has a higher bmdmg 
constant to the enzyme relative to the bmdmg of tropo- 
lone to Cu2+ The observation that only ca 70% of the 
orlgmal activity was recovered by addition of copper 
sulphate IS due to the fact that added copper sulphate 
alone mhlblts o-dlhydroxyphenolase activity of the 
enzyme, as seen m the mset to Fig 4 (inset) Further 
expenments showed that btlef premcubatlon of 1 66 PM 
tropolone with a 200- or 400-fold excess copper sulphate 
pnor to the addition of mushroom tyrosmase, slgmfi- 
cantly reduced the inhibitory effect of tropolone on the 
enzyme 
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Fig 4 Effect of copper sulphate on tropolone mhlbmon of 
mushroom tyrosmase and the mhlbltmg effect ofcopper sulphate 
alone on mushroom tyrosmase (mset) The reactton nuxture 
mcluded, m a total volume of 3 ml, 6 7 mM DL-DOPA, 47 mM 
sodmm phosphate buffer (pH 6 S), 166pIU tropolone, 5Opg 
mushroom tyrosmase (added last) and copper sulphate as 
indicated (Inset) The reaction mature was as above, but wlthout 
tropolone o_Dlhydroxyphenolase acttvlty of control (without 
tropolone or copper sulphate) showed a AA of 044 at 

) 475 nm/mm (shown on the x-axis of the mset and indicated by an 
arrow on the x-axis of the mam graph) 

Comparzson between the efictzveness of tropolone, L- 

mzmoszne and other copper chelators zn znhzbztwzg mush- 
room tyrosznase 

L-Mzmosme [B-(N-3-hydroxypyrzdone+a-ammo- 
propzonzc acid] zs the pyrzdone analogue of DOPA, which 
can chelate metals such as Cu’+, Zn*+, Mg*+ and Ca*+ 
[7] The stabzhty constants of these complexes were 
evaluated by Stunzz et al [7] The ability of tropolone and 
mzmoszne to chelate metals zs attributed zn both cases to 
the presence of a hydroxyl and an oxygen adjacent to each 
other (see formulae), 

CH,-CH-NH, 

TROPOLONE L-MIMOSINE 

It was interesting to compare the effect of L-rmmoszne 
on mushroom tyrosmase wzth that of tropolone The data 
zn Fzg 5 show that L-mzmoszne, hke tropolone, is a more 
effective znhzbztor of mushroom tyrosznase when DL- 

DOPA or dopamme are the substrates compared with 4- 
methyl catechol as the substrate A comparison between 
the effectiveness of tropolone and L-mmosme to znhzbzt 
the oxidation of DL-DOPA by mushroom tyrosmase 
showed that, under the same condztzons, 50 ‘A mluhtzon 
was achieved wzth 0 5 x 10m6 M tropolone or 1 x 10T4 M 
L-mzmosme Therefore, tropolone IS 200-fold more effec- 

L-Mwno.s~ne (mM) 

Fig 5 Effect of L-munosme on odlhydroxyphenolase activity 
of mushroom tyrosmase The reaction rmxture m&&d, ma total 
volume of 3 ml, 6 7 mM odzhydroxyphenol [ (4-methylcatechol) 
(e), DOPA (A) or dopamme (0)], 47 mM sodunn phosphate 
buffer (pH 6 5), 100 pg mushroom tyrosmase (added last) and L- 

munosme as Indicated 

tzve as znhzbztor of mushroom tyrosmase than L- 
mtmosine 

Hashzguchz and Takahashz [8] studied the effect of L- 
munosme on mouse melanoma tyrosmase and on 
dopamme+hydroxylase of bovine adrenal medula They 
found that L-rmmoszne, at 1OpM or more, znhbzted 
tyrosznase actlvzty when L-DOPA was the substrate The 
znhlbztzon of tyrosmase by L-mzmoszne was reported to be 
competztzve wzth L-DOPA, wzth a K, of 54 PM, whzle that 
of dopamme+hydroxylase with tyrzunme as the sub- 
strate was uncompetitive, with a K, of 180pM [8] 
Hashzguchz and Takahashz attnbuted the mhzbztzon of 
tyrosmase by L-mnnosme znamly to the-structural S~U- 
larzty between L-mzmosme and L-DOPA and only par- 
tzally to the copper-chelating property of L-mzmoszne, 
whzle the znhzhtzon of dopamzne+hydroxylase by L- 
mzmosme was attnbuted mamly to the copperchelatzng 
capacity of the latter [8] 

L-Mlmosme was found to be a competltzve mhlbztor of 
Neurospora tyrosznase, with a K, of 10 PM [9] Polacheck 
et al [lo] showed that L-mzmoszne at 1 mM was a very 
effective znhzbztor of PPO of Cryptococcus neoformus, 
while PPO of Mycobacterzzun leprae was not znhlbzted 
but, rather, used numoszne as a substrate 

Further comparison between the effectiveness of tropo- 
lone and other metalcomplexzng agents showed that, 
among the agents tested, tropolone and 2-mercapto- 
benzothzazole (MBT) are the most potent znhzbltors of 
mushroom tyrosmase (Table 1) 

MBT has been reported to be a potent znhzbztor of PPO 
from banana, potatoes and tobacco leaves ([l l] and 
references therein) To the best of our knowledge, how- 
ever, thzs IS the first report of tropolone as a potent 
znhzbztor of tyrosznase 

EXPERIMENTAL 

Maten& Mushroom tyrosmase (grade III), tropolone (co 
98%, mp 51-W), L-numosme (ca 99x, mp 228”, [a]g +21”), 
L-ascorbic acid, p-tohuc acid, methnnazole, DL-DOPA, L- 
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Table 1 Comparison between the effectiveness of various 
copper chelators to mhlblt the oxldatlon of DOPA by mushroom 

tyrosmase 

Copper chelator 

Sodmm salicylate 
Glycme 
Sodmm thlosulphate 
Sodmm avde 
Sodmm ascorbate 
Cysteme 
pTolulc acid @-methyl benzolc acid) 
L-Munosme 
Methlmazole (l-methyl lmldazole-Zthlol) 
MB1 (2-mercaptobenzmudazole) 
DETC (dlethyldlthtocarbamate) 
Tropolone 
MBT (2-mercaptobenzothlaole) 

‘50 

41 x10-3 

12 x 10-S 
loxlo-3 
08x lO-3 
04 x lo-” 
03 x lo-3 
03x10-” 
olxlo-3 
01x10-” 
08 x lO-6 
08 x lO-6 
04 x lo-6 

0 13 x lo-6 

by extrapolatton of each curve to the x-as as suggested m ref 

PI 
o-mydroxyphenolase activity of mushroom tyrosmase was 

assayed m a reaction muture of 3 ml that mcluded 6 7 mM 
odlhydroxyphenol (DL-DGPA, dopamme or Cmethyl catechol), 
47 mM NaPt buffer (pH 6 5) and mushroom tyrosmase (added 
last) as indicated 

The rate of oxldatlon of DL-DGPA and of dopamme was 
followed at 475 nm and that of 4-methyl catechol at 410 nm 
o-D&ydroxyphenolase actlvlty was estimated from the m~ti 
linear poruon of each curve and 1s expressed as AA at 475 nm/mm 
when DL-DOPA or dopamme served as the substrates or as AA at 
410 nm/mm when Cmethyl catechol served as the substrate 

Spectroscopic data were obtamed usmg a Vanan 635 spectro- 
photometer eqmpped with a recorder 
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The reactlon rmxture included, m a total volume of 3 ml, 
6 7 mM DL-DGPA 47 mM sodmm phosphate buffer (pH 6 5), 
100 pg mushroom tyrosmase (added last) and various concentra- 
hons of each of the copper chelators mdlcated T’he o- 
dlhydroxyphenolase actlvlty (AA at 475 nm/mm) was computed 
from the curves obtamed and a graph of relattve remammg 
actlvlty vs mhlhtor concentratton was plotted m each case The 
gsO value was obtamed from each graph and represents the molar 
concentration of the copper chelator needed to mhtbtt o- 
dlhydroxyphenolase actlwty by 50 % 

tyrosme and DL-cysteme were obtamed from Sigma, glycme and 
Na thmsulphate were from BDH, NaN3 was from I T Baker, and 
2-mercaptobennrmdazole was from Aldnch All other chermcals 
were reagent grade 

Monohydroxyphenolase activity of mushroom tyrosmase was 
assayed m a reaction mtxture of 3 ml that included 2 mM 
L-tyrosme, 47 mM Napl buffer @H 6 5) and mushroom tyro- 
smase (added last) as indicated The rate of tyrosme hydroxy- 
latton was followed by measurmg dopachrome formation at 
475 nm The lag penod of tyrosme hydroxylatlon was estimated 
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