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Abstract-In studies deahng with melanogenesls m mammahan &sues, ultrastructural locahzatlon of enzymes, 
ldentlficatlon of ‘subcellular organelles, dlfferentlatlon and hgruficatlon m plant tissues, it 1s important to have means to 
dIfferentlate between tyrosmase and peroxldase actlvltles For a variety of reasons, established cnterla used for this 
purpose are not always rehable We suggest that tropolone can aid m dlfferentlatmg between tyrosmase and peroxldase 
actlvltles since (a) It 1s a very effective mhlbltor of tyrosmase, (b) m the presence of hydrogen peroxide It can serve as a 
substrate for peroxldase, (c) at concentrations that inhibit tyrosmase, It does not inhibit peroxldase activity, and (d) It 
mhlblts tyrosmase activity even m the presence of hydrogen peroxide and peroxldase In a system containing a mixture 
of tyrosmase and peroxldase, tropolone can differentiate reliably between peroxldase and monohydroxyphenolase or o- 
dlhydroxyphenolase actlvltles of tyrosmase Moreover, tropolone can differentiate reliably between peroxldase and 
tyrosmase actlvltles usmg slices or crude dlalysed extracts of various plant tissues 

INTRODUCUON 

o-Dlhydroxyphenols can be acted upon by tyrosmase as 
well as by peroxldase and hydrogen peroxide, leading to 
the formatlon of o-qumones which then undergo rapid 
non-enzymatic conversion to plgmented polymeric prod- 
ucts Tyrosmase can carry out two reactlons hydroxy- 
latlon of monohydroxyphenols to o-dlhydroxyphenols, 
and dehydrogenatlon of o-dlhydroxyphenols to o- 
qumones, which then polymerize non-enzymatlcally to 
form melanms [l] Peroxldase oxldlzes varrous hydrogen 
donors, AH*, m the presence of hydrogen peroxide In 
addition to this peroxldatlc reaction, peroxldase, m the 
absence of hydrogen peroxide, can carry out oxldatlc, 
catalytic and hydroxylatlon reactions [l] Peroxldase can 
act on monohydroxvphenols, such as tyrosme, and on o- 
dlhydroxyphenols, such as DOPA Hydroxylatlon of 
monohydroxyphenols, such as p-cresol, tyramme and 
tyrosme, by peroxldase occurs m the absence of hydrogen 
peroxide [l] Monohydroxyphenols, such as tyrosme, 
tyramme and homovamlhc acid, can be acted upon by 
horseradish peroxldase (HRP) m the presence of hydro- 
gen peroxide to form dlmers [2] Thus, for example 
tyrosme, m the presence of hydrogen peroxide and 
peroxldase, 1s mltlally oxldued to dltyrosme and 1s then 
oxldlzed to brown polymers [34] There 1s also evidence 
that DOPA can be converted to dopachrome m the 
presence of peroxldase and hydrogen peroxide [S] 

The fact that tyrosmase, or HRP plus hydrogen 
peroxlde can act on phenols leading to the formation of 

l Contrlbutlon from The Agricultural Research Orgamzatlon, 
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pigmented products often causes confusion when mvestl- 
gators attempt to determine whether the pigmented 
products m the tissue were generated by the action of 
tyrosmase or peroxldase [4,7-191 This 1s true in expen- 
ments with both animal [4,7-151 and plant [16-191 
tissues 

Tropolone (2,4&cycloheptatnene-l-one) 1s an effective 
copper chelator [20] Goldstein et al [21] have shown 
that tropolone inhibits the coppercontammg dopamme- 
B-hydroxylase We showed m ref [22] that tropolone is an 
mhlbltor of mushroom tyrosmase and that, among va- 
rious copper chelators tested, it IS one of the most potent 
mhlbltors of the enzyme In the course of our work it was 
also found that tropolone, m the presence of hydrogen 
peroxide, serves as a substrate for HRP [23] In view of 
the above, it occurred to us that tropolone can be useful in 
dlfferentlatmg between tyrosmase and peroxldase (For 
termmology used here see ref [22] ) 

RESULTS 

We have shown [22] that tropolone can mhlblt mush- 
room tyrosmase possibly because of Its ability to chelate 
copper at the active site of the enzyme Inhlbltlon (50 %) 
occurs at 100, 3 and 04 x lO-6 M tropolone when 4- 
methyl catechol, dopamme and DL-DOPA, respectively, 
are used as the substrate Moreover, we have shown [23] 
that tropolone can serve as a substrate for HRP m the 
presence of hydrogen peroxide The oxldlzed product 
formed 1s yellow, characterized by a peak at 418 nm and 
suggested to be a tetratropolone [23] Tropolone, m the 
presence of HRP alone or hydrogen peroxide alone, was 
not oxidized The oxldatlon of tropolone to a yellow 
product occurred only when both HRP and hydrogen 
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Table 1 Tropolone as a substrate 
for HRP m the presence of hydro- 

gen peroxide 

HRP (pg) AA at 418 nm/mm 

05 024 
10 040 
15 060 
20 074 

The reactlon mixture included, m 
a total volume of 3 ml, 47 mM 
sodium phosphate buffer @H 6 S), 
2 2 mM tropolone, 2 2 mM hydro- 
gen peroxide and HRP as Indicated 
The increase m A of 418 nm was 
linear with time for at least 120 set 
Controls of tropolone alone, tropo- 
lone plus HRP, tropolone plus 
hydrogen peroxide or HRP plus 
hydrogen peroxide had neghgble A 
at 418 nm and gave no increase m A 
at 418 nm as a function of mcu- 
bation time 

peroxide were present [23] A summary of the data IS 
given in Table 1 

The observatron that tropolone inhibited mushroom 
tyrosmase activity and served as a substrate for HRP m 
the presence of hydrogen peroxide suggested that tro- 
polone could be used as an aid m drfferentratmg between 
tyrosmase and peroxtdase when a mixture of the two is 
suspected to be present m a homogenate or a tissue In 
order for this to be effective, tt was first necessary to 
establish that (a) tropolone, at concentrattons that inhibit 
tyrosmase, does not inhibit HRP actmty, and (b) tropo- 
lone inhibits tyrosmase actrvity even m the presence of 
hydrogen peroxide and peroxidase 

The data m Table 2 establish that tropolone, m concen- 
trations up to at least 4 x 10e4 M, dtd not mhtbtt HRP 
activity when guatacol and hydrogen peroxtde were the 
substrates Moreover, at the relattvely low concentration 
of 4 x 10m4 M, tropolone oxidatton by HRP plus hydro- 
gen peroxide did not contribute a suffictent increase m A 
at 470 nm to interfere with the estimatton of peroxidase 
activity, as Judged by guatacol oxtdation to a red tetra- 
guatacol product (A at 470 nm) 

The data m Table 3 show that tropolone at a 6 7 
x lo- 6 M concentratton effectively mhtbtts o-dthydroxy- 
phenolase activity of mushroom tyrosmase m the absence, 
as well as the presence, of hydrogen peroxide 

Dlflerentratton between o-dthydroxyphenolase of tyro- 
smase and peroxldase actmtles with the use of tropolone 

The above results further support our idea that tropo- 
lone could be useful m dtfferenttatmg between tyrosmase 
and peroxtdase A mixture consisting of HRP and 
mushroom tyrosmase was prepared to test this 
(HRP-tyrosmase mix) The data m Table 4 illustrate that 
the HRP-tyrosmase mixture acts on DOPA alone (no 
hydrogen peroxide), and that this acttvtty is completely 
mhrbited by tropolone, mdtcatmg that, m this case, only 

Table 2 Effect of tropolone on HRP activity 
using g-01 and hydrogen peroxide as the 

substrates 

Tropolone Peroxidase activity 
No (PM) (A A at 470 nm/mm) 

1 0 052 
2 80 052 
3 160 052 
4 240 060 
5 320 060 
6 400 060 

Peroxidase activity was assayed in a reaction 
murture that included, m a total volume of 5 ml, 
2 ml guamcol-hydrogen peroxide mature 
[freshly nuxcd and consistmg of 100 ml 0 05 M 
soldum phosphate buffer @H 6 S), 10 ml of 1% 
g-1 m 50% ethanol and 1Oml of 03% 
hydrogen peroxide], 0 5 Pg HRP (added last) 
and tropolone as Indicated 

Table 3 Effect of tropolone on o&hydroxyphenolase actlvlty 
of mushroom tyrosmase m the absence and presence of hydrogen 

peroxide 

Hydrogen 
Tropolone peroxide o-Dlhydroxyphenolase actwtty 

Part (PM) (mM) (AA at 475 nm/mm) ( %) 

A 0 0 052 100 
67 0 0 0 

670 0 0 0 

B 0 067 056 100 
67 067 003 -5 

670 067 0016 -3 

The reaction rmxture mcluded, m a total volume of 3 ml, 
6 7 mM DL-DOPA, 47 mM sodmm phosphate buffer @H 6 5), 
25 pg mushroom tyrosmase (added last), and hydrogen peroxide 
and tropolone as indicated 

tyrosmase contributes to the increase m A at 475 nm The 
oxidation of tropolone by the HRP-tyrosmase mixture 
occurs only m the presence of hydrogen peroxide 
(Table 4), indicating the contribution of HRP alone to the 
increase in A at 475 nm 

The dam presented m Table 4 show that, m a mrxture 
consisting of peroxidase plus tyrosmase, the acttvtty of 
each enzyme can be tdentrfied wtth the atd of tropolone 
The complete mhibitton of DOPA oxrdation by tropo- 
lone m the absence of hydrogen peroxide 1s a criterion for 
tyrosmase activity, while the oxrdatton of tropolone to a 
yellow product m the presence of hydrogen peroxtde IS a 
criterion for peroxtdase acttvtty 

It should be remembered that tropolone oxtdatton by 
HRP m the presence of hydrogen peroxide 1s best assayed 
at 418 nm, but the data m Table 4 were obtained at 
475 nm for a better comparison with DOPA oxidation by 
tyrosmase 
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Table 4 DdTerenttatlon between odlhydroxyphenolase activrty and 
peroxldase activity (m a model system) Hrlth the use of tropolone 

Hydrogen 
HRP-tyrosmase DOPA Tropolone peroxide AA at 

Part mix W) (mM) (mM) (mM) 475 nm/mm 

A 01 67 - - 009 
67 67 0 
67 - 33 018 
- 67 0 
- 67 33 035 
67 67 33 050 

B 02 67 - 017 
67 67 - 0 
67 33 034 
- 67 - 0 
- 67 33 066 
67 67 33 098 

Each reaction nuxture Included, m a total volume of 3 ml, 47 mM 
sodmm phosphate buffer @H 6 5), DL-DOPA, tropolone, hydrogen 
peroxide as m&ate-d, and either 5pg HRP plus 5pg mushroom 
tyrosmase (part A) or 10 pg HRP plus 5 pg mushroom tyrosmase 
(part B) (The HRP-tyrosmase rmxture was added last ) 
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Drfferentzatton between monohydroxyphenolase actlvlty of 
tyrosmase and peroxtdase actlvztres wrth the use of 
tropolone 

Monohydroxyphenol hydroxylatlon by tyrosmase 1s 
characterized by an tnltlal lag period This lag penod IS 
overcome when a sufficient concentration of o- 
dlhydroxyphenol IS formed non-enzymatically m the 
system to serve as a reductant (AH,) m the hydroxylatlon 
reaction [24,25] or when reductants, such as ascorbate or 
hydroxylamme, are added exogenously to the system 
[25-301 Hydrogen peroxtde, at relatively low concen- 
tratlons,can also shorten the lag period [24,31-331 In the 
case of mushroom tyrosmase we found that 66 mM 
hydrogen peroxide shortens the lag period of tyrosme 
hydroxylatlon by 50% (data not shown) 

Peroxldase, m the presence of hydrogen peroxide can 
convert tyrosme to dltyrosme [3-6] There 1s no lag 
period m dltyrosme formation, but, rather, it 1s formed 
lmmedlately upon addltlon of peroxrdase [3S6] 

The possible use of tropolone m dlfferentlatmg between 
the contrlbutlon of tyrosmase and peroxldase to tyrosme 
hydroxylatlon was, therefore, tested Usmg tyrosme as the 
substrate, an Increase m A at 475 nm, by an mteractlon 
with the HRP-tyrosmase mix, was observed m the 
absence and presence of hydrogen peroxide and m the 
absence and presence of tropolone and combmatlons 
thereof It was reahzed that m such an expenment an 
increase m A at 475 nm would reflect both dopachrome 
formation and tropolone oxidation The data m Fig 1 
(line A) show that m an mteractlon of the HRP-tyrosmase 
mix with tyrosme alone, a lag period of ca 4 mm was 
observed before dopachrome formation (an increase m A 
at 475 nm) could be detected A lag period of ca 60 mm 
was observed when the HRP-tyrosmase mix acted upon 
both tyrosme and tropolone (0 33 or 1 65 mM tropolone) 
(Fig 1) m the absence of hydrogen peroxide (data shown 
up to 8 mm only) Furthermore, Fig 1 (line B) illustrates 

09- (E) 
oa- (Alnone 

zor- 
(B) H,O, 

B . 06- (Cl) tropolone 
E (Cal tropolone(C0~5) 

0 I 2 3 4 5 6 7 a 60 
Turns (mm) 

Fig 1 Hydroxylatlon of tyrosme by the action of a rmxture of 
mushroom tyrosmase and horseradish peroxldase m the absence 
and presence of tropolone and of hydrogen peroxide Each 
reaction nuxture included, m a total volume of 3 ml, 2 mM L- 
tyrosme, 47 mM sodium phosphate buffer (pH 6 5) and 0 2 ml 
enzyme mixture consisting of 10 pg mushroom tyrosmase and 
5 pg HRP (HRP-tyrosmase mix) (added last) The following 
ad&ions were also made A, none, B, 3 3 mM hydrogen peroxide, 
C1, 0 33 mM tropolone, C,, 165 mM tropolone, D, 3 3 mM 
hydrogen peroxide plus 0 33 mM tropolone, E, 3 3 mM hydro- 

gen peroxide plus 165 mM tropolone 

the ability of 3 3 mM hydrogen peroxide to shorten the 
lag period of tyrosme hydroxylatlon to less than 1 mm due 
to a shortening of the lag period of tyrosme hydroxylatlon 
by tyrosmase mentioned above [24,28,29,31] Addltlon 
of tropolone to a reaction mixture conslstmg of the 
HRP-tyrosmase rmx, tyrosme and hydrogen peroxlde 
completely abolished the lag permd (Fig 1, D, E) and also 
stimulated the rate of increase of A at 475 nm followmg 
the lag penod The rate of increase of A at 475 nm was less 
pronounced m the presence of 0 3 mM tropolone and very 
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pronounced m the presence of 1 6 mM tropolone (com- 
pare Fig 1 D vs E) 

The data m Fig 1 illustrate that (a) m the absence of 
hydrogen peroxide, mhlbltlon of dopachrome formation 
by incubating tyrosme plus tropolone, compared with 
Incubating tyrosme alone, 1s a reflection of the contn- 
butlon of tyrosmase activity m the HRP-tyrosmase mix, 
and (b) tropolone m the presence of hydrogen peroxide 
stimulates the increase m A at 475 nm considerably more 
than does hydrogen peroxlde alone This IS a reflection of 
the actlon of HRP 

It can, therefore, be concluded that tropolone can 
differentiate between peroxldase, and monohydroxy- and 
o-dlhydroxyphenolase actlvlty of tyrosmase m a model 
system contammg a mixture of the two enzymes This idea 
was also tested on several plant tissues (fruits of papaya, 
banana, avocado and squash, tubers of potatoes, roots of 
radish and horseradlsh, and whole edible mushrooms) 
Walysed crude extracts were prepared from each tissue (as 
described m the ExperImental) In order to test our Idea of 
the possible use of tropolone m differentiating between 
peroxldase and tyrosmase actlvltles (see above), thin slices 
and dlalysed crude extracts were also incubated under two 
sets of condltlons 

(1) Conditions described m Table 5, namely with the 
following additions (a) no addltlon (control), (b) DL- 
DOPA, (c) tropolone, (d) DL-DOPA and tropolone, 
(e) hydrogen peroxide, (f) DL-DOPA and hydrogen per- 
oxide, (g) tropolone and hydrogen peroxide, and (h) DL- 
DOPA, tropolone and hydrogen peroxlde Formation of 
a red-brown colour in the presence of DL-DOPA alone (b) 
and the mhlbltlon of such colour formation m the 
presence of DL-DOPA plus tropolone (d) was taken to 
indicate the presence of tyrosmase activity Formation of 
a red-brown colour m the presence of DL-DOPA plus 
hydrogen peroxlde (f) but not m the absence of hydrogen 
peroxide (b) and the observation that tropolone does not 
inhibit colour formatlon by the presence of DL-DOPA 
plus hydrogen peroxide (f) were taken to indicate the 
presence of peroxldase activity Appearance of an bubbles 
upon addition of hydrogen peroxide was taken to Indicate 
catalase actrvity On the basis of the above cntena, the 
data in Table 5 (for thm shces only) demonstrates that 
papaya possesses peroxldase but not tyrosmase Radish, 
horseradish and squash possess peroxldase but not tyro- 
smase Banana, avocado and potatoes possess peroxldase 
and tyrosmase, and mushroom possesses tyrosmase but 
not peroxldase In the case of papaya, banana, avocado, 
potato and mushroom, atr bubbles were formed when 
hydrogen peroxide was added to the tissue slices, mdlcat- 
mg the presence of catalase 

(2) Condltlons described herem, namely that per- 
oxldase actlvlty was assayed m the presence of gulacol, 
hydrogen peroxide and sodmm phosphate buffer 
(pH 6 5), and tyrosmase actlvlty was assayed m the 
presence of DL-DOPA and sodium phosphate buffer 
(pH 6 5) (as described m detail m the Expenmental) 
Using the dlalysed crude extracts as the enzyme source 
and the above assays it was found (data not shown) that 
banana, avocado and potato possess peroxldase and 
tyrosmase actmtles, papaya possesses peroxldase but not 
tyrosmase activity, radish, horseradlsh and squash possess 
peroxldase but no tyrosmase and mushroom possesses 
tyrosmase but no peroxldase actlvlty The results obtamed 
under condmons (1) and (2), described above, are clearly 
the same, thereby estabhshmg that tropolone can mdeed 
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dlfferentlate between peroxldase actlvlty and tyrosmase 
activity in various plant tissues 

therefore, these chelators actually mhlblt, to ddferent 
extents, both peroxldase and tyrosmase actlvltles 

DISCUSSION 

Investigators studying melanogenesls m mammahan 
tasues, ultrastructural locahzation of enzymes, ident& 
cation of subcellular organelles, and dlfferentlatlon and 
hgmficatlon m plant tissues, need rehable cnterla to 
dlstmgmsh between tyrosmase and peroxldase actlvltles 
both In vztro and m vwo The mitlal step of melanogenesls 
mvolves the hydroxylatlon of tyrosme by the tissue 
Scientists often disagree as to whether tyrosmase or 
peroxldase IS the enzyme responsible for the hydroxy- 
latlon of tyrosme to DOPA m melanogenesls [4,10-151 
Thus, for example Pate1 et al [lo] concluded that both 
tyrosmase and peroxldase can convert tyrosme or DOPA 
to melanin and suggested that these two enzymes are 
responsible for melanogenesa, while Smith and Swan [5] 
ruled out the posslblhty that tyrosme was hydroxylated to 
DOPA by peroxldase and hydrogen peroxide More 
recently, VlJayan et al [ 141 made use of phenylthourea, a 
specific mhlbltor of tyrosmase as a tool to prove that the 
hydroxylatlon of tyrosme to DOPA by a tyrosmase 
preparation of human skm was due to tyrosmase 

Problems associated m attempts at dlfferentlatmg 
between tyrosmase and peroxldase actlvltles are also 
encountered m plant research [ 16-181 Cell dlfferen- 
tlatlon m higher plants 1s correlated with changes m the 
behavlour of peroxldase Cytochermcal methods are 
usually employed for the ultrastructural locallzatlon of 
PPO and peroxldase actlvmes m the plant cell [17] 
Peroxldase IS involved m the formatlon of hgnm m plants 
and it 1s often suggested that a hlstochermcal locahzatlon 
of peroxldase actlvlty IS a very rehable mdlcatlon of the 
locahzatlon of hgmficatlon m tissue [ 181 Peroxldase, m 
the presence of hydrogen peroxlde, acts on substrates, 
such as guruacol and benudme, while tyrosmase cannot 
use these In general, substrates acted upon by tyrosmase 
in the absence of hydrogen peroxide can also be acted 
upon by peroxldase, m the presence of hydrogen peroxide 

Criteria often used m plant studies for the ldentlficatlon 
of peroxldase and tyrosmase are (a) a posItwe reaction 
(pigment formatIon) in the presence of a peroxldase 
substrate (1 e gualacol, benudme) and hydrogen peroxide, 
but a strong mhlbitlon of the reaction with cyanide, azlde 
or by removal of hydrogen peroxide [l&19], and 
(b) a posmve reactlon (pigment formatlon) m the 
presence of DOPA vs a negative reaction by mcubatlon m 
the presence of DOPA and DETC The above crlterla are 
not always rehable to allow a definite dlfferentlatlon 
between tyrosmase and peroxldase actmtles, regardless of 
the tissue under study This 1s due to the fact that 
mhlbltors, such as DETC, mhlblt not only tyrosmase but 
also peroxldase non-selectively Potassium cyanide, azlde 
and phenylhydrazme are known mhlbltors of HRP 
[34,35], as well as of tyrosmase [36], yet mhlbltlon by 
these compounds IS often suggested as a criterion for 
peroxldase actlvlty [34] 

The stlmulatlon by hydrogen peroxide exerted on 
melanin formatlon from tyrosme [7, lo], or the decrease 
m melanin formatlon due to exogenously added catalase 
[8], are critem often used to prove peroxldase rather than 
tyrosmase activity However, the rehabdlty of the above 
crltena IS questlonable m view of the fact that hydrogen 
peroxide can shorten the lag penod of tyrosme hydroxy- 
latlon by tyrosmase from vanous sources [24,31-331 We 
have recently shown m some detail the relatlonshlp 
between hydrogen peroxide concentration and the short- 
ening of the lag permd of tyrosme hydroxylatlon by 
avocado PPO [31], we obtamed slmllar results with 
mushroom tyrosmase (data not shown) Therefore, the 
stlmulatlon of melanin formation from tyrosme by hydro- 
gen peroxide cannot be used as proof of peroxuiase 
activity Indeed, Hearmg [ 133 pointed out that exogenous 
hydrogen peroxide can mcrease melanogenrc activity non- 
specifically, and Pate1 et al [9, lo] questloned the ef- 
fectiveness of catalase, added exogenously to the tissue, as 
an inhibitor of peroxldase Moreover, m some tissues some 
hydrogen peroxide 1s apparently generated endogenously 
[37,38] so that a lack of stlmulatlon by exogenously 
added hydrogen peroxlde might lead to a mlsleadmg 
conclusion 

The data presented m this paper establish that tropo- 
lone can be useful m dlfferentlatmg between tyrosmase 
and peroxldase actlvltles when a mixture of the two 
enzymes 1s under study m a model system as well as m 
tissues from various plant sources Tropolone might be 
very useful as a means of dlfferentlatmg between tyro- 
smase and peroxldase, this bemg true especially m cases 
when the increased conversion of tyrosme to pigmented 
products 1s under study Under such condltlons, the 
mhlbltlon of tyrosme conversion to pigmented product by 
tropolone m the absence or presence of hydrogen peroxide 
would Indicate tyrosmase actwlty, while stlmulatlon of the 
formation pigmented products by tropolone only m the 
presence of hydrogen peroxlde would mdlcate peroxulase 
activity Our suggestion has the advantage that the same 
compound, namely tropolone, can be of aid m dlf- 
ferentlatmg between tyrosmase and peroxldase actlvltles 
in either plant or animal tissues, without the use of any 
additional compound In conclusion, the use of tropolone 
offers the followmg Inhlbltlon of the formation of 
pigmented products (400-475 nm A range) from tyrosme 
or DOPA, m the absence of hydrogen peroxide, by very 
low concentrations of tropolone reflects tyrosmase ac- 
tivity, while stlmulatlon of the formatlon of pigmented 
products from tyrosme or DL-DOPA, in the presence of 
hydrogen peroxide, by relatively high concentrations of 
tropolone, reflects peroxldase actlvlty An additional 
proof of the presence of peroxldase actlvlty 1s the 
formatron of a yellow product when torpolone 1s m- 
cubated m the presence of hydrogen peroxide but not m 
its absence 

Peroxldase and tyrosmase are Iron- and copper- 
containing enzymes, respectively The use of chelators 
specific for either non or copper, with a concomitant 
decrease in melanin formatlon could, theoretically, aid m 
dlstmgulshmg between the two enzymatic activities 
However, metal chelators are apparently not sufficiently 
selective to chelate exclusively either copper or iron and, 

EXPERIMENTAL 

Tyromase actmt~es Monohydroxyphenolase and o- 
dlhydroxyphenolase actlvltles were assayed at 24” m a total 
reaction muLture of 3 ml that included 2mM L-tyrosme or 
6 7 mM DL-DOPA, respect&y, 47 mM NaPl buffer (pH 6 5) 
and mushroom tyrosmase (added last) as mdlcated In both cases, 
the rate of formation of dopachrome as a function of tnne was 
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followed at 475 nm m a Vanan 635 spectrophotometer eqlupped 
with a recorder The lag penod of tyrosme hydroxylation was 
estimated by extrapolation of each curve to the x-axis, as 
suggested m ref [39] o-IXhydroxyphenolase activity was com- 
puted from the mltlal linear portion of each curve and expressed 
as A at 475 nm/mm 

Peroxldase actrutty Assayed at 24” usmg either tropolone or 
g-1 as the substrate (m the presence of H20t), as described 
m the legends to Tables 1 and 2, respectively 

H202 concentratton Estimated at 240nm using an E, 
(240 nm) of 43 6/M cm 

Preparation of dwlysed crude extracts of dtff’erent plant ttssues 

and assays ofenzymes actwtttes Freshly peeled tissue. (40 g) was 
homogemzed m an Gmm nuxer for 5 mm wrath 120 ml NaPl 
buffer (pH 6 5) The crude homogenate was passed through four 
layers of cheese-cloth, centnfuged at 6ooo g for 15 mm and the 
resultant supematant dlalysed overnight agamst 005 M NaPl 
buffer (PH 6 5) Followmg dlalyas, the supematant was centn- 
fuged for 10 mm at 10000 g and used as the enzyme source 
(referred to as the dlalysed crude extract). Thin slices were also 
prepared from the same freshly peeled tissue from which the 
extract had been prepared 

Enzyme assays on the daalysed crude extracts Peroxldase 
activity of the dlalysed crude extract was assayed 111 a reactlon 
mixture that mcluded, m a total vol of 3 ml, nux M [freshly 
nuxed and conslstmg of 100 ml 0 05 M Napl buffer @H 6 5). 
lOml1%gtuuacolm5O%EtOHand10ml03%H,0,]and 
various ahquots of the dtalysed crude extract (added last) The 
rate of formation of tetraguruacol was followed at 470 nm and 
peroxldase activity (AA/mtn) was calculated from the tntttal 
curves obtamed 

Tyrosmase activity of the dlalysed crude extract was assayed m 
a reaction nuxture of total vol 3 ml that included 6 7 mM DL- 

DGPA, 40 mM NaPl buffer (pH 6 5) and vanous ahquots of the 
dlalysed crude extract (added last) The rate of formation of 
dopachrome, followed at 475 nm, and tyrosmase actlvlty 
(AA 475 nm/mm) was calculated from the mmal linear rates of 
the curves obtamed 

Mater& Mushroom tyrosmase (grade III), horseradish per- 
oxldase (type VI), tropolone, DL-DOPA, tyrosme and gualacol 
were obtamed from Sigma, Hz02 from Merck, all other 
chenucals were reagent grade 
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