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Abstract-Tropolone (2,4,6cycloheptatnen-l-one), m the presence of hydrogen peroxlde but not in Its absence, can 
serve as a donor for the horseradtsh peroxldase catalysed reactton The product formed 1s yellow and 1s charactemed by 
a new peak at 418 nm The relatlonshlp between the rate of oxldatlon of tropolone (AA at 418 nm/mm) and various 
concentrations of horseradish peroxldase, tropolone and hydrogen peroxide 1s described The yellow product obtained 
by the oxldatlon of tropolone by horseradish peroxldase m the presence of hydrogen peroxide was purified by 
chromatography on Sephadex G-10 and its spectral properties at different pHs are presented The M, of the yellow 
product was estimated to be ca 500, suggesting that tropolone, m the presence of horseradish peroxldase and hydrogen 
peroxide 1s converted to a tetratropolone 

INTRODUCTION 

Peroxldase 1s a haeme-contammg enzyme that catalyses 
the oxidation of a variety of hydrogen donors (AH*) in the 
presence of hydrogen peroxlde [ 1,2] In addition to this 
peroxldatlc reaction, peroxldase m the absence of hydro- 
gen peroxide but m the presence of oxygen can carry out 
oxldatlc, catalytic and hydroxylatlon reactions [l] The 
data presented m this paper provide evidence that tropo- 
lone, m the presence of hydrogen peroxide can serve as a 
hydrogen donor (AHJ for horseradrsh peroxldase (HRP) 

RESULTS 

Oxldatzon of tropolone to a yellow product by the 
HRP-hydrogen peroxrde system 

Tropolone, m the presence of 47 mM sodium phos- 
phate buffer (pH 6 S), 1s characterized by an extremely 
high peak at 240 nm (data not shown), a high peak at 
328 nm and two low peaks at 364 and 390 nm (Fig 1) The 
visible spectrum of tropolone was not changed by the 
addition of hydrogen peroxlde alone (B) or HRP alone (C) 
(Fig 1) However, upon addition of both HRP and 
hydrogen peroxide, a yellow colour was detected optically 
lmmedtately (hereafter referred to as the ‘yellow product’) 
and this was accompanied by a complete change m the 
ongmal spectrum of tropolone (Fig 1 D) The control 
showed that the A of HRP alone, or of HRP plus 
hydrogen peroxide was neghgble m the visible range 
(Fig 1 E and F) The data in Fig 2 were obtained with a 
constant amount of HRP and hydrogen peroxlde 
(HRP-hydrogen peroxide system) and varying amounts 
of tropolone It can be seen that the yellow product 1s 
characterized by a peak at 418 nm The level of the yellow 
product (with a peak at 418 nm) produced by the oxlda- 
tlon of tropolone with the HRP-hydrogen peroxide 
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Rg 1 The oxldatlon of tropolone by HRP and hydrogen 
peroxide ReactIon rmXtures A-D mcluded, m a total volume of 
3 ml, 0 066 mM tropolone, 47 mM sodmm phosphate buffer 
(pH 6 5) and the following addltlons A, none, B, 0 3 mM 
hydrogen peroxide, C, 1Opg HRP (added last), D, 0 3 mM 
hydrogen peroxide plus 10 pg HRP (added last) Reactions E and 
F included, m a total volume of 3 ml, 47 mM sodnnn phosphate 
buffer (pH 6 5)and 10 pg HRP (added last) Reaction F included, 

m addition, 0 3 mM hydrogen peroxide 

system was dependent on the amount of tropolone 
present m the reaction rmxture The yellow colour formed 
was stable for ca 20 mm followed thereafter by a very slow 
decay 

Effect of concentration of tropolone, HRP and hydrogen 
peroxufe on the rate of tropolone oxuiatlon 

The relatlonshp between the rate of oxidation of 
tropolone (AA at 418 nm/mm), on the one hand, and 
tropolone concentration (at constant HRP and hydrogen 
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Fig 2 Vlslble absorption spectra of different amounts of tropo- 
lone oxldlzed by the HRP-hydrogen peroxide system The 
reaction mixture mcludeu, m a total volume of 3 ml, 3 3 mM 
hydrogen peroxide, 47 mM sodmm phosphate buffer (pH 6 5), 
1 pg HRP (added last) and tropolone as mdrcated The absorp- 
tlon spectrum was recorded 1 mm after the addltlon of HRP 
against blanks that contained the above components but no 

hydrogen peroxide 

peroxide concentrations), HRP concentration (at con- 
stant tropolone and hydrogen peroxide concentrations) 
and hydrogen peroxide concentration (at constant tropo- 
lone and HRP concentrations), on the other hand, was 
exammed, the results are summamed m Figs 3-5, 
respectively 

The data demonstrate linearity between tropolone 
oxldatlon and tropolone concentration at least up to 
10 mM tropolone (Fig 3) Identical results were obtained 
using 3 3 or 6 6 mM hydrogen peroxide with 1 pg HRP 
Lmearlty was also observed at least up to 2c(~ HRP 
(Fig 4) and ca 0 1 mM hydrogen peroxide (Fig 5) 
Maximum tropolone oxldatlon was observed at ca 2 mM 

Tropalone (mM 1 

Fig 3 The rate of oxldatlon of different concentrations of 
tropolone at fixed HRP and hydrogen peroxide concentrations 
The reactlon nuxture included, in a total volume of 3 ml, 47 mM 
sodmm phosphate buffer (pH 6 5), tropolone as indicated, 3 3 or 
6 6 mM hydrogen peroxide and 1 pg HRP (added last) Identlcal 
results were obtamed with 3 3 or 6 6 mM hydrogen peroxide 

HRP @Q) 

Fig 4 The rate of formation of the yellow product from 
tropolone at vartous concentrauons of HRP The reaction 
mixture mcluded, m a total volume of 3 ml, 6 7 mM tropolone, 
3 3 mM hydrogen peroxide, 47 mM sodium phosphate buffer 
@H 6 5), and HRP (added last) as indicated Change m A at 
418 nm as a function of time was recorded and was linear for 
at least 120 set (data not shown) Peroxuiase activities (AA at 

418 nm/mm) were computed from the graphs obtained 

hydrogen peroxide At much higher concentrations of 
hydrogen peroxide, the rate of tropolone oxldatlon was 
mhlhted (Fig 5 inset), probably due to mactlvatlon of 
HRP by such relatively high hydrogen peroxide concen- 
trations [3] 

Compartson of the sensztrvlty of assaymg peroxzdase ac- 
twlty using tropolone us gualacol as the substrate 

The data presented so far establish that tropolone 
serves as a substrate for HRP and that, in the presence of 
hydrogen peroxide, tropolone 1s oxldlzed by HRP to a 
yellow product with a peak at 418 nm 

Peroxldase activity can be assayed using a vanety of 
compounds that can serve as substrates [4-71 The need to 
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Fig 5 Effect of hydrogen peroxide on the rate of tropolone 
oxldatlon by the HRP-hydrogen peroxide system The reaction 
nurture included, m a total volume of 3 ml, 3 3 mM tropolone, 
47 mM sodium phosphate buffer (pH 6 5), 100 pg HRP (added 

last) and hydrogen peroxlde as mdtcated 



Tropolone as a substrate for horseradish peroxldase 911 

find very sensitive assays for peroxldase led sclentlsts to 
look for substrates that have a high E, when oxldlzed 
Thus, relatively recently, 3,3’-dlammobenzldme [S], dl- 
carboxldme [6] and 3,5,3’,5’-tetramethylbemdme [7] 
were shown to be sensitive substrates Heaog and Fahlrm 
[S] showed that 3,3_dlammobenudme was a substrate of 
high sensltmty, odlanlsldme of medium senslttvlty and 
gualacol of low sensitivity for assaying peroxldase 

It was, therefore, of interest to determme whether 
tropolone will allow detection of lower concentrations of 
HRP compared with when other compounds are used as 
substrates However, the data presented m Fig 6 illustrate 
that tropolone IS ca eight-fold less sensltlve a substrate 
for assaying peroxldase than gualacol 

Purrficatlon of the yellow product by chromatography on a 
Sephadex G- 10 column 

In order to better characterize the yellow product 
obtained by the action of HRP and hydrogen peroxide on 
tropolone, it was necessary to separate the product from 
the rest of thecomponents present in the reaction mixture 
This was achieved by chromatography on a column of 
Sephadex G-10 as described m the legend to Fig 7 The A 
at 280 nm was recorded as an arbitrary wavelength to aid 
m locating the position of elutlon of the various com- 
ponents rather than as an ad in their ldentlficatlon 

Three regions were resolved A-C, with A eluted at the 
void volume of the column ( V,) (120 ml), and B and C at 
elutlon volumes of 150 and 280 ml, respe-ctwely (Fig 7) 

HRP was eluted at V, Fractions eluted in regon A 
sometimes had a slight yellowish tmt and were character- 
lzed by a spectrum with non-resolved peaks (data not 
shown) Fractions eluted m region B were deep yellow and 
were characterlzed by a high A at 240 nm, a shoulder at 

0 G - A Tropolone B Gua~ocol - 0 8 

or- -07 

Rg 6 Comparison between the sensltlvlty of assaying per- 
oxldase actlvlty with tropolone (A) vs guamcol (B) as the 
substrate (A) The reactlon mixture Included, m a total volume of 
3 ml, 6 7 mM tropolone, 47 mM sodmm phosphate buffer 
(pH 6 5), 3 3 mM hydrogen peroxlde and HRP (added last) as 
mdlcated (B) The reactlon nuxture Included, m a total volume of 
3 ml, 6 7 mM gua~acol, 47 mM sodmm phosphate buffer (pH 6 5) 
and HRP (added last) as mdlcated The change m A was followed 
at 418 and 470 nm m (A) and (B), respectively In all cases, the rate 
of increaSe m A was linear for at least 120 set (data not shown) 
Actlvlty was computed from the mltlal linear portion of the 

curves obtained 
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Fig 7 Punficatlon of the yellow product by chromatography 
on a Sephadex G-10 column (Upper) A reactlon mixture 
contammg, m a total volume of 3 ml, 6 7 mM tropolone, 47 mM 
sodium phosphate buffer (pH 6 5), 0 67 mM hydrogen peroxide 
and 1 pg horseradlsh peroxldase was mcubated for 5 mm at room 
temperature The nuxture was then apphed to a Sephadex G-10 
column (2 6 x 60 cm) and the column was eluted with water 
Fractions of 1 5 ml were collected m an ISCO No 328 fraction 
collector attached to a UA-5 momtor and the A at 280 nm was 
recorded (Lower) Absorption spectra of peak fractions from 
regons B (yellow) and C eluted off the Sephadex G-10 column 

280 nm, a trough at 340 nm, and peaks at 390 and 418 nm 
(Fig 7) The peak fraction m repon B will be referred to as 
the ‘purified yellow product’ The spectrum of the purified 
yellow product (Fig 7) was unchanged for at least 4 hr 
Fractions eluted m regon C were colourless and were 
characterized by a spectrum identical to that of untreated 
tropolone shown m Fig 1 These fractions inhibited 
mushroom tyrosmase activity and also, upon addition of 
copper sulphate, formed a copper-tropolone complex 
characterized with a high peak at 320 nm and a small peak 
at 378 nm Moreover, when samples of fractions eluted in 
regon C were incubated (m a total volume of 3 ml) in the 
presence of 47 mM sodium phosphate buffer (pH 6 S), 
0 67 mM hydrogen peroxide and 20 pg HRP, a yellow 
product was formed slmdar to that shown in Fig 2 It can, 
therefore, be concluded that untreated tropolone was 
e1ute.d in region C 

It was of interest to know if additIona oxldatlon 
products are formed by the action of the HRP-hydrogen 
peroxide system on tropolone as a result of non-enzymatic 
polymeruatlon In order to test this, a reaction rmxture 
identical to that used m Fig 7 (contauung tropolone, 
sodium phosphate buffer, pH 6 5, HRP and hydrogen 
peroxide) was left for 20 hr at room temperature and then 
chromatographed on a Sephadex G-10 column It was 
found that the same products were formed when tropo- 
lone was incubated with the HRP-hydrogen peroxide 
system for 5-10 mm or for 24 hr 

Characterlzatlon of the purlJed yellow product obtamed by 
the action of the HRP-hydrogen peroxzde system on 
tropolone 

The effect of pH on the vlslble spectrum of the punfied 
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Fig 8 Effect of pH on the absorption spectra of the pur16ed 
yellow product formed by the action of HRP and hydrogen 
peroxide on tropolone The reaction rmxture mcluded, in a total 
volume of 1 ml, 0 5 ml of the yellow product putied by Sephadex 
G-10 chromatography with 5 mM sodmm citrate at pH 2 
(---), 5mM sodium carbonate at pH 12 (- - -), or water 

(PH 7) (-) 

yellow product 1s illustrated m Fig 8 The visible spectra 
at pH 7 and 12 are similar, with a broader peak around 
395 nm at pH 7 and a sharper peak at 416 nm at pH 12 
However, at pH 2 2, the peak at 390-416 nm completely 
dlsappeared and, Instead, a new one appeared at 340 nm 
On the basis of the determmatlon of the elutlon volume of 
compounds of known M, (such as ATP, tryptophan, 
FMN, tropolone) on a Sephadex G-lOcolumn identical to 
that used m Fig 7 (not shown), the M, of the yellow 
oxldatlon product of tropolone was estimated to be a little 
less than 500 

E&ct of pH on the spectrum of tropolone 

In the course of our work we noted that when a 
colourless solution of tropolone 1s made alkaline, It 
becomes yellow Such an observation was reported by 
Cook et al [S], who showed that m 0 5 M sodium 
hydroxide, tropolone has peaks at 329 and 392 nm We 
exammed the effect of pH on tropolone m aqueous 
solutions and found the followmg at pH 5 5 and 7 0, 
tropolone was colourless and charactemed, m both cases, 
by a very high peak at 234 nm and a small peak at 324 nm 
(data not shown) At pH 11 5, the peak at 234 nm 
remained unchanged, the peak at 324 nm increased, and a 
new peak was observed at 390 nm 

It can, therefore, be concluded that the spectrum of the 
yellow solution of tropolone, at pH 11 5 as described 
above, and that of the putied yellow product, obtamed 
by the actlon of HRP on tropolone m the presence of 
hydrogen peroxide (Fig S), are different The yellow 
colour seen when tropolone 1s made alkahne may, per- 
haps, be due to the auto-oxldatlon of tropolone to a 
yellow tropaqumone This posslblhty was not explored 

DISCUSSION 

As pointed out in the Introduction, peroxldase can 
carry out the followmg types of reactions (1) peroxldatlc 
oxldatron, (2) oxldatlc, (3) catalytic, and (4) hydroxylatlon 
[l] The peroxldahc oxldatron reactlon occurs m the 
presence of hydrogen peroxlde when a variety of com- 
pounds, such as gualacol, tyrosme, o-dlamsldme, or 
3,5,3’,5’-tetramethylbemdme, serve as the substrate 
(AH,) [l, 5-71 These substrates are polymenzed m the 
course of this reactlon The catalatlc reaction occurs 
between two molecules of hydrogen peroxide m the 
absence of an AH*, while the oxldatlc and hydroxylatlon 
reactions occur m the absence of hydrogen peroxide, but 
require oxygen Instead 

The data presented m this paper show that tropolone IS 
oxldlzed to a yellow product by HRP only m the presence 
of hydrogen peroxide, namely that HRP acts on tropo- 
lone plus hydrogen peroxide m a peroxldatlc manner The 
rate of tropolone oxldatlon to a yellow product was 
linearly related to tropolone concentration, HRP concen- 
tratlon and to low hydrogen peroxide concentrations At 
concentrations of hydrogen peroxide above 0 1 mM, the 
reaction was mhlhted, probably due to mactlvatlon of 
HRP as a result of such concentrations of hydrogen 
peroxlde [ 31 

Substrates, such as gtuuacol, o-dlammdme and 3,3- 
dlammobenzldme, are, m descendmg order, more senslt- 
ive substrates for assaying peroxldase [S] In view of our 
finding (Fig 6) that tropolone IS less effective than 
gtuuacol, we do not recommend tropolone as a substrate 
for detecting very low concentrations of peroxldase 
However, in view of our finding showing that tropolone 1s 
a very effective mhlbltor of mushroom tyrosmase [9] and 
our present data showing that It serves as a substrate for 
HRP, we recommend tropolone as an ald m dlfferentlat- 
mg between these two enzymatic actlvltles [lo] 

Dlmerrc and tetramerlc oxldatlon products are known 
to be formed by the action of the HRP-hydrogen 
peroxide system on different substrates [l, 4, 1 l] 
Gualacol 1s one of the most commonly used substrates for 
peroxldase Peroxldase, m the presence of hydrogen 
peroxlde, oxldlzes gualacol to a red-brown product It 1s 
generally agreed that a tetragmol 1s the mam oxldatlon 
product of this reaction [l] However, several mvestl- 
gators showed that, besides tetragualacol, dlmerlc oxlda- 
tlon products of gualacol, such as 2,2’-dlhydroxy- and 3,3’- 
dlmethoxydlphenyl are also formed [4, 121 Lmdgren 
[ 1 l] attributed the red colour to dlphenoqumone residues 
formed from some gualacol units by oxldatlon, rather 
than to the tetramer molecule 

Gross and Sizer [13] showed that monohydroxy- 
phenols, such as tyrosme and tyramme, can be acted upon 
by the HRP-hydrogen peroxlde system A dltyrosme and 
a dltyramme were shown to be formed m the course of the 
reactlon [ 131 Sumlarly, homovamlhc acid, in the presence 
of hydrogen peroxide, 1s dlmerlzed by peroxldase mto a 
dlhomovamlhc acid [14, 151 

The data presented show that tropolone can serve as a 
hydrogen donor for HRP m the presence of hydrogen 
peroxlde as a hydrogen acceptor formmg a yellow product 
characterized by an A peak at 418 nm Usmg Sephadex G- 
10 chromatography, the M, of the yellow product was 
estnnated to be ca 500 Although our cahbratlon of the 
Sephadex G-10 column was not fully reproducible in 
different runs, we feel it IS safe to suggest that a tetra- 
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4 + 4H,O, - + 8H,O 

Scheme 1 

tropolone IS the mam product formed by the action 
of the HRP-hydrogen peroxide system on tropolone 
The tetratropolone IS hkely to be formed as shown in 
Scheme 1 

Tetragwacol has been assigned two different struc- 
tures, a symmetrical and a non-symmetrical one [4] By 
analogy, the structure of tetratropolone can be assigned 
similar alternative structures We do not have data to 
support one m preference to the other 

EXPERIMENTAL 

Mater&s Horseradish peroxldase (type VI) and tropolone 
were obtamed from Bgma, H202 from Merck, and Sephadex 
G-10 from Phannacla All other chemicals were reagent grade 

Peroxldase acruxty (a) Standard assay usrng gua~~~ol as the 
substrate Peroxidase actwivlty was assayed in a reaction rmxture 
which included, m a total vol of 3 ml, an abquot of mix M 
[freshly prepared and rmxed 100 ml NaPl buffer (pH 6 5), 10 ml 
1% guamcol m 50% EtOH and lOm1 03% H201] and an 
ahquot of the enzyme The A at 470 nm was recorded and the 
activity (AA at 470nm/mm) was calculated from the linear 
portion of the curve dunng the first 60 set of the reaction 
(b) Assay usmg tropolone as the substrate The reaction nuxture 
Included, m a total vol of 3 ml, tropolone, NaPI, H202 and HRP 
(added last) as mdlcated m the figure legends The A at 418 nm 

was recorded and the activity (AA at 418 nm/mm) estimated from 
the mltlal linear portion of the curves obtamed 

Spectrophotometnc measurements were carned out on a 
Vanan 635 spcctrophotometer e-qlupped with a recorder 

Chromatography Camed out on a column of Sephadex G-10 
as described m the legend to Fig 7 

HZ02 concentratron Estimated at 24Onm using an E,,, 
(240 nm) of 43 6/M cm 
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