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MULTIPLE EFFECT OF HYDROXYLAMINE ON MUSHROOM TYROSINASE* 
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Ah&ad-Mushroom tyrosinase is a&c&I by hydroxylamine (NHsOH) in several ways. At relatively low 
concentrations (up to 33 mM) NHzOH shortens the lag period of tyrosine hydroxylation. The odihydroxyphenolase 
activity of mushroom tyrosinase is slightly stimulated by short exposure to relatively low concentrations of NHsOH 
(1.5 mM). Relatively high concentrations of NHs OH (above 20 mM) inhibit the odihydroxyphenolase activity of the 
enzyme and lowers the extent of final pigment prodtion. Preincubation of mushroom tyrosinase with different 
concentrations of NH2 OH for different times results in the inactivation of the enzyme. The rate of inactivation occurred 
much faster under anaerobic than under aerobic conditions. It was aLso found that NHsOH changes the spectra of o- 
quinones prepared chemicahy or of products formed during the oxidation of cdihydroxyphenols by mushroom 
tyrosinase. These spectral changes were attributed to the formation of oximes (mono- or dioximes) as a result of an 
interaction between uquinones and NHIOH. The apparent inhibition exerted by NHzOH on the odihydroxy- 
phenoIase activity of mushroom tyrosinase is, in part, due to spectral changes in pigmented product formation and, in 
part, due to the inactivation of the enzyme by NHIOH. 

INTRODUmION 

Tyrosinase (EC 1.14.18.1) carries out two different bio- 
chemical reactions: 

(A) monophenol + O2 + AH, + odihydroxyphenol 
+H,O+A 

(B) 2oo_dihydroxyphenol+ O2 + Zo-quinone + 2HzO 

where AHI represents a reductant. 
In the absence of an exogenous reductant (AH,), the 

hydroxylation of monohydroxyphenol by mushroom 
tyrosinase (reaction A) is characterized by an initial lag 
period [ 161. The lag period is overcome when sufficient 
odihydroxyphenol is formed endogenously, probably by 
a non-enzymatic reaction [ 1.21. However, in the presence 
of exogenously added reductants, such as ascorbate [3-51 
or DOPA analogues [6], the lag period is shortened or 
abolished. 

According to recent ideas [2,7-lo], tyrosinase [Cu(II) 
Cu(I1) (mettyrosinase, previously referred to as T-resting] 
has to be reduced to deoxytyrosinase [Cu(I) Cu(I)] by 
endogenously formed o-dihydroxyphenols or by exogen- 
ously added reductants. o-Dihydroxyphenol is thought to 
be the most efficient reductant for this reaction [I I]. 
Deoxytyrosinase then interacts with oxygen to form 
oxytyrosinase [Cu(II) Cu(I1) O,] and the latter is the 
active species with which the substrate (mono- or o- 
dihydroxyphenol) interacts [7-lo]. Jolley et al. [2] de- 
tected the spectrum of oxytyrosinase (strong absorbance 
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maximum at 345 nm and a broad weak band at 600 nm) 
when they incubated mushroom tyrosinase with HzOz 
under aerobic conditions. Schoot Uiterkamp et al.[7] 
studied the circular dichroism spectrum of mushroom 
tyrosinase (T-resting) and of the enzyme treated with 
NHIOH or HzO, and found that aerobic treatment of T- 
resting with H202 or NHzOH resulted in the formation 
of oxytyrosinase. 

Although oxytyrosinase is detected when tyrosinase is 
treated with either NH20H or H202, the mechanism by 
which oxytyrosinase is formed by these two chemicals is 
thought to be different. The formation of oxytyrosinase as 
a result of an interaction of mettyrosinase with H201 
under aerobic conditions is thought to occur by the direct 
interaction of mettyrosinase with H202 while the forma- 
tion of oxytyrosinase as a result of interaction of met- 
tyrosinase with NH*OH under aerobic conditions is 
thought to occur via deoxytyrosinase [2,7-lo]. 

We have recently shown that H202 has a multiple effect 
on tyrosinase of avocado [ 121. It was found that H202, at 
relatively low concentrations, shortened the lag period of 
tyrosine hydroxylation and stimulated the odihydroxy- 
phenolase activity of the enzyme. Relatively high concen- 
trations of H20, inactivated avocado [12] and mush- 
room tyrosinase [ 131. 

To the best of our knowledge, the effect of NHIOH on 
the rate of mono- and odihydroxyphenolase activities of 
tyrosinase and on the stability of the enzyme has not been 
studied previously. Therefore, in view of the chemical 
analogy between Hz02 and NHtOH, we decided to study 
in some detail the effect of NHzOH on the rate of mono- 
and o-dihydroxyphenolase activities of mushroom tyro- 
sinase, in an attempt to see if the effects of H201 and 
NHzOH on the enzyme are similar. 
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RESULTS 

EB;ect ofNH?OH on the rate oftyrosine hydroxylation by 
mushroom tyrosinase 

It was found that the addition of relatively small 
concentrations of NHlOH shortened the lag period of 
tyrosine hydroxylation by mushroom tyrosinase, as dem- 
onstrated in the inset to Fig. 1. The lag periods in the 
presence and absence of different concentrations of 
NH20H were estimated from the kinetic data and the 
results are summarized in Fig. 1. The data show that 
relatively small concentrations of NHzOH (up to 8 mM) 
have a relatively more pronounced effect on the lag period 
than relatively larger concentrations of NHIOH 
(8-33 mM). When the lag period in the absence of 
NHIOH is taken as lOOo/, then a 50% shortening in the 
lag period occurs at 5 mM NH,OH, while at a concen- 
tration of 33 mM NHzOH the lag period was shortened 
by only 90%. 

Comparison along NH?OH, H201, ascorbate and DOPA 
for their ability to shorten the lag period of tyrosine 
hydroxylaGon by mushroom tyrosinase 

As pointed out above, odihydroxyphenols, ascorbate 
and NHzOH are known as reductants for the hydroxy- 
lation of monohydroxyphenols by tyrosinase [ 1.3-S. 1 I]. 
The reducing property of NHIOH has been well docum- 
ented (see references in [ 14,151). H202 can also shorten 
the lag period of mono hydroxyphenol hydroxylation 
[12] probably due to its ability to interact directly with 
tyrosinase to form oxytyrosinase [2, 8-101. 

It was interesting to compare the effectiveness of 
NH,OH, ascorbate, DOPA and H,O, to shorten the lag 
period of tyrosine hydroxylation by mushroom tyro- 
sinase. This was tested, and an apparent K, was estimated 
from the kinetic data obtained (data not shown), as 
suggested by Pomerantz and Warner [16]. DL-DOPA 
shortens the lag period most effectively with a K, of 3.0 
x lo-‘; ascorbate is about ten times less effective, with a 

K, of 20x 10e6 M. HzO, and NHIOH are much less 
effective than DOPA or ascorbate, with a K, of 4.0 
x lo-* M and 2.5 x 10-3 M, respectively. Of the latter 
two, HIOl is about ten times more effective than NHIOH 
in shortening the lag period of tyrosine hydroxylation by 
mushroom tyrosinase. 

Efict ofNHIOH on the odihydroxyphenokzse activity of 
mushroom tyrosinuse 

The effect of various concentrations of NH20H on the 
odihydroxyphenolase activity of mushroom tyrosinase 
was tested using various odihydroxyphenols as the 
substrate. It was found that NH20H has a multiple effect 
on the o-dihydroxyphenolase activity of the enzyme. The 
data in Fig. 2 show the multiple effect of NHIOH on DL- 

DOPAas the substrate. Relatively small concentrations of 
NH2 OH (up to 8 mM) stimulate the rate of dopachrome 
formation compared with the control (in the absence of 
NHIOHX with maximum stimulation occurring at 
1.5 mM, but at relatively large concentrations of NHzOH 
the rate of dopachrome formation is inhibited (Fig. 2). 
Furthermore., the data in Fig. 2 show that in the presence 
of small or large concentrations of NHIOH, the rate of 
dopachrome formation increases linearly with time only 
during the initial 80-100 set of the reaction, but thereafter 
reaches a plateau; the A 475 nm at the plateau is lower, the 
larger the concentration of NH30H. 

The observation that the oxidation of an u- 
dihydroxyphenol by mushroom tyrosinase is linear for 
only 8&100 set and then reaches a plateau, is usually 
attributed to the formation of o-quinones, which in- 
activate the enzyme (suicide-type inactivation). The data 
presented above (Fig. 2) show that NHZOH, at relatively 
large concentrations (1 SO mM), inhibits the rate of DL- 
DOPA oxidation by mushroom tyrosinase; they also 
show that the higher the NHIOH concentration, the 
smaller is the amount of oquinone (or other pigmented 
products) formed. Thus, the plateau reached at smaller A 
with higher NH2 OH concentrations is not due to a larger 
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concentration of oquinoncs, but rather, the data suggest 
that NHIOH has an effect on the extent of final pigment 
formation, and/or that exposure of the enzyme to 
NI&OH for a relatively long time results in the inacti- 
vation of the enzyme. These two possibilities will be dealt 
with further below. 

The effect of NHIOH on the o-dihydroxyphenolase 
activity of mushroom tyrosinase described above is 
similar to our findings on the effect of H102 on avocado 
tyrosinase [ 123. We have shown that in a reaction mixture 
of 3ml, H1O, at 3%13.2mM slightly stimulates the 
oxidation of 6.7 mM DL-DOPA by avocado tyrosinase 
(50 pg) whik relatively larger concentrations of HIOl 
(66 mM and up) demased both the rate and the final level 
of dopachrome formation [12]. Mushroom tyrosinase 
(75 ~cg) was stimulated by HIOl up to 6mM, with 
maximum stimulation occuning at 2 mM HIOl (in a 
total volume of 3 ml) (data not shown). 

E--r ojNHzOH on the extmt offinal pigment formed by 
the alxion of mKhmom tyroshase on o-dihydroxyphenok 

In the course of our studies we noted that when 
dopaquinone and dopamine quinone (formed enzy- 

matkally) were mixed with exct88 NHIOw polymeriz- 
ation to melanin (prhpitate formation) did not ouzur, 
whereas it did OOCUT in controls (without NH1 OH). It was 
also noted that in some case8 the oolour of products 
formed when &ydroxyphenol was oxidixad by mus- 
hroom tyrosinase in the presence of NH*OH was dif- 
ferent from that obtained in its absence. The data in 
Table 1 illustrate the diEerences in colours noted after 
incubating various odihydroxyphenols (for 1 and 20 hr) 
with mushroom tyrosinase in the presence or absence of 
NHIOH. Moreover, we prepared the oquinoncs of 
several odihydroxyphenols by oxidizing the latter with 
Ag,O 117) and immediately mixing them with either 
water or NHIOH. The colours seen 1 and 20 hr later in 
the absence of NH2 OH were dilferent from those seen in 
its presence (Table 2). 

The effect of NHlOH on the visible spe&um of 
products obtained by the action of mushroom tyrosinase 
on different odihydroxyphenols was studied in some 
detail, using DL-DOPA, dopamine, catechol and 4 
methykatechol as the substrates for the enzyme. In all 
cases, it was found that the spectrum of products formed 
in the presence of NHlOH was different from that 
ohaerved in its absence (control) (data not shown). 

Tabk 1. Comparison between the colour of products formed wben odibydroxypbenoh we-re oxidized by 
mu&room tyrosinase intbeprese~~andabscacrofNH,OH 

Substrate 

DL-DoPA 

hpaminc 

CaWbol 
CMetbykatiol 
CNitrocatecbol 
Protocata4luk acid 

Colour seen after interaction 
for 1 br with: 

HJO NHzOH 

rai orangbyellow 
violet-red oran8~yeuow 

be&-viokt pink 
yellow-pink oran8c-yeuow 
orange ydlow 
yellow COl0rks.9 

Colour seen after interaction 
for 20 tlr with: 

Ha0 NHIOH 

dark red orange 
viokt-black ppt orange 
colourkas supematant 
black-violet orange 
brown-red orange 
orange yellow 
li8bt viokt li8bt yellow 

Each reaction mixture included, in a total volume of 15 ml: 13.3 mM odil~ydroxypbenol, 67 mM NaPi buffer 
(pH 6.5) and 100 ~8 mu&room ty-rosinase (added last), After 5 min incubation at 24’, two sampks of 5 ml each 
were wit&awn and added to 2ml containing either water or 2mmol NHtOH (yielding final NHzOH 
concentration of 285 mM). Colour seen 1 lu and 20 br afterwards is shown above. 

Table 2 Comparison between the colour of products formed w&n odibydroxypbenob were oxidized by A8,O 
in the presence and absence of NH,OH 

Colour seen after intemction Colour sun a&r interaction 
for 1 br with: for2Obrwiti 

Substrate Hz0 NH1 OH Hz0 NHlOH 

DL-DoPA Pink yellow violet-pink yellow 
bppmim pink pink viokt ppt yellow 

colourkss supematant 
Cotecho yellow @It yellow li8bt pink li8bt yellow 

some PP1 
CMetbylcrtCdWl Wt rcllow U8btyaUow pink orange 
+Nitrocatccbol pran FbW-pr&a ycUow-gr&n b+F PPt 

(opaque) (opqu4 (opaque) yellow supematant 
Protocatachuk acid ughtlpsen bcioc be+ colourkas 

JZacb &on mixture included, in a total voluma of 15 ml: 13.3 mM odihydroxypbenol and 100 mg &O. 
TwosPmptaofJ-ml~wbmnwitbdrPam~Sminandrddedtoeithal mlofH200r 1 dCOXltiiIl~ 
1 mod NHsOH (yielding 6nal NHsOH of 25OmM). 
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The effect of NHIOH on the spectrum of products 
formed by the action of mushroom tyrosinase on o- 
dihydroxyphenols is most likely a result of an interaction 
of o-&tones with NHsOH yielding oximes (mono- or 
dioximes). The chemistry of this reaction was presented in 
a summary form by Finley [ 181. By analogy with Finley’s 
scheme, showing that an interaction of i@enxoquinone 
with NHsOH yields either monoxime or dioxime, the 
interaction between oquinone and NHIOH can be 
depicted as in Scheme 1. 

In view of the changes that occur in the spectrum of 
products formed when ~ihydrox~h~o~ are oxidized 
by mushroom tyrosinase in the presence of NH2 OH, it is 
important to be cautious when studying the effect of 
NHIOH on the rate of oquinones formed enxymatically 
by mushroom tyrosinase or by peroxidase. An observed 
in~bition by NHtOH may actually be only due to the fact 
that during the 5rst few seconds of the reaction, the peak 
wavelength of the product formed changes in the presence 
of NH,OH, and therefore monitoring the rate of the 
reaction at a 5xed wavelength does not re5ect the actual 
rate of the reaction. Therefore, our interpretation that 
NHIOH inhibits ~ihydtox~heno~ activity of mush- 
room tyrosinase based on the data of Fig 2 is probably 
erroneous and re5ects an apparent inhibition due to the 
effect of NHIOH on the extent of final pigment 
formation. 

fnadvacion of mu&room cyrosinase by NHxOH 

As pointed out above, the data presented in Fig 2 
could, in part, be also due to an inactivation of mushroom 
tyrosinase by exposure to NH20H. This possibility was 
tested, and it was found that prein~~tion of mushroom 
tyrosinase with different concentrations of NHxOH for 
different lengths of time resulted in the inactivation of the 
enzyme. A plot of the percent remaining activity as a 
function of pteincubation timedemonstrated that the rate 
of inactivation was very rapid during the 5rst few minutes 
of exposing the enzyme to NH20H, followed by slow rate 
thereafter (data not shown). The data in Fig 3 were 
obtained by preincubating mushroom tyrosinase for 
60 mitt in the presence of the indicated concentrations of 
NH,OH, dialysing the sample exhaustively, and then 
assaying the dialysed samples for ~ihydrox~heno~ 
activity. As seen in Fig. 3, the extent of inactivation of the 
enzyme was dependent on NHtOH concentration, in a 
non-linear fashion, i.e. 28 y0 and 87 y0 of the activity was 
lost by preincubating the enxyme for 6Omin in the 
presence of 5 mM and 100 mM NHsOH, respectively. 

The rate of inactivation of mushroom tyrosinase by 
NH*OH under anaerobic conditions was extremely fast 
compared with the rate observed under aerobic con- 
ditions. For example, under anaerobic conditions, 92% 
activity was lost within the first few minutes of preincu- 
bation in the presence of 250 mM NHIOH, while under 
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Fig. 3. Inactivation of mushroom tyrosinase by NHIOH. The 

0.55 AA 475 nm/min and was taken as 100%. 

preincubation mixture contained, in a total volume of 26mI, 
70 mM sodium phosphate (NaPi) bu5er OpH 6.5), 650 w mush- 
room tyrosinase (added Last) and various eoneentrations of 
NHzOH as indicted. After 60min of pr~n~~tion, each 
mixture was diaIysed overnight against O.OI M NaPi butkr 
(pH 6.5) with four changes of the same buffer. AIiquots (Zml) of 
each dialysed mixture were then withdrawn and assayed for o- 
dihydroxyphenolase activity in the presettee of 6.7mM DL- 
DOPA (in a total volume of 3 ml). The odihydroxyphcnolase 
activity of the eontrol sample (without NHzOH) was 

aerobic conditions 80% activity was lost af ;r 90 mm 
prein~~tion (Table 3). 

By comparison, under conditions identical to those 
described in Fig. 3, we found that 50 % inactivation of 
mushroom tyrosinase occurred at 4/1M H201. Thus. 
NH20H is 55&I-fold less effective than HZ02 as an 
inactivator of mushroom tyrosinase. 

We have recently offered an explanation for the inacti- 
vation of mushroom tyrosinase by HzOl which can 
account for the observation that the rate of inactivation is 
faster under anaerobic than under aerobic conditions 
[13]. We do not yet have an explanation for the inacti- 
vation of mushroom tytosinase by NH20H. One possi- 
bility is that the inactivation occurs via H2 Ox, NH, OH- 
radical or 0; that can be generated when NHzOH 
interacts with a metal [19]. An alternative possibility is 
that NHsOH effectively reduces the Cut+ at the active 
site of the enxyme and that Cu’, in a reduced state, is 
easily released from the enzyme, with a consequent loss of 
activity. 

EXPERIMENTAL 

Mushroom tyrosinase (grade III), Wyrosine, DL-DOPA, 
dopamine, catcehoi, 4-methyl cateehol and NH30H were from 
Sigma. HIOl was from Merck. 

Unless otherwise indicated. monohydroxyphenoIase activity 
was assayed in a reaction mixture of 3 ml that inehtdedz 3.3 mM L- 
tyrosinc, 47 mM NaPi bugcr (PH 6.5), and mushroom tyrorinam 
as indioated. Unless otherwise indicated, ~ydrox~heno~ 
activity was assayed in a reaction mixture of 3 ml that inChided: 
6.7 mM o~-~PA.47 mM NaPi buffer (pH 6.5), and mushroom 
tyrosinaae as indicated. In both m the rate of formation of 
dopaehromc as a function of time was followed at 475 nm in a 
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Table 3. Comparison between the rate of mushroom tyrosinase 
inactivation by NHIOH in air and under nitrogen 

NHIOH Time Activity 
Part Conditions (ml@ @in) AA 475nm/min (7’ 

A air none 

air 250 

B nitrogen none 

250 

1 0.166 100 
9 0.183 110 

15 0.191 115 
30 0.183 110 
93 0.170 102 

1 0.17 100 
3 0.137 80 

10 0.112 66 
15 0.096 56 
25 0.083 49 
40 0.066 39 
80 0.037 21 

1 0.187 100 
3 0.1% 104 

10 0.191 102 
26 0.21 112 
70 0.2 106 

1 0 0 

The reaction mixture included, in a total volume of 
26 ml: 70 mM NaPi buffer @H 6.Q in the presence or absence of 
250 mM NHzOH, as indicated. Air was bubbled into reaction 
mixture A whik pm&d nitrogen (99.99 %) (passed through an 
oxygen trap) was bubbled into reaction mixture B. After 60 min 
bubbling of either air (A) or nitrogen (B), a 0.1~ml aliquot 
containing 260 pg mushroom tyrosinase was added to each (time 
zero). Thereafter, in both parts A and B, 2-ml aliquots wcIe 
withdrawn at various times and odihydroxyphenolase activity 
was assayed aerobically in the presence of 6.7 mM DL-DOPA and 
47 mM NaPi buffer @H 6.5), in a total volume of 3 ml im- 
mediately after mixing the components well. 

Varian 635 Spectrophotowter equipped with a recorder. The lag 
period of tyrosine hydroxylation was estimated by extrapolation 
of each curve to the x-axis, as suggested in ref. 1163. o- 
Dihydroxyphenolase activity was computed from the initial 

linear portion of each curve and expressed as A A 475 nm/min. o- 
Quinones were prepared by oxidizing odihydroxyphenols with 
Ag& as described in ref. [17]. 
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