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Irreversible inhibition of dopamine+hydroxylase by cysteine 

(Rrceiretl 14 Fehruar.~ 1975; trcc,rprrtl 25 Ju/!, 1975) 

Several reports [I, 2]* have revealed the presence of 
natural inhibitors of dopamine-/I-hydroxylase. The inhibi- 
tion can be overcome by the addition of N-ethylmaleimide 
or Cu’+ to the incubation mixture. and this suggests that 
these endogenous inhibitors are sulfhydryl compounds. 
Previously, Nagatsu rf trl. [I] reported the effects of cys- 
teine on dopamine-/&hydroxylase. Since the inhibition of 
dopamine-/I-hydroxylase produced by cysteine [I] and 
2-mercaptoethylguanidine [3] was reversed by dialysis or 
dilution of the mixtures, it has been postulated that these 
inhibitions may have been the result of a chelation in .Gtu 
rather than a removal of the metal from the apoenzyme. 
We have found an irreversible inhibition of dopamine-/I- 
hydroxylase by cysteine which was not restored by dialysis 
and dilution of the mixtures or by the addition of N-ethyl- 
maleimide, which reacts with sulthydryl groups [4]. There- 
fore, we have examined these inhibitory effects of cysteine 
on partially purified dopamine-fi-hydroxylase in the pres- 
ent experiment. 

Dopamine-b-hydroxylase was purified from beef adrenal 
glands according to the procedure of Foldes rf LI/. [S]. In 
these studies, the enzyme obtained at the stage of DEAE- 
cellulose chromatography was used. Enzyme activity was 
assayed by following the conversion of tyramine to nor- 
synephrine according to the procedure of Van der Schoot 
er ol. [6]. The reaction mixture contained in I.0 ml: potas- 
sium phosphate buffer (pH 5.5) 100 nmoles; ascorbic acid. 
10 ilmoles; fumaric acid, 10 nmoles; tyramine hydrochlo- 
ride, lO/tmoles: catalase, 200 Sigma units; and the 
enzymes. The reaction was started by addition of the sub- 
strate and incubated for 15 min at 37 in air. 

Partially purified dopamine-b-hydroxylase was preincu- 
bated with cysteine for 10min at 37’ in the absence and 
in the presence of catalase, after which the incubation mix- 
tures were dialyzed against 1OmM phosphate buffer (pH 
7,2), and aliquots of the mixtures were assayed for dopa- 
mine-/?-hydroxylase activity (Table I). Cysteine ( 10m4 M. 
final concentration) caused a reduction of dopamine-P- 
hydroxylase of about 60 per cent compared with control 
both in the absence and in the presence of catalase when 

* H. Oyama, H. Izumi, S. Tuboi and H. Ozavva. manu- 
script submitted for publication. 

Table 2. Etfects of dilution of the cys- 
teine-dopamine-/I-hydroxylase mixture 

on fractional inhibition* 

Dilution 
Fractional 
inhibition 

None 0.70 
I:2 0.66 
I:4 0.65 

* Cysteine was preincubated with the 
partially purified dopamine-/I-hydroxy- 
lase preparation for 20min at 37 . after 
which time the mixture w’as diluted two 
or four times with medium substrate 
added and incubated for 15 min. The un- 
diluted concentration of cysteine was 
10 -4 M. The term fractional inhibition (i) 
is defined as follows: i = 1 - (I = 1 - 
(r,,r) where u is the fractional activity. 
r1 is the inhibited velocity and r is the 
uninhibited velocity 171, 

assayed prior to the dialysis of the mixtures. After dialysis. 
the inhibitory effects of cysteine were abolished in the pres- 
ence of catalase. in agreement with the work of Nagatsu 
rt LII. [l], but not in the absence of catalase, suggesting 
that cysteine inhibited dopamine-/I-hydroxylase reversibly 
in the presence of catalase, but irreversibly in the absence 
of catalase. On the other hand. in agreement with a pre- 
viously reported study [I], addition of cysteinc to the 
dopamine-/?-hydroxylase assay system resulted in inhibi- 
tion of dopamine-a-hydroxylase activity, and equal con- 
centrations of N-ethylmaleimide and cysteine completely 
prevented the cysteine inhibition of dopamine-fi-hydroxy- 
lase. 

Changes in the fractional inhibition of dopamine-/I-hyd- 
roxylase by cysteine with dilution are shown in Table 2. 
Cysteine was preincubated with the enzyme for 20 min at 
37 1 after which I:2 and 1 :4 dilutions of the mixtures with 
medium were incubated for 15 min. The fractional inhibi- 
tion was not significantly altered by the dilution when 

Table 1. Effects of dialysis on cysteine-pretreated dopamine-/I-hydroxylase* 

Catalase absent Catalase present 

(“0 of Control activity) ( 0o of Control activity) 
Before After Before After 

dialysis dialysis dialysis dialysis 

Control 
Cysteine- 

pretreated 

100 94 100 60 

37 41 45 X0 

* Enzyme was preincubated with cysteine in the absence and in the presence of catalase 
(about 6000 Sigma units) for IOmin at 37’. One aliquot was then removed for assay 
of enzyme activities (final cysteine concentration, 10 -4 M), and other aliquots were dia- 
lyzed against 1oOOvol. of IOmM phosphate butler (pH 7.2) at 4 for 12 hr. Buffer was 
exchanged four times. 
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Fig. 1. Et?ects of N-ethylmaleimide (NEM) on cysteine- 
pretreated dopamine-/I-hydroxylase. Enzymes were prein- 
cubated with various concentrations of cysteine for 10 min 
at 37 . after which the enzyme activities were assayed. 
Equal concentrations of NEM corresponding to concent- 
rations of cysteine were added to each incubation medium. 
The term pCqstcinc is defined as follows: pcysteine = 
~lop[c~stcinc].whcrc[cysteine]isthemolarconcentrationof 

qsteine. 

compared with control, also indicating that cysteine inhi- 
bitcd dopamine-/I-hydroxylase irreversibly. These results 
indicated that the mechanism responsible for the inhibition 
of dopamine-I-hydroxylase by cysteine might be somewhat 
dissimilar to that of 2-mercaptoethylguanidine [3]. 

In order to examine the effects of N-ethylmaleimide on 
dopamine-/i-hydroxylase, N-ethylmaleimide was added to 
the incubation medium. The addition of N-ethylmaleimide 
did not affect the native and cysteine-pretreated enzyme 
activltles at all. indicating that the inhibition of dopamine- 
/?-hydroxylase by cqsteine was not reversed by N-ethylma- 
leimide (Fig. 1). Furthermore, the cysteine-pretreated inhi- 
bition of dopamine-P-hydroxylase was neither restored by 
increasing the Cu’+ concentration nor by the addition of 
excess concentration of Iv-ethylmaleimide. 

HzOz is an inhibitor of dopamine-b-hydroxylase 181. 
Consequently, cat&se was added in all incubation mix- 
tures in order to determine dopamine-b-hydroxylase activi- 
ties. Recently. it has been reported [9] that catalase could 
hate two functions: the prevention of the oxidation of 
dopamine-/I-hydroxylase by endogenous peroxide com- 
pounds. and the prevention of oxidation of ascorbate 
which can occur when traces of metals are present. How- 
eler. with our enzyme preparation. the preincubation of 

the enzyme alone for various times (up to 30min) had 
no effects on enzyme activities, indicating that preincuba- 
tion of the enzyme alone did not produce endogenous per- 
oxide compounds. 

The mechanism for the irreversible inhibition of dopa- 
mine-p-hydroxylase by cysteine may have been the result 
of:(l) formation of a chelate between cystcine and Cu’+ 

dopamine-[Ghydroxylase (this chelation is stable upon di- 
alysis and dilution or after treatment with Ri-ethylmalei- 
midc). or (2) formation of endogenous peroxide compounds 
by the interaction of dopamine-b-hydroxylase and cysteine. 
Considering the finding that the irreversible effects of cys- 
teine on dopamine-/?-hydroxylase occurred in the presence 
of inactivated catalase (obtained by exposure at 80 for 
5min, data not shown) but not in the presence of active 
catalase, it is more likely that this inhibition may be caused 
by the active form. However. since dopamine-fl-hydroxy- 
lase is a copper metaloenzyme [IO] and has been supposed 
to form a chelate with cysteine, this hypothesis should also 
be considered. In this case, catalase may act as an inhibitor 
on the formation of the chelate. 

At present, the specific mechanism for this irreversible 
inhibition of dopamine-fi-hydroxylase by cysteine is under 
investigation. 
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