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1. Introduciion

The enzvme dopamine-e-hydroxylase {3,4-dihy-
“droxy phenylethylamine, ascorbate: O, oxidoreductase
thydroxylating) EC 1.14.2.1) catalyzes the last step in
norepinephrine biosynthesis, the converiion of dop-
amine to norepinephrine [1].

It is known that: the hydroxylation reaction of dop-
amine-B-hydroxylase {DBH) implies a ping pong
mechanism [2, 3], but no data demonstrating the effect
of the hydrogen ion concentration npon the enzymatic
reaction has been published to our knowledge. A study
of the effect of pH could provide some informztion
about the active center of the enzyme and the amino

“acids implicated in ke enzymatic process. '

2 Materials émﬂ methods

DBH was assayed according to the spectrophoto.
metrie pmzedme of Plsan@ et al. Iﬁ}] as ;m@dzﬁed by
us {5]. -

All determinations were pprmmed using me ‘enzyme '

obtained from bmvme adrenal medulla w}nc:h was -
purified by afﬁmty chmmamgraphy 131

K and-¥ valies weze determined from. Lmeweaver—

'Buﬂ; plots [6]. Six different tyramine concentrations,

ranging from 0.2 to 10 m, were nsed. The cosubstrate, -

ascorbats, Iemamed ai aa conslant aaturahng concen—
1r:anon of 10 bl :

- For each ex:pﬂnmenl ihe agt uall ;pH rof ﬁae Ieachon
Tvmixture was cpnimllexi . :

o Thm woﬂ. isa pari m‘ ihe “D ocl orat ﬂ’Etai Thcsiz” rof D,
Aunis, Attaché ﬂe 'Re\.berche APINSERM, 77 .

3. Results

Fig. 1A shows DBH aﬁivity against pH on a range

from pH 4.5 to 7.5 at various tyramine concentrations

_and a saturating fixed ascorbate concentration. Several

points need 1o be mmade, Firsily, the pH curves are _
symmetrical when the tyramine concentration is below
1 mM. At 1 raM, a plateaun appears and over a tyramine
concentration of 1 mM tlie pH curves become asym-
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i Fzg. l .a) DBH activities versns pH DBIH acnvrmr:s were »ﬁeier- .
- mined at- 1yram:me concemmnom of: k: 0.2 mM; 2: 0.5 mM; .

3;:1mM;d: 2mM;5; SmM; 6: leM The buffersused were

- D.5 M acetate | bnffzx from pH 4.5 to pH’ :S,.S and 0.1 ]phasphate
- buffer from pﬁ 3.0 1o pH.7.5. {Curves were cexacﬂy super-
ot pnsed thus ehmmmmg buifer action.) Eacl ‘assay was per- -
o formed with 1 pgof enzyme w(spec:ﬁc :af:twﬂy of aenzyme pre-
- paration: 100 pmoles]BE mm]:mg of enzyme). DBH activity is -
. expressed @5 pmoles of oc&opmune formed per 30 tmin and per
- .-50 pg of enzyme. B) chg VEISus pﬂ "DBH actvities fonnd at -
S ihe Dpnmn'n pH were plo!ied VeIsus 0. hmum‘p}l f@: ea\:h
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Fig. 2. Effect of pH on Ky and . V of DBH. pKy, MoKy~ 1)
and log ¥ were determined as descaibed in the Methods.

metrical. Secondly, it is relevant to note that the opti-
mum pH was progressively shifted towards a lower pH
when the tyramine concentration was raised. In fig 1B,
DBH activities at the optimum were plotted ageinst pH
at different tyramine concentrations. The relation
between both factors seems to be linear.

When reciprocal rates were plotted against reci-
procal tyramine concentrations at various pH’s, it
could be observed that the ¥ and the X, for iyramine
varied as a function of pH as shown in fig, 2.

" According to Dixon [7], the observed pH éffects
_can be interpreted in terms of the pH values of groups
sitnated in the free enzyme, in the free substrate, or in
the enzyme—substrate complex. Groups situated in
“the free subsirale can be exclnded here since the pK

of the amino group of tyramine is 9.4 and the pK fm "

the acidic group of ascorbate is3.0.
The downward bemﬂ of the pX —pH curve. :—n

pH 5.4 gives a pK of the free enzyme. The slope of ihe ,

curve, successwe]y +1 and 0 is indicative of the jonisa-
tion of a single group. On the basis of the values, one -
could assume that this jonizable gmup iz onz carboxylic
grmlp. Th;ls group conld Parhc;pate in the fixation of

“tyraming to the dctive center since the log V— ij curve

does not show mierse ting lines at this pK value,
“Inthe pH Tange | from 6.0 te 7.5, the pK —pH
eurve show; a group of two pK values, 2 and

pH 6.2 the bend concave & :tne :
ES fmm O 1o —3 wnh mc:reasmg
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pﬂ) sarresponds 1o a ,pK va!ua for the enzyme- Al yﬂ g

6.6 the bend convex to the pH axis (slope increases

from 1 1o O with increasing pH) corresponds to a

PK valus for the enzyme—substrate complex. The two
values 6.2 and 6.6 could correspond to the same group
of the enzyme, the ionization of whick iz affected by
the substrate binding so that its pK is increased in the
enzyme~substrate compiex. This appears aiso in the
log ¥V—pH plots, where 2 pX of .6 is found. In the
case of the log ¥—pH curve, the dowmvard bend at -
pH 6.6 introduces a change in the slope of the curve
from 0 to —1 suggesting @ proton dissociation, which
must be that of the enzyme—substrate complex. Tae
protonated form of this group is thus recessary to the
enzymatic reaction. The pK value of this group isin
agreement with the assumpiion that an hisiidyl resiclue
is imyolved in the hydroxylation reaction at the active
center of the enzyras.

4. Discnssion

-1t appears that DBE is sensitive to hydrogen ion
concentration and that the enzyme has three pK wvalues
{table 1). The pX value of 5.4 could correspond to a
cerboxylic group, the lonization of which prevents
the fixation of tyramine to the active center. -

The pX values of 6.2 and 6,5 are due 1o the same
ionizing group of the protein, The value of 6.2 is due
to the group of the free enzyme whereas the value of

- 6.5 isdue to the group of the eﬂzyme—subst_mme com-
plex. Preliminary data (unpublisheg} froim further

experimenis also suggest that an histidine residue -
participates in the enzymatic reaction. The slope of
the pX, —pH or the log ¥V—pH curves changes by one
unit {fig. 2), which means, according o Dixon [8] that
one histidine r.eﬂdue participates in ﬂ:ﬂ erzymanc

réaction.

~-The scheme m‘f reactions 1 requnmeﬂ to explam ihis

- type of behaviour is'shown in fig. 3.

Iris relevani to note that no change of X, f@r ;the

. cosubstrate was zobse;rved when tyramine was he}ﬂ at a
‘constant and saturating level, and asambme was vaneﬂ

Thus, complaxmg of ascmbaie cmﬂd not be dur i

i either an acidic group nor a basic Broup of the prolem, :
" The'copper which is known‘iobe assogiated with
- DBH [[1] may ba solely :responszb]e ﬁaf

"he iransnmy
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Fig. 3. Schematic illustration of the role of carboxylic gronp and of the histidyl residue according to pH values. R—NH; is the sub-

strate and P reaction produets, The carboxyl group of the free enzyme (A) is found unprotonated wwhen the PH 35 greaier than 5.4.

For pH values lower than 5.4, the catboxyl group is protonated and the enzyme does not fix the R—NHS subsirate {B: Over pH 5.4,

the enzyme adsorbs the substrate {C) and the enzyme—substrate complex undergoss the enzymatic process (D + P). Over pH value
~of 6.6, the histidyl residue is unproionated and the enzymatic reaction cannot ocewr {E). The histidy] residue of the frze enzyme

is unpmmna?ed {F) for pH vah:es over 6.2, F:mm ouT ﬁata, it is mot possible 1o know whether pH cmﬂﬁ inflpnence thé squilibrinm

- between E and F.

~ Itis interesting to point out that DBH sctivities are
- rather high in‘the acidic pH range. Moreover the pK
‘of the histidiny] gronp is 6.6. DBH is localized in
_chromaffin granules in adrenal medulla [8]. It appears
. that acidic compounds are pIuBSEn‘I in these p:amacles

such as ATP and chromngmmn proteins [9]). Thus, in

these particles the microenvironment of DBH BDlllﬁ be v

acidic and counld create the fconﬂmons of @phmum
fac‘nwiy m" ihe enzyme. -

g Tablel - L
pK m}ues @bmmeﬁ ﬂ‘mm p_"fm and hog p]o?s asa; functzon
vof p}}[ Sl . :

fifmﬂ.’f '[.‘"PK-.bff o
Lol free enzyme.
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