820 NICOLAS ZENKER

The Interaction of Pyridoxal Phosphate with Tyrosine Analogs

Vol y

Lic

NICOLAS AENKER

Deportnent of 'haonacodical Chenmistry, School of Phaviacy, University of Maryleyed, Baltinwoee, Mairylas!

Kecerved April 16, b

Schiff base formation between pyridoxal phosphate and tyrosie analogs s expressed i terms ol afligy

colstants.,

The affinity of aromatic amino acids for pyridoxal phosphate is sharply decreased by o methylation;

the affiuity of phenethyvlaniines tor pyridoxal phosphate is decreased by & methylation and increased by 8 hy-

draxyvlation.

The valnes obtaiued for the uffinity constants of meta-hydroxylated analogs are correlated with

their ubility to iuhibic tyrosine transaminsse and to undergo ring closure to tetwrnhydroisoquinotines,

a-Methylated  mieta-hydroxylated tyrosine analogs
{a-methyl-im-tyrosine, and a-methyl-DOPA) have been
found to be inhibitors of aromatic amino acid decarb-
oxylase™ and have furnished n rational approach in the
scarch for antihypertensive agents.?  a-Methylated
phenethylamines have played an important role iu the
development of antidepressant drugs® and in the elucida-
tion of the ncurohormonal role of catecholamines.
Since Schiff base formation between amines and alde-
hydes is important i the functions of biological
anio  groups, it seemed of interest to express the
affinity of tyrosine and phenethylamine analogs for
pyridoxal phosphate (pyridoxal P} in terms of a con-
stant and thereby to estimate the sterie effect of the
a-methyl group.

Pyridoxal I” has been shown to be the coenzyme neces-
sary for the transamination and decarboxylation of
amino acids; in addition, Yasunobu and Yamada?
have claimed cupric toirs and pyridoxal 1” to be the co-
factors necessary for monoamine oxidase netivity in n
beef plasmua cnzvine.  The formation of o Schiff
base (II) between pyridoxal P and o primary amine
s u prevequisite for the coenzymic activities of pyrid-
oxal P, The formation of IT ix, in addition, a prerequisite
for the cyelization of wete-hydroxylated phenethyl-
amines (I) to tetrahydroisoquinolimes (ITT) .4
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Lucas, King, and Brown” have measured stability
constants characterizing Schiff base formation be-
tween aliphatic ammo acids and pyridoxal . Rate
constants for the formation of several tetrahydroiso-
quinoline derivatives have been obtained by Schott
and Clark,” Sourkes,® and the data summmarized by
Sourkes and D'Torio.? In the present study, affinity
constants were obtained for tyrosine analogs: the
values obtained were correlated with the hibition
of tyrosine transaminase exerted by related sela-
hydroxylated phenethylamines and with the rate of
tetrahydroizoquinoline formation by such amines.

Experimental Section

e-Muothyviphenylalauine, e-methyltyrosine, avd e-wetbyldop-
amine hydrochloride were donated by Merck Sharp aud Dahimne
Desearch Laboratories, e-methylnorepinephrine hydrochloride
was donated by Sterling-Winthrop Research Iustitute, and -
niethyltyramive hydrobromide by Smith Khne and Freuch
Laboratories: other componnds were obtained from conunercial
Salrees,

Rat liver homogenate was used ns o souree of tyrosine trans-
aninase: the enzynie was induced by the intraperitoneal injection
of a suspeusion of tyrosine and hydrocortisone succinate (Sol
Cortef) in niale Wistar rats.?  Five hours after the injection the
animals were sacrificed, and the livers were remaved and homog-
enized i isotonic KCH (6 mil/g); the homogenate was centri-
fuged at 10,000 rpm (11,900 g) for 30 miu and the supernatant
was stored frozeu in simall aliquots.

Schiff base formation between pyridoxal P and primary mn-
nes results inp an increase i uliraviolet absorbance at 275 my
and 1o a shift ol the 388-mx absorbance maximum of pyridoxal
' 1o about 410 mu (Figure 1). By plotting the recipracal of the
Increase i 275-mp absorbance resulting from the addition of
geaded concenirations of amino acids to pyridoxal P {(main-
tained at a final cancentration of 0.1 m) against the reciprocal
of the molar amioa acld concentration Lueas, King, and Brown®
have obtained stability constants which they defiued ns: Ky =
[pyridoxal  Pllmmino  acid]/[Schiff  base]. The niethod of
Lieas, King, saud Brown? was used for the determination of sta-
bility eoustants with two major madifications: first, the measure-
ments were made at pH 7.9 (0.2 37 phosphate butfer), the pH
aptiimun - af - tyrosine  trapsaminase;1*  second, Schiff  hase
farnmation was sssessed by measuring absorbaiices at 388 and
410 mg rather than at the 275-mp wavelength used by Lueas
wid co-workers.  The procedure nsed by Liteas and co-workers,”
illnstrated in Figure 2 for phenylalanine and e-methylpho-
ethylamine {amphetamine), cannot be nsed for the strangly
ultraviolet-absarbing phenolic analogs of tyrosine. The shift
af the pyridaxal P absorbance due tn Schifl’ buse farmution
restlt= i a decrease of 388%-mg absorbapee and in an inerease i
410-mu abscrliee, ien noan inerease of the absorbance dif-
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ference Ad = Agy — Ass. The equal validity of 275-mu ab-
sorbance and of the A4 absorbauce difference in the determi-
nation of K4 is shown for phenylalanine and a-methylphenethyl-
amine in Figure 2.

Tetrahydroisoquinoline formation between pyridoxal P (at a
final concentration of 0.1 maf) and tyrosine analogs (at a final
concentration ranging from 0.05 to 1.6 md) was followed by
recording 327-mu absorbance change in function of time® at
28°.

Tyrosine transaminase activity was assayed by measuring the
absorbaiice of the complex formed between borate and the enol
form of p-hydroxyphenylpyruvate iu the preseuce of arsenatel®
and also maunometrically by following the oxygen uptake re-
sulting from the oxidation of tyrosine to acetoacetate and fuma-
rate.l!

Results

Affinity constants obtained by the A4 method are
listed in Table I; they are listed as 1/K 4 to better ex-
press affinity and to permit correlation with rates
of tetrahydroisoquinoline formation. The constants
listed for amino acids in Table I show a marked de-

TasrLe T
ArriNtTY Consraxts (1/Kq)? For 0.1 mAf PYRIDOXAL PHOSPHATE
AND RATE Coxstants (k) FOR TETRAHYDROISOQUINOLINE
ForMmirIOoN BY TYROSINE ANALOGS

Analog 1/K4, m3M -1 b
Phenylalanine 0.55
a-Methylphenalanine .07
m-Tyrosiue 0.04
a-Methyl-m-tyrosine 0.003
Tyrosine 0.55
a-Methyltyrosine 0.07
DOPA 0.04
a-Methyl-DOPA 0.002
3-Methoxytyrosine 0.74
Tyramine 0.55
a-Methylphenethylamine 0.26
a-Methyltyramine 0.32
Dopamine 0.04
a-Methyldopamine 0.03
Nornmetanephrine 1.0
Octopamine 0.96
a-Methyloctopamine 0.68
Norepinephrine 0.07
a-Methylnorepinephrine 0.03
Lpinephrine 0.01

¢ Affinity constants were obtained from a plot of reciprocal
analog concentration against reciprocal lyo — .dsss absorbance

inerease. ® Absorbance per micromole per minute.

crease in affinity for the sterically hindered a-methyl-
phenylalanine and «-methyltyrosine. The affinity
constants listed for phenethylamines in Table I show
a moderate decrease in affinity for a-methylphenethyl-
amines such as amphetamine, a-methyltyramine (pare-
drine), and o«-methyloctopamine [a-(1-aminoethyl)-
p-hydroxybenzyl alcohol]. The affinity constants fur-
ther indicate that B-hydroxylated phenethylamines
have an increased affinity for pyridoxal P as may be
seen by comparing the affinity constant of octopamine
(8-hydroxytyramine) with that of tyramine and that
of normetanephrine (3-hydroxy-3-methoxytyramine)
with that of 3-methoxytyrosine.

The rate constants listed in Tuble I for the forma-
tion of tetrahydroisoquinoline derivatives show that

(1) G. Litwack, J. Biol, Chem., 228, 823 (1959).
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Figure 1.—Absorption spectra of some Schiff bases at pH 7.9:
O. phenylalanine; V. tyramine; A, e-methyltyramine; A, octop-
amine: ¥, a-methyloctopamine; @, pyridoxal phosphate.
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Figure 2.—Determination of the affinity constant, 1/Ka for
phenylalanine (O) and amphetamine (@). Abscissa, reciprocal
molar concentration; ordinate, reciprocal 275 mpy (plain line) and
reciprocal A4 = Ay, — Agss (dotted line) absorbance inereases.

variations in rate constants follow affinity constants
for structurally related compounds, suggesting that
Schiff base formation is the rate-determining step
in tetrahydroisoquinoline formation. The apparent
rate constant for epinephrine (a secondary aniine
which like metanephrine, ephedrine, or N-acetyltyro-
sine, is unable to form a Schiff base) suggests that the
327-mu absorbance increase does not assess tetrahydro-
isoguinoline formation only.

Results describing the effect of some tyrosine ana-
logs on tyrosine transamninase are listed in Table IT.
The degradation of tyrosine (manometric assay) is
markedly inhibited by m-tyrosine and DOPA, but
not. affected by a-methyl-mi-tyrosine and a-methyl-
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Tasue 11
[xuIBITION OF Tynosiye TransaMiyase BY Tynasing ANALOGR?

Manamerrie Lual-brrate

DRI merligd
Conen, N Clanen, Y

Anulog wl  inhib wm M inhib Lii™
dl-pi-"L'yrosine 2 tit) | NS
a-Methyl-m-tyrosine 2 9] | a .
d-DOPA 2 e | o =6
a-NMethyl-DOPA 2 U | i 11
Dopamnuue 2 tit) | 0y N4
a-NMethyldopamipe 2 e | w2 .
Norepiuephrine | T4 0.5 G 1
a-Methylnorepinephrine | 749 1.5 42 ‘
Dopaniine 1 T4 1.5 R G

“ The tyrasive concentration was 2 m¥ in the wanometrie
as=ay and b/ i the enol=borate assayv. ¥ Hesults obtained by
G A Jaeaby and B. T Da [J. Biol. Chen., 239, 419 (1964 3] at
1 tyvrosine opd iwnhibitar copeentration af Hmld/,

DOPA: dopamine inhibits tyrosine degradation to
higher degree than ae-methyldopaminte, but a-metlyl-
norepinephrine is ax effective an inhibitor of tyvrosine
degradation as norepinephrine itself.  When the effeet
of tyrosine analogs o1l tyrosine transaminase i assessed
by the more spectfic enol-borate method (Table 11,
the inhibitory  effect of  meta-hydroxylated  wamino
acids iz scen to be markedly decereased by e methyla-
tion, while that of m-hydroxyphenethylamines  is
moderately decreased by o methylation, but ereased
by 8 livdroxylation.

Davis, Zaty, Reepves, Haxce, axp McCoup

Val. &

Discussion

The presciec of an e-methyl group ity rasine analogs
results in oo large mmount of sterie hindrance to Selnff
base formation: it cxplains the lack of bioclwmical
reactivity of members of this group.

The presetcee of an e-methyl group i phenethyl-
amines provides a definite but moderate amount of
steric hindrnee to o Seluff formation.  That «
similar sterte relation holds for rat liver mitochon-
drinl  monoanine  oxidase, possibly o pyridoxal
enzyme, ™ has been shown by Fuller and Walters+#
Fuller and Walters state that rat monoamine oxidase
was more inhibited by substrate amines than by -
methyvlated anadogs:  thus 0.7 mld/ phenethylamine
wis able ta prevent 7490 of kynurcamine oxidadion,
wherens, at the same coneentration,  e-methylphen-
cthylamine was 319 and a,e-dimethylphenethylamine
(which is sterieadly  similar 1o an e-methylamina
acid) was only 8¢ offective.

No attempt has been made i the present study o
explain the inereased affinity of g-hydroxylated phen-
ethvlaunines far pyridoxal D
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2-Aminotyrosine, an Analog of Tyvrosine'”
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A vew (yrosine analog, 2-aminotyrosine, mud several related campoynds were prepared and tested Tar growh

uthibition of Eschecichia coli 9723 and Lenconostoc dextranicon SUS6.

Cirowth nhibition of E. roli by 2-awmina-

tyrosine was shown to be reversed in a competitive and specific manner by ryrosive aver a 100-fold range of in-

creasing concentrations with ap inhibition index of upproximately 300,

[thyl 2-acetumido-2-(4-methoxy-2-

nitrobenzylmalonate, resulting from the condensation of 4-methoxy-2-nitrobenzyt browmide witl the sodinm sal
of ethyl acetumidomalonate, was hydrolvzed with hydrobromie aud hyvdrochlorie seid to give 2-pitrotyrosine and

4-methoxy-2-nitvophenyialanine, respectively.

Catalytic hydrogenatian of the [tee bases of 2-uitrotyrosine and

4-methoxy-2-nitrophenyvlalanine gave 2-uminotyrosive ml 2-mmina-4-amethoxyphenylalauine, respectivety.

Among  the previously reported ring-substituted
analogs of the arommatic amino acids, some rather
interesting biologically antagonistic activities have been
observed with the mninophenylalanines in growth in-
hibition studies.  Although no appreciable inhibitory
netivity was detected using Leuconostoe dextranicun as
the test organism.* p-aminophenylalanine caused o
growth inhibition of Escherichia c¢oli which was re-
versed by either  phenylalanine  or  tyrosine® -
Aminophenylalanine, which is a competitive antagonist
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(2) Presented in part at thie 20th Southwest Rexional Meeiling of the
American Chemieal Society, Shrevepart, La., Dec 1964,
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of phenylalinine m both L. dectranicum® and L coli”
has also been reported to be a competitive antagonist
of lysine in Sacchavomyees cerevisiae.  Nlore recently,
o-aminophenylalanine has been prepared and found to
antagonize specifically and competitively the utiliza-
tion of phenylalanine for the growth of I, coli”

Beeaunse of the interesting biological activities of the
aminophenylalanines,  the synthesis  of  comparable
analogs which are structurally related to other natwral
amino acids was desirable.  Accordingly, i the present
investigation, 2-aminotyrosine and several related
compounds werve prepared, nnd their biological proper-
ties were studied in £, colt and L. dextranicun as
herein presented.

2-Aminotyrosine and related compounds were syn-
thesized through the usual acetamidomalonic ester

e (0L Dirtmer, Lilst Natiaual Meeving of e
Vierivan Chentiexd Sueesy, Minai, Fla,, April 14487, 10370,
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