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merisationsreaktion (Halbwertszeit im Bereich 10 bis
100 ms) zu einem y-Hydroxokomplex fiihrt, so miifite
gemiB einer Uberschlagsrechnung die erforderliche H,0-
Substitutionsreaktion beim NiOH*-Ion etwa 10- bis
100mal schneller erfolgen als beim Ni?*-Aquoion. Es
wiire allerdings auch denkbar, da3 zunichst ein Assoziat
gebildet wird, welches nicht durch OH-, sondern via
H-Briicken zusammengehalten wird. Erst in der nach-
folgenden Reaktionsstufe wiirde dann der H,0-Substi-
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tutionsproze bzw. die Verkniipfung von Ni(IT)-Ionen
durch p-Hydroxobriicken erfolgen.

Wir danken dem Schweizerischen Nationalfonds zur For-
derung der wissenschaftlichen Forschung (Projekt Nr. 2.86.69)
fiir die Unterstiitzung dieser Arbeit.

H.Ho=nL und G.GEIER

Laboratorium fiir Anorganische Chemie
Eidgenissische Technische Hochschule Ziirich

On the analysis of oxidative deamination with the help of the Hammett
relationship and other linear free energy relationships™

Whatever the mechanism of a given enzyme system,
the geometry of the enzyme-substrate interaction is of
paramount importance to the realization of the catalytic
event. Quite often a small molecule not only has to reach
the proper spot on a thousand times larger molecule, but
also has to orient itself exactly in such a way that its
reactive part comes into closest proximity to that of the
enzyme. With or without “induced fit”, very specific
forces are needed to lead the two or more partners to the
propereutopic-complex! and to overcome the tremend-
ous entropy loss encountered in the complex formation?2.

Among other approaches to obtain some pertinent
information, we exposed a large number of systemati-
cally varied substrates to a given enzyme and evaluated
the kinetic data with the help of the HAMMETT relation-
ship. Although

log(K/Ky)) =pXo

this equation relates kinetic parameter with electron
density (K and K, represent either rate or equilibrium
constants determined for the substituted and unsubsti-
tuted compounds respectively and g, the slope of the
line, is an indicator of the sensitivity of the system to
changes of the electron density ¢ at the reaction center),
many aberrations from linearity have been encountered
in enzymic analysis which commonly are ascribed to

Table 1. Enzymes catalyzing oxidative deamination

steric factors. It seemed worthwhile to examine experi-
mentally the possible explanations for such deviations
because often these irregularities provide us with
clues for the understanding of the mechanism involved.
No systematic study of this kind has been reported in the
literature. The sometimes difficult question, which
sigma-values to select or how to calculate missing ones
has been thoroughly answered by Swain and LupTon?,

We followed a new line of investigation when we
compared kinetic data secured with the same sub-
strates but with different enzymes. With the amine
oxidases listed in Table 1, we have three enzymes
capable of catalyzing the oxidation of ring-substituted
benzylamines. Since two of our oxidases are pyridoxal-
copper enzymes and two are flavoproteins, we were
interested to find out whether the kinetic analysis would
reveal any fundamental differences between the two
groups.

* Presented October 9, 1971, at the Summer Meeting of the Swiss
Chemical Association in Fribourg.

1 E.A.ZELLER, Biochem. Z. 339 (1963) 13.

2 F.H.WESTHEIMER, Mechanisms related to enzymes, Advanc.
Enzymol. 24 (1962) 441.

3 C.G.SwaiN and E.C.LuproN jr., J. Amer. Chem. Soc. 90 (1968)
4328.

DAO sPO MAO L-AAO

Sensitivity to semicarbazide  + + - +

Non-proteinaceous component PLP, Cu?* pLp, Cu?t FAD FAD

Secondary and tertiary amines No substrates No substrates Substrates No substrates (some exceptions)

Benzylamines as substrates para > meta

Release of

[B-tritium from histamine +

Occurrence Cytoplasm, extracellular Extracellular
E.C.Classification 1.4.3.6 1.5.3.3
Proposed classification 1.4.3.7
Trivial names Histaminase

para > meta

meta > para meta > para

None
Particle-bound, cellular Extracellular
1.4.3.4 1.4.3.2

Monoamine oxidase Histaminase, amine oxidase Ophidian L-amino acid oxidase
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Table 2. K;(1078M) for purified MaA0 and hydroxylated phenylethylamines

Substrate K, (20-5M) Pargyline ¢ Tranylcypromine?  Iproniazid®
Phenylethylamine 2 29 16 40 - 102
Phenylethanolamine B-OH 38 12 25 50 - 103
Tyramine 4-OH 24 2 7 2.5-10%
M-tyramine 3-OH 24 35

Octopamine $,4-OH 57 17 34 6.6 103
Dopamine 3,4-OH 91 45 31 39-10°

% Paragyline: N-Benzyl-N-methyl-propargylamine (Abbott Laboratories).
b Tranylcypromine: trans-2-phenylcyclopropylamine (Smith, Kline & French).

¢ Iproniazid: 1-Isonicotinyl-2-isopropylhydrazine (Hoffmann-La Roche).
Types of inhibition: heavily printed figures = competitive inhibition; italicized figures

inhibition.

Methodology

We measured the rate of oxygen consumption polarographi-
cally. The CLARK electrode which was separated from the reac-
tion mixture by a teflon membrane was used (Oxygen monitor,
Yellow Springs Instrument Company). The rate of benzal-
dehyde formation was recorded with a Unicam spectrophoto-
meter at the optimal wave length determined for each alde-
hyde. To evaluate the kinetic observations, LINEWEAVER-
Burk and D1xoN plots served our purposes. While the majority
of the substrates were synthesized in this laboratory, a few
were purchased from various commercial sources.

Monoamine Oxidase (MAO)

This enzyme was prepared from beef liver mitochon-
dria by a 62-fold purification. When the maximal values
(V) computed for the degradation of more then 20
benzylamines were plotted according to HAMMETT,
regression analysis yielded a line with a small positive
slope (0 = 0.2) and a rather low correlation coefficient?.
When, however, the results were organized on the basis
of the HAMMETT relationship which included TaArt’s
steric factors (E,) for the para-substituted set, then a
linear relationship was obtained, characterized by a
correlation coefficient r = 0.94! These results suggest
that several para-substituted benzylamines do not fit
optimally into the active site.—In contrast to the benzyl-
amine series, the slope o computed for the phenylethyl-
amine set appears to be negative (see V’-values in Table 2).

As demonstrated by the results summarized in Table
2, these observations are far from being trivial. The
degree of inhibition of purified MA 0 by several inhibitors
and the type of inhibition are a function of the locus of
the hydroxylation of the phenylethyl nucleus. It is,
therefore, possible that the biological responses following
the in vivo administration of MA 0 inhibitors, depend of
the kind of biogenic amines present at the target site.

Spermine Oxidase (sPo)

This enzyme, prepared from beef blood plasma, appear-
ed to be uniform according to the conventional physico-

4 J.WaLKER and E.A,ZELLER, unpublished data,

non-competitive; other figures == mixed type of

chemical testsS. Benzylamine and two sets of each 11
meta- and para-substituted benzylamines were analyzed.
When the V-data were plotted according to HAMMETT,
two distinct lines were obtained, with g, = 0.8 and
0p = 2.4. In contrast to the MAO system, para-substi-
tution yielded here better substrates than the meta-
derivatives, as expressed by V. Since it is known that
hydroxylation almost abolished the degradation by
spo6&, the slope of the HAMMETT relationship pertaining
to phenylethylamine derivatives seems to be strongly
positive.

Diamine Oxidase (DAO)

This oxidase was prepared as a physico-chemically
uniform material from hog kidney cortex. Until recent-
ly?, benzylamine was reported to be not a substrate of
pao. We found, however, that para-substitution pro-
duced good substrates; in fact, p-nitrobenzylamine is
more rapidly degraded by pao than the classical sub-
strate cadaverine! Again, the V-data, secured from the
kinetic analysis of the degradation of more than 20
benzylamine derivatives, yielded two HAMMETT lines,
characterized by g, =0.8 and r, =0.94, and by
0, = 0.7 and r, = 0.91. The results recorded for both
pyridoxal phosphate enzymes, spo and FA 0, are similar:
in both instances the para-substituted benzylamines are
more rapidly oxidized than their meta-counterparts. In
the average, V/, was 3.7 times larger than V.

Ophidian L-Amino Acid Oxidase (L-AA0)

In previous experiments, we studied the kinetics of
the degradation of more than 20 meta- and para-substi-
tuted phenylalanines by crystalline L-AA0 prepared
from the venom of Crotalus adamanteus®. The HAMMETT

8 P.K.L1, Ph.D.Dissertation, Northwestern University, Evanston
(Illinois) 1971.

8 C.W.TaBoRr, H.TABOR, and S.M.RoSENTHAL, J. Biol. Chem. 208
(1954) 645.

7 W.G.BARDSLEY et al., Biochem. J. 117 (1970) 169.

8 L. M. Crauss, Ph. D. Dissertation, Northwestern University,
Evanston (Illinois) 1968.
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Trennbeispiel B:

Die im Zusammenhang mit der Identifikation von
synthetischem Material untersuchte Ammonolyse von
authentischem Dicyano-cobyrinsiure - heptamethylester
(vgl. Abb.3) ergab erwartungsgemif} unter bestimmten
Reaktionsbedingungen nebst Ausgangsmaterial und

Preparation of Dlcyano-figxamethyl-cobyrinate-{-monoamtde from Dicyano-heptamethyl-cabyrinate

Muxture of
mano-amides

Abb. 3

Abb. 4
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Polyamidfraktionen ein Gemisch von Hexamethylester-
monoamiden, die in der Diinnschichtchromatographie
als zwei einheitlich scheinende Fraktionen auftreten. Die
Trennleistung der Verteilungschromatographie (Lo-
sungsmittelsystem Ii) ist in Abb.4 dargestellt.

Die Fraktionen 1 bis 3 bzw. 4 entsprechen den beiden
diinnschichtchromatographisch aufgelésten Fraktionen
der Monoamide. Das Isomere 3 konnte kristallisiert wer-
den und stellt auf Grund des Vergleiches mit totalsyn-
thetischem Material das im Formelbild der Abb.4 darge-
stellte Dicyano-cobyrinsiure-hexamethylester- f~-mono-
amid dar.

Diese Identitit beruht vorlidufig hauptsichlich auf
einem exakten Vergleich des chromatographischen Ver-
haltens durch Ermittlung der theoretischen Bodenzahl
der sowohl getrennt als auch gemischt chromatographier-
ten Substanzen (Bodenzahl 2500, Retentionszeit 12
Min.)3.

Nicht nur fiir die analytische und priparative Tren-
nung von Substanzgemischen, sondern auch fir die
Identifikation von Substanzen bietet die schnelle Fliis-
sigchromatographie iiberlegene Moglichkeiten.

Eine eingehende Beschreibung der chemischen Aspekte die-
ser Arbeiten findet sich bei A.EscHENMOSER, Studies on Or-
ganic Synthesis, XXIIIrd International Congress of Pure &
Applied Chemistry, Vol. 2, 69, Butterworths, London 1971.

Herrn Professor J.F.K.HuBER, Universitit Amsterdam,
verdanken wir zahlreiche, wertvolle Instruktionen und Rat-
schlige.

Die Mitarbeit in der Synthesegruppe von A. E. mit den
Herren W. FUBRER, P. SCENEIDER, H. MAAG, W. SCHILLING und
N.OBATA war dem Autor ein Vergniigen.

J.SCHREIBER

Organisch-Chemisches Laboratorium der
Eidgenossischen Technischen Hochschule Ziirich

3 Fiir den mit diesem Losungsmittelsystem rascher eluierten Dicya-
nocobyrinsiure-heptamethylester wurde eine Bodenzahl von 6900
gemessen (Retentionszeit 4,5 Min.).





