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COPPER(II)-CATALYZED TRANSAMINATION OF HYDROPHOBIC PYRIDOXAMINE
WITH PYRUVIC ACID IN BILAYER MEMBRANE: PHASE TRANSITION EFFECT

Yukito MURAKAMI,* Jun-ichi KIKUCHI, and Kazunari AKIYOSHI
Department of Organic Synthesis, Faculty of Engineering,
Kyushu University, Hakozaki, Higashi-ku, Fukuoka 812

The gel—-liquid-crystalline phase transition effect on the cop-
per(II)-catalyzed transamination of 2-methyl-3-hydroxy-4-aminometh-
y1-5-[(N,N-dihexadecylamino)methyl]pyridine with sodium pyruvate
was investigated in single-walled bilayer vesicles of N,N-dihexa-
decyl—Na-[6—(trimethylammonio)hexanoyl]—L—alaninamide bromide.

Currently, there is growing interest in the utilization of bilayer membranes
as organized media for chemical reactions. Since the molecular fluidity of such
membranes undergoes drastic changes by phase transition between the gel and liquid-
crystalline states, the reactivity and reactant selectivity of reactions occurring

1)

in membranes are expected to be manipulated by the phase properties. Further-
more, bilayer membranes can be utilized to simulate the microenvironmental proper-
ties and functions of apoenzymes. On the basis of these viewpoints, we composed
in this work a holoenzyme model having vitamin B6 activity with the covesicles of
Nte A1a2C162) and a hydrophobic pyridoxamine analogue, (PM)2C 4, and investi-
gated the copper(II)-catalyzed transamlnatlon of (PM)2C16 with pyruvic acid.

An aqueous dlsper51on of N C5A1a2016 (1.0 mmol dm~3) containing (PM)2C 16 (5.0
x 10~ mmol dm™ ) in an aqueous 2-[4-(2-hydroxyethyl)-1-piperazinyl]ethanesulfo-
nate (HEPES) buffer (25 mmol dm~ 3, pPH 6.9, u 0.10 with KC1l) was sonicated for 1 min
with a probe-type sonicator at 30 W to obtain single-walled vesicles. The aggre-
gate morphology of the present vesicles was intrinsically identical with that of
the single-walled vesicles composed of N+CsAla2C16 without any coexisting component
as confirmed by electron microscopy. The single-walled N+CSA1a2C16 vesicle was
found to show a broad phase transition at 20 + 5 °C by differential scanning calo-
rimetry (DSC)2) and fluorescence polarization spectroscopy with 1,6-diphenyl-1,3,-
5-hexatriene (DPH) embedded in the membrane (Fig. 1). The phase transition temper-
ature for the present functionalized vesicle was evaluated by measuring temperature
dependence of steady-state fluorescence anisotropy (rS)S) originated from the pyri-
doxamine moiety of (PM)2C16. As shown in Fig. 1, the phase transitions of both
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Fig. 1. Correlation between
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rescence anisotropy (rs) in an aque-
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vesicles with and without (PM)2C16 occur in the same temperature range. The Ty

value is more sensitively varied with DPH than with the pyridoxamine moiety as tem-
perature is changed. This must reflect the difference between these fluorescent

6)

probes in their incorporated sites; DPH is placed in the hydrophobic domain while

the pyridoxamine moiety of (PM)2C16 in the so-called hydrogen-belt domain inter-
posed between the hydrophobic interior and the hydrophilic surface region.7)

The reaction was initiated by adding copper(II) perchlorate (2.5 x 10'2 or 0.1
mmo1l dm"3) and sodium pyruvate (5.0 mmol dm'S) to the covesicles of N+CSA1aZC16 and
(PM)2016,

metric means. In analogy with the copper(II)-catalyzed transamination of 2-methyl-

and the progress of the transamination was monitored by spectrophoto-

3-hydroxy-4-aminomethyl-5-dodecylthiomethylpyridine, (PM)SC 12° with pyruvic acid

8) the reaction proceeded through the fast equilibrated formation of

in vesicles,
the CuII—ketimine Schiff-base complex (A in Scheme 1), followed by much slower con-

version into the CuII—aldimine Schiff-base (B in Scheme 1). The isomerization was
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followed by monitoring an absorbance increase at 390 nm, attributable to the for-
mation of the aldimine chelate, and consistent with the first-order kinetics for
each run. An Arrhenius plot for the transamination in the presence of the copper-
(II) ion at a 1:2 molar ratio of CuII vs. (PM)2C16 (system A) provided two differ-
ent lines with a break point in the 15-20 °C range, while only a single straight
line was drawn over the whole temperature range studied in the presence of a two-
fold molar excess of the copper(II) ion over (PM)2C16 (system B). The phase tran-
sition was found to occur in the 20 °C range for both systems on the basis of cor-
relation of temperature with Ty by using DPH embedded in the vesicles after the
reaction was completed.

We have recently clarified that the copper(II)-catalyzed transamination of
(PM)SC12 with pyruvic acid in vesicles proceeds via formation of the 2:1 and 1:1
(ketimine : CuII) complexes.s)
2C16—-pyruvate—CuII system, we found that the predominant ketimine species in sys-
tems A and B are the 2:1 and the 1:1 complex, respectively: 76 and 12% mole frac-
tions of (PM)ZC16 are transformed into the 2:1 and the 1:1 complex, respectively,
in system A; while (PM)ZC16 is quantitatively converted into the 1:1 complex in
system B, In addition, the metal-coordination equilibria were hardly affected
9 The 1lipid molecules are much rigidly

Applying the similar analysis to the present (PM)-

over the whole temperature range employed.
assembled in the gel state so that the double-chain segment of (PM)ZC16 is forced

Table 1. Kinetic and activation parameters for the copper(II)-catalyzed

transamination of (PM)ZC16 with pyruvate in N+05A1a2C16 vesiclea)

[Cu(C10,),]  Temp K peq X 104 act ru* ast
mol dm_3 °C s_1 kJ mol-1 kJ mol-1 Jg g1 mol_1
~ 27.0 98.0
26.0 81.5 85.4 84.5 -2.43
22.0 49.8 (298 K)
20.0 36.3
2.5 x 1070 J 17.0 20.7
14.5 13.6
11.0 1.0 | 85.8 56.1 -104
8.5 7.87 (283 K)
L 7.5 7.67
~ 29.8 7.22 7
24.0 2.75
21.5 2.35
1.0x107% J 18.5 1.49 ¢ 93.3 99.6 23.3
16.0 0.89 (283 X)
12.0 0.62
_ 9.0 0.37 _|
a) Initial concentrations in mol dm'3: (PM)2016, 5.0 x 10_5; sodium pyruvate, 5.0
x 1073; N*c.A1a2C, ., 1.0 x 1073,
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to be incorporated tightly into the hydrophobic vesicle domain. Such rigid mole-
cular arrangement must induce a significant steric strain in the 2:1 complex which
results in the formation of a distorted square-planar coordination structure around
the nuclear copper atom. The steric effect is apparently reflected on the activa-
tion entropy and enthalpy values (Table 1). The activation parameters for the re-
action of the 2:1 complex above the phase-transition temperature range approach to
the corresponding values for the reaction of the 1:1 complex due to the increased
mobility of the membrane 1lipid molecules and the (PM)ZC16 molecules.
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