Catalytic effect of monovalent cations on the amine oxidation by cofactor TTQ

of quinoprotein amine dehydrogenases

Shinobu Itoh,*a Masato Taniguchi? and Shunichi Fukuzumi*b

a Department of Chemistry, Graduate School of Science, Osaka City University, 3-3-138 Sugimoto, Sumiyoshi-ku,
Osaka 558-8585, Japan. E-mail: shinobu@sci.osaka-cu.ac.jp

TRy I

b Department of Material and Life Science, Graduate School of Engineering, Osaka University; CREST, JAPAN
Science and Technology Corporation, 2-1 Yamada-oka, Suikta, Osaka 565-0871, Japan

Received (in Cambridge, UK) 9th November 1999, Accepted 19th January 2000

Oxidation of benzylamine by a model compound of cofactor
TTQ (tryptophan tryptophylquinone) of quinoprotein amine
dehydrogenases is made possible by coordination of a
monovalent cation such as Li+ in anhydrous MeCN.

Bacterial methylamine dehydrogenase (MADH) and aromatic
amine dehydrogenase (AADH) comprise a new class of
enzymes which contain a heterocyclic o-quinone cofactor, TTQ

&

(tryptophan tryptophylquinone), at their active sitesin the light
subunits.1-3

Monovalent cations have recently been shown to influence
not only the UV—V1S spectrum of the enzyme but also the redox
reactivity of TTQ in the amine oxidation and the subsequent
electron transfer to biological electron acceptor proteins such as
amicyanin.4-2 The enzymes have two different cation binding
sites, one of which islocated near the quinone carbonyl oxygen
O(6) of the cofactor.# Thus, the cationic species incorporated
into this binding pocket have been suggested to interact with the
quinone moiety directly, affecting the electronic structure of the
cofactor as well as the reactivity both in the amine oxidation
reaction and the subsequent electron transfer process.5-°
However, littleisknown about the binding model of the cationic
speciestoward TTQ or how it affects the electronic structure as
well asthereactivity of the TTQ cofactor. In thisstudy, we have
investigated the interaction of a TTQ model compound?® with
monovalent cations to demonstrate that an alkaline metal ion
such as Li* binds to the quinone, leading to a significant
enhancement of the amine oxidation reaction in anhydrous
organic media.

Addition of a certain amount of LiClO4 to an anhydrous
MeCN solution containing TTQ model compound 1 (5.0 X
10-5 mol dm=3) and benzylamine (1.0 X 10—2 mol dm—3)
caused a rapid spectral change in the UV-VIS region. Fig. 1
shows the spectral change of the titration of 1 with LiCIO,
(0-0.15 mol dm—3) in the presence of benzylamine (1.0 x 10—2
mol dm—3).11 The characteristic absorption band at 408 nm due
to the quinone itself decreases, accompanied by an increasein a
new absorption band at 461 nm, with increasing the concentra-
tion of added LiClO,4. The binding constant Ky, for 1:1
complex formation between the quinone (Q) and the metal ion
(M+) can be expressed by egn. (1), where A and A., are the
initial and final absorptions of the titration, and [M+]o and [Q]o
denote the concentration of the added metal ion and the initial
quinone concentration, respectively. The plot of (A — Ag)/(A«
— A vs. ([M*]o — ofQlo) [ = (A — Ag)/(A.. — Ad)] divesa
straight line passing through the origin, as shown in the inset in
Fig. 1, fromwhich aKy,_ valueof 15.6 dm3 mol—1 was obtained
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from the slope. A similar spectra change was obtained in the
titration of 1 with NaClO,4 although the binding constant was
smaller (Ky. = 5.5dm3 mol-2, Amax = 454 nm).12.13 |t should
be noted that the spectral change obtained inthissystemisfairly
close to that observed in the titration of MADH with
monovalent cations.48 This result suggests that the monoval ent
cation binds to the quinone moiety of 1 at a similar position to
that proposed in the enzymatic systems.14
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Although no reaction takes place between benzylamine and
quinone 1 in an aprotic solvent such as anhydrousMeCN, 1 was
converted into the reduced form of TTQ in the presence of Li+.
Thus, the reaction of quinone 1 (5.0 X 10-5 mol dm—3) and
benzylamine (1.5 X 10—2 mol dm-3) in the presence of LiClO,4
(0.25 mol dm—3) in anhydrous MeCN at 25 °C under anaerobic
conditions resulted in a drastic spectral change where the
absorption band at 461 nm due to the Li* complex of the
quinone decreases, accompanied by an increase in a new band
at 323 nm due to the reduced TTQ in the aminophenol form
(Fig. 2).15 Asreported in the previous model reactions between
the TTQ model compound and benzylamine in MeOH,16 the
reaction consists of three distinct steps, where thefirst one [Fig.
2(a)] corresponds to addition of the amine to the quinone (ky),
the second one [Fig. 2(b)] is due to the spontaneous (ko) and the
amine-catalyzed (k') rearrangement from the substrate imine to
the product imine intermediates, and the third one [Fig. 2(c)]
is ascribed to the imine exchange reaction (k3) to generate
the aminophenol and N-benzylidenebenzylamine
(PhCH,;N=CHPh), as summarized in Scheme 1.15 Each process
has its own isosbestic point, a 418, 383 and 372 nm,
respectively, demonstrating the accuracy of the stepwise
mechanism shown in Scheme 1. Since the differencein the rate
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Fig. 1 Spectral change observed upon addition of LiCIO, (0-0.15 mol

dm-3) to an MeCN solution of 1 (5.0 X 10—5mol dm—3) in the presence of

benzylamine (1.0 X 10—2 mol dm—3) at 25 °C. Inset: plot of (A — Ag)/(A«

— A) vs. [LiCIOJo — oflfo {a = (A — Ad)/(Ax — Ag)}.
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Fig. 2 Spectral change for the reaction of 1 (5.0 x 10—3 mol dm—3) with benzylamine (1.5 X 10—2 mol dm-3) in the presence of LiClIO,4 (0.15 mol dm—3)
in anhydrous MeCN at 25 °C under anaerobic conditions. (a) The first stage (0-7200 s), 800 sinterval. Inset: plot of Kopszy VS. [PNCH>NH,]. (b) The second
stage (960024000 s), 2400 s interval. Inset: plot of Kops(2) Vs. [PRCHLNH,]. (€) The third stage (2400049600 s), 3200 s interval. Inset: plot of Kops(z) VS.
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of each step was not large enough to determine the rate
independently, the pseudo-first order rate constants for the three
Steps (Kobs(1y, Kobs(2) @Nd Kops(z)) Were determined simultaneously
by computer simulation of the time course of the absorption
change using anon-linear curve-fitting program (Mac curvefit)
asreported in the previous study.16 From the dependence of Kops
in each step on the amine concentration the rate constants were
determinedask; = 5.9 X 10-2M-1s-1 k, = 87 X 10-5s1,
ky = 26X 102M-1s 1 andk; = 1.4 X 100-2M-1s 1 as
shown in theinsetsin Fig. 2. It should also be emphasized that
the oxidation of benzylamine by the Li+ complex of 1 proceeds
catalytically, and molecular oxygen is used as an electron
acceptor to regenerate the iminoquinone form from the reduced
TTQ. Thus, benzylamine (0.10 mol dm—3) was converted into
N-benzylidenebenzylamine quantitatively when it was treated
with a catalytic amount of 1 (1.0 X 10—3 mol dm—3; 1 mol %)
in the presence of LiClO4 (1.0 mol dm—3) under aerobic
conditions for 24 h.

In summary, a monovalent cation such as Li* has been
demonstrated for the first time to bind to TTQ at its quinone
moiety and makes it possible for the catalytic amine oxidation
to occur efficiently in anhydrous MeCN. The Li+ binding may
accelerate the addition step of the amine (k;) and enhances the
stability of the intermediates, leading to the efficient catalytic
oxidation of benzylamine. These results gave us an important
insight into the catalytic mechanism of the monovalent cations
in MADH- and AADH-catalysed reactions.

The present study was financialy supported in part by a
Grant-in-Aid for Scientific Research from the Ministry of
Education, Science, Culture, and Sports of Japan.
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