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ABSTRACT. In mammalian cells, the flavoprotein polyamine oxidase catalyzes a key step in the catabolism
of polyamines, the oxidation of N1-acetylspermine and N1-acetylspermidine to spermidine and putrescine,
respectively. The mechanism of the mouse enzyme has been studied with N1,N12-bisethylspermine
(BESPM) as a substrate. At pH 10, the pH optimum, the limiting rate of reduction of the flavin in the
absence of oxygen is comparable to #ag value for turnover, establishing reduction as rate-limiting.
Oxidation of the reduced enzyme is a simple second-order reaction. No intermediates are seen in the
reductive or oxidative half-reactions. They value decreases below &pof 9.0. Thek../Km value for

BESPM exhibits a bell-shaped pH profile, witKpvalues of 9.8 and 10.8. ThesKvalues are assigned

to the substrate nitrogens. The rate constant for the reaction of the reduced enzyme with oxygen is not
affected by a pH between 7.5 and 10. Active site residue Tyr430 is conserved in the homologous protein
monoamine oxidase. Mutation of this residue to phenylalanine results in a 6-fold decreasekin the
value and thé./Km value for oxygen due to a comparable decrease in the rate constant for flavin reduction.
This moderate change is not consistent with this residue forming a tyrosyl radical during catalysis.

The polyamines spermine, spermidine, and putrescine arestrongly prefers N1-acetylated polyamines as substra@s (
ubiquitous in cells. Higher concentrations are found in rapidly Instead, the related enzyme spermine oxidase is responsible
growing cells (—3), and compounds which deplete poly- for direct oxidation of spermine and spermidirl,(12).
amines from cells inhibit cell growtt®}. These observations The mammalian polyamine oxidases have undergone little
have led to the general conclusion that polyamines are mechanistic study. The structure of a maize polyamine
essential for cell growth, although their specific role in the oxidase has been described with a number of inhibitbgs (
cell is still a matter of discussion. Consequently, a variety 14), establishing the enzyme as a homologue of mitochon-
of polyamine analogues have been examined as anticancedrial monoamine oxidase, and preliminary kinetic studies
drugs @—7); a number of clinical trials are underway, and with spermine as a substrate have been reported for that
analogues with cytotoxic potential have been develoged ( enzyme 15). However, the plant enzymes prefer spermine
9). The metabolic pathways for synthesis and degradationand spermidine as substrates instead of acetylated polyamines
of polyamines are generally conservdyl. (n mammals, the  (16), so they are better described as spermine oxidases than
biosynthetic pathway involves decarboxylation of ornithine polyamine oxidases.

to putrescine by ornithine decarboxylase, extension of Because of the role of monoamine oxidase in the metabo-
putrescine to spermidine by spermidine synthase usingjism of neurotransmitters, the mechanism of that enzyme has
decarboxylatedS-adenosylmethionine as the propylamine peen extensively studied, yet the mechanism of amine
donor, and a subsequent extension of spermidine with anothepxidation by monoamine oxidase remains controversial.
propylamine moiety to form spermine catalyzed by the Edmondson and co-workers have proposed a mechanism
enzyme spermine synthase. Depletion of spermine andinvolving transfer of two electrons from the amine of the
spermidine from the cell involves the action of two en- substrate to the flavin concerted with abstraction of the
zymes: spermidine/spermine N1-acetyltransferase convertsy-hydrogen as a proton by N5 of the flavild 18).
spermine and spermidine to the respective N1-acetylatedAlternatively, Silverman and co-workers have proposed a
compound, and polyamine oxidase oxidizes N1-acetylsper- mechanism involving a substrate aminium radical cation as
midine and N1-acetylspermine to putrescine and spermidine,a discrete intermediatd$). In support of this latter proposal,
respectively, and 3-acetamidopropanal (Scheme 1). While Rigby et al. g0) recently reported that monoamine oxidase
polyamine oxidase can also oxidize spermine, the enzymewhich has been partially reduced with dithionite contains a
This work was supported in part by grants from the NIH (RO Ladicaltl spe(;iesliden_tified %s a t)t/rosyl radic.al. In !E;ht oft :]he

. omology of polyamine oxidase to monoamine oxidase, these
G“i'i%ﬁﬁjﬁoiq”dc;?ees‘gﬁgzni"e“Qﬁﬁﬂ%” é’;} ;gﬁfe)ésed: Department of Mechanistic proposals must be considered as possibilities for
Biochemistry and Biophysics, 2128 TAMU, College Station, TX 77843- the former enzyme also.

f%tlz%%t @F;g%nf:e dlﬁgw) 845-5487. Fax: (979) 845-4946. E-mall  Rpacently, a number of true polyamine oxidases have been
# Department of Biochemistry and Biophysics. described which prefer acetylated polyamines as substrates.

8 Department of Chemistry. These include enzymes from yea2fl), humans 1), and

10.1021/bi050347k CCC: $30.25 © 2005 American Chemical Society
Published on Web 04/14/2005




7080 Biochemistry, Vol. 44, No. 18, 2005 Royo and Fitzpatrick

Scheme 1
H H+ 02 H202
2
\H/N\/\/N\/\/\N:\/\NHZ N 4 \H/NWN\/\/\N:\/\NH:
H, o) H5
N,-acetylspermine ¢
H H+N +
+ HaN A~~~
\C[)I/ \/\(I) H;‘ NHj3

spermidine

mice (L0); both the mouse and yeast enzymes have beenbuffer. The fractions containing the protein were pooled. The
expressed irEscherichia colj although at low levels1(, purified enzyme was stored a80 °C, in 50 mM potassium
21). These studies have made available for the first time phosphate (pH 7.5), 10% glycerol,iMM leupeptin, and 1
sufficient amounts of a mammalian polyamine oxidase for uM pepstatin. The concentration of polyamine oxidase was
mechanistic studies. We describe here mechanistic studiesletermined using arusg value of 10 400 M* cm™! and a

of mouse polyamine oxidase. molecular mass of 56 101 DA@).

EXPERIMENTAL PROCEDURES .Assa.ys.P_onamine oxidase activity was typically deter-
mined in air-saturated buffer containing 10% glycerol by

Materials. Spermine and N1,N12-bisethylspermine (BE- monitoring oxygen consumption with a computer-interfaced
SPM} were from Tocris Bioscience Inc. (Ellisville, MO).  Hansatech Clark oxygen electrode (Hansatech Instruments,
N1-Acetylspermine was from Fluka Chemical Co. (Milwau- Pentney King's Lynn, U.K.). All assays were conducted at
kee, WI). pET28bt) was from Novagen (Madison, WI).  30°C. The buffers were 50 mM Tris-HCI from pH 7.5 to 9,
All other reagents were of the highest purity commercially 50 mM CHES from pH 9 to 10, and 50 mM CAPS from pH
available. 10 to 11.5.

Expression and Purification of Recombinant Proteifise Rapid Reaction Kinetic&kapid reaction kinetics measure-
cDNA encoding murine polyamine oxidase (GenBank ac- ents were performed with an Applied Photophysics SX-
cession number AF226656) in a pDrive vector with codons gy stopped-flow spectrophotometer. For anaerobic ex-
optimized for expression i&. coliwas obtained from DNA o iments, the instrument was flushed with anaerobic buffer
2.0 (Menlo Park, CA). It was subcloned into pET28)(  jmmediately prior to use. Solutions were made anaerobic by
using the Ndel and EcoRI sites at thé &d 3 ends,  jacing them under vacuum and then flushing them with

respectively, for expression of the His-tagged enzyme. The 4,y qen-scrubbed argon; glucose and glucose oxidase were
Y430F mutation was generated using the Stratageneihen agded at final concentrations of 5 mM and 36 nM,

QuikChange site-directed mutagenesis method, with the ogpectively, to maintain anaerobic conditions. To study the
mutagenic primer'SCCATACACGCGTGGTTCTTCAGC- reaction of the reduced enzyme with oxygen, the enzyme
TATGTTGCAGTTGG-3. (The mutated triplet is bold.) For (40 uM) was reduced with 0.2 mM BESPM. The reduced

all constructs, DNA sequencing of the entire codmg region enzyme was then mixed with buffer equilibrated with
was performed to ensure that no adventitious mutations Wereyiftarent concentrations of oxygen. Under these conditions,

present.

For protein expression, plasmids were transformed into
BL21(DE3)E. coli. After induction with 0.15 mM isopropyl
pB-D-thioglucanopyranoside, the cells were incubated over- ) _ )
night at 20°C. The cells were collected by centrifugation at = _Data Analysis.Data were analyzed using Kaleidagraph
9000y for 30 min. The cell paste was resuspended in 50 mM (Adelbeck Software, Reading, PA). The Michaeildenten
potassium phosphate (pH 7.5), 10% glycerol, ABOFAD, equathn_ was used to determikg, KealKm, andKy, .values
2 uM leupeptin, 2uM pepstatin, and 10@g/mL phenyl- when |n|t|§1I rates were measured as a function of the
methanesulfonyl fluoride and lysed by sonication. After the concentration of a single substrate. Equation 1 was used to
lysate was centrifuged at 224§)Ghe supernatant was loaded analyze the pH dependence of kinetic parameters which
onto a 5 mL Nicolumn (HiTrap Chelating HP, Amersham decreased at low p.H. Equat|on 2 was gsed to analyze the
Biosciences). The column was washed with 10 column PH dependence of kinetic parameters which decreased at both

volumes of 50 mM potassium phosphate (pH 7.5), 10% low and high pH. For rapid reaction studies, rate constants
glycerol, 0.4 M NaCl, 10 mM imidazole, 2M leupeptin, were obtained from the change in absorbance of the flavin

and 2uM pepstatin, and the protein was eluted with a linear With time by fitting eq 3 to the data
gradient from 0 to 200 mM imidazole in 20 column volumes

the subsequent re-reduction of the oxidized enzyme by the
remaining substrate was sufficiently slow not to interfere with
the oxidation kinetics.

of the same buffer. Fractions containing polyamine oxidase log Y = log C 1)
were pooled and concentrated by the addition of solid 1+ﬂ

ammonium sulfate to 65% saturation. The pellet resulting K;

upon centrifugation was resuspended in 50 mM potassium c

phosphate (pH 7.5), 10% glycerol,IM leupeptin, and 1 logY=log|———— 2)
uM pepstatin, loaded onto a 120 mL HiPrep Sephacryl S-200 1+ H + Ez

column (Pharmacia Biotech), and eluted with the same Ki H

— — 1t
1 Abbreviation: BESPM, N1,N12-bisethylspermine. A=A, + Ale ! (3)
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Table 1: Kinetic Parameters for Polyamine Oxidase with BESPM & &
as the Substrate E
kinetic parameter wild-type enzyme Y430F <
keat (579 12.3+ 0.5 1.6+ 0.04 .
Kgespm («M) 184+ 1.6 11+ 0.9 gl o L L LS R,
Ko, (uM) 150+ 20 26+5 325 375 425 475 525 575 625 675 <
Keal Keespm (mM‘l S_l) 690+ 50 200+ 20 w | th
KeafKo, (MM~ 579) 81+ 7 63+ 11 Ssienah ()
Keed (573 18.9+ 0.8 2.9+ 0.04 . . .
Ka (uM) <10 8+ 2 0.2F 4
kox (MM~1571) 12142 119+ 2 B
a At pH 10 and 30°C. 0151 i
@
where A is the measured absorbanca, is the final < 0.1
absorbanced, is the amplitude; is the rate constant, and
tis time. 0.05L -
RESULTS 0 . .
Kinetic Mechanism.Initial kinetic characterization of 0 0.1 0.2 0.3
mouse polyamine oxidase by Wu et dl0) established that ts

the ke.afKnm value for N1-acetylspermine is independent of FiGure 1: Reductive half-reaction of polyamine oxidase with
the concentration of oxygen and that tkg/K value for BESPM as the substrate: (A) visible absorbance spectra after

: ) : ) _ mixing polyamine oxidase with BESPM (1.2 mM final concentra-
oxygen is the same for N1-acetylspermine and N1-acetyl tion) anaerobically at pH 10 and 3€ and (B) time dependence

spermidine. This was consistent with a ping-pong mechanismo the absorbance change at 465 nm in panel A. The line in panel
in which the oxidized polyamine dissociates before the B is from a fit to eq 3.

reduced enzyme reacts with oxygen. These data suggest that
the kinetic mechanism of polyamine oxidase resembles theenzyme (Figure 1A). The spectral changes can be described
general mechanism of most flavoprotein oxidases shown inby a single exponential (Figure 1B), with no evidence for
Scheme 2742, 23). In the reductive half-reaction, transfer intermediates between the oxidized and reduced enzyme, and
of a hydride equivalent from the substrate to the flavin there is no increase in absorbance at wavelengths greater
reduces the flavin; the reduced flavin then reacts with oxygen than 530 nm. The rate constant for reduction is independent
in the oxidative half-reaction to regenerate the oxidized of the concentration of BESPM at concentrations of/80
enzyme and form hydrogen peroxide. Prior to carrying out to 6 mM (results not shown), indicating that tke value is
the mechanistic analyses described here, we carried out dess than 1Q«M. The rate constant for reduction is close to
preliminary analysis of the effects of pH. This showed that the k., value from steady-state kinetic analyses, consistent
polyamine oxidase is much more active at pH 10 than at pH with enzyme reduction being rate-limiting for turnover. In
7.6, the pH used in the studies of Wu et 4l0) (results not support of this conclusion, when 0.3 mM BESPM is added
shown). While N1-acetylspermine is the best substrate forto 20 uM enzyme in air-saturated buffer, the absorbance
the enzyme, kinetics of slower substrates are much morespectrum of the enzyme resembles that of the oxidized
likely to be limited by chemical steps, so intrinsic values of enzyme for most of the reaction, only converting to that of
kinetic parameters such akpvalues are more readily the reduced enzyme when the oxygen is depleted (results
measured Z4). BESPM is a slower substrate than N1- not shown). The kinetics of the oxidative half-reaction were
acetylspermine. It is also effective in preventing the growth determined by mixing enzyme which had been reduced with
of tumor cells @5), and its success at this has led to the BESPM with buffer solutions equilibrated with varying
development of more effective antineoplastic age@). ( concentrations of oxygen. At all concentrations of oxygen,
Accordingly, more detailed kinetic studies were carried out there was a monophasic change from the spectrum of the
with BESPM at pH 10. reduced enzyme to that of the oxidized enzyme (Figure 2A).
The steady-state kinetic parameters with BESPM as aThe rate constant for oxidation varied directly with the
substrate for polyamine oxidase were determined by varying concentration of oxygen (Figure 2B), consistent with a simple
both oxygen and BESPM concentrations at pH 10; the bimolecular reaction. The second order rate constant was the
resulting values are summarized in Table 1. The rate same at pH 10 and 7.5, 124 2 and 141+ 3 mM~! s7%,
constants for the individual half-reactions were determined respectively, establishing thia is pH-independent over that
by stopped-flow methods. When polyamine oxidase and pH range.
BESPM are mixed rapidly in the absence of oxygen, the pH Dependencelhe effects of pH on steady-state kinetic
flavin spectrum rapidly changes to that of the reduced parameters was determined with BESPM as a substrate. The
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FIGURE 2: Oxidative half-reaction of polyamine oxidase with FIGURE 3: pH dependence of polyamine oxidase with BESPM as
BESPM as the substrate: (A) time dependence of the absorbancéghe substrate: (A) pHkeaprofile and (B) pH-KealKgespm profile.
change at 465 nm after mixing reduced polyamine oxidase with T = 30 °C. The lines are from fits of the data to eq 1 (A) and eq
oxygen (0.12 mM final concentration) at pH 10 and°8and (B) 2 (B).

dependence of the rate constant for flavin oxidation on oxygen

concentration. The line in panel A is from a fit to eq 3. an effort to evaluate the role of that residue in catalysis. The

effects of this mutation on the steady-state and rapid reaction
kea/Ksesem pH profile is bell-shaped (Figure 3B), with the kinetic parameters of polyamine oxidase are summarized in
kea/Ksespmvalue decreasing when a group with an apparent Table 1._ Thekeqt value and thé, vaIue.for.oxygen are both.
pKa value of 9.8+ 0.1 is protonated or when a group with altered m_the mutant enzyme. The k_lne_tlcs of the red_uctlve
an apparent i, value of 10.8+ 2 is deprotonated. Thiea half-reaction were studied by monitoring changes in the
value is independent of pH at high pH, but decreases at low @Psorbance spectrum of the flavin when the enzyme was
pH when a group with an apparerkpvalue of 9.0+ 0.1 mixed with BESPM anaerobically in th(_e §topp¢d—f|qw
is protonated (Figure 3A). The effect of pH on the/Kw spectropho?ometer. The results were qqahtanvely |dent|gal
value for oxygen was not determined directly with BESPM 10 those with the wild-type enzyme, with a monophasic
as a substrate. However, thg value, which is equivalent ~ change from the oxidized to reduced enzyme with no
to the kea/Ko, value for the mechanism of Scheme 2, was indication of intermediates. Thgre was a slight depen_dence
the same at pH 7.5 and 10 (vide supra), andkhéKo, is of the rate co.nstant for reduction on the conce_ntrgtmn of
independent of pH between pH 6.5 and 11.5 with N1- BESPM, consistent with K4 value of~8 uM. The I|m|t|n_g
acetylspermine as a substrate (results not shown.) The effecfat€ Of reductionkeq was ~6-fold smaller than the wild-
of pH on the visible absorbance spectrum of the enzyme- tYP€ value, and close to thex value. In contrast, thé
bound flavin was also determined: there was no significant value for the mutant, determined by measuring the rate
change between pH 7.5 and 11 (results not shown). cons'_[ant fpr the reactlo_n of the reduced enzyme with oxygen,

Y430F Polyamine Oxidas&Vhile the structure of mouse ~ Was identical to the wild-type value.

polyamine oxidase hgs not yet _been _reported, the StrUCtureDISCUSSION
of a homologous maize spermine oxidase has been deter-
mined (@4). In addition, polyamine oxidase is a homologue  The results presented here establish the kinetic mechanism
of monoamine oxidaselB), and the structure of human of mouse polyamine oxidase and provide insights into the
monoamine oxidase B has been determin&g.(Tyrosyl catalytic mechanism of the enzyme. BESPM was chosen as
residues 60, 398, and 435 in monoamine oxidase B havea substrate for these studies because it is a slower substrate
been proposed as possibilities for a tyrosyl radical in that than N1-acetylspermine or N1-acetylspermidib@enzyme
enzyme R0). Of these, the only corresponding residue in kinetics with slow substrates are more likely to reflect
mouse polyamine oxidase which is a tyrosine is Tyr430, intrinsic kinetic parameters. In addition, BESPM is effective
which corresponds to Tyr398 in monoamine oxidase B and in preventing the growth of tumor cell2%) so that its
Tyr407 in monoamine oxidase A. Accordingly, the Y430F metabolism is of interest, and polyamine oxidase is respon-
mutant of mouse polyamine oxidase was characterized insible for the catabolism of N-substituted spermine analogues
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(7, 28). The results of steady-state and rapid reaction kinetic the flavin is anionic 81, 32), and the K, for the deproto-
analyses are consistent with the kinetic mechanism of nation of N1 of free flavin is~6.7 (33). The pH indepen-
Scheme 2 for polyamine oxidase. In the case of the reductivedence of thé../Kn, value for oxygen with polyamine oxidase
half-reaction, in which the amine substrate is oxidized by can be explained by a moderate decrease in thisnghen
transfer of a hydride equivalent to the flavin, the reaction FAD is bound to the enzyme.
occurs as a single first-order reaction with a rate constant While polyamine oxidase has seen little mechanistic study,
that is independent of the concentration of BESPM. This is the mechanism of the homologous monoamine oxidase has
consistent with a loviKq value for this substrate; the estimate been extensively studied. At present, there are two dominant
for theKq value of <10uM is in reasonable agreement with  proposals for the mechanism of monoamine oxidase. In the
theKn, value from steady-state kinetic analyses. In addition, mechanism of Edmondson and colleaguEd,(the neutral
ke the rate constant for flavin reduction, agrees with the amine adds to the flavin at the C4a position; collapse of this
steady-statek.: value. This establishes that this step is adduct to form reduced flavin is concerted with transfer of
limiting for turnover, a conclusion further supported by the the substrate.-proton to the flavin N5. Since no intermediate
predominance of the oxidized enzyme during turnover. The is seen between oxidized and reduced flavin in the reduction
immediate product of reduction is the Schiff base bound to of monoamine oxidasel{, 34), initial formation of the initial
the reduced enzyme. With a number of flavoproteins, the flavin adduct must be unfavorable so that it does not
oxidized substrate does not dissociate from the reducedaccumulate. An alternative possibility is that the reaction
enzyme at a kinetically significant rate, instead dissociating involves concerted transfer of two electrons and a proton
after the flavin has been oxidize@J). The presence of the  without formation of an intermediate adduct; however, on
oxidized enzyme in the active site adjacent to the reducedthe basis of the value of 2 for benzylamine oxidation by
flavin frequently can frequently be detected by a long- monoamine oxidase A, Miller and Edmondsati7) have
wavelength visible absorbance band due to a charge-transfeargued against a mechanism involving a direct hydride
interaction between the product and enzyi28).(No such transfer. A very different mechanism has been proposed by
long-wavelength absorbance is detected upon reduction ofSilverman {9), based primarily upon inactivation of monoam-
polyamine oxidase by BESPM; a simple explanation is that ine oxidase by a series of mechanism-based inhibitors
the product dissociates from the reduced enzyme rapidly. predicted to act via radical intermediates. In this mechanism,
Consistent with this interpretation, the structure of maize a substrate aminium cation radical is generated by abstraction
polyamine oxidase reduced by spermine shows that theof a single electron from the substrate nitrogen. Subsequent
product is not in the active sitel®). The oxidative half- transfer of a hydrogen atom to the flavin semiquinone would
reaction of mouse polyamine oxidase can be described as gield the products. Alternative versions of this mechanism
simple second-order reaction of reduced polyamine oxidaseinvolving an amino acid radical have also been proposed
with oxygen with the second-order rate constépt to (29).
complete the catalytic cycle. For the mechanism of Scheme A flavin semiguinone, formed by one-electron oxidation
2, kox is equal to theke./Km for oxygen in steady-state of the amine substrate, should be readily detectable in the
kinetics; the values of these kinetic parameters given in Tablereductive half-reaction of polyamine oxidase. The spectral
1 are comparable. changes seen during the reductive half-reaction of the enzyme
Both the ke and keafKn values for BESPM are pH-  show no evidence for the presence of an intermediate
dependent, while the rate constant for the reaction of the between the oxidized enzyme and the fully reduced enzyme.
reduced enzyme with oxygen is pH-independent. BESPM This does not preclude the involvement of such an interme-
contains four nitrogens, making definitive interpretation of diate; it only establishes that it does not accumulate. This is
the pH dependence difficult; theirkp values range from  similar to the situation with monoamine oxidase.
~8 to ~11 (30). Since both the acid and base limbs of the  The Y430F enzyme provides a more direct test of the
pH profile have a slope of unity, one can rule out the involvement of a tyrosyl radical in polyamine oxidase.
possibility that all four nitrogens must be in the same Tyr430 is the only tyrosyl residue conserved in monoamine
protonation state for catalysis. Th&pvalue of 10.8 in the  oxidase and mouse polyamine oxidase which is close to the
keafKeespm profile is not seen in thi, profile, so it is only flavin. It corresponds to the tyrosyl residue of monoamine
involved in binding. The simplest explanation for thiKp oxidase which has been suggested by Righy eR8).tp be
is that it is N12 of BESPM, the nitrogen with the highest the most likely candidate for the putative tyrosyl radical. The
pKa and it must be protonated for binding. In the case of data in Table 1 are consistent with the Y430F mutation
monoamine oxidase, the substrate amino nitrogen must beaffecting only thekeqvalue. The 6-fold decrease in the value
unprotonated for catalysis, and it has been suggested thabf this parameter results in a comparable decrease ik.the
the reactive nitrogen in the substrate for polyamine oxidase value, since reduction is effectively rate-limiting with BE-
must also be deprotonated for cataly<i§)( This provides SPM as a substrate. The decrease irkih@alue for oxygen
a reasonable assignment for th€,f 9.8 seen in thé./ can also be rationalized by the decrease inkhevalue.
Kgsespm profile as N4 of the substrate; thikpis shifted to For the mechanism of Scheme 2, #ig value for oxygen
9.0 when BESPM is bound. The pH independence of the equalskea/kox. Consequently, th&,, value for oxygen will
flavin spectrum over the pH range covered in Figure 3 decrease by the same amount asthevalue if theko value
suggests that ionization of the flavin is not responsible for is unaffected by the mutation. The effects of this mutation
one of the K, values. The pH independence of the rate are consistent with a role for Tyr430 in the active site, but
constant for flavin oxidation establishes that the ionization not with that role being formation of a tyrosyl radical. A
state of the flavin is unchanged between pH 7.5 and 10. decrease of only 6-fold in the rate constant for reduction is
Reduced flavin reacts much more quickly with oxygen when far less than would be expected for replacement of a tyrosyl
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moiety with phenylalanine in such a case. Mutagenesis of
Tyr407 of monoamine oxidase A to phenylalanine similarly
has only a small effect on the enzyme actividg), providing
further evidence against a mechanism involving obligatory
oxidation of this residue to a radical.

These results provide several insights into the catalytic
mechanism of mouse polyamine oxidase. With BESPM,
flavin reduction is rate-limiting for turnover. No intermediates
are seen during flavin reduction, and Tyr430 is unlikely to
form a tyrosyl radical during catalysis; these results are
contrary to the expectations of mechanistic proposals involv-
ing radical intermediates.
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