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Abstract

Inhibition studies were performed withthydantoinase fronvigna angularis These studies were based on the fact that
5,5-di-substituted hydantoins are not recognizable substrates for the erigremethyl-5-phenylhydantoin was shown
to be an efficient competitive inhibitor of this-hydantoinaseK; = 1.28 mM). (R)-5-mono-substituted hydantoins were
identified as the proper substrates of the enzyme. It is proposed that this reaction is constituted by a prior fast racemization
step that provides the necessary and constant feedirig)-&-fnono-substituted isomer and a lattB)-épecific enzymatic
hydrolysis. The enzyme must present a hydrophobic environment in the faie and a basic residue in the [Bdace. The
feedstock configuration, its molecular volume and the presence of hydrogen in position 5 of the hydantoin are the main factors
responsible for the substrate specificity showed by this enzyme.

© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Chiral amino acids and its derivatives are important
starting materials in the production of pharmaceu-
ticals, such as semisynthetig-lactam antibiotics,
peptides and enzymatic inhibitof§—9]. They can
be efficiently synthesized by biocatalytic conver-
sion of substituted hydantoins usimghydantoinase
(dihydropyrimidine amidohydrolase EC 3.5.2.2),
which is widespread in natur@—10]. This enzyme
is able to catalyze the enantiospecific hydrolysis
(and ring opening) ofrac-5-mono-substituted hy-
dantoins to the corresponding-carbamoylp-amino

or by a second hydrolytic enzymatic step by using
N-carbamoyl amino acid amidohydrolase (EC 3.5.1.6)
[3].

p-Hydantoinase fronVigna angulariswas firstly
reported by Morin[10] as a good catalyst for the
synthesis ofp-amino acids derivatives and it has
been used in our laboratory for the production of
carbamoylp-phenylglycine with 100% conversion
and enantiomeric excess (EE) higher than 98%].

In order to increase our knowledge concern-
ing the catalytic properties of this enzyme several
mono- and di-substituted hydantoins were tested as
substrates. In the present paper it is reported that

acid. These compounds can be easily converted into 5-mono-substituted-hydantoins carrying aromatic or

the respectivep-amino acid either by diazotation

* Corresponding author.
E-mail address:enriqgue@iq.ufrj.br (E.G. Oestreicher).

aliphatic side chains are recognized as substrates
but hydantoins harboring charged groups, such as
hydantoin-5-acetic acid and 5,5-di-substituted-hydan-
toins, are not. Based on inhibition studies performed
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with these latter compounds, a model explaining the hydantoin-5-acetic acid methyl ester, 5-phenylhy-

substrate specificity showed hyhydantoinase from
V. angularisis proposed.

2. Experimental
2.1. Materials

p-Hydantoinase fromV. angularis hydantoin,
hydantoin-5-acetic  acid, p-dimethylaminobenzal-
dehyde and bovine serum albumin (fraction V) were
obtained from Sigma. Diazdtdkit (for CH,N») gen-

dantoin and 5-methyl-5 phenylhydantoin) were de-
termined by removing at different times 1Q0
aliquots of the reaction mixtures corresponding to
each rac-hydantoin (10 mM). The composition of
the reaction mixtures as well as other experimen-
tal conditions was described und&ection 2.2.2
Reaction was stopped with the addition of 200
of 12% trichloroacetic acid (w/v) and the samples
were centrifuged at 12,000 ¢ for 1 min in a mi-
cro centrifuge (Incibras, Sdo Paulo, Brazil) in order
to eliminate precipitated proteins. The concentration
of eachN-carbamoylp-amino acid was determined

eration and the aldehydes and ketones used for theby injection of 10ul of the resulting supernatant

synthesis of hydantoins were purchased from Aldrich.
All other chemicals were of analytical grade and
obtained from Merck, Darmstadt.

2.2. Methods

2.2.1. Synthesis of rac-5-hydantoins
Rac5-phenylhydantoin andrac-5-methyl-5-phe-
nylhydantoin were synthesized according to the

method described by Henze and SpgEt] by us-

fluid into the chiral HPLC column described under

Section 2.2.2
For inhibition studies, reaction mixtures con-
tained, in a total volume of 0.3ml: 100 mM

H3BO3/KCI, pH 9.0, different concentrations of hy-
dantoin (10-100 mM), a constant concentration of
5-methyl-5-phenylhydantoin (0—10 mM) and adequate
concentration of enzyme to determine the initial veloc-
ity after 15 min incubation at 30C. Reaction rate was
calculated by determination of the concentration of

ing the corresponding aldehyde and ketone and product formed withp-dimethylaminobenzaldehyde

(NH4)CO3/NH4CN. Hydantoin-5-acetic acid methyl

essentially as described by Mor{d0]. The initial

ester was prepared by methylation of the free acid velocity of the reaction was calculated in terms of

with CH2N2/Et,O according to Blank et a[12].

2.2.2. Assay ob-hydantoinase activity
Hydantoinase activity was determined in reaction
mixtures containing 100 mM $BO3/KCI buffer, pH

mM of N-carbamoylglycine produced per minute by
using an appropriated standard curve.

2.2.4. Kinetic data processing
Estimates of parameters and of their asymptotic

9.0, 10 mM of substrate and an adequate concentra-standard errors were obtained by fittifigy. (1) to

tion of enzyme to determine the initial velocity after
15 min of incubation at 30C. The reaction was started
by addition of the enzyme and stopped by addition of
TCA 12%. The concentrations of the products were
determined in aliquots (3j@l) of the supernatant fluid
by addition ofp-dimethylaminobenzaldehyde, essen-
tially according to Morin10] and by Chiral HPLC us-
ing a Nucleosil Chiral-1 column (8 mm x 250 mm)
(Macherey-Nagel, Germany) and CusSOmM as the
mobile phase at a flow rate of 10 ml/min, with detec-
tion at 235 nm.

2.2.3. Kinetic studies
Time-course curves for the hydrolysis of different
rac-hydantoins (hydantoin, hydantoin-5-acetic acid,

data using a nonlinear least-squares computer pro-
gram, developed in our laboratory and specifically
devised for steady-state studies of enzyme kinetics
[13].

2.2.5. Molecular calculations

Theoretical calculations of molecular volumes of
rac-5-methyl-5-phenyl-hydantoin andac-5-phenyl-
hydantoin were performed by using the AM1 (semi
empirical method) program of PC SPARTAN PRO.

2.2.6. Determination of protein concentration

Protein concentration was determined according
to Hartree[14] by using bovine serum albumin as
standard.
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Fig. 1. Time-course curves for the hydrolysis of some hydantoins
catalyzed byV. angularisp-hydantoinase. The course of reaction
was followed by chiral HPLC determination of concentration of the
respectiveN-carbamoylp-amino acid at the times indicates in the
figure as described iBection 2.2.3(#) N-carbamoyl-glycine; )
N-carbamoylp-phenylglycine; &) N-carbamoylp-aspartic acid
methyl ester; €) N-carbamoylp-5-methyl-5-phenylglycine; [(1)
N-carbamoylp-aspartic acid.

3. Results and discussion

The time-course curves for the hydrolysis of dif-
ferent hydantoins catalyzed by-hydantoinase of
V. angularis are shown inFig. 1 As depicted in
Fig. 1 hydantoin, the standard substrate of this en-
zyme was the best one with the reaction achieving
100% of conversion in 30 min. Total conversion was
also achieved withrac-5-phenylhydantoin but after
2h of reaction at 30C and a reaction time signifi-
cantly higher was required mac-hydantoin-5-acetic
acid methyl ester Kig. 1). However as shown in
Fig. 1 rac-hydantoin-5-acetic acid was not rec-
ognized by the enzyme as substrate as well as
rac-5-methyl-5-phenylhydantoin. The result obtained
with the former compound when compared with
that of the corresponding methyl ester suggest that
mono-substituted hydantoins carrying a charged group
in 5-position greatly decrease binding of the substrate
at the active site af-hydantoinase. Moreover, consid-
ering thatrac-5-phenylhydantoin is a good substrate
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of the enzyme and thatc-5-methyl5phenylhydantoin

is not recognized by the biocataly$tig. 1), the pos-
sibility exists that the presence of a methyl group in
5-position instead of the hydrogen atom present in this
position of the corresponding substrate also decreases
significantly the binding affinity of 5,5-di-substituted
hydantoins.

In order to obtain experimental support for these
interpretations, rac-hydantoin-5-acetic acid and
rac-5-methyl-5-phenylhydantoin were tested as po-
tential inhibitors ofb-hydantoinase fronv. angularis
The enzymatic activity was measured with 40 mM
hydantoin and different concentrations (0-40 mM) of
each one of the above mentioned hydantoins. While
rac-hydantoin-5-acetic acid did not affect the activity
of the enzymerac-5-methyl-5-phenylhydantoin pro-
duced total inhibition ofb-hydantoinase at the high-
est concentration tested (Results not shovigy. 2
shows that the di-substituted hydantoin behaved as a
linear competitive inhibitor of the enzyme supported

by Eq. (1)
VS

v = (1)
Km1+1/Ki)+S
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Fig. 2. Inhibition of the hydrolysis of hydantoin by

rac-5-methyl-5-phenyl-hydantoin catalyzed byp-hydantoinase
from V. angularis The concentration of hydantoin was varied be-
tween 10 and 40mM. The concentrations of inhibitor we@) (
zero; @) 3.0mM; (A) 5.0mM and &) 10.0 mM. Other experi-
mental details are given iBections 2.2.3 and 2.2.4
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Table 1
Competitive inhibition ofp-hydantoinase by 5-methyl-5-phenyl-
hydantoin

Parameter value Estimate S.E2
Vi (MM min—1) 0.83+ 0.04

Kv (mM) 32.0+ 2.60

Ki (mM) 1.28 + 0.06
Sy (mM min—1) 0.01066

Estimates of kinetic parameters Bfj. (1)

a Asymptotic standard error of parameter. Estimates of param-
eters obtained by nonlinear regression of experimental data de-
picted inFig. 1L

b Residual standard error of parameter.

wherevw;, initial rate; Vi, maximum velocity;S, hy-
dantoin concentrationKy, Michaelis constant of
hydantoin; I, concentration ofrac-5-methyl-5-phe-
nylhydantoin; K;, dissociation constant (inhibi-
tion constant) ofp-hydantoinase-5-methyl-5-pheny-
Ihydantoin complex.

Estimates of the three parametersky. (1) and
of their asymptotic standard errors are displayed in
Table 1 A good fitting of Eq. (1)to the experimental
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HYDROPHOBIC ENVIRONMENT
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Fig. 3. Substrate faces (Cahn, Ingold & Prelog Convention) and
enzyme environment. R H or nonpolar substitutent.

competitive inhibitor Fig. 2), suggest that this enzyme
must carry a hydrophobic region at its catalytic site
lining the lower (proR face) of the substratd-{g. 3).
Overwhelmingly, the great difference between a
substrate and an inhibitor is then the presence of
a group in the lower (pr& face) of the substrate
(Fig. 3). Therefore, the enzyme is able to recognize

data was obtained as shown by the magnitude of the a substrate carrying a hydrogen in [Bdace, hav-

value of the asymptotic standard error of each param- ing, according to Cahn, Ingold and Prelog’s rule,
eter estimate and by the size of the residual standarda R-configuration. According to these findings, the
error of the fitting. Therefore, our results showed that hydrolysis mechanism would only be operative with
5-methyl-5-phenyl-hydantoin is a strong linear com- 5-(R)-mono-substituted hydantoins thus producing
petitive inhibitor of this enzyme with &; value of enantiospecifically R)-N-carbamoyle-amino acids.
1.28 mM. In this case, very fast chemical racemization reaction
Based on our results shown Figs. 1 and 2in occurs prior to the enzymatic hydrolysis step. The
previous results recently published by [@9] con- racemization step, thereby, works as a pump, keeping
cerning the substrate specificity of tishydantoinase  the 1:1 equilibrium between th&)(and R) configu-
and in Morin article[10], also dealing with this sub-  rations, while the R)-enantiomeric form, specifically
ject, in this paper it is suggested thahydantoinase  (and properly), feeds the enzyme, giving rise to very
activity is extremely dependent on the configuration high conversions and enantiomeric exceg8és
and on the chemical character of the substituent group However, whenever a substitutent other than a H
in the 5-position of the substrate. For instarkig. 1 atom is present in the 5-position, the racemization can
shows that hydantoins carrying a charged group are not occur and the eitheiS(- or (R)-hydantoins can
not recognized as substrate by this enzyme and do notoccupy the active site, but not allowing the reaction to
bind at the active site (hydantoin-5-acetic acid was proceed acting, thereby, as competitive inhibitors of
not and inhibitor). However, elimination of this charge the enzymeTable J.
by forming rac-hydantoin-5-acetic acid methyl ester The general catalytic mechanism for hydrolytic
transforms the former compound into a good substrate. enzymes are generally regarded as involving a con-
In addition, the fact that just 5-monosubstituted hydan- certed acid—basic mechanism, consisting dfriad
toins harboring an aromatic or aliphatic group act as Hys—Asp—Sef15] for serine proteasg46], a tandem
substrates of this hydantoing8e-10]and the observa-  Hys—Cys[17] for cysteine proteases orNtterminal
tion thatrac-5-methyl-5-phenylhydantoin is a potent Cys, Thr or Ser[18] in the catalytic site for other
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