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Chemical Modification by 2,4,6-Trinitrobenzenesulfonic Acid (TNBS) of an Essential Amino Group in 3-
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3-Ketovalidoxylamine A C-N lyase of Flavobacterium saccharophilum is a monomeric protein with a molecular
weight of 36000, and contains.32 amino groups and no cysteine or cystine residues. The enzyme was inactivated by 2,4,6-
trinitrobenzenesulfonic acid (TNBS) following pseudo-first order kinetics. Substrate of the lyase, p-nitrophenyl-3-
ketovalidamine, protected the enzyme against the inactivation, suggesting that the modification occurred at or near the
active site. Although several amino groups were modified by TNBS, a plot of log (reciprocal of the half-time of
inactivation) versus log (concentration of TNBS) suggested that one amino group has an essential role in catalysis.
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Flavobacterium saccharophilum

We recently found that the antifungal agent validamycin
A is hydrolyzed first to validoxylamine A by a f-gluco-
sidase, followed by degradation to validamine and va-
lienamine through 3-ketovalidoxylamine A by D-glucoside
3-dehydrogenase [EC 1.1.99.13] and 3-ketovalidoxylamine
A C-N lyase of Flavobacterium saccharophilum?~> 3-
Ketovalidoxylamine A C-N lyase catalyzed the cleavage of
the C-N linkage in p-nitrophenyl-3-ketovalidamine and the
C-O linkage in p-nitropheny a-D-3-ketoglucoside.>®

In previous papers®” we reported that 3-ketovalidoxy-
lamine A C-N lyase of F. saccharophilum has a molecular
weight of 36000 and optimum pH of 9.0, and that the
enzyme contains a single histidine residue, which plays an
essential role in the catalysis. However, the contributions of
other amino acid residues to the active site of the enzyme
have not been studied.

The present study describes the inactivation of the lyase
by 2,4,6-trinitrobenzenesulfonic acid (TNBS), which is
known to attack amino and sulfhydryl groups in peptides,®
and proves the importance of an amino group for the
activity of the enzyme.

Materials and Methods

Enzyme Preparation 3-Ketovalidoxylamine A C-N lyase was purified
to a pure state according to the method of Takeuchi er al.® Protein was
measured as described by Lowry et al.”’ with bovine serum albumin as a
standard.

Enzyme Assay The activity of the 3-ketovalidoxylamine A C-N lyase
was assayed using high-performance liquid chromatography, as described
previously, with p-nitrophenyl-3-ketovalidamine as a substrate.®

Enzyme Modification with TNBS Chemical modification of the lyase
by TNBS (Wako Pure Chemical) was carried out in the dark at 30°C in a
reaction mixture containing 0.25M borate buffer (pH 9.5), 109 glycerol,
the enzyme (3 uM) and different concentrations of TNBS solution, as
indicated in the figure legends. The reaction was started by addition of
TNBS solution, and aliquots of the modified enzyme were assayed for
remaining activity.>”

Estimation of Number of Amino Groups The number of amino groups
modified by TNBS was calculated by the increase in absorbance at 367 nm,
with a Union Giken high-sensitivity spectrophotometer SM 401, using an
extinction coefficient for trinitrophenylated amine of 11000M ™' -cm™*.!%

Measurement of Circular Dichroism (CD) Spectrum For circular di-
chroism measurement, the reaction was stopped by gel filtration of the
incubation mixture on a Sephadex G-25 column (1.4 x 10cm) previously
equilibrated with 10mm borate buffer (pH 9.5) containing 109, glycerol.
CD spectra were measured in a 10 mm light-path cell with a Jasco J-20A
spectropolarimeter at room temperature. In the caiculation of residue
molar concentration, an average residue weight of 107.5 was used.

Results and Discussion

When the enzyme was incubated with varying con-
centrations of TNBS at pH 9.5, a time-dependent in-
activation occurred following pseudo-first order kinetics as
shown in Fig. 1A. Figure 1B shows the effect of TNBS
concentration on the apparent pseudo-first order rate con-
stant of inactivation, which was estimated from the data in
Fig. 1A. This constant was proportional to the reagent
concentration, indicating that the reaction between the
enzyme and the reagent is a simple bimolecular reaction.
From these data, a second order rate constant of
6.0M™!-min~! was obtained. The value is consistent with
that for bovine pancreatic deoxyribonuclease A
(7M™ !-min~! at pH 9.5).!9 The CD spectra (from 200 to
250nm) with native and TNBS-modified (809 -inactive
enzyme) enzymes had very similar shapes (data not shown).
Thus, TNBS modification of the lyase had a marked effect
on the enzymatic activity, but not on the conformation of
the enzyme. The inactivation of the lyase by TNBS was
protected by the substrate, but not by the p-nitro-
phenylvalidamine (Fig. 2). This result suggests that the
modification occurred at or near the active site. It is well
known that TNBS reacts with amino and sulfhydryl groups
in proteins.®” The enzyme contains 32 lysine residues per
molecule of protein, but no cysteine or cystine residues.” In
addition, the absorption spectrum of TNBS-modified en-
zyme showed maxima at 345 and 420 nm, characteristic of a
trinitrophenylated amino group® (data not shown). Thus
the inactivation of the enzyme by TNBS is apparently due
to the modification of amino groups.

The number of modified amino groups can usually be
estimated by measuring the absorbance change at 367 nm
(e=11000M~'-cm™"') upon the addition of TNBS.!? By
this method, we examined the relationship between the
number of modified amino groups and the residual activity.
As shown in Fig. 3, the fast initial drop of lyase activity
correlates with the modification of 8 amino groups. The
modification of 12 amino groups per molecule of enzyme
resulted in a complete inactivation of the lyase. The ap-
parent K. value (0.24 mM) obtained from 809%;-inactive
enzyme was the same as that from the native enzyme (data
not shown). To determine the number of reactive amino
groups at the active site of the enzyme, a plot of log
(reciprocal of the half-time of inactivation) versus log
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Fig. 1. Kinetics of Inactivation of 3-Ketovalidoxylamine A C-N Lyase by TNBS

(A) The enzyme (3 um) was incubated with indicated concentrations of the reagent, and the activity was assayed as described in Materials and Methods. Numerals indicate
TNBS concentration in mM. Inset: apparent order of the inactivation process with respect to reagent concentration. The half-times for inactivation were obtained from the
results in Fig. 1A. (B) Effect of TNBS concentrations on the inactivation rate constant. The pseudo-first order rate constant was obtained from the data in (A) according to the

equation: In(V,/Vo)= — k-t where ¥, and V, show the enzyme activity at time 0 and ¢, respectively.
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Fig. 2. Protective Effect of the Substrate against TNBS-Inactivation of
3-Ketovalidoxylamine A C-N Lyase

The enzyme (3 uM) was incubated with 5.4mmM TNBS in the presence (@) and
absence (O) of 1.0mm p-nitrophenyl-3-ketovalidamine. Small aliquots were with-
drawn at indicated times, and the enzyme activity was measured.

(concentration of TNBS) was used. Such a plot should be a
straight line with slope #n, where » is the number of inhibitor
molecules reacting with the active site of the enzyme to
form an enzyme-inhibitor complex.!!’ As shown in the Fig.
1A inset, the plot was a straight line with a slope of 1.0.
Although several amino groups were modified by TNBS,
this double logarithmic plot suggested that one of these
groups has an essential role in catalysis. Further investi-
gation is necessary to elucidate the role of the amino groups
(a- or ¢-amino group) as well as the other amino acid
residues.
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Fig. 3. Correlation Between the Enzyme Activity and the Number of
Modified Amino Groups

The enzyme (3 um) was incubated with 5.4mm TNBS. Enzyme activity (O) was
followed by the standard assay. Modification of amino groups (@) was calculated

from the increase of absorbance at 367nm using an excitation coefficient of
11000M~'-cm™'.
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