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Abstract

Inactivation of pyridoxal 5'-phosphate-dependent histidine
decarboxylase from fetal rat liver and Morganella AM-15 by
a-fluoromethylhistidine was studied. Kinetic analysis of
the inactivation revealed a chemical processing of a-fluoro-
methylhistidine at the active site of the enzyme, fq]1owed
by a covalent modification of the enzyme protein. However,
the experimental findings do not agree with the classical
mechanism of inactivation of pyridoxal enzymes by B-substi-
tuted amino acids, and a novel mechanism which partially
resembles to that of inactivation of aspartate aminotrans-

ferase by serine-0-sulfate is presented.



Key words;

Histidine decarboxylase (HDC), a-fluoromethylhistidine
(FMH), Suicide substrate, Pyridoxal 5'-phosphate (PLP),
Pyridoxamine 5'-phosphate (PMP), Carbonyl group,
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Figure 1. (A) Time course of inactivation of rHDC by FMH. rHDC was

incubated with various concentrations of FMH in 1 ml assay mixture at 37°C.
At the indicated time, aliquots were taken from the solution to measure
the residual activity. (B) Double reciprocal plots of the apparent

first order rate constants of inactivation Axmccv against [FMH].
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Figure 2. The effect of L-
by FMH (0.01 mM) at 37°C.
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Figure 3. Absorption spectra at various pH values of the product released
by heating FMH-inactivated mHDC (A) and the "Schnackerz adduct" (B). 3H-
FMH-inactivated HDC (0.4 mg) was dialyzed against distilled water exten-
sively and heated at 100°C for 1 min, centrifuged, and filtered through
Amicon YM10 membrane. The filtrate was measured photometrically.

Spectra of (B) was taken from refference 12) with modification.
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Figure 4. Separation of tryptic peptides of 3H-FMH-inactivated HDC by
reverse phase HPLC. Radioactive fractions from Sephadex G-50 column
chromatography was lyophyTized and applied to Zorbax ODS column. Fractions
of 1 ml were collected, and 5 pl of each fraction were used for counting
radioactivity.
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Asn-Ser-Ile-Thr-Val-Val-Phe-Pro-Cys-Pro-Ser-Glu-Arg
” T-10 |

—h
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Figure 5. Sequence of peptide T-10 from native mHDC and T-10m from the

modified enzyme. Arrow (—) indicate the amino acid residues identified

by manual DABITC/PITC sequencing conducted on 10 nmol of each peptide.

Revarse arrows (~— ) show the results of carboxypeptidase Y digestion

of 15 nmol of each peptide. Fragments obtained by thermolysin digestion

(Th-1, Th-2) were assigned the sequences shown from their amino acid compositions
(Table 5) and from the indicated sequencing steps.
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Figure 6. Proposed mechanism for inactivation of HDC by FMH. See texts
for detailes.



Table 1. Comparison of parameters for
inactivation and catalytic reaction

KI Km k1'nact kcat
(M) (min~1)
rHDC 0.01 0.5* 0.25 54*
mHDC 0.1*%* 1.3%** 32.2%* 4300%**
KI and k. . were calculated from the data
inact

shown in Figure 1.
*2) **]Q) ***5) ; These values were taken

from the cited literature.



Table 2. Effect of 2-mercaptoethanol on the rate constant
of inactivation of HDC by FMH

2-Mercaptoethanol kinact
(mM ) (min~))
0 0.25
1 0.17
0.086
10 0.049
20 0.027
k%nact was determined as a first order rate constant of inactivation
at infinite concentration of FMH in the presence of 2-mercaptoethanol
(2ME). The relationship of kinact and kinact is as follows.
Ky

kinact B Kd + [2ME] k1’nact
whevre Kd denotes a dissociation constant of 2ME and rHDC-FMH complex,

and was calculated to be 2.4 mM from this result.



Table 3. Incorporation of ]4C—1abe1ed FMH
into HDC

[imidazole 2-14C]—FMH 320  CPM
4
[carboxyl - ]‘C]—FMH 20
background* 20

Three micrograms of rHDC was incubated with

]4C-1abeled FMH (each 6 x 103 cpm/nmol) in

I ml of assay mixture for 30 min at 37°C, then
dialyzed against 20 mM potassium phosphate
buffer (pH 6.5) extensively. Radioactivity was
measured for each preparation. * Same amount
of rHDC in 1 ml buffer.



Table 4. Effect of reduction on the stability of the adduct
formed between FMH and rHDC

Treatment Time Radioactivity released

k5

Dialyzed against buffer* 40 (h) 2 (%)

Dialyzed against buffer
plus 8 M urea

Reduced with 1 mg NaBH,,
then dialyzed against 40 5
buffer plus 8 M urea

20 100

Three micrograms of rHDC was incubated with 10 nmol of SH-FMH (1.28 X
104 cpm/nmol) in 1 ml of assay mixture for 30 min at 37°C, then dia-
lyzed against water. Aliquots (0.3 m1) from this preparation were
subjected to the indicated treatment at 25°C in a total volume of 1 ml

* 20 mM potassium phosphate (pH 6.5) in all cases.



Table 5.
Amino acid composition of T-10, T-10m, and their thermolytic fragments.

Amino Peptides from native enzyme Peptides from modified enzyme
acid T-10 Th-1 Th-2 T-10m Th-1m Th-2m
Cys 0.96 (1) 1.07 (1) 0.93 (1) 0.98 (1)
Asx 1.03 (1) 1.00 (1) 1.12 (1) 1.00 (1)

Thr 0.92 (1) 0.93 (1) 0.85 (1) 0.92 (1)
Ser 2.03 (2) 1.16 (1) 1.05 (1) 1.21 (1) 0.25 (0) 0.91 (1)
G1x 0.96 (1) 1.09 (1) 1.14 (1) 1.07 (1)
Pro 1.88 (2) 2.05 (2) 1.96 (2) 1.92 (2)
Val 1.70 (2) 1.65 (2) 1.75 (2) 1.55 (2)
e 1.02 (1) 15 (1) 1,03 (1) 1.10 (1)
Phe 1.12 (1) 0.98 (1) 1.04 (1) 1.13 (1)
Arg 1.00 (1) 1.00 (1) 1.00 (1) 1.00 (1)

These values are ratios of amino acids obtained after hydrolysis with 5.7 N
HC1 for 20 h at 110 °C; values in parenthesis are the nearest integral ratios
Experimental values are not corrected for incomplete hydrolysis of valine
peptides or destruction of serine and threonine during hydrolysis. Cysteine
was determined as S-carboxymethylcysteine.



Table 6. Electron Density and Frontier Electron Density
of PLP-Enamine Adduct

Electron Frontier
Density Electron Density

N1 1.4314 0.1722
C2 0.8769 0.3977
C3 0.757 0.0580
C4 1.1547 0.0665
C5 0.8822 0.2480
C6 1.0870 0.0038
0 1.6090 0.0917
¢4’ 0.7926 0.5117
N 1.4421 0.2224
Ca 1.7015 0.0058
€8 0.8554 0.2202

Calculations were carried out on a PC-8001 microprocessor
using a program for ASMO-SCF-LCAO-MO method'®’. Values
for atomic distances and bond angles in PLP™were taken
from the cited literature. The bond angles in the azo-
methine and Ca-CB system were 120° and the atomic dis-

tances were standard values reported. Frontier electron
density is for nucleophilic reaction.



