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1. Introduction

Syncatalytic inactivation of cytoplasmic aspartate
aminotransferase has first been found using tetra-
nitromethane (TNM) as modifying reagent [1]. With
TNM one sulthydryl group per enzyme monomer is
oxidised and concomitantly tyrosyl residues are
nitrated [1—3] *. Recently, we have also demonstrated
syncatalytic modification of one sulthydryl group per
monomer with selective thio reagents [5, 6]. In the
present communication we report the syncatalytic
modification of aspartate aminotransferase with
5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB). Using this
reagent it was possible to radioactively label one
cysteinyl residue per monomer by displacement of
the thionitrobenzoate (TNB) moiety by [!*C]cyanide.
Combined CNBr and tryptic cleavages of the enzyme
derivative labelled by this procedure and analyses of
the resulting peptides demonstrated that the syn-
catalytic modification involves one specific suifhydryl
group. Amino acid composition and C-terminal analysis
of the isolated radioactive peptide allowed its localisa-
tion in tryptic peptide 22 reported by Ovchinnikov et
al. [7] as part of their amino acid sequence studies on
cytoplasmic aspartate aminotransferase.

* Reexamination of the TNM reaction has indicated that thiol
oxidation rather than tyrosyl nitration represents the actual
syncatalytic modification, i.e. tyrosyl nitration might be a
secondary reaction which depends on preceding sulfhydryl
modification [4].
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2. Experimental

The a-subform of cytoplasmic aspartate amino-
transferase was isolated from pig heart according to
the procedure of Banks et al. [8] , as modified in our
laboratory. Protein (monomer) concentration was
determined spectrophotometrically using an absorp-
tivity €,5o = 7.0 X 10* M~! cm™!. This value is based
on amino acid analyses, on coenzyme determinations,
and on an assumed molecular weight of 46 500 per
monomer [9]. The enzyme assayed according to the
procedure of Karmen [10] had a specific activity of
310-350 units/mg.

The total thiol group content of aspartate amino-
transferase was determined with 0.4 mM DTNB [11]
in 6 M guanidine-HCl [5] or in 0.4% SDS—0.1 M
sodium phosphate, pH 7.5. The rapidly reacting thiol
groups of the native enzyme were titrated either with
DTNB (0.4 mM) or with [*C] N-ethylmaleimide
(NEM) (2 mM) in 0.1 M sodium phosphate, pH 7.5.
Syncatalytic modification of the enzyme was carried
out in 0.5 M sodium phosphate, pH 7.5, with 12 mM
DTNB in the presence of 70 mM glutamate, 2 mM
a-ketoglutarate, 1 mM PLP, and 1 mM PMP, for 20
hr at room temperature. In these experiments the
rapidly reacting thiol groups had been blocked before-
hand by NEM. The excess of reagents and substrates
was removed by gel filtration on a Sephadex G-25
column, equilibrated with 0.1 M sodium phosphate,
pH 7.5. The displacement of the TNB-group with
[**C]cyanide (2 mM) [12] was carried outin 0.1 M
sodium phosphate, pH 7.5, using the enzyme in the
pyridoxamine form. The sulthydry! groups unreactive.
under the conditions employed for syncatalytic modi-
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fication were blocked with 2 mM NEM in 6 M
guanidine-HCl-0.1 M sodium phosphate, pH 7.5.
Excess reagent and denaturant were removed on a
Sephadex G-25 column, equilibrated in 70% formic
acid.

CNBr cleavage was carried out according to Gross
and Witkop [13]. The resulting peptides were chro-
matographed on a 1.5 X 150 cm column of Sephadex
G-75, equilibrated with 10% formic acid [14] . Peptide
fractions were rechromatographed on a 0.9 X 150 cm
column of Sephadex G-50 (superfine). After lyophili-
sation the radioactively labelled fractions were
hydrolysed by TPCK-trypsin (2%, mole/mole) at 37°
for 14 hr in 0.1 M NH _HCO,, pH 8.8. The tryptic
peptides were fractionated on a 0.6 X 16 cm column
of Dowex 50-X8 (AA-15 resin, Spinco) at 55° using a
double linear pyridine—acetate gradient [15]. Sub-
fractionation was carried out on a 0.9 X 140 cm
column of Dowex 1-X2 at 35° with a continuous
pyridine—acetate gradient [15]. Amino acid analyses
were performed on a Beckman 120 B analyzer after
hydrolysis with 6 N HCI for 22 hr at 110° in evacuated
tubes. Digestions with carboxypeptidases A and B,
4% and 3% (mole/mole), respectively, were carried
out at 37° in 0.1 M Tris-Cl, pH 8.5.

3. Results
In denatured cytoplasmic aspartate aminotransfer-

ase 5 moles of thiol groups per monomer are titrated
with DTNB (table 1). In the native enzyme only 2
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Fig. 1. Elution profile of the CNBr peptides of syncatalytically

modified enzyme from chromatography on Sephadex G-75.

Sulfhydryl groups I, II, IV, and V were blocked with NEM,

thiol group III was labelled with [14C]cyanide. Detailed modi-
fication conditions are given under Methods.
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Table 1
Classes of thiol groups in cytoplasmic aspartate aminotrans-
ferase.

Thiol groups modified

Enzyme Reagent and conditions (mole/mole)
Native DTNB in guanidine-HCl 5.02
DTNB in SDS 4.9a
Native DTNB in buffer 2.0b
{'“CINEM in buffer 1.8¢
Modified = DTNB in glutamate plus 102
with NEM  a-ketoglutarate :
inbuffer  [¥4C]cyanided 1.1b

The detailed reaction conditions and the methods of the
quantitation of the modified thiol groups are given under
Methods.

2 Mean of 6 experiments.

b Mean of 4 experiments.

€ Mean of 2 experiments.

d [14Ccyanide incorporated after displacement of TNB by
cyanide.

thiol groups (hereafter denoted I and II) react rapidly

. with DTNB and NEM. In the presence of glutamate
and a-ketoglutarate an additional thiol group (III) is

syncatalytically modified using high concentrations
of the reagent. Thiol groups IV and V.remain unreac-
tive under the conditions used for syncatalytic modi-
fication, With thiol groups I and II modified the
enzyme is fully active, whereas modification of thiol
group III with DTNB decreases transaminase activity
to about 5% of the initial value. Exposure of this
derivative to either 140 mM 2-mercaptoethanol or
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Fig. 2. Elution profile of the tryptic peptides of CNBr frag-
ment E from chromatography on Dowex 50-X8. Thiol group
II was labelled with [!#C]cyanide,
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2 mM cyanide results in restoration of catalytic
activity.

The specificity of the syncatalytic modification
of sulfhydryl group III was examined by peptide
analysis. The enzyme derivative employed for these
experiments was blocked with NEM at thiol groups 1
and II, syncatalytically modified at thiol group III with
DTNB, labelled with [**C]cyanide by displacement
of the incorporated TNB-moiety, and blocked by
NEM at thiol groups IV and V after denaturation.
Following CNBr cleavage and peptide separation the
[*4C]label was found predominantly in one fraction
(fraction E, fig. 1). Fraction E was rechromatographed
and hydrolysed with trypsin; the peptides were frac-
tionated on Dowex 50-X8 (fig. 2). Again, the radio-
activity was located in one fraction which was further
purified by chromatography on Dowex 1-X2 to yield
an electrophoretically homogeneous peptide (m=0.38,
pH 6.5 [16] ) with the composition of 1.0 Lys, 1.6 Thr,
1.0 Leu, 1.1.Gly, 1.0 CN-Cys. The cyclised ninhydrin-
negative cysteine derivative (2-iminothiazolidine-4-
carboxylic acid) was identified and quantitated by
scanning the effluent of the amino acid analyzer for
radioactivity, Digestions of the peptide with carboxy-
peptidase B and A released 1.0 equivalent of Lys and
0.7 equivalent of Thr, respectively.

4. Discussion

The determination of a total of 5 sulthydryl groups
per monomer (table 1) is in agreement with recent
investigations from other laboratories [8, 17—20].
However, in contrast to the findings of Braunstein
[17] and Cournil and Arrio-Dupont [20] that 3 thiol
groups may be modified prior to affecting trans-
aminase activity the present investigation indicates
that only 2 groups (I and II) can be blocked by either
DTNB or NEM without loss of activity, Recently, the
same observation was reported by Torchinsky and
Sinitsyna {21] and Stankewicz et al. [18].

In the presence of glutamate and a-ketoglutarate
one additional cysteinyl residue reacts with either
DTNB or NEM [5]. This syncatalytic modification
decreases the activity to approx. 5% of the initial
value. The reactivation of the DTNB-modified enzyme
by 2-mercaptoethanol further supports the conclusion
that syncatalytic inactivation is due to modification
of a thiol group.
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Several investigators have postulated that an
essential thiol group participates in catalysis and/or
maintenance of the active conformation of aspartate
aminotransferase {17, 18, 21-23]. However, the
present finding that the enzyme derivative blocked
with cyanide at thiol group II is enzymatically active
strongly implies that this sulfhydryl group is not
directly involved in these processes, though sub-
stituents bulkier than cyanide may impair the trans-
aminase activity, On the other hand, the syncatalytic
changes of this critically located group render it a
probe for conformational changes of the enzyme in the
covalent phase of catalysis.

The specificity of the syncatalytic modification
is documented by combined CNBr and tryptic cleavages
of an enzyme derivative labelled with [**C]cyanide
(figs. 1, 2)**. One peptide containing the radioactive
label was isolated. Amino-acid analysis and carboxy-
peptidase digestions of this peptide indicate the
sequence (Cys, Thr, Leu, Gly)—Thr—Lys which
coincides with that of the C-terminal part of tryptic
peptide 22 reported by Ovchinnikov et al, [7]:

CNBr cleavage

{
peptide 22: Ile—-Asn-Met—Cys—Gly—Leu—Thr—Thr—Lys
[Clpeptide: (CN<Cys,Gly,Leu,Thr) ~Thr—Lys
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