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SUMMARY 

Aspartate transeminase (EC 2.6.1.1) from chicken heart 
cytosol contains 4 thiol groups per subunit. Two of them are 
fully buried. One exposed SH group is readily modified by 
iodoacetemide, N-ethylmaleimide, tetranitromethane, 5,5*-dithio- 
bis(2-nitrobenzoate), 4,4*-dipyridyl disulfide and p-mercuri- 
benzoate. A further SH group is semi-buried: while inaccessible 
for alkylating reagents and disulfides, it can be blocked by 
p-mercuribenzoate at pH about 5 (but not at pH 8). Treatment 
of the enzyme with tetranitromethane in the absence of substrates 
leads to nitration of maximally 0.8 tyrosine residue per subunit; 
in the presence of amino and keto substrate 1.65 eq of nitroty- 
rosine is formed, with a moderate decrease of enzymic activity. 

During the last 15 years, chemical modification of trans- 

aminases was studied mainly using preparations of aspartate 

transaminase from pig heart cytosol (I). This enzyme is a di- 

merit protein possessing 5 thiol groups per subunit, viz., two 

exposed SH groups, two fully buried and one semi-buried SH group 

(l-4). The latter group can be blocked selectively by p-MB* at 

pH 5 with 95% inactivation of the enzyme (2). This SH group, 

belonging to residue Cys-390, is accessible to modification 

Abbreviations: p-MB, p-mercuribenzoate; Nm, N-ethylmaleimide; 
DTNB, 5,51-dithiobia(2-nitrobeneoate); TN& tetranitromethane; 
SDS, sodium dodecyl sulfate. 
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by NIU, DTNB or TNM only in the presence of a substrate pair 

(so called "syncatalytic" modification, associated with 95% 

inactivation) (3). Reaction of pig heart Asp-transaminase 

with TNM results in oxidation of SH groups and nitration of 

3 tyrosine residues; Tyr-40 appears to react most readily, 

particularly in the presence of substrates, with inactivation 

of the enzyme (4). It has been suggested that a cysteine and 

a tyrosine residue are part of the active site of Asp-trans- 

aminase (4-6). 

Comparative investigation of a homologous, but phyloge- 

netically remote, enzyme may provide additional information 

on the significance of cysteine and tyrosine residues for 

transaminase activity. Any functionally important residue 

should be conserved and display similar properties in the 

enzyme derived from different species whereas its replacement 

by another amino acid indicates non-essential nature of a 

given residue. A study of the reactivity and role of cysteine 

and tyrosine residues in Asp-transaminase from chicken heart 

cytosol was therefore undertaken. 

MNTHODS 

Homogeneous Asp-holotransaminase was prepared from chicken 
heart cytosol according to the procedure of Kochkina and 
Torchinskii (7). Concentration of the enzyme in solutions was 
measured spectrophotometrically, taking Gzrn = 14.2 at 
280 nm (8). SH groups were determined with p-MB (9), DTNB (IO) 

and 4,4c'-dipyridpl disulfide (11). Modification with TNM was 

carried out by adding aliquots of a 0.65 M ethanolic TNM to 
protein solution in 0.05 M Tris-HCl buffer, pH 8.0. The reac- 
tion was stopped by gel filtration on Sephadex E-25, equilib- 
rated with 0.05 M Tris buffer, pH 8.5. The nitrotyrosyl con- 
tent was determined spectrophotometrically at pH 8.5 assuming 

E428 = 4100 M-'cm-' (12). All modification experiments were 
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Table 1: Estimations of SR Groups in 
Asp-Transaminase 

Reagent 
andpHa 

Rumber of Accessible SH Groups 
per Subunit 

native enzyme enzyme denatured 
with 0.5% SDS 

p-MB, pH 8.0 1.0 3*8 
p-MB, pH 5.2 2.0 

p-MB, pH 4.6 2.1 3.9 
DTNB, pH 8.0 1.0 4.0c 

4-DPD b pH 8.0 , 1.0 
LCDPD, pH 5.2 1.2 

a Estimations were carried out in 0.05 Y or 0.1 M 
Tris-HCl buffer (pH 8.0) and in 0.2 M acetate buf- 
fer (pH 5.2 or 4.6). b4-DPD, 4,4'-dipyridyl di- 
sulfide. ' 3.7 SH groups were estimated with 
DTNB in enzpe denatured by 6 Y guanidine*HCl. 

carried out at 22O. The number of SH groups and nitrotyrosine 
residue8 was calculated per protein subunit of mol. wt 50,000; 
the enzyme consists of two such subunits (13). 

REEULTS AND DISCUSSIOR 

Number and reactivity of SH groupa~ In SDS or guanidine 

HCl solution a total of 4 thiol groups per subunit was found 

in chicken Asp-transaminase (Table I). In the native enzyme, 

two SH groups react with p-MB at pHw 5, whereas only one 

reacts with p-MB, DTNB or 4,4V-dipyridyl dieulfide at pH 8. 

DT.NB does not react with the SH group at pH 5. 4,4'-Dipyridyl 

dieulfide reacts with one SH group at both pH valuest the 
-1 -1 second-order rate constant8 at pH 8.0 and 5.2 are 328 M 8 

and 7.2 &¶-'a", respectively. 
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Incubation of Asp-transaminase with 10 mM iodoacetamide 

(pH 8.0; 1.5 h), 50 mM NEM (pH 7.5; 1.5 h) or 1.5 mM TN?d 

(15-fold molar excess, pH 8.0, 5 min) results in modification 

of one 8H group; the modified enzyme lost the ability to react 

with DTNB. Thus, iodoacetemide, NE34 and !PNN modify the same 

exposed 8H group which readily reacts with DTNB. Alkylation 

or oxidation of the exposed 8H group has almost no effect on 

enzymic activity; blocking of the same group with p-MB or 

DTNB resulted in decrease of activity by 5-l@&. Blocking with 

p-MB of two 8H groups - the exposed and the semi-buried one - 

reduces activity to 7% of the initial value. Addition of 

more than two eqs of p-MB to the enzyme does not increase the 

amount of mercaptide formed (Fig. I), but induces some addi- 

I/ I I 
( 2 3 4 5 

EQUIVALENTS OF p-MB 

Fiat. It 

Inactivation of Asp-transaminase by p-MB and amount of mercaptide 
formed in 0.2 M acetate buffer, pH 5.25. Enzyme (0.56 mg per ml) 
was incubated with varying numbers of eq of p-MB for 20 min; then 
absorbance at 255 nm and enzymic activity were measured. Curve 1 

represents the increase of absorbance; curve 2 - inactivation in 
per cent of initial value. 
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tional loss of activity, evidently owing to non-specific in- 

teraction between excess p-MB and the protein. The fact that 

p-MB reacts with the semi-buried SR group at pH 5, though not 

at pH 8, is probably explained by the increase in the reacti- 

vity of p-MB upon acidification (14). 

The data presented above allow to distribute the 4 thiol 

groups of chicken Asp-transaminase as follows: one exposed 

SH group, readily accessible to various reagents; one semi- 

buried SH group accessible to p-MB at pH 5, and two fully 

buried SH groups, accessible only upon protein denaturation. 

It was of interest to ascertain whether any of SH groups of 

the chicken enzyme exhibits syncatalytic reactivity similar 

to that of the SH group of residue Cys-390 in the porcine 

enzyme. To solve this question, the enzyme was incubated 

with NEZA or iodoacetamide (2,000-fold molar excess, 3h, pH 8.0) 

or with DTNB (500-fold molar excess, 17h, pH 7.5) in the pre- 

sence of 70 mM L-glutamate and 2 mM a -ketoglutarate. It 

was found that the reagents mentioned blocked only the exposed 

SH group of the enzyme either in the absence or presence 

of the substrates; no additional loss of activity was observed 

in the presence of the substrate pair. 

Thus, in contrast to the porcine Asp-transeminase the 

chicken enzyme does not appear to possess a syncatalytically 

reactive SH group. The chicken enzyme has one SH group per 

subunit less than the pig enzyme, and blocking one or both 

its accessible SH groups with p-MB does not induce as sizable 

loss of activity as occurs in the case of porcine enzyme. 

Hence it may be inferred that no cysteine residue homologous 

to the ayncatalytically reactive Cys-390 is present in chicken 

Asp-transaminase. This confirms the conclusion (3) that 
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Fig. 2: 

Nitration of Asp-transaminase (0.18 mM) with a 6CLfold molar 
excess of TNBd (10.8 m.M) in 0.05 BQ Tris-HCl buffer, pH 8.0. 
Curve 1 represents the time course of tyrosyl nitration in the 
absence of substrates; curve 2 - same as 1, but in the presence 
of 70 mM Lglutamate and 2 mtd a-ketoglutarate. 

Cys-390 in the pig enzyme is non-essential, although its modi- 

fication with bulky or charged reagents results in very marked 

loss of catalytic activity. 

Reaction with tetranitromethane. Treatment of chicken 

Asp-transaminase with a 15-fold molar excess of TNM at pH 8.0 

or 5.2 leads to oxidation of l,O-I.2 SR group and to forma- 

tion of only 0.14 eq of nitrotyrosine, without any decrease 

of enzymic activity. In higher molar excess TNM induces in- 

creasing tyrosyl nitration. The time course of the nitration 

reaction was recorded with a 60-fold excess of TNM at pH 8.0 

(Fig. 2). Under such conditions maximally 0.8 eq of nitro- 

tyrosine was formed in the absence of a substrate pair. Ad- 

dition to the reaction mixture of L-glutamate and a-ketoglu- 

tarate had a marked effect on nitration: 1.65 eq of nitroty- 

rosine was formed after 90 min of incubation (Fig. 2). Simul- 

taneously with tyrosyl nitration, slow oxidation of the se- 

397 



Vol. 63, No. 2, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

cond (semi-buried) SH group was observed with a 60-fold excess 

of TNM. Upon nitration in the absence or presence of sub- 

strates, enzymic activity was lowered to 90% or to 65% of the 

initial value, respectively. 

Treatment of the apoenzyme with a 6Gfold excess of TRM 

(Ih, pH 8.0) led to nitration of - 0.7-0.9 tyrosine residue, 

oxidation of two SH groups and 35-5096 inactivation. The mo- 

derate inactivation observed may result from a conformational 

change of the protein induced by modification of residues lo- 

cated outside the active site. Thus, our data provide no 

evidence supporting presence of an essential tyrosine residue 

in the chicken enzyme. It was found earlier that pig heart 

Asp-transaminase is almost completely inactivated by TBM in 

the presence of substrates, but this inactivation is mainly 

caused by oxidation of residue Cys-390 and not by nitration of 

tyrosine (15). 

We wish to thank Professor A.E.Braunstein for his 

interest and helpful discussion. 
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