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SUMMARY. In the region of the active site of agpartate amino-
transferase two amino acid residues - one Iyr and one Cys - are
accessible to selective modification by appropriate reagents. lo-
dification of each of the two residues singly results in certain
changes of the enzyme's physico-chemical properties, but does not
abolish its ability to catalyse the transamination reaction. Conm~
plete inactivation, associated with irreversible amination of the
protein~bound pyridoxal-P to pyridoxamine-P, is observed only on
modification of both resldues.

As reported in several recent papers (1,2,3,4), treatment
with tetranitromethane [’C(N02)4J7 under mild conditions is apt
to inactivate cytoplasmic aspartate : 2-oxoglutarate aminotrans-
ferase (Asp-aminotransferase, EC 2.6.1.1) from pig heart. The ex=
tent of inactivation and the number of tyrosine and cysteine resi-
dues modified depend on experimental conditions, such as pH, con-
centration of C(N02)4, duration of incubation, presence of sub-
strates or inhibitors.

The aim of the present work was to identify the residues
whose modification is responsible for inactivation of the enzyme,
and to study the functional role of these residues.

MATERTALS AND METHODS

Pig-heart Asp—aminotransferasecyt was purified as described

previously (5). The enzyme preparations had the following absor—

bancy ratios (at pH 5.0): E280/E430 = 10.5 + 0.5; E430/E380 =

= 3.1 + 0.2. Specific activity, assayed according to (6), ranged
from 37 000 to 40 000 optical mU per mg. Protein concentrations
were estimated by measurement of optical density at 280 nm
0.1 %_
Tetranitromethane treatment of the enzyme was performed at
PH 8.2 ~ 8.4 in 0.05 M Tris-HCl buffer. To the buffered protein
solution (1.0 - 4.5 mg/ml), methanolic C(Noz)4 solution was added

portionwlise in absence or in presence of the substrate pair
(7 x 1072 ¥ I~glutamate + 1.75 x 10> M 2-oxoglutarate). Initial
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concentration of G(NOZ)4 in the methanolic solution was measured

by adding aliquotsof the solution to 0.1 M agueous p-mercapto-
ethanol solution and measuring the extinction at 350 nm due to for-
mation of nitroform (E550 = 14 400) (7). The reaction was termi-

nated by addition of concentrated, freshly prepared aqueous merca-
ptoethanol solution (to a final concentration of 0.1 - 0.15 M).
Protein and low-molecular reaction products were separated on a
co%ugg of Sephadex G-25 equilibrated with 0.05 M Trig-HCl (pH 8.2 =

Alkylation of the enzyme with N-ethyl-maleimide was carried
out with a 400 - 450 fold molar excess of reagent (per enzyme sub-
unit of m.w. 45 000) in 0.05 M Tris~HCl buffer, pH 7.5, in the
presence of glutamate and 2-oxoglutarate (in concentrations stated
above). The protein was then separated from low-molecular compo-
nents by passage through a column of Sephadex G=25 equilibrated
with 0.05 M Tris~-HCl, pH 8.2.

Samples of modified enzyme were characterized by measurements
of gspecific activity, Tyr(NOZ) content (3430 = 4100 at pH 8.2) (7),

and number of HS groups. The thiol groups were estimated by spec~-
trophotometric titration with 5,5'-dithiobis(2-nitrobenzoate)
(DTNB, purchased from Calbiochem) according to Ellman (8). Con-
centrations of modified protein were estimated by measurement of
optical density at 280 nm, using the same extinction coefficient
as for the native enzyme (1).

Tryptic proteolysis of transaminase was carried out in 0.2 M
Nﬂu—bicarbonate buffer (pH 8.6) at 37° for 20 - 22 h, after denatw

ration of the protein samples at pH 3.0 (5 min. in the boiling wa-
ter~-bath). After proteolysis, the lyophilized digests were sub-
jected to peptide mapping on paper, using electrophoresis (pyri-
dine~acetate buffer, pH 3.4; 35 V/cmi 2.5 h) in the first direction
and descending chromatography (solvent system - butanol: acetic
acidspyridine:water = 15:3:10:12; 16 h) in the second. -Tyr (NOZN—

containing peptides were isolated preparatively as previously des-
cribed (2?.

Absorption spectra were recorded on "Specord" (GDR) or "Hita-
chi" (Japan) spectrophotometers.

RESULTS AND DISCUSSION

The properties of Asp-aminotransferase modified by treatment
with tetranitromethane may differ markedly, depending on the pre-
sence or absence of substrates during the incubation with modify-
ing reagent. As seen om Fig. 1 (4 and B), nitration of 1.0 - 1.3
tyrosine residues in absence of substrates results in 50 - 60 %
loss of activity, while the - considerably more rapid - nitration
of approximately the same number of residues in presence of the
substrate pair is associated with 95 % inactivation. Irreversible
amination of the cofactor to protein-bound pyridoxamine-P (see
ref. 2) occurs only on inactivation of the enzyme by C(Noa)u
treatment in presence of substrates.
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Fig. 2.

Fig.1. Extent of inactivation of Asp-aminotransferase on
treatment with C(Noz)4 in absence (A) and in presence (B) of

subgtrate pair, plotted against amount of Tyr(NOz) appearing
in the protein.

Fig.2. Areas of peptide maps of nitrated aminotransferase
preparations in the region containing Tyr(NO2)—peptldes.

Tyr(NOa) was revealed on exposure to ammonia vapors. The pep~

tide maps were developed with 0.2% solution of ninhydrin in
acetone; Tyr(NOz)-con aining peptides are hatched, double hat=

ching marks peptides showing most intense yellow color on ex-
posure to ammonia. A. Samples of enzyme modified with C(Noa)4
in presence of the substrate pair and containing 0.8-1.0
residue of nitrotyrosine per protein subunit. B. Samples of
Asp-aminotransferase treated with C(NOZ)4 in presence or ab-
sence of the substrates and containing® ™.3-1.5 Tyr(NOz) Tre-
sidues per subunit.

On peptide maps of tryptic digests of Asp-aminotransferase
modified by C(N02)4 in the presence of substrates and containing
0.8 - 1.0 Tyr(NOa) residue per protein subupit (Fig. 2, 4), two
Tyr(NOz)—containing peptides are revealed on exposure of the map
to ammonia vapors. We demonstrated earlier (4) that peptides I
and II contain the major part of fragment TA 26~1 of the enzyme's
peptide chain (9). In this chain, Tyr-40 is the residue under—
going "syncatalytic™ nitration (2) in the presence of substrates.
If more drastic conditions are used for C(N02)4 treatment, so that
1¢3 - 1.5 Tyr(Noa) residues per protein subunit are produced, four
yellow spots are usually seen on the peptide map in ammonia vapor
(Fig. 2, B), two of them in the positions of peptides containing
the functionally important Tyr-40. On peptide maps of tryptic
digests from nitrated aminotransferase prepared by prolonged ex-
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TABLE I

HS GROUP CONTENT OF ASP-AMINOTRANSFERASE TREATED WITH TETRA-
NITROMETHANE IN ABSENCE AND IN PRESENCE OF SUBSTRATES®

N HS® Number of
)" prior to q After SDg HS groups

Protein sample Tyr(N02
SDS addltion™ additiond modified

Holoenzyme (ald~ =~ Tel4=1.5 2.9=4,1 -
imine form)

Enzyme treated 1e1=-1.3 0:1-0.2 2¢5-2.6 T1e4=15
by C(NO,),

without the
substrates

Enzyme treated Te3=145 0.1-0.2 1¢5=1.6  2.4-2.5

by C(NO2)4 in

presence of
the substratea

8g0-fold molar excess of tetranitromethane (per subunit).
bTyr(NOZ) residues per subunit. CAmount of HS groups per

subunit titratable according to Ellman (8). dSDS, sodium
dodecylsulfate.

posure to C(N02)4 in absence of the substrates, tour spots are
mostly detectable, corresponding to those of the Tyr(NOz)-pepti-
des of "syncatalytically" nitrated aminotransferase. Under suffi-
ciently mild conditions of nitration, when the Tyr(Koa) content
does not exceed 1.3 residues per subunit, the spots containing the
functionally important Tyr-40 residue are clearly predominant on
the peptide maps. Thus, in either case - i.e., on C(Noz)4 treat=
ment in presence or in absence of the substrates - this tyrosine
residue undergoes preferential (most rapid) nitration.

We further studied in detail the modification of HS groups
on treatment of the enzyme by tetranitromethane with substrates
present or absent. From the data of Table I it is evident that
when the enzyme reacts with C(N02)4 in presence of the substrates,
one thiol group more disappears than in the case of C(N02)4 treat-
ment without substrates. The additional HS group oxidized in
presence of the substrates is a semi-buried thiol group (it is
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titratable with DTNB only in the presence of denaturing agents,
e.g., sodium dodecylsulfate). The cysteine residue that becomes
susceptible to oxidation by tetranitromethane in presence of the
substrate pair is presumably situated in proximity of the active
site; it is apparently identical to the functionally important
cysteine residue slowly reacting with pMB (10) and undergoing
alkylation by N-ethylmaleimide in presence of a substrate pair,
i.e., under "syncatalytic" conditions (11). Blocking of the

HS group of this reasidue by any of the reagents mentioned above
results in marked lowering of the enzyme's activity. Since no
complete inactivation is observed in these cases, and the capa-
city for interconversion of the aldimine and amino forms of enzyme-
bond cofactor is retained, the HS group in point does not parti~
cipate directly in the catalytic act, although it is presumably
located in the region of the active site.

In the peptide chain of Asp-aminotransferase (9) the functio-
nally important cystelne residue is Cys-390 (Yu.Torchinsky, E.Se~-
verin, and asgociates, FEBS Letters, in the press), i.e., the one
most close to the C-terminus.

It was obviously of importance to study the changes in
physico-chemical properties of Asp-aminotransferase caused by mo~
dification singly of either +the tyrosine or the cysteine residue
under consideration. To this effect a series of experiments were
carried out involving sequential modification of these two resi-
dues of the protein. Scheme 1 is a concise graphic presentation
of the results obtained in these experiments. It shows that comp-
lete loss of catalytic activity of Asp-aminotransferase was asso-
ciated with irreversible amination of the enzyme~bound cofactor
and required that the important residues - Tyr-40 and Cys-390 =-
be both modified (reactions 2, 3, 5, 6). If only Tyr-40 is nit-
rated and the Cys-390 residue remaing intact (reaction 1), the en-
zyme retains its ability to catalyse +the transamination reaction.
Subsequent oxidation of this cysteine residue with C(N02)4 in pre
sence of the substrates (reaction 3) abolishes catalytic activity.
T™e inference that inactivation of Asp-aminotransferase by tetra-
nitromethane in presence of the substrate is a result of concomi~
tant modification of both Tyr-40 and the important thiol group is
supported by experiments on modification of the enzyme with BN-
-ethyl-maleimide and C(NOZ)# in sequence (reactions 4, S and 6).
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Scheme I

1. C(NO,), 4, N-EMI + substrates

EnNH=CHPyr
SH

(I00% activity)
+ substrates
\j 3. C(NO,), v
Noa-gzﬁm:cﬂ-m — NO,~En(NH,CH,Pyr)* ggun:ca—ryr
+ substrates
(50% activity) (inactive) (5% activity)
L ° =
- Noz-lsag(NHZc:Hzpyr) - i

6. N~EMI + substrates 3. C(NO,), + substrates
(inactive)

Modified enzyme preparations marked by an asterisc (x#) have iden-
tical spectral properties.

(NHZGHZPyr), cofactor in the amino form, nonrconvertible to the
aldimine form, EnNH=CH=-Pyr; SH - functionally important thiol

group of Asp-aminotransferase; SX—-importent thiol group.of the
enzyme oxidized by tetranitromethane; SR= H 0

Pyr== OH CH -S4+«
3 N:C.H
HA4—¢" 72
@) H 0 2

CE0®

If aminotransferase alkylated with N-ethylmaleimide (reaction 4) is
treated thereafter with C(Noz)4 in the presence of substrates (re-
action 5), catalytic activity is abolished and the bound cofactor
is converted to its amino form, which cannot be reconcerted into
the pyridoxal-P aldimine. The same result is obtained when the
modifications are carried out in inverted order, i.e., first by
C(Noz)4 without substrates (reaction 1) and then in their pre-
sence with N-ethylmaleimide (reaction 6).

Essentially similar conclusions concerning the role of si-
multaneous modification of the two residues have been reached by
P.Christen (personal communication).

We were able to demonstrate, moreover, that inactivation of
Agp-aminotransferase on modification of the two important groups
located in the region of the active center is not attended by sig~
nificant distortion of the substrate-binding site. The enzyme
thus modified retains its capacity to bind substrates or their in~
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hibitory analogues, and 2-oxoglutarate is capable to form a Schiff

base

(ketimine) with the protein-bound pyridoxamine-P of the mo-

dified enzyme (unpublished results, 1972).
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