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1. Introduction

Beef liver glutamate dehydrogenase (EC 1.4.1.3)
shows an interesting correlation between enzymatic
activity and molecular weight. At concentrations under
0.01 mg/ml the molecular weight is 310,000 and in-
creases to approximately 8 million for protein con-
centrations of about 50 mg/ml [1-3].

The species of molecular weight 310,000, which
will be referred to as “monomer”, is the smallest active
unit and is itself composed of 6 subunits each of a
molecular weight ca. 52,000 [2] . Depending on the
concentrations of enzyme the monomers aggregate to
dimers, trimers and up to large polymers of molecular
weight 8 million.

We will present evidence in this communication to
show that the enzymatic activity per monomer
decreases with increasing protein concentration, but
that the activity per molecular species remains con-
stant, (i.e. monomers, dimers, trimers etc. show the
same enzymatic activity per particle).

In contrast to our earlier conclusions we now find
that the enzymatic activity no longer reaches a maxi-
mum with increasing enzyme concentrations [4]. The
apparent maximum is the result of the use of high
concentrations of substrate, which are inhibitory to
the enzyme.
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2. Materials and methods

A Durrum-Gibson stopped flow apparatus, modified
by the addition of a logarithmic converter, was used
to measure enzyme activity at high concentrations.
Slower reaction rates were followed in a Zeiss PMQ II
spectrophotometer and the rates were recorded on a
Hewlett-Packard 4007-B X-Y-recorder. The reaction
rates were monitored by following the absorbancy of
NADH at 340 nm.

Beef liver glutamate dehydrogenase in 2 M am-
monium suspension, NAD, NADH, a-ketoglutaric acid
and glutamic acid were purchased from Boehringer and
Séhne GmbH, Mannheim. The enzyme was dialysed
for 24 hr against 3 changes of a solution containing
0.1 M potassium-sodium-phosphate buffer, and 0.1
mM EDTA at pH = 7.6 and finally centrifuged at 3000
g for 20 min.

Enzyme concentrations were determined spectro-
photometrically, using an absorbance coefficient
A;“,,%ml =0.97 [5]. Molecular weights were deter-
mined in a Phywe U 60 L analytical ultracentrifuge.
All measurements were performed at 25°.

3. Results and discussion

In fig. 1 the activity of the enzyme, measured as

301



Volume 19, number 4

FEBS LETTERS

January 1972

P Activity
(4Almin)
15
/
/
/
10 /
/ *
8 /
/
/
/
5 /
y
3
1
— -
%001 oos o1 02 03 04 05 06
mg GluDHIml

Fig. 1. Enzyme activity in A A/min versus glutamate dehydrogenase concentration as measured with stopped-flow techniques.
Each point represents the means of 5 measurements. 0.1 M Potassium-sodium-phosphate buffer pH 7.6, 0.1 mM EDTA. Syringe 1:
twice enzyme concentration given. Syringe 2: 2 X 102 M Glu, 2 X 10~3 M NAD".

A A/min is plotted against enzyme concentration. At
low concentrations of enzyme the activity parallels
enzyme concentration, but levels off at higher con-
centration, indicating that the polymerized enzyme is
less active than the monomer, based on total protein
concentration.
This is shown clearly, when turnover numbers are
plotted against:
1) the moles of glutamate dehydrogenase monomers
(310,000) per ml (fig. 2a) or
2) the moles of glutamate dehydrogenase per ml using
a mean molecular weight as measured by ultracen-
trifugation [2] and light scattering [1] (fig. 2b) or
3) the total moles of molecular species per ml as
present in solution (fig. 2¢). Corresponding values
were taken from Eisenkraft [10] having been ob-
tained by the method of Steiner [11] or were
yielded by our own calculations using the same
source. Following this way, the concentrations of
the monomers, dimers etc., ¢;, in the formula ex-
pressing the weight-average molecular weight

My =ZciM/Ze;
1
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are substituted by ¢, and the equilibrium constants
K, , K4 etc.,obtaining

Myc/Mc, =1+2K,c, +3K,K5¢,% +
+4K,K,K,c,® + ...

This equation, in connection with a formula derived
by Steiner [11] for the weight fraction of the mono-
mers

In ¢, /c =§(M1/MW — 1)/cde

makes is possible to calculate the equilibrium constants,
The knowledge of these constants enabled us to com-
pute the molecular species composition at various
enzyme concentrations.

The actual calculations are shown in table 1.

The fact that the activity correlates with the num-
ber of particles suggests that each molecular species
shows the same enzymatic activity. Thus the dimer and
trimer have the same number of catalytic sites as the
monomer, which in turn suggests that the contact
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Table 1
Concentration of glutamate dehydrogenase in moles/ml and 1}
. molesNAD* ™
the turnover number in (————————min). 5
moles enzyme xE a
a) Concentration of monomers of molecular weight 310,000 . E sod]
daltons ¥
i®
Conc. Molecular ﬁg:ﬁ;s /mi) Turnover g :?.'
(mg/ml)  weight %10-10 number 5 g 100
0.005 310,000 0.16 300 (see fig. 2a) 12 5 10 10"
0.01 310,000 0.32 300 moles GiubH/mi
0.02 310,000 0.64 300
0.05 310,000 1.6 300
0.1 310,000 3.2 250
0.15 310,000 4.8 210
0.2 310,000 6.4 190
0.25 310,000 8.0 175 N //
0.5 310,000 16.0 135 §
2 o0 .
b) Concentration of aggregates with the weight-average mole- $ . 7
cular weight determined by ultracentrifugation [2]. § " weF b
[ N4
Conc. Molecular (Cn(:glce;s Jml) Turnover - T — T T ,f
(mg/ml)  weight %1010 number ot o5 Y 2 3 oles sjgéz/mz
0.005 310,000 0.16 300 (see fig. 2b)
0.01 310,000 0.32 300
0.05 410,000 1.2 400
0.1 520,000 1.92 410 4
0.15 600,000 2.4 420
0.2 750,000 2.7 430 200 : x . . .
0.5 1,300,000 3.85 500 3
£ !
¢) Total moles of enzyme molecules per mi irrespective of E g ¢
molecular weight [10, 111. 5
é 100]
Conc. Molecular Con:: : /ml Turnover moles Glu DHL”’;
(mg/ml)  weight ;ni%_e‘som ) number 1 2 3 4 5 8-10°%
0.005 310,000 0.16 300 (see fig. 2c)
0.025 340,000 0.7 315 moles NAD*
0.05 410,000 1.45 310 Fig. 2. Turnover number (in —————————/min) versus enzyme
0.1 520,000  2.74 295 . moles enzyme
0.2 750.000  4.84 290 concentratlor? in moles/ml. a) Concentration of m?nomer of
03 1’000’000 85 290 molecular weight: 310,000 daltons. b) Concentration of ag-

gregates with the weight-average molecular weight determined

by ultracentrifugation {2]. c) Total moles of glutamate dehy-

drogenase molecules per mi irrespective of molecular weight
{10, 11].
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regions in the aggregates overlap the catalytic sites.
There exists independent evidence in support of this
conclusion: diethylstilbestrole (DES) is a strong com-
petitive inhibitor for a-ketoglutarate but not for
NADH {[6]. DES also promotes the disaggregation of
the polymers to monomers. Binding [7] and kinetic
studies [8] indicate that two molecules of DES per
monomer are sufficient to effect the disaggregation.

Electron microscopy has shown that the aggregated
species consist of long chains of monomers [9]. These
studies and the DES-results suggest that the catalytic.
sites are at the aggregating ends of the monomers.

During the course of inhibition and the disaggrega-
tion of the polymers NADH has to be present, but the
role of the NADH is not yet clear. Current efforts are
in the direction.
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