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Calculation of half-lives, T, using eqn. (5) and k = 2.5 x 10~5 (min—1)
determined experimentally by GriBNAU and TESsEr?

T (days)

n Consecutive order model? Random order model
1 19.16 19.16
2 46.67 34.17
3 74.67 43.89
4 101.94 51.11
5 129.72 56.67
6 157.50 61.67
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Fig. 2. Comparison of the k7. values computed from the con-
secutive order model? (@—@) and the random order model (O — O).
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The time course of ligand release is computed from eqn.
(4) (Figure 1). The shapes of these curves are qualitatively
the same as in the GRIBNAU/TESSER model, although the
analytical expression of the leakage-function is different
(cf. eqn. (4)).

k1, values were computed from eqn. (5) using the itera-
tive procedure of Newton and Raphson. They are com-
pared with the values calculated by GRiBNAU and TESSER
(Figure 2, Table). It is especially noteworthy that the
increase of the kt, values with increasing » is not so
steep as in the GriBNaAU/TESSER model. The interpreta-
tion of this somewhat surprizing result is that the stability
gained by an additional point of attachment is partially
offset by an increased probability of cleavage of a ligand-
matrix bond. For » = 1, both models must yield the
same %7,. This condition is fulfilled by the randon model
presented here (Figure 2).

Summary. A leakage function describing the hydrolytic
release of ligand molecules covalently attached to insoluble
supports by the CNBr method has been derived. Statistical
factors were faken into account. The results of this
random order model are compared with those of a consec-
utive order model proposed by GriBNAU and TESSER.

J. Lascu

Physiologisch-Chemisches Institut

dev Mavtin-Luthey-Universitit, Hollystvasse 1,
DDR-402 Halle|Saale (German Dewmocratic Republic,
DDR), 6 May 1975.

On the Role of Divalent Cations in the Reaction Mechanism of Malic Enzyme

NADP-linked malic enzyme (L-malate: NADP oxido-
reductase (decarboxylating), EC 1.1.1.40) is known to
require a divalent cation for activity!. Usually Mn?+ or
Mg2+ are the better activators, but other cations, such as
Co?+ and Ni%+, are often able to replace Mn?+ or Mg2+, at
least to some extent?.

We report here the results of some kinetic experiments
on the activation of the NADP-linked malic enzyme
partially purified from a marine Pseudomonad? by divalent
cations.

The malic enzyme from the marine Pseudomonad was
activated by several divalent cations. Mn2+, Mg?+ and
Co?+ were considerably more effective than Cd?+ and Ni2+.
When experiments with varying concentrations of divalent
cation at fixed concentrations of the substrates 1-malate
(1 mM) and NADP (0.3 mM) were performed, the ap-
parent Ve, values obtained for the activation by Mn?+
and Mg?+ were similar, but the value for Co?+ was about
half. The apparent K, values were about 10-¢ Af,
2x10-¢ M and 8x10-% M for Co?+, Mn?+ and Mg2?+,
respectively.

The nature of the divalent cation used as activator
affected the apparent kinetic constants for the substrates.
Figure 1 shows the double reciprocal plots for the sub-
strate L-malate obtained in the presence of 1 mM MnCl,,
MgCl, or CoCl,. Substrate inhibition, previously reported
for malic enzyme from other microorganisms2, was
clearly observed in the presence of Co%+ or Mn?+, but not
in the presence of Mg?+. The apparent K, values for
L-malate obtained from the data of Figure 1 were 31,100
and 179 pM, in the presence of Co?+, Mn2?+ or Mg?+,
respectively. The apparent Ve, value obtained -in the

presence of Co%+ was, however, considerably lower than
those attained in the presence of Mn2?+ or Mg?+ (Figure 1).
The apparent Ky for NADP (not shown in the Figure)
showed less variation with the nature of thedivalent cation;
under similar experimental conditions (1 mM 1r-malate)
the values were 17, 24 and 22 pM, in the presence of Co?+,
Mn?+ or Mg?+, respectively.

L-malate is known to be able to form complexes with
divalent cations; the stability constant for the L-malate-
Mn complex is greater than that for the L-malate-Mg
complex4, The stability of the L-malate-Co complex might
be expected to be of the same order or greater than that
for L-malate-Mn, considering the usual order of effective-
ness of the divalent cations to form complexes with organic
ligands%. Two main roles for the divalent cation in the
reaction mechanism of malic enzyme seem possible, both
involving the ability of r-malate to form complexes with
divalent cations. First, the 1-malate-Me complex might
be the true substrate of the reaction, as in the case of the
MeATP2- complex for the kinases®; second, free cation
might bind to the enzyme, and then act as a link between

1S, OcHoA, Methods in Enzymology (Eds. S. P. CoLowick and N. O.
KaPLAN; Academic Press, New York 1955), vol. 1, p. 739.

2 R. Parvin, S. PANDE and T. A. VENKITASUBRAMANIAN, Biochim.
biophys. Acta 92, 260 (1964).

3-J. J. Cazzuro and E. MassariNT, FEBS Lett. 22, 76 (1972).

4 W. J. O'SuLLivaN, Data for' Biochemical Research 2nd edn. (Eds.
R. M. C. Dawson, D, C. Err1orT, W. H. ELL10TT and K. M. JONES;
Clarendon Press, Oxford 1969), p. 423. '

5 W. W. CLELAND, A. Rev. Biochem. 36, 77 (1967).
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the active site and L-malate. The latter possibility is
implicit in the reaction mechanism proposed by Hsu et
al.8, Experiments performed with the malic enzyme from
Mycobacterium? suggested that the first mechanism
mentioned was not followed, and favored the direct
binding of cation to the enzyme. Furthermore, PARVIN
et al.? suggested that the substrate inhibition by
excess L-malate, also observed in the case of the enzyme
from Pseudomonas (Figure 1), was due to complexation
by excess substrate of the free cation required as activator.
The crystalline enzyme from pigeon liver binds Mn?* in

n

20

1
1/(L-Malate) (mM™Y

0

Fig. 1. Effect of the nature of the divalent cation activator on the
saturation curve for r-malate. The reaction mixtures contained (in
umoles) in a final volume of 1 ml: Tris-HCl buffer (pH 7.6), 100; NH,-
Cl, 20; NADD, 0.3; MnCl, (O), MgCl, (@) or CoCl, (A), 1; 0.4 pg of
protein, and r-malate as stated (in reciprocal scale) on the abcissa.
The reaction was followed as the increase in absorbance at 340 nm in
a UNICAM SP 1800 B recording spectrophotometer at 30°C. 150-
fold purified malic enzyme® was used; further purification was
prevented by the instability of the highly purified enzyme. The
enzyme preparations were exhaustively dialyzed before use against
50 mM Tris-HCI buffer (pH 7.6) containing 0.1 mM EDTA. When
EDTA was omitted, the enzyme presented, in the absence of added
divalent cation, an activity equal to about 509 of the activity
attained in the presence of 2 mM MnCl,. The apparent K. values
for L-malate in the presence of Co?+ or Mn2?+ were obtained from the
asymptotes (dotted lines), according to CLELAND?.
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the absence of other ligands®; the enzyme from Pseudo-
monas seems to be able to bind Mg?+independently of the
presence of the other reactants, since we have found partial
protection of the enzyme against thermal inactivation at
70°C by 1.3 mM MgCl, in the absence of other ligands
(MassarINI and Cazzuro, unpublished experiments).

We studied the order of addition of Mg?+ and the sub-
strates of the reaction in the kinetic experiments shown in
Figures 2 and 3. When L-malate was the variable sub-
strate, at different fixed levels of MgCl, (Figure 2A), the
equilibrium ordered initial velocity pattern? was obtained,
i.e.: saturation with L-malate appeared to eliminate the
requirement for the divalent cation, since the same V4,
was obtained irrespective of the MgCl, concentration.
When the results were plotted as a function of the reci-
procal MgCl, concentration (Figure 2B), the lines inter-
sected to the left of the ordinate; the secondary plot of the
slopes as a function of the reciprocal L-malate concentra-
tion (Figure 2C) was a straight line through the origin.
This demonstrates that the addition of Mg?*+ and L-
malate to the malic enzyme from Pseudomonas is ordered ;
the cation must be the first to bind, and cannot leave the
active site once L-malate is also bound’. This strongly
suggests that the cation acts as a link between L-malate
and the active site. Similar experiments were not per-
formed with Mn?+ or Co?+, because of the problems arizing
from the low EDTA concentration (0.5-1.0 ulM) neces-
sarily present (see legend to Figure 1), which interfered
with the very low Mn?+ or Co?+ concentrations able to
elicit activation.

‘When the concentrations of NADP and MgCl, were
varied in the presence of a fixed concentration of L-
malate, the double reciprocal plots for NADP (Figure 3A)
or for MgCl, (Figure 3B) intersected to the left of the
ordinate, and the secondary plot of slopes as a function
of the reciprocal NADP concentration (Figure 3C) had a
finite intersection, as is the normal case?. These results
suggest that the addition of Mg?+ and NADP to the malic
enzyme from Pseudomonas did not follow an obligatory
order, being probably random. This is in good agreement
with the demonstration by Hsvu and Larpy® that the
pigeon liver enzyme binds NADP or NADPH in the
absence of other ligands. L-malate, on the other hand, can

8 R. Y. Hsu, H. A. LArRpY and W. W. CLELAND, J. biol. Chem. 242,
5315 (1967).

7 W. W. CLELAND, The Enzymes (Ed. P. D. BoveEr; Academic Press,
New York 1970}, vol. 2, p. 1.

2

Fig. 2. Effect of the variation of
the concentrations of L~-malate and
MgCl, on the reaction catalyzed by
malic enzyme. The experimental
conditions were similar to those
described in the legend to Figure 1,
except for the concentrations of
L-malate and MgCl,. A) effect of
variable concentrations of r-mal-
ate, in the presence of 0.1 (©), 0.2
(@), 0.5 (A} or 1.0 (A) mM MgCl,.
B) effect of variable concentrations
of MgCl,, in the presence of 0.05
(0), 0.1 (@),0.2 (A)or0.5 (A) mM
L-malate. C}, secondary plot of the
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slopes from the lines in Figure B,
as a function of the reciprocal con-
centration of r-malate.
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Fig. 3. Effect of the variation of the concentration of NADP and MgCl, on the velocity of the reaction catalyzed by malic enzyme.
The experimental conditions were similar to those described in the legend to Figure 1, with 1 mM r-malate and the concentrations of
NADP and MgCl, stated below. A) effect of variable concentrations of NADP, in the presence of 0.1 (0), 0.2 (@), 0.5 (A) or 1.0 (A) .M
MeCl, B) effect of variable concentrations of MgCl, in the presence of 0.005 (O), 0.025 (@), 0.05 {A) or 0.1 (A) mM NADP. C) secondary
plot of the slopes from the lines in Figure B as a function of the reciprocal concentration of NADP.

bind only after NADP is bound to the enzyme, to form
the quaternary complex which undergoes reactions®.
Assuming that the obligatory order of addition of r-
malate after NADP also holds for the enzyme from
Pseudomonas, we can propose that the ternary complex
NADP-enzyme-Mg?+ reacts with L-malate through the
metal ion, which acts as a link between L-malate and the
active site, The different effectiveness of Co®+, Mn2+ and
Mg?+ as activators, and the different apparent Kg
values for L-malate obtained in the presence of the same

8 R. Y. Hsu and H. A. LarDY, J. biol. Chem. 242, 527 (1967).

9 This work was supported by grants from the Consejo Nacional
de Investigaciones Cientificas y Técnicas de la Reptblica Argentina,
and the Consejo de Investigaciones de la Universidad Nacional de
Rosario. JJC and EM are members of the Carrera del Investiga-
dor Cientifico of the former and the latter institutions, respectively.

activators, could be explained on the basis of a decreasing
ability of Co?+, Mn?+ and Mg?*+ to form the quaternary
complex according to the Irving-Williams series? for the
formation of complexes between divalent catioms and
organic ligands.

Summary. The kinetic order of addition of Mg?+ and
L-malate to malic enzyme has been determined. Mg?+ is
the first to bind, and probably acts as a link between the
substrate and the active site.

E. Massarint and J. J. Cazzuro?

Departamento de Bioquimica,

Facultad de Ciencias Bioguimicas,
Untversidad Nacional de Rosavio,

Suipacha 337, Rosario {(Republica Argentina),
20 May 1975.

Conserved Message of o-Diphenolase in Wheat Embryos (Triticum aestivum)

Our preliminary observations?! indicated that the stim-
ulation of o-diphenolase activity in wheat /embryos,
excized from germinating grains, is strongly inhibited by
cycloheximide but not by actinomycin D. The occurrence
of stable messengers capable of supporting general protein
synthesis is reported in the ungerminated wheat em-
bryos?3, Other workers, however, observed the early
synthesis of mRNA in wheat embryos which is not
converted into stable message?® 5. At present, information
is not available about the nature of specific enzyme pro-
teins whose translation is supported by conserved or
newly formed messages in wheat embryos. In the present
report, we provide evidence for the existence of a long-
lived stable messenger of o-diphenolase in excized wheat
embryos which supports the de novo synthesis of o-
diphenolase enzyme under conditions of inhibited RNA
synthesis.

Materials and methods. Embryos were excized from
wheat grains (Triticum aestivum, var. Shera) presoaked
for 10 h at 4°C and sterilized with 0.029%, mercuric chlo-
ride. The excized embryos were germinated in the dark

at 25°C on nutrient medium®? containing 50 pg/ml ot
chloramphenicol. 40 embryos were homogenized in 0.05
M phosphate buffer (pH 6.6) and the homogenate was
centrifuged at 10,000 xg for 10 min. The supernatant
(crude extract) was employed for measuring o-diphenolase
activity by following the procedure of Wong et al.l.
One unit of enzyme activity is defined as the amount of
enzyme which brings about a change in absorbance of

1S, R. Taneja and R. C. SacuAr, Phytochemistry 73, 2695 (1974).

2 D. Cuen, S. Sarip and E. Karcuarski, Proc. natn. Acad. Sci.,
USA 60, 902°(1968).

3D. P. Weeks and A. Marcus, Biochim. biophys. Acta 232, 671
(1971).

4 E. REjmaN and J. BucHowicz, Phytochemistry 72, 271 (1973).

5 M. DoBrRzaNsKA, M. ToMAszEWSKI, Z. GRZELCZAK, E. REJMAN
and J. Bucaowicz, Nature, Lond. 244, 507 (1973).

6 J. P. NrrscH, Am. J. Bot. 38, 566 (1951).

"P. R. Wuite, A Handbook of Plant Tissue Culture (The Jaques
Cattell Press Inc., Lancaster 1943).

8 T. C. Wong, B. S. Luu and J. R. WHITAKER, Pl. Physiol. 48, 19
(1971},



