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Table IV. Effect of KCl and AMP on the inhibition of the citrate
synthase from Rhodospirillum rubrum by NADH

Concentration of KC1 (mM) (Do, (WM) Apparent »n
0 4.7 — 2.25 4-0.07
35 6.1 — 2374+ 0.24
105 9.6 — 1.79 4+ 0.19
210 23.0 — 1.70 4+ 0.04
Concentration of AMP (M)
0 6.1 — 2.3740.24
2.5 16.8 — 2,034 0.13
5.0 21.5 — 2.34+0.20
7.5 31.0 —2.2240.10
10.0 36.0 — 2.14 4+ 0.17

The assay conditions were as previously described!!, except for the
concentrations of AMP and KCl which were as stated in the Table,
and that of NADH, which was varied from 0 to 70 uM. The concen-
tration of KClin the experiments related to the effect of AMP was
kept constant at 35 mM. 0.3 pug of purified enzyme were used per
assay. The apparent # values (- probable EM; n = 5) and (I),.;
values for NADH (NADH concentration for half-maximal inhibition)
were calculated as previously described?®.

Table V. Deinhibition of the citrate synthase from Rhodospirillum
rubrum by AMP

Concentration of NADH (uM) (A)g.s (LM) Apparent »n

6.4 1.6 1.66 - 0.05
16.1 4.3 1.84 +0.26
32.0 10.4 2.17 4+ 0.07
64.0 17.5 2.79 4 0.11

The experimental conditions were similar to those given in the
legend to Table IV, except for the fixed NADH concentrations stated,
the concentrations of AMP, which were varied between 0 and 20 u.M,
and that of KCl, which was kept constant at 105 mM. The apparent
# values (- probable EM; # = 5) and (A),,5 values for AMP (AMP
concentration for half-maximal stimulation of enzyme activity)
were calculated from Hill plots considering only the portion of the
enzyme activity due to the AMP effect, as previously described?®.

16 P, D. J. Werrzman and P. Dunuore, FEBS Lett. 3, 265 (1969).
17 W, W, CLELAND, The Enzymes (Ed. P. D. BovyERr; Academic Press,
New York 1970), vol. 2, p. 1.
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synthase from R. spheroides has also been reported to be
inhibited by ATP, although in the latter case the inhibi-
tion was non-competitive towards both substrates<.
The enzyme from R. capsulata was reported not to be
inhibited by ATP2.

The R. rubrum citrate synthase, like the enzymes from
R. capsulata® and R. spheroides?®, was strongly inhibited
by NADH (Table IV); the kinetics of inhibition was
sigmoidal. The effect of NADH was counteracted by
KCl, which increased the (I),.; for NADH with some
decrease in the apparent #, and by AMP, which also
caused an increase in the (I)y ; without significant varia-
tion in the apparent # (Table IV). The curves of enzyme
de-inhibition by AMP were also sigmoidal; both the
(A)e.s for AMP and the apparent # increased with the
concentration of NADH (Table V). The inhibition by
NADH was non-competitive towards oxaloacetate; the
kinetic pattern for acetyl-CoA became sigmoidal in the
presence of the inhibitor. The apparent = value for acetyl-
CoA increased from 1.08 4 0.01 in the absence of NADH
to 1.73 4 0.04 in the presence of 6 uM NADH; the cor-
responding (S}, values (concentration of acetyl-CoA
required for half-maximal velocity) were 0.6 and 1.1 mM,
respectively. The enzyme was not inhibited by «-oxo-
glutarate at concentrations up to 10 mA/, either in the
absence or in the presence of KCIl. Therefore, the citrate
synthase from R. rubrum shows the properties to be
expected from similar enzymes from Gram negative
bacteria which do not ferment glucose® ', being dis-
tinctly different from those of Gram positive bacteria.
The effects of NADH and AMP are similar to those de-
scribed for the enzymes from R. capsulata® and R. sphe-
roides®. There are some differences, however, in the effect
of ATP; the activation by KCI has not been reported for
the Rhodopseudomonas enzymes? 4,

The inhibitory response of the R. vubrum enzyme to
NADH and ATP suggests that it will be strongly inhibited
under photosynthetic conditions, where both the con-
centration of NADH and the adenylate energy charge can
be expected to be high?4. Although the effects reported
have been studied in vitro, it is possible that they are
involved in the enzyme regulation in vivo, since they were
evident at rather high concentrations of KCl, which
might be present inside living bacterial cells.

18 G. N. WiLkINsoON, Biochem. J. 80, 324 (1961).
1 7, J. Cazzuro and A. O. M. Stoppani, Arch. Biochem. Biophys.
727, 563 (1968).

Effect of Heat Treatment on the ATPase Activity of Various Sarcoplasmic Reticulum Preparations

C. A. M. Carvargo and M. S. V. SanTos!?

Department of Zoology, University of Coimbra, Coimbra (Portugal), 23 October 1975.

Summary. Ca2+-stimulated ATPase activity of sarcoplasmic reticulum (SR) preparations is activated after a short
period of preincubation at temperatures between 40 and 45°C, but for temperatures higher than 48°C pronounced
denaturation is observed. Heat denaturation is decreased if Mg?+ or K+ are present during heat treatment.

Leaky sarcoplasmic reticulum (SR) vesicles can be
prepared by treatment with various agents such as
phospholipase A2, diethylether?, EDTA#% and X-537A5,
a Ca?* jonophore. After each of these treatments, the
membrane vesicles lose the ability to accumulate Ca?*,
although they retain the ATPase activity in some form,
and have been utilized by several investigators to study
phenomena related to the enzyme?-7.

In this work we studied the behaviour of SR prepara-
tions previously treated with diethylether, EDTA and
X-537A with respect to heat denaturation of the ATPase
enzyme and its stabilization by cations.

Materials and methods. Sarcoplasmic reticulum mem-
branes were isolated from rabbit skeletal muscle as
described previously®. Immediatly after isolation, sam-
ples of SR were treated with 89, (v/v) diethylether ac-
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Fig. 1. Effect of temperature of preincubation on the Ca*t-ATPase
activity of SR preparations. O, SR treated with X-537A; A, SR
treated with diethylether; [J, SR washed with EDTA. Samples of
1.5 mg of SR protein suspended in 0.6 ml media containing 5 mM
Tris-Cl pH 6.9, 50 mM KCl and 5 mM MgCl,, were incubated for 4
min at the temperatures indicated, and then were cooled down to
room temperature (20°C). Samples of these suspensions containing
0.5 mg of protein were withdrawn and used to measure the ATPase
activity. In the case of SR treated with X-537A 100 nmoles of the
ionophore were added per mg of protein.

Metal concentration (mM)
0 05 1 5 10 50100 200

- T 1 TTT

100

Percent activity
wn
o

~7.

0 l/ L 1 | L
4

pMe

Fig. 2. Efficiency of Mg?+ and K+ in preserving the ATPase activity
against heat denaturation. Samples of SR protein were preincubated
for 4 min at 45°C, at a concentration of 5 mg/ml, in a medium con-
taining 5 mM Tris-Cl pH 7.0, sucrose 0.125 M and Mg?*+ or K*.
Samples were cooled to 20°C and the ATPase activity was measured
with X-537A (100 nmoles/mg SR protein) always present in the assay
medinm. The data obtained in 2 separate experiments are shown
(closed and open symbols}).
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cording to the method described by InEest et al?, or
washed with 1 mM EDTA at pH 8.5 as described by
Duccan and MARTONOSI®,

ATPase activities were measured by monitoring con-
tinuously the production of H* during the ATP hydrolysis
by the method described previously by DreaMER® and
MapEIra et all®. The reactions were performed in a
thermostated vessel containing 5 ml of reaction medium
(5 mM T7is-Cl pH 6.9, 50 mM KCl, 5 mM MgCl,, 2 mM
ATP, 1 mM EGTA or 1 mM EGTA and 0.9 mM CaCl,,
and about 0.5 mg of protein per experiment. At the pH
of the assay (6.9), 0.7 nmoles of H+ were produced per
nmole of ATP hydrolized. Protein was determined by the
biuret method!t. All the reagents were of analytical
grade. X-537A was supplied by Dr. Jurius BERGER,
Hoffmann-La Roche Inc., Nutley, New Jersey, 07110,
USA.

Results and discussion. Figure 1 shows the Ca?+-
ATPase activities of the 3 types of leaky SR preparations
determined after a short period of incubation (4 min) of
the membranes at various temperatures (25-55°C).
After the preincubations, the membranes were cooled
down to room temperature (20°C) and the ATPase
activity was measured at this temperature. The results
show that the Ca?+-stimulated ATPase activity decreases
for the 3 preparations incubated at temperatures higher
than 45°C, and is nearly zero if the incubation is per-
formed at 50°C. However, preincubation at 35 to 45°C
causes a stimulation of the ATPase activity which in-
dicates that the enzyme acquires a more favourable con-
formation due to the heat treatment. This effect was
observed in the 3 types of membranes studied, but was
more evident for the ether-treated preparation which,
below 35°C, has a low ATPase activity of about 100 nmoles
of ATP hydrolized/min/mg of protein, whereas the con-
trols, treated with X-537A or EDTA, show activities of
350 and 400 nmoles of ATP hydrolized/min/mg of protein,
respectively, in the same range of temperature (Figure 1).

It is of interest that the increase in rate of ATP
hydrolysis was observed after the enzyme had been pre-
incubated at temperatures just below those which in-
duce pronounced denaturation of the ATPase, as deter-
mined from the loss of activity. This suggests that as the
enzyme begins to unfold with increase in temperature, it
apparently passes through a conformation which is more
active than the native form of the enzyme. The stimula-
tion of the enzyme activity due to heat treatment cannot
be attributed to an effect of heat increasing the membrane
permeability which would cause uncoupling of the ATPase
to the Ca?* transport, because the preparations used were
in a leaky state as a consequence of treatment with

1 Acknowledgments. This work was supported by research grants
from Instituto de Alta Cultura {Grant No. CB/2) and the Calouste
Gulbenkian Foundation. We are grateful to Drs. A. P. CARvALHO
and V. M. C. MAaDEIRA for many discussions and suggestions during
the course of this work.

* W, Fiean and W. HasseLsacH, Eur. J. Biochem. 73, 510 (1970).

2 G. Ingsl, J. J. GoonMaN and S. WATANABLE, J. biol. Chem. 242,
4637 (1967).

¢ P. F. Duceax and A. Marronost, J. gen. Physiol. 56, 147 (1970).

5 M. L. EntmMaN, P. C. GiLrerte, E. T. WarLick, B. C. PRESSMAN
and A. Scuwartz, Biochem. biophys. Res. Commun. 48, 847
(1972).

¢ W. FieuN and W. HasseLBAcH, Eur. J. Biochem. 9, 574 (1969).

? H. Masupa and L. pE Me1s, Biochemistry 72, 4581 (1973).

8 A. P. Carvarno and B. Leo, J. gen. Physiol. 50, 1327 (1967).

® D. W. DEAMER, J. biol. Chem. 248, 5477 (1973).

10V, M. C. MADEIRA, M. C. ANTUNES-MADEIRA and A. P. CARVALHO,
Biochem. biophys. Res. Commun. 58, 897 (1974).

1 E. LAYNE, Methods in Enzymology (Eds. S. P. Corowick and
N. O. Karran; Academic Press, New York 1957), vol. 3, p. 477.



430

X-537A ionophore, with ether or with EDTA. All these
agents dissipate the Ca?+ gradient across the membrane
which loses the capacity to accumulate Ca2+ 2-6,

The preincubation of the SR membranes whose ATPase
activities are shown in Figure 1 was performed in ionic
media (5 mM MgCl,, 50 mM KCI) which we previously
found to preserve optimally the ATPase activity during
preincubation at temperatures which in ion free media
cause complete denaturation of the enzyme. Figure 2
shows the relative efficiency of Mg2?+ and K+ in stabilizing
the enzyme activity of SR during preincubation at 45 °C.
It is evident from these results that whereas about 5 to
10 mM Mg?+ already gives maximal stabilization of the
enzyme, about 100 mM K+ are necessary for obtaining
the same effect. The concentrations for half maximal
effect of Mg?+ and K+ were estimated to be 1.0 and 25 mM,
respectively.

The S-shape curves shown in Figure 2 indicate that
the direct plots of ion concentration against ATPase
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activity are classical saturation curves. The protective
effect of these ions is probably due to the binding of
Mg?+ or K+ to the membranes which also exhibits
saturation!?. The fact that Mg?+ is much more effective
than K+ in protecting SR ATPase from heat inactivation
is compatible with the binding results of these cations to
the membranes??, which show that the affinity of the
binding sites in the membranes for Mg2+ (pKy = 4.2) is
much higher that the affinity for K+ (pKu = 1.3).

The heat activation of the ATPase of SR membranes
which occurs between 40 and 45°C, as well as the effect
of divalent cations on the stability of the enzyme, should
be taken into consideration when Arrhenius plots of the
activity of the enzyme are constructed to obtain infor-
mation about the various thermodynamic parameters of
the enzyme.

12 A, P. CarvaLHo, Eur. J. Biochem. 27, 491 (1972).
13 A, P. CarvaLHO, J. Cell. Physiol. 67, 73 (1966).

Fibrillation of Tropoelastin Induced by Proteoglycan

M. Apam and V. Poprazxv1!

Research Institute of Rhewmatic Diseases, Na slupi 4, CSSR—120 00 Praha 4 (Czechoslovakia),; and Research Institute
of Food Industry, Na bélidle 21, CSSR-150 38 Praha 5 (Cazechoslovakia), 13 October 7975.

Summayry. Electrostatic interaction between tropoelastin, the native precursor of elastin, and proteoglycan results
in tropoelastin fibrillation. The finding suggests a possible involvement of proteoglycans in elastogenesis.

It has been shown that simple coacervation of both
a-elastin, a degradation product of insoluble elastin, and
tropoelastin, the native precursor of elastin, results in

03 |
ki
02 t #9
o
//\\/./
// o« "\
7 ./"(. \\
a9 r p/H'/ // \
4 \
// \
w, o~ \
e
\
\
0 1 A i 1 A
0y TE 120y TE
30 y PG 0y F6

Fig. 1. The plot of optical density at 330 nm vs. tropoelastin:
proteoglycan ratio. The amounts given are in pg/ml.

elastin fibril formation? 3. In a recent work?, we have
described a different mechanism of «-elastin fibrillation,
that is ionic interaction with proteoglycan. In the com-
plex coacervate, which is formed as a result of this
interaction, fibrillar structures were clearly observable.
The present paper gives evidence that this mechanism of
fibrillation applies also for the native precursor of
elastin, which suggests a possible biological significance of
the tropoelastin-proteoglycan interaction.

Matevials and wmethods. Tropoelastin was a generous
gift from Dr. L. B. Sandberg (University of Utah, Salt
Lake City, USA). It was prepared from Cu-deficient pig
aorta and its amino acid composition was in agreement
with the criteria of purity. Proteoglycan prepared from
bovine nasal cartilage by the dissociative method?® was
the same preparation as in the previous report It did
not contain any contaminating substances.

Optical density measurement at 330 or 440 nm was
used for the detection of the interaction between the
tropoelastin and proteoglycan. The measurement was
carried out at various pH values and at varying weight
ratios of both components while the total concentration
remained constant and was 120 pg/1 ml.

The interaction products (complex coacervates) for
electron microscopic observation were prepared either by
mixing the compounds in solution directly at pH 4.0 and
20°C (see the results) or by dialysis at 20°C of mixed
solutions prepared at pH 7.0-8.0 (no interaction occurs at
these pH values) against several changes of water ad-
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