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1. Introduction

The activation of adenylate cyclase by monovalent
anions other than fluoride was first reported in 1974
[1,2] and further documented recently [3,4] using
liver and kidney-medulla plasma membranes. Varia-
tions in techniques and in the magnitude of the
effects warrant additional studies on other adenylate
cyclase systems. In the present study NaCl and NaN,
used at maximally effective concentration were
found to activate the adenylate cyclase of rat pan-
creatic plasma membranes 1.3—2.0-fold under basal
conditions, and under stimulation by secretin, the
C-terminal octapeptide of cholecystokinin-pancreo-
zymin (OC-PZ) and GTP, or by each peptide offered
in combination with GTP or p(NH)ppG. Stimulation
of adenylate cyclase by maximally effective concen-
trations of p(NH)ppG alone or by NaF was enhanced
by NaCl or NaN; to a greater degree than was observed
in the above-mentioned cases. The 5.1-fold anionic
activation of p(NH)ppG-stimulated adenylate cyclase
was due to an increase in V.. . The 3.4-fold anionic
activation of NaF stimulation resulted from an
increase in app. V,,,x and a lower app. K, . It is
concluded that the amplitude of the activating effects
of the monovalent anions C1~ and N3~ are highly
dependent on the configuration of the adenylate
cyclase system.

2. Materials and methods

Rat pancreatic plasma membranes were prepared
as described [5] and stored under nitrogen in a
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medium containing inter alia 20 mM Tris—Cl buffer
(pH 7.4). Prior to use, the membrane material was
thawed and freed of chloride by two alternate centri-
fugations (5 min, 50 000 X g) and suspensionded in a
20 mM Na glycyl-glycine buffer (pH 7.4).

Adenylate cyclase activity was determined at 37°C
in a medium containing 20 mM Na glycyl-glycine,
5 mM (€CH;C00), Mg, 0.5 mM EGTA, 1 mM theo-
phylline, 1 mM cyclic AMP, 0.5 mM [a-32P]JATP
(1 uCi/assay), and an ATP-regenerating system com-
prised of 10 mM phospho(enol)pyruvate and 30 ug/ml
pyruvate kianse. The pH was adjusted to 7.4 at
25°C. The reaction was initiated by the addition of
plasma membranes and the assay was conducted in
0.06 ml final vol. The reaction was stopped by adding
0.5 ml 0.1% sodium dodecylsulfate solution contain-
ing 1 mM ATP and 0.5 mM cyclic [8-H] AMP
(20 000 cpm/assay in order to determine the recovery
of cyclic AMP). The purification of the cyclic AMP
formed was achieved by sequential chromatography
on columns of Dowex cation-exchange resin and
aluminium oxide [6].

3. Results

In line with [5,7], rat pancreatic adenylate cyclase
was stimulated by GTP, p(NH)ppG, NaF, secretin and
the C-terminal octapeptide of pancreozymin (OC-PZ).
The effect of each peptide was markedly enhanced
by both guanyl nucleotides (table 1). A medium
enriched with 100 mM NaCl induced a significant but
modest 1.3—2.0-fold activation in basal activity and
in the GTP- or peptide-stimulated cyclase activity. A
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Table 1
Activating effects of 100 mM NaCl on basal and stimulated adenylate cyclase activity
(pmol cyclic AMP formed - min~' - mg protein=")

Additions No NaCl NaCl (100 mM) Rel. act.
Basal (6) 7+ 1 14+ 2 2.00
10 uM GTP (6) 25+ § 44+ 4 1.76
10 uM p(NH)ppG (9) 49+ 4 251+ 8 5.122
10 mM NaF (7) 155+ 25 524 + 53 3.382
1 uM secretin (4) 18+ 4 34+ 1 1.89
1 uM OC-PZ (4) 79 + 14 133+ 10 1.68
1 uM secretin and 10 uM GTP (3) 354 + 27 457 + 42 1.29
1 uM secretin and 10 pM p(NH)ppG (3) 342+ 27 547 1+ 44 1.60
1 uM OC-PZ and 10 oM GTP (5) 395+ 21 564 + 20 143
1 uM OC-PZ and 10 uM p(NH)ppG (3) 394 + 17 634 £ 19 1.61

4 Activating effects significantly higher (p < 0.02) than that exerted by NaCl on basal activity

Rat pancreatic plasma membranes were incubated for 7 min at 37°C in the adenylate cyclase
medium described in section 2. The results are th® means + SEM of 39 experiments performed
in duplicate (no. expts in parentheses)

similar activation by NaCl was observed when guanyl (table 1). In other experiments (not shown), the
nucleotides and peptides were used in combination. activating effects of NaN;, another form of mono-
The activating effects of NaCl on p(NH)ppG- and valent anion, were comparable to those of NaCl, i.e.,
NaF-stimulation were much greater than those significantly greater in the presence of p(NH)ppG
observed above (a 5.1-fold and 3.4-fold elevation, alone or NaF than under the other conditions tested.
respectively). Thus, the effects of NaCl permitted to Dose—effect curves of NaCl and NaN; on
discriminate two groups of stimulatory conditions p(NH)ppG- (fig.1A) and NaF- (fig.1B) stimulated
@ 10-5M p(NH)ppG 10-2M NaF
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Fig.1. Dose response curves of adenylate cyclase activation by NaCl (—o—), NaN, (—4-) and Na, SO, (-2-) in the presence of
10 uM p(NH)ppG (A) or 10 mM NaF (B). Rat pancreatic plasma membranes were incubated for 7 min at 37°C. Results are the
means + SEM of 3 experiments performed in duplicate.
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Fig.2. (A) Dose response curves of adenylate cyclase stimulation by p(NH)ppG without (—2-) or with 0.1 M NaCl (—o-) or
0.1 M NaN, (—4-). Membranes were incubated for 7 min at 37°C. Results are the means + SEM of 3 experiments performed in
duplicate. (B) Same results presented as Lineweaver-Burk plots, after correction for basal activity and lag period.

adenylate cyclase activity were compared to that of
sodium sulfate to take into account ionic strength
and Na* concentration. The action of NaCl and NaN,
could be detected at a 3 mM concentration and was
half-maximal for both monovalent anions at identical
concentrations (20 mM for p(NH)ppG-stimulation

and 10 mM for NaF-stimulation). By contrast, sodium

®

sulfate exerted negligible activating effect on
p(NH)ppG-stimulated adenylate cyclase, and was
even inhibitory above 30 mM on the NaF-stimulated

enzyme, Both NaCl and NaN; increased the app. Vinax
of p(NH)ppG-stimulated adenylate cyclase without
modifying the app. K, (fig.2). For NaF-stimulated

adenylate cyclase (fig.3A) the effects of NaCl and
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Fig.3. (A) Dose response curves of adenylate cyclase stimulation by NaF without (—2-) or with 0.03 M NaCl (—o—)or8.03 M
NaN, (—4-). Membranes were incubated for 7 min at 37°C. Results are the means + SEM of 3 experiments performed in

duplicate. (B) Same results presented as Hill plots, after correction for basal activity 4, .
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Fig.4. Time course of the activating effects of three monovalent anions on the stimulation of adenylate cyclase by p(NH)ppG.
All incubations were performed in the standard assay medium enriched with 10 uM p(NH)ppG, and without (—e—) or with
0.1 M NaCl (—0-), 0.1 M NaN, (—a-), or 0.1 N Na,SO, (—2-).In (A) the anions and p(NH)ppG were added simultaneously
at time 0. In (B) p(NH)ppG was added at time 0 and the anions (—) at time 5§ min (}). Results from 2 experiments.

NaNj;, when tested at an optimal 30 mM concentra-
tion (fig.1B), consisted in an increase in app.V ..
and a decrease in app. K, . A Hill plot (fig.3B) illus-
trates this decrease in K, and shows the preservation
under NaCl and NaN; of the striking positive coopera-
tive effect exerted by NaF on adenylate cyclase
stimulation (Hill coefficient 2.4).

The time course of adenylate cyclase stimulation
showed (fig.4) that the 2 min lag period observed
with p(NH)ppG was only slightly reduced by the
anions. On the other hand, NaCl and NaN; caused
an immediate response when added to the fully
p(NH)ppG-stimulated adenylate cyclase.

4. Discussion

The 1.3—2.0-fold maximal activation of adenylate
cyclase observed with NaCl and NaN; under several
states including basal state confirmed a general effect
of C1~ and N5~ but not of SO,>~ [1—4]. The concen-
trations of active anions found to be effective were
lower than those used in [4] and were similar to
those used in [3]. This discrepancy might be due to
the absence of Tris—HCI in our medium rather than
to tissue differences [4] . The mechanism of activa-

tion might be the result of changes in the catalytic
unit and/or the membrane fluidity (in such a way as
to increase the accessibility of the substrate). Altera-
tions in the stability constant of the ionic species [8]
might aiso influence the rate of catalysis [4,8] .
Conceivably, among the numerous cations and anions
of the adenylate cyclase medium (H", Na*, Mg*,
NH,", theophylline*, ATP*~, cyclic AMP~, CH; —
C0O0-, SO4*-, phospho(enol)pyruvate®~, EGTA%",
glycyl-glycine ™ and ionic species resulting from their
combination), C1~ and N3~ might modify the stability
and relative proportions of free Mg?', free ATP, or
the ATP—Mg complex, all components known to
influence the activity of adenylate cyclase [9,10].
Our major finding was the capacity of NaCl and
NaNj; to exert specifically high activating effects on
p(NH)ppG- and NaF-stimulated adenylate cyclase.
The absence of effects of these anions on the rate
of stimulation of adenylate cyclase by p(NH)ppG
and the immediate nature of their activating effect
on the enzyme fully stimulated by p(NH)ppG suggest
that anionic effects were possible only after the
cyclase system was in that specific configuration
induced by the stable nucleotide. This configuration
was clearly distinct from that elicited by a combina-
tion of p(NH)ppG and hormone peptide, for it was
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characterized by a much lower anjonic sensitivity.

NaCl and NaNj activated the NaF-stimulation of
adenylate cyclase by another mechanism including
an increase in app. Vy,,y, @ decrease in app. K, and
no modification of the positive cooperativity of
adenylate cyclase stimulation by NaF. This resulted
perhaps from an increased concentration in F~, the
apparently active ionic form required in fluoride
stimulation [11,12]. Indeed in the absence of NaCl
and NaNj; and in the presence of NaF, Mg®" deriving
from S mM (CH;COO), Mg might favor the forma-
tion of MgF" and MgF, at the expense of free F~ and
free MgZ" [13]. Such variations in ionic concentra-
tions might control the apparent positive cooperativity
developing during stimulation of pancreatic adenylate
cyclase with increasing concentration of NaF” (fig.3B).
The monovalent anion perchlorate reduces the
stability constant of MgF [8] and it is likely that C1~
and N, might possess similar properties. If so, the
decrease in app. K, of NaF activation by monovalent
anions might well result from an increase in the
F~ : total fluoride ratio, itself secondary to a reduction
of the MgF" stability constant. In line with the preceding
considerations, the increase in app. V,;,,, of NaF-
stimulation could be explained by a modification of
the interaction of NaF with the enzyme.

In conclusion, the present data suggest that the
activation of adenylate cyclase by the monovalent
anions C1~ and N;~ depends on the conformation of
the system and might therefore serve as a probe for
changes in conformation.
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