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1. Introduction

Membranes prepared from mature rat testes contain
adenylate cyclase which is similar to that of other
eukaryotic cells. It is stimulated by guanine nucleotide,
fluoride and hormones [1—3]. The enzyme uses
Mg - ATP as the substrate and is activated 2—3-fold by
addition of Mn?" to the assay [2]. Upon solubilization
with the non-ionic detergents Triton X-100 or Lubrol
12A9 the properties of testicular adenylate cyclase
become different not only from the membrane-bound
form but from the properties of detergent-solubilized
enzyme from most other cells*. The detergent-solu-
bilized testicular enzyme can no longer effectively use
Mg - ATP as the substrate but is activated 11-fold by
5 mM Mn?"[2]. It is unresponsive to guanosine
5'(8,y-imino)-triphosphate (Gpp(NH)p)? or fluoride
[2]. These properties are very similar to those reported
for the isolated catalytic unit of adenylate cyclase
[4—7]. Activation of adenylate cyclase by guanine
nucleotides and fluoride is mediated by a protein, the
guanine nucleotide regulatory unit (G/F) which is
separate form the catalytic unit [4,8]. Addition of

Abbreviations: G/F, the component of the adenylate cyclase
system which mediates activation of the catalytic unit by
guanine nucleotides and fluoride; Gpp(NH)p, guanosine
5'(8;y-imino)-triphosphate; EDTA, ethylenediaminetetraace-
tic acid

* In addition to membrane-bound adenylate cyclase, the rat
testis also contains a naturally soluble form of the enzyme.
This unique adenylate cyclase is a globular protein of
56 000 M, [2]. It is inactive with Mg*" as the only divalent
cation and requires Mn** for expression of activity; it can-
not be stimulated by guanine nucleotides or by fluoride
[1,2]. Attempts to reconstitute the responsiveness of the
naturally soluble enzyme with G/F units from S49 fym-
phoma cells were not successful [3]

134

G/F unit from bovine brain can reconstitute the tes-
ticular enzyme into a form which uses Mg - ATP as
substrate and is activated by Gpp(NH)p. Therefore,
detergent treatment seems physically or functionally
to dissociate the adenylate cyclase catalytic unit from
the endogenous G/F unit.

Preparation of the adenylate cyclase catalytic units
had required the availability of mutant cell lines [4],
affinity chromatography [8] or gel filtration in cholate
at high ionic strength [5,6]. These experiments show
that a detergent extract of testicular membranes is a
convenient new source of adenylate cyclase catalytic
units for use in reconstitution experiments.

2. Methods

Adenylate cyclase was solubilized from mature rat
testes as in [2] except that Lubrol 12A9 was used
instead of Triton X-100. G/F unit, separated from the
adenylate cyclase catalytic unit, was prepared from
bovine cerebral cortex as in [5]. Adenylate cyclase
activity was measured by a modification of the method
in [9] as in [2]. The assay mixture contained 0.8 mM
PHIATP, 80-95 cpm/pmol, 0.05—0.1 M Tris—HCl
(pH 7.6), 0.1% bovine serum albumin, 1.6 mM cyclic
AMP, 0 .4 mg creatine kinase/ml (35 units/mg), 12 mM
creatine phosphate, 12 mM Mg?* and where indicated,
5 mM Mn?". Protein was determined by the method
in [10] as modified [11] with bovine serum albumin
as the standard.

3. Results and discussion

Fig.1 shows that addition of G/F unit from bovine
brain can restore Gpp(NH)p responsiveness to deter-
gent-solubilized adenylate cyclase from rat testis.
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Activation of the reconstituted enzyme occurs slowly,
requiring several hours of incubation at 23°C for full
activation. Similar kinetics were observed in this labo-
ratory for membrane-bound testicular adenylate
cyclase [2] as well as for membrane-bound and deter-
gent-soluble adenylate cyclase from bovine brain [12].
The Gpp(NH)p-activated enzyme is able to use
Mg - ATP as the substrate. The ratio of activity with
5 mM Mn?" to activity with 12 mM Mg?* falls from 11
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Fig.1. Time course of activation by Gpp(NH)p of reconsti-

tuted testicular adenvlate cyclase. Adenvlate cyclase was sol-

LeLestIcual auenyiate ey ciase. AGeNYyIiale Cy iase was 86i1-

ubilized from mature rat testes with Lubrol 12A9 in 0.1 M
Tris—HCl (pH 7.6), 0.075 M sucrose, 10 mM MgCl,, 1 mM
EDTA?, { mM dithiothreitol as in {2]. The incubation mix-
ture contained 5 ul soluble enzyme (0.03 mg protein), 20 ul
bovine brain G/F unit in phospholipid buffer prepared as in
[S] or 20 ul phospholipid buffer alone. Phospholipid buffer
contained: 7 mg soy bean phosphatidylcholine/m1 (Sigma,
P5638);0.1 M Tris—HCI, (pH 7.6), 0.075 M sucrose, 15 mM
MgCl,, 1 mM dithiothreitol, 0.1% Lubrol 12A9. The samples
were made 1.6 X 107> M in Gpp(NH)p and incubated at 23°C
for the time indicated. Control samples were also prepared
without Gpp(NH)p. A mixture (20 ul) containing the adenyl-
ate cyclase assay reagents (see section 2) was then added and
enzyme activity measured at 30°C for 10 min. Testicular
adenylate cyclase and brain G/F unit: with Gpp(NH)p (e);
without Gpp(NH)p (). Testicular adenylate cyclase and phos-
pholipid buffer: with Gpp(NH)p (0); without Gpp(NH)p (o).
The basal acitivity of testicular adenylate cyclase was lower
with added G/F than with phospholipid buffer, probably
because of carryover of a small amount of cholate with G/F.
The data are given as the mean and range of duplicate assays.
The experiment is representative of 3 similar ones.

in the soluble enzyme to 5 in the reconstituted system
(table 1). The ratio before reconstitution is similar to
that reported for the catalytic unit from functionally
G /F-deficient $49 lymphoma cells [4] and for the

isolated catalytic unit from bovine cerebral cortex [5].

Table 1
Effect of Mn?* on the activity of testicular adenylate cyclase (pmol cyclic
AMP . mg~'. 10 min~') before and after reconstitution with G/F unit from

[T TR
pouvine vldis

Preparation

12 mM MgCl,

A. Detergent-solubilized 70 + 20
testicular adenylate 6)
cyclase

B. Detergent-solubilized 200+ 30
testicular adenylate (4)

cyclase and G/F unit
from bovine brain

Adenylate cyclase activity

Activity ratio

(Mn2+ + Mgz+)

12 mM MgCl,
+5 mM MnCl, (Mg
770 = 60 11
©
980 + 20 )
3)

Mixtures of soluble adenylate cyclase and G/F unit from bovine brain or phospho-

lipid buffer were made up exactly as in fig.1. The reconstituted samples (B) were
incubated with 1.6 X 107 M Gpp(NH)p for 4 h and then assayed for 10 min at
30°C with or without the addition of S mM MnCl, to the adenylate cyclase assay
mixture. The ratio of activity with Mn?* and 1\/[22*/M22+ remained 10—11 if the

XLUTe 1€ Tal1lo O actIvily

solubilized, unrcconstituted enzyme (A) was incubated with Gpp(NH)p or if the
reconstitution mixture (B) was incubated without Gpp(NH)p
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Fig.2. Gpp(NH)p concentration dependence of reconstituted
adenylate cyclase. Mixtures of soluble testicular adenylate
cyclase and G/F unit from bovine were made up exactly as in
fig.1. Gpp(NH)p was added at the concentrations indicated in
the figure. The mixtures were incubated at 23°C for 4 h,
adenylate cyclase assay reagents added and enzyme activity
measured for 10 min at 30°C. The soluble testicular enzyme
contributed 0.03 mg protein/assay tube. The data is given as
the mean and range of duplicate determinations. This exper-
iment is representative of 3 similar ones.

Fig.2 shows the Gpp(NH)p concentration depen-
dence of the reconstituted enzyme. Half-maximal
activation occurs at 1.1 £ 0.2 X 1077 M Gpp(NH)p
(n—3). This is similar to values reported in other sys-
tems and is similar to that which we have found for
the reconstituted bovine brain enzyme [5].

The observation that guanine nucleotide respon-
siveness can be restored to the detergent-solubilized
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testicular enzyme by addition of exogenous G/F com-
ponent from bovine brain suggests that detergent
treatment either dissociates adenylate cyclase catalytic
unit from the endogenous G/F unit or inactivates the
testicular regulatory protein. The observation is con-
sistent with the idea that a high ratio of activity with
Mn?* to activity with Mg?" is an indication of physical
or functional dissociation of the catalytic and guanine
nucleotide regulatory units.

The fact that bovine brain can provide G/F units
which effectively interact with the adenylate cyclase
catalytic unit from rat testis emphasize the fact that
the interfaces between these components must be
highly conserved in the course of evolution. Thus, the
present studies show that the mature rat testisis a
convenient source of adenylate cyclase catalytic unit
which can be solubilized and used as a problefor G/F
units from other tissues.
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