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1. INTRODUCTION

Mammalian spermatozoa contain a membrane-
bound adenylate cyclase which is not sensitive to
fluoride, guanine nucleotides, forskolin, or
cholera toxin, and which exhibits a striking
dependency on Mn?* relative to Mg** for activity
[1,2]. Available data suggest that the sperm en-
zyme lacks a functional guanine nucleotide
regulatory component, but may be reconstituted
from human erythrocytes [3]. The lack of respon-
siveness of the sperm adenylate cyclase and the
possibility that regulation could be imparted to it,
suggested to us that the sperm enzyme may be a
useful test system for identifying other com-
ponents of the adenylate cyclase and for
characterizing the interactions of the enzyme’s
various subunits. In studies with brain adenylate
cyclase analogous to those reported with
erythrocytes [3], we found unexpectedly large in-
creases in cyclase activity when preparations from
sperm and brain were combined. As we report
here, rather than being due to a contribution of a
component from brain to the sperm, the superad-
ditive activity was found to be due to a factor in
sperm which activated the brain adenylate cyclase.

2. MATERIALS AND METHODS

2.1. Enzyme preparation
Bovine testes were obtained from a local
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slaughterhouse. Sperms were removed by rinsing
the epididymal ducts. After several washes in
isotonic buffer, sperms were frozen in small ali-
quots in liquid nitrogen. Frozen sperm (~10°
cells/ml) were thawed with the addition of 1 or 2
volumes of 10 mM triethanolamine—HCI (pH 7.4)
and were homogenized with a motor-driven glass-
Teflon homogenizer. The particulate material was
then collected by centrifugation at 30000 x g for
10 min. The particles were resuspended in 10 mM
triethanolamine—HCI (pH 7.4) and were then used
for assay of adenylate cyclase.

Detergent-dispersed adenylate cyclase from rat
brain was prepared as in [4] with the modification
that the initial centrifugation speeds were increased
from 3000 to 17000 x g. The Lubrol-PX dispersed
enzyme was chromatographed on DEAE-
Sephadex (A-25) as in [5], with the following
modification. Proteins were first eluted with
600 mM NaCl containing 1 mM ethylene-
glycol-bis-(#-aminoethyl  ether)N, N '-tetraacetic
acid (EGTA) (instead of only 300 mM NaCl). The
column was then washed with 600 mM NacCl to
wash out the EGTA. The enzyme was then eluted
with a solution of 0.25% Lubrol-PX, containing
neither salt nor EGTA.

2.2 Adenylate cyclase assay

Adenylate cyclase activity was determined and
the [*?P]cAMP was purified as in [6,7]. Com-
parable results to those shown were obtained in at
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least two separate experiments in each case. Stan-
dard deviations of triplicate determinations were
less than 5% of the means.

2.3. Materials

[«-P]JATP was prepared enzymatically [6].
Calmodulin (CaM) was isolated from pig testes by
an ammonium sulfate precipitation procedure
developed by Keravis and Wells (personal com-
munication) and was purified to near homogeneity
by chromatography on 2-trifluoro-10-(3-amino-
propyl)phenothiazine-Sepharose CL 4B, essential-
ly as in [8]. The phenothiazine analog was
generously provided by Dr J.N. Wells, Vanderbilt
University. Forskolin was a generous gift of Dr H.
Metzger, Hoechst AG (Frankfurt).

3. RESULTS

3.1. Sperm and brain adenylate cyclase

In agreement with the observations of other
workers, we found the adenylate cyclase of bovine
sperm particles to be considerably more active with
Mn2* than with Mg?*. The Mn?*:Mg?* activity
ratio ranged from about 30 to 100. Moreover, the
activity of this enzyme was unaffected by guanyl
5'yl-(@,y-imino)diphosphate (GPP(NH)P),
fluoride, or prostaglandin E;. The Mn**-requiring
characteristic of the sperm enzyme and the lack of
stimulation by GPP(NH)P or NaF suggest at least
a functional deficiency in the guanine nucleotide
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regulatory component (N;). This characteristic of
the enzyme from ram sperm was taken advantage
of in [3] as a source of cyclase with which the
regulatory component (N;) of erythrocytes could

Table 2

Lack of effect of EGTA on activation of the brain
adenylate cyclase by the sperm factor

Adenylate cyclase activity®

Enzyme Control Calmodulin
(25 ug/ml)
pmol cAMP
(25 min. tube) !
Bovine sperm 0.1 0.1
+ EGTA (500 xM) 0.1 0.1
Brain 32.8 140
+ EGTA (500 zM) 35.6 335
Sperm + brain® 64.8 127
+ EGTA (500 xM) 72.7 79.5

2 Activities were determined with a medium containing
50 uM ATP, 3.7 mM MgCl;, 50 uM CaCly, 1 mg
bovine serum albumin/ml, and 10 M forskolin,
without or with 500 xM EGTA as indicated. Reactions
were for 25 min at 30°C

® Bovine sperm particles (from 107 cells) were mixed with
solubilized brain adenylate cyclase (240 xg protein).
These mixtures were allowed to sit on ice 15-20 min
prior to assay

Table 1

Effects of forskolin and GPP(NH)P on combinations of brain and sperm adenylate cyclases

Adenylate cyclase activity®

Enzyme source Basal Forskolin GPP(NH)P GPP(NH)P
(10 xM) (100 M) +
Forskolin
pmol cAMP (30 min.tube)™*
Sperm (8.4 xg/tube) 0.3 0.4 0.1 0.2
Brain (40 ug/tube) 77 255 151 476
Sperm + brain 365 676 603 1000

2 Sperm particulate and solubilized brain adenylate cyclases were preincubated for 5 min at
30°C with a cyclase reaction mixture which was complete except for [a-*?P)JATP. The
determination of enzyme activity was initiated by the addition of labelled ATP. Reactions

were for 30 min at 30°C
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be combined. Since the apparent interaction of the
cyclase constituents in [3] occurred with mixtures
of particles, it was of interest to us to conduct
similar experiments with detergent-solubilized
cyclase components from other tissues.
Following chromatography on  DEAE-
Sephadex, detergent-solubilized adenylate cyclase
from rat brain is sensitive to stimulation by for-
skolin, GPP(NH)P (table 1), and to calmodulin
(table 2, see below). The combination of forskolin
and GPP(NH)P resulted in activity greater than
with either agent alone (table 1). The forskolin
(10 xM) concentration used in these experiments
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resulted in about half-maximal stimulation of the
brain enzyme. Maximal stimulation could be
achieved with about 1 mM forskolin, when correc-
tion is made for the inhibitory effect of solvent
ethanol (not shown). By comparison, forskolin
was without effect on either the particulate or
Lubrol-PX solubilized sperm adenylate cyclase at
concentrations up to 1 mM.

3.2. Combinations of sperm and brain cyclase
preparations

When sperm particles were mixed with the

solubilized brain enzyme considerably greater than

Table 3

Combination of soluble brain adenylate cyclase with heat- or N-ethylmaleimide-
inactivated adenylate cyclase from sperm

Enzyme source

Adenylate cyclase activity

Experiment I
Sperm
Brain - control

- heat-treated
Sperm + brain - control
Sperm + brain - heat tx’d

Experiment II
Brain
Sperm - control

- heat-treated

- NEM-treated
Brain + sperm - control
Brain + sperm - heat tx’d
Brain + sperm - NEM tx’d

Control Forskolin
(Mn**) Mg?) (100 xM)
pmol cAMP (25 min.tube)™!
26.0 3.0 1.9
- 22.9 94.2
- 0.5 0.9
- 48.9 142.6
— 0.4 2.0
pmol cAMP (10 min. tube)™!
— 2.73 25.5
25.8 0.01 -
0.08 0.01 -
3.14 0.01 -
- 6.15 60.4
- 6.66 46.1
- 4.77 56.7

For expt I heat treatment of the solubilized brain enzyme was for 5 min at 47°C.
Cyclase assays were with either 10 mM MgCl; or 10 mM MgCl, + 10 mM
MnCl, as indicated. Forskolin-stimulated activity was measured with Mg?*.
Reactions were for 25 min at 32°C

For expt II sperm particles were heat-treated for 20 min at 58°C or were
incubated for 10 min at 30°C with 3 mM N-ethylmaleimide (NEM). The
treatment with NEM was stopped by the addition on ice of a 17-fold molar
excess of dithiothreitol. Cyclase assays were with either 5 mM MgCl; or § mM
MgCl; + 10 mM MnCl; as indicated. Forskolin-stimulated activity was
measured with Mg?*. Brain (10.5 xg/tube) and sperm (22 xg/tube) preparations
were preincubated 15 min at 30°C with a reaction mixture, complete except for
[a-32P]ATP. Cyclase assays were initiated by the addition of labelled ATP and
were for 10 min at 30°C
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additive activity was observed (table 1). This
Su‘perauuluvu.y was evideni for both basal and
stimulated forms of the brain enzyme and was also
seen when a washed particulate preparation from
brain was used instead of the solubilized prepara-
tion shown here. The superadditivity evident from
table 1 was not due simply to the addition of
calmodulin from the sperm preparation since

P, e alom alad o fon o A o

blIIllld[ leullb WCEIC dlbU UULdlllCU lll LllC PICHCIILC Ul
500 uM EGTA (table 2). The EGTA was sufficient
to prevent activation of the brain enzyme by ex-
ogenously added calmodulin, whether the brain
cyclase was assayed alone or in combination with
the sperm particles.

The data shown in table 3 suggest that the super-
additivity was due to an effect of the sperm par-
ticles to alter the activity of the brain enzyme.
When the brain adenylate cyclase was inactivated
(table 3, expt.I), no significant superadditivity
could be measured. When the sperm adenylate
cyclase was inactivated (expt.II), by treatment with
either heat or N-ethylmaleimide the combination
of sperm particles and the brain enzyme resulted in
the same activity as that seen with the untreated
(control) sperm particles. Heating of the sperm
particles at 95° for S min completely prevented
their activating the brain enzyme (not shown).
Thus, the sperm adenylate cyclase was not ac-
tivated by something in the brain preparation, but

Table 4

Comparison of combinations of brain and sperm adeny-
late cyclase preparations in the presence of manganese or
magnesium

Adenylate cyclase activity

Enzyme Mg?* Mn?*
pmol cAMP
(25 min.tube)™!
Sperm 9.8 324
Brain 61.5 685
Sperm + brain 136 1369

Spoliln + Ol

Bovine sperm particles were mixed with brain adenylate

cvelaca nd tha vy allawad ta
\,_y\uao\- uuu Lll\r llllAlulb VVGB ﬂlAUW\-U wr u)ll. Ull l\r\r

15-20 min prior to assay. Cyclase activities were

determined with a medium containing 300 xM ATP with

either 3 mM MgCl; or 3 mM MgCl; + 10 mM MnCl; as
indicated
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rather, a relatively heat-stable component of the
bperm [)&I‘tll.lES Causeu a ﬁ‘larKCU dLUVdUOIl Ul I.IlC
solubilized cyclase from brain.

The superadditive activities of the brain and
sperm preparations shown in tables 1-3 were
determined with Mg?*/MgATP as substrates.
When Mn?* was added to the reactions activity of
the sperm cyclase was increased 30-fold and activi-
L)’ Ul lllC UI dlll CYCI&SC IU lUl(.l AlUlUUgﬂ (llIIllIllbIl-
ed due to the differing effects of Mn?* to increase
activities of the two cyclases, superadditivity of the
brain and sperm cyclase activities was still evident
(table 4).

The concentration-dependency of the effect of
the sperm particles on the brain adenylate cyclase
is illustrated in fig.1. Increasing amounts of sperm
particles resulted in increasing adenylate cyclase
activities of the solubilized brain enzyme. Since
GPP(NH)P and forskolin had no effect on the
sperm cyclase but stimulated the brain enzyme 3-
to 9-fold, the increase was most readily seen in the
presence of these agents.

The stimulatory effect of the sperm particles on
the solubilized brain adenylate cyclase was rapid in
onset but exhibited a short lag phase (fig.2).
Following the lag phase the formation of cAMP

was linear with respect to time for at least 25 min.
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Fig.1. Concentration-dependent activation of

solubilized brain adenylate cyclase by bovine sperm

particles. Adenvylate n\n\]acp activitiae ware acsaved ac
parucies. Ageny: s€ aclivilies were assayed as

described in section 2 wrth 2.2 ug brain protein/tube and

1.2 ug sperm particulate protein/xl at the indicated

volumes added. Indicated additions were 100 M
GPP(NH)P (G) or 10 xM forskolin (Fo).



Volume 152, number 1

1} 400uM ATP .
10 mM MgCl -
gqlis y
:/’
/,
8 Bran + Sp
+Fo +G \,\ 1/
2 7/
26 K
> /
el K
[ B
E /
E’ d
s J Brain +Fos G
S 7 -
o B
£ % v
/
K . .a
/ Brain + Sp~~ "~
2 e
/ o
. - =
/ ’ Pt
p/"
L S,
T Branw ’SP:ngo_G_\c\:—_ _ _PA]_ -
g e T a0\ |y
10 20 30 40
minutes

Fig.2. Time course of cAMP formation with combined
sperm particulate and solubilized brain adenylate
cyclases. Adenylate cyclase activity was determined as in
section 2 with 400 uM ATP and 10 mM MgCl.
Solubilized brain protein was 72 zg/tube (100 xl) and
particulate sperm protein was 28.6 xg/tube. Indicated
additions were 100 xM GPP(NH)P (G) or 10xM
forskolin (Fo).

It is worth noting that this linearity of cAMP for-
mation was observed at considerably greater
amounts of sperm particles (28.6 xg/tube) and the
brain enzyme (72 xg/tube) than those used in the
experiment shown in fig.l1 (2.2 4g brain pro-
tein/tube and maximally 12 g sperm pro-
tein/tube). That is, the saturation suggested in
fig.1 was not due to a decrease in activity of the
brain enzyme due to increased ATP hydrolysis at
the higher protein concentrations.

4. DISCUSSION

The data presented here indicate the presence in
bovine sperm particles of a component which ac-
tivates the solubilized adenylate cyclase of rat
brain. The observation is interesting in light of the
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magnitude of the activation and the small amount
of sperm protein required. The effect is of further
interest in view of a number of reconstitution
studies involving sperm. Due to their reported lack
of a guanine nucleotide regulatory component (N;)
and the lack of effect of forskolin on the sperm
cyclase, sperms have been considered to be useful
for the identification and quantification of com-
ponents of the cyclase system mediating the
disparate effects of guanine nucleotides, hor-
mones, and forskolin. The present data, though,
suggest that in reconstitution experiments sperm
particles may cause changes in measured adenylate
cyclase activity, which, although suggestive of
component reconstitution to sperm, may in fact be
due to donation from sperm of completely
unrelated factor(s). The results presented here
would be consistent with the factor either enhanc-
ing activation of the receiving cyclase (e.g.,
stimulation of brain N;) or with blocking an in-
hibitory process (e.g., inhibition of N;). An
understanding of the component present in sperm
particles and its mechanism of activation of
adenylate cyclases should aid our understanding of
adenylate cyclase regulation in general, and be of
use in cyclase reconstitution studies in particular.
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