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SUMMARY

Cerm cells from the mouse testis possess both a particulate and a soluble form of ade~
nylate cyclase (EC 4.6.1.1). Germ cell adenylate cyclase activity is Mn dependent and is
not stimulable with either NaF or 5'guanylylimidodiphosphate. Both particulate and soluble
adenylate cyclase specific activities increase as germ cells progress through their diffe-
rentiative stages, but epididymal spermatozoa seem to lack a significant amount of soluble
activity. SgTatic CEils of the seminiferous tubule possess orlya membrane bound activity,
which is Mg and Mn dependent, NaF and 5'guanylylimidodiphosphate stimulable. It is
suggested that germ cell adenylate cyclases represent incomplete forms of the enzyme, de-
void of regulative subunits.

INTRODUCT ION

Considerable interest exists in the study of the cyclic nucleotide system of male
germ cells as this could represent a ciue to the understanding of the regulation of germ
cell differentiation. In fact, while spermatogenesis appears to be a hormone controlled
process, long lasting efforts by many research groups failed tc demonstrate any specific
interaction of circulating hormones with male germ cells (1). The possibility exists, how
ever, that local events can regulate germ cell differentiation within the seminiferous
tubule (1).

Using isolated male mouse germ cells Conti et al. have shown the presence of two
isoenzymes of cAMP dependent protein kinase, whose ratio drastically changes as spermato-
genesis proceeds (2). Adenylate cyclase of rat seminiferous tubule has been studied by
Braun et al., who reported the presence of a Mn++dependent, soluble form of AC, attribu-
ted to spermatids, and of a particulate AC activity attributed to the somatic components
of the seminiferous tubule (3,4). Further characterization of soluble AC was performed by

Neer (5) who demonstrated that it is a true soluble protein with a MW of 56,000 Dalton.

Abbreviations: AC, adenylate cyclase; cAMP, adenosine 3':5'cyclic monophosphate;
GppNHp, 5'guanylylimidodiphosphate; BSA, bovine serum albumin; Hepes, N-2-hydro-
xyethylpiperazine N'-2-ethanesulfonic acid; EDTA, ethylenediaminetetraacetic
acid; PMSF, phenylmethylsulfonyl fluoride.

This work was initiated under the stimulating leadership of Professor
Valerio Monesi, who died prematurely on December 29, 1979.
His collaborators deeply feel the loss of his guidance and friendship.
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In this paper we further evaluate the properties of germ cell AC using mouse te-—
stis germ cells separated into homogeneous populations corresponding to definite stages

of differentiation.

MATER'ALS AND METHODS

Seminiferous tubules were prepared as described (2) from 3 months old Swiss CD1 mj
ce, and dissociated by incubation with collagenase, 1 mg/ml in Minimum Essential Medium
(Eagle) containing 0.5 mg/ml BSA, for 45-60 min at 30°C. The resulting suspension was se~
parated into homogeneous cell populations by unit gravity sedimentation in albumin gra-
dients {2,6). Spermatogonia were separated with the same procedure from 17-18 days old un-
irradiated mice. Spermatozoa were obtained from the cauda epididymis according to the me-
thod of Majumder (7). Controls performed incubating spermatozoa in collagenase and, sub-
sequently, in BSA in conditions similar to those employed for preparation and separation
of tubular cells indicated that no difference in AC activity existed between the two pre-
parations.

Cells were homogenized in 25 mM Hepes pH 7.4, 1 mM EDTA (buffer A) after addition
of 2 mM PMSF, using a Dounce homogenizer, and centrifuged at 20,000 x g for 10 min. Pel-
lets were washed and recentrifuged twice, resuspended in buffer A and used as the parti-
culate fraction. The 20,000 x g supernatants were further centrifuged at 100,000 x g for
1 hr, and the resulting supernatants were used as the soluble fraction.

AC activity was measurzd by the method of Salomon (8). Incubation mixtures contai-
ned, in a final volume of 100 ul, 25 mM Hepes pH 7.4, 20 mM phosphocreatine, 1 mM cAMP,

1 mM ATP, 0.5 mg/ml BSA, 200 U/ml creatine kinase, 1 uCi of [ *?P] ATP, 25 to 50 ug of
particulate fraction protein or 10 to 25 mg of soluble fraction protein, and other addi-
tions as indicated. Final EDTA concentration in the assay was 0.25 mM. In these conditions
AC activity was linear for at least 15 min at 34°C, The reaction product was identified

as authentic [32P] cAMP by thin layer chromatography (9). Experimental values are indica-
ted as mean + standard deviation of triplicate samples. AC interassay variation was lower
than 15%.

Protein was measured by a modification of the standard Lowry procedure (10), using
BSA as a standard.

Labelled compounds were from NEN; collagenase and GppNHp were from Boheringer;cAMP,
ATP, phosphocreatine,creatine kinase, Hepes and PMSF were from Sigma; BSA was from Miles
and MEM from Gibco.

RESULTS AND DISCUSSION
Adenylate cyclase activity of germ cells at various stages of differentiation was
measured in different conditions as shown in Fig.l. The specific activity of both the
particulate and the soluble enzyme is barely detectable when Mg++is the only cation pre-
sent in the assay, and nc relevant Naf stimulation can be observed. On the contrary, wher
the particulate AC is measured in the presence of Mn++, a significant activity is evident,
which increases as germ cells differentiate from spermatogonia to spermatids and to sper-

matozoa. The increase observed for the specific activity of the soluble enzyme parallels

that of the particulate AC only to the stage of elongating spermatids, while it drops in
spermatozoa. It is also evident that, with the exception of spermatozoa, the specific ac-

tivity of the soluble enzyme is consistently higher than that of the particulate AC.
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FIGURE 1. Adenylate cyclase activity of the particulate (A) and soluble (B) fraction of
germ cells at various stages of differentiation. Cells were obtained as described under
*Materials and Methods". Cell stages examined were: spermatogonia, B8G; pachytene sperma-
tocytes, PS; round spermatids, RS; elongating spermatids, ES; epididymal spermatozoa, EZ.
AC incubation mixtures contained 20 mM MgCl_ (O 0), 20 mM MgCl_ and 10 mM NaF (® .),
20 mM MnCl_ (O—0), or 20 mM MnCl_ and 10 mM NaF (li—1). Identical values were obtai-
ned when cells were homogenized in buffer A containing 13.5 or 27% (w/v) sucrose. Some
solubilization of AC activity was observed when spermatozoa were homogenized in buffer A
containing 27% sucrose.

It was of interest to verify whether the Mn++dependent activities could actually
be attributed to the germ cells or rather to some contaminants. of the germ cell prepara-
tion. For this purpose a group of animals was irradiated with X rays (300 Rad, total bo-
dy} in order to gradually deplete tubules of germ cells. This low dose irradiation cau-
ses the death of cycling spermatogonia but does not affect other germ cel! stages, which
proceed along spermatogenesis or somatic cells. Depletion of the more differentiated germ
cell stages from the seminiferous tubule follows, according to spermatogenesis timing (11,
12). Irradiated animals and control animals of the same age were sacrificed at weekly in-
tervals after irradiation, and particulate and soluble AC activity of the seminiferous tu-
bules was measured (Figure 2). The loss of both particulate and soluble total protein in
iriradiated arimals is evident from Figure 2A, and it is a rough estimate of ongoing germ
cell depletion. Morphalogical examination of the seminiferous tubules confirmed germ cell
depletion in irradiated animals. Repopulation rate was such that leptotene spermatocytes
were observed in some of the seminiferous tubule cross sections by the end of the fourth

week after X rays. As an effect of germ cell depletion, both soluble and particulate AC
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FIGURE 2. Time course of the effect of X irradiation on seminiferous tubule protein and
AC activity. Seminiferous tubules were prepared from control and X irradiated animals
sacrificed at weekly intervals after irradiation. Tubules were homogenized in buffer A,
particulate and soluble fractions were prepared and assayed for protein and AC activity
as described under "Materials and Methods". Panel A, soluble and particulate protein per
testis. Panel B, scluble and particulate AC activity per testis. Panel C, soluble and
particulate AC activity per mg of protein. Solid symbols: soluble fraction. Empty symbols:
particulate fraction. AC assays werc run in the presence of 20 mM MnCl2 and 10 mM NaF.

activities per testis decrease (Figure 2B), after a lag corresponding to the period in
which only mgiotic germ cells, low in AC, are lost from the seminiferous tubules. Attri-
bution of soluble AC to the germ cells is indicated by the decrease in the specific acti-
vity of the soluble enzyme as germ cell depletion occurs (Figure 2C). The decrease in
specific activity is the expression of the disappearance of those cell stages which pos-
sess such soluble activity, and the specificactivity minimun is reached when those cells
with a high specific activity of soluble AC (e.g. spermatids) disappear from the tubule.
The different behaviour of the specific activity of the particulate enzyme, which does
not fall below the control value (Figure 2C) is not in contrast with the results shown
in Figure 1A if one assumes that (a), the particulate enzyme is present not only in germ
cells but also in somatic cells, which remain in the seminiferous tubule after X irradia-
tion (1), and that (b), the specific activity of the particulate AC in somatic cells is
equal or higher than that of the germ cells which are disappearing from the tubule.

To further verify the presence of a particulate AC activity also in the germ cells,
and to differentiate particulate AC activity of germ cells from that of somstic cells,

the AC activities of a purified germ cell preparation were compared with those of total
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Table 2. Effect of GppNHp on adenylate cyclase activity of different cell

populations of the seminiferous tubule (pmole/mg prot/min + s.d.)

basal GppNHp GppNHp

PARTICULATE basal
Germ cells 27.7 £ 1.4 31.2 + 2,0 1.1
Contral tubules 29.5 + 1.9 60.7 *+ 4.0 2.1
X irradiated tubules 19.2 + 1.3 109.6 + 1.6 5.7
SOLUBLE

Germ cells 79.9 + 0.6 82.3 + 2.5 1.0
Control tubules 65.7 + 2.2 64.3 + 2.4 1.0
X irradiated tubules 4.7 + 0.4 4.0 + 0.7 0.9

Preparation of cells and subcellular fractionation were as described for Table 1.
AC was measured in the presence of 10 mM MgCl2 plus 10 mM Mn012 + 0.125 mM GppNHp.

seminiferous tubule cells and with those of total X irradiated germ cell depleted semini-
ferous tubule cells (Tables 1 and 2). The results shown in Table 1 indicate that (a),
germ cells possess a particulate activity of the same order of magnitude of somatic cell
part iculate activity; (b) while germ cell particulate activity is Mn++dependent and scar
cely stimulable by NaF, somatic cell particulate activity is Mn++and Mg++dependent and
can be stimulated with NaF; (c), where NaF stimulable activity is present, stimulation
occurs in the presence of both Mg++and Mn++, although higher stimulation is observed
with the former ion; (d), soluble AC activity is present only in germ cells and (e), it
is Mn++dependent and insensitive to fluoride stimulation. Also GppNHp, as it occurs for
fluoride, is unable to stimulate AC activity of germ cells, while its effect is evident
on the particulate fraction of somatic cell enriched seminiferous tubules( Table 2).

It appears, therefore, that at least three different AC activities are present in
the seminiferous tubule of the mouse. A particulate, responsive activity of the somatic
cells (e.g. Sertoli and/or peritubular myoid cells (1,3) ), and a particulate plus a so-
luble activity in the germ cells. Both forms of germ cell AC are Mn++dependent and un-
responsive to NaF and GppNHp. The finding of a germ cell particulate AC with the descri-
bed properties is in good agreement with the observations that spermatozoa possess a mem-
brane bound AC, Mn++dependent (3,14) and practically unresponsive to cholera toxin and
GppNHp (15). Germ cell soluble AC, on the other hand, represents an exception to the ge-
neral concept of AC as a membrane bound enzyme. However, it does not appear that germ

cell soluble AC represents an artefact due tc extraction of membrane bound enzyme, as no
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difference are observed in the levels of soluble AC when cells or tissue are homogenized
in hypotonic or hypertonic buffer (up to 27% sucrose), in fow or high salt (up to 0.4 M
KCl) (data not shown). Furthermore, soluble AC does not appear to be a degradation pro-—
duct of the particulate enzyme, as shown by Neer (35).

Our data indicate that both particulate and soluble germ cells adenylate cyc!ases
share some properties, such as Mn++dependence and unresponsiveness to NaF and GppNHp.
These properties correspond to thcse of the C component, the catalytic subunit of AC
{16). On the other hand, testicular soluble AC, unlike authentic C component, does not re
constitute Mg++dependent, NaF and GppNHp regulated AC activity when combined with plas-
ma membrane extracts containing the regulatory subunit of AC (16). Further work is neces-
sary to verify whether particulate and soluble AC represent modified C components and
to elucidate the possible physiological role of the peculiar adenylate cyclases of germ

cells.
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