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1. Introduction

A number of eukaryotic secretory proteins are
synthesized as molecules with an amino-terminal
extension of 16—25, mainly hydrophobic, amino
acid residues, when their mRNAs are translated in
cell-free systems devoid of microsomal membranes
(reviewed [1,2]). This short extension is named the
‘pre-’ or ‘signal’ peptide and is thought to be essential
for the secretion of these proteins [3]. In addition,
many secretory proteins, such as some enzymes and
peptide hormones, are derived by cleavage of large
precursor chains (proenzymes or -hormones). Thus,
in these latter cases, the initial translation products
are single-chain pre-proenzymes or pre-prohormones
[1245].

We have isolated total poly(A)-containing mRNA
from renin-rich submaxillary glands of mice. These
mRNAs were translated, in the presence of [38]-
methionine, in two mRNA-dependent cell-free
systems from wheat germ and reticulocyte lysate,
respectively. The radioactive translation products
were subjected to immunoprecipitation with anti-
renin or pure renin-specific Fab fragments, and

characterized by SDS—acrylamide gel electrophoresis.

Our data indicate that renin is initially synthesized
as a precursor ~10 000 daltons larger than the
enzymatically active 40 000 dalton renin. In analogy
with other enzyme precursors, this may well represent
a pre-prorenin.

Abbreviations: SDS, sodium dodecylsulphate; Hepes,
N-2-hydroxyethylpiperazine-V'-2-thanesulfonic acid
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2. Materials and methods

Animals were male mice of the Danish Serum
Institute strain, whose submaxillary glands contain
large amounts of renin [6]. Extraction of RNA from
these glands was essentially as in [7] except that
RNA was precipitated with 2 M LiCl at —20°C for
20 min (a modification kindly suggested to us by
Dr R. D. Palmiter). Purification of mRNA was
achieved on an oligo(dT)-cellulose column [8].

A wheat germ extract (8-30) was prepared as in [9]
except that the preincubation step was omitted. Cell-
free incubations in 500 ul contained (final conc.):i
400 pl/ml S-30, 20 mM Hepes-KOH (pH 7 4), 80 mM
KCl, 2 mM magnesium acetate, 2 mM dithiothreitol,
50 uM spermine, 250 uM spermidine, 0.1 mM of each
amino acid except methionine, 50 uCi/ml L-[*8]-
methionine (Amersham, 500—1000 Ci/mmol), 1 mM
ATP, 0.1 mM GTP, 8 mM creatine phosphate,

0.2 mg/ml creatine phosphokinase, and 20 ug/ml sub-
maxillary gland mRNA. Incubation was for 50 min
at 30°C. Immunoprecipitation was with (NH,),S0,-
fractionated rabbit antiserum to mouse submaxillary
gland renin (final conc. 20 ug/ml IgG), followed by
an equivalent amount of hog antiserum against rabbit
IgG light and heavy chains (DAKO). In some experi-
ments, renin antiserum was replaced by renin specific
Fab-fragments purified on an affinity column of
matrix-bound renin [10]. The precipitate was washed
3 times in 0.05 M phosphate (pH 7.5), reduced,
alkylated and electrophoresed on 7.5% SDS—acryl-
amide gels [11]. Detection of labelled proteins was
with fluorography [12], using Kodak X-omat RXR-5
film.
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A rabbit reticulocyte lysate was prepared as in [13]
and endogenous mRNA was removed with micrococcal
nuclease {14], followed by chromatography on
Sephadex G-25 [5]. Incubations (500 ul) contained:
400 ylml lvsate. 16 mM Henes— KOH (o1 7 A\

00 u/ml lysate, 16 mM Hepes KOH (pH 7
30 uM haemin, 100 mM KCl, 1.4 mM magnesium
acetate, 80 uM spermidine, 6 mM 2-aminopurine,

1 mg/ml calf-liver tRNA and amino acids, ATP, GTP,
creatine phosphate and mRNA as in the wheat germ
assays. Antirenin (20 ug/ml) or Fab-fragments

@ ug/ml) was ptesent during the incubation (60 min
at 30°C) [5]. Further analysis was as for the wheat
germ samples, except that the immunoprecipitate was
washed more thoroughly, as in [15].

3. Results
a Pl at) S SIS, SN PR UpI, R Y am Y VS P
An SDS--acrylamide gel eiectropnoretograiii o tie
total submaxillary gland mRNA translation products

in a wheat germ assay is shown in fig.1 ﬂ:-me 1\ Most
of the synthesized proteins are 40 000 daltcns or
jower. Addition of antirenin and precipitation of the

antigen—antibody complex with anti-IgG, concentrated
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a distinct band (fig.1,1ane 2)of 50 000 daltons (fig.3);
two weaker bands, one with a slightly higher molec-
ular weight and one of ~40 000 daltons, were also seen,
If pure 40 000 dalton renin was added in excess

{80 o) hafnra additinn af antiranin tha 30 NNND

(50 pg/ml) before addition of antirenin, the 50 000
dalton band almost disappeared (fig.1,lane 3) whereas
the two weaker bands were still present, indicating
that they are not renin, but proteins unspecifically
adsorbed to the immune complex. Their unspecific
nature could also be directly demonstrated by
replacingantirenin with nonimmune IgG (fig.1,lane 4)
in which case no band was observed at the 50 000
dalton position, whereas the two weaker bands were
unchanged. Pure renin-specific Fab-fragments added
instead of the antirenin, revealed the same 50 000
dalton form of renin (fig.1, lane 5) which could be
displaced by unlabelled 40 000 dalton renin without
affecting the unspecific bands (fig.1, lane 6).

For an independent confirmation of the above
results, submaxillary gland mRNA was also translated

ina rahmﬂnrvhu hmnfp cell-free system. In the total

translation pmducts obtained in the presence of anti-
renin, two bands were seen (fig.2, lane 1), of 50 000
dalions and glightly above 40 000 daltons, respec-

6 J:

Fig.1.5DS~polyacrylamide gel electrophoresis, followed by fluorography for 105 days, of translation products and their immuno-
precipitates obtained in a wheat germ cell-free assay. (1) Total transiation products (4 i assay mixture). (2) Immunoprecipitation
with antirenin of 80 ul assay mixture. (3) As {2) in the presence of an excess of pure 40 000 dalton renin. (4) Control precipitation
of 80 ul assay mixture with nonimmune IgG. (5) Immunoprecipitation with renin-specific Fab-fragment of 80 ul assay mixture.
{6) As (5) in the presence of pure 40 000 dalton renin. {7) Pure ***Ilabelled 40 000 dalton renin [16]. The arrows indicate the

" renin precursor.
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Fig.2. SDS—polyacrylamide gel electrophoresis, followed by
fluorography for 17 days, of transiation products and their
immunoprecipitates obtained in reticulocyte lysate cell-free
assays. (1) Total translation products synthesized in the pres-
ence of antirenin (12 ul assay mixture). (2) Immunoprecipita-
tion with antirenin of 250 ul assay mixture shown in (1).

(3) Total translation products synthesized in the presence of
Fab-fragments of antirenin (12 ul assay mixture). (4) Imnmuno-
precipitation with Fab-fragments of 250 ul assay mixture
shown in (3). (5) Pure '**Idabelled 40 000 dalton renin [16].
The arrows indicate the renin precursor.
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Fig.3. Molecular weight determination by 7.5% SDS—poly-
acrylamide gel electrophoresis. Molecular weight markers (-}
were ol (I) from rat-skin collagen, human albumin, heavy
chain of IgG and 40 000 dalton renin. The position of the
renin precursor is marked {X). {A) Data from reticulocyte
lysate experiments. (B) Data from wheat germ extract
experiments.
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tively, When the antigen—antibody complex was
precipitated with anti-IgG, only one distinct band

of 50 000 daltons was obtained (fig.2, lane 2; fig.3).
An assay carried out in the presence of Fab-fragments
of antirenin yielded the same translation products
(fig.2, lane 3), but in larger amounts because anti-
renin inhibited translation to some extent. Following
precipitation with anti-IgG, a distinct and very
dominant band of 50 000 daltons was obtained (fig.2,
lane 4). A few weak bands with lower molecular
weights were also seen, probably representing
unspecifically-bound material as in the wheat germ
experiments.

4. Discussion

The reliability of the immunological identification
of the 50 000 dalton translation product as a form of
renin was checked in the following ways. First, both
renin antiserum and pure antirenin Fab-fragments,
whose specificities have been documented [10,16],
were used and gave identical results. Second, an excess
of pure authentic renin inhibited binding of the
50 000 dalton molecules. Third, it was not bound by
nonimmune rabbit IgG. In fact, it was the only labelled
translation product that bound specifically to anti-
renin serum and Fab-fragments. Full reduction and
alkylation before gel electrophoresis excludes binding
of renin to other proteins. Furthermore, it is unlikely
that the 50 000 dalton molecule is derived from an
even larger precursor, since the 2 cell-free systems
used presumably do not contain the necessary process-
ing enzymes [1,4], except that in some cases the
initiating methionine may be cleaved off [4]. Thus,
our data strongly indicate that renin, in analogy with
other acid proteases (e.g., pepsin and chymosin) [17],
is synthesized as a single-chain precursor polypeptide,
a prorenin or maybe a preprorenin. In contrast to
propepsin (pepsinogen), however, prorenin is con-
verted inside the cell to the 40 000 dalton, enzymati-
cally-active renin [18]. It is released to the blood in
thelatter form,but appears there also as higher molec-
ular weight moieties [19,20], which probably
represent renin bound to some of the plasma protease
inhibitors: «,-macroglobulin, inter-a-trypsin inhibitor,
a -antithrombin and «; and §, lipoproteins [21].
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The binding to the protease inhibitors is probably the

first step in the elimination of renin from the organism.

The binding to the lipoproteins might also facilitate its
transport into the arterial wall and the tissues.
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