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We have recently demonstrated, by protein and cDNA sequence analysis,
that prorenin converting enzyme (PRECE) in the mouse submandibular
gland is identical to the epidermal growth factor-binding protein (EGF-BP)
type B. However, type A and C did not show prorenin converting activity.
To demonstrate whether y-NGF is involved in prorenin processing, we have
cloned cDNA of 7-NGF and examined prorenin converting activity using the
CHO cell expression system. Trypsin converted the 33 kDa y-NGF precursor
produced in CHO cells to a two-chain form, 9.4 and 16.4 kDa polypeptide
chains, which has been known as an active form of y-NGF in mouse SMG
(Server and Shooter, 1976). However, the two chain forms of y-NGF did not
reveal prorenin-processing activity. Thus, only PRECE is involved in pro-
renin processing in mouse SMG. This result shows that their substrate
specificities appear to be very strict, although some kallikreins share a high

degree of amino acid sequence identity.

Renin, an aspartyl protease, is the key enzyme of the
renin-angiotensin, and plays a pivotal role in the
regulation of blood pressure (Inagami, 1981). It is
produced from a larger, inactive precursor, prorenin,
through endoproteolysis at paired basic amino acids,
Lys-Arg, during intracellular transport. Although the
kidney is the major source of circulating renin, other
tissues are also capable of renin synthesis. For
example, the submandibular gland (SMG) of male
mice produces a large amount of renin. Renins in the
kidney and the SMG are encoded by separate genes,
Ren-1 and Ren-2, respectively (Holm et al., 1984). In
recent years, we have purified and characterized an
endopeptidase involved in processing of Aen-2 prorenin,
named prorenin converting enzyme (PRECE), from the
mouse SMG (Nakayama et al., 1989, Kim et al., 1990,
and Nakayama et al., 1990). It consists of two poly-
peptide chains of 17 and 10kDa linked by disulfide
bonds (Kim et al., 1990). Protein and cDNA sequence
analyses (Kim et al., 1991a) have revealed that
PRECE is identical to the epidermal growth factor-
binding protein (EGF-BP) type B, the product of the
mGK-13 gene identified in Balb/c mouse (Drinkwater
et al., 1987). EGF-BPs have been demonstrated to be
members of the glandular kallikrein family (Evans et
al., 1987), and to be responsible for conversion of the
9 kDa proEGF intermediate to mature EGF (Frey et al,,
1979). Thus, PRECE is involved in the maturation of
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two bioactive polypeptides produced in the mouse
SMG, Ren-2 renin and EGF. However, in the course
of cDNA cloning, we noticed the presence of another
cDNA type highly homologous but not identical to the
PRECE cDNA. The newly identified cDNA was identical
to that of the pSGP-2 cDNA cloned from NMRI| mice,
which encoded a protein similar to EGF-BP type B but
different at 9 out of 261 amino acids from the mGK13
product. Also, we had demanstrated that the products
of the newly identified cDNA had a prorenin converting
enzyme activity (Kim et al., 1991b). Thus, the products
of both cDNAs of PRECE and pSGP-2 are involved in
maturation of two bioactive polypeptides produced in
mouse SMG, Ren-2 renin and EGF. However, mouse
glandular kallikreins, which are involved in the post-
translational processing of polypeptide precursors to
their biologically active forms, are a highly homologous
subfamily of serine proteases, but the substrate specifici-
ties of some kallikreins appear to be very strict. For
example, it has been reported that y-NGF cannot
cleave proEGF (Frey et al, 1979) and also that
EGF-BPs cannot cleave proNGF (Blaber et al., 1989).
Also, it was demonstrated that EGF-BP type A and C
do not possess the prorenin converting activity (Kim et
al., 1996) but EGF-BP type A has the B-NGF endopepti-
dase activity (Fahnestock et al.,, 1991). Thus, it is very
interesting whether other kallikreins, especially v-NGF
which is involved in the maturation of proNGF, possess
prorenin converting activity.

In this study, we have cloned the cDNA of v-NGF
and examined the prorenin converting activity of the
encoded protein.
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Materials and Methods

cDNA cloning procedures were described previously
(Kim et al., 1991a). The sequences of both strands of
the cloned cDNA (y-NGF) were determined by the
dideoxy method (Sanger et al., 1977).

Prorenin converting activity of y-NGF was examined
in a manner similar to that employed in the previous
study (Kim et al., 1991a). Briefly, the cDNA insert was
subcloned into the pcDNA3 expression vector (Kim et
al., 1996), and transfected into Chinese hamster ovary
(CHO) cells. A cell line stably expressing the highest
level of the protein (CHO/YNGF) was then selected.
The conditioned medium of CHO/YNGF cells cultured
in a serum-free medium was treated with trypsin. The
(**S] methionine-labeled medium of CHO/MRB cells
(a Ren-2 prorenin-producing cell line) (Hatsuzawa et
al., 1990) was then incubated with the trypsin-treated
or untreated conditioned medium of CHO/YNGF cells,
and subjected to immunoprecipitation with anti-Ren-2

renin antiserum and SDS-PAGE analysis.

Results

Although we have shown that PRECE is involved in
the processing of prorenin in mouse SMG, we did not
exclude the possibility that other members of kallikreins,
especially EGF-BPs and 7-NGF, could be involved in
prorenin processing. In the previous study, we have
demonstrated that EGF-BP type A and C produced in
CHO cells do not cleave Ren-2 prorenin (Kim et al,,
1996). Thus, it was assumed that only type B of these
EGF-BPs was involved in processing Ren-2 prorenin
in mouse SMG. However, it still remains to be deter-
mined that y-NGF is involved in prorenin processing,
since kallikreins and renin are present in the same
secretory granules in SMG (Chiang et al, 1968). To
address this problem, we screened approximately 1 X
10° clones from the cDNA library of male ICR mouse
SMG and obtained about 100 positive clones. Twenty
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Fig. 1. Amino acid composition of the y-NGF and PRECE. The amino acid sequence of the y-NGF was aligned to the sequences of the PRECE (Kim
et al., 1991). Residues of y-NGF identical to those of PRECE are indicated by hyphens. Residues believed to line the substrate-binding pocket are
boxed. The consensus sequences for N-glycosylation are shadowed. The proposed active site amino acid residues, His*', Asp ® and Ser'™ are
indicated by asterisks.
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Fig. 2. Trypsin treatment of the conditioned medium of CHO/YNGF. The
conditioned medium of CHOJYNGF cells were treated with trypsin for 4 h,
electrophoresed in the SDS-polyacrylamide gel under reducing condition,
and analyzed by Western blotting with anti-PRECE antiserum.

out of the longest positive clones were sequenced and
the cDNAs of the Y-NGF were cloned. As shown in
Fig. 1, v-NGF and PRECE share a high degree of
amino acid sequence identity (74%). To examine
whether 7-NGF has a prorenin converting activity, CHO
cells were ftransfected with pcDNAYNGF expression
plasmids, and the stable cell line CHO/YNGF expressing
a high level of the v-NGF was identified by Northern
and Western blot analysis (data not shown). v-NGF
was synthesized as an inactive precursor of approxi-
mately 33 kDa single chain in these transfected cells.
The precursor form of y-NGF appeared to have higher
molecular weight than that of the expected one which
is 28 kDa polypeptide chain. This molecular weight
difference could be explained by N-glycosylation, since
71-NGF has a potential N-glycosylation site (see Fig. 1).
The conditioned medium CHO/YNGF was then treated
with trypsin, since trypsin activated proPRECE effec-
tively (Kim et al., 1991). However, it has been known
that active v-NGF is present in both two or three chain
forms, presumably arising from limited, perhaps auto-
catalytic, proteolysis in mouse SMG (Server and
Shooter, 1976, Stach et al., 1976), i.e., there are three
autocatalytic sites, Arg’, Arg®, and Lys'* (Fig.1).
Cleavage sites were between the propeptide (residues
18-24) and 9.4kDa chain (residues 25-83), 9.4 and
6.8 kDa chains (residues 84-140), and 6.8 and 11.4
kDa chains (residues 141-237) at Arg”', and Arg®, and
Lys'“ residues, respectively (Server and Shooter,
1976, Tomas et al., 1981). As shown in Fig. 2, trypsin
converted the 34 kDa precursor form of y-NGF to 17
and 15 kDa polypeptide chains. The 17 kDa band can
be obtained by the cleavages between 9.4 and 6.8
kDa chains occuring after the Arg® residue, but not
the Lys' residue. Also, the 15kDa bands could be
explained by N-glycosylation, since the 9.8 kDa chain
has the potential N-glycosylation site, and these
molecules treated with endoglycosidase F migrated as
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Fig. 3. Prorenin converting activity of recombinant v-NGF. The radiola-
beled conditioned medium(CM} of CHO/MRB cells (100 uf) was incubated
with the trypsin-treated (lanes 2, 4, and 6) or untreated (lanes 1, 3, and
5)- conditioned medium of CHO/DNA3 (lanes 1 and 2}, CHO/YNGF (lanes
3 and 4) or CHO/PR (lanes 5 and 6) cells (100 ul) in a final volume 500
ul of 0.1 M Tris/HCI (pH 8.0) at 37T for 4 h, immunoprecipitated with
anti-Ren-2-renin antiserum, and analyzed by SDS-PAGE under reducing
conditions followed by fluorography.

a 10 kDa protein on SDS-polyacrylamide gel (data not
shown). From this observation, we speculated that
trypsin preferred to cleave after Arg”’ and Arg® residues
of the 33 kDa y-NGF precursor form, and then converted
to two chain forms, 10kDa and 17 kDa chains. This
result is consistant with the presence of 9.4 and 16.4
kDa chains in mouse SMG as an active form v-NGF
(Server and Shooter, 1976). Subsequently, the trypsin-
treated or untreated- conditioned medium of CHO/DNA3
(cells transfected with the control plasmid lacking the
cDNA insert), CHO/YNGF and CHO/PR (cells stably
express PRECE, Kim et al.,, 1991) were incubated with
%S-labeled conditioned medium from CHO/MBR cells,
which stably express Ren-2 prorenin (Hatsuzawa et
al., 1990). As shown in Fig. 3, trypsin-treated condi-
tioned medium (lane 6) of CHO/PR cells caused
conversion of prorenin to renin, but trypsin-untreated
one (lane 5) and trypsin-treated (lane 4) or untreated-
(lane 3) conditioned medium of CHO/YNGF celis did not.
The conditioned medium of CHO/DNA3 cells had no
prorenin converting activity. These observations indicate
that the two chain form y-NGF produced in CHO cells
do not possess prorenin converting activity.

Discussion

Evans and his colleagues (Evans et al., 1987) reported
that the mouse glandular kallikrein gene family consists
of at least 25 members, designated mGK-1 to mGK-
25, including some pseudogenes, and that ten of them
are expressed in the SMG. These Kkallikreins show a
high degree of sequence homology and they exhibit
similar molecular properties such as molecular weight,
amino acid composition, and isoelectric point. Also,
they often cross-react immunologically and may be
copurified with one ancther. It has been reported that
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1-NGF could not cleave proEGF and it has been
proposed that EGF-BP could not cleave proNGF,
although these two kallikreins shared a high degree of
amino acid sequence identity. Only type B/PRECE of
the EGF- BPs is involved in prorenin processing (Kim
et al, 1996.). In addition, kidney Kkallikrein could not
cleave Ren-2 prorenin (Kim et al, 1991). Thus, the
substrate specificities of some kallikreins appear to be
very strict. In recent years, Fahnestock et al. (1991)
demonstrated that EGF-BP type A has a B
-NGF-endopeptidase, i.e. contamination of high
molecular weight (HMW) EGF precipitations with B
-NGF-endopeptidase erroneously led to earlier
designation of the product of mGK-22 as an EGF-BP
type A and that the B-NGF- endopeptidase do not
form a high molecular weight complex with EGF. Thus,
it is perplexing whether a particular kallikrein is
involved in processing of only one given precursor. In
this context, it is of particular interest that other
kallikreins could be involved in prorenin processing. In
this study, to examine whether y-NGF is involved in
the processing of prorenin, we have cloned the cDNA
of the 7-NGF from a library of male ICR mouse
submandibular gland and investigated its prorenin
converting activity using the mouse Ren-2 prorenin as
a substrate. However, as shown in Fig. 3, the prorenin
converting activitiy of YNGF was not detected (lane 2).
In serine protease, serine residue of active site forms
a triad with histidine and aspartic acid residues which
in the correct spatial configuration contitutes the
catalytic triad necessary for serine protease activity.
Although v-NGF and PRECE share a high degree of
amino acid sequence identity, 7 residues (Lys®, Ala”,
Tyr'® Arg'®, Tyr®®, Pro®® and Valz°? among the 15
amino acid residues gLyszz, His®*, Ala”', Ser'®, Tyr'®,
Asp183, Thr184, Cysm Argme, Serzoay Tyr2°5, Gly2°7,
Pro®®, val®® and Pro®'® in PRECE) that are believed
to line the substrate-binding pocket, were replaced by
Thr??, Tyr®', His'®, Lys'®, Trp®®, His®® and Thr®™® in v
-NGF, respectively (Mason et al., 1983, Fig. 1). Also, it
was reported that v-NGF cannot cleave proEGF (Frey
et al.,, 1979) and proposed that EGF-BP cannot cleave
proNGF (Blaber et al., 1989). Thus, it was assumed
that the substrate specificity of Y-NGF appears to be
as strict as other glandular kallikreins. However, it is
not clear whether the two chain form y-NGF which is
produced in CHO cells posseses the enzyme activity
as a serine protease. Thus, there still remains a
possibility that the three chain form y-NGF could be
involved in prorenin processing.
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