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Substrate Specificity of Mouse Glandular Kallikreins,
Epidermal Growth Factor-Binding Protein Type A, B, and
C against Mouse Ren 2 Prorenin
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In the previous studies, we have demonstrated that prorenin converting enzyme
(PRECE) was identical to the epidermal growth factor-binding protein (EGF-BP) type
B, which was a member of the mouse glandular kallikrein family. To examine
whether or not EGF-BP type A and C are involved in the processing of prorenin, we
have cloned the cDNAs of the EGF-BP type A and C from a library of male ICR
mouse submandibular gland (SMG). And then CHO cells were transfected with the
EGF-BP expression plasmids, and stable cell lines expressing a high level of the EGF-
BPs precursor were obtained. The conditioned medium was then treated with
trypsin, which has been known to effectively convert the EGF-BP type A and C
precursor to the active forms. Subsequently, the prorenin converting activity of the
trypsin-treated or untreated medium was examined. PRECE converted exactly
prorenin to renin, but the prorenin converting activities of EGF-BP type A and C
were not detected. From these results, it seems that only type B of these EGF-BPs is
involved in processing Ren 2 prorenin in mouse SMG.
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Mouse glandular kallikreins are a highly
homologous subfamily of serine proteases
encoded by 25 genes, all located on chromosome
7 These glandular kallikreins are involved in the
posttranslational processing of polypeptide
precursors to their biologically active forms. For
example, mouse pro-nerve growth factor (NGF) is
cleaved to its mature form by the arginyl
esteropeptidase $NGF. Mouse pro-epidermal
growth factor (EGF) is potentially cleaved by three
kallikrein gene products epidermal growth factor-
binding protein (EGF-BP) type A, B, and C.
Another member of the mouse kallikrein gene
family, prenin, cleaves synthetic renin substrate In

*To whom correspondence should be addressed.

the previous studies, we have purified and
characterized an endoprotease involved in
processing of Ren-2 prorenin, named prorenin
converting enzyme (PRECE), from ICR mouse
SMG. It consists of two peptide chains of 17 and
10 kDa linked by disulfide bonds. Protein and
cDNA sequence analysis have revealed that
PRECE is identical to the EGF-BP type B, the
product of the mGK-13 gene identified in Balb/c
mouse. However, in the course of cDNA cloning,
we noticed the presence of the other cDNA type
highly homologous but not identical to the PRECE
¢DNA. The newly identified cDNA was identical to
that of the pSGP-2 cDNA cloned from NMRI
mice, which encoded EGF-BP type B different at 9
out of 261 amino acids from the mGK13 product.
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Also we had been demonstrated that the products
of the newly identified cDNA had a prorenin
converting activity. Thus the products of both
c¢DNAs of PRECE and pSGP-2 are involved in
maturation of two bioactive polypeptides produced
in mouse SMG, Ren-2 renin and EGF. Since EGF-
BP type B is highly homologous to the EGF-BP
type A and C, it is very interesting to study
whether these EGF-BPs have a prorenin
converting activity. In this study, we have cloned
the ¢cDNAs of EGF-BP type A and C and
investigated whether or not the products of these
¢DNA are involved in the processing of Ren 2
prorenin.

Materials and Methods

Materials

Sequenase Version 2.0 DNA Sequencing Kit
was obtained from United States Biochemical
Corp. L-[355] Methionine(>1000 Ci/mmol) and
ECL Western blotting analysis system were
purchased from Amersham LIFE SCIENCE. F-12,
Dulbecco’s modified Eagle’s medium, methionine-
free Dulbecco’s modified Eagle’s medium, CHO-S-
SFM 1, Fetal Bovine Serum and dialyzed FBS
were obtained from GIBCOBRL. Cellphect
Transfection Kit was purchased from Pharmacia.

Cloning and sequencing of the PRECE
related cDNA(pPRC)

Double stranded cDNA was synthesized from
the poly(A)+RNA of male ICR mouse SMG using
the cDNA synthesis system {Amersham Corp.) and
inserted into the EcoRI site of the Agtl0 vector.
Approximately 1 x 105 clones from the cDNA
library were screened using a 32P-labeled PRECE
fragment: 636-bp Styl fragment covering the
sequence highly conserved between the EGF-BPs
and the synthetic oligonucleotide probes which is
specific to EGF-BP type A and C, respectively;
type A:5 -TAAGTCGGCCCCAGTAGGTACACT
T-3’, type C:5 -ACTCAGGATGTCGGATGTGG
TTTCT-3". Twenty out of ~100 positive clones
were plague-purified, and the inserts were then
subcloned into the pBluescriptll vector
(Stratagene). The sequences of both strands of a
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clone with the longest insert were determined by
the dideoxy method.

Plasmid construction and transfection

A 860bp Xhol-Xbal cDNA fragment covering
the entire coding sequence of EGF-BP type A or C
was subcloned behind ‘the SV40 promoter of
pSVD vector (Fig. 2). The expression plasmid,
pSVDE-A or pSVDE-C, was transfected into CHO
(Chinese hamster ovary) cells (DXB-11 strain),
which have a mutation in the dihydrofolate
reductase {DHFR) gene, by calcium phosphate
coprecipitation. The transfected cells were cultured
in Dulbecco s modified Eagle’s medium containing
11.5 mg/liter proline and 10% dialyzed fetal
bovine serum for 2days at 37°C in 5% CO., and
then stable transfectants which were resistant to
methotrexate were selected. Clonal cell lines were
then screened for secretion of the proEGF-BP
type A and C by Western blotting of the culture
media with anti-PRECE antiserum.

Processing activity of recombinant EGF-BP
type A and C in vitro

Cell lines expressing the highest levels of EGF-
BP type A and C were designated CHO/PEA and
CHO/PEC respectively. CHO/PEA, CHO/PEC
and CHO/PRECE(Prorenin converting enzyme
producing cell lines; see Ref. 11) cells at ~70%
confluence in 60-mm dishes were labeled with
[35S] methionine for 24 h. The conditioned media
of CHO/PEA, CHO/PEC and CHO/PRECE cells
were then treated with 5 ug/ml trypsin. The
conditioned medium of CHO/MBR cells (0.1 mi)
was incubated with the trypsin-treated or -
untreated conditioned medium of CHO/PEA,
CHO/PEC and CHO/PRECE cells (0.1 ml) in
final volume of 0.5 ml of 0.1 M Tris-HCI, pH 8.0,
for 4 h and then subjected to immunoprecipitation
with anti-Ren-2 renin antiserum and SDS-PAGE
analysis.

Results
In order to clone EGF-BP type A and C, we

screened approximately 1 x 105 clones from the
cDNA library of male ICR mouse SMG and
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CCTGGACACCTGTTACC 17
ATGAGGTTCCTGATCCTGTTCCTAACCCTGTCCCTAGGAGGGATTGATGCTGCACCTCCT 77
MRFLTIULFLTLSULGG GTIT DIAAZPZP -5

Signhal peptide -— Propeptide
GTCCAGTCTCGAATACTTGGAGGATTTAAATGTGAGAAGAATTCCCAACCCTGGCAGGTG 137
VQ SRJI L G GF K CEUKNSOQPWAOQV 16
<¢— -1 11-» 27kDa Mature peptide

GCTGTGTACTACTTAGATGAGTACCTATGCGGGGGAGTGCTGTTGGACCGCAACTGGGTT 197
A VY Y LDEYLUCGGVYVY L LD RNWV 36

CTCACAGCTGCCCACTGCTATGAAGACAAGTATAATATTTGGCTGGGCAAAAACAAGCTA 257
L TAAHCYEDI KYNTIWULGI KNIKTL 56

TTCCAAGATGAACCCTCTGCTCAGCACCGATTGGTCAGCAAAAGCTTCCCTCATCCTGAC 317
F Q D EP S A Q ;L R LV SKSFPHPD 7
TTCAACATGAGCCTCCTCCAAAGTGTACCTACTGGGGCCGACTTAAGCAATGATCTGATG 377
FNMSLLQSVPTGADTLSNIDLM 9%
CTGCTCCGCCTCAGCAAGCCTGCTGACATCACAGATGTTGTGAAGCCCATCGACCTGCCC 437
L LRLSKPADTITUDUVYVYIKTZPI SL L P 116

ATCACGGAGCCCAAGCTGGGGAGCACATGCCTAGCCTCAGGCTGGGGCAGCATTAACCAG 497
I TEPKLGSTO CLASGWGS INAOQ 13

TTAATATACCAAAACCCAAATGATCTCCAGTGTGTGTCCATCAAGCTCCATCCTAATGAG 557
L I YQNPNDLUGQOCV STIIKILHPNE 15

GTCTGTGTGAAAGCCCATATACTGAAGGTGACAGATGTCATGCTGTGTGCAGGAGAGATG 617
vV CVKAHTIULIKVTDVMLCAGTEWMI17

AATGGAGGCAAAGACACTTGTAAGGGAGACTCAGGAGGCCCACTGATCTGTGATGGTGTT 677
N GG KDTCKGD 3r G GP LI CDGV 19

CTACAAGGTATCACATCATGTGGCTCTACCCCATGTGGTGAACCCAATGCACCGGCCATC 737
LQGITSCCGSTPOCGEUPNAPATI 216

TACACCAAACTTATTAAGTTTACCTCCTGGATAAAAGACACTATGGCCAAAAACCCCTGA 797
Y T KLIKZFTSWTIIKUDTMATI KNP * 235

GTGTCACATTATCTGCTGCTGTTCTCAATAAAATCATCCATGCAACAATTGAAAAAA
a cg --- at a

Fig. 1. Nucleotide and deduced amino acid sequences of EGF-BP type A. The proposed active site, His40, Asp9 and
Ser188 residues are indicated by asterisk. The consensus sequence for N-glycosylation is double underlined. The deleted
nucleotide residues in mGK-22 gene are indicated by hyphens. The nucleotide residues in the mGK-22 gene different
from that of the EGF-BP type A are represented by the small letter.
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glycosylation is shadowed. The proposed active site, His20, Asp%® and Serl88 yesidues are indicated by asterisks.

residues. The residues belived to line the substrate-binding pocket are heavily

Fig. 2. Alignment of the PRECE to the related EGF-BPs. The amino acid seq
sequences of the EGF-BP type A and C. The boxed areas donate regions
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obtained about 100 positive clones. Twenty out of
the longest positive clones were sequenced and
then we have cloned the ¢cDNAs of the EGF-BP
type A and C. The cloned ¢cDNA of EGF-BP type
A comprises 854 nucleotides included 17 bp 5 -,
57 bp 3’ - non coding nucleotides which is
identical to the mGK-22 gene exons, exception
for 9 nucleotide residues in the 3 -untranslated
region (Fig. 1). Also the nucleotide and deduced
amino acid sequences of EGF-BP type C were
identical with those of mGK-9 gene exons!®){data
not shown). Fig. 2 compares the predicted amino
acid sequences of the EGF-BP type A and C with
those of the PRECE (type B). Not only all these
proteases share extensive amino acid sequence
homology (EGF-BP type A; 79%, type C; 75%)
but also the amino acid sequences near the active
sites {His40, Asp95, and Serl87) are highly
conserved. But the EGF-BP type A, C and PRECE
show less homology in the residues Lys22, His24,
Ala%0, Ser134 Tyrl63, Aspl82 Thrl83, Cys184,
Argl85, Ser204, Tyr205 Gly206 Pro207, Val208,
Pro209, and Cys210 that are believed to line the
substrate-binding pocket than in the rest of the
sequence. Especially, the residues Ala%0, Ser134,
and Tyr163 are distinctly less homologous. In order
to demonstrate prorenin converting activity of the
EGF-BP type A and C encoded by the cloned
cDNAs, we investigated the activity in vitro. To
produce a large amount of EGF-BP type A and C
precursor, CHO cells were transfected with the
expression plasmids, and a stable cell line
expressing a high level of the EGF-BP type A and
C precursor (CHO/PEA and CHO/PEC) were
obtained. As shown in Fig. 4, CHO/PEA and
CHO/PEC cells secreted a single major chain
form pEGF-A, pEGF-C; the doublet SDS-PAGE
bands of the lane 1, 3, and 5 could be derived
from heterogeneity in glycosylation of 27-kDa
chain. Therefore, we treated the conditioned
medium of CHO/PEA and CHO/PEC cells with
trypsin, which has been demonstrated to
effectively convert the proEGA, proEGF-C, and
PRECE to a single or two chains, enzymatically
active forms (lane 2, 4, and 6). Then, the
radiolabeled conditioned medium of CHO/MRB
cells, which stably express Ren-2 prorenin, was
incubated with the trypsin-treated CHO/PEA,
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CHO/PEC or CHO/PRECE. As shown in Fig. 5,
unlike CHO/PRECE trypsin-treated medium(lane
6), the CHO/PEA and CHO/PEC trypsin-treated

Ps\
E-A cONA

pSUDE-A
5888 bp

Fig. 3. Diagram of the expression plasmid of EGF-BP
type A or C. Psv, SV40 early promotor; E-A cDNA,
mouse EGF-BP type A or C cDNA; poly A, the
polyadenylation signal from bovine growth hormone
gene; Amp, factamase gene from pBR322; DHFR,
mouse dihydrofolate reductase gene.

MEDIUM CHO/ CHO/  CHO/
PEA. PEC  PRECE
TRYPSIN -

+ - o+

(kDa)

1 2 3 4 5 6

Fig. 4. Trypsin treatment of the conditioned medium of
CHO/PEA, CHO/PEC and CHO/PRECE cells. The
radiolabeled conditioned medium of CHO/PEA (lane 1,
2}, CHO/PEC (lane 3, 4) and CHO/PRECE ({lane 5, 6)
was incubated with {lane 2, 4 and 6) or without {lane 1,3
and 5} trypsin (5 pug/ml) at 4°C for 30 min. The reaction
was stopped by the addition of soybean trypsin inhibitor
(50 pg/mi). The medium was then immunoprecipitated
with anti-PRECE antiserum, and analyzed by SDS-PAGE
under reducing conditions followed by fluorography.
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CHO/

MEDIUM CHO/
PEA CHO/

PEC PRECE
- + -

TRYPSIN - 4
87

47—
33
{kDa)

Fig. 5. Prorenin converting activities of EGF-BP type A
and C. The radiolabeled conditioned medium of
CHO/MRB cells (100 ul} was incubated with the trypsin-
treated (lane 2, 4 and 6) or -untreated (lane 1, 3 and 5)
conditioned medium of CHO/PEA (lane 1, 2),
CHO/PEC (lane 3, 4) and CHO/PRECE (lane 5, 6) cells
{100 wl) in a final volume of 500 ul of 0.1M Tris/HCl
(pH8.0) at 37°C for 4h, immunoprecipitated with anti-
Ren-2 renin antiserum, and analyzed by SDS-PAGE
under reducing conditions followed by fluorography.

medium did not give rise to conversion of Ren-2
prorenin to renin (lane 2 and 4). This results
indicate that the recombinant EGF-BP type A and
C produced from pSVDE-A, and pSVDE-C do not
possess prorenin converting activity.

Discussion

Richards and his colleagues reported that the
mouse glandular kallikrein gene family consists of
at least 25 members, designated mGK-1 to mGK-
25, including some pseudogenes, and ten of them
are expressed in the SMG. These kallikreins
demonstrate a high degree of sequence homology;
correspondingly, 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 another. It has been reported
that »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. In
addition, kidney kallikrein could not cleave Ren-2
prorenin. Thus, the substrate specificities of some
kallikreins appear to be very strict. In recent years,

Vol. 39, No. 2

Fahnestock et al. demonstrated that
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
EGF forms a high molecular weight complex with
EGF-BP type C. Thus, it is perplexing that a
particular kallikrein is involved in processing of
only one given precursor. In this context, it is of
particular interest whether other kallikreins,
especially EGF-BP type A and C. In this study, to
examine whether or not EGF-BP type A and C are
involved in the processing of prorenin, we have
cloned the cDNA of the EGF-BP type A and C
from a library of male ICR mouse submandibular
gland. However, as shown in Fig. 5, the prorenin
converting activities of EGF-BP type A and C were
not detected so as PRECE converted exactly
prorenin to renin (lane 2, 4, and 6). In serine
protease, serine residue of active site forms a triad
with histidine and aspartic acid residues which in
the correct spatial configuration constitutes the
catalytic triad necessary for serine protease
activity. As shown in Fig. 2, active site amino acid,
His40, Asp95, and Ser187 residues are highly
conserved and the amino acid residue Aspl86,
thought to be primarily responsible for
determining cleavage at basic amino acid, is also
conserved. Thus they may possess a serine
protease activity. Actually, EGF-BP type A has a
B-NGF-endopeptidase activity and EGF-BP type C
is involved in EGF processing. However, the EGF-
BP type A, C, and PRECE show less homology in
the residues Lys22, His?4, Ala%0, Ser134, Tyrl63,
Asp182, Thrl83, Cysl184, Argl85 Ser204, Tyr205,
Gly206 Pro207  Val208 Pro209 and Cys210 that
are believed to line the substrate-binding pocket
than in the rest of the sequence. Especially, the
residues Ala%0, Serl134, and Tyrl63 are distinctly
less homologous. A variant residue Lys214 which
may be important for specific binding EGF, is
replaced by alanine and valine in EGF-BP type A
and B, repectively (Fig. 2). EGF-BP type C
residues considered important in strict substrate
specificity (Arg78, His8%, His87 and Lys?14) are
replaced by (Met78, GIn84, Pro87 and Ala214) in
EGF-BP type A, (Met78, GIn84, Pro87, and Val214)
in EGF-BP type C, respectively. It is therefore
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apparent that each of these EGF-BPs exhibits a
different substrate specificity. In this study, even
though the recombinant EGF-BP type A and C do
not show a prorenin converting activity, it is
apparent that they are involved in processing of -
NGF and EGEF, respectively. Therefore, although
these EGF-BPs share a high degree of amino acid
sequence homology, their substrate specificities
appear to be very strict. However, there still
remains a possiblity that PRECE could be involved
in other substrate processing such as f-NGF and
EGF in mouse SMG.
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