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Vacuolar Sorting Machinery and Processing Mechanism for Storage Proteins
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ABSTRACT

Novel vesicles that accumulate large amounts of proprotein precursors of storage proteins were
purified from developing pumpkin seeds and were designated precursor-accumulating (PAC)
vesicles. The PAC vesicles mediate the transport of the precursor of a major storage protein
(pro2S albumin) to protein-storage vacuoles in the developing seeds. We characterized two
homologous proteins from PAC vesicles, a 72-kDa protein (PV72) and an 82-kDa protein
(PV82). PV72 and PV82 showed an ability to bind to peptides derived from both an internal
propeptide and a C-terminal peptide of pro2S albumin. PV72 was predicted to be a type I
integral membrane protein with epidermal growth factor (EGF)-like motifs. These results
suggest that PV72 and PV82 are potential sorting receptors for 25 albumin to protein-storage
vacuoles. In the next step, we characterized a 100-kDa component (PV100) of the vesicles.
Isolated cDNA for PV100 encoded a 97, 310-Da protein that was composed of a hydrophobic
signal peptide and the following three domains: an 11-kDa Cys-rich domain with four CxxxC
motifs (C, Cys), a 34-kDa Arg/Glu-rich domain composed of six homologous repeats, and a 50-
kDa vicilin-like domain. Molecular characterization showed that two Cys-rich peptides, three
Arg/Glu-rich peptides and the vicilin-like protein were produced by cleaving Asn-Gln bonds of
PV100 by vacuolar processing enzyme (VPE) and that all these proteins had a pyroglutamate
at their NH: terminus. Our findings suggested that VPE was responsible for cleaving Asn-Gln
bonds of a single precursor, PV100, to produce multiple seed proteins in the vacuoles of seed
cells. Soy Protein Research, Japan 1, 6-12, 1998.

Key words : PAC vesicles, vacuolar sorting receptor, developing seeds, storage protein,
2S albumin, vacuolar processing enzyme
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Fig. 1. Protein components of the PAC vesicles. The PAC vesicles (100 ug) were subjected to SDS-PAGE (8%
acrylamide) and then to staining with CBB to detect PV72 and PV82. Comparison of N-terminal amino acid
sequences of PV82 (20 residues) and PV72 (38 residues) with the sequence of an Arabidopsis EST clone
(EMBL accession number Z38123). PV100 indicates an 100-kDa major protein of PAC vesicles. pG represents
proglobulin, a proprotein precursor of 11S globulin.
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Fig. 2. Alignment of pumpkin PV72 with Arabidopsis homolog (AtELP) and structural characterization of PV72. A

possible site of signal peptide cleavage is indicated by an arrowhead. Three EGF-like motifs are numbered
(starting at positions 413, 466 and 514). Two possible glycosylation sites are indicated by asterisks.
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Fig. 3. Affinity chromatographic analysis of PV72/82 showing binding to a vacuolar targeting
sequence of barley aleurain (proaleurain peptide, PAP). CHAPS extract containing the

microsome membrane was applied to the proaleurain column.

After washing with

CHAPS buffer containing 500 mM NaCl, bound proteins were eluted by the addition of
the same peptide in CHAPS buffer. Each of CHAPS extract (T), unbound fraction (FT)
and wash fraction (W), and each eluted fraction were subjected to SDS-PAGE followed
by CBB staining. M, molecular mass markers. Both PV72 and PV82 are indicated by an

arrow.
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Peptide Sequence Binding
2S-N YRTTITTVEVEENRQGRE -
2S-1 SRDVLQMRGIENPWRREG +
254G~ ——————————- GGGG-—- +
25-13G¢ e GGG— -
2S-C KARNLP SMCGIRPQRCDF +
2S-C/aG ———GGGG—————————=— -

PAP SSSSFADSNPIRPVTDRAASTY

Fig. 4. Essential elements in the 2S albumin propeptides
for PV72/82 binding. An internal propeptide (2S-
I) and C-terminal peptide (2S-C) of pro2S
albumin can bind to PV72/82, as well as a
propeptide of barley aleurain. An NPIR sequence
has been shown to be a vacuolar targeting signal
of aleurain. We substituted the NPWR of the 25-1
peptide with GGGG to produce the 25-1/4G
peptide and prepared a 25-1/4G affinity column.
Unexpectedly, PV72/82 specifically bound to the
mutated peptide. When the RRE sequence of the
25-1 peptide was substituted with GGG to produce
the 2S-1/3G peptide, PV72/82 could not bind to the
mutated peptide. We also substituted the NLPS of
the 2S-C peptide with GGGG to produce a 2S-
C/4G peptide. The NLPS sequence was essential
for PV72/82 binding to the 25-C peptide.
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Fig. 5. A hypothetical mechanism for the VPE-mediated cleavage at Asn-Gln bonds to produce multiple seed
proteins. PV100 precursor was composed of a hydrophobic signal peptide and the following three domains: an
11-kDa Cys-rich domain with four CxxxC motifs (C, Cys), a 34-kDa Arg/Glu-rich domain composed of six
homologous repeats, and a 50-kDa vicilin-like domain. Two Cys-rich peptides, three Arg/Glu-rich peptides
and the vicilin-like protein were produced by cleaving Asn-Gln bonds of PV100 and that all these proteins
had a pyroglutamate at their NH: terminus. Vacuolar processing enzyme (VPE) is responsible for maturation
of multiple seed proteins by cleaving Asn-Gln bonds of the PV100.
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