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ABSTRACT

Proprotein precursors of seed proteins are transported from endoplasmic reticulum to the
dense vesicles, and then targeted to the vacuoles, where they are processed proteolytically to
their mature forms by a vacuolar processing enzyme. However, the processing mechanism in
plant vacuoles is very obscure. We purified a vacuolar processing enzyme from castor bean
endosperm and characterized the enzymatic properties. The pH optimum for the purified
vacuolar processing enzyme was at 5.5, coinciding with the pH of the vacuolar sap. The result
supports the localization of the enzyme in vacuoles of maturing seeds. Characterization of the
purified processing enzyme showed that a single enzyme is responsible for processing many
vacuolar proteins with a large variability of molecular structure. How can it recognize the
numerous variety of processing sites? Analyses of hydropathy and surface probability of
precursor of 2S5 albumin, one of major seed proteins, revealed that post-translational processing
occurs at C-terminal side of two asparagine residues which are located in the hydrophilic
regions. These findings suggest that a vacuolar processing enzyme can recognize exposed
asparagine residues on the molecular surface of precursor protein and cleave the peptide bond
on the C-terminal side of each asparagine residue to produce mature protein in the vacuoles.
We also examined the distribution of the enzyme in different tissues of various plants. The
processing enzyme was found in cotyledons of pumpkin and soybean, as well as in endosperm
of castor bean and rice, and low-level processing activity was also detected in leaves of spinach.
These results suggest that the proprotein-processing machinery is widely distributed in
vacuoles of various plant tissues. Rep. Soy Protein Res. Com., Jpn. 14, 122-126, 1993.
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Fig.1. Optimum pH of vacuolar processing enzyme

purified from castor bean endosperm.
Decapeptide substrate for vacuolar process-
ing enzyme was synthesized with a peptide
synthesizer. Its sequence was derived from
the sequence around the processing site of
the proglobulin, which is a proprotein precur-
sor’of 118 globulin, a major protein in pump-
kin seed. A reaction mixture containing the
purified enzyme and 5 nmole of the decape-
ptide substrate in 10 xL of 0.1 mM EDTA
and 0.1 M various buffer solutions; Na-ace-
tate buffer (pH 3.0 to 5.0), citrate-phosphate
buffer (pH 5.5 to 7.0) and Tris-HCI buffer
(pH 75 to 9.5). This was incubated for 1 to
30 min at 37 'C and followed by HPLC analy-
sis.
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Vacuolar processing occurs on the C-terminal side of two asparagine

residues in hydrophilic regions of the pro2S albumin molecule.
Analyses of hydropathy and surface probability of the primary
sequence of prepro2S albumin were performed. The mean hydro-
phobicity index was computed with a window of 11 residues. The
small triangle indicates the cleavage site of the signal peptide. The
two large triangles indicate the vacuolar processing sites. All
asparagine and cysteine residues are indicated as N and C with their

respective positions.

Two asparagine residues, 35 and 74, with

asterisks are located at the vacuolar processing sites. Asparagine
residues 92 and 127 are not involved in the processing.
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Distribution of vacuolar processing enzyme
The activity of the
vacuolar processing enzyme in storage tis-

in various plants.

sues of maturing seeds from rice, corn, soy-
bean, pumpkin and castor bean and in non-
storage tissues of mature leaves from spin-
ach is shown. Vacuolar processing enzyme
activity was assayed with a synthetic deca-
The products of the

reaction were analyzed by capillary electro-

peptide as substrate.

phoresis.
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