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A Cascade Mechanism Responsible for Maturation of Seed Proteins
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ABSTRACT

Vacuolar processing enzymes (VPE) are responsible for maturation of various seed proteins
such as glycinins in soybean. The processing enzymes belong to a novel cysteine proteinases
with molecular mass of 39 kDa for soybean and 37 kDa for castor bean. Molecular
characterization reveals that the enzyme is synthesized on rough endoplasmic reticulum as an
inactive precursor with a larger molecular mass. The precursor is transported to vacuoles via
dense vesicles together with proproteins of seed proteins and is converted into an active
enzyme, after arriving at the vacuoles. This suggests that a cascade of processing is involved
in maturation of seed proteins. To examine the mechanism of activation of VPE, we expressed
a precursor to castor bean VPE in a pep4 strain of the yeast Saccharomyces cerevisiae. Two VPE
proteins with 59 kDa and 46 kDa were detected in the vacuoles of the transformant. They were
glycosylated in the yeast cells, although VPE is not glycosylated in plant cells in spite of the
presence of two N-linked glycosylation sites. During the growth of the transformant, the level
of the 59-kDa VPE increased slightly until a rapid decrease occurred after 9 h. By contrast, the
46-kDa VPE appeared simultaneously with the disappearance of the 59-kDa VPE. Vacuolar
processing activity increased with the accumulation of the 46-kDa VPE, but not of the 59-kDa
VPE. The specific activity of the 46-kDa VPE was a similar level to that of VPE in plant cells.
These findings suggest that an inactive VPE precursor synthesized on the endoplasmic
reticulum is transported to the vacuoles in the yeast cells and then processed to make an active
VPE by self-catalytic proteolysis within the vacuoles. Rep. Soy Protein Res. Com., Jpn. 17,
1-5, 1996.

Key words : asparaginyl endopeptidase, cysteine proteinase, seed protein, vacuolar processing
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Fig. 1. Conversion of a 59-kDa VPE precursor
(proVPEsc)to a 46-kDa VPE(mVPEsc) in the
pep4 transformant during incubation in the SC-
galactose medium. The pep4 cells transformed
with pYES2-ppVPE were grown in the SC-
galactose medium for 1 to 25 h. The cells were
harvested at the time indicated. Total proteins
(10 ug)of the cells were subjected to SDS-
PAGE and subsequent immunoblot analysis with
VPE-specific antibodies. proVPEsc and
mVPEsc indicate the 59-kDa VPE precursor and
the 46-kDa mature VPE, respectively. The
molecular mass of each marker protein is given
on the right in kDa.
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Fig. 2. Increase in the level of the vacuolar processing
enzyme activity in the transformant cells during
incubation in the SC-galactose medium. The
pepd cells transformed with pYES2-ppVPE
were grown in the SC-galactose medium for 1 to
25 h. Vacuolar processing enzyme activity was
assayed with a synthetic decapeptide as sub-
strate. The products of the reaction were anal-
yzed by capillary electrophoresis. The units of
enzymatic activity are defined in the text.
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Fig. 3. Comparison of the specific activity of VPE
(mVPEsc)in the transformant cells with that of
VPE(VPE)from castor bean endosperm. VPEs
were prepared either from the pep4 cells trans-
formed with pYES2-pp VPE or from the protein
bodies isolated from dry seeds of castor bean.
The cell lysate of the transformant with 0.04
munit of VPE activity (lane 1) and the soluble
fraction of the protein bodies with 0.04 munit of
VPE activity (lane 2) were subjected to SDS-
PAGE and subsequent immunoblot analysis with
VPE-specific antibodies.
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Fig. 4. A hypothesis of a cascade mechanism for matu-
ration of vacuolar proteins in yeast and plant
cells. An inactive VPE precursor synthesized on
the endoplasmic reticulum is transported to the
vacuoles and then processed to make an active
VPE by self-catalytic proteolysis within the
vacuoles. The active VPE is responsible for
maturation of vacuolar proteins.
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