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Proteins Catalyzing the Formation of Disulfide Bonds for Correct Folding of
Seed Storage Proteins in the Endoplasmic Reticulum of Soybean Cotyledon

Reiko URADE

Graduate School of Agriculture, Kyoto University Uji 611-0011

ABSTRACT

Soybean storage proteins are synthesized in the endoplasmic reticulum (ER). Many
proteins synthesized in the ER are folded accompanying the formation of inner
molecular disulfide bonds with the aid of protein disulfide isomerase (PDI) and the
related proteins, which are characterized by thioredoxin motifs within the primary
structure. However, the identification and characterization of plant PDI family
proteins have hardly been performed and their physiological roles remain unknown.
In this study, we isolated ten kinds of cDNA clones of soybean PDI family proteins.
We succeeded in the construction of E. coli protein expression systems for GmPDIS-
1b, GmPDIS-2, GmPDIM, GmPDIL-1, GmPDIL-2, GmPDIL-3a and GmPDIL-3b. Their
domain structures were analyzed by peptide mapping of the recombinant proteins
with trypsin and V8 proteinase. GmPDIS-1b, GmPDIS-2, GmPDIM, GmPDIL-1 and
GmPDIL-2 were shown to accelerate the oxidative refolding of reduced and
denatured ribonuclease A. GmPDIS-1, GmPDIS-2, GmPDIM, GmPDIL-1, GmPDIL-2
and GmPDIL-3b were detected in cotyledons, leaves, stems, roots and flowers on
Western blotting. GmPDIS-1, GmPDIM, GmPDIL-1 and GmPDIL-3b were increased
in cotyledons, when glycinin was accumulated during the development of seeds. This
regulation was unlikely to be transcriptional, since the expression of their mRNAs did
not vary with their levels. Soy Protein Research, Japan 9, 36-41, 2006.
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Fig. 1. Schematic structures of cloned soybean PDI family.
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Fig. 2. Purification of recombinant soybean PDI family
proteins. The recombinant protein expressed in
E. coli was purified by His-bind column
chromatography followed by gel filtration
column chromatography. Proteins in each
effluent were separated on 10% SDS-PAGE gel
and stained with Coomassie Brilliant Blue R-250.
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Fig. 3. Oxidative refolding of reduced and denatured RNase A caused by recombinant soybean PDI family proteins.
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Fig. 4. Schematic representation of cleaved sites on soybean PDI family proteins by limited proteolysis. The boxes
indicate the domain boundaries predicted using NCBI conserved domain search. a and a' represent a
putative thioredoxin domain. ERp29c indicates the domain similar to C-terminal domain of animal ERp29.
The arrows indicate the sites cleaved by digestion with trypsin (K or R) or V8 proteinase (E).
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Fig. 5. Tissue distribution of soybean PDI family proteins. Proteins from cotyledons, roots, stems, leaves and
flower buds were separated by SDS-PAGE and blotted on a PVDF membrane. Each PDI family protein was

immunostained.
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Fig. 6. Expressions of soybean PDI family proteins in soybean cotyledons during the maturation of seeds. Thirty-
five ng of proteins extracted from cotyledons was separated on 10 % SDS-PAGE gel and immunostained
with the antiserum specific to GmPDIS-1b, GmPDIS-2, GmPDIM, GmPDIL-1, GmPDIL-2, GmPDIL-3b,
glycinin acidic subunits (pro glycinin), pro-sequence of 2-conglycinin «' subunit (pro 7S-«'), BiP or
calreticulin. Pro glycinin was a 53 kDa band on the blot.
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Fig. 7. Expression of mRNA of GmPDIS-1 (A), GmPDIM (B), GmPDIL-1 (C) and BiP (D) in cotyledons during the
maturation of seeds. Each mRNA was quantified by real time RT-PCR. Values are calculated as a percent
against the highest value obtained during the maturation.
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