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Proteins Catalyzing Folding of Seed Storage Proteins of Soybean
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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 become folded with the formation of inner molecular
disulfide bonds with the aid of protein disulfide isomerase (PDI) and related proteins,
which are characterized by thioredoxin motifs within the primary structure.
However, identification and characterization of plant PDI family proteins have hardly
been performed and thus their physiological roles remain unknown. Previously, we
1solated cDNA clones of soybean PDI family proteins, GmPDIS-1, GmPDIS-2,
GmPDIM, GmPDIL-1, GmPDIL-2, GmPDIL-3a and GmPDIL-3b, and detected their
expression in soybean cotyledons. In this study, it was shown that all of them are
distributed in the ER lumen in cotyledon cells. GmPDIS-1 and GmPDIS-2 were shown
to be colocalized with storage proteins in protein storage vacuoles in addition to the
ER. Data obtained in co-immunoprecipitation and cross-linking experiments
suggested that GmPDIS-1, GmPDIM, GmPDIL-1 and GmPDIL-2 are associated with
proglycinin, a precursor of the seed-storage protein glycinin, in the cotyledons. In
addition, the association of GmPDIM, GmPDIL-1, GmPDIL-2 and BiP with j-
conglycinin «' was found. From these results, it was suggested that PDI family
proteins act not only as oxidoreductases for the formation of disulfide bonds, but also
as molecular chaperones for the folding of seed storage proteins. Soy Protein Research,
Japan 10, 6-11, 2007.
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Fig. 1. Localization of PDIM, PDIL-1, PDIL-2, PDIL-3a and PDIL-3b in the ER of soybean cotyledons. Microsomes
isolated from cotyledons (100-mg beans) were fractionated by ultracentrifugation on a sucrose gradient in
the presence of MgCl, or EDTA as described under materials and methods. The proteins in each fraction
were separated by 10% SDS-PAGE and immunostained with anti-PDIM serum, anti-PDIL-1 serum, anti-
PDIL-2 serum, anti-PDIL-3 serum or anti-BiP serum.
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Fig. 2. Localization of PDIS-1 and PDIS-2 in the ER of
soybean cotyledons at an early stage of seed
development. Cotyledons (80-mg beans) were
immunostained with a combination of anti-j3-
conglycinin «' (green) and anti-BiP serum (red)
(A), anti-(glycinin acidic subunit) serum (green)
and anti-BiP serum (red) (B), anti-PDIS-1 serum
(green) and anti-BiP serum (red) (C), or anti-
PDIS-2 serum (green) and anti-BiP serum (red)
(D). Asterisks and arrows indicate PSVs and
ER networks, respectively. Bars: 10 zm.

E0S -i + -

Protenass K

+ +

GmPDiS

GmPDIS-2

gerond | S
GrroiL-1 | -
GMPOIL-Z | S — -

POIL-3b
POIL-2a
BiF e m— —
1 - 3 4

Fig. 3. Localization of PDI family proteins in the lumen
of the ER. Microsomes isolated from cotyledons
(100 mg-weight beans) were treated without
(lanes 1 and 2) or with proteinase K (lanes 3 and
4) in the absence (Janes 1 and 3) or presence
(lanes 2 and 4) of SDS at 4°C for 5 min. Proteins
were separated by 10% SDS-PAGE, blotted onto
a PVDF membrane and then immunostained
with specific antibodies against PDIS-1, PDIS-2,
PDIM, PDIL-1, PDIL-2, PDIL-3 and BiP,
respectively.
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Fig. 4.

Fig. 5.
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Co-immunoprecipitation of PDIS-1 and proglycinin (pro 11S). (A) Time-dependent processing of proglycinin in
the cotyledon. Cotyledons (150 mg beans) were labeled with a Pro-mix L-{*S] in vitro labeling mix for 15 min
(Iane 1) and then chased for 1 h (lane 2), 2 h (lane 3), or 6 h (lane 4) at 25°C. Extracts of the microsomes were
subjected to immunoprecipitation with anti-glycinin acidic subunit serum. The proteins in the precipitate
were separated by SDS-PAGE and detected by fluorography. Pro 11S, proglycinin; 11S-A, glycinin acidic
subunits; 11S-B, glycinin basic subunits. (B) Co-immunoprecipitation experiments. Cotyledons were labeled
with a Pro-mix L-{*S] in vitro labeling mix for 6 h. After labeling, microsomes were isolated and treated with
(4+) or without (-) DSP. Extracts of the microsomes were subjected to immunoprecipitation with non-immune
serum (lanes 1 and 2), anti-PDIS-1 serum (Janes 3 and 4), or anti-PDIS-2 serum (lanes 5 and 6). The precipitates
were treated with dithiothreitol and then subjected to second immunoprecipitation with anti-glycinin acidic
subunit serum. The final precipitates were subjected to SDS-PAGE and analyzed by fluorography.
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Fig. 6. Co-immunoprecipitation of PDIM, PDIL-1 or
PDIL-2 and proglycinin (pro 11S). Cotyledons
(150 mg) were pre-treated without (A) or with
(B) dithiothreitol at 25°C for 3 h. Then, the
cotyledons were labeled with a Pro-mix L-[*S]
in vitro labeling mix for 1 h. After labeling,
microsomes were isolated and treated with (+)
or without (-) DSP. Extracts of the microsomes
were subjected to immunoprecipitation with
anti-BiP serum (lanes 1 and 2), anti-GmPDISM
serum (lanes 3 and 4), anti-PDIL-1 serum (lanes
5 and 6) or anti-PDIL-2 serum (lanes 7 and 8).
The precipitates were treated with
dithiothreitol and then subjected to second
immunoprecipitation with anti-glycinin acidic
subunit serum. The final precipitates were
subjected to SDS-PAGE and analyzed by
fluorography.

10

GmPDIL-1k g-a 7V vy =rdtoagdbmitisn
7 (Fig. 7B, lanes 4, 6, 8). ¥74bbH, Ihbod
PDI7 7 3V =V ANT 4 FIEER#ESE LTTIE A

{FTFyr¥REVELTYALMT 4 FEREZEDZW
TZAEED T & —=VT 1 Y ISR T A 2 & AVRIE
SNhiz. VareFrr s ABEIZE, in vitroTo
ST RO VEWDDH L L) FHFE (data not
shown) b Nz {EFELTWS.

&

THAL BP | PO | POML-1 |POHL:2 | MBS | TSeod

l 1
DEF| = #|= = % = & |=

(1 I

18—

] —

L T S
.

L E]

]

¥

1 2 A 4 % B Tf 8 @ W@ M 12

B : _ : - .

il B | PO | PONL-1 | POHL-2

DSF| — | — #|=—= & |= &

et
A —
D~ i

2 T

Fig. 7. Co-immunoprecipitation of PDIM, PDIL-1 or
PDIL-2 and B-conglycinin «'. Cotyledons (100
mg) were pre-treated without (A) or with (B)
tunicamycin at 25C for 6 h. Then the
cotyledons were labeled with a Pro-mix L-[*S] in
vitro labeling mix for 1 h. After labeling,
microsomes were isolated and treated with (+)
or without (-) DSP. Extracts of the microsomes
were subjected to immunoprecipitation with
anti-BiP serum (lanes 1 and 2), anti-GmPDISM
serum (lanes 3 and 4), anti-PDIL-1 serum (lanes 5
and 6), anti-PDIL-2 serum (lanes 7 and 8), non-
immuned serum (lanes 9 and 10) or anti-3-
conglycinin «' (7S- «") (lanes 11 and 12). The
precipitates were treated with dithiothreitol and
then subjected to second immunoprecipitation
with anti-2-conglycinin «' serum. The final
precipitates were subjected to SDS-PAGE and
analyzed by fluorography.
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