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Electron Microscopic Observation of Soybean Protein Bodies and

Characterization of the Protein Components with in the Bodies

during the Development.
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Fig. 1
Cotyledonary Cell
CW : cell wall
V : vacuole
N : nucleus

Nu : nucleolus

DP : dense particle of protein

ER : endoplasmic reticulum

Electron Micrograph of a Thin Section of Developing Soybean

Ve : vesicle

PB : protein body
St : starch granule
Ap : amylopast
Cyt : cytoplasm

Vm : vacuole membrane (tonoplast)

RER : rough endoplasmic reticullum PB’: vacuole-like body with a

scattering of electron-dense

material
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Fig. 2 Electron Micrograph of a Thin Section of Developing Soybean Cotyledonary

Cell showing Endoplasmic Reticulum, Vacuole and Amyloplast

Fig. 3 Scanning Electron Micrograph showing Endoplasmic Reticulum and Vesicles

in Soybean Cotyledonary Cell at 21 th Day after Flowering
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Fig. 4 Scanning Electron Micrographs of Inner Structure of Soybean

Cotyledon Cells during Development (28 days after flowering)
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Fig. 5 Electron Micrograph of a Portion of Developing Soybean Cotyledonary
Cell Showing Vesicles and Protein Bodies

Fig. 6 Electron Micrograph of a Portion of Developing Soybean Cotyledonary Cell
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Fig. 7 Electron Micrograph of a Portion of a Thin-Section of Developing
Soybean Cotyledonary Tissuse (28 days after flowing)

Fig. 8 Electron Micrograph of a Thin Section of Developing Soybean

Cotyledonary Cell Showing Protein Body Fusion
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Fig. 9 Scanning Electron Micrograph showing Protein Bodies, Vesicles and

Endoplasmic Reticulum in Developing Soybean Cotyledonary Cell

Arrow symbols indicate swollen portions of endoplasmic reticulum

and some of them look like empty bodies, Not also the numerous

protein vesicles clustered near endoplasmic reticulum and the larger

protein bodies.

The photograph shows a fractured surface of the

cotyledon at about 38 days after flowering.
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Fig. 10 Scanning Electron Micrographs of Inner Structure of Soybean

Cotyledon Cells during Development
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Fig. 11 Change of the Density of Soybean Protein Bodies during Development

Table I change in the Characteristics of Soybean Protein Bodies during seed

Development
stage
17 19 21 28 38 48 Ll

characteristic L H L H L H
Density (g/cm?) 1.24—1.26 1.26 1.26 1.29 1.29 1.30 1.30 1.33
Ave. Diameter (p) 0.5~2p 2~5pu 4~10p 2~5p 15p 7~8p  8~16p
Protein constituents (%)
glycinin 1.8 4.8 18.6 38.2 48.4 54.8 58.1 56.3
B-conglycinin 10.2 40.6 36.1 28.6 24.7 13.5 19.0 20.7
7-conglycinin 78.6 52.3 43.0 31.7 18.2 21.6 12.9 12.0
others 9.4 2.3 2.3 1.5 87 10.1 10.0 11.0
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Fig. 12 Representative Scanning Electron Micrographs of Soybean Protein

Bodies isolated from Cotyledon at Various Stages of the Development
A : protein body (PB) at 21 days after flowering ; B : PB at 28
days after flowering ; C : PB at 38 days after flowering ; D : PB at

60 days after flowering (mature stage). Bars indicated in A and B

show the length of 0.5 y, whereas the length of 5 g is demon-

strated in C and D.
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Fig. 13 Electron Micrograph of a Thin-Section showing Inner Structure of

Protein Body isolated from Soybean Developing Cotyledonary
Tissue at about 28 Days after Flowering

Isolation of protein bodies was performed by the method of
“ Macerozyme-Cellulase ” digestion and then the bodies were fixed
with 2.5% glutaraldehyde-2% osmium tetroxide for 1 hr at 0—
3°C in the ice-bath. After washing with phosphate buffer (0.2M,
pH 7.2), the materials were dehydrated with successive treatment
in acetone solutions. After embedded in Epoxy resin, a thin section
was made by a ultramicrotome. Note the numerous protein
vesicles attached on the unit membrane of the body. The deposits
are finely granular and appear to be of two layers : Outer layer
stain uniformly and has in termediate intensity ; Inner layer stain
more intensively and has the numerous electron-dense materials
have been considered as phytin particles. Arrow symbols point
the inclusion of the electron-dense materials from the unit mem-
brane into the body. In comparison with the case of mature
protein body, it might be considered that the stain differences in
the bodies are to the compositional differences during the develo-

pment.
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Fig. 14 Electron Micrograph of a Thin Section showing Inner Structure of Protein Body isolated

from Soybean Mature Cotyledonary Tissue

Isolation of protein bodies was carried out by the method of “ Macerozme-Cellulase ”
digestion and then the bodies were fixed with 2.5% glutaraldehyde-osmium tetroxide
for 1 hr at 0—3°C in the ice-bath. After washing by phosphate buffer, the material

was dehydrated with successive theatment in acetone solutions.

After embedded in

Epoxy resin, a thin-section was made by a ultramicrotome. there are no vesicles atta-

ched on the unit membrane of the body.
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Fig. 15 Electron Microscopic Observation of Soybean Protein Boby Fusion
at Middle Stage of Development

Isolation of protein bodies was performed according to the

method of “ Macerozyme-Cellulase ” digestion and the material was

fixed with 2.5% glutaraldehyde-2% osmium tetroxide for 1 hr at

0—3°C. After dehydration with successive treatment in acetone

solutions, the resultant material was embedded in Epoxy resin and

cut into a thin-section by a ultramicrotome.

100¢

Early Stage of Development

7-Conglycinin

<« Middle Stage

50t m-m crycivIN
O—0 7-CONGLYCININ
¥ —9 B-CONGLYCININ

v —¥ TRYPSIN INHIBITOR Glycinin

’
’
4

'/ B-Conglycinin

PERCENTAGE MAXIMUM VALUE IN COTYLEDONS

- 10 13 17 20 28 30 3840 48 50
days after flowering(Maturity)
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Fig. 17 Ouchterlony Double Diffusion Analysis of Membrane Structure Prote-
ins (MSP) from PB and ER revealed with Anti-PB-MSP Serum.

PB-MSP was extractcd from saline-washed isolated PB by 0.1%

SDS-0.5M urea-0.02 M Phosphate buffer (pH 7.2) Central Well ;

Anti-PB-MSP Serum
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Summary

Soybean seed accumulates reserve proteins
such as glycinin, 8-and 7-conglycinins, utilized
by the developing embryo on germination in
cotyledonary tissue. These ergastic proteins
occur as discrete, spherical bodies enclosed
by a single lipo-protein membrane. Hitherto
little was known of the biosynthesized stage
of each ergastic protein during the develop-
ment. Hence this paper describes the changes
in the protein components and the fine stru-
cture of the developing cotyledonary tissue.
By about 13 days after flowering cell division
in the tissue is almost complete and the stru-
ctures observed are the nucleus, ribonucleo-
protein particles and endoplasmic reticulum

(ER), whereas protein bodies and sphero-
somes are absent.

After 21 days remakable cell expansion and
the apperance of cytoplasmic protein globules
in association with a ribosome-rich ER were
observed. These small vesicles enclosed by a
single membrane (average density ; 1.29 g/
cm?, 24 in average dia.) were isolated by
the method of “ macerozyme-cellulase system ”
for the purpose of the examination of the
protein constitution within them. At the
early stage of the development they mainly
consist of 7S-proteins such as fi-and 7:-
conglycinins, while glycinin molecules were
almost absent. As it develops, these bodies
increase in size and density and the change
in the protein constitution within them was
observed. During the development from middle
stage to maturity these protein bodies were
separated into 2 components on the metriza-
mide gradient centrifugation and by quan-
titative immunological analysis, the protein
content of each component was examined.

By 38 days after flowering there is great
difference in the content between protein
vacuole (low-density protein bodies) and small
vesicles which seem to be derived from the
ER at early middle stage and or Golgi
apparatus, whereas there is little difference
between them at later stage of the develo-
pment (after 48 days). Intensive 7 S-proteins
synthesis occurs during development from the
early stage, while as seed ripen glycinin bio-
synthesis predominates. So it would be
considered the small vesicles may transport
of the proteins from the sites of synthesis
into the site of deposition, “ protein vacuole ”,

by membrane fusion or micropinocytosis.
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