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Suimmary. Some microscope observations of the protein bodies of the cotyledon
cells of the soybean (Glycine max) are described, together with changes in their
appearance which occur on germination. Density gradient centrifugation permits the
isolation of protein bodies from soymeal. They contain about 70 % of the protein
of the bean. Only 1 protein could be detected in them: glycinin, the major soybean
protein.

The protein bodies were fractionated to light and heavy fractions. The former
contained 97.5 % protein, the latter 78.5 %. RNA, phytic acid and lipids were also
present. The 2 fractions probably differ only in the extent of contamination by other
cell fragments.

It has been known for many years that seeds,
especially those with a high protein content, have
numerous globular inclusions in the cells. These
are rich in protein by histological techniques and
are the protein bodies. The protein almost cer-
tainly acts as a storage material.

More recently there have been attempts to iso-
late these particles from wheat (7, 10,13) from
groundnut (1, 2) from pea (18) and from cotton
seed (20) by using differential sedimentation in a
variety of media. The reported composition always
includes a predominance of protein, justifying the
name of protein body.

In investigating soybeans the major protein,
glycinin, was difficult to extract, and this seemed
to be connected with the fact that a large part of
the protein was contained in protein bodies. We
have therefore investigated what proportion of the
total protein occurred in the protein bodies, which
protein or proteins, and which other components
occurred associated with them, in order to try and
clarify the status of glycinin.

Materials and Methods

Soybeans aizd Meal. These were American No.
2 grade commercial samples, which were dehulled
and hexane extracted, milled, and the material
passing a 350 mesh sieve used. Some Nigerian
bean- were also used; these were an ordinary
commercial sample.

Density Gradient Centrifugation. A continuious
suicrose density gradient was made by a machine
similar to that of Choules (8) in 35 ml centrifuge
tubes, for the 3 X 35 ml swing out head of the
M.S.E. SS50 centrifuge. The sucrose soluitions
(70 % w/v and 90 % w/v) were chosen to give
a gradient from 1.25 to 1.34, with 1.3, the antici-

pated density of the protein body, near the centre
of the tube.

Meal (100 mg) was homogenized with 5 ml of
20 % (w/v) sucrose, 50 mm citrate (pH 5), in a
mortar and pestle, and layered on top of the tube.
Tuibes were then centrifuged at 24,000 g average
for 30 minutes. Further spinning cauised no change
in the zones. Zones were visible after centrifulging
and the tubes were photographedI with a Polaroid
camera. Then layers, either of 1.5 ml or 3 ml
volume were removed by sUctioIn through a hypo-
dermic needle. This method caused very little
disturbance of the layers, as judged b) the appear-
ance of the visible zones, possibly becauise the high
viscosity of the sucrose solutions caused layered
streaming towards the needle.

The density of each fraction was found by re-
fractometry, previously calibrated with standard
stucrose solutions.

Analytical Mlethods. Nitrogen was determined
by micro-Kjeldahl, and converted to protein by a
factor of 5.8. This factor was calculated from the
amino-acid composition of soy protein.

Phosphorus was found by a slight modification
of the method of MIurphy and Riley (14). Chloro-
form:methanol soluble phosphorus was regarded as
lecithin and converted to total phospholipid by a
factor of 25. Non-RNA, non-phospholipid phos-
phorus was assigned to phytic acid, which was
assumed to have a phosphorus content of 28.2 %.
RNA was determined by perchloric acid extrac-

tion (9), assuming that 31 ,ug gave an absorbance
of 1.0 in a 1 cm ctuvette at 260 m,u.

Nitrogen and phosphorus values shown in tables
I to III are the mean of 6 determinations with an
estimated error of ± 2 %. RNA values are the
mean of 3 with an estimated error of + 5 %.
Total lipids, and moistures are the mean of 2
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gravimetric determinations. It was Inot possible to
do all the analyses on single preparations, owing
to a shortage of material. Three maiin prepara-
tions were uised, as shown in table II.

Carbohydrate :hydrolysis was carried otit by
Iixinlg 66 mg of protein body with 50 ml of 0.01 N
HCI anid 10 g of Biorad AG2 resin an(d refluixing
for 36 hotirs. The resin was then removed, and
the suipernatant concentratedl. It contains all the
neutral and acidic sugars. This method (adapted
from ref 6) avoids losses dtue to reaction with
amino-acids and peptides which remain attached to
the resin. The hydrolysate was analysed by chro-
matography in ethyl acetate 12: pyri(dine 5: water
3 parts, or in 10 isopropaniol 90 parts water, with
sulitable authentic samples as standards.

. [icroscopy. Samples for electron microscopy
were fixed in 1 % buffered osmiuim for 2 houirs,
ihemedded in EpoIn 812, sectione(l on a Porter-Blu1m
AMT2 microtome at 500 AX and(I theni stainie(l for 2
minioites with lead citrate. Sectio,ns for optical
miiicroscopy were staiine(l with either HgCl2/brom-
pheniol blue or 'Morell-Sisley stain, with equlivalent
restilts.

Electrophoretic ainalysis was as dlescril)e(l by
Tomrbs (17) in polyacrvlaniide gels.

Results

Obviouisly, to separate particles by density
gra(lient centrifuigation the particles muist be free
andI unaggregated. It prove(d impossible to obtain
such a system from intact cotyle(lons. They vere
extrenmely (lifficuilt to homogenize: grinding with
sacnd, Potter homogenizers, ultrasonics al(l blade
homogeinizers all failecl to break more than a small
proportion of the cells and( fuirthermore intractable
lipi(d emuilsionls were formed, particullarly between
fat globules acnd( protein bodies which made any
kin(d of separation based oIn dleInsit)y impossible.
)ther species suich as groundn(Ilult also have this

problem, thouigh not so severely (unpublished data).
For this reason, it was essential to extract at

least the biulk of the lipi(d with ether or hexane
before separationi, so that all ouir experiments were
performed( on1 Imleal. Figure. 1 shows electron
miicrographs of intact cotyle(lon cells and micro-
graphs of meal. The protein bodies are clearly
visible, and(l in these 2 samples range in size from
2 to 2() A. They are cointaine( in a siigle uinit
membhrane. The Nigeriain beain shows a granullar
appearance which is probably atypical of the dr)y
matulre bean, but the membrane can be seen more
clearly. The numerous densely staining cytoplas-
mic incltusions are lipid. Large nutmbers of free,
apparently intact protein bodies can be seen in the
meal. When meal is suspended in water, the pro-
tein bodies can be seen to swell, often doubling in
diameter. Eventtually they ruptuire, releasing nui-
merouis small granules of less than 0.53 u diameter.

PHYSIOLOGY

Buiffering the me(liuim to pH 5, the pH of minimulm
solubility of glycinin, prevents this aind is the
reason for our choice of homogenizing me(liuim.
Osmic acid stains the protein bodies lightly and(!
also prevents swelling.

These observations, as well as (lirect electroni
microscopic observation on meal, suggeste(d that
the limiting membrane of the proteini bo(ly survives
hexanie extraction of the lipid.

Changcs ont Germiiinatiotn. Beanis (Americani
sample) were germinated in beakers at room tem-
perature by placing them on wet filter paper. At
suitable intervals, using mainly the lenigth of shoot
as a criterion, samples were takein for electron anld(
optical microscopy. Some typical sections are
shown in figure 2. Sampling for electroni micro-
scopy was (lifficult because beans showed cells at
different stages of (levelopment almost adjacent to
each other. Samples were usuially takein as nearly
at the geomnetrical centre of the cotyledon as
possible.

Germlilatioll seemiie(l to be atccoil)painie(d 1)
early chaniges; the proteini bodies lhecame Im1ore
granular ill appearance, ain(l the limiting membrane
could( 1O loniger be seen. Eventually the bodies
became irregilar in appearaInce ai(I somiletimlies
coalesced into a siingle mass. At the same tinme
the number of lipicl globules dlecrease(l aln(I imma-
tuire plasti(ds, together with what seenm to be starch
grainis appeared. Sectioins of the whole cotyledon
were taken for optical microscopy, to see if (lis-
ruptioin of the protein bodies was localised. Gen-
erally, (lisrulption and coalescence of the proteill
bodies occturre(d in the epidermis layer, anid( roull(l
the vascullar l)undles, particularly at the emXbryo
endl. Soimie typical sections are shown ii figllre 3.

L)istribution of PIroteini and RiVA. Results of
analyses of fractionis from (lensity gradlient tubes
are shown in figulre 4 together with the appearance
of the tube. The nlitrogein distribluted iniito 3 minll
fractionls, the uippernmost laver H, the protein body
zonles, PB,1, ain( the bottom layer B. Two protein
body zonies were alwxays visible in the tubes and,
jli(lge(l by the appearanice of the tube, were of
rouighly, equal amiiouints. The protein body zone
centere(d ol a dleiisitv' of 1.30, extendinig fromii a
dlensity of 1.28 to 1.32. It was always skew towar(ls
the heavy si(le, and in the example show\n, shows
sigIns of riesoluitioni. In some experinmeInts a smlaill
peak (uniknlownl ) was founid( juist below the I I laYer,
at a dlensity of abouit 1.26.

Inl a runii where 3 ml fractiOnIS Wer-e remo11Mve(1
the microscopic appearances were as follows.

(Voluhmes from top of tube). 1 to 3 ml Small
niumber of particles, 3 to 6 ml large number of
very small particles 0.5 pu, 6 to 15 ml few frag-
ments, whole cells, 15 to 18 ml clumped and tin-
clulmped partly disintegrated protein bodies, 18 to
27 ml very large number of protein bodies: some
clumping, cell wall fragments attached to clulmps,
27 to 30 ml cell wall fragments, protein bodies
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TOMBS-PROTEIN BODIES OF THE SOYBEAN

130 ,u

FIc. 1. A a21d N are electron micrographs of sections of cotyledon cells of American and Nigeriani soybeans re-
spectively. The memErane surrounding the protein bodies (P.B.) can clearly be seen in N. At tie bottom are 2 plioto-
micrograplis of meal, suspenided in 0.1 % cslllic acid. The protein bodies are x isible anid apparently initact. These
photographis also give an imipressioni of the numbers anld (liscreteness of the proteini bo(lies. Large cell wall debris
andI apparently intact cells cie; also be seen.
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TOMBS-PROTEIN BODIES OF THE SOYBEAN
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FIG. 2. Electron micrographs of cotyledon cells from germinating soybeans. All sections are of cells from the

center of the cotyledons. 1) Shows the initial stages, about 2 hours after wetting. Note the granular appearance
of the body. 2) 6 Days after germination: note the irregular shapes and apparent coalescence of the bodies, which also

become less dense in appearance. 3) 3 Days. Note the marked difference between the cell on the right, and the dense
appearance of the protein body mass on the left. 4) 7 Days. There now appears to be a mass of protein in the

upper perimeter of the cell.
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TOMBS-PROTEIN BODIES OF THE SOYBEAN8
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FIG. 3. Photomicrographs of sections of cotyledons. The disruption of the protein bodies

near the vascular bundles is clear. A) after 6 days, B) after 5 da,s.
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TOMBS-PROTEIN BODIES OF THE SOYBEAN

attached, 30 to 33 ml very few particles, 33 to 36
ml cell wall debris, intact cells containing protein
bodies, a few starch grains. RNA occurred mainly
in the homogenate and bottom fractions.

Because intact cells were fouind in the bottom
layer, in 1 experiment this zone, and the protein
body zone were isolated, ground with sand, and
re-run (fig 5). The protein body zone occupied
the same positioIn as in the initial separation, though
it was more symmetrical than previouisly. The
bottom zone was more difftfse, and shows partial
resoltition into 2 zones: a small amouint of nitrogen
also occurred in the homogenate layer.

Lu
-j

al-
:2 6 *
U-

x< 5
z

cr

;. 4N

CZ

Assuming all the nitrogen to be of protein
origin, the percentage distribuition in the variotus
fractions is showin in table I. It incluldes the
resuilts of 2 experiments, with (lifferent homog-
enates. The bottom zone shows the largest differ-
ence between the 2 sets of resuilts, apart from
the small uinknown fraction already mentioned.

Isol(ated Protein Bodies. Protein bodies were
isolated by the same techniqule, usuially in batches
of about 100 mg by ruinning 3 gradient ttubes, re-
moving the zones, combiniing them, and sedimenting
the particles, washing twice with water and finally
drying ov-er P.O,.

Homogenate layer

p rote en body zon e s

1 3

O, 12

ll11

~-4X----TTTT--r-i--i--1
14 16 18 20 22 24 26 28

VOLUME DOWN TUBE (ml.)Top

34

bottom

FIG. 4. Distribution of p)rotein anid RNA in denisity gradient tubes after cenitrifugation.

Table I. Di.stribution of Protcin in Dcnsity Gradient Tubes

I II
Fraction Protein % Of total Protein % Of total

Homogenate 12.48 25.6 14.31 26.0
Unikn-ownl 1.19 2.5
Proteini body 30.1 62.2 30.30
Bottomll 5.15 10.8 8.64 16.5
Total 48.5 53.27

Applied as
homogeniate 50.0 5.o

Recoverv 97 % 97 %c
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PLANT PHYSIOLOGY

They were then analysed for moisture, by drying
at 1050, for total phosphorus, RNA and chloro-
formnmethanol soluble phosphorus, for nitrogen, for
carbohydrate after hydrolysis and for total chloro-
form methanol extractable lipid, (table II). Simi-
lar ainalyses wvere also made on meal.

- 1 2 3 4 5 6 7 8 9 10 11 12 13 14
TOP SAMPLE NUMBER (3 ml) BOTTOM

FIG. 5. The result of re-running protein-body zones,
and bottom fractions in sucrose density gradient tubes.
Details as for figure 4.

Carbohydrate detected after hvdrolysis, inicluide(d
traces of mannose and fruictose, glucose, galactose,
some arabinose and ribose. There was nio suicrose
and the presence of only traces of frtuctose proves
that it was effectively removed by washing the
isolated protein bodies. Glucose was the main
suigar present. Clearly an accuirate estimate was
impossible buit comparison with markers suggested
that 3 to 5 % of the protein bodies was carbohy-
drate. Inositol was also found, presumably deriving
from phytic acid.

The ether extractable solids were analysed by
thin layer chromatography. 5 % Of a protein body
preparation was lipid, of which 0.75 % was tri-
glyceride, 1.5 % free fatty acid and the remainder
phospholipid (lecithin). Electrophoretic analysis is
illutstrated in figure 6. Total soy proteins by this
techniquie always show 2 heavy zones, which are
the monomer and dimer forms of glycinin (tin-
published data). These were the only components
detectable in the protein bodies. The other com-
ponents, such as trypsin inhibitor appeared in the
homogenate layer, and are presuimably cytoplasmic.
The bottom layer contained all components.

Table II. Analysis of Isolated Protein Bodies

Prepn 1
(i)* (ii)**

Moisture
Protein
Total P
Lecithinl
Phosphoru.s
RNA
Lecithin
Phytate
Chloroforml :methanol
Extractable solids
Ether extractable

solids

Prepn 2
(i) (ii)

12.07 ... 9.67
67.7 76.0 74 3

.. ... 0.43
... ... 0.039

Prepn 3 Meal
(i) (ii) (i)

Q7
. .

82.5

098 1.11 1.16 1.29
... ... ... 1.00

... ... ... 1.35.
... ... ...... 10.9

. .

..

.

. .

11.3

50

1.66
2.25
2.24
8.6

4.5 4.5

* ( i) Expressed as a percentage of total weiglht.
** (ii) Are calculated to a moisture free basis.

Table III. Contposition of Light and Heavy Protein Bodies

Moisture
Protein
Total P
RNA
Chloroformnmethanol

extractable solid
Phy-tic acid**
Unknowni components
Total
* (i) Percentage of total eight.
* (ii) Calculated oni a moisture free basis.

* See text

(i) *

8.4
909
0.79
0.43

1.40

Light
(ii)*

97.5
0.84
1.7

(i) *

8.3
72.0
0.83
1.86

5.21.50
2.6

100.0

806

Hea!vy
(ii)*

78.5
090

5.6
2.3
120

100.0

< .O,

.. .

..

..

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/p
lp

h
y
s
/a

rtic
le

/4
2
/6

/7
9
7
/6

0
9
0
1
9
4
 b

y
 g

u
e
s
t o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



TOMBS-PROTEIN BODIES OF THE SOYBEAN8

03

higher polymers Glycinin monomer

d imer'

*
I

II

starting slot

9gycinin

/ I \

FIG. 6. Acrvla-mide gel (7.5 % gels) electrophoresis of 1) total soy protein, 2) homogenate layer, after centri-
fuging, 3) protein body protein. The runs were in a tris-citrate-sodium borate discontinuous buffer pH 8.6.
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TOMBS-PROTEIN BODIES OF THE SOYBEAN

A B
FIG. 7. Electron micrographs of representative isolated protein bodies. Note the apparent absence of membrane in

A. aind its presence in B. B also showxs typical cytoplasmic attaclhments. In both cases holes are present in the bodies.

I IL lII

. 29 I

130z gr gw w 5~~~~~~~~~~~~13 2

FIG. 8. Fractionation of protein bodies. Sucrose layers werec formied
right After spinnin- the tube had the appearance shown to the left.

Densities used
II LE

L 27 128

28 29 protein
|i21 -30 bodies

intheIbs 1densi 36
1 30 36

in thle tubes of the densities sho-wn to thec
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TONIBS-PROTEIN BODIES OF THE SOYBEAN8

Ntumerous observations of the isolated protein
bodies were made by microscopy (fig 7).

Sub-fractionation of Protein Bodies. Since 2
zones were often seen, and the protein bodies were
clearly heterogenous with respect to density an
attempt wsxas made to fractionate them further.
In this experiment layers of sucrose were tused
rather than a continuous gradient. The arrange-
ment and densities used are showni in figure 8.
Protein bodies collected at the interfaces, and 2
fractions were obtained of approximately equal
amounts, less than density 1.30 (lighter fraction)
and less than density 1.32, buit heavier than 1.30
(heavy fraction).

These were isolated and analysed as above; the
results are shown in table III. As seen tinder the
microscope, the light fractions were little aggre-

gated and very little cell debris, such as cell walls,
was present. The heavy fraction contained more

cell wall fragments and clumped protein bodies,
often with cytoplasmic attachments.

The phytate value in table III has been calcu-
lated from the non-RNA, non-phospholipid phos-
phorus as utsutal, but in this case it has been assumed
that all the chloroform :methanol extractable ma-

terial in the light fraction is phospholipid, and that
the same value holds for the heavy fraction. Even
if this assumption is wrong the error introduced in
the phytate value is small and probably exceeded
by errors involved in the assumption that no other
phosphorus containing compounds are present.

By electrophoresis the protein in the 2 fractions
was identical.

Discussion

In any experiment designed to isolate a cell
inclusion suich as protein bodies 2 main questions
must be considered. WVere the isolated protein
bodies the same as those seen in sections of the
intact cell, and to what extent was the isolated
fraction contaminated by other parts of the cells.

The first question must rely mainly on micro-
scopic evidence. From electron micrographs some
of the bodies were damaged during isolation, holes
appeared in them and the membrane could not be
seen. However, many if not most of the isolated
particles have an appearance similar to those in
the intact cell, and retained their membrane.

The isolated fractions certainly contained some
contaminants because fragments of cell wall and
other particles could be seen associated with clumps
of protein bodies, and by microscopy the light
fraction was the least contaminated. It is clear,
moreover, from the composition that the extent of
contamination was low. In the tunfractionated pro-
tein body preparation the carbohydrate content did
not exceed 5 % of the total, and the light fraction
achieved the remarkably high level of 97.5 % pro-
tein. The heavy fraction, on the other hand, cer-
tainlv contained some cell wall debris which accouints
for some of the 13 % composition not determined.

The question of the status of the small amounts
of lipid found is more difficult to decide. The
amount of neutral lipid was variable but the un-
fractionated protein bodies contained about 10 %
extractable with chloroform :methanol. The beans
had previously been extracted with hexane, which
never removes all the lipid, and some at least of
this 10 % probably represents residual contaminant
lipid. This is almost certainly the source of the
5 % extractable with ether. Since ether does not
disrupt the membrane, it must be concluded that
ether extractable lipids are not part of the protein
body itself. In this preparation, therefore, perhaps
5 % of the protein body might be neutral lipid.
In the light fraction only 1.5 % lipid was found,
and most of this must be phospholipid. On the
whole it seems probable that neutral lipids are not
an appreciable part of protein bodies, certainly in
this fraction. It may be significant that in whole
cotyledon homogenates the lipid attached itself
tenaciously to the protein bodies.

Table IV shows our consolidated restults, to-
gether with some data on other species. The re-

Table IV. Composition of Protein Body Preparations from Various Sources

Soybeans
*Wheat (13) Groundnut (2) Groundnut (1) Total Light Heavy
i** ii** Cottonseed (20) i ii i ii prep prep prep

Protein 68 72 60-70 77 66 55 56 82.5 97.5 78.5
RNA 5.5 10.4 ... 0.11 0.29 ... ... 1.2 0.43 1.9
Phospholipid ... 0.83 ... ... ... ... ... 1.0
Total lipid 22.7 ... 20-25 ... ... 8 45 11.3 1.5 5.2
Phvtic acid 4.0 8.4 ... 0.5 5.7 ... 1.35 2.6 2.25
Sucrose ... ... ... 4.3 9.5 ... ... 0 ... ...
Carbohyvdrate ... ... 3
Total 90.2 91.5 80-95 82 81.5 63 91 99.3 100.8 87.4
Not accounited

for (approx.) 10 9 20 18 18 37 9 1 ... 13
* Data taken from references cited: all expressed asa percentage of total weight.
** i and ii indicate different preparations.
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stilts with soybeans are similar to those obtained
with grotindnut, thoulgh they seem to have higher
protein contents than any case previoulsly (lescribed.
\Vre have also been able to account for more of the
total weight of the bodies thani in previouis cases.
The light fraction canlnlot conltaini aniy other major
componient, and it appears that in the soybean at
least, the main components other than proteiin are
RNAN, phospholipid andcI phytic acid. The analytical
(lifferences between the light aind heavY fractions
almost certainily represent (liffereinces in the degree
of conitaminiationl. There is no eVidence to showv
that there is anv fund(lanielltal tlifferenice between
the proteilibodies of the 2 fractionis.

The phospholipi(d cointelnt is similar to that
reportedl for w\heat, alnd can rea(lily be accoilinte(l
for- as a membranle componlenlt: thuis the membranes
have a thickness of abouit 75 A, anld( asstminlg a

50 % pl1ospholipi(l conltenlt all(I a (density of 1.0,
protein bo<lies of abotut 5 /A (liameter req(lire abotit
I % phospholipid to form the membrane.

IPhvtic aci(d initeracts stronigly with glycinin anid

is presuimably protein boulnd in the body. There
w\as lno evidlence for its localization, uinlike wheat
where it appears to lie preselnt in specific areas of
the protein bodlies.

The protein bodies contain at least 60 % of the
protein of the bean. However they also contribute
a substantial amotint of the protein in the bottom
fraction. Protein bodies could le seen in this
fractionl, particuilarly in intact cells. Now about
10 % of the RNA is also in the bottom fraction
and(I it is diffictilt to imagine any RNA containiing
struictulre suifficiently (lense except intact cells.
This suiggests that alouit 10 % of the cells were

iindisrtipte(d and so abouit half of the protein in the
bottom layer was tliie to protein bodies. This is
suipported by the re-ruinning experiment, where
more extensive grinding pro(dtuced a shouldler mov-

ing towards a lower density.
The nitrogen in the homogenate layer was

assumed to be of protein origin. In fact, abotit
5 % of the soybean nitrogen is usuially non-protein
(12). If allowance is madle for this, and the
failtire to completely tdisrtipt the preparation, about
70 % of the protein nmulst have beeni in the protein
bodies.

It follows that the protein w\hich is called
glycinini in this paper, mtist contribuite 60 to 70 %
of the total sovbean protein, since it was the only
one detectable in the protein bodies. This protein is

substantially identical to the cold ppt and IIS pro-
teins dlescribedl by WN-olf (19). very similar
sittiation exists in the grotlidnult, wx-here arachin
which also constitultes abotut 70 % of the grolndntit
proteiin, is confined to its proteiin bo(lies (iiunptub-
lishe(d data).

Some observations oIn the formation of soybean

protein hodies have been reporte(d (5) blt chanlges
onl gerniination have nlot been described. (C'tr re-

PIIYSIOLOGY

sulits arc similar to those for other species. suich
as groundnciut (3) pea (4) Yuicca (11), and P/tast-
olais (15) with the exception that in the case of
soybean disrulption of protein bo(lies does seem to
be present in the early stages aroulnd( the vascuilar
buindles. This does ilot seem to be the case in
other species (15).

\NVhile this paper u as in preparatioin a report
(16) appeared of anialysis of isolated soybean pro-
tein bodies. The reported compositioni is similar
to that describe(d here, thouigh the methodl of
preparationi was (miiite (lifferenit.

These resuilts reiniforce the general conclulsio
that proteini bodies are storage particles, contaiining
pre(lominiantly proteini, which (lisinitegrate on ger-
mination. It also seems likely that protein bodies
in getneral cointainl a specialized proteini, wN-hich is
a(lapted to its storage funiiction, anid may shoiv
similarities betwveen related species [cf Altschl
( 1)]. In the case of soybeanis the proteii whicl
is calledl glycinin in this paper is the storage proteill
conicernied, anid constitultes some 60 to 70 % of the
total soy proteini.

Acknowledgments

I amii m11ost grateftul to _Mr. J. M. Stubbs for the elec-
troni micrographs, to Mr. J. P. Ward for figuire 3, to Mr.
M. Lowve for technical assistance, and to Dr. P. Freemian
for thini laver analysis of lipids.

Literature Cited

1. ALTSCHUL, A. MA., N. J. NEUCERE, A. A. \NVOODHAIM,
AND J. M. DECHARY. 1964. A new classificationi
ot seed proteins: application to the aleori-iins of
.Arach/s hypogaca. Nature Lond. 203: 501-04.

2. ALTSCHUL, A. NI., J. E. SNOWDON, J. B. MANCHON,
AND J. M. DECHARY. 1961. Iltracelluilar distri-
hbutioni of seed l)roteins. Arclh. Bioclhem. Biophys.
95: 402-04.

3. BAGLEY, B. W., T. H. CHERRY, M. L. ROLLINS, AND
A. NI. ALTSCHUL. 1963. A study of proteini
bodies during germinlationi of peaniut (Araclhis /I-
pagaca) seed. Ai11. J. Botany 50: 523-31.

4. BAIN, J. AND F. MIERcER. 1966. Pea cotvledonis
durinig anid after germination. Auistraliani J. Biol.
Sci. 19: 49-97.

5. BILS, R. F. AND R. NVW. HOwA-ELL. 1963. Bioch1em11ical
anid cytological clhaniges in developinig soyhean coty-
ledons. Crop. Sci. 3: 304-08.

6. BRAGG, P. D. AND L. HOUGH. 1961. AIn investiga
tioin of the egg-white proteins ovomucoid aend ov-
albumini. Biochem. J. 78: 11-23.

7. BUTTROSE, M. S. 1%3. Ultrastructuire of develop-
ing wheat enidosperm. Australian J. Biol. Sci. 16:
305-18.

S. CHOULE., G. 1962. A liniear gra(lienit imixinig de-
v-ice for x iscous solutionis. Alm]. Bioclhem. 3:
236-41.

9. FLJECK, A. AND H. N. MUNRO. 1962. The pre-
cision of ultraxiolet absorptioni miieasuiremiienits in the
Schmidt-Tlhaiiiillaniser procedure for nuticleic aci(d
c.stimlation. Bioclieiii. Biloplvs. A\cta 55: 5714-5.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/p
lp

h
y
s
/a

rtic
le

/4
2
/6

/7
9
7
/6

0
9
0
1
9
4
 b

y
 g

u
e
s
t o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



TOMBS-PROTEIN BODIES OF THE SOYBEAN

10. GRAHAM, J. S. D., R. K. MORTON, AND J. K. RAISON.
1963. Isolation a'-.d characterisation of protein
bodies from developing wheat endosperm. Aus-
tralian J. Biol. Sci. 16: 375-84.

11. HORNER, H. T. AND J. H. ARNOTT. 1965. A his-
tochemical and ultrastructural study of Yucca seed
proteins. Am. J. Botany, 52: 1027-38.

12. MARKLEY, K. S. 1951. Soybeans and soybean
products. K. S. Markley, ed. Interscience, New
York.

13. MORTON, R. K., B. A. PALK, AND J. K. RAISON.
1964. Intracellular components associated with
protein synthesis in developing wheat endosperm.
Biochem. J. 91: 522-28.

14. MURPHY, A. AND P. RILEY. 1962. A modified
single solution method for the determination of
phosphate. Anal. Chem. Acta 27: 302-09.

15. OPIK, H. 1966. Changes in fine structure in coty-

ledons of Phaseolus vulgaris during germination.
J. Exptl. Botany 17: 427-37.

16. SAIo, K. AND T. WATANABE. 1966. Preliminary
investigation on protein bodies of soybean seeds.
Agri. Biol. Chem. 30: 1133-38.

17. TOMBS, M. P. 1965. The interpretation of gel
electrophoresis. Anal. Biochem. 13: 121-32.

18. VARNER, J. E. AND G. SCHIDLOVSKY. 1963. Intra-
cellular distribution of proteins in pea cotyledons.
Plant Physiol. 38: 139 44.

19. WOLF, W. J. AND D. R. BR1GGS. 1959. Purifica-
tion and characterisation of the 11S component of
soybean proteins. Arch. Biochem. Biophys. 85:
186-99.

20. YATSU, L. Y. 1963. Lipid-protein particles in the
cottonseed. Proc. Seed Protein Conference, United
States Department of Agriculture, New Orleans,
Louisiana.

813

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/p
lp

h
y
s
/a

rtic
le

/4
2
/6

/7
9
7
/6

0
9
0
1
9
4
 b

y
 g

u
e
s
t o

n
 1

6
 A

u
g
u
s
t 2

0
2
2


