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Assrracr.—Microbodies were found in
the upper mesophyll cells of soybean
[Glycine max (L.} Merr., var. Waynel
cotyledon from the germinating stage (24
hr after planting) to cotyledon abscissinn
112 hr day, 12 hr night. 25°C, and 700
[t-cy. These organclles were assoclated
with endoplasmic reticutum, mitochondria,
and chloroplasts. The shape of these or-
ganelles changed from oval, circular, or
elongate In the carlier stage of scodling
development o circular forms when cotyle-
dons became vellow,  The microbodies in
senescent cells often lacked a continauus
bounding membranc.

The occurrence, struetnre and the
enzytnatie funvtion of plant micro-
hodies ix a subject of increaging in-
terest o many investigators.  Some
of the characteristies of plant micro-
hodies can be summarized as follows:
they are bounded by a single merm-
hrane; they have a diameter from
0.5 t0 1.3 p;a dense granular stroma,;
and they are often assoclated with
enidoplasmie reticulum, Some are re-
portedd o eontain crystals,  These
characteristics apply equally to two
types of ecll particulates isolated
from homogenates. One of these, ob-
tained from leaves, Is involved in
photo-respiration and is referred to
as a peroxisome. The second, ob-
tained from endosperm, is involved
in the formation of succinate from
fatty actds and is referred to as a
elvoxysome. In cotyledons, although
uvlyoxysomes appear carly and are

replaced by peroxisomoes, the cevto-
togical events associated with these
changes are unelear.  Much of the
literature deseribine plant  micro-
bodies and thelr associated enzymes
has recently been reviowed (Beevers,
1969 Breidenbach, 1969 ; Gruber. ef
al, 1970; Tolbert and Yamazaki,
1968 ; and Vigil, 19707,

No deseription of soybean micro-
bodics has vot been published. In
our recent study of cellular senes-
cence  In sovbean cotyledons, we
found oreanelles similar to published
electronmicrographs and deserip-
tions of olvoxysomes and peroxi-
soines,  This paper pregents some ot
our chservalions.

Marerialeg AND Merons

Suybean [(Flycine max (1) Merr.,
var. Wayne| seeds were planted at
a depth of 5 ¢m in sand and peat
mixture {1:1 by volune) and grown
in a erowth chamber (259 O boih
for 12 hr of T00-ft-¢ of light and 12
hr of dark period). Sampling was
at 24 hy intervals after planting for
six days (at which time the hypo-
cotyls were abont & em above the soil
surface). On the sixth day, seed-
lings were standardized for uniform
height and for uninjured eotyle-
dovs. All other scedlings were re-
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moved.  After the wixth day, sam-
pling was obtained at three-day in-
tervals until eotyledon abselssion.

for each sample, tissus blocks of
1 <1 x4 mm were cut from the
upper central area of the cotvledon.
The bloeks were fixed with 3% glu-
taraldehycle 1 0.066 M phosphate
buffer at pH 7.4 lor 1 hours. After
rising three times with the sane
buffer, the tissues were posi-fixed in
a 1:1 mixture of 265 osminm tetrox-
ile and the above butfer Tor two
hours,  Both fixations were at room
teaaperature,  The tissmges were de-
hydrated through an othanol series,
treated with propylene oxide and
erthedded in Kpon 812 {Laft, 19617,

Sections were oblained with a dia-
mord knife on o Reiehert Om-U?2
ultramicrolome, mounted on 200
meslt copper gridg, stained in uranyl
acetate (Walson, 19587, and coun-
terstaied with lead eitrate (Roy-
nolds, 19637, aud examived with a
Hitachi TTU-11A electron microseope
at 50 IV,

Rusvirs

We did nol find mierobodies in

cotyledons sampled 24 hry after
planting.  Single membrane bonnd-

ed eleetron dense, pranulate organ-
clles (Fios. 13} were obwirved in
samples obtalned al 48 he alter
planting and in all other subsiguent.
samples. Iindoplasmic relicalnm was
assoclated with or in the vicinity
of those organclles. The diameters
ol the dense organclles ranged from
0.5 to 1.3 p, whieh is in the range
of plant microbodies. We conelud-
ed that these were microbodies.
The shapes of the mierobodies were
spherical, elongated, irregular, or
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dumbbell (Figs. 2.6}, Elongated
nierobocios had diameters of 0.3 u
at the narrowest vegion o 1.3 4 at
the widest region. The stroma ap-
peared as cleetron dense granules
with transparent areas  seatiored
within it. A single membrane was
elearly ilentiied as surroutding the
microhodies of the esvlier samples
(Tigs, 111, The bounding mem-
hrane of the microhodies from the
sample ol yellow cotyledon (21 days
alier planting) could not he seen
clearly. but the endoplasmic reticu-
I asgociated with the oreanelios
pergisted (Fies. 567, The diamoters
of the mivrobodies i sencseent cells
were abont 0.5 t¢ 1.0 p.

In addition 1 the close associa-
tlon between the microbodics and
endoplasmic retieulam, in most of
the cells the microbodies and elloro-
plasts were appressed  (1gs. 8-4,
changing the shave of the microbody
at the place where the close spatial
association occurred.  Mimilar close
assoclalions botween microbhodies and
mifochondria, and batween milo-
chondria and chioroplasts were also
chserved.

Disotrssion

In Tatly ecotyledons, stored lipids
are converted to carbohvdrales in
the carly post-germinative stages.
The mierebodies observed in the soy-
bean cotyledons at this stage were
assumed to be glvoxysomes.  As the
cotvledons cxpawd aud emerge from,
1he zotl, they beeome photosynthetic
organs.  The microbodies observed
i1 soyhbean  cotyledons  associated
with the chloroplasts at Lhis stage
of arowilh are assnmed to be perowi-
gomtes. A time muost exist when both









1406

types of microbodies exist within
the same eell of a eotyledon. Gruber
ef al. (1870) showed that micro-
bodies are present at three distinet
stages of cotyledon development of
sunflower, cucumber, and tomato.
The microbodics progress from eata-
lase-containing particles located
among lipid and protein hodies, to
elvoxysomes closely assoelated with
lipid bodies, to peroxisomes frequent-
l¥ appressed tn chloroplasts, Al
thongh a transitional period oe-
curred involving dedine of elyoxy-
somes #nd a rapid rise of peroxi-
sormes, the oripin of the particles and
their mode of destruction were not
deseribed, They did not determine
whether any of the particle types
were derived from preexisting mi-
erobodies or whethor cach arise as a
separate population.

Vigil (19270) demonstrated that
castor bean cotyledon microbodics
showed membrane continuity with
rough endoplasmic reticulum, sug-
gesting a mode of formation similar
to thal in animal cells. As cotyle-
don developtont progrosses, some
microbodics disappear i fote by se-
questration into antophagic vaeuoles.
The Tosx of enzymos did not appear
to oceur prior to digestion of the
sequestered mierobodies.

The rapid loss of lipids during
germination can be seen in Figs, 1-4,
the latter being sampled five days
after planting. Starch was obsorved
in  developing proplastids at  the
stage of germination when socdlings
were still underground.  The glu-
coge for this stareh synthesis was
believed to be derived from the con-
version of lipids te hexose in a proce-
ess involving plyoxysomes. The close
association of wierobodics and chlo-
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roplasts at a later stage Is intor-
preted to imply that peroxisomal
photorespiration oeeurs in sovbean
cotyledons,

The change in shape of plant mi-
crobodies Trom oval, elongate, and
irregular in young tissue to almost
perfeetly  cirenlar (Fies. 5-6) in
old tissue, and the inability to visu-
alize a distinet bounding membrans,
are the only noticeable changes dur-
ing senescehce. The chloroplast
changes during aving (osmiophilic
hodies, disruption and loss of grana
stacks, and the appearance of eir-
cular fragmoents of lamellac) are
stinilar to those reportsd by Barr
and Arntzen (196%).
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