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The ultr~tstructure of the scutellum and the aleurone layer has been examined in seeds of Nordal barley 
following malting for 0, 30, 72, 120 and 162 hours at 15 ~ Thick sections from the seeds were stained with 
Calcofluor White M2R New and examined in the light microscope to determine the extent of cell wall 
degradation in the endosperm. 

The changes in the scutellar parenchyma cells include degradation of the protein bodies and the appearance of 
vacuoles and prominent amyloplasts. The analysis of a serially sectioned epithelial cell from the scutellum 72 
hours after the start of malting revealed a large number of Golgi apparatuses, preferentially located near the cell 
wall. It is suggew that the presence and location of the Golgi apparatuses are related to enzyme secretion. 
Following malting for 72 hours or more, the epithelial cells contain lomasomes and membrane aggregates, 
termed membrane bodies. The analysis indicated that lomasomes originate from the membrane bodies and are 
involved in the growth of the cell walls of the epithelium. Organelles indicating cellular activity, i.e., rough 
endoplasmic reticulum, mitochondria and Golgi apparatuses, first appear in the epithelial cells of the scutellum, 
and later in the cells of the aleurone layer. Furthermore, the degradation of the endosperm starts in the vicinity of 
the scutellum as judged by the ca|cofiuor staining. Therefore, it is concluded that the scuteltar epithelium 
provides the enzymes during the initial degradation of the endosperm. In seeds malted for 162 hours, aleurone 
ceils with a cytoplasmic organisation indicative of active metabolism are located in the embryo part of the seed, 
whereas aleurone ceils adjacent to unmodified endosperm in the distal end of the same seed show little or no 
structural sign of activity. 
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1. INTRODUCTION 

The relative roles of the scutellum and the 
aleurone layer in the degradation of the endo- 
sperm during germination and early seedling 
growth have long been discussed. In 1890, 
BROWN and MORRIS (7) concluded, on the basis 
of light microscopic studies and growth of 
isolated cereal embryos, that the scutellum 
secretes enzymes and absorbs the degradation 
products, and therefore constitutes the only 
tissue responsible for the enzyme secretion 
during germination. At the same time, HABER- 
LANDT (14) found that also the aleurone layer 
was able to secrete enzymes, an observation 
challenged by BROWN and MoRPas (7), who 
concluded in a re-examination of HABERLANDT'S 
findings that the aleurone layer was to be 
regarded solely as a storage tissue, unless ~the 
presence of a germ capable of development has 
some mysterious power of influencing the 
aleurone cells across the intermediate dead tissue 
of starch containing endosperm, and of so far 
controlling their metabolic processes as to cause 
secretion of a specific enzyme,. 

This power actually exists in the germinating 
seed and is now known to be gibberellin. The 
embryo secretes gibberellin (13, 34, 44), and it 
has been shown that exogeneously applied 
gibberellic acid causes considerable ultrastruc- 
tural changes in aleurone cells (32, 33). This 
discovery led to a large number of investigations 
concerning the mode of action of gibberellic acid 
on isolated aleurone layers, and the capability of 
aleurone cells to produce enzymes necessary for 
the degradation of the endosperm in the seed is 
now well established (5, 15, 17, 19, 20, 21, 23, 
39, 40). Other studies have, however, shown 
that also the scutellum secretes enzymes (2, 3, 4, 
6, 11, 12, 24, 31). Analysing cell wall break- 
down with calcofluor staining and a-amylase 
transport with fluorescent antibodies, Gmaoys 
(12) could establish that wall degradation and 
enzyme secretion in germinating barley seeds 
start from the scutellum, and the aleurone cells 
first become active in secreting [~-glucanases and 
amylases at later stages of endosperm modifica- 
tion. 

The present investigation was carried out to 
study simultaneously the ultrastructural changes 
occurring in the scutellum and the aleurone layer 
in germinating barley seeds, in order to establish 

times at which the two tissues convert from a 
dormant into a metabolically active state. 

2. MATERIALS AND METHODS 
2.1. Micromalting 

The present analysis was performed on barley 
seeds, Hordeum vulgare L., variety Nordal, 
harvest 1979. The seeds, kindly provided by Dr. 
J. LARSEN, germinated in a micromalting device 
developed at the Carlsberg Laboratory. The 
device consists of a stainless steel box, which 
contains a rotating cylinder. The cylinder may 
contain 144 samples of seeds, each sample 
weighing about 80 grams. 

The steeping period lasted 30 hours, compri- 
sing 6 hours immersion in water, 18 hours 
aeration with humidified air followed by an 
additional 6 hours immersion. The steeping was 
carried out at 16 ~ Subsequently, the seeds 
germinated for 132 hours in humidified air with 
an aeration rate of 7 l/rain. The temperature of 
the inlet air was 12-13 ~ and near the seeds, 
the temperature was 14-15 ~ The duration of 
the entire program thus amounted to 162 hours. 
Samples were taken after 0, 30, 72, 120 and 162 
hours. 

2.2. Calcofluor staining 
In each sample, 10 seeds were randomly 

chosen. First, the seeds were cut in three parts by 
two longitudinal and parallel dorsoventral cuts. 
The two outer sections were not used in the 
analysis. The mid section, a 1.2 mm thick slice, 
was cleaved by another cut into two slices, 0.6 
mm thick. One of these slices was fixed for the 
electron microscope investigation (see section 
2.3). The other slice was stained with calcofluor 
in order to analyse the extent of wall degradation 
in the endosperm (I,  43). The staining procedure 
was as follows: (1) staining with 0. 1% aqueous 
Calcofluor White M2R New (Cyanamid, USA) 
for 1-2 minutes; (2)washing  in 70% v /v  
ethanol followed by drying in a stream of air; (3) 
counterstaining with 0.1% Fast Green F.C.F. 
(Gurr/Searle, England) for 1 minute; (4) blotting 
with a paper tissue to remove excess dye. 

The stained sections were analysed in a 
fluorescence microscope using incident UV-light 
and photographed. The average modification of 

144 Carlsberg Res. Commun. Vol. 47, p. 143-162, 1982 



N. H. GRAM: The ultrastructure of germinating barley seeds. I 

the endosperm was estimated, and the five seeds, 
which showed a modification closest to the 
average, were chosen for the electron microsco- 
pic analysis. 

2.3. Fixation 
The embryo part, the dorsal aleurone tissue 

and ventral aleurone tissue, were cut out of the 
0.6 mm thick seed slices. The different parts of 
the seed were fixed in 4 % (v/v) glutaraldehyde 
in 0.06 u-phosphate buffer (pH--7.4)  for 3 
hours at room temperature. Following several 
washes in buffer, the samples were postfixed in 
1% OsO4 in 0.06 u-phosphate buffer for 2 
hours at room temperature, washed twice in 
buffer, 3 times in distilled water and postfixed/ 
stained in 2 % aqueous uranyl acetate at 50 ~ 
for 3 hours. After two washes in distilled water, 
the samples were dehydrated in a graded alcohol 
series, embedded in Spurr's low viscosity epoxy 
resin (36) and polymerized for 12 hours at 
70 ~ 

To prepare the sample representing 0 hours of 
germination, whole seeds were soaked in 4 96 
glutaraldehyde for 24 hours at room tempera- 
ture, since dry seeds cannot be cut. Following 
immersion, the seeds were treated as described 
above. 

Ultrathin sections (500 ~k) were cut on a 
Reichert Om U3 ultramicrotome, equipped with 
a diamond knife. The sections were double 
stained in' 5 % aqueous uranyl acetate for 15 
minutes at 50 ~ and in lead citrate for 15 
minutes at 20 ~ in an LKB Ultrostainer 2168, 
System Carlsberg. 

The sections were analysed in a Siemens 102 
electron microscope, at 60 or 80 kV. 

3. RESULTS 
3.1. The parenchyma cells of the scutellum 

The parenchyma cells of the scutellum are 
spherical, 30--40 lam in diameter and located 
adjacent to the epithelial cell layer. Figure 1 
shows a cross section of the scutellum in a seed 
before germination, the position of the section 
being denoted by the arrow in Figure 1D. 

In dormant seeds, the parenchyma cells are 
characterized by the presence of a large number 
of spherical lipid droplets, oleosomes, with a 

diameter of approximately 0.5 lain. As can be 
seen in Figure 1 A, oleosomes are mainly located 
close to the cell walt and around the protein 
bodies. 

Protein bodies appear in the electron micro- 
scope as single membrane bounded organelles, 
spherical in shape and with diameters ranging 
from 2 to 4 ~m, containing a granular ground 
substance and one or several inclusions. Protein 
bodies in the parenchyma cells resemble the 
aleurone grains in the aleurone layer (ag in 
Figure 12), but in contrast to the aleurone grains, 
which contain two different kinds of inclusions, 
the protein bodies of parenchyma cells possess 
only one kind. The inclusions appear electron 
transparent, occasionally containing electron 
dense material (Figure I A) and resemble the so- 
called globoid in aleurone grains (see section 
3.4). 

Before germination, the parenchyma cells 
contain a low number of proamyloplasts 
(Figures I A and I B), each surrounded by a 
double membrane. The ground substance of the 
proamyloplasts is granular and they possess one 
or a few small starch granules (Figures I A and 
1B). Furthermore, internal membranes are often 
observed in the proamyloplasts (Figure I B). 
Mitochondria are present in low numbers and 
the cristae are poorly developed, indicating a low 
level of activity. Rough endoplasmic reticulum is 
seldom observed in parenchyma cells before 
germination. When it is found, it is preferenti- 
ally located in the vicinity of the nucleus. Golgi 
apparatuses were not identified at this stage. 

Following malting for 72 hours, a number of 
distinct changes have occurred in the ultrastruc- 
ture of the parenchyma cells (compare Figures I 
and 2): The protein bodies have become loose in 
structure and appear to have been converted into 
vacuoles (Figure 2A). The oleosomes are no 
longer concentrated around the protein bodies, 
and their distribution along the plasmalemma is 
less pronounced. Both mitochondria and rough 
endoplasmic reticulum are readily identified in 
the cells. The mitochondria show distinct cristae, 
and the rough endoplasmic reticulum is found in 
all parts of the cytoplasm, although not in large 
quantity. Typical Golgi apparatuses can be 
observed at this stage (Figure 2B). The size and 
number of amyloplasts have increased consider- 
ably, the amyloplasts now containing one or 
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Figure 4. Amyloplasts (am) of an epithelial cell 72 hours after the start of malting. 
The amyloplasts are surrounded by a double membrane envelope, and contain prominent electron transparent 

starch granules, internal membranes (denoted by arrows) and, occasionally, plastoglobuli (pg). The amyloplasts 
are in close contact with rough endoplasmic reticulum (er). (Bar = 0.5 ram). 

146 Carlsberg Res. Commun. Vol. 47, p. 143-162, 1982 



N. H. GRAM: The ultrastructure of germinating barley seeds. I 

Figure 5. Golgi apparatus (go) from an epithelial cell 162 hours after the start of malting. 
The Golgi apparatus consists of 5 or 6 Golgi cisternae and a number of electron transparent vesicles (denoted 

by arrows). Rough endoplasmic reticulum (er) is located close to the Golgi apparatus. (Bar = 0.5/am). 
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Figure 6, Three Golgi apparatuses (go) located near the cell wall in an epithelial cell 162 hours after the start of 
malting. 

The Golgi apparatus to the right consists of 5 or 6 Golgi cisternae, those closest to the cell wall being more 
dilated than those facing the center of the cell. Rough endoplasmic reticulum (er) is located in the vicinity of the 
Goigi aplaaratuses, (Bar = 0.5 r~m). 
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more starch granules with diameters up to 
several micrometers. 

After 162 hours of malting (Figure 3) the 
amyloplasts are the most prominent organelles 
of the parenchyma cells, the starch granules in 
the amyloplasts hax;ing diameters up to 4 ram 
(Figure 3A). The oleosomes appear to have 
decreased in number and to be randomly 
distributed throughout the cytoplasm. In con- 
trast, the number and structure of mitochondria, 
rough endoplasmic reticulum, Golgi apparatuses 
and protein bodies remain apparently un- 
changed, compared to the parenchyma cells 72 
hours after the start of malting. 

3.2. The epithelial cells of the scutellum 
The epithelium consists of a single layer of 

elongate cells, located between the endosperm 
and parenchyma. Prior to germination, these 
cells are 30-40 l~m long and 5-8 ~m wide 
(Figure 1 ). 

The number and distribution, as well as the 
ultrastructure of the organelles in the epithelial 
cells, are found to be almost the same as described 
for the parenchyma cells. However, during the 
first 72 hours of malting a number of morpholo- 
gical changes mark the switch from a dormant to 
an active state of the epithelium (compare 
Figures I and 2). Rough endoplasmic reticulum 
appears in all cells, and the mitochondria, now 
exhibiting distinct cristae and membranes 
(Figures 2A and 2C), have increased in number. 
These changes are more pronounced in the 
epithelium than in the parenchyma cells. As in 
the parenchyma cells, the content of protein 
bodies is degraded and the protein bodies appear 
to fuse. Simultaneously, the distribution of the 
oleosomes change from a preferential location 
along the plasmalemma and around the protein 
bodies to a more random one. 

The number of amyloplasts has increased in 
the epithelium, but they appear to be smaller and 
less frequent than in parenchyma cells. As seen 

Figure 7. Cell walls of the epithelium 0, 72 and 162 hours after the start of malting. 
Note the change in shape of the plasmalemma and the concominant formation of an electron transparent zone 

between the cell walls of neighbouring cells. (Bar = 1 0m). 
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in Figure 4, the amyloplasts are surrounded by a 
double membrane and contain a granular ground 
substance, internal membranes, growing starch 
granules, and occasionally, plastoglobuli. Often 
amyloplasts are in close contact with rough 
endoplasmic reticulum. 

Many well defined Golgi apparatuses are 
observed in the epithelial cells at this stage. In 
order to map the position of the Golgi apparatu- 
ses and to estimate their number, the epithelium 
was serially sectioned. Fifty-six Golgi appar- 
atuses were identified in a series covering about 
halfa cell, the vast majority (forty-five) being lo- 
cated less than 1 lam from the plasmalemma. 
Only four were in the center of the cell. 

Following malting for 162 hours, the develop- 
ment described above has proceeded further 
(compare Figures 2 and 3). The number of 
amyloplasts has increased, and the close contact 
between rough endoplasmic reticulum and the 
amyloplasts is still observed (Figure 3C). The 
oleosomes are now distributed throughout the 
cytoplasm, and appear to have decreased in 
number. Empty protein bodies have fused to 
larger vacuoles, and rough endoplasmic reticu- 
lum can be found in all cells (Figure 3A). 

At this stage, the epithelial cells contain a large 
number of Golgi apparatuses, each consisting of 
4-6 Golgi cisternae, which produce numerous 
electron transparent vesicles (Figures 3C, 5 and 
6). The Golgi cisternae appear to increase in 
thickness from the forming face to the maturing 
face (Figure 6). Often Golgi apparatuses are 
found in groups, which may indicate previous 
duplications (9, 42), and rough endoplasmic 
reticulum is observed in the immediate vicinity 
of the Golgi apparatus. 

3.3. Elongation of the epithelial cells 
It has been shown that the scutellar epithelium 

of barley and other cereals elongate to approxi- 
mately twice their original length during germi- 
nation and early seedling growth (7, 26, 29, 30, 
35). Furthermore, the cells separate and thereby 
drastically increase the surface area towards the 
endosperm. 

The outline of the plasmalemma becomes 
irregular as malting proceeds, and neighbouring 
cells begin to separate along their midlamella, the 
zone of separation being identifiable by an 

electron transparent region, often containing 
electron dense particles (Figure 7). 

Small bodies, lomasomes, consisting of 
membranes devoid of ribosomes are frequently 
observed near the cell wall in epithelial cells in 
seeds malted for 72 hours or more (Figure 8). 
Some of the lomasomes are confluent with the 
plasmalemma and appear to release their content 
into the cell wall. Often the lomasomes are in 
close contact with oleosomes. At the same time, 
large aggregates of membranes, hereafter termed 
membrane bodies, are observed in epithelial cells 
(Figure 9). Membrane bodies are always found 
inside or in direct contact with the vacuoles 
originating from protein bodies, and often 
membrane bodies enclose oleosomes (Figure 9B). 

The analysis of serially sectioned epithelial 
cells 72 hours after the start of malting showed 
(Figures 10 and !1) that membrane bodies 
appear to pinch off small bodies, which often 
fuse with the plasmalemma. The pinched-off 
bodies are indistinguishable in structure from the 
lomasomes. 

3.4. The aleurone layer 
The aleurone layer encases the endosperm. It 

is 2-3 cells in thickness and is characterized by 
thick cell walls. 

Before germination, aleurone cells show no 
sign of activity (Figure 12). Oleosomes are 
present in large numbers and are exclusively 
located along the cell wall and around the 
aleurone grains. The aleurone grains, the other 
major component of aleurone cells, are spherical 
protein bodies, containing two kinds of inclu- 
sions: The so-called globoid inclusion, which 
normally appears as an electron transparent 
body, but occasionally containing electron dense 
material believed to be phytin (16), and the so- 
called crystalloid inclusion, which appears as a 
homogeneous body of intermediate electron 
density, believed to contain protein and carbohy- 
c~rate (16). Aleurone grains contain one or 
several globoids, but seldom more than one 
crystalloid. Plasmodesmata are found between 
neighbouring cells and are also present between 
endosperm and aleurone cells (Figure 12B). 
Organelles resembling mitochondria are obser- 
ved, but an unequivocal identification was not 
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Figure 8. Lomasomes (1o) of epithelial cells 72 hours after the start of malting. 
The lomasomes, containing internal membranes, are surrounded by a single membrane. In Figures 8 A and 

8 C the outer membrane of the lomasomes have fused with the plasmalemma. Note that the Golgi vesicles 
(Figure 8 A) are much smaller than the lomasomes and do not contain internal membranes, go, Golgi apparatus. 
(Bar = 0.5 ~m). 
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Figure 9. Membrane bodies of epithelial cells 72 hours (Figure 9 A) and 162 hours (Figures 9 B and 9 C) after 
the start of malting. 

The membrane bodies, consisting of smooth membranes, appear inside or in contact with protein bodies/ 
vacuoles. Note in Figure 9 B that a membrane body has enclosed an oleosome. In Figure 9 C a membrane body 
appears to penetrate the vacuole and approach the cell wall. (Bar = 1 om). 
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Figure 10. Six sections from a series through a membrane body 72 hours after the start of malting. 
The numbers refer to the section numbers. The membrane body attached to the empty protein body (sections 4 

and 6) apparently pinches off a lomasome (sections 8 and I 0), which is confluent with the plasmalemma in 
section 8 (arrow). (Bar = I ram). 
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Figure 1 I. Six consecutive sections through a membrane body 72 hours after the start of malting. 
This series reveals a narrow protrusion from the membrane body towards the cell wall (sections 3 and 4). 

Lomasomes are observed near the cell wall (sections 4 and 5), and in section 6, a lomasome has fused with the 
plasmalemma. (Bar = 1 lam). 
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Figure 12. Aleurone cells before germination (the same seed as in Figure I ). 
Figure 12 C shows the seed stained with calcofluor. The cell walls of the endosperm fluoresce intensely. The 

arrow denotes the position, at which the sections have been cut. Note that the oleosomes (ol) are preferentially 
located around the aleurone grains (ag) and along the plasmalemma, aw, aleurone cell wall; cr, crystalloid; 
ew, endosperm cell wall; gl, globoid; st, starch granule. Figures 12 A and 12 B: (Bar = 2 )am), Figure 12 C: 
(Bar = 2 mm). 
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Figure 13. Aleurone cells 72 hours after the start of malting (the same seed as in Figure 2)~ 
Figure 13 C shows the seed stained with calcofluor. The endosperm is degraded in the region adjacent to the 

scutellum. The arrow denotes the position, at which the sections have been cut. Note in Figure 13 A the aleurone 
grains (ag) and the oleosomes (ol), which surround the aleurone grains. The cell walls of the endosperm (ew) and 
the starch granules (st) in Figure 13 B are still intact, aw, aleurone cell wall. Figure 13 A: (Bar = 1 lain), Figure 
13B:(Bar  = 20m) ,F igure  13C:(Bar  = 2mm).  
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Figure 14. Aleurone cells 162 hours after the start of malting (the same seed as in Figure 3). 
Figure 14 C shows the seed stained with calcofluor. Degraded endosperm covers a large area in the embryo 

end of the seed. The arrow denotes the position, at which the sections have been cut. At this stage distinct 
mitochondria (mi) and endoplasmic reticulum (er) are observed. Aleurone grains (ag) are almost empty, and 
microbodies (mb) have appeared in the cells. One Golgi apparatus (go) is present in Figure 14 B. Note in Figure 
14 A the electron dense zone (denoted by an arrow) and the dense inclusions in the cell walls. The endosperm 
wall adjacent to the aleurone is degraded (compare Figures 13 B and 14 B). aw, aleurone cell wall; nu, nucleus; 
st, starch granule. Figures 14 A and 14 B: (Bar = 2 l~m). Figure t4 C: (Bar -- 2 ram). 
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Figure 15. An aleurone cell from the same seed as in Figure 14. The arrow in Figure 15 B denotes the position, 
at which the section has been cut. 

The ateurone cell at this position contains poorly developed mitochondria (mi), almost empty aleurone grains 
(ag) and a large number of oleosomes. The endosperm wall (ew) adjacent to the aleurone is partially degraded. 
aw, aleurone cell wall. Figure 15 A: (Bar = I ~am), Figure 15 B: (Bar = 2 mm), 
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possible due to the indistinct appearance of the 
membranes. 

After 72 hours of malting, degradation of the 
endosperm is initiated in the area adjacent to the 
scutellum (Figure 13C). In agreement with this, 
only few ultrastructural changes occur in the 
aleurone layer, the only visible change being a 
minor degradation of  the aleurone grains (Figure 
13). The oleosomes remain in the vicinity of the 
plasmalemma and around the aleurone grains, 
and distinct mitochondria are not identifiable. 
Endosperm cell walls and starch granules 
adjacent to the aleurone layer appear to be 
unaffected by enzyme degradation. Aleurone 
cells from other parts of the aleurone layer have 
the same appearance as the cells shown in Figure 
13. 

In seeds malted for 162 hours, significant 
changes are observed (Figure 14). The oleosomes 
are now distributed apparently at random in the 
cytoplasm, mitochondria with distinct mem- 
branes and cristae are present and the aleurone 
grains are almost empty, except for the crystal- 
loid, which is still present in many of them. A 
large number of spherical granular bodies, 
microbodies, often containing electron dense 
particles has appeared (Figures 14A and 14B). 
Rough endoplasmic reticulum is present, al- 
though not to the same extent as in epithelial 
cells. A limited number of Golgi apparatuses is 
also found (Figure 14B). At this stage, dark 
inclusions devoid of  the fibrillar substructure 
typical fol- the cell wall emerge in the walls of the 
aleurone cells, a change which may indicate 
partial degradation of the cell wall. Next to the 
plasmalemma~ a more electron dense zone 
appears in the cell wall (denoted by arrow in 
Figure 14A). This zone is never invaded by the 
dark inclusions. 

After 162 hburs of malting, the aleurone layer 
in the distal end of the seed still appears inactive 
as judged by the number and structure of the cell 
organelles (Figure 15). Mitochondria are ill 
defined, and neither rough endoplasmic reticu- 
lum nor Golgi apparatuses are observed. The 
micrograph in Figure 15 shows that within this 
region the cell walls of the endosperm are only 
partially degraded, and intact starch granules are 
present. 

of germinating barley seeds. I 

4. DISCUSSION 
The primary aim of this study is to characte- 

rize the temporal changes in the ultrastructure of 
the scutellum and the aleurone layer in germina- 
ting barley seeds and to relate the changes in the 
two tissues to the degradation of the endosperm. 

The calcofluor staining technique shows that 
the degradation of the cell walls of the endo- 
sperm starts in the vicinity of the scuteilum, and 
progresses towards the distal end of the seed as 
malting proceeds (compare Figures I D, 2D 
and 3D). 

In the samples taken 72 hours after the start 
of malting, degraded endosperm covers a small 
area adjacent to the scutellum (Figure 2D). The 
epithelial cells in these samples contain large 
amounts of rough endoplasmic reticulum, dis- 
tinct mitochondria and Golgi apparatuses, 
whereas the aleurone layer appears similar to 
that of dormant seeds. Therefore, only the 
ultrastructure of the epithelial cells of the 
scutellum reflects a cytoplasmic organisation of 
cells able to produce major amounts of the 
enzymes required for the degradation of the 
endosperm during this initial period of malting. 
These results are in agreement with the findings 
of GIBBONS (l 1, 12) and OKAMOTO et al. (31), 
who demonstrated that a-amylases, I~-gluca- 
nases, proteinases, as well as ribonuclease first 
appear in the scutellar region of the endosperm 
in germinating seeds. 

The present study has shown that morpholo- 
gical changes indicative of cellular activity do not 
appear in the aleurone layer until after 72 hours 
of malting at 15 ~ The ultrastructural changes 
occuring in the cells after 72 hours are very 
similar to those described for the epithelial cells, 
i.e. degradation of protein bodies (aleurone 
grains), redistribution of oleosomes, and devel- 
opment of rough endoplasmic reticulum, mito- 
chondria and Golgi apparatuses. Furthermore, a 
large number of microbodies appears in the 
aleurone cells. The ultrastructural changes in the 
aleurone layer in the present study are in 
agreement with the observations in earlier 
studies of barley aleurone (8, 10, 18, 22, 25). 

Seeds malted for 162 hours exhibit extensive 
degradation of the cell walls in the endosperm 
(Figure 3D), the modified area being located in 
the embryo part of the seed and the unmodified 
cells in the distal end. The present study revealed 
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a possible correlation between the ultrastructure 
of the aleurone cells and the degradation of the 
neighbouring endosperm, since apparently active 
aleurone cells were always found adjacent to 
modified endosperm near the embryo and never 
adjacent to unmodified endosperm closer to the 
distal end of the seed. Ateurone ceils showing no 
sign of activity were found adjacent to unmodi- 
fied endosperm and also adjacent to the zone 
between modified and unmodified endosperm. 
These findings are in agreement with the 
hypothesis that the activation of the aleurone 
cells is mediated by diffusible gibberellin origina- 
ting in the embryo end and moving towards the 
distal end of the seed. Addition of this hormone 
to germinating seeds results in an acceleration of 
ultrastructural changes in the aleurone cells, 
signifying an increased activity in the cytoplasm 
(I 9, 20), and an enhanced modification of the 
endosperm close to the aleurone layer (12). 

The epithelial cells of the scutellum have been 
investigated in barley (28, 29), wheat (37, 38) 
and other grasses (35). The overall morphologi- 
cal changes occuring in germinating seeds are the 
same in all species, i.e. degradation and vacuola- 
tion of protein bodies, development of mitochon- 
dria, rough endoplasmic reticulum and Golgi 
apparatuses, which is in agreement with the 
present findings. NIEUWDORP and BuYs (29), 
investigating germinating barley seeds, reported 
that Golgi apparatuses did not increase in 
numbers. In contrast to this, the present analysis 
of serially sectioned epithelial cells revealed an 
impressive development of these organelles. In 
the half cell, which was examined by serial 
sectioning, 56 Golgi apparatuses were identified, 
the vast majority being located near the cell wall. 
The development of more than one hundred 
Golgi apparatuses in the entire cell during the 
first 72 hours of malting and their preferential 
location along the cell wall probably relates to 
the secretion of the enzymes required for 
degradation of the endosperm. The walls at the 
tip of the epithelial cells are devoid of ectodes- 
mata, which could serve as transport channels 
for the enzymes into the endosperm (Figure 3A). 
One has thus to conclude that the enzymes are 
secreted through the microfibrillar network of 
the cell walls. As the epithelial cells elongate, 
they separate along their lateral walls, and 
enzymes can therefore also be secreted through 

the lateral walls. In this connection it is of 
interest that plasmodesmata between neighbour- 
ing epithelial cells are restricted to the basal 
portion of the cells (Figures 2A and 3A). 

Besides enzyme secretion, the Golgi ap- 
paratus is considered to be responsible for cell 
wall formation and growth (for review 27, 41). 
Morphological evidence supporting this role of 
the Golgi vesicles in wall growth is not found in 
the present study of the scutellar epithelium. On 
the other hand, a morphological continuity 
between protein bodies, membrane bodies, loma- 
somes and the cell wall is indicated in Figures 8 -  
l l: Membrane bodies develop inside or in 
contact with emptying protein bodies or vacu- 
oles, and subsequently these membrane bodies 
pinch off lomasomes, which migrate to and fuse 
with the plasmalemma, thereby contributing to 
the growth of the cell wall. Membrane bodies 
and lomasomes are always found together in 
epithelial cells from seeds malted 72 hours or 
longer, whereas they are seldom present in 
parenchyma and aleurone cells, which do not 
enlarge during malting. These observations 
support the hypothesis that membrane bodies 
and lomasomes are involved in the growth of the 
cell walls of the scutellar epithelium. 
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Figure 1. Cross section through the scutellum in a barley seed before germination. 
I A. Survey micrograph showing parenchyma (upper part) and epithelium (lower part). The parenchyma and 

the epithelium contain a large number of protein bodies (pr) and oleosomes (ol), but only few mitochondria (mi) 
and proamyloplasts. The endoplasmic reticulum (er) is scarce in both cell types. The protein bodies differ in 
electron density in the parenchyma cells, while those of the epithelium are of the same, electron transparent type. 
Note in both cell types that the oleosomes are preferentially located in the vicinity of the plasmalemma. In the 
parenchyma also protein bodies, especially those of high electron density, are surrounded by oleosomes, nu, 
nucleus; pl, plasmodesma. (Bar = 2 lam). 

lB. Higher magnification of the upper framed area in Figure 1A. The micrograph shows two proamyloplasts 
(pam), each containing starch granules and internal membranes. Note the two plasmodesmata between the 
epithelial and parenchyma cells to the left in the micrograph. (Bar = 0.5 lam). 

I C. Higher magnification of the lower framed area in Figure 14. The micrograph includes two protein bodies 
and one proamyloplast, mitochondria are present in the lower part. (Bar = 0.5 Ore). 

I D. Longitudinal section of the seed used for the ultrathin sectioning, stained with calcofluor and 
photographed in UV-light. The dye bound to the cell walls of the endosperm (en) fluoresce intensely. The arrow 
denotes the position, at which the section in Figure I A has been cut. em, embryo. (Bar = I ram). 

Figure 2. Cross section through the scutellum in a barley seed 72 hours after the start of malting. 
2 A. Survey micrograph showing parenchyma (upper part) and epithelium (lower part). The parenchyma now 

contains vacuole-like structures (va) and only few electron transparent protein bodies. Also the protein bodies of 
the epithelium have a low electron density. In both cell types, the oleosomes are no longer located around the 
protein bodies and only to some extent along the plasmalemma. Amyloplasts (am) are readily found in both 
tissues, although the amyloplasts of the epithelium are smaller and less frequent. Mitochondria (mi), 
endoplasmic reticulum (er) and Golgi apparatuses (go) are present in both cell types, nu, nucleus. (Bar = 2 lam). 

2 B. Higher magnification of the upper framed area in Figure 2 A. Rough endoplasmic reticulum and Golgi 
apparatuses are present, and one amyloplast is located to the left in the micrograph. Mitochondria are also seen. 
ol, olesome. (Bar = 0.5 lam). 

2 C. Higher magnification of the lower framed area in Figure 2 A. The amyloplast shown in the micrograph 
contains granular ground substance, a starch granule and internal membranes. Rough endoplasmic reticulum is 
located close to the amyloplast. (Bar = 0.5 vm). 

2 D. Longitudinal section of the seed used for the ultrathin sectioning, stained with calcofluor and 
photographed in UV-light. Cell walls in the region near the scutellum are degraded. The arrow denotes the 
position, at which the section in Figure 2 A has been cut. em, embryo; en, endosperm. (Bar = I mm). 

Figure 3. Cross section through the scutellum in a barley seed 162 hours after the start of malting. 
3 A. Survey micrograph showing parenchyma (upper part) and epithelium (lower part). In the parenchyma 

cells, vacuoles (va) and protein bodies are not as dominant as in Figure 2 A. In the epithelium vacuoles are now 
seen together with electron transparent protein bodies. In both cell types the oleosomes (ol) are apparently 
distributed at random. Large amyloplasts (am) are frequent in the parenchyma, while in the epithelium the 
amyloplasts are smaller and less frequent. Golgi apparatuses (go) and endoplasmic reticulum (er) are readily 
found in the epithelium, mi, mitochondrion; nu, nucleus; pl, plasmodesma. (Bar = 2 lam). 

3 B. Higher magnification of the upper framed area in Figure 3 A, showing mitochondria and one Golgi 
apparatus. Note the plasmodesmata (pl) connecting the two cells. (Bar = 2 ~m). 

3 C. Higher magnification of the lower framed area in Figure 3 A. One Golgi apparatus is located near the cell 
wal l  and free ribosomes are present in the cytoplasm. Rough endoplasmic reticulum is observed close to the 
amyloplast. The amyloplast is probably dividing, as indicated by the constriction of the outer membrane. (Bar = 
0.5 ~m). 

3 D. Longitudinal section of the seed used for the ultrathin sectioning, stained with calcofluor and 
photographed in UV-light. Degraded endosperm now covers a large area in the embryo end of the seed. The 
arrow denotes the position, at which the section in Figure 3 A has been cut. co, coleoptile; em, embryo; en, 
endosperm. (Bar = I mm). 
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