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ABSTRACT 

Cottonseed pigment glands, isolated from the 
underflow fraction of  the liquid cyclone process, 
were examined with an electron microscope. The 
glands were circumscribed by a layer of  tangentially 
flattened cells. Subjacent to the flattened cells were 
partially lysed cells containing recognizable rem- 
nants of  cell walls. Within the lumens or matrices of  
the glands were myriads of  pigment spherules mea- 
suring 0.1-1.5p in diameter. These spherules re- 
mained within the glands, even though gland walls 
were ruptured mechanically. Since aggregates of  pig- 
ment spherules devoid of gland walls were observed in 
the gland-rich fraction~ it was concluded that main- 
tenance of  intact pigment glands was not  a requisite 
for successful separation of  gossypol from other cot- 
tonseed components with the liquid cyclone process. 
Avoiding dispersion of  aggregated spherules from the 
glandular matrix was probably just as important as 
maintaining intact gland walls during mechanical 
separation of  gossypol from other cottonseed compo- 
nents. 

INTRODUCTION 

Embedded within the tissues of  glanded cottonseeds are 
myriads of small, black specks known as pigment glands. 
These glands are of great interest to the cottonseed industry 
since they contain gossypol and gossypol-related pigments 
(1-3). Gossypol is a polyphenolic pigment that, not  only 
imparts undesired color to cottonseed off and lessens the 
nutritive worth of  cottonseed protein, but also is a poison- 
ous principle per se (4). 

Recently, a method was devised which separates pigment 
glands from other cottonseed constituents: the liquid cy- 
clone process (LCP) (5-7). Basically, the process consists of 
differentially centrifuging comminuted seeds in hexane to 
separate nutritious protein from noxious pigment glands 
(the off is reclaimed from the hexane). This process pro- 
duces very high quality protein that is virtually free of 
gossypol contamination. 

Since success of the LCP depends upon the fact that 
gossypol is sequestered in pigment glands whose structural 
integrity seemingly is maintained throughout processing, 
knowledge concerning structural aspects of the glands is 
important. In this communication, we describe the ultra- 
structural morphology of  isolated pigment glands with 
special regard to structural relationships and cottonseed 
processing. In addition, previous misconceptions concerning 
pigment gland morphology are discussed. 

EXPERI MENTAL PROCEDUR ES 

The pigment gland-rich fraction (under tow)  from an 
LCP fractionation of  Texas high plains cottonseed was ob- 
tained from H. Gardner of this laboratory. Prior to LCP 
fractionation in hexane (Skellysolve B), the seeds had been 
dehulled and then dry-milled in an Alpine American Con- 
traplex (sieveless wide chamber pin mill) with counter- 
rotating disks set at 2500 and 9500 rpm. Glands were iso- 
lated from the underflow fraction by flotation (8) in 
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hexane and CC14, rinsed in hexane, dried, and stored in 
vacuo over silica gel. 

Isolated glands were fixed in a 2% (v/v) aqueous solution 
of KMnO4. This fixative did not cause glandular rupture, as 
did aqueous glutaraldehyde and osmium tetroxide (fixatives 
generally used in electron microscopy), and produced re- 
suits that were superior to results with the osmium tetroxide 
fume fixation used by Moore and Rollins (9). The fixed 
glands were dehydrated serially in aqueous acetone mix- 
tures and embedded in epoxy resin (10). Thin sections were 
cut with a diamond knife on a Sorvall Porter-Blum micro- 
tome and poststained with uranyl acetate and basic lead 
citrate (I1).  Stained sections were examined in a Philips 
EM-300 electron microscope. 

RESULTS 

Figure 1 is a low magnification electron-micrograph of 
pigment glands isolated from the underflow fraction of  the 
LCP. Note that some glands were bounded by a single layer 
of  compartments, whereas others had several layers. In 
micrographs showing multiple layers, the shapes of  the 
compartments progressed from flat to  ellipsoid as one 
moved distally from the glandular interior. Even at these 
low manifications, it was obvious that at least the distal 
compartments were actually cells (12). The compartments 
nearest the lumen of  the gland were generally more elec- 
tron-dense than the more distal cells. Within the lumen of 
the gland proper were myriads of  grey to black entities 
which appeared stippled at these low magnifications. Note 
especially the glands with broken walls; the stippled con- 

FIG. 1. Isolated pigment glands obtained from the "underflow" 
fraction of the liquid cyclone process. The glands are bounded by 
several layers of cells and are filled with material that stained grey to 
black. Note especially the broken glands which still contain glandu- 
lar contents even though parts of the gland wafts are absent. Marker 
indicates 50/~. 
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FIG. 2. A portion of a gland wall. Generally, cell walls do not 
completely encircle cells of the innermost layer; radial walls and the 
walls facing the lumen of the gland appear to have lysed. Organelles 
can be recognized in both the innermost cells and those adjacent to 
them, indicating the cellular nature of these compartments. The 
lumen of the gland is t-flied with darkly stained spherules. Marker 
indicates 1 #. 

tents were still present in the ruptured glands. 
Figure 2 is a higher manification of a por t ion  of a multi- 

ple layered gland wall. The double arrows point  to  the 
innermost layer of  compartments  which dea r ly  is bounded 
by cell wal ls- these  were undoubtedly  the enti t ies labelled 
"plates" by Boatner, et al. (13). Subjacent to this layer was 
often visible another  layer of  material (single arrow) which 
resembled the penult imate layer but which lacked cell 
walls. This was probably the mucilaginous layer  to which 
early workers referred (14). In the lumen of  the glands, 
material that appeared stippled at  low magnification 
(Fig. 1) was seen to be grey or black spherules measuring 
0.1-1.5/a in diameter. These were similar to the spherical 
particles described by Moore and Rollins (9) and were tm- 
doubtedly  "drople ts"  of gossypol and gossypol-related pig- 
ments. 

In spite of broken walls, glandular contents  were intact 
within the glandular matrices (Fig. 1). During preparations 
of glandular fractions for microscopic examinations,  a fine, 
dark fraction was noted  that  sett led somewhat slowly in 
hexane. Since this fraction appeared physically different 
from the other  port ion of  the isolated gland fraction,  it  was 
examined with the electron microscope. Figure 3 shows 
that the material was composed of  broken glands and aggre- 
gates of pigment spherules from glandular matrices. 

DISCUSSION 

Although the noxious pigment, gossypo], in glanded cot- 
tonseed has been a problem to processors, i t  is fortuitous 
that the compound is sequestered in neat intercellular pack- 
ages called "pigment glands." 

These glands appear to the naked eye merely as black 
specks, but, microscopically,  they were revealed as round to  
e l l i p s o i d  structures measuring 100-400/1 in diameter 
(Fig. 1). The glands were bounded by structures that  have 
been called "membranes"  (14), "f lat tened ceils" (2,3), or 
"plates"  (9, 13). 

Early workers described the gland walls as consisting of 
two concentric layers: an outer  wall composed of  tangen- 
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FIG. 3. The "fines" fraction of isolated pigment glands. The 

material in this fraction is composed of bits and pieces of glandular 
matrices with no intact glands present, yet the components have 
maintained an aggregate form rather than dispersed individual 
spherules. Marker indicates 50 #. 

tially flattened cells and an inner wall consisting of a layer 
of mucilaginous material in which traces of  cell walls were 
still evident (14). This interpretat ion was corroborated by 
Stanford and Viehoever (3) who studied the ontogeny of 
the glands. They concluded that  the glands arose lysigen- 
ously and that  the surrounding cells became f lat tened as the 
glands swelled. The encircling layers of cells were believed 
somewhat mucilaginous "dissolving partially in water and 
cuprammonia,  but not  in alcohol, and giving no well de- 
fined cellulose reactions."  This "mucilaginous layer" asso- 
ciated with the gland wall was probably part ial ly lysed cells. 

Boatner, et  al., (13) who studied isolated glands histo- 
chemically concluded, on the other  hand, that  gland wails 
were not  cells but were relatively thick, curved "plates."  
They proposed that  the plates contained no proteins,  lignin, 
nor pentosans and were coated on the outer  surfaces with 
cutin. More recently,  Moore and Rollins (9), working with 
the electron microscope, concluded that the plates "exist  as 
f lat tened compartments ,  each of  which has a complex inter- 
nal s tructure."  The "compar tments"  were believed to con- 
rain "more or less discrete lumps or b locks"  of material 
extremely sensitive to osmium fixation. The difference in 
appearance of  the substances within the lumens of  the 
plates and of the glands suggested to these workers that  
gossypol might be contained in the interior of the gland, 
whereas gossypurpurin might be concentrated in the plates. 

Our results show that  the gland walls are composed of 
cells and recognizable cellular remnants and corroborate  the 
conclusions of  early light microscopists who believed glands 
were bounded by tangentially f lat tened cells (2,3,12). We 
suggest, therefore, that  the terms, such as "mucilaginous 
layers," "compar tments , "  and "plates,"  should be aban- 
doned and that the term "cells" be used to describe gland 
walls. 

Myriads of  spherules, measuring 0.1-1.5 # in diameter,  
were observed within the gland matrices (Figs. 1 and 2). 
These spherules have been seen in studies with the light 
microscope, as they extravasated from ruptured glands (9), 
and with the electron microscope (Fig. 3 and [9] ). Failure 
of  pigment spherules to  be released from glanded cotton- 
seed during grinding, blending, or storage in hexane slurries 
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is n o t  necessar i ly  because  p i g m e n t  glands are t o u g h  or  resil- 
ient .  F o r  example ,  p i g m e n t  spheru les  r e m a i n e d  wi th in  
glands even t h o u g h  gland walls were b r o k e n  (Fig. 1). In still 
o t h e r  ins tances ,  large aggregates of  spheru les  to ta l ly  devoid  
of  g land walls were obse rved  (Fig. 3). Thus ,  a l t h o u g h  
mechan ica l  r u p t u r e  o f  p i g m e n t  glands d u r i n g  c o t t o n s e e d  
process ing  is undes i rab le ,  i t  is n o t  especial ly  cr i t ical ,  s ince 
t he  LCP is capab le  of  separa t ing  g land  f r a g m e n t s  f r o m  the  
p ro te in - r i ch  f r ac t ion  (overf low) .  F o r  successful  sepa ra t ion  
of  gossypol  f r o m  o t h e r  c o n s t i t u e n t s  of  the  seed, ma in te -  
nance  of  p igmen t  spheru les  in  und i spe r sed  aggregates is 
p r o b a b l y  jus t  as i m p o r t a n t  as m a i n t e n a n c e  o f  i n t a c t  g land 
walls. 
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