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Cotton bacterial endotoxin assessed by electron
microscopy
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ABSTRACT A piece of bale cotton was incubated in nutrient broth. Electron microscopic inspection
of the cotton and the broth showed Gram-negative bacteria with long flagella, loosely attached to the
cotton fibres. Large amounts of endotoxin liberating from these bacteria were visible in the growth
medium.

The cotton plant and industrial cotton contain a
bacterial flora, most of which is comprised of Gram-
negative bacteria.' Quantitatively, the greatest
contaminant is Enterobacter agglomerans, which
constitutes 40-1000% of all Gram-negatives found on
cotton, accompanied by Klebsiella, Agrobacterium,
and strains of Pseudomonas.1 2
The Gram-negative bacteria contain and excrete3

toxic macromolecules, which are lipopolysaccharides
(LPS) derived from the outer membrane of the
bacteria.4 The lipopolysaccharides are composed of a
lipophilic moiety (lipid A) and a hydrophilic poly-
saccharide chain. The lipid A is associated with the
endotoxic activities of the lipopolysaccharide
molecule, and the polysaccharide part determines the
serological specificity of the molecule. These
important properties of endotoxins are well docu-
mented and have recently been reviewed by Bradley4
and Galanos et al.5
Although the presence of endotoxins in cotton and

its dust has been documented using biological nmethods
such as the Limulus assay or the Schwartzmann
reaction,6 there is so far no direct electron micro-
scopic observation about the endotoxins of bacteria
on cotton. In this report we describe the shape and
the size of some Gram-negative cotton bacteria and
their endotoxins and the attachment of the bacteria
to the cotton fibre, as shown by two electron micro-
scopic techniques.

Methods

A 100-mg piece of bale cotton was incuLbated in
Luria-broth (1% Difco-tryptone, 050% Difco-yeast
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extract, 1 % NCcl, 0-025 % CaCI2, pH 7 0) at room
temperature. The Luria-broth was changed twice on
every second day before the samples were taken for
the electron microscopy.
The bacterial suspension in the growth medium

was negatively stained on the grid with a 1%
solution of potassium phosphotungstate, pH 7 0.
The samples for thin sectioning were pre-fixed with
3 % glutaraldehyde in 0 1M phosphate buffer, pH
7-2; ruthenium red was added to the final concentra-
tion of 1500 ppm. After the 45-minute pre-fixation
the samples were post-fixed in 0-1M phosphate
buffer with 1% osmium tetroxide for two hours at
room temperature. After dehydration in a rising
ethanol series the samples were embedded in Epon
812. Thin sections were prepared with an LKB
Ultramicrotome I and were post-stained with
uranyl acetate and lead citrate. For scanning
electron microscopy the samples were pre-fixed as
above and then dehydrated by the critical-point
method7 in an Aminco apparatus before the
sputtering coating with gold in a JEOL ion sputter
JFC-1 100. The micrographs were taken with a
JEM-100B electron microscope and with a JSM-35C
scanning electron microscope operating at 80 and I1
kV, respectively.

Results

The bacteria that grew in the Luria-broth were found
to be Gram-negative with some long flagella (fig 1).
The peeling of the outer membrane (arrowhead in
fig 1) is seen in this negatively stained preparation.
Bacteria were seen growing on the cotton fibres (fig 2)
and free endotoxin was observed in the growth
medium, as shown in the micrograph of thin-
sectioned material from the medium (fig 3). This
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Fig 1 A negatively stained cotton bacterium with long
flagella. Peeling of the outer membrane is shown by the
arrowhead. Bar, 0 5 ,um.

Fig 2 Scanning electron micrograph showing bacteria
attached to surface of cotton fibre. Bar, 2 ,im.

endotoxin (arrowheads in fig 3) with a unit mem-
brane structure is about 10 nm in diameter. This
agrees very well with the dimensions of the outer
membrane of Gram-negative bacteria. The endo-
toxin vesicles (outer membrane fragments) seen in
fig 4 have a diameter of about 120 nm.
The bacteria are loosely attached to the cotton

fibre (fig 2), and in the negatively stained preparation
no pili or other projections able to participate in the
attachment process were visible.

Discussion

Electron microscopy shows the bacteria of this
cotton sample to be flagellated Gram-negatives, as
shown by their cell wall structure. The large amoLunts
of free and liberating endotoxin may be clearly seen
both in negatively stained and thin-sectioned
material. Although this experiment cannot be
considered to represent natural conditions, it indicates
that endotoxins may be secreted into the environ-
ment by the Gram-negative cotton bacteria. The
biological activity and the inhalation toxicity of
endotoxin is not dependent on whether the endotoxin
is free or bound to a living bacterium.8
The close association between the bacteria and the

cotton fibre was also shown. No pili were found in
this experiment, and the attachment of the bacteria
to the fibre seems to be loose. This is consistent with
the view that the cotton bacteria are easily detached
from the fibres and thus produce a heavy microbial
contamination into the air of cotton mills.' 2

Several investigators have suggested that the
endotoxins of Gram-negative bacteria on cotton
participate in the induction and the development of
byssinosis. Determined by the Limulus lysate assay9
airborne endotoxins have been present in cardrooms
in concentrations of 0-2 to 1-6 ,ug per cubic metre.'0 11
Studies on cotton mill workers have shown that a
relation exists, either in terms of subjective symptoms
or change in respiratory function, between exposures
to Gram-negative bacteria and to endotoxins and the
prevalence of byssinosis.21213 The purified endo-
toxins of typical cotton bacteria increase the number

Fig 3 Thin sectioned bacteria and
endotoxin (arrowheads) around them.
Bar, 0-2 jim.
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Fig 4 Negatively stained endotoxin
(outer membrane fragments). Bar, 0-2
/Im.

of macrophages and polymorphonuclear leucocytes
in the airways of experimental animals (guinea-pigs)
after inhalation.8 A similar response has been found
in guinea-pigs that have inhaled aerosols of cotton
dust or bract extracts6 or an aerosol containing cells
of pure-cultured Gram-negative cotton bacteria.'
This experimental animal model is currently applied
for the evaluation of the role of endotoxins in
byssinosis and other respiratory disorders such as
humidifier fever.

This work was partly (IH) funded by grants from
Cotton Incorporated through the Department of
Environmental Hygiene, University of Gothenburg,
Gothenburg, Sweden. We thank Ms Tuire Koro for
skilled technical help.
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