of the British Food Manufacturing Industries Research
Association for the samples of NPro.
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An Investigation of the Surface Lipids of the Glabrous Cotton (Gossypium hirsutum

L.) Strain, Bayou SM1

Barbara W. Hanny* and Richard C. Gueldner

The surface lipids of the glabrous cotton (Gossypium hirsutum L.) strain, Bayou SM1, were analyzed
with an integrated gas chromatography-mass spectrometry system. n-Alkanes, C27-Cas, account for
49.9% of the total wax, with n-nonacosane (C29Hego) as the major wax constituent (28.7%). n-Primary
alcohols Ce6, C27, and Cas account for 5.5% of the wax, with n-octacosanol (C2sHs80) predominating
(4.4%). Nineteen sterols and triterpenoids were detected and identities for nine are proposed: cholesterol
(0.7%), 24¢-methyl-Ad.22-cholestadien-38-01 (0.4%), stigmasterol (2.7%), fucosterol (4.5%), 24-
methylenelophenol (3.4%), 4,4,14a-trimethyl-A7:901).24.cholestatrien-33-ol (0.8%), 24-ethylidenelophenol
(3.6%), 24-methylenecycloartanol (0.8% ), and 24-methylcycloartanol (1.0%). The sterol and triterpenoid
fraction accounts for 44.6% of the total wax, with an unidentified C20H4s0 (M* 412) as the major

constituent (6.5%).

Surface lipids (wax) of the glabrous cotton (Gossypium
hirsutum L.) strain Bayou SM1 were examined by gas—
liquid chromatography/mass spectrometry (GLC-MS) to
investigate a possible chemical basis for the reported
nonpreference of glabrous cottons by certain cotton insects

Cotton Physiology Laboratory, Agricultural Research
Service, U.S. Department of Agriculture, Southern Region,
Stoneville, Mississippi 38776 (B.W.H.), and the Boll
Weevil Research Laboratory, Agriculture Research Service,
U.S. Department of Agriculture, Southern Region, Mis-
sissippi State, Mississippi 39762 (R.C.G.) (Mississippi
Agricultural and Forestry Experiment Station cooperat-
ing).

(Lukefahr et al., 1968, 1970, 1971; Davis et al., 1973). The
information may also be helpful in light of the report that
cotton cuticular lipids are a potential factor in boll rot
resistance (Wang and Pinckard, 1973).

All previous studies of cotton wax constituents have
involved the extraction of ground plant tissue, and
therefore were not concerned solely with lipids of surface
origin (Power and Chesnut, 1925, 1926; Chibnall et al.,
1934; Sadykov et al., 1963; Sadykov and Padkudina, 1964;
Sadykov, 1965). Power and Chesnut (1925, 1926) reported
the isolation of n-alkanes C31 and Css from ground cotton
foliage, squares (flower buds), and flowers, and based their
identification on melting point and elemental analysis;
however, Chibnall et al. (1934), using crystal spacing data,
later showed that both solids were mixtures of paraffins.
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Chibnall et al. (1934) further identified n-primary alcohols
Ca4, Cos, Cog, C30, C32, and Ca4 and n-fatty acids Ca4, Cos,
Czs, Cao, Ca2, and Ca4 from ground cotton leaves, squares,
and flowers. In 1961, Waldron et al. reexamined some of
the work of Chibnall et al. (1934) by mass spectrometry
and presented evidence which cast doubt on its general
validity; however, cotton wax was not one of the waxes
reexamined.

Sadykov et al. (1963), Sadykov and Padkudina (1964),
and Sadykov (1965) identified n-alkanes C24, C26, C28, C3o,
Csg, Cs5, and Css and n-primary alcohols Cas, C3o, and Caz
from ground leaves, boll walls, and flowers of a Gossypium
species, but gave no details on the methods of identifi-
cation. Struck et al. (1968) extracted cotton squares and
flowers (whole and ground) with petroleum ether and
identified the high molecular weight n-alkanes C23—Cs3 by
mass spectrometry.

EXPERIMENTAL SECTION

Isolation and Fractionation. Terminal shoots were
collected at intervals over a 1-year period from fruiting
Bayou SM1 cotton plants grown in the greenhouse. The
wax isolated from each collection was treated separately.
The shoots were weighed and the wax extracted imme-
diately by three 10-s dips in purified chloroform (Martin
and Juniper, 1970). The chloroform extracts were com-
bined and dried over anhydrous sodium sulfate and filtered
and the solvent removed in vacuo at 20°C. The wax
material was weighed, dissolved in solvent, and maintained
at 0°C until fractionation.

The total wax was fractionated by high-speed liquid
chromatography using a 30 cm X 4 mm i.d. 10-u porous
silica column. Fractions were eluted by programming a
0 to 100% solvent gradient of chloroform in hexane at 4
ml/min flow rate at 2000 psi. n-Alkanes were eluted with
100% hexane, n-primary alcohols at 10-20% chloroform
in hexane, and three sterol-triterpenoid fractions were
collected at 50~100% chloroform in hexane. The fractions
were monitored by refractive index, a scanning uv-visible
spectrophotometer interfaced with the liquid chromato-
graph, silica gel TLC, and GLC.

Analytical GLC-MS. Bayou SM1 wax isolated at
different times was analyzed hy two GLC/MS systems.
The first analysis was obtained by introducing fractions
into an AEI Scientific double-focusing MS-30 from a
275-cm column packed with 3% OV-1 on 60-80 mesh
Gas-Chrom Q. The GLC unit was programmed from 175
to 320°C at 4°C/min. Mass spectra were obtained at 70
eV. The data were collected and processed by a computer.

The second analysis was obtained from a Hewlett-
Packard 5930 quadrupole mass spectrometer at 70 eV
using GLC conditions cited above. The two analyses
provided corresponding data.

Identifications of the n-alkanes, n-primary alcohols, and
six of the sterols and triterpenoids were made by direct
comparisons with authentic standards and published
spectra (Knights, 1967; Stenhagen et al., 1969, 1974;
Mercer et al.,, 1974). The proposed identities of 24¢-
methyl-A522-.cholestadien-383-0l, 4,4,14a-trimethyl-
AT.9,(11).24.cholestrien-38-ol, and 24-methylcycloartanol
(Table I) are based on spectral interpretation. The un-
identified components (Table I) were classified as sterols
and triterpenoids based on characteristic ionic species
produced in the high mass range of their mass spectra
(Friedland et al., 1959; Ryhage and Stenhagen, 1960;
Knights, 1967; Budzikiewicz, 1972; Mercer et al., 1974).

The gas chromatographic profile obtained with a flame
ionization detector was used to estimate the relative
concentrations of wax components. Material balance
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Table I. Sterols and Triterpenoids Isolated from the
Surface Lipids of Bayou SM1 Cotton

Identity % of

Mol Name/or total

M formula high mass ionic species® wax
386 C,,H,,O Cholesterol 0.7
398 C,,H,,O 24-t-Methyl-a5?*- 0.4

cholestadien-3g-ol
410 C,,H,,O 395, 392, 377, 297, 257 0.4
412 (C,,H,,0 Stigmasterol 2.7
412 (C,,;H,,O Fucosterol 4.5
412 C,,H,,O 24-Methylenelophenol 3.4
412 C,,H,,O 397, 394, 379, 231, 213 6.5
424 C,,H,,O 409, 406, 391, 299, 297 3.2
424 C,,H,,O 409, 406, 391, 243, 218 4.2
424 C,H,,O 4,4,14a-Trimethyl-a™>(e4. 0.8
cholestatrien-3g-ol

424 C,H,,O 409, 406, 391, 302,175 1.5
426 C,,H,,O0 411, 408, 393, 285, 247 3.5
426 C,,H,,O0 24-Ethylidenelophenol 3.6
426 C,)H,,0 411, 408, 393, 327, 299 2.7
428 C,,H,,0 413, 410, 395, 231, 213 2.1
430 C, )H,,0 415, 412, 397, 259, 227 1.3
430 C,H,, O 415,412,397, 255, 229 1.3
440 C, H,,0 24-Methylenecycloartanol 0.8
442 (C, H,,0 24-Methylcycloartanol 1.0

@ Mercer et al., 1974 ; Table I, p 848.

Table II. n-Alkanes and n-Primary Alcohols Isolated
from the Surface Lipids of Bayou SM1 Cotton

. % of
Identity total
M* Mol formula Name wax
n-Alkanes
380 C..H,, n-Heptacosane 6.7
394 C,H, n-Octacosane 2.6
408 C,,H,, n-Nonacosane 28.7
422 C, Hy, n-Triacontane 1.4
436 C,, H, n-Hentriacontane 7.7
450 C,,H,, n-Dotriacontane 0.3
464 C,,H,, n-Tritriacontane 1.4
478 C,.H,, n-Tetratriacontane 0.1
492 C,H, n-Pentatriacontane 0.3
506 C,H,, n-Hexatriacontane 0.1
520 C,.H, n-Heptatriacontane 0.1
534 C,,H,, n-Octatriacontane 0.5
n-Primary Alcohols
382 C,.H,,O n-Hexacosanol 0.5
396 C,.H, .0 n-Heptacosanol 0.6
410 C,;H,,0 n-Octacosanol 4.4

observations were made by peak triangulation and nor-
malization to 100%.

RESULTS

Bayou SM1 wax averages 0.68 mg/g (range 0.61-0.75
mg/g) of plant tissue. The wax is predominately n-alkanes
(49.9%), with n-nonacosane (C20Heo) as the major wax
constituent (28.7%). n-Primary alcohols and sterols/
triterpenoids account for 5.5 and 44.6%, respectively, of
total surface wax.

The identities and percentages of the n-alkanes and
n-primary alcohols isolated from the wax are listed in
Table II. Table I lists the sterols and triterpenoids
isolated from the wax with identities of the five charac-
teristic high mass ionic species (Mercer et al., 1974) and
percentages. Several wax samples (different collections)
were studied and the relative concentrations of wax
components were consistent.

DISCUSSION

Sterols (i.e., 8-sitosterol and stigmasterol) and tri-
terpenoids (i.e., ursolic, oleanolic, and amyrin derivatives)
have been reported in some plant waxes, but they are



usually minor constituents (Martin and Juniper, 1970).
The complex nature and large percentage (44.6) of sterols
and triterpenoids found in Bayou SM1 wax have provided
some interesting data to consider in cotton-pest inter-
actions.

In consideration of cotton interactions with boll rot
organisms, Bean (1973) has summarized reports which
show that certain phytosterols (i.e., cholesterol, cholestanol)
may cause an inhibition in growth and reproduction of
certain microorganisms and be stimulatory to others, thus
resulting in resistance or susceptibility of the plant to
disease. This could possibly explain why cotton cuticular
extracts were fungistatic to nine species of fungi frequently
associated with boll rot, and were ineffective for Penicillum
spinulosum (Wang and Pinckard, 1973).

The sterols found in Bayou SM1 wax can have an in-
fluence on cotton—insect interaction. Svoboda et al. (1975)
reported that insects lack the capacity for de novo bio-
synthesis of the steroid nucleus; to date, all insects that
have been examined critically have been shown to require
an exogenous source of sterol to achieve normal growth,
development, and reproduction. Cholesterol or some sterol
that can be converted to cholesterol must be obtained from
the host plant to meet this critical need. Sterols are, by
definition, vitamins for insects (Heftmann, 1975).
Therefore, insects can obtain needed sterols from Bayou
SMi1.

However, phytosterols can also act in diverse capacities
against insects. Heftmann (1975) has summarized reports
of certain phytosterols that inhibit insect metamorphosis,
others that are potent antimitotic agents, some that act
as chemosterilants against certain insects, and others that
act as repellents.

Elliott and Knights (1969) proposed that the relative
amounts of sterols of the plant may be more important
than the level of any one sterol in conferring resistance or
susceptibility of a plant to certain insects and diseases.
With the diversity of sterols and triterpenoids found in
Bayou SM1 wax, these components could be important in
the nonpreference type of resistance of this glabrous cotton
to certain insects.

Chemical studies of several cotton strains, both glabrous
and pubescent, indicate that cotton wax in general contains
a large percentage of sterols and triterpenoids (unpublished
data, this laboratory). GC profile comparisons were made
of Bayou SM1 wax fractions and those of its near isogenic
pubescent counterpart, Bayou. Profile differences were
observed in the sterol and triterpenoid fractions, but
GC/MS analyses of Bayou’s wax are needed before any
conclusions may be drawn.

Techniques are being developed for the bioassay of the
wax fractions of Bayou SM1 and Bayou with several cotton
insects which show nonpreference for glabrous cotton.

SURFACE LIPIDS OF GLABROUS COTTON

Results will be reported when adequate techniques are
obtained.
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