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Effects of Lipoperoxides on Proteins in Raw and Processed Peanuts

Allen J. St. Angelo* and Robert L. Ory

Oxidative degradation of unsaturated lipids in
peanuts produces hydroperoxides and their sub-
sequent breakdown products, acids, alcohols, al-
dehydes, and ketones. These compounds have
been reported by others to damage proteins, en-
zymes, and amino acids. In the present investiga-
tion, lipid-protein interaction was examined in
deoiled meals and in the proteins extracted from
raw and roasted whole peanuts and peanut but-
ter. Polyacrylamide electrophoresis was used as
the principal technique to compare proteins be-
fore and after storage under conditions designed

to promote peroxidation of lipids. Disc gels of
deoiled residues from peanuts were stained for
protein and lipid. The Sudan stains, which are
used extensively for detecting liproproteins in
mammalian tissues, were not sensitive enough to
detect the small amount of lipid bound to peanut
proteins, but Rhodamine 6G and Oil Red O were
satisfactory. Details of these procedures and ob-
servations on the effects of peroxidized lipid-pro-
tein interactions on electrophoretic mobility and
on solubility of various protein fractions are dis-
cussed.

Peroxidation of fatty acids has long been a concern to
academia and food industry because lipid peroxides are
involved in the development of rancidity in foods contain-
ing unsaturated fatty acids, the production of “off”” odors
and flavors, and the production of toxic or physiologically
active compounds that can damage proteins, enzymes,
and amino acids. Lipid peroxidation involves a free-radi-
cal mechanism, initiated by autoxidation, that can be

Southern Regional Research Center, one of the facilities
of the Southern Region, Agricultural Research Service,
U.S. Department of Agriculture, New Orleans, Louisiana
70179.

catalyzed by either metalloproteins or enzymes, to form
fatty acid hydroperoxides. Once initiated, the reaction is
self-propagating, forming more hvdroperoxide and more
free radicals and/or breakdown products, depending upon
the conditions. The products formed can complex with
amino acids, proteins, or enzymes.

Lipid-protein complexes are believed to be held togeth-
er either by electrostatic (ionic) attractions, as reported
by Green and Fleicher (1963), by hydrogen bonding, van
der Waals interactions, or hydrophobic interactions, con-
sidered by Némethy (1967) to be the main type of bonding
between lipids and proteins in vivo. Covalent bonds be-
tween lipids and proteins in natural systems are uncom-
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mon. On the other hand, Tappel (1965) and Roubal and
Tappel (1966) have reported that peroxidized or autoxi-
dized lipids can form rather stable complexes with mam-
malian proteins, to ultimately yield insoluble lipid-pro-
tein complexes. Many more studies on the formation of
autoxidized lipid-protein complexes have been reported in
mammalian systems than in plant systems.

Enzymatic catalysis by lipoxygenase has been con-
firmed only in plant systems. (Reports of lipoxygenase in
animal tissues have been confused by the presence of
heme-type catalysis.) Legumes are a major source of li-
poxygenase although it has been reported in numerous
plant sources (Pinsky et al., 1971). We have reported par-
tial purification and some properties of the enzyme in
peanuts (St. Angelo and Ory, 1972a,b), but the effects of
lipid peroxidation on peanut proteins were not examined.
The present work was undertaken to determine: (1) if
lipid peroxides and their breakdown products combine
with specific proteins in raw and roasted peanuts, or if
they combine randomly with all proteins; (2) if the addi-
tion of oxidized lipids or their breakdown products cause
changes in the major proteins, arachin and conarachin,
detectable by disc gel electrophoresis; and (3) if these oxi-
dized lipids alter the physical properties of the proteins
(e.g., solubility, electrophoretic mobility).

MATERIALS AND METHODS

Peanut Samples. Virginia, Spanish, and Runner pea-
nuts (1972 crop) were obtained from various commercial
suppliers. Peanut butters were commercial brands. For
roasted samples, Spanish and Runner peanuts were roast-
ed in a laboratory forced-draft oven at 150-175° for 25-
30-min periods and stored as whole nuts.

Extraction Procedures. Fractionation of oil and pro-
teins and solubilization of proteins from deoiled meals
were performed as follows. Accurately weighed (to 0.1 mg)
samples of raw or roasted peanuts or peanut butters were
deoiled with hexane in a 1:5 (w/v) ration, then centri-
fuged at 14,000g for 30 min. The hexane fraction was
saved and the meal was reextracted with hexane and cen-
trifuged. The supernatants were combined and used for
determination of conjugated diene hydroperoxide (CDHP)
contents in the oils. After drying, the deoiled meals were
extracted with pH 7 buffered 10% sodium chloride (NaCl)
in a 1:10 (w/v) ratio for 1 hr under constant stirring and
then centrifuged as before. The salt-soluble protein ex-
tracts were dialyzed against deionized water and then ly-
ophilized to obtain the proteins free of salt and small mol-
ecules. The salt-insoluble residues were resuspended in
water, dialyzed, and lyophilized to obtain the salt-free
residue consisting of protein, cell wall debris, etc. Sam-
ples of the deoiled meal, the salt-soluble proteins, and the
salt-insoluble residues were analyzed by macro-Kjeldahl
for nitrogen. Protein is expressed as N X 5.46.

Determination of Peroxide Content in Extracted
Oils. Peroxidation in oil samples from all peanut products
was determined by the CDHP (conjugated diene hydro-
peroxide measured at 234 nm) method described earlier
(St. Angelo et al., 1972b; St. Angelo and Ory, 1973).

Gel Electrophoresis of Proteins. Salt-soluble protein
samples were dissolved in 0.1 M Tris-HCI buffer (pH 7.2)
and examined by polyacrylamide gel electrophoresis ac-
cording to Weber and Osborn (1969) and Cherry et al.
(1970), but with four modifications: (a) each fraction was
examined at protein concentrations from 0.3 to 0.8 mg/gel
to determine major and minor protein bands; (b) protein
samples electrophoresed were extracted from deoiled meal
instead of from homogenized and centrifuged whole seeds;
(c) three drops of a 40% sucrose solution were added to
each tube instead of capping the upper gel with a thin
strip of lower gel; (d) the glass gel tubes were 86 mm long
X 5 mm i.d.; the running gel was 76 mm long.

Salt-insoluble residues were dissolved in Tris-HCI buff-
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er containing 1% sodium dodecyl sulfate (SDS) and exam-
ined by polyacrylamide gel electrophoresis according to
Shapiro et al. (1967) and Cherry (1974), but with slight
variations: (a) 7.5% acrylamide gels were used; (b) neither
gels nor solutions contained (-mercaptoethanol; (c¢) sam-
ples were electrophoresed for about 3.5 hr (or until the
Bromophenol Blue tracking dye had migrated to the end
of each tube); (d) prior to staining, gels were fixed with a
solution containing 25% isopropyl alcohol-15% trichloro-
acetic acid for 16 hr at room temperature; (e) Tris-HCl
buffer was used instead of phosphate.

Staining Techniques. For protein banding patterns,
gels were stained overnight with Amido Black. For detect-
ing lipids, either Oil Red O or Rhodamine 6G was used.
Oil Red O was prepared by suspending 500 mg in 500 m]
of 70% methanol and warming to 50° with stirring. This
solution was then made to 15% (w/v) with trichloroacetic
acid and stored at 37°. Rhodamine 6G was prepared by
dissolving 10 mg in 100 ml of 0.05 M sulfurous acid and
then stored at room temperature. The gels were stained
by incubating them in either solution overnight at 37°. All
gels, except those stained with Rhodamine 6G, were de-
stained by soaking with frequent changes in 7% acetic
acid.

RESULTS AND DISCUSSION

Enzymatically catalyzed peroxidation in raw peanuts is
a more specific process than the hemoprotein or autoxida-
tion processes that appear to take place in roasted nuts.
St. Angelo et al. (1972a) showed that in raw peanuts, li-
poxygenase attacks linoleic acid specifically at the C-13
position. Owing to this specificity, the types of peroxid-
ized end products bound to proteins in raw peanuts
should be less complex than those found in roasted pea-
nuts or in mammalian systems catalyzed by autoxidation
or metalloproteins. The linoleic acid hydroperoxide
formed by peanut lipoxygenase will cleave at the C-13 po-
sition to produce hexanal, a carbonyl compound that can
also combine with certain protein functional groups.

In our long-term storage studies on whole raw undam-
aged peanuts, we found that the rate of peroxidation was
too slow to show significant changes. Therefore, in order
to promote peroxidation of lipids in raw peanuts and to
enhance any possible reaction with the protein, raw Vir-
ginia peanuts were ground in a food blender, sampled,
and stored under different conditions. Sample 1 was ana-
lyzed immediately after grinding in a food blender; sam-
ple 2 was stored in an open jar at 30°; sample 3 was
ground, then manually blended with 10% (w/v) rancid
vegetable oil and stored in an open jar at 30°. (The open
jars were covered with cheesecloth and kept in a closed
metal cabinet.) The data in Table I are averages of five
experiments in which weights varied from 5to 12 g.

Peanuts assayed prior to storage formed less total hy-
droperoxide (CDHP) than those stored at 30°, and less
than those blended with rancid oil. In samples 1, 2, and 3,
the percentage of deoiled meal recovered increased from
53.90 to 57.28 after 3 months storage, as peroxidation in-
creased. While this increase is not statistically significant,
this trend was apparent in all experiments, suggesting
that the weights of defatted meals increase with the in-
creased peroxidation of the oil. Recoveries of salt-insoluble
residues from these meals decreased slightly while salt-
soluble material increased. Per cent protein of the salt-
soluble fraction was virtually unchanged, despite an in-
crease in total recovered material (Table I, part B). Rou-
bal and Tappel (1966) reported that free radicals formed
from lipid peroxides can induce protein-protein interac-
tion. This might explain the apparent increase in solubi-
lized protein from the salt-insoluble residue, but the in-
creases in total material recovered and in the salt-soluble
fraction suggest that protein being solubilized may be
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Lipoxygenase from Wheat. An Examination of Its Reaction Characteristics

Joan M. Wallace* and Edward L. Wheeler

Four lipoxygenase fractions were separated from
wheat germ extract by DEAE-cellulose chroma-
tography. The activity vs. pH curves for all four
fractions varied as a function of linoleic acid sub-
strate concentration. This behavior is interpreted
as demonstrating a pH-dependent substrate inhi-

bition of lipoxygenase. Evidence is presented
that, in addition to linoleic acid hydroperoxide,
an unidentified product was formed in the aero-
bic reaction of wheat germ lipoxygenase with lin-
oleic acid.

Isoenzymes of lipoxygenase have been isolated from soy-
beans (Christopher et al., 1970, 1972), peas (Eriksson and
Svensson, 1970; Anstis and Friend, 1974), and alfalfa
(Ben-Aziz et al., 1971). The aerobic reaction of lipoxyge-
nase with the cis,cis-1,4-pentadiene system of unsaturated
fatty acids such as linoleic acid generally has been found
to produce, as primary products, C-13 and/or C-9 conju-
gated diene hydroperoxides, depending on the source of
the enzyme or on the isoenzymes under study. Graveland
(1970a) demonstrated that unsaturated trihydroxy com-
pounds were formed as secondary products of the aerobic
reaction in wheat doughs but only if lipoxygenase was
bound to glutenin during the reaction. Garssen et al.
(1971, 1972) showed that a mixture of various dimers and
unsaturated carbonyl monomers, as well as pentane, could
be produced in an anaerobic reaction of soybean lipoxyge-
nase in the presence of both linoleic acid and linoleic acid
hydroperoxide. This paper describes preliminary results of
the partial purification of four lipoxygenase fractions from
wheat germ by DEAE-cellulose chromatography. All four
fractions produced an unidentified early reaction product
in addition to linoleic acid hydroperoxide during the aero-
bic reaction with linoleic acid.

EXPERIMENTAL SECTION

Materials. Linoleic acid (99+% pure) and Absorbosil 5
TLC plates were purchased from Applied Science Labora-
tories, Inc. Soybean lipoxygenase was obtained from
Mann Research Laboratories and used without further pu-
rification. Sephadex G-200 was from Pharmacia Fine
Chemicals, Inc., and DE-32 anion exchange cellulose from
H. Reeve Angel, Inc.

Methods. To prepare linoleic acid substrate, 100 ml of
sodium borate buffer (pH 9.0) containing 2.5 X 10-¢ M

Western Regional Research Laboratory, Agricultural
Research Service, U.S. Department of Agriculture, Berke-
ley, California 94710,
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EDTA was deaerated, after which 1 g of linoleic acid was
added, under a stream of argon, to give a concentration of
36 mM. The mixture was sonicated under an argon atmo-
sphere, transferred to storage vials, flushed three times
with argon, and stored at —10°. For lipoxygenase activity
measurements, this stock linoleate was diluted with phos-
phate buffer (pH 6.9) to give concentrations ranging from
0.06 to 3.6 mM. A solvent system of hexane-ethyl ether-
glacial acetic acid (80:20:1) was used for tlc separations.
Hydroperoxide concentrations were calculated from the
absorbance at 234 nm, measured with a Perkin-Elmer
M202 spectrophotometer, using a molar extinction coeffi-
cient of 25,0001. mol-1 cm~1 (Johnston et al., 1961).
Lipoxygenase activity was measured as the initial rate
of O uptake determined with a Clark oxygen electrode in
a volume of 3 ml containing linoleic acid in concentrations
up to 3.6 mM, and buffered with 0.025 M sodium phos-
phate (pH 6.9). One unit of activity is defined as the up-
take of 1 umol of Oz/min at 25°. The initial Oz concentra-
tion in the reaction mixture was 0.24 mM, as determined
by the method of Robinson and Cooper (1970). The meth-
od of Lowry et al. (1951) was used for protein determina-
tions with bovine serum albumin for standardization.
Defatted wheat germ (50 g) was extracted for 1 hr at 2°
with 5 vol of 0.12 M sodium phosphate buffer (pH 6.9) (all
succeeding operations were carried out at 2°). Insoluble
material was separated by centrifugation (31,000g, 25
min). The supernatant (210 ml) was adjusted to 35% satu-
ration with (NH4)2S50y,, stirred 1 hr, and then centrifuged
to remove the inactive precipitate. The resulting superna-
tant was brought to 55% saturation with (NH4)2S04 and
the active precipitate was collected by centrifugation.
This final supernatant contained negligible activity. The
precipitate was dissolved in 0.12 M sodium phosphate
buffer (pH 6.9) to a volume of 20.5 m! and dialyzed
against the same buffer. This was accomplished by pass-
ing the buffer through the fibers of a Bio-Fiber 80 beaker
(Bio-Rad Laboratories, Richmond, Calif.) at the rate of 16



