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The lipid-free residue of lipid body membranes was 
isolated from quiescent peanuts and was physicochemi- 
cally characterized. The preponderant component of 
the residue was proteinaceous and consisted of at least 
two polypeptides according to ultracentrifugation, gel 
filtration, gel electrophoresis and HPLC. The molecu- 
lar weight of the principal polypeptide was between 
10,000 and 16,000 daltons. Only one antigen, immuno- 
chemically unique with respect to other peanut compo- 
nents, was detected. Spectral analyses indicated the 
presence of a protoheme and revealed conformational 
modes of p-sheet and unordered structure but no a- 
helix. The amino acid composition was similar to that 
of an integral membrane polypeptide rather than to 
those of peripheral membranes or other plant polypep- 
tides. The hydrophobicity, conformation and quantita- 
tive content of polypeptides were suitable for the exis- 
tence of a monolayer at the lipid body-cytoplasm inter- 
face. The results indicated that lipid body coatings 
physicochemically resemble membranes of intracellular 
organelles and supported the morphological concept 
that the coatings are half-unit biological membranes. 
Reutilization of lipid body membranes appeared possi- 
ble after lipid depletion during seed germination. 

Lipid bodies (spherosomes, oleosomes) are intracellu- 
lar particles about 1-2 t~m in diameter  tha t  are the 
principal repository sites of lipid reserves in oilseeds 
(1,2). The lack of morphologically discernible tripartite- 
s t ruc tu red  membranes  sur rounding  lipid bodies had 
been perplexing until the concept of half-unit mem- 
branes to describe the coatings was proposed (3). Sub- 
sequently, the concept has been used on a morphologi- 
cal basis (1,2). To determine whether the coatings are 
also similar biochemically to membranes  of cellular 
organelles, we conducted large-scale isolation and physi- 
cochemical characterizations of the lipid-free residue 
of peanut  lipid body membranes.  

EXPERIMENTAL PROCEDURES 

Tissue. Shelled peanut  seeds (Arachis hypogaea L.), 
Virginia 56R variety,  were freed of testae and stored 
at 5~ At  dryness, seeds were 29% protein and 48% 
lipid by weight. 

Electron microscopy. The isolation of lipid bodies 
was monitored with electron microscopy. To facilitate 
the manipulation of isolated lipid bodies through pre- 
parative procedures, specimens were mixed with 2% 
(w/v) agar at 43~ and centrifuged at 2,600 g until the 
agar gelled. Por t ions  of lipid body-enriched gel and 
pieces of whole cotyledonary tissue (approximately 0.3 
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TABLE 1 

Components of Defatted Lipid Body Membrane 
Component Content (% w/w) 
RNA 0.6 
Hexosamine 1.1 
Neutral hexose 0.3 
Sialic acid 0.0 a 
Nitrogen 11.0 
Phosphorus 0.6 
Sulfur 0.5 
Iron 0.2 
aNot detected in 10 mg of sample. 

mm 3) were prepared for sectioning as described previ- 
ously (4). Thin sections of epoxy-embedded specimens 
were cut on a Servall MT-1 Porter-Blum ultramicro- 
tome with a diamond knife and were examined with 
either a Philips EM 200 or EM 300 electron micro- 
scope. 

Chemical analyses. Nitrogen and phosphorus were 
assayed colorimetrically (5,6). In addition, nitrogen and 
phosphorus as well as iron and sulfur were determined 
by electron emission spectra (ESCA) using a Varian 
IEE 15 spectrometer  as described by Soignet et al. (7). 
Phospholipid content  was determined by 24.8 • lipid 
phosphorus. 

Hexose  and hexosamine  were de termined colori- 
metrically (8). Hexose was assayed after sample hy- 
drolysis (9) and hexosamine was measured as hexose 
after hydrolysis and deamination (10) with corrections 
for hexose conten t  before deaminat ion;  deamina t ing  
reagents did not  interfere with hexose estimation. Sialic 
acid also was assayed colorimetrically {11). 

Total lipid content  was measured gravimetrically 
after  extract ion from dried samples as described ear- 
lier (4). 

Protein was determined by the method of Lowry et 
aL (12). Amino acid analyses were conducted by Worthing- 
ton Biochemical Corporation, Freehold, New Jersey.  
The amino acid composition of the defat ted lipid body 
residue indicated an average content  of 10.6% nitrogen 
by  weight for a nitrogen-to-protein conversion factor 
of 9.4. 

Nucleic acids were isolated by a modified proce- 
dure of Caldwell and Henderson (13). In brief, dried 
samples were homogenized (1 mg/mL) in 5.0 mM phos- 
phate  buffer (pH 7.9) containing 0.5 M NaC1 and 0.25% 
sodium deoxycholate, and centrifuged. Nucleic acids 
in supernatants  were detected spectrofluorometrically 
as ethidium bromide complexes (14); loss of fluores- 
cence after RNAase t rea tment  (at 50~ for 1 hr) corre- 
sponded to RNA, and residual fluorescence was as- 
signed to DNA. 

Enzyme analyses. Acid proteinase, acid phosphatase  
and glucose-6-phosphatase activities were determined 
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TABLE 2 

Amino acid composition of lipid body protein 
Amino acid Mole % 
Lys 3.9 
His 1.4 
Arg 4.4 
Asp 6.2 
Thr 9.2 
Ser 7.9 
Glu 6.5 
Pro 4.6 
Gly 13.9 
Ala 11.9 
Val 6.2 
Met 1.4 
Ile 4.6 
Leu 9.7 
Tyr 4.4 
Phe 3.5 
Cys 0.3 
Trp trace 

by measuring the rates of hydrolysis of hemoglobin 
{15}, phenyl phosphate (16} and glucose-6-phosphate 
I17}, respectively. Catalase activity was estimated by 
measuring the disappearance of hydrogen peroxide, 
which was assayed as peroxytitanium sulfate {18}. Iso- 
citrate lyase activity was determined by continuously 
measuring the production of glyoxylate, which was 
assayed as the phenylhydrazone {19}, from L~-isocitrate. 
NAD-isocitrate dehydrogenase and alcohol dehydroge- 
nase activities were estimated by continuously meas- 
uring the rates of reduction of NAD {20,21} in the 
presence of Ls-isocitrate and ethanol, respectively. Li- 
pase activity was estimated by determining the pro- 
duction of fatty acids from emulsified triglycerides (4}, 
and by measuring the fluorescence produced by hy- 
drolysis of 4-methylumbelliferone from its heptanoyl 
derivative {22}. 

The rate of the reaction catalyzed by each enzyme 
was linear, and proportionality was observed between 
each rate and amount of enzyme when enzyme was rate 
limiting. 

Spectral analyses--visible, ultraviolet, infrared and 
circular dichroic. For visible and ultraviolet spectra, 
specimens were dissolved in either 0.05 M Tris-HC1 
(pH 8.0} containing 1% (w/v} Triton X-100 (23} or in 
ethanol/acetonitrile/water (EAW, 4:1:1, v/v/v), respec- 
tively. EAW did not absorb a significant amount of 
ultraviolet irradiation and readily dissolved the lipid- 
free residue of lipid bodies. Triton X-100 solvents ab- 
sorbed significant amounts of ultraviolet light; there- 
fore, spectrophotometric measurements in the pres- 
ence of Triton X-100 were confined to visible wave- 
lengths. In certain instances, specimens were reduced 
with a few grains of sodium dithionite and oxidized 
with H202 or ammonium persulfate. All visible and 
ultraviolet spectra were obtained with a Beckman Model 
DK-2A ratio-recording spectrophotometer. 

Infrared spectra of specimens in KBr discs and 
Nujol mulls were recorded with a Perkin-Elmer Model 
621 spectrophotometer. 

Circular dichroic spectra of specimens dissolved 

in EAW were obtained with a Cary Model 60 spectro- 
polarimeter equipped with 6001 CD optics. Amounts 
of a-helical,/3-sheet and unordered conformational modes 
were calculated by comparing ellipticity values for each 
specimen with values for conformationally known 
polypeptides at several wavelengths as determined and 
described by Greenfield and Fasman {24}. A mean resi- 
due weight of 158.5 g mole -1 was calculated from amino 
acid data. 

Analytical ultracentrifugation. Specimens dissolved 
in 0.05 M Tris-HC1 (pH 8.0} containing 1% (w/v} Triton 
X-100 were centrifuged at 59,780 RPM in synthetic 
boundary cells of the Spinco model E ultracentrifuge 
equipped with schlieren optics. Fringe displacements 
were assessed with a Nippon Kogaku 2-dimensional 
microcomparator. Molecular weights were derived by 
the method of Halsall (25} from sedimentation values 
calculated according to Schachman {26}. The value of 
0.736 cm3 g-1 for the partial specific volume of the 
specimen was calculated from the amino acid con- 
tent. 

Gel electrophoresis. SDS-PAGE and Triton X-100- 
PAGE were performed according to Laemmli (27} and 
Singh and Wasserman {23), respectively. 

Gel filtration and HPLC. Gel filtration on Sephadex 
LH-20 was conducted by the method of Shannon and 
Hill (28) except that the solvent was either EAW or 
EAW adjusted to pH 8.5 with NH4OH. 

HPLC was performed with a Waters Associates 
system equipped with their 1-60 protein column using 
EAW as a solvent. 

Immunochemistry. Immunodiffusion and immuno- 
electrophoresis were performed on defatted residues 
of lipid bodies and on peanut proteins according to 
Ouchterlony (29) and Grabar and Williams {30}, respec- 
tively, with modifications described by Bjerrum {31}. 
Specimens were dissolved in 0.05 M Tris-HC1 (pH 8.0} 
containing 1% (w/v} Triton X-100, and were applied to 
1.5% (w/v) Ionagar gels in 0,025 M veronal buffer tpH 
8.2}. Peanut proteins and antisera were prepared as 
described earlier {32, 33}. 

RESULTS 

Isolation of lipid bodies. Lipid bodies are the most 
abundant particles in oilseed cells and, along with protein- 
storing aleurone grains {protein bodies}, comprise the 
bulk of the intracellular cytoplasm of cotyledonary 
cells of quiescent oilseeds {1,2}. Earlier studies of pea- 
nut lipid bodies {3,4,34} found that isolation from ho- 
mogenized tissue by bucket centrifugation with washes 
by hand homogenization was inadequate for obtaining 
sufficient quantities of lipid body coatings for thor- 
ough biochemical analyses. Instead, the following 
method was devised and found satisfactory for the 
routine isolation of large amounts of lipid bodies. 

Four kg of dry, testa-free and axis-free peanuts 
was soaked overnight in distilled water at 4~ and 
ground batch-wise in a large Waring Blendor for 1 min 
with fresh, ice-cold distilled water using 6 volumes of 
water per g of tissue. The homogenate was filtered 
through 8 layers of cheesecloth and centrifuged with 
an air-driven Sharples continuous-flow centrifuge at 
18,750 RPM with a flow rate of 2 L/rain. The effluent 
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was then centrifuged with the Sharpies at 30,000 RPM 
with a flow rate of 290 mL/min. This effluent was 
centrifuged through a continuous-flow DeLaval Gyro 
Test Unit Separator (laboratory-scale cream separa- 
tor), which has an upper overflow-exit port for material 
less dense than the medium and an underflow-exit port 
for everything else, at a flow rate of about 750 mL/min 
{measured at the exit port for underflow). The lipid 
body fraction was obtained from the overflow-exit port 
in about 2.5 L. The fraction was washed 14 times by 
suspension and centrifugation with the DeLaval with 
the following solutions: 3 times in distilled water, 5 
times in 0.5 M NaC1 containing 0.05 M Tris-HC1 (pH 
7.2), once in 0.2 M NaC1 containing 0.02 M Tris-HC1 
(pH 7.2), 5 times in distilled water. Each time the 
volume of the wash medium was 10 L. The buffered 
salt solution was used to remove globulins, the most 
abundant protein component of oilseeds (35). Electron 
microscopic examination of the final DeLaval overflow 
showed that only lipid bodies were present, and that 
their structural integrity was maintained after isola- 
tion without coalescence (Fig. 1). Figure 2 shows sche- 
matically the isolation procedure. The final fraction in 
about 2.2 L contained 24.9% water by weight and was 
stored at -20~ When dried in vacuo over P20~, lipid 
bodies were composed, by weight, of 99.55% lipid and 
0.45% nonlipid residue. Phospholipid and protein con- 
tents were 0.09% and 0.22%, respectively, by weight. 

The purity of the isolated lipid bodies was esti- 
mated by assaying the fraction for marker enzymes of 
subcellular compartments of the cytoplasm. The ac- 
tivities of acid proteinase--protein bodies (36), acid 
phosphatase--mainly protein bodies, some cytosol (36), 
glucose-6-phosphatase--microsomes (37), catalase-- 
microbodies {37,38), isocitrate lyase--microbodies 
(37,38), NAD-isocitrate dehydrogenase--mitochondria 
(39), and alcohol dehydrogenase--cytosol (36) were not 
detected in the lipid body fraction, indicating the ab- 
sence of contamination of the isolated lipid bodies by 
these cytoplasmic components. Lipase activity was not 
detected in the lipid body fraction, as noted previously 
(4). 

Isolation of the defatted residue of lipid body mem- 
branes. Since isolated lipid bodies are devoid of any 
internal organization or structure--shown in Figure 1, 
top and bottom, and reviewed (1,2)--removal of the 
lipid from isolated lipid bodies produces only defatted 
residues of lipid body membranes. Indeed, electron 
microscopic examinations of lipid bodies exposed to 
lipid solvents in situ and in vitro showed that only 
lipid body coatings remain after lipid removal (3,4,40}. 
Therefore, the following procedure was devised for iso- 
lating the defatted residues of lipid body membranes 
using appropriate solvents to dehydrate specimens and 
to thoroughly extract both polar and nonpolar lipids 
(6). Eight hundred mL of the lipid body fraction was 
added to 8 L of acetone at -20~ The mixture was 
continually stirred until it reached about -10~ Then, 
3 L of hexane at room temperature was added and the 
monophasic mixture was stirred occasionally for 30 
min. It was then packed in ice and set aside for 1 hr. 
The supernatant was carefully decanted and the resi- 
due was collected by vacuum filtration. The residue 
was washed once by suspension in 2 L of ice-cold hexane/ 

FIG. 1. Electron micrographs of isolated lipid bodies: top, lipid 
bodies in agar fixed in OsO4; bottom, lipid bodies in agar fixed 
in OsO 4 after treatment with hexane. Bar represents 1 ~m and 
suffices for both micrographs. 

acetone (3:2, v/v) and collected by filtering, and twice 
in 1 L of ice-cold acetone. The acetone-washed residue 
was then suspended in about 100 mL of ice-cold ether 
and centrifuged at 8,000 g for 10 min. The residue was 
washed twice with ether. The final precipitate was 
suspended in a small amount of ether and stored at 
-20~ Figure 3 shows schematically the procedure 
used to isolate the lipid-free residue from lipid bodies. 
The material was grey-brown and fluffy in ether, and 
became vitreous when dried. Electron microscopic ex- 
aminations of the product at widely ranging magnifi- 
cations revealed no discernible gross or fine organiza- 
tion. 

Components of the defatted residue of lipid body 
membranes. The composition of the defatted lipid body 
residue was determined (Table 1). Residual fluores- 
cence from nucleic acid-bound ethidium bromide was 
absent after RNAase treatment, and was unaffected 
by DNAase. Thus, all of the nucleic acid, 0.6% by 
weight, was assigned to RNA. Phosphorus in this 
amount of RNA would comprise less than 0.1% phos- 
phorus, by weight, indicating something other than 
nucleic acid contributed to the total phosphorus con- 
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FIG.  2. Flow diagram showing isolation of lipid bodies. 

tent  of 0.6% by weight (Table 1). Since the lipid body 
residue was lipid-free, phosphorus from phospholipid 
was absent. 

The content  of carbohydrate  (Table 1) in the lipid 
body coating was at least tenfold lower than tha t  in 
membrane  prepara t ions  (28,41), possibly because of 
the removal of glycolipids during the defat t ing proc- 
ess. Alternatively, the nonlipid residue contained low 
levels of glycoproteins. Sialic acid was not detected in 
the preparation and has not  been reported to be pre- 
sent in plant membranes. 

Nitrogen comprised the most  abundant  component 
of the defat ted residue (Table 1). From the amount  of 
amide nitrogen and the amino acid composition (Table 
2), the polypeptide content  of the defat ted membranes 
of lipid bodies was est imated at 101% by weight. 

The content  of cyste ine  (Table 2) accounted for 
only 10% of the sulfur in the preparation (Table 1). 
About  26% of the total  sulfur was disulfide and 74% 
was reduced thiol, according to ESCA. The protoheme 
associated with lipid bodies - -F igure  4 and (42)-- 
contr ibuted to the content  of 0.2% iron (Table 2/. 

Amino acid composition of lipid body membrane- 
associated polypeptide (MAP). The amino acid compo- 
sition of MAP was determined for comparison to other 
plant proteins (Table 2). Compositions were compared 
using the deviation function (D) of Harris  et al. (43): D 
= [Z(X1, i --  X2,i)2] 1/2, where X1. i represents the mole 
fraction of amino acid i in protein 1, and X2. i represents 
the mole fraction of the same amino acid in protein 2. 
D values comparing MAP to other polypeptides and 
proteins, calculated from data  of Table 1 and appropri- 
ate references (33, 44-56), are given in Table 3. In 
addition, the average hydrophobici ty per residue (H0av) 
(57), calculated from the amino acid composi t ion in 
Table 2, was 1.055 cal/residue for MAP, a value similar 
to those obtained of integral membrane proteins (Table 
3). 
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I 

ACETONE 
( 8 L )  

I 

FILTP.ATE, 
DISCARD 

ACETONE 
( I L )  

I 

FILTRJ~TES, 
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(3L)  

FILTER 

RESIDUE 
I 

RESIDUE 

I 
I FILTER 

RESIDUE 

I 
CENTRIFUGE 

HEXANE-ACETONE 
( 2 L )  

I 
I FILTER 

F I LTRATE, 
DISCARD 

ETHER 
( 100 ML ) 

(3x) 

PELLET SUPERNATANTS, 
( NONLIPID DISCARD 
SPHEROSOK~L 
RESIDUE ) 

FIG.  3. Flow diagram showing preparation of nonlipid residue 
of isolated lipid bodies. 

Using amino acid compositions and hydrophobi- 
city values of proteins and polypeptides listed in Table 
3, we calculated the discriminant functions, Z, of Barran- 
tes (58): Z = -0 .3 4 5  [(mole fractions of Lys + Arg + 
His + Asx + Glx)/(mole fractions of Ile + Tyr  + Phe 
+ Leu + Val + Met)] + 0.6 H0av. This function maxi- 
mizes the discrimination between integral membrane 
components  (Z = 0.52 + / -0 .11) ,  and peripheral mem- 
brane components  (Z = 0.12 + / -0 .16) .  The value of Z 
for MAP, 0.37 (Table 3), indicates tha t  MAP is an 
integral membrane component.  

Visible and ultraviolet spectra of MAP. The visible 
spec t rum of M A P  indicated the presence of a pro- 
toheme (Fig. 4). An absorbance max imum at 410 
nm occurred in the oxidized-minus-reduced spectrum 
(Fig. 4), which was noted previously (42). The ultravio- 
let spectrum (Fig. 5) revealed two maxima near 280 
and 230 nm due to the presence of aromatic amino 
acids. 

Infrared and circular dichroic spectra of MAP. To 
est imate conformational modes in MAP, infrared and 
circular dichroism spectra were obtained. In the infra- 
red spectrum (Fig. 6), the main peaks of the arnide I 
and II bands were located at about 1650 cm -1 and 
1520 cm -1, respectively. Two peaks, one on each side 
of 1525 cm-1, more clearly comprised the amide II  
band when the sample was prepared in a Nujol mull. 
The amide V band occurred at 690 to 700 cm-L Amide 
I, II and V bands at these frequencies indicate the 
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FIG. 4. Visible spectra of MAP: 1, spectrum of specimen in 
buffered detergent; 2, spectrum of previous solution diluted 5.3- 
fold; 3, oxidized minus reduced spectrum of second solution. 

FIG. 5. Ultraviolet spectrum of M A P  in EAW: 1, 0.44 mg m L - ] ;  
2, previous solution diluted five-fold. 

TABLE 3 

Comparison of Polypeptides of Peanut Lipid Bodies to Membrane and Nonmembrane 
Proteins and Polypeptides of Plants 

Source D a H0av b Z c Class d 

Peanut  lipid bodies 
Maize lipid bodies ORF-1 e 
Yeast  mitochondriaf  
Spinach chloroplast lamellaeg 
Archaebacterial  spheroplasts  h 
Spinach chloroplasts t 
Maize lipid bodies/ 
Whea t  chloroplasts k 
Bean chloroplasts k 
Oilseed albumins / 
Peanut  hemagglut inin m 
Oilseed globulins n 
Mustard  cytoplasmic GPDH o 

1.055 0.37 int 
0.089 1.018 0.36 int 
0.094 1.156 0.38 int  
0.083 1.194 0.43 int  
0.084 1.193 0.50 int 
0.084 1.151 0.08 per 
0.075 0.919 0.18 per 
0.079 1.040 0.23 per 
0.072 1.072 0.29 per 
0.179 0.780 --0.22 non 
0.176 0.774 0.04 non 
0.171 1.002 0.07 non 
0.113 0.986 0.16 non 

aDeviat ion function calculated according to Harris  e t  al. (43). The higher the value, 
the more dissimilarity in the amino acid composit ion to t ha t  of peanut  lipid body 
membrane;  values over 0.100 represent  unrelated polypeptides. 

bAverage hydrophobici ty per amino acid residue (kcal/mole) calculated according to 
Bigelow (57). 

CDiscriminant function of membrane  and nonmembrane  polypeptides calculated ac- 
cording to Barrantes  (581. 

dClasses of membrane  polypeptides,  based  on Z values (previous column}, corre- 
sponding to: int,  in tegra l  membrane  componen t  (Z = 0.52 + / -  0.11) and per, 
peripheral membrane  eomponent  (Z = 0.12 + / -  0.16) (58). Non, established nonmem- 
brane polypeptides (Z =- 0.16 + / -  0.17) are also listed for comparison. 

eCaleulated from Vance and Huang  (44). 
fCaleulated from Yang and Criddle (45). 
gCalculated from Ji  e t  al. (46). 
hCalculated from Sprot t  e t  al. (47). 
/Calculated from Henriques and Park (48}. 
JCalculated from Qu e t  al. (49). 
kCalculated from Mani and Zalik (50t. 
/Calculated from the averaged composition of albumins from 12 oilseeds (including 

peanut) (51-53). 
mCalculated from Dechary e t  al. (54}. 
nCalculated from the averaged composition of globulins from 10 oilseeds (including 

peanut} (33, 51, 52, 55). 
~ from the composition of cytoplasmic, NAD-specific GPDH (glyceralde- 

hyde-3-phosphate dehydrogenase) (56). 
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FIG. 6. Infrared spectra  of MAP in a KBr disc: A, 1800-1200 
cm- l ;  B, 750-550 cm -1. 

preponderant presence of /~-sheet and unordered con- 
formational modes (59,60). 

A large portion of ~-sheet and unordered structure 
was also detected by circular dichroism (Fig. 7). For 
these studies MAP was dissolved in EAW. Minimiza- 
tion of differences between our experimental spectrum 
and spectra of model polypeptides {24) yielded the fol- 
lowing conformational modes of MAP: 0.0% a-helical, 
30.7% fl-sheet and 69.3% unordered structure. The close- 
ness of fit of our experimental spectrum to the theo- 
retical spectrum of a polypeptide with these conforma- 
tional modes is given by the standard deviation of 
+ / - 7 7 2  deg cm 2 dmole -1. These results indicate that 
the greater portion of the secondary structure of MAP 
is unordered with a large planar portion and an ab- 
sence of helix, indicative of a somewhat flattened and 
spread-out polypeptide. 

Ultracentrifugation of MAP. The standard sedi- 
mentation coefficient extrapolated to infinite dilution 
was 1.1 $20,, (Fig. 8), which corresponded to a molecu- 
lar weight of 10,000. MAP appeared monodisperse in 
buffered Triton X-100 during centrifugation but the 
leading edge of the schlieren peak was skewed, sug- 
gesting the presence of an additional component of 
very closely related size and shape. 

Electrophoresis and chromatography of MAP. When 
MAP was analyzed by SDS-PAGE, the most intensely 
stained band corresponded to a MW of 16,000 daltons, 
followed by a component of 33,500 (Fig. 9). When more 
protein was applied to the gels, bands at 48,000, 86,500 
and three more bands between 14,000 and 20,000 dal- 
tons appeared. After nondenaturing gel electrophore- 
sis in buffered Triton X-100, only two rather diffuse 

D m  

0 210 2 5 0  250  

0 . 

- 3  

FIG. 7. Far-ultraviolet circular dichroic spectrum of MAP in 
EAW. Values  on the  y-axis  refer to deg  cm 2 dmo1-1. 

6 
(/) 

1.50' 

1.00 

0.50 

I I I I 
0 1 .4  2 . 8  

m g  P R O T E I N / m l  

FIG. 8. S20,w of MAP extrapolated  to  infinite dilution. 

bands of low molecular weight were apparent (data not 
shown). 

Both filtration of MAP on Sephadex LH-20 in al- 
kaline EAW and HPLC of MAP with a Waters 1-60 
protein column in EAW revealed two major compo- 
nents (Fig. 10 and 11). The two major peaks in HPLC 
accounted for 51 and 43%, respectively, of the area 
under the absorbance curve. Unfortunately, a calibra- 
tion curve could not be constructed in EAW. 

Immunodiffusion and immunoelectrophoresis of 
MAP. MAP was analyzed immunochemically to deter- 
mine how many antigenic components comprised MAP 
and whether previously characterized peanut proteins 
were possible contaminants of MAP. By immunodiffu- 
sion with several concentrations of both antisera and 
specimens, precipitin reactions between antiserum 
against MAP with arachin or conarachin--the most 
abundant peanut proteins (35)--and between antisera 
against arachin, conarachin or "total cotyledonary ex- 
tract (32)" (TCE) with MAP were not detected. Antise- 
rum against TCE formed precipitin reactions with TCE 
but not with MAP. Apparently an antibody against 
MAP was not in sufficient titer in TCE antiserum to 
react with MAP. However, antiserum against MAP 
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FIG. 10. Gel filtration of M A P  in E A W  through Sephadex LH- 
20. 

FIG. 9. SDS-PAGE of MAP. The markers on the left of the gel, 
from top to bottom, correspond to molecular weights  (X 103) of 
205, 116, 97, 66, 45, 36, 29, 24, 20, and 14, respectively. 
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FIG. 11. HPLC of MAP in EAW. 

was cross-reactive with TCE; precipitin bands were 
continuous, indicating identity of the antigen-antibody 
complex. 

Immunoelectrophoretic analysis to determine the 
number of antigens comprising MAP and whether MAP 
was contaminated with other peanut polypeptides re- 
vealed only one antigenic component in MAP (Fig. 12). 
MAP and TCE each formed a single precipitin line 
with MAP antiserum, the latter occurring only with a 
high titer of antibody. When antiserum against TCE 
was in the trough, several arcs formed with TCE {Fig. 
12), but no reaction occurred with MAP, probably due 
to low antibody titer. 

DISCUSSION 

This study addresses the question of whether the limit- 
ing boundary of the lipid body-cytoplasm interface in 
oilseed cells corresponds to a biological membrane. 
Earlier studies with electron microscopy indicated that 
the lipid body coating was morphologically an atypical 
"half-unit" membrane (3). The course taken in this 
study was to physicochemically characterize the non- 
lipid portion of the coating, and to determine whether 
its properties were compatible with the biological mem- 
brane concept. 

Procedures for large-scale isolation of lipid bodies 
had to be devised to isolate sufficient amounts since 
the nonlipid portion comprised less than 0.5% of the 
dry weight. Large-scale isolation of lipid bodies from 
homogenized tissue was accomplished by procedures 
of continuous-flow centrifugation (Fig. 2). Dense parti- 
cles, e.g. starch grains and proplastids, were removed 
by the Sharples continuous-flow centrifuge, and parti- 
cles less dense than the suspending medium were col- 
lected with the DeLaval cream separator. Since the 
bulk of peanut oil consists of oleate residues {61}, the 
density of lipid bodies is estimated at about 0.915 g 
cm -3, which resulted in their centripetal migration and 
subsequent concentration above aqueous media during 
centrifugation. 

The purity of the isolated lipid bodies was deter- 
mined both biochemically and morphologically. Activi- 
ties of marker enzymes for specific subcellular com- 
partments of the cytoplasm {36-39} were not detected 
in the lipid body fraction, indicating that the isolated 
lipid bodies were not contaminated with protein bod- 
ies, microsomes, microbodies {including both per- 
oxisomes and glyoxysomes), mitochondria, nor cytosol. 
Additional evidence for the lack of contamination by 
protein bodies and cytosol was the absence of proteins 
associated with those subcellular compartments. Mito- 
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FIG. 12. Immunoeleetrophoresis of MAP and total peanut polypep- 
tides: top gel, TCE (upper well) and MAP (lower well) with antise- 
rum against TCE (trough); bottom gel, same except with antise- 
rum against MAP (trough). 

chondrial cytochromes were absent and the lack of 
DNA in the fraction indicated the absence of nuclei. 

Morphological evidence for the purity of the iso- 
lated lipid bodies was the absence of other cytoplasmic 
structures in the fraction as determined by examina- 
tion with electron microscopy. The electron micrographs 
of Figure 1 are representative of typical fields of view 
of the lipid body fraction. The electron dense deposits 
shown as randomly dispersed dots in Figure 1 were 
artefacts such as osmium-reactive contaminants in the 
agar embedding medium. 

The final preparative procedure (Fig. 3) consisted 
of a thorough extraction of polar and nonpolar lipids 
to provide defatted residues of lipid body membranes 
for subsequent biochemical analyses. 

Since the preponderant component of the nonlipid 
residue from lipid bodies was proteinaceous, under- 
standing the properties of MAP became the major 
concern to ascertain the membrane character of lipid 
body coatings. Any other function of this protein is 
unclear because lipolytic activities (62-64) are remark- 
ably absent in peanut lipid bodies, even when isolated 
from lipolytically active peanut seedlings (4,34,65). 

Results of several methods of comparing the amino 
acid composition of MAP with compositions of other 
peanut, plant and membrane polypeptides (Table 3) 
indicated that MAP more closely resembled integral 
membrane polypeptides rather than other polypeptides. 

The existence of at least two polypeptides com- 
prising MAP was revealed by the skewed schlieren 
peak during ultracentrifugation in buffered Triton X- 
100, electrophoresis in buffered Triton X-100, gel fil- 

tration on LH-20 (Fig. 10), and HPLC with EAW (Fig. 
11). 

According to immunochemical analysis, however, 
MAP contained only one detectable antigen. Either 
separation and detection of closely related MAP com- 
ponents did not occur during immunodiffusion and 
immunoelectrophoresis (Fig. 12) or only one MAP com- 
ponent was antigenic. In contrast, six distinct compo- 
nents of MAP were found with SDS-PAGE (Fig. 9), in 
which proteins are denatured and dissociated into monom- 
eric species. Three of the components, including the 
most intensely stained band, were smaller than 20,000 
MW. Indeed, our molecular weight determinations by 
ultracentrifugation and SDS-PAGE indicated that the 
principal MAP polypeptide was within the usual range 
of molecular weights (10,000-20,000 daltons) reported 
for the predominant polypeptides of lipid bodies (44,66- 
68). Experiments to isolate and further characterize 
one or more of the principal polypeptides comprising 
MAP are anticipated. 

Whether the amount of MAP present per lipid 
body was quantitatively sufficient and physically suit- 
able to cover the surfaces of lipid bodies was estimated 
from the following theoretical considerations. A polypep- 
tide at an oil-water interface is fully spread because 
intermolecular cohesion is lacking due to disruption 
of van der Waals' forces upon penetration of oil to 
nonpolar residues (69). This corresponds to a thickness 
of 0.5 nm. The percentage of the volume of a sphere 
occupied by a relatively thin surface layer is given by 
100 • 6t/D, where t is the thickness of the layer and 
D is the diameter of the sphere. Therefore, for lipid 
bodies with diameters of 1.0, 1.5, and 2.0 ~m, a surface 
monolayer of polypeptide would represent 0.3, 0.2, and 
0.15% of the total volume, respectively. Isolated lipid 
bodies contained sufficient polypeptide to cover the 
particulate population of 1.5 ~m mean diameter with 
one layer of polypeptide. A polarity ratio (70) of 1.09, 
calculated from Table 2, and the discriminant function 
tTable 3) are consistent with oil-water interfacial local- 
ization for MAP but do not preclude other types of 
interactions. The preponderance of p-sheet and unor- 
dered conformational modes determined by infrared 
and circular dichroic spectra (Fig. 6, 7) is consistent 
with a polypeptide that  would be unconstrained to 
cover the maximum possible surface area at an oil- 
water, or lipid body-cytoplasm, interface. However, 
Vance and Huang (44) proposed a hypothetical model 
for the principal polypeptide from corn lipid bodies in 
which a hydrophobic helical portion extends into the 
lipid body interior, and an amphipathic helical portion 
lies coiled on the outer surface. Their model, which 
contains a substantial amount of a-helix, was based 
on a secondary structure predicted from the amino 
acid sequence. Experimentally determined secondary 
structure would be of considerable interest and is needed 
to substantiate their model. 

In addition to serving as a site for storing lipid for 
respiration and gluconeogenesis in oilseeds, lipid bod- 
ies might also serve as precursors for membrane bio- 
synthesis during germination. An extremely rapid pro- 
liferation of organelles, particularly endoplasmic re- 
ticulum (ER), occurs at the onset of germination (71). 
New ER contains very low molecular weighted mem- 

JAOCS, Vol. 67, no. 6 (June 1990) 



HALF-UNIT MEMBRANES OF SOILSEED LIPID BODIES 

361 

b rane  po lypep t ides  (72) and  is phys ica l ly  close to l ipid 
bodies  (71}, which d i sappear  d u r i n g  ge rmina t ion .  Per- 
haps  l ip id  b o d y  m e m b r a n e s  are t r a n s f o r m e d  to E R  
upon  deple t ion of the  s tored lipid in the  l ipid bodies.  
Fu r the rmore ,  the p ro toheme  (Fig. 4) and  iron c o n t e n t  
(Table 1) of lipid bodies  m igh t  be re la ted  developmen-  
ta l ly  to ER-assoc ia ted  oxidoreductases .  Immuno log i -  
cal c ross - reac t iv i ty  of M A P  from m a t u r e  p e a n u t s  wi th  
mi tochondr ia l  po lypep t ide  from p e a n u t  seedl ings  (3) 
implies  a conse rva t ive  t r a n s f o r m a t i o n  of m e m b r a n e s .  
In  con t ras t ,  the pr inc ipa l  po lypep t ide  of lipid bodies  
in corn  scutel la  is degraded  du r ing  g e r m i n a t i o n  (66,73). 
Corn scutel la ,  however,  func t ion  only  d u r i n g  germina-  
t ion; epigeal  co ty ledons  of p e a n u t s  and  o ther  seeds 
become p h o t o s y n t h e t i c a l l y  func t iona l  d u r i n g  seedl ing 
g r o w t h  for which  c o n s e r v a t i o n  of c o n s t i t u e n t  mem-  
b r ane  e lements  would  mos t  l ikely occur. 
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