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ABSTRACT 

The separation of acidic and neutral lipids by aminopropyl-bonded silica gel column chromatography is presented. Total lipid 

extracts from E.cchrric~kiu co/i and human spermatozoa were loaded onto pre-packed aminopropyl-bonded silica gel columns and the 

lipids separated into four fractions. Non-polar lipids including cholesterol esters, triglycerides. diglycerides. monoglycerides and choles- 

terol. were eluted with 4 ml of isopropanolchloroform (I:2 v/v) (fraction I); free fatty acids were eluted with 4 ml of 2% acetic acid in 

diethyl ether (fraction 2): neutral polar lipids. including phosphophatidylethanolamine. phosphatidylcholine. sphingomyelin and neu- 

tral glycolipids. were eluted with 4 ml of methanol (fraction 3): and, finally, polar acidic lipids. including phosphatidylglycerol, 

cardiolipin, phosphatidylinositol, phosphatidylserine, scminolipid lipid A and acidic glycosphingolipids, were elutcd with 4 ml of 

chloroform-methano10.8 M sodium acetate (60:30:4.5, v:‘v/v) (fraction 4). The recoveries for the different lipids ranged between 8Y and 

98°K and the intra-assay variation. expressed as the standard deviation. was < 5%. 

INTRODUCTION 

Current methodology for the separation of 
milligram amounts of lipids into acidic and neu- 
tral fractions involves DEAE-Sephadex (acetate 
form) A-25 column chromatography [l]. Using 
this methodology, various lipid classes, including 
glycolipids, phosphoglycerides and non-polar 
lipids, can be fractionated in that fashion. How- 
ever, preparation of the gel in the acetate form is 
time-consuming, each individual column has to 
be packed separately, and the size and quality of 
the columns are difficult to reproduce from batch 
to batch. In this report, a new application for the 
aminopropyl-bonded silica gel column is intro- 

duced. In addition to its use as a means of frac- 
tionating different lipid classes, including trigly- 
cerides, cholesterol, diglycerides, monoglycerides 
and fatty acids, as reported by Kaluzny et al. [2] 
and Alvarez and Touchstone [3], this report de- 
scribes the use of these columns as a means to 
fractionate polar lipids, including phosphoglyce- 
rides and glycolipids, into the neutral and acidic 
fractions. Since the aminopropyl columns are 
commercially available in the pre-packed form 
and they can be obtained in different sizes, they 
constitute a convenient and highly reproducible 
means of separation of neutral and acidic lipids 
from biological samples. 
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EXPERIMENTAL 

Escherichia coli and human spermatozoa cell 
suspensions were centrifuged at 800 g for 8 min, 
the supernatants removed, and the resulting pel- 
lets resuspended in isotonic phosphate buffer and 
centrifuged at 800 g for 8 min. The final pellets 
(cu. 1 ml of packed cells) were extracted with 
twenty volumes of a mixture of chloroform- 
methanol-water (C-M-W) (10: 10: 1, v/v/v). This 
procedure was repeated twice. The combined ex- 
tracts were evaporated to dryness, the residue 
was redissolved in 200 ~1 of chloroform contain- 
ing 0.1 PCi each of [3H]cholesteryl oleate, 
[3H]cholesterol, [3H]triolein, [r4C]phosphatidyl- 
inositol, [r4C]phosphatidylethanolamine and 
[jH]oleic acid (DuPont NEN, Boston, MA, 
USA) and loaded onto an aminopropyl column 
(7.5 cm x 1.0 cm, 500 mg per 1.8 cm pre-packed 
column from United Chemical Technologies, 
Horsham, PA, USA) conditioned with 4 ml of 
hexane. The lipid standards, including galacto- 
sylceramide, lactosylceramide, GM 1, GD 1 b, 
cholesteryl oleate, triolein, cholesterol, lipid A 
from E. coli (Sigma, St. Louis, MO, USA) and 
seminolipid from bovine spermatozoa, were 
loaded onto another aminopropyl column at a 
concentration of 1 mg/ml (total volume of 200 ~1, 
corresponding to 1.8 mg). Non-polar neutral lip- 
ids, fatty acids, neutral phospholipids and glyco- 
lipids, and acidic phospholipids and glycolipids, 
were eluted with 4-ml fractions of isopropanol- 
chloroform (1:2, v/v) (fraction l), 2% acetic acid 
in diethyl ether (fraction 2) methanol (fraction 
3), and C-M-O.8 A4 sodium acetate (60:30:4.5, 
v/v/v) (fraction 4), respectively. The lipid frac- 
tions were evaporated to dryness, redissolved in 
100 ~1 of C-M (1: 1, v/v) and 4-~1 aliquots streak- 
ed onto Whatman (Clifton, NJ, USA) silica gel 
HP-K plates (10 cm x 10 cm, 200 pm thickness). 
Aliquots of 4 ~1 of the lipid standards (1 mg/ml) 
(Sigma) were streaked in separate lanes. The 
plates were predeveloped in C-M (1: 1, v/v) fol- 
lowed by development with chloroform-ethanol- 
triethylamine-water (30:34:30:8, v/v/v/v) (solvent 
1) for 4 cm, thoroughly dried and developed in 
hexane-diethyl ether (50:5, v/v) (solvent 2) for 

separation of polar and non-polar lipids, respec- 
tively. The developed chromatograms were 
sprayed with the CuS04 reagent [4], heated in an 
oven with initial and final temperatures of 24 and 
125°C respectively, and the stained chromato- 
grams scanned with a Shimadzu CS-9000 spec- 
trodensitometer at 400 nm in the reflectance 
mode [5]. Aliquots of 4 ~1 of the phosphoglyce- 
rides and glycolipids from human spermatozoa, 
eluted in fractions 3 and 4 of the aminopropyl 
column, respectively, were also applied to What- 
man plates, predeveloped in C-M (1: 1, v/v), de- 
veloped in solvent 1 and stained with the CuS04 
reagent, as indicated above. The developed chro- 
matograms, containing the radiolabeled lipids, 
were scanned with a Bioscan 200 imaging scan- 
ner. When indicated, the developed chromato- 
grams were sprayed with either the fluorescamine 
(Whatman), molybdenum blue or orcinol re- 
agents (Sigma) and the lipids visualized at room 
temperature or following heating in an oven, re- 
spectively. The resulting bands were then 
scanned at 254 nm in the fluorescence mode [5], 
at 600 nm in the reflectance mode [6] and at 500 
nm [7] in the transmittance mode, respectively. 

RESULTS AND DISCUSSION 

The CuSOd-stained chromatogram corre- 
sponding to the separation of the different lipid 
classes from E. coli by aminopropyl-bonded sil- 
ica gel chromatography is shown in Fig. 1. The 
CuSOb-stained chromatogram corresponding to 
the separation of phosphoglycerides and glyco- 
lipids from human spermatozoa into neutral and 
acidic is shown in Fig. 2. The identification of 
these lipids was based on: (1) comigration with 
the authentic standards; (2) high-performance 
thin-layer chromatography (HPTLC)-fluores- 
cence spectrodensitometry following spraying of 
the developed chromatograms with the fluoresca- 
mine reagent (phophatidylethanolamine and 
phosphatidylserine) [5]; (3) HPTLC-reflectance 
spectrodensitometry after spraying with the mo- 
lybdenum blue reagent (phosphoglycerides and 
lipid A) [6]; (4) HPTLC-transmittance spectro- 
densitometry following spraying with the orcinol 
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Fig. I. CuSO,-stained HPTLC chromatogram of lipids from E. 

co/i separated by aminopropyl column chromatography. (I) 

Standard mixture, including oleic acid (a). phosphatidylglycerol 

(h) and phosphatodylethanolamine (c): (2) fraction 1 (non-polar 

lipids) from E. coli separated by aminopropyl column chroma- 

tography; (3) fraction 2 (free fatty acid); (4) fraction 3 (phospha- 

tidylcthanolaminc); and (5) fraction 4 (phosphatidylglycerol). 

OR = origin; SF, = solvent front for the first development 

(solvent I): SF2 = solvent front for the second development 

(solvent 2). 
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Fig. 2. CuSO,-stained HPTLC chromatogram of the polar lipids 

from human spermatozoa separated by aminopropyl column 

chromatography. (I) and (2) correspond to phosphatidyl- 

ethanolamine and phosphatidylglycerol standards, respectively; 

(3) fraction 3 from aminopropyl column; (4) fraction 4: (5) stan- 

dard mixture of phospholipids, including phosphatidylethanol- 

amine (a). phosphatidylinositol (b). phosphatidylserine (c). 

phosphatidylcholinc (d) and sphingomyelin (c). OR = origin; 

SF = solvent front. 
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reagent (glycolipids) [7]; and (5) HPTLC-reflec- 
tance spectrodensitometry following spraying 
with the CuS04 reagent (all lipids) [4]. The recov- 
eries for the lipids eluted from the aminopropyl 
column were calculated from the values obtained 
following quantification by HPTLC-fluo- 
rescence/reflectance/transmittance spectrodensi- 
tometry and HPTLCradioscanning. These val- 
ues. expressed as the percentage recovery, are 
shown in Table I. The intra-assay variation, ex- 
pressed as the standard deviation, was < 5%. 

These results indicate that the aminopropyl- 
bonded silica gel column behaves as an anion- 
exchange stationary phase and that it is suitable 
for the isolation of neutral and acidic lipids from 
biological samples and, in particular, phospho- 
glycerides and glycolipids. 

TABLE I 

RECOVERIES FOR THE DIFFERENT LIPIDS SEPARAT- 

ED BY AMINOPROPYL-BONDED SILICA GEL COLUMN 

CHROMATOPGRAPHY 

Lipid Recovery” (O/o) Fraction 

~-__-__-~- No. 

cuso, Radiolabel 

Phosphatidylglycerol 97 95 4 

Phosphatidylinositol 89 90 4 

Oleic acid 98 9x 2 

Phosphatidylethanolamine 98 N.D.h 3 

Phosphatidylserinc 90 N.D. 4 

Phosphatidylcholinc 92 N.D. 3 

Sphingomyelin x9 N.D. 3 

Cholcsteryl oleate 99 98 I 
Triolein 98 97 I 

Cholesterol 99 97 I 
Galactosylceramide 96 N.D. 3 

Lactosylceramidc 92 N.D. 3 

Seminolipid 9 I N.D. 4 

GMI’ 95 ND. 4 

GDlb 98 N.D. 4 

Lipid A 97 N.D. 4 

Values represent the mean of five experiments performed with 

five different aminopropyl columns. Standard deviations 

ranged between I and 3%. 

Not determined. 

GM1 = I13rNeuAcGgOse,Cer: GDlb = II’cc(NcuAc),- 

GgOse,Cer. 
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