ASBMB

JOURNAL OF LIPID RESEARCH

I

methods

Improved method for making nondenaturing composite
gradient gels for the electrophoretic separation

of lipoproteins

David L. Rainwater,! Perry H. Moore, Jr., and Israel O. Gamboa

Department of Genetics, Southwest Foundation for Biomedical Research, PO Box 760549, San Antonio, TX

78245-0549

Abstract Nondenaturing gradient gel electrophoresis con-
tinues to be used widely for resolution and characterization
of lipoprotein subclasses. Methods for making such gels in
the laboratory have been published, but occasionally sam-
ples do not display uniform mobilities for all lanes in a
laboratory-made gel.fili To help overcome this limitation,
we recommend a modification—addition of a sucrose gradi-
ent—that significantly improves within-gel variation in pro-
tein mobility.—Rainwater, D. L., P. H. Moore, Jr., and I. O.
Gamboa. Improved method for making nondenaturing
composite gradient gels for the electrophoretic separation
of lipoproteins. J. Lipid Res. 2004. 45: 773-775.
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Extensive literature supports the hypothesis that knowl-
edge of lipoprotein size distributions provides a more de-
tailed indication of lipoprotein metabolism and a more
accurate prediction of cardiovascular disease risk (1). Lipo-
protein size distributions have been measured by a num-
ber of physicochemical methods, perhaps most commonly
by gradient gel electrophoresis. Previously, we have de-
scribed a highly reproducible method designed to make
nondenaturing acrylamide gradient gels for the electro-
phoretic separation of plasma HDLs (2) and LDLs (3).
More recently, we described a composite gradient gel that
enabled the simultaneous analysis of both LDLs and
HDLs (4). Estimates of peak diameter and fractional ab-
sorbance made from the composite gel were strongly cor-
related with those made using the respective dedicated gel
formats (4). Recently, however, we began to notice that
the gels have run unevenly on occasion; that is, samples
appeared to run different distances depending on loca-
tion in the gel (generally, samples in the outside lanes
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tended to run faster than those in the interior lanes, lead-
ing to a “frowning” appearance). The problem was ob-
served in the LDL portion of the gradient and did not
seem to affect mobilities of HDLs in the areas of higher
acrylamide concentrations.

In a previous study, Rhigetti et al. (5) reported that con-
vective flows are imprinted in the final gel structure, but
this effect can be minimized by use of a sucrose gradient
during the gelling process. Accordingly, we modified our
published protocol and tested whether the addition of a
sucrose gradient might solve the problem of differential
mobilities for different lanes in a gel.

Composite acrylamide gradient gels were made exactly
as described previously (4) except that, to some high limit
solutions, we added sucrose (10 g/1). The two types of gels
will be referred to as —sucrose and +sucrose. Briefly, the
gradient was made with two solutions: a low limit solution
(3% acrylamide with 4% cross-linker) and a high limit so-
lution (31% acrylamide with 5.5% cross-linker and +10%
sucrose). Gels were cast in groups of 16 and allowed to po-
lymerize for 3 h prior to storage at 4°C for no more than 1
month before use. Serum and plasma samples from ba-
boons and humans, respectively, were subjected to electro-
phoresis at 3,000 v - h (using electrophoresis chambers
supplied by CBS Scientific) and staining with Sudan black
B. These samples were run as part of ongoing studies in
this laboratory. Following restoration of the original gel
shape and size in the electrophoresis buffer, we subjected
the gels to densitometry using an LKB-Ultroscan XL laser
densitometer with GelScan XL software.

Studies involving samples from humans were approved
by the Institutional Review Board of the University of
Texas Health Science Center at San Antonio, and all sub-
jects gave written informed consent. Studies involving
samples from baboons were approved by the Institutional

! To whom correspondence should be addressed.
e-mail: david@darwin.sfbr.org

Journal of Lipid Research Volume 45, 2004 773

2102 ‘vT aunr uo “1sanb Aq Bio 1|l mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

Animal Care and Use Committee at Southwest Founda-
tion for Biomedical Research, which is certified by the As-
sociation for Assessment and Accreditation of Laboratory
Animal Care International.

LDLs show considerable interindividual and interspe-
cies variation in mobility. Therefore, to assess within-gel
variation, we measured in each lane the relative mobility
of a slow refractile band that is observed in both human
and baboon samples (6). This refractile band was chosen
because its size is similar to that of smaller LDLs (~20 nm
in diameter), and because its mobility behavior corre-
sponds to that of LDL in the lane. Figure 1 illustrates this
correspondence in lanes from a —sucrose gel having simi-
lar size LDLs (the refractile band is designated aMG in the
figure). The panel from a +sucrose gel illustrates the con-
siderable interindividual variation of LDL mobility that is
often observed.

The refractile band is probably due to a large molecular
size protein, such as ap-macroglobulin (7). We tested that
ag-macroglobulin occurs in this location by immunoblot-
ting procedures. A series of different baboon and human
samples (loaded in an alternating pattern) were subjected
to electrophoresis in a +sucrose gel. Proteins from the
gradient gel were transferred to nitrocellulose paper as
described (8) and detected using a polyclonal antibody di-
rected against human ag-macroglobulin (Fitzgerald In-
dustries International) and horseradish peroxidase-con-
jugated secondary antibody (Vector Laboratories) with
staining by 3-amino-9-ethyl-carbazole and HyOy (9). The
antiserum detected a major band in each baboon and hu-
man sample; the bands were identical in size (i.e., mobil-
ity) and occurred in the location of the refractile band
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Fig. 1. Human plasma samples run on —sucrose and +sucrose
gels. Plasma samples were run as described in the text and detected
with Sudan black B. Indicated are the LDL and HDL regions and
the faint refractile band (labeled aMG).
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(data not shown), consistent with the suggestion that the
refractile band may in fact be ap-macroglobulin (6, 7).

In the present study, we measured the distance (in milli-
meters) from gel top to the refractile band (detected as a
small peak in the absorbance profile) in each sample lane
across the gel using the GelScan XL software. We made
such a measurement for all samples in 200 gels, half
—sucrose and half +sucrose gels. To avoid the possibility
of chamber-specific consistency, we only made measure-
ments of the lanes from one gel (of four) from each elec-
trophoretic run. The 200 gels were derived from a total of
54 separate gel castings. On average, the 20 nm refractile
band ran 28.2 mm (SD = 1.6 mm, N = 2133 lanes mea-
sured) into the gel in this gradient. Analysis of migration
distance in an interior lane from each of the gels revealed
no difference between gel types (means were 28.2 mm
and 28.0 mm for —sucrose and +sucrose, respectively;
P = 0.56 by ANOVA). In contrast to the +sucrose gels,
however, the —sucrose gels appeared to show a substan-
tially greater range of migration distances across the lanes
of a gel. To quantify this difference between gel types, we
calculated the difference between the mobility extremes
of the refractile band for each of the 200 gels (i.e., within-
gel mobility difference). The average within-gel mobility
differences for the two types of acrylamide gradients were
1.64 = 0.08 mm for —sucrose and 0.85 = 0.05 mm for
+sucrose gels. ANOVA indicated this was a significant dif-
ference (P < 0.001). Figure 2 shows a frequency histo-
gram of within-gel mobility difference for —sucrose and
+sucrose gels and illustrates the approximately 50% im-
provement when we used sucrose in the gradient.

In conclusion, our extensive experience with the two
gel types suggests that the inclusion of a 0-10% sucrose
gradient during the formation of an acrylamide gradient
generates significantly superior gels in terms of within-gel
consistency of mobility for a large refractile protein.§

This work was supported by Grants HL-28972 and HL-45522
from the National Institutes of Health. The authors are grate-
ful for the technical assistance of Jennifer Espinoza.
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Fig. 2. Frequency histogram for within-gel mobility difference of a
20 nm refractile band occurring in sample lanes from 100 —sucrose
(black bars) and 100 +sucrose gels (gray bars). Following electro-
phoresis, the distance from gel top to the refractile band (detected
as a small absorbance peak) in each lane was determined using the
GelScan XL software. Within-gel mobility difference was calculated
as the difference between the two extremes of migration distance
for each of the 200 gels.
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