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Abstract An improved method of immunoblotting of plasma 
onto agarose gel matrix containing antiapolipoprotein A-I is 
described. Fresh plasma samples were subjected to gradient 
polyacrylamide gel electrophoresis (4-25%) followed by elec- 
trotransfer onto agarose gel layer containing antiapolipopro- 
tein A-I. This method was compared with immunoblotting 
onto nitrocellulose where the transfer onto agarose gel matrix 
has been shown to be more convenient, quantitative, and can 
be kept permanently. Plasma apolipoprotein A-I was found 
to be distributed among regions of varying molecular weights 
ranging from 43,000 to 800,000. A small size fraction of molec- 
ular weight range of 43,000-50,000 (small HDL) was found 
in normolipidemic and hyperlipidemic subjects. The propor- 
tion of the latter fraction varied considerably among subjects 
(range: 0.0-32.0%), being lower in normolipidemic subjects 
(mean 2 SEM: 11.6 2 1.4%), and higher in hyperlipidemic 
subjects (mean 2 SEM: 23.7 2 1.7%, P <  0.001). Physiological 
increase in the level of the small HDL was observed in normol- 
ipidemic subjects 4 h after fat ingestion (difference: 5.0%, P 
< 0.001); moreover, the level was higher in normolipidemic 
subjects who consumed moderate amounts of alcohol (mean 
2 SEM: 17.9 +- 1.2%, P < 0.001) compared with normolipi- 
demic subjects who do not drink alcohol at all.-Atmeh, 
R. F., and H. Robenek. Measurement of small high density 
lipoprotein subclass by improved immunoblotting technique. 
J. Lipid Res. 1996. 37: 2461-2469. 
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A large proportion of plasma apolipoprotein A-I 
(apoA-I) resides in the high density lipoprotein (HDL) 
fraction of the density range 1.063-1.21 g/mL, while 
smaller amounts reside in lipoproteins of lower and 
higher flotation densities (1, 2). HDL is heterogeneous 
and comprises several subfractions whose number de- 
pends on the method of separation (3-7). According 
to the apolipoprotein content, HDL can be classi- 
fied into two main classes, e.g., (A-1)HDL and (A-I + 
A-1I)HDL ( 3 ,  4, 6, 8), where the latter subclass has a 
fixed apoA-I/apoA-I1 molar ratio of approximately 1 : 1 
(2, 8, 9). These main subclasses have been shown by 

Atmeh, Shepherd, and Packard (8) to be distinct physi- 
ological entities where minimal exchange of their apoA- 
I was observed both in vitro and in vivo; moreover, these 
two subclasses showed different responses to nicotinic 
acid and probucol therapies. In accordance with that, 
Rader e t  al. (10) have reported that these subclasses 
have divergent metabolic pathways. Consequently, they 
are expected to have different roles in the lipoprotein 
metabolism. (A-1)HDL is the best activator of the en- 
zyme LCAT and it facilitates the movement of choles- 
terol from cells into plasma (1 1, 12), and is able to pro- 
mote cholesterol efflux from cultured adipose cells, 
while the (A-I + A-1I)HDL particles have no effect (13). 
Both subclasses show particle size heterogeneity (2, 8, 
9, 14, 15). Size heterogeneity was studied by Nichols e t  
al. (16) and Blanche et  al. (7) by using gradient poly- 
acrylamide gel electrophoresis (gPAGE) where they re- 
ported the presence of five main HDL subclasses desig- 
nated as HDLZb, HDLa,  HDL3,, HDLS,,, and HDLsc. 

The expected role of HDL in the reverse cholesterol 
transport requires the presence of small discrete parti- 
cles having the HDL characteristics in order to initiate 
the removal of excess cholesterol from extrahepatic 
cells. In accordance with this concept Barter and Con- 
nor (17) concluded, from in vivo kinetic studies, that 
all plasma esterified cholesterol is produced in a small, 
rapidly turning over subfraction of HDL. At present the 
methods used to study the HDL subfractions may not 
detect low levels of HDL particles of molecular weight 
less than 70,000. Prolonged ultracentrifugation and 
concentration of the separated fractions by ultrafiltra- 
tion through membranes with relatively large pores may 

Abbreviations: HDL, high density lipoprotein; (A-I)HDL, high den- 
sity lipoprotein containing apolipoprotein A-I as the major protein; 
(A-I + A-II)HDL, high density lipoprotein containing both apolipo- 
proteins A-I and A-11; SHDL, small high density lipoprotein; gPAG, 
gradient polyacrylamide gel; gPAGE, gradient polyacrylamide gel 
electrophoresis; NC, nitrocellulose. 
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cause loss ofthe small HDL. Along with that, the meth- 
ods are not applied directly on fresh plasma for the 
quantitation of HDL subfractions. 

w e  here describe a method, utilizing agarose gel ma- 
trix containing anti-apoA-I, for detection and quantita- 
tion of the distribution of the plasma apoA-I, the major 

HDL particles in fresh plasma from normolipidemic 
and hyperlipidemic subjects. Moreover, we found that 
the level of these particles in normolipidemic subjects 
was afkcted by the ingestion of a fatty meal and by the 

Preparation of HDL and lipoprotein fraction of d < 
1.21 g/mL 

HDL (d 1.063-1.21 g/mL) was prepared by sequen- 
tial ultracentrifugation at loo(; according to ~ ~ ~ ~ 1 ,  
Eder, and Bragdon (18) in a Beckman model 1 ~ 8 - 7 0 ~  
ultracentrifuge using a ~~~k~~~~ 50.3 ~i (fieck- 

d < 1.21 g/IT,~,  was prepar.ed by a single spin of ,,lasrna 
overnight. Both fractions were dialyzed extensively for 
a few hours. 

apolipoprotein Of HDL, and we re.Port the level Of man, Palo Alto, (:A). Similarly, lipoprotein fraction of' 

consumption of alcohol. 

MATERIALS AND METHODS 

Subjects 

Twenty four normolipidemic, healthy nonsmokers, 
and asymptomatic subjects (thirteen men and eleven 
women), and twelve hyperlipidemic patients of mixed 
hyperiipoproteinemia (six men and six women, receiv- 
ing no drug therapy) were studied (Table 1 summari~es 
the subjects' data), Ten of the normolipidemic subject\ 
(five men and five women) consumed moderate 
amounts of- alcohol (about 30 g of alcohol per day) 
while the others did not drink alcohol at all. Venous 
blood was withdrawn into EDTA-containing tubes from 
the normolipidemic and the hyperlipidemic subject5 
after a 1 4 h  fast. Plasma was isolated promptly by low- 
speed centrifugation at 4°C and gentamycin (0.08 mg/ 
mL), sodium azide (0.1 mg/mL), and chloramphenicol 
(0.08 mg/mL) were added immediately. Plasma was ap- 
plied on the gradient polyacrylamide gel (gPAG) and 
run within 3 h of sample collection. 

Eight normolipidemic, healthy non-smokers, non- 
obese, and asymptomatic subjects (five men and three 
women) were given 100 g of butter with a small piece 
of bread and traces of marmalade after a 14-h fast. A 
fasting blood sample was collected just before the inges- 
tion of fat and blood was withdrawn 4 and 6 h after that. 
Blood samples were treated as described above. 

Nondenaturing gradient polyacrylamide gel 
electrophoresis(gPAGE) 

A 4-25'33 gPAG was prepared and run as was de- 
scribed previously (2, 19). In brief, the gPAG wdS cast 
and run in the LKB 2001 vertical electrophoresis system 
(LKB, Sweden). Five microliters of the fresh plasma was 
applied to each well of the gPAG and run at 125 V for 
24 h in 14 mM Tris and 110 mM glycine buffer, pH 8.3. 
Molecular weight markers (Sigma, St. Louis, MO) were 
applied on each gel and after the run the part of the 
gPAG containing the markers was cut, stained, de- 
stained, and dried (19). The rest of the gel was sub- 
jected to immunoblotting on agarose gel as will be de- 
scribed below. 

Immunoblotting on agarose gel matrix 

Antibody specific for apolipoprotein A-I (Boehringer 
Mannheim, Mannheim, Germany) was used; i t  did not 
react with apoA-11, apoB, apoC, apoE, or human albu- 
min. One percent agarose gel solution containing 1.5%) 
of anti-apoA-I of , 0.3 titer was prepared and treated 
as described elsewhere (19). In briel', the antibody was 
mixed with the warm agarose solution (56°C) con- 
taining 4% polyethylene glycol (PEG 6000) and poured 
( I  .5 mm thick) on glass plates of the required area. Im- 
mediately after the end of the electrophoretic run, the 
gPAG was placed on a wet filter paper supported by a 
piece of sponge (e.g., Scott BriteB used in kitchen 
cleaning). The solidified agarose gel was slipped down 
from its support slowly over the ready gPAG, cc~vcred 

TABLE I ,  Chemical data of the wbjrrts 

All normal ( I ,  11) 173 f 5 48 5 ? 74 t 5 131 t 3 40 ? 1 
Normal ( I )  175 -e 7 44 2 2 76 t (i 1 3 1  1- 5 41 i 2  

Hyperlipidemic 357 2 3.5 45 5 3 150 t 16 13s 2 5 39 2 2 
Normal (11) 168 2 f i  5 I 5 3 69 5 5 131 t 4 3 X  i I 

All concentrations are in mg/dL and all values are expressed as the mean t SEM. Normal subjects were 
taken as one group (n = 24; age 30 2 I ) ,  then separated into two groups. One group included those w h o  
did not drink alcohol [normal I ]  (n = 14; age 30 ? 2) ,  and the (ither group included those who consumed 
moderate amounts of alcohol [normal 111 (13 I O ;  age 29 i 2). Hyperlipidemic subjects were taken as one  
group (n = 12; age 32 t 5). 
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by a sheet ofwet  filter paper and a piece of sponge. Both 
gels, agarose, and gPAG, that were already sandwiched 
between two layers of filter paper and sponge, were 
placed in the cell holder that is put in the transfer cell 
(Trans-Blot cell, Bio-Rad, CA). The agarose gel layer 
faced the anode. The transfer was done overnight, at 
100 mA constant current, in the Tris-glycine buffer used 
in the previous step. After completion of the transfer, 
the agarose layer was carefully removed and placed on 
a glass plate or  a Gel-Bond film (Pharmacia, Sweden), 
wrapped with a piece of wet soft medical gauze and 
washed for 24 h with several changes of 0.15 M saline 
to remove the unreacted antibody. The agarose gel was 
dried and stained with 1% Coomassie brilliant blue R- 
250 in 50% methanol and 7% acetic acid, then de- 
stained with 10% methanol and 7% acetic acicl solution. 
After the completion of the electrotransfer step, the re- 
maining gPAG slab was fixed with sulfosalicylic acid and 
stained with 0.04% Coomassie brilliant blue R-250 in 
3.5% perchloric acid and destained with 5% acetic acid 
(19). N o  stained bands were detected. 

Measurement of apolipoprotein A-I distribution 

The stained bands on the agarose gel and gPAG were 
scanned at 595 nm using a Quick Scan Densitometer 
(Helena, TX) . The area under the peaks was used for 
the calculation of the percentage of each fraction. The 
amount of apoA-I present in each fraction was calcu- 
lated from the percentage of the individual fraction 
multiplied by the plasma concentration of apoA-I. 

HDL labeling with 
HDL (d 1.063-1.21 g/mL) was labeled with “’1 ac- 

cording to the method of Bilheimer, Eisenberg, and 
Levy (20). 
Immunoblotting on nitrocellulose (NC) 

Iodinated HDL was separated on 4-25% gPAGE and 
transferred onto NC followed by immunoblotting as was 
described previously (2, 21). 
Assay methods 

Apolipoproteins A-I and A-I1 were assayed by immu- 
noprecipitation and turbidimetry using antibodies from 
Boehringer Mannheim (Mannheim, Germany) ac- 
cording to the manufacturer’s instructions. HDL-cho- 
lesterol, plasma cholesterol, and triglycerides were as- 
sayed by enzymatic methods (Boehringer Mannheim, 
Germany). 

RESULTS 

Immunoblotting of plasma lipoproteins on agarose 
gel containing anti-apoA-I, after their separation by the 

fig. 1. lminunoblot of apolipoprotein A-I distribution in human 
fit-sh plasma after separation 011 nondenaturing gPACE 4-25%. 
Lines A and B, plasma (5 pL) from a normolipidemic subject 4 h 
after a fatty meal and in the fasting stare, respectively; lane c. plasma 
( 5  pL) from a hyperlipidemic subject. 

4-2596 nondenaturing gPAG, showed that apoA-I is 
present in several regions of varying molecular weights 
ranging from 43,000 to 800,000. Two main regions of 
molecular weights of 43,000-50,000 (designated as frac- 
tion A; small HDL (SHDL)) and 60,000-800,000 (desig- 
nated as fraction B) will be considered in this study (Fig. 
1) .  Although fraction B contains several componenb, 
it is considered as one group in this study because the 
components are well defined in some samples while 
they are not in others. An observation worth men- 
tioning is that the components are reasonably separated 
in samples from subjects with low level of SHDL while 
they are not well separated in samples from subjects 
with high level of SHDL. 

Capture efficiency of agarose gel matrix compared 
to NC 

Known counts of iodinated HDL (3 pg) were applied 
several times to a 4-25% gPAG and electrophoresed. 
After the run was over, the gels were sliced longitudi- 
nally and divided into three groups. The first group was 
considered as a control and the gel slices were counted 
for radioactivity. The second and third groups were 
transferred onto NC and agarose gel containing anti- 
apoA-I, respectively. The average (n = 7) percentage of 
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radioactivity entered the gel was calculated from the 
first group (95.2% 2 0.6; mean t SEM). Similar per- 
centage was considered for the second and third 
groups. In the NC membrane, 6.5% f 0.5 (mean f 
SEM, n = 7) of the radioactivity was found, and 2.0% 
t 0.1 (mean 2 SEM) in the residual gPAG slice. O n  
the other hand, 91.5% 2 0.6 (mean 2 SEM, n = 7) o f  
the radioactivity was found in the agarose gel and 2.2% 
2 0.1 (mean * SEM) in the residual gPAG slice. 

Capacity of agarose gel to hold the transferred apoA-I 

Two layers of agarose gel (1.5 mm thickness each) 
containing 1.5% anti-apoA-I, separated by a wet filter 
paper, were placed on a gPAG slab (containing 5 pL of 
plasma) after electrophoretic separation. At the end of 
the transfer step, the two layers were removed and 
washed separately, dried, stained, and destained. 
Stained bands were seen on the first layer- only while 
the second layer showed no stained bands. 

Reproducibility of apoA-I distribution in plasma 
Plasma sample was run several times (n = 8 )  on sepa- 

rate gradient polyacrylamide gels followed by inimu- 
noblotting on agarose gel containing anti-apoA-I. The 
positions of the apoA-I regions were similar and the av- 
erage percentage of fraction A was 8.4% with a CV of 
9.1%. 

Immunoblotting of lipoproteins on agarose gel 
containing anti-apoA-I 

Lipoprotein fraction of d < 1.21 g/mL was isolated 
from the plasma of twelve normolipidemic subjects and 
run on 4-25% gPAGE. Part of the gel was stained and 
the other part, which contained the same samples, was 
transferred onto agarose gel containing anti-apoA-I. 
The percentage of the SHDL calculated by the two 
methods was correlated with r = 0.91 (Fig. 2).  The per- 
centages calculated from the stained gPAG and immu- 
noblotted were 6.8% -t 0.6 and 7.7% f 0.6 (mean C 
SEM) , respectively. 

Distribution of apoA-I in the plasma of 
normolipidemic subjects compared with 
that of hyperlipidemic subjects 

The distribution of apoA-I in the fresh plasma of nor- 
molipidemic subjects (n = 24) after iinmunoblotting 
on agarose gel containing anti-apoA-I is summarized in 
Table 2. The normolipidemic subjects were segregated 
into two groups according to the alcohol consumption. 
One group that includes those who did not drink alco- 
hol at all [normal I, n = 141 and the other group that 
includes those who consumed moderate amounts of al- 
cohol (about 30 g/day) [normal 11, ii = lo]. Higher 
proportion of the SHDL was found in the fresh plasma 

1 I I I 
I 1 I I I I 

0 2 4 6 8 1 0 1 2  
Relative percentage by Stained gPAG 

Fig. 2. (:omparison of tl ic relative percentages of apolipoproteiri A- 
I in the SHDL fraction of plasnia determined by immunohlotring 011 

agarosr grl matrix with those determined by stained gPAG 

of the group of moderate alcohol drinkers compared 
with the other group of no alcohol consumption, and 
the differences were statistically significant (Table 2). 
Statistically significant differences were obtained in tht. 
percentage of the small fraction between the hyperlip- 
idemic (n = 12) and the normolipidemic (n  = 24) sub- 
jects ( P  < 0.001) and between the hyperlipidemic sub- 
jects and the normolipideniic subjects who did not 
consunie alcohol at all (n = 14) ( I > <  0.001) (Table 2) .  
Significant differences remained ( P  < 0.05) when thr 
result5 of the hyperlipidemic subjects were compared 
with those of the normolipidemic subjects who con- 
sumed moderate amounts of alcohol (Table 2).  

Effect of fat ingestion on the apoA-I distribution in 
normolipidemic subjects 

The relative percentage and the Inass of apoA-I asso- 
ciated with the small HDL subfraction were increased 
(E' < 0.001) 4 h after the €at load in all subjects (Table 
3) .  Six hours after fat ingestion, the proportions have 
decreased relative to the 4 h value (-4.0, P < 0.05), 
and in six subjects the levels were still higher than the 
fasting level. 

DISCUSSION 

HDL plays an important role in the reverse choles- 
terol transport. It is reasonable to assume the presence 
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TABLE 2. Distribution of apoA-I in plasma of normolipidemic and hyperlipidemic subjects 

Difference Difference Ditrerence 
All Normal Hyperlipidemic Normal I" Normal 11" between between I and hetween I1 and 

Fraction (n = 24) (n = 12) Difference (n = 14) (n = 10) I and I1 Hyperlipidemic Hyperlipidemic 

Fraction A 
Rei%, 

Range 

Range 

Fraction B 
Rel% 

Range 
ApoA-I 

Range 

ApoA-I 

11.6k 1.4 
0.0-24.9 

15.3 t 1.9 
0.0-31.6 

88.4 t 1.4 

115.6 i 3.2 
75.1-100 

94.6-1 46.4 

23.7 t 1.7 

32.2 t 3.1 
13.6-32.0 

16.4-49.6 

76.3 t 1.7 

101.0 t 3.1 
68.0-86.4 

75.0-1 15.6 

-12.1" 7.1 t 1.2 
0.0-14.5 

- 16.9'' 9.4 t 1.7 
0.0-21.5 

12.1" 92.9 i 1.2 
85.5- 100 

14.6" 121.6 -C 4.5 
94.6-146.4 

17.9 2 1.2 -10.8'1 - 16.6" -5.8' 
11.3-24.9 

23.6 2 1.9 - 14.2'' -22.8" -8.6" 
12.7-31.6 

82.1 i- 1.2 10.8' 16.6" 5.8' 

107.1 2 3.0 14.5' 20.6" 6.1' 
75.1-88.7 

95.4-125.6 

Five microliters of plasma were run on 4-25% nondenaturing gPAGE followed by immunoblotting on agarose gel containing anti-apoA- 
I and staining. The relative percentage of the stained subfractions was calculated from the area under the cuwe of each subfraction after 
densitonietric scanning. The distribution of apoA-I (mg/dI,) among the subfractions was calculated by multiplying the individual relative 
percentage of the subfraction by the concentration of apoA-I in plasma. Values are expressed as mean t SEM. Fraction A represents SHDL 
and fraction B represents all HDL subfractions other than SHDL. 

"As in Table 1. 
"P < 0.05. 
' P  < 0.01. 
"P < 0.001. 
'NS. 

of very small, newly formed HDL particles as being the 
initial stage in the reverse cholesterol transport, be- 
cause such small particles are expected to be relatively 
poor in cholesterol (22-26) and are able to pass 
through the capillary wall to the interstitial fluid where 
they can interact directly with peripheral cells and be 

converted into larger HDL (22, 27-29) by incorpora- 
tion of unesterified cholesterol. The presence of small 
apoA-I-containing lipoprotein particles was reported in 
the human interstitial fluid (27) in the plasma of nor- 
molipidemic subjects (2, 30), and in vitro (26, 31). 

In order to understand the initial events associated 

TABLE 3. Plasma lipids and apoA-I concentrations and apoA-l distribution after a fatty meal in eight 
normolipidemic subjects 

0 Hour 4 Hour 6 Hour 

Plasma 
Triglycerides (mg/dL) 69 t 4 111 t 6'1 97 f 6" 

Cholesterol (mg/ dL) 153 t 8 157 -C 8" 158 t 8' 

ApoA-I (mg/dL) 135 t 6 138 f 6" 137 2 6" 

( 100% ) " (164 t 6.6%) (143 t 6.5%) 

(100%) (102 t 0.3%) (103 f 0.6%) 

(100%) (103 2 0.5%) (101 ? 0.2%) 

(100%) (149 k 5.6%) (112 i 11.2%) 

Fraction A 
Relative % 10.4 f 1.0 15.4 5 1.5d 1 1 . 4 t  1.6 

Range 6.9-14.5 9.8-2 1.5 5.3-21.0 
ApoA-I (mg/dZ.) 14.3 t- 1.8 21.7 t 2.7'' 15.8 2 2.6 

Range (mg/dL) 8.3-21.5 12.1-32.3 8.3-31.5 

Relative % 89.6 t 1.0 84.6 k 1.5" 88.6 2 1.6 

Range 83.5-93.3 78.5-90.2 79.0-94.7 
ApoA-I (mg/dL) 120.9 i 5.0 116.7 2 4.7" 121.2 k 5.8 

(100%) (153 2 5.2%) (114 t- 12.3%) 

Fraction B 

(100%) (94 t 0.8%) (99 t 1.5%) 

(100%) (97 2 1.1%) (100 t 1.5%) 
Range (mg/dL.) 100.2- 140.3 94.3- 134.8 98.4- 147.7 

I'alues are means t SEM. 
'Percentages (mean t SEM) in parentheses represent the plasma concentration expressed as a percentage 

"Significantly different from zero tima value by pail-ed t-test; I-' < 0.05. 
' P  < 0.01. 
"I' < 0.001. 

- 

of. zero time concentration. 
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with the reverse cholesterol transport and the expected 
role of the small apoA-I-containing lipoprotein parti- 
cles, these particles should be identified, quantitated, 
and isolated by methods that arc not expected to 
change their composition and structure. The main 
methods used at present for the isolation and quantita- 
tion of HDL subfractions depend on lengthy ultracen- 
trifugation o r  affinity chromatography. Both methods 
may affect the size distribution and composition of' the 
HDI, particles (1, 3 2 ) ;  moreover, the individual subfrac- 
tions are not detected simultaneously but are obtained 
at different stages of separation. Ultrafiltration was suc- 
cessfully used ( 2 )  for the isolation of' small HDI, parti- 
cles directly from fresh plasma. A promising nielhod for 
detection and quantitation of HDI, subfractions is the 
use of nondenaturing gPACE technique for Fresh 
plasma followed by transli.r onto nitrocellulose or sinii- 
lar membranes, and finally the trcatnrcnt of the inen- 
brane by a sequence ol.antibodies ( 3  I ,  32). Electropho- 
resis is a mild method ancl docs not strip apA-1 from 
the lipoprotein particles as was reported b y  L,c.fcvr.c-., 
Goudey-Lefevrc, and Roheirn ( 3 2 ) .  HOWC\.CI., the use 01' 
such membranes includes some serious drawha 
render the method a semiquantitative one ( 3 3 ) .  Tlic 
aim of this study was to iniprove a method that can tic 
applied directly t o  plasma and overconies the major 
drawbacks of the present methods. One of' the m a j o r  
drawbacks in the membranes used is that the triiiisfer 
o f  particles with diflkrent inolectilar weights c)cctii's a t  
diffc:rent rates from the $PAC; onto the binrliiig i n m i -  

brane t o  the transfkr I~uffer bef'ore the larger ones arc 
transferred antl bound to  the Ineiiibranc (:34). ,Aiiotlicr 
major drawback is the limited capacity 01' iiitrocellulosc 
antl other similar membranes ( 19, 3 I , 34. 35). I ~ ~ l ' c . ~ ~ r o  
et al. (32) reported improved translc'r cfliciciic), of HDI, 
on charge-tnoclifiec~ n y l o n  nietiil~r~tnes, brit their ini- 
proved method suffers 'ironi tiravl)acks. .A major proh- 
kin w a s  the use o f  glut;iraldehydc 101. fixation of' tl'ans- 
ferred ~tpolipoproteins on the nylon inetnbraiie I>cfi)i.e 
the iiiiriiiinoblotting step. (;lutaraldc~hyde x t s  ;is ;I 

crosslinking agent where i t  might crosslink lysine resi- 
dues of the apolipoproteiiis and causes iiiterniolcculai~ 
and/ o r  intranioleculat- linking. This linking n i i t y  ai'fcxt 
the antigenic properties of' the ~ipolipopi-oteiiis ancl,  
consequently, may affkct the quantitative binding ol'thc. 
antibodies to the sample lipopmteins. Indeed, L.c.fev~x: 
et al. ( 3 2 )  noticed that the amount of labeled antihod!, 
bound t o  the transfer media was  not directl!~ pi-opor- 
tional t o  the amount of' ap oprotein pwscnt; mow- 
over, they  reported large c wiccs from lot to l o t  in  
the overall transfer efficiency of  the cliai-ge-nnotiitie[~ t r y  
Ian menrbraiics. Another drawback is the iiiculxition of 
the nylon inemhranc transfers with call' ~ ( ~ I - I I I T ~  ( 1 0 % ~ )  

brane \vhrre the small 011es escape throlrgh the 111~'Ii i -  

overnight; this treatment may cause an exchange of the 
transferred apolipoproteins with those present i n  the 
calf serum. These and other drawbacks were discussed 
in detail in the work of Atmeh and Abuharfeil (19) 
where they successfully o \"xune  many ol' the draw- 
backs by using agarose gel matrix containing specific 
antibodies as a transferring medium. The method was 
proved t o  be quantitative, reproducible, srnsitivc, mid 
can be used for the study of protein aggregates in  com- 
plex protein mixtures such as plasmii. 

In this study we used agarose gel containing anti- 
apoA-I as a transfer medium for the detection arid quaii- 
titation of apoA-I distribution on lipoprotein partic:les 
in fresh plasma with minimal manipulations. A ~ O S C '  
in itself is not as efficient in binding proteins as N(:, 
but the incorporation of specific aiitihodies in its matrix 
during preparation olf'ers an invaluable medium 1 0 1  
capturing proteins specifically within the gel matrix 
during their elc~ctrotransf'er. The i i d ~ a ~ i ~ i g t :  of' tising 
ag'tix)se gcl is that the IgG ii-action of' the antihotly 
nioves slightly towards the cathode i n  agwose untlcr I I ~ C .  
running conditions of alkaline pH (19). Binding ol'lipo- 
proteins with NC antl other niemtiranes is weaker l l i a i i  

lhat with ow' agdl-OSC riiati-ix because the binding with 
t hese membranes is o ii ly ct lec t I-( )s ta t ic and tlie ref 0 i . c  rc I- 
ati\rcly rcversible (34).  lncleed, up  to ten copies ot' t t ic .  

protein pattern WYTC obtained by transl'er on several l a y  
crs ol' N(: ( 1 9 ,  34, 35) while no lipoproteins csc:ipctl, 
during elcctrotransfer, through the first in to  ii sccoutl 
layer 01' agarose gel. The present inetlioci iricltitlcs nci- 
tlicr the use o f  gliitaraldehyde 01- other crossliiiking 
agents nor the ti.calnieiit o f  thv transfer nic~cliuni \vi111 
protein blocking agents. 

When f'rcsh p lasma  froin norniolipideinic siihjccts 
was analymd by the present method using anti-apoA-I, 
several bands of' niolecrtlar weights ranging l'roin 4?1,000 
to  800,000 could be identitied in  sonic srihjects, while 
in othci- subjects soiric bancls were i i o t  well idcntifictl. 
1n this work w e  considered two main regions l'or study, 
one region included particles of' nioleculx wciglitc 
from 43,000 to  50,000 (SHD1,) , and thc other region 
(~0,000-800,000) included the rest of' the apoA-I-con- 
tainiiig particles. If '  these small HDI, subclasses contain 
apoA-I as the sole protein, then t h q  ai-c expected t o  
cotilprise one apoA-I inolectilc per pirticlc aricl the t i i i i i i -  

mum protein perccnt;ige i J 1  tlie fr ;~c i io i i s~oi i ld  tic in tlic 
raiigc o1'.57-66'%. This higli protein contcut is siiriilar t o  

that in vel-) high density lipoproteiii (VHL)L) particles 
reportr:cl by\'eziriaetal. ( 3 1  ) .Tlie~~rt'seticcot'siii~iII H1)L 
sitbfi-actions was 1-eportetl in normal subjects ( 1 .  2,  3 1 ,  
36-38) ,  i n  1iypcrlipopi.oteiiieiiiic patierits ( 3 3 ) ,  i i i id  i n  
other pithologic conditions (23, ?G, 37, 39-44). 

The quantitative aspect of the present incthotl  ia t.1.i- 

dent wlicrc 92.0% of' thr: r-adioacti\,ity pwscnt i n  t h c .  
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gPAG slice containing HDL was recovered in the agar- 
ose gel after electrotransfer, compared to 5.8% recovery 
in the case of NC. Moreover, the coefficient of variation 
of 9.1% (n = 8) for the SHDL particles in plasma de- 
notes the reproducibility of the method. In agreement 
with that, all the transferred lipoproteins were captured 
by the agarose gel where nothing escaped to a second 
layer of agarose after electrotransfer and nothing re- 
mained in the gPAG after its staining. A good correla- 
tion exists between the present method and that of di- 
rectly stained gPAG (Fig. 2). 

The detection of these SHDL particles in fresh 
plasma is not expected to be an artifact as the fresh 
plasma was subjected to the electrophoretic separation 
within a short time of collection and with minimum ma- 
nipulation, and the proportion of these particles dif- 
fered from subject to subject. Physiological relevance of 
small HDL particles was reported in different condi- 
tions (37, 45) and many factors were found to disturb 
their plasma level (8, 14, 37, 46-51). 

In order to study the physiological relevance of these 
small particles: 1) The distribution of apoA-I in the 
plasma of hyperlipidemic patients was compared with 
that of normolipidemic subjects and was statistically sig- 
nificantly higher (Table 2). 2) The normolipidemic 
subjects were separated into two groups according to 
alcohol consumption and the distribution of apoA-I in 
the plasma of the patients was compared with each 
group of the normal subjects, separately. Statistically sig- 
nificant differences remained and the difference as well 
as the level of significance were greater with the nonal- 
coholic group (normal I, Table 2). In accordance with 
that, many workers (1, 33, 47) reported differences in 
the small molecular weight fractions between hyperlip- 
idemic and normolipidemic subjects. When the distri- 
bution of apoA-I in the plasma of both groups of normal 
subjects was compared, there were statistically signifi- 
cant higher values of the SHDL in the members of the 
second group who consumed alcohol moderately (Ta- 
ble 2).  These differences are in accordance with the 
known effect of alcohol where it induces the synthesis 
of nascent HDL of small molecular weight (52), in- 
creases the synthesis of apoA-I ( 5 3 ) ,  and may lower the 
CETP activity (54). 3) Eight normolipidemic subjects 
were given a fat load and the apoA-I distribution was 
found to be disturbed postprandially. These results indi- 
cate that the SHDL particles are not artifacts and they 
are physiological entities. 

When the data obtained in this study were analyzed 
and correlated we found that the percentage of apoA- 
I in SHDL was 7.1% f 1.2, 17.9% +- 1.2, and 23.7% 2 
1.7 (mean t SEM; in nonalcoholic normals, normals 
who drank moderately, and hyperlipidemic patients, re- 
spectively). A positive correlation was observed between 

the percentage of apoA-I in SHDL and plasma triglycer- 
ides in all the subjects ( r  = 0.41, P < 0.05, n = 36) 
and in the hyperlipidemic subjects ( r  = 0.43, P 0.05, 
n = 12). In accordance with that, Srhonfeld, Bailey, and 
Steelman (1) found that a subfraction with molecular 
weight of 50,000 comprised 5-24% of plasma apoA-1 in 
hyperlipidemic patients and its level was strongly posi- 
tively correlated with plasma triglycerides level. An in- 
teresting strong positive correlation existed between 
apoA-I content of SHDL and HDLcholesterol in the 
group of normals who consumed moderate amounts of 
alcohol ( r  = 0.70, P < 0.05) and in the hyperlipidemic 
subjects ( r  = 0.79, P <  0.05); but a negative correlation 
was found in the nonalcoholic normal subjects ( r  = 
-0.69, P < 0.05). This positive correlation between 
SHDL and HDL-cholesterol suggests that the observed 
increase in HDL-cholesterol associated with alcohol in- 
take (52, 55-57) can be mainly ascribed to the increase 
in the SHDL subfraction. Similarly, the increaw in 
plasma apoA-I in some cases of hyperlipidemia (1 ,  53) 
can be related to the increase in the SHDL, 

In the light of the reported results ( I ,  33, 52, 55- 
57) and our findings that the proportion of the SHDL 
fraction is low and inversely correlated with HDL-cho- 
lesterol in nonalcoholic normals and the higher pro- 
portion and positive correlation in the moderate drink- 
ers and hyperlipidemic subjects, the validity of the well- 
accepted statement that “HDL is protective against cor- 
onary artery disease” can be questioned. In support of 
that, Hirano et al. (54) reported cases of alcohol drink- 
ers who had hyperalphalipoproteinemia associated with 
corneal opacities and coronary heart disease. Moreover, 
Williams et al. (58) and Syvanne et al. (59) have shown 
that high levels of HDL{,, were associated with coronary 
heart disease risk factors in both men and woman, and 
Johansson et al. (48) reported a positive association be- 
tween HDLlh and progression of coronary atherosclero- 
sis. It seems reasonable to further investigate which of 
the various HDL subfractions may have a “protective 
effect” from those that may not, or, unexpectedly, may 
be atherogenic. 

The present work offers a new and rapid method for 
the quantitative studies of the HDL subfractions distri- 
bution in different physiologic and pathologic condi- 
tions. Fresh plasma samples are analyzed directly with 
few steps and minimal manipu1ations.l 
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