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Summary Apolipoprotein E was isolated from human very low 
density lipoproteins by a twestep electrophoretic procedure de- 
rived from that of MCndez (1982. Anal. Biochem. 126: 403-408). 
It included separation in a sodium dodecylsulfate polyacrylamide 
slab gel, transfer into an agarose gel, and extraction by ultra- 
centrifugation for 30 min. No protein labeling, dialysis, or con- 
centration procedures were needed. The method was fast, 
showed an excellent protein recovery, and could be suitable as 
a general method of protein isolation by polyacrylamide gel 
electrophoresis.-Meunier, S., P. Gambert, J. Desgres, and C. 
Lallemant. Preparative electrophoresis of human apolipoprotein 
E: an improved method.]. Lipid Res. 1986. 27: 1324-1327. 
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The high resolution of electrophoresis in polyacryl- 
amide gels should make it a method of choice for the 
isolation of proteins. However, its use as a preparative 
procedure is impeded by the generally complicated, 
lengthy, and nonquantitative extraction from the gel. 
Problems of extraction are increased when proteins have 
a tendency to interact with surfaces and to aggregate, as 
is the case for apoE (1). In spite of that, several authors 
have used electrophoretic procedures for the isolation of 
apoE (2-4). Protein extraction required crushing of the 
gel (4), continuous elution (2), or electrophoretic elution 
into dialysis sacks (3). We have found that the procedure 
could be greatly improved by using a method, derived 
from that of Mhdez (5), which is characterized by an 
electrophoretic transfer of apoE into an agarose gel and 
extraction of the protein from this gel by a short ultra- 
centrifugation. 

MATERIALS AND METHODS 

Chemicals 

Urea and SDS were from Prolabo (Paris, France); ac- 
rylamide was purchased from BDH Chemicals (Poole, 

England); Coomassie brilliant Blue G 250 and dithio- 
threitol were obtained from Sigma (St Louis, MO). Aga- 
rose IEF, ampholyte, and a low molecular weight protein 
calibration kit were from Pharmacia (Uppsala, Sweden). 
All other chemicals were from Merck (Darmstadt, 
F. R. G.). 

Polyclonal antibodies were from lmmuno (Vienna, 
Austria). Monoclonal antibodies against human apoE (6) 
were a generous gift from Dr. Y. Marcel and Dr. R. W. 
Milne (Institut de Recherches Cliniques de Montrkal, 
Canada). 

VLDL apolipoprotein preparation 

Four ml of serum from normolipidemic or hypertri- 
glyceridemic subjects was overlayered with 4 ml of 0.15 
M NaCl in cellulose nitrate tubes. The tubes were placed 
in a Beckman 65 rotor and centrifuged for 22 hr at 
105,000 g in an L2 65B ultracentrifuge (Beckman, Palo 
Alto, CA). VLDL were recovered in the top 0.6 ml. 

The VLDL preparation was delipidated at room tem- 
perature with two volumes of butanoldiisopropyl ether 
40:60 (v/v) according to the procedure of Cham and 
Knowles (7). The tubes were shaken for 3 min on a vortex 
mixer, for 1 hr on a rotating mixer (22 times/min), and 
for 3 min on a vortex mixer. The infranate was collected 
after a 3-min centrifugation at 10,000 g. This delipidation 
step was omitted when the triacylglycerol concentration 
of the VLDL preparation was below 50 g/l. At that low 
concentration, the protein recovery was better and the 
electrophoretic separation was not impaired. 

Delipidated or not, the VLDL preparation was mixed 
with 0.5 vol of a reducing solution of 100 g/l SDS, 66 
g/l dithiothreitol, 0.24 mol/l Tris-HCI (pH 6.7) and in- 
cubated for 5 min at 100°C. 

ApoE preparation 

The separation of VLDL apolipoproteins was carried 
out, according to the general method of Davis (8), in a 
vertical 10 X 22 X 0.2 cm acrylamide slab gel. A 140 
g/l acrylamide separation gel was placed under a 1-cm 
layer of a 34 g/l acrylamide concentration gel. The con- 
centration of Tris-HC1 buffer in the upper gel was 0.06 
M (pH 6.7) and 0.5 M (pH 9.1) in the lower gel. In both 
gels the concentration of diallyltartardiamide, the cross- 
linking agent, was 10% (w/w) of the acrylamide concen- 
tration and both gels contained 1 g/l SDS. The running 
buffer was 49 mM Tris-380 mM glycine (pH 8.3) with 1 
g/I SDS. The VLDL apolipoprotein preparation (2-8 mg 

Abbreviations: apoE, apolipoprotein E; VLDL, very low density li- 
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of protein in about 2 ml) was layered on  the concentration 
gel  in a 1 3cm large central slot. Two 5-pl aliquots from 
the protein calibration kit were placed  in 0.5cm lateral 
slots. The electrophoresis was performed at 100 V with 
a 40 rnA current for the first hour  and at 200 V with an 
80 mA current for the following 4 hours. 

After guiding lines were incised on  the surface of the 
gel,  apoE was located by cutting off and staining (9) the 
lateral portions of the gel containing the calibration kit 
and the edge of the VLDL  apolipoprotein  separation. The 
apoE band was removed from the remaining unstained 
gel and placed on  the  top of a vertical 7 X 22 X 0.2  cm 
agarose IEF slab  gel  held by a bottom layer  of a 50 g/l 
polyacrylamide  gel. The protein was transferred to the 
agarose gel by a 2-hr electrophoresis at 70 mA. Agarose 
concentration w a s  8 g/l in 0.24 M Tris-HCI buffer (pH 
6.7). The migration buffer was 49 mM Tris-380 mM gly- 
cine (pH 8.3). The gel and the migration  buffer  contained 
1 g/l SDS. 

ApoE w a s  seen in the agarose gel as a refringent band 
that was sliced out  and placed  in a polycarbonate ultra- 
centrifuge tube. After centrifugation in a 65 rotor of an 
L2 65B centrifuge for 30 min at 105,000 g, the protein 
(100-500  pg) was recovered in about 1.5 ml of super- 
natant. 

When  necessary, Le., for amino acid  analysis and iso- 
electric focusing, the apoE solution w a s  lyophilized and 
successively extracted with trichloracetic acid  solution 
(200 g/l) and acetone according to the  procedure de- 

scribed by Kane, Hardman. and Paulus (10) in order to 
remove SDS and salts. 

Analytical methods 
Polyanylamide electrophoresis. Disc electrophoresis  in 140 

g/I  acrylamide  gel was conducted in  12.5 X 0.5  cm  glass 
tubes according to the procedure described above for the 
preparation of apoE by preparative slab  gel electropho- 
resis. Gradient gel electrophoresis was performed as pre- 
viously described (1 1). The linear gradient of  polyacryl- 
amide ranged from 25 to 300 g/l. All buffers contained 
2 g/l SDS. 

Isoelectric  focusing was conducted according to War- 
nick et al. (12) in a 75 g/l  acrylamide  gel containing 50 
ml/l of ampholyte (pH 4-6.5) solution and 8 M urea. 

ApoE was assayed by a competitive  enzyme immu- 
noassay  using a monoclonal  anti-apoE antibody (unpub- 
lished procedure). 

Amino and assay. After hydrolysis  of apoE by 6 M HCI 
at 1 10°C for 20 hr and 40 hr under nitrogen, aminoacids 
were separated and quantified by  gas-liquid chromatog- 
raphy on a glass  capillary  column (1 3). 

RESULTS  AND  DISCUSSION 

In preparative polyacrylamide  gels,  VLDL  apolipopro- 
tein bands appeared linear and well separated (Fig. 1). 

94 000- 
67 000- 

43 000- I 

20 loo-,. t ,  

0 b 0 
Fig. 1. Preparative  polyacrylamide g e l  electrophoresis of VLDL apolipoproteins. a), Low molecular weight 
calibration kit (94.000, phosphorylase b; 67.000, albumin; 49.000. ovalbumin; 50.000. carbonic anhydrase; 
20.100, trypsin inhibitor). b). VLDL apolipoprotein preparation (VLDL were prepared h m  10 ml of a pool  
of moderately hypertriglyceridemic sera). 
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resis  can  partially separate apoE isoforms, as previously 
suggested by Warnick et al. (12). and can  lead to prepa- 
rations free of non-apoE proteins. 

The isolated protein was identified  as apoE by its mo- 
lecular  weight,  its amino acid  composition, and its im- 
munological properties. By comparison  with that of a 
protein calibration kit, the migration  of the protein in 
SDS polyacrylamide  gels  indicated an apparent molecular 
weight  of 35,000. This value is  in good agreement with 
the value (34,145) calculated from the amino acid se- 
quence of the apoE2 isoform (1 5). The amino acid  com- 
position (Table 1) showed the arginine-rich feature of the 
protein. It was comparable to compositions  previously 
published. Whereas immunodiffusion  tests carried out 
with  specific antisera against apolipoproteins A-I, A-11, 
and B were negative,  positive reactions were observed 
with  anti-apoE  monoclonal antibodies. 

Electrophoretic elution from a polyacrylamide  gel into 
an agarose gel, followed by ultracentrifugal extraction 
was well suited to  the preparation of  apoE.  Changes in 

a b 
Fig. 2. Analytical  polyacrylamide g e l  electrophorais of VLDL a p  
lipoproteins (a) and isolated apoE (b). Amounts of apoE were 1 1 rg in 
(a) and 7.7 pg in (b). 

Edge  effects  were  limited and did not impair the resolution 
of the separation. ApoE  was the only protein in the 
30,000-43.000  molecular  weight range which stretched 
over a 2.5cm long portion of the gel. Thus,  there was 
no risk of contamination by other apolipoproteins. In 
VLDL apolipoprotein preparations from pools of sera, a 
diffuse  slower  band was generally  seen  close to  the main 
apoE band  (Fig.  1).  Such a band has  been already de- 
scribed by other  authors  and  attributed  to sialylated  de- 
rivatives of apoE (14). This accessory  band was  usually 
collected  with the main  band and was detected in the 
apoE preparation by analytical  disc electrophoresis (Fig. 
2) but not by gradient gel electrophoresis (not shown).  In 
order  to ascertain the apoE nature of the accessory band, 
the two bands  were  separately  collected.  Isoelectric fo- 
cusing  of the two preparations showed that both possessed ( + ) 
a typical apoE pattern (Fig. 3). However, compared with 
the main  band  composition there was,  in the accessory 
band, a relative  increase  of the cathodic apoE isoforms 
and a decrease of the anodic isoforms, a difference of Fig. 3- Isoelectric f"Jsing  patterns of a) a VLDL aP1iPProtein 

preparation; b) the main apoE band; and c) the accessory slow apoE composition that explains the difference in migration band. The nomenclature of apoE ~so~oms is of Warnick et 
rates. Thus, high  resolution  polyacrylamide electropho- a]. (12). 

a b C 
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TABLE 1. Amino acid composition of isolated apoE 

Amino Acida mol/ 100 molb 

Alanine 12.6 
Arginine 12.3 
Aspartic acid + Asparagine 4.0 
Glutamic acid + Glutamine 22.8 
Glycine 5.6 
Isoleucine 0.8 
Leucine 15.3 
Lysine 5.1 
Methionine 0.9 
Phenylalanine 1.5 
Proline 3.2 
Serine 4.4 
Threonine 3.0 
Tyrosine I .4 
Valine 7.1 

ApoE was isolated from the VLDL fraction of a pool of hypertri- 

’ Cysteine, histidine, and tryptophan were not determined. 
Results expressed per 100 mol of determined amino acid. 

glyceridemic sera. 

the  technique of M6ndez (5) improved the practicability 
and  the  efficiency of the method. Protein labeling was 
eliminated. ApoE was prepared from small volumes of 
serum and  the  recovery was high. I n  typical experiments, 
about 400 pg of apoE was prepared from 10 ml of a pool 
of moderately hypertriglyceridemic (4-5 g/l) sera. ApoE 
enzyme immunoassay in VLDL apolipoprotein prepara- 
tions and in an apoE solution showed a recovery of ap- 
proximately 90%. Addition of a concentration step to the 
electrophoretic process led to focused apoE bands in the  
polyacrylamide and agarose gels. Consequently apoE was 
extracted from a small volume of agarose gel and the  
solution recovered by ultracentrifugation was concen- 
trated enough (about 250 pg/ml) to dispense with further 
concentrating procedures. 

Beyond its application to apoE, the  present method is 
rapid, needs no special apparatus, can be adapted to var- 
ious amounts of protein, and  results in an excellent re- 
covery of protein. I t  could be suitable as a general method 
of protein isolation by polyacrylamide gel electro- 
ph0res i s . l  

We are grateful to Dr. Y. Marcel and to Dr. R. W. Milne (Institut 
de Recherches Cliniques de Montrkal) for providing monoclonal 
antibodies against human apoE. This work has been supported 
by the Universitk de Bourgogne, the Institut de la SantC et de 
la Recherche MCdicale (INSERM U 208), the Etablissement 
Public Rdgional de Bourgogne, and the Groupement de Re- 
cherche sur I’Athdrome et sa PrCvention (G.R.A.P.). The tech- 
nical assistance of Anne Athias is gratefully acknowledged. 
Manuscript received 3 October 1985. 

REFERENCES 

1 .  Gregg, R. E., D. Wilson, E. Rubalcaba, R. Ronan, and 
H. B. Brewer, Jr. 1983. Immunoquantitation of apolipo- 
protein E. In Proceedings of the Workshop on Apolipopro- 
tein Quantification. K. Lippel, editor. Natl. Inst. Health, 
Bethesda, MD. 383-403. 

2. Utermann, G. 1975. Isolation and partial characterization 
of an arginine-rich apolipoprotein from human plasma very- 
lowdensity lipoproteins: apolipoprotein E. HoppeSqrler’s 2. 
P h y d  Chem. 3 5 6  1 1 13- 1 12 1.  

3. Weisgraber, K. H., and R. W. Mahley. 1978. Apoprotein 
(E-A-11) complex of human plasma lipoproteins. I. Char- 
acterization of this mixed disulfide and its identification in 
a high density lipoprotein subfraction. J. Bwl. Chem. 253: 

4. Ishikawa, T., and N. Fidge. 1979. Changes in the concen- 
tration of plasma lipoproteins and apoproteins following the 
administration of Triton WR 1339 to rats.J. Lipid Res. 20: 

5. Mkndez, E. 1982. Isolation and elution of proteins from 
sodium dodecylsulfate-polyacrylamide gels with an inter- 
mediate agaroxcontaining layer in the acrylamide gel. Anal. 
Biochem. 126  403-408. 

6. Milne, R. W., P. Douste-Blazy, L. Retegui, and Y. Marcel. 
198 1 .  Characterization of monoclonal antibodies against 
human apolipoprotein E. J. Clin. Invest. 68: 1 1 1-1 17.  

7 .  Cham, B. E., and B. R. Knowles. 1976. A solvent system 
for delipidation of plasma or serum without protein precip 
itati0n.J. Lipid Res. 17: 176-181. 

8.  Davis, B. J. 1964. Disc electrophoresis. 11. Method and a p  
plication to human serumproteins. Ann. N.Y. Acad. Sci. 121: 

9. Weber, K., and M. Osborn. 1969. The reliability of molec- 
ular weight determinations by dodecylsulfate polyacrylamide 
gel electrophoresis. J. Bwl. Chem. 244: 4406-44 12. 

10. Kane, J. P., D. A. Hardman, and H. E. Paulus. 1980. Het- 
erogeneity of apolipoprotein B: isolation of a new species 
from human chylomicrons. Proc. Natl. Acad. Sci. USA. 77: 
2465-2469. 

1 1 .  Gambert, P., C. Lallemant, A. Athias, and P. Padieu. 1982. 
Alterations of HDL cholesterol distribution induced by in- 
cubation of human serum. Biochim. Biophys. Acta. 713: 1-9. 

12. Warnick, G. R., C. Mayfield, J. J. Albers, and W. R. Hazzard. 
1979. Gel isoelectric focusing method for specific diagnosis 
of familial hyperlipoproteinemia Type 3. Clin. Chem. 25: 

13. Desgres, J., D. Boisson, and P. Padieu. 1979. Gas-liquid 
chromatography of isobutyl ester, N (0)-heptafluorobutyr- 
ate derivatives of amino acids on a glass capillary column 
for quantitative separation in clinical chemistry. J.  Chro- 
matogr. 162: 133-152. 

14. Utermann, G., K. H. Weisgraber, W. Weber, and R. W. 
Mahley. 1984. Genetic polymorphism of apolipoprotein E: 
a variant form of apolipoprotein E2 distinguished by sodium 
dodecylsulfate-polyacrylamide gel electrophoresis. J. Lipid 
Res. 25: 378-382. 

15. Rall, S. C., Jr., K. H. Weisgraber, and R. W. Mahley. 1982. 
Human apolipoprotein E. The complete amino acid se- 
quence. J. Biol. Chem. 257: 4171-4178. 

6281-6288. 

254-264. 

404-427. 

279-284. 

Journal of Lipid Research Volume 27, 1986 Notes on Methodology 1327 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/

