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Abstract High density lipoprotein (HDL) from human serum 
was subfractionated into HDL2 and HDL3 by rate-zonal density 
gradient ultracentrifugation. The orientation of apoproteins 
(apo) A-I and A-I1 in these subfractions was investigated by 
use of the photosensitive glycolipid probes, 2-(4-azido-2-nitro- 
phenoxy)-palmitoyl[l-”C]glucosamine (compound A) and 12- 
(4-azido-2-nitrophenoxy)-stearoyl[ 1- ‘‘C]glucosamine (compound 
B). Both probes were added to the HDL-structures in a ratio of 
two or three probe molecules per particle and were photoacti- 
vated by irradiation at a wavelength above 340 nm. After de- 
lipidation the probe-apoprotein adducts were analyzed by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis. Both the 
”shallow” probe (compound A) and the “depth” probe (compound 
B) were coupled for 10-14% (of the label added) to apoA-I and 
apoA-I1 from HDL3 and for about 6% to apoA-I and apoA-I1 
from HDL2. By taking into account the relative amounts of 
apoA-I and apoA-11, it was estimated that the “shallow” probe 
labeled apoA-I 40% more effectively than apoA-I1 in both HDL2 
and HDL3; the “depth” probe labeled apoA-I and apoA-I1 
equally well in both subfractions.lThe data suggest that 
towards the surface HDL2 and HDLS contain a relatively larger 
portion of apoA-I than apoA-11, whilst towards the core both 
subfractions are occupied by an equal portion of apoA-I and 
apoA-11. Application of these photolabels has failed to point out 
differences in the structural organization of HDL, and HDL3. - 
Berkhout, T. A., P. H. E. Groot, R. van Belzen, and K. W. A. 
Wirtz. Coupling of photoactivatable glycolipid probes to apo- 
lipoproteins A-I and A-I1 in human high density lipoproteins 
2 and 3. J. Lipid Res. 1985. 26: 964-969. 
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The  structure of high density lipoprotein-3 (HDL3) 
from human serum has been studied and several models 
have been suggested (1-6). All these models emphasize the 
existence of a n  apolar core covered by a surface film of 
apoproteins, phospholipids, and unesterified cholesterol. 
However, a detailed molecular structure of the H D L  
particles is still lacking. In  the present study we have 
attempted to establish the localization of apoA-I and 
apoA-I1 in isolated human HDL2 and HDL3 using two 
photoactivatable glycolipids, 2-(4-azido-2-nitrophenoxy)- 

palmit~yl[l-’~C]gluco~amine (compound A), and 12-(4- 
azido-2-nitrophenoxy)-stearoyl[l-’4C]glucosamine (com- 
pound B) (Fig. 1). These probes insert spontaneously into 
membranes and will render highly reactive nitrenes upon 
photoactivation (7,  8). The  structural design of compound 
A enables coupling to lipid and protein near the lipid- 
water interface, whereas compound B will couple to these 
segments embedded more deeply in the hydrophobic core 
of the membrane (9-12). Compound B has already been 
successfully applied in studies on the penetration of sub- 
units of cholera toxin into membranes (13) and on the 
topography of membrane proteins of Newcastle-disease 
virus (14). 

Here, we present data to show that both the shallow 
(compound A) and the depth probe (compound B) couple 
efficiently but not identically to apoA-I and apoA-I1 in 
HDLl as well as HDL3. Possible implications for the 
localization of apoA-I and apoA-I1 in these HDL sub- 
classes will be discussed. 

MATERIALS AND M E T H O D S  

Photolabels 

The  synthesis of 2-(4-azido-2-nitrophenoxy)-palmitoyl- 
[ l - ’4C]gluc~~amine  (compound A) and 12-(4-azido-2- 
nitrophenoxy)-stearoyl[l-’4C]gluc~~amine (compound B) 
has been described elsewhere (7,  8). The  probes (sp act 57 
mCi/mol) were stored in ethanol at - 20°C in the dark at 
a concentration of 2 mM. 

Isolation and characterization of HDL subclasses 

Human serum was obtained from young healthy 
women and HDLp and HDL3 were isolated by rate-zonal 

Abbreviations: HDL, high density lipoproteins; SDS, sodium dodecyl 
sulfate. 
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Fig. 1. Chemical structure of 2-(4-azido-2-nitrophenoxy)-palmitoyl- 
[l-'4C]glucosamine (compound A) and 12-(4-azido-2-nitrophenoxy)- 
steroyl[l-14C]glucosamine (compound B). 

density gradient ultracentrifugation as described earlier 
(15). Lipoprotein fractions were dialyzed against 10 mM 
Tris-HC1, 1 mM EDTA, and 150 mM NaCl, pH 7.4 (TES 
buffer). Concentrations of apoA-I and apoA-I1 in the 
HDL subfractions were determined by radial immuno- 
diffusion as described elsewhere (15). 

Photolabeling procedure 

All procedures before irradiation were carried out 
under yellow-green safety lights. HDL fractions (100 pg of 
protein) were suspended in 1 ml of TES buffer, saturated 
with argon. Compounds A or B (2 nmol in 0.001 ml 
ethanol) were added by injection. After incubation for 10 
min at room temperature, the incubation mixtures were 
photolyzed (10 min) using a Philips HPK 125W lamp. A 
GWV filter with a cut-off below 340 nm was used. In 
some experiments, the photoactivation of HDL was per- 
formed in the presence of reduced glutathione (10 mM) as 
a free radical scavenger. The sample was photolyzed as 
described above. 

Delipidation 

After photolysis the samples were dialyzed against 20 
mM ammonium bicarbonate for 16 hr at 4OC and lyophi- 
lized. The fractions were extracted with 2.5 ml ethanol- 
diethyl ether 3:2 (vh)  for 16 hr at 4OC to remove the bulk 
of non-coupled probe and lipids (16). After removal of the 
solvent, this procedure was repeated. The apoprotein 

samples were dried under a gentle stream of nitrogen. 
Protein recovery was usually more than 90% (17). 

SDS-polyacrylamide gel electrophoresis 

The apoprotein fractions were dissolved in 200 pl of 
sample buffer, containing 2% (w/v) sodium dodecyl sul- 
fate. Aliquots of 40 pl were used for electrophoresis on 
12.5% polyacrylamide gels according to Laemlii (18). 
After staining with Coomassie brilliant blue R-250, the 
gels were scanned on a Vitatron densitometer and sliced 
into 5-mm segments. The slices were incubated with 1 ml 
of Soluene 350 (Packard) for 16 hr at 4OoC and the radio- 
activity was determined by liquid scintillation counting. 

Lipid analysis 

The ethanol-diethyl ether fractions containing the ex- 
tracted lipids were combined, dried under vacuo, and the 
lipid residues were dissolved in 1 ml of chloroform-metha- 
no1 95:5 (v/v). Aliquots were taken to determine the radio- 
activity in the samples. Phospholipids were separated 
from neutral lipids and non-covalently linked probe by 
applying the lipids to a silicic acid column as described 
(8). The phospholipid fraction was analyzed by thin-layer 
chromatography using the solvent systems chloroform- 
methanol-ammonia-water 90:54:5.5:5.5 (./.), and iso- 
propanol-hexane-water 861.5 (v/v), as described else- 
where (8). 

Statistical methods 

Data are expressed as mean SD. The statistical 
significance of differences in labeling of apolipoproteins 
by compounds A and B were evaluated using Student's 
two-tailed paired t-test. Differences between HDL2 and 
HDL, were evaluated using Student's two-tailed t-test. 

RESULTS 

Isolation of HDL2 and HDL3 

HDL subclasses were isolated using rate-zonal density 
ultracentrifugation (15). Serum of five premenopausal 
women was used as the HDL2 content is relatively high 
in these donors. HDL subclass profiles are presented in 
Fig. 2, and pooled as indicated (;.e., HDL3, fractions 
9-20; HDL2, fractions 24-31). HDL2 preparations con- 
tained approx. 5 times more apoA-I than apoA-I1 (w/w) 
and HDLS contained approx. 2.5 times more apoA-I than 
apoA-11. Similar ratios have been reported earlier (15, 19, 
20). 

Labeling of HDL 

Under our conditions of labeling, 2 nmol of compounds 
A and B was added to 100 pg of HDL protein in 1 ml 
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Fig. 2. Separation of human HDLp and HDL, by rate-zonal density 
gradient ultracentrifugation. The absorption at 280 nm was continuously 
monitored. The arrows indicate the boundaries of the pooled HDL, 
(9-20) and HDL, (24-31) fractions. 

of TES buffer. When we assume that HDL3 and HDLz 
have molecular weights of 175,000 and 320,000 and pro- 
tein contents of 55% and 4176, respectively (19, 21), one 
can estimate that 100 pg of protein is equivalent to 1 nmol 
of HDL3 and 0.75 nmol of HDLz. This indicates that, in 
case of complete partitioning of the probe, each HDL 
complex will contain about two or three probe molecules. 
A complete partitioning of compound B was shown for 
erythrocytes (8) and vesicles containing M13 coat protein 
(22). This behavior was confirmed for both compounds A 
and B using phosphatidylcholine vesicles (T. A. Berkhout, 
unpublished observation). After irradiation, 50-7076 of 
the probe could be removed by extraction using ethanol- 
diethyl ether 3:2 (./.). Fractionation of the lipid extract by 
column chromatography yielded about 20% of the total 
radioactivity in the phospholipid fraction. Analysis of this 
phospholipid fraction by thin-layer chromatography fol- 
lowed by radioautography showed one major spot with an 
RJ value identical to that of phosphatidylcholine coupled 
to compound A or compound B (8). From this we con- 

clude that at least 20% of the probe couples to the phos- 
pholipids in both HDL2 and HDL3. 

Labeling of apoA-I and apoA-I1 
The delipidated apoprotein fractions of HDL were 

fractionated using SDS-polyacrylamide gel electrophore- 
sis. A densitometer tracing of apoproteins from HDL3 is 
shown in Fig. 3. In order to obtain information about the 
amount of probe coupled to apoA-I and apoA-11, the gels 
were sliced (5 mm) and the radioactivity in the slices was 
determined. Inspection of the radioactive pattern (com- 
pound A) shows that the bulk of the radioactivity coin- 
cides with apoA-I and apoA-I1 (Fig. 3). 

In Table 1 the results of coupling of compounds A and 
B to the apoproteins of HDL2 and HDL3 are summarized. 
It is evident that both compounds A and B label apopro- 
teins A-I and A-I1 in HDL3 more efficiently than in 
HDL2. This probably reflects the higher protein-lipid 
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Fig. 3. SDS-polyacrylamide gel electrophoresis of HDLJ apoproteins 
labeled with compound A. Two nmol of compound A was added to 
HDL, (100 pg of protein) in 1 ml of TES buffer. After irradiation and 
delipidation, the labeled apoproteins (20 pg) were separated by a 12.5% 
SDS-polyacrylamide gel. The Coomassie brilliant blue staining pattern 
was scanned at 610 nm, after which the gel was sliced and the radioactivity 
was determined. 
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TABLE 1. Coupling of probe to HDL subfractions 

Labeling“ Protein Ratio Relative Labeling Ratio‘ 
ApoA-I ApoA-I1 ApoA-I/ApoA-II ApoA-I/ApoA-II 

% of tohl radioactiuiy 

Compound A 
HDLZ 5.34 i 0.50 0.76 f 0.18 5.6 i 1.5 1.37 i 0.32 5 
HDLs 7.37 f 1.05‘ 1.98 f 0.37‘ 2.7 f 0.45 1.41 f 0.24 5 

HDLz 5.33 f 1.16 1.03 f 0.16 5.6 f 1.5 0.98 i 0.25g 5 
HDLs 9.77 + 1.61’ 3.89 f 0.32< 2.7 i 0.45 0.93 i 0.09’ 5 

Compound B 

“Coupling of compound A and B to apoA-I and apoA-I1 was determined by measuring the radioactivity associated 
with protein bands after SDS gel electrophoresis as described in Fig. 3, and expressed as per cent of total radio- 
activity added. 

’For each donor the apoA-I and apoA-I1 protein concentrations (mg/ml) were determined by radial immuno- 
diffusion. 

‘The apoA-I/apoA-I1 labeling ratio was divided by the apoA-I/apoA-I1 protein ratio for each donor. The average 
value of this ratio ( f SD) for n donors is presented. 

dStatistically different from HDLz, P < 0.01, unpaired t-test. 
‘Statistically different from HDLz, P < 0.001, unpaired t-test. 
’Statistically different from HDLz, P < 0.005, unpaired f-test. 
‘Statistically different from compound A, P < 0.01, paired t-test. 

ratio in HDL3 as compared to HDL2. In addition, the 
labeling of apoA-I is severalfold higher than that of apoA- 
I1 for both labels in both HDL subclasses. However, by 
taking into account the apoA-I and apoA-I1 protein ratio 
(w/w), one can calculate the efficiency of labeling corrected 
for the protein mass, i.e., apoA-I/apoA-I1 relative labeling 
ratio (Table 1). This ratio indicates that the “shallow” 
probe, compound A, couples about 1.4-times better to 
apoA-I than to a&-I1 in both HDL2 and HDL3. Coupling 
of the “depth” probe, compound B, to apoA-I and apoA-11, 
resulted in an apoA-I/apoA-I1 relative labeling ratio of 
0.98 in HDLP and 0.93 in HDL3. The latter ratio may 
indicate that in both HDL subclasses compound B en- 
counters an equal mass of apoA-I and apoA-11. The sig- 
nificantly higher (P < 0.01) apoA-I/apoA-I1 relative label- 
ing ratios for the “shallow” probe as compared to the 
“depth” probe suggest that, relative to apoA-11, more 
apoA-I is available for labeling near the interface in both 
HDL subfractions. 

In order to obtain information about the specificity of 
the labeling, glutathione was added as a free radical scaven- 
ger during irradiation (23, 24). Under these conditions 
only the probe in the direct environment of the protein 
will be able to couple to the protein (“specific labeling”), 
while labeling by long-living intermediates of the probe or 
labeling from the aqueous phase (“nonspecific” labeling) 
will be strongly reduced. In the presence of scavenger, 
coupling of compound B to apoA-I and apoA-I1 was about 
halved in comparison to coupling without scavenger. How- 
ever, the relative labeling ratio between apoA-I and apoA- 
I1 in HDL, and HDL3 did not change. 

In other experiments, the incubation and irradiation of 
the HDL fractions in the presence of probe was performed 

at 37OC instead of at room temperature. This did not 
result in a different labeling of apoA-I and apoA-11. Further- 
more, in some experiments the concentration of the 
probes in the HDL subfractions was doubled. No effect on 
percentages of coupling to apoA-I and apoA-I1 could be 
detected, indicating that there is not a special saturable 
binding site on apoA-I or apoA-I1 for the probe (24). 

DISCUSSION 

Glycolipid compounds containing a photoreactive 
group at distinct positions along the fatty acyl chain can 
give more direct information on the occurrence of a pro- 
tein at a certain depth of the membrane structure (7). 
Recently, compound B was successfully used to study the 
localization of subunit AI of cholera toxin during the 
process of entering the membrane (13), and the localiza- 
tion of subunits of the ninth component of the human 
complement (25). In the present study we have used simi- 
lar glycolipid probes (see Fig. 1) to investigate the orienta- 
tion of apoA-I and apoA-I1 in the HDL subclasses (HDL2 
and HDL3). Assuming that the apolar groups of the 
probes are localized at the interface and the fatty acyl 
chain is directed towards the hydrophobic core of the par- 
ticle, one can estimate that the nitrenes are generated at 
a distance of 0-5 A from the surface of HDL for the 
“shallow” probe (compound A) as compared to 10-15 A 
for the “depth” probe (compound B). From the data of 
Table 1, we can conclude that, relative to apoA-11, apoA-I 
is more efficiently labeled by the “shallow” probe than by 
the “depth” probe in both HDL subclasses. We take this 
to indicate that towards the surface HDL, and HDL3 
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contain relatively more apoA-I than apoA-11. By the same 
token, the mass of apoA-I and apoA-I1 molecules exposed 
to the “depth” probe appear equal. O n  the other hand one 
has to realize that the relative labeling ratio reflects the 
availability of reactive groups on  the proteins towards the 
generated nitrenes; this number is not necessarily propor- 
tional to the protein mass. However, we may conclude 
from the primary structure that the content of reactive 
(polar) amino acid residues is approximately equal in 
both apoA-I and apoA-I1 (26). From similar studies using 
phosphatidylcholine derivatives containing a n  alkyl-azide 
moiety at  different positions along the acyl chain, Stoffel 
and Metz (27) concluded that apoA-I penetrated deeper 
into HDL as compared to apoA-11. This  result was also 
obtained using chemical labels (28). We have no  explana- 
tion for the discrepancy between their studies and ours, 
except that Stoffel and  co-workers used reconstituted 
HDL particles using the cholate exchange procedure. 

That  apoA-I is localized more to the surface than apoA- 
I1 agrees with the preferential losses of apoA-I from HDL 
during sonication (29), in the presence of guanidine-HCl 
(30), and on heating (31). Furthermore, it has been shown 
that addition of apoA-11 to HDL results in its uptake and 
an  equal loss of apoA-I by HDL (32). O n  the other hand, 
addition of apoA-I does not replace apoA-I1 from HDL 
(33). Stronger binding of apoA-I1 to HDL, as compared 
to apoA-I, could reflect a deeper orientation of apoA-I1 in 
the particle. 

This study has not revealed evidence for apoA-I and 
apoA-I1 having a different orientation in the H D L  sub- 
classes, HDLz and HDL3. Differences in substrate speci- 
ficity between HDLz and HDL3 towards 1ecithin:choles- 
terol acyltransferase (34, 35) and hepatic lipase (36, 37) 
have been reported. T h e  results of the present study sug- 
gest that these differences in metabolic properties are 

high density lipoproteins. Proc. Natl. Acad. Sci. USA. 71: 

3. Verdery, R. B., 111, and A. P. Nichols. 1975. Arrangement 
of lipid and protein in human serum high density lipopro- 
teins: a proposed model. Chem. Phys. Lipids. 14: 123-134. 

4. Jackson, R. L., J. P. Morrisett, A. M. Gotto, and J. P. 
Segrest. 1975. Mechanism of lipid-binding by plasma lipo- 
proteins. Mol. Cell. Biochem. 6: 43-50. 

5. Shen, B. W., A. M. Scanu, andF. J. Kkzdy. 1977. Structure 
of human serum lipoproteins inferred from compositional 
analysis. Pmc. Natl. Acad. Sci. USA. 74: 837-841. 

6. Edelstein, C., E J. K6zdy, A. M. Scanu, and B. W. Shen. 
1979. Apolipoproteins and the structural organization of 
plasma lipoproteins: human plasma high density lipopro- 
tein-3. J. Lipid Res. 20: 143-153. 
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Wisnieski. 1978. Photoreactive probes for high resolution 
mapping of membrane proteins. Pmg Clin. Biol. Res. 22: 
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chem. Biophys. Res. Commun. 60: 1155-1162. 
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cholera toxin subunits during membrane penetration. 
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probably not explained by differences in orientation of 
apoA-I or apoA-I1 in the surface film of HDL2 and HDL3. 
However, possible differences in orientation, not monitored 
by the probes used in the present study, cannot be ex- 
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15. Groot, P. H. E., L. M. Scheek, L. Havekes, W. L. van 
Noort, and F. M. van’t Hooft. 1982. A one-step separation 
of human serum high density lipoproteins 2 and 3 by rate- 
zonal density gradient ultracentrifugation in a swinging 
bucket rotor. J Lipid Res. 23: 1342-1353. 

16. Scanu, A. M., and C. Edelstein. 1971. Solubility in aqueous 
solutions of ethanol of the small molecular weight peptides 
of serum very low density and high density lipoproteins. 
Anal. Biochem. 44: 576-588. 
L ~ ~ ~ ~ ,  0. H., N, J, ~ ~ ~ ~ b ~ ~ ~ ~ h ,  A. L. F ~ ~ ~ ,  and R, J, 

Randall. 1951. Protein measurement with the Folin phenol 

This research was carried out under the auspices of The Nether- 
lands Foundation for Chemical Research (S.O.N.), and with 
financial aid from The Netherlands Organization for the Ad- 
vancement of Pure Research (Z.W.O.). 

17. 

Manuscript received 10 October 1984. 

REFERENCES 

1. Assmann, G., and H. B. Brewer. 1974. A molecular model 
of high density lipoproteins. Pmc. Natl. Acad. Sci. USA. 71: 

2. Stoffel, W., 0. Zierenberg, B. D. Tungal, and E. Schreiber. 
1974. I3C Nuclear magnetic resonance spectroscopic evi- 
dence for hydrophobic lipid-protein interactions in human 

1534-1538. 

reagent, J Biol. Chem. 193: 265-275. 
Laemlli, U. K. 1970. Cleavage of structural proteins during 
the assembly of the head of bacteriophage T4. Nature 
(London}. 227: 680-685. 
Scanu, A. M., R. E. Byrne, and M. Mihovilovic. 1982. 
Functional roles of high density lipoproteins. CRC Crit. Rev. 
Biochem. 13: 109-140. 

20. Cheung, M. C., and J. J. Albers. 1977. The measurement 
of apolipoprotein A-I and A-I1 levels in men and women by 
immunoassay. J Clin. Invest. 60: 43-50. 
Scanu, A. M. 1972. Structural studies on serum lipopro- 
teins. Biochim. Biophys. Acta. 265: 471-508. 

18. 

19. 

21. 

968 Journal of Lipid Research Volume 26, 1985 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


22. Hu, V. W., and B. J. Wisnieski. 1979. Photoreactive label- 
ing of M13 coat protein in model membranes by use of a 
glycolipid probe. Pmc. Natl. Acad. Sci. USA. 76: 5460-5464. 

23. Staros, J. V., H. Bayley, D. M. Standring, and J. R. 
Knowles. 1978. Reduction of arylazides by thiols: implica- 
tions for the use of photoaffinity reagents. B i o c h .  Biophys. 
Res. Commun. 80: 568-572. 

24. Bayley, H. 1983. Photogenerated Reagents in Biochemistry 
and Molecular Biology. T. S. Work and R. H. Burdon, 
editors. Elsevier, Amsterdam. 138-163. 

25. Ishida, B., J. Wisnieski, C. H. Lavine, and A. F. Esser. 
1982. Photolabeling of a hydrophobic domain of the ninth 
component of human complement. J. Biol. Chem. 257: 

26. Morrisett, J. D., R. L. Jackson, and A. M. Gotto. 1975. 
Lipoproteins: structure and function. Annu. Rev. Biochem. 

27. Stoffel, W., and P. Metz. 1982. Chemical studies on the 
structure of human serum high density lipoprotein (HDL). 
Hoppe-Seyieri Z. Physiol. Chon. 363: 19-31. 

28. Stoffel, W., and K. Preissner. 1979. Surface localization of 
apolipoprotein A-I1 in lipoprotein complexes. Hoppe-Seyler’s 
Z. Physiol. Chem. 360: 685-690. 

29. Scanu, A., E. Cump, J. Toth, S. Koga, E. Stiller, and 
L. Albers. 1970. Degradation and reassembly of a human 
serum high density lipoprotein. Evidence for differences in 
lipid affinity among three classes of polypeptide chains. 
Biochemistv. 9: 132 7 -133 5. 

10551-10553. 

44: 183-207. 

30. Nichols, A. V., E. L. Gong, P. J. Blanche, T. M. Forte, and 
D. W. Anderson. 1976. Effects of guanidine hydrochloride 
on human plasma high density lipoproteins. Biochim. Bio- 
phys. Acta. 446: 226-239. 
Tall, A. T., and D. M. Small. 1977. Solubilization of phos- 
pholipid membranes by human plasma high density lipo- 
proteins. Nature. 265: 163-164. 

32. Lagocki, P. A., and A. Scanu. 1980. In vitm modulation of 
the apolipoprotein composition of high density lipoprotein. 
J. Bioi. C h .  255: 3701-3706. 

33. Pownall, H. J., D. Hickson, and A. M. Gotto, J .  1981. 
Thermodynamics of lipid-protein association. J.  Biol. 

34. Fielding, C. J., and P. E. Fielding. 1971. Purification and 
substrate specificity of lecithin-cholesterol acyltransferase 
from human plasma. FEBS Lett. 15: 355-358. 

35. Pinon, J-C., A-M. Bridoux, and M-H. Laudat. 1980. 
Initial rate of cholesterol esterification associated with high 
density lipoproteins in human plasma. J.  Lipid &J. 21: 

36. Shirai, K., R. L. Barnhart, and R. L. Jackson. 1981. 
Hydrolysis of human high density lipoprotein-2 phospho- 
lipids and triglycerides by hepatic lipase. Biochem. Biophys. 
Res. Commun. 100: 591-598. 

37. Groot, P. H. R., H. Jansen, and A. van Tol. 1981. Selective 
degradation of the high density lipoprotein-2 subfraction by 
heparin-releasable liver lipase. FEBS Lett. 129: 269-272. 

31. 

C h m .  256: 9849-9854. 

406-414. 

Berkhout et al. Cross-linking of glycolipid probes to apolipoproteins 969 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/

