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SUMMARY. l!he interaction between lipoprotein lipase from bovine milk and 
heparin has been studied. A specific, ionic binding of the enzyme to an 
agarose gel containing cwalently bound heparin was demonstrated. This binding 
was exploited for the purification of the enzyme from skim milk by affinity 
chromatography on a column of heparin-substituted agarose. The purified 
enzyme had a higher specific activity (about 10,000 units per mg protein) 
than any other preparation of lipoprotein lipase described so far. 

Lipoprotein lipase (LPL, EC 3,1,1,3) hydrolyzes plasma lipoprotein tri- 

glycerides, thereby making their fatty acids available to the tissues (1,2). 

Numerous reports in the literature indicate a functional relation between 

this enzyme and heparin or heparin-like glycosaminoglycans. The enzyme can 

be released from its extracellular sites by heparin or by any of several 

other polyanions, both in vivo and in vitro (2). Evidence compatible with the -- -- 

association in vivo of LPL with a heparin-like glycosaminoglycan was obtained -- 

by Oliveerona and Lindahl (3) who found appreciable amounts of heparan 

sulfate in an enzyme preparation from bovine milk. Furthermore, Korn reported 

that LPL from ehieken adipose tissue was partially inactivated on incubation 

with a bacterial heparinase (4). The activity of the enzyme is often enhanced 

by heparin in low concentrations (5,6,7). This has been ascribed to an 

increased binding of the enzyme to its substrate (6,8) and/or an allosteric 

effect of heparin on the enzyme (7). Conversely, the LPL of post-heparin 

plasma becomes less stable on removal of heparin by passage over an anion 

exchange column (9). 

Although the observations cited above strongly suggest that heparin can 
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interact with LPL, no direct evidence for such an interaction has as yet 

been reported. The present data demonstrate a strong and reversible ionic 

binding of LPL to heparin. We have also purified the enzyme extensively by 

affinity chromatography on a column of heparin covalently bound to an agarose 

gel. 

MATERIALS AND METHODS. 

Analytical methods: The assay for LPL was based on that described by 

Robinson (2). A complete mixture consisted of: 0.5 ml of 1.35 M Tris-HCl 

pH 8.1; 224 mg of bovine serum albumin in 1.2 ml of Krebs-Ringer phosphate 

buffer pH 8.1; 0.1 ml of heparin solution (20 IU/ml); 0.8 ml of human serum 

dialyzed against 0.16 M NaCl; 0.1 ml of Intralipid (Vitrum, Stockholm, 

Sweden, 10% lipid emulsion); and 2 ml of enzyme solution. Duplicate 1 ml 

aliquots were withdrawn at 0 min and after 60 min incubation at 37 
0 and the 

free fatty acid contents were determined by titration (10). One enzyme unit 

corresponds to the release of one pmol of fatty acid per hour. 

Protein was determined by the method of Lowry et al (11) with bovine serum -- 

albumin as the standard, 

Ion exchangers: Heparin was covalently bound to an agarose gel (Sepharose 48, 

Pharmacia Fine Chemicals, Uppsala, Sweden) activated by treatment with 

cyanogen bromide (12). The details of the preparation procedure, as well as 

the properties of the batch used (Hep.II-Seph.4B-IV, in the following 

denoted "heparin-Sepharose") will be described elsewhere by one of us 

(Iverius). A reference gel ("ethanolamine-Sepharose") was prepared by 

treating activated agarose with ethanolamine. CM-Sephadex C50, SE-Sephadex 

C50, and DEAE-Sephadex A50 were purchased from Pharmacia Fine Chemicals. 

Preparation of soluble enzyme from milk: Fresh, unpasteurized bovine milk 

was centrifuged and the skim milk was recovered. LPL was released from the 

casein micelles (13) by dialysis at 4O against several changes of 0.02 M 

sodium citrate in 0.1 M sodium chloride , pH 7.0, and then against 0.005 M 

sodium barbital in 0.157 M sodium chloride , pH 7.4. The dialyzed skim milk 
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was centrifuged at 37,000 x g for 90 min to yield a clear solution con- 

taining about 95% of the original LPL activity of the skim milk (equivalent 

to about 65% of the total lipoprotein lipase activity of whole milk). 

Binding of LPL to ion exchangers: Duplicate samples of dialyzed skim milk __ 

(1 ml, corresponding to 125 enzyme units) were mixed with equal volumes of 

ion exchangers, equilibrated with 0.005 M sodium barbital in 0.157 M sodium 

chloride , pH 7.4. Each tube was kept at 4' with frequent swirling for 2 

hours and was then centrifuged. The enzyme activity and protein content of 

the supernatants were determined. 

Affinity chromatography of LPL: A sample of dialyzed skim milk was applied 

to a column of heparin-Sepharose, and eluted with a linear gradient of 

sodium chloride, as described in detail in the legend to fig. 1. 

Protein ‘So 
Enzyme adivity 

concentration 
rpg/n-d 

I 

(pmole fatty acid rdeaeed h-’ ml-‘) 
P. I D 

Effluent Volume (ml 1 

Figure 1. Affinity chromatography of LPL on heparin-Sepharose. A sample 
(32 ml) of dialyzed skim milk was applied to a column (1x5 cm) of the gel 
equilibrated with 0.005 M sodium barbital in 0.157 M sodium chloride, pH 7.4. 
The column was washed with 50 ml of the same buffer and was then eluted with 
a linear gradient (0.157 M to 1.48 M) of sodium chloride in 0.005 M sodium 
barbital, pH 7.4. Effluent fractions of 8 to 10 ml were collected and assayed 
for enzyme activity ( -0 ; samples diluted 40-fold prior to assay) and 
protein ( 0 - - 0 >. The ionic strength of the eluant is indicated by a 
solid line. The fraction marked * was used as "purified enzyme" for the 
experiments in table 2. 
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RESULTS AND DISCUSSION. 

Samples of dialyzed skim milk equilibrated with various ion exchangers 

(CM-, SE-, and DEAE-Sephadex) showed LPL activities higher than those 

expected (62.5 units/ml) for a uniform distribution of the enzyme added to 

the equilibration mixtures (table 1). Such high values, also obtained with 

ethanolamine-Sepharose, p robably reflect the exclusion properties of the 

gels employed. In contrast, after equilibration of the crude enzyme with 

heparin-Sepharose most of the enzyme activity, but no detectable protein, 

had disappeared from the solution (table 1). These results suggest a 

specific binding of LPL to heparin. 

The binding of LBL to heparin was turned to advantage for the purification 

of the enzyme by affinity chromatography of dialyzed skim zJ:I.k on a column 

of heparin-Sepharose. Essentially all of the protein applied to the column 

was eluted at a low ionic strenth (fig. 1). In contrast, the enzyme was 

eluted as a peak at an ionic strength of 0.83. The peak tube had a specific 

activity of about 10,000 units per mg protein, thus representing a more than 

2,000 fold purification. Fielding has previously purified LPL from post- 

heparin plasma (14,15). His preparation had a specific activity of 2,345 

Table 1. Binding of skim milk LPL to various ion exchangers at pH 7.4 and 
ionic strength 0.160. 

Ion exchanger 
Enzyme activity in Protein in the 

Ion exchanged the supernatant supernatant 
(units/ml) bdml) 

Heparin-Sepharose cation 9 21.2 
10 21.9 

Ethanolamine-Sepharose - 92 21.1 
95 21.3 

CM-Sephadex C 50 cation 83 21.9 
91 22.1 

SE-Sephadex C 50 cation 93 21.1 
87 20.0 

DEAE-Sephadex A 50 anion 106 17.0 
99 17.1 
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and was claimed to be more than 95% pure. Although our preparation had a 

higher specific activity than that of Fielding, it may still be inhomogenous 

since the specific activity was not constant over the peak of enzyme 

activity eluted from the heparin-Sepharose column. 

The recovery of LPL activity from the column was about 50%. The enzyme 

had the characteristics of a lipoprotein lipase both in the dialyzed skim 

milk and after purification (table 2) (1,2,5,16). Thus, it was active only 

in the presence of serum, it was stimulated by heparin, and it was inhibited 

by protamine and by high salt concentrations. 

In conclusion, a strong and reversible binding of LPL to heparin has been 

demonstrated. This finding confirms previous evidence (see introduction) 

for an interaction between the two macromolecules. 

Acknowledgement. 

The present work was supported by grants from the Swedish Medical Research 

Council (B71-13X-727-06C, B71-13X-2309-04C and B71-13X-4-07C), the Swedish 

Cancer Society (53-B70-04XB), Gustaf V:s BO-irsfond, Ostermans fond, Svenska 

Sallskapet for Medicinsk Forskning, Stiftelsen Lars Hiertas Minne and the 

University of Uppsala. 

1. 

2. 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 

12. 
13. 
14. 
15. 
16. 

REFERENCES. 

Robinson, D.S., in M. Florkin and E.H. Stotz (Editors), Comprehensive 
Biochemistry, vol. 18, Elsevier, Amsterdam, 1970, p. 51. 
Robinson, D.S., in D. Kritchevsky and R. Paoletti (Editors), Advances 
in Linid Research, vol. 1, Academic Press, New York, 1963, p. 133. 
Olivecrona, T., and U. Lindahl, Acta Chem. Stand. 23, 3587 (1969). 
Korn, E.D., J. Biol. Chem. 226, 827 (1957). 
Korn, E.D., J. Biol. Chem. 215, 1 (1955). 
Patten, R.L., and C.H. Hollenberg, J. Lipid Res. lo, 374 (1969). 
Whayne, T.F., and J.M. Felts, Circulation Res. 27, 941 (1970). 
Korn, E.D., and T.W. Quigley Jr., J. Biol. Chem. 226, 833 (1957). 
Robinson, D.S., Quart. J. Exptl. Physiol. 4l, 195 (1956). 
Dole, V.P., J.Clin. Invest. 35, 150 (1956). 
Lowry, O.H., N.J. Rosebrough, A.L. Farr, and R.J. Randall, J. Biol. Chem. 
193, 265 (1951). 
Axen, R., J. Porath, and S. Ernback, Nature 214, 1302 (1967). 
Korn, E.D., J. Lipid Res. 3, 246 (1962). 
Fielding, C.J., Biochim. Biophys. Acta 178, 499 (1969). 
Fielding, C.J., Biochim. Biophys. Acta 206, 109 (1970). 
Korn, E.D., J. Biol. Chem. 215, 15 (1955). 

529 


