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1. Introduction 

Lipoprotein lipase, the enzyme which metabolizes 
triglyceride-rich plasma lipoproteins, is activated by 
apolipoprotein CII [ 11. That this activation is impor- 
tant for the physiological action of the enzyme is 
demonstrated by the massive hypertriglyceridemia in 
patients deficient in this apolipoprotein [2]. Whereas 
the activation of lipoprotein lipase by CII appears to 
be a specific effect and probably involves direct pro- 
tein-protein interaction, there are also reports that 
other apolipoproteins activate or inhibit lipoprotein 
lipase [3-l l] and/or the related heparin heparin- 
releasable lipase [ 12-141. These effects are not well 
understood. The possibility that effects of the apolipo- 
proteins on the organization of the lipid substrate are 
involved has not received much attention. Physical 
studies have demonstrated that these proteins have 
flexible conformations which allow them to bind 
rapidly and reversibly to lipid-water interfaces, and 
that this binding is associated with changes in the 
conformation of the proteins and in the organization 
of the lipid [ 151. We demonstrate here that phospho- 
lipase Aa from Crotalus adamunteus venom is stimu- 
lated several fold by human C-apolipoproteins. 

in 6 M guanidinium chloride followed by ion-exchange 
chromatography on diethylaminoethyl cellulose 
(Whatman, DE 52) in 5 M urea at 10°C as in [ 161. 
Apolipoprotein CIII-2 was rechromatographed once 
on the diethylaminoethyl cellulose to remove any 
remaining traces of apolipoprotein CII. The protein 
fractions were desalted by gel filtration on Sephadex 
G-25 in 2 M acetic acid and were then lyophilized. 
The purity was checked by polyacrylamide gel elec- 
trophoresis in urea [ 171 and in sodium dodecylsul- 
phate [ 181. The apolipoproteins were dissolved 
(10 mg/ml) in 3 M guanidinium chloride, 20 mM 
Tris-HCl (pH 8.5). Protein concentrations in these 
solutions were determined by quantitative amino acid 
analysis. 

2. Materials and methods 

Phospholipase Aa from Crotalus adamantem venom 
(760 units/mg) was from Sigma (St Louis MO). Apo- 
lipoproteins CI, CII and CIII-2 were purified from 
human very low density lipoproteins. For this, the 
lipoproteins were isolated from normal plasma by 
ultracentrifugation, and were then delipidated in cold 
ethanol:ether (2: 1). The proteins were separated by 
gel filtration on Sephacryl S-300 (Pharmacia, Uppsala) 

The dimyristoyl phosphatidylcholine was from 
Sigma. A handshaken dispersion of the phospholipid 
was obtained by mixing 60 mg in 12 ml 0.1 M NaCl, 
20 mM Tris-HCl, pH 8.5 at 37’C for 10 min on a 
Vortex test tube shaker. The final incubation system 
contained 1 ml total vol.: 600 /.d dimyristoyl phos- 
phatidylcholine dispersion, 2 ~01 CaCla, 200 ~01 
Tris-HCl and 100 ~01 NaCl, pH 8.5 at 25’C. The 
mixtures were preincubated for 15 min before the 
enzyme was added. The reactions were stopped by 
addition of organic solvents and the amount of fatty 
acid released was determined by titration [ 191. 
Deoxycholate was from Merck (Darmstadt) Triton 
X-100 was from Packard Instr. (Downers Grove IL). 
Ovalbumin and bovine serum albumin (fraction V) 
were from Sigma. 

3. Results 

The activity of phospholipase As from Ckotahs 
adamanteus against liposomes of dimyristoyl phos- 

Atblished by Elsevier Biomedical Press 
00145793/82/0000-0000/$02.75 0 1982 Federation of European Biochemical Societies 135 



Volume 140, number 1 FEBS LETTERS April 1982 

Table 1 

Addition Activity of phospholipase A, 
&mol free fatty acid released/ 
ml incubation mixture) 

- 0.08 
Deoxycholate 0.2 rmol 0.40 

2.0 pm01 0.95 
Triton X-100 0.1 mg 0.30 

1.0 mg 0.90 
Apolipoprotein CI 5opg 0.50 

CII 20 ccg 0.65 
CID-2 50 /lg 0.50 

Effects of detergents and some lipid-binding proteins on the hydrolysis of lipo- 
somes of dimyristoyl phosphatidylcholine by phospholipase A,. Conditions were 
as in section 2. The substrate (total vol. 1 ml) was first incubated for 10 min at 
25’C with the additions specified. Then 80 ng phospholipase A, from Ooralus 
adamunteus was added. After another 30 min the reaction was stopped and the 
fatty acids released were extracted and titrated 

phatidylcholine under our basal conditions was low 

(table 1). The activity was enhanced by the anionic 
detergent deoxycholate and by the non-ionic deter- 
gent Triton X-100 (table 1). The activity was also 
enhanced by apolipoproteins CI, CII and CM-2 (table 1). 
This enhancement followed a similar dose-response 
relation for all 3 proteins (fIg.1). Amounts below 4 pg/ 
ml had little or no effect, whereas with 20 E.cg/ml the 
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Fig.1. Dose-response curves for the stimulation of phospho- 
lipase A, by human Capolipoproteins: 80 ng phospholipase 
A, from Crotcllus adaman teus was incubated with liposomes 
of dimyristoyl phosphatidylcholine for 30 min. Dilutions of 
the respective proteins were made in 3 M guanidinium chloride 
in 20 mM Tris-HCl (pH 8.5) so that a total of 5 ~1 was added/ 
ml incubation medium: apolipoproteins CI (A), CD (a), CIII-2 
(o), ovalbumin (u). 

activity was 4-6times higher than in the absence of 
the proteins. At this amount of protein, the phospho- 

lipid/protein molar ratio is -2000: 1. The hydrolysis 
progressed roughly linearly with time both in the 
presence and absence of a stimulating protein (fig.2). 

30 50 90 120 

TIME (mid 

Fig.2: Time course for the hydrolysis with or without apo- 
lipoprotein CD: 40 ng phospholipase A, was incubated with 
liposomes of dimyristoyl phosphatidylchollne with (0) or 
without (0) apolipoprotein CD (10 gg/ml). In (=), 10 wg 
apolipoprotein CD was added after 10 min. 
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Thus, there was a true increase in the rate of hydrol- 
ysis and the effect cannot be ascribed to a shortened 
lag time. Similar results were obtained also when 
serum albumin (30 mg/ml) was included in the system 
as acceptor of the lipolytic products. When apolipo- 
protein CII was added 15 min after the enzyme, 
instead of before the enzyme, it caused an increase in 
the rate of hydrolysis to about the same level as when 
added before the enzyme. 

4. Discussion 

The major finding in this research was that low 
amounts of several apolipoproteins stimulated the 
activity of a phospholipase which has no relation to 
lipoprotein metabolism. It seems unlikely that the 
effects could be due to specific protein-protein inter- 
actions; it appears more likely that they were due to 
effects of the apolipoproteins on the organization of 
the lipid substrate. In this sense the effect would be 
analogous to the well-known effect of detergents on 
the activity of phospholipases [20], exemplified here 
by the stimulation by deoxycholate and by Triton 
X-100. The effect was seen at protein:phospholipid 
ratios as low as 1:5000. Others have demonstrated 
that at these lbw levels the apolipoproteins bind to 
the phospholipid liposomes without breaking them 
up into smaller lipid-protein structures as occurs with 
higher amounts of the apolipoproteins [21,22]. The 
observation that lipid-binding proteins can enhance 
the activity of lipid hydrolyzing enzymes is not new; 
this was shown for the bee venom protein mellitin 
with several phospholipases [23], for synthetic pep- 
tides with lecithin-cholesterol acyl transferase (LCAT) 
[24,25] and for the protein activators of some glyco- 
lipid hydrolyzing enzymes [26]. Among the best sub- 
strates for pancreatic phospholipase are the phospho- 
lipids of egg yolk lipoproteins [27]. These lipoproteins 
contain low M, apoproteins analogous to human apo- 
lipoprotein CII [28]. 

With lipoprotein lipase, apolipoprotein CII enhances 
the activity against dimyristoyl phosphatidylcholine 
by as much as 50-fold ([22], unpublished), whereas, 
with triglyceride emulsions the stimulation is usually 
GO-fold, often only 2-5-fold [5,6,8,29]. Detergents 
such as deoxycholate and Triton X-l 00 stimulate the 
activity of lipoprotein lipase against dimyristoyl phos- 
phatidylcholine (unpublished) demonstrating that the 
enzyme profits from a reorganization of the liposomes. 

There is evidence that apolipoprotein CII forms a 
complex with lipoprotein lipase at lipid-water inter- 
faces [29-311. This would localize its effects on the 
lipid structure to a region close to the enzyme, adding 
to any direct effects the apolipoprotein may have on 
the enzyme. 

Acknowledgements 

We thank Miss Ulla Nordmark and Mrs Asa Lundsten 
for their skillful technical assistance. This work was 
supported by the Swedish Medical Research Council 
(13X-00727) and the Medical Faculty of Umea Uni- 
versity. 

References 

[ll 

[21 

I31 

141 

ISI 

161 

171 

181 

191 

1101 

1111 

1121 

1131 

Nilsson-Ehle, P., Garfmkel, A. S. and Schotz, M. C. 
(1980) Annu. Rev. Biochem. 49,667-693. 
Breckenridge, W. C., Little, J. A., Steiner, G., Chow, A. 
and Poapst, M. (1978) New Engl. J. Med. 298, 
1265-1272. 
Ganesan, D., Bradford, R. H., Alaupovic, P. and 
McConathy, W. J. (1971) FEBS Lett. 15,205-208. 
Brown, W. V. and Baginsky, M. L. (1972) Biochem. 
Biophys. Res. Commun. 46,375-382. 
Havel, R. J., Fielding, C. J., Olivecrona, T., Shore, V., 
Fielding, P. E. and Egelrud, T. (1973) Biochemistry 12, 
1828-1833. 
Krauss, R. M., Herbert, P. N., Levy, R. I. and Fredrickson, 
D. S. (1973) Clin. Res. 33,403-411. 
Gstlund-Lindqvist, A.-M. and Iverius, P.-H. (1975) Bio- 
them. Biophys. Res. Commun. 65,1447-1455. 
Ekman, R. and Nilsson-Ehle, P. (1975) CIin. Chim. Acta’ 
63,29-35. 
Quarfordt, S. H., Hilderman, H., Greentield, M. R. and 
Shelbume, F. A. (1977) Biochem. Biophys. Res. Com- 
mun. 78,302-308. 
Yamada, N. and Murase, T. (1980) Biochem. Biophys. 
Res. Commun. 94,710-715. 
Nakaya, Y., Schaefer, E. J. and Brewer, H. B. (1980) 
Biochem. Biophys. Res. Commun. 95,1168-1172. 
Kinnunen, P. K. J. and Ehnholm, C. (1976) FEBS Lett. 
65,354-357. 
Jahn, C., Osborn, J. C., Schaefer, E. J. and Brewer, H. B. 
(1981) FEBS Lett. 131,366-368. 

[ 141 Kubo, M., Matsuzawa, Y ., Tajima, S., Ishikawa, R., 
Yamamoto, A. and Tarui, S. (1981) Biochem. Biophys. 
Res. Commun. 100,261-266. 

[ 151 Morrisett, J. D., Jackson,R. L. and Gotto,A. M. (1977) 
Biochhn. Biophys. Acta 472,93-133. 

[ 161 Herbert, P. N., ShuIman, R. S., Levy, R. I. and 
Fredrickson, D. S. (1973) J. Biol. Chem. 248, 
4941-4946. 

[ 171 Kane, J. P. (1973) Anal. Biochem. 53,350-364. 

137 



Volume 140, number 1 FEBS LETTERS April 1982 

[ 181 Swank, R. T. and Mukres, K. D. (1971) Anal. Biochem. 
39,462-477. 

[ 191 Egehud, T. and Olivecrona, T. (1972) J. Biol. Chem. 
247,6212-6217. 

[20] Verger, R. (1980) Methods Enzymol. 64,340-392. 
[ 2 1 ] Aune, K. C., Gallagher, J. G., Gotto, A. M. and Morrisett, 

J. D. (1977) Biochemistry 16,2151-2156. 
[22] Muntz, H. G., Matsuoka, N. and Jackson, R. L. (1979) 

Biochem. Biophys. Res. Commun. 90,15-21. 
[ 231 Yunes, R., Goldhammer, A. R., Garner, W. K. and 

Cordes, E. H. (1977) Arch. Biochem. Biophys. 183, 
105-112. 

[ 241 Yokoyama, S., Fukushima, D., Kupferberg, J. P., Kezdy, 
F. and Kaiser, E. T. (1980) J. Biol. Chem. 255, 
7333-7339. 

[25] Pownall, H. J., Hu, A., Gotto, A. M., Albers, J. J. and 
Sparrow, J. T. (1980) Proc. Natl. Acad. Sci. USA 77, 
3154-3158. 

[ 261 Fischer, G. and Jatzkewits, H. (1978) Biochim. Biophys. 
Acta 528,69-76. 

[27] Nieuwenhuizen, W., Kunze, H. and De Haas, G. H. 
(1974) Methods Enzymol. 32,147-154. 

[ 281 Bengtsson, G., Marklund, S.-E. and Olivecrona, T. 
(1977) Eur. J. Biochem. 79,211-223. 

[ 291 Bengtsson, G. and Olivecrona, T. (1980) Eur. J. Bio- 
them. 106,549-555. 

[ 301 Miller, A. L. and Smith, L. C. (1973) J. Biol. Chem. 
248,3359-3362. 

[31] Posner, I. and Morrison, A. D. (1979) Acta Cient. 
Venez. 30,143-151. 

138 


