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For studying the role of S@ in the putative catalytic site of human lipoprotein lipasc (LPL), mutant LPL cDNAs expressing LPLs with amino 
acid substitutions of Gly or Asn for SC~‘~~ were obtained by site-directed mutagenesis, and were expressed in COS-1 cells. Considerable amounts 
of LPL enzyme protein mass were detected in the culture medium of COS-I cells transfected with wild-type LPL, LPL-Gly’lz, or LPL-Asn’12. 
LPL-Cilyi3z hydrolyzed Triton X-100.ttiolcin and tributyrin as effectively as wild-type LPL, whereas LPL-Asn”* showed no activity. LPL-AsnIl? 

bound to very low density lipoproteins as effectively as wild-type LPL, 

Lipoprotein lipase; Catalylic site; Very low density lipoprotein 

1. INTRODUCTION 

Lipoprotein lipase (EC 3.1.1.34) (LPL) is present on 
the surface of endothelial cells [l] and catalyzes the 
hydrolysis of triglyceride in circulating chylomicrons 
and very low density lipoproteins (VLDL) [2]. The 
structural basis of the catalytic activity of LPL is still 
not fully understood. 

With regard to the catalytic site, it is reported that 
lipases have the amino acid sequence glycine-x-serine- 
X-glycine which is homologous to that of serine pro- 
teases [3] and the nucleophilic residue serine might be 
involved in the cleavage of ester bonds. Winkler et al. 
[4] concluded from an X-ray crystallographic study that 
Serlsz in human pancreatic lipase is the crucial residue 
in the catalytic triad. In human LPL, serine’32 is located 
in the motif glycine-X-serine-X-glycine [5]. To clarify 
the role of this serine1)2 of human LPL, we replaced it 
by other amino acid residues by site-directed muta- 
genesis, expressed the wild-type and mutant enzymes in 
COS-1 cells and examined for their catalytic activities. 

Abbreviations: LPL, lipoprotein lipase; Ser, serine; Gly, glycine; Asn, 
asparaginc; VLDL, very low density lipoproteins; Triton X-IOO- 
triolein, triolein emulsified with Triton X-100; SCF”~. Ser at aminoacid 
residue of 132; LPL-Gly”z. LPL with substitution of Gly for Ser’3a. 

CorresponllrRcr oddress: Y. Saito, The Second Department of Internal 
Medicine. School of Medicine, Chiba University, l-8-1, Inohana, 
Chiba 280, Japan. Fax. (81) (472) 22 7853. 

2. MATERIALS AND METHODS 
2.1 I Site-directed n~rctugencsis of lipoprotein fipnsc cDNA 

Human LPL cDNA (LPL35) was kindly provided by Dr. Michael 
C. Schotz [5], LPL35 was suncloned into pBluescript II SK’ and used 
as a template for site-directed mutagenesis. Mutagenesis of LPL 
cDNA was carried out as described by Kunkel et al. [G] using a 
site-directed mutagenesis kit (Mutan-K; from Takara Shuzo Co.), 
Oligonucleotides for mutagenesis (Y-CCATCTCTTGGGATAC- 
GmGGAGCCCATGCTGCTGCC-3’ for Ser’3z to Gly, and 
5’.CCATCTmGGGATACAAClTGGAGCCCATGCTGCTGC- 
C-3’ for Ser”’ to Asn conaon) were 5’-phosphorylnttd and 
annealed with single-stranded template containing dcoxyuracil. Mu- 
tants were verified by dideoxynucleodde sequencing as shown in Fig. 1, 

2.2. Expressiort of wild-type and mutunt LPLS in COS-I ceils 
Wild-type and the mutant LPL cDfdAs were inseried into the 

HittJIII and &oRI sites of expression vector, pKCR. These LPL 
cDNAs were transfccted to COS-1 cells according to the method of 
Selden [7] using DEAE dextran. The cells were cultured in 
Waymouth’s MAB 87/3 medium (G&co) at 37°C for 72 h and the 
culture medium was used for assay of LPL enzyme protein and activ- 
ity. 

2.3. Detertnina;ion of /ipoprorrin lipuse protein 
The cdnccntration of LPL protein was determined by a modilica- 

Lion of sandwich enzyme-linked immunosorbcnt assay [S] using mono- 
clonal antibody against human LPL (Washington Research Founda- 
tion) and polyclonal antibody against bovine milk LPL raised in chick- 
ens. 

2.4. Deienninulion of enzyme activities of LPL 
LPL activities and csterase activities of wiid-type and mutant LPLs 

were determined using tri[l-lJC]oleoyl glycerol emulsified with Triton 
X-100 and tri[lJJC]butyryl glycerol, respectively, as substrates [9,10]. 
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Fig. I, Nucleotidc sequence in the region of tyrosine”’ and serine lx in wild-type LPL, LPL-Gly’3z and LPL-Am’“. 

For determination of binding of LPL to VLDL. 10 ng of LPLs in 
300 pl of the culture medium of the transfected COS-I cells was 
incubated with 100 ~1 of VLDL (SO0 mg/dl triglyceride) at 37°C for 
10 mitt, The reaction solutions were centrifuged at 150,000 x g for 8 
h. The bound LPL to VLDL was rccovered in the supernatant, and 
unbound LPL ws rccovercd in the bottom fraction. Those LPL mass 
was measured by the sandwich enzyme-linked immunosorbcnt assay. 

3. RESULTS AND DISCUSSION 

Antigen cross-reacting with monoclonal antibody 
against human LPL was detected in culture medium of 
COS-1 cells transfected with wild-type LPL cDNA as 
shown in Fig. 2. The medium also showed triolein hy- 
drolyzing activity which was increased 64old by addi- 
tion of apolipoprotcin C-II (data not shown). The ma- 
terial with triolein hydrolyzing activity bound to hepa- 
rin-Sepharose and its activity was inhibited by I M 
NaCl (data not shown). In the culture medium of COS-I 
cells transfected with pKCR vector, LPL mass and ac- 
tivity were not observed (data not shown). Then, we 
concluded that wild-type LPL was expressed in COS-1 
cells. The specific activity of lipase in the medium was 
10.6 nmol/ nglh in the presence of apolipoprotein C-II. 

Fig. 2, Concentration of LPL in the culture media of COSt-1 cells 
transfected with wild-type LPL cDNA and mutant LPL cDNAs with 

substitutions of glycinc or asparagine for serine”*. 

Then, we examined the concentrations and triolein 
hydrolyzing activities of mutant LPLs in which Ser13:! 
was replaced by Gly or Asn in the media of COS-1 cells 
(Fig. 2). The concentrations of mutant LPLs with sub- 
stitution of Gly or Asn for Ser’“’ in the medium were 
almost the same as that of the yfld-type enzyme. 

The triolein hydrolyzing activity in the medium of 
COS-I cells transfected with mutant LPL cDNA with 
Gly in place of Ser’j’ was nearly the same as that of 
wild-type LPL in the presence of apolipoprotein C-II 
(10.0 nmol/ng/h) as shown in Fig. 3. These results 
suggesting that substitution of Gly for Ser13’ did not 
impair the triolein hydrolyzing activity. In contrast, no 
triolein hydrolyzing activity was detected in the medium 
of CO&l cells transfected with the mutant LPL cDNA 
with Asn in place of Ser’3z (Fig. 3.) 

,*iM.IBinHyd.lyPiP 

Fig. 3. Effect of substitution of giycine or asparagine for serine”’ on 
3c:ivity of LX on Triton X-!Wtriolein In the presence of S/$-m! 
apolipoprotein C-11 or tributyrin. LPL activhy was not detected in the 
culture medium ofcells transfectcd with pKCR vector only. Valuesare 

means for duplicate determinations. 
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Table I 

Binding of wild-type LPL and mutant LPL (Set’“%Asn) to VLDL 

Wild-type LPL ,Mutant LPL (Ser’%Asn) 

Totnl 9.56+1.24 lO,OO+ 1.68 N.S, 
Unbound to 
VLDL 3.99+0.44 3.48tl.16 N.S. 
Bound to VLDL 5.57f0.88 6.52f0.93 NS. 

Experiments were in triplicate. Values are mean & SD (ngtube). 
NS. = non-significant. 

The LPI, reaction is thought to begin with binding to 
lipoprotein surface and then its catalytic site works on 
the ester bond [lO,ll]. When the LPLs were incubated 
with VLDL, and bound LPL to VLDL and unbound 
LPL were separated by ultracentrifugation as shown in 
table I, the amounts of unbound LPL of wild-type and 
LPL-Asn”’ enzymes to VLDL, were almost the same. 
These results indicated that the binding ability of LPL- 
Asn13’ to VLDL was not ruined. Namely, Ser”’ did not 
seem to affect the lipid binding site. 

Next, the effect of substitution of Asn for Se? on 
the catalytic site was studied, using a monomeric sub- 
strate, tributyrin. The rationale using monomeric sub- 
strate is that LPL can hydrolyze monomeric substrates 
even after loss of triolein hydrolyzing activity with 
trypsin treatment [l I] and monomeric substrate is post- 
ulated to interact with catalytic site directly without 
interacting with lipid interface recognition site [lO,l 13. 
As shown in Fig. 3, tributyrin hydrolyzing activity was 
detected in the medium of COS-1 ceils transfected with 
cDNAs of wild-type LPL (6.91 nmol/ng/h) and LPL- 
CIY’~’ (4.23 nmol/ng/h), but not in that of cells trans- 
fected with cDNAs of mutant LPL-Asnl’“. These results 
suggested that the replacement of Ser132 to Asn impairs 
the catalytic site. Recently, Faustinella et al. 1123 
reported that three substitution mutants at Seri3?, 
namely, Ser-+Thr, Ser+Ala and Ser+Asp, showed no 

triolein hydrolyzing activity. Thus they concluded that 
SerlX is important for the catalytic activity of human 
LPL, being essential for formation of its catalytic site. 
In our study, we found substitution of asparagine for 
Seri3’ abolished both the triolein and tributyrin hy- 
drolyzing activity of human LPL. These findings were 
consistent with Faustinella’s results. However, the sub- 
stitution of glycine for serine13? did not abolish hy- 
drolyzing activity for triolein and tributyrin, indicating 
that the catalytic site may not be constituted only of 
Ser’j?, but may also involve the surrounding amino acid 
residues or substituted Gly13”. Precise mechanism is still 
inclear. Further experiments are needed to clarify the 
role of Seri3’ in human LPL function. 

Aukrlo~llk~g~~tnenfs: This study was supported by Grunt 02671084 
from the Ministry of Education, Science and Culturr or Japan, and 
also supported by the Mochida Memorial Foundation and the Ka. 
shiwado Memorial Foundation, 

REFERENCES 

PI 

PI 

t:; 

[51 

PI 

[71 

181 

Cheng, CF., Oosta, G.M., Bensadoum, A. and Rosenberg, R.D. 
(1981) J. Biol. Chem. 256, 12893-12898. 
Havel, R.J., Kane, J.P. and Kashyap, M.L. (1973) J. Clin. Invest. 
52, 32-38. 
Blow, D. (1990) Nature 343, 694-695. 
Winkler, F.K., Darny. A. :!:rd’ Hunziker. W. (1990) Nature 343. 
77 l-774. 
Wion, K.L., Kirchgessncr, T.G., Lusis, A.J., Schott, MC. and 
Lawn, R.M. (1987) Science 235, 1638-1641. 
Kunkel. T.A., Roberts, J.D. and Zakour, R.A. (1987) Methods 
Enzymol. 154, 367-382. 
Sclden, R.F., BurkemHowie, K., Rove, M.E., Googman, H.M. 
nnd Moor, D.J. (1986) Mol. Cell. Biol. 6, 313-317. 
Goers, J.W.F., Pederscn, M.E., Kern, P.A., On& J. and Schotz. 
MC. (1987) Anal. Biochem. 66, 27-35. 

[9] Betfragc, P. and Vaughan, M. (1969) J. Lipid Res. IO, 341-344. 
[IO] Shirai, K. and Jackson, R. (1981) J. Biol. Chcm. 257, 1253-1258. 
[I I] Rapp, D. and Olivecrona. T. (1978) Eur. J. Biochem. 91,379-385. 
[12] Faustinclla, F., Smith, L.C., Scmenkovich, CF. and Chan, L. 

(1991) J. Biol. Chem, 257, 1253-1258. 

38 


