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Abstract. Pancreatic carboxyl ester lipase is a glycoprotein that requires millimolar 
concentrations of trihydroxy bile salts, such as cholate, for maximal catalytic activity 
against cholesteryl esters and triglycerides. Binding of cholate, with subsequent ac- 
tivation, has been proposed to occur in the carboxy-terminal region of carboxyl ester 
lipase, which contains multiple sites for 0-linked glycosylation (1). To investigate the 
role of 0- and N-linked glycosylation in the secretion of carboxyl ester lipase by cells 
and its activation by cholate, rat carboxyl ester lipase cDNA was transfected into the 
mutant chinese hamster ovary cell line, IdlD, and the ability of the cells to modify the 
expressed carboxyl ester lipase by N- and 0-linked glycosylation was modulated by 
using various incubation conditions and metabolic inhibitors. The results showed 
that, similar to other lipases, maximal secretion of carboxyl ester lipase activity re- 
quired N-linked glycosylation. In contrast, 0-linked glycosylation did not affect the 
secretion of carboxyl ester lipase activity. In addition, the cholate stimulation of hy- 
drolysis was also independent of 0-linked glycosylation. [P.S.E.B.M. 1995, Vol2081 

he carboxyl ester lipase (CEL) (Enzyme Com- 
mittee # 3.1.1.13) secreted by the pancreas is a 
glycoprotein which can catalyze the hydrolysis 

of not only dietary cholesteryl esters (CE), but also 
triglycerides (TG) and retinyl esters (2). The maximal 
activity in vitro against these substrates in bulk phase 
is dependent on millimolar concentrations of trihydroxy 
bile salts (cholate and its derivatives), which are found 
in the upper small intestine at such concentrations. 
Interestingly, this enzyme has also been found in cells 
in hepatic origin (rat liver [3], human HepG2 cells [4, 
51) and in the milk of some mammalian species (2). 

Despite its potentially wide role in the lipid metab- 
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olism in a number of tissues, there are many gaps in 
our understanding of the structure-function relation- 
ships of CEL. In particular, for maximal activity there 
is the unusual requirement for trihydroxy bile salts, 
which must play a role in addition to solubilizing sub- 
strates, since catalytic activity in the presence of di- 
hydroxy bile salts, equally good detergent molecules, 
is typically quite low (for example, see Ref. 6). Binding 
of cholate to purified CEL has been shown to induce 
conformational changes which correlated with enzyme 
activation (7). Based on the sequence of cloned CEL, 
which revealed a number of potential 0-linked glyco- 
sylation sites clustered at the carboxy terminal end of 
the protein in all animal species studied to date, it was 
hypothesized that this region may be the site of bile 
salt binding and catalytic activation (1). To test this 
hypothesis and to examine more general effects of gly- 
cosylation on CEL secretion and activity, rat pancre- 
atic CEL cDNA was transfected into chinese hamster 
ovary (CHO) cells with reversible defects in 0-linked 
glycosylation (IdlD cells) (8). In some experiments, we 
also used the standard inhibitor of N-linked glycosy- 
lation, tunicamycin. In this way, we were able to study 
the effects of both types of glycosylation on CEL se- 
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cretion and on the bile salt dependence of its catalytic 
activity. 

Materials and Methods 
All reagents were of the highest grade commer- 

cially available. 
Cell Culture. The ldlD cells were maintained in 

5% CO, at 37°C in Ham's F-12 medium supplemented 
with 2 mM glutamine and 5% vlv fetal calf serum 
(FCS) . 

Transfection of ldlD Cells. An expression vector 
(pCEH) containing full-length rat pancreatic CEL 
cDNA under the control of the SV40 promoter (kindly 
provided by Drs. W. Rutter and J. Han and described 
in Ref. 9) was transiently expressed in ldlD cells. 
Briefly, cells were plated at a density of 270,000 cells1 
100 mm dish and 2 days later transfected with pCEH 
using the calcium phosphate method (10). Cells were 
subsequently maintained in Ham's F-12 medium con- 
taining 3% FCS for 24 hr and then transferred to a 
12-well plate and incubated 18 hr in medium containing 
0.5% FCS and the appropriate sugar supplements 
(none, 20 pM galactose [Gal], 200 pM N-acetylgalac- 
tosamine [GalNAc], or both Gal and GalNAc) that 
prevent or allow 0-linked glycosylation (see Results 
and Discussion for more details). An aliquot of me- 
dium was taken to assay for CEL enzymatic activity 
(as described below) to confirm expression. Cell 
monolayers were then washed three times with me- 
dium containing 0.2% BSA and incubated for 6 hr (un- 
less otherwise indicated) in medium containing 0.2% 
BSA and the appropriate sugar supplements. To de- 
termine whether the transfected CEL underwent the 
normal secretory pathway, in some experiments, 
brefeldin A (BFA), a fungal metabolite standardly 
used to block intracellular transport and processing of 
numerous proteins, was added at 5 pglml. To inhibit 
N-linked glycosylation, the transfected cells were cul- 
tured 6 hr (unless otherwise indicated) in the presence 
of 5 p g h l  of tunicamycin. At the conclusion of all of the 
incubation conditions, aliquots of media were taken 
for assays of CE and TG hydrolysis. None of the treat- 
ment conditions were associated with general toxicity, 
as judged by comparable cell protein masses among 
the wells. 

Enzyme Assays. The hydrolytic activity of CEL 
against two substrates, CE and TG, were assayed as 
follows. Cholesteryl esterase (CEsterase) activity was 
determined by a radiometric assay previously de- 
scribed (1 1). Briefly, the reaction mixture (0.2 ml) con- 
tained 50 p1 of conditioned medium, 50 mM Tris male- 
ate (pH 7.0), and sodium cholate (50 mM, unless oth- 
erwise indicated). The reaction was initiated by adding 
2 nmol cholesteryl-[l-14~]oleate (specific activity 25 
pcilumol) in 0.01 ml ethanol and allowed to proceed at 

37°C for 1 hr (Fig. I), 3 hr (Fig. 2), or 20 min (Fig. 3). 
The reaction was terminated by the addition of 3.25 ml 
of methanollchloroformlheptane (1.4 1 : 1.25 : 1.00). Af- 
ter mixing, 1.05 ml of 0.05 M borate buffer (pH 10) was 
added. The tubes were mixed again and the phases 
separated by centrifugation. These steps result in the 
partitioning of the remaining substrate (cholesteryl 
oleate or trolein [see below]) into the lower organic 
phase and the released oleate into the upper aqueous 
phase. An aliquot of the aqueous phase was taken for 
scintillation counting to quantitate the amount of re- 
leased labeled oleate. One unit of activity was defined 
as 1 pmol labeled oleate releasedlhr. 

The TG lipase activity was determined also as pre- 
viously described (1 1). Briefly, the reaction was initi- 
ated by adding 2 nmol [14C]triolein (specific activity 25 
pcilumol) in 0.01 ml ethanol and allowed to proceed at 
37°C for 1 hr or the indicated time. After termination 
as above, the amount of released labeled oleate was 
determined by scintillation counting. One unit of ac- 
tivity was defined as 1 pmol labeled oleate releasedlhr. 

For both substrates, assays were performed in du- 
plicate and the coefficient of variation was less than 
10%. The conditioned medium from nontransfected cells 
did not contain any detectable cholesteryl esterase or 
TG lipase activities. 

Statistical Analyses. To make comparison 
among the results for the controls in Figure 1, one-way 
ANOVA was performed. Within each group (None, 
Gal, GalNAc, Both), t tests were performed to com- 
pare the results for brefeldin A or tunicamycin treat- 
ment to the control for that group. To make compari- 
sons among the results for groups at time points in 
Figure 2, one-way ANOVA was performed. All statis- 
tical testing was done with the Instat program (Graph- 
PAD Software, San Diego). 

Results and Discussion 
To study the role of glycosylation in the secretion 

of CEL and its activation by trihydroxy bile salts, a 
plasmid containing the SV40 promoter and rat CEL 
cDNA was used to transiently express CEL in the 
CHO cell line, IdlD. This line is deficient in the activity 
of UDP-GalIUDP-GalNAc 4-epimerase (8). Conse- 
quently, UDP-Gal and UDP-GalNAc cannot be syn- 
thesized with glucose as the sole sugar source in cul- 
ture medium. Since these sugars are required for the 
synthesis of fully mature 0 -  and N-linked oligosaccha- 
ride chains (12), in the absence of both sugars, no 
0-linked glycosylation occurs; N-linked oligosaccha- 
ride chains can be synthesized under these conditions, 
but because neither galactose nor sialic acid can be 
added to such chains, only truncated species are formed. 
When provided with Gal, but not GalNAc, ldlD cells 
can synthesize glycoproteins with mature N-linked 
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chains but still cannot add mucin-type 0-linked 
chains. Addition of GalNAc to galactose-free culture 
medium permits the synthesis of glycoproteins with 
truncated, immature 0-linked chains. Finally, addition 
of both Gal and GalNAc restores the ability to synthe- 
size glycroproteins with mature 0-linked chains (8). 
Thus, by manipulating the sugar sources in the me- 
dium, changes in the glycosylation characteristics of 
the expressed CEL were accomplished. 

The CEL secreted by all mammalian species stud- 
ied to date is a glycoprotein (2). In those CEL species 
already cloned (cow, man, rat, rabbit), there is a con- 
served region of amino acids clustered in the carboxy 
terminal end with multiple sites for 0-linked glycosy- 
lation. In addition, in the amino terminal portion of the 
molecule, there is at least one site for N-linked glyc- 
osylation (13, 14). To evaluate the effects of 0- and 
N-linked glycosylation on the secretion of CEL activ- 
ity, the transfected ldlD cells were incubated under a 
variety of conditions. The results are summarized in 
Figure 1. As shown, under all supplemental sugar con- 
ditions, BFA essentially abolished (P < 0.01) the se- 
cretion of CEL activity, as assayed by hydrolysis of 
either CE or TG. This indicated that the CEL ex- 
pressed from the transfected cDNA traversed the nor- 
mal secretory pathway and did not bypass the Golgi 
apparatus. 

Under conditions in which full 0-linked glycosy- 
lation was not allowed (i.e., cells in media lacking both 
Gal and GalNAc), the secreted activities were not sta- 
tistically different (P > 0.16) from those observed un- 
der the permissive (Gal and GalNAc) culture condition 
(Fig. 1, A and B). In contrast, when the first step of the 
synthesis of the core oligosaccharide of N-linked 
chains was blocked by tunicamycin, the amount of 
CEL activity directed against either CE or TG was 
only 259%-50% of control (P < 0.02), independent of 
sugar supplementation (Fig. 1, A and B). These results 
are consistent with the recent report showing reduc- 
tions of 50% and 45% in the secretion of CEL enzyme 
activity and enzyme protein, respectively, by tuni- 
camycin-treated pancreatoma cells (14). Interestingly, 
the dependence on N-linked glycosylation for maximal 
secretion of CEL activity did not require fully mature 
oligosaccharide chains, as the truncated N-linked oli- 
gosaccharide chains synthesized in the absence of sup- 
plementation with Gal and GalNAc were sufficient for 
the secretion of abundant enzymatic activity (Fig. 1, A 
and B). Overall, then, the results summarized in Fig- 
ure 1 suggest that N- and not 0-linked glycosylation is 
important for the secretion of CEL, similar to findings 
reported for two other lipases, lipoprotein lipase (15) 
and hepatic lipase (16). 

It has been speculated that 0-linked glycosylation 
can influence the rate at which a glycoprotein is se- 
creted (8). To investigate this possibility for CEL, the 
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Figure 1. Effects of glycosylation on the secretion of CEL activ- 
ity. CHO Id10 cells transfected with CEL cDNA were incubated 
for 6 hr in the presence of the sugar supplements and inhibitors 
shown. The hydrolysis of CE (Panel A) or TG (Panel B) by the 
conditioned media was then assayed as described in Materials 
and Methods. Values are means 2 SD, n = 3. 

accumulated activity over time secreted by transfected 
ldlD cells maintained in different media was deter- 
mined. At each time point, the absence of 0-linked 
glycosylation did not affect (P > 0.4) the amount of 
CEL activity, whether measured with radiolabeled 
cholesteryl oleate (Fig. 2) or triolein (data not shown), 
similar to results reported for another glycoprotein, 
human chorionic gonadotropin (17). Taken with the 
above results, neither the amount of CEL activity se- 
creted nor the rate of its secretion was affected by 
0-linked glycosylation. 

Finally, the relationship between 0-linked glyco- 
sylation and the activation of CEL by cholate was 
probed. As shown in Figure 3, under all media condi- 
tions, at millimolar concentrations of cholate there 
was activation of CE and TG hydrolysis. As previ- 
ously noted (6, 1 I), there was also an optimal concen- 
tration range of cholate for the stimulation of CE hy- 
drolysis. Thus, the characteristics of CEL activation 
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Figure 2. Effects of glycosylation on the rate of secretion of CEL 
activity. CHO Id10 cells transfected with CEL cDNA were incu- 
bated in maintenance medium. At the beginning of the time 
course, the cells were washed and then incubated in experimen- 
tal media containing the indicated sugar supplements. At each 
hour thereafter, up to 8 hr, 50 ~1 aliquots of conditioned medium 
were withdrawn from each well for measurement of CE hydro- 
lysis. Values are means * SD, n = 3. 

by cholate resembled those of the native enzyme and 
were independent of the glycosylation status of the 
enzyme. 

In summary, by expressing CEL in a cell line in 
which the ability to modify proteins by 0 -  and 
N-linked glycosylation could be easily manipulated, 
we have evaluated the effects of these post-trans- 
lational modifications on two aspects of CEL metab- 
olism-its secretion (the rate and amount of activity 
accumulated) and its stimulation by cholate. The 
former process depended on N-linked glycosylation; 
neither process required O-linked glycosylation. While 
this report was in preparation, results consistent with 
ours, but obtained from different approaches, were 
published. Hansson et al. (18) expressed cDNAs 
encoding human breast milk CEL and showed that 
deletion of the carboxy-terminal region containing 
the cluster of O-linked glycosylation sites did not af- 
fect the catalytic activity or bile salt activation of 
the recombinant enzyme. Also, as noted earlier, Ab- 
ouakil et al. (14) using the rat pancreatoma cell line 
AR42J, which expresses pancreatic CEL, showed that 
at 5-7.5 pglml of tunicamycin, there were 50% and 
45% reductions in secreted enzyme activity and mass, 
respectively. 

Previous studies of a number of glycoproteins 
have shown that N- or O-linked oligosaccharides can 
influence many different aspects of protein metabo- 
lism, such as intracellular sorting ( 19), stability (20), 
and biological function (2 1). Thus, it certainly remains 
possible that these post-translational modifications 
have important roles in aspects of CEL metabolism 
other than those investigated in the present studies. 
Future experiments will evaluate this possibility. 

A None I 

[Cholate], mM 

250 
0 None 
A 20 rrM Gal B 

2001 0 200. jN GalNAc 
x Both 
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"0 50 100 150 200 250 
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Figure 3. Effects of glycosylation on cholate activation of se- 
creted CEL activity. CHO ldlD cells transfected with CEL cDNA 
were incubated for 6 hr in the presence of the indicated sugar 
supplements. Aliquots of conditioned media were withdrawn 
and cholate added to the concentrations indicated on the x axis. 
The hydrolysis of CE (Panel A) or TG (Panel B) by the condi- 
tioned media was then measured. Values are means + SD, n = 3. 
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