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Summary

Background/Aims: In fat cells of obese humans, basal
lipolysis is increased but catecholamine-stimulated lipol-
ysis is blunted. This is linked to decreased expression
of hormone-sensitive lipase (HSL). Upon stimulation by
cAMP, HSL is phosphorylated at several serine residues
(P-Ser®™?, P-Ser® and P-Ser®®) leading to enzymatic ac-
tivation. In contrast, P-Ser®® prevents phosphorylation
at Ser®™2 and is thus considered an inactivating site. We
hypothesized that differences in HSL phosphorylation
could be linked to disturbed adipocyte lipolysis in obes-
ity. Methods: Phosphorylation at Ser®®?, Ser®™¢, Ser®’ as
well as total HSL and adipose triglyceride lipase (ATGL)
protein expression were assessed by Western blot in sub-
cutaneous adipose tissue samples of 32 obese women.
Basal and stimulated lipolysis in isolated fat cells were
correlated to phosphorylation levels. Results: While there
was no correlation between basal lipolysis and P-Ser®®°
or P-Ser®®, there was a negative correlation with P-Ser®?
(r =0.39; p < 0.05). In contrast, only P-Ser®™* was strongly
and negatively correlated with noradrenaline- (r = -0.50;
p < 0.01) and dibutyryl cAMP-stimulated (r = -0.45; p < 0.05)
lipolysis. There were no significant correlations between
any measure of lipolysis and total levels of HSL and
ATGL. Conclusion: In contrast to total HSL and ATGL lev-
els, phosphorylation at Ser®®* and Ser®?, but not at Ser®®,
may differentially predict adipocyte lipolysis in vitro. Post-
translational modifications of HSL may therefore consti-
tute an important regulator of adipocyte lipolysis, at least
in adipose tissue of obese women. Whether this is also
relevant in lean individuals remains to be demonstrated.

Introduction

Obesity is a major public health problem which is closely
associated with the development of insulin resistance. One
important etiological factor for obesity-associated insulin
resistance is increased release of free fatty acids (FAs) from
adipose tissue [1] due to dysregulated lipolysis [2, 3].

It has been conclusively shown that the unstimulated
(basal) rate of lipolysis is increased [4], whereas catecho-
lamine-stimulated lipolysis is attenuated in obese subjects
[5, 6]. In humans, unlike rodents, basal lipolysis is marked and
the elevated rate in obesity may, at least in part, account for
the increase in circulating FAs in this condition [7]. However,
the pathogenic factors behind this altered lipolytic response in
obesity are not completely understood [reviewed in 8].

In mammals, stored triglycerides are hydrolyzed into glyc-
erol and FAs in a three-step process catalyzed by the consecu-
tive action of adipose triglyceride lipase (ATGL), hormone-
sensitive lipase (HSL), and monoglyceride lipase. Regulation
of human fat cell lipolysis is subject to tight hormonal control;
in humans, the main regulators are catecholamines and natriu-
retic peptides (pro-lipolytic) and insulin (anti-lipolytic) [re-
viewed in 8, 9]. Catecholamines stimulate lipolysis through
B-adrenoreceptors which via Gs-proteins activate adenylate
cyclase leading to an increase in the intracellular levels of
cAMP. Activation of protein kinase A (PKA) by cAMP leads
to phosphorylation of a lipid droplet coating protein termed
perilipin which then releases CGI-58, a regulating factor that
binds and activates ATGL. ATGL and CGI-58 form a com-
plex that catalyzes the initial steps of lipolysis at the surface of
the lipid droplet. PKA also phosphorylates and activates HSL
which then translocates from the cytoplasm to the lipid drop-
let, associates with perilipin and continues the hydrolysis of
primarily diglycerides. Lipolysis is attenuated by reducing the
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intracellular levels of cAMP. This can be achieved via differ-
ent mechanisms: activation of Gi-coupled receptors (e.g 0a-
adrenoceptors and adenosine receptors) reduces the activity of
adenylate cyclase while insulin inhibits lipolysis via the enzyme
phosphodiesterase-3B which converts cAMP into 5’-AMP.

The role of ATGL in the pathophysiology of obesity is un-
clear [10, 11], and very little is known about ATGL levels in
adipose tissue and the regulation of human adipocyte lipoly-
sis. In contrast, HSL expression and activity correlate posi-
tively with hormone-stimulated lipolysis in human fat cells.
Several studies suggest that differences in HSL protein ex-
pression could be involved in the development and progress
of both obesity [5, 12] and cancer cachexia [13]. Numerous
studies have shown that HSL expression and activity are de-
creased in obese subjects [5, 11, 12] and increased in subcuta-
neous fat of patients with cancer cachexia [13]. HSL activity
could therefore be important in determining lipid turnover
which is reduced in obesity but increased in cachexia.

While ATGL activity seems to be highly dependent on the
association with CGI-58 [14], HSL activity is post-translation-
ally regulated by phosphorylation at multiple serine residues
which are highly conserved in rat and human HSL: in humans,
Ser™, Ser®, and Ser® (corresponding to rat Ser’®, Ser® and
Ser®™) are considered to be the major phosphorylation sites
for PKA [reviewed in 9] although the relevance of phosphor-
ylation at Ser™ has been somewhat unclear [15, 16]. More-
over, while not regulated by PKA, an additional phosphor-
ylation site at Ser’™® (corresponding to rat Ser®) has been
demonstrated to be activated by MAPKs/ERKs (mitogen-
activated protein kinases / extracellular (signal-)regulated
kinases) [17].

Conversely, following a decrease in cAMP concentrations,
HSL activity is negatively regulated by AMP kinase (AMPK)
through phosphorylation at Ser’* (corresponding to rat Ser’®)
[18]. Phosphorylation at this site prevents HSL phosphoryla-
tion by PKA and is thus considered an inactivating residue
[18-20] although controversial findings regarding the role of
this phosphorylation site have also been reported [21, 22].

Recent studies using site-directed mutagenesis have con-
firmed that P-Ser® and P-Ser® are major PKA phosphoryla-
tion sites which determine lipolytic activity in humans [23]. In
addition, Watt et al. [24] showed in vivo that phosphorylation
at Ser® in human adipose tissue could overcome the inacti-
vating effect of AMPK-induced P-Ser’* during bouts of pro-
longed exercise. To our knowledge, there are no reports re-
garding the correlation between HSL phosphorylation levels
in human adipocytes/adipose tissue and different measures of
lipolysis. We hypothesized that alterations in HSL phosphor-
ylation could be linked to measures of adipocyte lipolysis in
the obese state. We therefore investigated whether HSL phos-
phorylation levels at Ser’®?, Ser’*, and Ser® could predict adi-
pocyte lipolysis in vitro in obese women. As a comparison, we
also determined the total levels of HSL and ATGL in the
same samples.
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Table 1. Clinical

characteristics of the Age 39.4.27.9 years
subjects included in BMI 43258 kg/m’®
the study. Values are Waist/hip 0,996 + 0.068
mean + SD (n = 34) Fasting glucose 5.2 + 0.5 mmol/l
Insulin 17.1 £ 9.1 wU/ml
HOMA index 37+1.7RU
Total cholesterol 4.8 + 0.8 mmol/l
Triglycerides 1.5 £ 0.6 mmol/l
HDL cholesterol 1.1 £ 0.2 mmol/l

Smoking, n (%)

9(26.5%)

Participants and Methods

Subjects

34 premenopausal nondiabetic obese women (age 39.4 + 7.9 years, BMI
43.2 + 5.8 kg/m?) were enrolled in the present study. Clinical data are
summarized in table 1. Five subjects had hypertension, but none were on
treatment with f-blockers. Nine of the participants were smokers by the
time they were included in the study. Subjects were explained in detail
about procedures and associated risks and written informed consent was
obtained. This study was conducted in accordance with the guidelines in
the Declaration of Helsinki and approved by the Regional Ethics Board
of Stockholm.

After an overnight fast, body fat content was determined by dual-
energy X-ray absorptiometry (DEXA). A venous blood sample was ob-
tained for measurement of glucose, insulin, total cholesterol, high-density
lipoprotein (HDL) cholesterol, and triglycerides. Insulin and glucose lev-
els were used to calculate insulin sensitivity HOMA index as previously
described [25] and revealed that subjects were euglycemic and had no dia-
betes at the time they were enrolled in the study. Anthropometric meas-
urements (height, weight, and waist/hip circumference) were measured,
and a subcutaneous abdominal fat biopsy was obtained as described pre-
viously [26]. Needle biopsies of abdominal subcutaneous adipose tissue
were also obtained under local anesthesia in the same morning after over-
night fast; at least 1 g of tissue was needed for the experiments.

Lipolysis Experiments

Adipose tissue samples were cut into small fragments and adipocytes
were isolated by digestion with collagenase as described previously [12].
Fat-cell size and number of cells were measured and diluted cell suspen-
sions were incubated in an albumin-containing buffer (pH 7.4) supple-
mented with glucose (1 g/l) and ascorbic acid (0.1 g/l) for 2 h at 37 °C with
air gas phase. Adipocytes were incubated in the presence or absence of
increasing concentrations of the natural catecholamine noradrenaline
(NA) or the phosphodiesterase-resistant cAMP analogue dibutyryl
cAMP (dcAMP). Out of the 34 included subjects in this study, isolated fat
cells were available from 32 subjects (basal and NA-stimulated lipolysis)
or 31 subjects (dcAMP-stimulated lipolysis). After the incubation, an
aliquot of the medium was removed to measure glycerol release (as an
index of lipolysis). Glycerol release at the maximum effective concentra-
tion of lipolysis agent was determined, and its lipolytic effect was calcu-
lated as the maximum glycerol release minus the value with no agent
present (basal). Glycerol release was expressed per number of incubated
fat cells which was calculated as described previously [12].

Western Blot Analysis of Human Adipose Tissue

Adipose tissue samples were frozen in liquid nitrogen and stored at
-80 °C for further analysis of HSL phosphorylation status. A piece
of 300 mg of total adipose tissue was homogenized in buffer contain-
ing: 50 mmol/l Tris-HCI (pH 7.4), 1% NP-40, 0.25% Na-deoxycholate,
150 mmol/l NaCl, 1 mmol/l EDTA, 1 mmol/l PMSF, 3 mg/ml phosphatase

Lorente-Cebrian/Kulyté/Hedén/Naslund/
Arner/Rydén



inhibitor cocktail, 1 mmol/l Na;VO,, 1 mmol/l NaF. Homogenates were
centrifuged at 12,000 x g for 30 min at 4 °C. After that, supernatant was
removed and protein samples were rapidly frozen. Protein concentration
of whole lysates was determined according to the bicinchoninic acid
method (Thermo Scientific, Rockford, IL, USA).

Protein lysates from subcutaneous adipose tissue (100 ug) were solubi-
lized in Laemmli sample buffer, boiled for 5 min, and resolved by SDS-
PAGE in 7.5% polyacrylamide gels. Proteins were then transferred to a
nitrocellulose membrane, blocked with 2% ECL advanced blocking agent
(GE Healthcare, Chalfont St. Giles, UK) and immunoblotted with pri-
mary antibody. Antibodies directed against specific phosphorylated resi-
dues in HSL (Ser’®, Ser’™, and Ser®’) were purchased from Cell Signaling
Technology (Beverley, MA, USA). According to the manufacturer and
recently published data [27], the antibodies are specific for their cognate
phosphorylated residue and do not cross-react with other phosphoryla-
tion sites. Anti-p-HSL (Ser*®, Ser*, Ser*™), anti-total HSL (Cell Signal-
ing Technology), anti-ATGL (Cell Signaling Technology) were used at
1:1,500 while anti-B-actin (Sigma-Aldrich, St. Louis, MO, USA) was used

Fig. 1. Phosphor-
ylated HSL and total

Subjectnr 1 2 3 4

HSL and ATGL pro-
tein expression levels
in white adipose tissue
of obese women.
Equal amounts of total
protein were loaded
and separated by SDS-
PAGE. Individual
p-HSL and total HSL,
ATGL and p-actin lev-
els were detected by
Western blot and

- 554
e

e o o Total HSL
-

quantified by densitometry as described in material and methods. These
representative blots depict the bands detected in four different subjects.

at 1:2,000 as described previously [28]. After incubation with primary an-
tibody, membranes were washed and probed with horseradish peroxi-
dase-conjugated secondary antibodies (1:10,000; Sigma-Aldrich). Immu-
noreactive HSL (phosphorylated or total), ATGL and B-actin were de-
tected by enhanced chemiluminescence (GE Healthcare) and quantified
by densitometry (ChemiDoc XRS; Bio-Rad Laboratories, Gladesville,
Australia). Phospho-HSL levels were normalized to total-HSL while total
levels of HSL and ATGL were normalized to f-actin.

Statistical Analysis

Values are mean + SD. Statistical analysis (linear correlation) was per-
formed with standard software packages (Statview 5.01; SAS Institute,
Cary, NY, USA).

Results

P-HSL (Ser?, Ser™, Ser™), Total HSL, and ATGL Protein
Expression Are Detected in Subcutaneous Adipose Tissue of
Obese Women

Bands of ~86 kDa (corresponding to the molecular mass of
human HSL), ~56 kDa (ATGL) and ~42 kDa (B-actin) were
detected in all samples using specific antibodies. Representa-
tive blots of the immune-reactive bands analyzed in this co-
hort are depicted in figure 1.

HSL P-Ser” Correlates Negatively with Basal Lipolysis

HSL phosphorylation at Ser’®, Ser’™, and Ser®™ was corrected
for total HSL protein expression in each sample and com-
pared with basal lipolysis measured in isolated fat cells from
the corresponding donor. P-Ser™ levels were negatively cor-
related with basal glycerol release (fig. 2a, p < 0.05). In con-
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levels (n = 32). Pro.tem 0 0 ; > 3 ) s 5 v 0 1 2 3 4 5 6 7
levels were determined Basal glycerol pmol/107 cells/2 h
by Western blot using Basal glycerol pumol/107 cells/2 h ¥ W
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or total protein. The 1.0 p=0.0593 ° r=-0.020
quotient between phos- o _. 08 ° ° '
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for 2 h in an albumin-
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Fig. 3. Correlations
between NA-stimu-
lated lipolysis and
phosphorylated/total
HSL levels. Graphs
depicting the correla-
tion between NA .-
stimulated lipolysis

in vitro and a p-Ser*?,
b p-Ser®™ and

¢ p-Ser HSL as well
as d total protein lev-
els (n = 32). The quo-
tient between phos-
phorylated and total
HSL levels was used
in a-c. Stimulated
lipolysis was assessed
by measuring the
total amount of glyc-
erol released (umol)
per 107 cells after in-
cubation with increas-
ing concentrations of
NA for 2 h. (NA i)
was determined as
glycerol released at
the maximum effec-
tive concentration of
NA. Correlations

were significant also when subtracting basal lipolysis from the NA-stimulated values.

Fig. 4. Correlations
between dcAMP-
stimulated lipolysis
and phosphorylated/
total HSL levels.
Graphs depicting the
correlation between
dcAMP,,,-stimulated
lipolysis in vitro and
a p-Ser’™, b p-Ser®™
and ¢ p-Ser™ HSL as
well as d total protein
levels (n =31). The
quotient between
phosphorylated and
total HSL levels was
used in a-c. Stimu-
lated lipolysis was as-
sessed by measuring
the total amount of
glycerol released
(umol) per 107 cells
after incubation with
increasing concentra-
tions of the phos-
phodiesterase-resist-
ant cAMP-analogue
dcAMP for 2 h.
dcAMP,,. was deter-
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Table 2. Correlations between p-HSL (Ser552, Ser554, Ser650), total HSL and ATGL with clinical parameters of insulin resistancea

p-Ser™ p-Ser™ p-Ser®™ Total HSL Total ATGL
p r p r p r p r p r

BM], kg/m’ 0.9625 -0.008 0.7811 -0.049 0.7597 0.056 0.9243 0.017 0.8829 0.027
(n=34) (n=34) (n=32) (n=34) (n=32)

Waist/hip ratio 0.9743 0.006 0.3837 -0.154 0.5588 0.107 0.7496 -0.057 0.9948 0.001
(n=34) (n=34) (n=32) (n=34) (n=32)

Insulin, wU/ml 0.2256 -0.237 0.1398 -0.286 0.5723 -0.114 0.8234 -0.044 0.3657 0.181
(n=28) (n=28) (n=27) (n=28) (n=27)

HOMA index 0.6651 -0.091 0.6368 -0.099 0.5666 0.123 0.9359 0.017 0.2251 0.257
(n=25) (n=25) (n=24) (n=25) (n=24)

TG, mmol/l 0.9216 0.018 0.6294 -0.087 0.8051 0.045 0.9646 0.008 0.9640 -0.008
(n=33) (n=33) (n=32) (n=33) (n=32)

FFA, mmol/l 0.7934 0.054 0.2436 -0.237 0.9776 0.006 0.8206 0.047 0.8291 0.045
(n=26) (n=26) (n=25) (n=26) (n=25)

*Values are mean + SD, p and r values are indicated. No statistically significant correlations were found in this cohort (n = 34).

trast, there was no significant association between glycerol
release and the degree of phosphorylation at Ser® and Ser**
(fig. 2b and c, respectively). Moreover, in this cohort of obese
subjects, there was no correlation between basal lipolysis and
total protein levels of HSL (fig 2d) or ATGL (r = 0.247, p =
0.1734, values not shown). Lipolysis data are here presented
per cell but similar significant correlations were also found if
glycerol levels were expressed per triglyceride content (graphs
not shown). Taken together, these results suggest that phos-
phorylation at Ser’ is important for the in-between subject
variation in basal lipolysis among obese women.

HSL P-Ser™ Correlates Negatively with Stimulated Lipolysis
in vitro

HSL phosphorylation levels were next correlated with indices
of stimulated lipolysis. Somewhat in contrast to the findings
with basal lipolysis, there was no association between P-Ser™?
or P-Ser®™ and NA-stimulated glycerol release (fig. 3a or b,
respectively). However, we observed a negative correlation
between P-Ser’™ and NA-stimulated lipolysis (fig. 3¢, p < 0.01)
which would be in agreement with the proposed inactivating
role of this residue. In human fat cells, NA stimulates lipolysis
via activation of the p,-adrenoceptor. In order to assess
whether there could be differences at the post-receptor level,
we also compared the HSL phosphorylation levels with lipol-
ysis stimulated with the phosphodiesterase-resistant cyclic
AMP analogue dcAMP. Similar to the findings using NA,
there was a negative correlation between P-Ser’™ and
dcAMP-stimulated lipolysis (fig 4c) but no correlation with
P-Ser”?and P-Ser® (fig 4a and b, respectively). Similar nega-
tive correlations between P-Ser™ and stimulated lipolysis
were found when basal lipolysis was subtracted from the
NA,..x and dcAMP,,,, values (i.e net effect, values not shown).
However, there was no significant relationship between HSL
(phosphorylated or total levels) and stimulated lipolysis when

HSL Phosphorylation in Obesity

the latter was expressed as a ratio over basal. Again, the levels
of neither total HSL (fig. 3d, 4d) nor ATGL (NA,,,, r =-0.138,
p = 0.4497; dcAMP,,, r = 0.321, p = 0.0782; data not shown)
correlated with any of the assessed measures of stimulated
lipolysis. These results suggest that phosphorylation at Ser™
may be important for variations in stimulated lipolysis in fat
cells of obese women.

Phosphorylated HSL, Total HSL, and ATGL Levels Do Not
Correlate with Clinical Parameters of Insulin Resistance

We also determined whether HSL phosphorylation levels as
well as total HSL and ATGL levels were correlated with
selected anthropometric (BMI and waist/hip ratio) and bio-
chemical measures of insulin resistance (circulating insulin,
triglycerides, free FA and HOMA index). However, there
was no significant association between the protein levels and
any of these parameters (table 2). These findings suggest a
more complex relationship between adipocyte lipolysis, adi-
pose lipase protein levels and clinical measures of insulin re-
sistance in obese subjects.

Discussion

The influence of HSL phosphorylation status on human lipol-
ysis has so far been poorly understood. In the present study,
we investigated whether post-translational modifications of
HSL in adipose tissue correlated with lipolysis in vitro. We
observed that HSL phosphorylation at Ser’ was negatively
correlated with NA and dcAMP-stimulated lipolysis which
fits with its proposed role as an inactivating phosphorylation
site [15, 19]. In contrast and somewhat surprisingly, we found
a negative correlation between HSL phosphorylation at
P-Ser’ and basal lipolysis. It should be emphasized that it is
not clear whether HSL phosphorylation at any serine residue
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has an impact on basal lipolysis since phosphorylation of HSL
has so far only been linked to stimulated lipolysis. Moreover,
as mentioned previously, the relevance of P-Ser’ affecting
the enzymatic activity of HSL is not clear [15, 19]. Neverthe-
less, our results suggest a potential role for P-Ser*” in the reg-
ulation of basal lipolysis in fat cells from obese women which
has not been described before. It could be speculated that in-
creased P-Ser’™ levels constitute a compensatory mechanism
within adipocytes in an attempt to prevent further increase in
basal lipolysis in obesity. Admittedly, this hypothesis is only
based on descriptive correlations. Unfortunately, it is not pos-
sible in human fat cells to selectively phosphorylate the differ-
ent serine residues in HSL in order to define their individual
roles in regulating lipolysis.

Although the negative correlation between stimulated
lipolysis and P-Ser™ is in agreement with previously pub-
lished data [15, 19] and may explain, at least in part, the im-
pairment of catecholamine-stimulated lipolysis in obese sub-
jects [3, 12], the mechanisms promoting P-Ser™ in obesity are
largely unknown and should be further characterized. How-
ever, it seems plausible that these pathways might involve
mechanisms below the level of adenylate cyclase and cAMP
production since the same negative correlations were ob-
served after incubation with either NA or dcAMP.

Interestingly, we did not observe any association between
HSL phosphorylation levels at Ser®® and measures of basal or
stimulated lipolysis. This does not exclude the possibility that
phosphorylation at this site may play other roles in the regu-
lation of critical steps of lipolysis such as translocation to the
lipid droplet [16], protein-protein interactions with other
mediators of lipolysis (e.g perilipin) [29, 30] or conformational
changes that may facilitate HSL activation. However, further
studies are needed to better clarify the functional relevance of
HSL-activating phosphorylation sites on stimulated lipolysis
in human adipocytes.

Together with Ser®™, Ser® is considered to be a major de-
terminant of PKA-mediated activation of HSL in humans [23]
while Ser*® is phosphorylated by ERKs, but not by PKA. Un-
fortunately, it was not possible to evaluate the role of either
P-Ser® or P-Ser’®in the present study since there are no com-
mercially available antibodies directed towards these resi-
dues. Moreover, it has been suggested that P-Ser®” is not
within an optimal PKA consensus site and is probably phos-
phorylated at a lower rate than P-Ser® [15, 23]. Therefore, at
present, the relevance of P-Ser® and P-Ser’™ in human lipol-
ysis remains elusive.

The fact that total HSL and ATGL protein levels were not
correlated with basal or stimulated lipolysis is notably rele-
vant. Though we previously reported that the amount of HSL
and ATGL protein was decreased in fat cells and adipose tis-
sue from obese subjects [5, 31], it appears that their levels do
not predict lipolytic capacity (basal or stimulated lipolysis) in
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human fat cells, at least in the cohort of obese subjects ana-
lyzed in this study. This suggests that HSL phosphorylation,
rather than total HSL or ATGL protein content, is primarily
involved in the regulation of lipolysis in human fat cells of
obese individuals.

There is no consensus regarding how to express stimulated
lipolysis (e.g per lipid weight of incubated sample, per fat cell
number, per fat cell protein content, per DNA of fat cells, as
net effect over basal or as the ratio over basal). Our findings
were similar when stimulated lipolysis was expressed both as
absolute values (corrected for lipid weight or fat cell number)
and as the net effect, but not when expressed as the ratio over
basal. The reason for this is not clear at the moment. How-
ever, it is possible that lipolysis expressed as the ratio over
basal may be more correct when comparing lean with obese
cohorts since these groups display large differences in fat cell
size and thereby basal lipolysis rates.

A caveat in the present study is that we only used adipose
tissue from women. Thus, we cannot exclude the possibility
that gender differences could have an impact on the results
since adipocyte lipolysis is differentially regulated in men and
women [reviewed in 3, 32]. Moreover, the relationship be-
tween HSL phosphorylation levels and fat cell lipolysis in lean
subjects remains to be determined. Unfortunately, the amount
of adipose tissue that can be obtained from lean subjects in
clinical settings like ours is too small for this type of study.

In conclusion, our results suggest that post-translational
modifications of HSL impact on lipolysis. While P-Ser™ and
P-Ser* predict lipolytic activity of adipocytes in vitro, neither
P-Ser®™ nor total HSL protein levels were associated with dif-
ferences in lipolysis. Although part of our results are in agree-
ment with previous studies demonstrating that P-Ser™ is an
inactivating site, our present data also suggest a regulatory
role for Ser’”in basal lipolysis. Further mechanistic studies
will be needed in order to define the pathophysiological role
of these residues in human adipose tissue.
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