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Abstract
A number of intracellular lipase/esterase have been reported in adipose tissue either by functional
assays of activity or through proteomic analysis. In the current work, we have studied the relative
expression level of 12 members of the lipase/esterase family that are found in white adipose tissue.
We found that the relative mRNA levels of ATGL and HSL are the most abundant, being 2–3 fold
greater than TGH or ADPN; whereas other intracellular neutral lipase/esterases were expressed at
substantially lower levels. High fat feeding did not alter the mRNA expression levels of most lipase/
esterases, but did reduce CGI‐58 and WBSCR21. Likewise, rosiglitazone treatment did not alter the
mRNA expression levels of most lipase/esterases, but did increase ATGL, TGH, CGI‐58 and
WBSCR21, while reducing ADPN. WAT from HSL−/− mice showed no compensatory increase in
any lipase/esterases, rather mRNA levels of most lipase/esterases were reduced. In contrast, BAT
from HSL−/− mice showed an increase in ATGL and CGI‐58 expression, as well as a decrease in
ES‐1, APEH and WBSCR21. Analysis of the immunoreactive protein levels of some of the lipases
confirmed the results seen with mRNA. In conclusion, these data highlight the complexity of the
regulation of the expression of intracellular neutral lipase/esterases involved in lipolysis.
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Introduction
Two of the main characteristics that differentiate adipose tissue from other cell types are its
storage of neutral lipids, mainly triacylglycerol (TAG) and sterol esters, in lipid droplets, and
lipolysis, the process through which stored lipids are hydrolyzed and FFA released. Decreased
lipase expression (1) and decreased response of lipolysis to hormone stimulation have been
demonstrated in obesity and may be a cause of excess accumulation of body fat (2). The control
of lipolysis represents a complex process involving multiple regulatory events (3,4). These
broadly include lipolytic (ACTH, β‐adrenergic agonists, etc.) and anti‐lipolytic (insulin,
adenosine, etc.) hormones, their cognate receptors and signaling pathways, lipid droplet‐
associated proteins, such as perilipins, as well as lipases. Hormone‐sensitive lipase (HSL) is
most highly expressed in adipose tissue, although it is also expressed in skeletal and cardiac
muscle, and macrophages (5). Despite broad substrate specificity, the primary action of HSL
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is to hydrolyze stored TAG in adipose tissue in response to hormone stimulation, i.e., lipolysis,
and HSL was considered the key enzyme for TAG hydrolysis until the examination of the
non‐obese HSL−/− mouse, which indicated the existence and importance of other lipase(s)
(6). Recently, three groups have independently cloned a lipase (7) (8) (9), adipose triglyceride
lipase (ATGL), which seems to be predominantly responsible for the first step of TAG
hydrolysis (10). Therefore, it has now been proposed that ATGL and HSL work together with
monoglycerol lipase to mediate the complete hydrolysis of cellular TAG.

In addition to HSL and ATGL, a number of intracellular lipase/esterases have been reported
in adipose tissue using either functional assays of activity (5) (11) (12) or through proteomic
analysis (13). Most of these lipase/esterases contain α/β‐hydrolase folds, and are predicted to
have lipase or esterase activity. These lipase/esterases presumably can hydrolyze neutral lipids,
releasing FA and glycerol. Results from studies to date demonstrate that the mobilization of
fat storage in adipose tissue is mediated through the action of HSL and ATGL; however, the
relative importance of these two enzymes is not clear nor is the contributions of other lipase/
esterases.

Intake of high‐fat food is well known to contribute to the development of obesity and its
associated disorders such as glucose intolerance, diabetes, hyperlipidemia, hypertension, and
atherosclerosis. One of the earliest abnormalities observed as the consequence of high‐fat
feeding is a decrease in insulin sensitivity and the development of insulin resistance in various
tissues. Thiazolidinediones (TZDs) are effective insulin sensitizing drugs that are able to
enhance clearance of whole body FFA and TG (14). One hypothesis for the insulin‐sensitizing
action of TZDs in muscle and liver is that TZD treatment increases the partitioning of
circulating lipids away from muscle and liver and towards the storage of lipids in adipose tissue.
Since TZDs are high‐affinity ligands for PPAR‐γ (15), it is believed that these effects are
mediated predominantly through the activation of PPAR‐γ, which is one of the key transcription
factors required for adipogenesis and which is known to regulate the expression of a number
of genes during adipocyte differentiation. Recently, the expression of lipases, such as LPL,
HSL, and ATGL (16–18), and lipid‐droplet associated proteins S3‐12 and perilipin (19), which
are instrumental for lipid accumulation and mobilization in adipose tissue, were shown to be
regulated by PPAR‐γ.

In the current work, we have studied the relative expression level of 12 members of the lipase/
esterase family that are neutral lipase/esterases found in white adipose tissue (WAT) of wild
type and HSL−/− mice. Furthermore, we have examined the changes of expression of these
lipase/esterases in adipose tissue of mice under high fat feeding and with rosiglitazone, a
PPAR‐γ agonist.

Materials and Methods
Chemicals and Reagents

Reagents were obtained from the following sources: Bovine serum albumin (fraction V),
TRIzol reagent (Invitrogen, Carlsbad, CA), RNeasy kit (QIAGEN, Valencia, CA). SyBr green
Taqman PCR kit (Applied Biosystems, CA) SuperScript II (Invitrogen, CA), Insulin RIA kit
from Linco Research, St. Charles, MO.

Animals
HSL−/− mice were generated by homologous recombination as previously described (6), and
backcrossed five times with C57/BL/6J mice. Mice were maintained in the animal facility at
the VA Palo Alto on a 12/12 hr light/dark cycle. For breeding experiments, mice heterozygous
for the deleted HSL allele were used to generate homozygous HSL−/− mice and HSL+/+ wild
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type littermates. Genotyping was performed by a single‐step PCR using three primers as
described previously (6). High‐fat (35.9% w/w lard fat) diet (HF) and control normal chow
(4.8% w/w fat) diet (NC) were obtained from Research Diets, Inc. (New Brunswick, NJ),
product numbers D12309 and D12310, respectively. Rosiglitazone containing diets were
custom formulated by adding 200 mg/kg rosiglitazone (20) to the high fat and normal chow
diets to form the high fat with rosiglitazone (HF+R) and normal chow with rosiglitazone diets
(NC+R), respectively. Twelve week‐old female HSL+/+ and HSL−/− littermate mice were
randomized to either high‐fat, normal chow, high‐fat with rosiglitazone, and normal chow with
rosiglitazone diets ad libitum for 15 weeks. At the end of the diet treatment, animals were
sacrificed and adipose tissue collected.

Taqman real time PCR analysis
Tissues were homogenized in TRIzol reagent and total RNA was extracted and purified using
the RNeasy kit, and treated with RNase‐free DNase I. Total RNA was reverse‐transcribed in
a 20µ1 reaction containing random primers and Superscript II enzyme. Real‐time PCR was
performed with an ABI Prism 7900 System using SYBR green master mix reagent and specific
primer pairs selected with Primer Express software as described previously (21). The primer
pairs used are listed in Table 1. The relative mass of specific RNA was calculated by the
comparative cycle of threshold detection method according to the manufacturer's instruction.
Three independent sets of Taqman real time PCR were performed using different RNA
preparations from adipose tissue; each run of Taqman real‐time PCR was conducted in
triplicate.

Immunoblot Analysis
Adipose tissue was homogenized in ice‐cold fractionation buffer (50 mM Tris‐HCl, pH 7.4,
8% sucrose, 1 mM EDTA, 0.1 mM sodium orthovanadate [Na3VO4], and 50 mM sodium
fluoride [NaF]). Fat cake and cytosolic fractions were prepared following published procedures
with modification (22,23). The cell lysate was incubated on ice for 15 min and then centrifuged
at 20,000×g for 30 min at 4 °C. The fat cake representing intracellular lipid droplets floated
on top of the tube. The cytosolic fraction was localized below the layer of the fat cake. The fat
cake and cytosolic fractions were collected and extracted with 1% SDS in the same buffer for
20 min at room temperature. Fractions were then centrifuged at 20,000 × g for 20 min at 4 °C,
and aliquoted for protein quantification using Pierce reagent. 25 µg of total protein were then
mixed with concentrated sample buffer (50 mM Tris‐HCl, pH 6.8, 5% SDS, 1% β‐
mercaptoethanol, 0.1 mM Na3VO4, 50 mM NaF, and 15% glycerol). The samples were heated
to 95 °C for 5 min and cleared at 12,000×g for 10 min, prior to loading on SDS‐PAGE.
Immunoblot analyses were performed as previously described (24). Following SDS‐PAGE the
samples were transferred to a nitrocellulose membrane. The membrane was incubated with
rabbit anti‐ATGL antibody (Cayman Chemical Co., Ann Arbor, MI) and anti‐β‐actin antibody
(Santa Cruz Biotechnology, Santa Cruz, CA) and then with horseradish peroxidase‐linked
anti‐rabbit IgG (Amersham). The membranes were visualized with chemiluminescence reagent
ECL (Amersham), exposed to Kodak XAR film, and then analyzed by a Fluor‐S multi‐image
analyzer (Bio‐Rad, Hercules, CA).

Statistical Analysis
Results are given as the mean ± SE and statistical significance was tested using ANOVA with
Bonferroni as post test or unpaired two‐tailed Student's t test, except where otherwise stated,
using StatView (version 4.5, Abacus Concepts, Berkley, CA) and InStat (version 2.03,
GraphPad Software, San Diego, CA) software for Macintosh.
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Results
Relative expression level of lipase/esterases in adipose tissue and changes in expression
with high fat feeding

The presence of lipase/esterases in adipose tissue has been reported using either functional
assays of activity or through proteomic analysis. To determine the relative level of expression
of neutral lipase/esterases, gonadal WAT was collected from 6 months old female wild‐type
mice. Total RNA was isolated and reverse transcribed as described in the methods. Quantitative
RT‐PCR analysis was performed on 12 of the reported lipase/esterases: ATGL (8), adiponutrin
(ADPN) (25), triacylglycerol hydrolase (TGH), also known as carboxylesterase‐3, (26) (27),
α/β hydrolase domain containing mRNA 5, also known as CGI‐58, and α/β hydrolase domain
containing mRNA 11, also known as Beuren‐Williams Syndrome Critical Region 21
(WBSCR21), (28), acylpeptide hydrolase (APEH), esterase 1 (EST‐1) (29), esterase D
(ESD‐1) (30), esterase 1 homolog (ES‐1) (13), carboxylesterase ML1 (ML‐1) (13),
membrane‐associated calcium‐independent phospholipase A2γ (MiPLA‐2) (31), as well as
HSL. The level of expression of the various lipase/esterases is presented relative to the control
house keeping gene acidic ribosomal phosphoprotein 36B4. As shown in Figure 1, the relative
mRNA levels of ATGL and HSL appear to be most abundant, and, although ATGL expression
tended to be higher than HSL, their levels are not significantly different from each other;
however, both ATGL and HSL are expressed at significantly higher levels compared with other
lipase/esterases (P< 0.05). TGH and ADPN mRNA are expressed at approximately 50% and
35% of the level of HSL (P< 0.05), whereas miPLA‐2, ESD‐1, CGI‐58 and ML‐1 are all
expressed at relatively similar mRNA levels and are approximately 22%, 19%, 17%, and 15%
of the level of HSL, respectively. Expression levels of ES‐1, APEH, WBSCR21 and EST‐1
mRNA were extremely low and averaged only 6%, 4%, 1% and 0.6% of HSL, respectively.

High fat feeding has been shown to reduce insulin sensitivity and to promote fat accumulation.
In order to examine the effects of high fat‐feeding on the expression levels of lipase/esterases
in adipose tissue, 12 weeks old, wild‐type female mice were randomized to either high fat or
normal chow diets. After 15 weeks of diet, high fat fed mice were 35% heavier compared to
mice fed normal chow (NC 29.46 ± 5.50 g vs. HF 40.21 ± 11.46 g P<0.05) that was reflected
in white adipose tissue (WAT) showing a significant increase with high fat diet feeding (NC
3.25 ± 0.64 g, HF 9.59 ± 3.83 g, p<0.001). For analysis of expression of the lipase/esterases,
WAT was collected and total RNA isolated as described earlier, and quantitative RT‐PCR
analysis was performed on the selected lipase/esterases. The level of expression of the various
lipase/esterases is presented relative to the control house keeping gene acid ribosomal
phosphoprotein 36B4 in Figure 1. High fat feeding did not alter the mRNA expression of most
of the lipase/esterases examined; however, high fat feeding did result in a 70% reduction in
the expression of CGI‐58 and a 50% reduction in WBSCR21 (P<0.05).

Changes of expression pattern of lipase/esterases with rosiglitazone
Treating mice with rosiglitazone for 15 weeks resulted in greater weight gain whether on a
normal chow or high fat diet (NC + R body weight gain 7.55 ± 2.41 g, and NC 5.14 ± 1.19 g
p< 0.05; HF+R 16.75 ± 5.0 g, HF 11.34 ± 3.75 g, p<0.05), consistent with previous reports
showing that rosiglitazone increases body weight gain in rats and mice (32) (33) (34). The
weight of adipose tissue showed a trend to increase with rosiglitazone treatment, but did not
reach statistical significance. In order to examine whether rosiglitazone alters the expression
of lipase/esterases, quantitative RT‐PCR analysis was performed on WAT for the selected
lipase/esterases. Figure 2A shows the levels of expression of the selected lipase/esterases of
rosiglitazone‐treated animals relative to the expression level of each respective gene in normal
chow fed mice. ATGL (1.7‐fold), TGH (1.7‐fold), CGI‐58 (2.3‐fold), and WBSCR21 (2.5‐
fold) were significantly increased by rosiglitazone (P<0.05); only ADPN expression was
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significantly reduced (∼30%). The expression of none of the other lipase/esterases was
significantly affected by rosiglitazone with normal chow feeding. In the setting of a high fat
diet (Figure 2B), rosiglitazone also increased the expression of CGI‐58 (2.7‐fold, P<0.05) and
WBSCR21 (1.6‐fold, P<0.05); however, ATGL and TGH were no longer significantly affected
by rosiglitazone, although there were positive trends. ADPN expression was reduced 3‐fold
by rosiglitazone in the setting of a high fat diet (P<0.05).

Expression levels of lipase/esterases in adipose tissue of HSL−/− mice
HSL−/− mice display decreased lipolysis, but retain ∼50–60% of normal TAG hydrolytic
activity in WAT (6,21). In order to examine whether there are any compensatory changes in
the expression levels of other lipase/esterases, WAT was collected from female wild‐type and
HSL−/− mice, RNA isolated and the expression of selected lipase/esterases was analyzed by
quantitative RT‐PCR. The results are shown in Figure 3A and are presented relative to the
expression of the respective gene in wild type mice. None of the lipase/esterases assessed was
increased in HSL−/− mice. Thus, there was no evidence for compensatory changes. However,
the expression levels of several lipase/esterases were reduced quite substantially in WAT of
HSL−/− mice. ATGL and TGH (P<0.05) were 70% lower (P<0.005), ADPN 95% lower
(P<0.05), miPLA‐2 60% lower (P<0.05), CGI‐58 80% lower (P<0.05), ES‐1 more than 95%
lower (P<0.01) and WBSCR21 85% lower (P<0.005). The other lipase/esterases measured,
APEH, EST‐1, ESD‐1 and ML‐1 all showed trends for lower expression levels, although the
decreases failed to reach statistical significance.

The TAG hydrolytic activity in brown adipose tissue (BAT) of HSL−/− mice has been reported
either not to be significantly reduced (6) or to be decreased 74% (8). In order to examine
whether there are any compensatory changes in the expression levels of other lipase/esterases,
BAT was collected from female wild‐type and HSL−/− mice, RNA isolated and the expression
levels of selected lipase/esterases were analyzed by quantitative RT‐PCR. The results are
shown in Figure 3B and are presented relative to the expression of the respective gene in wild
type mice. As opposed to the findings in WAT, there was evidence for compensatory changes
in BAT, where both ATGL and CGI‐58 mRNA expression levels were significantly increased
in HSL−/− mice (P<0.05). Meanwhile the expression levels of several lipase/esterases were
reduced substantially in BAT of HSL−/− mice. ES‐1 was 80% lower (P<0.01), APEH 20%
lower (P<0.01) and WBSCR21 40% lower (P<0.01). The other lipase/esterases measured,
TGH, ADPN, MiPLA‐2, ESD, and EST‐1 were not changed significantly. There was no
detectable mRNA of ML‐1 in the BAT of either WT and HSL−/− mice.

Analysis of immunoreactive ATGL and HSL in WAT of mice
To confirm the changes observed in the expression of HSL and ATGL in adipose tissue and
to further examine their subcellular localization, we prepared cytosolic and fat cake fractions;
proteins were extracted from both fractions and analyzed for the presence of immunoreactive
HSL and ATGL. As shown in Fig. 4, with high fat feeding, the amount of both ATGL and
HSL protein in the cytosolic fraction was decreased, yet the amount of both proteins in fat cake
fraction did not seem to change. Rosiglitazone feeding increased the amount of ATGL and
HSL in the fat cake fraction, but appeared to decrease the amount of the proteins in the cytosolic
fraction.

Analysis of immunoreactive ATGL in adipose tissue of HSL−/− mice
To confirm the changes in the expression of ATGL in adipose tissue in HSL−/− mice, we
analyzed immunoreactive ATGL in WAT and BAT of HSL−/− mice by Western blot. For this
set of experiments, we also separated the cytosolic and fat cake fractions and extracted proteins
from each fraction separately. As shown in Figure 5, the amount of immunoreactive ATGL in
the cytosolic fraction of WAT did not show a statistical difference; however, the amount of
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ATGL in the fat cake fraction of WAT of HSL−/− decreased to only 22% of that seen in wild
type mice (P<0.05). When the fat cake and cytosolic fractions were combined, the total
immunoreactive ATGL was decreased in WAT (P<0.05). In BAT, the amount of ATGL in the
cytosolic fraction decreased to about 20% (P<0.05) of wild type, but there was no difference
in the amount of ATGL in the fat cake fraction in HSL−/− and wild type mice. When the fat
cake and cytosolic fractions were combined, the amount of ATGL in BAT of HSL−/− mice
showed no significant difference from wild type mice.

Discussion
Intracellular lipases are instrumental in lipolysis, the process through which stored TAG is
hydrolyzed to release FFA. It has long been thought that HSL was the rate‐limiting enzyme
for lipolysis; however, the examination of the non‐obese HSL−/− mouse indicated the existence
and importance of other lipase(s) (6). Recently, three groups have independently cloned a lipase
(7–9), ATGL, which seems to be predominantly responsible for the first step of TAG hydrolysis
(10), and which possesses an α/β hydrolase fold, typical of many lipases (5) (13). Nonetheless,
there are many proteins that have an α/β hydrolase fold and that are predicted to have lipase
or esterase activities. However, the relative expression in adipose tissue and the involvement
of these lipases in response to different physiological conditions are not clear.

Using quantitative real‐time PCR analysis, we have confirmed that under normal chow fed
conditions, ATGL and HSL are the predominant neutral lipases expressed in WAT, but with
significant amounts of TGH and ADPN and modest amounts of MiPLA‐2, ESD‐1, CGI‐58
and ML‐1 present; whereas only extremely low levels of ES‐1, APEH, WBSCR21 and EST‐
1 are expressed. Although the current studies establish the relative mRNA expression levels
of these neutral lipase/esterases, it is important to note that due to the availability of antibodies,
we were only able to confirm the changes of the protein levels of ATGL and HSL. The protein
expression and the amount of cellular lipase/esterase activity attributable to each of the
respective lipase/esterases were not determined in this study. Thus, the relative physiological
importance of each of the lipase/esterases in adipose TAG metabolism awaits further study.

In addition to establishing the relative mRNA expression levels of neutral lipase/esterases in
WAT, we explored the physiological regulation of these lipase/esterases by high fat feeding
and by rosiglitazone. Interestingly, most of the lipase/esterases examined were unaffected by
high fat feeding; however, the expression of CGI‐58, ML‐1, WBSCR21 and ES‐1 were
significantly reduced. The physiological significance of these changes is currently unclear, but
the changes in CGI‐58 may be noteworthy. CGI‐58 is an a/β hydrolase containing protein
whose catalytic serine within the reactive triad is replaced by asparagine and, thus, lacks
hydrolytic activity against neutral lipids (28). However, naturally occurring mutations in
CGI‐58 have been identified in Chanarin‐Dorfman Syndrome (28), a neutral lipid storage
disorder characterized by ichthyosis, hepatic steatosis and hepatomegaly, developmental
defects, and the accumulation of TAG‐containing lipid droplets in leukocytes, basal
keratinocytes, hepatocytes, myocytes, and other cells (28,35,36). Recent studies have reported
that CGI‐58 interacts with perilipin (37), and that this interaction is regulated by lipolytic and
anti‐lipolytic conditions (38). Moreover, CGI‐58 has recently been reported to activate ATGL
mediated lipolysis (39). These observations lead to the speculation that the reduction in CGI‐
58 expression with high fat diets might contribute to some of the alterations in lipolysis
observed under these conditions.

Prolonged supplementation of rosiglitazone to a normal chow diet resulted in increased
expression of ATGL, TGH, CGI‐58 and WBSCR212. These findings are consistent with recent
reports showing that the levels of expression of ATGL and TGH are increased during adipocyte
differentiation following treatment with PPARγ agonists (7–9,40), and extend these
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observations to include CGI‐58 and WBSCR21 as PPARγ up‐regulated genes. In
contradistinction, ADPN is also markedly increased during adipocyte differentiation (41), but
its expression was decreased with prolonged supplementation of rosiglitazone to a normal chow
diet, which is consistent with a report that troglitazone decreased ADPN expression in 3T3‐
L1 adipocytes (42). There is clearly an interaction between diet and the actions of PPARγ
agonists, since rosiglitazone increased only CGI‐58 and WBSCR21, while decreasing ADPN,
in the setting of a high fat diet. Fast‐acting hormones stimulate lipolysis through
phosphorylation of both HSL and perilipin and result in the translocation of HSL to the surface
of lipid droplets (43–45). With the cloning of ATGL and the study of ATGL‐/‐ mice, it has
become apparent that ATGL plays an important role in cellular TAG hydrolysis (10,46).
However, HSL is still the only lipase whose activity has been shown to be regulated by fast‐
acting hormones. In HSL−/− mice, hormone‐stimulated lipolysis is significantly reduced (6).
Although there are differences among the various HSL−/− colonies, the ablation of HSL results
in a decrease in lipolysis with the retention of a significant amount of basal TAG hydrolytic
activity in both WAT and BAT (6) (8). Several groups have attempted to identify the lipases
responsible for the residual TAG hydrolytic activity in HSL−/− mice, reporting that ATGL
(8) and TGH (26) are responsible for residual TAG hydrolytic activity in this setting. In the
current studies we surveyed a number of lipase/esterases for their expression in adipose tissue
of HSL−/− mice to determine whether there is any increased expression to compensate for the
loss of HSL. Interestingly, we observed that none of the lipase/esterases that we assessed
displayed any compensatory increase in WAT. Rather, the expression of most lipase/esterases
was decreased in WAT of HSL−/−. Thus, the ablation of HSL in vivo appears to affect the
expression of multiple lipase/esterases in WAT, raising the possibility that the reduction in
lipolysis observed in HSL−/− mice is due not only to a loss of HSL, but also to a lower
expression of other lipase/esterases. In contrast to WAT, we did observe a compensatory
increase in ATGL and CGI‐58 expression in BAT, providing a possible explanation for the
normal TAG hydrolytic activity previously observed in BAT in HSL−/− mice.

In conclusion, these studies document the complex regulation of intracellular neutral lipase/
esterases in adipose tissue under important physiological conditions.
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Figure 1.
Expression of lipase/esterases in WAT and changes with high fat feeding. 12 week old female
C57Bl6 wild type mice were fed normal chow and a high fat diet for 15 weeks with five mice
in each group. At the end of the diet treatment, gonadal WAT was collected. Total RNA was
isolated, reverse transcribed and the expression of lipase/esterases was analyzed using Taqman
quantitative PCR. The level of expression is presented relative to the control house keeping
gene, 36B4. Taqman RT‐PCR was performed in triplicate, and results presented are the
summary of experiments with five mice in each group. The data are presented as means ±S.E.
*, P< 0.05.
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Figure 2.
Effects of rosiglitazone on the expression of lipase/esterases in WAT. Panel A: 12 week old
female wild‐type C57Bl6 mice were fed normal chow supplemented with 200 mg/kg
rosiglitazone for 15 weeks with five mice in each group. Panel B: 12 week old female wild‐
type C57Bl6 mice were fed a high fat diet supplemented with 200 mg/kg rosiglitazone for 15
weeks with five mice in each group. At the end of the diet treatment, gonadal WAT was
collected. Total RNA was isolated, reverse transcribed and the expression of lipase/esterases
was analyzed using Taqman quantitative PCR. The level of expression is presented relative to
the control house keeping gene, 36B4. Taqman RT‐PCR was performed in triplicate, and results
presented are the summary of experiments with five mice in each group. *, P<0.05.
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Figure 3.
Expression of lipase/esterases in adipose tissue of HSL−/− mice. Gonadal WAT (3A) and
brown adipose tissue (BAT, 3B) were collected from 6 month old female wild‐type and HSL
−/− mice. Total RNA was isolated, reverse transcribed and the expression of lipase/esterases
was analyzed using Taqman quantitative PCR. The level of expression is presented relative to
the control house keeping gene, 36B4. Taqman RT‐PCR was performed in triplicate, and results
presented are the summary of three experiments with four mice in each group. The data are
presented as means ± S.E. *, P< 0.05; **, P<0.01; ***, P<0.005.
ND: not detectable.
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Figure 4.
Immunoblot analysis of ATGL and HSL in WAT of mice. 12 week old female wild‐type
C57Bl6 mice were randomly assigned to four groups and fed normal chow, high fat, or normal
chow supplemented with 200 mg/kg rosiglitazone and high fat diet supplemented with 200
mg/kg rosiglitazone for 15 weeks (n=5 for each group). At the end of the diet treatment, gonadal
WAT was collected. Total proteins were extracted in TES with 10 µg/ml leupeptin; 20 µg of
protein from tissue homogenates were subjected to SDS‐PAGE and transferred to a
nitrocellulose membrane. The membrane was incubated with rabbit anti‐ATGL antibody,
rabbit anti‐HSL and then with horseradish peroxidase‐linked anti‐rabbit IgG. The membranes
were visualized with chemiluminescence reagent ECL, exposed to Kodak XAR film, and then
analyzed by a Fluor‐S multi‐image analyzer. Quantitation of the density of the immunoreactive
bands was performed with five mice from each group. *, P<0.05.
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Figure 5.
Immunoblot analysis of ATGL in WAT and BAT of HSL−/− mice. WAT and BAT were
isolated from 6 month old female wild‐type and HSL−/− mice. Total proteins were extracted
in TES with 10 µg/ml leupeptin; 20 µg of protein from tissue homogenates were subjected to
SDS‐PAGE and transferred to a nitrocellulose membrane. The membrane was incubated with
rabbit anti‐ATGL antibody and then with horseradish peroxidase‐linked anti‐rabbit IgG. The
membranes were visualized with chemiluminescence reagent ECL, exposed to Kodak XAR
film, and then analyzed by a Fluor‐S multi‐image analyzer. Quantitation of the density of the
immunoreactive bands was performed with five mice from each group. *, P<0.05. **, P<0.01
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Table 1
Primer pairs for Taqman RT‐PCR.

Gene name Accession number primer name seq

mouse acylpeptide hydrolase NM_146226 APEH‐f GAG TCT CCT TCA GGC ACC AT
  APEH‐r CCC AGA CCT CCA AGA ACT GT
mouse ML1 BC013479 ML1‐f GGA ATG GGA ACC CTA ATG G
  ML1‐r TTC CTT CAG TCT CTG GGC TT
mouse esterase1 NM_007954 EST1‐f GTC TGG GCT TCT CTT GCT GT
  EST1‐r GAC TTT GCC TTG TGT GGT GT
mouse ES1 NM_138601 ES1‐f CCT ACC GCT CTC CAG ATA CC
  ES1‐r TCC GTC ATA GAC TCC ACA GC
mouse WBSCR21 NM_145215 WBSCR21‐f TCC TGC TTG GTG GAA ATT CT
  WBSCR21‐r TGA GGG AAG AGT CGC CTA AT
mouse esteraseD NM_016903 ESD‐f GTG AAT GCC ACT GAA GAT CC
  ESD‐r TGG GAA ATT GGC ATT TAT GA
mouse CGI‐58 NM_026179 CGI‐58‐f TCT TGC TTG GAC ACA ACC TG
  CGI‐58‐r GAG GTG ACT AAC CCT TGA TGG
Mouse TGH NM_053200 TGH‐f GCCCTGGAGCTTCGTGAA
  TGH‐r CCTGCCCTCCAACAGCAT
mouse adiponutrin NM_054088 ADPN‐f AGA ACG TGC TGG TGT CTG AG
  ADPN‐r GGA AGG AAG GAG GGA TTA GG
Mouse HSL NM_010719 HSL‐f ACC GAG ACA GGC CTC AGT GTG
  HSL‐r GAA TCG GCC ACC GGT AAA GAG
mouse ATGL AK031609 ATGL‐f AAC ACC AGC ATC CAG TTC AA
  ATGL‐r GGT TCA GTA GGC CAT TCC TC
MiPLA2 gi13385668 MiPLA2‐f TCATCAAGATGGAGGTTTGC
  MiPLA2‐r TGGCCAGATGCATTTACATT
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