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In adipose triglyceride (AT), but also in other organs, three major enzymes are involved in lipolysis—adipose
triglyceride lipase (ATGL), hormone-sensitive lipase (HSL), and monoacylglyceride lipase (MGL). TGs, specifically
triolein, are very often used as a substrate to measure HSL and ATGL activity despite the fact that HSL hydrolase
activity is up to 10-fold higher for diglycerides (DGs) compared to TGs. The activity of lipolysis is finely regulated by
multiple signals, with catecholamines, insulin, growth hormone, and natriuretic peptides being the main hormonal

regulators.

adipose triglyceride lipase hormone-sensitive lipase acetyl-CoA carboxylase

| 1. Adipose Triglyceride Lipase (EC 3.1.1.3)

ATGL (gene code PNPLA2; Patatin-Like Phospholipase Domain Containing 2), also called desnutrin, is a 54 kDa
serine hydrolase I (catalytic dyad Ser, Asp @), discovered in AT by Zimmerman et al. in 2004 El. It is expressed
not only in AT but also in the liver, testis, skeletal and cardiac muscle, intestine, and B-cells BIRIE. |t is attached to
the lipid droplet by a hydrophobic stretch of amino acids 315-360 [2 and performs the first step in TGs hydrolysis
there. ATGL has also been reported to have transacylase and phospholipase activities that appeared to be lower
than its TG hydrolase activity 14, ATGL has two phosphorylation sites localized in the C-terminal region of the
enzyme (Ser*%* and Ser*28). In mouse AT, phosphorylation of these serine residues is carried out by AMP-activated
protein kinase (AMPK) and leads to an increase of ATGL activity. In humans, it is not yet fully understood whether
ATGL is phosphorylated by AMPK or Protein Kinase A (PKA) [,

Important regulation of ATGL activity in a cell is provided by a coactivator protein annotated as a/f3-fold domain-
containing protein 5 (ABHD5), also known as comparative Gene Identification 58 (CGI-58) [&, in coordination with a
battery of proteins including the lipid droplet coating proteins from perilipin (PLIN) family. Phosphorylation of PLIN1,
which is the major lipid coating protein in adipocytes, is required for the release of ABHD5 from his docking site.
ABHD5 then binds to and activates ATGL . PLIN5, which is expressed predominantly in skeletal muscle, binds to
both ABHD5 and ATGL itself and activates it independently of PLIN1 29, |n mice, PLIN2 is known to affect lipolysis
only modestly and is not activated by PKA. Overexpression of PLIN2 decreases the access of ATGL onto the lipid
droplet and thereby suppresses lipolysis 2. Data on the role of PLIN3 and 4 in the regulation of ATGL activity are
missing. Another coactivator of ATGL is a pigment epithelium-derived factor (PEDF), called by newer nomenclature
as serpin F1. The binding of this monomeric 50-kDa protein to ATGL induces TGs hydrolysis . On the other hand,
AGTL activity can be inhibited by the protein encoded by GO/G1 switch gene 2 (G0S2) 12 as well as by

metabolites, particularly by long-chain acyl-CoA 22!,
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In addition to biological negative regulators, there are three synthetic molecules that inhibit ATGL activity. One of
the first synthetic ATGL inhibitors is Atglistatin, the derivative of urea, which is a selective, competitive inhibitor of
ATGL 4. |t is active only in mouse tissues (ICso 0.7 pM) and fails to inhibit more than 10% of ATGL hydrolase
activity in human AT 413l Atglistatin affects the patatin-like domain. Sequences 23-101 and 146 amino acids
determine the ATGL binding region [28l. Another ATGL inhibitor is Orlistat (tetrahydrolipstatin, ester of L-leucine, and
hydroxy-FA with a B-lactone ring). Orlistat is however not a specific inhibitor of ATGL as it inhibits effectively also
MGL, HSL, diacylglycerol lipase (a key enzyme in the biosynthesis of the endocannabinoid 2-arachidonoylglycerol
[17)), carboxylesterase 1 and even FA synthase (FAS) (18, Moreover, its major therapeutic potential relates to the
inhibition of gastric and pancreatic lipases 22, Orlistat reduces dietary fat absorption and thus it is currently used
as an anti-obesity drug 2921 Cay10499 (derivative of methylphenyl ester of N-derived carbamic acid) inhibits
ATGL by 95% in humans (ICsg 66 nM), but it also inhibits HSL, MGL, diacylglycerol lipase, ABHD6 and,
carboxylesterase 1 very efficiently (60-95%) 13, Recently, a specific inhibitor of human ATGL called NG-497 has
been developed. It is a selective, competitiv reversible inhibitor with an ICgq of 1.0 pM that binds to human ATGL in
a patatin-like domain in the amino acid sequence 60-146. Although this domain is highly conserved between
species, even minor differences in amino acid sequence in pigs, primates, and humans vs. other mammals (dog,
goat, mouse, rat) apparently substantially affect NG-497 vs Atglistatin efficacy, as shown by Grabner et al. 18],
Thus, species-specific sequence differences (between 60 and 146 amino acids) and the associated structure of the
active domain of ATGL are likely to be crucial for the selectivity and efficacy of the inhibitors and, hypothetically,
may also serve to regulate ATGL in vivo, which have not yet been revealed. The structure of ATGL inhibitors is

shown in Figure 1 and information on them is summarized in Table 1.
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Figure 1. Scheme of adipose triglyceride lipase (ATGL) and hormone-sensitive lipase (HSL) structure/domains and
their inhibitors. ATLG domains: PD, Patatin-like Domain; PRR, Patatin Related Domain; HSD, Hydrophobic Stretch
Domain. HSL domains: CD, Catalytic Domain; NTD, N-Terminal Domain; RD, Regulatory Domain. ? = it is not

Ha

described which domain is affected.
Table 1. An overview of (co)activators and inhibitors of selected lipolytic and lipogenic enzymes.

Enzyme Negative (Semi)Synthetic Inhibitors
(EC (Co)Activators Organism Enzyme Inhibition
Code) Regulators Name(s) =205 Specificity?  Type IC50 [NM]

ATGL ABHDS5 [l G0s2 12 Atglistatin 909 90at, competitive,
(EC (20[22](23] (23][28] [1_%[@@] marmoset, yes reversible 700 14
3.1.1.3) PEDF Q24231  |ong acyl- mouse, rat 141
PLIN1 [9I10126]  CoA 3]
(10]27] CAY10499 human,
PLINS [15][29] mouse no unknown 66 [15]
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Enzyme

(EC
Code)

HSL
(EC
3.1.1.79)

ACC
(EC
6.4.1.2)

(Co)Activators

FABP4 [3233]
PKA B433]
PLINZ [2l24]

citrate 241451

glutamate [26]
[471[48]

Negative
Regulators Name(s)

AMPK 8]
37]

PLIN2 (58]

AMPK [49]
[50]

HS-CoA
[51]
malonyl-
CoA Bl
long acyl-
CoA Bl
[52]

NG-497
[16]

Orlistat
[15][30][31]

BAY 59-

9435
[39][40]

CAY10499
[15][41]

compound

13f
[15][42]

Orlistat
[15][43]

CP-

640186
[53][54][55]

[56][57][58]
[59]

ND-630,

ND-646
[24][58][60]

[61](62]

PF-

05175157
[64][65][66]

Soraphen

A
[54][55][56]
[E7][59][63]

TOFA
[53][54][58]

[64][65][66]
[67][68][69]
[z0]

(Semi)Synthetic Inhibitors

Organism
or Cell Line Specificity 1

human,
rhesus
monkey

human,
mouse

3T3-L1,
human,
mouse, rat

human,
mouse, rat

human,
mouse

human,
mouse, rat

human,
monkey,
mouse, rat

human, rat

dog,
human, rat

HepG2,
LNCaP,
PC-3M

human
breast
cancer
cells,
human
colon
carcinoma

Enzyme

yes

no

yes

no

no

no

yes

yes

yes

yes

no

Inhibition
Type

competitive,

reversible
[16]

irreversible
[31]

non-
competitive,

reversible
[39]

unknown

reversible
[42]

irreversible
(31]

non-
competitive,

reversible
(54]

reversible
[60]

unknown

unknown

allosteric,
irreversible
[67]

ICs0 [NM]

1300
[16]

1.2 [15]

79.8 [13]

110 42

4230
[43]

53-61
53]

27-33
[64]

1-5 (&3]

51 [
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Enzyme Negative (Semi)Synthetic Inhibitors
(EC (Co)Activators Organism Enzyme Inhibition
Code) Regulators Name(s) =<' Specificity?  Type IC50 [NM]
cells,
human
lung
cancer
cells
human,
mouse,
cerulenin MCF-7 non-
(69171]72] breast o competitive, 77%000000_
[Z3Irars] cancer 4 irreversible [74]
9] cells, MDA- )
MB-231,
SKBr-3
FAS C75 Hl;li?n(;ins’ competitive, 26.380
(EC unknown unknown 28 ' yes irreversible [79]
2.3.1.85) 29 mouse, (78]
o SKBr-3, rat
[L1[34] :xxpressed
Orlistat PC-3, . . (1] i
LL81Bal[81] human no wrev{g]smle 900 821 consists
= mouse , His) B4,
sents the
[2187] _ alners . 6900- enerating
Triclosan MCF-7, reversible
(B3]124]185] SKBr-3 ne 82) PR
cells

The most important activators of HSL are catecholamines, which act through adrenergic receptors and increase
the level of cAMP in the cell, followed by activation of PKA 4. The third domain of human HSL contains serine
residues (Ser>>?, Ser>>4, Ser°®, Ser®*% and Ser®™) that are crucial for the modulation of enzyme activity through
Enzyme specificity—yes—the inhibitor is sRecmc to a given enzyme; no—the inhibitgr acts on several different
their phosphorylation. Phosphorylation of fof these serine residues enhances HSL activity, while phosphorylation of
- ) ) . enzymes or has s%ral non-specific effects. )
Ser>>* by AMP-activated kinase inhibits HSL activity 2%, The phosphorylation of HSL and also HSL coactivator—
PLIN1—by PKA is necessary for the translocation of HSL from cytosol to the lipid droplet and the initiation of HSL-
mediated lipolysis 224, On the other hand, HSL activity may be inhibited upon binding of PLIN2 as shown in
cardiomyocytes 28, As mentioned above, the N-terminal domain of HSL interacts with FABP4, a cytosolic lipid-
binding protein expressed in adipocytes, which facilitates FA uptake. The interaction of HSL with FABP4 appears to

increase HSL activity after PKA activation 2],

Similar to ATGL, inhibition of HSL has been suggested as a pharmacological approach to reduce free FA levels and
improve peripheral insulin resistance. Accordingly, in the last 20 years, various HSL inhibitors, including natural and
synthetic products, have been described for the treatment of diabetes and lipid disorders 39, Moreover, the use of
inhibitors and activators of HSL activity is indispensable in basic research for deciphering the HSL's role in various
pathophysiological conditions [E8IBAEARL The only specific, reversible non-competitive inhibitor of HSL is BAY 59-
9435 (BAY), a derivative of 5-(2H)-isoxazolonyl urea. BAY is able to inhibit human, mouse, and/or rat HSL.
Nevertheless, while mouse HSL can be inhibited by 90% by BAY, the inhibition of human HSL reaches only 30%
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391 Further, there are several non-specific HSL inhibitors that partially block the activity of HSL, while blocking
other lipases as well. Among them is Compound 13f, an ester of 4-hydroxymethyl-piperidine-1-carboxylic acid,
which reversibly inhibits human HSL from 17% (5 uM) 1342 \while also acting on other lipases such as
carboxylesterase 1, MGL, or ABHD6 13, Cay10499 (derivative of methylphenyl ester of N-derived carbamic acid)
inhibits mouse and human HSL by 95%, and 67%, respectively, but it also inhibits ATGL, MGL, diacylglycerol
lipase, ABHD6, and carboxylesterase 1 very efficiently (60-95%) 12 Thus, Cay10499 can be successfully used to
block all major members of TAG lipolysis, hydrolysis of endocannabinoids, and cholesterol esters 22l Orlistat also
irreversibly blocks, in addition to ATGL, mouse, human, and rat HSL function [15](31[43] The structure of HSL

inhibitors is shown in Figure 1, and information on them is summarized in Table 1.

| 3. Assays for Measurement of ATGL and HSL Activity

As mentioned above, ATGL and HSL activity play important role in the regulation of metabolism and
pathophysiology of a number of diseases B9[92 Therefore, the measurement of the activity of these enzymes is
widely applied in metabolic research [23124]195][96]

As the total lipolytic enzyme activity is most conveniently measured at the product level, i.e., glycerol and free FA,
the activity of individual lipases can only be analyzed when using purified/isolated enzymes. The only other
possibility is to effectively inhibit the activities of all other lipases or to use an enzyme-specific reaction, if one
exists. For example, to measure the activity of ATGL, the lipase activity of HSL and other lipases must be inhibited
(151371 A scheme of inhibitor action on lipolytic enzymes is shown in Figure 2. It is also possible to focus on and

analyze one of the esterase activities that none of the other lipases exhibit.
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Figure 2. Scheme of inhibitor action on individual enzymes of the lipolytic (A) and de novo lipogenic (B) pathway.
ATGL, adipose tissue triglyceride lipase; HSL, hormone-sensitive lipase; ACC, acetyl-CoA carboxylase; FAS, fatty-

acid synthase.

3.1. Isolation and Purification of the Lipolytic Enzymes

Isolation of lipases is carried out by disrupting cells or tissue with a Potter-Elehjem homogenizer, freezing, or
sonication [27128](99][100](101][102][103][104][105][106][107][108][109] Thjs js followed by centrifugation, the conditions of which
can vary considerably across sample types, i.e., 1000-110,000x g, 1-90 min, 4 °C [27][98][99][100][101][102][103][104][105]
(206][107][109][1101[111][112][113] * After homogenization, recombinant or tissue-derived lipase can be purified by Q-
sepharose chromatography, phenyl-sepharose chromatography, QAE-sephadex chromatography [281102]
hydroxyapatite chromatography, or gel filtration chromatography with triacylglycerol-containing acrylamide and
agarose (Ultrogel AcA 34) [102],

Another approach to isolating lipolytic enzymes is to isolate lipid droplets that contain various lipases and their co-
activators (1141 |solation of lipid droplets has been successfully performed across many cell types, even on some
tissues such as rat and mouse liver, bovine and mouse mammary glands, and others 112 To homogenize the
sample, a homogenizer can be used, or high pressures can be applied using nitrogen bombs. After gentle spinning,
the supernatant is removed and ultracentrifuged at 10,000-182,000x g, 30-60 min, 4 °C [113][116]
Ultracentrifugation with a density gradient of 5% sucrose can also be used 218, |t should be kept in mind that the
higher the speed during centrifugation or its duration, the higher the risk for the destruction of lipid droplets and

also removal of proteins from lipid droplets.

3.2. Conditions Affecting the Ex Vivo Activity of ATGL and HSL

ATGL and HSL are neutral lipase with a pH optimum of 7.0 28], Remarkably, when the pH is changed by #1, the
activity of ATGL decreases by almost 50% 7. The activity of ATGL/HSL can also be inhibited by the detergents
used; therefore, it is necessary to dilute the lysate appropriately to avoid detergent interference [B71981202]
Coactivators can be used to increase enzyme activity. ATGL activity increases 2—20-fold in the presence of
coactivator ~ABHD5  [BIRAUI00 gand is  highest when is ABHD5 is  emulsified  with
phosphatidylcholine/phosphatidylinositol (PC/PI) &7,

It should be noted that the isolated/purified enzyme may not have its activators and other regulatory molecules
available, so the measured activity is unlikely to reflect the actual in vivo activity. In order to achieve the most
physiological situation, it would be advisable to have the activators, metabolites, and ions present in the reaction

mixture, preferably in physiological concentrations.

3.3. Radioisotope Methods for Measurement of Lipolytic Enzyme Activity
Determination
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In fact, a radioisotope assay with a radiolabeled [9,10-3H]-triolein emulsified with a PC/PI mixture [[99][100][101][102]
(103][107]{108][109][110]{111][117] 5 dissolved in toluene 2112 js one of the earliest methods used to measure ATGL or

HSL activity. The method is based on the hydrolysis of triolein to free [9,10-3H]-oleate and analysis of this product
by liquid scintillation counting [RIE27][991[100]101]{102][103][106][107][108][109|[110][111][112)[117] The higher specificity of HSL

towards DG may influence the resulting activity. In unpurified lysates, it is necessary to inhibit lipases outside of the

researchers' interest, as discussed above.

HSL activity can also be measured by substrate specificity to cholesterol esters and DGs (for example, neither
MGL nor ATGL have cholesteryl esterase activity [l). In the first case, the radiolabeled substrate cholesteryl-[1-
14Cl-oleate is hydrolyzed to free cholesterol and [1-14C]-oleate [LOSI1091ION112J113] |n the second case, a
radiolabeled [3H]-oleoylmonoalkylglycerol, such as [®H]-oleoyl-2-O-oleylglycerol, is hydrolyzed to monoalkylglycerol
and [3H]-oleate [B7B8II0S] This substrate has several advantages: firstly, DG is the preferred lipid substrate for
HSL, and secondly, monoacylmonoalkylglycerol does not form a substrate for MGL and therefore MGL activity

does not interfere in this assay 28,

Generally, in all the mentioned radioisotope methods 0.2—1 mg/mL of total protein is used in the reaction mixture &
[107][109] and the reaction is terminated after 20—60 min of incubation at 25-37 °C RIE7I[98][99][100][101][103][104][105][106]

(107)[108][109][110)111][112]IA3)[117] |y the addition of a methanol/chloroform/heptane mixture containing 0.1 M
potassium carbonate and/or 0.1 M boric acid (pH 10.5) 2I7][100]{101][102]{103][106][107][108][109][1101111] 'After extraction

and centrifugation, the radioactivity in the upper phase is determined by liquid scintillation counting BIE71[28](99][100]
[101][102][103][104][105][106][107][108][109][110][111][112][113][117][118][119]

HSL activity can also be measured using radiolabelled [0-32P]-glycerol. In this assay, glycerol released from
acylglycerols (TGs, DGs, or MGs) is phosphorylated by glycerol kinase using [32P]-ATP. After precipitation of the
free [y-32P]-phosphate with ammonium molybdate/triethylamine, the radioactivity of the labeled glycerol in the
supernatant is measured by liquid scintillation counting 1181191 The advantage of this method is the high stability
of the measured [a-32P]-glycerol 118 however, isotope 32P is a B emitter that poses a potential health risk 129,
Since HSL shows esterase activity towards MGs and DGs, the cleavage of MGs to free glycerol by MGL activity
needs to be inhibited to increase the specificity of the reaction. Next, another potential bias could be the varying

activity of glycerol kinase, which attaches a phosphate group to glycerol.

Radioisotope assays are applicable to the analysis of ATGL and HSL activity in a wide range of samples including
recombinant ATGL RAUO7ION o Hs| [B7E8ILI0 (produced in monkey embryonic kidney cells COS-7 272071
Escherichia coli BJ5183 cells 119 insect Spodoptera frugiperda cells 28, and rat hepatoma cell line McA-RH7777

(110 and endogenous ATGL and HSL isolated from rat adipocytes 119 3T3-L1 adipocytes 117, |6 myoblasts,
mouse peripheral leukocytes (108112091 hymgn [29][103][104][105][106][112] ' mgyse [2O0IL0L] gt [102] and/or porcine (111 AT,

mouse liver BILLOLISIILT] skeletal muscle, testes L9 or intestine B! (summarized in Table 2).

Table 2. Summarizing the determination of ATGL, HSL, ACC, and FAS activity measurements.
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Activity Measurement

Slra7uls Detection Method

fluorescence
assay

ATGL

liquid
scintillation counting

spectrophotometric
assay

HSL

fluorescence
assay

liquid
scintillation counting

Substrate

pyrene-labeled
acylglycerols

EnzChek substrate

[9,10-3H]-triolein

p-nitrophenyl esters

pyrene-labeled
acylglycerols

1-S-
arachidonoylthioglycerol

cholesteryl-[1-14C]-
oleate

Detecting Biological Material Reference

Substances

pyrene

[*H]-oleate

p_
nitrophenol

pyrene

ThioGlo-1
aduct

[14CJ-oleate

mouse AT

human recombinant
protein
(HEK 293T cells)
mouse recombinant
protein
(HEK 293T cells)

3T3-L1 adipocytes,
L6 myoblasts

human AT
human recombinant
protein
(COS-7 cells)
McA-RH7777
mouse gonadal AT

mouse liver

mouse peritoneal
macrophages

mouse recombinant
protein

(COS-7 cells)

peripheral leukocytes

mouse AT

mouse AT

human and mouse
recombinant protein
(HEK 293T cells)
human AT

McA-RH7777

121

117

107

(5][110]

109

108

121
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Activity Measurement

Enzyme Detection Method Substrate
[H]-oleoyl-2-O-
oleylglycerol
[32P]-ATP
[9,10-3H]-triolein
spectrophotometric T R e
assay
Acce HPLC acetyl-CoA/
(reverse phase) malonyl-CoA
liquid Na(K)H¥CO3

scintillation counting

Detecting

Substances

[3H]-oleate

[a-32P]-
glycerol

[3H]-oleate

p_
nitrophenol

acetyl-CoA/
malonyl-
CoA

1_[14(:]_
malonyl-
CoA

Biological Material Reference

mouse liver L0113
mouse peritoneal 109
macrophages
human recombinant
protein 98]
(Sf9 cells) =t
rat AT
rat adipocytes 119
human AT 103]i1L2
mouse AT, skeletal
muscle, =k
and testis
mouse recombinant
protein 100
(COS-7 cell)
mouse gonadal AT (871
porcine AT [111]
mouse AT (121
mouse 3T3-L1 [51]
preadipocytes
Fao hepatoma cells [122]
chicken liver (L23]
human skeletal [124]
muscle
lamb AT [125]
rat AT 126][127
rat hepatocytes 28129
[126][130]

rat liver
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Activity Measurement

Enzyme - Detecting Biological Material Reference
Detection Method Substrate Substances
rat skeletal muscle (Ls1]
chicken liver [123]
. NADH NADH mouse AT 132
spectrophotometric
assay rat liver (L30]
NADPH NADPH chicken liver 144)
FAS HepG2, human
o 133
fluorescence CPM-CoA eplthehaI.SKBr 3 rat
CoA liver
assay adduct
human lung cancer —
cow mammary gland 13
13 13
C]-acetyl-CoA Cl-
GC-MS/LC-MS [ "Cl-acety [=cl .
[*°C]-malonyl-CoA palmitate mouse liver, mouse [76]
mammary gland
HepG2 —
_[14c1- :
1-[14C]-acetyl-CoA 1-[**C] rabbit mammary [137]
acetyl-CoA gland
rat liver [138]
BT474 (139
H35-BT, mouse liver, 140
liquid primary hepatocytes
scintillation counting
HepG2 [L36]
2-c)-
2-[**C]-malonyl-CoA malonyl- human liver [144]
CoA
LNCaP (1421
pigeon liver (143]
rabbit mammary [137]
gland
spectrophotometric NADPH NADPH 3T3-F442A [144]
assay .
BT474, MCF-7,

MDA-MB-231 breast
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Activity Measurement ivit
Enzyme - Detecting Biological Material Reference
Detection Method Substrate Substances
cancer cells
[121] ce [15][121]
HCT116, HEK293T (1481
(acetate,
human adipocytes 147 n mixture
human AT Lagja49) 1€ MOUSE
121
human liver (144]
lamb AT 125 ) into free
ssolved in
mouse AT 12
at 37 °C.
rabbit mammary [46]137] extraction
gt era at an
[L21] rat liver (771381 assay is
—— T L G D S S — ZR-75-30 mag  ccessfully
cleaved by recombinant human and mouse ATGL or HSL overexpre____ ... ___. __._ .._.._ _, .1 has the

advantage of measuring the time dependence of enzyme activity. The reaction mixture contained 2 to 4 mg/mL of
total protein. After 30 min preincubation at room temperature, 5 puL of 20 uM EnzChek lipase substrate was added
to the reaction mixture, and fluorescence decline was recorded every 30 s for 60-90 min at excitation and emission

wavelength at 485 and 510 nm, respectively (131,

HSL activity can be determined also upon the hydrolysis of 1-S-arachidonoylthioglycerol as a substrate. Released
1-thioglycerol spontaneously reacts with ThioGlo-1 to form a fluorescent adduct. The reaction mixture contains
0.11 mg/mL of recombinant HSL and an increase in fluorescence is continuously recorded at excitation and

emission wavelength 380 and 510 nm (23],

3.5. Advantages and Disadvantages of the ATGL and HSL Activity Measurement

When choosing a particular radioisotope, spectrophotometric and fluorescence method for measuring the activity of
lipolytic enzymes, some specifics should be considered. Liquid scintillation radioassay can be used for a variety of
tissues or cell samples, whereas spectrophotometric and fluorescence assay has only been described in tissues
where the lipases were overexpressed (293T cells or mouse adipose tissue). Considering the amount of total
protein needed for the measurement, the methods are quite similar (0.2-1 mg/mL), with exception of the
spectrophotometric assay with p-nitrophenol, which uses only 5ug/mL of total protein. The advantage of
fluorescence and spectrophotometric assays is the simplicity of both sample processing and the actual
measurement, while the certain disadvantage is the lower sensitivity and lower specificity given by using
substrates, which are not primary targets of the enzymes and combined specificity of the enzyme for different

substrates—contamination by other enzymes. On the other hand, the spectrophotometric and fluorescence
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methods have the advantage of measuring kinetics parameters in real-time or end-point mode, while radioisotope
methods allow only end-point mode.

A number of isolation procedures have been described for the enrichment of ATGL and HSL in the sample prior to
activity assays. After the homogenization of biological material, it is recommended to use chromatographic
methods with elution techniques that separate proteins on the basis of size. These methods have the advantage
that they can preserve the activity of these enzymes; however, a lysate with proteins of similar molecular weight is
obtained. A pure enzyme can be obtained by using antibodies against the enzyme, but this may in turn reduce its
activity. In general, however, the higher the number of purification steps, the more the activity decreases. Thus, the

compromise between the purity of the enzyme and its activity must be considered.

To increase the specificity of the individual enzymes in these methods, specific substrates or inhibitors suppressing
the activity of other lipases are used. Of course, both ATGL and HSL prefer TGs/DGs rather than other esters and it
must be taken into account that the activity measured with other substrates will always be slightly lower than if
measured with preferred substrates.

Indeed, due to the use of unnatural substrates, the activities measured by the spectrophotometric assay do not
match the in vivo activities of the measured enzymes. Radioassay requires a number of additional steps such as
termination and extraction, which increases the time and cost burden of the method. Moreover, working with
radioactive material requires special approvals, and the detection systems are often very expensive. Fluorescence
methods are a middle ground between the simplicity of spectrophotometric methods and the variety of applications
of biological sample radioassays. However, similarly to in the case of spectrophotometric methods, the use of non-
natural substrates probably limits the activity of the enzymes. In fact, the spectrophotometric and fluorescent
methods are predominantly used to control the loss of activity of the enzyme during purification steps. Therefore,
despite the time and cost involved, radioactive assays appear to be the method of choice when it comes to actually
measuring enzyme activity.
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