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Abstract: Triglycerides (TG) stored in lipid drofd€LDs) are the main energy reserve in
all animals. The mechanism by which animals mobilits is complex and not fully
understood. Several proteins surrounding the LDe haen implicated in TG
homeostasis such as mammalian Perilipin A and irigéd storage proteins (Lsd). Lipid
storage protein 1 (Lsd1l) is a conserved insecepr@nd plays significant roles in the
regulation of TG metabolism. Most of the knowledgel D-associated proteins comes
from studies using cells or LDs leaving biochemimaperties of these proteins
uncharacterized. Here we describe the purificadiorecombinanMsLsdl, its
reconstitution in lipoprotein particles and the agénesis studies in putative
phosphoryation sites and conserved region of LBtiteover, mobilization of TG
depends on the action of lipases. The fat bodiytagide lipase fronManduca sexta,
MsTGL, is the only insect lipase that has been peaifind characterized, so far. This
study also describes another enzyme, adiposededte lipase (ATGL), and
investigates a possible link between ATGL exprassiod nutrition levels iivl.sexta.

The ATGL cDNAs fromM. sexta fat body encoding a 64KDa protein were cloned.
Northern blot analysis detected two bands corredipgrto the 3.9 and 2.4 kb transcripts,
respectively. The protein sequence has the consdipsise catalytic motif (GxSxG) and
conserved “patatin-like”"domain which is a key siyma of ATGL enzymes isolated from
other organisms. ATGL is mostly associated to ihie droplet. Sf9 cells over-
expressing th&1sATGL showed lower content of cellular TG and a legiG hydrolase
activity of purified protein indicating that it &slipase MSATGL is up-regulated during
the physiological non-feeding periods but lowemtA&L with the exception of 3rd-day
pre-pupal. Both levels of transcripts and expressicATGL were dramatically up-
regulated by starvation in a time-dependent mamkcating that ATGL is highly
sensitive to the nutritional status of animals aray play a key role under starvation
conditions. Thus, ATGL and TGL coordinately catab®istored TGs iM.sexta. These
studies provide the starting point for future stisdbn the mechanism and function of
MsLsdl1 and ATGL.
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CHAPTER |

INTRODUCTION

Energy metabolism is a fundamental property of ahiife. Neutral lipids in the form of
triglycerides (TG) are the predominant form of ag of fatty acids and comprise the main
energy reserve in all known organism (Wolins, Beasle et al. 2006). The storage and release of
this energy involves a carefully regulated baldoemveen TG synthesis and hydrolysis. Insects
accumulate TG as lipid droplets (LDs) within theoptasm of fat body cells during feeding
periods, and rely on these reserves to suppodribegy requirements associated with
physiological non-feeding periods, sustained flightl embryo development (Beenakkers, Van
der Horst et al. 1985, Ziegler and Van Antwerpe@&0The insect fat body, which combines
many of the properties and functions of vertebliggx and adipose tissue, is the principal organ
for the storage of lipids. LDs are considered gsoelles. They are macromolecular assemblies

of lipids surrounded by phospholipids and proteins.

The tobacco hornwornMlanduca sexta, is widely used as a model insect to study insect
physiology and biochemistry. Fig 1 illustrates life cycle of M. sexta. It has three different
stages: larvae, pupa and adult. During larval sagé days) insects feed constantly and the
amount of TG in the fat body increases from a femrograms to ~80 mg at the end of larval

development (Fernando-Warnakulasuriya et al., 1988)ing subsequent development, the lipid



reserves are mobilized to sustain the life of hatansects (moth), which feed occasionaly
(Ziegler 1991, Arrese, Canavoso et al. 2001, Cas@awdouni et al. 2001, Arrese and Soulages
2010). Due to these metabolic featutdssexta represents an excellent model for studying the

basic mechanisms involved in either the synthesmidition of TG in larvae or the mobilization

of TG in adult insects (moth).
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Figure 1. Life Cycle ofManduca sexta. The three different life stageshh sexta are larva,
pupa, and adult. On average, the complete metamsigpfrom an egg to an adult takes about 1.5

month. Each instar is marked by a headcap, repiegehe developmental stages. The stadium
is the period of time between larval molts (Source:

http://insected.arizona.edu/manduca/Mand _cycle)html

The mobilization of TG stored from LDs requireg8lysis”, which is the process that breaks
ester bonds between long chain fatty acids andlyleerol backbone in TG. This process is

catalyzed by lipases (Holm, Osterlund et al. 20@8s, Zimmermann et al. 2006).

In vertebrates, lipolysis involves at least thipades: adipose triglyceride lipase (ATGL),
hormone sensitive lipase (HSL) and monoglyceripade (MGL). ATGL is the rate-limiting

enzyme for the initiation of TG catabolism, geneig@DG and FA. HSL efficiently hydrolyzes



DG to generate MG and I (Haemmerle, Zimmermann et al. 2002he final step is performe

by MGL to result glycerol and F (Fig 2).
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Figure 2. Lipolysis of Triacylglycerols. The threester bonds of TG are hydrolyzed by tt
respective lipases to generate DG, MG and finalj)c&ol with released frefatty acids fol
oxidation.

Unlike vertebrates, where stored fatty acids arbilized as free fatty acids, in insects, most f.
acids are released from the fat body to hemolyngsn-1,2-diacylglycerol (DG)(Beenakkers,
Van der Horst et al. 198Brese, Roja-Rivas et al. 19965ade, Hoffmann et al. 19). In
circulation DG is carried by lipophorin, the insépbprotein, for delivery to tissuee.g. the

flight muscle, and ovaries, where it is hydrolyzedree fatty acid(Arrese and Wells 19Y).

Two fat body lipases have been identified soATGL, andtriglyceride lipase (TGL TGL is a
major lipase ilManduca sexta (Arrese, Howard et al. 201@nd is the only insect lipase t has

been purified and characteri: in vitro (Arrese and Wells 1994). TGL &spolypeptide with .



relative mass of 74-76 KD that has been identifisdhe homolog dDrosophila melanogaster
CG8552, whose function was studied by expressidheoDrosophila protein in insect cell lines
(Arrese, Patel et al. 2006). TGL shares significmtiuence similarity with vertebrate
phospholipases from the phosphatidic acid phospasdi A1 (PAPLAL) family (Arrese, Patel et
al. 2006), but it shows no homology to the maiglygeride hydrolases of vertebrate adipocytes,
HSL and ATGL. TGL is well conserved among inseétgése, Patel et al. 2006). The enzyme
can catalyze the hydrolysis of tri-, di-, and maneeylglycerols, but shows highest affinity for
tri- or di- oleoylglycerol. The fat body lipase élzits a preference for hydrolyzing the primary
ester bonds of acylglycerols, and does not sfteveoselectivity toward either tee1 orsn-3
position of trioleoylglycerol. Its activity has aptimum pH (7.9) and can be inhibited by
diisopropylfluorophosphate, ATP, ADP, Kigand NaF (Arrese and Wells 1994). In addition to
its main triglyceride and diglyceride hydrolaseiates, TGL has a significant phospholipase Al
activity (Arrese, Patel et al. 2006) with the alilio hydrolyze the phospholipids of the outer
layer of the LDs. This activity is expected to faate the access of TGL to the core of the LDs
where TG molecules localize. TG hydrolysis necalysaolves the interaction of the lipase
with the lipid droplet. However, TGL does not aclde tight association with the LDs and
experimentally is only found in the cytosol regasdl of the lipolytic conditions (Patel, Soulages
et al. 2005). TGL is constitutively phosphorylatadivo, and its phosphorylation level is
unchanged by AKH, the main lipolytic hormone ofents (Patel, Soulages et al. 2006). But TGL
activity was 2.4-fold higher when assayed agaipgl droplets isolated from AKH-stimulated fat
bodies, suggesting an effect of AKH on the lipidmlets (Patel, Soulages et al. 2005).
Subsequent studies to investigate the AKH-indudeohges in the phosphorylation level of lipid
droplet proteins identified Lsd1 as the major LBasated phosphoprotein (Arrese, Rivera et al.
2008). More importantlyn vitro studies showed that the phosphorylation levelsaflLcorrelated

with TGL activity (Patel, Soulages et al. 2005)eTdctivity of TGL can be directly modulated by



PKA-mediated phosphorylation of Lsd1 (Patel, Soetagt al. 2004). However, the mechanism

by which Lsd1 phosphorylaiton activates TGL is umkn.

As mentioned above, LDs play an active role inrtlease of stored fatty acids. The lipid droplet
surface, composed by phospholipids and proteipsesents a barrier for the hydrolysis of TG,
which resides in the core of the particle ((PeBelilages et al. 2005). However, in the presence

of the proper stimuli changes on the surface ofife droplet ensure a rapid hydrolysis of TG.

Only few proteins have shown a strong preferen@ssociate with LDs in animal cells. This
small set of proteins were grouped under the PAfil§ja(Pfam 03036) (Lu, Gruia-Gray et al.
2001, Miura, Gan et al. 2002) and comprises prstsirch as Perilipin, TIP47 and ADRP, in
vertebrates, and lipid storage droplet protein-d @) Lsdl and Lsd2, in insects. These proteins
share sequence similarity in the N-terminal regsoregion called the PAT domain. These
proteins do not have a known enzymatic activity,dsusuggested by studies in vertebrates
(Brasaemle 2007, Ducharme and Bickel 2008) anddadts ((Patel, Soulages et al. 2005, Bickel,
Tansey et al. 2009, Beller, Thomas et al. 201@) fflay a major role in the degradation of TG
and its regulation. Since the PAT domain is notinexgl for targeting Perilipin and ADRP to the
LDs its role remains uncertain (Garcia, SekowsldleP003, Nakamura and Fujimoto 2003).
Perilipin is the best characterized lipid dropledtpin so far and is a critical regulator of lipsity

in vertebrate adipocytes. Depending on its phosgpéion level, Perilipin can prevent or
stimulate triglyceride hydrolysis (Brasaemle 200#)e insect genomes encode two proteins of
the PAT family (Bickel, Tansey et al. 2009), Lsdidd_sd2. Insect PAT proteins also localize in
LDs (Miura, Gan et al. 2002, Teixeira, Rabouillakt2003), but the overall sequence similarity

with the vertebrate family members is very low.

In Manduca Lsd proteins are particularly abundant in LDs fribva fat body of adult insects.

Although both proteins are found in LDs from adattbody, Lsd1 is the predominant Lsd



protein (Arrese, Mirza et al. 2008). Previous stsdiave linked the expression levels (Arrese,
Mirza et al. 2008) and the phosphorylation (P&eljlages et al. 2005, Arrese, Rivera et al. 2008)
of Lsd1 with the ability oM.sexta fat body to hydrolyze TG and mobilize FA. The tisla
abundance of Lsd1 in LDs from adult insects, aspamed to LDs of larval fat body and ovaries,

is consistent with the physiological state of adchdects, which are mobilizing fatty acids from

the fat body to the ovaries. Moreover, adult ins@ce also mobilizing and oxidizing FA to

support basal metabolism since these insects ateninout food. Similarly, the low levels of

Lsd1 in LDs from larval fat body or from ovarie®also consistent with the notion that these

tissues are accumulating rather than mobilizinty fatids.

Lsdl is the main target of the phosphorylation adedriggered by AKH in thlanduca sexta

fat body of adult insects. AKH is produced by tloepora cardiac (Gade, Hoffmann et al. 1997,
Gade and Auerswald 2003). During energy demandioggsses like flight and reproduction,
AKH is secreted into hemolymph, which elicits acgdgon-like action mediated by a G-protein-
coupled receptor that activates both inositol phatgpand cAMP signaling responses (Gade,
Hoffmann et al. 1997, Van der Horst, Van Marrevgjlal. 2001, Staubli, Jorgensen et al. 2002).
Studies in the locust fat body showed that cAMPl@n@&" are involved in mediating the action
of AKH mobilizing lipids (Lum and Chino 1990). Irdalt M. Sexta the lipolytic response
induced by AKH is associated with a rapid activatd cCAMP-dependent protein kinase A
(PKA) and sustained increase in calcium influx s, Flowers et al. 1999). The lipolytic
response in insects seems to be mainly contrdiiledigh reversible phosphorylation
/dephosphorylation reactions. The brief signalgdarction of AKH on lipid mobilization is
illustrated in Fig 3. AKH binding triggers activati of the adenylate cyclase (AC) and
concomitant increase in the cAMP concentratiorofedld by PKA activation. PKA
phosphorylates Lsdp-1 (Step 1). Phosphorylatidosdfl. enhances binding of the lipase to the

surface of the lipid droplet and/or its catalytatiaty (Step 2). Lipid droplet bound lipase



catalyzes the hydrolysis of phospholipid (Stepl@vang the access of TG to the lipid surface
(Step 4) and its subsequent hydrolysis also catdlpy the lipase. The lipolytic process ends by
release of the lipase from the lipid surface. T@ksinot bind tightly to the lipid droplets, even
under conditions of high lipolysis. Additional bingd of the lipase to the lipid droplet would be
prevented by dephosphorylation of Lsd1 mediated pyotein phosphatase (PP) (Step 5). Thus,
PKA phosphorylaiton of Lsd1, activates the lipasd kpids are mobilized from the fat body as
sn-1,2-diacylglyceride (DG) (Beenakkers, Van der Hetsal. 1985, Arrese, Rojas-Rivas et al.
1996, Gade, Hoffmann et al. 1997). In circulatid is carried by lipophorin, the insect
lipoprotein, for delivery to tissues (e.g., thglfit muscle) and ovaries, where it is hydrolyzed to
fatty acids by a membrane-bound lipophorin-lipdsen and Wells 1989, Van Heusden and Law

1989).

Lipid Droplet

Fig. 3. Current model for the mechanism of AKH indwced lipolysis. AKH binding triggers
activation of the adenylate cyclase (AC) and contamhincrease in the cCAMP concentration
followed by PKA activation. PKA phosphorylates Lst§Step 1). Phosphorylation of Lsdp-1
enhances binding of the lipase to the surfaceeofiflid droplet and/or its catalytic activity (Step
2). Lipid droplet bound lipase catalyzes the hyghia of phospholipid (Step 3) allowing the
access of TG to the lipid surface (step 4) andutssequent hydrolysis also catalyzed by the
lipase. The lipolytic process ends by release @fiffase form the lipid surface. The insect TG-
lipase does not bind tightly to the lipid dropleggen under conditions of high lipolysis.
Additional binding of the lipase to the lipid dreplwould be prevented by dephosphorylation of
Lsdp-1 mediated by a protein phosphatase (PP) $téfC: Phosphatidylcholine; LPC:
lysophosphatidylcholine. Source: (Arrese, Patell .€2006).
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However, the complete sequence of reactions uridgrtiie AKH signaling mechanism has not
been elucidated in any insect system yet. The nmésneby which Lsd1 phosphorylation, alone
or in conjunction with other lipid droplet protejrectivates lipolysis in insects is unknown. The
study of the function of the lipid droplet proteindl provide new insights into the mechanisms
of lipid deposition and mobilization. In this projewe show the purification of recombinant
Lsd1 and its assembly in lipoproteins complexesyelbas investigation the effect bfsLsd1 on

the TGL activity by mutagenesis studies.

As mentioned above, the AKH-induced activationipdlysis is a complex process that involves
not only the activation of the substrate-Lsd1 plhasplation-but also changes in the cytosol.
Most of the AKH lipolytic (~70%) response can be@anted for by changes induced in the lipid
droplets whereas changes in the cytosol are redpersr 30% of the lipolytic response (Patel,
Soulages et al. 2006). The nature of changes inyttosol that includes the activation of TGL
remains to be elucidated. Studies on the lipolytiavity of cytosolic fractions of fat bodies have
shown an AKH-dependent activation of TG hydrolastivey in moth (Arrese and Wells 1997),
beetle (Auerswald, Siegert et al. 2005) and lo¢serswald and Gade 2006). However, the
lipolytic activation was modest and the mechani$isugh activation that seems to be

independent of TGL phosphorylation is unknown (R&eulages et al. 2004).

A single AKH peptide is responsible for the molalion of glycogen and lipids M. sexta

(Ziegler, Eckart et al. 1990). However, the effeicAKH on the mobilization of energy reserves

is dependent on the developmental stages. In latagke, AKH activates glycogenolysis whereas
stimulates lipolysis in adult insects (Ziegler 1R9herefore differences in TGL expression

could also be part of the regulation of lipolysispecially during developmental stageMin

sexta. Both the fat body TG hydrolase activity and exgren of TGL duringV. sexta

development have been studied recently (Arrese,arwt al. 2010). Lipase activity increases as

larva grow to the last instar and, then, decresasnimal levels during pupa stage. Lipase



activity is progressively restored in adult insaetgching maximum values at this stage as
showed in Fig 4 (Arrese, Howard et al. 2010). TGpression amount detected by Western Blot
showed a good correlation with the lipase actimigasured in the same samplés@r95) which

reaffirmed thatM. sexta TGL is the main fat body lipase.
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Fig 4. Fat body lipase activity during developmentAbbreviations: HC, head capsules; W,
wanderer; P, pupa; and A, adult (males). Sourcaegk, Howard et al. 2010)

However, it is known that during physiological nfaeding periods, such as HC (the molt from
4th to 5th instar) and wander stage, the insectsilim® the TG reserves to support the energy
requirements as judged by the moderate incredgacdtoncentration in the hemolymph

(Ziegler, Willingham et al. 1995). During the feediphase of the"4and %' instar larvae

the lipid level remained largely unchanged (<2 niy/mhereas it was nearly doubled in the molt
from 4" to 5". And there was a pronounced increase (from abtwn2arly 10 mg/ml) in
wandering larvae (Fig 5) (Ziegler, Willingham et #995). Interestingly, the non-feeding larval
periods, i.e., head capsule slippage of the lasalanolt (4" to 5", late fifth, and wanderers,

were not accompanied by an increase in fat bodgémctivity. This observation is not consistent

with the increase of the lipid level in the hemopmmsuggesting that an additional lipase could be

present in the fat body &f.sexta.
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Fig 5. TG-lipase activityand hemolymph lipid concentration during developmen of
Manduca sexta. Source: Ziegler, Willingham et al. 19¢, Arrese, Howard et al. 20)

Additional enzymes magct as TG hydrolase when TGL activity is low durmon-feeding
periods In 2006, Brummer lipase, a homolog of tan ATGL was identified in Drosophil
Brummer overexpression renders lean flies whereas its deleaoised accumulation
triglyceride and therefore obesity fl (Gronke, Mildner et al. 2005\We are interested in tt

functions of ATGL inM. Sexta which is little known compared to TGL.

This project has two parts. Part onto further investigate the role of Lsd1 in the @a&tion of
lipolysis. For this purpose we proposed two spe@ifims: 1) To express, purify and character
recombinaniMsLsdl; 2)To make Lsd1l mutants targeting conserved phospdtiyl sites foin

vitro studies to investigate the role of each phosphtioyiaite on the activity of TG

The second part ohis project was designed to investigthe role of ATGL inManduca sexta
lipolysis. The specific aims were: Clone the full length of ATGL cDNA from thfat body of
M. sexta; 2) Characteriz8sATGL including the study of the developmental exgsien a

MRNA and protein levels.
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CHAPTER Il

EXPERIMENTAL PROCEDURE

Experimental Insects

Manduca sexta eggs were purchased from Carolina Biological sepdNC) and larvae were
reared at 25°C on artificial diet (Bell and Joaclhi@76). At the end of the fourth larval instar the
first sign of the molt was identified by the apeare of head capsule slippage. Typically slipped
head capsule (HC) lasts about 29h and insect®imttidle of this period were used as HC stage.
The initiation of wandering behavior was detectgdhe exposure of the dorsal aorta (Arrese,
Howard et al. 2010). For the experiments using/ethtarvae, Sinstar day 1 larvae (weight
~2.0g) were subjected to starvation for differesrigds of time (6h, 12h, 24h, and 30h). For re-
feeding experiments, after 18h or 24h starvatioa itsects were re-fed for 3h and 6h,
respectively. Adult insects were maintained at raemperature without food. In some cases
adult insects were injected with 13mg of trehal@lsdoefore experiments (Arrese, Rojas-Rivas et
al. 1996). For each time point, 3-5 fat bodies wereled to prepare total RNA and lipid droplet

fractions.
Materials

plEx-1 EK/LIC vector, pET-32 EK/LIC vector, pET-EX/LIC vector, IM-109 competent cells,

NovaBlue GigaSingles competent cells and E. cofid®a 2 cells were purchased from Novagen.
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pPGEM T- Easycloning systenwas from Promega. Insect Gene Juice and anti Swtengpclonal
antibodies were purchased from Novagen. Miniprémvkis from QiagefQiagen Inc., Valencia,
CA). Triton X-100 was from Aldrich. Sf9 cells, Sf-900SFM medium, gel electrophoresis
molecular weight markers and electrophoresis itemsr® from Invitrogen (Carlsbad, CA).
InfinityTM Triglycerides Reagent was from Therm@rif9,10°H(N)]oleoylglycerol was
purchased from Perkin Elmer Life Sciences (BosibA). Fatty acid free bovine serum albumin
(BSA), Kanamycin, and Penicillin were purchaseadrfi®igma Chemicals Co. (St. Louis, MO).
Thin Layer Chromatography (TLC) plates were fromathan. DMPC (1,2-dimyristoyl-sn-
glycero-3-phosphocholine) and DMPG [1,2-Dimyristeyl-glycero-3-phosphorylglycerol (Na+
salt)] were purchased from Sigma. All other cheisiggere of analytical grade. DNA sequencing

was performed by the Core Facility of our departmeing an ABI Model 3700 DNA Analyzer.
Cloning the full length cDNA of MSATGL

Total RNA was isolated from the fat bodies of 58y d ofM. sexta using Trizol reagent
(Invitrogen). From total RNA, mRNA was subsequemsiylated using a NucleoTrap® mRNA
Kit (BD Biosciences). mRNA was reversed transcribsihg the SMARTerTM RACE cDNA
Amplification Kit (BD Biosciences) according to theanufacturer's instructions. The resulting
RACE-Ready cDNA was used as PCR template. 3'-RA@& performed using forward specific
primer 1139F, 5'-CGACTCCGCCAACAGTGGAATAGTCAACTG-®1th reverse primer
provided within the kitThe PCR run began with an initial denaturation ste@4aC for 2
minutes; 30 cycles at 94°C for 30 seconds, 68°Qfieinutes, and a final extension at 68°C for 4
minutes. Two major bands (2800bp and 1300bp) wetaed. After gel-purification from each
band, these products were used as templates reghetdr second PCR by 1212F, 5'-
CTGCCCTACCGAGTGCCCATCGAC -3' with reverse primeoyided within the kit using the
same PCR program. Each reaction yielded one pr¢ti@60bp) that was subsequently cloned

and sequenced. For 5'-RACE the reverse specifiegori352, 5'-
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CTGGCGGCCACCTCGGACCTGTCG-3" and nested primer 6@R,
CTGCAACAAATCTTCCCTGGT-3' were used with the forwgndmers supplied within the kit.
A 700bp product was cloned and sequenced. Théefuth cDNA ofM. sexta ATGL was
amplified from cDNA by PCR using the forward angeaese primers ATGL-1F, 5'-
AAGCAGTGGTATCAACGCAGAGTACGCGGGGGCA-3 and ATGL-2274R'-
CAAATATTCAGTAAGACACAGGTACTCAGTCAGTGGTGTAGCCA-3', rgpectively. The
2400bp PCR product was cloned into the pGEM-T Bésstor and sequenced in both directions
using our departmental Core Facility ABI Model 3T38A Analyzer. The cDNA sequence of

M. sexta ATGL has been deposited into GenBank (Accessionlban AEJ33048.1).

Using sequence information from thlanduca genome a new primer was designed to verify the
existence of a larger transcript. To further inigzge this, we did 3'-RACE PCR using 2266F, 5'-
CGATAGTTTGGCTACACCACTGACTGAG -3' with reverse primprovided within the kit
followed by a nested PCR using 2266F and nesteztseprimer 3830R, 5'-
CTTTCACAACATAAGCCTGTCATAACAATTTAACATCG -3'. A 1600tp product was

obtained and sequenced. The full length sequenkk s#xta ATGL was amplified from cDNA

by PCR using ATGL1’, 5- GGGGCAGTTTCTTCGGTTTCTCTGETGGA -3 with

ATGL3779R, 5'- CCAAACTTCAACAGAGACAGACTCATTGCTG -3tespectively and we
isolated a 3900bp product, which was cloned inlogBEM-T Easy Vector and the sequence was

confirmed in both directions.

Northern blot analysis

Plasmid with 2.4kb full lengtMsATGL insert cloned into pGEM vector was used asptiate to
amplify a 700 bp region by PCR using forward prirder
GTTGGTGTCGCTGTGTGCTTCAAGAAATACGCGCCA-3 and reversemer ATGL-716R-

T7,5-TAATACGACTCACTATAGGCGAGGAACCGCAGCGCGT-3'. The resulting T7
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promoter sequence (underlined) contained produstusad to produce digoxigenin (DIG)
labeled antisense RNA probe bwitro transcription using the DIG RNA labeling kit (SP8)
(Roche). The kit was used according to manufactumestructions. One or two micrograms of
total RNA was loaded in a 1 % agarose / 1.2% fodet®yde gel, and transferred to a nylon
membrane by capillary blotting. The membrane wastat 65°C for 20 min, and then pre-
hybridized in church buffer (0.5M NAPCQ,, 7% SDS, 1mM EDTA, PH 7.0) with 0.5% (w/v)
blocking reagent (Roche) at 68°C for 1h followedhypridization with a final concentration of
100ng/ml ATGL probe in DIG Easy Hyb solution (Roglae 68°C overnight. After washing with
2x SSC (0.3M NaCl, 30mM Sodium citrate), 0.1% SB&/) at RT for 10 min twice followed
by 0.1x SSC, 0.1% SDS at 68°C for 15 min twice, rtteabrane was blocked at RT in blocking
solution [1% blocking reagent in Maleic acid bufférlM Maleic acid, 0.15M NaCl, PH 7.5)]
and then incubated in anti-DIG-AP 1:10000 solutibne membrane was continuously washed
by Maleic acid buffer containing 0.3% Tween-20 befequilibration in detection buffer (0.1M
Tris, 0.1M NacCl, PH 9.5). Alkaline phosphatase\agtiwas detected using CDP-Star
chemiluminescent reagent (Roche) and exposed &y Xiims. The films were scanned using a

ScanMaker i900 (Microtek).

Expression and purification of MSATGL

Plasmid with 2.4kb a full lengtMsATGL insert cloned into pGEM vector was used to hiyp
the coding region of ATGIrom the position corresponding to the first metine to the stop
codon by PCRThe left and right primers were ATGL lic-F~5
GACGACGACAAGATGAACTTGTCGTTCGCCGGTTG-3 and ATGL iR 5'-
GAGGAGAAGCCCGGTTATTCGGCGTAAGTGACGTAGCTAG-3'. The pduct was ligated
into the vector plEx-1 Ek/LIC that contains an Maténal His-Tag and S-Tag coding sequences
and is designed for transient transfection andegmagxpression in Sf9 cells. Sf9 insect cell lige i

a clonal isolate derived from the parer@abdoptera frugiperda cell line. E. coli strain NovaBlue
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GigaSingles cells were transformed with the gerérptasmid for amplificatiorRlasmid DNA
was extracted from isolated colonies using the éidginiprep kit and sequencesf9 cells were
transfected with the plasmid fotsATGL protein expression. Positive transfected celise

confirmed by western bloting.

Sf9 cells (50 ml of culture volume in flask wittdansity of 1-1.3x 10cells/ml) were transfected
with the plIEx1-ATGL plasmid (2.4pg plasmid/ml cuk) dissolved in Insect Gene Juice
according to the manufacturer’s instructions. Sasjon cultures were grown at 28°C with
shaking at 150rpm. Cells contained in 50ml cultueze harvested 24h after transfection and
sedimented by centrifugation. Cells were washe@ émcold PBS and re-suspended in 3ml of
lysis buffer (25 mM sodium phosphate, pH 7.8, cioitg 20% glycerol and 1mM EDTA, 1mM
DTT) followed by sonication (30 times with 1-s bisrat 40% power) (Jenkins, Mancuso et al.
2004). After centrifugation at 16,0009 for 30mirda€ the procedure was repeated with the
pellet. Both supernatants were combined and usgatétein purification. 50ml without
transfected Sf9 cells with the same process waré fag control. Both experimental and control
supernatants were adjusted to 20mM imidazole afch&80NaCl, and combined with 1ml of Ni
resin pre-equilibrated with the buffer (25mM sodiphosphate, 0.5M NaCl, pH 7.8, containing
20% glycerol). The slurry was incubated for 1h 4 4nd centrifuged at 300g for 5min. The
resin was washed with ten bed volumes of same ibcdigaining 20mM imidazole, 40mM
imidazole, 60mM imidazole, respectively. The fuspntein was eluted with 500ul buffer
(200mM imidazole in buffer-25mM sodium phosphat®M NaCl, pH 7.8, containing 20%

glycerol). Fractions were kept on ice in refrigeraand assayed for lipase activity.
Triglyceride (TG) content in Sf9 cells
Sf9 cells were grown in suspension in serum-fre80¥ 11 SFM at 28 °C £ 0.5 °C in non-

humidified, ambient-air incubator with shaking &0Irpm. The cells with a density of 6-8x
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10 cells/ml were seeded into 12-well plates (Cornir@@tar®) for 2ml/well. When the
confluency was >95%, the cell medium was suppleetenith oleic acid (0.86 mM) for 24h
followed by transfection (4pg plasmid/well) usintgéct GeneJuice™ (Novagen/EMD
Biosciences). After 24h cells were collected, rithgdth 500ul cold PBS and lysed with 75ul
buffer (20mM Tris, 50mM NaCl, PH 7.4). Cellular T&®ntent was determined in the lysates by a
colorimetric assay using the Infinity triglycerideagent kit (ThermoTrace Ltd, Mlebourne,
Australia) according to the manufacturer’s protogoiolein was used as standard. Protein
concentration was determined by absorbance speoppsTG content was expressed as nmol

TG / mg protein. Data were statistically analyzethg one-way ANOVA.
Assay for Lipase Activity of purified ATGL

The final assay volume of 0.1 ml contained 85 mjppP®, pH 7.0, 2 mM EDTA, 7.5 mM DTT,
0.22mM [9,102H] Triolein (4mCi/mmol), 2 mM Triton X-100, and ~3@ of purifiedMsATGL
protein. The mixture was incubated at 37°C in aewhath with 200rpm shaking. After 30 min,
the reaction was terminated by the addition of BlOff a mixture of chloroform-methanol-
benzene (2:2.4:1, viviv) and 400f 1 M HCI. Blank reactions did not contain enzym
Radiolabeled lipids from the organic phase wereusdpd by TLC using hexanes:ethyl
ether:formic acid (70:30:3, v/v/v) as developindveat. Regions of the plate corresponding to
TG, DG, monoacylglycerol (MG), and FFA were scraped quantified by liquid scintillation
counting. Enzyme activity was expressed as as ii@dhydrolyzed/min-mg protein or nmol DG

produced/min-mg protein (Arrese, Gazard et al. 2001
MSATGL antibody

A partial clone coding fronthe first methionine to the amino acid 449 waglusegenerate
recombinant protein using the ligation-independsoriing (LIC) system. The amplified product

was ligated into the vector pET-32 EK/LIC afterrigetreated with LIC-qualified T4 DNA
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polymerase. The plasmid (pET-32-ATGL) was thendfarmed into E. coli

strain NovaBlue GigaSingles. The positive clonessve®nfirmed by DNA sequencing.
Recombinant plasmid was used to transform E. codieRa 2 (DE3). Fusion recombinant protein
was purified by Ni affinity chromatography. Tag seqgces were removed by thrombin and the
resulting protein in conjunction with the peptidSHHDALLAYYYLDGENKY conjugated with
Keyhole limpet hemocyanin (KLH) was used to raisgedies in rabbit at Cocalico Biologicals

(Reamstown, PA).

Subcellular fractionation

Fat body tissue was collected after washing awayh#molymph using insect saline containing
sodium bicarbonate 10 mM, HEPES 10 mM, sucrosemili) potassium chloride 40 mM,
sodium chloride 10 mM, calcium chloride 8 mM andgmesium chloride 30 mM at pH 6.5. Fat
bodies from 3-4 insects were pooled and homogenizitda Potter-Elvehjem glass homogenizer
fitted with Teflon pestle, using 3ml of homogeniratbuffer (HB) consisting of 50 mM Tris, pH
7.4, 0.25 M sucrose, 2 mM EDTA, 0.2 mM benzamidit®mg/I leupeptin, 1 mg/l aprotinin,

2 mM dithiothreitol) (Arrese, Howard et al. 2018l steps were carried out on ice. The
homogenate was overlaid with 2ml of HB buffer withsucrose, and subjected to
ultracentrifugation at 100,000 x g for 1 hr in acBman Ti 18 rotor. Three fractions were
collected: fat cake, cytosol and pellet. For ligidplets purification, the fat cake was re-
suspended in HB and sucrose concentration wastadjts 15% (w/v). A layer of 2 ml buffer
without sucrose was laid on top and samples werkifteged in SW40 rotor at 100,000 x g for
1hr. Purified lipid droplets were collected fronettop and re-suspended in HB. Typically lipid
droplets of two insect fat bodies were re-suspelinl@b ml of HB buffer. To isolate the
membrane from the pellet, the pellet sample obtairem the first ultracentrifugation was re-

suspended in 15 ml of HB and re-centrifuged atd@®x g for 1hr. The resulting pellet was
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dissolved in 1ml of HB and centrifuged at 500 »og X5min in order to remove the cell debris

and nuclei. The resulting supernatant was useddeasieémbrane fraction.

Western blotting

For western blotting, 30-44y proteins were separated by SDS-PAGE (4-15%) ramdferred to
nitrocellulose membranes. Immuno-detection wasoperéd using anti-ATGL antibody

(1:20,000 in 7% milk). After incubation of membrangh horseradish peroxidase-conjugated
goat anti-rabbit secondary antibody (1:10,000 iniffk), peroxidase activity was detected using
ECL chemi-luminescence reagents (Amersham Biose&ritiscataway, NJ) and exposed to X-

ray films. The films were scanned using ScanMa®@0i(Microtek).

Real-time quantitative PCR expression analysis

For expression analysis of ATGL transcripts duiiegelopment, total RNA was extracted from
a pool of dissected fat bodies (n = 3) from varistagyes using the Trizol reagent (Invitrogen).
1ug total RNA was reverse transcribed at 25°C forrhaR°C for 30min, followed by 85°C for
5min in a 2@l final volume containing dl of gScript cDNA supermix (Quanta). Real-time
guantitative PCR (gPCR) analysis was performedptidate using the 7500 Real-Time PCR
System from Applied Biosystems. Each reaction mxtontained 0.Qig cDNA template and
0.3uM primers with a 20l final volume using PerfeCTa SYBR Green FastMixy IROX (2x)
(Quanta) according to manufacturer's instructidd$sL specific primers (forward,’5
GGTCCCTCGGCCCGTTCA-‘&and reverse, SFICTTCCCACCATACACCCTCGTGA-3, and
TGL specific primers (forward," ATGAACGATAGTACGGAAAGGAAAAGAGATAGCGA-
3’ and reverse,'S8CCCGCCATATTGATTTATCTTCGACATCCA-3 were used in
corresponding reactions. The simultaneous deteofitime transcript of ribosomal protein S3
(MsrpS3) was performed using primers (forwardf BCAAACTCATTGGAGGTCTGGCCGT-

3, and reverse"ACGAACTTCATGGACTTGGCTCTC-3. The primer concentrations and
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cycling conditions were optimized in preliminarypeximents to avoid saturation. Samples were
incubated in the light-cycler apparatus for anahilenaturation at 95°C for 1 min, followed by
40-45 cycles alternating 95 °C for 2s and 60°CAfss. Quantification of relative gene expression
was performed using thé*%' method (Livak and Schmittgen 2001). Expressioaauh

transcript was normalized with the transcripMsrpS3. At least two independent sets of total

RNA were independently analyzed in triplicate.
Expression and purification of recombinantMsLsd1

Total mMRNA was reverse transcribed using oligo-ai8Fprimer and the cDNAvas used to
amplify the coding region of Lsd1 (ACF24761.1) bR The left and right primers were NLIC-
msLSD1, 5GACGACGACAAGGTGACTCGAAGCCAAAAACCGAACATG-3' and Cisl-lic,
5-GAGGAGAAGCCCGGTCTAGTTCAGCCCGTTGATAGCCGCTA-3'. Theoduct was
ligated into the vector pET-32 Ek/LIC that contaamsN-terminal coding sequence for
thioredoxin followed by His-Tag and S-Tag codingsences. E. coli strain NovaBlue
GigaSingles cells were transformed with the recaoiabiplasmid. Positive clones were
confirmed by DNA sequencing. E. coli Rosetta 2oeikre transformed for protein expression.
Expression of the recombinant protein was inducitd ¥#mM IPTG in 1 liter of suspension
culture. After 4 h, bacteria were collected andenhin 20ml equilibration buffer (50mM
NaHPO,, 150mM NaCl, pH 7.6). The pellet was resuspendezDml Lysis Buffer (50mM
Tris, pH 8.0, 100mM NacCl, 1mM EDTA, 1mM PMSF) comiag 0.125mg/ml lysozyme
and incubated at 4°C for 20min followed by sonmat{3 times with 30-s bursts at 20%
power). The incubation was repeated after the patjpa was adjusted to 0.1% (v/v) Triton
X-100. After adding 180ml Lysis Buffer, the pregon was centrifuged at 10,0009 for
20min.The fusion protein was found in the pelletich was resuspend@&d 50mM NaHPQO,,

150mM NaCl, 10mM MgGlpH 7.4 and incubated with DNAse | at 28 °C for 3ample
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was centrifuged (10,000g, 20min) and the pellet ieasspended in equilibration buffer
containing 10mM DTT. After centrifugation (10,000dy min) the procedure was repeated
for four times. Then the pellet was resuspendé&®®mM Tris, pH 7.6,150 mM NacCl, 2 M
Urea and 10mM DTT. After centrifugation (5000g,r&t) the procedure was repeated for
four times. The final pellet was resuspended in [20fnis, pH 7.6, 150mM NacCl, 3 M Urea
and 10mM DTT. The preparation was centrifuged (50@% min) and the supernatant was

collected. The stock solution was kept in the fezez

Reconstitution of Trx—Lsd1 in lipoprotein particles and thrombin cleavage

DMPC/DMPG liposomes were prepared by adding 146aD86 (m/v) octylglucoside into a
glass vial containing a thin film of DMPC/DMPG (@18g). The vial was vortexed
vigorously for 30s at RT. Then DMPC/DMPG liposome=e mixed with 0.75 mg of fusion
protein (Lsd1) or mutant proteins in 20mM Tris, g, 150mM NacCl, 3 M Urea and 10mM
DTT containing 10mM-mercaptoethanol followed by exhaustive dialysisi® h against
phosphate buffer (50mM MNaPO, pH7.4, 150 mM NacCl, 0.01%-mercaptoethanol), and
another 24 h against phosphate buffer (5SmNMHR®, pH7.4, 15 mM NaCl) at 4°Cleavage

of Trx—Lsd1 was carried out by incubating the enireparation with 1.3 U of thrombin for 3.5 h
at RT followed by dialysis against the second phagp buffer using dialysis membrane with 12—

14 kDa cutoff.

Circular dichroism (CD)

CD spectroscopy was performed with a Jasco-718¢Jaserporation, Tokyo, Japan)
spectropolarimeter using a 0.1 cm path lengthazadl the 195-260 nm range. The spectra were
acquired every 1 nm with a 2 s averaging time pant@and a 1 nm bandpass. Quadruplicates of

the spectra were averaged, corrected for backgr@antismoothed. Protein concentrations were
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determined by UV at 280 nm using extinction coédfits of 52,955 Mcmi* and 37,360 Mcm*

for Trx—Lsd1 and Lsd1, respectively. The mean wesiellipticity (deg crhdmol*) was

calculated from the corresponding number of resicfd rx—Lsd1 and S-tagged-Lsdl. The
secondary structure of Lsd1 was estimated witlptbgram Selcon3 using a 29-protein dataset of

basic spectra (Sreerama, Venyaminov et al. 2000).
Mutagenesis ofMsLsd1

The wild typeMsLsd1-42 coding sequence in the pET30 plasmid cldmeddre was used as
template to do the mutagenesis reactions (~30rgdbwas used for each reactignfe T30

Ek/LIC vector contains N-terminal cleavable His-Taagl S-Tag coding sequences for detection
and purificationAll the mutants were prepared using the QuickchdBg@tagene) kit for site-
directed mutagenesis according to manufacturestauictions. Mutagenesis primers were used to
introduce the desired replacements. Successfultimusavere confirmed by sequencing of
mutated plasmids in both directions using our depamtal Core Facility ABI Model 3730 DNA

Analyzer.
Statistics

Statistical comparisons were made by the studetd'st. p < 0.05 was considered to be

significant.
Other methods

Protein concentrations were determined by the Bradiye-binding assay using bovine serum
albumin as standard (Bradford 1976). SDS-PAGE veafopmed according to Laemmli
(Laemmli 1970) and the proteins were visualizedClbpmassie Brilliant Blue R staining. The
deduced amino acid sequence was obtained usirigatistate tool at ExXPASy

(http://ca.expasy.org/tools/dna.html) (Arrese, Havet al. 2010) and the multiple amino acid
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sequence alignment was done at EXPASYy (http://whivae.uk/Tools/msa/clustalw?2/).

Phosphorylation site prediction was done at ExPAS://www.cbs.dtu.dk/cqgi-bin/nph

webface?jobid=netphos,5057910902D06974&o0pt=rjone
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CHAPTER IlI

RESULTS AND DISCUSSION

Expression and purification of recombinantMsLsd1 in E.coli

In M. sexta, the mobilization of energy reserves is reguldtgdKH. The activity of the main
lipase TGL correlates with the phosphorylation lefehe lipid droplet-associated protein, Lsd1.
AKH-induced lipolysis provokes a rapid phosphorngatof Lsd1, and this event accounts for the

majority of the lipolytic response induced by AKH.

Lsd1 is tightly bound to the lipid droplets. It che only partially dissociated with urea and
detergents. Expression of recombinant Lsd1 (rL&dE) coli was attempted as a mean to
generate sufficient protein for functional studiésinduca sexta Lsd1 was expressed as a fusion
protein with thioredoxin (Trx—Lsd1) using the pEZ-BK/LIC vector that also inserts a His-tag
and an S-tag coding sequence between Trx and Ligd8FA thrombin cleavage site separates

the Trx/His tag from S-tag/Lsd1.

e

thrombin  enterokinase

Fig. 6. Scheme of Trx-Isd1 protein construct inclding the protease cleavage sites for
thrombin and enterokinase.

Expression of Trx—Lsd1 was attaineddncoli strain Rosetta 2. Maximal expression of rTrx—

Lsd1 (60kDa) occurred 4 h after IPTG induction whex-Lsd1 was the major protein of the
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lysate. Trxtsd1 was found in the insoluble fraction of thetbda lysate. Solubilization we
achieved by sonication in the presenclysozymeand detergent as described in meth
Exploiting the insolubiliy of Trx—Lsd1 we removed contaminant proteins by washingéiiet
several times with PBS buffcontaining 2 M urea and 10mM DTT. Then Frsdl was
solubilized in PBS buffecontaining3 M urea and 10mM DT.1This procedure yielded a pt
preparation of Trx—Lsd1Hjg.7A, lane 1). Thrombin cleavage of Tixsdl yielded a sing|
product of 4%Da and the 1 kDa N-terminal domain (Trx—His) (Fig.7A, la2g Fig 7B shows

the purifiedMsLsd1.

Fig. 7. Expression andpurification of recombinant MsLsd1l. SDSPAGE of Tr»-MsLsd1
before and after thrombin cleavage (Lane 1A and&#) purifiecMsLsd1 (Lane 1I).

MsLsd1 reconstituted with phospholipids is stable iraqueous solutiol

In order to be able to characterize L, first of all it is needed to have the protein sdduip an
agueous medium in the absence of denaturant aigéete The protein was stabilized in aque
buffer by binding to lipids. We prepared lipopratgiarticles of Tr—Lsd1 by using th
octylglucosidadialysis method, which is amply used to preparedidal lipoproteins wit
apolipoproteinsJonas, Kezdy et al. 19, Chetty, Arrese et al. 2003). Tiixsd1 in buffer

containing urea andctylglucosidi was incubated with two types of lipi@VPG and DMPC
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and subjected to exhaustive dialysis in phosphaftieib A clear solution of Lsd1 was obtain
after dialysis. The absence of regates was an indication tithsd1bound to lipids and becat
of this the protein was stable inlution . The removal of the Trx—His términal region fron
the fusion protein was obtained by cleavage withrttbin and this step did not affect stability
the lipoprotein complexes. The lipoprotein parsoté Lsd1 and DMPG/DMPC formed a cle
and stale solution in aqueous buffer. Analysis of thetipher size by nondenaturing ¢
electrophoresis indicated that Lsd1/DMPG partitiad an apparent diameter of nm and
Lsd1/DMPC particles had an apparent diameter nm (Fig.8A). The fatdJV CD spectrum of
both Lsd1/DMPG and Lsd1/DMPC showed the typicaluess of the spectra o-helical
proteins confirming that the protein is folded. LAOMPC seems to be less structured 1

Lsd1/DMPG (Fig.8B).

:I',:::

+ Lsd1/DMPG
+ Led1MMBC

i

Fig. 8. Reconstitution ofMsLsd1 with phospholipids (“artificial LDs”). A) Native gels
showing the formation of complexes L-DMPG (Lane 1) and LsdDPMC (Lane 2)B) Far
UV CD spectrum of Lsd1 in lipid complex, CD speatrin phosphate buffe

Alignment of Lsd1 proteins

MsLSD1 protein isa regulator of lipolysis whose activity is modutatey PKA-mediated

phosphorylation as mentionedtheintroduction. A previous study showed there wagect
effect of PKA phosphorylation of Lsd1 on the adinof TGL (Lsd1phosphorylation enhanc
the activity of TGL) Arrese, Rivera et al. 20). However, the mechanism is not known. A

first step to elucidate the mechanism by which fintein activates TGL we wanted to iden
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the conserved elements in Lsd1. To investigateitisue, both the alignment of the dedt
Lsd1 protein sequensdron multiple organismsand phosphorylation site prediction
MsLSD1were performed. s seen in Fig.9%everal conserved Ser and Thr which were prati
phosphorylation sites, in addition a 100% conse“EPENQARP”region was also identifie
The sketch oMsLsd1structure showing key conserved residues andtgte regions ar
illustrated in Fig 10This analysis provide us with the preliminary molecular insight fo

mutagenesis study.

Accession #
Malisd]l ——-— —UT REOKPNMP RLEVUS M7A ATD TWRSET (0T REL VFH TRR SN LYRWY LR GRESLATETOLATPAWIL LRTPTUQILDEF an RIAN9925
Bulsdl -----MIKTNQPAMPHLEVVS PJASIP IVVSGIGUT EFLYFEIRE SNP LFRWSMEL CEKSLA TCLOLANPAVIHLETPINQLDEF 80 NP_D01040143
TcL=dl MTCHOLAFFKPFELNNLESVHELIT TLP IVESGWNFAECT YHE TFE SMN LV WT LOQAES SLOTCVETALPT LALFETPISSIDEL 85 XP_275305.1
AmLzdl MAFR- THVFPRHESD LPQFESVVRISSLP IIENCIHLAGU YD EIFRENS LAGWE LY TAEQ SFATATASAFPATHALNCPITTIDOL 384 XP_ 332376

MvLsdl MAFPPIIFFPHTTDLHL IVESSIVIARVYERIFRSNS LACWGLD TAEHSLAMATATA TPAMVALNL PIMTLDYL 35 )@:301635815
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Fig.9. ClustalW Alignment of Lsd1 deduced amino acid sagence:. M. sexta, Ms; B.mori, Bm;
Triboliumc., Tc; Apis mel, Am; Nasonia v., Nv; Aedes aegypti, Ae; Culex pipiens, Cp; Anopheles
gambiae, Ag; Drosophila mel, Dm. The conserved amino acids are colored with gr

116 127 199 242 254
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Fig.10. Sketch oMsLsd1-42 structure showing key caserved residues and structure
regions.The figure shows the locations of conserved phosdiion sites presented MsLsd1.
They are within the-helix. It also shows the key conserved sequenc&KEFARP) located i
the random coil. a-helix, —= B-sheets,—— random coil

26



The following mutants: triple mutant S116D/S127D39E; double mutant S242D/T254E; and
“EPENQARP” deletion mutant were prepared by siteated mutagenesis as part of this project.
Site directed mutagenesis was performed as indi¢ati®laterials and Methods. The mutations
were confirmed by DNA sequencing. Wild-type and atedl Lsd1s were expressed, purified and
reconstituted in lipoprotein particles using DMP®e effect of these mutations on the lipase
activity will be testedn vitro. At this time, some of these experiments are agprss and
preliminary results obtained by Zengying Wu indécttat the conserved “EPENQARP” region
may have inhibitory activity to TGL. Moreover, thigple mutant mimicking the phosphorylated

Lsd1 showed an increase in the lipase activity.
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The second part of this project is to investighterole of Adipose triglyceride lipase (ATGL) in
the hydrolysis of TG stores M.sexta. ATGL is an evolutionary conserved lipase thateyog

the mobilization of fatty acids in human adiposstie in conjunction with HSL. The importance
of ATGL in insects was shown Drosophila where the loss of Brummer lipase (ATGL
homolog) causes accumulation of TG, whereas its-expression renders lean flies. To begin

the study, we attempted to clone, express androatdibodies again8isATGL.

Cloning and analysis ofMSATGL cDNA sequence

A previous study conducted by Jorge Zamora indbeof Dr. Michael Wells' lab afniversity of
Arizonaled to the identification of a partial cloneMfnduca Sexta ATGL. Our lab had access to
such material and that clone was used to genensitiodies as explained below. Moreover that
sequence was also used to design gene specifiensrim perform RACE experiments to clone
the full length ofMsATGL cDNA using cDNA synthesized from fat body mRNEhe 3'- RACE
reactions produced two major products, ~2800 af®®h3 that were purified and used for a
second round of PCR performed with nested primeiadicated in methods. These PCR
reactions resulted in same length products ~13@@tpvere cloned into the pGEM vector and
sequenced. On the other hand, 5’- RACE amplifipdoaluct of ~700bp, which was sequenced.
These studies provided MsATGL cDNA sequence of 2.4 kb which was cloned. Tuiklength
coding sequence encodes for a 550-amino acid probeitaining a patatin-like domain (Fig. 11)
which is a key signature of ATGL enzymes isolatexif other organisms. The sequence has an
open reading frame (ORF) of 1646 bp (positions 2882) coding a 550 amino acid protein
(ATGL) with a theoretical molecular weight of 64 &QFig. 11). The 3’ non-coding region of

MSATGL consists of ~470 nucleotides including a pAalyfail of 25 residues.
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Fig. 11 M.sexta. cDNA coding region nucleotid« (246—1892)s shown above the
deducedamino acid sequences —550).The amino acid sequences underlined represenirt-
like phospholipase domain. The consensus lipasdytiatmotif is highlighted in gray

A comparison of the deducMsATGL protein sequence ti the sequences of other putat
insect ATGLs shows sigficant conservation (~50% amino acid identity) aBécddentity to
B.mori (Fig. 19. The conservation is particularly high i-terminal region whera potential
functional domain is found: the-terminal region that contains the Patdtike- phospholipas
domain in which the lipase consensus sequence (&Y{$¥ntaining the active site serine
located. We also did the amino acid sequence akghimetweelIMsSATGL and vertebrat
ATGLs (TTS-2.2, GS2adiponutrin in human and desnutrin in m (data not showt. The result

showed only ~30% amino acid identity. However,lthase catalytic motif is still conserwv
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M=ATGL MNLSFAGCGFLGIYHVGVAVCEFEKTAPHLLLGKISEASFGRLSACCLLCDLP IGEITTIV 60
B MELSFAGCGPLG INHVCVAVCEFEKYAPHLLLGE [SIGASE SACCLLCILPIGEITSDV 60
Hv MNLSFAGCGFLG IYHVGVAVCEFEKYAPHLLLEK [SGASAGRTAACCLLCDLPLCEMTSKL 60
Te MNLSFASCGFLG INHVGVACCF REEAPHLLLNK [SEASAGR IAACCLLLILPLGETTSDI 60
Aa MHLSFAGCGFLG IYHVGVAVCEKKTAPHLLLHR ISGASAGELAACCLLCDMPLGEMTSDE b0
D MNT, SFASCGEFLE TYHVGVAVCFKEYAPHLLL FK TEEASAGCRTLAACCLLOILPLESMTSDF A0

MaATCL |LRVVREARAGSLGIPSDSFN ICNVLLEGMOEYLIMLDAHK IVSGFLHISLIRVYCGENYMY 120

Em LEVVREARSGSLGPFSFSFNIQNVLLEGMEEYLPEDAHK IVSGRLHISLTRVIDGENYIV 140
LT LALARFARORALGPFSPSFUVOEVLLESLOKFL P EDAHL FVSEELHISLTRVYDGKNV IV 120
Tc LEVATEAFRRSLGPEFNESEFNIESLLLEGLEFFLPPDAHIEVSGELHISLIRVHDGENY IV 120
Aa FRVVNEARSHSLGPFSFRFN IOTCLLEGLOKFLEPOAHERVNGILHISLTRVYDGENY IV 120
D FRVVNEARRYILAFFIFIFNIQTCLLESL CFHLFPDAHKEVNORLHISLTRVICORKNYII 120
shp, REE g AAEE R kg kAR ok Rk RRE R b RAREEREE, EREd g

MsATGL |SEFFTREILLOALLASCEFVPYFSGLLFPRIEGIRYMDGGFSDNLEFVLDENTITVSFFCGE 180

Bm SEFPTREILLOAVMA SCFVPVFSGLLPPRFEGT R TMDGEFSDVLEVLOENTITVSPFCGE 180
Hv SOYNIREILL GALLASSFIPLECOLLFFRFEGIRTMDOSFIDNLFTLDENTITVIFFCOE 180
Te SOPDSREELIQALLATAFIP IFSGIIPPKFKGVRAYMDGSYSDNLETLDENTITVSPFCGE LED
Aa SOFNSREILLOALLCACFITVESGLLITRPEGVRIMDGAFSDNLITLDENTVTVSPFCGE 180
Dm SEFESREEVLOALLCACFIPGFSGILPPRFRGVRYMDGAFSDNLE ILDENTITVSPFCGE 1EBOD
I T e T e

M=ATGL |SDICPRILSSOLFHYNLANTS IELSECHMERFARILFPPEPEVLENMCECOGFDDALRFLH 240

B 3D ICPRILAIZLEFHVNLANTS IELIKCNHMNFFAR ILFFFEFEVL2NMCKCOF PCALRFLH 240
Hv SDICPRDEFSSOLEHVNLANTS IELSRCNMYEFARITFPPNPEILENMCECGFDDALRFLN 240
Te SDICPRIDSSOLFHINIANTS IRLSEANIYRIMRILFPPNPEVLENMCNOGFPDALRTLH 240
Aa SDICPRPNSSOQMFHVNWANTS IELSRONMENFFGRILFPPRPELILESFCQUGF PDALNFLH 240

m SNTCPRDG FHLNMANTS TETSRONTURFVR ITFPPRPEFLSKFC QOGP IDATLOFTH 240

MaATCL |RNNLISCTRCLAVOSTEQLOIV-——--LDDTTYDY¥PIDC--—-EECKIHRQDALVDDLIDTV 203
Bm RNNLISCTRCLAVOSTEFCLODY-—--LDDTTYDYDPDC---EECKTHRODALVEDLPDTV 293
v RNNLINCNRCLAVOSTFVVEET-——--LEESAARYPFDC--—VECFMHRQEALVANLPETV 103
Tc ENNLINCTRCLAVQSTEVVSDT-=-~LEEN-LEYPFQC--~KECKOHRQEALVENMFDPTY 192
Aa RNNLISCTRCLSVOSTFSLADOPTOLEDOLLEEYDFECSECKECKEHRONALDGSMZDTV 300
D RENLINCERCYVAVOQITEVVIET — -~ VAQFQEFPFEC- - —RECKKHREDALISNMPQTV 192
Hhdkk o hkg kR kA o g spthgk TR T L e

M3ATGL |MTIFQNAIDSANSGLYNWVMRQFRAMRYLTLMILFPYRVFE LD IMYATFTEFVICTFEMSESL 353

Bm MTTFONL TNSAUNG TV N MEQRA VR YL NLT TS YRVE T 1 TMY A TR T - ——— == —— == —— 241

v MMIFQPAIDSANKGLYNWLE KERSVELLSLLSLE Y ILFADVVYATETET ISNAFFLORGL 3353

Te LSIFOEAIDSANNGLL NWVF KERGMELLSVLSLE YTLPADMMYATFTKLMARAFOVGETY 352

Aa LTVFOTY IEEANKGLMNWVEF RERGARLL KALSLOATLIAD IMVATLS FLLVATTI TIGCSCL 360

Dm LDVIODY IEQANKGLANWIF KERG [FLL---SLPATVPMIFLLATISKISALTFELTRECA 349
T T kb gk k. kg ad

Fig.12 Multiple alignment of five insect ATGL deducec amino acidsequence. MS (M. sexta,
AEJ33048.1), BmHE. mori, NP 001165929.1), N\Nasonia vitripennis , XP 001602845.1 Tc
(Tribolium castaneous, XP 970721.2), AaAedes aegypti, ABL75463.1)and DmDrosophila
melanogaster, NP 001163445.1 The lipase catalytic motif is framed.

Northern Blot analysis: MSATGL has two transcripts

Northern blot analysis dfISATGL using poly (A) -RNA extracted from fat body of, adult

male detected a major band corresponding to adrighef 40 kb and aveak banc

corresponding to transcripts of 2.4 kb, respecfiElg. 13A).

Fig. 13. Northern blot of Manduca sexta RNA. A) PolyA-RNA extracted from tf fat body of
2-day adult male insects; B) Total RNA from the fatlp of larva (L), adult male (-M), adult
female (AF) and ovaries (Ov). RNA was probed with a (kb DIG labeled an-sense RNA
probe.
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More recently we had information from tManduca genome project and we were able
identify in the lab the gene corresponding to A1(Fig.14). This gene h&sexons and 8 intron
After transcription and splicing, the mature mRNAsdtwo differenlengths(2.4 and 3.9 Kb)
due to the alternative polyadenrtion. Both transcripts are translated i6#KDe ATGL Protein.
The average length of intron~3000 bp. Thelrosophila ATGL gene GGene ID: 3961) has two
transcripts: variant A (8 exons) ¢ variant B (7 exons, exon #7 is missing comparedat@nt A).
The length of first intron i~6900 bp while the left introns are ~100 bp. Mause ATGL gene
(Gene ID: 66853also has two transcripts: variant 1 (9 exons) ardchat 2 (8 exons, exon #6
missing compared to variant 1). The first intro~1800 bp while the left introns a~150 bp.
Thehuman ATGL gene Gene ID 57104)has only one transcript (10 exons) ahe average

length of intron is 500 bp.

Introns

Exon¢ Exon 8 Exon 9

Exon2 Exon4 7 Exon3

Transcription
and splicing
AAUAAA
2.4kb mRINA = == e  PolyA
Y T | b
i Translateinto - L
~ = , s ;
= G4LD protein ' =
= ! > 3
AATAAA
3.9kb mRINA = = — ' PolyA
! T
o Translateinto |,:1 w
= 3 otei & i
a 641D protein - g

ALY

Fig.14. Sketch oM sSATGL gene.There are 9 exons and 8 introngteh transcription an
splicing, the mature mRNAs have two differlengthsdue to the alternative polyadertion
which is later translateidto 64KDa ATGL Protein.

To further investigate this, the terminal regiofi2 @ kb sequnce together with thManduca
Sexta genome sequence were used to design-specific primers as described in methods
RACE PCR. The 3RACE amplified a single product of ~1600bp, whichswsequenced. On t

other hand, for 5&nd the same sequence as 2.4kb cDNA was obtaihedeBtues provided
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anMsATGL cDNA sequence of 3.9 kiThe 2.4 kb cDNA is totally included in the 3.9 kbNB,
which is 1620 bp longer ithe 3’-non coding region including a poly(A) tail of 3Gsrgues
Therefore, they have the same coding region whatstatsto a 550 amino acid protein wia
theoretical molecular weight of 64 k (Fig. 11). The presence of two different transcri
encoding the same proteanticipates complex mechanismsthe functions anregulations of
ATGL. We were able to clone and uence cDNA corresponding to these two transc
Characterization of MSATGL: ATGL is a lipase

RecombinatMsATGL was expressed in Sf9 insect cells that weewipusly incubated wit
optimal amount of oleic acid to induce an accumaiadf cellular trglycerides. For this purpos
cell medium was supplemented oleic acid for 24brito thetransfection. The success
transfection was confirmed by western k(Fig. 15A). The oveexpressed Sf9 cells showa
significantlylower content of cellular Tthan in control suggestirthat recombinant ATGI
exhibitslipase activity against triglycerides (F15B).
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Fig.15. Expression and partial Characterization ofMSATGL in Sf9 cells. MsATGL was
ligated into plEx1 Ek/LIC vector that contains-term Hisstagand Setag coding sequences
used to transfect Sf9 cells) Homogenates of transfected (T) Sf9 cells and cb@pcells
(30ug/lane) were separated by -PAGE, transferred to nitrocellulose, and probedhaint-
ATGL antibody. Immunaeactive bandwere visualized by probing the blot with an -rabbit
Ig G horseradish peroxidase conjugate followeddagtion with ECL reagentB) Effect of
MSATGL expression on the TG content of Sf9 cells.&Date expressed as me + SE f = 4-5).
Statistical comparisons were madet-Student test. Data that are expressed as 1 + SEM
(n=4).
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Recombinant ATGL expressed in Sf9 cells was putifig Ni-affinity (Fig. 16. In vitro analysis
of the lipase activity of the purified protewas studied using artificial substra Fig. 16 shows
the changes in lipase activity normalized by protantent nmol product/miamg of protein).
The DGproducing activity wasignificantlyhigher (P < 0.05) than MG. This suggests
ATGL has higher TGthan DC- hydrolase activity. In other words, the main pradafcT G

hydrolysis catalyzed by ATGL is diacylglycerol (D(

A Kba ] 1 3 |
8.
LY -
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Fig.16.Expression, Purification and partial Characterization of MSATGL in Sf9 cells
MsATGL was ligated into plE-1 Ek/LIC vector that contains Mrm Hisetag and Setag codil
sequences and used to transfect Sf9 (A) Purification of recombinant ATGL in Sf9 cells |
Ni-affinity chromatography. The soluble fraction fréxGL ovel-expresed Sf9 cells wa
bound to Ni resin. Recombinant ATGL F-tagged protein was eluted by a gradient of imida
in lysis buffer (lane220mM imidazole; lane-40mM imidazole; lane 80mM imidazole ani
lane 4-200mM imidazole). The fractions ({i&lane) weriloaded for western blot analysis us
anti-ATGL polyclonal antibodyB) Affinity- purified recombinant ATGL catalyzes 1
hydrolysis to form Diolein (DG). 50ul sample framts (~30ug protein) were examined lipase
activity against an emulsion c®H-triolein] and Triton X100. Products of TG hydrolysis we
separated by TLC. Data that are expressed as + SEM ( = 4).

Subcellular localizationof MSATGL

A polypeptidefrom the firs methionine to the amino acid 449MEAT GL was generated |
E.coli andused to generate antibodies in rabbits as indidatathterials and Method Figl17
panel A shows the SDBAGE of the purified fusion ATGL (larl, 65KD) and the resultin
partial cleavagef fusion ATGLwith thrombin (lane 2, 53KD).&hel B shows the Western B

analysis using the andiTGL antibody generated in rabbi
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Fig.17. Purification of recombinant M. sexta ATGL and antibody production. rATGL was
expressed if.coli as a fusion protein and purified from the bactbsate by standar
procedures. Fusion ATGlvas separated by SOFAGE, transferred to nitrocellulose, and pro
with antiserumLane 1 Fusion ATGL; Lane 2 partial cleavagef fusion ATGL. A) SDS-PAGE;
B) Western Blot

The subcellular distribution (MSATGL amongcytosolic, lipid droplet, and membre fractions
of fat body cells wasvestigated bimmunoblotting using an ankit. sexta ATGL antibody. Fig.

18 shows ATGL isnostly associated to the lipid droplet fractiorttaé cell..

0

A B
LARVA ADULT ADULT FEMALE

yt Mem LD Cyt Mem FB Ovary

Fig. 18 Western analysis of the expression and s-cellular distribution of ATGL in

M .sexta fat body. Lipid droplets (LD), cytosol (Cyt) and membrane (kiefractions wert
separated by SDSAGE, transferred to nitrocellulose membrane andedowith an-ATGL
antibody. A) and Bpamples from larva and adult fat bo(; C) LD isolated from fat body ar
ovaries from female insec

64 kDa —

41 kDa —

30 kDa —

Expression of ATGL during developmen

To gain insights into the role of ATGL on TG mobdtion, developmental changes in the le
of its transcripto that of rpS3 (controwere quantified by RT-PCRhich was carried out ¢
described in methodgS3 is a highly conserved protein compo of the small ribosome
subunit Jiang, Wang et al. 19, Lyamouri, Enerly et al. 2002)anduca rpS3 has bee

previously used as control in studies dealing iattbody expression of protei(Jiang, Wang et
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al. 1999,Yu and Kanost 19¢, Arrese, Mirza et al. 2008). RT-PCR an&ythroughou
development revealed that the transcript is presieall developmental stages, larvae, wan
and adults (Fig 19AMSATGL transcription is u-regulated during the physiological r-feeding
periods of the larval stages (Iland W). High leels of expression are also observed in the i
male and female insects which are also-feeding periods (M and F). The levels decre:
significantly in feeding larvae (D1, D2, and DMsATGL transcript was also detected fem
ovary, where the levés in the same range as wander st:

The expression of ATGL protein in different devatmmtal stages (M. sexta was investigate
by immunodetection using a-ATGL antibody. The lipid droplstisolated from fat bodwere
directly separated by SDIBAGE, transferred to the membrane amlyzed by western blottin
As seen in Fig. 19BVISATGL (64 KD) is up-regulated during the néeeding periods (H, W3
M and F)together with female ova. More bands (such as 41 KD and 30 KD) were deteaant
larvae stages from HC to W1. Interestithe transcriptiorof ATGL mRNA correlates with th
appearance of the 64 KDa AT(proteinfor the most part (HC, D5, W1, W3, M and F). 1
smaller bands identé#d by anti ATGL antibody (41 KDa and 30 KCcould originatefrom
cleavage of thé4KDa protein. This observation is in agreemenhilie fact that no transcri
was detected by Northern blot. Moreover the cleawdg4 KD ATGL seems to be increase«

the feeding period of thé"Snstar larva.
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Fig. 19. Changes oMsATGL during development: A) mRNA levels. Total RNA wa
extracted from fat bodies and subjected tc-time PCR. Results show the means of indeper
triplicate samples+ SD, normalized inst ribosomal protein S3; B) Protein levels by Yées
Blot of lipid droplets and fat bodies and ovary.bdviations: HC, head capsules; D1,D2,
larva day 1, day 2 and dayb, respectively; W, waerdelay 1 and 3: M and F , adult male
female day 2-3; O, ovary.

Major behavioral and metabolic differences distisguhe larval and adult stagesM. sexta.
Among those differences is the fact that larvaeceastantly and accumulate lipid reserves ir
fat body, whereas adult insects consumeipid stores to support the energy demand s imp
by reproduction and flight. Since HC, wander andliastages need to mobilize TG stored in
fat bodiesjt makes sense that ATGL transcript and expressieruj-regulated while in feedir-
larvae stages it is degraded. Because ATGL istip@itant lipid droplets associated lipast
hydrolyze TG for energy supplying. However, theldiical significance cthis specific
degradation is unknown. Perhaps these proccould play an important rolduring larvae
stagesin fact, ATGL degradations were also observed dutlire transfection studies in Sf9 ce

(Fig. 20 when the Sf9 cells were transfected foh, ATGL was significantly degrade

compared with the transfection of 24h). More wakains to be done in order to solve the iss
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Fig.20.Western blot analysis of expression t(MsATGL in Sf9 cells. MSATGL was ligatec
into pIEx-L Ek/LIC vector tht contains Nterm Hisstag and Setag coding sequences and us
transfect Sf9 cells. Homogenate of transfectedc8i8 (30 g/lane) was separated by -PAGE,
transferred to nitrocellulose, and probed with-ATGL antibody. Lane 1: transfection for ;
Lane 2: transfection for 4¢
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As introduction chapter mentioned, the concentradiblipid in the hemolymph was nearly
doubled in the molt from 4th to 5th instar and ¢hess a pronounced increase (Fig.5) in
wandering larvae and prepupae, which were not stargiwith the main lipase TGL activity
pattern (TGL activity is lower during the molt frofith to 5th instar, wandering larvae and
prepupae stages). Here we investigate the trgtdeviel of ATGL during development which
shows the similar pattern to the hemolymph lipideantration (Fig.21). This suggests that

ATGL does play a critical role during the physiala non-feeding periods of the larval stages

(HC and W).
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Fig. 21. Changes of hemolymph lipid concentration ith MSATGL and TGL expression
during development ofManduca sexta. Results for mRNA levels of ATGL and TGL show the
means of independent triplicate samples, normakzanst ribosomal protein S3. Data
assembled from: (Ziegler, Willingham et al. 1996pler and Nijhout 2010)

To infer the biological function of ATGL from itdhanges during development, its level of
MRNA was compared with the expression of TGL. Txgression of TGL mRNA was higher

than that of ATGL at all times during developméfigg(22), but for the wander stages especially

at W3.
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Fig.22. Ratio between mRNA levels of ATGL and TGlduring developmen. Values are the
ratio of average values for the expression of AT&ad TGL in the fat body

Effect of starvation and re-feeding onATGL expression in the fat body of insects at th
larval stages

Given the very low abundance of ATGL under feedingditions and increased levels during
physiological norfeeding periods we investigated into more detaldffect of starvation in e
feeding larvae insects""®1 larvae were subjected to starvation for difféeriods of time (6t
12h, 24h, and 30h) andJels oftranscripts and proteirassociated with the lipid droplets we
determined. Botlevels of ATGLtranscripts and proteins were dramaticaityregulated by
starvation in a timelependent mann. For 6h starvation the transcrifptereased to 7 fold
compared td1 and D2 control while it becama0 fold when starved for 30h (F23A).
Quantification analysisf protein lexel in Fig. 2 shows that the amount of large form increz
to ~8 fold compared to Daftel 30h starvation. These observations indith#ét the expression
ATGL is highly sensitive t the nutritional status of inseasd may play a key role unc
starvation conditions during larval stagThis conclusion was confirmed by-feeding
experimentsAs we can see in Fig3D, 18h starved larvae werefed for 3h and 6 the level of
ATGL mRNA dropped significantly after -feeding for 3h. The degradation of ATGL w

observed at 3h rieeding using 24h starved larvae, ahe levels of ATGLproteindropped
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dramatically after réeedingfor 6h (Fig.23F) The levels of ATGL mRNA from both male a
female adult were also invigated. We mimicked the adult feeding by injecting trehalos
because theywere maintained at room temperature without which was in a starvation stati
Fig 23E shows thdévels of ATGL were dramaticalldown-regulated (* fold) after injection of
trahelose for 24 regardless of the sex of the inse

Moreover the expression of ATGproteincorrelates with the appearance of 4.0 kb transcript
rather than 2.4 kb transcriby Northern blot analysis (Fig. 23BJJhe biological significance ¢

this observation is unknow
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Fig.23 Expression of ATGL during starvation and re-feeding. A) mRNA measured by R™-
PCR; B) Northern analysis of total RNA; C) and D) Western blot analysis of LD fractions
Larvae from & instar day 1 were subjected to starvation for diffepgriods of times. Eac
condition had 3 insects pooled together for total RNA extractow fat body homogenatse
0.01ug cDNA was used for each -PCR reaction. j2g total RNA was loaded for northe
blotting. 40ug protein from LD fraction was loaded for westelotk

Likewise the effect of starvation o"-instar larveon the levels of TGL mRNA was investiga
(Fig.24). The expression (TGL wassignificantly increased after 12, 24 and 30h ofvation.
During prolonged starvation (>6h) TGL levels argh@r than ATGL. However, during sh-

term starvation (6h) the transcription of ATGL whamatially induced, whereas the express

of TGL was decreased, such that ATGL and TGL mRBMels becorr equally abundant. Tt
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differences in ATGL levels observed between feedind no-feeding periods of larval stai
were not observed for TGL suggesting a specifie alATGL in lipid mobilization unde

starvation conditions and the two lipaseem to beontrolled by independent mechanis
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Fig.24. Ratio between mRNA levels of ATGL and TGLduring starvation. Values are th
ratio of average values for the expression of AT&ad TGL in the fat body

According toTobler and Nijhot (Tobler and Nijhout 2010nutrient deprivation affected glucc
concentration in hemolymph and the effect also dépé on the ming of the starvation. Gluco:
levels declined precipitously soon after the anihad been deprived of food and gluc
concentration had become almost undetectable 24testarvation (Fig5). This decrease i
hemolymph glucose appeared to trigger the secrefiédiKH from the corpora cadiaca whi
activated fat body glycogen phosphoryleProbably because of the activited glycog
phosphorylase, the hemolymph trehalose level sthiygd(A Gies, T FrommR Zieglel 1988).
But duringprolonged starvation (>6, both the transcript level of ATGand TGLwas
dramatically increased which suggestes that tl-regulated expression bpase: plays roles in
hydrolyzingTG in stored to release lipid ir hemolyph for energy supplying. However, m

work need to be done to figure out the exact sigatiways
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Fig. 25. Changes in hemolymph sugar levels and tlegpression of ATGL and TGL in

starving larvae of the %" instar. Results for mRNA levels of ATGL and TGL show theane

of independent triplicate samples, normalized ajaibosomal protein S3. Data assembled from:
(Tobler and Nijhout 201QA Gies, T Fromm, R Ziegler 1988)

Effect of ATGL on TGL mediated lipolysis

In order to assess the contribution of ATGL acyiti the overall TG hydrolysis, the endogenous
lipase activity associated to lipid droplets wasmweed. Unlike TGL which is a cytosolic lipase,
ATGL is found associated with LDs. Lipid dropleteng isolated from larval fat bodies under fed
(low ATGL content) and starved conditions (high AT Gontent) (Fig. 23) and tested for lipase
activity using fH]-triolein that was incorporated into the lipidogitets by vortexing the lipid
droplet aliquot containing ~650 nmol TG into a thilm of [*H]-triolein (0.1 pCi). Lipid droplets
showed a very low lipase activity and no significdifference were observed between fed and
starved conditions (Fig 25). By contrast, whendigroplets were incubated in the presence of
cytosol (TGL) a very robust lipase activity was ebh®d (Fig 26). This result points out the
difficulty of measuring lipase activity of ATGL. Thiwas also the case with recombinant ATGL.
Different condition (pH, detergents, ion strengilgre tested without being able to improve the

lipase activity of ATGL. More research is neededdtve this issue.
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Fig. 26. Lipase activity associated to lipid droples (LD) and lipase activity of lipid droplets
plus cytosol (LD+cytosol) Larvae from & instar day 1 were subjected to starvation for 12h.
Each condition had 3-5 insects pooled togethetBband cytosol extraction. 25ul sample
fractions (~650 nmol TG) were examined for lipastvity against an emulsion ofHi-triolein]
and Triton X-100.
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Concluding remarks:

Trigycerides (TG) stored in lipid droplets (LDseahe main energy reserves in all animals.
Mobilization of fatty acids from TG depends on #ion of lipases, and is stimulated by
adipokinetic hormones (AKH) in several insectsManduca sexta, the effect of AKH on the
mobilization of energy reserves is dependent ordéwelopmental stages. In larval stage, AKH
activates glycogenolysis whereas it stimulatedysie in adult insects. In aduifanduca sexta
AKH promotes a rapid phosphorylation of the lipidplet-associated protein Lsdl, and a
concomitant activation of the rate of hydrolysisT@ by the main lipase (TGL). Since LDs are
complex organelles that contain a large numberatems, the study of the mechanism of
lipolysis would be facilitated if one would haveiarvitro system that uses purified proteins.
Here we describe the purification of recombineist.sd1 and its reconstitution with lipids to
form lipoprotein complexes suitable for functiomald structural studies. We also describe
mutagenesis studies bfsLsd1 targeting conserved phosphorylation siteseasigort region
localized towards the C-term of the protein that feature of all insect Lsd1. These studies
suggest that the mutated sites are relevant eleméhsdl judging by the effect of the mutations

on TG-lipase activities.

The expression of the fat body TGL and Lsd1 dulkhgexta development have been studied.
Both TGL and its regulator -Lsd1- are more abundaadult insects when insects rely solely in
lipid stores for all the energy demand includirigtit and reproduction. Interestingly, during
physiological non-feeding periods of larva sexta, TG-lipase activity is lower than in the
feeding periods. However, the lipid concentratimnsemolymph are somewhat higher than the
feeding larva. This contradiction suggests thaiteml enzymes may act upon TG stores
mobilizing lipids to the hemolymph. A major lipaiseDrosophila is the Brummer lipase, a
homolog of human ATGL. This enzyme which is a hjgtdnserved lipase could be also present

in Manduca and we wondered if this lipase coulglaging a role in the non feeding state. In the
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present study we identified Adipose triglyceridembe (ATGL) inManduca sexta. Two MSATGL
cDNAs (2.4kb and 3.9kb) encoding a 550 amino aoidgin with a theoretical molecular weight
of 64KDa were cloned. This enzyme was mostly assedito the lipid droplets and catalyzed the
hydrolysis of TG to diacylglycerides (DG), while TG74-76KDa) was a cytosolic lipase and the
main product was monoacylglycerides (MGyitro. MSATGL is up-regulated during the
physiological non-feeding periods but lower thanLTW@dth the exception of 3rd-day pre-pupal.
However, this expression pattern of ATGL coincidedl with the hemolymph lipid
concentrations. Our data demonstrate that ATGLspagritical role during the physiological
non-feeding time when TGL activity is low, whicHals the insects survive during these periods.
Unlike TGL whose activation is very rapid -withinmates- and is modulated by the PKA-
dependent phosphorylation of Lsdltriggerd by AKl& &ctivation of lipolysis by ATGL is a
slower process. For example, the enzyme was upateguin 6h after starvation. The decreasing
of glucose levels in hemolymph during starvatiomcigles with the onset of ATGL up regulation
suggesting that the nutritional status of the ahmmay play a key role for the regulation of

ATGL expression.

Clearly, an understanding of these metabolic pagbvisof fundamental importance in insect
biochemistry. This study shows for the first tirhatt ATGL is important besides TGL. The
differences in ATGL levels observed between feedind non-feeding periods of larval stage
were not observed for TGL suggesting a specifie tlATGL in lipid mobilization under

starvation conditions and the two lipases seenetodntrolled by independent mechanisms.
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