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Abstract Excessive incorporation of long-chain fatty acids (LCFAs) into triglycerides in adipose tissue

is a key contributor to obesity and related metabolic disorders, and pharmacologically modulating this

process remains challenging. Here, we synthesized a library of ß-indoquinazolinone derivatives via

palladium-catalyzed oxidative addition complex chemistry and identified compound b2b as a potent

and selective anti-obesity candidate. b2b inhibited triglyceride accumulation in adipocytes in vitro and

significantly reduced adiposity, body weight, and lipid metabolic disturbances in diet-induced obese mice

without observable toxicity. Mechanistic studies revealed that b2b directly activates nicotinamide phos-

phoribosyltransferase (NAMPT) and elevates intracellular NAD+ levels to enhance the NAD+-dependent

regulatory protein SIRT1 activity. This activation leads to transcriptional repression of acyl-CoA synthe-

tase long-chain family member 1 (ACSL1), thereby inhibiting LCFAs incorporation into triglycerides.

These findings demonstrate that pharmacological activation of the NAMPT-NAD+-SIRT1 axis by b2b

offers a novel strategy for obesity treatment.
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1. Introduction

Adipose tissue plays a central role in systemic lipid homeostasis. In

obesity, adipose depots exhibit dysregulated lipid metabolism,

resulting in a chronic energy imbalance driven by excessive caloric

intake relative to expenditure1. This sustained positive energy bal-

ance activates anabolic lipid pathways, leading to pathological tri-

glycerides (TGs) accumulation in adipocytes. Current anti-obesity

therapies, such as glucagon-like peptide-1 (GLP-1) receptor ago-

nists, primarily function by suppressing appetite to reduce energy

intake2. However, obesity is a multifactorial metabolic disorder

involving excess TGs storage that results from dysregulated lipid

handling across various tissues3. Therefore, the identification of

adipose-specific molecular targets and development of molecules

capable of modulating lipid storage represent critical avenues for

precision metabolic reprogramming in obesity treatment.

TG biosynthesis is fundamental for energy storage in adipo-

cytes4. In obesity, this process becomes pathologically enhanced

due to increased de novo lipogenesis (DNL), TG biosynthesis, and

lipid droplet formation5. The heightened fatty acid (FA) produc-

tion machinery drives preferential esterification into TGs, pro-

moting adipocyte lipids accumulation. These changes promote

adipocyte hypertrophy and hyperplasia, contributing to local

inflammation, hypoxia, and systemic metabolic comorbidities,

including non-alcoholic fatty liver disease (NAFLD), type 2 dia-

betes mellitus (T2DM), and dyslipidemia6. Although pharmaco-

logical inhibition of DNL enzymes or TG synthases has

demonstrated lipid-lowering potential, these approaches often lack

tissue selectivity and may trigger compensatory metabolic re-

sponses, limiting therapeutic efficacy and safety7.

Long-chain fatty acids (LCFAs) are major lipid substrates

derived from dietary intake and adipose lipolysis8. Their conversion

into long-chain fatty acyl-CoA (LCFA-CoA) is catalyzed by acyl-

CoA synthetase long-chain family member 1 (ACSL1), which is

markedly upregulated in mature adipocytes and adipose tissue9-12.

This facilitates excessive esterification of LCFAs into TGs. Selec-

tive inhibition of ACSL1 in adipose tissue offers a promising

strategy to limit pathological lipid accumulation while preserving

systemic lipid metabolism. However, to date, few small-molecule

ACSL1 inhibitors have been reported, and their pharmacological

efficacy in adipocytes remains inadequately validated13,14.

Despite its importance, the regulation of LCFA activation and

TG biosynthesis in adipocytes has been relatively underexplored.

Nicotinamide adenine dinucleotide (NAD+) is a central redox co-

enzyme and metabolic cofactor for various NAD+-dependent en-

zymes involved in energy metabolism, genome maintenance, and

cellular stress responses15,16. In adipose tissue, NAD+ homeostasis

is primarily sustained through the nicotinamide salvage pathway, in

which nicotinamide phosphoribosyltransferase (NAMPT) func-

tions as the rate-limiting enzyme17. Recent studies have shown that

reduced NAMPT expression and NAD + levels impair mitochon-

drial oxidative metabolism and promote lipogenesis, contributing to

obesity-associated lipid dysfunction18-20. Thus, restoring NAD+

biosynthesis through NAMPT activation represents a potential

strategy for rebalancing adipocyte lipid metabolism. Advances in

structural biology have facilitated the development of NAMPT

activators with high specificity, which have shown therapeutic

benefits in models of aging, cancer, neurodegeneration and other

diseases21-24. However, their application in obesity remains

underexplored.

Our previous studies identified Bouchardatine (Bou), a ß-indo-

quinazolinone alkaloid, as a candidate metabolic modulator for

diet-induced obesity (DIO)25. Nevertheless, Bou’s limited solubil-

ity and reactive aldehyde group compromised its drug-ability. To

improve upon Bou, we synthesized a series of ß-indoquinazolinone

derivatives using palladium oxidative addition complex (OAC)

chemistry and identified compound b2b with superior efficacy and

safety. In DIO mice, b2b significantly reduced body weight, adipose

mass, and circulating lipid levels. Mechanistically, b2b suppressed

ACSL1 expression, thereby inhibiting LCFA-CoA formation and

TG biosynthesis. Using activity-based proteome profiling (ABPP),

we identified NAMPT as the direct molecular target of b2b. Sub-

sequent validation confirmed that b2b activates NAMPT and ele-

vates intracellular NAD+ levels to enhance NAD+-dependent

regulatory protein SIRT1 activity, leading to transcriptional

repression of ACSL1. Together, these findings reveal a previously

unrecognized mechanism whereby pharmacological activation of

the NAMPT-NAD+-SIRT1 axis modulates LCFA incorporation

into TGs in adipose tissue. This work establishes b2b as a novel

NAMPT activator with anti-lipogenic properties and highlights the

potential of adipose-specific metabolic reprogramming strategies

for obesity treatment.

2. Results

2.1. Structural modification of natural product bouchardatine

leads to a potent lipid-lowering compound b2b

The natural product Bouchardatine (Bou), despite its anti-obesity

potential, suffered from limited efficacy and aldehyde-mediated

toxicity26,27. We therefore pursued scaffold modification via

palladium-catalyzed oxidative addition complex (OAC) chemistry28,

generating a library of quinazolinone derivatives by C‒N func-

tionalization (Fig. 1A and Supporting Information Fig. S1)29.

Comprehensive pharmacological screening was performed using the

3T3-L1 adipocyte model30, a standardized assay to evaluate the ef-

fects of compounds on lipids accumulation. The results indicated

that most amination derivatives, from which the aldehyde groups

were removed, exhibited varying degrees of enhanced lipid-lowering

activity (Fig. 1B and Supporting Information Table S1). Among

these, compound b2b was identified as exceptionally potent. It

exhibited markedly superior lipid-lowering activity

(EC50 � 0.37 μmol/L) compared to Bou (EC50 � 22.4 μmol/L)

(Fig. 1C and D), low cytotoxicity in 3T3-L1 adipocytes

(CC50 � 31.9 μmol/L; Fig. 1E), and minimal hERG channel inhi-

bition (IC50 > 50 μmol/L; Supporting Information Fig. S2A).

Mechanistically, b2b suppressed lipid accumulation throughout

all stages of adipocyte differentiation, a distinct temporal effect

compared to Bou’s predominantly early-stage inhibition (Fig. 1F

and G; Supporting Information Fig. S3). Consistent with its

enhanced safety, b2b had negligible impact on cell cycle pro-

gression or apoptotic markers (Fig. 1H and I; Fig. S2B). These

findings highlight b2b as a significantly more potent and safer

lipid-lowering agent than Bou, suggesting a distinct and poten-

tially novel mechanism of action underpinning its superior phar-

macological profile, which prompted further investigation.

2.2. b2b attenuates diet-induced obesity and improves

metabolic health in mice

Preliminary in vivo screening in a model C57BL/6J mice fed

with a short-term (two-week) high-fat and cholesterol (HFC)

diet indicated b2b’s potential for weight reduction, showing
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dose-dependent reductions in weight gain (Fig. 2A and Supporting

Information Fig. S4A) and fat accumulation (Fig. S4B), while a

minimal impact on food intake (Fig. S4C). We further assessed its

efficacy in a more robust diet-induced obesity (DIO) model.

C57BL/6J mice fed with a HFC diet for four months developed

significant obesity (35.5% greater body mass than chow-fed

controls). Subsequent treatment with b2b (20 mg/kg/day, i.p.)

for five weeks markedly reduced total body weight by approxi-

mately 20% with body weight stabilizing after three weeks of

treatment (Fig. 2B and C). b2b treatment cause an early-stage

reduction in food intake (Fig. 2D), but over time, it minimally

affected food intake (Supporting Information Fig. S5A), indi-

cating that b2b exerts an appetite-suppressive effect in the early

stage of administration, which may be associated with an acute

anorectic response. However, this effect gradually diminishes in

the later stage, and the overall appetite-suppressive effect is not

significant. b2b treatment dramatically impacted adipose tissue,

reducing the weights of both epididymal (eWAT) and inguinal

(iWAT) white adipose depots by approximately 60% (Fig. 2E).

Histopathological analysis confirmed that b2b significantly

reduced adipocyte size (Fig. 2F); meanwhile, b2b led to an in-

crease in adiponectin levels (Fig. 2G and Fig. S5B) and a decrease

in the levels of inflammatory factors (e.g., IL-6, TNFα) in adipose

tissue (Fig. S5C), indicating amelioration of obesity-induced

adipocyte hypertrophy and dysfunction31. In addition, b2b

improved liver function, as supported by reduced accumulation of

lipid droplet in hepatocytes (Fig. 2H and Fig. S5D), and decreased

levels of circulating liver injury markers AST and ALT

(Fig. S5E)32. Moreover, b2b ameliorated obesity-induced

impaired glucose tolerance (Fig. 2I and Fig. S5F), while

Figure 1 Discovery of compound b2b with better lipid-lowering activity from natural product Bouchardatine (Bou). (A) Schematic diagram of the

discovery of b2b. (B) Preliminarily evaluation of the lipid-lowering activity of Bou derivatives at concentrations of 1 and 5 μmol/L. (C) EC50 of b2b

for lipid-lowering activity on 3T3-L1 adipocytes. (D) Representative Oil Red O staining images of 3T3-L1 adipocytes treated with b2b. (E) The CC50

of 3T3-L1 adipocytes treated with b2b over 9 days. (F) Evaluation of the lipid-lowering rate of Bou at various stages of differentiation in 3T3-L1

adipocytes. (G) Evaluation of the lipid-lowering rate of b2b at various stages of differentiation in 3T3-L1 adipocytes. (H) Analysis of cell cycle in

3T3-L1 adipocytes treated with or without Bou for 24 h (I) Analysis of cell cycle in 3T3-L1 adipocytes treated with or without b2b for 24 h. Data are

expressed as mean ± SD from 3 independent experiments. (ns) P ≥ 0.05, *P < 0.05, **P < 0.01, ***P < 0.001 compared with different group.
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reducing serum glucose levels (Fig. S5G), triglycerides, and low-

density lipoprotein cholesterol (LDL-C) (Fig. 2J) yet no signifi-

cant changes in adiponectin and leptin levels (Fig. S5H and S5I).

Together, b2b partially reversed obesity-induced metabolic dis-

orders. These results indicated that b2b was a promising anti-

obesity compound.

Additionally, b2b exhibited a favorable acute safety profile, with

a maximum tolerated dose exceeding 500 mg/kg in mice (Sup-

porting Information Table S2). Chronic administration (one-month)

resulted in negligible changes in body weight and water intake

(Supporting Information Fig. S6A and S6B), but a slight reduction

on food intake (Fig. S6C). Consistent with its favorable safety

profile, b2b did not induce significant morphological changes in

organ tissues, indicating its favorable in vivo safety (Fig. S5J).

While b2b adheres to Lipinski’s rules in silico (Supporting Infor-

mation Table S3), its pharmacokinetic profile revealed rapid

systemic clearance (t1/2 < 1 h) and low bioavailability

(F0‒∞< 10%) (Supporting Information Table S4), which suggested

the need for formulation optimization for therapeutic application.

Collectively, these findings establish that b2b possesses potent

anti-obesity effects, significantly reduces adiposity, and amelio-

rates associated metabolic comorbidities in vivo.

2.3. b2b disrupts LCFA flux and triglyceride biosynthesis by

inhibiting ACSL1 in adipocytes

Given its pronounced anti-obesity effects, we next investigated the

underlying lipid-lowering mechanisms of b2b. Proteomic profiling

indicated that the differentially expressed proteins were primarily

enriched in the fatty acid metabolic process (Fig. 3A). Gene

Ontology (GO) analysis highlighted ACSL1 as a significantly

downregulated protein involved in fatty acid anabolism (Fig. 3B).

Figure 2 Amelioration of HFC feeding induced obesity and metabolic disorders by compound b2b. (A) Preliminary evaluation of weight loss

efficacy of orlistat and b2b on a model that C57BL/6J mice fed a short-term HFC diet. Average weight of mice during two weeks of drug

treatment. (B‒J) C57BL/6J mice were fed with a HFC diet for 4 mouths, and b2b was administered for the nest 5 weeks at a dose of 20 mg/kg

every day by i.p. CH group: mice were fed with a chow diet. HFC group: mice were fed with a high-fat diet containing 1% cholesterol and treated

with solvent every day by i.p. After treatment, mice were anesthetized, plasma and tissues studied were isolated and weighted, and the chemicals

in plasma were determined. (B) Weight of mice during the five-week administration cycle. (C) Weight of mice after the five-week administration

cycle. (D) Daily food intake during the five-week administration cycle. (E) Weight of fat mass and liver after the five-week administration cycle.

(F) Representative microscopy images of the fat mass after H&E staining. (G) Adiponectin levels in eWAT. Data were expressed as mean ± SD

from 3 mice for each group. (H) Representative microscopy images of the liver after H&E or Oil Red O staining. (I) The AUC of OGTT. (J)

Chronic effects of b2b on metabolic parameters. Data are expressed as mean ± SD from 4 mice for each group. Other data were expressed as

mean ± SD from 6 mice for each group. (ns) P ≥ 0.05, #P < 0.05, ##P < 0.01, ###P < 0.001 compared with CH group, (ns) P ≥ 0.05, *P < 0.05,

**P < 0.01, ***P < 0.001 compared with HFC group.
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Figure 3 Compound b2b reduced the accumulation of triglycerides in 3T3-L1 adipocytes by inhibiting the expression of ACSL1. (A, B) Gene

ontology (GO) analysis and the main differential proteins. The 3T3-L1 adipocytes were treated with or without 1 μmol/L b2b for 3 days and then

harvested for proteomics analysis. (C, D) The protein levels of ACSL1 in 3T3-L1 adipocytes treated with b2b for 3 days. (E) Analysis of ACSL1

protein levels in different tissues of mice. (F) The mRNA levels of ACSL1 in 3T3-L1 adipocytes treated with b2b for 3 days. (G) Representative

Oil Red O staining images of normal or ACSL1-knockdown 3T3-L1 adipocytes. (H) Relative TG content of normal or ACSL1-knockdown 3T3-

L1 adipocytes. (I) The lipid intensity of intracellular lysophosphatidic acid in 3T3-L1 adipocytes treated with b2b for 3 days. (J) Metabolomics

targeting LCFAs of 3T3-L1 adipocytes treated with or without 1 μmol/L b2b for 3 days. (K) Volcano of metabolomics for lipids of 3T3-L1

adipocytes treated with or without 1 μmol/L b2b for 3 days. Data are expressed as mean ± SEM from 3 independent experiments. (ns) P ≥ 0.05,
#P < 0.05, ##P < 0.01, ###P < 0.001 or *P < 0.05, **P < 0.01, ***P < 0.001 compared with Ctrl group.
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While ACSL4 was also identified, b2b treatment did not induce

lipid peroxidation (Supporting Information Fig. S7A) or activate

ferroptosis-related biomarkers (Fig. S7B)33.

It was found that ACSL1 expression increased progressively

during 3T3-L1 adipocyte differentiation (Supporting Information

Fig. S8A and S8B), and b2b dose-dependently suppressed

ACSL1 at both protein and transcriptional levels in 3T3-L1 adi-

pocytes (Fig. 3C, D and Fig. S8C). This downregulation was also

observed in vivo, where b2b treatment markedly reduced ACSL1

expression in eWAT and iWAT, with a modest reduction in liver

tissues of DIO mice, but exerted minor effects on BAT and skeletal

muscle (Fig. 3E and Fig. S8D). Furthermore, b2b also exhibited a

certain degree of cell selectivity, and exerted minor effects on

ACSL1 in other cells (e.g., HepG2, C2C12, and SH-SY5Y cell)

(Fig. S8E). Notably, b2b exhibited selectivity for inhibiting

ACSL1 over other ACSL isoforms tested (Fig. 3F). ACSL1

knockdown in 3T3-L1 adipocytes resulted in a significant reduc-

tion in lipid accumulation, and this decrease became more pro-

nounced with the extension of knockdown duration and the

reduction of ACSL1 expression levels (Fig. 3G, H and Fig. S8F).

ACSL1 is highly expressed in adipose and liver tissue11,12.

This protein catalyzes the formation of LC acyl-CoA from LCFAs

of different sources in the endoplasmic reticulum, a critical step

for their incorporation into TGs (Fig. S8G). To determine if b2b

impairs this process, we analyzed lipid profiles. Untargeted lip-

idomic analysis showed that b2b treatment significantly reduced

levels of lysophosphatidic acid (LPA), an early intermediate in TG

biosynthesis downstream of LCFA-CoA formation (Fig. 3I). Tar-

geted metabolomics further revealed that b2b resulted in the

intracellular accumulation of unconjugated LCFAs, including

myristic acid and stearic acid (Fig. 3J). These suggested that b2b-

induced inhibition of ACSL1 leads to impaired LCFA activation,

causing intracellular accumulation of LCFAs and reduced LPA

level. Consequently, b2b treatment reduced the content of most

LCFAs-based TGs in adipocytes (Fig. 3K). These results

demonstrated the selective pharmacological effect of b2b in dis-

rupting LCFA flux toward TG biosynthesis.

These results show that compound b2b inhibits LCFA activa-

tion by selectively downregulating ACSL1 expression, thereby

impairing TG biosynthesis in adipocytes.

2.4. Identification of compound b2b as NAMPT activator in

3T3-L1 adipocytes

Leveraging active photoaffinity labeling-based chemo-

proteomics34, we explored the targets of b2b in 3T3-L1 adipo-

cytes. A photoreactive probe (P1) was designed by incorporating a

diazirine electrophilic warhead into the b2b scaffold (Supporting

Information Fig. S9A), which retained lipid-lowering efficacy in

3T3-L1 adipocytes (EC50 � 13.7 μmol/L) (Fig. S9B and S9C)

and preserved its ACSL1 inhibitory activity (Fig. S9D). Following

the chemoproteomic workflow (Fig. 4A), UV-induced crosslinking

of P1 to its protein targets resulted in the formation of adducts,

which were subsequently tagged with biotin via copper-catalyzed

azide-alkyne cycloaddition. These biotinylated adducts were

enriched using streptavidin and ensured technically feasible

(Fig. 4B), followed by LC‒MS/MS-based proteomic analysis.

Pathway-centric analysis of the captured proteins revealed

NAMPT, a key enzyme in fatty acid metabolism, as the potential

target of b2b (Fig. 4C). Pulldown assays confirmed that P1 formed

covalent adducts with recombinant NAMPT, and this interaction

was effectively disrupted by pre-treatment with b2b, both in

adipocyte lysates and in recombinant NAMPT (Fig. 4D). Cellular

thermal shift assay (CESTA) demonstrated an increased thermal

stability of NAMPT in b2b-treated adipocyte lysates (Fig. 4E and

Supporting Information Fig. S10A), suggesting direct intracellular

interactions. Surface plasmon resonance (SPR) confirmed that b2b

binds to NAMPT with a dissociation constant (KD) of 0.78 μmol/L

(Fig. 4F and Fig. S10B‒S10D). Collectively, these results

confirmed that b2b targets NAMPT in adipocytes.

Subsequent to target engagement confirmation, we investigated

the functional modulation of adipocyte NAMPT by b2b. Quantita-

tive enzymatic assays demonstrated dose-dependent activation of

NAMPT by b2b, positioning b2b as a novel NAMPT activator

(Fig. 4G). Photolabeling coupled mass spectrometric foot-printing

using P1 investigated the binding site of b2b on NAMPT (Sup-

porting Information Fig. S11A). Structural alignment with NAT

(reported as a NAMPT activator) co-crystallized complexes21

indicated that the amino acid residues labeled by P1 were in prox-

imity to the NAT binding pocket, suggesting that P1 might interact

with NAMPT at this location (Fig. S11B‒S11D). The predicted

binding site of b2b also colocalized with the NAT binding site and

the residues labeled by P1, leading us to hypothesize that the

binding site of b2b on NAMPT is similar to that of NAT. To verify

this hypothesis, we constructed mutant proteins with key amino acid

mutations near the NAT pocket (V242-P273-I309) and those

potentially interacting with b2b (Y188-Y240-Q305) (Fig. S11E and

S11F). In vitro enzyme activity assay demonstrated that the

agonistic activity of b2b on these two mutant proteins was dimin-

ished, suggesting that b2b may bind near the NAT pocket

(Fig. S11G). Molecular dynamics simulations further revealed that

the quinazolinone core of b2b engages with substrate-binding

subpockets, while maintaining partial solvent exposure, which

distinguishes it from deep catalytic site binders (Fig. 4H). These

findings suggested that b2b is an activator of NAMPT in adipocytes,

likely exerting its effect by binding near the NAT binding pocket of

NAMPT.

Together, these results indicated that compound b2b targets

adipocyte NAMPT and functions as an activator, thereby

increasing intracellular NAD+ levels.

2.5. NAMPT-NAD+-SIRT1 axis mediates b2b’s regulation of

triglyceride biosynthesis by inhibiting ACSL1 in adipocytes

To investigate the pharmacological regulatory effect of NAMPT on

TG biosynthesis, we generated NAMPT-knockdown (NAMPT-KD)

3T3-L1 adipocyte models using siRNA-mediated silencing (Sup-

porting Information Fig. S12A). Triglyceride levels were decreased

in NAMPT-KD adipocytes, which may be associated with that

NAD+ is important for energy metabolism35. However, it is note-

worthy that the anti-lipid accumulation effect of b2b was dimin-

ished in NAMPT-KD adipocytes, while administration of NMN (the

direct precursor of NAD+) to NAMPT-KD adipocytes led to a

significant reduction in lipid accumulation. These results confirm-

ing the NAMPT-dependent nature of its anti-lipid accumulation

action (Fig. 5A and B). In addition, although NAMPT is upregulated

during the differentiation of 3T3-L1 adipocytes, b2b exerted a

minimal effect on the protein level of NAMPT during adipocyte

differentiation (Fig. S12B and S12C). Considering the abundance

and functional output of NAMPT are not equivalent, anti-lipid

accumulation effect of b2b was primarily driven by functional

enhancement rather than alterations in target abundance.

Although ACSL1 plays a key role in the incorporation of

LCFAs into TGs, the upstream regulatory mechanisms controlling
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its expression remain a significant gap in adipocyte biology.

Treatment with si-NAMPT attenuated b2b-mediated suppression

of ACSL1 expression and supplementation of NMN can restore

the inhibition of ACSL1 both at the protein and transcriptional

levels (Fig. 5C and D), suggesting a potential regulatory mecha-

nism through which NAMPT influence ACSL1 expression.

NAMPT is the most critical enzyme for maintaining intracellular

NAD+ levels. Compound b2b could increase cellular NAD+ levels

(Fig. 5E), and analysis of NAD+ and ACSL1 levels in adipose

tissue from b2b-treated obese mice revealed a negative correlation

between NAD+ and ACSL1 levels (Fig. 5F and G). In addition,

both NMN and NAT could reduce lipid accumulation (Supporting

Information Fig. S13A and S13B) and downregulate ACSL1

expression (Fig. 5H and I). We further measured the

intracellular levels of several LCFAs in NAT-treated 3T3-L1 adi-

pocytes, and found that NAT also increased the levels of most

LCFAs, which was consistent with its inhibitory effect on ACSL1

(Fig. 5J). Increased NAD+ levels can enhance the activity of

NAD+-dependent enzymes. As a vital NAD+-dependent enzyme,

SIRT1 has been reported to be extensively involved in metabolic

regulation36,37. We aim to further investigate whether activation of

NAMPT downregulates the expression of ACSL1 via SIRT1. We

constructed SIRT1-knockdown (SIRT1-KD) 3T3-L1 adipocytes

(Supporting Information Fig. S14). SIRT1-KD did not signifi-

cantly alter intracellular triglyceride levels (Fig. 5K); however, the

anti-lipid accumulation effect of b2b was largely abrogated

(Fig. 5L), as was its regulatory capacity to inhibit ACSL1 at both

the protein and transcriptional levels (Fig. 5M and N).

Figure 4 Compound b2b targeted NAMPT as an activator in 3T3-L1 adipocytes. (A) Schematic diagram of intracellular photoaffinity probe for

target discovery. (B) Protein chromogenic reaction results of cell lysates incubated by different groups after covalent cross-linking, clicking

reaction and streptavidin incubation and elution. 3T3-L1 adipocytes were treated with DMSO (Ctrl), P1 (15 μmol/L) or P1 (15 μmol/L) and b2b

(15 μmol/L) for 2.5 h and then harvested for analysis of intracellular targets. (C) Retrieval process of potential targets of b2b. (D) Intracellular and

extracellular pull down of NAMPT. Intracellular samples were 3T3-L1 adipocytes treated with DMSO, P1 (15 μmol/L) or P1 (15 μmol/L) and b2b

(15 μmol/L) for 2.5 h. Extracellular samples were purified NAMPT. (E) CETSA analysis of thermal stability of b2b to NAMPT in 3T3-L1

adipocytes. The samples were 3T3-L1 adipocytes treated with or without b2b (10 μmol/L). (F) Analysis of binding affinity between b2b and

NAMPT by SPR assay. (G) NMN trapping experiment for evaluation of influence on NAMPT activity of b2b. (H) Analysis of binding mode

between b2b and NAMPT (PDB: 7ENQ). The predicted ΔG was − 23.03 kcal/mol (ΔG of NAT is − 36.6 kcal/mol). Data were expressed as

mean ± SD from 3 independent experiments. (ns)P ≥ 0.05, *P < 0.05, **P < 0.01, ***P < 0.001 compared with Ctrl group.
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These results indicate that the NAMPT-NAD+-SIRT1 axis

serves as a negative regulatory axis for ACSL1 in adipocytes, and

b2b exerts inhibitory regulation on ACSL1 by activating the

NAMPT-NAD+-SIRT1 axis, thereby reducing lipid accumulation

in adipose tissue.

3. Discussion

The escalating global obesity epidemic necessitates novel thera-

peutic strategies beyond current interventions, which often have

limited long-term efficacy or target appetite centrally38-40. This

study introduces b2b, a rationally designed ß-indoquinazolinone

derivative, as a potent anti-obesity agent. Compound b2b exerts its

anti-lipid accumulation effect not by inhibiting the early stage of

adipogenesis, but mainly by acting on the late stage of lipid

synthesis where fatty acids are converted into triglycerides. It

could reduce body weight in DIO mice, improve the functions of

adipose and hepatic tissues, and ameliorate systemic metabolic

disorders. In toxicity studies at the cellular and animal levels, b2b

also showed favorable safety profiles, which serves as an impor-

tant foundation for developing therapeutic molecules against

chronic obesity. However, it should be pointed out that b2b

Figure 5 Compound b2b inhibited TG biosynthesis by regulating ACSL1 expression through NAMPT-NAD+-SIRT1 axis. (A) Representative

pictures of Oil Red O staining of normal or NAMPT-knockdown 3T3-L1 adipocytes. (B) Relative TG content of normal or NAMPT-knockdown

3T3-L1 adipocytes treated with or without b2b (0.5 μmol/L) or NMN (1 mmol/L). (C) The protein levels of ACSL1 in normal or NAMPT-

knockdown 3T3-L1 adipocytes treated with or without b2b or NMN. (D) The mRNA levels of ACSL1 in normal or NAMPT-knockdown

3T3-L1 adipocytes treated with or without b2b or NMN. (E) The relative NAD+ level of 3T3-L1 adipocytes treated with or without b2b. (F)

The relative NAD+ level of eWAT of mice. (G) The relationship between the relative NAD+ level and the relative ACSL1 level in eWAT of mice.

(H) The protein levels of ACSL1 in 3T3-L1 adipocytes treated with or without NAT for 3 days. (I) The protein levels of ACSL1 in 3T3-L1

adipocytes treated with or without NMN for 3 days. (J) The results of targeted LCFA metabolomics within 3T3-L1 adipocytes treated with or

without NAT (10 μmol/L) for 3 days. (K) Representative pictures of Oil Red O staining of normal or SIRT1-knockdown 3T3-L1 adipocytes. (L)

Relative TG content of normal or SIRT1-knockdown 3T3-L1 adipocytes treated with or without b2b (0.5 μmol/L). (M) The protein levels of

ACSL1 in normal or SIRT1-knockdown 3T3-L1 adipocytes treated with or without b2b. (N) The mRNA levels of ACSL1 in normal or SIRT1-

knockdown 3T3-L1 adipocytes treated with or without b2b. Data are expressed as mean ± SD from 3 independent experiments. (ns)P ≥ 0.05,

*P < 0.05, **P < 0.01, ***P < 0.001 compared with Ctrl group.
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exhibits poor pharmacokinetic properties, characterized by a short

half-life and low oral bioavailability, which may hinder its

applicability in clinical settings. Future studies should prioritize

improving the drug-likeness of b2b, which can be achieved by

systematic structure-pharmacokinetic relationship studies com-

bined with rational structural optimization in medicinal chemistry

or lipids and lipid-based formulations to optimize its pharmaco-

kinetic properties41,42.

A significant finding is the elucidation of the NAMPT-NAD+-

SIRT1 axis as a previously unrecognized regulatory axis for

ACSL1 in adipocytes, and b2b can activate NAMPT and elevate

intracellular NAD+ levels to enhance NAD+-dependent regulatory

protein SIRT1 activity, leading to transcriptional repression of

ACSL1, which ultimately curtails the incorporation of LCFAs into

TGs, a key process in adipocyte lipid accumulation. While

NAMPT activation or NAD+ repletion is explored for various age-

related and metabolic conditions43-46, their direct linkage to the

control of LCFA esterification via ACSL1 modulation in adipo-

cytes for obesity treatment is novel. Our findings provide new

insights and perspectives into understanding the regulatory role of

the NAMPT-NAD+-SIRT1 axis in triglyceride synthesis in adi-

pose tissue, as well as achieving the inhibitory regulation of

ACSL1.

In addition, b2b exhibited a weaker impact on key enzymes of

glucose and lipid metabolism or DNL compared to its effect on

inhibition of LCFA activation via ACSL1 (Supporting Information

Fig. S15). This selectivity is crucial, since we observed that

obesity did not induce an increase in the expression of enzymes

related to lipogenesis (Supporting Information Fig. S16)47. Cur-

rent studies have identified the contribution of ACSL1 to ß-

oxidation48. From our results, inhibiting ACSL1 by b2b does not

have significant effects on mitochondrial aerobic respiration in

3T3-L1 adipocytes (Supporting Information Fig. S17A) and the

expression of carnitine palmitoyltransferase 1ß (CPT1ß), the rate-

limiting enzyme of the ß-oxidation pathway (Fig. S17B).

Furthermore, b2b exhibits a certain degree of cellular and tissue

selectivity in its inhibitory regulation of ACSL1, exerting a more

pronounced inhibitory effect on ACSL1 levels in adipocytes and

adipose tissue. Notably, we did not observe elevated serum FFAs

or ectopic lipid deposition in major organs associated with ACSL1

inhibition. This suggests that in this context, the primary impact of

ACSL1 modulation by b2b is on TG storage. b2b can significantly

reduce hepatic TG accumulation while decreasing ACSL1

expression. However, the regulatory role of ACSL1 in hepatic

lipid metabolism is more complex, which warrant further inves-

tigation49-51.

We identified b2b as a novel activator of NAMPT. Although the

activation capacity of b2b was weaker than the well-established

activator NAT in vitro, it significantly elevated intracellular NAD+

levels, suggesting that b2b possesses a favorable potential for

NAMPT activation within cells. Furthermore, we evaluated the ef-

fects of representative NAMPT activators on NAD + levels in adi-

pocytes. The results showed that both NAT and compound 60

effectively activated NAMPT and increased intracellular

NAD + levels, consistent with their lipid-lowering properties, while

compound SBI-797812 was comparatively weaker and its lipid-

lowering activity was less pronounced (Supporting Information

Fig. S18)22,52.

Previous studies have established the pivotal role of the

NAMPT-NAD+-SIRT1 axis in regulating brown adipose tissue

function and thermogenesis53-55. Our results demonstrate that b2b

can upregulate the levels of key brown adipogenic proteins UCP1

and PGC-1α, but the effect was not pronounced at its pharma-

cologically effective concentrations (Supporting Information

Fig. S19). Notably, our study is the first to demonstrate that

NAMPT signaling activation inhibits TG biosynthesis and meta-

bolism in white adipose tissue by transcriptionally regulating

ACSL1, thereby enhancing the understanding of NAMPT’ role in

energy metabolism. While PPARγ and C/EBPα have been re-

ported to be associated with the regulation of ACSL1 levels56,57,

our results demonstrate that b2b exerts a minimal effect on their

levels (Supporting Information Fig. S20), suggesting an alterna-

tive regulatory route. The precise molecular details of how SIRT1,

an NAD+-dependent deacetylase, represses ACSL1 transcription

remain a key area for our future exploration. Although the effects

of b2b administration on the NAMPT-NAD+-SIRT1 axis in vivo

are of great interest, the complexities of validating this in animal

models currently limit our ability to address this aspect within the

scope of the present study. However, we measured NAMPT levels

in various tissues of DIO mice treated with b2b (Supporting In-

formation Fig. S21). Obesity induced a reduction in NAMPT

levels in adipose and hepatic tissues, and activating NAMPT

still holds positive exploratory significance for the treatment of

obesity.

4. Conclusions

In conclusion, we have identified a novel NAMPT activator, b2b,

that ameliorates obesity by inhibiting adipocyte ACSL1 expres-

sion through NAMPT—NAD+—SIRT1 axis signaling pathway.

This work uncovers a new druggable axis for the targeted treat-

ment of obesity and provides a valuable pharmacological tool and

lead compound for further development.

5. Experimental

5.1. Chemistry synthesis

All chemicals were of reagent grade quality or better, obtained from

commercial suppliers, and used without further purification. Col-

umn chromatography was conducted on silica gel (200‒300 mesh)

from Shanghai Titan Scientific Co., Ltd. TLC (HSGF 254) from

Yantai Jiangyou Silica Gel Development Co. Ltd (Yantai, China)

was used for monitoring the reaction process. All the key in-

termediates and products were determined by using 1H NMR and
13C NMR recorded in a Bruker BioSpin GmbH spectrometer (1H at

400 or 500 MHz, 13C at 100 or 125 MHz), and chemical shifts were

reported in parts per million using the residual solvent peaks as

internal standards (CDCl3 � 7.26 ppm for 1H NMR and 77.16 ppm

for 13C NMR, CD3SOCD3 � 2.50 ppm for 1H NMR and 39.6 ppm

for 13C NMR, CD3OD � 4.87 and 3.31 ppm for 1H NMR,

and 49.17 ppm for 13C NMR). All the target products were also

determined by using a Shimadzu LCMS-IT-TOF instrument with an

ESI-ACPI mass selective detector. Flash column chromatography

was performed with silica gel (200‒300 mesh). The purities of

the synthesized compounds were confirmed to be higher

than 95% using analytical HPLC performed with a Shimadzu LC-

20AB system equipped with an AnalaRic-C18 column

(4.6 mm × 250 mm, 5 μm) and eluted with methanol/water con-

taining 0.1% TFA at a flow rate of 0.5 mL/min. The characterization

information of derivatives could be found in the Supporting Infor-

mation‒Characterization information of the final compounds

section.
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5.2. Cell lines and cell culture

3T3-L1 preadipocytes (Procell), HepG2 cells and C2C12 cells

were maintained in Dulbecco’s Modified Eagle Medium (DMEM,

Gibco, USA) supplemented with 10% fetal bovine serum (FBS,

Gibco, USA) and 0.2% mycoplasma removal agent (Beyotime,

China) in a humidified atmosphere at 37 ◦C with 5% CO2. SH-

SY5Y cells were maintained in Modified Eagle Medium/

Nutrient Mixture F-12 (MEM/F12, Procell, China) supplemented

with 10% fetal bovine serum and 0.1% mycoplasma removal

agent in a humidified atmosphere at 37 ◦C with 5% CO2.

5.3. 3T3-L1 preadipocyte differentiation assay

The differentiation of 3T3-L1 preadipocytes was conducted

following a previously described protocol with modifications58.

Two days post-confluence, the culture medium was replaced with

a differentiation induction medium comprising 0.5 mmol/L 3-

isobutyl-1-methylxanthine (IBMX, Sigma, USA), 1 μmol/L

dexamethasone (Dex, MP, USA) and 10 μg/mL insulin (Sigma,

USA) in DMEM with 10% (v/v) FBS and 0.2% (v/v) mycoplasma

removal agent (Beyotime, China) for three days (Day 3). Subse-

quently, the medium was exchanged for DMEM containing 10%

FBS, 10 μg/mL insulin, and 0.2% (v/v) mycoplasma removal

agent for an additional three days (Day 6). Finally, the medium

was replaced with DMEM containing and 0.2% (v/v) mycoplasma

removal agent for a further three days (Day 9). The undifferenti-

ated control group (UND group) was cultured in DMEM with

normal 10% FBS and 0.2% (v/v) mycoplasma removal agent for

the entire nine-day period. Stock solutions of the test compounds

were prepared and stored at − 20 ◦C. Test compounds were added

to the differentiation induction medium on day 0 for three days,

followed by replacement on Day 4 in the subsequent differentia-

tion medium for another three days, and finally on Day 7 in the

normal medium for another three days. The UND group and the

differentiation control group received equivalent volumes of

DMSO as a vehicle control throughout all experiments.

5.4. Oil red O staining assay

Oil Red O staining was performed as follows: Cells were fixed

with 4% formaldehyde (v/v) for 30 min at room temperature,

followed by washes with distilled water and 60% isopropanol (v/v)

once each. The cells were then stained with freshly prepared Oil

Red O working solution for 30 min at room temperature and

washed three times with 60% isopropanol (v/v). The Oil Red O

working solution was prepared by mixing 6 mL of 0.5% Oil Red

O (w/v, Sigma) in isopropanol with 4 mL of ddH2O, followed by

filtration through a 0.22 μm filter (Millipore). Lipid content was

quantified by extracting the Oil Red O from stained cells using

100% isopropyl alcohol and measuring optical density at 510 nm

with a microplate reader (Biotek, USA).

5.5. Cell toxicity assay

The cytotoxicity of the compounds was evaluated using the Sulfo-

rhodamine B (SRB) assay. Briefly, the 3T3-L1 preadipocytes were

seeded in 96-wells plates at a density of 5 × 103 cells per well in

100 μL of 10% FBS/DMEM medium and incubated until conflu-

ence. Subsequently, cells were treated with the indicated concen-

trations of the compounds for 9 days in a 10% FBS/DMEM medium

or differentiation induction medium. Following treatment, cells

were fixed with 10% trichloroacetic acid (TCA) for 30 min at room

temperature, then washed three times with distilled water. Cells

were stained with SRB working solution for 30 min at room tem-

perature and washed three times with 5% acetic acid (v/v). The

Sulforhodamine B (SRB) working solution was prepared by dis-

solving 0.4 g of Sulforhodamine B in 100 mL of 5% acetic acid (v/

v). Cell viability was assessed by extracting the SRB from stained

cells with 50 μL 10 mmol/L Tris and measuring the optical density

at 515 nm using a microplate reader (Biotek, USA).

5.6. Cell cycle analysis

Cell cycle analysis was performed using the ImageXpress

MicroConfocol (Molecular Devices, USA). 3T3-L1 preadipocytes

were seeded in 96-well plates at a density of 5× 103 cells per well in

100 μL of 10% FBS/DMEM medium and incubated until conflu-

ence. Cells were then treated with the indicated concentrations of

the compounds for 24 h, fixed with 100 μL 70% ethyl alcohol (v/v)

per well overnight at − 20 ◦C, and washed three times with 100 μL of

PBS (pH 7.4). Subsequently, cells were stained with 50 μL

0.5 μg/mL 4′,6-diamidino-2-phenylindole (DAPI) in PBS for

15 min at 37 ◦C. Cell cycle analysis was conducted using the

ImageXpress MicroConfocol system and analyzed with

ImageXpress software by quantifying DAPI intensity, which rep-

resents the DNA content in individual cells.

5.7. Western blotting

Cultured 3T3-L1 adipocytes were washed with PBS (pH 7.4) and

collected by centrifugation at 3000×g for 5 min. The cells were

lysed on ice for 30 min using a lysis buffer comprising 1 × RIPA

lysate, 1 × protease inhibitor cocktail for general use (Beyotime),

and 1 × protein phosphatase inhibitor (Solarbio). The lysates were

then centrifuged at 12,000×g for 15 min at 4 ◦C to remove cellular

debris. Protein concentrations were determined using a BCA pro-

tein assay kit and denatured in an SDS-PAGE Sample Loading

Buffer. The protein samples were separated by SDS-PAGE and

transferred onto polyvinylidene difluoride (PVDF) membranes

(Millipore). Membranes were blocked with 5% (w/v) bovine serum

albumin in Tris-buffered saline containing 0.1% (v/v) Tween 20

(TBST) for 1 h and incubated with primary antibodies for 16 h at

4 ◦C. The primary antibodies included Actin (Affinity, Cat#T0022),

PPARγ (Cell Signaling Technology, Cat#2435), ACC (Cell

Signaling Technology, Cat#3662), FAS (Affinity, Cat#DF6106),

ACSL1 (Proteintech, Cat#13989-1-AP), NAMPT (Affinity,

Cat#AF3423), SIRT1 (Affinity, Cat#DF6033), Adiponectin (Pro-

teintech, Cat#21613-1-AP), Leptin (Proteintech, Cat#83655-3-

RR). Following four washes with TBST, membranes were incu-

bated with horseradish peroxidase-conjugated anti-mouse or anti-

rabbit IgG for 1 h at room temperature. Immunoreactive signals

were detected and quantified using ImageJ software.

5.8. Animal studies

The animal studies evaluating the effects of compounds on mice

with a high-fat diet containing 1% cholesterol (HFC) feeding

could be divided in two independent experiments, which are

preliminary evaluation of weight loss effects of compounds on

mice with a HFC diet and the effects of anti-obesity of compound

b2b on diet-induced-obese (DIO) mice. The preliminary evalua-

tion of the weight loss effects of compounds on HFC-fed mice was

conducted followed by the produces59: Male C57BL/6J mice (4− 6
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weeks old, Guangdong Medical Laboratory Animal Center) were

housed at under controlled conditions (22 ± 1 ◦C, 12 h light/dark

cycle) with ad libitum to food and water. The mice were divided

into two dietary groups: chow diet (chow diet group, 70% calories

from starch) and high-fat diet (HFC diet group, 60% fat and 1%

cholesterol, Research Diet, #12492). All procedures were con-

ducted in accordance with the Animal Welfare Legislation of

China (Institutional Animal Care and Use Committee, Sun Yat-

Sen University. Application No. 2023001490. Approval No.

SYSU-IACUC-2023-001533). Mice on HFC diet were randomly

assigned to four groups of equal mean body weight: HFC diet

group (solvent administration), b2b group (10 or 20 mg/kg b2b

administration) and orlistat (Yuanye Biotechnology Co., Ltd.,

Cat#S69030) group (20 mg/kg orlistat administration). All treat-

ments were administered via gavage once daily. Compounds were

prepared at a concentration of 2 mg/mL in 20% PEG-400 normal

saline (v/v). Body weight and food intake were monitored daily.

After 14 days treatment, mice were sacrificed, serum was

collected, and tissues of interest were weighted, froze in liquid

nitrogen, and fixed in 4% formaldehyde solution. Plasma chemical

analysis was determined by technology company (BIOSSCI,

China). The effects of anti-obesity of compound b2b on diet-

induced-obese (DIO) mice were conducted followed by the pro-

duces28: Experiments of anti-obesity effects of compound b2b on

diet-induced-obese (DIO) mice were completed in collaboration

with Guangzhou Huateng Biomedical Technology Co., Ltd. and

conducted followed by the produces: Male C57BL/6J mice (4‒6

weeks old, Guangdong Medical Laboratory Animal Center) were

housed under control conditions (22 ± 1 ◦C, 12 h light/dark cycle)

with ad libitum to food and water. Mice were divided into two

dietary groups: chow diet (CH, 70% calories from starch) and

high-fat diet (60% fat and 1% cholesterol, Research Diet,

#12492). The DIO mouse was established after 4 mouths of HFC

feeding, defined by a body weight gain of over 20% compared to

chow-fed mice)60. Then the DIO mice were randomly assigned to

three groups of equal mean body weight: the HFC control group

(solvent administration), and 20 mg/kg b2b group (b2b adminis-

tration). Each group had six mice. Treatments were administered

via intraperitoneal injection once daily. Compound b2b was pre-

pared at concentrations of 2 mg/mL in 30% PEG-400 and 20%

hydroxypropyl-ß-cyclodextrin normal saline (v/v). Body weight

and food intake were monitored daily. After 3 weeks of treatment

with b2b, a glucose tolerance test (GTT) was performed as re-

ported61. The mice were fasted for a period of 6 h and then treated

with 2 g/kg glucose (Sigma, China) by gavage. The glucose level

was determined at 0, 15, 30, 60, 90 and 120 min with a blood

glucose monitor (Roche, USA). Blood samples for GTT were

taken from the tail vein under local anesthesia with saline con-

taining 2% lidocaine to ensure animal well-being and that it was

not subjected to significant discomfort. After 5 weeks of treat-

ment, mice were sacrificed, serum was collected, and tissues of

interest were weighed, frozen in liquid nitrogen, and fixed in 4%

formaldehyde solution. Plasma chemical analysis and immuno-

histochemical analysis were performed by a technology company

(Biossci, China). Hematoxylin-eosin (H&E) staining of tissues

was conducted by technology companies (Servicebio, China;

Biossci, China).

5.9. Surface plasmon resonance (SPR) analysis

SPR was performed on a Biacore 8K system (GE Healthcare).

Purified NAMPT were attached to the chip (CM5). Solutions of

compounds were prepared with running buffer (1 × PBS, pH 7.4)

through serial dilutions of stock solution, respectively. Several

concentrations were injected simultaneously at a flow rate of

30 μL/min for 200 s of association phase, followed by 300 s of

dissociation phase at 25 ◦C, using the multicycle kinetics injection

mode. Data was analyzed with Biacore 8K evaluation software,

using the affinity fit model for fitting data.

5.10. NAMPT expression

PT7-NAMPT (human)-6 × His (Commercial product), multisite-

mutated PT7-NAMPT (human; Y188, Y240 and Q305

were mutated to Ala)-6 × His (Tsingke Biotech, Beijing) and

multisite-mutated PT7-NAMPT (human; V242, P273 and I309

were mutated to Ala)-6 × His (Tsingke Biotech, Beijing) were

grown in Escherichia coli BL21. The bacteria were grown at

37 ◦C for 8 h following induction with 0.5 mmol/L IPTG and

continue cultured for at 20 ◦C for 16 h. The protein was purified

through a nickel column. The purity of protein was checked via

SDS-PAGE and Coomassie stain.

5.11. NAMPT enzyme activity assay

The orthogonal NAMPT assay was used to evaluate the enzymatic

activity of compounds. For the Orthogonal NAMPT Assay: NMN

Trapping. The method of Zhang et al.52 was modified and mini-

aturized to establish an orthogonal assay for NAMPT activity. The

assay uses the trapping of NMN by acetophenone in basic solution

followed by acidification to form a fluorescent adduct (382 nm

excitation, 445 nm emission). Reactions were performed at r.t. for

60 min in a 20 μL solution of 50 mmol/L Tris (pH 7.5), 5 mmol/L

MgCl2, 1 μmol/L NAMPT, 2 mmol/L ATP, 1 mmol/L NAM,

50 μmol/L PRPP, and test compound in 1% DMSO/buffer. After

60 min, to the reaction were added 20 μL of 20% acetophenone in

DMSO and 20 μL of 2 mol/L KOH and then incubated on ice for

10 min. The reaction is quenched with 60 μL of 88% formic acid,

incubated for 45 min at 37 ◦C, and read immediately. Fluores-

cence was measured with a microplate reader (Biotek, USA) at the

condition (excitation wavelength, 382 nm; emission wavelength,

445 nm).

5.12. Cellular thermal shift assay (CETSA) assay

The confluence 3T3-L1 preadipocytes were incubated in a dif-

ferentiation induction medium for 3 days. Subsequently, the cells

were treated with the indicated concentrations of the compounds

for 6 h in a 10% FBS/DMEM medium. The cells were harvested

and washed with PBS, and the suspension was incubated at each

temperature point from 35 to 75 ◦C for 3 min. The samples were

freeze-thaw 3 times and centrifuged at 12,000 rpm at 4 ◦C for

20 min. The 80 μL supernatant was mixed with 20 μL of

5 × loading buffer and then separated on a 10% SDS-PAGE for

immunoblotting assay.

5.13. Molecular docking

Docking studies were performed using the Schrodinger Maestro

software. The crystal structure of NAMPT were obtained from the

Protein Data Bank (PDB). The structure of compounds was

generated using LigPrep module. Possible binding pockets were

predicted by the ligand in the crystal structure. Docking analysis

was first performed using the Glide module. 200 poses were
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generated for each pocket, and post-docking minimization was

performed. The models were visualized using the Pymol software

package.

5.14. Transfection assay

The cells were transfected with mouse siRNA (100 nmol/L) using

Lipofectamine3000 (Invitrogen, USA) according to the manu-

facturer’s protocol. For 3T3-L1 cells, siRNA or negative control

(NC) was added for two days between the stage of induction and

differentiation. The sequence for siRNA or NC was shown in

Supporting Information Table S5.

5.15. Statistical analysis

One-way ANOVA followed by two-tailed unpaired Student’s

t-tests were applied for multiple comparisons. The data were

expressed as the mean ± SD. If P < 0.05, the difference was

considered significant.
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