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ABSTRACT: Sterol regulatory element-binding protein-1

(SREBP-1) is a transcription factor that regulates the expression @ @ Blndmg Blndlng

of genes related to fatty acid biosynthesis. Its high expression and » »

activation in obesity and associated metabolic diseases make it a

potential therapeutic target. However, the role of SREBP-1 in the SRE»]B»::Q;I; ™ | Surt |

development and exacerbation of these diseases remains unclear, (aa: 1-198) .erma trace pasmon
. o et ei. . ] purification shift assay resonance

partly because of the impossibility of inhibiting its function because

of the lack of specific inhibitors. Here, we aimed to identify small- HTS Q JLNH

molecule compounds that directly bind to SREBP-1 using the

Fecomblna.nt‘N-termu.la‘l region of SREBP-1a, which is required for SREBP-1 binder

its transcriptional activity. A high-throughput screening campaign ﬁ )

was conducted using a thermal shift assay and surface plasmon

resonance assay to evaluate the compound affinity and specificity,

which resulted in the identification of two compounds. Future analysis of their structure—activity relationships may lead to the
development of specific SREBP-1 inhibitors, thereby potentially validating SREBP-1 as a therapeutic target for obesity and resultant
atherosclerotic diseases.
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he number of individuals with metabolic disorders, such transcription. Cholesterol and oxysterol bind to SCAP and

as obesity, dyslipidemia, and type II diabetes, has been INSIGs, respectively, and stabilize the SCAP—INSIG inter-
increasing. The primary reason for the development of these action to retain SREBPs in the ER.” Several small-molecule
diseases is disruption of lipid homeostasis." Sterol regulatory inhibitors have been reported to prevent SREBP activation.
element-binding protein (SREBP)-1 is a crucial transcription For example, fatostatin and betulin bind to SCAP, and enhance
factor that is activated upon feeding and regulates the SCAP—-INSIG interactions, and lycorin enhances the degra-
expression of enzymes involved in fatty acid biosynthesis.”” dation of SCAP, thereby inhibiting SREBPs translocation to
In obese mouse models, SREBP-1 is overexpressed and the Golgi apparatus.g_10 However, these inhibitors act on the
activated, which leads to fatty liver, insulin resistance, and machinery that activates both SREBP-1 and SREBP-2, and no
dyslipidemia.* These findings suggest that excessive SREBP-1 specific inhibitors of SREBP-1 or SREBP-2 have been reported

activation contributes to the onset or worsening of metabolic
disease. However, it remains unknown whether SREBP-1 is a
target molecule for disease prevention and treatment, partly
because SREBP-1-deficient mice exhibit compensatory activa-
tion of SREBP-2, which belongs to the same family and
regulates the expression of cholesterol biosynthetic enzymes.”
SREBPs are localized in the endoplasmic reticulum as inactive
precursors by forming complexes with SREBP cleavage- —
activating protein (SCAP) and insulin-induced gene proteins Received: February 6, 2024 “@'ﬁ*n‘?lmw
(INSIGs).® Upon external stimuli, such as cholesterol Revised:  March 26, 2024
depletion in the ER membrane, the SREBP-SCAP complex is Accepted:  April 11, 2024
transported to the Golgi apparatus, where SREBPs are Published: April 17, 2024
sequentially cleaved by site-1 and site-2 proteases and the

released N-terminal domain enters the nucleus to activate

to date. Considering that brain-specific SCAP-deficient mice
exhibit decreased cholesterol synthesis in the brain, as well as
impaired synaptic transmission and cognitive function,'" long-
term SREBP-2 inhibition, especially in the brain, might lead to
undesirable side effects. Therefore, the development of
SREBP-1-specific inhibitors is especially desirable to under-
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Figure 1. Expression and purification of N- and C-terminal cytosolic human SREBP-1a in Sf9 insect cells. (A,B) Schematic representation of the
domain structure of human SREBP1la, namely acidic, Ser/Pro-rich, basic helix—loop—helix leucine zipper (bHLH-Zip), and transmembrane
domains. For recombinant protein expression, a 6 X His-MBP tag and a FLAG tag were attached to the N- and C-termini, respectively. (C,D) After
24 h of infection with a baculovirus for SREBP-1a (1—487 or 569—1147) expression, Sf9 cells cultured on a 200 mL culture scale were harvested.
Cell lysates were purified on an anti-FLAG antibody affinity gel. The first elution fraction was prepared by adding 1 mL of elution buffer containing
150 ug/mL 3xFLAG peptide. The next elution fraction was prepared by adding 1 mL of buffer containing 150 yg/mL 3xFLAG peptide in the same
manner after the elution of the previous fraction was completed. This process was repeated to obtain the elution fractions. Each elution fraction was
regarded as concentrated 200-fold compared with that of the supernatant. Equal volumes of each sample were subjected to SDS-PAGE followed by
CBB staining. (E,F) Total elution fractions were analyzed by size-exclusion chromatography by determining the absorbance at 280 nm (A280). The
numbers indicate each fraction. (G,H) Equal volumes of each fraction, including the peak, were subjected to SDS-PAGE and immunoblotting with
an anti-FLAG antibody.

stand metabolic disease progression and establish disease formed to assess the affinity and specificity of compound,'
treatment strategies. and two were selected as potential hits.

SREBP-1, a double-pass transmembrane protein, exists as For the identification of direct binders to human SREBP-1,
two isoforms: SREBP-la and SREBP-lc. The SREBP-la we aimed to obtain purified recombinant human SREBP-1.
isoform is characterized by an additional 24 amino acid However, membrane proteins, such as SREBP-1, which possess
residues at the N-terminus compared with SREBP-1c, which two transmembrane regions, are prone to aggregation and

require solubilization with detergents or expression with
specialized materials, such as nanodiscs, for biochemical
assays.'>'® Furthermore, there have been no reports of the
purification of mammalian SREBP-1. Therefore, we first

attempted to express and purify the cytosolic N-terminal (1—

binders of SREBP-1a from a large chemical library. Primary 487) and C-terminal (569—1147) regions of SREBP-1a using a
screening was conducted using a thermal shift assay (TSA),

contributes to its higher transcriptional activity than that of
SREBP-1c."”

In this study, we purified the N-terminal region of human
SREBP-1a and used it as a tool to screen for small-molecule

baculovirus—insect cell expression system (Figure 1A), which

which allows high-throughput evaluation of the effect of is considered more suitable for expressing recombinant
compound binding on the thermal stability of the protein." proteins with high molecular weights than Escherichia coli."”
Subsequently, surface plasmon resonance (SPR) was per- To enhance protein solubility, we added a hexahistidine (6 X
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Figure 2. Expression and purification of divided SREBP-1a regions in E. coli BL21 (DE3) cells. (A) Amino acid sequence analysis of human
SREBP-1a using PSIPRED and each divided region for protein purification, excluding predicted hydrophobic regions (yellow, 203—226, 236—25S,
279—298, 779—790 AAs) and transmembrane domains (blue, 488—508, 538—568 AAs). (B) E. coli BL21 (DE3) cells transformed with SREBP-1
expression plasmids were harvested and sonicated, and the supernatant was subjected to SDS-PAGE followed by CBB staining (upper panel) or
immunoblotting with an anti-FLAG antibody (lower panel). Samples for each lane were prepared from different colonies of E. coli BL21 (DE3)
after transformation. The arrows indicate bands of the target proteins. (C) The cell lysate prepared from BL21 (DE3) cells cultured on a SO mL
culture scale was purified using an anti-FLAG antibody affinity gel. The first elution fraction was prepared by adding 1 mL of elution buffer
containing 150 pg/mL 3xFLAG peptide. The next elution fraction was prepared by adding 1 mL of buffer containing 150 pg/mL 3xFLAG peptide
in the same manner after the elution of the previous fraction was completed. The process was repeated to obtain the elution fractions. Each elution
fraction was regarded as concentrated 50-fold compared with that of the supernatant. Equal volumes of each sample were subjected to SDS-PAGE
followed by CBB staining. (D,E) Total elution fractions were analyzed by size-exclusion chromatography by determining the absorbance at 280 nm.
The red dotted line represents the molecular weight markers of 25, 67, and 232 kDa. Equal volumes of each fraction were subjected to SDS-PAGE
followed by CBB staining.
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Figure 3. Optimization of TSA for SREBP-1 binder screening. (A) A representative melting curve (upper panel) or its differential curve (lower
panel) of 100 ng of purified 6 X HisMBP-SREBP-1 (1—198) in assay buffer (20 mM Tris, pH 8, and 100 mM NaCl) in the presence or absence of
1 mM maltose. The dotted lines indicate T,,. (B) Differential melt curves of 25, 50, 100, or 200 ng of purified 6 X HisMBP-SREBP-1a (1—198) in
assay buffer (20 mM Tris, pH 8, and 100 mM NaCl). (C) Differential melt curves of 100 ng of purified 6 X HisMBP-SREBP-1a (1—198) in S0 mM
MOPS, pH 7, in the presence of 100 mM NaCl or 100 mM KCL. (D) Differential melt curves of 100 ng of purified 6 X HisMBP-SREBP-1a (1—
198) in various buffers indicated in the graph in the presence of 100 mM NaCl. Tris, MOPS, and HEPES buffers are denote by blue, green, and red,
respectively. (E) Differential melt curves of 100 ng of purified 6 X HisMBP-SREBP-1a (1—198) in assay buffer (50 mM MOPS, pH 7, and 100 mM
NaCl) in the presence or absence of Triton X-100 (0.01%, 0.02%) or CHAPS (0.1%, 0.2%). (F) The effect of DMSO concentration on T, values
of 200 ng of purified 6 X HisMBP-SREBP-1 (1—198) in TSA buffer (50 mM MOPS, pH 7, 100 mM NaCl, 0.01% Triton X-100). Data represent
mean =+ SD (n = 5). (G) Change in T,, values in the presence or absence of maltose immediately (0 h) or 6 h after preparation of protein solution
mixtures in TSA buffer. Data represent mean + SD (— maltose, n = 48; + maltose, n = 16). .

His)-maltose-binding protein (MBP) tag at the N-terminus'® fractions by Coomassie brilliant blue (CBB) staining (Figure
and a FLAG tag at the C-terminus for affinity purification 1C,D), size-exclusion chromatography revealed that almost all
(Figure 1B). The baculovirus-expressing MBP-tagged SREBP- of the proteins were eluted in the void volume (Figure 1E,F),
la was prepared in Sf9 insect cells by using a bacmagic which was further confirmed by immunoblotting (Figure

transfection kit. After the amplification of viruses by repetitive 1G,H). Considering the separation ability of the Superdex200

infection of Sf9 cellé, the vnjus Yvas used to 1nfect Sf9 cells for 10/30 GL column used, the result suggested that the protein
24 h. After harvesting, sonication, and centrifugation of the
cells at 100 000 g for 2 h, the supernatant was collected and

purified using an anti-FLAG antibody. Each elution fraction

particle size was much larger than the expected molecular size,
and one possible cause of this could be the formation of

was prepared sequentially by competitive elution with FLAG protein aggregates. Thus, we concluded that the cytosolic N-

peptides with the next elution proceeding after the previous terminal (1-487) and C-terminal (569—1147) regions of
elution was completed. Although both regions of overex- SREBP-1a are difficult to purify with their protein structure
pressed SREBP-la were clearly observed in the elution being kept in a natural state.
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Figure 4. High-throughput SREBP-1 binder screening using TSA. (A) 384-well plate layout for the binder screens. Columns 1, 23, and 24 did not
contain compounds (DMSO group), column 2 contained maltose at a final concentration of 20 #M, and columns 3—22 contained compounds at a
final concentration of 20 uM. (B) Flowchart and summary of the screening campaign toward hit identification. (C) The average SD of the T,
values in each plate of the DMSO group in the primary screen was calculated and represented as a scatter plot. (D) For the 32 000 compounds
evaluated in the primary screen, AT, was calculated and represented as a scatter plot. A total of 586 compounds with AT, greater than 0.46 °C, a
statistical cutoff of 3 X SD of the DMSO groups, were selected. (E) Reproducibility tests for $86 compounds were performed under the same
conditions using 6 X HisMBP-SREBP-1a (1—198) in quadruplicate, and the average AT, was plotted. A total of 158 compounds with AT, greater
than 0.46 °C, a statistical cutoff of 3 X SD of the DMSO groups, were selected. (F) A counter assay for 158 compounds was performed in
quadruplicate using purified 6 X HisMBP under the same conditions as those in the primary screening, and the average AT, was plotted. A total of
78 compounds with AT, less than 0.40 °C, a statistical cutoff of 3 X SD of the DMSO groups, were selected. (G) The compounds shown in Figure
4E, which were excluded from the counter assay in Figure 4F, are highlighted in red.
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Considering the instability of the cytosolic regions of human
SREBP-1a, we attempted to identify the hydrophobic amino
acid-rich regions of the protein that might be responsible for
aggregation using the PSIPRED Protein Analysis Workbench,
which can predict a diverse suite of proteins and provide
annotation tools focused principally on protein structures.'” As
illustrated in Figure 2A, we identified multiple regions
containing many hydrophobic amino acids (AAs) in full-
length human SREBP-1a. Consequently, we divided SREBP-1a
into four domains (1—198, 320—480, 573—776, and 830—
1147 AAs), excluding these regions (Figure 2A). Each region
was deemed small enough to be expressed in E. coli, even
though an MBP tag (43 kDa) was attached. E. coli BL21
(DE3) cells transformed with the expression plasmid were
treated with isopropyl p-p-thiogalactopyranoside (IPTG)
when the ODygy, reached 0.6, cultured for 24 h at 18 °C,
and harvested. The cell pellets were sonicated and centrifuged
at 100000 g for 2 h, and the supernatant was collected.
Because the region 1—198 and 320—480 AAs were found to be
highly expressed in E. coli by CBB staining and immunoblot-
ting (Figure 2B), each protein was purified using anti-FLAG
antibody affinity chromatography (Figure 2C). As shown in
Figure 1C,D, each elution fraction was prepared sequentially
by competitive elution with FLAG peptides, with the next
elution proceeding after the previous elution was completed.
The fractions were then subjected to secondary size-exclusion
chromatography. In the region of 1—198 AA, the chromato-
gram showed a single peak in the column volume (Figure 2D).
The obtained protein was larger than the expected molecular
weight, which suggested that SREBP-1 (1-198) formed a
multimer. This observation is consistent with a previous report
showin§ that the N-terminal region of SREBP-1 forms
dimers.”” In contrast, 6 X HisMBP-SREBP-1a (320—480)
was eluted from the void volume (Figure 2E), which suggested
that this region was not sufficiently stable to be obtained as a
properly folded, purified protein. On the basis of these results,
we conclude that recombinant SREBP-1a (1—198) can be
prepared on a large scale using the two-step purification
approach, thereby enabling high-throughput screening (HTS)
to identify SREBP-1a binders. To our knowledge, this is the
first report to purify human SREBP-la, which would
contribute not only to screening studies but also to X-ray
crystallography for protein structural analysis in the future. In
addition, as for SREBP-1 (320—480) expressed in E. coli and
SREBP-1 (1—487) and SREBP-1 (569—1147) expressed in the
baculovirus—insect cell expression system, it would be
intriguing to investigate whether refolding can be induced by
denaturing agents, such as urea and guanidine—HCI, and/or
reducing agents, such as f-mercaptoethanol and dithiothreitol,
to obtain the appropriate conformation.

We conducted TSA to screen SREBP-la binders with
purified 6 X HisMBP-SREBPla (1—198), as TSA is a highly
efficient and cost-effective method for evaluating the binding
capacity of compounds.”' By determining the thermal melting
curves (i.e., temperature denaturation curves) of 6 X HisMBP-
SREBP-1a (1—198) by monitoring the fluorescent signals of
SYPRO Orange, which binds to hydrophobic regions exposed
during protein denaturation,”” we confirmed an increase in the
melting temperature (T,,) from 54.1 to 62.6 °C upon the
addition of maltose, which can bind to MBP (Figure 3A).
These results indicated that purified 6 X HisMBP-SREBP-1a
(1—198) is structurally stable and appropriate for TSA. On the
basis of these results, we optimized the assay conditions,
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including protein amounts and buffer components, by melting
curve analysis. We observed a purified SREBP-1 dose-
dependent increase in peak height in the differential melting
curves (Figure 3B), thereby indicating that 100 ng is sufficient
for binder evaluation. We found that 100 mM NacCl exhibited a
slightly higher peak than that of 100 mM KCl (Figure 3C). We
also found that the use of S0 mM Tris, pH 8, or 50 mM
MOPS, pH 7, resulted in a peak higher than that of the other
buffers in the differential melting curves (Figure 3D). Since
SYPRO Orange also binds to detergents, which increases the
background signal,”* the addition of detergents may make it
difficult to detect signal induction associated with protein
thermal denaturation. However, detergents can inhibit non-
specific binding to proteins; therefore, we examined whether
any detergent can be added to TSA and found that the
presence of 0.01% Triton X-100 had only a small effect on the
signal compared with 0.02% Triton X-100, 0.1% CHAPS, and
0.2% CHAPS (Figure 3E). Furthermore, we adopted a 1%
DMSO concentration for compound screening as the T, value
was not significantly affected by DMSO concentrations of up
to 1% (Figure 3F). We also confirmed that the T,, and T, shift
values (AT,,) in response to maltose were hardly affected by
incubation of the protein solution mixtures at room temper-
ature for 6 h (Figure 3G), which indicated that the assay
facilitates HTS. In conclusion, we determined an assay buffer
consisting of 50 mM MOPS, pH 7, 100 mM NaCl, 0.01%
Triton X-100, and 1% DMSO to carry out subsequent HTS.

We consider it important not to remove the MBP tag after
purifying SREBP-la to sustain its solubility,'® although
inclusion of the tag may increase the number of false positive
hits as MBP binders. On the basis of the optimized assay
conditions described previously, we developed TSA to perform
HTS in a 384-well plate, as depicted in Figure 4A. Maltose was
added to the second row as a positive control to ensure the T,
shift. The mean T, value of the entire well in the absence of
maltose was 54.7 °C with a standard deviation (SD) of 0.11
°C, which indicated interwell variability. However, the AT, in
response to maltose was 3.73 °C, which was significantly
greater than the SD in the DMSO group, which implied that
the assay was robust enough for HTS.

Compound screening was carried out according to the
flowchart shown in Figure 4B. Primary screening was
conducted using TSA with a chemical library of small-molecule
compounds at a final concentration of 20 M. The average SD
of Ty, values in the DMSO control group across all plates was
0.152 °C (Figure 4C). A total of 586 compounds with AT, >
0.46 °C, which was the statistical cutoff (3 X SD) for the
control group, were selected as primary hits from approx-
imately 32000 compounds (Figure 4D). Subsequently, a
reproducibility test was performed in quadruplicate, and 158
compounds with AT, > 046 °C (3 x SD) were selected
(Figure 4E). As the T, shift could also be induced by
compounds binding to the tag regions, a counter assay was
performed using purified 6 X HisMBP-FLAG under the same
conditions as in the primary screening. Consequently,
compounds with AT, > 0.40 °C (3 X SD) were excluded as
false hits, which resulted in the selection of 78 compounds
(Figure 4F).

In a previous study, TSA of the MBP-tagged protein
exhibited two peaks of melt curves originating from either the
MBP tag or the target protein, thereby indicating that the MBP
tag exists as an independent domain.”’ In this study, 6 X
HisMBP-SREBP-1a (1—198) appeared to represent a single
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Figure S. Identification of SREBP-1 binders with SPR. (A) Left panel: SPR sensorgram showing dose-dependent binding of maltose (0.1, 0.3, 1, 3,
10, 30, and 100 M) to immobilized 6 X HisMBP-SREBP-1a (1—198). Right panel: steady-state fitting of equilibrium responses and Kp, calculation
on the basis of the 1:1 binding model. (B—D) SPR sensorgrams showing compound binding (>4 RU) at concentrations of 10 (red) or 40 uM
(green) to immobilized 6 X HisMBP-SREBP-1a (1—198) (B,C) or to immobilized 6 X HisMBP (D). (E) Upper panel: SPR sensorgram showing
dose-dependent compound binding (Compound 1 = 3.125, 6.25, 12.5, 25, and SO uM; Compound 2 = 12.5, 25, 50, 100, and 200 uM) to
immobilized 6 X HisMBP-SREBP-1a (1—198). Lower panel: the steady-state fitting of the equilibrium responses and the K, calculation on the

basis of the 1:1 binding model.

peak of the melt curve; however, the T, value of MBP was
reported to be around 55 °C, which is close to that of 6 X
HisMBP-SREBP-1a (1—198).>* Therefore, the T, value of
SREBP-1a (1—198) is expected to be similar to that of MBP.

Taken together, we inferred that the MBP tag does not induce
a conformational change in the target protein, and the counter
assay using purified 6 X HisMBP could effectively eliminate
binders to the MBP tag. This notion is supported by the fact
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Table 1. Information on Hit Compounds Identified as SREBP-1 Binders

IUPAC name

Kp (UM)

Rmax (RU) Structure

Compound 1 9-phenyl-8,10-
dioxatricyclo[7.3.1.
02,7]trideca-2,4,6-

trien-5-ol

2.44

1.4 \

Compound 2 (5E)-5-[1-(1,3-
benzodioxol-5-
ylmethylamino)pro
pylidene]-1-
cyclohexyl-
hexahydropyrimidi
ne-2,4,6-trione

56.4

7.46

that the TSA counter assay using 6 X HisMBP mostly excluded
compounds that showed positive T, shifts (Figure 4G). Thus,
it is reasonable to consider that hit compounds from the first
screening with positive Tj; shifts may bind to MBP, whereas
those with negative T, shifts may bind to SREBP-1a.
Although TSA enables HTS of binders to target proteins, it
cannot guarantee binding specificity or quantitatively evaluate
affinity. Therefore, we employed the Biacore T200 instrument
to perform SPR analysis to validate the compound-binding
capacity and specificity with greater accuracy.” Purified 6 X
HisMBP-SREBP-1a (1—198) was immobilized on a CMS
sensor chip using an amine-coupling kit. As the isoelectric
point of the purified protein was between 4.5 and 4.6, we
preconcentrated the protein at a lower pH of 4.4 and
optimized the conditions for the immobilization of SREBP-1
on the CMS surface. Approximately 7000 resonance units
(RU) of the proteins were immobilized. To confirm the
conformationally active state of the immobilized protein, we
determined the dose-dependent binding response and
dissociation constant (Kp), an affinity indicator, of maltose
(at concentrations from 0.1 to 100 #M) against 6 X HisMBP-
SREBP-1a (1—198). The results indicated that the maximum
binding response (R,,,,) and K, values were 15.8 RU and 1.33
UM, respectively (Figure SA). Considering that the Kp of
maltose against MBP is reported to be approximately 2 uM, it
was implied that 6 X HisMBP-SREBP-1a (1—198) maintains
its conformation and that SPR analysis functions properly. On
the basis of the results of our screening, we examined the
binding capacities of the 78 compounds selected using TSA.
These compounds were diluted in running buffer containing
2% DMSO and injected into the sensor chip at final
concentrations of 10 and 40 uM. Of these, 21 compounds
showed binding responses of more than four RU (Figures SB).
However, the R, values of the two compounds exceeded
three times the calculated R, values, thereby suggesting that
they were nonspecific binders and were, therefore, eliminated
as false positive compounds (Figure 5C). We then
immobilized 6 X HisMBP-FLAG, which excludes SREBP-1a,
on the CMS sensor chip and evaluated the binding responses
of the selected compounds at final concentrations of 10 and 40
uM. Nine compounds with binding responses over four RU
were excluded because they were regarded as not targeting
SREBP-1a (Figures SD). The 12 remaining compounds were
subjected to dose-dependent analysis (from 3.125 to S0 M),
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and the two compounds exhibited a dose-dependent binding
response (Figure SE). Compound 2 did not show clear
saturation at lower concentrations; therefore, a dose-depend-
ent assay was performed up to a concentration of 200 uM,
which showed a saturation-binding signal. On the basis of
these results, we conclude that these compounds are novel
SREBP-1a binders. The structures and IUPAC names of the
hit compounds, along with their R, and K, values, are listed
in Table 1. While there are no reports on Compound 1,
according to PubChem search results, Compound 2 was
reported to function as an inhibitor of the T-Type Calcium
Channel with an ECg, value of 5.15 uM (BioAssay AID:
489005), although the Ky, value of Compound 2 for SREBP-1
(1—198) deviated from its ECg, value by more than 10-fold.

As a next step, compound properties, including physical
properties, aflinity, and specificity, should be improved through
structure—activity relationships (SAR) prior to in vitro cell-
based assays followed by in vivo examination. Possible cell-
based assays include examining the inhibitory effects of the
optimized compounds on the expression levels of SREBP-1
target genes and proteolytic activation of SREBP-1 in human
cells that express SREBP-1, such as hepatocytes. If labeled
binders can be synthesized, it will be possible to conduct a
pull-down assay against endogenous SREBP-1 to ensure that
binders against SREBP-1 (1—198) can bind to endogenous
SREBP-1. Although the amino acid sequence homology
between SREBP-1 and SREBP-2 in the N-terminal region of
1—-198 is approximately 30.7%, which is low compared with
46% of the total amino acid sequence, evaluation of the
selectivity against SREBP-2 would be required for the
compounds to be developed into drugs.

Isothermal titration calorimetry (ITC) may be a promising
tool for analyzing compound SAR,* given the lack of a solved
protein structure for human SREBP-1. ITC can distinguish
enthalpy-driven bonds, such as hydrogen bonds and van der
Waals forces, from entropy-driven bonds, such as hydrophobic
interactions, in the binding contributions. The enthalpy-driven
thermodynamic signature reflects specific binding to the target
protein, which is useful for optimizing compound structures.”’
Additionally, the presence of binding pockets in SREBP-1, in
which small molecules regulate their activity, remains
unknown. If SREBP-1 binders have little impact on its activity,
protein knockdown technology, which can degrade the target
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proteins of interest through the ubiquitin-proteasome pathway,
may offer a promising alternative approach.”®

Our research led to the identification of novel human
SREBP-1 binders using purified recombinant proteins. The
application of purified SREBP-1 may provide insights into its
protein structure and compound-binding sites, which would
facilitate the investigation of structure—activity relationships
among hit compounds. Additionally, our findings suggest the
potential of purifying the N-terminal region of human SREBP-
2, which could contribute to the understanding of the
structural differences between SREBP-1 and SREBP-2 and
determine the binding selectivity of the compounds. The
development of SREBP-1-specific inhibitors would enable
examination of the proof-of-concept of SREBP-1 as a
therapeutic target molecule with ease and precision, both in
vitro and in vivo. Furthermore, these inhibitors could serve as
lead compounds for potential therapeutic drugs.
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