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Using activity-based protein profiling method to explore
the antitumor targets of spiramycin derivatives
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Abstract: Carrimycin is a macrolide antibiotic widely used in the pharmaceutical and clinical fields,
with its primary composition consisting of three distinct derivatives of spiramycin. For decades,
macrolides like carrimycin have been valued for their efficacy against Gram-positive bacteria and
certain atypical pathogens. However, as research has progressed, recent studies have revealed that
carrimycin, along with various other structurally modified spiramycin derivatives, exhibits significant
antitumor activity in multiple experimental models. This finding suggests that the spiramycin mo-
lecular scaffold possesses intrinsic potential beyond its conventional antibacterial role. By strategically
modifying the substituents attached to this core structure, it may be feasible to develop novel

compounds with enhanced and more selective antitumor properties. Despite this promising outlook,
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research into the specific targets and comprehensive mechanisms underlying the antitumor effects
of spiramycin derivatives remains notably insufficient. A major gap exists in the precise identification
of their molecular targets within cancer cells and the detailed signaling pathways they modulate. This
lack of mechanistic understanding poses a substantial barrier to the rational design, optimization,
and clinical translation of spiramycin-based antitumor therapeutics. To systematically address this
knowledge gap and elucidate the antitumor mechanism of this compound class, the present study
adopted an activity-based protein profiling (ABPP) strategy. ABPP is a chemoproteomic approach
that enables the direct identification of functionally active proteins that interact with small-molecule
probes in a native biological context. As a first step, we designed and synthesized a novel, high-
activity spiramycin derivative termed n-hexanoyl spiramycin (h-SPM). Building upon the structure
of h-SPM, we subsequently engineered and synthesized a structurally analogous activity-based probe.
This probe was specifically functionalized with chemical handles (such as an alkyne group)
compatible with ABPP methodologies, allowing for downstream bioorthogonal conjugation and
enrichment steps. The experimental workflow began by incubating this active probe with live cancer
cells. During this co-incubation period, the probe engaged with and covalently bound to its potential
protein targets within the complex cellular environment. Following the interaction, cells were lysed,
and the probe-labeled proteins were efficiently isolated and purified using affinity-based enrichment
techniques—specifically via copper-catalyzed azide-alkyne cycloaddition (click chemistry) to im-
mobilize them onto a solid support. The enriched protein pool was then subjected to in-depth analysis
using liquid chromatography-mass spectrometry (LC-MS). This analytical phase yielded detailed,
proteome-wide information on the identities of proteins that interact with the h-SPM-based probe.
To extract biological insights from the list of identified proteins, we performed comprehensive
bioinformatic analysis using Gene Ontology (GO) enrichment. This systematic classification provided
crucial information regarding the biological processes, molecular functions, and cellular components
associated with the captured proteins. The functional annotations derived from GO analysis allowed
us to evaluate and prioritize several promising candidate target proteins for further experimental
validation. Through this integrated proteomic and bioinformatic approach, we successfully identified
multiple potential cellular targets of h-SPM. Notable among these were amyloid precursor protein
(APP) and low-density lipoprotein receptor (LDLR), both of which are implicated in diverse cellular
processes such as cell adhesion, signal transduction, and metabolic regulation. To confirm the
biological relevance of these interactions, we employed Western Blotting experiments. These studies
verified that the expression or post-translational modification states of APP and LDLR were altered
in response to h-SPM treatment, thereby confirming their status as responsive molecular targets.
After identifying and preliminarily validating APP as a key interactor, we proceeded to investigate
its functional role in the drug’s mechanism of action. Using short hairpin RNA (shRNA )-mediated
protein knockdown, we generated cancer cell lines with significantly reduced APP expression.
Comparative analysis of drug sensitivity between these knockdown cells and their wild-type
counterparts revealed a marked attenuation of h-SPM’s antitumor effects in the absence of APP.

Complementary to this, cell staining assays, including immunofluorescence, were conducted to
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visualize morphological changes, alterations in cell viability, and the subcellular localization of
relevant biomarkers following h-SPM treatment. Collectively, these functional experiments provided
compelling evidence that APP plays a critical and indispensable role in mediating the antitumor
activity of h-SPM. Our findings thus outline a preliminary model of the drug’s mechanism, likely
involving cellular pathways regulated or influenced by APP. In summary, this study achieves two
significant objectives. First, it establishes and validates a robust, generalizable target-screening
platform based on ABPP, specifically tailored for the investigation of spiramycin-class compounds.
Second, and more importantly, it delivers novel biological insights by pinpointing specific protein
targets such as APP. The identification of these targets provides invaluable mechanistic clues and
a solid theoretical foundation for the future development of this family of compounds. This work
effectively advances spiramycin derivatives from compounds with observed phenotypic activity
toward agents with an emerging mechanistic understanding, thereby paving the way for more
targeted drug design and informed combination therapy strategies in oncology. Future studies will
focus on delineating the detailed downstream consequences of APP engagement by h-SPM and
exploring the therapeutic potential of other identified targets in preclinical models.
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2 fit 7, h-SPM X T B i3 200 i 32 347 e B B 35 1

5 P T ER T R %08 2k 5 h-SPM
o AR T, 26 W H 40 i B2 P 5 h-SPM AT, i fin A
(1) T) BE P 2 A1 R 8 3% 2l E h-SPM (1) A8 9 24 06
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Fig.1 Chemical structures of (a) drug n-hexanoyl spira-
mycin (h-SPM) and (b) probe
The structure of the probe is similar to the drug. The red part

are the groups required for the click chemical reaction, which
are different from the structure of the drug.
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Fig. 2 Cell proliferation assay of h-SPM and probe (n=3)
a. MHCC-97H; b. MDA-MB-231; c. A549; d. LN229. Four cell lines were used, and the cells were treated with h-SPM or probe at differ-
ent concentrations. The survival rates were measured with CCK-8 Kit, and a series of curves showing the changes in survival rates with

concentration were obtained.
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Fig.3 Fluorescence gel imaging of the probe-labeled
protein

From left to right, the different bands represent the experi-
mental groups numbered 1, 2, 3, 4, 5, 6, 7, 8, and 9. The differ-
ent treatments for 1 and 2 are related to ultraviolet light, for 3-5
they are treated with different concentrations of probe, and for
6-9 they are pretreated with different concentrations of h-SPM
before probe treatment. The gel was stained with Coomassie Bril-
liant Blue (CBB) to demonstrate that the protein content of each
sample was the same.
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Table 1 Cellular pathways related to the Gene Ontology
(GO) analysis results

Gene set Description

GO:0016192 vesicle-mediated transport

GO:0045321 leukocyte activation

GO:0045055 regulated exocytosis

GO:0002263 cell activation involved in immune response
GO:0002274 myeloid leukocyte activation

GO:0001775 cell activation

GO:0043312 neutrophil degranulation

GO:0002283 neutrophil activation involved in immune response
GO:0042119 neutrophil activation

GO:0002446 neutrophil mediated immunity
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Fig. 4 Western Blotting of the potential target proteins

In the GO analysis, proteins with the high correlation to the
pathways were found: low-density lipoprotein receptor (LDLR) ,
amyloid precursor protein (APP), transferrin receptor protein 1
(TFRC) and insulin-like growth factor 2 receptor (IGF2R). In
Western Blotting experiments, different doses of drugs were
added at different times to observe the changes in the bands to
determine which proteins were related to the drug’s effect.
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Fig.5 Cell proliferation assay of APP knockdown cell
lines by shRNA (n=3)

a. APP content in four different cell lines. Four different cell
lines were constructed. The shc was the blank control group for
the infection of empty vector viruses, while shl, sh2 and sh3
were cell lines with APP knockdown. b. Curve diagrams of cell vi-
ability of various cell lines to drug concentration. The four differ-
ent cell lines were cultured under different concentrations of h-
SPM, and performed with CCKS8 assay. The sequence of shRNA:
shl: CCCTGTTCATTGTAAGCACTT; sh2: GCAGACACAGACTA-
TGCAGAT; sh3: GCCATCTTTGACCGAAACGAA. * p<0.05.
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Fig. 6 Influence of drugs on cellular lysosomes

a. Lysosome staining intensity. Added the lysosome fuels to
the cells with and without drug addition, and cultured for differ-
ent periods of time. After performing confocal imaging, quantify
the photos using software to obtain the staining intensity histo-
gram; b. Western Blotting detection of the changes of lysosome
proteins lysosomal-associated membrane protein 1 (LAMP1) and
cathepsin D (CTSD) after drug addition. Cultivate the cells under
drug-added and non-drug-added conditions at different time
points, extract the proteins from these cells for Western Blotting
experiments, and obtain the results of protein changes after drug
addition. ACTIN is served as a reference protein. * p<0.05.
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