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Studies on the anticancer effect of bisabosqual A, as a novel asparagine synthetase

i SCEE  |inhibitor, in human non-small cell lung cancer cells
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Asparagine synthetase (ASNS) as an imperative enzyme for the de novo biosynthesis of asparagine
(Asn), becomes a promising anticancer target. In several solid tumors, ASNS expression exhibited
positive correlation with tumor growth, including lung cancer, breast cancer and gastric cancer.
Moreover, overexpressed ASNS was associated to the chemoresistance and metastasis in vivo, while
ASNS knockdown constrained tumor growth in mouse xenograft models. Asn depletion was considered
a vital factor of ASNS anticancer effect. Cancer cells demand for abundant nutrition to support their
rapid proliferation, and thus amino acid depletion, such as Asn or glutamine depletion, is a prospective
strategy for inhibiting cancer through the impact on metabolic vulnerability. Therefore, ASNS inhibition
becomes a potential cancer chemotherapy.

No ASNS inhibitors have been used clinically so far. Most of ASNS inhibitors are the analogs of
B-aspartyl-AMP intermediate or transition-state in ASNS reaction. Although transition-state analogs
could suppress ASNS at nanomolar concentrations, their low cell permeability and instability obviously
impeded their anticancer activity. Consequently, it is urgent to develop ASNS inhibitors with a novel
pharmacophore as well as effective anticancer activity.

Higher ASNS expressions were observed in lung cancer tissues than in normal lung tissues, and the cell
growth of non-small cell lung cancer (NSCLC) was impaired by ASNS knockdown. However, further
study about anticancer effectiveness and underlying mechanism of ASNS inhibitors was scantily
focused on. Accordingly, in this study, I disclose a new covalent binding ASNS inhibitor, bisabosqual A
(Bis A), and investigate its anticancer mechanism in human NSCLC cells, as well as the synergistic
effect with L-asparaginase (L-ASNase) or mTOR inhibitors.

Chapter 1 The identification of bisabosqual A as a potential ASNS inhibitor and the investigation
of the binding site of bisabosqual A on ASNS

Human ASNS (hASNS), catalyzing aspartate and glutamine to produce Asn and glutamate, contains two
conserved domains, the N-terminal (residues 1-216) glutaminase domain and the C-terminal (residues
217-561) synthetase domain. The PP; production indicating the formation of p-aspartyl-AMP
intermediate, was used to measure ASNS activities in many studies. However, PP; production could not
reflect the complete of whole ASNS reaction containing the catalysis of N-terminus. Hence, an in vitro
screening system detecting product AMP concentrations, was constructed using a purified recombinant
hASNS to evaluate ASNS activities. By executing this system to screen our in-house microbial
metabolite library, a unique bisabolane-type meroterpenoid molecule bisabosqual A (Bis A), produced
by the fungus Stachybotrys sp. RF-7260, was identified as a potential ASNS inhibitor. Moreover, the
study of structure-activity relationship among Bis A, and its analogs bisabosquals B, C, and D, further
confirmed that Bis A was a promising hit molecule.

After incubation of Bis A with ASNS followed by SDS-PAGE and Coomassie brilliant blue staining, the
band intensity of ASNS significantly decreased and the band moved up to a larger molecular weight,
with the increased concentrations of Bis A, which suggested the covalent binding of Bis A on ASNS.
Subsequently, LC-MS/MS was used to investigate their binding site, and Bis A was observed to modify
K556 sites with evidently high modification rate. The reported high-resolution crystal structure of ASNS




lacked a few residues including residues 536-561, and thus AlphaFold2 model structure of ASNS was
predicted. Through conducting CovDock, a ligand binding pocket around K556, as well as a covalent
docking pose of ASNS-Bis A complex were observed, revealing that Bis A could covalently bind to
K556 site of ASNS via Schiff-base formation. Furthermore, K556A mutant that lysine was replaced by
alanine at the 556 site of ASNS was constructed. The results showed that K556 A mutant could not be
significantly inhibited by Bis A, implying the importance of K556 site to ASNS inhibitory activity of
Bis A.

Chapter 2 The anticancer effect and mechanism of bisabosqual A in non-small cell lung cancer
cells

In order to determine the anticancer effect of Bis A, human non-small cell lung cancer (NSCLC) A549
and H1299 cells were used. Bis A could significantly suppress the cell viability of not only 2D-culture
but also 3D-spheroid of A549 cells or H1299 cells. Besides, Bis A was observed to target ASNS in cells
through performing cellular thermal shift assay, siASNS transfection experiment, as well as the Asn
supplementation experiment. In addition, the results revealed the synergistic effect of Bis A and
L-asparaginase (L-ASNase), an enzyme depleting extracellular Asn, in impeding cell proliferation.

Even though intracellular Asn level was decreased by Bis A in A549 cells, it recovered to a similar level
of negative control, upon longer treatment, which suggested the existence of a negative feedback
pathway. Therefore, at first, ATF4, a transcription activator of ASNS, and its involved
GCN2-elF2a-ATF4 axis of AAR signaling pathway were investigated, and the results indicated that this
axis was activated after treatment with Bis A. Afterwards, through GSEA analysis and western blot
analysis, Bis A was shown to upregulate PI3K-AKT-mTORC1 and RAF-MEK-ERK pathways, and the
combination treatment of Bis A and mTOR inhibitors exhibited synergistic effects in antiproliferative
activity. Accordingly, these results revealed that the activation of GCN2-elF2a-ATF4,
PI3BK-AKT-mTORC1 plus RAF-MEK-ERK pathways by Bis A was related to the negative feedback
regulation.

The mTORC1 activation inhibits autophagy, as well as autophagy and ROS are involved in apoptosis.
Consequently, the effect of Bis A on autophagy, oxidative stress and apoptosis in A549 cells was
studied. The results showed that Bis A inhibited autophagy and induced oxidative stress plus apoptosis.
In addition, Bis A was observed to hinder cell migration by performing wound healing assay and
transwell-plate assay. Furthermore, epithelial-mesenchymal transition (EMT) triggered by TGF-B was
rescued, in some extent, by Bis A through reducing the expression of N-cadherin and vimentin, and
enhancing the expression of E-cadherin, indicating the inhibition by Bis A on EMT.

In conclusion, this study identified a new ASNS inhibitor, Bis A, with unique pharmacophore and
binding site, and for the first time, revealed K556 site had the potential to affect the efficacy of the
ASNS inhibitor. In mechanism, Bis A exerted anticancer activity through promoting oxidative stress and
apoptosis, while impeding autophagy, cell migration and EMT. Thus, Bis A could be a promising lead
molecule in development of ASNS inhibitors. Additionally, the synergistic effect of Bis A with
L-ASNase or the mTOR inhibitor showed a prospective strategy for cancer chemotherapy.
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