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Recently, elevated glutaminolysis has attracted much attention as one of the hallmarks of tumor cells; it has
been well-documented that this elevated glutaminolysis is accompanied with increased uptake of glutamine
mediated by specific glutamine transporters, including ASC transporter 2 (ASCT2). This molecular interaction
between glutamine and ASCT2 offers great interest to sensing tumor cells; however, developing
glutamine-functionalized molecules with high affinity to tumor cells is a big challenge because the binding
affinity of glutamine to ASCT?2 is too weak for this purpose.

In this study, I successfully developed glutamine-functionalized polymer having strong affinity to tumor cells
overexpressing ASCT2. This functional polymer was synthesized by ring-opening polymerization of
N-carboxyanhydride, which permits facile control of the polymer length, and subsequent modification of the
side chain to have glutamine-like structure. In this design, modulation of the polymer length would allow strong
multivalent interaction with dense ASCT2 on tumor cells, whereas such multivalent interaction is unlikely to
occur on normal cell surface with low transporter density. This density-associated multivalent effect could
achieve tumor-selective interaction of the functional polymer. Indeed, the developed polymer with suitable
length showed significantly faster and higher (~ 5-fold) cellular uptake in tumor cells (high expression of
ASCT2) compared to non-cancerous cells (low expression of ASCT2). Furthermore, chemical structure at the
side chain also potentially affected this cellular interaction of the polymer; lack of glutamine-like structure at the
side chain significantly decreased the affinity to ASCT2 and tumor selectivity, indicating that glutamine-like
structure at the side chain is the key for strong interaction with ASCT2. The developed polymer with fine-tuning
of polymer length as well as chemical structure at the side chain accomplished selective and strong interaction
with dense ASCT2 on tumor cells, thereby showing strong binding affinity to tumor cells that is comparable to
potent ligand molecules in the literature.

In conclusion, this is the first study utilizing glutamine as a functional molecule showing tumor-selective high
affinity by interacting with the glutaminolysis-related transporter ASCT2. Furthermore, this study can provide a
novel approach of molecular design to target dense transporters using their substrates that have a great potential

for tumor therapy and diagnosis based on tumor-specific metabolism.
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