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Chemical biology approach utilizing novel bivalent ligands for GPCR CXCR4
leads to the elucidation of a dimeric structure
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The chemokine receptor CXCR4 is a membrane protein, which belongs to the G-protein
coupled receptor (GPCR) family. Interaction of CXCR4 with its endogenous ligand,
stromal-cell derived factor-1 (SDF-1)/CXCL12, induces various physiological functions:
chemotaxis, angiogenesis, neurogenesis, efc. in an embryonic stage. On the other hand,
CXCR4 is relevant to multiple diseases: AIDS, cancer metastasis, progression of leukemia,
rheumatoid arthritis, etc. in adulthood. Recent studies have indicated a pivotal role of homo-
and hetero-oligomerization of CXCR4 in cancer metastasis.

These studies were mostly performed with BRET analysis. The results indicated the
limitation of this method in the elucidation of the native state of receptors in living cells
because of the conformational or functional changes due to the mutations.

Estimation of the precise distance between receptors in a dimer form will bring us the
efficient development of bivalent ligands of GPCRs, which have advantages in binding affinity
and specificity. However, challenges in design of bivalent ligands have showed its difficulty
because of the unclearness in dimeric forms of GPCRs. Therefore, there is an increasing
demand for a novel strategy for this analysis.

In this study, we designed and synthesized novel CXCR4 bivalent ligands with two FC131
analogues [cyclo(-D-Tyr-Arg-Arg-Nal-D-Cys-)] (Nal = L-3-(2-naphthyl)alanine) connected by a
polyproline or a PEGylated polyproline linker. A cyclic pentapeptide FC131
[cyclo(-D-Tyr-Arg-Arg-Nal-Gly-)] was previously found as a potent CXCR4 antagonist. The
linkers were expected to sustain a certain constant distance between the ligands. Our
bivalent ligands with various linkers were applied to measure the distance between two
binding sites of ligands in CXCR4 dimers.

Here, we present experimental results concerning the native state of CXCR4 dimer
utilizing our bivalent ligands, leading to a clear comprehension of the precise structure. This
approach could be utilized to other GPCRs as a molecular measure in design of bivalent
ligands. Furthermore, an application of fluorescent-labeled bivalent ligands to cancer

diagnosis will be discussed.



