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Fluorophore Labeling Enables Imaging and Evaluation of Specific
CXCR4—-Ligand Interaction at the Cell Membrane for Fluorescence-Based

Screening
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Development of CXCR4-specific ligands is an important issue in chemotherapy of HIV infection, cancer metastasis,
and rheumatoid arthritis, and numerous potential ligands have been developed to date. However, it is difficult to
assess their binding mode and specificity because of uncertainties in the structure of the CXCR4—ligand complexes.
To address this problem, we have synthesized fluorophore labeled Ac-TZ14011, which is derived from T140, a
powerful CXCR4 antagonist. Binding of Ac-TZ14011 to CXCR4 on the cell membrane was observed by
fluorescence microscope, and analysis of the binding data produced 1Cs, values of several ligands comparable to
those obtained in RI-based assays. This fluorescence-based assay is applicable to explore new pharmacophores of
CXCR4-specific ligands with high-throughput screening and also to screening of the other GPCR binding ligands.

The interaction of CXCR4 with ligands causes diverse effects
on cellular functions such as metastasis of progenitor cells (/—3),
and a major role of CXCR4 is as the receptor of the chemokine,
CXCL12. The interaction of CXCL12 with CXCR4 has been
shown to be correlated with cancer progression (4) and CD4 "
T cell accumulation in the rheumatoid arthritis synovium (5).
CXCR4 is also known as the second receptor of X4-type HIV-1
(6), and numerous ligands for CXCR4 derived from natural and
synthetic compounds have been identified as inhibitors of HIV
infection and cancer metastasis. ['>°[]-CXCL12 has been utilized
as a competitor in the assays to evaluate the CXCR4-binding
activity of synthetic compounds such as T140 (7), its derivatives
(8), KRH-1636 (9), and AMD3100 (/0). Experimental methods
utilizing radioisotopes (RI') have advantages in the high
resolution of the assays. Recently, molecular probes and
fluorescent labeling, an emergent technology in chemical
biology, have proved to be very useful for the evaluation in
vivo of the functions of proteins and of the biological effect of
changing concentrations of Ca>* (1), Zn?*" (12), and NO (13),
enzyme activity (/4), and protein phosphorylation (15) in cells.
Moreover, imaging of living cells by fluorescent probes can be
utilized to estimate the accuracy of binding assays under
statistically identical conditions. This article describes the
synthesis and use of fluorophore labeled Ac-TZ14011 to analyze
the CXCR4 binding of ligands at the cell membrane and to
determine the ICsy values of ligands.

Ac-TZ14011, a derivative of T140 optimized for CXCR4
binding and stability in vivo by functional group substitutions,

* To whom correspondence should be addressed. E-mail: tamamura.mr @
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¥ National Institute of Infectious Diseases.

'Abbreviations: Ac, acetyl; Cit, L-citrulline; DIC, differential
interference contrast; ESI-MS, electron spray ionization-mass spec-
trometry; FBS, fetal bovine serum; Fmoc, 9-fluorenylmethoxycarbonyl;
GPCR, G-protein-coupled receptor; HEPES, 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid; Nal, L-3-(2-naphthyl)alanine; Nal(1), L-3-
(1-naphthyl)alanine; RI, radioisotope; RP-HPLC, reverse-phase HPLC;
TAMRA, tetramethylrhodamine; TFA, trifluoroacetic acid.
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was synthesized as described previously (76, /7). The p-lysine
at position 8 was selectively labeled with TAMRA or fluorescein
(Figure 1). A hexamethylene group was incorporated into the
TAMRA or fluorescein derivative to maintain an appropriate
distance between T140 residues and the fluorophore. Residues
critical to the CXCR4 binding activity of TZ14011 are Arg2,
Nal3, TyrS, and Argl4, and were assessed by screening of amino
acid substitution of T140 (/6). On the basis of the previously
determined interaction between Ac-TZ14011 and CXCR4 (18),
the fluorophores labeled at D-lysine 8 were assumed not to
inhibit binding of fluorescent-Ac-TZ14011 to CXCR4. To
investigate if fluorescent labeled Ac-TZ14011 maintains binding
activity against CXCR4, the ICsy values of peptides were
estimated by competitive assays against ['*’I]-CXCL12 binding.
In this assay, the ICsq of T140 was 3.7 nM. The ICs, values for
fluorescein- or TAMRA-labeled Ac-TZ14011 were 11 and 14
nM, respectively. These values indicated that fluorophore
labeling does not inhibit binding of Ac-TZ14011 as reported
elsewhere about binding of TAMRA-Ac-TZ14011 (19).

The binding of TAMRA-Ac-TZ14011 to a cell membrane
was observed with a laser-scanning confocal microscope to
determine the specific binding of Ac-TZ14011 to CXCR4. The
CXCR4-GFP fusion protein was stably expressed in the NP-2
cell line (20), and TAMRA-Ac-TZ14011 binding to CXCR4
was clearly observed at the membrane in the absence of
competitors (Figure 2A). To assess the specific binding of
ligands, excess unlabeled Ac-TZ14011 was added to the medium
with TAMRA-Ac-TZ14011. Upon addition of Ac-TZ14011,
weak fluorescence intensity was observed on the cell membrane
or cytoplasm (Figure 2B). Vesicles observed in the cytoplasm
show internalization of CXCR4 receptors induced by binding
of the ligands, and signals from GFP and TAMRA showed
colocalization in the cytoplasm. These results indicate the
specific binding of TAMRA-Ac-TZ14011 to CXCR4. To
evaluate the binding specificity for CXCR4 across the different
kinds of GPCRs, HeLa cells, which stably express CD4-CCR35,
were utilized for microscopy assays. The binding of TAMRA-
Ac-TZ14011 was observed as for the NP-2 CXCR4-GFP cell
line (Figure 2C). With the addition of excess CXCL12 (Figure
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