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[Background]

G-protein coupled receptors (GPCRs) form highly complexed structures and protein families of
diverse functions, which impede generation of therapeutic antibodies or selective chemical agents against
each GPCR. In this project, we aimed to solve this problem by establishing new fundamental technologies
for GPCR using RNA aptamer. GPCRs are highly integrated into cell membranes and thereby very difficult
to purify in the stable conformations. Therefore, various GPCR materials were prepared for SELEX in
stabilized forms by using liposome, micelle, cells, and virus-like particles. Additionally, we intended to
develop a new efficient method to predict sequences of potential aptamers without iterative selection process.
Here we demonstrated effective and versatile fundamental technologies to develop RNA aptamers against
GPCR by integrating those methods.

[Result]

1. Screening of aptamers against GPCRs

We have developed and optimized SELEX methods using liposomal GPCR, solubilized GPCR
(micellar GPCR), GPCR expressing cells and GPCR expressing virus-like particles, respectively. In SELEX
with solubilized GPCR (micellar GPCR), we made the effective method to remove non-specific RNA by
switching resins for immobilization of GPCR in every round and RNase treatment. The method allowed us
to isolate many aptamers against A2a receptor and their binding activities were successfully confirmed by
gel shift analysis. In addition to cell SELEX, we developed a SELEX method with virus-like particle. As a
result, we obtained at least 5 aptamers against two GPCRs and confirmed that some of them showed
physiological activity against P2Y2 receptor. This is the first report showing that the virus-like particle is a
useful material of SELEX. In this study, we successfully demonstrated that various SELEX methods with
several materials are useful for generating GPCR aptamers. Among them, we believe that SELEX using
virus like particles will be a gold standard for raising aptamers against GPCR. Furthermore, we also
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established the SEEDS method, which allowed us to isolate aptamers by only single selection step (2018
Imashimizu et al., Biology Methods and Protocols) .

2. Invitro assay of aptamer

To assess the physiological activity of candidate aptamers, we established two cell assay methods.
One is the quantification of the cAMP concentration in cells using HTRF technology for assessment of
aptamers against Gs and Gi type GPCRs. The other is the quantification of the concentration of Ca?* ions
in cells using Aequorin protein for Gi type GPCR. In addition to cell-based functional assays, we prepared
various methods to evaluate the binding ability of aptamers for a multiple types of GPCRs (liposome,
micelle, cells, and virus-like particles) by means of SPR analysis, Flow cytometry, gel shift assay,
immunoplate-PCR analysis, and capillary electrophoresis.

3. Optimization of aptamers for in vivo pharmacological study

Due to cost reduction and tolerance to RNase in vivo, truncation and modification of aptamers are
necessary but sometimes impair the activity of aptamers. In this study, we found that even upon shortening
and modification, several aptamer variants remained the physiological activity comparable to original
aptamers. In addition, aptamers conjugated with biotin on their 5’termini also had physiological activity.
Thus it seems feasible to generate aptamers for therapeutic use by the methods developed in this study.

[Conclusion]

We constructed a novel comprehensive platform integrating diverse “materials”, optimized “SELEX
methods”, versatile “assay methods”, and effective “data analysis technologies” to isolate aptamers against
GPCR. Using this platform, we here showed aptamers having binding and physiological activity for GPCRs.
Because our platform technology doesn’t need any specific equipment or facility, it will provide a useful
technology to generate aptamers against GPCR for researchers in academia and industry. We plan to
combine our technology and computer science to take advantage of enormous information collected by high
throughput sequencing, leading to a completely in silico technology for finding genuine aptamers even
without SELEX.



