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研究成果の概要（和文）：本研究では、Quenchbodyの性能を迅速に向上させるためのツールキットを開発しまし
た。このツールキットには、分子ディスプレイを用いた超高速スクリーニングシステム（uHTS）、Quenchbodyの
検出限界を向上させるための切断可能な蛍光色素リンカー設計、およびクラウディング剤を含む反応バッファー
が含まれています。このツールキットを使用して、SARS-CoV-2 Quenchbodyを含む複数のバイオセンサーが最適
化され、実用的な性能に達しました。特に、このuHTSは、Quenchbodyなど抗体複合体の開発プロセスを革新し、
緊急事態において迅速にバイオセンサーを開発することを可能にします。

研究成果の概要（英文）：In this project, a toolkit for rapidly improving the performance of 
Quenchbody biosensors has been developed. It includes a biomolecular display-based 
ultra-high-throughput screening system, a cleavable fluorophore linker design for increasing the 
detection limit of the biosensor, and a reaction buffer with optimized crowding agents. Several 
Quenchbody biosensors, including the SARS-CoV-2 N protein biosensor, were optimized using this 
toolkit and rapidly reached a performance level suitable for the detection of analytes in practical 
applications. This toolkit, especially the uHTS screening method, will change the development 
process of Quenchbody biosensors or similar antibody conjugates, allowing the creation of biosensors
 in a timely manner under emergency circumstances in the future.

研究分野：高速分子進化

キーワード： biosensor　uHTS　quenchbody　mRNA display　phage display

  １版

令和

研究成果の学術的意義や社会的意義
バイオセンサーおよび関連する均一系イムノアッセイは、診断や食品安全の分野において、ターゲットバイオ分
子の迅速かつ高感度な検出において極めて重要な役割を果たしています。本研究では、Quenchbodyバイオセンサ
ーの迅速な設計と開発のためのツールキットを開発しました。このツールキットは、従来の手法に比べて設計お
よび最適化プロセスを大幅に効率化し、短時間でバイオセンサーを作成することを可能にします。これにより、
将来的にパンデミックなどの緊急事態に迅速かつ効果的に対応できる社会の実現に寄与することが期待されま
す。

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 

Immunoassay is an important approach for the detection of pathogens and small molecules, such as 

drugs, peptides, hormones, food additives, etc., in clinical diagnostics, food and environmental safety 

control, and research fields. Quenchbody (Q-body) was invented through the linking of a fluorescent 

dye to the engineered antibodies, e.g., scFv (J Am Chem Soc, 2011, 133, 17386-94). The linked 

fluorescent dye will be quenched by the Trp residues nearby and illuminates after ligand binding-

triggered conformational change. This type of fluorescent immunosensor allows rapid and simplified 

detection of targets, which makes the development of on-site and low-cost assays possible. 

Same as most antibody-based detection methods, the Q-body responds to the target in a one-to-one 

manner. Therefore, the sensitivity of the Q-body is limited by the kinetics feature of its parental 

antibody. Due to this limit, when the sensitivity is not enough for practical application, the parental 

antibody needs to be replaced, which is not always available in a short time. The Q-body has the 

potential to be tuned to a linker-cleavable type through the cleavage of fluorophore linker by helper 

protease after the ligand-binding triggered conformational change. This match-candle model could 

improve the sensitivity by introducing the turnover to the Q-body-based immunoassay. Another limit 

of the Q-body development is the low-throughput design and optimization process, which reduced the 

efficiency of the biosensor development under emergency circumstances. 

２．研究の目的 

In this research, the applicant planned to develop a toolkit for rapidly improving the sensitivity and 

or performance of a Q-body. In detail, the toolkit contains the following three parts: (1) A mRNA 

display or phage display-based ultra-high-throughput screening (uHTS) system for rapidly fine-tuning 

the fluorophore-linker and antibody framework, improving the response, and even directly screening 

of parental antibody suitable for Q-body conversion; (2) cleavable-fluorophore linker designs for 

improving the sensitivity of the Q-bodies; (3) the reaction buffer with crowding agents for improving 

the speed and sensitivity of the response. This toolkit will be applied to SARS-CoV2 N protein Q-

body, S protein Q-body and thyroxine (T4) Q-body (thyroid function biomarker) to improve their 

feasibility in practical applications. 

３．研究の方法 

(1) Establish the mRNA and phage display system for displaying the functional Q-body for selection 

(2) Generate the Q-body libraries and select using the established screening system 

(3) Rational design of the fluorophore linker cleavable Q-body and evaluate the sensitivity changes 

(4) Investigation of the effect of the crowding agents on the response speed of the Q-body 

(5) Verify the uHTS screening method on the T4 Q-body development 

４．研究成果 

(1) Display functional Q-body on mRNA and M13 phage 

 The functional display of Q-body on mRNA or M13 phage is the first and most 

critical step during the establishment of the uHTS for Q-body. The scFv of the 

KTM219 anti-BGP antibody was successfully displayed on mRNA and 

M13 phage with binding activity, and the Q-body function was confirmed 

after the TAMRA fluorophore labeling. The displayed wild-type BGP Q-

Fig. 1. Phage-
displayed BGP Q-body 
after TAMRA labeling. 



body (Fig. 1) showed a 4-fold response which is comparable to the free BGP-Q-body. 

(2) Selection of the BGP Q-body library using the uHTS 

 The linker library was constructed and selected using phage display-based uHTS. Through 2 rounds 

of selection, the overall response of the library was increased. The DNA pools of the round 2 and 

round 0 outputs were analyzed by next-generation sequencing. One of the top enriched variants 

showed around a 10-fold response, which was for the first time achieved for scFv type Q-body. This 

result confirmed the feasibility of using the established uHTS for rapid and effective Q-body 

development. 

(3) Rational design of the cleavable linker for BGP Q-body 

 The Fxa protease cleavage site was inserted into the fluorophore linker of the Q-body. Several 

locations and the surrounding sequences have been tested to find the best design for improving the 

sensitivity of the BGP Q-body. One of the variants could reduce the detection limit of the BGP Q-body 

to less than 0.5 nM, which was 2-3 nM for conventional Q-body without detection turnover. This 

design has been applied to create other switch-type antibody conjugates for broader applications than 

biosensing. The paper and patent about the above content are under preparation. 

(4) Development of SARS-CoV-2 Q-bodies and the performance improvement by the crowding agent 

 To combat the COVID-19 pandemic, I successfully developed the Q-bodies 

against both the N protein (Fig. 2) and S proteins of the SARS-CoV-2. The 

detection limit of the N protein Q-body reached the pM level after optimizing 

the crowding agents in the reaction buffer, which makes the practical application 

of the Q-body for the rapid swab specimen measurement possible (Fig. 3). This 

is the first case study of a Q-body for the virus infection detection in a real 

specimen, which demonstrated the feasibility of the Q-body biosensors for 

combating future pandemics, 

(5) Rapid development of the T4 Q-body using the developed uHTS system 

To verify if the developed toolkit is useful for rapidly developing Q-body, I 

perform the uHTS for creating a functional T4 Q-body at the end of this project. The anti-T4 scFv 

used in this screening could not be converted into Q-body with a conventional Q-body design strategy. 

Notably, only after 2 rounds of screening, a functional T4 Q-body was discovered in the top enriched 

variants. The total operation period of this process is less than 1 month, which demonstrates the 

rapidness of the toolkit for the development of Q-body against a new target analyte.  

Fig. 2. Dose-dependency of the SARS-CoV-2 N protein Q-body and the performance 
improvement with PEG6000 crowding agents. 

Fig. 3. Distinguish the 
positive and negative 

specimens of the 
COVID-19 patients. 
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