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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.
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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 devel opment 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 senditivity 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 aways 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.

In this research, the applicant planned to develop atoolkit 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.

(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

(2) Display functional Q-body on mRNA and M 13 phage

The functional display of Q-body on mRNA or M13 phageis 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 ) Pha o
M 13 phage with binding activity, and the Q-body function was confirmed displayed BGP Q-body
after the TAMRA fluorophore labeling. The displayed wild-type BGP Q- 21er TAMRAlabeling.




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 O 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
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Fig. 2. Dose-dependency of the SARS-CoV-2 N protein Q-body and the performance
improvement with PEG6000 crowding agents.
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To verify if the developed toolkit is useful for rapidly developing Q-body, | ~ COVID-19 patients.
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, afunctional 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.
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