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AL TEPERE R B £ v P — MO T2 ORBR TR & FRRFHUBOMSI) LB L, ARETHEI L, 7RIV RS TV 5,

Hw TR Tl MEARYEORRNREE SR LT 2 REREEICOWT, T ORI R PR OERT 1k & IE RO 5 HEHIC
DOVTHRL L7z, B HIERITEA T2 =0T L o> TH > N v FiE FEHAE) L HAES T b, FRERLENGE NI L -
T, AT Y=T AEERED =T AEILHT Bvs, Quenchbody (Q-body) 1EFEFA-RE Y =7 AEINE ST b D70, EAWE %R
WP OEICHET D Z ENTE AR T Th o CTHRBRE ISR T X 2B MRS EETH 5, Q-body 5135 < OHURDESHIZERATF
SNz Trp BRI K D7 o FICHELTBY, ZRETIZ 20 2R DEHFIAREN TN D, Ui LEBICITXEANRENE 2T Q-
body ZHEST % = LITAE S Tid e < . BEFE D Q-body REEETE TILH L7 PR OBEHRIC L KRN & TRz 8T 5 2 & Zik~7,

% E TFRERERE W Q-body 27V —= Z7IEOB%E ] T, HilAD Q-body & L TOREEZ A A—T > NMIFHMT 5 7= 7a i
RREOBBICON TR, EPEMRRERTRL 2V Raf VRS T T REMEAEDE T, BRRECTHET 2L 2EmL, 7R
ARKIA B B LFH— K (MTX) Z38ik3 57/ PUR CHELIGE AT 5 Z L ITkIh Liz, S Bk MET7 VT I (HSA) ka4 57/
AL ET VL LT, ZORZ Y —=0 ZiEEEA LR, AARRKOBRICERS L. SSICKIBE CHRIEH L -5 E I bilkiET 2
Z L EMENDT, RBICEERRE & RIBE TRBUER LA TORNEOERIZER L, TORKNETH AR, BERELZEH L
— X EIZBNT, BERFEE L RAREOEINEO M ER RGNS Z L EBRER Lz,

F=E (Trp BRT A7 7 VICK 5 Q-body HFUADLZE | TiE, Trp HIEOE AL Lizar v F NI TATFA T T U (Trp BERTATFY)
M5O Q-body 123 L 7= HUARDEIRIZ OV Tk~ 7=, CDR fEIKICH L CHALAF RIS Trp BEOK AL, J =V FHEICLDZ A7 ) —=
T ERATH T L T e Trp ZROMAGDOEEZHEB LR, 2HEO T /PR T 2o Fiexm LS5 Trp BROMAGEDEE R LT,
& 512 C KIMZRF CHURICHT 2Bl 0T/ ik a e Lz 2 > 7 5F 7 HifRic & » TEAMEZ M L, Q-body & L COMREZ KR 5
Rt OMR &G,

HHTE B E &2 e 7 = FReTIET L OS] Tlk, BME % VT, insilico THUAD 7 = > FHe% TIIT 2 08 2 fER L .
&0 BRI OBNRB BRI OWLE OV TR, FFEBHOT—4 2y hEIERT B0, T/ HEDODATIA T T Vb, 7=
UFERTHRER LT, W TH NI BEEBRET AV EMNWD LT, J U FRELHUAD T X BESIOBER AT E L, =T
REZ T 20 B8 2 R T2 2 LTI LTz, S5ITin silico TTrp A% v =0 7B L O—MFIEROMEE FHIL, ZhicESnT, &
HLB A %179 Z & T, SARS-CoV-2 #iRik9 % 2 FiJED Q-body » 7 = Ffgkm ESH=, 05 bHUFERAREE MR Lo ERIKRIC O T
IEOERE b ES WD Z LTk LT,

WHE [ZEEBICL D7 = FEEOMT LG T, HREICBWTRRLEZBERBICBIT 27 20 FORA D =X AIONTO L
D FEMIZRRATICEE S WL FUROBISNTAEE L 722 Q-body OISOV TR~ 7, FPREREER G 24K L 72\ < D502 B LIk iE % Lk
THZ LT, ZEEORENS R bENISENA LT 52 L2 EE kD, SOICTEBRMUICL S = FERALIRERRE S MENH 5 Z &2
by R LA ESIEEOR EICEER T X JRERIET S 2 LIS Ui, R&RICHoF /PRI bISHTE AL I v —R
REFROFF AR TH LT, bbb LB EZRERD TP AMIRERTOPR 2T 2 Q-body OENIEEZ M EEED I &Ik
L,

AR TInvivo i sy FHE(bIC L 2k 7 = o FREDHE L) Tlk, &0 SRS & TRE CTE 5 in vivo iy Ttk ~ OIS IS
WCHR Tz, EPRERIAN CHAEISNC T v 4 DERMEA SN HREREE TH, MTX 28T 25 Q-body DHEIEISEZFHETE 52 & %
MR LTz, I, a7 T FERERNST2 4 DDF JHETr = FREO Y Tl E £ L7z k 25, Tyr 5N Cys LD HER
MEAE A, Q-body @ in vivo Efisr (LN ARETH H Z EAFEH Lz, SHICRMIN-ERAKT - BRMeT b2 Tr v FhREEm E
S, NARGEHITEA ST Cys BEICHLARZEM L TH TN T IUET 5 2 LT 4RIV ETE~ L LS

HEE T BV TS ETHONMREERET 2L L bz, SHOBEIZON TR,

PLE. AFRSCTIE Q-body APUADRRFILEABFE L, LEBNRS TR LV, HHPD Q-body OHIGEZM LD LNTED
Lol ot,

% A SCE R, A3 2000 7 & 3830300 #5% 1H0ORHIT 52, & L<ITFEIL 800 7% 1 #HRH L T 7280,
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Quenchbody (Q-body) is an antibody-based fluorescence biosensor for detecting various molecules ranging from protein to
small hapten by just mixing with sample. However, to achieve the practical sensitivity, the suitable antibody has to be
explored, which is time-consuming and labor-intensive for two reasons. Firstly, conventional method for Q-body
construction is low throughput. Secondly, there is no guarantee that the suitable antibody will always be found.

To overcome these problems, the original screening method for Q-body was developed. When Q-body was constructed on
yeast surface by N-terminal labeling using coiled-coil forming peptide, an antibody suitable for Q-body was successfully
selected based on quenching and de-quenching from a small nanobody library. I confirmed that these antibodies work as Q-
body when constructed from purified protein produced in E.coli using the conventional method. I next developed the method
of antibody engineering for constructing a highly responsive Q-body.

Firstly, a combinatorial library containing site-specific Trp mutations in the CDR region of the antibody was generated, and
the best combination of Trp residues was explored. After the screening based on quenching, several Trp combinations with
deeper quenching were found.

Secondly, the model to predict effective mutation on quenching was developed by learning the relationship between
quenching and antibody sequence. Then, the quenching of two anti-SARS-CoV-2 nanobodies was improved by introducing
the predicted mutation. Among the quenching mutants, some mutants with comparable antigen binding activity to wild-type
exhibited the improvement of fluorescence response.

Thirdly, the quenching mechanism by multimerization was explored by comparing the dimer, timer, and tetramer of Q-
bodies. I found that the dimer shows the deepest quenching. Then, two anti-cancer antibodies with little response were
successfully converted to Q-body by dimerization.

Finally, directed evolution for improving quenching was performed by autonomous hypermutation yeast surface display
(AHEAD) to explore extended sequence space. When the evolution was performed using four no-quenching nanobodies,
one of them showed remarkable enrichment of Cys mutation, and the mutants were found to improve the quenching by
dimerization.

These results create a path toward the semi-rational design of practical Q-body which enables rapid diagnosis in a wide
range of fields.
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