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Precise control of receptor agonist activity based on in silico design
WFFEBHFE R - Sf24E6 A 1 H~Bf 543 A 31 A

BRI EE K4 IR 5
Shinsuke Sando

WrIEpasEFE  Frmiknd - 8 - &k
FOURFRZFRE « TEEROPERPHMb A iy TR - %
The University of Tokyo, Graduate School of Engineering, Professor

11 BreBAss o=

BRI/ e TFu v o x =B 2 imH b L, b0, Hi5H7e & AP BB L M s e
SlEE I3, ZOAMHREEDTS, ERICH SO REICBIT 2 Rf2E ARG SN TE L, K
T TIE, AL P AR ATRER IO K BRI ATRE/2 R U X7 F R DR S v, BE5HIN -2 B D5 %
RN LY I =R MR TLZ 2 AEE Lc, ZOMELENRT D720, IR 7255
BRI B WD X NI E— 2 R BB T v ZIZEHR L., in silico fRET - G E
FIH LT 7 e —FIc L0 @i bR 07 A 2R AT, 2k, #iER 0k x 5 HE
R L, 7T RERE NI S N2/ R T =2 ORI E BiE LT,

FEIZ, HFHMAREEFEIN 1~ (Hepatocyte Growth Factor: HGF) ZARROMEFEIN - & L CEE L. D Ekrelk &
R FART =2 FORFEZ T LFREE U TEHREZ 2T LT,
AWFFETIX, ZARMREEOREE RN W T 2 FEOME A2 Eh L 72,
(1)DNA 7 =2 |
(2) HIER Wy AR Y RTF K7 T= |k
NN MEIL TR OmY TH D,

1) ZEEIEMEZBBICHIET 2 DNAR T T =X O3
HATE IR 52 IR DOTEVEL LU 3 S 7=, BARAG72 DNA B 7 S = 2 My F-0OR a8 21 e+ 5
Z LTI LT, BARMIIE, MR BT O HEEEIR 2 RARDO S AHEE - A A Tl AT EE 2 DNA B



7 A=A MMy O%FHIAE) LT % (Akiyama and Ueki et al. DNA-based Synthetic Growth Factor Surrogates
with Fine-tuned Agonism, Angew. Chem. Int. Ed.,2021,22745.), RlZ, 1 AEHELIR DNA 2> HAERL S D2 /IR
eGP 7 & ~—/43F [CiDagonists| OBE&ZB721232%8 L 7= (Ueki et al. CiD agonists: Circular DNA-based
agonists for the fine-tuning of receptor signaling, ChemRxiv. 10.26434/chemrxiv-2022-wx8jg.), A= &7 N DBH%
K%PT\%?@ﬁ?%ﬁmiofDMA®%W¢T®§4+372%%Mﬂimlﬁﬁb S & UN T
BRI O RHE - BAmMERS NARICHIEFTRETH D Z & MR LTz, AN T3k _#bafEd 252

DEZFEREE B AA CHICALET D DNA U > — DRI K- “C%ﬁﬁif'aﬁ@ﬁﬁ%ﬁ + BcL 7] 7 i 4E) R RE
THY ., ZEEIEED NS AGERIENTRETH D Z LAVRS T,

ERRIC, RBE OV LIZDNA BT T =2 Ny L O, CiD agonists 431 O A FRTE M REAM 2 it
L. & ODOMEEZ FZAE L=, ELISA %2 X %5 HGF A D YV VI LEHARE R 226 W o4+ 1 DNA
DEHIFRFHIIE U T HGF /RO R RIEME (L&A P fIiE 2 S—2 v LT A= MO L 72 5
ZEMNRM IS T, £72. HGF OFAFER O 5 b FRCEFICH EEEEZ 2 5 d, Mgy -
ARREE - MR AR EIZONT—HD /= ¥y LT T=R Fy - OTEHEFHN 2 320 L7z, & OF5R,
WTHOHEIZBNTEZ RO R KIEHEAL LIS U7 B T2 D OEBER NI BLT 2 50N
AT H T LR INTZ), ZDZ Lnh, BRI LI/ S— y LT A= MMyfId, ikt gk
DN ZREERIEHEL L~V OFRE A28 U T, MIOREKRRRELR EDJSHREEEZ RS Z LA
M7z GRRKRZE/AMED/IST/BRWF HKFRITT LAY U — R & 51T),

X512, DNA BT 2= b OFAERSR & U CoM A TREME 2 MEET 5 BT, ZREMEsE o
FFAlIR s b 7 0 & A~ Z et Uiz, iPS Mildz A b A >« BEFEIR T ONER BN X > THFAH
fa~EFF8ET 257 ha a2 RE Lo bif8 i s i L7z, &7 5 HGF &IFH 7241k -
R T BLRE S CIIMERE S LTV 720, DNA 7 2= A kN OMERERHM 2 5266 9~ 2 81 72 SE5R R O RT3
HWCTHDHEEZOND, —J7 T, DNA T 7 H~—I%, B 57252 0WE AL ettnm< .
PIEZ AR F L L CTHRIAI O HENEW ERPREEIND, TNOERT VX ~— DR E A
722U, HGF (W L& & L CoERISHATREMEA R IcE o 72 (REEHIABERIO 726 FEAITE
FEIE)

() WHERTHARY RXRTF K7 I=X |

HGF (¥ 80 kDa) DI F&MH ~FF Do 6L, 7= x%@ﬁ%r?ﬁﬁl%ﬁﬁ%)a7%%7
T=RA MIEFER L, ZRIRBILEEEZHET S Z LT I=2 Mt « &7 F ORI 2 572, B
JEIRF-Wr AR Y N7 F RT7 T=2 N OMHAAFEH R HEIZHE H L, Rosetta FlexddG & FEITIL 5 FEICHES W
T, BN EREAREERT D L 51T 2/ BEECS &2 e Uiz, 10 FEERLE D28 Bk 2 38 5
L. HGF Z A AEME(bREZ ELISA Tl L 7o R, KNVUHHER TR AR ) XT7F R =2 &t
B L CRW S B ARTEMELRE 2 R T HESHR T AR U X7 F R 7 =2 VEBRKNS R SN (REEHT
ANBERIDO T2 FEHIERITEIE),

KL B L TR WEME 2R LTc & 2 A LR IER AW AR U ~7F P 7 F =2 PEREKIZHON



T, FHL - B - R Lo E D . fiFRE 2A R OIEFIZE O E X RS S O BuUs
BN UTe, FRAT ORGSR, BREROBEKNI2 7 4 — VT ¢ TRERITH AR L IZIZFRRICR - TR Y,
in silico FHHEIZESWTEA LT 2/ BEROMSHAF BAERREIZIB W TH 7 2KBRESE L
TWNWD Z e ENT,

T, HLERBEKTW R R Y XTF K7 A=A MERRIZONWT, AR ZAEBER O %2 5
i L7z, HGF OFFOAEBWERH D 5 &, FRICEFICH FEEE L Z 2 65, MG - MifailEdE7s Sico
WTRRES Lo, MifldilEE” v A28\ Tid, RAREOTERRE HGF &[RRI MR oz 258 73 s
NTHY, BRBMBEERTMA R RXRTF F7 A= il TO7 I =2 MNEMEZRTZ L%
R Lo, AR TR AR Y N7F R I =2 NI, £& LTRBMRZR E OB~ CORBLE
F47% HGF & 1358720 KGR CAEERETH Y, HGF & RO 2 R~ B RENE L v, FEe
A EoMEIZIEEICE WSS EN S,

VI bEowm@y | FFIRETER 2 BIR AR E Lz DNA Bl7 2= h | XFF RRIT7TT=X h® in
silico REFFIEDRIICHOWT, EARMZR a7 FOAIH, ML ~L TOIIEERICEH K LT,
SHIE, BEX VT 4B T DERICH EORMBES (RNERE/ZENE) Ok, FRET V&2 W%
BARIEVERSE RN L DRV RO &, L0 TSI 2 FEREEZ T 2,



The objective of this study was to develop artificial agonists consisting of nucleic acids and polypeptides that can
precisely regulate the activity of receptor tyrosine kinases (RTKs). To achieve this goal, we focused on the complex
protein-protein interaction process of receptor dimerization mediated by growth factors and attempted an approach
using in silico-guided design. We aimed to overcome the problems associated with the use of growth factors and to

create receptor agonists with fine-tuned activity.

In particular, the main target was hepatocyte growth factor (HGF)-Met receptor interaction, and the specific projects
were as follows.
(1) Development of DNA-type agonists,

(2) Development of polypeptide-based agonists consisting of growth factor fragments

(1) Development of DNA-type agonists that precisely control receptor activity
We have succeeded in proposing a design guideline for DNA-type agonist that precisely controls the activation
level of RTKs. We have succeeded in developing DNA-type agonist that can control the dimerization of RTKs
on the cell membrane (Akiyama et al. Angew. Chem. Int. Ed. 60, 22745; Ueki et al. ChemRxiv. 10.26434/
ChemRxiv. 10.26434/chemrxiv-2022-wx8jg.). In particular, we have proposed the new concept of "CiD
agonists," receptor-binding aptamers composed of single-stranded circular DNA. In constructing this concept,
we analyzed the dynamics of DNA components in solution using molecular dynamics calculations and found
that the distance and orientation of receptor binding domains can be artificially controlled. Therefore, it is
possible to fine-tune the activity of receptors artificially and precisely by controlling the distance and orientation

between receptors through the sequence of DNA linkers located between two receptor binding domains.

(2) Development of polypeptide-based agonists consisting of growth factor fragments
Among the low molecular weight fragment peptides of HGF (about 80 kDa), we focused on the specific peptide
domain, which shows agonist activity. We attempted to create superior mutants of the peptide domain-based
agonist by controlling the interaction propensity. Therefore, we focused on the interaction domain of a specific
peptide domain and introduced mutations at the interaction interface based on Rosetta FlexddG technology to
design mutants that form more thermodynamically stable complexes. The RTK-activating ability of these
mutants were evaluated by ELISA and found to be superior to that of the natural form of the peptide domain

(detailed information is omitted since this report is publicly available).



