[ RA

ER BHB TMA4ELA1TH
REEEES 21am01010750005

HAERDISER MR AIRET A 7 A = AFREERERE

FRThEHREE
N
I EARER
MBS« (AAREE) Structure-based protein design % Bl U 72 HUAREM OAIRL & B S A 2 5B B

BHEFED K
(Fu 7T L4) (3%  FEB) Recombinant production of high—value target proteins and their binders via

structure—-based protein design
Fehaif  SER 294 H 1 A~SfM443 A 31 H

ML F NS K4 - (AAGE) &k
(£ FB) Junichi Takagi

WIHEHM LS PrRHER - 558 - B
(AAFE) ESCRFFENKRIRS: - 8 A ETERT - 2%

(3% FE) Osaka University, Institute for Protein Research, Professor

11 fBhEEOHE

(1) 4%
AREEOIRSTIE, TRO ZHOOFERIEIAR THZIITOWT, B L7 K6 & PR ERE DO &1
HEDT,

1. SEEREEY —7 bR B OIS RET & C O A P

[BHE] A7V —TOR6THD, () B E AW ERERIRORMH, (i) HEEEMZREEZ D)o
TR b =T U 7 Z LT Gil) MADT 7 4 =T 4 — X TV AT LaBME U= — B m bk
B A RRIRICTEN L, SKROARIEA Tlid, ANt KO A iid 5 TE#EREAE] O%
BURESRL, 2 OMEIRFENT FEEVERMNT 2 51e) . S DICITE O EIEMITIC oW T, TIEReME & RasibE ) %
BHRLEIEBEZITo 72,

[324E] 2017 FFREITIE. 6 RO SRE A Y L, AIEFEICHT 2 TR ERE) ORBUER, oMk
FRAT, X HITITE OREEHEREMNTIC OV T, IEMerE & REtE 2 B L7 21T 7o, BRI, () 28
A DEER & HFEIZEE D 5 HGF (22T, O EFRBUMIIE O BINL & KA, Fv—clasp (b & OB A
ROFEEEIEED 2. 8R S3fFRECOMP, 1K TIHEEY & OIFERL, (1) FERBRESR O/ 2

KEAELTOEAT S u 7BEROREEERE,  (i11) ~7 U 7RO REELIUR O w2 sk O
1




A EBBEAERE, (iv) SeRMEEEEE D7 TAEISUARE B O 72 O @i BHURE A ERER, 282 @k L
72o 2018 FFREITIE, 10 OB EMH A Y Lz, BEMICIZ, Q) BNAOEER & HEhEIC D 5 HGF (12
W, E DOARTEHERIRTERIRET i O R A OFE G OWRIE LIEMEL A T = X L0, (11) HrllbEissns
FOMBIZ KEAEFE L ZOEET o 7@ ERoOMSEEERE,  (111) SeRMEERED S TR TTRE
KB DT D O E R E DU E AE R L RRPURORBINL, 72 S AER L, 2 A RThEIC, 1R ARE
RO FEFKT Uiz (7K . 2019 FEE 121X, 9 HFO BB 244 L=, BERMICix, () BA0EE L
HFEIZB 0 % HGF 122\ T, Z O RIEMARFIERA T & 25K Met (2@ THREG LT L E 5 3k figh,
(1) 56 R HE I O 4 FAEERY R A T o 2 PR O = v b —7[RE, (i) MLk EERE 55 X1 K70 O Bk
DOEEIOI,  (v) TEIA CZHERO TIRHIER ESROFK, e 2@k Lz, 3 hofEIcoWn
TITAEFEBRIIRD LI b 00, KEERICTHIRZEROEEE T Lz (6 k), 2020 FHEITIX, 11 {4
DXEEMEMY Uiz, BRICix, () Frila v oA L 2 (mCoV)EYEREFEMD A 7 ) —=2 7 D7z
WIZA A 7 EA'E O RBD(receptor-binding domain)-Fc it 5., (i) A /A 7 K ACE2 O il FntEZs 2
IRDAEFE LRI, B L O a2 W T IR O [RIE (i) BRE A 5 E O Ve & 72 5 MuSK
TI=ANORR, e EER LT, 2 EOBRBEICOWTIAEEB RIS L=t 00, IEEHT B R
BERROF FHET Lz (9 1FEfkRE) . 2021 LTI, 9 F OB M2 MY L=, Bk, () B3R (5
BFMEZE 58 ACE2-Fe HAHE 3N39v4) DEAT VA UE & 2 ORERER, £ L T2 O MR E 2 E
T27 v A ROME, (i) @mBE ACE2 ZRKEM (R34 27 RBD &#EGT D01 OREERE, (iil)
2 AU RR R B 72 LR OFRERPUR O [FIE & . 2 ORI 2 AR A OB 5 2 & DFEH. (iv) 7
NA ZFIEDY T FTIAREIZED L 7 X7 BEGIR X O E | ILEAORGHRAOMH, &%z
ik L7z,
2. ALY —5y MNEAEICHT DEERRIUE N X R AE OIG & O 2 B

[BHE] ZoXEHE A Tix, OINTIFEE DR HiATe & — /7~ NRERRE 7 7 0 —F LHIURD Fyv-clasp b &
WIEMT. @OPA # 7 AiEZ WS st R I E OfEd k. @Rapibody ¥ (LassoGraft £) &M L
BN A RS SR, 2B 2o T,

[3E45] 2017 £ 11T, 8hpHEE 5 &%), (i) HGF HiAD Fv-clasp b & it S fgtT. Gi) & v 37
B O EIEE 20T 5T/ 7 v —F PUAD Fyv-clasp Z# & fidhfb, (Gil) BH— FA A 2 HiAD Fy-
clasp fLiZ L A% b, Gv) A v 7o oA L 2 FEMEE S OB~ 7F KD Rapibody k. 72 &%
Fhi L7z, 2018 4TI, b oA &% 1T, (i) HGF #ifkd Fy-clasp 1b & bt s, Gi) Huo
DHRINZKTT HHURD Fv-clasp Z# L5 b, (i) $UAEERE O Fv-clasp 1bic X D #Esa{k, (iv) Fv-clasp !
Ty =T T4 7TV O, 72 EER LI-, 2019 FFEICIE, 6 fFOIEE S &% 1T, () HUARESE D Fv-
clasp fLIZ X o fEdb b, (i) BN FESEROEEMRIT A2 BH5 L7 PA % 7§ A & NZ-1 Fv-clasp &K D7
B2 a2 E L, 2 A RIhEICK T &7, 2020 4EFEICIE, 10 o KEE 51 &% 1T, () HLPD-L1 it
RESKT 2 MU 7O Fyv-clasp & PD-L1 #HEROREEHEERTF, (1) NMR (2 X% Fv-clasp BIAUHIEE D
AT, 7o &% Uiz, 5HFZMIEICHK T S8, EE & OIERICHIEER Lz, 2021 FEITIE, 4140
Mfe 2 2 SR L, () BESHRREIUA D Fv-clasp 1k & | £ OREHHUR & DR IEORE ., (i) LassoGraft
EZISH LT Met #5167 2 =& ks Mirabody @ in vivo iETEDOfER A= h—T7DRIE, 72 &% Ehi
L7, PA ¥ 7 A& Fv-clasp fi A & 5 @ % — 7 v b OfEibIcHkA T 2 h o AR TIx, AR
Hisk7= b 00 B ek idfs o g, B Uik a2 7 7 4 A BB X 2 EMricft 22 L LTRT L,

INHOIEZELCHER 1 FOMERCEREE L



(2) =

[BAE] mEALRFE Cld, W OSREIN R L 20 /557 7 v no— L IChikds OGRS+ 0
RAE LS ZEICED 28 oRIkE B Lic, FEHMAZE8 U T, IBEFEOFIARDIREZRT 5 Fv-
clasp L ZDNY T OS], THAHZ AFER L LTO Fe Gy A7 L0 “HHRE). HUKICRD D31
VH—T 4 —~ v kb “Rapibody=LassoGraft” HikimDOWMer], € LT [7F JEEVANVAF ¥ 72 R~dD
IEHIBATIER 7 RIETRIEDBIE ] D 4 SO FEMHE B 2 #EdE L7,

[54%]

[Fv-clasp & ZDAY 7 FOHR] IZBWTIE, FilicEEEOE /) 7 2 —F AHURIZ DWW T Fyclasp 1t

EREREEE LTz, £72. Fv-claspfb L7z 2 o084 > 7 7V v/ 7 a—F Pk zFfHL, o681 1>
TV VA R THDTI=r MR 4 EFEEE (& #@9#7&:yk%€ﬁ)@%ﬁ&ﬁ%7?4
Z 8- BAINEE BERL RATIC L VW AR L. Nature Commun 512G L2, ZDiEh>, 2 2O HER2 ik L
HER2 & O A KK BHEEIT 217V, 2 ORI OVWTZEREN LTA B L 1.75 A HfiRE TO R
TEWCHE) LTz,

MY 72 Fe e > 27 40 “HETRE”) IZBWTE, ftkot Uz tlrd 5 IdeS 7' v 7 7 —E D K&
FBUERL B X OBERFINT 21TV, S 5IZ IdeS & Fe O i i & E 2 1K/ fifhE CiEpk L 7=, IdeS 7
a7 7 —BYK R U728 Fe G~ ¥ —R2OMNIZ OV TR, ZvzEinH L7zt b Wnt3-Frizzled 5%
RIEDOEEMIRIE COMBERE L EK L, IR LT, SHIIRT X —TH A OB %EHT, 1deS UIHi#
2 b > PHEIR NP 572\ Tshort hinge Fe(shFe)) 79 A > &5k L7,

[Rapibody | FHiEemDHMENL] TiX, 8 2O¥ —7 vy NEHEICHT 545 31 EOBRKTF Nl %
Rapibody 7 #+—~ v MZH#H L, 5K 50% CTEMABETH L Z L 2R LIz, ZOIEINTH ., lTeTev % 7]
& TPA X7 ) LEAMABBEDOETPAW ¥ 7 A7 L&A L, Sl ET DL & BISHREMHTISH Lz, £
7o PA Z J7HANEZE TIHMEIA A —V U IO L, 7 2=y RO NAA VORPULE TR T T 4 7
P BB KO T4 4V 7 VOii i TRk Lz, & 512, Rapibody LSO /NA U H—4ER 7 +—~< > K
DOERFE % 39, Mirabody, Addbody D BHFSIZA%E) L7-, Z Z T Rapibody %% LassoGraft Technology® (LG
B) LSRRl ZOHEHOKFEREEDIZ®, kx Z2EIZ%9 5 Mirabody, Addbody Z1ERL L, & DOHERERFAM
ZAT o7z, & <IZ Addbody (22T 4 EARF BRMEHUARSC BAEHINE 23855 9~ 2 HUR D BT T E) L7z, fiev T,
kxR RIS L TCEDLZEMMEEFET 52 LI Lo TEMALT S [7 T =2 MEASS U H—] 28K
DZFRITx L THSS LT,

TAAV % % 7Y RAOERBITIEAST T RIRIEORFE (FE P S LIRS | Tk AAV ¥ 7' ROk
ERRERRBIEN—TORIEELE X =T T 4 VT XTF ROFERICHKI LTz, £33 AcGFP & luciferase % F&ifiH
L7 L&y BUERRL AAV2 26 BT POC HERZHE T L7z, D25\ T, 3RO ERICH I 531
H =T F REAZIAATE AAV 12T RAFE AR A 208U s T E AR RO R (AR T 3-
10 %) ZiER Lo, £I2ARHEE OGHE Th 5 EHR & LR T, SBT3 2 FERAER LD 7o O D FT
72707 F FRANOEAG 2D 20 T EOFHASTF FREICE 7z, BAFEICIE, AAV BT % @i
B ORI 2 FEEZRE L, invivo EBRWEO VA NV AZ 2 A8 MIERHR D BREEAHEE L7121 1
TAAV ~ U ARG LG L, EMRENA A=V 7 (BLID) 12X > GBI FREAZNT 2350 L
7=



This proposal aimed to provide SHI-EN (research support) to outside researchers through the use
of cutting-edge protein expression and purification skills combined with structural biology/protein
engineering background. We took advantage of our proprietary technologies including the special
glycoengineered expression host cell lines and custom-made affinity purification systems, as well as
strong expression pipeline established during the previous "PDIS" program. We also adopted our
newly-developed technologies including Fv-clasp and Rapibody into the SHI-EN scheme. Particular
emphasis was put on the effort to aid crystallization of drug-target proteins, through the use of
"crystallization chaperones". Upon request, we converted numerous candidate monoclonal antibodies
from the IgG to the hyper-crystallizable Fv-clasp format, maximizing the chance of crystallization of
the antibody-antigen complex. We also helped researchers to isolate novel binder molecules against
their target using the semi-synthetic antibody-like protein scaffold "Rapibody" (which was renamed
as “LassoGraft technology” during the period of this program). We put the rest of the efforts into the
"KOHDO-KA" (technology development) scheme, where we aimed to achieve the followings; (1) design
improvement of Fv-clasp and other clasping technologies, (2) development of Fe-fusion system suitable
for the structure-oriented protein production, and (3) establishment of the "Rapibody" technology. For
(1), we collected large set of structural information on different Fv-clasp proteins and engineer highly
stable Fv-clasp variants. We also systematically optimized the sequence of the SARAH domain, the
core heterodimerization domain within the Fv-clasp scaffold, and came up with a modified version of
Fv-clasp utilizing a heterodimeric SARAH domain. In (2), the sequence of the IgG-derived upper-hinge
region of the traditional Fc-fusion expression vector was re-engineered to include specific recognition
site for the IdeS protease, so that the clean Fc-tag removal can be realized. This resulted in a novel
protein fusion/expression system we call “short-hinge Fc (shFc)”, and we succeeded in applying it to a
few cases of structural determination of receptor ectodomains. The last and the most ambitious
technology development was the realization of Rapibody/LassoGraft technology (3). This technology
incorporated the advantage of the macrocyclic peptide binder format (i.e., RaPID peptides) into a well-
folded recombinant proteins such as InG Fc. We obtained more than 15 Mirabodies (Fc-only protein
grafted with internal sequence derived from target-binding cyclic peptides) that can bind the target
molecules on the cell surface with high specificity and affinity. Some of the anti-receptor Mirabodies
were found to be capable of activating the target receptors in cells, which opened a way to
systematically develop receptor agonists, a new modality of biotherapeutics that had not been easy to
make with the existing technology. Overall, this project employed the best expertise on the structure-
guided protein engineering and succeeded in developing novel antibody substitute, which can

potentially change the current trend of antibody-centered biologic drug development scheme.



