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Development of antibody modeling methods toward rational antibody design

Kuroda, Daisuke
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The vertebrate adaptive immune systems are capable of promoting cells to
degranulate nearly any foreign pathogens by producing antibodies that recognize specific epitopes of
antigens. Using existing crystal structures of protein complexes, we revealed peculiar features of

various protein complex types, and we quantified shape complementarily of antibody-antigen
interfaces. Exploiting docking simulations, we also revealed a stubborn gag in backbone motion not
captured by any current computational approaches. Aiming for rational antibody design from amino
acid sequences, we also developed antibody modeling methods. An antibody design based on those
knowledges are underway.



B XL CcC—19, F—-19—1,

1. HRMARAMDER
FHEBNY) OIERIAFET DEAE TH D

KL, TREBEUR)) xt L TRV 2 £
b, AR Z - TS, ERLE A
D& LI DISHEH DI S 006, FLifILHE
IZES: - A F DR TR Y - THEED
PHTHHELR T LR->TWND, TFE, £
OIS AP O IR S5, PR Oy 73R EH 3T

1 H 2 HE D T 5 (Lippow et al. (2007) Nat
Biotechnol, 10:1171-6) , RIXROHUKIL, [Fl—
BRHEE 2L L2 OB D 4 BB ES
EVYFREZREML L, Y FOFOHS TH—
PURZRHT 5 (B 1), 207D, JUFiEE
k1 FEOFUR L@k 3. BFosk
EFEMIT 1 OOEMIC LIS TE 2V, %
72 EDOBBIT, BEEOIREREE THIEL ©

Do Mo T, BEOMRKZEST DA,
F UV EBOERN 2R TE LR LR TE

AUXAE D) IR EHR A & 72 2
HLRRRHAHL(COR) Fay
e o = o
\ k‘ o S

1! R DILFIBE.

PUAT D3Iz T, 2 EOPUR 27
T DR A e T r—~y ERRESN
TV % (Chan et al. (2010) Nat Rev Immunol
10(5):301-16), ZDOHFTH, HFEID/NEN
TDBNRLT < P BEL TN D, 1D
@ Fy A (B 1) 12 2 FEE O HUR Rk RE & 1 5-
L 72 ftfk (Two-in-one HLK) 23 IT4EE H 242D
TV, ZHETICHE I TV D Two-in-
one PLIAIL, Genentech £:4% 2009 4EIZHTE L
72 b DO DME—DFIT & % (Bostrom et al. (2009)
Science, 323:1610-4) , Ziuid, BEAFOHUAKE
ELalZ, 77—V T4 AT VLAETH

Z—19,.

CK—19 (dkm)

it S AN AN VN AL ¥}
STz,
ZOXIREFENDL, FaIL, [T 700
RICHELOTIE L, BHEMICHUIRZ KRG
TENIE, PUREIRMBAFE D722 53,
%%%%@ﬁ%mo&ﬁ@\%k&%%&#
SNORBBFOIND AR DD | &B X T,

AL THERK

2. AEDBM

PUANEHE M E L CORREZHR SN T

WHDIE, EITEREOEELRKEATD

Do FITEBORE CTHIHT 5720, — &

D5 THEEORREE 28l L 5 5 Al

FAENEENTWD, ZD7D, 2 FEHO

PR 23 n&ﬁ’é?‘ﬁi(Dual specific FLI)IZ

B3 23 A I AT TS, £ 2

T, AWFZEO AL, THURDO G B Z25%

At FRIC TEBEA R R SR D2 | 2 B 5

L. arEa—% (EREy-5HEE) &

AT, 201D DOMAE/GLZ &ICH

%o WALHIIZ iiﬁ%@? J BRBLAI DN &

D, HERERF A AR L2V,

3. MROAX

LU Ot CHFJE % w72,

(1) a2 a—% ETRE LRGN
EOHEHT D 2010, SRS A BEm O

EREEAERE RN, 2 b OMAE

HEOT =2 _X—Zfiffi L+ Ia b
— 3 a UK DT A E R LT,

(2) 7 X BEFIEHH & OPURREE & ThE
2T D7, PUAKR OHUA-HURE SR E
TV T FREOEEEITIR ST,

B) HFyIalb—rard LfEEE AN
T, ERRICHURHRGT 21T o T2,

4. HERE

UFD 8 SO AT,

(1) HE-FURES R OZ OO EAE
e @A%®WE¢%E®w@%ﬁoto
HARR DHUR-FURE B R D T2 b DR
PR FERE BRI DWW TR,



(2)

LHBOLGFRAITRORIEL DT — 2
—RAEME LI, B2 LV FURPURA A
TER T O M7 B OFAHPES)ITFE LT
0.7 BETHLZ ENbND, ZOZ LN
O, ArEa—HXERHNTEH LUK
b, ZOREOHMMENLETHD Z &
DR IS,

1o Shape complementarity (s.)
0.9 8
o o
— T & )
ot T T T T 74 ¢
| |
| SO
! 1
0.6 ‘!‘ _:L E _L . i
- 8 !
- e L ] l
° o e
0.4
° )
03 T T T T T 1
g £_ % £ g .8 . F
$° 08 28 52 3C 50 82
2% $9 8% 33 £+ #3I 23
~ §6 & 8 8o ~ ©
s 8Kk Ee e "5 e s
ge e e
w
2. MEELNBRHOERBEEENRK
HEEREOMN-bOMBEMHE
A
£ oy V -V} (547) ™1 Antibody-Protein (191)
N i O
Q
S I o e
c BB BS SB S-S BB BS SB SS
£ 807 Antibody-Peptide (104) 30— Enzyme complex (88)
§ a0 40
=
LN[==11"| [
BB BS SB SS BB BS SB SS
E F
2 * others (102) ¥ obiigate (92)
§ 40 . 40+
Q
f mmmil  meml
& B8 BS SB SS BB BS SB SS
3 897 Hetero (2251) 7 Homo (3262)
§ 40 40+
Q
T T
B8-8 B-S S8 S-S B-B B-S sB8 S-S
B3 MABENEMOEREESHK

HEFREOKRESG/\Z— RS

fIsE, B FEHZERT

PUR-ERETUR L PUR-~T T RHUR M
OHAAERAEROENEZ IS L72(E
3. Fric, EREHR EOTE h—7 %[d
ET DRI, LIELIERRA L L7 T T
FBRRAWHND, K3IckdE, EHA

(3)

(4)

(5)

(6)

BHUR & X7 F FHURTIX, £ DAKFER
GNRNE = INEIR D T NG, BE
T, X7 F RO EHE AW TZKFEEE
DEENEL 2o TWND, 2D END,
BHEHURE, Za <7 F NMuL7zt
R aEENETNRE LIS E T, EHS
DHURITE T E R D 53 -8 s &
FroTWarEENRTRBEIND, L0 HE
K72, T LoV TORNTIEA # O
BTH D,
HEHEOEHOZMMEDOIW Y AZIE, &
HERFHIBIT D2 REORBE L 2> T
D, £ T, EOREDOFHMELZET N
Farva—% ECRERBEAYEZRE
TEDEEVTHANBY I alb—T 3
> AWTERNT L7z, £ ORES RMSD fE
T 0.6A FREED/NS R & E 3 PR 70
ARERICEETHD &V REREHT,

PE-HFURES R E QD EMMEEER 05
TRk, V32— a it kb,
lnduced-fit] [conformer selection | DS
I Difm Lo, HEEONIREIEOR 5
T LR F—HIE K Oy 1385k O FE
P2 dfnm L7z, Fris, ZHRRMESO
WIZIE, ZOORERELZH HDICE
BLERF T Ialb—va UV RARETH
DT LN ST,
FURRFRICEbb > TWD LI b Pk~
L— AU — 7RO T I WIS
OMH|E SN TWNDR, £ D BIRA 2%
HECTEEASNTVDHOE RN, &~
Rab—varyaHnwT, 25077
J BIRIE DRSS T 21TV, £ OKE %
SR E O BRI B BT LT,

Piikax et A Ls, HUko ks T
W B O - LR A R O A T F i 0
wmEAEIT o1, BEOHENET T
L—hELTHWDHZ ET, Uik VL/VH
R A A 2 [ O R St 18 L2 Tl 2 B D) 3A



DN TE, LVEEDOLVEF L ® Kuroda D and Gray JJ. “Shape
complementarity and hydrogen bond

WOERMNATRE L 7o Te, Z O T preferences in protein-protein interfaces:
EA T, RO L 7 5 HATUR Implication for antibody modeling gnd

protein-protein  docking”, Bioinformatics,
BAEKRO ARG A S LT, 32(16):2451-6 (2016) At

. DOI: 10.1093/bioinformatics/btw197
(7) FEEDBEMOPUR-PURES IR 2 RIT, &

RSO EITo T2, BiiED (Zeagek) (B 8 fh)

CDR-H3 OZ7 <A<, AMomeo | © BHE K, & HEED, “On the shape
complementarities in the adaptive immune

CDR b[FAIRFICAET 52 &T, LV %E response to pathogens”, H A& HE P2
BT ERSIEGS LR TEDH L £,2016 26 1 9 B, Hali
ZH BT LT, 6. HBIZHER
e = 1) WHEREE
(8) EERICHFT ot E LTid, BRICHTE M i At (Kuroda, Daisuke)
PR TREMFT N e S TWiz, fifk HERIOR S « SRS - Bh#

Ay =
11K2 % 3%E L7, HEIZ MCPL &V V' F W - 60756732

— L&MW, 1IK212, #Hizic) vy F—
LADFEERRER-EA LM HNTH D,
11K2-MCP1 8 & & o i & 1% 1% 13 BE 12
Protein Data Bank (PDB)™ (2 &% S 41T W
%(PDBID:2BDN), 11K2 &V Y F—2D
AR GRS T, Fi 6) TRR% L= F
BERAWCET ) U BT o7, BE
B 11K2 & MCP1 O¥BL - FEERIT5E T
L. Z Oif&6e & % E BRI &
ATOWIC L W R L7, #%FFL7Z 11K2 I
B L CoBIRT L5 - 5EL - KX, BlfE
EITHTh D, SHITEHIC, KT T X
T UAB(SPRZ2 E B HWT, HEwRAE S
DT, PURREABED E BRI 2R A o
Do

5. TURRKXF
UGEssamc) (Bt 4 1F)

@D Weitzner BD, Jeliazkov J, Lyskov S, Marze
NA, Kuroda D, Frick R, Adolf-Bryfogle J,
Biswas N, Dunbrack RL and Gray JJ*.
“Modeling and docking antibody structures
with Rosetta”, Nature Protocols, 12(2):401-
416 (2017) At
DOI: 10.1038/nprot.2016.180

@ Kuroda D and Gray JJ. “Pushing the
backbone in protein-protein  docking”,
Structure, 24(10):1821-9. (2016) &t A
DOI: 10.1016/j.str.2016.06.025




