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1. AREOMZEOE R, AR, BRI 27 my =R
DR

N7 N7 7 A pil#ESR (TRPS) X, a BLONB YT 2=y
D2BRARNGIR DR E SR THD (K1), TRPS 1%,
Y7 =y FOTEEF NI T RS T 5281280, b
=DV T 2=y MORERIEMEE LS E D T HAT Y
IR BT HIENDITND, ZOLIRT AT —
R OBEZEDFIEAN = A NIRIPICILSMRHE N TES
P, FOFREE AR 52T AR NI DE M R R
S BR$ DO H 2 T D,

AHFGEIL, TRPS DEEE S AT = A LEFRI 3528 T
BT o ATV 7NV ROMAZBRETHLOTHS,
TRPS D a BLOBHT 2=y NI, &H T 2= b~DUT
U ROFEEIRAE T Open XL Closed D 2K AED & &
DZEBNIMEN TUWAIM. F. Dunn, Arch. Biochem.
Biophys., 2013], £ FLADIZ, a BLRB VT 2=vbD
W FIZIT U RDBFEA L TODIREEIZIB VT Open LW
Closed DEBLLDOEIENRIVETE THADNEIEND DT
¥ 12, DETB3/CHARMM36 L /L {23\ T Umbrella
Sampling {£% H - B B =L — HifE (FES) Ofighr 4
1Tolz, F2 B V7 2=y hOREEZE(LITIE, B Argldl &
B Asp305 OHiEI LI OVELDOKFEREEG R T — I3 E
FETHYZENFERIV RN TNDTD | GO F L

B YT 2=y hOEZALOMRBIC OV THAEIT 21T 572,

X1 TRPS DO#&i& (PDBID:2J9X)
a7 2=y hRE) E BV T 2= (FH ) D2EENS
TEREN5,

2. BAEARRIHNE. FHE G

aBLOBH T 2=y MIUT U RBFEA L TODIREE
(PDBID: 2J9X) ##I#I5&EEL . QU/MM L <L TO
Umbrella Sampling (282 MD FHHEAZ1T57, QM FHHROL
~UL LT DFTB3-D3/30B %, MM &L T CHARMMS36 35
J OV CGenFF % V=, F7= Umbrella Potential ™ CV &L
T, HiMGA T % B Argl4l & B Asp305 D N-O 85 -
BER LN B 141 & B Ser299 ™ N-O [ FREfE O FIE &
ZRIALUT-, AREFE . MBAR 1215 Reweight #5248
T, EFLo CV LiEdbi#iE% Reference & 3% RMSD % CV
ELTIMA =2k e B =LV F —Hg 2K 72,

3. RER

AFHFEIZIVEDN 2% T FES X 212R 3, bz
FES X0, BN ERSN TWLRFIZ B 7 2=y MX
Closed ##%if (RMSD=1.5~1.8 A1) WL ETHY, HlE
DAAEL TWAHREIZIE Open ##id (RMSD=2.4~2.7 A f+
UT) ZENLICTE R L TODZER DI To, ZOFE RN,
B Y7 2=y hOREEEAL LG O F I I H70 BT
WRHHZENRBI NI, Fio, Y7 2=y MIUA R
DHEA L TWODIRAETIX Closed #51& 7 Open #1&E L0 22 7E
THDHT LS FES OffATIZK0HILT,
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H AT Closed 1 27~ 34 b & O E 35 L OV PDBID

PRHLIE Open #1274k i 1 ONLIE S LU PDBID T
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WREOREE B Y7 2=y hOMEIEZALIZBIRIER S D
EVORERIE, Dunn HFEERAE R LD TEL TOAEEZ
EDATI =X LE—FLTEY, HHOFREEATHHD
Llpole, Fio, BIDOIEZALEE BT > TWDHE
BRIOZEOELOKFZEG Ry NI — 7% BT D%
BEAS TRPS D7 BAT ) —I XM LHD B E 2 % 54 1L T
HIEPTRBEI T, SBOFFRIZBNT, a P T 2=vh
WDYH L ROFEGNE DINCZOHRGEED OKFERES
K NI =B E RIF T ONENIZEICONTERL
TNEZNEB X TS,
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ALY 7 2=y MU H R PBFEA LIREE T A
FES ZRD7-M, A% T uxTY—OMEIA D= 2%~
2=y MZUT R BE AL TR U VIR EE (Apo-state) B
O, AN DO BRI TR FEE L TWHIRETH [RERDF
BEIT), aMIOVAUREESOHENRE DI B HIOE
BRI TR ME TSV ZEITOWNT, KDEERC AR
WrEATH T ETHD, BAEAINT TRPS DT AT Y—RE D
FORAN = A LB NTREINTNDDNIT DWW TR A
EEi=y

IIAA BT PERE BRI ODEHEHEE AR
X —HITEHEE DFRA
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MBI ORMELHIE A E S T DZ TR

W THEE b E D, 5 FE F(MD)EHRIC RS2
L —va3E B EORZEMBIE DR N pA A= T T
BTN, NGORESCHRO T I2L —a Bl 7 80
B TRERSRBID D MG D 5341 (H B =R /L 3 —

T ZEHH LW, LVORBENRRAELYD, HHTZFRLE—
HITL R DAEZE E R RESLENRERE B DR E NN D728
EBRT —Z IS WZIELWHITE OHEE « MiGE *ﬁﬁbbf
HETHD, 1ERIDIH7 AT E S AA—T L TR

RIS TR X BV NATELIERE DT —Z NG
NTE,

R AHEWERITIEO — T Ch D7 T4 % T-BMEEE
(cryo EM)I T2 HAE 12 LD I A BUK G LR FVEDRL 715 %

FUC LS TEHEBINI T2 FIETH D, — R -2 LD
frf‘%“k IREBTHY, FHEHBREGOREZ BryE LT
IR R B D 7= D TH D TIE 5 R HEE EE(S/N FR) D3 EE Y,
SN INE = TN TILI EA L LAVAE = () A S Vi Ntk &
W1 % (R 9 D (BORL R JT4F O A< B Bhilll &
B D & FEAGIC KV T L~V O & 43 R BERE s AT S W]
REIZ720 DD,

Pl ZIR 7= 38Y cryoEM Tl agd ks 12 - Tl el
ZAERS DTz | BRI TRbT It S o BV E R T4 1T
Z DB OREEREOE I Ty 7S TR STV ES
ZBND, 1o T, eryoEM ISR A B YA 528 T
FUBHE B O B B RV — HUFE & SR 72 4E 2 03 AT 6
E18D, ZDOT AT ATIZHAS N eryoEM B G HOH
M =)L — MG RT3 BUE £ TICEER S STV D
[Dashti et al., PNAS, 2013; Haselbach et al., Cell, 2018],
LIPLR G, ZRBIFE THWO I FIEITBE B O
S/N FES LRt R 477245 7- 848 MDa BULOE KA

(2L CO A ATREZR FIETHY  E kDa FEEDE
FVEZXE T D8 B RN FUEI IS LTV, ZHUE
I AV B IR O S E  THY | B E AE
WSRO E 2 LTl D) B S R E D b iU e
kDa 2D E FVEIZ DUV THIRNT S AT REIC /2 D EBIFFS I

%o AU FIXZDOLH72E 21T HADE MD itz 5 G
ELT cryoEM IS OO B B =L — HTEHEE LD
BAFEZAT > THY ., MEEH S S EERR DT 127 AR
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GDH #&f#1E(PDB ID: 1EUZ)Z Wit L L, KIEFE
B OKRFBIR T2 M2 CRIRFET NVEVERR LT, K
FE7MTIE TIP3P, 2 FE J)35121% AMBER FF14SB %
AV, MR E CTHIEL TWD 0 TE 1 EE R T m s I A
GENESIS Z T 100 7 /B Il —arz17o7,

3. AER

BONIZN T =7 M) —% ERT T I o TR L 72 &
5, GDH MERELE 1T 2 /32— OIEE 3 AL Tdh-
72 GDH [ NAD RAA > & Core KA EREEILD 2 DD
LEIRR A TS LD, H— RTINS R AL
> WD B PFE S, 25— LR A 1 3P PAEB) LB AL 5 BT
HEE)THY, AT IR LB R & [Nakasako er al,
Biochemistry 2001; Oroguchi and Nakasako, Sci FRep.,
2016] LI =BT DR TH-T2(K3), AEIDII2L—
VAN I o TEREEIT T+ TV T TEIEE X
LI,
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(a) GDH #7 2=y ME&ELEH MK D E A X7, (b)
GDH %7 2=y MEELE TR E A 7ML, 55—,
B ERITIT AECE R 7272 GDH #1325 90
FEEEAS - DA RLTWD, (0) F—. 5 s~
DHFNZLD GDH HEEFREHE O B =L — Hif,

HI s &

4. FE&o

cryoEM BlEH3 0 50 B H =L — HTEHEEIE O MG
(ZHEBRLT, B RRREEERR D720 1T AN CHDH GDH
D MD PRalb—rarEfToiz, fFbNT- 7Y =7 N —I%
Z G I LE LI DO ThH o7z,

5. S#HOFHE-RBE

BRSO MD fEEEFIHL, #E T2 =L
F—HIEHEE L OB ICE FLTRY, 4% b5 ki
FuARET DT E T D,

FEMBIR FIEE AV E A EERBORITHIR
(2% : K H)
1. AREEOHZEOE 7, BRY

NRLF- OIS DE FE O A HEEIL 3N-6 THY, &
HE OB BT R oTZEM RI2a T 5% E L TEREL
SN, LLedn, KIBOSGEEAEOMIEZEE X
BL9™% B IS 3N-6 JOb T o7, FlZIE, AWFTE
DG F L DBIOFE TR -T2 HE GDH (37272 2
SO A B ETEOHELEE)—XF T /ZH A EE T
HH(H3), 1~ T, HEEEREZ 2-3 RITITHITL THRE
FTHZLITERED PR D THETHD,

B HEHRBOR TR FIEIIT TR S 25 (PCA)R
time—lagged Independent Component Analysis (tICA)A <
Hubind, ZHHIEEFHHEIAMMEWIRIER FIETHY e
MHEZLDOEAEOEN L LGLR TEDIENHHIL T
DD BIRIEXTH—NT AT )T TH—NT AT D
FORE LB RBICH L CEH EV R TR, — T,
t—distributed Stochastic Neighborhood Embedding (t-SNE)
ICRFBSNDIER 72 FIE I T MR BN B IC b C& 5L
WS Db 00, R FiETIE—RICT —F &It
U CHBEPAEIC R A &N T 57280 B o8+
FOY TV TSI GRS MD FHRIZH LTS
HANRHEVBER TITRW WO RIES BT,

2018 T FE R SN IEBAL K T HI T 75 UMAP
[Mclnnes and Healy, arXiv, 201811% t-SNE & [FIFf2E LL Eo
PEREZ A L2213 OHD TR B E T 22 WO RIS AR O,
Z ZCARRBE TIZ UMAP O 2 FUE B REK T HI A~ DI
Al REME AR5 < protein G B1 KAA > K& WV sre FF—
Y sh3 RAM DT A—NT AT [T TH—NT AT

MD >3zl — a2 To7,
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2. BARRIZRIHNE, GHE 5
Bl RAALAZDW T ASHEIE(PDB ID: 1PGB), sh3 R4
AAZOWTIINMR & (PDB ID: 1SRL)Z A EEL T,
HAULET VAR LT, LT T /WE BL AU
KB-Go &7 /L [Karanicolas and Brooks, /. Mol. Biol., 2003].
sh3 RASL MY AICG2+ET V(L et al., PNAS, 20141 Téb 5,
FIEI GENESIS ZHWCTA— T AT /T T H—
NT 47 DEESFURE ML THD 330 K, 342 K T 20-40
AT DIIal—arE o0z, Bl KA TO 330
K SV TR S URE LS 20 K IZERWAS, 2T E
BRI 2l —La BB T — N T AT )T T —
VT AT DB IR IESWTREL LT R Th D,

3. FER

Bl RAALAZDOWT UMAP (XD TTH IR CbHiiz H
ML — B2 X4 R, OEY, 74— /L RIKEE,
T 7= VKRB TIZ - EV LB BN SN2 TR<
FEEOREZALIZB O T TR B TR BN H O H
FRREEGR AL CHEN M) L L Ce v rEndz, $it,
[ H 0> L TR EAL BRI Lt O IE L OF FER I L
YRV R [ 2 2 D HEZ e R RE TH S, PCA W
(2 tICA (XD TTHITE FLIRL TH S L, PCA, tICA D&
HHTHT A —/LRIRRE, 7o 74—V RIRREZ X B C& T2
—J5C, PCA TIFHEL EIRAE, tICA TIXHEPREED D EL
R TER T, T UMAP (13id Th<EhReZ ik
TEXLEZ5,
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HH e

4. F&o

HAULET VW TEBBED T A— VT AT /T
F—IVT A4 T2 —ar BT, BN 2k
V—% UMAP 2L TREHT L 7=, UMAP CTORITHIFIZLY
o7 B =L —HI1E protein G Bl KA D7
F—INT YT )T T A — T A 0 s LG TXC
Y. UMAP I MD FHHE CTHRLI - E L E B RBOMHTIZ2)
REFBHETLFIETHLEMHEND, BT RIX
RIKEN BDR Symposium 2021 (& CRAZ —3¢F LT
THTETHD,

5. Atk RY

Sh3 RALATONTH I Ial—aidss TLTEY,
Bl RAL LRAEICIERARTA1TH T Chd, F7o, Ll
2 DOFRITIMAT, KBS Z(b 2R T EHE THD
77 = AEF T — B (ADKIZOWTHAEEHIC MD &
BAATV, UMAP (2 L BR8N & 32175,

YR BEEZBR T L BFRRYTIFOSBEEICRET5
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(Y :£ER)
1. AFEOMROE R, B, BRI 0=/ eD
BALR

WK SOVG Y ST KM BRIK BV ED T2 D (23R 3 R
FIASHhTEY, ROKBEOMHRIZF 5358
THEASN TS, W BREIZ LKA T, HKNDS
BT [ ~E 1 ZDNT D ZE TR Ty s G, 2ok
S OBFEIZIBNT, K5 FI21T & BRI E OB
TEIUL, D BODEKRATEETH D, L Ledin, 7K
53 FOBIRVELFRBVEIAE K T DHEE THY .| W1
#HCHD, TDTD, TNHOME &AL S EERER
RGO FHRE 21557201, Ky T OFHBBBIEICH
(F253 FRm 72 B KO HALTUND,

ZZCABIIETIX, MR TR S ED BTV D5y
TENV R T 0T 53— GENESIS &% &k
RVTINBIE A LTz, FEBRY 7 IR, WRE O
AL TRV B AR~ —D—2>Th D, AHFZE
T, EHENDO G R D TR E N B2 D 5 R
~—ELIEIRNTL TR L | I is 8 52 D5 84
ATz,

AWFFEIE, B F AR BLAE (JST) I KDL #—F
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2. BRRIZRRIHNE., SHE 5

FHREAIRDDIZHTZD | w5 O BERRHT T L <R
A& 5 DREIDING 7/145% GENESIS IZ %L 72, fiel
T, BER TR SR EE O € 7 V[T, Kawakami,
et al., Polym. J. 50, 327 Q0IS)IC K-S & /KT L 7= K&K
RNUT I ROREER LT, K5 (a), (b)IT. FrIdiE
%257 U 7 X K (branched polyamide, BPA) D% & |
IS A & 7272 AR U 7 X R (unbranched polyamide,
UPA)D R % TNEIVRT,

T BTk L, TIP3P K45 1E7 /L& DREIDING 7]
GaWT, 120/ BOSTEINF I 2aL—va
EENENT- T, Bonle 7Y =7 N ZHWT,
DB, BEHIHFIET D ZEBILOT A X504, BEIW
JEH DKy B CHEBRE 2 R T,

X5 (a) WikHEEEZLOFEHRRYTINBPADR, (b)
NGRS TRV EBIERY 7IF(UPA DR,

3. fHER

FRHOEKEOHINZ N, BPA & UPA OFFEILW
THLI LT-, BPA OB IFXEREELLS—E LT, L
T, UPADE T BPA LD/ NS b LV OB A 23 LS4
Teo Flo, BEROZEILOV ARG Hi e RDOT-EZA, GKE
DEIMfEST, UPA O 5728 BPA X0BZEfLAAXAVK
Elpole, ZOTEND, I IEIZ Lo TIRD % &%
LY AXDBHIEE I TNDED RS, ZE LA X%
R OB KB ICIBTDBIRNEICB 5T Dbt Tin
Do LTZ3oC, Syt O B TR D A PERE I FF
H3pLEZHN5,

— 5. BEOIEBRIIC OV TIHIZEA L ER DN
T A EHWEARY T IR O3 IR E DK 53 1 DM
H.2 DI NS btz

4. F&0

GENESIS (225 F 8 2 Eat a2 VT iR g5 E
R %75 B IEARY T IR D53 AR 1578 5- 2% 58 2 i~
2o ZORER. HFEBRVTIN O3 IEAEIE L, OB EL
ZEHLN AR RE R B G2 Ky FDFEIEITI T 5HiE
PRI F G D LrvRmeIi,

5. A%oOFE- R

ST RIS TLTRY, 22 TOMETHD
NIZNT V27N L ISR DN 2D 5, BRI
1Z. BPA L UPA DFRINEANT MV E R T 5, JeATRFSE
TlE, ATV OTIN A NURBFEKVERELARRE 2 %
HZEDREENTWBID. Surblys, et al., J. Memb. Sci.
596, 117705 (2020).], 2T, MEAEEN 52 573K A
INURA~OREL HARERREOHBEZFA LT ETH
%,

ANLRHARTF FRT DL EBROMEHA

(12 : BrE)
1. AREEOMZEOE R, B, BRI 57 vy =D

BALR

F xR B ST EITANANE NS DA A 2 A MTEE 5
WL AR ET D HEEREEZR O, AN ITETh
LT ¥ RNB L RTEOYTEIZE T DIRIEL, S
FEDOREETFE MDD I EITE IR T, KIS 08
IZHERENTND, 22 THR L ITHMIbEN=F " 7E
ThHOHNTFREGREHRG B, TOXE LT
REZETZOMBEICEVMTZ e LT, AFRBE T,
Bl a~Vy 7 2O E ZHEEN TOMEAERICE S EY
T, INETICARRERE Y ZFOMER LR TR S S
URT#IERK T D N TakFH<7F K 2 fill (cWza ~<7 Tk,
CCTM ~7'FR) D&z sy 8 175t EE2 AT
fRA+ 52L& HIET,

B) DIRE _EBEP IR OMEET v
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cWza X7 FRIIES 08 Wza b FR G-~
FRTHY, ZNETOERNG, JBE _HEEH TIEFIZ
LETRFR 8 ‘R & AT 22 EMHILMNITe>TD (X
6) . T2 CAGRE CITER CILE BB C&eWEhi7R
NI FROWEE N, SERERE . 558153 RIS
ST 52 LELTe, CCTM 7 FRIITIRES %
—b N LEXEHL72 (de novo #% &) 7 FRTHY, ZivE
TOFEBRTIRE ~ BRI CREa AV Ra/ I EEE s
ZEDBHLDEIRS TN (X6) , SHIZTESLFFBREY,
CCTM <7 FKRiL cWza X7 FREFIE BN RRDHT
EDPTRIBEINTND, ARIFFETHEGLT D cWza T FR
X, REROEABEARTIZILHT 2% E LTe BB & TR
THHH TOHITHS, = CCTM X7 FRIZKRICF
TELZRWNTARTFRART ZHELT D, LTedi> T EFED
Gy B )R RIS R D5 EM A AT I, TR TIEAEH LR
MoT R A E O BN, K72 o N7 ADNRE
CTHEPCOSEIIET O A 52 D MRS
Do

2. BARRIZRRIHNE., HE 5

cWza T FRIZONT, ZHFETITKHF SR G2
THELE LTz, a ~Iy I AT FR 1 ARKEfRE
IR C 4 FEEEOBL A CHUE LR AL, 22
DFRIZHONT 3 SOMN LR FE hF iR s
300ns FEfiL7z, FHHEZNEE LiF D720 BRI LREMEE
B HMMM &5 /1% e,
CCTM X7 FRIZOWTIE, ATV BEG LT TR
DEREGERET NVZRE ZEEPICEEL ., Zha Pl
WEELTRIR 0 FE ) PR EIT > TR G IRET VA
ORI EIT T, TRTOFBEILS BN ) FFE T
n7 72 GENESIS #Hwv, /135513 CHARMMS36, K&
7L TIP3P % Fv iz,

3. MR

cWza X7 FRANVy 72 TGE 12 DY =/ 055 11
THMMM £ EA~DOfE G A BRI LT, Fof 6 LG
X TITRFEESND ITBUK 2 BN, Bl 27K
FRIZIAT TR EL T DI LafEB TET,

Charged/polar residues

Hydrophobic residues
X7 BRREIZHES L cWza X7F RO
BRI 7% FE DM B A 55 . BRI 7% L O A8 4 ok (R ) |
H(E), 7f (A) TRLT,

CCTM AT FRIZHOWT, o FEN PRI I R b L
72 6 BIKETNVLMORERDET VAL, 7T/
FLHIS T FROREHIKIET B OGO %
T2 ST A= H Rt LT, ZOXTFR 6 BAIR T, 2
TFROEEERELTDHIET, FHINEE WA LT IER
OREHE L D3y % T H B TWDTERRIEE
7

4. F&o

AFEEAEL T, cWza T FFOREE FH~DORE AR
OS8O+ 370 TV TN FERMTE T, £
LT F RO ABFED S T B N F R ETH0
DT F RO E 1T,
CCTM T FRIZHOWC, BHEDET V7Y 7 TIEH
RIS TE N LT Wk & ATEREEET NV O icE b % |
T EN R RIS ITT o7, ZOfEREL RIS, T TR
DT FRECHI ARG 5 2 5 B E R T A—H
Z il CHRT L=,

5. A%oOiHE-EE

cWza 7 FROFETHOLN-MEIEEEZ LI, X
FRVBERE D DIEPNEICHR AT D10, 72T FRRN
BETOMBOS B8 ) FRT R A &R ET o TV T
ETHD, CCTM X7 FRIZHOWTIARFRETORE A
G SRR A ML CD, F cWza LRBR R RE
FHEL ., WiE DA MWEEE LEL T ZE TP TD o
Uy A AAERICBE 3 58BN A RE TEHL
s s,



2020 -
EUNRIBERE T —TORARBICHT S
QM/MM HE L4 FaRE (HY : AR)

1. AFEOMEOE R, B, BRI 20 =70
AN
WA A=V T, S R B RN T UL
T5ZET, EOMBNEIREO E B E WREICT
MBI EAR W R FIETH D, i, #7
BRI BT T —T BTl T L TFEE LT
HEHEZEDO TS, LaL, EONHEEERIEIZ XL
BENRH Y, H TR E T v —T O EAEH
ERALFRFR I 3 2 BRI 2R BRAR SR D BTN D,
QM/MM %1%, ROEERFENAZ &by (QM) &
B, ZOBFRELZ Y MM) TR O~V F A7
—WETH D, Filt, Fx ik QUMM iE% 5y 18 )%
(MD) #5712~ 5 GENESIS (25438 U, £k 7
WXkt 2 IS HEHHE 2 30 L 7= [J. Chem. Theory
Comput. 15, 1924 (2019)], AT TiX, BAF L -
QM/MM #EZ2HWT, Z U 7 BRECRIT %S
o —7 OYE L FRHEEIEME L, BRSNS
ATHHNT—T O FRREHIEY e,

a b miEEkES,)
T CT
-_— \
TIVE ype BB

/ (n-m*)

BN NQ \/\/
) |
o HIEWAE (S,
(1) b ]

X8. (u—F I DBHIEIC T == VAL BEA LT ==
Na—&3I, (b) 7= Na—& I DG,

S1 REE~mr* i % . E A O EIESL , FEFIRRED R
e T INEMBE) (CT) KEE~LELT 5720, #
DRIET D,

Iilt, EFRBFFEE OFER CRRIEY) 1T, m—#3
VOERFFIZT 2= VEREAT LI LT, B4
TUnEOtEE RS ZE AR L (M8), ZDiHt
B2 B LR RIS LD M Lo X 8 a lomd
ZHADERRIC E b A TNEMBENEKNTH 5
Lo tz, Z0O X D 0BG twisted intramolecular
charge transfer (TICT) & FEIEHL, %< D4 THILIL
TV, ZOfERIE, TICT ZHlfd 52 & T, 7==
a—Z DI - W HIEN T & D ATREME & R
LTW5b, LorL, TICT X7 n—7 &2 78

HH e

OHAAEHICHE T, Z O D THEE L v

A TIX, @7 v — 7 OWE LR & PR
L. Z U RXVBICHET 5 2 & TEHRRED B HR
BA~AAS vy FTrHAT o —T 2R THEEHDN
LT D, REET, 7=/ u—& 3L Halotag ¥
YRy B RS E L. QMMM JEIC XY Z OfE G
LETRERIESY A I 7 A EFHEA LT,

2. EAROFIANE . FHE A
2.1 ASERICK T 2R

Trx=n—& I VBEGIIRL, BT AREREE &6
ERREZ SR 7o, o kS Z bR e L, ZfmMA¢ (X
8) KT HETHEIRIE L B REBORT v v
TARNF = BRUOEBRR T — A b OZELE G
DY
22 B 2 B LTCEHR

JKH & Halotag % > /X7 BT == —H I %k
MEL, £ MD FRICE D R2 P L7z, &
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Exploring Conformational Space of Multidomain
Protein
(#2Y4 : Dokainish)
1 Background and purpose of the project,
relationship of the project with other projects
Multi-domain proteins play an essential role in many
biological phenomena’s including signaling, catalysis
and substrate transportation. Wherein, the protein
rigid domains undergo large structural changes
which 1is difficult to study experimentally nor
computationally.
In this project, we propose and demonstrate an
enhances sampling technique (generalized replica
exchange with solute tempering of selected surface
charged residues (gREST_SSCR) that can be used to
study large domain motions in multidomain proteins.
The method is a subset of gREST method, wherein
LJ and charge parameters of selected residues are
used as solute region while maintaining the
intra-doamin stability.

We applied gREST_SSCR to study open to closed
motion in ribose binding protein (RBP). RBP is a
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small protein that plays a role in transporting ribose
molecule into bacterial cytoplasm. By investigating
the details of RBP motion, we also aimed to
investigate the possibility of conformational selection

or induced fit mechanism.

2 Specific usage status of the system and
calculation method

Most of the calculations were performed by the end

of the previous fiscal year. Wherein, 2 microsecond

classical MD simulation of Apo and Holo form RBP

was performed. In addition, a 500 ns gREST_SSCR

simulation of the Apo form were performed using 12

replicas.

3 Result
In comparison to cMD, gREST SSCR drastically
enhanced domain motion (see figure 11) allowing for
simulation of closed, intermediates and open stats in
the holo form. In Apo-form 500 ns, no closed
conformation was observed in neither c¢cMD nor
gREST_SSCR, excluding the possibility of a single
conformational selection mechanism. Simulation
results shows the formation of transient salt bridges
that facilitate the

transition by stabilizing

intermediate states.

Twist angle ()
S

(Holo) (Apo)
160 100 120 140 160
Hinge angle (8)

100 120 140

Figurell: Free energy landscape of Holo and Apo
states RBP using gREST SSCR (300 K) and cMD
simulation. Representative structures of metastable

states are also shown.

RIS &
4  Conclusion
e We were able to demonstrate the

effectiveness of our method in enhancing
rigid domain motion.

e We revealed closed/open transition pathway
in RBP,

intermediate states.

showing the formation of two

e We roll out the possibility of a sole
conformational selection mechanism.

¢ We show that transient salt bridges are

important for domain motion.

5  Schedule and prospect for the future
We are currently using our method to study domain
motion in very large proteins including spike protein

in SARS-Cov-2.

Unraveling the coupling between conformational
changes and ligand-binding in ribose binding protein

by MD simulations
(#824 :Ren)

1 Background and purpose of the project,
relationship of the project with other projects:
The cooperation between substrate association and
protein conformational change is essential to the
functions of protein in the cell. Dr. Dokainish
Hisham in our lab has investigated the
open-to-closed transition of ribose binding protein
(RBP), a multi-domain protein delivering the ribose
to the transporter, by enhanced sampling technique
named gREST_SSCR. Multiple intermediate states
were observed in the simulations. However, due to
the restraint between ligand and protein used in the
simulations, the relationship between ligand binding
and intermediate states is still unclear. In this
project, we aim to investigate the relationship
between ligand binding and the intermediate states

by conventional atomistic MD (cMD) simulations.
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2 Specific usage status of the system and
calculation method

We performed 10 independent cMD simulations

starting from representative structures for each

meta-stable state observed in the gREST _SSCR

simulations. Each ¢cMD simulation lasted 20 or 40ns

according to the status of ligand-binding. The total

simulations time was about 1,800 ns.

3 Result

Our cMD simulations indicated that from open to
closed conformation, the affinity for ligand increases
In the open and open-like
The bound ligand

dissociates from the protein very quickly. Along with

gradually. state,

ligand-binding 1is unstable.
the domain closure, protein-ligand interaction is
strengthened dramatically leading to the stable
ligand binding in the closed-like state, which in turn
induce further domain closure to the fully closed
state. Structural analysis suggested that the
protein-ligand interaction is tightly coupled with the
local inter-domain interaction of RBP during the
open-to-closed transition. The change of the
hydration state of ligand-binding pocket along the
conformational change suggested that ligand
association expelled water molecules from the cleft
region continuously. Further analysis showed the
important role of indirect protein-ligand interaction

mediated by water molecules in the very early stage

of ligand binding.
A
Conformational
selection
/ \
S
% / AoL
g
Ligand
\ﬂe’ Induced-fit
Hinge angle "

Figure 12. A possible mechanism for
ligand-mediated conformational changes in RBP.

The structural changes in the boxes shown in pale

RS E
green and light pink are explained using the
conformational selection and the induced fit,
respectively.
4  Conclusion
a) Both induce-fit and conformational selection play
important role in the ligand-binding coupled
conformational change of RBP (see Figure 12). In
the absence of ligand, RBP goes through
large-scale fluctuation between open and
open-like conformations. The ligand selects the
occasionally visited closed-like conformations
which have high affinity, stabilizes the structure
by strong protein-ligand interaction, and induces
the subsequent conformational change to the
fully closed state.

b) The protein-ligand interaction is tightly coupled
with the inter-domain interaction of RBP during
the open-to-closed transition.

Water molecules play essential role in the ligand

association. Especially, the water-bridged

protein-ligand interaction is important in the very

early stage of ligand binding.
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