FRE 21 4R RICC AT EH

BEL (XA )

AR B E OB A

FRERL . OBHEAWR, BETFHZ, ZH%K, Andrei Pisliakov, ZRER, /MR,
Pai-Chi Li, ARFE—BER*, Kuek —BR**

BV : FOXCARZERT  EE@ATERT ZHE
*ORERFERFAEET mANS

** MFERFED AT DMERFHER

M L AT SR =
=

BIN—T T, A AR TRNTAR—Z—72 EOfEEY 87 B BB LT FE %R 2 vz
W2 24T o T 12 IR A — /R —a U B 2 — F 2B DI REURE R 727 e 75 ADBSE b 1T - 72,
BRI (1) PSP U UBBMLRISDS I alb—ar (Y & KR (2) V77U B #s 78 )57k
77T AOREERREM A AT I 7 AL HEAEOMEEMNT (Y 5 T) (3) ®RERY L RI7EDSTET)
FEE (Y m ) (4) BE T B TENIERRE (Y & A8, BEH) (5) I AT — YT UL

TV te—A /I IRSTFOT7YyF7uy FER (FHY

:/NEE) (6) Computer simulations of the

structure-function relationship in biological ion channels (f1%4 : A. Pisliakov)?® 6 DD T —~< T DWW THFE & 1T

o7z, LTI, BB OW TN E T 2,

[PSP V) v BRILRIGE D FV I ab— g V]

1. AKBEOFEOE =, A, BRTL57 0=
k& DRItR

AR EE D 2 <I1X, BEREO Y VEREEURIC K
D STV D, IR ORISR HA O AT N
U VBRI K B & UV O E 2L A HREE E & 5
BTN D Z EBNbno Tz, ARHFFETIE,
BALFEG TR R ARG T, EREMKEL
IR A T 27 AR % BT,

2. BARBIZRFIHNGS ., BHR L

SENE, Ca¥* R T DY b R A A b B RIS
% %, -2 Phosphoserine Phosphatase (PSP) ® U b
ISOBEBREELFEL. (K1) . TODIT, A7
MMZEEND Y VLR O Y B RO M (&1
/MM (HEBY) BAHREEZITORISORT ¥ v LT 3L
F—hip 2RO, HEHEFLITED 80 JR A%
B3LYP/6-31+G(d) L' /L CHLY N, 750 O 4513
CHARMM /145 % AW Tl BAYIZE D o 7=, QU/MM FHE
I%. Q-CHEM/CHARMM %\ CiTo 7=, F72, U IR
RBICKD2EAEOHEELZR D720, NAD % H
WGy PRV R R AT o T

A ctive site
(= (am
\ )
- 8
]
Environment ll = g },r) "
(MM) k\- /

X 1. PSP D SZIHEE, {HPERAL 2 PRI T A TZ

3. fER

U U, LY CEBEEOSIZ oW T, U IR S
v N UOBEEES AW 2IRTEDORT v L
FINX—HEROFEERNV =R E R LT, U
FRAGITAR Y = 0L ¥ —[ERE 2 § D FE B 72 K T D
DITHKE LT, BV Efbldm O fEEE (24keal/mol) %
H OB IR UG & T o TR Y | HBE DR O E:
BThHDZENREIND, MRISOEBIRETIL,
7u b UBERSNELLEITLTEY, e B
L) UBERE OBEREEEZRT, 207 e b
BENC LY ERREIL, MERICS2THDITH N
o &P BFIREERIE S IR 2o 2 L Vb
Slz, ZORRIT. BEERE W ) BRSO
FEERAEIE R ONENL AR R E B —BT 5, F72. AlF,
72 & OFRRUARZ W5 A E TIE S22 B7eMEE AR
FSNHMACH D Z ERNbhoT,



O,

o

ROg—F, + R'OyH —

PN

4 2.2 5DV CEALBOCHNE & QUMM FHRIEIC LV 5
ST AR SIS

4. &

7ua hBEEBE L7 /W IRAFFICL D, PSP U
VEREBOS DB IREDSRERIICIE S2 BITH L —F
T, BEFIREEMICIEZ S THDLZ E W LN LT,
BT D FRAER ISR 2 BBIRET T V&
RET D LT, RERME LT DR O
We— B 7R BRI A T R A 15 T,

5. SO - BE

7o M CBENTEAEORL T LEEICADbo TS
LEZLND, I T, QW BT RV —FHEETT
W, BAEOR D MRS TR TEE 250
2T 5, Fim, YA 7 L OFE &2 OIREEIZKTT D4
FENVFRE ATV, ALFERS L BAE O K E 22 H%5E
AL OB Z T, il 1 7 L OREMRY & B
o [FAIRFIC, ABFIE S E D, QUMM FHR O K723 DFT L
SLTITON TN D DIZK LT, @REE QMM 3%
H#5 L 72 GELLAN Z JHWN T MP2 L~UL TR 4 EE 4
ey

6. RICC Dk 2 7 LD BLH

BfE, BAEOMEZRETH D72 0518 )55t
BOKE ns FTHEHATH D, REMEELER~RD
72Ot 1us BREOHENLETH Y | Misif H % A
Y95, F7z, GELLAN ZH\\ 72 QUMM FH5HE &7 A R B
BEAHEZ DD D | ARKEFIH O 72 DIk fEF H 2 A 22
T2,

(V7Y Ay FENIFET 0 7T AOBF L RRFE
A F I 7 AT KBEAE OWRERENT]

1. AREOMEDOE =, AR, BRI L7 n =
k& DEIfR

R A Do TPMEIE DR EMZ R0 | i
TRE L= T2 HEO—212 V7Y A3y 18 )
FUERD D, ZOFEXWIHEROEHWHIET, v
TV TR LEEICRENZ E RTINS, L
L, REREARFZTHIHILTCNDEEEZT, ERrD
W - BB LERGETH D, BUEF 2 3G
BRI 0 77 MCboTRY, kx>
By 7 AGHEBIC CRBUR 2 B VSO R FE S
THHEL BRI, EEEIToTWD,

2. BAROZRFIRWNE., FHE L

JLaET L T NED D TH D V) T AR %
L, 7AMNEETo I, BEOBREFED/T X —
ZNEFENFEY I 2L —2 3 (D) &N
BEFETL, BVAOIRXTA—FEHDHHAILTT
AMBRIVR T34 TV TIHE> TREIHEDZ &
T HEES T T EEED L HIETH D (13),

1-2 acceptad
3-4 rejected

2.3 -2 acceptad 2.3
Saccepted 3 4 accapted ) )
» Time

4

Replica: a
rejected

Replica: b 5
2 1
Replica: ¢ _><—
1
Replica: d 2
accepted accepted accapted

X4 3. V7Y o SRSy E s, R i
RAEE 5

3. A%

LSlENXy FEV %7 e 7T A THDH NAMD2.7T %
system BENOGHEHT L, V7Y IR T a0 s T A
(REIN ver 0.1.160) Z 52k S ¥, Xy F~—7 #1{7o7,
3 HIRTFLUEDRIE L @O MD & iz LT 16%F2
OFEERTTTH, HTEBRE LR, =N L
MODFENDN>Te, o, BHF D MD O step & @&
D 10 fFITHLT T, HE O MD LV IFAD 2%FRE
DOEE T CTeERbIroT-, LA ->T, MD %
FAITT DHBT system BAF Aot ETCHLEFZFZ
TR EEE R D ER Do T,



O PrP o PSP

120 LILRB1
1.16 O = O o
112 o O o—-O0—0
1.08 J—
1.04
1.00

8 16 32 64 128

[ 4. REIN TO L U U AZH# 1 B0 D 5 K fH
(MD+system+exchange) &I D MD (25 Bl & D
b, BEEZL 7Y h ¥

4. ¥

system Bz HHWCBEfFMD 7' 77 A &8 Lo b
TV AWy T BT 0 7T SEAER L, RICC 12T
TA MR Fv— I HAEEITo 72, BHENRR
CIHFICFEHAM R EEENH D2 ER DN T2,

5. 5% - B

ST, AEOFr 7T AT, ELWEENESNT
WHDREDTF =7 NG Tr T Ao T
WDINEIMDTF =y 70, RN Z 71y FZE
RHEIC T T IR DA AT - T <,

6. RICC OfeflHZ A LDOGAIL, ZIVETHIHL
TR (EDORREMIENEA T, FFRICBWTE D
FCREHR T, AR TH RN 0o, Mk LT
FIAT 2 BR2AT 9 BARI 72 A

REIN 7't 7' Z LD EAFR I II 58K LTz, AR IE I fHE
WHWT R T AT LREE LT BOZRTE{bE
19%, WM EI/ESRE MD 72277 A ThHD
Marble Z AT FZITH, I HIZ, XUT =T
A FEHRZAITO, JSHBFRIC bE-> T <,

7. — BRI R R A B R s o T B
TARMHEREY, _RUF~v—7 FHRENE Do T FRE
HTho, LNLAKIE, KECHE) PETHD, H
#ilZ . MD IZ 8core ffi~T 128 LU A DFHEZIT 5
. 1024core Zfli 5 #2725, M4 CRLULZEHED
—OTEROSDICHFEZITI ET5L, 20 B (%
replica 100ns MFFE) (305,

8. FIMMIIER RN IE D> T 55 O PEH
BUE, WIEHREN 7 n 7 ABAFE T D%,

[ R & v 7 B DSy FE /153 ]

1. RREOIEOE R, AR, BRTL57m =7
k& DBEFR

AWFIE TSI 31T 2 0 TRl FE COE AR
RIS 22 ST 2 ERBEMNTH D,
FERIICIZIZ OREGLRERFR (a0 —E57)
KL TRE 7y FRrAarta—2—%HWi-iE
EEZTEY, RFRIZZDEFHHEOMES T TH
Do

2. BRI FIANE., fHEGE
DYENNFT 0 T L THD NAMD2. 7 % AW CTEFH

DTENF I ab—va v E2{Tolk,

3. %

LILRBI, LILRB2,HLA-G ®» 3 5 » £ / <~ — &
LILRB1/HLA-G, LILRB2/HLA-G @ 2 5@ complex DFFEL
%X ZH 200ns 47572, LILRB1 & LILRB2 (XA 514H [H]
PEAS TO%LL_E & OB FER T < | M & FEE I T WL
%3, HLA-G \ZxH - DA O BNE BEISE O Fbn
Sl A X D REE DA 2 7. % & LILRBI complex
& LILRB2 complex IZIEZ K& ZRENH D (¥ 5),
LILRBI/HLA-G D5 AREFEP/NS <, REETHHIZ
EENTEDL KRS FOENZL N, ZOHEND
LILRB1/HLA-G /KD b r E—HINC L 5 HH =3
X —=DFERFEGICRELSHEEL TV ER DN

nit}s / \

Probability

(=]

\
9000 1 1,&)82 & 13000 28000 3{]‘982 ) 32000

5. (@) LILRB1 (FB) & LILRB2(Z v —) O 3 #5 .
(b) LILB1/HLA-G (£2) & LILRB2/HLA-G (7 v —) O FE HH

4. FLo

LILRB1, LILRB2, HLA-G ®<E /< —& LILRBI/HLA-G,
LILRB2/HLA-G DIEAED 5 DO REEHIMD S 2 = L —3
2 2K Y (LILRB & HLA-G OFE A HRE S - TR T,



Fox OFEFRITFEBRER L ETHELS B LTV D EN
bhotz, 2, Koz bo—=nFEaczhnt<
LEE FERTIEDONLRN oA D = X ANATE
TRBTET,

5. SHBOFHHE - B

L1%1%. HLA-G DB2m 23721 53 F- & LILRB & D4 B
X°, LILRBI/HLA-A ®DFHH, REIN %5 7= docking ®H
R VX—3HEEZLL) EEXTEY,

6. RICC OfffAIH A FmLEDOL AL, ZHVETHAL
TR (EDORREMIENEA T, FFRICBWTE D
FCREHR T, AR TH RN 0, Mk LT
FIHT DBRICAT 5 BRI ZRNE

S%IT. THETITo72i R % 200ns 725 400ns £ T
FEE L, T HLA-G OB2m 2372\ 5 1 & LILRB & OfES
DFFFE S LILRBI/HLA-G D F 5 % 400ns 179, 7=
replica A3y 7B /1 Fika S 123 R 475 TET
b2, THHOFFEITITIEFIZZ < D CPU time 2343
L%,

7. — R CEAERE 2 e 0o T2 B
N N i G Ao NE W a1 [T b N 2 R Y falh

8. FIMMBFIER RSB - T D P
HAEPFEPTH D,

5 v TG D5y T8 J1EFHE]

1. KREOMEOE R, AR, BRI 57y =
k& DOBfR

AR THGE L LTe DL, # o7 BEFERERE Sec
FormarThd, HWRE R TED LD R
DI ~EW S D & 87 IR, MR & v 5 K
X RBER Y D LEN D D, Sec hT AT AT D
Loy RO G E FITT5F v 1 H v
RUET HIRTIFAET 5 & Z1E Closed fRAEZE & D743,
U 7R Y — 5% SecA ATPase 72 & DF ¢ R/s8— hF—
EREATHI L TOpenfRiBEL 720 ¥ o XV B aHil S
H 5, 2008 4F, SecY F ¥ FIMIBET D 2 DD LI
HRAEDHEIE S Nature ZEICRIFFICHRE S, & D48
2R B EHRESR R H - 7=, 1 D H L Rapoport 51T
LV fiEDITZ SecA-SecY BEAKDOREEMEE T, AR

TERIZ LY SecA & SecY (& bz kK& HEEELT D
ZENGInotz, 2 0BIEFA DT N—T T, HRHR
HIX FY RN — P — L DOFEAIZ LD SecY 134
HIZ B 781 (Pre-open SREE) 22 L 0 5 2 Z L & X ##
ARSI IC X VBB L2, — 5, Sec F ¥ RIL
NG F LV TED XS RABEEMIC XV EE LA
L, ¥\ EOBEHEBIZETELIDNE VST
BEREIIRTE L <o Ty,

AWFFETIE, WEAEEE RSCC TOFRIICTH EHiE, Sec F
¥ RV DOK E RS A 2 5 L~V TR 2
ZEEHEBME LT, BFETETIVTO SecY D4y 1EI 77
Frlal—valrEifiol, BB, RUILSCHE
LR EERIE TRA v 2 —T = A A BLY
JST-BIRD 7m ¥ = k (XA F I 7 A%EE LI EE
FEORIEET YV 7EORRE] Ob LIZB W TiTh
NzbLOTh D,

2. BARORFIRNE., FHETE

B2 450D% 1) SecYE (Pre—open #i%) in Thermus
(Closed ##% & ) in
3) Fab-SecYE # & &
(Pre—open 1) |Z%f LT, NPT, NPAT (latm, 300K) 7 >
BTV VT POPC HEHT T 100 ns OAJEF-
T M Y al—ya & {To7, 3) ITOWTIE
Fab ~OHROF I L 2FIHEE OB b~ S
512, Pre—open (RFBICKI T HARE 7 1 DEB) D%
FRD T2, BRE S FIZHH A 22T 72 100 ns OFHE
H4T 77, E£77. 4) SecA-SecYE HAKIZHOWTH 20 ns
DY Ialb—rar&iiol, o, RORFHIL 1
106, 078, 2) 105,833, 3) 202,279, 4) 37,7588 {Hl Td
%, FHET T 7T AT NAMD2, 185213 CHARMM27 %
AV, 256 225 512CPU & W= §HR 21T - 7,

thermophilus, 2) SecVEB

Methanococcus jannaschii,

3. fER

Yal—va rOfER, Fab VRS &, SecY IX
Pre—open IRHEN> D Closed JRRE~EMEEZL L. — .
Fab fi A IRHE Tl Pre—open JREEZ > T /=, F7-.
Cross—linking f§# % JEZ LT SecA 234 L7-ikiE%
EFVTL, Yalb—arEToThHAEDOR
BERESNZ, 2oL ZANE, MERToi— |
T — & OFER D SecY DIEEZAGICEHETH H Z & DR
M X 4L, SecY DFEGHA b THES ] A% SecY DIEE



P OREEZAIC TG L CWD Z RS hoT-, £,
BONTRERIZ, R A NV AFOKRSIC L HAE
FEEFRER L LB~ LW, 51241, SecY
DD XD IR R E RAEEZAVIINEE 53 1 O 101 7 ) &
Ay TN LTWLZEEFHAL, [FERTFOXA T3
JABROZ T E L OR R AAER D SecY F ¥
RN OREEZEATZT Tl # o7 EIREER O
HEVWIOMREICHEETH D &0 DB LWL A S
L7z (FED,

Signal peptide binding site
T™E SecY
ieid S \ h’/ %
e .

\Slgnal mplld;

Citoplasm

L Panplagm

Closed form Pre-open form

M 6: VIal—TalllViBRInNEZ 78
L AN 51T D A 2 (LA

4. ¥

SR EHBRER T A ary ORFRFET LT
DEFENFERE AT 7, FHEICEY, FTr AR
IV DORE REEZACITARE RN BT D F v k8
— M —LOfEG. BLXOIEES L OB FEHNE
BEHTHLZ ExH LN LT,

5. Atkoitm - R

T4, Rapoport HDZ/L—7IZL D | SecA-SecVEG #
OO X BiSRRE RN E NI, Box D7 A—T IR
DEEPE L LT SecA-SecYEG EAEDET Y o 70
TORFFET VML D FHEZITO TETH S,
FETo, T, Sec 77 I Y —THIDK S R B TH D
SecDF O iR BE Dl A 1E 23 IR AR EIX 512 X Y
fig7du, Fex ITIERBIZE L LT SecDF D4y T8 /1%Y
Lal—varbiEDL TETHD,

6. RICC OfkFFIMZFmLOL X, ThETHAL
TR (EOREFRNSEAT D, FRIZEB N TED
FCREHR T, AR TH RN o, Mk LT
FIRT 288297 5 BARBI 72 A

SecY F ¥ /LD Pre—open, Closed #1512 B A AF221%
EIESE T Lz, 57413 SecY @ Open #4512 SecA D & A
T 7 AT D98 A B 8 T SecA-SecYEG AR
SecDF ([T DT TORFENFEL I ab—a v
i T <,

(VAT =N/ OTINATYVeR—/ 2T I Ky
FO7Y w77y TEE]

1. RREOMFEOE R, HIY, BRI 57m Y=
k& DOBETR

AR ZFEEOBRER N O LIRGRTH D, £
7o, U UHREIC kD ZHEEA BTG ICRF O FEA
(IR E S T3 EmE R — « JERFRIC A LT
BO., UKD KRB REEE(b 2 L TR~ DO
fa7 vt 2B LTWD, ZOFEFFMEITAIRE S
F@ flip-flop EENZ LV HEI S TWD, AWFFET
X TE RS AV, BRAESR CORESS T O
flip—flop BEENI DOV T~

2. BIRMZRFIHNE, FHR A

A IR =D I 2 — g Y EITITD,
4 Ji % 1Rk S W72 MR L E 7 /L (MARTINI)
Z WV, FEREICE flip-flop RAEFHFSOZ L NHH
nTnsral A5 —)»L (CHOL), 77 ) va—
b (DAG), EZ I K (CER) &% 10%&ie ) VRE
JEIZOWThHFEV iR EZITT 72, U UREICIE
DAPC, SAPC, POPC & =f#¥f% A\, flip—flop HEHE)IZ
DOWT, 1 BEOFRE & ORRE R, FERICIE,
GROMACS (ver. 4.0.5) % H 7=,

eraic

hea decyl
dyen] paimicyl
Flchrissr N
W~
{,‘,—/ tal
»J l"* T’" ma{ﬁi bady

X 7:FEF L

3. AR

BRIZOWVWT 80 u DO I 2 —var&{rolz,
DAPC {3\ T CHOL, DAG, CER [Z¥72% flip—flop =
ZR L7z, CHOL 23 H F< kT DAG, CER DJIETH
%o MR TOZ S D51 XIBIANT I/ K O S i



ITHFEELTED, CHOL X & B IZBED LRI 17
T 5, LavL, “EEOHBMOBEINIIZS I
£ 59 1-20ns OIEF I FRFH OWHERHH 040 &2 7~ LTz,
(K8 72) ZAuicwt L, B/ KA E; C OMER I
BEOMBIZ IV Eey | b HRELFIEL, £
DI=H7k & O AR CER () 235 b REFHE O
WERF A 2 FF D, IRWCDAG (%), CHOL (FR) @
IETH D Z Enyhotz, (K8H)

F7-. flip—flop RiFAE Y DEEEE (U U EE D)
WCHIKFELTEY, U UREOT Y IVHO RO R Aafn
FERS@EmWER, M flip-flop REFFOFHN G- T2,

0

M8:aLATra—)b, TN T)Ea—),

73
K@ DAPC 12 31T 5 HAE R 45 AR
4. £
MARTINT HLA{LEF /L% F\ C CHOL. DAG. CER D

AT 5 flip—flop EENZOWT 80 u B4y T
R EZITOEIRE T OES) L BEEDOERIZON
TR, KWFENS . BB F D flip-flop L5y
T OB LY R 508, —E OB 0305 R
FllZVF b 1-20ns & IEFIZH.< . 72 CHOL, DAG,
CER £ bRILH A DAT =N ThHDHI ENRnhole, T
Aucxt U, RSV ER C O Wi ERER] IR E o SR ) i
FERLEICIRTE L TR WD, Zhuc kD flip—flop A
’\ﬁic:ﬁkﬁ*@“é ZEWhot, £, flip-flop #
A OBRBEICHIRE L TRY . ZEHEO A ffE N
i < wm@h‘rimt%w%im\ flip—flop 2MEMI SH7z,
TIHORERIE, EREREEEICHEET 25D T
%,

5. S%OFH - RE

RAENETONRE 57 T OEEN LR ETR 2 E 21k, %
OEDENRLS . ROARY A ZDF, IREARAFE
NEETHY, TUDBETNVEZBZIZEARE LT
DERBEOBEEDOE —HEZE2 b, £Z T, £V
KPULIR RIZIB W TIROER) & 2 5 ORI ZEE) D
BfREZH LN 52 &2 fRT,

2|

)

6. RICC ORKFEFIAZMLDOEAIX, ZhE THAL
7RI (EOREMIEREATE D, BN TE D
FCEHEHR T, TR TV WD) R, Mk L T
FIRF HBRICAT 5 BARRY 7 NA

BUE, X0 KHEREABEICOW T O T8 ) F5HE
EAT>TWD, RFTHREEZEA % 5 sz X7
R UMREOHENLETH Y | RICC Ok % 4
Bt 5,

[Computer simulations of the structure-function
relationship in biological ion channels]
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My current project, which I started after joining the
Theoretical Biochemistry Lab in April 2009, is aimed
to provide a detailled structural-functional
correlation for nitric oxide reductase (NOR), a key
enzyme 1n the evolution of respiration.
Understanding on a molecular level the functioning
of this system and, in particular, the detailed
mechanism of proton transfer will help to solve the
long-standing puzzle of the proton pumping in
cytochrome c oxidase (CcO), a terminal enzyme in
the oxidative respiratory chain.

Under anaerobic conditions some bacteria can use
nitrate instead of oxygen in a process called
denitrification. During denitrification, the reduction
of nitric oxide (NO) to nitrous oxide (N20) is
catalyzed by a membrane-bound enzyme NOR.
Bacterial NOR 1is probably the most significant
NOR belongs to the

superfamily of O2-reducing heme-copper oxidases

NO-reducing enzyme.
and is generally considered to be the evolutionary
ancestor of cytochrome oxidases. After the structure
of CcO has been solved more than a decade ago, this
system was the focus of numerous studies. In
contrast, there were no known structures of NOR,
but luckily its first crystal structure has been
recently solved in the lab of Prof. Yoshitsugu Shiro at
the RIKEN SPRING-8 Center. This offers a unique
opportunity for understanding of nitrate respiration,
evolution  of

denitrification, and molecular



respiratory enzymes. This project is aimed to obtain
a quantitative structural-functional correlation for
NOR, based on the recently available structural and
biochemical information. This problem has not been
addressed computationally by any other research

group.

2. BARBIZRRIHINGS ., BHETIE
In order to achieve our goals, we have to address
several 1mportant 1ssues. The state-of-the-art
computer simulations of the NOR enzyme using
combinations of several molecular modeling
techniques are being performed. Below, I briefly
outline the first steps and some preliminary results.
1)Large-scale classical MD simulations

First, we performed the initial setup, i.e. prepared
a system for all-atom simulations: we inserted the
NOR protein (coordinates provided by Prof. Y. Shiro)
into membrane and added a solvation box. The
resulting total system (protein + membrane + water)
size 1s ~180,000 atoms. In order to establish the
structural elements which are likely to be important
for PT in NOR, we are currently performing
(~100 ns) classical MD

large-scale all-atom

simulations of the total system. [Software:
CHARMM and NAMD.] This enables us to identify
possible PT pathways, 1i.e., hydrogen-bonded
networks of ionizable and polar residues and chains
of water molecules leading from the bulk phase to
the active site. We will also address the dynamical
issues such as protein stability, mobility of water
molecules inside the channel, and dynamics of
hydrogen bonds.

2) Exploring PT in NOR

We are also performing explicit PT simulations for

the potential pathways identified by MD calculations.

For this part, we are employing the empirical
valence bond (EVB) method, a well-established tool
for simulations of chemical reactions, in particular
proton transfer, in enzymes. [Software: MOLARIS.]
EVB simulations will allow us to estimate the

activation barriers for individual PT steps and then

the overall free energy profile for the PT process in
NOR.

The first preliminary results suggest that: (i) there
1s a PT channel filled with water molecules and polar
residues, which connects the active site and the
cytoplasmic surface, with the entrance point near
the conserved lysine residue; (i) PT along this
channel is practically barrierless; (iii) the PT steps

near the binuclear center are rate determining.
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