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FERTIC I BN 7R MG B BE DS RAT R TdH %o NMR RARNED I EIRMR T DX AF I v I A
ZHEMCL KD LT 2RBDBHEED LN TV EDNZDHRIIRKERSNTZEDTH S, THUTKHLT
NFYIalb—yavid, LORHERRAOMERE EMHE > THRA RERE AU DNA, RNA ORFFEICH]
HENTHEEBZMT2HH%Y -V LTEENTWS, FICHFoal—ra YON, 2FE/]
¥y ab—vay W FBR TR USROG T ORI ZE B LIRS 5 T N TE
2R RO,

C O TIRLIE. SEN TSI 2R EMEDEOEILZHISMICT 57HIC, Y FaiEgiRT
[#3% (Dihydrofolate reductase : DHFR) 2 Z W[4 & L7z, DHFR (3 NADPH Z#fi#¢£L LTI R
OiEREZ T M I b FOERICEITT 2 2 & THERICBNTTF I VOERBGHERIC BT 2 A E 2 et 2 =
IEMERTH D TNE TIThRA 5 « BRI EZ AIThbN TV B ETIVHETH 5, FraIRFEIC
{F1E9 % DHFR O T, AL IIFEEEY) Moritella profunda @ DHFR (mpDHFR : 163 7 X /5L =5t
WREUT, 7772y I 2 b—Y g YK LR 2 EiR K& Tt N THEM Uz, X2
X5 & U T Escherichia coli @ DHFR (ecDHFR @ 159 77 X/ Mg#IE) O TEJ1%> I al—y 3 vick
Z et ER A 2 [ BRIC FE i U 72, DHFR (3T OREEMERED SHlA VHOBEHE E L TLHERELE X
BNTWV5, TNXTIC DHFR ORJIAMIZENZ IR ENTH O Ml & HEEEIC B9 2 BV 1 2RVRFE
NSRS TN TV 5, DHFR OffiGEFIC BV T 10 FEND 24 REHD T X/ BHLEE TR E NS
M20-loop #E3&ED close IRAED 5 open JRREERK TUF occluded JRFE &, W& Z B T % T & Tl iaex Rz
TLEALNTVSA B8 DHFR IIOME L N TEH VDD ERRIMETH S T LAREINT
B BAEMERD EX 1 F 3 v 7 AW R TEH 5 ©,

—HORFENIEY I 2 b= a VR L T DT — 2 ETOAER. T — 2 REIE T TRV, EEE
Y1 Moritella profunda 0 DHFR & Escherichia Coli @ DHFR & #iEHE S ENAREMNIC R E 2 IRD BV 2T 5
TENRMENT, TOMREINETIKIEMENT I AN ST ENY v I ADOKERFELEDHEGTH
BLEZBTENTE S, TixbbBEEY) Moritella profunda @ DHFR 3&)/ 1)) FTZ DOREREZ HHHT %
Tz DI O Z B A IEIC BN TEFT T3 EBbNh s,
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N5 O PDBMEED & A5G/ T 2ELD R\ 7z apo B -DHFR 255 £ 9%, T D apo B DHFR 270 13/ 2 2
L—3 3 VR OHDICELE U TR D % T it Uk 5k ok 7€ 7L TIP3P M iz LT,
vdW 22 H&L b UTHEZRZ KD F2HBR L TREKM Uz, & BICROKD T2 @) i i othi 4>
EF MUY LA AU TEBN A A VEE (150mM) I L7z, Amber03 /15585 A—2 2 HEHE
DOEIII & LTIV Bl ) 112 1RX2 O kSR R,

C DHR%E EINEIRSEIFCEIE L, EAEERD b S AMNERAOHEHE 12A DLEE 5% X 51C%E
Uz, KEFFDBD B LA SHAKE W25 EH U TR a B e amzEE Le B, BiE
B RH HEHICIE, Particle Mesh Ewald (PME) 7% fu e B0, PME R 22O E I Ay A
TR SBAICRRE Lo PMEVEDZ ) w Ry &, 1.2A £ LT Ewald I 6 DfA%EY I 2L — 3
UEMT T E LBEDNZORREIC T/ NE K Lice P8I R a b— 3 Y OEH) R 1 Leap-
Frog {4 T, W% AMEE 2fs & UTze TNE TICHEf| LIRICHFET 20TV F—ORFlia> 2 7
MM 5 7zdIC TR IVF—iMEY T 2 L— 3 0% 1000 A7 TRIT LTz, svIMEFITRRICRE
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WEED Y 1 —)Uid Parrinello-Rahmann %2 filniz U2 225 LRz BRI LTF— 2 S %23 572
BOYIal— 322 50ns TWZDT—X 7%, fRHTHIC 10ps IR FE LT, TORUCRZHWT,
2000 KED Y 2 2 L— 3 vz AR - L TSR — 2 Z S Uiz,
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1) RMSD i< & % fi#hr

B 21, ecDHFR., mpDHFR ICPId % 1 SUEKT 2000 KEDDFE )2 I al—2a yhbEoh
7o R 3 {R 22 (Root Mean Square Deviation : RMSD) 7% /~k9°, RMSD O JE#EIC 1345 S Mt 1RX2,
277A Z v, RMSD OFHNCIZEIE EHO Co A TOHZHH LTz,
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K25 E SIS 1AEE 2000 5EDY 2 2 L—2 a3 YO TTRMSDIEIRE S ZE LT3,
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fHICR > TV 2D THHIREN SIEKELANTVAENT EZRL TV, TONIMhEZNZTNORK
BIENTEMLIZY 2 2 L— 3 DWW NG ERE OIS RMSD HAVEE U 7z B 22175 FPIRREIC B
Ll EhmREngz,
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eI, FIENNKRELEEDICEED LT ETOEMEEMNZIEE CEEEREERL TS
& & DHFR DR T D HER A TEIE NS F Lisn T & ZRfEICR L TV 5,

3) #5305 ¥ (RMSF)

MR 3L 5 & (Root Mean square fluctuation : RMSF) &30 (1) & [AREDEREZ WV TH & DOFEE
O S X RFHEd 2 —RNEIFE TH %, HUEL KD HEED D DOE 122150 5 IXEABE OMEE & M
WERFECDI 2 FTRERERELARTH %, K412 RMSF Z/RT, BTORICH U TEHCo A THESLE
FIITIRREZ R T T DB, EEE VAV FHARICEETH S LEASNT NS IND 24 FHICH,
JTO7 I /BTHEENTWS M20 )V—7, KT 116 5 132 FHDY I /B THIRENS FG)L—
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4 DHFR @ RMSF : (a) ecDHFR 1 %+, (b) mpDHFR 1 %+, (c) ecDHFR 2000 %,
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—77C. 1 XETld ecDHFR & mpDHFR 1&. 150 FHHHEDFRIEORES EMVKE S EAD | ecDHFR IC
Z7ah - e KERFES € mpDHFR TEIHIENTWVWS, 142-149 HHDO 7 X /TR ENS GH )V—
7 EMEN S 5713 DHFR BERERIRIC A DD B FICHEETH 5 T EMEMEI N TOBENMNTH %, C
D GHIL—T DS TDWKIE 1 KED ecDHFR ADETOY I 2 L— 3 YHEERTEMIE N T3,
& 51 mpDHFR Tl 1 KU 2000 5UELEIC, 83-90 FHDT 2/ BHRAEN SRS NZ ENY v 7 A LT
XN 2RI T ecDHFRICIEFA LB S NED o T KREBRIFES ENRENS, TOENY v T ADRAF I
7752 iE. TN E T DHFR ICBId 2 EE N CHERIZE TR BRI N T A > il 5L TH
D BUIKZRN,

4) THIRNTIC K B K E R ENERE S E O

EHEOBARERBICED 215 13, FFA7 — VO B afh SEEEaR) R afhERs
5ETEARL, KHAT—ILOEWY 10 /oI VM) ICRSIARGEAESTOHETHS
EEZABNTVS, LTANEABNA 7 ORBREDSFHI %Y I aL—y a3 VRN SEEICC DR
WIS EZFAIET 5 LI RKRERHTH S, DX REHEDORZAHIICH % RRFH O D 2/ 0
DY Ialb—ya VRERD SIS 2 72O M i (Principal Component Analysis method :
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PCA) WEHTH %, PCAIX, BTV I al—rarhoBoni FEaMEDE b ORGE S B REIC
FHEL T, DBUICH L THEGDOREZE—FDOS/NEBRE—REXTZIIET S ENTES, FICHFED
REXE— RIZEAEDOERB TREABERICE 12D 2I5 I LTV, fit> T PCA DEFHGDKE
BE— REMITT 2T & THERBEICH D2 EERES ERMET 5 C EWATREL 55,

PCA 4 FIII%S S 2 L—s 3 VORI > T FORTHAE N5,
C=((qa-(a)"(a—(q)) = (3)

T TTCIREDBETZ RS, q FEBRTEATFENZ NFHOEHE Co i TONE B N7 bl
Yo ORT YT IEIERES Z LR L, AN ERT T IEHEN T MVICEBE N7 ML
THsHTLZRL TS, TOITHAZMHE T LT NHDEENY MLV EFEGEZRETE S, T DI
AT MVEEAEOEHNZRES TSI L., ZOBEEMEIEEENTZ MVOEKMITHISL TS, X5
IZ 1 KUEKRT 2000 KUED T — 2 % PCA fifthit U T b N T8 — 73\ 7 kL7 ecDHFR K& U' mpDHFR ##
WIS LIeKZE RS, ORI SIE, ecDHFR O FHSES i 1 KUEDEG & 2000 [EDHGH & T
K EBUTWBIRBEENE L TWD T ENHLHNTH D, —/1. 1 KEDIRAET ecDHFR & mpDHFR @ 3: 3%
BIED TR WAL RESTVE T EW D5, E 512 mpDHFR @ 1 &% HE & 2000 KED FELIFES &
BARELSEILTOEEDI DS,

K5 NTE¥yIal—yay7T—2%PCAMRNIT 2RICKDBRENE—FEH
N7 kb7 ecDHFR ¢ &' mpDHFR D#§IEICERH DETER LT, a) 1 &L
® ecDHFR. b) 1 %UED mpDHFR. ¢) 2000 %+ ecDHFR. d) 2000 %+
O mpDHFR. ZNZNDEENT b)L7z, 55T 5 Co R F2lhied 50—
VIRDKRE GR) TRLUTW S,
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B 6 M5 1 XETiE ecDHFR OEAEANY MVOEAHEE 1 FENS 10 HHICHE > TLL LTV S
DICH LT, 1 5ED mpDHFR OFEAXRY MLk 1 HEHNS 6 BHEX TOESDLLEENRKENVHEARE
NT5%, Thid ecDHFR & mpDHFR ORGEEIRENAEINC A5 C L2k LT\ 5, —/7. 2000 &
JEDIKAETIX. ecDHFR & mpDHFR OFEGEDEH /341 —BUE L TH D @HIT N TIEZ DENIIHE
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DHFR DES TR ED X S ICKMHER LT ahE 7 ay b Uiz, 1 5UED ecDHFR ICBI L T, $HEE
WBZELTHEDELDE— R2Mio i EVHEBMZ LR L TVE T LD N5, 2000 KEDHED
SIS AR OME %2R LT, —J5. mpDHFR X, 1 HHD S 4 HHOE— RAEHEOEE %
BELTWAZ L2 KL TZDEAENY FUVCHT BRHE O HEIFKE SN TNS T EAVRE
nTtns,

4. & W

BEAHEIFR I PIREINC B E NS F ARG FTdH 5, TNK TEAEMKEM CHEDOREIIKTI %
BIPEMEE K SRS NTE A, FEIICBIT 2 B2 MR O RS RRICBI I 2 EId 2 < 3 E N
TETWERY, EFEBIIACBOTEEZNTA—RD—DTHD TD/INT A—RICHT 2W%8I1d EE
THb, HLlF, EEOEFE) MCHEFT 3R OEAEOMGHREZ R4 2 HIN TR < HEE O
N5 T3 DHFR ZE T I)IVERE L LT, Moritella profunda @ DHFR N O Escherichia coli @ DHFR O 1
&£ 2000 KHEDD FENIEY R a Lb—r a Y EFEM LSO NI T — X 2@t Uiz, ZORSE. PCA fighrn
LIF5NKEEAENY FVT/RENS mpDHFR & ecDHFR OFF 5 EDOMEKE— RNE L B b T LHVUR
I, EHICENY Y 7 XAOREDL EN mpDHFR T AL TWE T & ERMB I Nz, L LSRR
U7 — 2 OFIREFEFRFEAD 30nsec & KREFNT &M H TNEDFERICDONTIEE HICEREOFHEIC X
BIGENRETH %, mpDHFR & &) TE DWEMENZ(E T 2 BIRFEOBISNFERNICBIIIE N TV 5,
AWFE T R E M7z ecDHFR & mpDHFR O K & 7558 5 TICHN T EE I OE WD T OIEEDZICBE D
BTN TRENS,
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R

Molecular Dynamics Simulation with Principle Component Analysis Study
on the Dynamics of DHFR Protein from Moritella profunda
at High Pressure Condition

Yasushige Yonezawa !

Abstract

Organisms live in a variety of extreme environmental conditions such as high/low temperature, high
salt concentration and also high pressure. For instance, a number of organisms have been so far
discovered at deep sea. It is believed that the deep sea organisms have been evolved with adaptation to
high pressure. In recent decades, proteins of the deep sea organisms have been isolated like those from
thermophilic organisms. Here, in order to elucidate the adaptation mechanism to the high pressure, we
have conducted extensive molecular dynamics simulation studies at high (2000 bar) and normal pressure
conditions using DHFR from a deep sea organism Moritella profunda (mpDHFR). We also simulated DHFR
from Escherichia coli (ecDHFR) for comparison. We took a trajectory from the simulations and performed
several analyses involving RMSD, RMSF, Gyration and principle component analysis (PCA). We found that
high pressure does not affect overall structure of DHFRs. However, large slow fluctuations that govern the
functions of DHFR are significantly different between ecDHFR and mpDHFR, while the trajectory we used
is rather short to sufficiently elucidate the result. The difference is likely to be caused from the E-helix
fluctuation. The fluctuation differences should be responsible for the activity change of mpDHFR at high

pressure.

Key words: protein, molecular dynamics simulation, high pressure
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