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A2 Thermus thermophilus HB8 1%, BIATIREAHEY. L TV A2 AW O T b BiR T

T/ LR E 2 N BEOREBNRER - BE (81,
Mg, At

BEET %, 207 7 L34 XIdH 2Mbp &/ &<, # 2,200 HOBET DS %50, HoWwbHAE
WA TEAN L AGHEETINE TORILOBBETEF SN TN D, 2D T. thermophilus
HB8 2 ET VA & LT, MIBEHRSR, WHE - AV F R, ZOMBERERMOIEARM A
R DB 5 237 B O RN % ARSI & 5 TR 2 O T b, RIEEFEET
27N —TEART, T. thermophilus HB8 D44 ¥ %27 Bi#y 2,200 FiED 9 b, (1) # 2,000 F
HOBELTTAI FOER, (2) # 1,400 D & >3y BowiElt, (3) 900 D & ¥ o3
JEOREE, (4) 550 FE D ¥ v X EOfERAL, (5) 230 D & ¥ /3 7 B OREERT 217 o
oo 61T, BERERIMBIRT % &% H0IC 580 DB TR IE I 77 X I FR/ERL, »
L ODDBERERIGEEFHIEMRICOVWT N T VA2 ) 7 b= L@ 24T > 720 WEAEEEICH] &t &
[Z+T727Fau—A05] (CSBET 5/HFE &S L Smno TRREMITEZITI L L b
12, BREES ) LRMEIORFR D EATTTH Y, TS OREFEE IR AT & —pLr
DEMBEEZFETLNVTHBETLZ L EZHIBEL TS,

F— LD IR & LT, ¥ 82 HORKERH - I 3 F— 20 1FTITw, Z20%
DF T BORESEAL - STARGERNT D 3 F — ADYBEIGEBERZ LD 2SS D TV b,

EINF, e, R Y, BRE Y,

APO08227, 9.3kbp D I =77 A 3 F7T AP008228 TH 5.
ZOY LBIORRE b LITLT, &5 28 Bk -

R R, R KT, ARER Y, R RN, BB, Il R, v
RN, Zeak KL, R 2, OKER %, W, A
R OErHE R, MNEE 2 EFR ORI, A2 (E
CIERAEBENIET — ) =K WHE - = AV F—H
REHETET — &) 5 #l, EH (AK), FFH, AR <
(BERER M EHEMFET — 4))

T. thermophilus HB8 D% J LRNtHS# T L, Fa#K
5 % [E| R 22 T H A DNA 57— % 3>~ (DDBJ)
2Bk L7o DDBI D7 7ty ¥ a »FaiE, 1.8Mbp O
7 0 — AN AP008226, 260kbp D X H 75 A I Ka)S

BERFFAFF FE 42

N4 2EnT% PCRCHIEL, 70 —= 2 7 &IEHERS %
AL 720 KIBWIC L AHBTIE pET ¥ A7 4 (Novagen
) 2RV, ZhF TS 2,000 FEEOERELT T AI Fa
VERL L 720 % 28 7 B5BLO 720 O KIGH 1213 BL21(DE3)
B Ex v, PTG I X 2588 L TORBY — 7 % F
H35ZET, ¥ 0EOEERIToT 2OXI BT
ETRBEEO LN WY N EITH L TE, (1) KiG
WiET 2%z 5, (2) MK EEZ S, 3) Bensy 7%
M 5% E, Hicrikreitolz, ZORR, K 75%D
FUNTBEIZOWT, BRI L, BEE TS,
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900 FHIHD &7 VN7 B DOREHNET Lo L XA F 4=
YEWARSLE R Y8, A T4 = Bk B834(DE3) %
HAWTkL / AFF =V, S2b—=RX, EZIVERNL
CEBEEH TR T A LICL Y, MfickL ) X FF =
ALy Voo B R RT,

KBHECHMN S VX7 BRI 2 WIGE12IE, HE
9/A7WA&ﬁ%ﬁw FTERMNMTAIEICEDES
IR % FIFA e TE D, T2, BEERITH) 2 &I
IV mg SO EMW Y YN BOEEDTEETH Y, NMR
MM 130, BN SNV LAZE Y Y32 8%, X
BRI L ) A FF = ALY V7 B DA
THETH 5,

2. EEBEWRENVERRE (B, 8, i,
MBI T, SR, R Y, B Y, B Y, BA T

S *, JF R Y, RREE Y, HA Y GBERIEHCREE AT
7eF— L) ; W1, Vassylyev, #rifE, /EH (HK), FH,

BIMR, Vassylyeva™® (HRERMBEHEMZETF —2))

(1) 5 - FFRAR Y ¥ 87 BICHT A%

CP1 domain 137 3/ 7 ¥V tRNA & EEHD pre-
transfer editing & post-transfer editing & M:IZI % A IEX
JEDUME R X A > C, BIEFHEROIEMEZFIFICEFS L Tw
%o B DI )T pre-transfer editing & post-transfer edit-
ing CIZR%R L7280, WEHHEEA I = X L el FFET
WigE L 720 TleRS CP1 H.AK, pre-transfer editing &K B
& ¥ post-transfer editing A&, < 512 ValRS CP1 HAK
B & U pre-transfer editing #A KD X s & 2 g -
mmtt R, 484 V)V tRNA &HiEE#% (TleRS) T

,¢aﬁﬂtﬁéﬂu IR HHATHEERIN TS S
Lol E 61T, TeRS O pre-transfer editing (3
NU»&WA%&@%@U%v»ﬂmAé&@%®%®a
I HED R 72 o T 7o,

Era |3 DNA O#H, ¥ 237 BAaH, HLEL ORI
BItRT % L EZ 5N TV B EZAWHE RNA #iA GTPase
T, ZOREUTIIEREWIZSIHFAET o T. thermophilus
HB8 {2k D Era & GTP OIKET 7127 Tdh % GDPNP
L OBARORERELE % 1.88 A OfEfe CovE L, KGR
H% Era & OWEEK 21T 2720 T. thermophilus FH¥ Era
@ G-domain DfEEIL, X7 LA F FEEETF— 7% v
7 ADMEBBIZBWTRBEROb D LIZELY, &L
GTP &8 (EHR) o H-Ras (ras Bk >Ta—
FENTWBIRGTE GTP 65 v 37 8) LIFFICK
CPTW B Z Enhyhol, 72, GDPNP & Off &k
% H-Ras L Z&IZFE L TH o7,

(2) DNA 1525 /87 BT 205

RN, BB %5072 DNA 23785 L TIBE T A 84
% DNA BIERDPHFHET b0 ZOVEDH I ATy T51E
HRTHY, FICDNABHROL T —IZLPAELZIATY
FHRAS B LBEL VD, KBRTIEIA~Y Y FE
BROFABIEIE, MutS, MutL, MutH ® 3 20D % /%

BHIZE0Arbitd . MutS, MutL AEH 7120V Tidid
EAEETOEYIAAETHDS, Ty FX7LT—¥Th
% MutH (22 W TIEREGR B & 02 Ozt T Lo
Ao T\, MutH 2 #7272 WAEY D% { Tld MutS2 &
IS MutS /87 0 7 HFAEY %o AWFFETIE, mELS
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B T. thermophilus MutS2 iz & /7B & LTS
H, BEL, 205 TREMRIT21To72, T. thermophilus
MutS2 3> FX 7 L7 —BiFHeHb, €0iEHIE MutL
R MutS (2 & DG L E N7z, MutS 1d MutS2 @ DNA ~
OFEEZMMEL, MutL (& MutS2 X 7 L 7 — BIiHHED keas
DERED-H L7 2512, MutS (T ADP fFEFIZB W
TiE, MutS2 DX 7 L7 — B fl L7z, 2o 0k
Bt MutS, MutL, MutS2 |12 X 2#77-7% DNA 5% % 72
AR e OO RIET 5,

77 YIVDNAZY)ays—+¥ (UDG) &, Y by oo
MTE/ﬁmfibtW§DW%@ﬁ¢hkofﬂbﬁi
NS NVES ) LS BRETS, WEREFBHE
W@Z%Vﬁf@(@%fﬁéo%%,Um3@7i/@
Bewl &GOS % b £ 124 DO family IZ0HINTE
W5, 'L, F7zI2 family 5 UDG 2SR 255 72, familyl ~4
UDG T, WM 2R T 2 EF— 7HNOmET I /R
FRIEDAEENTEBY, v b UDG & DNA #HERORE L%
WMzaEnrs, ZORMET I BEREIKEZR 72 b ALl
EHAET LT ay FEEGOURI RIS LEZ L
NTW5h, F family 5 UDG 1Z 2 OFREPRE STV
LTWIZHEDLST, 7T VIVERGEEEFD Z L ATRETR
HEN, ZOVAEEIEH SN TS, 22T, BEF#
W T. thermophilus HB8 Hi3k family 5 UDG (UDGB) ®
X A SRR ST & AL R INE 21T > 720 UDGB O
Mg L v T VIV HRFE SNz DNA & O SRS O %
WIZHIZI L7z, & N UDG T, BEEHNDNA ST A
ETTEAKRE CE)E DNA IS 202, A DNA $42
SHAROCH TS (7)) v FT7o b)) 28T 525
NTwb, LHL, UDGB ®F4I213 DNA 4 I128E) B)
INFEAEED ST, F72, family 5 UDG RV —
THS, IHEEE & s 7B T DNA L HIEEH LTz,
X512, 70y 7T b LIRS RO ADTE S
Nice F7o, WHEEALIAET KRG TFHKREHEL T
=D, REENETF— I OBENEICH AT
Hotze 7T VINVEEOTEMIE U.G>U:C,UT>U:A DJEIZ
B, I NIRRT H S 5-hydroxymethyluracil,
5-fluorouracil | ﬁ?% D FERR S M7 THTEBIEIRE %
37°C 75 70°C I EF A &, UG, U:C, U:TIZHT 5%
P KE L ER Lz, $72, HELZBRELZBIELLE
D %\ DNA (23S 2 FFIMEAS, &R 2008 2R family
4UDG’m&£;%4‘*#otoit,m@UDGﬁ%
ETEBL LI LESDODNA IHEESTEY, RELRKGH
DHEREIC ,ib%wDNA%z%&Lto

MutM 7 X2 F 1L, BUBETHH & FF VI T =
(8-0G) ZIFRMICHEMRETAHETHY, V3T T—
¥, 5 AP-lyase, 3’ AP-lyase {fi{&® 3 2D naH > T
5o TNFETIT, T. thermophilus HBS KD MutM D37
i, 7V 3y 7 —EEEEELLVWERKE 80G
% &t DNA OHEARO S E 2 E L7z, 215 Ofh
B ,ﬁﬁ%DNA@%EE%”%b%%ﬁ«@? H
W OPELNT, DNA & D4 DNA&@E%#
<,#Oi<ﬁﬁéhfwé%%%@ﬁn , BRREAE
@LtoW@Lt£§%@$¢®ﬁﬁ’*Téﬁﬁ%ﬂ%
L72& 24, Lys52, His67, Argl00 OZEFRIC BT
DIETHRONT0 FFIZLysi2 27V T I VR TIVFZ Y
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IR L 72 RR O TR KIE A L T /z, Lys52 1
8-0G ® 3 D) VEEHGABEIME L TBY, T EyH#
LB NZ LD MO PDOEELFEEZ R L TWAHT
et ASE W b, 2RI, DNA 1252 Bkt i
%720 DNA # W CTEBE 1T -7, AP A M2 g
LHOE DNA % W75 A ERD S FFEO Lyss52 2284k
DNA ~OfEEREIZ > T o7z, L L, vy I v
LHERTIE 8-0G % &Lt DNA TOHESERER AT X
ER LN o7z, Lysh2 2 T VF = VICER L 2Rk
IZBWTIE, BFERIEIZIZED S v { S WEBHRE D%
bR SNz, TDT LS Lyss2 DFOIEBM AT, NG
DORMHICLEL &b DNA OfEEfbx Tl &k &
WCWHE I BIRE R B LT D ERIB ST,

3. ME- - IXVX-—RKEHREZNIVEMRR (ZK, &
®, AR, &Y, HEE Y, =W Y, fEIL Y, s (W
g ZAVF-HREAENIET —2)  LE ™, ZH
*LORREE Y, DY Y, MMt IR L, A, SR
RS At RO MY GE(BIERGREHENIZET —
L) H, H2a (ZEARAEWES TR RFEES))

(1) 4e FaXF T 7=V 3-E/ A F 27— -
)&y —¥arR—4rh (HpaC)

4 FOfy 7 VEER3-E/ A F 75 F—FYid 4
O ¥ 7 = Z VERROMAWHIC B W TS L LT
B <o KEEFEIL, two-component flavin-diffusible monooxy-
genase (TC-FDM) 77 I 1) —ELIEEN L A—r8—T 7 3
J=DAUN=D1DTHY, 75 HT—EERF
DORMBE %2 s 24 %7 F—¥ 2 R—4% > b HpaB
&, 77¥Y >  NADH BMLEILEETHL ) ¥ 7y —¥a
YR—=% 2 bt HpaC 575 2 0 #EHETH 5, HpaC
NADH % M\ FAD %23#%ILT 5 %%, #IT S 172 FADH,
BEEDPSEEET A2 EHTE, BEPICHRT 22 &1
L 0D HpaB ICZHES L, D FAD Of5iE - ff
HERSHE & S O BT O S % 72012, FAD BEfbEIC
¥ Tdh 5 HpaC & ZOHEARICEN ZE N THIEZT -
720 T CITHEEMAAT S LTV 72 apo KO HpaC 12Nz T,
HpaC-FAD-NAD, HpaC-FAD #& K% FA% L TR AT
L, k%7 >720 ZOfER, HpaC-FAD A KOG 7
L7 MHICIE FAD IS0 d 2 B 2 B T IIERR T &
T, AHBELRETHEEOADAA L2, —F, HpaC-FAD-
NAD &R RICBWTIE, FAD B X" NAD IZMH4T
LB BT BEIEEZ L7 PHhIZA SR, NAD =
aIF 7 IRELEFADOA V7 aFH I VEITETFOZ
VE LD REGBEBEICH B 2 E D o 720 3 BHEAKROKE
#EX TC-FDM OEEEICBWTHO TES NIERTH ),
TC-FDM 7 7 3 V) — 2B} 5 B0l & SRl a3
LI ENUReE R D, 512, HpaC DERLEICIETEDH]
ExATV, HpaC OFRALEITCHELHEE - AT OMm 2
5EEIC RS %,

(2) ABC N9 VAR—%— ATP 7—¥H¥72=v

ABC N T Y AR—% —13 ATP OIS # V¥ —
AR L A 2B LWL T RS v BHEARTH
%o ATP K RO M OHIEIC X 0 K iEo i IREE %
BRI OLEINEY I L, Wk OBEOEEZEL L HT L
N)VCHHTAZ LICLY), ABC PV AR—F =12 &

BRI AFF FE 4R

EWEIED A N AL EWHENIITE D, SEFEE T.
thermophilus HBS 3D ABC b T » AR — % — D ATP
7=y M ATP IEHAR, ATP (AMPPNP) #5467,
ADP FEERUZ O W THEEMT L, ATP D#EE& LK%
(23t Lo b e s I L7,

(3) N-TY VT I/ WETv~—¥

N-TIYVT IS~ —BIE DT LED N-7
DNT I BEZFNEN LR, DRICERT AR
ThHb, VNIV — V) VBEEZIT 775 —LTHT 3
BRI —XERLRY, 2liOEEA 4 P 2 LBEET B,
LaAVERT 7 b UALEEER LI VY s U AT —E
TUTNVEET =¥, 0- A7 Vo INVEAERENEE R
CLHMRMEDRH Y, TG A——=T7 7 I —|JR/T
bo TI/HMOTEAKICBITAFHAPHGESNLEERT
HHHS, MENTOEBNZE X IZHS IR > Ty,
T. thermophilus HB8 HK D ARFEFZ OREE-FREEMHRE 2 B &
MICT B ERENE L TESEET 217272, 20°C 12
BTN F U7 NOy TESIEEEIC L o TH S L
mEHWT, ASFERELOZEERESHREICL-> T
WEIERT 21T 720 2 FAA UHEEZ LTBY, 120 R
121 (B/a)s NV Z > T b 2 D5 h o7,

(4) CTP &HiEE#E (CTPs)

CTP A1KEERE CTP & R O iR B s & fillih 5 % %
ETHbH, ZOBIE, CTP AREBEZEN VY I F—EF
AL VTEONIT VEZTH, G AL 2 TATP O
) VB bR 272 UTP &L, CTP &K T2 DT
Hbo HEMEE T. thermophilus HBS HED CTP A
BEFRIZOWT, BERHM, WkA 4+ AR, vy
IV EDBEERO ARG T g L7, CTP &R T
FHROKRET N I3 —Thb, WA+ v LA E
12, ATP & UTP % CTP AREER ICHAAATZL T A,
il SIS | TR A O AT L % 52 7 VIS 255 &
Nice ZIVF IF—ERAL VHES LTV Y 3 v idfl
3L L FH I NS Glu-His-Cys & K TITBERE L Twiz,
NS OREERHTOREE, ATP & UTP OfE& 1> T2
YERA=TarHhRIY, GTPHEEIAITE ENDE Z &
DIRBE STz,

(5) ATP AL 71 5—%

ATP ANV 71 5 —¥ (ATPS) 13 ATP 7 F= v #%
WETRRRICHER L, 77 oIVERE (APS) t¥n) V%
T AEERETH Y, EYWRIELHFEET b BT RE
T. thermophilus HB8 3% ATPS (TtATPS) stk
HHETHD APS LOHARE LT 25A SREETHE
L72o APS iE ATPS TR SN TV LWL DHPDETF —
7 (QXRN, HXXH, GRD) % 5Hi5 TtATPS O HER
LR LT 72, fEem D XAFS 58 Ofk 5 & B s
T—=1) TXH» S5 FAA I (291~347 %) (ZHigh 1 o+
UHMFIET B T Loz, TOMERA 4 viE, Cys294,
Cys297, Cys306, His310 (2 & V) PUIEAREAL S v Tz, Hf
$ A & ITEHEIBAL A 595 <, Archaeoglobus fulgidus, Py-
rococcus abyssi, Sulfolobus solfataricus 7 & OUFELH Tl
HER A BN L T2 4 DOFRIEDMRFE SN TN DL T EhD,
C DA F >~ DAL TLATPS DB EMEICES- L Tw
LEEZLND,

6) Z7VY HERAP ¥ 30y
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Py UNIEIX, €4 IV B FENRTHHE) FFH—
V) Y (PLP) 2RISR 7 ) ¥ VHRRDE—E
FE DI ek BUG % B3 2 R TH B o MEEMELE T. ther-
mophilus HB ISk P & Y X0 EHH\WT P ¥ VXV EHD
RSO TRE LIz, TORSE, P ¥ V87 Bl
LFBEDH S PLP R T—HMICEONE ap ¥ 1~ —T
3%, af FA =D 2205307 anfBe 7 N7~ —1idE
LB EDghoTz, PLP Of#EE 124> T open-closed #
DAVERA=Ta YR Y, FRIEOBEEMIL 13.5A
Tho7z, FUBERICHHER]TH % aminooxy acetate 255
EL7HEED S, FEEFERICEE R BE LT R/ TV DK
FDTRIE S N7z, lipoamide #&A T v 4 )V EA D53 T-FKIHNIC
BERAF S NZIEEM 2 b O ENH Y, HY Y3V HED
MESERICEG 35 2 LR SN, IO DERPS
Fr b=V AR ) L VFED T A A = A LIZET B A
Rt siz,

(1) RFFFFTH+NIT—F

R7F AN I VEFE (PDF) &, #i/zicalEns:
FRYRTF FHEO N RO RN I VEZ T 5 EE~R
TFF—ETHY, EEMBEOEFTICNHETDH S, SEF
B T. thermophilus HBS 2R D PDF % KAl 2 4
YoXyEE L TaEL - B L, PEG4000 % LEHI & L
TN F 7 Fay THEKIEREIC L DR L7,
FIE SR TZREE P4, 72013 P4s 2B L, TS
a=b=06258, ¢c=10527TA TH 5, FExFrEAIHIZ 257
THAETHEEZD L, BUROKRELE S TEOL (V)
12 2.3A%Da™!t, AIEEEIL 46.7% & % b, Native #5HD X
HWEF 7 — % % SPring-8 BL41XU THlE L, 1.81A 5
REDRIITT— & %1572,

(8) "u RN T4 IV vy —E

ARV T ) S ILYyy—F (U3S) X, N4,
V% IV By, Z7UT T A, Fagg EVVo 2RIV T 4 1)
ILEWERROBEIECTH L, FIVT 1) Y ERFEHED
FARISE M T AR TH Do FK4lL, T. thermophilus
HBS Hk U3S D 35 D7 3 /%I A F o = U (Z{E
L72BERB U3S #1E), ZOv L J A F+ = v FHEfE
OAART VT % — P REF LIS L VAT, 1.3 A O #
RECVARNEE 2 UE L7zs T. thermophilus U3S 1%, ZEHEIL
TR —%HFHED 200 a/f AL YHBHFAT B ¥ —
M2 & - CTHE SNHET, & o U3S ok % iy
% &, Domain 1 12373 % Domain 2 D EMNKE ( Ero
Tz, $72, £4 5L TES N2 2 B OK
REED S, BULHICIBEAICRE Ry T+ A=Y 3 >
ZALAHLZ 2 2 LRI E NIz, 29 LEwHsk U3S
&b Mk U3S o oE VI, BRMZHEY], T4b
LEHPUAEWE OG- AB~OIHPHETE %,

4. HBEERMZ D NTERRZ (#1L, Vassylyev, i,
EH (EK), SFH, BB, #3k, AR Y, AEE 2 (ReE
FRIMEHAEIGET — 2) 5 &, BH*, wEE <Y &
LB, AR R EET Y RER, &I, AR,
W, s, HF EEERREOEMET —4) K, &
t, BUET, BH, #F, B, £, LBV, 8 GER), ik,
Thsanawati, Pioszak, Padmanabhan, ¥, #H:, JIIR,
il CRBL), BRI, B, EA, SO, FEE (LD, g
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(1), s, 28H, B8, H, e (N8, BE, M,
V¥, AR (GSC & v N7 Bl - #EEffse s v — 7))

(1) BRBERI Y /%7 B O SRR AT

BT CICBEREO 7 LABHIDHS 2k > T b,
FORICFE SN BET 2R 2 HEEEICT I EBRR
FIOFEWIEICED K b DD, ZRDT /7 LW HEMT ST
WAHBETH L OBLETEWIIMRERMETFRENS Z
DB, F NI B ORI T ORRE L R ICH
L, 2227 I VEEESI LD S H#EIEMICEE IR SN T
WABZEDRHLENT WS I EDD, ARG S ik
KHE 37 EORREEICET 58 LIS E SN L6
WL\, KEFED, T. thermophilus HBS HIRARFERH &
YORTEIIOWT, MR - BREEIAT 2 O 7,

TTOT99 X KIGH D oE &7 I VLNV TB X Z 25%D
MFEMEL 2%, I 7EERE L OEAMKIE, TT0799 #Ein
F, BX O, TT0799 EIEF O LHICAE L TT0799 1%
FUIH LTI — FERTWAS TT2193 5T %
EE$ A E R L2, —HTIOEAKIE, 070 DSEEL
72 RNAP (RNAP-s70) 78k d 2 1B 70 € — 4 —
By ik CE& hh ol 2 LT EHMS, TTO799 I
oT0 L IZB LA TUE—F —%BHETH o KTFTHHI L
DS Nk o 72,

TT1013 1%, KEH CRP (cAMP Lt 7% —% v /37
) LTI BLANLVTELZ 26%0OMENEZ RS 5 o8
7B T, KW CRP R E A2 LT\ 5 2 L A5
GLEB LV AEBICL VS L o7z, TT1013 13,
cAMP DEFEETT, Fu75 7 —¥ V8§ 2 B2t K
T&EE/ZZEMNS, TTI013 1 cAMP EHESEHTAZ &
AR RBE Nz, S 512, TT1013 1F, cAMP L HfF &
BB EIZDH, CRPFES 2 V1 % A DNA BN HE
L, RNA FVJ X5 —YIZ X5 in vitro S5 UG % {2 L
720 L EOKR, TT1013 1X CRP #OEERNTFTH Y, T.
thermophilus HB8 1, TT1013 DIEMIZ & o T, #ELH A
FIH SN TVWBE Z EATRIEE N,

TT1887 & TT1465 i, %12 Pfam database TF 7 LK
XTI —XOWREMLsH L EFRENTBY, TTISST &
TT1465 & 35% DA% /R, FA1E TT1887 & TT1465
D5 S EE % LI EEF L (Multiwavelength Anomalous
Dispersion: MAD) # vy, Z1hEN1.8A & 2.2 A 53/ kE
THE L7, TT1887 & TT1465 D—=ARDHEE L, 6 DD
aNY I AETOD B T— M5 7% A Rossmann-fold F
AA VTHER SN TWAAD, TT1465 Tld, N RKFIZE 5 I
20D a N v T APEETN Tz, TT1887 & TT1465
DIUREEIIRE S R ->TEBY, TTI88T (LK EMELR
THAHDITH L, TT1465 IZAFHTOBE WP TLRERE
KTH D, RERH &, BRERT VU v VI X AEEET
KIEOWZEN S, EHEMAICE L CTHH#HEE L7,

TT1485 1337 7 1) 7 L HHIE CREE ISR SN2y~
NIBED 1T, FN7E77 31— COG3253 %I
LTWwb, ARG & 7 3 7 BRECYI M MR, EfbE2Ry
EBr MAB DR, Ky VST BEIHFHONLEE
FUNRIETHD I EERFEE L. AMREICE > TH 28
277 ) =T AR ERE 52 2 EN D T
B%L, FU0ET7 7 I) —HICBIFAANLEESY V8
IR E L TOMEEEICOH -85 525 2L DSTE
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2o TR ROMERZ I, By o773 —
D—BTHLHEEMRT ALY — ¥ L DTS & AHE 5L
EHL, WEEOHIRRERS MR ORI EREL 72

TTITIL R 15 DN F ) 7T THREERTWE, 7/
LFEEHNC & R TIIBEREICEIT 2 HHIIE S Ty,
SO SLARKEE AT OFER, AR5 2287 BII—AREH RNA K
G5 VXTET =) IR TR EE L L, 22D
G L O ETHAICEEIRIF SN T I VBEIS4 5 1E
IR LD AHIBAHEIET A 2 A BSnE Y, TTIT11
PGS VSV BE L TOERE2E->TWh Z L h%
L7,

TT1382 1, Blast ¥ —F 3 & OF Pfam database I35 D&
RO 7T UEEY X B LN E N T2, BL26B2
TELNZ 2A SO T — s 2 v, MAHREB IO
ETNDOIEFEALEIT o 7R R, R Ryork = 21%,
Riree = 24% TIHRHAEE 215870, SR OMR, N KN
Vo 2 AP AL ATy T L7z A <ok & -
TWAIZEDPHL PR o720 & DG % 312 DALI server
THP OV E X RI2& T A, Archaeoglobus Fulgidus
HR D #:EICEESE (110S, RMSD = 1.7), Methanobac-
terium thermoautotrophicum HIk®D FMN &% 37
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We, first, expected to interpret the whole biological
phenomena of the human body by identifying the struc-
ture and function of all the biological molecules making
up the body. However, Homo sapiens contains more than
30,000 proteins and many of them are intolerable with the
conditions used presently in functional and structural anal-
yses. It has now been estimated that the minimum gene
set essential for a free living organism is about 1,500. Mi-
croorganisms living in extreme environments often have
approximately this number of genes. Then, we intended to
construct a model system that is not limited by the afore-
mentioned difficulties associated with Homo sapiens, and
selected an extreme thermophile, Thermus thermophilus
HBS on the basis of two criteria; (a) the organism has a
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“gene manipulating system”, and (b) it is “the most ther-
mophilic” organism among those that meet criterion (a).
This whole-cell project consists of four parts; (1) structural
genomics, (2) functional genomics, (3) detailed analyses for
each molecule, and (4) system biology (simulation of whole
biological phenomena).

Genome analysis of T. thermophilus HBS8, plasmid
preparation, protein production, and protein purification
were performed through the intimate collaboration of three
teams. Genomic analysis revealed that the number of open
reading frames (ORFs) was 2,200. About 2,000 plasmids
have been prepared for heterologous gene expression stud-
ies. From these, about 1,400 recombinant proteins were
overproduced, 900 of which have been purified. A total
of 550 proteins have been crystallized and the structures
of 230 proteins were solved. We are also working at the
functional genomics step, and supporting many researchers
working at the third and fourth steps.

1. Protein production and purification

To accomplish structural and functional analyses, it is
essential to overproduce various proteins easily and effi-
ciently. The pET Expression System (Novagen) was used
for overproduction of proteins in FEscherichia coli. Ex-
pression trials either with/without IPTG induction or uti-
lizing different types of E. coli host strain and culture
medium achieved an overproduction success rate of 75%.
Selenomethionine-substituted proteins have been overpro-
duced easily in E. coli B834(DE3) with lactose and vita-
mins. When protein production was unsuccessful by using
the pET Expression Systems, we used a cell-free protein ex-
pression system. By establishing the dialysis method, the
production of proteins was further improved to the level
of milligram quantities. The uniformly [**C, ®N]-labeled
proteins were used for NMR structure determination, and
selenomethionine substituted proteins for X-ray crystallog-
raphy.

2. Central-dogma related proteins (Genetic Pro-
teins Research Team)

Isoleucyl-tRNA synthetase (IleRS) links tRNA" with
not only its cognate isoleucine but also the nearly cognate
valine. The CP1 domain of IleRS deacylates, or edits,
the mischarged Val-tRNAU®. We determined the crystal
structures of the 7. thermophilus HB8 IleRS CP1 domain
alone, and in its complex with valine at 1.8 and 2.0 A
resolutions, respectively. In the complex structure, the
Asp328 residue, which was shown to be critical for the edit-
ing reaction against Val-tRNA!® by a previous mutational
analysis, recognizes the valine NHs™ group. The binding
pocket is only large enough to accommodate valine. At-
tempts to model isoleucine at this location revealed that
the additional methylene group of isoleucine would clash
with His319. The H319A mutant of E. coli 1leRS report-
edly deacylates the cognate Ile-tRNA™® in addition to Val-
tRNA!® indicating that the valine-binding mode found in
this study represents that in the Val-tRNA"® editing re-
action. Analyses of the Val-tRNA™ editing activities of
T. thermophilus IleRS mutants revealed the importance
of Thr228, Thr229, Thr230, and Asp328, which are co-
ordinated with water molecules in the present structure.
The structural model for the Val-adenosine moiety of Val-
tRNA"® bound in the IleRS editing site revealed some in-
teresting differences in the substrate binding and recogniz-
ing mechanisms between IleRS and T. thermophilus leucyl-
tRNA synthetase. For example, the carbonyl oxygens of
the amino acids are located opposite to each other, relative
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to the adenosine ribose ring, and are differently recognized.

The mismatch repair system (MMR) recognizes and
corrects mismatched or unpaired bases caused mainly by
DNA polymerase, and contributes to the fidelity of DNA
replication in living cells. In E. coli, the MutHLS sys-
tem is known to function in MMR, and homologues of
MutS and MutL: are widely conserved in almost all or-
ganisms. However, the MutH endonuclease has not been
found in the majority of organisms. Such organisms, in-
cluding T. thermophilus HBS8, often possess the so-called
MutS2 protein, which is highly homologous to MutS but
contains an extra C-terminal stretch. To elucidate the
function of MutS2, we overexpressed and purified T. ther-
mophilus MutS2 (ttMutS2). ttMutS2 demonstrated the
ability to bind double-stranded (ds) DNA, but, unlike
ttMutS, showed no specificity for mismatched duplexes.
ttMutS2 ATPase activity was also detected and was stim-
ulated by dsDNA. Our results also showed that ttMutS2
incises dsDNA. ttMutS2 incises not only oligo dsDNA but
also plasmid DNA, suggesting that ttMutS2 possesses an
endonuclease activity. At low concentrations, the incision
activity was not retained, but was promoted by 7. ther-
mophilus MutL.

3. Metabolism related proteins (Metabolic Pro-
teins Research Team)

The aromatic compound, 4-phydroxyphenylacetate (4-
HPA), is degraded by a two-component flavin-diffusible
monooxygenase, HpaB and HpaC. Oxidized and reduced
flavin molecules are supposed to shuttle between the two
components by free diffusion in solvent. In this fiscal year,
we focused on the studies of HpaC through the analysis of
complexes with FAD alone and both FAD and NAD. In
the catalytic cleft of the HpaC-FAD complex, the electron
density corresponding to FAD is smeared. However, there
are unambiguous electron densities corresponding to the
bound FAD and NAD in the catalytic cleft of the HpaC-
FAD-NAD complex. The structure of the ternary complex
is the first observation for the TC-FDM enzymes, which
allows us to understand the precise mechanism of electron
transfer.

ABC-transporters are membrane-bound protein com-
plexes that transport various compounds with ATP-
hydrolysis energy. Crystal structures of the ATPase sub-
units from 7. thermophilus in nucleotide-free, ATP analog
(AMPPNP)-bound and ADP-bound states have been de-
termined, which revealed the structural change upon the
ATP binding and hydrolysis.

N-acylamino acid racemase catalyzes the racemization
reaction of D- and L- enantiomers of N-acylamino acids,
and is a member of the enolase superfamily. This enzyme
is anticipated to be useful for production of amino acids
in an industrial processes, but its physiological function
is not clear. We crystallized the enzyme from T. ther-
mophilus HB8, and solved its structure by the multiwave-
length anomalous dispersion (MAD) method. The struc-
ture contained a (8/a)s barrel fold domain.

The crystal structure of the P-protein of the glycine
cleavage system from 7. thermophilus HB8 has been de-
termined. This is the first reported crystal structure of
a P-protein, and it reveals that P-proteins do not involve
the as-type active dimer universally observed in the evolu-
tionarily related pyridoxal 5-phosphate (PLP)-dependent
enzymes. Instead, novel alphabeta-type dimers associate
to form an asf2 tetramer, where the a- and (-subunits
are structurally similar and appear to have arisen by gene
duplication and subsequent divergence with a loss of one
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active site. The binding of PLP to the apoenzyme induces
large open-closed conformational changes, with residues
moving up to 13.5 A. The structure of the complex formed
by the holoenzyme bound to an inhibitor, aminooxy ac-
etate, suggests residues that may be responsible for sub-
strate recognition. The molecular surface around the
lipoamide-binding channel shows conservation of positively
charged residues, which are possibly involved in complex
formation with the H-protein. These results provide in-
sights into the molecular basis of nonketotic hyperglycine-
mia.

4. New functional related proteins (New Func-
tional Proteins Research Team)

An interesting feature of the genomic sequence infor-
mation from many organisms is that from one third to the
half of the predicted open reading frames encode hypo-
thetical proteins of unknown function. Because the three-
dimensional structure of a protein is more conserved than
amino acid sequence during evolution, structural data of a
hypothetical protein can infer its function. About forty
percent of the predicted proteins from T. thermophilus
HBS8 are classified as hypothetical proteins. To infer the
function of these hypothetical proteins, we determined the
crystal structures of hypothetical proteins from this bac-
terium.

TT1887 and TT1465 from T. thermophilus HB8 are
conserved hypothetical proteins, and are annotated as pos-
sible lysine decarboxylases in the Pfam database. Here
we report the crystal structures of TT1887 and TT1465
at 1.8 A and 2.2 A resolutions, respectively, as determined
by the MAD method. TT1887 is a homotetramer, while
TT1465 is a homohexamer in the crystal and in solution.
The structures of the TT1887 and TT'1465 monomers con-
tain single domains with a Rossmann fold, comprising six
«a helices and seven (3 strands, and are quite similar to
each other. The major structural differences exist in the
N terminus of TT1465, where there are two additional «
helices. A comparison of the structures revealed the el-
ements that are responsible for the different oligomeriza-
tion modes. The distributions of the electrostatic potential
on the solvent-accessible surfaces suggested putative active
sites.

The crystal structure of T'T1485 reveals that this pro-
tein is a pentamer and each monomer exhibits an antipar-
allel beta-barrel. We searched for the structural homolog
in the PDB with the DALI program. The top five hits
of this search show good structural similarity (topological
similarity) despite weak sequence similarity. The crystal
structure and the remote sequence homologs suggest a co-
factor binding that is useful for predicting the molecular
function of this protein.

The HD domain motif is found in a superfamily of pro-
teins in bacteria, archaea and eukaryotes. A few of these
proteins are known to have metal-dependant phosphohy-
drolase activity, but the function of the other members re-
main to be determined. Here we have characterized an HD
domain-containing protein, TT1383, from T. thermophilus
HBS8. This protein has sequence similarity to E. coli dGTP
triphosphohydrolase, however, no dGTP hydrolytic activ-
ity was detected. The hydrolytic activity of the protein
was determined in the presence of more than two kinds of
deoxyribonucleoside triphosphates (ANTPs), which were
hydrolyzed to their respective deoxyribonucleosides and
triphosphates, and was found to be strictly specific for
dNTPs in the following order of relative activity: dCTP
> dGTP > dTTP > dATP. Interestingly, this ANTP
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triphosphohydrolase (AINTPase) activity requires the pres-
ence of dATP or dTTP in the dANTP mixture. dADP,
dTDP, dAMP, and dTMP, which themselves were not hy-
drolyzed, were nonetheless able to stimulate the hydrolysis
of dCTP. These results suggest the existence of binding
sites specific for dATP and dTTP as positive modulators,
distinct from the dNTPase catalytic site. This is, to our
knowledge, the first report of a non-specific dANTPase that
is activated by dANTP itself.

To resolve the high-dimensionality of the genetic net-
work inference problem in the S-system model, a prob-
lem decomposition strategy has been proposed. While
this strategy certainly shows promise, it cannot provide
a model readily applicable to the computational simula-
tion of the genetic network when the given time-series data
contain measurement noise. This is a significant limita-
tion of the problem decomposition, given that our analysis
and understanding of the genetic network depend on the
computational simulation. We propose a new method for
inferring S-system models of large-scale genetic networks.
The proposed method is based on the problem decomposi-
tion strategy and a cooperative coevolutionary algorithm.
As the subproblems divided by the problem decomposi-
tion strategy are solved simultaneously using the cooper-
ative coevolutionary algorithm, the proposed method can
be used to infer any S-system model ready for computa-
tional simulation. To verify the effectiveness of the pro-
posed method, we apply it to two artificial genetic network
inference problems. Finally, the proposed method is used
to analyze the actual DNA microarray data.
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