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Utk EE s AEEEE (RNase) U, X Arima 5457 DK ¥ > Ustilago
sphaerogena OIEFHMPICRWE L, WD RNase D—>TH 2 (Arima
et al., 1968a; Table 1). RNase U, (Z 1 %3 RNA 07V Vo 3 @O
T2ARTSTZF NGB LT, 2,8 -BIRX 7L AF FE2ER L, @iz
F-TV» —)UEEALIKSET S (Arima et al., 1968b). RNase U, Hsfd
REEZFOOIX. HEEMBO pH 3.5 - 5.5 OFHTH 5. RNase U, O —Xilh
BERT kYU AREIC L DRESh, 14 73/ BREILRD 3 HOY R
V74 FREEETHEHESA TS (Sato & Uchida, 1975a; Kanaya &
Uchida, 1986; Kanaya & Uchida, 1995). # 7=. RNase U {Z{& RNase UA &
UB DR ELE L (Uchida & Shibata, 1981), RNase UB i@+ 1) ~

7F F# 575 RNase UA @ Asn 32 AR Z >4 3 K (Suc) 28TA vV

TARINT X B (isoAsp) IZZELLTHELZ23DLEZ 5N TS (Kanaya &
Uchida, 1986)c LATFCIZFFICHTS %L BE D RNase UA % RNase U, 0.3

RNase U, @ — kML, Aspergillus oryzae MFE4 T % RNase T, &g
. TIJEEAIE 10§ IFERL, TI/VBO—BUED 28 % LKL, |
L. RNase T, CRUMGEMICEE L %2 5h T3 His 40, Glu 58, Arg 77,
His 92 (Takahashi & Moore, 1982) #% His 41. Glu 62. Arg 85. His 101 &
LTHBICHEETDLEZOGNB L5, RNase U, IX@EMd ¥ RNase
T, 773V — KRBT 2BABICHBMESA TS, CO RNase T, 773 U—ic
I% RNase Ms (Aspergillus saitoi ®1 3% ; Watanabe et &l 1982 1iC,
(Aspergillus clavatus ®i 3% ; Bezborodova et al., 1983). F, (Fusarium
moniliforme @ 3 ; Hirabayashi & Yoshida, 1983) . U, (Ustilago
sphaerogena #i3%; Takahashi & Hashimoto, 1988) & \\ - 7= ik 4 W m kD
RNase (ZfMZ . Barnase (Bacillus amyloliquefaciens ¥ ; Hartley &
Barker, 1972). RNase St (Streptomyces erythreus mi3%; Yoshida et al.,

1976), Bi (Bacillus intermedius Tp #i3%; Aphanasenko et al., 1979). Sa




(Streptomyces aureofaciens ti3%; Shlyapnikov et al., 1986) &\ 7= Ji
PAEYIHRO RNase HEEN TV %, RNase T, 77 3 ) —OEBAE - 583
ZFEE, BT I BBREMHNIIE 100 BETHD, RNase T, [ZHT

BEEHECEREZE I STV HRD7 I ) BFRED S 5, Glu 58, Arg 77,
His 92 YT 2 b ob@IcBRESTATY - BTICMUE RIS 08
T 2, 8-BRIX 7L AF FRMEHSERL, BEKICIILASE 3 J,
RISk SRENZZ L ¥ TFE R D,

RNase T, 7 7 X ) —fRIGIE, RNase T, TREZh. RO LS (CHE
&NTW3 (Takahashi & Moore, 1982; Heinemann & Hahn, 1989; Figure 1),
ETH-BPELLT, V=2 0, »)EFERENCIORL, VU BTH

D=2 0; DL T 2,3 -BRX VL AF D ERENZ. OB
ik, V=2 0, #5702 220 EAMBOBHEEETHREL
BT 2V H—2 03 ~A70 b2 2ETEHRMEOREER:TRENSES L
ZhEh Glu 58 & His 2 THHLEZHNTVE, BoBIETIE. K57
ﬁ‘TJ“%%ivu#%qu>MfEMML‘Uf—xoy#0>ﬁr#
SHELTX VALK 3 — ) UBHNERT 3., BB CRRMIEXENED
REIDRA L, Glu 58 IIEEMKL LTYVHE—Z 0, 7D b %L, His
92 ERMBEL LTKAFPS7OR 22HMBLELBATV S, B—
B D BBEERRICOEEIL. BB ONMASREIGIC H<T RNase U
& RNase T, Tik3IZ# 10° &3\ (Egami et al., 1980). (FFL B H RO
RNase A Tid, BUBRMMEAELIE DD His #2650 TS (Breslow,
1989), WAL LT 29,3 - BRI /LA F FAEMT B2 &, BRUKEBEO
RISHEEDBERIZ RNase U, LR U TH 5, RNase A ICLBURILAF KD
FREVIOSHT 56, RNase A TIZ) U EBRER G L MASREGIZE -0
ERAFICHN L CERNICEC 20 TERLS, ETHEETIREICHLTY
BEGBRGOSET LTS, ) VBEEBRIEOBREIEE L TIKMRE
BRI HZLHTEh, TOBENS RNase A BHIASRBRETIZR Y




EEEERETSHSD. RNase T, 773 ) —0 RNase TLRAMRTH 2 LOEH

¥d& % (Cuchillo et al., 1993). RNase U, @ RNA O MEHO 2 Tit.

2,3 - BRI 7L AF EHHRDOR 30 (Arima et al., 1968b).

Cuchillo 5 ¥3KiZ RNase U, D1

Eifi> RNase T, ORICHMIZH LT, BIEEMEORN 2R T0I Glu

58 - His 92 Tix#<, RNase A L[EL

Y, vabb His
40 & His 92 THEHLI2HRLBRRIA TV 3, TOREKIL RNase T, @ Glu
58 % Ala CERSELLDCREMIBRETZICEMDL T, His 40 %

Ala CEMGEZELEIOREFLALEESZVLEVLSHIRICESLTL

(Nishikawa et al., 1986; Nishikawa et al., 1987) i, Steyaert 5
RNase T, OB LR RUEREORGEEZE2D pH THELEEEDS,

RNase T, BRADEMEZTT pH 7.5 Tix. His 40 T 70 b U HEEA L= 4t
REEDIRBIZH HERE LTHREEL MRV &, Glu 58 % Ala o L
Al His 40 @ pK, MMET L, Glu 58 IR TR LTHIELBAC
EZ&mL, Glu 58 & His 92 AEEiMM OB AR AT L EERLTL 2
(Steyaert et al., 1990). L2 L. BRNase T, L7/ 7./ v ¥ 3 —U) @
3 -GMP) DHMAKRDRKERMETIE Glu 62 L3EI- His 40 U AH—2R 0, &
KEBELEELTHES LH6, His 40 BVHE—2 0, p6O7D0 b8
BIIEHENS T 2LOERIBBURENTED (Gohda et al., 1994). RNase
T, Z73IV—CBVT A UINRIET XOREN L OUR &R TOHIIK
RELTTHRTH 3.

RNase U, ZERBERCHL T 2OMEFLWHEEELTL 2 RNase

77 IV —ICRT 288D MNase T XT

J7—HRMEER T 7=
ZEFNCERMI ZDICHL, RNase U, 377 = 2BANCRERT 2. B9

fiit RNA @ RNase U, (CLZAMEWMD 3 KM IV AF FOSHHD5

RNase U, DIEEFEMIZ Adenine > Guanine >> Cytosine > Uracil L#i%x

hTHH (Uchida et al., 1970). COBRBEI XV LAF FOBEEHEL




# 2% (lichida & Machida

2 —U 8k (2 -AMP)
1.3x10* M (Sato &
“x T ARNESEL

TFURRIL7—¥ OBBEFRMECEASL< T, FASHED

chida, 1975b) &

SEUIVFHRNLRED, RNase T, ‘X h 377

RNase A (CfR#%E2

HROZ D, RNase Rh ICREZSNZEBROLLOBRODP-> T BH,

RNase U, (7' V55887 RNase & L THT

DEFICAMTES

RNase U, &, BITKICL D T RERN, MELELBAL LTIV

T3 (Matsuzaki et al., 1989). I ME&ERICH>LWTIRER FRNE

CLEMITHEASNTL Y, REFLHEEERIBOMTEST. 20Ul
WEITHTH 3.

AGfZETIX, RNase U, @ RNA HIOKAMRRIZIGHEM & 7 7 = o M50 e S
FMEFEBLO YR 2 57 L~V TR 5 AR 9 % 7= 8h, RNase U, HFh X
Pl & DM RD X RS B MOERHT 2 (7L, RNase U, Y H4RE0)HIH (F B %

Tzo RO, FEDBERETTHON: —MBMORBRMEICIKE LT

T ADOTIXARL, E2OBRENT T4 USROS RS2 & R

AT %

DEWD Lz RNase |
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L. &
HOZ kRS %94
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Figure 1. Schematic drawings of RNA hydrolysis. !




Table 1. Properties of RNase U,

Initial velocity for the cleavage reaction

Molecular weight * 12.389
Amino-acid residues * 114
Isoelectric point pH33
Optimal pH for R hydrolysis pH45
Dissociation constant for the inhibitors * (M)
2-AMP 23x107
2-GMP 1.3x 10"

Adenylyl-3"

1.08 x 10°

ytosine (GpC) 1.88 x 10°
Cytosylyl-3'—5"-cytosine (CpC) 0.359
Uracilyl-3'—5"-cytosine (UpC) 0.046

a Kanaya & Uchida, 1985; Kanaya & Uchida, 1995.
b Egami et al., 1980.

¢ Arima et al., 1968a.

d Sato & Uchida, 1975b.

¢ Uchida & Machida, 1978.

(M/min/M protein)




2-1 RNase U, DR
2-1-1 Ustilago sphaerogena MIZR
HAEDIER KT RNase U, OF®IL, XA Uchida & Shibata

D Fk

1981)

HFWMO 70K ¥ Ustilago sphaerogena (3 American Type Culture
Collection (Maryland, USA)

EKETHRA L

SHMAL., BREOEEERMAT Y 70z

DREEERYIEEKE 400 ul METTREL.

4

BT P70 BRIEH EICHEZ T, 28 CoOfEEMAICMELE. 2 B
EEMEZhTwEano=—% 500 ml LO7 5 23 ® Corn-meal it

(Hirai et al., 1972) 100 ml (ZREZ(HF. #]RE S & 150 G4/ 4 (rpm).
28 °CT 3 HMSS® Lz, Corn-meal IEMICEER LA by ER IS ORHIL.
215 (BMEHHY) TH5, BRI pH 4.5 SB35 RNA hk S RRiE
Vhd 5 L% Arima 50 % i (Arima et al., 1968a) (=& b filsE L THEae
Letk, SISy ) 2o— L& ialmsh 33 % o2 L5z -80 C
THRAF L, LU#, RNase U, W8 7= Ustilago sphaerogena Y%= \%.
SOV EO—)VR by 7H6DEEKEFH L=,
AKRIGERILTICET FETHT k. 7. ZVE0—N2A Moo iR
BAO Corn-meal f5# 6 ml (CEEZMZ(HT, HL 5% 150 rpn. 28

T

3 HEG®RL. BRMERT P 7L —2EERISM EICRZ T, 28CoEEMR

AICHELEZ. 3 HECELEaD=—D % 500 ]l HO75 2340
Corn-meal }5ifs 100 ml CHZ(HF, #RE& 5% 150 rpm, 28 “CT 2 HRER

L, !ék;ﬂim PH 4.5 (23175 RNA MK REIENEDS 20~30 2= v b IC#
LERRTZ7 7 A9 —A®D Corn-meal 18 5 1 iz (tiTte 77 A2
Y—OEERMFIE, EXFRY 8 1/9, MILEELUE 350 rpn TH B, pH
4.5 128175 RNA kA RIFEEEZERHOICHA<, 4 ~ 5 HECRAOH 60

unit/ml FLAEE




2-1-2 W%
E®RWIX 4 °C, T000 rpm T 20 2ELO L. HARUTERETO P ED
I BREDTBEMERVEZ. BIZHT AWMENEK GF/A (Wattmantt®) @i
THERBPOMPVZEMBEBRE L. 28LEBRNEH 4| 2%FKT
1 ISHIRU. 5 N NaOH K&k < pH 8.5 (CH®L e CHiC 10 mM
ZIBREERATE pH 8.5 (LIFTIX/Su 77— A EMT) TEMELERAS A
CHREifE DE23 O mER 33 g HY4EM

o DE23 Z®WH L, #ikiC DE23 O MER 17 g HY % £1 1

FLEFSKPIZ 30 #H0. MHLE DE23 26b¥. 1 1
77— A TH-o/o Sk L7 DE23 % 0.7 M NaCl 28&/iw 77— A T

200 ml X 2 @Sy 3

. mW\WT 0.5 M NaCl 2ZL/59 77— AT
KICH LT 4 ‘CT & L

AL — [ L 2o BHT LS. BT 5 N NaOH % T pH 8.5 &
Gbekt, /Sv77— A TERLLTHL = DE23 MARIER 5 g H4%Mm
AW 2 {EE LD 6 4 °Cic 30 2B\ DE23 2L, /Sw 77— A
WL TEE 1.5 cm OAFLAPIC 5 cm OFSICFEHTISLVE DE23 o Fiz

200 ml x 4 [Ty

FEH L. B

MEL. 2RM 45 om Lk, CONFLE 150 ml D/5y 77— A CTEH

fEL, NaCl #1 0 — 0.4 M O£ & 380 nl OERE IR TEHL

X% 12al/h, 1 7522 a>0kMzdy 4 nl L. p 4.5 BT 2

RNA MIAKSREERX 75203 V&S 45 »5 T

2(a)) . RNA MAAREEDETNZ 757032

& 1 M NaCl,100 sM EEEE&E®i& pH 5.0 (U F T

FERIELTHEVWE 5-7F /5 UM%

.5cm x 40 cm) (2@ L. RNase U, ZIRE= €7
#1800 ml O)N\w 77— B THILEESRL, /v 77— B 12, 100 oM AFRE
FRUD L, IM NaCl kB EEBROICNE 2EAE AR %D RNase U, %

S L. HWEZH 20ml/h, | 752 a3 0KNRIEZH 40l & L7~
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(a) DEAE-cellulose chromatography.

Figure 2. Column chromatography of RNase
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(b) 5-Adenylate-aminohexyl-sepharose affinity chromatography

Figure 2. Column chromatography of RNase U, (continued)
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2-2 RNase U, o#&1t
RNase U, IT%Y, %, NVEoEREZ=8t
EIZEnfrbhrz, 1R RNase U, 20 mg/ml. 2’ -deoxy-2’ -fluoroadenylyl-

Bk 2 ATk

Al 7

3,5 -cytidine (AfpC) 1.5 mg/ml, GEET > E=" A 0.4 M. BEREEE®
100 mM pH 4.5 OEMZE, WE7 L E=Y L4 0.9 M, FEESE#HE 100 oM pH
DBEWICH LT 20 °CT

EREREL T hE. RV ELZ TS

FRELTWS. IREROBRFN S A—FF, oBRE0bOLE
E$T Table 2 (Z/"¥, MEIZ RNase U, 20 mg/ml. AfpC 3.0 mg/ml O Fik
EIF—N—ERTHOWMBT > T=7 4 2.5 M, BB & 100 oM pH
4.5 OBHREFRICRAL. VF——iFikE 20 CTERLTEZ L THRE

hi- %(X RNase U, 40 mg/ml, AfpC 3.0 mg/ml DiFM L. V) HF—/—&ilk
THLMMET > E=D L 1.2 M, FERSEE#TA 100 oM pH 4.5 OBEEES RIS
Ly VY= -8Bl 20 CTEMEToILTclont. INERCH
Tk, Kif%z, 7.5 oM KPtCl, 28T 0.9 M Wil 7 > €= A, BEREEEH
00 mM pH 4.5 (C=HRIEI T LICL D, HEBEBRRER S ERL L 7=

Vo VI, IRUVIRRERIETAT 20 CTRHRBEETo L. VRS,
RNase U, 20 mg/ml. 2'-AMP 20 mM &% 3 ul, ZnCl, 50 oM % 1.5 ul.

DHF—N—BWTCHIMEBET > E="7 4 1.6 X, bV ZEWHk 50 oM pH 7.5
% 3ul RA VY= —BBICH L TRAEELI e TlE, VESRE.

T-AMP r InCl, OWAHHET L EOAEM L. VERRIZ. SRR

W%

= (Figure 3(a))

Vi

TR, FFEEdH 10 M pH 4.5
MnCl, 100 s % 1 pl, YHF—ri—iF

#1¢) RNase U, 20 mg/ml % 2 ul.

T2 MPD 50 % (v/v), 2 x> BEH
# 10 mM pH 4.5, 2 ul ZRAEL. VHF—r—BlIcH L TRR RS ET
Bz VIREEEIX, HEROAEZS L (Figure 3(b)) o MnCl, 25¢87E L 724

EEH, RFERDIFEZLVRENRET 2, BREIUSERONEE R

DUEN SN R {E TR (Figure 3(c))

18




VIRUE55I%. RNase |

20 mM 3 ul & —IN—%

A 200 M, AOCNEEFPYSL

EG 8000 21 % (w/v

) — B L TRRTENT

100 mM, pH 6.5, 3 ul
FTSEB/E L THAE (Figure 3(d)) o i, 27-AMP 20 oM 3 ul &, V¥H—

ES

N—BWTH S PEG 8000 18 ¥ (w/v), EEEEAILS DA 200 mM. A2V LEE

UHF— S —EmIcH LT 6 B

FhYUDL 100 mM, pH 6.5, 5 ul ZiE1{

FEJFERESETHVAEAEOHGHIC, INSERH S streak-seeding

(Stura & Wilson, 1992) X W EROMEHE L, IVOKEREB=. VI

. BRRoNFZ2 L (Figure 3(e)) .

ifRid. RNase U, 20 mg/ml, 75 /o> 3 —1) U (3-AMP) 8 mM 3

)Y ——BWTHS PEG 8000 12 % (w/v), AT WEEF LU DL

ul

100 mM, NFEEAH N> 2L 200 mM pH 3.5, 3 ul ZREL. VHF— ot

o VIR, HRONLEE L (Figure
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(a) RNase U, type V crystal.

Figure 3. RNase U, crystals.

(1 division = 25 um for each photograph in Figure 3)




(b) RNase U, type VI crystal, grown in the presence of Mn(

A

(c) RNase U, type VI crystal, grown in the absence of MnCl

Figure 3. RNase U, crystals (continued)




(d) RNase U, type VII crystal, obtained by the vapour-diffusion method.

(e) RNase U, type VII crystal, obtained by the streak-seeding method.

Figure 3. RNase U, crystals (continued).
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(f) RNase U, type VIII crystal.

Figure 3. RNase U, crystals (continued).




Table 2. Crystallization and crystal data for RNase U,.

Crystal type I 1l r v \% VI Vil VI
Crystallization
Precipitant’ AS AS AS AS MPD PEG 8000 PEG 8000
Additive AfpC AfpC AfpC ZnCl, MnCl, Ca(CH,C00), Ca(CH,COO0)
2-AMP 2-AMP 3-AMP
pH of crystallization 4.5 45 4.5 75 4.5 6.5 335
Crystal data
Space group P22,2 P2,2,2, P22 R3 P2;2.2 P22;2, P2, P2,
Cell parameters a=49.32 a=4799 a=95.44 a=4028 a=50.11 a=39.83 a=39.99
4 b=61.27 b=59.40 c=29.04 b=67.92 b=63.01 b=36.59 b=40.10
(A and degree) c c=3519 c=36.72 c=2695 c=3673 c=3841
B=10425 p=124.12
Molecules per 1 1 1 1 1 1 1 1
asymmetric unit
Vy! (A¥/dalton) 1.68 213 2,02 2.06 2.03 1.72 2.10 2.06
Solvent content (%) 26.8 423 393 40.1 39.4 285 414 403
Resolution (A) 1.0 1.8 1.8 2.0 25 2.0 1.8 1.8

From Matsuzaki ez al. (1989)

ammonium sulfate; MPD, 2-methyl-2,4-pentanediol; PEG, polyethylene glycol

Crystal volume per unit molecular mass of protein (Matthews, 1968).




2-3 RNase U, fERDEHTEERIZE

BRSO [T 5 7 — & (X 2 )L F — Wy B2 T JE A U Y MBS BL-14A
(Satow & litaka, 1989) Tfrote WEICIXAZ EH' 80x80X 150 yn DS
fz— DRV, ERIE 0.9000 A, BEEREE 11 CIOEE L. M#E
ZIREAAT L LTHEA L, BERGIRA A—Y 27T — MR LTS A—
Yy T 7L —hRA¥++— (Aveniya et al., 1988) %\ 7 # b > KOEH
ICEB LU, A EFEEOBHIZ 70 5 4 0SCMGR (Rossmann, 1979) %
HRLEBDE, RTF—VITERRAMZ7L4 VR NE70 S5 A
TOMOKO & MARIKO (Satow et al., 1986) ZMWTiTo7. ISR OET#

E7—% O%atE. N2 sVIRERoR#EET— Ofat &

C Table
3IEmd. IEGROASFIFECHV T, HE 1.0713 Ax 1.0723 A0
SODERHTRET — 5 2R — DR SIUEL . TRERORIFGET —&
BETIX, Bijvoet HORFIIEICE—DL A—Y ¥ 7L —b Flziggixh
AL BROVWThAOMERIEE —BE €. HEENASTRTI,
FERIZBVLT, Zh2haREE 2.1 A, 2.5 AL TO 6,288 G L 3,871
REEBH Lo THETBRATHER D 96.2 % & 99.9 % 12444 2

%, VEEROBFEERNEE=8tBok 24k, BE6IcLhifbhe
X@RE, FXBERFAEENEEX S EERE, SEBRIT. NeER
CAD4 (Enraf-Nonius #t%) AR S hiz. 2hzh, S8k 1.8 A, 2.0
AXTOMIRRSHH 7340, 5142 @M h TV 2,

Vo VI, IRUVIREEROEITEE T — 2 (S idERE X gstsLE s
B L7z, #®Ii% 50 kV, 100 mA OHH CEE L 7. Cu K MTOaeEAE
LIEBZ M >THERL, —w L7240y —Ickh Bt Lz, 2 A—
Y —0fFiE, VEEVIEEROEBAR 0.2 m, VI%EVINERSOBSIE 0.3
m THo. XMICLHBEEEMS 2 =0T 7 CIoBHI L, XGEF
BORREA A =T V7L — FRAMD BB — DR H A5 2@EAL, 1

)
o
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o VIR L VITLGER DM AR D FARIRO 20, XIS 1H T2

D XBOWII & B EHFHEOECOREIH < BN, Rl

B ROMAPRED —BEEZRT R, (]) [;Sf;mv“m I31,h)] i

#1030 & REICE < B EHETES

ORI L Z2EEEEHT
Ytw MIEHFRE A A=Y

&, BEICEW R () OfEs

7L — b EiCEgIhi{

DOIN—TIHBIL. ZhEhFIOR

T—VETEEM L. COMBIEIDNEAA—S YT TL—bD R (D)

DfElX, BRROLDTH 10 % BEICECETF LR,




Table 3. Statistics on diffraction data of RNase U, crystals.

Crystal type 11 11 v v Vi Vil vin
Crystal size (mm) 0.03 0.3 0.1 0.2 0.08 0.30 0.25
x 0.03 x 0.3 x 0.1 x0.2 x 0.08 x 0.50 x 0.30
x 0.05 x 1.0 x 0.7 x 0.025 x 0.80 x 0.10 x 0.08
Wavelength (A) 0.9000 1.5418 1.5418 1.5418 1.5418 1.5418 1.5418
Spacing (A)
Maximum 12.0 35.0 12.0 12.0 12.0 12.0 12.0
Minimum 1.8 1.8 2.0 2.5 2.0 1.8 1.8
Observed reflections 39,316 7,340 7,989 11,716 17,884 38,127 46,904
Unique reflections 9,872 7,340 5,142 3,440 5,535 8,938 8913
Completeness’ (%) 96.1 74.6 73.5 91.2 89.5 893 92.1

0.034 - 0.107 0.143 0.107 0.056 0.050

*  Ratio of number of observed reflections to that of theoretically observable reflections.




2-4 FEREERE L ERFOMSHEL
2-4-1 1% RNase U, ROWERE L SH®{L

NEERMEOREIA FERECLIVIToR. EF VA FRTHEM
Aspergillus oryzae i3k RNase T, & 2'-GMP D#AKORES MG (Arni et
al, 1988; PDB ID IRNT) %{#f L. £OMiid, $—IC RNase U, & RNase
T, 07 I /EEFO—HEX 28 ¥ LIEBITENSOD, RNase T, FFHE
O7 X /BRI RNase U, BV THEBENREESIhTHE ), THhBETRE
HIZRSPUTWDEEZ SN, I RNase T, & 2°-GMP ol &HD
BREEIIIRFIE 1.9 ATHERELSEDShTED., MET7 L OB
TYORMENHENEWLEZShEEDTHS. RNase T, L 2'-GNP Ol
SHOMEET VDSBS T L 2 -GMP £ %, RNase U, & RNase T, it
HOREDOMBIITEL ., ZOMOTRMEIE Ala £/ Gly IcMEmE, 73/
BORKDHADD % 73X 7 OWM DML IRV EEF VAT RIER L
e BRDPNZHISIL RNase T, OBRBEES T, 34 75 37, 47 ;6 49, 62 H
5 T, 81 75 82 KU* 97 75 98 THb. EFNATOREMIT 84 5k,
HFRIE 492 fCH 5. Thid, RNase U, © 74 4 OBEBAM Y 57 % O T

ICH%43 3,

AFEBEOFGHEIE, 7075 4 X-PLOR (Bringer et al., 1991) %{#H
L. AFOHMUOERICIK. 19—V HEBIBRh2E—2D5 5, KA
SOFEHEN 5 -4 AlLH260%HH L CHGEEKEFHA L. AEEYT
RWEZSZ AL T, BB 5 - 4 AORREAVWT/Y—Y >
fHBIER# (PC coefficient) O¥§# 1t (PC-refinement) #fi-7=& = %, /¢
5 — LHABRED 0,142 LEEEICEW DG 5N . PC-refinement (=
M2 BB OO IR 22 il 2 DREIC B L C b, & D ATRTIEHE 12 15k o0 FH B 8
EH5Rze COAMDEFNAFEME, LTBOBERET 1. BIR(EE
NWEWERTFORHOEME L BBOMBREEERA | ANAOELR
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TEBLL. StRCIEMEERE 5 - 4 AORNERVZ. 208, HEEREK
OfED 0.361 L2 AHEMBEIFENE, COBMBRROMITEYHELD &
IRERED 5.6 ERESVETSH o0 FHRICH B 5 o i 1) W B8 % Fll 2
OEICEELTY, COVEMBRIECRADHERKOMESZ . F TR
L O RFS RIL MR A & IR R O FH RS SR & 35S Table 4 0% LB TR
s
COESELTHLGNESFEBREOMIL, free Fvalue (Briinger et al..
1992) OFEICLDBIEL 7=, HMEIE 8 - 4 AORFHDS>5 90 % 28k
CHRDOHL, ThsORH2ME> THEMELEZED, RO 10 ¥ ORKE
WELEED S OMEIRBO Bl L OMBREE#E~E. LIEOmRIE 10 %
OHBIREIZ 0.227 L2o705 ZhUAOMIZH% 0.1 UFTHo1. £
fe. LD AEMBICEVWEETNDLMMEROTRTEE L3RS
&, EFNVICEEEATHL Trp 60 ORSEOLIEIZA > F—IVEIC B
THLEZONDZBTEENGFET 0L, MERTOFRICEThTL RN
HAOMEICHIET 2WFEEHPEFEEL TV E. ThoOBRIE FRD AL
3 T 18 L A= M E T U HSEBE D RNase U, ORERMEICIELC L E# <

TTEDTH 5,
ERED AL & WHE(T 8 (B = EF V5 F% RNase U, OHMAME L LT
SFOMEREL2ED . Table 5 CHEKELOBRETT., BIICEF
K% N K>S 2 A#EBL— Ml a~Uv PR, 5 K#EB>— b

VRFE
WBED=>IC4%IL. rigid-body refinement {774 = %, FHEE 6 - 3
AT RET ( R=3(|E-F|)/zF. F, & | ZzhzhiMERE0BENE
atBE) & 0.525 (Chofz. RIS, BY—MEIBBMLIZAHIL, V—T
BV LoDMkE LT, 4 F2KE 12 @I29% LT rigid-body
refinement 217>/ & 2%, WM 6 - 3 AT R=0.496 Lior, LIE
BRERFOBE L RERAFEHELL. SBBTCOATEF LD SABEENS
HEE-TEFEELEHBLSTFETNVMESEDE. R 5 0.30 L hAZ
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RETIE, 7V SR e LTRERBOBRAIE £, 288 L-E7EER
B, BRI F, - F) 2FELT37-)z@MESHLE. 27—
K& annealed-omit map (Hodel et al., 1992) IZ#EEF LMEEROLHK
TREM L. MEMELOFRICIE. fikid7o75 4 X-PLOR 2, #¥¢
705> L PROLSQ (Hendrickson, 1985) %M L=, MiEF L OMEL
70%7 % L TURBO-FRODO (Roussel & Cambillau, 1990) # (@M L7#=. ¥IHiH#
EIZIE RNase U, 2F0 57 § LAFFhThialniEd, MBEEFLT<TO
BHECOVWTBFEE LB LODHMICKRM L. FLA YOS IEE LD
BETRENMEELR{To/. Cys 1 - Ser 6, Asp 45 - Ser 57. Tyr 67 - Val
79, Ala 105 - Gly 109, BRUa~V w720 C k& &t Leu 27 - Asp 37
DEBIIDVTREECHEARET N EMALTE. MEEFVBELERY
HIMERELZE 23 [ < DBL, MR 8.0 - 1.8 AT R=0.166 IcULsk L
o COBMET, Val 86 & Tyr 107 ORMBEH _—>DIAL 74 A—aL sk
ETWABRRIBFERICRNLLD, BL=DDAV 7+ A— 3 DFE
FNVEBAL, B 74 A—va O LARTRERFHRAREC RS LS
CRE LT COBRMET R=0.148 [CHE L.

B 49 - 50 1% Asp - Gln TH 5 L#WEE T 5 (Kanaya & Uchida,
1986) L L. 7k 49 % Asp £ 93 & Figure 4 (b) (2R & 5 Ik
ELBROERD 7 237 ¥ UBOAIVHF VRO LBICEF VI MG L E
FEENKD, BE 50 % Glu 23 2% Figure 4 (d) (=R T L5 Glu @
HO C RFHFBFEROPLDSANEMBICNET 2. ChoOBRER,
BRE 49 - 50 A% Asn - Glu TRV LERLTV S, BFEEORK LY
RNase T, O 7 I / BS5I L OL#A 5, I 49 - 50 OBEFNL Glu - Asp &
BFATEFNVEME LERNELEEDE, ZORKR, Figure 4 (a) » (¢)
KZhBHART LS, MEHELED Glu 49 » Asp 50 (3 MTFHEEICH <
BE L, WEEFVICHIE L WBFEESEE LAY >0 B KT I3 HHwE
8.0 - 1.8 AT 0.146 (Ul L 7=




COBRBEICHEVTY Asp 45 . FHo N EFE C RFPLomEEs
1.513 A (EEffiIX 1.470 A) | C, JAF& C, RTFLOMMA 1.591 A (M
EfEIE 1.522 A) L3 REBEMMPSRELTNESDOTH 1, Tyr 44
& Glu 46 REFEEICRSESLTVWAICHEDS T, Asp 45 FED LS
BAVT7AA—Ya Y LTHBTEEICESS LT LIITERD 1=, B
B 45 OEHOWFERIIRFICRL, MMCHET2WFEE PRI N
5% 45 O C, FFOMEE Glu 46 LORTF FESOIRD B H
BANKNVIRERF L OBEETH 3 AChb, HRTH 110° ML TH
= (Figure 18) . B 45 ORBMOBFERIIRFICH L, C, CHiET 2 E
FEEDVEE LR S, ETEEORRISBE 45 ZA VT AN XU

S ET

A EOWMBEETNEMARATLE 1 VYT RINTF L0

VOFERBIEIZ, B-L-aspartyl-i-alanine D#:&HE (Gorbitz, 1987) » 5%
o FE(LED isoAsp 45 BADE7— V) TRICIE, F, #HE¥ELTE7—Y
THORERED 0.11 FOEFEE LB RDP >k, £ free R-value
&, BEOT7 AN X VBOMBEETIVCIE 0.1778 TH oM, 1 V7 A
X UVBOMBEETIVCIE 01771 SEF L,
NEEROARFESEROBRME L HE 1.0713 ADEIFHET—5 £H U
TREFHMERELZED . MUMEIHELE e TERE RV,
HERFOMEIX. 317« 7R 0£7—) T, Bijvoet £7—1) TR,
dispersive 27— ) zEMEAWTHEEL . HEE 8.0 - 2.1 AT R =
0.178 IZWE L %= EGEOERMETH. BE 66 0B TERER l
isoAsp THBkBETL TV =, (




Table 4. Results of the molecular replacement solution.

Crystal type 1l m 1A% v Vi Vil A% 111
Search model” RNase T, RNase U, RNase U, RNase U, RNase U, RNase U,  RNase U,
type 11 type I1 type 11 type I type II type I
PC refinement
Spacing (A) 5.0-4.0 5.0-4.0 5.0-4.0 5.0-4.0 50-35 5.0-4.0 8.0-4.0
Orientation™ (deg)
a 3253 38.0 120.1 340.8 303.0 30.6 25.6
] 80.1 755 106.2 227 80.5 589 442
Y 191.8 2929 1524 65.4 207.8 305.4 117.6
PC coefficient 0.142 0.200 0.220 0.150 0.145 0.285 0.277
Translation search
Spacing (A) 5.0-4.0 50-4.0 5.0-4.0 5.0-4.0 50-35 5.0-4.0 5.0-4.0
Translation™
X 0.100 0.483 0.000 0.106 0.061 0.353 0.289
y 0.400 0.450 0.283 0.273 0.364 0.000 0.000
z 0.267 0.117 0.600 0.288 0.242 0.210 0.237
Correlation 0.361 0.605 0.636 0.618 0.462 0.570 0.502
coefficient™
Peak height™® 5.6 7.1 75 8.9 7.6 4.7 35

*1 Search model was translated so that the center of the gravity of the model was on the origin.

*2 Coordinates of RNase T, complexed with 2-GMP (Arni er al., 1988; PDB ID 1RNT).

*3 Euler angles.

*4  Fractions of unit-cell edges.

*5 Correlation coefficient between the squares of normalized amplitudes calculated from the search model and those observed.
*6 Deviation from the average, on the unit of the standard deviation.
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Table 5. Structural refinement of RNase U, type I crystal structure.

Stages Used Refined Spacing limits
program parameters (A)
1-3 X-PLOR Rigid-body 6.0 - 3.
4-5 PROLSQ Xyz 60-3
6-7 X-PLOR xyz 60-25
8 X-PLOR xyz, B, 5.0-2.
9 X-PLOR XYz, Bos
10 X-PLOR xyz. B, 6.0-3
11-12 X-PLOR xyz, B 50-2.
13-21 X-PLOR xyz, B, 8.0-2
22 PROLSQ xyz, B 80-2
23-26 PROLSQ xyz, B 80-1
27-28 PROLSQ Xyz, B 8.0-1.
29 PROLSQ xyZ, B 8.0-1.

0

0

5

5

Number of
non-H atoms

649
852
891
1025
1025

1025

0410
0.353
0.348
0.366
0.324
0.253
0.209
0.148
0.146

0.143

three parts; xyz, atomic coordinates; B, individual temperature-factor; B,,_,,, overall

temperature-factor.

t R= 2 F, (b)~ F, () ,"Zﬁn.)

Rigid-body, orientation and translation parameters for the molecular model divided into
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(b)

Figure 4. Difference Fourier map at Glu 49 and Asp 50 of Rnase U, type II crystal.

The F-F_ difference Fourier map for Glu 49 is contoured at 1.6 times the rms value of
electron densities. The Glu 49 model is superposed on the map in (a), and the Asp 49
model is superposed on the map in (b). In the calculation of the map, a model without
residues 49 and 50 was subjected to 5 cycles of the PROLSQ refinements. The phases

from the model thus refined was used in the F_-F,_ Fourier synthesis
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(d)

Figure 4. Difference Fourier map at Glu 49 and Asp 50 of Rnase U, type Il crystal
(continued).

The F -F_difference Fourier map for Asp 50 is contoured at 1.6 times the rms value of
clectron densities. The Asp 50 model is superposed on the map in (c), and the Gln 49
model is superposed on the map in (d)




2-4-2 . W, V. VI, VIDRTUVIIE! RNase U, £R0BERTEMEREL

M, V, V., VI, IRUEROLRMEX. S8 F2BO 2118
G & LTaFEREIC LD I

7T EBREDO R

@05l

EEMERECOTFREZNEEROBE LH

EOGRICHVERNOMEMB, RUROHMEROMIE Table

IHIMMED Asp 28 26 Asp 3T BAOETE
BEHAY, COMEBOMEHFTTRERAMEL IR LhRlEhi.
D8, BINCCOFAEIGMED ShE, WENSLOBRTH TS
V% § 7z. M@ 10 - 1.8 A® R = 0.23¢
30, Asn 32 K U¥ Asp 37 CHENAHIHICHKKOME LR FEEN RS
ZOWTFEEORMEICIE 6 MORFAENTRRIZHFEELTED.
ENSORTFLRREFEEZEORL L OERIE 2.3 76 2.5 AThot. T
3 LERBEORB L RRERGED> S, RROBFHEER Ca* 14 ThHdL
iy L7z SRR ELEROBRERTIE 20.0 AUWHE L.

2-AP AFHETEEICHVEARCZOMEEFVEFALE

Asp 29, Val

IR RSO

<TiX, mfEMR 10.0 - 1.8 AT £=10.221 ®

WET, 3-AP AT LEOBTEEII@ICHAL-ZS, BFEEICHLM

SETFNEBALE,




Figure 5 (Z RNase [

ZEAd 5 Glu &iE

Bl RNase TlIigEL

TS Tyr (MBESKO RNase Tt Phe) M HBICHRETN TS

RNase U, % Glu 49 i

LT AL, 2 BREDMGAE

RNase U, st B Glu ZB/PLD RNase DH DL R —FHI 42T

¥ /= Asp 50 & -, VIROZESRMESICH TR 50 (s

#5310 Gln 5 OEHOE

F & DKERG

P ICREIT & %
O LEMRBICHKS E, RNase U, O 44 25 53 ORTF K737 A2

FPOBIINEFT o ARECLIDBHTHREENE, TORKR, BE 49 »
50 OfHIE Glu - Asp TH 3 T LhERE 0= (Kanaya & Uchida, 1995),




Figure 5. Comparison of base-recognition site sequences of fungal and bacterial ribonucleases.

RNase Source Base Base-recognition site sequence* £0Tina:acid identity0/(70)

preference RNase U, RNase T,

Fungi a5 50 55
U, Ustilago sphaerogena A>G YYDEASEDITL-=C@ 100 28
L8 Ustilago sphaerogena G YNNY--BEGFDFSDYC 44 48
F Fusarium moniliforme G YNNY--EGFDFP--V 32 59
Ms Aspergillus saitoi G>A YHDY--EGFDFP- -V 30 65
1 Aspergillus oryzae G YNNY--EGFDFS--V 28 100

Bacteria

Ba Bacillus amyloliquefaciens G FSNR--EGKLPGK <10 <10
Sa Streptomyces aureofaciens G FOQNR--BESVLPTOQ <10 <10

* The numbering is based on the
Reference: U, (Kanaya & Uchida, 1986: Kanaya & Uchida, 1995). U, (Takahashi & Hashimoto, 1988), F, (Hirabayashi & Yoshida,
1983), Ms (Watanabe et al., 1982), T, (Takahashi, 1985), Ba (Hartley & Barker, 1972), Sa (Shlyapnikov et al., 1986)

sequence of RNase U,.




3-2 REDBHREBVLESEEORE

AFEREIVMES LCHOBHEATFEERL TV 3, LEDST,
MED R EDSRERMERIT OB RICETRY ., REFZTHEET VO
BHOEBETERVAREMDYSH 2. LH L, SFEREIC L2807 & 38
HEPOLBRONIEHLATERETHONLBECFEI RIFNE, HEH
BEREMDPELLEDSABBEIELLWIDLEZZ LN TES, 2T
RNase T, Z#IMIME L L THERITZEHE IRERICOWT, ASENEE
SOHSOMBEEREOREIHREHA L TRD SN BHMER FOME
RNase U, IIZUESEMEE & FEH 2 h 2 ME L 7=

(Fy - Fay) (F, RINEASESASROMEREOBMME, £, &1
MEROMERBOBAE) 2FBET27- ) RTIR, HEFTFOMIEE
TTEEZAOGNBHMERE—75 Cys | S, OEFEICHESH (Figure 6(a)) .
ZTOMEICIZHE 1.0713 AIZH1) 2 MR & 15 EMED 558 L {r
#HiZ & % Bijvoet difference 7—1") [ (Figure 6(b)), RT#E 1.0713
Al 1.0723 AOMERIBOEL [HUKERMEPSHRLAMHEICLS
dispersive difference 7—1) <[ (Figure 6(c)) ICHBVWTHE—2 HBD
hTHEH, HERFHEFEELTWB T LERITBLTL S, #E 1.0713 A0
B r —2 Z AV THEREL 2T 8%, B2EFOSERIE 0.124, B
BEFIX 27.4 A® C#LE. COHERFFIE RNase U, 04 FERICEH
LT3 Cys 1§ »56 2.1 A OEEICHY, Cys 1 S, KHEALTWELE
Abh 3, Figure 6 ICRT LS ICHERFHS 2.1 A DL AlcHhan
E—IBEELTED. LV AARDNSVWHESRFORAMIENEES 50
HEMDNEZ 6N 5,

Table 6 ICNI B A A 7 4 THEBD 7 ) —F VRO RH OMAL &2 T d . WHE
0.9000 ACix. S RFORBEAMMAROERIE £ 1 0.198 electron
(Sasaki, 1989) L/hv&unh. 7 ) —F N ORHOEERE D@ IXHEE
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(a)

(b)

Figure 6. Pt-binding sites in RNase U, type Il crystal

(a) Difference map contoured at 5.0 o level (b) Bijvoet difference map

toured at 3.5 o level.  © is standard deviation of the map




(©)

Figure 6. Pt-binding sites in RNase U, type Il crystal (continued).

(c) dispersive difference map contoured at 3.0 o level.




(b)

Figure 7. Bijvoet difference maps at the disulfide bonds in RNase U, type II crystal
Reflections between 8.0 A and

the map. (a) Cys 9 - Cys 113, ¢

5 A spacings were used in the calculation of

oured at 3.0 g, (b) Cys 55 - 96 and Cys 1 - Cys 54,

Contoured at 2.5 0. 0 is a standard deviation of the map




Table 6. Sulfur anomalous difference of the diffraction data of type II crystal

Spacing 80-25A
Relative rms error (F)’ 0.0147
Relative rms difference (F.) 0.0169
Expected relative rms 0.0035

difference (F.)

f* of sulfur at 0.9000 A

0.198 clectron

Relative rms error (F)
=((ZZ(F(h) - <F(h)>))"") / (EXF (h))

¥ Relative rms difference (F)
=2 (X(F.(h) - E(h)))'"* / (Z(F.(h)* + F (h))))

F.,,F. Friedel pair of structure amplitudes.
f Sasaki, 1989.




3-3 RNase U, OL&il:s

RNase U, O&#S

E{L®ROMEDH 2. Table T CXLHTHT.
RNase U, RII R MBNIGERS A > &, WIHRIZ 2°-AMP RTF Ca* A &,

VERIZ 3'-AMP L HEKERR LTV S, 15O Asp 45 12 isoAsp (CH#E(L

LTHEH, MED Glu 46 5 Glu 49 IWFEEHFELET NV E

i AN T
Wiz, Figure 8 (C RNase U, IR £ (kM5 %, Figure 9 12 —RMEOM

: 3
SRmET

ARZTRT, 7T O EHALMEEF—7L LT, N K25 2

A#B>—1b (Gln 5 - Cys 9, Asn 12 - Ser 15) | 4.4 EEDa~) v 7 X

(Asn 16 - Asn 32) , 5 &L >— b (His 41 - Tyr 43, Trp 60 - Ile 65,

Asp 84 - Gln 89, Glu 94 - His 101, Phe 110 - Cys 113) »H b, a~

DA BHMMBIZFITEZL TR
227 Z (Ala 47 - Glu 49) &, AFREI-REHLEBATE L (Ser 74 -

BE->TWd, 2612 1 PED 3,--

Asn 77) DEET . PYANT7 4 FEEEIE Cys 1 - Cys 54, Cys 9 - Cys 113
KU Cys 55 - Cys 96 O#ASDOETEMEINTVLAZ LB FEELIH S
il hiz. 8 W7D ) D5 B 40, 59 £ 70 @ 3 #id* cis-70 )
YTHD. TRTO7 I/ BREOEHOR Uh ML Ramachandran 70 v b
THBESNLZWHEAICHFEL TV 5. Asp 37, Asn 38 & Asn 68 X E=Za
NI GADALT7ARA—23 0 2ESTHEY, TRATHTFHHEOIHELE
BEERELTWS
“RMEERT 7 I /BOEHR T2M\T RNase U, % RNase T

Eh&be-Ba. EFUEOThoOR _FFY (ms) (X 1.02 ATH 3.

TI/BEENO—-BEY 28 ¥ <, BT I /EERES Nase U, 0F

;

B 10E EBVWICEPDPDLETEVWETS 5. Figure 10 (C
RNase T, O Eh&HHRE%E. Figure 11 [Z37(EMEICHE ST RNase [, &

T
D73 ) BEVNELRE=HDETT, RNase U, L EF NG FTH 5 RNase T,

RNase U, &

EOMBEORKER BT, a~) w2 A C KB, Asp 45 75 Glu 49 O,

Ser 74 5 Asn 77 O#EH. &

DIV — THEBIZEE T 5. RNase




an il HE" ¢ Asp 34 Asy
37 — TWw3.Zhix RNase U, Tixa~

/7R C RKEBICDH 2 Asp 34 5 Asp 37 O#IEH RNase T, IHART
2 REEW-OHTH 5. RNase U, @ Ala 47 75 Glu 49 @ 3 -~ w7 R

b 28640 21X RNase T, Tix Asn 44 5 Gly 47T 089 —> 1 RMED

FEL TV 5, RNase U, O FFREIZSE

17z Ser 74 5 Asn 7T D /AT
E ST RNase T, ZZLHL T8RO RNase [CIFE£LFEL T2,
Figure 12 SN E» VIR 7T MoERMEZ2ELdDE L0 %,
Figure 13 CERADE A HERBEMORFIROTRERABEIZH-T
LEYS7%2mT. —RBEZERT i
EEXNEV. LI L, FRMEICHFE

»Z C KH®D Asp 28 5 Asp 37, Asp 45 75 Glu 49, Ser 74 75 Asn

CHi% ST D R

D, Tabb an)

77, Ala 105 725 Gly 109 ORI TIXRGAMERNOZRITIE
EEROKEVHEIZ Figure 14 [Z7RT X512, BRENFOKE REMTICH
IBLTWA. fEEAMNZ T OB 0 50 7 i BS54 2 R RIS R
Tilih T HOHERMETERTH S, TRbDE, BT LEREOHHDIFER
Mo FHEEMIZES LTV 2D TREVICHRDS 3, REHEFHIRE R
SREVWEEZ SN AFHICKRMEMOEENBEL TV S

EAHOGEMERHTEEN L ORRICELZDPERET I EL

SERABZOEHAMEN L XELEDTSTHLLEAILNE
Table 8 IHRWEMOZERHIFHIIKZVLEFEZRL CERAMENOR =

RPHZEE (rasd) 23HBLED
ZOf#iZ 0.43 - 0.67 A,

FOHEER LG

L7=B & 0.84 - 1,19 AT

COFEMFAFIEOZERIE Luzzati plot 55 Rfid 51 2 &
MOBEDOM 0.13 - 0.25 A LhAZL, COHEZ RNase U, O 7k
X pH, 1A %K. FHEXE DOYHEPERA S FIlEMIZ L >T, &
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Figure 8. Stereo view of the ribbon drawing of RNase U, type VIII crystal.

The side-chains of the catalytic and base-recognition residues are drawn with
ball-and-stick model. C, N, and O atoms are drawn with black, dark gray, and white
spheres, respectively.




Figure 9. Schematic drawing of the secondary structure of RNase U,.

Amino-acid residues are indicated with the residue numbers. Large white arrows
represent the f-strand. Hydrogen-bonds from main-chain N atoms to main-chain O
atoms are shown with thin arrows.




Figure 10. Sterco view of the C, traces of the RNase U, structure of type II crystal and
RNase T,.

The C, trace (solid line) for the RNase U, structure of type II crystal is
superposed on the C, trace (dotted line) for the RNase T, structure (Ami et al., 1988).
The RNase U, side-chains of the catalytic site residues as well as the sulfate ion are also

shown




Figure 11. Comparison of the amino-acid sequences of RNases U, and RNase T,.

The sequences are aligned on the basis of this study. Amino-acid residues
commonly placed in the sequences are boxed. The residues constituting the catalytic
site are set in bold face. FEach RNase U, residue is marked with an asterisk if its e
position is deviated less than 1 A from the corresponding atom of RNase T,.




Figure 12. Comparison of the overall structures of RNase U, type I, 111, IV, V, VI, VII,
and VIII crystals.
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Figure 14. Average temperature factors of RNase Us crystal structures.
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Figure 14.  Average temperature factors of RNase U, crystal structures (continued)




Table 7. Statistics of the refined crystal structures of RNase U,.

Crystal type 1l 11 vV v VI Vil vl
Spacing (A) 8.0-18 8.0-18 8.0-2.0 50-25 6.0-2.0 8.0-1.8 10.0- 1.8
Number of reflections 9,807 7,206 5,042 2,934 5,218 8,861 8,859
Completeness (%) 96.5 74.6 73.5 90.2 88.5 90.2 12
R factor 0.143 0.198 0.150 0.249 0.191 0.185 0.164
Structural model
Number of Protein atoms 879 850" 875 870 870 870 871
Number water molecules 141 103 120 19 48 92 102
Bound ligands SO, 1 SO, 1 Ca* 1 3-AMP 1
2-AMP 1
Residues with multiple Val 86 - His 41 - - lle 87
conformers Tyr 107
Rmsd from the ideality
Bond length (A) 0.014 0.016 0.016 0.010 0.019 0.017 0.017
Bond angle (degree) 1.1 1.0 1.6 1.8 19 1.4 0.8
Estimated coordinate error * (A) 0.13 0.16 0.15 0.25 0.18 0.16 0.16

Coordinate error is estimated by the method of Luzzati (1952).
f Residues from Glu 46 to Glu 49 are not included in the structural model of type III crystal, because of their poor electron densities.




Table 8. Positional rmsd between RNase U, crystal structures

Crystal | m v ! VI Vil Vil
type
i} 1.00 1.01 1.13 111 1.19 093
1 0.47 0.88 090 0.96 0.98 1.08
v 043 045 0.89 0.93 0.84 1.00
v 0.56 057 053 1.03 094 1.04
Y| 0.59 0.53 0.61 0.67 1.18 0.88
Vil 0.64 0.55 0.42 0.67 0.77 1.12
VI 047 0.49 052 0.57 0.42 0.62

Upper-right off-diagonal region shows the rmsd of all atoms, and lower-left off-
diagonal region shows that of main-chain atoms. The unitis in A. Because of large
conformational differences among 7 crystal structures, the following regions are
excluded from the calculation: Asp 45 to Glu 49 in type II crystal structure, Glu 46 to
Glu 49 in type I crystal structure, Asp 28 to Asp 37 in type VII crystal structure, Ala

105 to Gly 109 in all crystal structures.  Side-chains of multiple conformers are also

excluded.
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Figure 15. Water molecules commonly observed in RNase U, type II, 111, IV, and VI
crystal structures.

Water molecules are drawn with white spheres.




Figure 16. Stereo view of the water molecules deeply buried inside the RNase U,
molecule.

Hydrogen bonds are drawn with dotted lines. Waters 302, 303, and 309 are
located in the crevice between the a-helix (upper side) and the long loop from Pro 64 to
Tyr 71 (lower side). The model with the buried water molecules are superposed on the
F-F, difference Fourier map contoured at 3.5 times the rms value. In the preparation

of the map, the model without the water molecules was subjected to S cycles of the

PROLSQ refinements, and resultant phases were used in the Fourier synthesis.
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Figure 17. Isomerization of aspartatic acid

Atoms are indicated with their corresponding labels. The bonds in the main
chains are drawn with bold lines.




Figure 18. Stereo view of the F-F, difference Fourier map at the residues from 44 to 46
of RNase U,.

In the calculation of the map, coordinates for a model without the residues from
44 to 46 were shaken by moving all atoms at random up to 0.25 A.  Then the shaken
model was subjected to 5 cycles of the PROLSQ refinements. The map was phased
with the model thus refined, and was contoured at 3.0 times the rms value of electron

densities. The final model with the isoaspartate structure is superposed on the map
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Figure 19. Stereo view of the structure around isoAsp 45.

C, N, and O atoms are drawn with black, dark gray, and light gray spheres,
respectively.  Hydrogen bonds are drawn with dotted lines. Residues of the
neighboring protein molecule are indicated with primed numbers and are drawn with
dotted lines.
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(a) Type Il with isoAsp 45, (b) type VIII with normal Asp 45
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bonds are drawn with dotted lines.

C,N,and O




Table 9. Bond distances and torsion angles for isoaspartate 45 in RNase U,

Bond distance” (A)

(Target value')

44C-45N 1.304 (1.320)

45N-45C 1.499 (1.489)

45C_45C, 1516 (1.535)

45C,-45C 1512 (1.518)

45C-450, 1.232 (1.235)

45C -46N 1.353 (1.344)

45C, -45( 1.528 (1.530)

45C-450, 1.251 (1.256)

45C-450 1.247 (1.251)
rms deviation 0.011

Torsion angle (degree) (Reported values’)

¢ (44C - 45N - 45C, - 45C, ) 69.7

6' (45N - 45C, - 45C, - 45C, ) -171.0 (-168.2)

0% (45C, - 45C, - 45C, - 46N ) -132.8 (-122.5)

6 (45N - 45C, - 45C - 450, ) 4.5 (-122)

Atom names for isoaspartate are indicated in Figure 17

Target values used in the structure refinement are derived from the crystal structure

of f-L-aspartyl-L-alanine (Gorbitz, 1987).

Reported values for the torsion angles are also from the f-1-aspartyl-i-alanine

structure
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Figure 21. Overall structure of RNase U, complexed with 3-AMP.
The 3'-AMP molecule is shown as a ball-and-stick model. C, N, and O atoms
are drawn with black, dark gray, and white spheres, respectively. The P atom is drawn

with a larger white sphere.




Figure 22. Difference Fourier map for the 3-AMP molecule bound to RNase

The model for the 3'-AMP is superposed on the F-F, difference Fourier map
that is contoured at 3.5 times the rms value of electron densities. In the calculation of
| the map, the model without 3-AMP was subjected to 5 cycles of the PROLSQ
refinements.  The phases from the model thus refined was used in the F,-F, Fourier
synthesis. The structural model for RNase U, is depicted for the 3-AMP model.




Figure 23. Stereo view of the adenine-recognition and catalytic sites in RNase U,
complexed with 3“AMP,
C, N, and O atoms are drawn with black, dotted, and white spheres,

respectively. The P atom is drawn with larger white sphere.  The covalent bonds in

the 3-“AMP molecule are drawn with solid sticks. Hydrogen bonds are drawn with

dotted lines.




Figure 24. Superposition of the adenine recognition sites of type IV and VIII crystal
structures

T'ype IV crystal structure is shown with blue lines, and type VIII crystal
structure with yellow lines. Water molecules are shown with dotted spheres.

¢ dotted-lines

Hydrogen bonds are drawn with orz




Table 10. Conformational parameters for the 3

AMP molecule bound to RNase U..

Backbone torsion angle

0.-C. -79.9

C,-C.-C,-0, 92.6

C,-C,-0.-P -114.2
Glycosyl torsion angle

0,-C,-N, -C, 311

(syn)

Ribose ring torsion angle

C,-0,-C,-C, 6.8

0,-C,-C.-C, -23.0°

C,-C,-C;-C, 30.5°

C,-C,-C-0, -27.5°

C,-C,-0,-C, 13.0°
Pseudorotation phase angle, P

6.4

(C,-endo)

T Altona & Sundaralingam, 1972




Table 11. Possible hydrogen-bond interactions
between the 3AMP and RNase U, molecules

3-AMP Protein residue Interatomic
atom atom” distance (A)
N Glu490,. 28
N, Tyw440 29
Glu490 28
Tyr44 N 3.1
0, His41 N, 3.0
Wat 536 27
o1p His 101 N, 25
Wat 549 33
ozp Tyr390, 25
Wat 548 3.0
Wat 549 29
03p Glu620,, 3.1
Glu620,, 2.5
Arg 85N, 3.1

Water molecules in interaction with the 3-AMP
molecule are also listed with Wat labels and
their identification numbers
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AL, PF=EHE 10.5 AT
B7PF=EEke) o BETE
¥ Tyr 67 C, T, VHE—2R 0, LOMEEZ
A OREHRFH 2 -AMP PTERATHHES EHKRE
WEEZSNEDIR, 77 TN T— L AEMDKEEERY -2 855
WEDIY 74 A—2 3 VICREET ZHEERAIDRVEDTH D,
2'-AMP L RNase U, MITIRRE h T 2k Ek5A % Table 14 277,
BE3Z Tyr 39, His 41, Glu 62, Arg 85 & His 101 iCEZh=FURICHA L
THED, ChSOBREOMEMTRTHY VER L KERE
TTF=UBEIZ Asp 108 & Gly 82 o ¥ #ioBI-E&ET 2Rk
ZiX His 101 i@ GRL, 77 =>

- RNase U, & 2°-AMP L O EEMOK

R—2EacRd RNase

) >

E&FRL

BEOTERBALIIFER STV S, His 101 O SV J—NRBETF=
BRoO27AEIR U.T° T

H5. BESFO Tyr 67 07 =/ — )VHEIZ.
His 101 2L TWHDLIZR

SRO7 F - AEREOHEICEVWEE S LS
@BL, Z20BRDORTAME 13.6° CHD. 7T ERERABIATVS

o

His 101 £ 2 #J—) &, Tyr 67 7= /—NBlk. 75 filkh 6 %h
Zhiy 3.2 AL# 3.5 ADHEICHH, 77 = EEIE His 101 (o 1
VIV NBRICEDHICEML T2, 2'-MP O7 T U IERESICLED.,




BLWAAa SN S, IRESROD Asp 28 75 Asn 32

HmEicALhdLS5Ran 7AMIETIZR L, Asp 29 H» ¢

Asp 37 &5 Ca* /1A ICEBEMH L XS5 MEEL>T W15, Figure 29 (- Ca

(A U FEEBOMBEET T, Ca® 14 Icix, Asp 29 0,,. Val 30 0. Asn 32

0y, Asp 37 0y, Wat 545 KtF Wat 550 @ 6 RFAEMIL TV 5. 4 WO
HERF & Ca® A A VISIER -l LICHFEEL, ZOF@OLF2S Wat
545 & Wat 550 % Ca* 1 A LICEAILTWA. Ca® 1AL ORIOKT &
Table 12 12759, BHHERFL Ca® (4 LOEMD 2.3 As 2.4 AT
HHOIHL, KAFE Ca* 14 O 2.5 ALDPRL, Ca” 14
KERIZLTW2 6 HORFIXEATERORRD 5KAF0 H I Mz
LTwa, IRERIBS5H2 pH 6.5 TiX Asp 29 & Asp 37 oz &®

HEWT, Ca" 1420 2 HOEBEZChSOMMAPHILTLELEZ

5hd. IREROD Ser T4 25 Asn 77T OBATE U RERIZ. Thebht

EVIRMED D LR L, Ca®

SR AETH 15 e

B8 Arg 75 C, T#) 3 AB®HL T 3. Ca* 1 AU HRALTL

T, an) v 7R C KFPico2H2 Asp 33 756 Asp 37T OFIRL 5~

MBICERBERITIEICHEET 2 K7+ Wat 335, Wat 336

RUF Wat 357 @ 3 fEHFET 205, IRERTIE Vat 357 HEbhTu 3

Ca™ 4 # 1% RNase U, FATWI & (Arima et

CH pH 3.5

al., 1968b). Ca™ 1 & >







Figure 25. Overall structure of RNase U, type VII crystal.

The 2'-AMP molecule is shown by a ball-and-stick model. C, N, O, and
calcium atoms are drawn with black, dotted gray, small white, and large white spheres,
respectively.




Figure 26. Difference Fourier map for the 2-AMP molecule bound to RNase U,.
The model for 2'-AMP structure is superposed on the Fo-Fc difference Fourier
map that is contoured at 2.8 times the rms value of electron densities, In the
calculation of the map. the model without 2'-AMP was subjected to 5 cycles of the
PROLSQ refinements. The phases from the model thus refined was used in the Fo-

Fce Fourier synthesis.
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Figure 27. Stereo view of the structure around bound 2~AMP molecule in type VII
crystal.

C, N, and O atoms are drawn with black, dotted, and small white spheres,
respectively. The P atom is drawn with larger white sphere. The covalent bonds in
the 2'“AMP molecule are drawn with solid sticks, Hydrogen bonds are drawn with
dotted lines.




Figure 28. Stereo view of the superposition of C,-traces of RNase U, type VII and VIII
crystal structures.

Type VIl and VIII crystal structures are drawn with solid and dotted lines,
respectively.  The calcium ion is drawn as a black sphere.




Figure 29. Sterco view of calcium ion binding site in type VII crystal structure.
C, N, O, and calcium atoms are drawn with black, dotted gray, small white,
and large white spheres, respectively.




Table 12. Coordination of the calcium ion in the type VII crystal

structure
(a) Bond distances
‘ Atom Distance to calcium ion (A)
Asp 290 2.4
Val 300 23
Asn 32 0, 24
Asp 370, 23
Wat 545 25
(b) Bond angles (in degree)
Asp 28 Oy, Asp 29 O

Wat 550\*7;' 'S’V/ASD 37 Oy Wat 550\

82" Y :ux 0
W S i, W o
=

! oWy ,,
Val30 0 ¥ (450 o Wat 545 Val30 0" W ‘/4 Wat 545
B0 87.5
Asn 32 Oy, Asn 32 Oy,

Asp290,;
84.6 |
Wat 550, / ~7Asc 37 Oy

Val30 0" g8 “Wat545

Asn 32 Oy,




Table 13. Conformational parameters for the 2
AMP molecule bound to RNase U

Backbone tors

on ai
0.-CC€ 44.4
GG G0, 926
G C-O7P 1142

Glycosyl torsion angle
0,-C,-N,;-C, 66.2
(syn)

Ribose ring torsion angle

G 0-CC -20.9
00 B-C5

Ci-Cr e G -33.1

CC, 60, 224

CirCHOC, -0.8°

Pseudorotation phase angle, P'
163.5°
(C,-endo)

T Altona & Sundaralingam, 1972.




Table 14. Possible hydrogen-bond interactions
between the 2-AMP and RNase U, molecules

2“AMP Protein residue Interatomic
l atom atom’ distance (.-\)
N, Asn 68'0, 3.0
l N. Asn 68'N,, 3.0
O1P His 41N, 0
Tyr 390, 28
o2p Arg 85N 3.1
Arg 85N, 29
His 101 N 26
03p Glu 620 29
Glu 620, 3.1

Residues of the neighboring protein molecule are

indicated with primed numbers.




3-8 MESGOBEL HE

Figure 30 IZI A SVIROMBESFIO7 I /BEREEZZAF L AMTRT.
Table 15 ICRUUEERIIDRETSH S Tyr 39, His 41, Glu 62, Arg 85 & His
101 ZEREDELLEOHREFED rmsd 277 . FHFEFOHEHEHE
I& 0.17 - 0.39 ATH2DICH L. WSFFEZAVEHBEE 0.4 - 1.09 A
EEWREICH D, MRBIIOMEOSRIEIMEO I 7+ A—v a 0iE
WAELEZBRTHIILETLTWS. MSEMOLECIZVE & VIRE, I
BEVIRRE, NEEIRETEIEVWD, ThidERT 5L ICRMBTE
ROBHARER His 41 M0 7+ A a3 BEZhZhMUTV R8T
H5.

RNase U, OMIESHIICIZ, TR MBCIAHHEES A > HREE LTV 5. Hls
1A UBERLTWSKERHE L ZOHEME Table 16 (7T, [TE&ERTIE.
Wil (A > Zid Tyr 39. Glu 62, Arg 85, His 101, Wat 396 & UF Wat 445
HREREEERL TV 5. Hilif 4> @ 01, 02 B 04 i ik RNase U,

ERFEREEERLTNSD, 02 JHFIE Wat 396 DAL KBRS LTS,
Glu 62 Mg 0 FHFDS 5, WlA 4> LAERKALTHRL 0, FFIE
Phe 110 ORIFDEFHICIIE T 2 Wat 433 LKEKES LTV 3. His 41 36k
B A OELICHEL N, RFOMESEZCHMOTOLEY, HlA42 LD
BICKEE SISO T 20, His 41 N, (X Wat 347 & 2.8 ADKES
SEE L. Wat 347 (2 Asp 37 0 & 2.5 AD#EBERAEZEEZERLTY
D

MR THES LTV 558ES A i3 Tyr 39, Glu 62. Arg 85. His 101
IZHA T, His 41 LHAEREEHEL T2, IIREROWNES 40 01,
03 R 04 JRFix RNase U, L AKFEREL TS, 02 HFAICAERELT
WAHRTFE RV, NEFEROFHEES 4 DR = ZINOMEES 4% § - 02
FroftaEe2EcH 60° FEHEL A DIHEV . T8 L I O s
DS His 41 oM ZCRLHEZAEVIPRSNEZDOT, 20 His 41
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A A = MR OMEE S 4 > O A ERETIBAKOBRELEEZI 5N 5,
ZENYERORREA 4 > ORAMELATFOALE. IEERD 2 -AP O
UYBEERIMTSEY, 22-MMP @ 0,, 01P, 02P, 03P EFHMZhZhIIR
HROWBEA A 0 02, 03, 04, 01 FFICHBELT VWS COBMEIZELT
BESICHIs 41 DT Y74 A=y a v HVIRLNMBETRLISBTVSEHE

EZT5,

VAGERIIHEET > €= AR EA L LTEBONED, Mlk( 4 i3a
LT VE QML OMHEICILBEESFO Asp 2 MEHE L.
Asp 2° 0, & Asp 37 0, & 3.0 ADFEEET, Asp 2’ 0, & Tyr 39 0, &
2.6 ADURECABEEERILML TS, Asp 2 0, & Arg 85 N &
& 3.4 ATH B, TD Asp 2 QSN Do, LIRBEC & b Rk
AU DMBESAICRHEG L TORWEEZ bR, VEKEREHED His 41 3=
DDA T FA=avEE>TWD: HHE 0.8 DAL T+ A—2 3T
A X5V VBRIZMEERN L XA 2 E, His 41 N N, dZ2hzhi
#5Fo Glu 49 0, Asp 45 0,, & 3.0 A, 2.7 A@EPE&T/}(%!&.U’&HZEQL
T3, His 41 OEHF 0.25 O3> 7+ X — (L RSH MBS @S, N,
RFH Glu 62 0, & 2.5 ADKREEZTHEL TS, VARERTHHME T
A EHFEELTH 5T, His 41 N, 1 Glu 62 0, & 2.5 ADKERES &K
LTW3,

VIO S E U < BESFO Asp 2 OMSEHSEFEELTLEH, VI
MOBEIE Asp 20 IFAIEAIO L b BICHIE LTV 5. Asp 2° 0, (F His
41 N, & 3.0 A, Asp 2° 0, (& Glu 62 0, %TF His 101 N, LZzhZh
2.8 A, 3.1 ADKEBAEFML TV A, His 41 N, & Asn 38 0 & 2.8
ADKEREZ LTS,

fREERAI DR TiZ. Tyr 39, Arg 85, His 101 (& 7 fo#S&8% ¢IFIFE
LarvozxA—>a>CH5b. Tyr 39 & Asp 37, His 41, Pro 64, Pro 82
RU Tyr 71 o&RBICEHERTE D, Tyr 39 MO FEERIE Pro 64 &
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77T NT—NAEME LTS, Tyr 390, & Arg 85 N, OFEIZIIE
T 3.6 A, VETIZ 3.8 ALBhTL 2., ZOMOBRERYTTIE 2.9 »

His 101 {M#iiZ Phe 110 fsH

S Gly 82 0 & 2. > 3.0 Ad, Asp 840 kit

R T K3

GO

%. Arg 85 MIEO 7L FLMEH

HURT Pro 81 5 Asp 84 OB|KL 7 7 F LT — L AEML TV S, 20
K3 BMOMEERD Tyr 39, Arg 85 &< His 101 2 —&021> 7 4

A= a KREELTVWEREEZ S

SHUT. His4l & Glu62 oar7xA—YaviciRE&BRYET
REEMR SN 5, Table 17 (T His 41 & Glu 62 ook thfaz.,
Figure 31 (SISO 7 I / BREOELADEEE 7T, T HOLRME
B2 His 4l 0274 XA—vavid 4 HIBICHBTES, B—0¥ 1
Zid, NMEVIRICR A0S ¥ 58 -70°, »* 249 170° O3> 7 4 A—
¥ arT, His 41 N, HPMESEOHAZANTWS. B—0¥ 1 7Cit.
Wat 347 7% His 41 N, BT Asp 37 0 L AR#fEA% L. His 41 o>
7HA=23 vORE[MICHFESF LTS, Wat 347 & Asp 37 0 MoAELES
PEREX IR VIR TS 2.5 ALBULWHEDH 2. B0y 1 7id. ME.
VA VIRICRGhZHDT 5 58 -65°, o

¥ 80° OO 7 A—> 3

>THH, His 41 N, ¥MEBUOHHEEFEVTVS. B0 ¥ 1 7T His

41 N, & Gln 42 0 A% /=1 His 41 §

T3, B=D¥ 1 7. VIRICH? ¥ =-59° ¥ =1 Da>7x
A—aHd. TOP 47T, His 41 N, FBESEOARZEBIVTI2
0D, M, VR, IRCESHh2 His 4l OB =084 7Ll34 ¥ J—

LWROBEMNERNTSH D, His 41 N, 1T Asn 38 0 & KEES %

%5: B 7471, NRICRSHh2 His 4l =200 74 A—




EBBHDT. —ADIAY T % A— 3 Vo TIIRMEERNT & X522 M0 T RS
H2FEKERBEL. 5 —HTIE His 41 N, HEEEA 2T Glu 62
0, LKRBEEEFEL TV S, BED His 41l 0> 74 A—2 3 L3 VIH
DHOITEWA, His 41 N, & Asn 38 0 OfickEEAIEREATLAN
RRRD, LDV THA IF I VEBHEEFFRASTENLTHED
EHHA FOMBRFLARBEAZERLTED, ZOKEEENSTL 7 4
A= aVORELRIEFSLTVS, TOLS CHESBICHBLT His 41
BRI T A A—>areebI Lid, His 41 KA FRAESZAICLD
TSN WO 7 A —DEETHILERL TS,

Glu 62 |& His 41, Arg 85 M TF Ile 87 (P & v 7= FJsop filhtt i 7 fit
(I L TW5, Table 18 (C&REWMEICHBIT 2 Glu 62 FUBOH LT+
WAL, His 41 7213 Arg 85 IO EHF T L OME#A £ L HTHRT. Glu
62 0, & Arg 85 N, LOFEREIX 7 FOFKERMT 3.1 5 3.5 ADEMICH I
Do KBEREEE L EHENEEERZ2EMLE %, 6lu 62 & His 41 &, IV

R VRITIEEDROE b ARG ADERS ., VI T Glu 62 0, & His 41
N, OFEEEE 3.4 AL BEHEEMDITHETSHS. L L, 11, I, VIZRUVI
Bl Glu 62 0, & His 41 N, 7% N, SO 3.7 »5 4.2 AT
HH. HEFRARBOIARVWEEZ SN, T0OLS IS0 REEICH
% Glu 62 IS ZORBAORE L SHLMEEREXZER LE 20,
Glu 62 IO EDDITIZTI Y 74 A— 3 LB ATRERBIM D i tE 4 % 7=
HTH 5. ZOMMIE His 41 N, HEEHirzm< UM EIROD > 7 4 h
A= a3V CIIRICREL, - HEAL TV AIREROBAETS Glu
62 DR D ITIE ¢ HH 130° EIECEZETOMBYESH 2. LT, Glu
62 DY 7+ A—> 3 VIFHED RNA HEEE LTV Bl IG#ET h ¢
LELELEZEEZSND,




(a) Type Il

A W Gin42
- Wat 365

s, peTL
J *@ S0y
His 101 -. o His 101
His 41 9 5y, N0 &
o w

(b) Type 11

Figure 30. Stereo view of the catalytic sites of RNase U,

(a) Type 11, (b) type 111, (c) type IV, (d) type V, (¢) type VI, (f) type VIL and (g) type
VIIL C, N, O, and S atoms are drawn with black, dotted gray, small white, and large
white circles, respectively. Hydrogen bonds are drawn with dotted lines
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Figure 30. Stereo view of the catalytic sites of RNase U, (continued).
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Figure 30. Stereo view of the catalytic sites of RNase U, (continued).
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Figure 30. Stereo view of the catalytic sites of RNase U, (continued).
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Figure 31. Superposition of the catalytic residues of RNase U,




and His 101.

Table 15. Positional rmsd of the catalytic site residues, Tyr 39, His 41, Glu 62, Arg 85,

lower-left off-diagonal region shows that of main-chain atoms. Unit is A.

:{’\‘P:' 1l I . T vii v
11 0.92 1.09 0.95 1.09 1.13 0.59
1 0.38 0.87 0.82 0.87 0.61 1.04
1A% 0.30 0.17 0.84 044 0.71 1.01
Vv 0.39 0.33 0.29 0.86 0.78 0.82
VI 0.49 0.20 0.29 0.34 0.75 1.00
vl 043 0.18 0.22 0.33 0.20 1.05
Vil 0.31 0.36 0.38 0.39 0.38 0.36

Upper-right off-diagonal region shows the rmsd of side-chain atoms, and




structures.

Table 16. Hydrogen bonds of the sulfate ion at the active site of the type [l and III crystal

Type Il crystal

Protein or Hydrogen-
solvent atoms bonding

distance (A)

Type 111 crystal

Protein or Hydrogen-
solvent atoms bonding

distance (A)

Sulfate O

04

Tyr390,
Glu620,
Arg 85 N,

Wat 396

Tyr390,

Arg85N,,
His 101 N,,
Wat 445

31
2.7
33

Glu620,, 3.1
Glu620,, %8
Tyr390, 2.5
His 41 N,, 28
Glu620,, 8
Arg 85 N,

Arg 85N, 28
His 101 N, 27




Table 17. Torsion angles of the catalytic-site residues, His 41 and Glu 62.

Crystal type 1l il v+ v VI Vil VIl
His 41 x -69 59 -168 66 28 59 69 -66
e 168 75 82 -136 84 73 84 170

Glu 62 2o 81 75 55 21 57 50 54
x 146 169 149 122 169 165 114

e 44 78 -46 30 -57 -77 -26

Unit is degree.

* Angles for two conformers are listed.




Table 18. Inter-atomic distances between the O, or O, - atoms of Glu 62 and the side
chains of His 41 and Arg 85.

His 41 N, His41 N, Arg 85N
Crystal Atom’ Distance Atom’ Distance Atom’ Distance
type (A) (A) (A)
Il (€7 42 0, 35
| 0. 3.9 O} 3.1
v 0. 25 0, 3.1
% Oy 24 0, 3.3
Vi 0, 34 0, 3.3
VI 0, 35 0, 3.4
VIl 0, 38 0, 3.1

* Side-chain atoms of Glu 46.

102




4 ER
4-1 RNase U, m2{FifiE

Figure 32 (C RNase U, VIT D (% ZMAHEF N CHRT. T2 XY
VA F Ki& Figure 32(a) Ok FFIcHEET2BICHESLTH D, £ETH
% RNA BCDWICH->THETDLEZ OIS, CORDIZIFHREBIZH S
BRI, BEMEEO His 41 & His 101 A ERATCADPVEST
W3, MREIORICIIEERHEZF 2L £ 505 Arg 85 LEEMRED Glu
62 DI LT3, Tyr 39 OMISHIE His 41 fESIcE DI TS, Figure
32(a) IZBW T LA I I3 ERT UBFEELTED, Tyr 43 &
Phe 110 OFEEMABMABOEDOEHH ., BEVEFRAD Glu 46, Glu 49
ROt Asp 108 HS#ORBRICIEA TS, MIEIIO FABICIE, WOk
Asp 37 & Asn 38, AflIC Ser 80 LWWSBAMOBEMNEEL TV S, #HD

GRITIEHERED Tyr 78 & His 101 fUg. R¥Zh50MIcH 5 Pro 80
& Pro 82 PBUKMEOHEEEM L T 5. BICHO FMUICIZEER 2RO L
#Z6N% Arg 35 & Arg 75 MEOBMICEAT S,

RNase U, DHKRHY TR 7AEEUIRIG TlE, UIiEh2KR2HFYTR57
MEED & XV LA F FBREELTVALER 2 RV LAFFECR
HRBIC L Ebio THREBEER (K) 13RE SEL LRVWHSRIGEE (k,) H
E539 % (Yasuda & Inoue, 1982; HEAS Ap-CH, ®& & k. = 0.19 min', K
= 1.26X10* M; ELE A ApCp O & & Kk, = 57Tmin', K= 0.774x10" M; Xt
B ApCpGp @O & & k,, = 13720 min', K= 1.29%10* M; p iZ") VBT 25
WEFERZ) VBEEZRT). 2O LR, KRKEIZZFIVES 5 o
JVFF, $abb RNA UMRIGORR) v BEP KBTS 227 LA F K
B, B RVWHESTEY 7Y bV 2 XV L AF FEREMNE
ET2HE2RLTEH., 20U T7H A MCHED RN DEEBT 52 LTk
ABENZOICEML=a> 74 A—>a % WNA DBLbLS5ichzb®zs

N.%, RNase U, ® His 101 &7* Pro 81 »5 Pro 83 THEM&Eh2BkMD
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IS ISR TR 7= VIRENES L TE Y. His 101 of 34 J—)

BEET 7 = iR L R BUK MR EIEA 2B LT\ . (RICTRT LS
(Z. pH 4.5 CHRERML L2 TTB & A CRVIRERO 77 = U A A0

CIEBEASTO Tyr 44 & Tyr 78 ofifidzhzhBLTE ). 20
BIIAEREO S FIC R T 2RAMEIrELCLER LTV, IRERO 7T
SURBERI T . YRV U, ISV ORERLRATEIREEND
%, ThH5DOT &5, RNA UIMIRISOMIZIX TR F Y T 27 LES 5 o
BEDNRET 2 DOOBREREET 751 NI, IRERICBWT 2-AP O
TT=UVIREDBEELTVAHITH S EEI TV D, £ L THUKIIH E(E
FIC K DIRED Y TH A MBS 2T LI, RNase U, I3 222 LA F
FOBREICH T 2HEMPE VAR L 89 2 (Uchida & Machida, 1978),
FAROBEREGY 78 MIIBEIREE LTV 2R HEOHIIZE MO RNase
T, & Ms CBnWTHExh T2 (Ding et al., 1991; Lenz et al., 1991;
Nonaka et al., 1993),

HBAFYTZATNVEED 5 MO 7 LAY RHEVIRERICHTS 2 -AMP
CPEERETHATIEELZL L, HICZOTHO RNA §#§l% Asn 38 & Ser
80 DEICEEEN B ki b, Figure 33 IZRY L5 IC Asn 38, Asp 37,
Ser 80, Tyr 78 K* Arg 85 OERMMHIKELS. HEMEEHEZE7 7
ST =)V AR E TR LIS A UBICEE LTV S,
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(a) Front view.

Figure 32. Space-filling model of RNase U, type VIII crystal structue
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(b) Side view.

Figure 32. Space-filling model of RNase U, type VIII crystal structue
(continued).




Catalytic site residues.

Residues recognizing adenine
base.

Residues in van der Waals contacts
with the leaving nucleotides.

Figure 33. Schematic drawing of possible interactions between RNase U,
and RNA.

107




4-2 RNA DOk ARRIGHENS

-MP OREE LTV RVIARREEE, 770y 2,3 -BKk—) VE
(27,3 -cAMP) HIKAMRED RNase U, & X 7 LAF K & OMEFEARERE R L
TWa. 3-AMP O VEERD 0P L 02P B FIHAHERNERE, Z20%
D YIZIE RNA SHER D 1§D EMAEEL TS £, 3-AP O 0. E
HESFORBAICEELTS D, 0, I RNA SIS LTV TH RNase U
ENEHBRTFEEMIE LRV, Ui ths, HKETHS BN 20
wenkzELhB2LEZNS,

3 -AMP V) CEEED O1P T, VURFICELTYHR—2 0, LR
B LTV, COREIR, 2,3 -cAMP OERDBICIE. VHE—2Z 0,
DYRFE 0IP FHFD45E8 LTV B0 R Hilh 5

KEGHICH BT 5 L%
A~LTW3% (Figure 34) o LT, BN UIMFRISICH LT Y H—2 0,
MU URFERBTE LABERICELZ L EZ SN D =AM HEMD ) &
RFEBIRETIE, 01P SRS T 2BBRFIXY) R FISHMUE Y F—2
0, LICTHHEDTE LEE L, 02P ICHIET 2 BMBERFIEFH = RS0 —
AELD S, 01P HIMET 2X 7L AF KO UK—2 0, OfifEeETLEZ
H&. 01P 7 His 101 N, &KFKREEZEMLTHWASZ L6, His 101 Al
M BVE—2 0; 270 b 2T 2MMEOREIZRET LICRD,
COBER. VCRFCHALERFORENEDS in-line AH=X L4
(Eckstein et al., 1972) TRIGHHEFTT B LIcnD, —5 02P A U
FRoBET 2 LAFEOVER—-2 0, OiEEZETLEZSZL, 020 B
AEIOMEE L2 LT VETPLEET 2010, ) U RFICHES
LERFHBEEZEC TLENH S, TOBREHEET 2 ) HE—-2 0, H4E
BZHTIC Tyr 39 0, 25, Fid(AEEEZIC His 101 N, 25670 k> £2HH
BEWVWS ZODWHEMDN H Do RIEICRRELS ICHET 27 LA F Fix
His 101 ISHOEHEICHET 2RESEY 7S MERBAETILE2 TV A,
ZOREMRIZMBERIO) Y RFCELT. ) YR FICREEET 2 ) F—
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2 0y OREORMEICHYY 2, COREIR. VE—2 0, ») VEFER
BB L THEL ) O R T EBIREDE U ARBICIE, BT 23 7L 45 RO
0: FEFHVA—2Z 0, LIXRAAOWEF L2 EHZ0IHL TS, L

EHFSTHEREY 7V 1 FOMIBEERICANS & His 101 ©HHEEm
ELTHEET DXL AF KD 0, BFIC7D b 25T 20IC8LTWS
RISHEETH S 27,3 -BIRX 7 LA F Foks @iz, RNA VIO #EG
ELTR I VAT EHBisEL =AM S kSFHY Y RFICAMUTET S L
EZ 605,

RNase U, Ik % RNA ODEIMIRIGCIR Y A—2 0, DSRIEIIC 1) o RTF2 4
B0, VE—R 0, ORBMEZEDLREDEET DL EL6N 2,
His 41 Ny & 3 -AMP D VK —2 0, ISkEEAL TS, His 41 121 F—
A 0p MEGEL CTER L EICIERMIEE LTYHE—R 0, 67025 &
HEBHILTUAR—R 0, OKREMEED DTN H 2. —F, TEEERT
EVA—=2 0, OEFFICIE Glu 62 MBBFEEL TS, Glu 62 0, &VFH—
Z 0, OFEMEX 3.6 ATH2D, 3-MP OF7F=VIEEEEELEEEY)
IVIFEE%E +25° BEEX#3E, UKE—2Z 0, & Glu 62 0, OFE#EIE 3.4
Alird. COMEEZIT>TH Y VBERSO A ESDEETHIE) H—2
43 & B E A RIS A B R AR UL, LEDST Glu 62 &
BEMBEY LTVHE—2 0, 670 b r2ZUM->TRIEMEZ B 28 %
RizL#B %, Glu 62 ISHMSSI AL TWALT R, REIFEELTLE
WEEFIKRATFLEMEER L TEENOMRTRELIA TS A, BB
&L THESEOKS FHAERS W CARNOHENEDNE L, 70U %
ZIUMDEEMBE L THRIELS B2 MRS EZ 5N 2,

IEER £ Arg 85 AISHIZAMERLOESICMHBELTEY., U o BEDORE
FEFLRBREEELIHEHEFERAZEML TV 2. COMEEMIZLD
Arg 85 IBHIZ ) VETFORETHEEZEH T VREFORKMZED, £
F—2Z 0, BV URFEREBLEERICEL 2 HEL) U BEBIRES L
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FELTEBT ALY —BE TS T, RNA LIRS 2(EET 2 &

FARY L 2T WAEGUIMEISICBWT, ) U EBED 0 BFEHI

i 2 Kf D
(AL EHBEEMRMLED, 70 22HMATLT 2,3 - BRIV L
AF FOERIPRES NS T Lk, 3,5 -uridylyluridine OUINiRIEIZHL
THMETN TS (Breslow et al., 1989). F7=. His 41 {50 @6z IC
&0 N, RFEDMREERMDY L BELHEFERLB RIS 20, LR
ORETHMIREAIO RNA OV L BRE L B (ER 721K BE5 S 2 Ak L
T Arg 85 LRAILREERETILTES, His 41 MgsiZaitoE b e o
AY7FA—=a e EDRBERTIOT, RN MAMRKIGDBR T

= B

Obh>OHEZE) VEFOFMALL WS EBOBEZNOT L 7+ A—3

THSAREMDPEZSN S,




Ade’g"e OH Scheme 1

Adenine

Scheme 2

Figure 34. Schematic drawing of the mechanism for RNA cleavage.

When the leaving-group O, atom is regarded to take up the position of the O1P
atom (scheme 1), the Oy, atom is located at a suitable position to accept a proton from
His 101 N,,. In the transition state in which the O, atom is placed in line with the P
and Os, atoms, the ribose O, and O atoms would occupy apical positions on the penta-
valent phosphorus atom.

When the leaving-group Os. atom is regarded to take up the position of the phosphate
O2P (scheme 2), the pseudorotation at the penta-valent phosphorus atom is necessary to

place the leaving O, atom in an apical position.




4-3 RNase U, miEE:2#

RNase U, 375 = 4R % EERICRM T 2582 H T %, Figure 35 (2
RNase U, 0L 275 = iRHRME . RNase U, [CH D RNase T,
(Aspergillus oryzae % ; Gohda et al., 1994). RNase Ms (Aspergillus
saitol Hi%; Nonaka et al., 1993). RNase F, (Fusarium moniliforme fis;
Vassylyev et al., 1993). RNase Sa (Streptomyces aureofaciens m % :
Seveik et al., 1991) . Barnase (Bacillus amyloliquefaciens ®i 3 ;
Guillet et al., 1993) IZ k3 7/ 7=V HEBROMANE T T, chbDT
UYRERBARKXCII GBS 2B D EET . o7 > N, &
RNase DEFHD N R FHKEREEEZIEHRLTWEI L, BTy 3 L8

ORFD T ) SRHEE ZODOKKER-E LR L TWAT ETHE. TP I
BUSAKFEHEE LTV B 7 ) VIEROF T, RNase U, 10 & 275 = Ltk
RBROBEE N, & N RBF, V7= UHRNE 3T 7= %75 RNase
(P ) CVIREZEBOBAE N, & 0, RFLVI3 8\ EHEH, HET
TIVE I U BROLHEE LORBRIERCRIMTV S, PF=VIRL Y7
=VREORHBMEOENZT ) > 6 (IO F L RNase OEMF T L OME
ERBRA. REZOHEHAOEAEUOBEICRONE, 7F=20 6 (LD
FIRKEMEERTHLZT I/ ED N FFTH ., BNase U, TRAEZEMD
Tyr 44 0 PIRERFHLZBEVTTZTF =2 N, CAEEELTWE, V7=
D 6 (IDFEFIZKRZEMTHLANVEZNVED 0 RFTHH, V7= %
BN E X7 7= B5Em 7% RNase TIIAEMESHTH 2 EMO N FFHE
HIARBUIEANTT 7= 0 CAEFHELTVWS. 2%, 7V 6 oD

FEKFEREERENT 2 RNase O EHFFOMEIEEFRMZREL T
WBHDTH . REBHEMIOMEDB O ZZNERKT 27 I/ BRERIC
BELTWS, Y7=URRE ZIXB%R% RNase Tlk, V7= N, &k
EEALTVWAEEEZ n FHET 2L, (nt]) HH. (n42) BEHO LMD N
RENTP=2 0, LAEHEAL, (143) FHO Glu 7/ 7= & 2 Ak
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FREAEEMLTE D, (ntl) »5 (nH4) BHOBEEA Y —> [ Wik %
ERLTWE. B8 — M523 77 = M RRRRS I OMEET — 7.,
RUT7 =8 Rase MOKER‘EHRRE. Y GURED) HxkO
RNase T, Fi. Ms ZUFCida<, MO L BRZMMMIC LA7 3 2 BEs
O—BHBRSNT, L LTELORMD 538 < Bh =M (5t y) ik
O barnase, RNase Sa [CBVWTHFELICTHETH S, RNase I, DFF =2 &
bR Z D RNase IZk 37 7= Mk 2 L84 2 &, RNase U, Tt
Ir=2 N EKRFRRHELTVS Tyr 4 H' n BHOBREICHY L, 77=>
N CIEALL< n BHOD Tyr 44 OEMO 0 FFrkEsEE LT3, RNase
U, EBWTHRERMICE S T2 Glu 49 3 (nt5) FEHICHYULTWE, oF
b Figure 35 K 7* Figure 5 IZRd3@bh, 7)) U HEED 7 (i1l KEHES L

HEEL Glu LORICAET 273/ BIEEIZ. V7= #HRINUL
K ICFEMT D RNase T, 77 3 )—D RNase Cld9~<T 2 BitCcH20D
ENL, 77 =0 2BEMICRiRT 5 RNase U, Tit 4 BEELB->TW3, &
DEHEBODE N LD, RNase U, DIFEHBMIAIL 3,-~ ) v 7 R EHOHH
DRGEEF—7 2R L. Tyr 44 E#O 0 FFAHEEZRMEBIZ @ T Glu
49 P HIC 7 F =V ERERBCEDLEI TV S,

RNase U, &7 7= VIREHRBHML T RN ZIASRT 2. V7=V ihik%
RNase U, ICfEALTCW A7 TF=VIREICERAEDE S L, V7=V N, & Tyr
UN T7=2 0; & 6lud9 0,. Y7=> N, & Glu 49 0, OMICKERES
PEEENEZ. LL, F7=2 0, & Tyr 44 0 ORI 2.8 A, KUY
7= N, & Asp 108 0 OEIC 2.0 AOFFEEMMSEELS. ¥ 7= 0,

& Tyr 44 0 O Tyr 44 - Glu 46 BOARTF FEGOMEZ 2% VLT
THEDCHMIECES, F/= Figure 14 [ZRLEED ., Asp 108 B E
HFEEm BN RRTHI L 2ERINE, Y7=2 N, & Asp 108 0 1§
Dty Asp 108 2#) | ABBS EKBEHELMMES L L TMETES.,

FoUIREDEAT AL &R, Tyr 44 0 & Asp 108 0 FIOFEMEH 0.6 A
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BRI LB, V7=V RN EROBRCRAT 2L EREIC 1 AEAT 2
BENHD. Rase U, B7F = VIREICH L L EIMNEL O, o
HEAIORICERE LTV 2 AEEM DS 5.

RNase U, (2L 2 /7= VIRERBERDOE 5 —DOHREMEE LT, HElo#
EWERK RNase LRI/ 7= N, & Glu49 0, O, REZ7=> N,
& Glu 49 0, OB TKEREEDPERENIHA D EIONZ, COEHEIEY

7= 0 & Tyr 4 0 ORFREEMAEIZEO>VW D DICREH, WO fM4
Pk RNase OV 7 = @A ORRIC Tyr 44 - Asp 45 MIOR7F FisE
25 180° [#E LT Asp 45 N MERBMBLEEIFIE, Y7 = 0, Lk
BEERT D LN TESD, BNase U, TIE7) Y T OB TLAREREALT
WB7 I VBERE (Tir 44) 7)Y E—DDKEKEEERT 7MY 30
BE (Glu 49) OREH 3 7 I /VBREL BV =&IC, Glu 49 SO 2N 2 i

BICREEZ5ZFIC Tyr 4 - Asp 45 BORTF KEEEH 180° [ldEd 52
EWTE, V7o 2 BRERBMICZTIANLEEZON S,




o 1-tum
340-helix
Tyr 44 (n) N
t AN H
L \? Wat 508
H \ S
\ HoEet 0
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N7,
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—N

Glu (n+3)
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Figure 35. The base recognition by RNases belonging to RNase T, super family.

(a) Schematic drawing of the base recognition.

recognition by RNase T, (Arni et al., 1988).

(b) Stereo drawings of the guanine




4-4 RNase U, DRENEAES FRAEEER
RNase U, 7 FORE@A S FRIMEIEMIZIZ, RNase U, EX 7 L4 F kLo
ME(EH E BT 2 AN =EOHEET 5.
%“mgﬁf%%ﬂﬁ‘ﬁrﬂLthpWSMWCﬁﬂaam%ﬁﬁ%Wt
HEERMBREEOMAERTH 2. NRERTE Figure 19 RUHEICRT
FRICIBEHE S 7O Tyr 78 (ISSHS R 2034

MIOE RIS L, BB
IZ$ 2% Tyr 43, Asp 45 RUF Ser 48 L7 7 U F LU — )L R EME LTV 3
COEHES FROMEERKRIZ RNase U, OB MREBAHE FHRMED 5
FICH U CHAME R RO EDICE LB L E2 T 5,

BoOHET HHAE, MR 7 I/ BREL L B TORMM T 3 /i
BRI E OKRREEE L EHEREEATH 2. VAR TEBESFO
Asp 2 DAINVEF L IVEDMIBEERLO Arg 85 ¥ Tyr 39 O &M, KM
BREPMIERE IS % Asp 3T (USHE KRR E B EHEERNEERL TV %,
VIRESR T, RUBHESFO Asp 20 OAEF L IVED L b s o
B (AL LT Tyr 39, His 41, Glu 62 RF His 101 &M & A ERS

ELIHEHEFHRZERLTCVWS. COBEHES FRIOMEMERKLIE
ARIRER (L DIRIEDS RNA V)V EEME ORRIC A 2 RO EHER L mL B &
FOESHICELBEEZ TS,

F=0HET 28AL, His 101 & Pro 81 5 Pro 83 DM TR
NBEEEEY 7Y A b, BEBEAESTFOSEBENT 3 BREMNS L 0O
HEERATH 2. fHRICTRT LS. IRERCRBEESTO Tyr 44 (5
» Gly 82 & His 101 ofoFEIc. MAERTE Tyr 107 {#Ig8H5 Pro 83
& His 101 OBOBEBICHIBLTZ 7TV T7— NV AEML TS, O
RASTFREIEEERL. BEEAY 7Y/ P2 EHEBEMOSFIHLTEVE
MEEROEDICELZEEI TV S,

CD&SIC RNase U, OFERAD FREMICIE RNase U, & RNA O#EE(ER
#X% RNase U, OAFREDOT I/ BEAMESEBELTWEEEI6N240
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PRBOMBHEEICRSN 2, 20X 5% RNase U, 5 FRIOHMEERIE., &

REOBRICBI 2 BHENFORELS EIRCTERO—DLEI LN 5,




4-5 RNase U, DRt

TPANTGFUBELRTIANGX BRIV VL I REETA VT RIS ¥
YBRIZEMALT 2 RIBIEA7F FIZB0TH (Geiger & Clarke, 1987). 7
Table 19 IZRIEY BHEICH VL THRIZTEPREZIAT . ~AFH
RTFFOBE TRANTHEUVBEPLR IS 04 3 FAORMLIZ pH 4 (15E
TRHIFEPHICHETT S (0liyai & Borchardt, 1993). II&!fEEAS pH 4.5
DEMFTTH 1| ELTTERLET L5, RNase UC 1% Asp 45 DR 73 >
13 FZFET isoAsp ICEMMLTERLELEZ TR, IMERTD
RNase U,C Ofi7{E(c. RNase UA Oz @ 2 &, Glu 46 25 Glu 49 O
HWABHES FEER D, LEd > T, RNase U0 ~dBE(Lid, TR T <
(&% <. RNase UA ASEMRMET 2 L ICBET 28R ELIZZTAUAICRET
WBZ EICi2B,

NT7F FROTRNSHX BRI 04 I KRBT 2E0DICIE. 207
ANZ XD C REZEOEMD N FTFL7 RSO BO C, REhit
AREEERIERT 2RENFH D, PN XU BO C KAEED EHO N FT
ETANT XD C, RFFROEFEET 2 L E20h UhAE ¢ = -120°, x
=120°0 »* = -90° FZIZ 90° T, ZOLEOEMIIN 2 ATHB. N, V,
VI, VIR UVIRGE RO Asp 45 DR LhMOfE#% Table 20 274 . Asp 45
DAY 7 A A—a RN, VI, IRUVIRT ¢ &% 130°, ' 134 170°,
X EH T0° LIZFHETHD, ThhS Asp 45 OB HRERI L T 4 A—
varvikEZoh3, ZohUhAid, LBEO72/85 ¥ BRMEICEL =
fEICiT . Figure 20(b) SR L /=@ h Asp 45 dEfEICIXIV, VI, VIR O-VIAY
R THADMIEIC Wat 330, Wat 508 K 1F Wat 509 O =fHDOKD> FHEEH
LTHED, Asp 45 C, ZRILET 2L HEZ 6502 Glu 46 N  Asp 45 fil]#
EKRBRELTCRIS A I FERIC#ELE Y 74 A=Y a v B BERLT
W3, Che=E[okaFo5 5, Kat 330 CHitd % IS TR T
KAFHEEL. Vo VI, IRUVIZRESER & @IS isoAsp 45 0, Tyr 43 0,
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R Ile 51 0 ICKREAS LTS, Asp 45 0, (FRMELLE iSoAsp 45 T
EL5DR 73 ks ELEO RO EE LT
5 Wat 303 L AKBBEAEHRLTCVWBI0THE. RZS U4 I FOHRERIZ
FHE2MEE 2 -8
al., 1992), 274 3
b, HEHHAOMD

KTDRIV 43I FO7I K&

b (Capasso et al., 1989; Capasso et

EFNEVIRESRMED Asp 45

ZHERQT

BECT, Asp 45 @ & (T 0 BFiIcH
) 0 FL Wat 330 OfESIE 3.4

ALUTTHDH. KEFSEEKDT

SOl EiX, RieP&Eo Suc

45 & Asp 45 % isoAsp 45 :REIEEIC Wat 330 L AEEBAEERTEEC

LTw3,

LLE®D Asp 45 R U isoAsp 45 J&3
Rt Figure 36 (CRT X SICH#fTT 2 L%
Glu 46 N iCHEE LT, ANLEFSLEOEGH Glu 46 N @ HlazmE, £

DOMiE OB, S, Asp 45 OEMAL

>,
o

F9 Asp 45 C H»

DAL 7 x A= 3 /1% Asp 45 0,, £ =DDKATF, Wat 330 & Wat 509 &
DRFREETRUC & O BEEE 5. WIS Glu 46 N A5 Asp 45 C, Z3RELAIC
BT %o Glu 46 N & Asp 45 C, ICHAREIIREND & Glu 46 N 25
70 b HERTSH. 2070 b0 Glu 46 N [CkERES LTV Wat
508 HIRMMMEOBHIZRE L TRZIIMS, /=, Asp 45 C
0, £21X 0, PIELTRAZS 13 FAERESN S, Asp 45 0, AR
HrEE7O0M% Wat 330 713 Wat 509 »5SHMb. 0, HKET 2

> Asp 45

A4 3 FEETIX, Asp

HCKHSLTLWIRERTIE Wat 330 L kESESE

Asp 45 C [CHXT 2 ANTBEICH L TKFFHRELE AP
1 I FORBROMKAMHIES, isoAsp 45 BT h 3. KO FHREIE
LTLBAmE LTI Tyr 43 % Wat 508 HEET 22 FAMDP SO AR &
> DOWEIE Glu 46 N

ZUW-=70b 2R LEHO Wat 508 55, S4FARDSOEBEIR

ZORMMD A TR 6 OFEEIENH 2. FTFHMD ¢

%




BRADKAFHRELET 2L E260 %, BEO Asp PRZZ U4 I F
EDOEHOI L 7+ A—> 3> DEBENAE isoAsp 45 HERE N3 L.

Tyr 44 75 Asp 50 OREBICA Y 74 A—va v BihRE, IRERICE
5N 3 &5 RIBHEFMEBAIH

BHRELICH LTRELBVEMELZ L 3.
IsoAsp ~FEMEAL L% TS, Asp 45 C HIRORFEFRFIHS LTV SRR
F& Wat 330 OBMOKEHESRERENZ. Cok3ic Asp 45 DHEM(KR
IETE, BHEAFREICKES LEKIFHIABRESICL>TATF KA R
HAERBICE LY 74 A= a icREL L, FET7RN5XUBOBK
MEEIBE CIREME Y LC70 b OR2ETS T L CRIHLEINA Rt 2
EEZTWD,

FANRZ X UBOBMARISIE=7 FVIIEY) JF—40 Asp 101 T4
L LMESNTED (Tomizawa ef al., 1994). Asp 101 HRAZ S 24 3 F
CEBMELERZ Y Y4 I RENYF—LEP)-FPEFFF Y A—Z
L OHEERDFERIERRMT 217> =0 Figure 37 I Suc 101 OBEFEE %
To RV A I FOZDDANVEZIVEEEIHEICHA T 5, Figure 38
ERAOD A I FER)IF—LE P Y-F7EFNF R MUA—RLOEEK
DEEXER T, Suc 101 1Z) A REARORICHIEL, VHY K77
YTIT =)V AL T %o Figure 39 i Asp 101 ASEMEELTULZAEWL Y
JF—LERIY VA I RV F— LD R EREDEEEOETT,
A4 I RBRICED, R4 T4 7RI F—AICRSNS Asp 101 &
VAV FEDZODKEREN R RY, ORI VA FHBIHY FEES
WMICEDREHTWEED. VALY FOKEMULBH R > 04 2 FEATH
0.8 ABBIL T3, ZOFER Asn 103 L )HY KLDkEREEGER D,
Asn 103 (ZU A > FEiFRIARO Ala 107 ZHEWVLWTUL S, Asp 101 A2 2 o
VAIRICRMIET AL FV-F7EFIVF D M)A —RICH T 2D
KT 2 (Tomizawa et al., 1994) DX, COKELEHOBWLICRELT
WatEZ6h3,




FANSGHL RIS U4 I FEBEHLTL YT RIS H2

RICEL, %

DORIGIE Asn - X OF I JBEFIT X 5 Gly 0L 2207 I J BOBL

DHEDDICHETT S LB BMEThTIS (Stephenson & Clarke, 1989).
RNase U, TiE7IhH YU RHETFT Asn 32 - Gly 33 OE %I4T isoAsp 32 A
Rk & T RNase UB A4 b3, LA L. Asn 68 - Gly 69 TlkMMILRIED
& 5% (Kanaya & Uchida, 1986). Asn it Asp W& & Rk y = -120
' =120 f = -90° FiiE 90° EiBLE, Asn O C BFLCly © N

RFPEEL, RV U4 I FEERT20CMLEIY 74 A—vas it
%o IIETIX Asn 32 O LhfE ¢ = 3°, % = -66°, x° = -51°, Asp 68
DRUNAIE ¢ = 49°, ¥' = -63°, ' = -59° TH b, MOLERLTHIFF
FERTH %o Figure 40 I[CHSBIOMEE 7T, YE60 Asn & Mg %Y
BURICEHL TV 210, BISEFRIY U4 3 FRRICELED:

B O (P
VI ELHTEBAHETH 2. Asp 32 - Gly 33 OEFIESIEH FEEICHE
9% Asp 34 5 Asp 37 DN — TS ICHE->THE D, EMoaY 74
A= aVEM RMEN TR, ThICH LT Asn 68 @ EfIE, 9FH
HORIE 7 72 F)WT— )L 2% LTWS Gly 69 76 Pro 70 Ol
RS TVW S, 25 LEHlE EOBBOE®H, Asn 68 Tk oS
YAIFEERTZ2EDOEHOIL 74 A—va VEEEE UHT. B4k
RICHETLRVWEEZ SN S,

IsoAsp 32 ZF> L& Z 5h% RNase U,B Tix adenylyl-3’,5 -adenosine
(ApA) (3 ZAIRIEI1EDS RNase UA ICHATH 3/4 (CEF$ % (Uchida &
Shibata, 1981). Asn 32 N — 787 %E L T Tyr 39, His 41 (co%kH>
TWa, Tyr 39 & His 41 EVIRMEERT 3 -AP L KEREEIERLTED.
PRIRERII Z TR 3 TR TH 5. Asp 32 DA VYT AN X U BADOE(IZ &
% RNase U, D> 7+ A—2 2 yELH, Tyr 39 ® His 41 OZEMInfidHE S
BEEBICEE A5 X, RNase UB OFEMEE FE 42 #1602,

RNase UB (% RNase UA iCHEXTa~VU v 2 Z0E@HEL (Uchida &
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Shibata, 1981). Asn 32 iZa~) w5 2 C *

\LTHD, isoAsp O
ERIEANT 972 C RBOI> T+ A—Sa L It R BE 52321603,

VIRTIE Ca* 140 OB ICL YA F2EkD ERERIRFShEEE Asp
28 5 Asn 32 ®a~) w2 R | AEEMZEXIFT Ca® 4 FUICHEEMNLD
Y7FA=arEES>TEBY, anwdR REFFETPTOMES
FOTL&ERLTUV S, RNase UB TH Asn 32 ORMLORBI-LD. AL

BADanY v 7R C KEH 1 AEMNEL T TV AREEDEZ 51 2.

VAN XU BET AN F L OB EATERICELTVWAT LI,
Ak F W E > (Wood et al., 1989). serine hydroxymethyltransferase
(Artigues et al., 1990), -7 IO K7+ K (Roher et al., 1993).
aA-crystallin (Fujii et al., 19%4a). oB-crystallin (Fujii et al.,
1994b), tubulin (Najbauer et al., 1996) BV TRHLEZATL A, 4k
ATREMICEDELES Y7 R85 ¥ > 8IZ protein L-isoaspartyl
methyltransferase (Z& O A[EIC A F L hE, AFULEhEL VYT R
NITXVBIZRY Y o4 3 RERMT 2 5B FESENT NS =8, A7
YA IFRERHLUTGERO? 285 ¥ U BHYE L TEABOBESTHIS &
£Z56NM T3 (Johnson et al., 1987; McFadden & Clarke, 1987;
Galleiti et al., 1988). %ZBE. protein L-isoaspartyl methyltransferase
DHERITHETT /S ITNTE FRETFTT v b P12 MIlEEET 2
EAVYTANRSF o BMERD tubulin HEMEN 2 (Najbauer et al.,
1996). T @ protein L-isoaspartyl methyltransferase I35 v b CiZtsg &

MTwm<{ERENTED (Mizobuchi et al., 1994), £t bOWE TR

(281 % protein L-isoaspartyl methyltransferase & &5 "B O ERIZIT

IEOHBIN % % (Johnson et al., 1991). ChEDERIZA VT RIS
BEFORMEEAHOFEENELRQLLMMNH 5 = L &2 MEMICRLTL
Do TANTHF U EMNRMLLAZEARTIE, B4 LRERLTMisLt

HELZTLICRELT. Z0BAHOBEEIEIZELT 252603,

-
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Glu 46 N attacks Asp 45 C,
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region or Wat 508 attacks the
carbonyl carbon of succinimide 45,
resulting in isoaspartate formation

Figure 36. Schematic drawing of the isomerization reaction at Asp 45.
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Ser 100 Ser 100

Asn 103 TN Asn 103

Figure 37. Difference Fourier map at the succinimide 101 - Gly 102 region.
In the calculation of F-F_ map difference maps, @ model without residue 101
to 102 were subjected to the crystallographic refinement. The map was phased with

the model thus refined, and was contoured at 2.5 times the rms value of electron

densities.  The finally-refined structure is superposed on the map.




Figure 38. Overall structure of the succinimide lysozyme complexed with tri-N-
acetylchitotriose.

The region from Suc 101 to Gly 102 and the tri-N-acetylchitotriose ligand are
drawn as ball-and-stick models. C, N, and O atoms are drawn with black, dark gray,
and white spheres, respectively.




¥ Met 105 S Met 105

A

Suc mx{;/

Figure 39. Stereo view of the region around succinimide 101 and the tri--
acetylchitotriose ligand.

C, N, and O atoms are drawn with black, dark gray, and white spheres,
respectively.  The S atom is drawn with larger white sphere.




(b)
Figure 40. Stereo view of the structures at Asn - Gly pairs in RNase U, type II crystal.

(a) Asn 32 - Gly 33, (b) Asn 68 - Gly 69. C, N, and O atoms are drawn with

black, dotted gray, and white spheres, respectively




Table 19. Examples of isomerization of aspartate and asparagine in proteins.

Sequence

Isomerize to

n vivolin vitro

Reference

Protcin Source

RNase U, Smut fungus

Calmodulin Bovine brain
Calbindin D9k Bovine
Growth hormone Bovine
Growth hormone Human

Serine hydrox Rabbit
methyltransferase
Growth hormone Human
Growth hormone Porcine
B-Amyloid Human
RNase A Bovine
Hirudin Medicinal leech
Lysozyme Hen egg-white
Plasminogen Human
activator
aA-Crystallin Human
aB-Crystallin Human
Synapsin | Bovine
IgE Human
Tubulin Rat

Asn 32 - Gly 33
Asp 45 - Glu 46

Asp2-Gln3
Asp 78 - Tyr 79
Asn 56 - Gly 57

Asp 128 - Gly 129

Asp 130 - Gly 131

Asn 149 - Ser 150

Asn5-Gly6

Asp 130 - Gly 131
Asp 129 - Gly 130
Asp 1-Ala2
Asp 7 - Ser 8
Asn 67 - Gly 68
Asn 53 - Gly 54
Asn 33 - Gly 34
Asp 101 - Gly 102

Asn 58 - Gly 59
Asn 177 - Ser 178
Asn 37 - Ser 38

Asp 58 - Ser 59
Asp 151 - Ala 152
Asp 25 - GIn 26
Asp 36 - Leu 37
Asp 62 - Thr 63
Asp 109 - Glu 110
Asp 140 - Gly 141
Asn 146 - Gly 147

Asp 32 - Gly 33
Asp

is0ASp
L-isoAsp

Is0Asp
IsoAsp
IsoAsp
isoAsp
isoAsp

is0Asp, Asp
isoAsp

Suc, isoAsp
Suc, isoAsp
D-Asp, DL-is0Asp
D-Asp, DL-iS0OASp
IsoAsp, Asp
Suc
Suc
Suc, IsoAsp
isoAsp
isoAsp
isoAsp

D-Asp, isoAsp
-Asp, isOASp

D-Asp
D-Asp, DL-iS0ASp
D-Asp
D-Asp
D-Asp
DL-Asp
is0Asp
Suc, IsoAsp
iSOASp

in vitro
in vitro

in vitro

invitro
invivo

in vitro
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Table 20. Torsion angles of Asp 45,

Crystal type v v VI A% VI
Y (degree) 128 -179 131 127 131
%' (degree) 166 44 173 153 174
% (degree) 49 70 70 88 56
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- ASN 32 CA

- ASN 320

- ASN 32 CG

- ASN 32 oDl

-cys s4c

- cys sS4 ca

-cys 540

- LEU 530
- ASP 76 OD1
- ASP 76 OD1

- ASP 76 CB

- ASN 77 CG
- ASN 77 oDl

- ASN 77 CG
- ASN 77 §D2
OE1 - ASK 77 oDl
0 - THR 102 CG2

C - AsN 38 cCB

CA - ASN 38 CB

€A - AsN 38 OD1

€6 - AsN 38 01

oD2 - ASK 38 CB

0D2 - ASK 38 CG
€02 - TYR 78 CEl
CEl - TYR 78 CEI
HIS 41 CE1 - TYR 78 CE2
HIS 41 CE1 - TYR 78 CZ
HIS 41 CEl - TYR 78 OH
BIS 41 CG - TYR 78 CD1
HIS 41 §D1 - TYR 78 CDI
HIS 41 KDl - TYR 78 CD2
BIS 41 D1 - TYR 78 CEl
HIS 41 ND1 - TYR 78 CE2
HIS 41 ND1 - TYR 78 CG
BIS 41 §D1 - TYR 78 CZ

(symt
(symt
(symb
(symt
(symt
(symt
(symi
(symé
(symé
(symt
(symt
(symé
(symi
(symé
(symt
(sym$
(symi
(symd
(symt
(symt
(symé
(symi
(symé
(symt
(symt
(symd
(symt
(symt
(symt
(symt
(symt
(symb
(symt
(=ymt
(symd
(symi
(symt
(symt
(symt
(symt
(symt
(symt

(symt

4 ALLF

Distance
3.45 A
3.7
2.99
N7
3.51
1.78
371
3,92
3.97
3.41
3.79
3.58
3.93
3.54
394
3.75
3.74
3.63
3.88
3.96
3.57
3.43

» >

R T

T T T

TYR 44 OH -

GLY 82 CA - ASP 108 OD2
GLY 82 N - ASP 108 ODI
GLY 82 N - ASP 108 0D2
GLY 820 - TYR 107 cDI
GLY 82 0 - TYR 107 CEI
PRO 83 CA - TYR 107 €D1
PRO 83 CB - TYR 107 CB
PRO 83 CB - TYR 107 CG
PRO 83 N - TYR 107 CDI
HIS 101 CB - TYR 107 CD2
HIS 101 CB - TYR 107 CE2
HIS 101 CB - TYR 107 CZ
HIS 101 €D2 - TYR 107 CEZ
HIS 101 CD2 - TYR 107 C2
HIS 101 CD2 - TYR 107 OH
HIS 101 CE1 - TYR 107 OH
HI 107 ce2
£ 107 cz
H 107 OH
n 107 cz
L3 R 107 CE2
107 cE2
107 cz
107 ©
107 c2
107 o
201 03

107 o8

(symb 2)
(symb 2
(symt 2)
(sym 2
(symt 2
(symt 2
(symé 3
(symb 3
(symi 3)
(symt 3
(symt 3
(sym 3
(symi 3
tsyms 3
(symb 3)
(symb 1)
(symt 3)
(symd 3
(symt 3)
(symt 3
(symt 3)
(symb 3)
(symt 2)
(synd 2)
(synt 2)
(symt 2)
(symb 2)
(symt 2)
(symb 2)
(symt 2)
(symb 2)

(symt 2)
(symi 2
(symé 2)
(symé 2)
(symé 2)
(symb 2)
(symt 2)
(symt 2)
(sym# 2)
(symt 2)
(sym# 2)
(aymé 2)
(symt 2)
(aymé 2)
(symé 2)
(synd 2)
(sym# 2)
(symd 2)
(symb 2)
(symt 2)
(symt 2)
(symé 2)
(symt 2)
(symt 2
(aymi 2)
(symb 2)

(symt 2)

> >

e T T P




R3 (Hexiagonal setting)
29.03 A
2)

syaméZz =( -y, x-y, z)

a=9544 4 ¢
symmil =( x, y

symmt3 =(y-x, -x, 2)
symbd =( x+1/3, y+2/3, 2+2/
symmts =( ~y+1/

x42/3, y+1/3, 241

x-y+2/3, 2+42/3)
symmi6 =(y-x+1/3, -x+2/3, 242

3)
3)

symmi8 =( -y+2/3, x-y+1/3, z+1/3)
symmt9 =(y-x+2/3, -x+1/3, 2+1/3)

KEREE

Atom Atom

ASP 2 OD1 - ASP 37 OD1 (symé
ASP 2.0DZ - TYR 39 OH (symd
ILE 30 - TYR 78 OH (symd
GLN 5 OEl - SER 80 0G (symé
SER 6 06 - ASN 68 NDZ (symé

ASN B ND2 - TYR 67 0  (symb
20 ND2 - ARG 75 0  (sym#
35 NHZ - ASP 50 OD2 (symé
41A NDL - GLU 49 O (symb
41A NEZ - ASP 45 ODZ (symé

42 NE2 - LEU 53 0 (symd
42 0E1 - LEU 53 W (symd
46 OBl - GLN 89 NE2 (symé
46 OBl - SER 57 N (symd

46 OE1 - SER 57 0G (symé
48 0G - GLN 89 OEl (symé
68 0 - SER 114 0 (symt
91 ND2 - ASP 108 OD1 (symé
91 ND2 - ASP 108 OD2 (symd
91 ND2 - SER 106 0G (symé

5)
5)
8)
9)
9)
9)

fRmABREAE S FRO

DI FHIFF R

Atom Atom

ASP  2.CG - ASP 37 OD1 (symé
ASP 2C6 - PRO 81 CG (sym#
ASP 2C6 - TYR 39 OH (symé
ASP 2 0D1 - ASP 37 CG  (sym#
ASP 2 0D1 - TYR 39 OH (symé
ASP 2 0D1 - TYR 39 CE2 (symi
ASP 2001 - TYR 39 CZ (sym
ASP 2 0D2 - PRO 81 CG (symi

2002 - TYR 39 CZ (symt

2 0D2 - ARG 85 NEZ (symd

3CA -TYR 78 OB (symd

3cB - TYR 78 CE2 (symb

3ce - TYR 78 CZ

3cB - TYR 78 OB

3N - TYR 78 OH

5D - SER 80 OG

5 NE2 - SER 80 0G

5 OE1 - SER 80 CB

6C - ASN 68 ND2 (sym#
SER 6 C - ASH 68 ODI (sym}
SER 6 CB - ASN 68 ND2 (symb
SER 60 - ASN 68 CG (symt
SER 60 ~- ASN 68 ND2 (symt
SER 60 - ASH 68 ODI (symt

SER 6 0G - ASN 68 CG (symd

1)

Distance
3.01
2.64
3.18
3.10
3.21
312

3.24

4 ALLF

A s

PrrEEr» ey

>

>

P

Distance HIS

3.89
3.73
3.35
3.91
3.32
3.58
3.92

A HIS

O T e I T I S o)

414 €b2
412 cE1
41A CB1
412 cE1
414 cE1
41a cE1
41 ce1
41a cE1
41 cE1
411 o1
412 NE2
41a WE2
412 ¥E2
2ce0 -
4200 -

4z co

ALA
- ALA 47 CA
- ALA 47 0

- ASP 45 0D2

cLy
Gy
GLy
LY
ALA
ase
ase
6Ly

2

68 ND2
68 ND2
68 CB
68 D2

a1 c

a6 c
460
e
o0
470
45 cc
45 op1
“o
53K

530

symt
(sym#
(symt
(symt
(symb
(synt

symt

symi
(symi
(symt
(symt
(symt
(symt
(symt
(aymt
'
(symt

(symt
(symt
(symi
(symt
(synt
(symt
(symb
(symb
(aymb
(aym
symi
sym
symt
symt
(aymt
(aymi
(syms
(symt
(symi
(symt
(s
(symt
(symt
(symi
(symi
(aym
(symt
(sym#
(symt
(symt
(oym

(symt
(symt
(symt
(symt
(symt

(symt

(symb
(symt
(symt
(symb
(syms
(symb
(symt
(symt
(symi
(symt
(symt
(symt
(symi

N T T T T T Y e aas




T

a
A
A
a
A
A
A
A
A
A
a
asi A
asy 91 A
AsE 91 A
Asy 91 A
AsN 91 A

i) His 41l 0=>Da> 7 +7—0D
5b, HAROBVWHDOEREESE

41A TR L.




b= 67.92 4

-x+1/2,-y,2+1/2)
symm# 3 =(x+1/2,-y+1/2,-2)

symm# 4 =(-x,y+1/2,-2+1/2)

KRG E

Atom Atom

ASP 2 OD1 - ARG 35 NH2 (sym# 4)
130 - TYR 78 OH (symt 4)
20 OD1 - GLN 42 NE2 (sym# 4)
24 NE2 - ASP 45 OD1 (symé 4)
28 OD2 - ASP 45 OD2 (sym# 4)
32 ¥D2 - 114 0G (symé 3
44 OB - 930  (symt 4
68 ND2 - 108 OD1 (symé 4
68 ND2 - TYR 107 O  (symt 4)
72 N - TYR 107 OH (symt 4)
720 - TYR 107 OH (symt 4)

ot
&

SRR
JR R PR

FHE D

Atom

cral it -
CA - AF
CB - ARG 35 NHZ (symb &)
CG - ARG 35 NHZ (symb 4)
N - ARG 35 WH2 (symb 4)
op1 - 35 ¢z (symb 4)
op1 - 35 NE (symd 4)
o0l - 400 (symt 4)
on2 - 35 cz  (synt 4)
op2 - 35 NHZ (symd 4)
o1 - 42 C0  (symb 4)
o1 - 42 OE1 (sym 4)
o1 - 44 08 (symt 4)
CG1 - GLN 42 OE1 (symé 4
0G -TYR 780  (symb 4)
ND2 - ALA 310  (symb 3)
€ - TYR 78 CE2 (symi 4)
C -TYR 78 CZ  (symd 4)
e - 78 €D1 (symd 4)
cs - 78 CEL (symé 4)
cB - 78 CG (symt 4)
c61 - 78 C3  (symt 4)
cc1 - 78 CD1 (symé 4)
c61 - 78 C02 (symt 4)
ce1 - 78 CEL (symt 4)
c61 - 78 G (symt 4)
0 - 78 02 (sym# 4)
o - 78 CE1 (symé 4)
o - 78 CE2 (symt 4)
0 -TvR 78CZ (symd &)
€8 - SER 80 C3 (symd 4)
N - TYR 78 CE2 (sym 4)
0G - SER 80 CB (sym# 4)
0G - SER 80 0G (symt 4)
CG - ASN 91 ND2 (symd &)
ND2 - ASN 91 CG (sym# 4)
ND2 - ASN 91 NDZ (sym# 4)
NDZ - ASH 91 OD1 (symt &)
ND2 - PRO 59 CD (sym# &

Distance
ERTIN
2.91
2.97
2.88

3

2.5

3.24

3.7

2.95

2.62

2.84

R R R

4 ALF

Distance
3.64
3.48
3.98
3.42
3.24
3.80
4.00
3.5
3.98
3.50

»

B i O e I T T T T P GV

a1
o1
on1
oo1
ool

(sym#
(s
(syms
(mymt
tayms
(synt
(symi
(symt

(symt
(symt
(symé
(symi
(symy
(symt
(symi
(symt
(symé

(mym

(symi
- HIS 101 €2 (sym)
- HIS 101 CE1 (symd
- BIS 101 CG (sym}

3

3

B2

.99

95

B T T T e

>

> >

>

» >

>



A
A
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symmd 3 =(x+1/2,-y
symmd 4 =(-x,y+1/2

KERE
aeom

s 1sc
A 20

Ase 2 oot
e 2 o0z

fafm MRS ES T

Atom
ASP 108 OD1
ASP 108 0D1
HIS 41 NE2
GLU 62 OE1
HIS 101 NE2
TYR 39 OH
SER 57 0G
SER 80 N

SER 80 0G

SER 15 06
SER 80 0G
TYR 78 OR
AsP 37 op2
ARG 75 NH2
ARG 75 NH1
SER 48 O

ASP 50 oDl
ALA 104 ©

114 o7

DI F il

Atom
cys 56
s¢
c
cB
c
cc
cc
o
0

o
op1
op1
op1
op1
op1
0p2
op2

asp

>
g

Atom
AsSP 108 CG
ASP 108 0D2
HIS 101 NEZ
TYR 39 OH

GLU 62 OE1
GLU 62 OE2
HIS 101 NE2
TYR 39 OH

ASP 108 cB

AsP 108 CG

GLU 62 CD
GLU 62 OE1
GLU 62 OE2
418 41 cE1
TYR 39 OB
ARG 85 NE
ARG 85 NHZ
GLU 62 CD
GLU 62 OE2
HIS 101 CE1
TYR 107 ©

TYR 107 €B
TYR 107 CD1
TYR 107 CD2
TYR 107 CE1
TYR 107 CE2
TYR 107 CG
YR 107 CZ

TYR 107 O

ASP 108 OD1

(symt
(symé
(symt
(symt
(symb
(symt
(symt
(symé
(symt
(symt
(symt
(symé
(sym#
(symt
(sym#
(symb
(symb
(symb
(symt

(symt
(symt
(symt
(sym#
(symt
(symt
(symt
(sym#
(symt
(symt
(symt
(symt
(symt
(symt
(symt
(symt
(symt
(symt
(symt
(symt
(symt
(symt
(symt
(symt
(symt
(sym$
(symt
{symé
(symt
(symi

Distance
3.20 A
3.09 A
2.96 A 4
2.80a
3.08A ¥
3.298 4
3.3 a
2.83 A
3.33 A
3.19 A
2.99 A
2.80 A
2.80 A
2.42 &
2.76 A
3.20 A
3.67 A
2.91 A
2.85 A

4 AT

Distance
353 A
3.92 4
3.65
3.78
3.69
4.00
.79
3.30
3.19
3.45
3.87
1.81
3.57
3.48
3.62
3.n
3.76
3.52
3.65
3.84
3.9¢
3.79
3.31
3.45
3.69
3.79

R T

oG

(symt 1)
(symt

(symé 3
(symé 3)
(symt 2)
(symé 2)
(symb 2)
(symt 2)
(symt 2)
(aymt 2)
symb 2)
(symt 2
(symt 2
(symb 2)
(symt 2)

(symt 2)

190
3.62
1,93
.98
86

93
61
37

T R T

%>




3.80
.65

2;
3

3

3
3.46
3

3.
5

O o T R i O O R P I

»

B R O S P I I I I U I i U G S i S

94

.69

> >

» >




- A
A - A
- A
22 & 5
a=139.814 b=36.584 c=36.754 - A
= 104.250 v
vt el e 3 S X
symmt 2 =(-x, y+1/2, -z) 3 :
KEHEE - A
Aton ¥ A
3N -GLY 330 (symb 2) 2.954 s .
5N - ASP 50 OD1 (symb 2) A i S
SN - ASP S0 002 (symt 2) A N X
280 - TYR 44 OB (sym# 2) 2.24 A z =
28 0D1 - GLN 42 ¥ (symt 2) 3.23 A 3
3o < EEE 95N (aymt2) 2.9 A 3 A
S50 - ASN 77 0D1 (symt 1) 3.26 A 5 3
57 0G - ASP 76 OD1 (symi 1) 3.24 A - 3
57 0G - ASP 76 D2 (symb 1) 2.94 A E i«
ASN 68 ND2 - 2AP 120 N7 (symb 2) 2.95 A 3 3
ASN 68 ND2 - TYR 107 0 (symb 2) 2,96 A 3 A
ASN 8 OD1 - 2AP 120 N6 (symb 2) 3.02 A - g
PRO 70 0 - TYR 107 OH (symt 2) 3.13 A i .
TYR 72 N - TYR 107 OF (symf 2) 2.89 A » 3
= A
GEABEEAES FHEO 4 AT > :
D5 e B 4 %
Atom Atom ¥ A
C¥s 1C - ASP 34 CB (symt 2) g A
CYs 10 -ASP 34CA (symb 2) X A
10 -AsP 38 CB (symt 2) 2 A
10 -ASP 340  (symt 2) = A
2c -GLY 330 (symd 2) % A
2CA - ASP 34 CA (symb 2) i A A
2cA - ASP 38 CB  (symb 2) S %
20A -GLY 33C  (symb 2) = A
2cA -GLY 330  (symb 2) ~ A
2C8 -GLY 330 (symb 2) . A
2N - ASP 34 CB (symb 2) = A
2 0Dl - ASP 38 CB (symb 2) - A
2001 - ASP 34 N (symb 2) i A
2001 -GLY 33C  (symb 2) i A
2001 - GLY 33 CA (symb 2) = A
20Dl - GLY 330 (symt 2) = A
3CA -GLY 330 (symt 2) = A
3c8 -GLY 330  (symt 2) 4 A
3C6l - GLY 330 (symt 2) X A w
4cC - asp 50 0D (symb 2) = A
4C - ASP 50 002 (symt 2) _ A
4CA - ASP 50CC (symb 2) % 4
4 CA - ASP 50 OD1 (symb 2) L A
4CA - ASP 50 0D2 (symb 2) 0 5
| 4CB - ASP 50 CC (symb 2) s »
4cB - ASP 50 0D2 (symb 2) = A
5CA - ASP 50 D2 (symb 2) > A
5CB - ASP 50 OD1 (symb 2) = A
5CB - ASP 50 OD2 (symb 2) - 7 A
5CG - ASP 50 OD1 (symé 2) 2 A
5N - ASP 50 CG (symb 2) s A
6N - ASP 50 002 (symb 2) : A
12 0D1 - 2AP 120 C5' (sym$ 2) 2 9
13CB - TYR 78 CEZ (symb 2) = A
13 CG1 - TYR 78 CD2 (sym# 2) 5 A
13 CG1 - TYR 78 CE2 (sym# 2) = i




A

A

A

a

A

A

A

a

A

ce2 a
s a
ce a
cs a
A

cc A
X

0 A
o A
cs A
cs Y
< A
A

A

A

A

c .99 A
o - 3.73 2
o - 3.68 A
c - 3.54 A
98 A

31.69 A

1.44 8

3.91 A

3.50

w3




VIIELEE R

P2

a=1395.99 &,

A 124.125
symad 1 =( %, v, 2)
symmé 2 =(-x, y+1/2, -z)
IKFEREE
Atom
- cuy 42 mEL (symb
- ARG 35 CZ  (aymt
- ARG 35 N (symt
ASP 2 OD1 - ARG 35 NH2 (symb
ASN 16 ND2 - ASN 91 D1 (symt
ASP 17 ODI - ASN 91 ND2 (sym
N 24 NEZ - ASP 4S N (symt
GIN 24 OE1 - ASP 450 (symt
ASP 28 ODL - ARG 75 NHL (symé
GL¥ 428 - GLU 9¢ OE1 (sym
GLN 42 OEL - PHE 95 B  (syn
LN 420 - GLU 94 OB2 (sym
TYR 440N - GLY 930  (symd
ASP 45 OD1 - ASP 76 OD1 (symé
ASP 45 OD1 - ASP 76 D2 (symé
TYR 67 O =~ TYR 107 OH (symt
ASN §8 ND2 - ASP 108 OD1 (symt
rEaRABHEE A T
D5 R
acom
- GLN 42 OE1 (symé
- GLN 42 CD (symb
- GLN 42 OE1 (symé
- ARG 35 C2  (symt
- ARG 35 WHI (symb
- ARG 35 NE  (sym
- ARG 35Cz  (symb
- ARG 35 WHL (symb
- GLN 42 CG (sym#
- TYR 44 on  (syms
- GLN 420D (symt
-~ GIN 42 OFL (sym
T
S YR 78 D2 (symt
- TR T8 cB  (symb
- 78 CB  (symé
- TYR 78 D1 (symt
Ctvm 18 Co2 (syms
- TYR 78 cel (symt
CTvm 78 co (aymt
3 78 cz (symé
. (symt
S TvR 78 cE2 (symt
~s=R 80 cn  (symt
- TYR 78 CE2 (symé
~TyR 78 B2 (symt
~sEm 80 cB  (symt
- ASN 91CG  (symt
- ASN 91 ND2 (symé
CPRo 59 CG  (sym
- PRO 59 CD  (sym#
~7R0 59 CD  (sym
oo

38.41 4
2) 2.63 A
2) 2.80 A
2) 2.38 A
2) 3.10 A
2) 2.94a
2) 3144
2) 2.84 A
2) 2.95 A
2) 3.2zt a
2 2.39a
2) 2.89 A
2) 2.64 A
2) 3.39 A
1) 2.60 A
1 3144
2) 2.55 A
2) 2.90A
D 4 ALLF
Distance
2) 3.69 A
2) 3.73 A
2) 3894
2) 3594
2) 3.31 A
2) a.654
2) 3.96 A
2) 3.56A
2) 1.91a
2) 3.99a
2) 3934
2) 3.96A
2) 3764
2) 3954
2) 3.96 A
2) .68 A
2) 3.43 4
2) 77a
2) 3.83a
2) 3344
2) 3.64 A
2) 3.49 A
2) .8
2) 3954
2) 3994
2) 3764
2) A
2) A
2) a
2) A
2 a
2) A
2) A

59 o8
59 cc
9 cA
9 c8
59 CA
59 ca

(symé 2
(sym# 2
(symt 2
(syms 2
(sym# 2
(symt 2
(symt 2)
(aymb 2)
(sym$ 2)
(symt 2)
(sym# 2)
(sym# 2)
(symd 2)
(sym# 2)
(symt 2)
(sym# 2)

(syms 2)
(sym# 2)
(symt 2)
(symt 2)
(sym# 2)
(symt 2)
(symt 2)
(symd 2)
(syms 2)
(symb 2)
[symd 2)
(aymi 2)
tsyms 2)
(syms 2)
symb 2)

(sym#
(sym# 1)

(symt
(symt

(symt
(syms

A R T T YT T
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> >
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