UARX 7 L7 —BOHEE L HEEIC
ESlE RRAY DI



Zh
3]=]

A L TIELLT OlgEEZ F iz,

CAS conserved active site

CD circular dichroism

CM-cys carboxymethylation-cysteine

CPP cell-penetrating peptide

DEPC Diethylpyrocarbonate

DTT dithiothreitol

EDTA ethylenediaminetetraacetic acid

FPLC Fast Protein Liquid Chromatography
HPLC High Performance Liquid Chromatography
IC50 50 % inhibitory concentration

IPTG isopropyl B-D-1-thiogalactopyranoside
PI Phenyl Isothiocyanate

PITC Phenyl Isothiocyanate

RCM reduced carboxymethylation

RNase ribonuclease

SDS sodium dodecyl sulfate

SDS-PAGE sodium dodecyl sulfate-polyacrylamide gel electrophoresis
TB Terrific Broth

TEMED tetramethylethylenediamine

TFA Trifluoroacetic Acid

Tris tris (hydroxymethyl) aminomethane

Flo, REwCTIET X /BRE A 1 CFRE T 133 F R A TR L. BRIAE T
T BT I BEFREA 3 SRR H AR 5 C Asn23 D L D ITREL LT,



F13E Xbt T (Asterias amurensis) H1 RNase T2 7 7 XV —[#%3% RNase Aa D

FEILE —UAEIE DTRTE oottt

B LET TZ U UT et
2B FEBRITIE oo
B 3 B T oo 13
3-1. RNase Aa DFERE oo 13
3-2. RNASe Aa DFETEE oottt 21
3-3. RNase Aa DE L FETIEIC K 2 —URBEE DIRTE oo 24
3-4. RNase Aa @ cDNA HEIEFLFIDTRTE ooooivieeieieeeeeee e 26
3-5. T AR ¢ BERLER oo 28
3-6. RNase T2 7 7 3 U —EEHE D51 HEAL DO R DVERL oo, 29
B BB L oo 30
B S HIT ZIME o 34

b ST 2 HEFEENHIE I OBRET e 36
BT ET TE U IDUT sttt 36
B 2HT FEBRITTE oottt 37
B 3 HIT I oo 43

3-1. RNase Pol @ cDNA HEEFCTIDIRIE ..o 43

3-2. RNase Pol OFBLRDOMEGL EHERL e 44

3-3. RNase Pol & RNase T1 OFEBERFPED LI oo, 45

3-4. RNase Pol Ot MEIFHINEIZ 632 HEFEINHIVEH OFERS s 47

3-5. AF AL (Hoechst 33342) HEF i s 49

3-6. RNase Pol ™ HL-60 FAEIZKT 2D T R b= ZADFEET oo, 50



B A BT B ettt ettt ettt 52

B S BIT  ZIME e 55
% 3 % RNase Pol O X 5SS ARHNT & ZZTEPEDIRET oo, 57
g 20 I T = G U5 OO OO 57
2B FEBRITIE oo 58
B 3 B T oo 61
3-1. RNase Pol OFEHL « FETAL « BEEEIRIE oo 61

3-2. RNase Pol D NTARIEIE ..ot 62

3-3. HL-60 ffENIZE A 417z RNase Pol @ RNA S fEETEDHIE oo 66

3-4. MFGEIERMEAT T R & H T2 HL-60 #ifid~0 RNase DEA .o, 66

BT A T B B2 e 67
B S BT /I oot 72
et 74
JEZERRSEU A B et 77
T et 78



Frim

RNAZ T DR IIBFEX 7 LT —ER U RX 7 LT —ERERA R D03 H Y
I DEESE T Do R SCTHRNADIIAERA T2 &0 5 Bl b SOGKRFHZ2' 3
YA 7V 7 EBEEKT D (Fig. 1) . WbhWHHEDY ARX 7 LT —E (ribonuclease ;
RNase) Zxfgee Loz,

Z DFEDRNaselIRNAD R AR VT AT VA Z MAKSIEL TR 7 LATF N il
BT A ROG A M 2B%R T, 2L AETXToEM, Y, MAEMITHFEL TV,
L2rL. 2 HRNase DAEFEENZ OV T E L+ I I TV D LTz 720,
Z D F A 7 DRNase TRER 2N H SR ORNase A VATHLSE WS TN D Z
LD, HARLHEILER CThH Lt SN T&E e, Ly LS, JUERFEH LR
onconase > VI i £ AEH % Ff-Dangiogenin ¥, FE# O B ZAFIEMER T D00 EWE
colicin E5 972 K723, W iU b RNaselifith 2 A L —kE LORET V—RNEmn 2 L b,
ZOABYERNER S TE Y | FRCHUEGEIZ DWW TOMIER AT TV D,

RNaseld < O HROME, BEREFARIEEOREN L3 >DO 2 A4 TSN TVD

(Table 1)

H—DXA 7L, T REIBKDafiZ CTE ) I VU UHREARNTHY . B b AT
2\ D @EFHEBIAFIE L T D, REMZR S DL L TRBROARENRH Kk DORNase
AVRBHIT HAL, RNase A7 7 2 U — LRI TV D, RNase AIZ DV TIIHEIE & IS
HEZOWTEHMICHRET STV DY | A — s | XEAE s S AT 12 K 5 =Rk,
NMRIZ K D X7 VAT B & OHAEIER, {EVEICBEE-9 % B REA D pKa% 35 Al ARG S
NTEY | MG ED e ATF DU, 1RO ) D UEENEREBE LT
EEBEZBN TS, RNase A7 7 I U —BEEOPITITPUEBEH 2 A+ 5RNased v <
ONRE SN TN D, ZThbid, JUEBIEM ZA S 72\ RNase A & [RIEROTEVEMBAS &
EHELTVD ZED b, FUEGEMR & & ORIEIZ DN TN D9 DM RGBT
BY . FHERTZEMEIZEZ D BDORRE,

B_DXA 7L, o E1 KDafitg T/ 7 = R RIS 5 WVITEETH Y |
W, BEREREOTEEMIAAEL TV D, KW H D L L Taspergillus oryzaed> 515
HAU7-RNase T19723% ¥ . RNase T1 7 7 I U — L BRI TV D, ZOMIZ, HEEHEMK
DRNase Ms (dspergillus saitoi) ", RNase Ul (Ustilago sphaerogena) 'V, H#EE H D
RNase St (Streptomyces erythreus) 272 EOWEEN&H 5D, RNase T1'P, RNase Ms '+ 19,
RNase St PZE 2D\ T b — A IE & XHRAE ST IC L 5 0 ERH i & T
Wb, ZOXA TOIEEHRICEEST 57 I VBRI E LTI ATF U UM, 71X
IVEEBIOT A= AR LN TED | RNase A V& 3H R S 72 OTEMEF G
EHERL LTV D,

BEDXA L BN 24-40kDa THEESERFRITH Y | WHT 7 = ViR 8
SERCIERES 2 b DL < FHEEM D B FRES K OUFRE A £ CIHRH I L HE P



DEBINEHFLITND, ZO—FHTEORENRH D L LT Adoryzae © RNase T2 19
WHIF B, RNase T2 77 I U —&FHINTWD, Zofth T2 77 I U—ERE LT
A.saitoi ® RNase M 7, Rhizopus niveus 7 RNase Rh'®. Lentinus edodes ™ RNase Le2 ',
Physarum polycephalum @ RNase Phy b 20, K55 D RNase EC12V, fE#HIKD & D Tl
=57V (Momordica charantia) ® RNase MC122<° b~ |k (Lycopersicon esculentum) O
RNase LE ®)72 & O —KIEENEII STV 2D, E£72, RNase [EMEEZH T 5T AR T
Ft7p EORE O B ZAMETER - YO — ARSI ST %, I H K O RNase &
L CiE~ A% (Crussostrea gigus) @ RNase Oy . 'z 7 3 7 \x (Drosophila
melanogaster) @ RNase Dm?>), 7 I Ui 3k @ BSP-12972 & O —RAEE SR E STV
%, A.oryzae @ RNase T2 27, A.saitoi ® RNase M ', R.niveus @ RNase Rh 272 L {Z->u»

TR 72 E 2 < OB T TN D, ZDX A T DOEEET X Mk s
FEHT 23T TN D DL RNase Rh 28, = w7 U @ RNase MC1 ?), h~ k@ RNase LE
OC JEHEHFLICEET 27 I VBBE L T3REO L RATF U E1EREDITINVE I VR
DG LTWADZ ERREINTND,

AR OMEY | HF—DX A 7D RNase A 7 7 I U =00 /)L EOEEFHEEM) D I
MORFLIL, H DX AT D RNase T 77 I U —[THEB L OMEOAL /55T
WDHDIZKI L, BE=ZDF AT D RNase T2 7 7 Y —ZEALS AR/ TN D,
Z® RNase T2 7 7 X U —[ERICOWTIEZ OAEBEMLAERN TOEENZ SV T OHF
ZElE, O B ZATIEMER T Y2V TIIZE A EEA T2, B oioind
RNase T2 7 7 X U —[EE DO HIZI1EL A =)V (Rana catesbeiana) 3V<°A 77 (Todarodes pacificus)
P72 £ D RNase ([ZHR 54D K5I N Kl F 7213 C RO L — 7 Frad sy Y]
Wrz P CTW DRI B0 | ZHUFEECREAEDR RO S OIZITR ONRWEEE 72>
TW5b, £ZTH | BECIHHBENFHEBIMIE VKBS CHLX e b7 (4sterias
amurensis) 7)>5 RNase Z HLfff, ff L, ZO—HEEZHAOLNITTH L L BT, TTI2
—URAEEDVHIBI LTV RNase T2 7 7 X U —BE5E & & 6120 T (Lo R O /Fi 2
R N

—J7. RNase Tl 7 7 X U —##(X, RNase A 77 I U —, RNase T2 7 7 X U —[#&
IZEERTHE N D7 < ABEHEICOWTOREBIZEALEINTE ST, Aspergillus
giganteus DFEAET 5 a-sarcin 339 O LI RV R EXT L OHRTHD, FxliTBEMAF
ad1D>CThsbe 7% (Pleurotus ostreatus) 75, RNase Tl 7 7 I U —f#E Th H )
BEAF D RNase &£ 0 & EVZEM 27 RNase (RNase Pol) % RU\ZL72, Z® RNase
I3 RNase T1 & [FAERICy T 875 10 kDa &/h & < — kK& E 40%DRERn Y —2HF LT
WO, BEFFDIF L AED RNase T1 7 7 I U —BER NS E A 2 pH 4.5 14301 & 53R
AT HDITx LT, 2 RNase Pol [$% 8 A 2958 MO pH 9.0 ITH L T,
ZHUE RNase A 7 7 X U —OHUEEME RNase 2N FFOEE R, 0 FEOBN - ZENE &
FIROME TH S Z L2025, RNase Pol MU Z "9 Z L3 if S Dd, 122D



f S8 D = RS 2 AT L CHUBIEM: 2 7R S 720 RNase T1 O = k& D L g9 5 2 &
T, g LSS OFEAHER TE D LB X7, £ 2T, % 2 FE TlE, RNase Pol
OHIERSEIEIZOWT B MEEHIEZ - THRFT L., % 3 2Tl RNase Pol @ X fjis

I HEXERRAT 24T\ ) RNase T1 0 “WkHxs 39 L boiis U, # Offis & 22t & o Bhd & it
L7z,

0=P-0"
0
CH, 0 B
—
0
0
HOCH,_ ¢ B
F——
(I) OH
0=P-0"
0
CH, 0B CH, : 0 : B
0 OH 0 0
0=P-0" p7
(I) Oé \0_
|
<|3Hz HO(I:H2
Fig. 1  Mode of action of ribonuclease
Table 1 Classification of ribonucleases
I ¥R Sy e | i pH | FEEA FE R B Faxiil
A 13kD 7.5 9.0 i FHEEN Y
a . .
Yo R A
Tl 11kD 75 4.5 i AR, HEE
a . . TN NN
Yo Y
24-40 FHEENY), HEW,
T2 5.0 4.5 WIS IERR B e
kDa EAH, A




A5

F1E Xt bF (Asterias amurensis) H3¥ RNase T2 7 7 I U —F%58 RNase Aa D
B E —RIBEDRE

FE1H 1IUBIC

RNase T2 7 7 I U —B%3%13, RNA 2RI oM L, 55 24-40 kDa TH
D IEHEEMW), MY, EER X OREEAEM R EIR AR BRELBI TS, RNase A 7
7 XU BRSO, MW, BEAREDOTEEMNPODOAGFELA TS RNase TI 77 I VU
—ER LT | EYOEMMERH LRI B2 R L TVWD EEZX BN D,

RNase T27 7 I U —B#R 138D DCysfk LA AL CHY, 7E/ AW (Rhizopus
niveus) ORNase Rh3®, =747 U (Momordica charantia) ®RNase MC1 339 k< |

(Lycopersicon esculentum) (>RNase LE 300 X S SR 2> 5, IEMEH O IX37%
EOCAF VU 1REOTNEZ I VBB L TWD EBZ BN, IEETOHEET
22D CAS (Conserved active site) B THERL S 41U TH 0 S EFERIGALIZ2- > DIk (B,
B2%A b)) Mo TS I ENREINTND 13490,

;543 547 RNase T27 7 X U —BEFR 13V =/ (Rana catesbeiana) @ RNase
RCL23VS°A 71 (Todarodes pacificus) ®RNase Tp*2IZ B 5105 K 9 IINKm F 721X CEK
BONFT D7 FIREIE 232 1T T A HINE < ZHUTEESRAEEDH RO S DI
FRLNRWEE L 7> T D,

Xt N7 (Asterias amurensis) [FIREENWMO1FE T, 5ODIR UAEENBEHRIZO DS
T FERR & FEX N D IMER R ERE R LTV D 03, TRREFEIICIZFHEBN ) & [RIAR IS8T D

(#%0) BMIHEIN TS, 72188 IDNAIZ L 2 I W CHHHEEM &M U
TN—TIZBNIVTNDH, b b EOFHEENY &l B O BIRIZARTZHTRE TlEZe v,

ARETIEFE T OEFHEBNORNase T2 7 7 2 U —EER 2 B, L, To—KkiE
WEBLNZT DL LB T TIC—KIBEN LTV ET27 7 I U —BE L & BT
53 F-HEAL D Rt OVER A2 7l 2 72



E2fi EBRFHIE
1.
[BER DRG]

Ko na~ 777 4 —HIKIL, Sephadex G-50, Heparin-Sepharose CL-6B, 2',5'-ADP-
Agarose, Fast Protein Liquid Chromatography (FPLC) (ZfH L7z Superdex ™75 77 7 A%
Cytiva (HUF) O #LY, % DEAE-Cellulofine A-200 X INCHY (Bx%) D Hlf, % | SP-Toyopearl
650M. DEAE-Toyopearl 650M, HPLC (2 7= Tsk gel G2000SW 4 7 AL H Y —H) (R
) OHL % | High Performance Liquid Chromatography (HPLC) (Z V7= Shodex PROTEIN
KW-802.5 [ZHEFIE THN CRR) Oz Lz, S Lz n —2AF 22—
7 36/32 [T HULIHE AR (R0 o 2 L7z,

KhTLra~v  NTT77 4 —OfEKRE L THWERFEB LMY At Faf A
FINT I ) AKX (Tris (hydroxymethyl) amino-methane ; Tris) [3& 1= 7 ¢ /L AFIYEHEZE
B (KBR) OFpfkaiH L7, $£7- HPLC, FPLC OFEfEKRE L THWZ 30% MY A F
T X UBIRITE L7 4 v DFEREEER (ORIR) b D& L7z,

(% TR DO JE ]

FEEE LU THWERNATELAN T A 794 = A (R @ Yeast RNA ZffiH L7=,
Macfadyen 33E (0.25%EFiE Y 7 =L &2 5T, 0.25% bV 7 v a BEFREAIR) DI VT2 R
e 7 =B FRIL R CGRR) . MY 7 e oFfRIEE L7 ¢ L AF0EMBER (ORFR)
DAEFRZER LT,

[RT U ARET N O AR 727 VAT I RTVESIKE]

RTFREET NV O LR 727 U7 I R VESKUKE) (Sodium Dodecyl Sulfate-
Polyacrylamide gel electrophoresis ; SDS-PAGE) (Z W7z i fifilg 7 > & =7 &, N-N-N'-N'-
T R AFNLE=F L U7 I (NN,N N -Tetramethylethylene-Diamine ; TEMED) , 7 7
UNAT I RIEELT 4V 2FOEMBER (KBR) OESKEIHAZMH L7z, N-N-2F L
EATZINT I RETHTAT A7 GUER) OBEKKEA 2N Lic, 7 2o
fz7 ~ U 7 A (Sodium Dodecyl Sulfate ; SDS) 138 -7 ¢ /L AFIFERMZERY (KPR) D4
PR EER Lz, Tris B8RO0 U & UATE L7 4 L LFDGHISER ORIR) DiRSERHR
AR Lz, R~y — =34 ) = ZOVERRE T GRE) O MW-MARKER % fff
M LT, YT a ZE- A AW ORR) OESUKENT 2D-gRG4@EE - T2 v
Too AB =), A VTN —UTELT 4V DFOCHEREN CRPR) DRSS A ff
MLz,



[— K IE DR E ]

B VAR F T AF AL (reduced carboxymethylation ; RCM k) “2IZ VN2 Tris, =
F Lo U7 2 U UEERE  (ethylenediaminetetraacetic acid ; EDTA), & / = — REER LY
UFA b A b=/ (dithiothreitol ; DTT) 1FHE £ 7 « /L AFGHIZEM (KPk) Di%E%s
Wa ., 77 =D U SEBEILRE O AR A L,

&R E DML D4y EEZ V= Capeell Pak C-18 7 7 AR KPR Y — % (KBR)
DR AEH Lz, 7' b= FUVIZBEERIET G ok u~ 777 4 —H
A U7z, Achromobater Lyticus HR DV 2 vt RXTF X —BILE L7 4 L AF0
FISEMR (KPR) oA LA E#EH LT,

[Ty T 7]

Ty T 4 U TIHEH LT Tris, A4/ —/VTE L7 4 L AFDEHERR (CRPR) O
RN A, 6-7 X ~FH UIFBAR T GO ORSERRAEH LTz, v v—
Yeta | W 7~ —7 Y U7 7 L—G-25 13X MERCK KGaA (Darmstadt, Germany)
DHLDE, AX ) —)v, BERIZE 7 ¢ /v LTSRN (RBR) ORIEERR & H L=,

[ R~ orfig]

TarA =P —IEA LI b D 7oA e R (Trifluoroacetic Acid ; TFA)
T8 7 oV SRS (KRB o7 X MRS Z . A % — WX B
() Ok a~ vN7F7 4 —H%E, ZOMOREIV—F7 4 vy —HP AT
T4 74 7® () @ Procise Protein Sequencing kit ZfFH L7z, ~<X7'F KO,
JAEIZ HIVN 72 Pro Sorb ™ 3 PERKIN ELMER #: (MA, USA) @& D& L7z,

(7 2 Wt ]

T BN LA Y F AT T U7 = =/ (Phenyl Isothiocyanate ; PITC) (%
BT 4V AT ORB) o7 X VoA, P =FAT Iy Eas sH
AR, BEEE) NV U A FERRIZFEIEO T X BEBI AT A, oM HERIEFfh o2 &
SHTHZEMER Uiz, 7 X IBIEERIIROFEE A A4 - 7 7 A AWF5EET ()11 o
sz i L7z, PicoTag™ & 7 & (0.4x150mm) X HARD #—% — X (FHR) OH,
2R LT,

[DNA IS DR E ]
AHIEDOFHRUZ T Tris 138 L7 4 L ZFOEMEER ORFR) oA FRHEZMHH LT,
Wil o E, EDTA « 2Na (LRI OREREH 2 6 H L 7=,



B %L V7= Tryptone Peptone, Bact Yeast Extract, Bacto Agar |& Difco £ (NJ,
USA) ObH D&M L7-, ampicillin 1% Meiji Seika 7 7 /L~ GER) ObLOEFEHL
7

2. BEFR ORI

FRCWr 0 072\ W RY | RERLEFE T 4 °CTIT o 72,

FEVTA XL, W EARREHEEETT GRR) AMI0 ATV T A P—%HH Lz, =i
Oy BERR I, AR ERUERT () KR-2000 & B H SZ8LEFT (Bs0) himac CR21 % i
L7z, mliRiEr v~ 777 4 —1XWRESHRERT OX#F) @ HPLC 6A ZfEH L7=,

3. BURVEDER
Z N7 B OERIT 280 nm (21T D WIEEE (A280 nm) OREIZ L VIToTo, KR
L 72 RNase Aa D ¥ /37 EH 513280 nm (23T DWIEEEN 2.33 % 5- 2 DR % 1 mg/mL
(0.1%) ¥R E L CHR L7z,

4. BERIEMEORIE

BEZTEME LA F O ETHIE Lz, 2.5 mg @ RNA Z&Te 1 mL 0.05M HERSFEE 1
mL % 37°CT 53T L, B (BRI 5-100 uL 2%, 37 °CT 5-30 Z5 M BUG
S¥ 5, ISHEIZ Macfadyen 53 4D 0.5 mL 202 TS ZEF1E L, 3,000 rpm T 5 57 fH
A%, BIEIR 0.3 mL % 2.0 mL ORFRKTAIR L. 260 nm DWW 4 JJ17E LI Al
R RNA &b Lo, BEREZ M a0k A2 25 BRiE & U7z, BERHEALE FRR&FT 5
IR as BIER O 11 # BRI O 260 nm (231 DWW IEHEA 1.0 N4 5 E %
| BEZHAL (unit) & L7,

5. SDS-PAGE #

ERIKEEEE L, 7 =0 GER) O =27 7 EKIKEEEZHH L1,

SDS-PAGE (% 12.5%DARV 77 VA7 I RFVEFEHA LTSV (99 ecm) &H729 15
mA DE A L CTHKEIZAT o 7o, WIEEOZEMIE 1% SDS. 10% 27 V& U a5
B R L WBIEAKIE TR T3 BV 2 Z L IT L VAT o7z, X U E OB
AT - S A ER) OBESIKENH 2D-RYaiREE - Mk v iTo72, - FEOH
ENIAERE X R L LTy FRE~—7— (12,400-74,000) ZAEH L7, EMEGRGIE,
Blank & Dk N X > TiT o7z, SDS-PAGE %7 /L% 6.25%A ¥ 7' 1 /X ) —)LH TR
EHLTSDS #BrELZDL, 0.01 M Tris $2EiK pH 7.5 TIEE 9 LTA Y 7 a/N /) —
NEFRE LT, 0.1 M ERERFEEK pH 5.0 THRE 9%, pH 5.0 DT 1 mg/mL @ RNA
ZIHEE L T37CT 1 RIS S ETH, 025% by A 207 —TH /LH @ RNA %
Yt | CiTo 72,



6. T pH

ZEil pH 2RKD 572912, pH 3.0-6.0 1% 0.1 M FEER#E@E . pH 6.0-8.0 (% 0.1 M Tris £
BRI 2, & pH @ 0.25%RNA AR 7 B & U CRIBIC X VEERISEZIE L, &
KIEMEZ R UTCTEYEE 2 100 & U CTHIRHEMEZ RO pHIZx L T7 7 v F LT,

7. TR

0.25% RNA (pH 5.0) ZFE & LT 20-80 COFKIBETS 7 LA v FaX—F L
7o BRI\ R 2 N 2 FAE eV EERTEEZ I E L. R KIEMEE S L2 iEME %
100% & U CHEIXHEM:Z R OIREICR LT ey M L7,
8. 2 fli4:E DR

EFE 2 MiaEA 4 BLOEDTA 2 1 mM &9 5 0.25% RNA (pH 5.0) ZFH8 L,
CAVTEER N2 FAEIC e > TEMZRE LTc, @RA 4 2z T/ & & O RNase
TEMEZ 100% & L CTH &~ OFEIXHEM: 2 R 7=,

9. RNA ORI FEH OE R GEE RN

025% RNA ZHH L L TINE 3T CTS T LA v FaXx—FLTOb, BEHEL
Mz 37°CTHRILZEIT o7, 3, 6. 9, 24 FFHRICOSIK Z BRI L, 7272512 Macfadyen
AREE ORI EERE, KB Ls, ZHhuE 3,000 rpm T 5 Syl oo L _ETE Ay B L
7oo ZAUZ 0.1 mol/LNaOH Z ANz CTHAI L, ot ekt s Lic, Z o0z, & 60
U 15%7 2 h=hrULEE&T 20 mM U U EEFEER (pH 5.0) TYffi{k L7z TSK-gel
CARBON 500 7 7 LMZWREAE SH, 50%7 & h=KULZ2ETr20mM U VU ERFEER (pH
5.0) L OWEFEARICEVEH L, 260 nm ([ZBT HWEE TR LTz, EHEWE L LT
& LT 50 ug/mL D, 2',3-cGMP, 2',3'-cAMP, 2'3-cUMP, 2'3'-cCMP. 3'-GMP, 3'-
AMP, 3-UMP, 3-CMP % v 7z,

10. FMRYE €M (circular dichroism ; CD) A-XZ KL 4

RNaseAa D CD A7 FUTHAARGIEH GRED) D J-600 A7 MART U A—H —
ZEA L, 25 °CTHIE L7z, 320 nm-250 nm D EHEFE1T 1 cm &L % 250 nm-200 nm D
B RIT 0.l om B VA Uiz, HIEICHEN L2 "7 EHIREIL 516 uM Th o 72,



1. —RIEDRE

LREITH LR T A F L (RCM k) ]

RNase Aa DiRICH /LR F 7 A F/UALIX Crestfield & D 5k I K 0V IT-o 72, alEl & o
X7 1mglZ 1.5 M Tris-HCl (pH8.5), 7M 7' 7 = g, 0.1 M EDTA, 40 mM DTT
ZNZx 45 0.8mL & L 37°CT 3 RffEliE o, 0.067 umol & / = — NEEEE 4 1 2 CHOL
TC 30 I US S ¥ TYT o 72, G, Superdex G-75 & FV 7= FPLC 77 /VEa&aIZ L 0
B F K ONB R ORI A PR\ =,

[V nnxy RRTFHZ—BIZ X B Hb]
Vi RRTFL—BIZLDHIZ0IM U AT L7 I 2 -HEEREER (pH 8.0)
HFCU Ny RTFH—F % 1:30012725 X D122 37°CT 4 BRI G S/ 7=,

[V nxy RTF X =BT T RO#MiFE HPLC (Z KL 5 57 E]
Uz RRTFEZ—EBHARTF RO HPLC (2 X 547 E X, Capeell Pak C18

#17 2A (10x250 mm) % U=,

Capcell Pak C18 1T 522U 40 mM kU A F LT X -FERAEEK (pH 8.0) T -y
fEL7=b 0% vz, WHIE, 0-70 43T 0-30%, 70-210 43 C 30-60%, 210-240 43 T 60-
80%. 240-250 43 T 80-100%7 & k= b U /L D& EEAJEL D St T1T - 7=, Fiid % 2 mL/min
T 1mL 3 2o%5H LT,

2. 7ayT g r

TRy T4 ET b= R I RTAKDORTA AT vy b VT T
Oy «PIE™ 77N hrl— S i ] L7,

EE 100V T 2 R EXKENIR ., FIEIC LR > T ey T 4 v T & {Tole, 7
By T 4 T HROBEOYREIZ T av— - 7T b - T —G250 Vs,

13. = F= o ofif

V=74 v =P AT 0707 I D 490 Procise Protein Sequencing
System @ Procise492 a7 A o — s oY —2 R LT, 77 —EBHEkIicE -
THEOLNTEXTTFT FE, BRI R~ 0 L CHE_TF RO7T 2 BESIZ R E LT,



14. 7 2 EEOHT

7 BT, BRY +—2 — XM (FR) D PicoTag™ 7 X/ W5 Hras 2 45 H
Lize 10pg DF R EEEA LT, 1% 7 =/ —/LZ&T 6 MHCI H1, 110°CT 22 I
MK Z3f# L. % D% Bidlingmeyer © @ Pico Tag ™ 7 X J B3 HT > AT L& W25
L ANV ToTe, 7=V F A I ANEA LT I BRIT 0.14 M BERRFEER (pH 6.4) :
T b=k U L=940 : 60 THi{l L7z PicoTag™ 5 7 & (0.4x150mm) % AV 7=34H
HPLC IZ X VA3 L . 60%7 & b=k U LIRIK & D concave & A)fd TIAH L7,

. BEDE R
HPEREO E&EIX 4M kU 7 v A aFEEEH T 100 °C. 4 BERNZK 3 #7412 Shimpack ISA-

07/S2506 71 7 L& HWT T 7=

16. RNase Aa % =— K9 % cDNA ¥ EAHIDORE

[RRIER L OG0 i 8 ]

HEEA OPE I VoS KO o EE (1L) 2L TSR T,
50xTAE : Tris 242 g, FEfE 57.1mL, EDTA - 2Na7.43 g
50xTBE : Tris 108 g, A U EE 55g EDTA + 2Na 7.43¢
LB &AL Ht : Tryptone Peptone 10 g, Bact Yeast Extract 5 g, NaCl 10 g
LB [&J 55 1 : Tryptone Peptone 10 g, Bact Yeast Extract 5 g, NaCl 10 g,

Bacto Agar 10 g
LA 55 A — 7 L—7 TEEARKIAE L7 LB EEE I, ampicillin
(100 pg/mL) ZEAN L TR L7,
2XYT {&ZKE5H# : Tryptone Peptone 16 g, Bact Yeast Extract 10 g, NaCl5 g
SOC k5 : Tryptone Peptone 20 g, Bact Yeast Extract 5 g, NaCl 0.5 g,
250 mM KCl1 10 mL
BE#ZIZ2mM MegClL (5mL) & 1M 7 FUB§|K (20mL) %
WL CRigE L7,

(AU FX 7 VAT NOH IR S]]

RNase Aa & 22— K95 cDNA O HAd%]1X RT-PCR ¥, 3’-RACE #£8 X ' 5°-RACE
HBICEOVIE L, R LAY IX 7 LAF ROES % Table 2 12777,

10



Table 2 PCR primers

Name Sequence (5°-3’)
AAP GGCCACGCGTCGACTAAGTACGGGIIGGIGGGIIG
Aa-79R CCCAAAAGCTATCATAGGTACTGCCTGA
HIK-18VN  ATGGTAGCCTGCGATTAGACTCTCACGATTTTTTTTTTTTTTTTTTVN

Aa-33F GAYTGGACNGTNCAYGGNACNTGGCC
Aa-84R TGYTTRTCCCAYTCRTGNGCCA

Aa-42F GACAAAGATTGGAACTGAAGGACCTACC
HIK-adl ATGGTAGCCTGAGATTAGACTCTCA
Aa-79F TCAGGCAGTACCTATGATAGCTTTTGGG

I:inosine; N:A,C,G,T; R:A,G; Y.CT; V:CG,T

[RNA O]

F b h 7D Total RNA (L TRIZOL ™ Reagent (h—F7 4 v ¥ ¥ —H AT T 4
T4y 7MW, B A LUTHH L, B L T—80 CITfRfF L7z & T K
0.1 g{Z TRIZOL ¥ 1 mL Z/NZ THL<HRE 5 L, HRLT 5 pM#HE L, Zhid
02mL O m kL Az 15 R L <IES 5 L. 15,000rpm C 15 43l Lz
5 0.5mL {2 0.5mL o Y 71 BT b3 —/b &2 A IR T 10 2y EHE S 72 1% 15,000
rpm T 10 53D Uiz, 15D ibila 75% =% 7 — /L Cllith, v=Fremi—
AR — b (Diethylpyrocarbonate ; DEPC) #LEE/K 10-20 uL TI&fE L, Total RNA {A#Z & L
7

[RT-PCR ]

5 5417z Total RNA % W Cfiis Gl 58 M-MuLV Reverse Transcriptase (2 X 5 ¢cDNA

ARSI & 4T > 72, Total RNA (1-5pg) (2 Oligo dT-Adaptor 77 1 ~— (HIK-18VN) %
AL 70°CT 2-10 73 A > F 2~— h L7, K LI 1 0 IFRE LTz, <=0 LTtk
f}J& @ RT buffer, dNTP, RNase inhibitor Z R0 L, Wi EREFRE (M-MuLV Reverse
Transcriptase) % 1 uL (§ 10 units) J12 T 37 °CT 1 KFf]is L 1st strand cDNA % &%
L7z,
B A 7z 1ststrand cDNA % VN C RNase Aa & 21— R9°% ¢cDNA O/ v —=> 7 %7
272, RT-PCR (2%, RNaseAa DT N~ U pfiRIZ K0 PRE L72H Bl SIS L7278 - TRk
FLIERAEREZEL 774 ~— (Aa-33F BL Aa-84R) ZfFH L. Tag N U X T —
BIXExTaq™ (#0731 A, WHE) ZHEH L7, AR L7 1st strand cDNA % #57H
(ZLC RT-PCR %1T~> 7=,
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[PCREMD TA 7 o —=>7]

PCR W% 1.2-14%7 7 a—A 7V CELIKEI L, HIY® DNA 280 LT The
GENECLEANII ®KIT (b b— A A% %0 HE) ZHVCHIH L, 7 n—=>
T %AT o7, cDNA D7 va—=7137 1 A J (BH) O pGEM®-T Easy Vector Systems
ZHWT, v~=a2 7 /MIiE-> T2 72,

[7'F A3 FOIEHR]

B L7 KIBE (Topl0) % X-gal ZBIK L7 LARGHUICTO 79—k L7 a iT &
WAZV—=7 1L, BIIOZ n— ik GieAVan =—% 2xYT IRIEETHUCBAE L C
—HpREE L. 77 A X ROFRIZIX Quantum Prep® (XA A4+ 7 v K 487 5 U — X,
WR) ZEHLT, ~=a27 Mit> TiTo 7,

[cDNA ¥ BB 51 D ff#fT ]
cDNA Hi}Ad]IL DNA > — 7 = — (dNA Analyzer GENE READ IR 4200, LI-COR
ff. NE. USA) ZHWTIRE LTz, 7V DERkIEL. PAGE-PLUS CONCENTRATE (= %
T NA KR, B, JRFE. APS, TEMED %\ CIT o 72, RAMER 7 7 A ~—1Z M13
Reverse IRD800, T7 Forward IRD800 2 T® T7 terminator (LI-COR #1:, NE. USA) % >,
7~V )in % Thermo Sequenase cycle sequencing 5 b (Cytiva, HR) ZFEHL Tv=
2 T I HE > THT 2 772,

[3’-RACE #£]

RT-PCR DfiEHrfE S & 0 P78 L7~ RNase Aa @ ¢cDNA DRSO %t 12 LT
Aa-42F 7T 4 ~—%it L, e T XS % —7F 4 ~— (HIK-adl) 2LV 3-RACE
ExAT o7z, #3517z PCR EMIZ DWW THIR O HET Y — 7 =0 Zfifffr 217V . RNase
Aa O 3R DO FRLE 2 PR TE LTz,

[5°-RACE %]

RNase Aa @ cDNA @ 5] Bt O IESIE 5'-RACE (B2 X W ikE L7z, 5-RACE %
IZ 5'-RACE System for Rapid Amplification of cDNA Ends,Version 2.0 (F—E7 4 v ¥ ¢ —
YA T4 74w 70, FJR) 2RV, v =27 V> T T, 774 ~—1E3-
RACE £ THE L7l A &2 & & IZ/ER L 7= Aa-79R ZfE ] L 7=, Ak L 7= st strand cDNA
D3RI =T AT A XTI VATV T AT 2T —F8 (TdT) AN TX
JVAFRERERY~v— dC RV~—) ZMLT o H—fyE L, 207 o h—
FCFNZARRIR 72 X 7 U AT RAR Y v —% 3RO T X T X —7 T 4 ~— (AAP) &
Aa-75R 77 A = —IZ LV PCR Z1T\ SO AL &2 i LTz,

12



BIE R
3-1. RNase Aa D¥5HIIE
[RNase Aa D]
MEEEFES v N7 O4 g 1 kg (REE) 2 HREEE U Chitlghhteg, s
B LA T Ly n~ N7 T 7 4 —&flAEE T RNase Aa 2R U7, #RGEDOH
W& % Fig. 2 12”7,

| Crude extract |

!
| Ammonium sulfate fractionation (0.4S-0.9S) |

!

Sephadex G-50 (4x180 cm)
0.01 M AcONa buffer pH 6.0

l

DEAE-cellulofine (4x30 cm)

0.01 M Tris-HCI buffer pH 7.5 0~0.5 M NaCl
l

SP-Toyopearl (1.5x20 cm) <1>

0.01 M AcONa buffer pH 4.5 0~0.6 M NaCl
l

DEAE-Toyopear 1 (1.5x40 cm) <1>

0.01 M Tris-HCI buffer pH 8.0 0~0.5 M NaCl
l

DEAE-Toyopear 1 (1.5x40 cm) <2>

0.01 M Tris-HCI buffer pH 8.0 0~0.5 M NaCl
l

SP-Toyopearl (1.5%30 cm) <2>

0.01 M AcONa buffer pH 4.5 0~0.3 M NaCl

l

Heparin-Sepharose (1.0x15 cm) <1>
0.01 M AcONa buffer pH 5.0 0~0.5 M NaCl

l
Heparin-Sepharose (1.0x15 cm) <2> &5y 11
0.01 M AcONa buffer pH 5.0 0~0.5 M NaCl
l
2, 5 -ADP-Agarose (0.5x5 cm)
0.01 M AcONa buffer pH 4.5
l

Shodex PROTEIN KW-802.5 (HPLC)
20 mM TMA buffer pH 6.0

Fig.2  Schematic diagram of purification of RNase Aa from the gonad of Asterias amurensis
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(1) b

Xt b7 OEEF 1 kg IS ED 0.25 mol/L-HoS0s Z#MZ THREV T A A LT, Z
DEE, BRE 3ENID T TRE DT A ZEAT o7z, REVTA X0KE LA S 10,000
pm T 1 T 721412 30 BB E H T D LW H A 7 vE 3RV L, Zh
Z 12,000 rpm C 30 S LAEEL, 357z i % pH 6.0 IC A bt CHUEMHR & L
7o FI2IELATBETH S ILES 300 g 122480 0.25 mol/L-H,SOs Z 2., FREER T
VFIA XL R b A TR E LT,

(2) WiZsrE (0.4S5-0.9S)

HHR 2K L7 S IA&IRIED 40%E0FN272 25 K 9 ICHiR T =7 L% 30
SYINT TN A, & 51T 30 4 Lz, 2% 12,000 rpm T 30 Sy LB L, £ o
FIEESELL 04S fiiZ & Uiz, 2O EJEICE HITHRERED 90%AFf1272 % L 9
IR T B =T L& 30 0T TINA, 4 °CT—Be T TIR#E L2, Zavg 12,000
rpm T 30 43RE LAy EE L . ILE A b B 0.01 M FERRFE &R pH6.0 ICIEfE L. “h i
0.9S iy & Lz,

(3) Sephadex G-50 7' /v7 a~ N7 57 4 —

0.9S Wiz E %, & O L 0.01 M FERRFEHE#E pH 6.0 T ¥ {fii{k. L 7= Sephadex G-50
A7 L (4x180cm) (ZIRANL . [RIFEENR Tl LT, BB AT -7, wHkIE 19 mL 3
DM LT, WS — % Fig. 312 d, pHS5.0 CRERIEMHAHE L., IEEEET D
7y (No.12-92) #4E6, Wik, HHRUKICx L CEIT 21T 72, LIk OWRME. BITIE
TRTCZOHFECE VT T,

Activity(units / mL)

0 20 40 60 80 100
Fraction No.

Fig.3  Sephadex G-50 gel chromatography (pH6.0) of RNase Aa purified from anmonium
sulfate fractionation (0.4S-0.9S).RNase Aa fractions (No.12-92) were pooled.
—— ; activity(pH 5.0)
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(4) DEAE-Cellulofine # 7 A7 v~ ~J'5 7 4—

Sephadex G-50 7' /v 7 v~ 77 7 ¢ — TG 54172 RNase Aa 53 %, & 57> T 0.01
M Tris #&{# % pH 7.5 TEfi{t. L 72~ DEAE-Cellulofine (4x30 cm) (ZWea5 &8, [FRFEEIR
& 0.5 M NaCl % & e [FHREEHR 2240 1 L ORI AR CHEE L 19 mL T4 L
Too 70~ NOWH/ANZ — % Fig. 4 IR T, BERTEMEZ AT 28 (No.14-68) %4k
D CHRME, BT LT,

2.5 6
L 5 —
£ 7] E
= F 4 —
® 15 1 @
< 3 5
5 1 ,E
5 =
o 05 - |, <

0 4 T T r T r T T T T 0

0 20 40 60 80 100
Fraction No.

Fig. 4 DEAE-Cellulofine column chromatography (pH 7.5) of RNase Aa purified on Sephadex
G-50 gel chromatography (pH 6.0).RNase Aa fractions (No.14-68) were pooled.
—O0— ; A280nm, —a— ; activity (pH 5.0)

(5) SP-Toyopearl # 7 LV a~ KT T 7 4—<1>

DEAE-Cellulofine Tf§ 54172 RNase Aa {53z, & 57> L 0.01 M FEERFEE K pH 4.5
T FHi{k L 7= SP-Toyopearl (1.5x20 cm) (W75 S, [AIFEEK & 0.6 M NaCl % & ¢ A]
MR Z A E4 0.5 L OEARE AR CHEM L 120 #3200 Lz, 7 v~ FOEHN
X — % Fig. 51O, BERIEMEEZ AT D (No.42-76) A4 ClfE, &M L7,

1.2

- 15
— 1 —
c . £
c
S 0.8 _ L 10 :;
® =
< 06 -
£ 1 =
s £
§ 0.4 L é
o N Q
0.2 <
0 0

O 20 40 60 80 100 120 140
Fraction No.
Fig. 5  SP-Toyopearl column chromatography (pH 4.5) <1> of RNase Aa purified on DEAE-

Cellulofine column chromatography (pH 7.5).RNase Aa fractions (No.42-76) were pooled.
—O— ;A280 nm, —&— ;activity (pH 5.0)
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(6) DEAE-Toyopearl # 7 L7~ 777 4 —<1>

SP-Toyopearl 77 7 L7 v~ F<1>TH#H 572 RNase Aa Hi53%, HH02U& 0.01 M
Tris #Z1E7f% pH 8.0 T Efr{k L 7= DEAE-Toyopearl (1.5x40 cm) (25 S8, (RSB &
0.5 M NaCl % &1 RFBEHKZ N 2h 0.4 L OEMIEE AR TIRE L 120 #@3Foom L
Too 70~ MO/ Z — % Fig. 6 IR T, BERTEEZ AT 287 (No.30-56) a4k
D TR, BT LT,

1.2 30
1 - 25 —
=
c 1 £
o . o
% 0.8 - 20 '*E
9 =
< 06 - - 15 5
= . =
[ | £
g 04 10 5

) Q
* 02 L 5 <
O hd T v T v T Ll T A T v T b T O
0 20 40 60 80 100 120 140
Fraction No.

Fig. 6 DEAE-Toyopearl column chromatography (pH 8.0) <1> of RNase Aa purified on SP-
Toyopearl column chromatography (pH 4.5) <1>.RNase Aa fractions (No0.30-56) were pooled.
—O— ; A280nm, —&— ; activity (pH 5.0)

(7) DEAE-Toyopearl 7 7 L7 v~ K757 4—<2>

DEAE-Toyopearl 77 7 7 v~ K <1>T#3+7- RNase Aa 53 %, & 572> LU 8 0.01 M Tris
FEMETiE pH 8.0 TE-AF{k L 7= DEAE-Toyopearl (1.5x40 cm) (ZWag S8, [RIFEEIK & 0.5
M NaCl % & o[ EIRZ A2 4L 0.75 L O ELHREEE A T H L 120 #3200 B Lz,
s u~ OB NS — % Fig 71T, BERIEMEZ pHS5.0 THIE L, L AT 200
57 (No.30-76) Z4E& THfE, &EHT L7z,

0.8 20

Protein(A280nm)
—
[eo]
Activity(units / mL)

0 20 40 60 80 100 120 140
Fraction No.
Fig.7 DEAE-Toyopearl column chromatography (pH 8.0) <2> of RNase Aa purified on

DEAE-Toyopearl column chromatography (pH 8.0) <1>.RNase Aa fractions (No.30-76) were
pooled. =O=— ; A280 nm, —&— ; activity (pH 5.0)
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(8) SP-Toyopearl # 7 L7 v~ 757 4—<2>

DEAE-Toyopearl 77 7 A7 v~ K <2>T157- RNase Aa Hj53 %, H O U 0.01 M B
FEAR TR pH 4.5 CF-Hi{k L 72 SP-Toyopearl (1.5x30cm) (2 SH, [FAFEEHR & 0.3 M
NaCl % & Le[FfEE RN Eh 0.75 L OERREARL TEH L 05T >ol Lz, 71
~ NOVEH /N H — 2 % Fig. 8 IZRT, BERIEMEAZ AT 55y (No.122-244) #EED TR
. AT L7,

Protein(A280nm)

Activity(units / mL)

0 50 100 150 200 250 300
Fraction No.

Fig. 8  SP-Toyopearl column chromatography (pH 4.5) <2> of RNase Aa purified on DEAE-
Toyopearl column chromatography (pH 8.0) <2>RNase Aa fractions (No.122-244) were pooled.
—O— ; A280nm, —&— ; activity (pH 5.0)

(9) Heparin-Sepharose CL-6B 7 7 4 =7 4 —27 u~ h 777 4 —<1>

SP-Toyopearl 7 7 A7 v~ K <2> T4/~ RNase Aa B0 %, H5 U8 0.01 M FEfR
FETERR pH 5.0 T-Hi{k L 7= Heparin-Sepharose (1.0x15cm) [ZWeas S8, [RIFEMER & 0.5
M NaCl % & T [AfEREE 2 Z 24 0.35 L O BRI QB T L 90 i 20 B L 7=,
s u~ OB ANE — % Fig 9 ITRT, BEREMELZ G T DH45313 2 DI TiE
SNz, Hi4r T (No.10-42), 4y 1T (No.43-108) & L ThllxI(ZHED, W5y 11X —20°C
THGRERAE Ly Bi5y O 23, & Lz, ZHLBEORRIIE S T2 AV TiT- 7,

20
0.5 -1
3 L 15 £
= 04 4 =
o
© z
o~ 0.3 A e
< - 10 5
= =
o 0.2 1 §
5 =
& -5 3T
0.1 1 L
G| BEH I
0 ———7— 77— 77 0
0 50 100 150
Fraction No.

Fig. 9  Heparine-Sepharose affinity chromatography (pH 5.0) <1> of RNase Aa prified on SP-
Toyopearl column chromatography (pH 4.5) <2>.RNase Aa- I fractions (No.10-42) were pooled.
And RNase Aa- II fractions(No.43-108) were pooled. =O=A280 nm, —#&— activity (pH 5.0)
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(10) Heparin-Sepharose CL-6B 7 7 4 =7 4 —27 a~ N/ 77 4 —<2>

Heparin-Sepharose < 1> C37-1EME % 7% RNase Aa [#]457 I % [F 54 T3 Heparin-
Sepharose CL-6B IC L 57 7 4 =T 41— u~ N7 7 4 —%4T7o7z, 7 ua~ hOEH
B — % Fig. 10 (239, BERIEMEZ pH 5.0 THIE L, &M% A9 2 E4> (No.50-104)
O Tta. BT L7,

0.3

0.25 A1

0.2 A

0.15 A

0.1

Protein(A280nm)
Activity(units / mL)

0.05 4

0 50 100 150
Fraction No.

Fig. 10 Heparine-Sepharose affinity chromatography (pH 5.0) <2> of RNase Aa purified on
Heparine-Sepharose affinity chromatography (pH 5.0) <1>.RNase Aa fractions (No.50-104) were
pooled. =O— ; A280 nm, —#&— ; activity (pH 5.0)

(11) 2,5 -ADP-agarose 7 7 4 =7 4 —2/ 0~ NI T 7 4 —

Heparin-Sepharose 77 L7 v~ h 757 1 —<2>Tf537- RNase Aa 3% H 60U
» 0.01 M FERSFEENR pH 4.5 CTYW-Ai{k L 7= 2°, 5’ -ADP-agarose (0.5x5cm) (2L, K
WA oy A 30 T O I LT, BERTEMEZ AT D5 (No.d-44) Z4E0 T, @&
L7z,

(12) Shodex PROTEIN KW-802.5 7 /7 v~ k2 Z 7 ¢+ — (HPLC)

2'5'-ADP-agarose 7 7 4 =7 4 — 7/ 0~ s T 7 4 —TH572 RNase Aa [E43% 1 mL LA
TICRDETERL, H50TH20mM kY A F LT 2 v -FEERFEER pH 6.0 T 1L
L 72 Shodex 7 7 MMZEIN LTz, —EIOTMEIX 200 uL, ik 0.5 mL/min TZ /L Al %
TV, 0.5mL T2 E L7-, KR % Fig 11 (2”7,

0.4

Protein(A280nm)
o o
n w

o
il

0 . ]
0 10 20

Time(min)
Fig. 11 Shodex gel chromatography of RNase Aa purified on 2°,5’ -ADP-agarose affinity
chromatography (pH 4.5). ; A280 nm

18



RNase Aa DFERLEFE TOER, FIEMZ Table3 127”77, F b M7 AR 1kg 20D
11 A7 v 7 &R THRARIIZ 0.9 mg @ RNase Aa 235540, IURIT 85% TH 7=, AB%
F 1mg Y720 O HIHYEIX 789 units/mg Th o7z,

Table 3 Purification of RNase Aa from starfish ovary (1 kg)

Total Total Specific

Steps activity Protein activity Yif d
(units) (mg)  (unit/mg) (%0)
Crude extract 8,310 5,670 1.5 100
Ammonium sulfate
fractionation (0.4S-0.9S) 6,700 4,140 1.6 81
Sephadex G-50 (pH 6.0) 2,110 836 2.5 25
DEAE-cellulofine (pH 7.5) 1,760 613 2.9 21
SP-Toyopearl (pH 4.5) <1> 1,950 123 16 23
DEAE-Toyopearl (pH 8.0) <1> 1,330 79 17 16
DEAE-Toyopearl (pH 8.0) <2> 1,940 49 40 23
SP-Toyopearl (pH 4.5) <2> 1,630 26 63 20
Heparin-Sepharose (pH 5.0) <2> 870 43 202 10
2’,5’-ADP-Agarose (pH 4.5) 730 1.1 664 8.7
Shodex Protein KW-802.5 710 0.9 789 8.5
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iR & o 35— ]
RNase Aa O RUE I DY) —1E % SDS-PAGE “IZ X 0 it L7z, % Fig. 12 12”7,

1 2 3
g g
744kDa
49.6 kDa
372kDa
— 31.4 kDa

248kDa

12.4 kDa

Fig. 12 SDS-PAGE of RNase Aa on slab gel
1. Standard protein (74.4 kDa, 49.6 kDa, 37.2 kDa, 24.8 kDa and 12.4 kDa)
2. Silver staining of purified RNase Aa
3. Activity staining of purified RNase Aa

RNase Aa % IR ITSA T C 12.5%%7 /L % VT SDS-PAGE?IZ X B ERIKEN 2170,
RYEIC LV 2 o NI EERH LT 2 A, B—DN REEKR LT (L—22), [
\Z SDS-PAGE 17> 7% /L% Blank & D FE T LD | pHS5.0 DS T RNA ZHE &
L CIEM YR EZIToTm L 2 A, BN REFKL (L—23), TOBEHE T L 8
JEOBEE L —K LI, 2O b, H5FLNTEEMIEKBINICE —TdH 5
Z Wy o Tz, RNase Aa D W T D 5pF 813 31,400 Th o7,

20



3-2. RNase Aa DFEMHE

[Z5 pH]

RNA %38 & LT pH OIEMEICE JITT 8% pH3.0-8.0 IZh7= W llE L7z, MRz
Fig. 13 |{Z7~K¥°, RNase Aa ® RNA 731G pH 5.0 THRIEMEZ 7~ L, pH 7.0 LA EF
KX pH4.0 L FClRIF & A ETEMEZ RS 2o T2,

100
80
60

20 |

Relative activity(%)

20 F

Fig. 13 Optimum pH of RNase Aa

The enzymatic activity was determined as described in the materials methods using RNA as a

substrate.The buffers(0.05 M) used were acetate buffer for pH 3.0-6.0,Tris-HCI buffer for pH 6.0-
8.0.

SR

RNA ZFH & U CIREOIEMIC I KITT 52584 20 °C-80 °CIZ 7= 0 JIE LTz, #hRk
% Fig. 14 |27~k 7, RNaseAa @ RNA 73 fRIEMEIL 50 °C TR KIEMEZ 7R L, 65°CLL BB X
W30 °CUL T TR E A ETEEEZ RS 2o T,

100

80

60

40

Relative activity ( %)

20

20 30 40 50 60 70 80

o

Temperature ( C)

Fig. 14 Optimum temperature of RNase Aa

The enzymatic activity was determined as described in the text using RNA as a substrate at pH
5.0.
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[2 i@ ic & % 8]

2 48 A A3 L OVEDTA ORI JIFTHEIZ OV TRFTT 5729012 RNA &
HEE L TELEE-IZEDTA 2 1 mM H7F T pHS5.0 DT T RNA st %
HIE LTz, FEF% Table 4 12”7,

RNase Aa I% Cu?>" TEEIFIHME 11% & i IR E A% 1), Zn?" TEHETEEZ =T 20
ZOMD 2 flidEA A TR E A CHELRECLZ T e hoTz, £7-, EDTA 234k
7 L CHIEMEIC BN R o 12 2 E N O AR IXGBEERE CIX W ER L E A

ST,

Table 4 Effect of divalent cations and EDTA on the enzymatic activity of RNase Aa

Metal Activity (%) Metal Activity (%)
None 100 Fe? 84
EDTA 94 Ni2+ 60
He® 94 Mg 99
Zn* 45 Cd* 78
Cu® 11 Sn?* 100
Ca” 96 Sr?* 100
Ba* 97 Pb* 86
[ o B

RNase Aa T RNA A f/K 53 U 72 R DTEAbA Rl % 8 RFA I TSK-gel CARBON-500
(4.6x10cm) % /= HPLC Tt L CL BT 2E / X7 LA F ROEREZIT 272,
fE % Fig. 15 1R T, ABEFEILRNA 250 LT 3-27 7 =/ (GMP), 3-7 5 =L
(AMP) . 3-7 U P/flE (UMP) DOJEIZ 3 FED 3-F / X7 L AT NE&EHE L7 [GMP=

AMP>UMP], %7z, 3= F VNEE (CMP) ([ZOWTIEIT & A EiliElE L 7> 7=,

[=a]
[=]

=
o

]
(o]

=}

Mono-nucleotide released pg / m )

30

Time (h)

Fig. 15 Base specifity of RNase Aa

Release of nucleotides after the digestion of RNA with RNase Aa. The hydrolysis and
separations conditions are described in the materials and methods, section ‘Base specificity and
amino acid sequence analysis’ O;AMP , e ; GMP, A ; UMP, A ; CMP
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[CD A7 Fu] #

RNase T2 77 I U —ICBT HBEREDFEE LT, MU N7 7 VEREDFEIZED
283 nm, 292 nm DKW R THNE—27 ZFF>D CD AT MAEHZ D2 ENHMBILT
Wb, £72, -V w7 AL BREERR EOHEIZ XL Y 200-230 nm LI —AESER R
EDOBDARY N 252 L LB O—>Th D, F 2 TABESE O &SRS 1T
LHIEMAEFFDHT-HIZ RNase Aa D 5.16 mM AR 2 VY, 200-250 nm DL Kkl L OY
250-320 nm O EWREFEBRIZI 1T S CD A7 FL% pH 6.0 DF&ET THIE L, EIER
H13k D RNase Phyb 20 & il U7=, #6558 % Fig. 16 (2”77,

1 1.5
. (A) (8) .
5 5
X 0 0 x
2 2
T .14 --15 T
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Wavelength(nm)

Fig. 16 CD spectra of RNase Aa and RNase Phyb?” at pH 5.0

(A) CD spectra in the short (200-250 nm) and (B) long (250-310 nm) wavelength regions. The
solid line shows the CD spectra of RNase Aa and the dashed line shows the CD spectra of RNase
Phyb. The experimental conditions are described in the text.

ARER IO T2 7 7 U —EE% & FFRIC 285 nm, 295 nm (2L %& &5, 275 nm, 291
nm, 30lnm [ZAZH DO T2 7 7 I U —ITRHBIR AT bV a2 7o, LTehs o TRRE
HRDOHATLHELET X ) BROSLARHIERETIIM O RNase T2 7 7 L U —R2 DL LR T
ThoHEHNIND, —J7, F 27 BEOBEEHEGEC RS 2 R R TIIARESR T o-
AU w7 2R B E ORI 23D 72 O ELIEREE SO RNase Phyb 202010y A2
7 MvE 5z T,

RNase Aa (% SDS-PAGE 7> B HEE L 7= 00T D4y 781349 31,400, %3 pH (£ 5.0 TH
5o TSy FE2-3 5. Ej#E pH 5.0-6.0 £V H RNase T2 7 7 2 U —#E DR M L —
L TW5, 7 RNA MUK SIZIB W CHERET 5E 7 X7 LA T RONEE 2 GMP
ZAMP>UMP LW HRERY, 7V UM Z/RT T2 77 2 U —BER O M E 57
%, —J. RNaseAa L T2 7 7 I U —IZHF#AY72 CD A7 Mvx b2 5, E>T, 4
Fl b b7 OFFEZEN DRERLL 72 RNase Aa IX RNase T2 7 7 2V —Z @ R0
MEHEEIL—HTHILENOTR 77 —BHETHDL LHEESINT,

23



3-3. RNase Aa DEBLFHFIEIC K 5 —KRIBEEDRE

RNase Aa #HEZ R~ L& Z A, 2 2® Minor KL% AIPDWDYLLF
VVQWPESF (Native RNase Aa-1). RTAYYEP (Native RNase Aa-3) & 1 ->® Major B4
GDQKCIIPSG (Native RNase Aa-2) 23 &7z (Fig. 17), % Z T Native RNase Aa |2
DUWTIEIL T T SDS-PAGE ZAT-o72k Z A, FHEIL T D/ FICHARTE S FRICHE
o Rz S 7z (Fig. 18) . & 72 Native RNase Aa & RCM {k Y L 72D % | Superdex
75HR % W72 FPLC T VA LT-E 2 A, D7e< &b 2 DD 4 (RCM-Aa-1, RCM-
Aa2) MEHEnsz (Fig 19), KHEZIZHOWTT 2 BBV ZIRELI-E 25, RCM-
Aa-1 |X Native RNase Aa-2 &, RCM-Aa-2 (% Native RNase Aa-3 & [f] UALYITH - 7= (Fig.
17), L722%- 7T, Native RNase Aa [THEEDR Y XTF RN VAL T ¢ REER THES
LTW5EEZLBND, RCM-Aa-1 liy %z S HIZY vbxmy RRTFHX—PTHLLT
& ZAHL1~L-6 D 6 DDNTF RGN0, ZO/LADT I/ RIS ZIE L
7= (Fig. 17), L-1, L-3, L4 X7F RO 7 I/ BEESIOHFIZIE T2 7 7 2 U —RNase 2%
il U TIRAFL TV D 2 DD CAS I - ODESNRFESNTE Y, HMEm»H b
RNase Aa 23 T2 7 7 X U —IZJ@ ¥ 5 2 LD NSO LT,

(RNase Aa No.) 1 10 20 30 4 CAS 50
RNase Oy KDWNYF TFAQQWP | AVC-AEHK-———————- SCFIPDSVVGWGIHGLWPSSDTESKGPENCNGSWPFDINNVMPL
RNase Aa AIPDWDYLLFVVQWPESFXLYYXASRSTN GDQKXIIPSGVRDWTVHGTW

Native RNase Aa-1(Minor) Native RNase Aa-2 (Major)

& RCM-RNase Aa-1

CIIPSGVRDWTVHGTWPTK
L-1 IGTEGPTNCSN
L-2
90 CAS 100 110 120 130 140 150
Oy VPELKKYWPNLYPDTKANSFWEHEWSKHGTCATSLPATSNELKYFGMGLKLHAKYN ISRILVNQGILPSKTAGYMINETEAAVK
Aa AWPDLLSGSTYDSFWAHEWDK

L-3 HGTCASSLPALYGEHNYFGSTLK
L-4
160 170 180 190 200 210 220 3
Oy RELGVDAIECVYDK-—-E-KTKKQLLYE ISICLTKEFEL | SCNK-—-K-———- EVSETTCPRKEPFFYPPVHDNN
Aa AGAGGMPDLTCYQK RTAYYEPCSSKVP IMLPPITA
L-5 NLHDGSGIQQYLAEVRLCIDK Native RNase Aa-3 (Minor)
L-6 & RCM-RNase Aa-2

Fig. 17 Partial Amino Acid Sequence of RNase Aa from Asterias amurensis
Partial amino acid sequence of RNase Aa are arranged according to amino acid sequence of RNase
Oy 2.
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74.4 kDa
49.6 kDa
37.2 kDa

24.8 kDa

12.4 kDa

Fig. 18 SDS-PAGE on slab gel of RNase Aa
1. Standard protein (74.4 kDa, 49.6 kDa, 37.2 kDa, 24.8 kDa and 12.4 kDa)
2. Silver staining of purified RNase Aa
3. Silver staining of purified RNase Aa treated with mercaptoethanol

0.3

RCM-Aa-1

0.25 4
g 0.2
=)
8
< 0.15 A RCM-Aa-2
[
§
S 0.1
o

0.05 A ‘

0 +——""""¥ o
0 5 10 15 20 25
Fraction No.

Fig. 19 Gel filtration on Superdex 75 10/30 column of reduced and S-carboxymethylated RNase
Aa. =O=— ;A280 nm

RS OIEN VW ENLEAEFHTFETE LN —RIEEIZ OV TO A
Il EThoTz, £ TR —IREBEZIRET H7-DIZ. RNase Aa D cDNA %5k L
ZDOWERYNERET H T EICE VRO T I BEAVCET 2G5 &
E L7,
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3-4. RNase Aa ® cDNA ¥ EAEF DOPE

E AL FIEIC L > THE LN RNase Aa DS EHZ HICIREEL 7T 4 ~—
(Aa-33F B LUV Aa-84R) #iXil L RT-PCR #1T- 7. 3-RACE {£¥ L O 5-RACE £
EATol=, ZOWIERS LY a— K957 2 A2 H#EE L 7= (LC034810 ; Fig. 20)

FGCGAGGCGTCGACTAGTACGGGGGGGGGGGGGGGGAGTGCGACACAATTCACAACAACAAAAG
A

TCCACCAGTCAGTCAGTGCTATTTTATTTTGCATGCAATTGTGCATCAAGAAAAATAAGCATGGCTGCAACTTCTTCTTTTGTGAAGTGG
WA AT SSF VKW

ACTGTTTTCCTCGTCATTTTTACTTCAGCATTTGCCCTCAGTTCTTCCAAACCAACAAAATGTGCTGGGGAGACCTGCAAGGGAGTTGAG
rv FL VI FTSAFALSSSKPT KCAGETCKGVE

GCAATCCCAGACTGGGACTACCTTCTGTTTGTCGTCCAGTGGCCGGAAAGCTTTTGCCTCTACTATAATGCGTCCCGTTCTACAAACGGT
Al PDWDYLLFVVAQWPESFCLYYNASRSTNSGEG

GATCAAAAGTGCATCATACCAAGTGGGGTCAGGGACTGGACTGTCCATGGAACTTGGCCGACAAAGATTGGAACTGAAGGACCTACCAAT
bakKCI1l1I1PSGVRDWTVHGTWPTIKIGTETGPTN

TGCAACAACACCTGGATGTTCGATTTCAGCAAAGTTAAGGATCTTGAGAGCCAGTTGCAAAAAGCGTGGCCAGATTTGCTCTCAGGCAGT
CNNTWMFDFSKVKDLESOQLOKAWPDLLSSG GS

———————————————————————————————————————— Ra-T9F / R

ACCTATGATAGCTTTTGGGCTCATGAGTGGGACAAGCACGGCACCTGTRCCTCGTCTCTTCCGRCGCTCTACGGAGAACACAACTATTTT
TYDSFWAHEMWDKHGTCASSLPALYGETHNYETF
——————————————— [ Ra-84R |

Aa-]HF / R | _________________________________________________

GGATCCACGCTTAAAATGCACTCACATTTCAACATGGACAGCATCCTCAGTGCTGCAGAAATTGTACCGTCCAAGACCAGCAATTACACC
G STLKMHSHFNMDSILSAAEIVPSKTSNYT

CGGGATGCCATATTCAATGCAATCAAGGCGGGAGCAGGCGGGATGCCAGACCTAACCTGCTACCAAAAAAACCTACATGATGGGAGTGGG
RDAI FNAIKAGAGGMPDLTCYOQKNLUHDGS SGEG

ATCCAGCAGTACCTAGCAGAGGTAAGGCTCTGTATTGACAAAACGTTTAAACCCATGGATTGCCCGAAACCCAGCTCCAAACATGTCACC
Il aQYLAEVRLCIDKTFKPMDTCPKPSSKHVT

AGGACAGCGTATTATGAACCCTGCTCCTCCAAGGTCCCTATCATGTTACCGCCTATCACTGCTTAAAGGTGTGTACTTTGGGTTATTACT
RTAYYEPCSSKVPIMLPPITA

GAAGTACTCAAGTTTTAGAAAGCGAGTAAGTTTGTAAAAAAAAAAAAAAAAAATCGTGAGAGTCTAATCGCAGGCTACCAT
..................... | HIK=18VN

Fig. 20 Nucleotide sequence of the cDNA of RNase Aa and strategy for nucleotides sequence

analysis of cDNA encoding RNase Aa

The amino acid sequence deduced from the cDNA sequence is shown under the nucleotide
sequence. The amino acid sequence numbering starts with the N-terminus Ala. The primers and
adapters are boxed. The sequences found are indicated as follows: space dashed lines: 5’-RACE;

dashed lines: RT-PCR; dashed-dotted lines: 3’-RACE.
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cDNA OfEMTH>5 RNase Aa DRKEAZ S 7 EEHAE 231 7 JBEEN LR A L
Iy Io Tz, RIS L X7 Gy DRHEE T 2 BRECH & B A FRIICIRE LT 2 R
oS E XL < —E LTz, L7z - THEIERSIZ I E L= ¢cDNA (X RNase Aa & =T —
RFLTUW% mRNA @ ¢cDNA ThHhH LB X Hivh, £7-, RNase Aa [$40 FIED 7T
NRTF REHL TV,

EHLFOTIETIRETE RPN K S 19F B .23 FH DT 2/ EEIL cDNA fi#
Br& v ZinEi Cys FRH L Asn FREETHDH Z LB L7z, Asn23 (X, £D 2D C K
M7 I S Thr THY N-7 U 2 FiEa+ 2841 (Asn-X-Thr £721% Ser) TH D
L. BIORRSY RV E T Asn23 B TE o7 2 8705 Asn23 (23BN
FHELTWD EEX BID, £lo, —kMEE X Y RD7- Gly30-Thr210 D 415X 20,105
THVIERTFCTOBXRIKEITIIRB L Z 25 kDa £ LRKEOOSFRICREESATWD
Z &M D, Gly30-Thr210 OFEFIHITHEHAZENTWD 2D EE X Hivd, —J7, Cysl9
TR X R B OGHT TRE SN T2 EMNB VALV T 4 REEEL TS EE
Z 5L, RNase T2 7 7 X U — & O IA(LFEROMREFT N HREA T 5 TIL Cys34 TH D
EEZBND, TOZ 1T Cys3d BIER A RO STl &9, RCM B L
TIXUOTHNRF T AT Ab-2 AT A > (carboxymethylation-cysteine ; CM-Cys) & L
THRHTETEZ X —HET 5,

B ARSI X, RNase Aa 1 3 RKORY RXTF RENSL D EEz BN
cDNA OFFFTHER N HIL3ARDOTF FRFTRTREBFA LR DOBRN > TNDH T &
Moo Te, O EHND RNase Aa [EFIERT IC N RO Asn29-Gly30 ¥ L O C R
fll> Thr210-Arg211 ORI TUIK 22 1T 5 LB 2 Hivd,
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3-5. 7 X BEBMERR « BEREAR

RNase Aa OHEET X JERBCSI L W RD =7 I VR E T I BRoATIC K - THS
AUTZIEE & b U726 SR 4 Table 512" d, ZORER, LI~ K 5 ITHEET
JBRESNZ D RD =T I VAL E T X BT OFRERITNT IO T I BIZONT
HE<—FHELTWi=, —J7. RNase Aa [X 231 OT I JBIEIENS R0 X LT B
DTN 25924 Tholz, £, THHEOEREZIT>72& 2 A, RNase Aa 1349 31
BHD~2 ) — A EGREX LRI ETHD I ERNahoiz,

Table 5 Amino acid composition neutral sugerr contents of RNase Aa

Experimental Calculated from
Amino acid value the sequence

( residues/mol )

Asp 27.3 25
Glu 14.8 15
Ser 20.8 22
Gly 14.6 14
His 7.3

Arg 5.6 5
Thr 17.4 18

Ala 15.2 15
Pro 16.6 16
Tyr 11.2 11
Val 8.6
Met 5.4 5

1/2Cys -

Tle 11.5 12
Leu 15.1 16
Phe 8.8 9
Lys 15.3 15
Trp - 8

Total 231
Mannose 30.6 -
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3-6. RNase T2 7 7 X U —EER D5y FEL DR DIERK

— RS EOEBN A ERE D IR, ERSICEaREEE DL -T
RNase T2 7 7 X U —FE Oy - H#(LORHM 2 ERk L, FER % Fig. 21 IZR7,

A CTHDHFE bT (RNaseAa) [~ X (Oy) A4 7 (Tp) 72 & O#{EEhY
AP (RCL2). FUATHE (CL1). vl (BSP1) B LUV Zfkl# (PSP1) 72 &
DFMEEN & 3 F L LD D BWEERETHIE L TW\WD Z L3 ninolz, £72, Ft
7 RNase Aa & HiTE CTH 2 DIE~ T FHEKD RNase Oy THHo7228, h~ MK
@ RNase LE & & g ch -7,

B CTh DX b T IIBREFRINCHMEEMY & R U DI STV 508,
RNase |2 £ 25 RHEZBWCTIIRTAEM) Th 2 8IEEMIZTE TH D 2 & A ahe
ST, 2. TEEYO RNase [TFHMHEENY) L U DHEMITIEN 2 & 70 E AR R &0
Bipo Tz, L7e->T, RNase T2 77 I U —RFELIEELE LTHWD Z & TH-
7257 1AL O B AMERL T & 72,

ez Met

Bm2

S2

P2

:
RCL2 cL1
[/
EC1 BSP1
N
PSP 4
Ddl om
_rﬂz Rh Oy Tp
™V Aa
M 1 #
— T2 rp1
50 Amino acid residues Le2
—_——

Fig. 21 Phylogenetic tree of the RNase T2 family of enzymes

ECI1 : RNase from Escherichia coli*V ; T2 : RNase from Aspergillus oryzae '® ; M : RNase from
Aspergillus saitoi '”; Trv : RNase from Trichoderma viride *® ; Le2 : RNase from Lentinus edodes
19 Trp : RNase from Irpex lacteus ** ; RNS2 : RNase from Arabidopsis thaliana >* ; Rh : RNase
from Rhizopus niveus *® ; Phyb : RNase from slime mold (Physarum polycephalum) ** ; Dd1 :
RNase from slime mold (Dictyostelium discoideum) " ; Bm2 : RNase from seaweed (Bryopsis
maxima) 3 ; S2 : self-incompatibility factor from Nicotiana alata 3 ; P2 : self-incompatibility
factor from Petunia inflate ¥ ; LE : RNase from tomato (Lycopersicon esculentum) > ; Os :
RNase from rice bran 3 ; MC1 : RNase from bitter gourd seeds (Momordica charantia) * ; Aa :
RNase from starfish (4sterias amurensis); Oy : RNase from oyster liver (Crassostrea gigas) > ;
Tp : RNase from squid (Todarodes pacificus) ** ; Dm : RNase from Drosophila melanogaster > ;
RCL2 : RNase from bullfrog liver (Rana catesbeiana) *" ; CL1 : chicken liver RNase °” ; BSP1 :

bovine spleen RNase 29 ; PSP1 : porcine spleen RNase 3.
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FEati BE

RNase Aa DAFIL Y L /3 7 B OFRBTHER & cDNA O EBLS /34T OFE R L0 R7E L7z
RNase Aa DE—IRIEIEZ MO T2 7 7 I U —BEFE L g L7c (Fig. 22), ARB%3R 13X RNase
T2 77 I V—EFED I L, v HX (Crussostrea gigus) HR D RNase Oy & ix b AT
V=25 <K 35% D3 A —ELH T o T, ZDMh b~ & (Lycopersicon esculentum) 130D
RNase LE®Y, 3 w7 ¥ a /3t (Drosophila melanogaster) H13&0 RNase Dm >, et
¥ (Dyctyostelium descoideum) 130 RNase DA 13900 3 FDFESR & b el ARE R Y
— 3 <Y 30%75§|%|*@E§U¢C“§)O 7o FFIT Cys FREEDJEMEIZ Z b DB%R & 8 %

Bl b _NTHIE L T2, RNaseT2 7 7 X U —DFEPEFLT 2 S D CAS SN 5 72
%, RNaseAa Tl3 His46, His98, Glu99, Lys102, His103 23 Z4LIZHH% 9 %, RNaseRh

(Rizopus niveus) *®, RNase LE (Lycopersicon esculentum) **, RNase MC1 (Momordica
charantia) 37390 X HEfESAEAT-CE/IFEBRIC LV | 2 OB EFREEAL (B1, B2)
EHTDHZERHALNIRoTVD,

RNase LE @ Bl %A ~E Trp42, Asnd4, Tyr50 725720 | Asndd 1377 = L 550G
WCBWTRBEETHS, LoL, RNaseAa <> RNase Dm TiX Asnd4 73 Thr {2, RNase
Tp (Todarodes pacificus) <> RNase Oy (Crussostrea gigus) *¥ ClE Ser (ZE X #ii> > T
Do

RNase LE @ B2 % R~ Glul2, Pro77, Thr78, Leu79, Ala80, Phe89 T %73, RNase
Aa TlZ Thr78 7% Asp (2, Ala80 7% Leu [ZE Z#21> > T %, Thr 7% Asp XL Asn & X
o2 Z L3t Z < OB K RNase (455, BIHKD RNase T2 7 7 X U —
213 A 1 (Todarodes pacificus) Hi3 RNase Tp 32, R BSP1 29, 7 X i 3k
PSP1%®, =7 K UKD CL1, 1 =/VIT (Rana catesbeiana) H3¥® RCL23V72 & C
KON 221 CO B BIRHE S TWD, Zablidnid C Kl HTEY
% 2 BRED Cys OMTUWr 2317 TR Y | BEM B SROAREESR G [F) CALE TUIWr %
ST Tz, — 05, N RS CHINT & 521 T 2 Bl ARRE SR DAL Tl 7 & i i 5l D RNase
PSP1 ¥ L O'=7 I U JIFHI3K D RNase CL1 30D 2 D TOHHE SN TN D0, Z DY)
W2 T N RIS RFET % 2 585D Cys I TR Z > Tnd, ABEE TH N RKinflloy)
Wrir@Ei% 2 %D Cys M TR Z 5 TRV, U Z =) 2B I3RS L7 0 [RE
INTNLHEZEZBILD,
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(Rh No.) 1 20 40 50
- . - . %k . AS *. % % .
Fungi Rh SSESSTALSESNSANSDTER--SPEYG~ | LVVLNMONA| PGYG PDNA[FTLHGLWP] DKESGAY APS|
Protozoa [Phyh KSTSFD|FFIFVTEWN] ASI STEY |F TIHGLWP|ENSDGSY-PSG
Ddl SSKPGDFD| FYLFVQQWI | YSY8—-DSG—-———TF | ONK——~EREA |F TIHGLWP| ENSDGSY-PSF
Alga Bm? VDFD| FFYLTRONA| GGV KHSHKOLDTEENRRTSTRYP——-DDDI |F TIHGLWP | NREDGTH-PSY
rs2 AFE| YMOLVLTWP| I TF
P2 NFD| YFOLVLTWP | ASF
Plants | LE AKDFD| FFYFVOQWP | GSY ¥—DTKQ—-————S¥B-YP TTGKPAAD |F GIHGLWP|NNNDGTY-PSN
0s QDYD| FFFLVLOWP | GSY $—DTKQ—-—-—SkB-YPRSGKPAAD |F GIHGLWP | NRDDGSY-PN
L Mct FD| SFNFVOONP
rAa AIPDWD| YLLFVVOWP
0y KDWN| YFTFAQQWP
o KDTHFD | FFVFTQOWP
Animals | DM STSVDEKTQKRPDDDSEF DGF PFREDDDSL QDSSREMSVQDHNWD | VL | FTQQWP
RCL2 TPEWK | KL | LTHHWP
CL1 EWS | KLYLAHHWP
BSP1 LEWS| KL I MVHHWP:
PSP1 HEWK | KL | MVHHWP
L Human MRPAALRGAL LGEL[EL ALL L GGADK LRDNHE WK
(Aa No.) 1
Cleavage point 1
(Rh No.) 80 100 120 140 160
. - » kdokk . % A . - . . - . -
Rh GEDSNRASSS | ASVIKSKDSSL YNSMLT YWP SNOG————-NNNV KHGT¥] VST YDPDEYDNYEEGEDI VDYF QKAMDLRSQYNV YKAF SSNGI TPGG—TYTATEMOSA I E
[Pllyh ~b-SSGKFSTST| —————SDL |DTMQV-WP SF TG————-DNAS |F WSHEWSKHGT¥ | ———-——-—————SGY AEHDFF ATVLSL YDQYDVKSALDNGG I EP-GSSSVSSDSL ISV IT
Ddl - #-SGPSFNVNA| —--—QDL EDOLNFDWPSLTG——-——PNTD |FWTHEF SKHGT#| S—-———1TGP-1 TDIHDYF ATG IKLYTEFNI TAALESENI YPSDSNTYKPVDI TNAIT
Bm? ~¥DDSAKFDGDLG—--—KDLLEEL SSEWPSYYG—-—-SNYG |FWKHEWEKHGT ¥ | —-——-—-AGPL | ADERDYFDKTLELKEK YDLMDAL TAAGI TPSTEE | YSROGFEDAIK
rs? DR SKP YNMF TD————GKKKNDLDERWP DL TKTK FDSLDKQA |F WKDE YVKHGT¥ | ———————GFSDKF DREQYF DLAMTLRDKFDLLSSLRNHGI S-RGF-SYTVONLNNT IK
P2 ~*TGDK-YSRFKE-—————DNI INVLERHWI ONRFDEKYASTKQP |LWEHEYNRHG | ¥ | ————-———¥KNLYDQE AYF LLA IRLKDKLDLLTTLRTHGI TP-GTKHTFG-E | GKA IK
LE - Nspvwsm——suussunmnuE»——Pssssm FWSHEWEKHGT ¥ | A——————ESVLTNQHAYFKKALDLKNQ1DLLSILOGADIHPDGE-SYDLVNIRNA 1K
0s ~DPDSE FDP SKV————SKLLGSMRSEWP TLAR—-PSNDGI R |F WAHEWEKHGT ¥ | ——————AAALGDEHGYF EAALRLRSRLPVL AALRDGGVSPDG-GYYTSLQIKGA 10
LK1 - BPOGSPFDI TK | —--—SHLOSOLNTLWPNVLR—-—ANNQQ |F WSHEWTKHGT ¥ | S—-——-——EST-FNGAAYFKLAVDMRNNYDI | GALRPHAAGPNG-RTKSROAI KGF LK
rhAa ~BNNTWT FDF SKV————KDL ESQLOK AWPDLL S——GSTYDS |F WAHEWDKHGT ¥ | A—————SSLPALYGEHNYF GSTLKMHSHFNMDS | LSAAE I VPSKTSNYTRDAI FNA 1K
Oy —~PNGSWPFD | NNV——--—MPL VPELKK YWPNLYP——DTKANS |FWEHEWSKHGT ¥ | A——————TSLPATSNELKYF GMGLKLHAK YNI SRI LVNQGILPSK TAGYMI NETEAAVK
T —~BNNTYSFDENK | —--—KP| EAEMRK YWPNLF A———DSPDLS |F WKHEWKKHGT ¥ | S—-——-—LSDKL TPDEF GYFNTALNLFKK YNI TSI LGHSGVI PNTYTAYEVNDF STAVE
7] ~NNSANFDP SKL—————NP | EDRLETFWPDLKG———MDSTEW |L WKHEWQKHGT ¥ | A——-—MLVEELDNELKYF EQGL TWREE Y IMSRI LDASDIHPDSNNT V—AAI NNA 1V
RCL2  —PNISWPFDYSE | —-———KDI LADMNKWWPDVLH———PNSSOL JL-KHEWQKHGT ¥ A——————ASLPSLNTOHKYF SKGLEL YTRVSL SSALEKSGIKP—ANT YKVEE | ENV L
CL1 ~NRTWHFNV TE | —————KDLMSDMRR YWPDV | H——-SSLNRTQ |F WKHEWEKHGT¥ | A————-——ATLP ILNSOKKYF SKTLEL YOL VNL-GF LLKAGIKPGSTTY YOMAAI KEVLT
BSP1  —PNRSWPFNPHE | —--—KDLLPDMKMYWPDLL H——-PSNSSLQ|FWSHEWKKHGT ¥ | A—-——-—AQL-—NSQRKYF GKSLDL YKALAL TSMLOKLGIEPSTDHY YQVSDI RDALV
PSP1  —ENRSWPFNPDE | —-——KGLLPDMRL YWPDVLH-—SSPNHSVH | FKRHEWEKHGT ¥ | A—————-AQLDALNSORKYF GKTLDL YKELALNSTLOKLGIKPS | S-YYQI SDIKHALV
LHuman - PNRSWPFNLEE | —-—KDLLPENRAYWPDV|H—-SFPNRSR A—-——-—AQVKALNSOKKYF GRSLEL YRELDLNSVLLKLGIKPS | N-YYQVADFKDALA
(Aa No.) 80 100 120 140
(Rh No.) 180 200 222
Rh SYF-GAKAK | D§SS—G-TLSDVAL YFY-VRGR-——-—DTYV| TDALS T6~————-——-—-——-——8FSG—-—-DVEY-PTK
[Pllyh DNIGGV-—-PLN¥E——GS-———T-FASVGLE-—— | TK-NL ELRDBPDNM-—————————————GSFWDBPA———KVYY-—RNN
Ddl THFGG-K-P1 0SS—G0-———LST-VAVi-— IDKNSLS| L0~ e ——~GWSESG———-SVKF-PSTA
Bm? AAT-GAK-PLL $-S—GKNP—~-ATL-TE | WM¥-——FSKDLK~P INFTAGT SS DLRFLPISRTHSTTYS
rs? AITGGF~~-PL T¥SR==LR====—ELK~E |G| $~==FDE TVKNV| DBPNPK~~— === —mm=mmm === =T 5 PTNK—~GVMF ~P
P2 TVINN-KDPLK#VE—NIKGVK—ELN-E |G| $-——FNPAADSFHDBRHSK~——-——--—-——-———T#DETDST--QTLFRR
LE SAI-GYT-P| Q¥NV—DOSGN-SQ-LY-QVY | ¥-—VDGSGSSL | E}P | FP GGKPGT: SIEF-PTF
0s QRGVGAE -PVE $NR—DESGN-SQ-LY-QL Y F ¥~ ——VDAAGE RFVD#PASP-——-—————————-—GGRP BGN—-——R | EF-PAF
LMc1 AKF-G-KFPLRIRT--DPOTKVS-YLV-OVVAKk-——FAQDGSTL I D¥TRD ¥GA——-NF IF
rAa AGAGGM-PDL TOYOKNLHDGSG | 00YLAEVRLY-— IDKTFK-PMDRPKPSSKHVT RTAYYEP¥SSKV—-PIMLPPITA
Oy REL-GVD-AIESVY ~DKEKTKKOLLY-E IS | ¥~——LTKEFE-L | SNK—K~—————————+——-————EVSET T#PRKE——PF FYPPVHDNN
Tn NAL-NIV—P1 T#1 Y--DK-MSKHHY IM-QVE | ¥-—— |DKELN-AIS $PDDHS EASSARNEPASK—-GI WYPP 1 | POD
DM KAL-GKN-P| H¥L Y—DGKHG SY-LS-E IR | #-——FSKSLE-L |D#DG IKQ-—————-GDAVPVGVPGGT | I TNEH | GSLVHYPSLVPPLORKSHWKLPLVNVYKLLQFLMWF TL
RCL2  -NVYGVI-PIQ¥IP—POOGEDAQTLG-~IE | ¥-—FTKDFD-LLNFTVE YVDLHV$DKS| —-NTYYPPVOK
CL1 -EFYGIT-P| Q#LP—PEEGEEAQTLG-—--¥| EFSFTKELE-LRT FTEPK EELSVENDTL-—-PVYYPSQVK
BSPI  ~TVYKVV-PVORLFL—LEKGOEVOLLG-QVELS-——FSKDLO-LONESHAD LVINDG-—-PVLYPPLL
PSPI ~GVYGVV-PVORLP—PKSGEKVOTLG-QIELY--—LTRDLO-LODSPEPG LE | ¥EDG-—--PVFYPPPKE
UHuman  -RVYGVI-P1QLP—PSQDEEVQT |G-QIEL¥-———LTKODQOLONETEPG-EQPSPKQEVWLANGAAESRGLR V*E DG-—-PVF YPPPKKTKH
(Aa No.) 160 180 20 220 231

Cleavage point 2

Fig. 22 Comparison of the amino acid sequence of RNase Aa with those of other T2 RNases

Human: human RNase located in a region of chromosome 6 (6q27) 3. Other abbreviations are
the same as in Fig. 21. Numbers at the top and bottom of the matrix represent RNase Rh and
RNase Aa numbering, respectively. Disulfide bridges are shown as heavy lines and highlighted
font indicates cysteine residues forming disulfide bridges. The residues indicated with asterisks
contribute to the baserecognition site of T2 family RNases. The two cleavage points of RNase Aa
are highlighted using arrows. The fingerprint regions and two CASregions are enclosed in boxes.
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il SRS AT 12 X 0 P L2 RNase MC1 O = kA#iE 29% ¢, & 12 L C RNase Aa D)
WrEbrZ2 PRI L7 & 2 A, N RTITOUIEREAL (Cleavage point 1) 13411 ED/L—
TEHZIZHY . CRKEDYIWREAL (Cleavage point2) 47 F-FREIZEEH L7z # — 3
FZHoTo, EHLOLDUIWHINL L P AT 4 RIEGTAA L OR)XTF REFEALT
By EETENTWe (Fig 23),

AR L}V, RNase Aa (X T2 7 7 I U —fER & L CIITHRRE O RNA s %2 H
LTHEY, CD A7 MLHEIL T2 77 U —f#3 Th 25 RNase Phyb (HIEREH) 2
ERBRDIEFE 2R L TWAD Z L, 20 RNase Aa D5y 1PN UL R oAk 12 1 3 28
LTWRWNnWEBZ NS,

Cleavage
point 2

Cleavage
point 1

Fig. 23 The cleavage points of RNase Aa over the tertiary structure of RNase MC1

The figure was drawn using PyMOL (http://pymol.sourceforge.net). The locations of the
cysteine residues in RNase Aa over the structure of RNase MC1 (PDB ID: 1BK7). The catalytic
centre is enclosed by a circle. The disulfide bonds are enclosed by dotted circles. The locations of
the cleavage points were predicted using the web server SWISS-MODEL by using the crystal
structure of RNase MC1 as a template®.
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B 51X RNase T2 7 7 2 U —B#ED N RinfhEIC 95O T X Vb b7 4 v
=7V MEERH D ERELTWD 32, KHEDO WP BINTIZE AL 0T, MY
FH3K D RNase TIRAT ST D, BREZEN) 20D RNase Aa (ZEM KD RNase L 0 4
R~k (LE) =471 (MCl) P/ OB KOEDITETWD, LrL 6, 7TF
HOBANZEHT 2 L, BEFETIEIMQ 7213 QF, MW TIXLT £7213 QQ. T4&E#W T
X QQ. FHEEM TIZIHH £7-1X AH & 72> T 572, RNase Aa Tl 6. 7 % H DA
2B VQ T, fhoBEY-CR DOBECH| & 13572 > T2 (Table 6), & 512 RNase DI %
IR0 2 LT, RNase T2 77 XV —B¢FED 7 ¢ o H—7V v MEBIZEM OSHEICE
H3ne&E2x0605,

Table 6 Fingerprint region of RNases from various organisms.

Sequence
Organism RNase (RNase Rh number
26-34)
Virus Stv AAENITQWN
Bacteria Ah YYAMALSWS
EC RYVLALSWAQ
Rh LVVLNMOWA
T2 ALLQTQFWD
. M SLLQTQFWD
Fungi
Trv QLLQTQFWD
Irp LLLQTQFWD
Le2 LILQTQFWD
Protozoa Phyb FFIFVTEWN
Dd1 FYLFVQOWI
Alga Bm2 FFYLTRQWA
S2 YMQLVLTWP
P2 YFQLVLTWP
Plants
LE FFYFVQQWP
MC1 SFWFVQQWP
Aa YLLFVVQWP
Animals Oy YFTFAQQWP
Tp FFVFTQOQOWP
Dm VLIFTQQWP
RCI2 KLILTHHWP
CL1 KLYLAHHWP
Vertebrate PSP1 KLIMVHHWP
BSP1 KLIMVHHWP
human | KLIMVAHWP
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FSHE /NE

1. WEEMTHDIXE T (dsterias amurensis) ‘EFigsMAK DOV R X 7 LT —F
(RNase Aa) DFERNEZFESI L=, ¥ T 4% 1 kg 7> 513U 8.5% T 0.9 mg DFE

phZfF72, RNA Z5E & L2 FFD LG 789 units/mg TH Y, RNase T2 77 I U —

BT DR T bEWIEEA 27 7 A7 E'H#K O RNase Rh @ 2,000 units/mg

DKI3 53D 1 THY . FbIKW I = /LK D RNase RCL2 D ELIEMED 40 units/mg T &

HDE T D L PREDHEETH -T2,

2. RNase Aa |37 FENEB L Z 31,400 T31 DO~y ) — A& Gk Y L XV ET
o7z, RNA ZHE L L7FEOETE pH (£ 5.0 T, @A 4> THRUVEMELE 2% ), i
A A THETIEEZT 572, EDTA 2337 L CHIEENIE & A ETE L IRIE L b
2T RBEEETIIRNWEWR D, —TJi. RNA ORESEMTH L 3-F /) X7 LA
F RiZ.GMP=AMP >UMP DJETHEHE L 3-CMP (XI1F & A ERETE o7z, 72,
CD A~Z7 hLOWPET RNase T2 7 7 I U —ERITREBVR AT VA G2 KB
FOETHNI TR T770o0F 0y ONAREE EOBRRIIMMO T2 77 I U —EE L
Fl—THdHLEEZLND, 5 RNase Aa D EE IIAREZHE A RNase T2 7 7 2 U —IZ
BT OMERETHDL L ERL TG,

3. RNase Aa O N R 7 I /BB AMEI LIcE 2A3 507 I BEES 2R L.,
3ODRIYXTF RENGR D Z L D/RMEST-, RNaseAa # RCM fbki%, 7V AT
TEELT=EZ A, KOG TED/NSWRTF RBELNTE, ZhEe ) vy RXTF
X —ETHLL, L. 6 DOXTF N&He, 207 X/ BEHIIL, RNase T2 7 7
U —EERICHEL TWD 2 DD CAS A A L, AREEFRIL— RIS b RNase T2 7
7IV =BT HZ MR TE T,

4.  RNaseAa @ cDNA HEFSNZIRE LI E A, 40RO 7 F LT F K& 231
T X ERIE DRGSR T EE 0572 0 | cDNA OfFFTHRE R & B B L FRVICIRE L
727 2 BRSNS B L TR, 207 2 MBI RE L O T 2 BN E
il LR TR < —& L T, EALFERIRRETH 51 RNase Aa |3 3 ADOHR Y~
TFRENS 72D EFZ BTN, cDNAITIZ L D & 3 RDR Y RXTF FETXTRX
KHFAD 2L DN -T2, L7 -> T, RNase Aa [TFERZICEEEN S L <13k
NN 2 Z T 0T W T S D E B X b, ZThHDORY X7 F REIE, ¥
ANT 4 RFEBIZEVFEELTNnD EEBZIbND,
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5. RNase T2 77 X U —EEZOP TCIYHEENREINTNDE=HT U (Momordica
charantia) 13 RNase MC1 2?2, RNase Aa O —ki&i&E% HTIXHTHADL &, YIS
ATV DEBALIE N Kk KO C Koy EH o b, IEEHF O GRBEN L — 7451
YT D72, RGO L ORI VEE LN EE X bND, £,
W 25217 72 B8 A% S-S fEA<C B Ml CUOFEIR & /e V BEEICFEA L Tnd 2 &
5. ZOUIWHC X0 EERIGETEICITRERN D2 LR HERI S 5, B kD RNase T2
77 U —EEFEIL C KBRS N TS DRV OGS TWDH AR, N K
Ui & C RIGO W 3UIWr S TN D DI, ABEEFR LIS TIT 7 # JiH >k D RNase PSP1 5
& =7 b UFFHE¥RD RNase CL1 37D 2 27215 TH 5,

6. JTTICHMESNTWDME, HiE, 8%, FEWHK RNaseT2 7 7 X U —BERO—
PAGIE D DI OTE N X 3 FE(L DO RGER ZAER Lo, ZORR, MEEW TH 5
X b M TS PO D2 ) B BERE THIREN)CFHEEM) & il L TS 2 E D
Moz, F72. ¥t b7 (RNaseAa) & Ho & biltfxiaDIZ~ % (RNaseOy) Y TH
%75, F~ bk (RNase LE) & & HoHIIRR T - 72,

7. UbkoZ Xy e hTFHERT2773Y —@%% RNase Aa O —RI§IE 2 IRE L.
B bEFE L OEET LT 7 e —FIC . YW X4 CV % RNase Aa D
MEENRE CE T, £, EWPRITILL \7Fﬁ LTWD T2 77 U —BERORELTE
L TR Z1ER L, ¥t b7 ® RNase WEERDHE & 1387 Db %
BT EMTPRETE,
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B 2EFE v T %77 (Pleurotus ostreatus) H¥ RNase T1 7 7 I U —FE¥5E RNase Pol D
b EFTHIR R 2 HEFEE Ve ORET
E1E IUBIC

RNase D UL PUEETEMEZ R T HDONWN DN HNTWA N 1FE A X7 RNase
A77 IV —ICHHSNLBDTH D, ZNHIESHIZ2 DDZ =TI HT 65,
12017 U HEZEH kD RNase (BS-RNase) OC, RNaseA & —kHfiE L 80%DAHE R Y
—& DN, RNase A LIZF72 Y 2 K80 RNA & < 0T 5D THD, H9H 12
¥ Rana BOH T ANLELNTWNDEHDOTHY, LW TE Y RO HUESE
%759 Rana pipiens H12} 0 onconase > ¥ Td 5, onconase (3577 & 10kDa O Hiffi &7 > /X
7T, RNase A L IEMEFLIEORIEITEALLL TWD 28, Z OO RERr Y
—IHE O —kAEEE RS L C REMIC RNase A KD 1 #Z< DO SSHEGEAL
TV DT ONARREE R ZEL L, 100 °CT % RNA 73l M 2 s VIREEZEMED SV,

RNase T1 7 7 X U — CHIIEGIEMERHE SIVTWD DIL, Aspergillus giganteus H12k
D a-sarcin 3O L H RV R FF DA THY  fAEM RNase Tl 77 I U —RETH
% Aspergillus oryzae H12k @ RNase T1 [ ZFUEETEMEZ 7R 720, a-sarcin 393 RNase T1
77 U —BESE L RRROAESERAL 2 A LTV A28, &S 15kDa & K& < RNase Tl
& DO—AEE EoRE D U— 13K,

BHX /2D 1->TH D Pleurotus ostreatus (& 7 % 77) 1%, 471 & 10 kDa ® RNase
Pol DZPEAT DA, ZIUTZ OEREFFEMENS RNase TI 7 7 2 U —IZ3HEIN 5,
RNase T1 & iF—%MiE L, IEHEHFODHESIT B L TEY . ) 40%DFRERY—%F L
TWh, L2rL, RNase Tl £ &V AT A VA 2L <A LT D720, #ER
WCRETHHAREMENE Z bvD, 72, RNase Pol DEEFE X, pH9.0 & RNase T1 7
7 XU —BEEDITE A LN pHAS (HETH D DIZHATE WD &V )RR H 5, RNase
Pol [FEBE RN T NVH VM THY | REISKT DZEMED FEO 72 E onconase VX a-
sarcin 3 & DILERN R HND Z & LHUEEHEME 2 R T rIREMENZ 2 b7z,
RNase Pol |22\ Tk REEAAIZ T 2 MG ER oG 217 - 72,

Table 7 Comparison of antitumor RNase with RNase Pol and RNase T1

¥ RNase DT E H 3k HEA pl
T1 Pol 10,773 Pleurotus ostreatus 9.0
T1 T1 10,925 Aspergillus oryzae 29
T1 a-sarcin 15,162 Aspergillus giganteus 9.4
A onconase 12,322 Rana pipiens 9.4
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g2 ERGE
1. B

RNase T1 /X MoBiTec GmbH (Goettingen, Germany) O#LZfEH L7z, ¥E MU T
ok =) 3T e AW O ORGZEH L7, RNasePol LR DY
(Z cDNA HEFRLS 2 VR E L, FEBIAN Y 2 — SR ICRIGE CRBLL ., BRI 2 2 &1
L 0E,

2. ik
t kA HL-60 AL JCRB #if N> 27 (KBR) L OEEALZZH D%, Jurkat Hifd
I3 A ARRF IR R P E O REE R LV kG s nic b o & A L7z,
F72. b MEREEEMN IMR-32, SK-N-SH 3 L TN NB-39 (%, H A KZH 25 i R
FMRBOMAREHZ L G ESNT=bOEHH Lz,

3. B

BN EPN Tl

B KIGE E.coli BL21 (DE3) pLysS /& MERCK KGaA (Darmstadt, Germany) ¢!
anz i L7z,

[ KM DRG]
A YT EN-B-D-)-FAHZ 7 MEZ /2 K (isopropyl B-D-1-thiogalactopyranoside ;
IPTG) 138 £ 7 1 /b SFEHISERN CRBR) OB A ] L7z, Z Ot Terrific Broth (TB)
B o FREL A U 725838 s KO ampicillin (355 1 F|ICHE L 72,

[T b7 v~ 7T 7 ¢ —K]
Ultrogel AcA54 |£ MERCK KGaA (Darmstadt, Germany) O#AZfEH L, O b

DITHE 1 F|ITHE U 7=,

(% 75 O E ]
W ECHEL T,

[DNA A5 DO E ]
B REICHE L,
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[FEEL~T & —DIEEE L KIGH TOFEH]

pET-11d 7 # —_ pET22b ~ 7 % —35 L 1) E.coli BL21(DE3)pLysS 1% MERCK KGaA
(Darmstadt, Germany) D852 H L7z, HllREEE Nco l B LU BamH [ (3= >R -
V—r O ObOEEH LT,

[FEL S /X7 B DRG]
FELL X7 OFHTITAE A L721@NT T = — 7 Spectra/Poa® (molecular weight cut off :
3,500) % Spectrum® Laboratories (CA, USA) ZfiH L. OO b OILEH 1 HIZHEL
7o

[SDS-PAGE]
O EICHELT,

CHEfaEs 2%
PRMI1640 53 Y —F 7 4 v ¥y —F A =T 4 74 v 7 ORRD OfLh, Fla
FFIIEILR DR NSA A - 7 7 A F5EET (&) oG A A Lz,
AEFAEE O RNE A L 7= Cell counting kit 8 13 & 17 ¢ /L AFYEHIZERY (KBR) il
mmZfEH L7o, W09 % RNase @ A1 (2 L 72 Millipore filter (Millex-GV) 3 K&
OSHIEN ~DEL Y AT B ORI E AL L7z Triton X-100 X MERCK KGaA (Darmstadt,
Germany) O8RS A L7,

(A e B g B il O E
AN A MY TF ] U7- Hoechst33342, 7ua—H% A A MY —SHFICfEH L=
propidium iodide (PI) 13& 17 ¢ L AFDEHIZEMN OKRBR) oGz Lz,

4, 2RV BDOEE
B BEICHEL T T o 77, #5811 7= RNase Pol & LR 7 &% 280 nm (2 1F AWk

JEMN 057 252 512 % 1 mg/mL (0.1%) Wik E L CHE LT,

5. EERIEMEORE
B EICHEL T,
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6. RNase Pol =2 — RJ 5 cDNADTA /7 mn—=27

RNase Pol # 2— K% ¢cDNA #7 n—="7 L., KHiHHE T RNase Pol DFH %1T->
770 AT 534S L72 RNase Pol # /X7 ED— A OICESWTREERER T T 1
~— (cPol-33F, cPol-87R) % #%it L. RT-PCR %17~ 7=, RT-PCR TH] 5T - 72
Y% % &2 L C cPol-45F (SPSCTPTFFE) 77 A ~—%/Ef L, 3>-RACE {2 kv 3
M DOHFEIBLS 2 P LTz, 50N HEEESIL Y cPol-12IR 774 v —%{ER L, 5-
RACE JEIZ XV S DM IFALY A2 P E LTz, DNA BLAIIX sanger {5 N2 XLV, Fr EF
J—DNA v—7 =% — CRQ8000 (Beckman Coulter, Inc.., CA,USA) Zf{fiH L CTHE
L7z, R L7=AY X7 L AT ROES|% Table 8 12777,

Table 8 PCR primers

Name Sequence ( 5°-3’)
Pol-33F  AAITAICCICAYGTiTAyAAyAAyTTyGArGGITT
cPol-87R CAyTCiACrAAiCCrTTiGTiswiGGiGCiCCiGTr TG
cPol-45F TTCGTTCAGCTGCACGCCAACTTTCTTCGA
HIK-18VN ATGGTAGCCTGCGATTAGACTCTCACGATTTTTTTTTTTTTTTT

TTVN

HIK-adl ATGGTAGCCTGAGATTAGACTCTCA

SHIK-16GI ~ ATGGTAGCCTGCGATTAGACTCTCACGATACGGGiiGGGiiGGGi
iG

SHIK-adl ATGGTAGCCTGCGATTAGACTCTCACGATAC
cPol-121R GGTAAACAGCGACAAACAATGGGACCACAA
I:inosine; N:A,C,G,T; W:AT; V:C,GT; Y.C,T; S:C,G; R:AG

7. FHIANRT Z—OWEE L KIGE TOIEH

FHLR 2 % —pET-pelB-Pol (% Hung & O 51k 2 LV pET-11d X7 ¥ —|Z pET22b ™
DWRBRA Y 7 N_TF REfEA LT pET-pelB Z1/ERk L7-, pET-pelB <7 ¥ —L 5°
NZ Neo I ¥ k. 3 MAlC BamH1 DillPREEFEAL A 11 L 7= RMase Pol % Nco I &
BamH I TYIWit%., 7 A4 7 —3 a3 > L pETpelb-Pol Z{E® L7, Z % Ecoli
BL21(DE3)pLysS E— F¥a v ZIC XD BEERI L7z, ZDOKRKBE%Z 100 pg/mL O
ampicillin (Meiji Seika 7 7 /L~ 1, HL) & HAMEHRE 0.5 mM IPTG AN L 7= TB B
¢, 25°C, 7 B L7z, 10,000 rpm T 30 4 [5E OB L. B B 42157, 72
B, AL TB EoFEE (1L) 2L FITRT,
TB #&{REE 1 : Tryptone Peptone 12 g, Bact Yeast Extract 24 g, 100%72 U -z 12—/ 4 mL

JEE%1Z 0.17 M KH,PO4+0.72 M K.HPO, (100 mL) % ¥RIN L CRi%E L 7=,
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8. L L7~ RNase Pol Dl
BFoNTREREEEEZ, B OOHEZHE L TCUTOHETHERE L, EhEaT,

(1) W25y (0.99)

BE#88 % 10,000 rpm C 20 4y [l O 0B L TR B ALz BIFIC, &R DY 90%AFNIC
RBHEDICHEET =T L EINZ T 4°CT—BfEHE L7Z, 2% 10,000 rpm T 20 43
MmO BE L., 5Ot a &/INED 0.01M FERRFEER (pH6.0) ISR L. n
—AF 2—736/32 T, FERUKIZK LT 1 BET 217 > 72,

(2) Sephadex G-50 7' /v 7 a~ N7 57 4 —

BATZ ORELZIRAE L. & 52> L8 0.01M FERSFEEE (pH 6.0) T (kL 7= Sephadex

G-50 1 7 L (4.0x180 cm) (ZHSAN L7z, [FIFEE#Z TS L. RNase 1My 2 B L 7=,
(3) SP-Toyopearl # 7 L~ K757 4 —

Sephadex G-50 T O N -IHMEEI /Y%, & 52 U 0.01M FEFEFEREK (pH 5.0) TP
fiifl, L 7= SP-Toyopearl 77 7 2 (3.0x30 cm) (ZWe35 &, [FIFEER & 0.3 M NaCl & & T
[FIFEETIRZ A2 40 1.0L O EARE AR T L, IEMEES 2RI L, BEE21T 572,

(4) Ultro gel AcAS4 h T Lo a~ 757 4—

TEAE L7 TEMEm 4y 2 0.01M BERRFEER (pH 6.0) Tk L 7= Ultro gel AcAS4 71 7 A

(3.0x180 cm) (ZIRANL., 7 /IR Z 1T > 7, RNase iEMEE /3 Z BT L, FERUKIZ L
TiENTF = —7 Spectra/Poa® (molecular weight cut off : 3,500) % FHT 1 BREHT 247>
77

(5) DEAE-Toyopearl # 7 L7 a~ K757 4 —

AT LTSy 2 & 57> U 0.01M Tris #& % (pH 7.5) TFAfi{k L 72 DEAE-Toyopearl

(1.5x30 cm) (ZHINL, 1EMEEISS 2 HEY S ¥,

(6) Heparin-Sepharose CL-6B 7 7 4 =7 4 —27/a~ s/ 77 —

DEAE-Toyopearl Z#F#1lV) SEZ#H%4, 502U 0.01M FEEEHZE R (pH4.5) TF
f#7{k. L 7= Heparin-Sepharose (1.0x15 cm) (235 X+, [RIFEER & 0.3 M NaCl % &3¢
FRAER & 2 4L 0.35L DEFRIEE AR THIM L7, RNase IEMEZ AT D5 Z[EIT L,
BEMEtE . RERUKIZH L CTHNT T = — 7 Spectra/Poa® (molecular weight cut off : 3,500) %
AWT 1 BB 21T > 72,

(7) Shodex PROTEIN KW-802.5 %' /v 7 v~ k275 7 — (HPLC)

BT LT 2 iR, 62020020 mM kU A F LT 2 U -FEEREEER (pH 6.0)

CT-#i{k L 7= Shodex KW-802.5 7 7 AMZHANL | #ii# 0.5 mL/min T4 L AR Z{T 572,
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9. SDS-PAGE

HPLC L 9 & 572 1EMEm 73122V T, 15% Tricine 47 /L % W CRITE & [REED H1E T
SDS-PAGE #{To 72, VkEIth, $RYUEILTH VX7 B % RNA 2B & LIiGY e T
RNase /&PE & Z L2 AU UAR d O RS R 2 e L 72,

10. ARAQYETEIN IR ORE

HER S AEANEIE ORI E L e MR ISR (IMR-32, SK-N-SH, NB-39) LUt
~ A MM (HL-60, Jurkat) 2 N7z, MEFEIE 10% 43617 MLIE 2 2 7= PRMI1640 5%
HCE R L, RS T L CHW, b MREIEIE R SGHAE X 1x10° cells/mL & 72 1%
5x10% cells /mL (AR L, & N HMFHEMEIE 3x10° cells/mL (Z#4 R LT, 96-well plate @
KT LT 200 pL TOWRM LBIE 21T > 72, & 57> L Millipore filter (Millex-GV) T
TEAEPREE L 7 B FIR EE OfESE (RNase T1, RNasePol) 10uL #/z, =22 ka2 —/LiZid
PBS Z %72, 5% CO, 5T T 37°C, 72 Biffk538# . Cell counting kit 8 Z /i1 2 TAETF
HIIREL A MTT RIS TR Uz i AEFERIT = v b o — )L OALEHIIBEIC %32 RNase
WFRAE AR D S— o7 — U L L TEH LT,

p 22 (o) — _RNase U/EfFfiint
A (%) 2> b= VAR * 100

11. RNase Pol ® RNA 7 fEMEIC kT 2 IR RA 7 1 7 7 —BiH L DR

HERY T a7 —¥ThHIFEN) T, —F U T RNase Pol BN
RNase T1 % {H{k L RNA 73 ffTE M DA % i L 72, 0.16 mg/mL @ RNase Pol 35 LT
RNase T1 {2 1/17.5 (w/iw) OFE R 7T &%, 10 mM Tris-HCl (pH 7.5) 1 37°C
THE L7z, —=E VU > %, 0.14mg/mL @ RNase Pol, RNase T1 {Z 1/20 (w/w) Iz,
1 mMCaCl, & %2 10 mM Tris-HC1 (pH 7.5) 9 37°CTiH{k L7z, 1Mk, MiE%E D RNA
IR 2 E RIS K 0 HE L,

12. ~F A I (Hoechst33342) %ufh

3 x 10° cells/mL @ HL-60 iz %2 200uL (Z 10 uL @ RNase Pol %Iz 5% CO, F. 37°C
TA48hIEET 5, MR ERAZELODEEL7-0b EiFZ2RE, 100l O 1% 7 VAT
NT B REMZ 30 pHEET 5, BODBECTZ VA NLT VT e RERE, PBS Z 1 mL
MAEODEEL T RIEERL ., ZVEATIIVTF b RERERET D720 2 O#E 2 HA
a0 K9, PBS20uL & T 1 mg/mL @ Hoechst33342 Z 4uL A CA T A K75 R F
L. SOEBMEE (5 v 82 IX70, B ZHAVC20 TR LT,
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13. 7a—%A FA MU=

HL-60 i (3x10° cells/mL) (Z 0.1 pM, 0.3 pM @ RNase Pol %4 % /il 2 T 72 K
H:##% . Annexin V—FITC, 35XV PI TYEL, 7o —H A b A MU —4347% BD
FACSCalibur™ (Becton, Dickinson and Company, NJ New Jersey, USA) (2L ViT-7,

14. FHpaJE B O BIE2

0.1 pM, F721% 0.3 uM @ RNase Pol %/l 2 7= HL-60 #fifd % 48 h, CO, T, 37 °CCTH;
BL, =¥ ) —N&MxT—20°CT—BEEEZ1T o7, 300G T 5 OBk, M
f % PBS TP L 7=, Z 41T DNase-free RNase (0.25 mg/mL) % & ¢ PBS % /12 37 °C.
30 G &7z, Z4v%E PBS THEF%. 50 pg/mL @ PI 2 A%, 4 °C T 30 43 fEigeta
L. AR 7 o= A b A B U =247 2470, HE HI O 45 BN O M O E 4 % kit
L7z,
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B3I R
3-1. RNase Pol ® ¢DNA HEHF|DHE
BRSO NRE LT X/ BRELSI] 9% HZ LC, RNase Pol @ ¢cDNA ¥ AEELS % R 7E
L7zl 2 A, 101 BEDORREAS L X7 E 25 FRED L T FNARXTF Rnb o T
(AB429298 ; Fig. 24), F 7= cDNA MBI VIIC KV #EE S =7 2 7 BELAIIX,. E 1k
FLHNCPE LTRCA & — L T,

-15 -1
ATGCAGTTCGCGTTCTTGAGTATTTTCTTCGCCCTCGGCGCCTTGTTTAGCGTACAGGCAGCAATTGTCGAGCGC
¥ & FAFL ST FFALGALFSYV QAAT VER

CAGACGGGGGTACGTTCGTGCAACTGTGCTGGAAGGAGTTTCACTACAACGGACGTAACGAACGCCATCCGCAGC
QTGVRSCNCAGRSFTTTDVTNAIRS
26 a0
GCTAGAGCTGGGGGATCTGGTAATTACCCGCACGTATACAACAACTTCGAGGGCTTTTCGTTCAGCTGCACGCCA
ARAG[GSGNYPHVYNN‘FEGFSFSCTP

Po1-33F |

| Po1-45F
91 15
ACTTTCTTCGAGTTCCCAGTCTTCCGGGGATCAGTCTACAGTGGCGGCAGCCCAGGTGCAGACCGCGTTATCTAT
TFFEFPVFRGSVYSGGEGSPGADRYVIY

Pol1-45F e =s s m s m s i m s m i m i m s dm m—mam —r—a— ==

16 100
GACCAGAGCGGTCGTTTCTGCGCTTGCCTAACGCACACGGGAGCACCGTCGACAAATGGCTTCGTGGAATGTAGT
DOSGRFCACLTHTGAPSTNGFVECS
| Po1-87R |

101
F =%

Fig. 24 Nucleotide Sequence of the cDNA Encoding RNase Pol and Strategy for Nucleotide
Sequence Analysis of It.

The amino acid sequence deduced from the cDNA sequence is shown under the nucleotide
sequence. Asterisk indicates the position of the stop codon. The nucleotide sequence starts with 1
at the N-terminal Gln, and the nucleotide sequence encoding the putative signal sequence is
numbered in the upstream portion and indicated by a minus sign. Primers and adapters are boxed.
The sequences found are indicated as follows: ---------- ,RT-PCR; -°+-¢-+- 5-RACE; -
------ , 3’-RACE. The accession number of the nucleotide sequence of cDNA for RNase Pol
is AB429298.
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3-2. RNase Pol DRBLROBE LR

RNase Pol O KIGHE TORBLRAMEGE L, KA ITo72, 2 L OKRIGEEFER) O
35,000 units ® RNase Pol 2355, B T L7~ N7 7 4 —% N 7HODRA
T T AR T, I 34% TR 5 mg OARERUEML 2157 (Table9), F 7215 O AV AE LN
—T& DT &% SDS-PAGE | L W #esd L7= (Fig. 25),

Table 9 Purification of mutant RNase Pol from culture medium of BL21 (DE3) pLys S
transformed with pET-pelB- mutant RNase Pol

Steps Total Activity (units) Yield (%)
Crude extract (2 L) 34,700 100
(NH4)2SO4 fraction (0.4-0.9 s) 35,400 102
Sephadex G-50 (pH 6.0) 34,600 99
SP-Toyopearl (pH 5.0) 34,000 98
Ultro gel AcA54 (pH 6.0) 22,300 64
DEAE-Toyopearl (pH 7.5) 17,400 50
Heparin-Sepharose (pH 4.5) 19,700 56
Shodex KW-802.5 HPLC (pH 6.0) 12,000 34
(a) (b} (c)

50kDa !

37kDa

25kDa '

20kDa

15k0a i

! RNase Po1
10KDa ‘- .<— 11kDa

Fig. 25 Tricine-SDS-PAGE (15% Slab-Gel) of RNase Pol

Purified RNase Pol was homogeneous according to Tricine-SDS-PAGE. (a) Silver staining of
the molecular marker proteins. (b) Silver staining of RNase Pol. (c) Active staining of RNase Pol
containing RNA as a substrate
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3-3. RNase Pol & RNase T1 DEEZR KD ik
[F3E pH, pH Z2EM:, BERE, IREZEM]

A.oryzae 7> 5% 5172 RNase T1 & Postretus (& 7 % /7) H3ED RNase Pol (% RNase
TI 77 IV —BETHY, ZO—UMEE LORER V=T 40% ThH D,

RNase T1 & RNase Pol (ZE 5 pH 73 & 12 7.5 & HFPEAUTIZ®H 5 28, 258 505, RNase
T1 23E&MEARI0> 2.9 TH Y RNase Pol 12557 /L4 UHID 9.0 (28 %, RNase Pol i pH 2.0-
11.0 OFEPH TLETH Y 80%LL L DOBERIEMEZ K L TLE TH D DI L, RNase T1
% pH 5.0 KL 0 B CEERIENEDS 40% 2 1 F T L7 (Fig. 26),

I X RNase Pol 2370 °CT&H Y . RNase T1 D 50 °CL 0 &, @Eno 7=, EEEITH
L CIEMiiEsR & b, 90 °CT 5 /3 OB RICB VDT HAT 80%DEERTEMEZ /K L Tk
0 ZEMENE o7 (Fig. 26) .

a b
—~ 100 A = 100
2 =
2 60 Z 60
g £ s 3 [/
2% A 2 ¥ 1/
8 20 5 2
2 o K ¢ AL
0 A A A A A A A 0
2 34567 8910 0 20 40 60 80 100
pH Temperature (°C)
c d
— " S 100
- 100 = W
80} . 80
2 3
.= 60 = 60
° / -
gu 40 4 g’ 40
= 'E
-% 20 F ‘= 20
£ £ . . . .
g 0 g °
1 3 5 7 9 11 13 20 40 60 80 100
pH Temperature ( °C)

Fig. 26 Some enzymatic properties of RNase Pol and RNase T1
(a) Effect of pH on the enzymatic activity of RNase Pol and RNase T1.
Enzyme activity was determined as described in the text using RNA as a substrate. The
buffers (0.01 M) used were acetate-NaOH buffer for pH 5.5-6.0 and Tris-HCI buffer for
pH 6.5-8.5.
(b) Effect of temperature on the enzymatic activity of RNase Pol and RNase T1.
The enzyme activity was determined as described in the text using RNA as a substrate at

pH 7.5 and incubating for 3 min at various temperatures. The buffers (0.01 M) contained
1 mg/mL BSA and 0.2 M NaCl.
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(c) pH stability of RNase Pol and RNase T1
RNase Pol or RNase T1 in 0.1 M Tris-HCI buffer (containing 1 mg/mL BSA and 0.2 M
NaCl) were incubated for 5 min at various pH values at 37°C for 1 h, then 1/10 volume
of 2 M Tris-HCI buffer was added to the reaction mixtures. Enzymatic activity was
determined as described in the text using RNA as a substrate.
(d) Heat stability of RNase Pol and RNase T1
RNase Pol or RNase T1 in 0.1 M Tris-HCl buffer (containing 1 mg/mL BSA and 0.2 M
NaCl) was heated for 5 min at various temperatures and then quickly chilled in ice water.
Enzymatic activity was determined with RNA as a substrate at pH 7.5.

[RNase Pol @ RNA &M 5 IERFRAY 7 v 7 7 — B IH{b D 28]

RNase Pol & RNase Tl ZF%E hU 7o, —F VU TCifbkdT a2 &2k, il
BEDO T 0T 7 —BHLICH T D% Hz%tt%z Lize 2NHD T aT 7 —P I3 B R
PEDMERNTZ 8 & X T IR T 2 UIEENEITEE O 1 s LY b, L0 AEICEE
TEDODEMNIE > TEIREESND,

RNase Pol 1T =207 v 7 7 —EHbE 20 FERETT > TH 50-60%D RNA 73 s
ZAREF LTz, L2 L RNase T1 @ RNA 73 fRIEPEDS 15% F T35 Z & 225 RNase
Pol IX RNase T1 LV & 777 —EiHLICR L TRIMERH 5 Z L vbh->7- (Fig.
27),

(a) chymotrypsin (b) thermolysin
100 o 100
:j 80 | =
o RNase Pol <
5 2 RNase Pol
g «© z
£ @ 40
£ RNase T1 2 RNase T1
5 20} £ 2t
= 5
-
0 0 - - - - - - -
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200 1400

Time (min) Time (min)

Fig. 27 Effect of chymotrypsin and thermolysin digestion on the activity of RNase Pol and
RNase T1.

Digested RNase Pol and RNase T1 by chymotrypsin (a) and thermolysin (b) and measured
RNase activity with reaction times. RNase activity just after starting the reaction was normalized
to 100%. Circles show RNase Pol and triangles show RNase T1.
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3-4. RNase Pol Dt EGEHIK IR 5 HEFRINEH/ER ORRE
(b N 2EERI A (2 o3 2 BEFR A /E A

AR kT D BRI E AL, MR L - TRARZ RO TS, £2T
RNase T1 3 £ Y RNase Pol (22T, & bR COMFEIGHIER Z a3 5729
(2. WifEFEO b MR IMR-32, NB-39 3 X OY SK-N-SH D HAFEIZ %4 5 %0 %
et L7z (Fig. 28),

10% 4B A7 195 2 I % 7= RPMI 1640 5 HilZ e % %638 L C 5x10° cells/100 uL (2 AR
L 96-well plate D457 = JLIZHIN L7z, 5% CO, 55fF FC37°C, 24 BEffks#%. =<
AUREIRPE 1M, 3uM, 6 M., 10puM @ RNase T1 38 L TN RNase Pol # 1z, =2 ha—
JUZIL PBS A7, 5% CO, 50 T C 37°C, 72 FERIRE#% O E I Z MTT 412
THTE L, MlRAFERTay b — L OAfFMiaElc x4 % RNase WLFE A L7=47F
Mo —tr7r—v L LTEE L,

(IMR-32) (SK-N-SH) (NB-39)
. 100 @ 100 100
% = El = 2
§~§ 80 % g 80 3 —_e- 80
@ & 60 2§ 60 S E 60
g5 %% 28
o 2«
é 8 40 2 40 2 3 40
> 20 2 20 ® = 20
>
0 0 0 L .
0O 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
RNase concentration (uM) RNase concentration (uM) RNase concentration (uM)

Fig. 28 Effect of RNase Pol and RNase T1 on the cell proliferation of neuroblastoma (IMR-32,
SK-N-SH, NB-39) cell lines as shown by the MTT assay

Each point is the mean of three replicates and is reported as a percentage of the control lacking
RNase. Cells were treated with a given concentration of RNase Pol or RNase T1 for 72 h. Cell
proliferation without RNase was normalized to 100%.

Symbols are: ®, RNase Pol; A, RNase T1.

MYCN(N-myc)if {1 O HENE 2338 5415 IMR-32 Hila#k Tid RNase T1 35 & UF RNase
Pol TWI N HUINEIZIG U CTAFMENIRD Uiz, 512 RNase Pol TIEE LWVAET
HE O NI B, KPR 3 uM OUSHII CTAEFEHIIIEIE 10%L FICE TR Lz, £
72 . MYCN(N-myc)iB {5 7 DO HINE S 7 5 41720y SK-N-SH #fifiel T & IMR-32 #ifia & [FERIC
RNase T1 3 & O RNase Pol TWI L b IRINEIDI U TAFMAEIXE L, RNase Pol
TIXEIEE 6 uM ORI CTAEFMIREIIH 40%I12F Tl L7z, FERImER & Shvb
NB-39 #fifafk Tix RNase T1, RNase Pol & (2 10 uM ORI T b AETFHIfRE I K& 7
ZALIZ R B2 ho T,
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[t b AR 3 2 BRI /e A ]

KIZe N EMHEAE 9 2 HEEEHIVE A 2 /59 5 72912, RNase T1, RNase Pol
[ZOW Tk b A HL-60 MifEF X O Jurkat AL OBEFHIZ R 2 0 R 2 Mt L7z (Fig.
29),

10%2EMEAFIILTE % I % 7= RPMI 1640 5512 Al 2 %678 L C 3-4x10° cells/100 pL (277
TR L 96-well plate D47 = JWZERI LTz, 5% CO. -1 FC37°C, 24 s &% ., Th
ZRREPEEE 1 uM, 3 M. 6 M, 10 uM @ RNase T1 38 L U8 RNase Pol # /1%, = kb1
— /WL PBS Z A 7o ZHV% 5% CO 51T 37°C, 72 WffRE 1% O ALl &
MTT {EICCRIE L, flAEFERITa s b o — L oA FIEEIZ x4 % RNase JLEE &
Lic AR o s—t 77—V L LTHBEA LT,

(HL-60 #HRa) (Jurkat #R8)
s s
§1oo §100 1
s 80 s 80
=2 X
& 60 @ 60
S 3
S 40 = 40
2 20 52|
@
g 0 @ % 0 1 1 1 1 1
= <
> 0 2 4 6 8 10 S 0O 2 4 6 8 10

RNase concentration(uM) RNase concentration( uM)

Fig. 29 Effect of RNase Pol and RNase T1 on the cell proliferation of HL-60 and Jurkat cells
as shown by the MTT assay.

Each point is the mean of three replicates and is reported as a percentage of the control lacking
RNase. Cells were treated with a given concentration of RNase Pol or RNase T1 for 72 h. Cell
proliferation without RNase was normalized to 100%.

Symbols are: ®, RNase Pol; A, RNase T1.

RNase T1 {Zt b [y HL-60 #IfEFs KO Jurkat HIfEO &5 H126 LT HKIEE 10
uM DUHICAAFAIIL A 80% T 0 TR MEFEIMHIER 137~ & 727> 72, RNase Pol I
HL-60 FAEIZ® L CTHRIREE 1 pM ORI CTATFHIIEEDS S%ELE & R\ HEFEIN G VEH %
R L7273, Jurkat fRRIS 6 U CIZHE RS 10 uM DFRINT & A 1EAMIE DS 20%F2E &
F EBVERITR S e o Tz,
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3-5. ~% X b (Hoechst 33342) Yuf%

ZHETICE MESHIRIC T LESEMEIER 2R3 2 &3 E1 54TV % onconase > ¥
R cSBL S NIT R M= RAZFHERTHI ERHRESN TS, £Z T, & hEMFBHE
fa HL-60 (%t L CosuEEFEANHI1ER 2 7~k L 7= RNase Pol {22\ T, ~~F A b (Hoechst
33342) Yt m VTR LZBIE L, THR M= AB LR 7 a— 20/
Z1T-7= (Fig.30) . #&JEE 0.1 uM @ RNase Pol % HL-60 fllf (3x10° cells/mL) (Z 72
REEIERR, ~F A MR EIToT & T A, BOEEEE DNA DT R{ER R bz, Z
DICREF IR LN BIE SN Z £12 XY RNase Pol OFIIZE > TT AR h—v AN
FHEINTW D ATREES R S T,

Control RNase Po1(0.1uM

Fig. 30 RNase Pol-induced cell shrinkage and fragmentation in HL-60 cells stained with
Hoechst 33342.

49



3-6. RNase Pol ® HL-60 FfIZXF 2 T A b — 2 DR
[Za—H%A ~ A FU—5347]

RNase Pol ® HL-60 fifidicxt 3~ 2 1EM %2 L 0 atlICMRiET 3 57201, 7r—4%A F X
hU =230 & B 2 72> 7-, HL-60 #lfE (3x10° cells/mL) {Z 0.1 pM, 0.3 uM @ RNase Pol
Z & 2 Nz T 72 BEREEE# % . Annexin V-FITC, B X O'PI T L, 7ua—H A kA b
V—m3iiaziBlixoleb 2A BEERGFHICHIE 7 + A7 7 F k) COREHIEL
ZLE U RNase Pol 37 7R b= Z&FFEFE L T\ DH Z LAvyinoiz (Fig 31) o

control : non stain

M [} ]
0 1 «— | late apoptpsis or
g [ necrosis
H a T gyt
TNy BLAY Ll
{oombe, 2o #
B T_%w-—-'" i i
'y ﬁn 1] : | I tosi
: - -+—— early apoptpsis
TN S S T :” L
0 30 400 8O0 BOD DD o o' o S
F"Ba'_" H F8C FL1-H A-:m-'u'.rFIT: i
control : stained
4 T —
= ! W XM :_‘_.'le_
: e late apoptpsis or
wts w : necroF;isp P =16.0%
a i s
[ -
I "1;1 . e IE\l.‘ﬁ'
I L o B
oy ¥ e early apoptpsis =38.6 %
I rrmmmpmmemrp e o - a4
0 00 400 &0 B0 DD 'l.'-':' 1 "W I:I'l o
F8CH FBC FLAH: Aawamin ¥ FITC
0.1 uM
W
: late apoptpsis or
s popip =224%
o necrosis
@
Fwiy - "
g i A
w'y B early apoptpsis  =30.3 %
u]’-‘-..-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- - L.~
0 300 400 8O3 BAO MDD W o o
FRC-H FSC FL1-H: Aciriamin ¥ FITC
0.3 uM
't p— 1 p——
: 7 .
0t 0 2 late apoptpsis or _ 19
i . =60.1 %
g £ i necrosis
¥ Tyt -
' : #
r:l‘-l Tk Tk - R
e early apoptpsis =35.6%
L i A LE i L
O 300 400 8O0 BAO MDY U oT T T
FRCH FSC FL1-H Ariamdn ¥ FITC

Fig. 31 RNase Pol induce apoptosis inHL-60 cells after 72 h.
HL-60 cells were treated with different concentrations (0, 0.1, 0.3 uM) of RNase Pol for 72 h,
and were stained with Annexin V—FITC and PI dye for flow cytometric analysis.
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[ e J& 3 D et ]

F IR N R D B A a9 5 72912, HL-60 fiiE (3x10° cells/mL) (Z 0.1 pM
F L 0V0.3uM D RNase Pol Z 1% C 72 BRefiIE5381% ., P CHefa UFRNT 2 58 Z 72\ il
MOKEAT v T OISR E R Lz, TORER, REKTMNIC GO/GL #1, S #iks kW
G2/M D> 7 F L3 L. Sub-Gl 1D 7 F L DM R TX 7=, L= -> T,
RNase Pol 7% HL-60 Mifd D S HI~OBATEZIHIT TS LB X bz (Fig. 32) o

Control 0.1 uM RNase Po1 0.3 uM RNase Po1

14.4% 1 12.8% 1 8.48%

31.1% 23.7% 17.7%
800 | t i ;

49.0% . +00.] 37.6% ] 1 29.6% y

257% !

Count

1N 440% !

Count
n
S
8

E :
3 5.41% !

200 {

o 200 ‘Fo:P}A:: FerJ;qA B0 1K FLa-A: FLEA 1 O 20 AR08, B0 K
Sample Sub-G1 G0/G1 S G2/M
Control 5.41% 49.0% 31.1% 14.4%

0.1 uM RNase Pol 25.7% 37.6% 23.7% 12.8%
0.3 uM RNase Pol 44.0% 29.6% 17.7% 8.48%

Fig. 32 Frequency distribution histograms of cellular DNA content for HL-60 cells from RNase
Pol-treated culture.

HL-60 cells were treated with different concentrations ( 0, 0.1, 1.0 uM ) of RNase Pol for 48 h,
and were stained with PI dye for flow cytometric analysis.
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FEati BE

RNase Pol /&, b MR EEIEIAL IMR-32 (ICso=0.8 uM) 3 X TN SK-N-SH (ICs0=6.0
uM) THEFEIEHER 2~ L, B N EMAEMRL T, HL-60 (ICso=0.2uM) 3 L O Jurkat

(ICso=4.0uM) TsxL7=, L72H - T, RNasePol I%., HL-60 #5692 s AEHI/E
M bii< . 3 FOMPREIFIEMAREE O H TliE IMR-32 1ZxF L CThe b & WO EFE AN /E A
ZaR L7, ZAUSHK LT RNase T1 &, b M IFMilals L0 b A MmpHMILO & Dl
Rzt U8 £ EmyEEIHIER IR S 2o 72,

Rana pipiens H1% RNase A 7 7 X U —[#32 T % onconase |FREM 72 HUIESE RNase
T, b MPRREFEEMLRS L O N A mERR HL-60 A2 xE U CW GBS EH %
HT 5 EnidtSiuTunsd 29, RNase Pol & onconase DHEFEHNHINEH 2 bk 425 & |
IMR-32 i35 X O HL-60 #Hfc (2 %9~ 2% RNase Pol OHAFEHNHI{EHIE,. onconase D] 10
TDONRETH-T,

Hoechst33342 eta s L N7 m—H A kX b U —ZHrDfER -5 | RNase Pol (3 HL-60
AMREIZ R LT onconase & [FIERICIREEAKAFIIC T AN b — A& 353 L, HL-60 MO
e b B S 4, AR E ) | sub-G1 Ml OMIf 2 8N <& C S HI~DOBIT 2151
LT EDBWBLMNE RS, IMR-32 R, fhOMRRIFEMILL Y &, BERF ThH LR
5F n-myc DRI INTND Z ENHE I TND 9, £ 72 HL-60 MW TH |
LR LNV TEER T comye ZHEBS LRI TWDL Z ERHESNTND
8, c-myc DFEHAAET 5 & HL-60 fldDO TR h— ANRFEEIND Z ERHE S
THY ® RNasePol (Zmyc 77 2 U —0OFFNCEES L TWDAIREMENRE 2 B D,

UEDZ LD, RNase Tl 7 7 X U —IZJ&7 % RNasePol /X, RNaseA 77 I U —D
onconase & [AARIZ, & MESGMAOMEEZMEI L, TR M= A Z2HEETLHLZ L 2P0
DT LT, F 2 aR EOTFEAYD G S e HUEREMEZ 7 RNase |1, & R Y
OFMEEN AT 5D RNase HEFICT a7 7 —EBIZx L TIHENH D AIREMENE 2 5
AU, RNasePol ICE DT AR F—V AD AT =X LD I 5 5098%, #H LWILR AAID
BRIEIZ D72 M D A[REMEDN D D LB % D,

—7J7. RNase T1 /X RNase Pol L EWRER P —2ALANL, bt MESEM
WXL TR & A EHTRIMGEHER 2 R SR\, W ORER(L PRI E 2 i+ 2 & |
RNase Pol |ZE#IEE 2 RNase T1 £V £/ 20 °Cim< . pH RFFFE 717 7 —8IC
X LT% RNase Pol D NmWLEMZRT Z ENRDoo7z, ZiuE, RNase T1 (213
JITE L7204 DD Cys7, Cysd8, Cys82 BL W Cys84 DV AT A ViR AHF T H129T
HHAREMENRE 2 5D (Fig. 33), £7-. RNase T1 (pI=2.9) <> RNase T1 7 7
I U —fESE L1372 U RNase Pol (3 onconase °V, a-sarcin 33 & [AlEE 2 %8 AL (pI=9.0)
23E, RNase Pol & RNase T1 D7 X /B Z BT 5 & | 7/ F = 5% K7 RNase
T1 2% 1 FRIEDOHTH D D% LT RNase Pol 1% 8 &AL TWW5bH, F£7-. RNase Tl
DI NVE I VBIRILE T ANRT XU TN 6 FBETOETHDITH LT,
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RNase Pol (% 3 #%%&3 > &7, DF U, RNasePol (£ RNase Tl (ZEEXTHEMET X/
WS Ia SHEEENET X VB3 2 < B3t X RV TH D L E A D (Table 10),
Johnson etal.lx, FRWHUEBIEH 235 541 T % onconase 73, S8Rt & o /X7 BT
& 5 12 DITHITEEIC FFERICHRE S LMANIZEASND Z L 2R LTS 70, Fiz,
Llinskaya et al.|%, o-sarcin 5935 S /X7 B TH Y | onconase & [F] U A B =X AT
Lo THIIINICEAIND Z 2 HE LTV ™, ko L 35Y RNase Pol (X555
P2 NTETHDLID, 26 & RSB S T 2 /R S 5, 20 Z LI
WE I TS RNase Tl 7 7 X U —EER O pl fES a-sarcin Z FRUVNT pH4.5 LR O 552
PERIZ & 0 . HUEEETED RNase T1 7 7 X U —BEROBWME N RN L& —HLTWD,

(RNase Pol No.)

20 40
RNase Pol QTGVRSCN AGRSFTAT TNEIRSA———R E %@Sﬁ
RNase T1 ACDY GSNCYSSS ST, QAAGYQLHED CETVERNSY D
40 50

(RNase T1 No.)

I
(RNase Pol No.) 101

RNase Pol CTPTFF VFR SIYDQSGRFCACL HTG T RF
RNase T1 VSSPYY ILS VYSGGSPGADRVTHTG Al
(RNase T1 No.) (X) 104

Fig. 33 Comparison of the amino acid sequences of RNase Pol and T1

The sequences in common are enclosed in boxes. The numbers above and below the matrix show
RNase Pol and RNase T1 numbering, respectively.

The disulfide bonds of RNase T1 are shown by
shown by ------- .

; The disulfide bonds of RNase Pol are
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Table 10  Amino acid composition of RNase Pol and RNase T1

Amino acid RNase Pol RNase T1
Asp 3 6
Asn 6 9
Glu 3 6
Gln 2 3
Ser 11 15
Gly 14 12
His 2 3
Arg 8 1
Thr 9 6
Ala 7 7
Pro 5 4
Tyr 4 9
Val 7 8
Met 0 0

1/2Cys 6 4
Ile 2 2
Leu 1 3
Phe 11 4
Lys 0 1
Trp 0 1
Total 101 104
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FSHE /NE

1. RNase Pol % Postretus 7> 51554172 RNase T1 7 7 X U —[#% C, RNase T1 & [A
— DI A L, — kG E 40% DR En V—%49 5, RNasePol ¢ ¢cDNA [Tk
B RTE 01 BRI L T NRT T R 25 BEN S 7o TN, KRIBEIC X 5388
RAERE U ATV, BRIE 2L 0D 7T OD AT v 7 2R T 34% DR TH 5 mg D
R L A 15T,

2. RNasePol 37 pH 7% RNase T1 & [FERIC pH7.5 T, 90°CT 5 7pM#FE L THH
80% DEEETEM: A48 L T\ 5, L7A>L RNase Pol D% 513 pl 9.0 TH Y. RNase Tl
®D pl2.9 XV ELVy, RNase Pol i d pH2.0-11.0 O#iPH TZEE TdH D DIZ%F LT, RNaseTl
L pH 5.0 X 0 BEMEMI CRERIEMEDS 40%FEFE 2 F T3 %, RNase Pol R IX
70°CT&H Y, RNaseTl LV b 20°CHE <, MREITK L TREMER S, Fo, FRRREM
777 =PRIz AIEICKk LT, RNase T1 L0 HHEFMERE - T,

3. RNasePol @t NHREIENEMADIZ K3 2 HFEANHIEA X, IMR-32 #£C i < SRR E
3 uM DU CTELFHIIAEA 10%LL FIZE T Lz, [FU< b MR IFIEIRTH 5
SK-N-SH BETiE, #IRE 6 uM ORI CTAEIFMIEE N 40%RETH 7=, ZiuTxiL
T, RNase T1 TIE IMR-32, SK-N-SH MI#RIZx U TRIREE 6 uM IA1 LT b A fEHE IR
DY 60%FEE IRV T HIC L EE o7z, NB-32 BRCIEXMEESE & 112 10 pM O TH A
FFREIRENC R & B LIT A O RN 2 E R gnoTz,

4. b MAIMFEA TH S HL-60 ik K O Jurkat MERRIZ 3 L ClL, RNase T1 1% 41
|F ERWEFEINEIER IR & 22 o> 7223, RNase Pol 1%, HL-60 M2k U CRIEEE 1
UM DN THAFMBEDS 5% LT F TR LW EESEINSIE T 278 U7z, Jurkat e
Wk L CHRIRE 10 uM OFRIICAGIRED 20%FEEE 2 L, SR O EERE A
L,

5. RNase Pol #¥sI1 L 7= HL-60 #ifid % Hoechst33342 Yo L7= &L 2 A, Za~<F D
BHENBIERCTE T, 0, 7a—YA M A MU —HTIC X 5T, HL-60 ffdicx LTT
RE—=VZAZFHEHR LWL Z BRI N, MaEH~DREL #5925 & RNase
Pol OIRMEITIS U T GO/G1 #i, SHIB I ONG2M #iD o 7 v 23 /b L, sub-Gl #Hd
T FIVREENNT A Z Lo Te, L7edd5 T, RNase Pol 7% HL-60 fifad S #Hi~0
BT T CWD EB 2 BT,
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6. LibEdZ & XD, RNasePol 1Tt FHIMPHIAE, & NpfRIEIEMAZIZ X L CHEFEA
Hl{ER 2R L, HL-60 ffEiZxt L CIET R b=V RAEZFHE L TWD I Enghot,
RNase Pol & — A& LD AT 1 U —23E 0 RNase T1 21X Z DIERAN RS20z,
S B IZFFAIC RNase Pol & RNase T1 Ofi&E A LLERETT 5 Z 12k 0, FUEBEER &
MG L OFENHERTE LB R D,
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% 3 E RNase Pol O X #RiEbEEMIT & LEMEDOKRES
FE1H 1IUBIC

AT LML LHIZ, RNase Tl 77 IV —BFED1>ThdE 7 X ik

RNase Pol &t  FIfymMAaIZ s LB 2 aamsilfE 232, L2 L. RNase Pol

— WL E 40% L i Em W EAREr Y —2 AL, EEFLDL —HLTWD
Aspergillus oryzae HR® RNase T1 [ZHUEGERH 2~ S 720, (RFEO2BUESTE RNase
& L T Rana pipiens 12K D onconase >9723&H 575, ZiUL RNase A 77 I U —IZH3S
AU, RNasePol LiEMEH.LE SR EmREEN 2 B> TWs, RNaseTl 77 XU —T
PFUEGAEA NS SN TWD DX, Aspergillus giganteu HED VR X > ThD a-
sarcin 3738 %73, RNase T1 & O—&ki#§iE LORE R U—IXEW (Fig. 34), L L
RNase Pol % a-sarcin 33394 &5 5 4 FUEBEIEMH 278 S 720 RNase (AR TLE R
EEAL TR, EELAZHELEICALTND,

AfE Cik X7z £ F Y RNase Pol O EJEiEAE L RNase T1 LV & E\2 &5, RNase
Pol IIHEEMIC LV LETHDHZ ENEZHBINDH, T RNasePol DHFTHT AT A
VERIEDN 6 FRIET RNase T1 D 4 7RIEL D 2 WMETHLTWDL VAT A R
X RNase Tl 77 I U —THEBEOHLDODHTHSH Z L2256, RNase Pol 28G5 5 Z DA
DY AT A VEREDPHERT DV ANVT 4 NGRS FOREMHICEEG LTS Z &N
HERI S5, F720 a-sarcin P30T 4 BED VAT A VERABLTWDLN, WL
RNase Pol & =L TEYV, ZDIHH 25T RNase Tl 77 IV —THlDOHLDTH
ST, LIEDR- TR 25D AT A V%M (Cys76 & Cys132, a-sarcinNo.) 23EAK
TDHVANT 4 REENT T DWW ENECE D > TW D AREMEN B 5,

—J7. RNase Pol [ZiZ& A& RNase T1 7 7 X U —ifk & $7p V) 08,0 & 99 JEE
\ZH LTV 5%, Onconase *VX° a-sarcin 33 3TN b EBE AN IHEREMEICH Y . B M
JUCEASND L ZICEHETHDLZ EbMEINL TN,

% ZC. RNase Pol @ X il i & it 2170, RNase Pol & RNase T1 O A&
EHER L. M & PUESEME & O A B RS 5,

(RNase Pol No.)

1 30 * 40
RNase Pol QTGVRSEN G———————————RSFTGTDVTNAl RSAR—————— AGGSGNYPH-VYNNFEGF S—————FS—-{¢
RNase T1 ARDYTGS————— NEYSSSDVSTAQAAGYQLHEDGETVGSNSYPH-KYNNYEGFD——————-FS-V—
a-sarcin AVTWT{ELNDQKNPKTNKYETKRLLYNQNKAESNSHHAPL SDGKTGS—-SYPHNF TNGYDGDGKLPKGRTP 1KFGKSDE
1 10 20 30 40 50 60 70

(a-sarcin No.)

(RNase Pol No.)

50 * 60 0 * 80 * 90 101
RNase Pol -TP-—-———-T-FF—EFPVFR-GS-VYSGGS—— PGADRV1YDQSGR-F[§AE-L THTGAPSTNGF VEERF
RNase T1 ~SSP——————YY—EWPILSSGD-VYSGGS——| PGADRVVFNENNQL—AGV I THTGA-SGNNFVET
a-sarcin DRPPKHSKDGNGKTDHYLLEFPTFPDGHDYKFDSKKPKENPGPARVlYTYPNKVF@—GIlAHT KENQGELKL SH

(a-sarcin No.) 120 130 150

Fig. 34 Amono acid sequence comparison of a-sarcin with RNase T1 and RNase Pol

Pol: Pleurotus ostreatous RNase ¥, T1: Aspergillus oryzae RNase *), a-sarcin: Aspergillus
giganteus RNase 7. *: Catalytic site. The numbers at the top of the matrix are those of RNase
Pol and the bottom aero those of a-sarcin.
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F2H EBRFE
1. RNase Pol OIFEEL, F5Hl
RNase Pol XA & Rl D 1L THEL, K UES 2157,

2. RNase Pol Off i1t

RNase Pol (10 mg/mL) DO ki > ¥ 7 Na v 7ZRKIEBIEIC L D 293K TIT
72, fdhlE 3.5 M sodium formate, 0.1 M 1,3-bis[tris(hydroxymethyl)-methylamino] propan-
1,3-diol(Bis-Tris propan) (pH 7.0) in SaltRx1 (Hampton Research, Aliso Viejo, Ca, USA) T
AP V==V T%ITH ZETHLNE, T —FZINEICHWRERIZ, 0.5uL DX 3T
BRi (10 mg/mL RNase Pol in 20 mM Tris-HCl, pH 7.5) & 0.5 uL O EFE (4 M sodium
formate, 0.1 M Bis-Tris propane, pH 7.0, 10% polyethylene glycol (PEG 400)) (Z 0.3 uL @
2M il v U A EIN A TER LT,

3. T — Z R L ARSI E

Photon Factory (#i)¢) O E—A T A > BL-17A % H\ > ADSC Quantum 270 £ Hi 25 % i
MLT, [E#r7—% % 100K, 0.9800A D& CTHIE L=, H—DfEGmNb0T — 1%,
XDS BELUNSCALAZEH L TR & A —V U 7 %2757, ZOfEfIE, Z2HEE P31
IZJ& LT\, R, BALBES 3 X U MOLREP (T & % 4y FEH#IC L » TiE LTz,
FEXIFRL = FNIZ RNase Pol 28 3 73 F-DAF(EL TV e, T COOT ZfEH L T&E
FEE~ T ThHFET VA FE TERE L, PHENIX.51 26 H L TR LT, Bk
7% Rwork & Rfree Dffiix, =M Z4 0.164 & 0.176 72->7-, PHENIX.51 ZfH L T
MolProbity ZffiH L TR SNIMEED T ~F v > N7 Uit aiT o7 & 2 A, L
L7-fEEli x4 chH 7= (Table 11),
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Table 11  Data collection and refinement statistics

Parameter RNase Pol

Date collection

Beamline Photon Factory BL-17A
Wavelength (A) 0.9800
Space group P34
Cell dimension (A) a=b=75.56, ¢ =34.80
Resolution (A) 37.78-1.85 (1.95-1.85)
Reflections measured 136098
Unique reflections 18553
Redundancy 7.7 (5.3)
Completeness (%) 99.6 (84.7)
Rinerge (%) 2 15.7 (62.7)
Mean I/ (I) 10.1 (2.5)
Refinement

Resolution (A) 32.72-1.85
Number of reflections 18541
Ruork */Rrec © 0.164/0.176
R.m.s deviations

Bond length (A) 0.0034

Bond angles (°) 0.782
Ramachandran analysis
Favored/allowed (%) 98.7/13

Values in parentheses are for the highest-resolution shell.
a Rmerge = X X ill(hkl;i)y—<I(hkl)>|/ X wa X il(hkl; i), where I(hkl;Q) is the intensity of an
individual measurement, and </(hkl)> is the average intensity from multiple observations.
b Ruwork = S||[Fobs| - [Fealc||//| Fobs|, Where |Fobs| and |Feaic| are the observed and calculated structure
factor amplitudes, respectively.
C  Riee 1S the same as Rwork, but for a 10.0% subset of all reflections for RNase Pol
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4. HL-60 HIPNIZ3E A S 3172 RNase Pol @ RNA 3 figiE M o E

HL-60 PN @ RNase Pol % 721% RNase T1 D&%, ~— 4 —& L T RNase I&ME: % fif
AL CTHEE L=, 10% 7 VIBIRMTE (Bio West, Nuaillé, France) % & Te PMI 1640 ks

(P—F7 4 vy —V AT 07 4 v 7, HA)IZE#E L7z 3x10° cells/mL @ HL-
60 HfE 2 mL (2, 200 uL DAL 6 uM @ RNase Pol £7-1% 6 uM ® RNase T1 % il
Z. 5%CO0, F, 37°CT30 oMk Lz, 275 % 1,500 rpm O Ly B X 0 il
ZUINEE L, PBS T2 Bl L7c, 3 b2 fifa~1 > % 0.1 mL @ 0.5% TritonX-100 %
&t 0.1 M Tris-HCL #Z#% (pH 7.5) 0.1 mL [ZU&E L. 2 [IEERE AR L7-1% . FEEE L
SBEL 7=, EJ5D RNase {EPEZ #EIZ L 0 HIE L7z (HL-60 Mif@ PN RNase 1514:) . Hifa
{202 724 RNase DO#IEMIZ®T3 2 HL-60 HiZ RNase O#RIEMED LA K, RNase
Pol & RNase Tl TLfE L 7=,

5. flRZEE M7 F K& H 7o HL-60 Al ~0 RNase DA

HARFE R~ 7T R (cell-penetrating peptide ; CPP) (4 4 7 /34 AR (&) D Xfect
Protein Transfection REEZFH L, v~ =27 /I LR > TiTo72, & b AMFEHIREE
HL-60 (%, JCRB #ifid s> 7 (k) 2> BHgA L7z, HL-60 #lfdix, 10% ™ 3k Vi ik 2z
e L72 RPMI 1640 THiE L7= Db | iz @ LaBtic K-> TE L, v VIR IE Mg %
& £ 720 RPMI 1640 (20 L. 1.5x100cells/mL (277K L7z, MINRRREIR 110 uL % 96 v
V7L — FDOE T = /VIZNZ, Millipore filter (Millex-GV) THAIIZ Al L 72 kiR
J£ 0.1 £721% 1.0 uM @ RNase Pol F 7213 RNase T1 20 uL % Xfect Protein Transfection 7t
FELIRFIL 30 MIBUGH ., MRRICINZ 72, 5% CO, Ty 37°CT 18 Rifilsa& L7=t%. 10
pL @ 0.5% 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, a yellow tetrazole

(MTT) (BFEMAEZEITERT, BEA) ZA, 5%CO, T, 37°CT & HIT 2-3 RIS S
7%, 630 nm TOWSEE 2 W E L7z, MO HEFEIN S 13, RNase Pol % 7213 RNase
Tl ZINZ 72V THEE L7c & 2 Offila%kia 100% & LT, RNase Pol F 721X RNase T1 %
MMz THEFE LTz & & OAFMaE OB R 2 FH LT,
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B3I R
3-1. RNase Pol DIFR - fEF1L - BERE

HERAKGEORE LG 2L Z2HREFEE LORR L, B8XL% 17mg (35,000 units)
@ RNase Pol #4537=, FE4h1% SDS-PAGE TH)—M: 2 el L7= (Fig.35) , Z OHGHEE
X7 Ry TARKIEHIEIC X DRSS b L, S5 7=#58 1% space group P31,
a=b=75.56 (A). C=34.80 (A) THo7=, X BfEEMEIEMHT 21T > 72 RNase Pol O
1357 F-E 7% (Molecular Replacement method) (2 & 0 fi#H U, e f&BOIZ 0 fiFAE 1.85 (A)
T Rwork, Rfree % % 0.164, 0.176 THHEL LT=,

@ (b) (9

50kDa W
37kDa
25kDa
20kDa
15kDa ‘

10kDa <—RNase Pol

Fig. 35 Tricine-SDS-PAGE (15% Slab-Gel) of RNase Pol

Purified RNase Pol was homogeneous according to Tricine-SDS-PAGE. Tricine-SDS-PAGE
was performed using a 15% polyacrylamide gel. (a) Silver staining of molecular marker proteins.
(b) Silver staining of RNase Pol. (¢) Activity staining of RNase Pol using RNA as the substrate.
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3-2. RNase Pol DO A{K1EE

[RNase Pol D741 ]

RNase Pol [ZIFEDHEEZEZ L TE Y, a- helix (16-27 F&H) & 7DD B-strand (7-9,
12-14, 36-38, 52-56, 71-76, 82-86, 97-98 #KL) # AT 5 (atp) ¥ A T OMHETH -
7= (Fig.36), RNasePol O¥E#ALET /L ClE, a-helix 2% 3.5 [Ffi5 L T3V, RNase T1 O
4.5 [Elf.ﬁEJ: 0 /L7272, RNasePol (%, RNaseT1 & [FEEIZ a-helix N EHD L 51201

7= 0 . 4 KD B4-6-strand W FATIZ B-— Mg (36-38, 52-56, 71-76, 82-
86) ZIZA L. a-helix ZA8{0) H4#1E & 72> Tz (Fig. 37a),

RNase T1 OfEEALE S TWD 45D T 2/ Feikkk (His40, Glus8. Arg77) i
B3-6strands (His40. Glu58. Arg77) & P6strand D72V (His92) (Z/R/EL TV 5 (Fig.
37¢), £72. RNase Tl DR AR YT AT )VEEE ORISR 1T D o AT VRN G D
AT FIZEBVWT, Hisd0 F 7213 Glu58 2 ribose 2’-hydroxyl group (Zxf L —fixiEiE L L
TI7z b & | His92 28 —fixlk & L CTldiz b Z EHfE L 7= 5°-hydrooxyl group |2 7w k> % b
252 ERHESNTUVD ™, RNase Tl Ot EALIZA Y 9% RNase Pol 7 X/ i
FEF 13 His36, Glu58, Arg72, His87 T& ¥  RNase T1 & [FAl#IZ P3-6-strand (His36, Glu58,
Arg72) & B6-strand D L7210 (His87) IZ/HTEL TV iz,

b1 b2 at b3
o)
1 10 20 l 40 50
Po1 QTGVR S Nl:IAGRSFTGTTNIRs ------- ARAG YPHVFS TPTFF 53
T ---ADYTLIGSNYSSS OAAGYOLHEDGETV YPHK Y D VSSPYY &7
1 10 20 40 50
_
b1 b2 al b3
L I
1
1
b6’
Po1 secondary structure
70 80 90 100
Po1 SVYSGGSPGADRYV/IYDQSGRF “A[“LITHTGA[PST|N|G RF 101
S DVYSGGSPGADRV FNENNQLAGV I[THTGA|SGN|N|- T- 104
80 90
T1 secondary structure
b4 7

Fig. 36 Primary and Secondary Structures of RNase Pol and RNase T1

Pol, RNase Pol; T1, RNase T1. Sequences in common are enclosed in boxes. Numbers above
and below the matrix show RNase Pol and RNase T1 numbering, respectively.The cysteine
residues are shaded, and the disulfide bonds of RNase Pol are shown as connected by bold lines.

The catalytic site residues are indicated by arrows.Secondary structures are denoted as follows:
al, a-helix; bn, strand of B-sheet structure.
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Fig. 37 Tertiary Structures of RNase Pol and RNase T1

The figure was drawn with PyMOL (http://pymol.sourceforge.net). (a), (b) The N- and C-termini
are labeled N and C, respectively. The o-helices and [B-strands are marked ol and B1-7,
respectively. The circles enclose disulfide bonds. (a) RNase T1 is colored pink (PDB ID: 2BU4,
Proteins 1999, 36, 117-134), 2GMP is shown as sticks colored blue and red. (b) RNase Pol is
colored blue (PDB ID: 3WHO). (c) Structural overlay of RNase Pol with that of the RNase T1/2-
GMP complex. Active site residues of RNase Pol and RNase T1 are colored blue and pink,
respectively. The a-helices and B-strands are marked ol and B1-7, respectively. The disulfide
bonds of RNase Pol are shown as sticks colored yellow. (d) The active site of RNase Pol
superimposed with that of the RNase T1/2GMP complex from (c). 2GMP is gray. In (c¢) and (d),
the amino acid numbers of RNase Pol are shown first and those of RNase T1 follow in

parentheses.
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87(H92)
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E42(E46§ | Sy
F41(Y45@ N < | ES4(ES8)
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N39(N43)
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RNase T1 O EFRFRENALIL, Tyrd2, Asnd3. Asnd4, Tyrd5, Glud6, Asn98 THERK &
AU, B3-strand & B4-strand D] D/L— 7 & (Asnd3, Asndd, Tyrd5. Glud6) & B6-strand
& B7-strand DD /L—T71EXE (Asn98) (Z/RITE L., Tyrd2 & Tyrd5S DS HFR T T =
WHRA/A TS (Fig. 37d). ZAUTHHY T 5 RNase Pol D7 I/ BRFRHIE, Tyr38,
Asn39, Asn40, Phe4l, Glud2, Asn94 TH Y, RNase T1 & [AIERIC B3-strand & B4-strand
DD N—T7HEiE (Asn39, Asnd0, Phe4l, Glu42) & B6-strand & B7-strand O H D /L—
T E (Asn94) IZRTE L. Tyr38 (B3-strand) & PhedS DFHEFHER T/ 7 = U Ha
ATWD EHERIS LD, RNase T1 @ Glus8, Arg77, His92 23H 35 3 D DKM DRI
IZ. o-helix &SI B-— b bBIZ7 7 A X —%TET 5 A, RNase Pol Tit Glus4

(B4-strand) ., Arg72 (B5S-strand). His87 (B6-strand D & 720 ) 2N ZAUTHH YT 5,

$72. RNase Pol @ B4-6 > — MIHFINERICAEAE L 16 FRET 8 A DBUKMET X/
Wz & ATH Y RNase Tl 25 17 5-EH 9 FRIEEOBUKIET X/ A2 A L T 5 O LRk
T&H 72, RNase Pol @D B4-6 > — b EDBKMET 2V BELNHSL 57 T A X —I%
RNase T1 & [AIEEIZ, o-helix DSFHANZA Y a-helix Z458) 5 L 5 2Bk a7 2k L T
V7= (Fig. 38),

\a) \V)

Hydrophobic core

Fig. 38 Hydrophobicity of the RNase Pol Molecular Surfaces

The figure was drawn with PyMOL (www.pymolwiki.org/index.php/Color_h). The molecules
are shown as ribbons and surface models. The figure (b) is rotated horizontally by 180° by the
center. Bn, strand of B-sheet structure. The hydrophobic regions are colored gray and the deepness
of the dark color shows hydrophobic strength. The circles enclose the hydrophobic core.
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[RNase Pol Y 2V 7 1 RiEE]

RNase Pol DH T 5 6 5ZEED v 27 A L FEILIL, Cys9-Cys99, Cys7-Cys84, Cys48-Cys82
D 3MOY AT 4 RiEGEA LTz (Fig. 39), Cys9-Cys99 (% RNase T1 @ Cys6-
Cys103 (ZA8 LA 2B < 97T RNase T1 7 7 2 U —|Z3il L TIEET %, RNase
Pol DD 2 DT A7 1 RiEf (Cys7-Cys84, Cys48-Cys82) (% RNase Tl D E DY
AT 4 REEG L b —E L72, Cys7-Cys84 1% Cys9-Cys99 & V4T L CHEfE L. RNase
T1 XV b NRIE C KA LV REISH S SE TS, Cys48-Cys82 [, Cys7-Cys84
D FHADOTEPEFR L OVTEHIZ JFE L, P6-strand & B3strand & B4-strand DFE D /L— 71
WEEEGLTND, 20— RIIFHEERRMBA AR L TWnWH EEX LN TNDT
3 EREHL (Asn39, Asnd0. Phed4l. Glu42) 23R7E L. B6-strand ORI IAIEERALOD 1
ST D His87 NHEL TWD, L7z -> T, Cysd8-Cys82 [T FLZEFk BRAL & il g fir
ZXOVEELL TS EZZHND,

2Fo-Fr electron density map (1.2 o)

Fig. 39 The Electron Density Associated with the Disulfide Bonds Is Shown

The cysteine residues and disulfide bonds are shown as sticks colored blue and yellow,
respectively. The contour level is 1.2c. Bn, strand of B-sheet structure. (Color images were
converted into gray scale.)
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3-3. HL-60 AREPNICEA X7z RNase Pol ® RNA S FEEHEDOHIE

HL-60 AfENIZ3E A Z417- RNase Pol & RNase T1 &% tbifg L 7= (Table 12), HL-60 5
FN @ RNase Pol & RNase T1 [ZZ41E 40 17.78x103, 35 K U8 2.48%107 units T > 72,
% 7z RNase {E M (units) (2357 2 AN RNase 1EPE R (units) DA T 5 & |
RNase Pol | RNase T1 D35 X% 4 &\ RNA o fiEtE % R L7z, L7253 - T, RNase
Pol |& RNase TI & ¥ & HL-60 MJaMIZEASHE <, FAMAEAN TS RNA S
ERFFLTWD EE X LT,

Table 12 Internalization of RNase Pol and RNase T1 in HL-60 cells.

RNase activity in cells ~ RNase applied to cells RNase activity in cells

RNase (units) (units) RNase applied to cells %100 (%)
RNase T1 2.49x107 11.8 0.021
RNase Pol 17.78x1073 21.2 0.084

3-4. HIRZBEAMRTF & V72 HL-60 A1~ RNase D& A

RNase Pol & RNase T1 (ZHifidiitE~~>7"F K (CPP) % T HL-60 fifid|Z&E A L
18 IFfHi¥E# L7z & Z A, RNase Pol TIHREITIKIEL T CPP RO E D LV & AFF
A L, 0.1 uM @ RNase Pol O¥IIT 80%., 1.0 uM OERINT 40%5512 F£ T
T L7 (Fig.40), Z#uZxtLC RNaseT1 Ti, 1.0uM L CTHAEFMIAENIEE A
EWA LIgnoT-, LTz -> T, CPP % FV > C HL-60 MR IZE A L 7= & & RNase Pol |Z
RNase T1 £V & AEFMIEE RESBAOIEDLZ Lnbhrolz,

(a) RNase Pol (b)RNaseT1

100

[e3]
o

Viable HIL~60 cells (% of control)

Viable HI~60 cells (% of control)
o)
o

40 ’ a0 }
20 20
0 -CPP +CPP = CPP +CPP - Cpp +CPP = CPP +CPP
0.1 uM 1uM 0.1 uM 1uM

RNase concentrations (uM) RNase concentrations (uM)

Fig. 40 Effect of RNase Pol and RNase T1 with Cell-Penetrating Peptide on the Proliferation
of HL-60 Cells by MTT Assay

HL-60 cells were treated with a given concentration of RNase Pol or RNase T1 with or without
cell-penetrating peptide (CPP). Viable cells were counted by MTT assay after 18 h of incubation
at 37 °C under 5% CO,. Cell proliferation without RNase was normalized to 100%. The graphs
of —CPP show cell proliferation without CPP and are colored black, and those of +CPP show cell
proliferation with CPP and are gray. The data represent the means and standard errors of three
independent experiments, each performed in triplicate. (a), RNase Pol. (b), RNase T1.

66



FEati BE

RNase Pol & RNase T1 13 40%DEWRER P—%2F L, fihfiriis=alc—s% LT
W5, WEERILS T = RN T RNA IS 2 EMpH & 7.5 128 L, HiFEkED
FFRETH 5, LA L. RNasePol 1TV 22Dt EEMIIZ 5 L CHGEINHIEM %
N9 A3, RNase Tl 13 E o 72 < BEFEINHIVEA 2 7= S 7200,

RNase Pol @ X ¥t iAs & fi#HT 217V RNase T1 & it L7= & Z A, RNase Pol 1% a-
helix 73 3.5 [F#Z L CE Y, 45FHEIL TV 5 RNase T1 LV b RIPESERKRTH T,
W OfBRALIL —E L TH Y . 4 OO B-strand (B3-6) /572> Tz, WHE Dy
T D BB A Ll U C A D & | A ELL X FER CTd D A3, IS FEIE D 2 0 Bie
> TU7,

WE DT I ERBLSI & BRAKKE B & bhle L CA 5 & . RNase Pol {3 RNase T1 LV %
50-60 7% IO T L 0 BUKMED BV, ZAUE, RNase T1 Tl Tyr56, Tyr57 & Trp59 IZ5%
M3 57 I DS, RNasePol TiX3-2& %6 7 x=/L7 7 =2 (Phe52, Phe53, Phe55)
THDHIZOTHD, -, ZOFEKITIE B4-strand L DIEMEARBERALD 1 > TH D Glus
7 (RNase Pol Ti% 54 % H. RNase T1 TIL 58 FH) MJRfELTW5 (Fig 41),

(2)RiNaasTe1 (b) RNase T1
15 15
Glus4
° e Glms
s s

5 . . 5
= 0 A = 0
2 tUMA “’W V‘\’m z \va‘ H f“’ UVW
2 3 > S
"é_ 10 z -10
5 s 5 s
= 2
— 220 et =20

25 -25

Amino acid number Amino acid number

Fig. 41 Hydropathy Profiles of the Amino Acid Sequences of RNase Pol and RNase T1
The hydropathy profiles were calculated by Expasy Tools (http://www.expasy. ch/tools/protscale
html). Glu 54 (RNase Pol) and Glu58 (RNase T1) residues are denoted by arrows.

RNase Pol & RNase T1 D43 -2 DBUKME At L T4 5 & | RNase Pol Ot

BT DB/ MEREIR X RNase T1 L0 HRE WS, OFEO BRI L T\Wb =

krﬁﬁ”ﬁi&ém‘: (Fig. 42), L7272%-> T, RNase Pol ODffMEEINT I3 BRZK ME REISE 2 FEZ K,
THZELICED, KOVLEELTWDHEBZ LN,
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http://www.expasy/

?

) 41 '
N
N

(b)

RNase Po1 RNase T1

253 1.19
[ TS

Fig. 42 Hydrophobicity of the RNase Pol and RNase T1 Molecular Surfaces

The figure was drawn with PyMOL (www.pymolwiki.org/index.php/Color_h).RNase Pol and
RNase T1 are shown as surface models. The figures are viewed from the same direction as Fig.
38. The hydrophobic regions are colored gray and the deepness of the dark color shows
hydrophobic strength. 2GMP is shown as sticks.

RNase Pol & RNase T1 D4y R E DO EREEZ I LTz & Z A, SN O BT
I% RNase Pol |Z XV IEIZHE L TWHDIZxF LT, RNase Tl (FEIZHE L Tz (Fig
43), RNasePol [T 7 /L F =7 % RNase T1 D 1 FEEL D HILDMITE V8 FRILH L
TEY ., ZD D HO 5 KNP FRENIHEL TOD DI oFREZ EMEIC LT
%, PUEGEME RNase 2357 N D RNA 2 W8T 5 72 O TMEPNICEAN S RiT
72 5720, Johnson DR N KD & BMOGUEEHENEZ A9 % Rana pipiens H2K
RNase A 7 7 X U —E£52 Td 5 onconase 1%, 3 DO @E L ORI L72fElk (patch)
ZH L THY . onconase DML EMEFRELUCLE L (R L) BE EHEIZHIT 544
BEIGD AT~ 7T Z OB EOIEIC i L= M8 (patch) WIEFICEETHD & S
TW5 ™, L7zh3-> T, RNasePol D531 O IEAT e EEIT ., JEE AR O MR
KENZHEAT DDICEETH S LHEHTE 5,
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(a) (b) (©)

£ X Iy
SR J” 2 &
. "\ (R

conserved not-conserved

T 1

Fig. 43 Electrostatic Potentials of the RNase Pol and RNase T1

Molecular Surfaces and Conserved Regions between Them The surface potential was calculated
and displayed using the PyMOL ABPS tool.”> The central figures are viewed from the same
direction as Fig. 37. The lower figures are rotated horizontally by 180° by the center. The circles
enclose the active site. (a), (b) Electrostatic potentials of the RNase Pol and RNase T1 molecular
surfaces, respectively. The molecules are shown as ribbons and surface models. Negatively
charged regions are shown in red, and positively charged regions are shown in blue. RNase T1
(a) is pink and RNase Pol (b) is blue. (c) Conserved regions between the RNase Pol and RNase
T1 molecular surfaces. RNase Pol is shown as ribbon and surface models. The conserved regions
are colored orange and the others colored white.
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Aspergillus  giganteus H12K D a-sarcin [X VAR FF > & LTHBILTEY RNase T1 7
7 2V — EERROAESERAI 2 A LTV A 2 E M ST 5 3339, gesarcin 1d, o
U w7 A (RNasePol &V /NEVN) 1Tk L THPATIZ B or— FDEE) - T D K 5 ITHE
i S 41, RNasePol & [FIERIC, # DECHANCAMEEEALZ A LT\ 5 79, L, fdiiEEs
NLLIANClX o-sarcin & RNasePol & D RE ¥V —(HMEL . EMEDT X/ BELOH A
MIHHIND, ZD 1 DIEN KIHD B~T B (Leu7-Arg22) T, ZiUFHIfaE & o
ARG L TWD Z L Z2RE L TVDH0, TOMOFFEABSNLY A Y — A EHA
TERT 2 IS bV —7Th 2D (Fig. 44) 7, RNase Pol (X2 D X 5 & & & 720
Z LB, assarcin & 372 D FEIC X o TSI O MBI RSG5 rTREMER v,

(Pol No.) 1 10 20 30 40
RNase Pol QTGVJISE PAG———————— R&FTGTDVTNAIRSAR——————AGGSGNYPH—VYNNFEGFS————————FS———E
RNase T1 AEDYT®GS————— —NEYSSSDVSTAQAAGYQLHEDGETVGSNSYPH-KYNNYEGFD-——————-FS-V—

(a-Sarcin No.)

a-Sarcin AVTWT{ELNDQKNPKTNKYETKRLL YNGNKAESNSHHAPLSDGKTGS—SYPHWF TNGYDGDGKLPKGRTPI KFGKST
1 10 20 30 40 50 60 70

(Pol) 50 60 0 80 90 101
RNase Pol —TP-———————T-FF—EFPVFR-GS-VYSGGS————PGADRVI YDQSGR—F!EAE&—LTHTGAPSTNGFVE FRF
RNase T1  SSP———————YY—EWPILSSGD-VYSGGS————PGADRVVFNENNQL——AGVITHTGA-SGNNFVEET

a-Sarcin DRPPKHSKDGNGKTDHYLLEFPTFPDGHDYKFDSKKPKENPGPARVIYTYPNKVF{E-GI IAHT-KENQGELKL{ESH
(a-Sarcin No.) 80 90 100 110 120 130 140 150

Fig. 44 Comparison of the Amino Acid Sequence of a-sarcin with RNase T1 and RNase Pol

Pol: Pleurotus ostreatous RNase ¥, T1: Aspergillus oryzae RNase °), a-sarcin: Aspergillus
giganteus RNase "?. Disulfide bonds of RNases are shown connected by bold lines. The numbers
at the top of the matrix are those of RNase Pol and the bottom aero those of a-sarcin.

X HRAE R ST OFE R XV . RNase Pol (£ RNase T1 £V & 1 #1% > 3 fHD S-S f&
EEHLTNDZ RPN o7, RNase Pol @ Cys9-Cys99 v AL 7 ¢ RiEG X, BEHEH
KDOFTXTOREAD RNase T1 7 7 X U —[#E TR STV 523, RNase Pol 28F 9
B 2 HDOT AT 4 RiEES (Cys7-Cys84 3 LT Cysd8-Cys82) (Zxthnd™ HfEA I,
RNase T1 (Z1%72\ >, RNase Pol @ Cys7-Cys84 #& & (%, RNase Pol @ C i & N K
XV EETZOICEHBRL TW5, F72, RNasePol O 7 7 = UHHGREREA 1T — 7
HETEIZ 6 23 53 Cysd8-Cys82 FEAIZ & » TN L #E A L T\ B 7=z 2 Ek
ERTWD, ZhIZx LT, RNase TI O N Ktz o2 $HICHHRET D VAN T 4 RiES
Cys2-Cys10 [%, RNase Pol {ZIFFF/E L72RWAS, AL D ICH D Tod X g
DEEVEIIEE A EREE H 270235 2 53, RNase T1 X RNase Pol (& & LA
LZEAL L TR,
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AT TH k<72 L 9|2 RNase Pol OFE#IHEIL 70 °CTH Y, RNase T1 D 50 °CL Y
b, £, BRSO, F NI EHONTTF NERONREEZ KT 5 210 nm (2
BUIAH AN (CD) A7 MVOREZE{LZMRF LTz 92, % Of5 % RNase Pol TiE
(01210 nm DfEIX 60 °CE THEFF S 4L, D%, IRE LA & & IR Lz, 2
(2% L. RNase T1 Tld MR L, 40 °CE I 60 °CTRE < Lz, 40 °CHHT
T O HEM D272 1%, RNase T1 OEEZTEMEDO RN KRS LTz, 3% 5 <, RNase
TUIFEE EFICfE O RNase T1 7 7 X U —FERICHEBD VAV 7 ¢ MGG DS RWINCEE
PEa 2T BERTE AR CE RS RV RIET D L HEHTE 5, 24Tk L T RNase Pol
TlX, RNase Tl 7 7 2 U —{ZH@DO PV AL 7 ¢ FiEA (Cys9-Cys99) NEMZZITS5
K72oTED, EHICERIZARLRTIUIRIE LWV TIER W EHERI S D,

RNase A 7 7 I U —BERIZITHUEGEH 2467 % onconase & 72\ RNase A 23
X TW5D, onconase X RNase A KV 1| DZW4FOTAILT 4 FEEEEALTE
D .Z D RNase A A I RWTY AV T o REEEIXIEHENL 2 & T C RImZH 2720,
TEMEEAL 2 FE I Z B S E TS ™, a-sarcin (£ 2 MOV ANV T ¢ NiEGEE A, 1
DNTT N TOREHD RNase T1 7 7 X U —BE#ICHETHY . b 5 1 -51d RNase Pol D
Cys48-Cys82 fti & IZHHY LT 5 (Fig. 44),

RNase Pol 3 X UF RNase T1 (2 —/E ¢} 5#& L 72D B HL-60 #E P RNase 1M 2 Il E
L7z & Z A, RNase Pol |% RNase Tl & Fb_XTHIIN CTOIEMEDS 4 (512 EDO@EVVMETE -
72 ZOZ L) 5, RNase Pol £ RNase T1 £V &Vl E CHIRAICED IAEND Z
ENGND, iz, FEFRN T 0T 7 —BIZ XV IEE L TH ZHUE EEERIEESE T L
RN 2 &M EAN T T R 2 O TR E A L 72 3285 R 2 5. RNase Pol (3
RNase T1 £V HHfINTEWEZEMRZRLTWNWDEWVWR D, ZORERITTANLT ¢
FEAICEDBDOTHD EBZ B, 2O ENPUEENE RNase OHEFEMNH]EH 2
HBLTWAHHREMERH D EZEZBND,
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ESHEH G
1.  RNase Pol @ X ik bt E it (2o fifae 1.85 (A) TRkzh Lz,

2. RNase Pol O =tEi&EIX, INEOHELZ L THY | a-helix & 7DD B-strand & H
L. RNase Tl & [FERIZ o-helix DN H DO X D25 FRNICHTZD D | 4 KD B4-6-strand 7
WOPATIZ B-— & Z AL L Tz,

3. RNase T1 OffiEpfir & S TWAD 4 DO7T I FEis L W EEERRAT 139X T
RNase Pol THIRIES LTV,

4.  RNasePol %, Cys9-Cys99, Cys7-Cys84. Cys48-Cys82 M 3 LD A/NT 4 RiES
ZH LT, Cys9-Cys99 [TAHE %R < §7XCTd RNase Tl 7 7 2 U — |2kl L TFAE
9%, RNase Tl WA I 72V 24 AL T ¢ REEE D 9 5, Cys7-Cys84 | Cys9-Cys99 &
PATLUTAAAEL, RNase Tl £V & N K& C Kifa &V REICHE S S, Cys48-Cys82
1%, Cys7-Cys84 O kMUl DTEMEH L OUTEFIZJRHIE L, AN & M HGERGT AL 2 L 0 &
EL L CWAALEICH > T2,

5. RNase Pol & RNase T1 D433 m OBKM % Lhlg L CH 5 & . RNase Pol Ofiliit
WAL E 1T D BfKMEIE RNase T1 &L W $ K& <, RNase Pol DAL AN AN BRKERE
WaEEkTAHZET, LVLRETHIHEEZLINLD,

6.. RNasePol & RNase Tl Dy FRE DM EIRAEZ Ll L7z & 2 A, s A oo FLM)|
TlX RNase Pol [Z LV EIZHEL TWADIZx L, RNase Tl (ZAIZHFE L TV,

7. RWBUIEISER %2 779 Rana pipiens 13K RNase A 7 7 X U —[#3 T % onconase
L= L DRI fE L7 fEIk (patch) A L., FUEBEIEH %2R 720 RNase A £V 11
ZVANVT 4 RiERER LELETHD, £72, RNase T1 77 3V *@%?‘2 S
% Aergillus giganteus KD VR F %2 0 Th D o-sarcin TH ., N Kirh /5 (2 1B 7
727 2 R EA S, RNase Pol @ Cysd8-Cys82 fE A I YT H VAN T ¢ RiER %
AHLTWE,

8.  RNase Pol ® HL-60 ffifIPN @ RNase &M% RNase T1 £ 9 & &y, CCP ZHW\WT

RPN E AT D & L0 GR35 Z &5, RNase Pol (% RNase T1 &
D HFCOZHIFENICE D IAF 7L, BN THZLETH D EHEHI S LT,

72



9. LlkoZ g, FUEEEME KT RNase Pol O X MGG ZH LT 5 2
L2k 5T, RNase Tl WA SRVWI ALY 4 RESICL OBEERLELL TS Z &
Nbomo7-, F7-. RNasePol IX, RNaseT1 & IZx IRy TR E N EITME L T\ D
o BNIAFPH T D7, L EEMROMIEEICHES LT WEBS 2 bz, B
PUEEME RNase & DO 2N &, IEICHE L CTWDEESAHH ChH D L, VALY
4 FREAICE D2 L TWD Z LA, RNasePol Ot EEHINEIZ &9~ 5 HLiEEHE M
IZHE L TWaEbihvd, 4%, ZOMENPLELNTARLEFIH L TE HICiVGE
PEIEVE 2 7~ 9” RNase Pol B2 A % {ERk L. RNase Pol O#iE & HLIESEMEORBZREZ S 6
IZRETT D 2 EiE, B LW OBRIIC SRR e R S D LB 2 D,
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MatE

AL T AL RENS VR X7 LT —B3E 179 2L TURX 7 LT —ED
SR ATRT LR AE Lz, TDT0I, BN R E < HAIER B 72 RNase T2
77 IV —ERERTHLIMEZEYMTE FTHK RNase Aa BLOH D 1 ECThHDHE T
MK TI 7 7 2 U —fE TH D RNase Pol % FHVTHIFZEE TV LA FOM R 2157,

1.  RNase Aa DFERIEZTESL L, b M FAEMBEN L kg D 11 2T v P 5 R TR
AI1Z 0.9 mg @ RNase Aa #1535 Z LN TE 7z, WX 8.5% CARBER D HINT DIy 15
1% 31,400 T, RNA #HE & L72BRO 1 mg 24720 O IEMEIT 789 units/mg TH - 7=,

2. RNase Aa X RNA ZJE & L7-BEOEE pH 28 5.0 T, EERRME, CD A7 |
IVORRFIING, KEEFZEIZ RNase T2 7 7 X VU —#EETHDHZ LN Do T,

3. RNase Aa ® cDNA OFENTI B ERES /87 FERAS L 231 7 2 BRSNS 721 |
40 FED L T FN_TF FEfF LT\, BEREFRIRETTIEL 3 DOR Y X7F FH
MBIRDH EBEZBIDD, cDNA TIEZEDOFFIIREBIFHA LR DB ->TNDL T &
25, RNase Aa [TFHFRZIZ. N K] Asn-29-Gly30 & C Kiuifil|d Thr210-Arg211 @
MCUlrsn/zc&BEx b b, RNaseT2 77 I U —BERTIX Tp (4 #) 32, BSP1 (4
) 29, PSP1 (7 #J#) ¥, CL1 (=7 FVUF) ), RCL2 (W =x/LHF) V72 £ C K
ITOIWr 221 TV D, ZOF TN RKimfll & Ol 2517 T\ b oi%, PSP1 (7 # 1)
L CL1 (=7 RURF) P02 27215 Th D, CD A7 ML= U ® RNase MCl1
EDZPHEEDET U 7 TR, 2O FNEIIEETRIEEIEEL T RneEEX L
b,

4. —UHEEEZ D LITRI, RRINSIZK D LIEDIZ L > T RNase T2 7 7 X U —P%
RO EDRGR ZAER LTz & T A MEEMW R R OAREER 1T 0 Tk L7z b
BB CHIAENYCHFHEFN Y & ik LTV D 2 &y nno 7z, RNase Aa & e b Tz
THHDOIIATFHTHY, b~ hDELHRHEHE TH-7-, ¥ b M T ITEEFENIC
ITEHEEM & [ 12 DEMIZ B S 115 703, RNase (2 & 553 7 RT3\ CIAET H )
YT o DRI CTh o7, £To, TEE D RNase [ TFHEEMW) L 0 YT
W & e BRI I3EM) &I TiE VB T h o T,

5. bIXFHFKTI 773 —#%ETHD RNase Pol OKIFHEIC L 2RISR A S

L. &7 o~ F 2O TRRIZIT 572, 9L O RIFEERIE L Y Smg DELAE DI,
INRIL 34% CTH - 7=,
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6. RNasePol (X RNase Tl & [FIBEIC, Ei# pH % 7.5 12F L, IREZEHENEV, L
L RNase Pol /&, RNase T1 & EEA~NTEBEIREN 20 cClE Em <, LV IJRHEIPHO pH 1%t
UCEHEMEZ R LT, £, R 70T 7 — P bioxt L THIEHEN E - 7=,

7.  RNase Pol #t MEBMALIZ/EHN SE7-& 2 A, HL-60 flifid, IMR-32 ffR 25 4H
Rzt U CoWEFEBNHIE 278 L7z, ZHUCk L, RNase T1 (3&AIfRICX L CiE &
Ao EHEFEINHIVER 2 n S 7o 72, F£72. RNasePol I3 HL-60 @ikt L CTT7 A h—
RAzFF L, MBAEY E S I~OBITEIT TS Z ERghol,

8.  RNase Pol @ X #fldbtl &t 217\, e 1.85 (A) THFE#IEICLY =
WHREE 2P L. Rwork, Rfree 4 %40.164. 0.176 THZ{L L7T-,

9. RNasePol (%, RNase Tl & [FIEEIZ, 1 DD o-helix & 7 -2 B-strand 24 L. a-helix
ZREY)A X 912, 4 KD B-strand 23 FATIZ B-3— Mi&EZ AL L T2, RNase TI @
FRIBEERAL & SILTWD T X Iesk k. HEALRERIAZIX RNase Pol THIR(ES LTV,
BRSO A TR RS D BKIED T X BRIREEDNIER T 5D 7 T A X — b l#H TREIC—
LT,

10.  RNase Pol [Z3#1D S-SHiA%ZA L RNase T1 1V & 1%, 1HIZTI 77 3
U—TH@ETHY MET—HLTNDA LY 2 4% RNase T1 & 13582 v | AR
W RN 2 2 AV T D K O B RIfE LT =, E£7-. RNasePol D4y 1-F D
i FEIRAEIE RNase T1 &35 72 D | KRB OEM T LV EIZWEL TS, Lk
Mo T, ZAUT L IEEHAE~OBFES R L, MEN~OE Y ABLSEOm EIZh
FizEEZ NS,

11.  HL-60 HIMIPNIZE A S 17 RNase Pol @ RNase i&PEZHIE L2 & Z 5, RNase Tl
DA EDOMEER LTZ, £, MIaEEME~TF R (CPP) % HV T HL-60 M@ IZ [Hfi#
FEEANLT- L Z A, RNasePol |3 & & (ZHIFEMNHIVEH 23 HE 58 S 7= DIZx L T, RNase
T1 TIEOTNITEFEBD LTeDATHY , MINTLOVLETHDLEEXD
iz,

12, FRWHUESG/EH 2 A STV % RNase A 7 7 2 U —® onconase X°> RNase T1 7
IV —EERETHAVRPIRI D a-sarcin D EH B & EWEAITEO AV T 4 R
FEANLZENIZEFEG L TEBY o FREDEICHE L TV D EI S NS A B
Bt KT L TWD 2 Lnb | PUBSHEME 2 75§ RNase (3, #EO L ENE & 4y 7 D
IEIREENEE TH DH L HEHITE -,
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AL TIL, MU BIIICAFAET S RNase T2 7 7 X U —ER 2 MBS 32
ZEIZ I ST DORHE A ER L, iR AR R T A N TE L, E,
Tl 2 OEFIEVENHF S A4 F RNase 225, #ri7= 72 hiiEEM: RNase Z# 3% R L. 1%
& & OFBRREZ X MRS ERITIC L DV HERIT 2 2 Tx e, ARL Boiuizmi
Zh LIS BICHUEGEH 2 H58 U 72 R RO FRSe g Lo e ~— 1 — &L LT
B2 UESE 242 RNase DERFE O AREL 2V | SBRIUESGH ORI 5
HLDOEEZ D,

SRRl 24 5 RNase OWFTCIZFEREN 72 E W2 IRFTE 0 B AR~ OIS £ TIA
<HERAERMtCTE L LB D,
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