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An Acid Ribonuclease from Rice Bran
Part 1. Purification and General Properties

Yoshifumi Kawasakl and Satoru AKUNE
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KD R 7 v T —F IO, Contardi  Ravazzoni? (IR0 Kk ZEmE pH 4 0
VRIVAFIT—ENRNFET L LEHEL 5D, %, MHY XEH pH 5.3 o754 F> ) R
RIVT—ERRERL T3, —F, Jono® FELZOEYCEENS ) KR 71T —+% (RNase)
EEFEANTNE2, ek s ekicainsg RNase SBIILEBHE . 2T, EHIMNH
L LUTHBHAF LS WRELFAL, chicdins RNase M8 L CERO—KREGHEE R X
OEEREHICOWCTOMELIT e > Tco TOMER, KFIQIZEHE pH, BERREREORRZK
D RNase R’fEFEL, F0OHD 10327 = vigHKIcREMKS L OT7 v 4 ) i RNase Th 3%
CERREWIELIEY s AT, XK RNase 0 X Th 58 RNase D ig#lls L O —ixao:
B onwTHliET 5,

i

II. EBRMHEBEIUAE

1. # #

AR E LT LEDAOXR (B« #E) 20F LB TELI 2 KRR, BR
EHRIEROFEE & L ¢, Nutritional and Biochemicals Corporation #i% #-{% Sigma #-#iD
RNA % Sevag L0 5D TR EE%, #HL7%. DEAE-cellulose (0.88 meq/g) It Brown
8, Sephadex G-75 (40—1204) ¥ L ¥ CM-Sephadex (C-50, 4.5+0.5meq/g) (¥ Phar-
macia #:#1, Amberlite IRC-50 (XE-64, 10 meq/g) ¥ Rohm and Haas Company #{o 3
DEFERL I,

2. RNase jE{#E0 R EE

BERvK 0.20ml, 0.2M ErEgiEmK (pH5.3) F7uk 0.2M by =** —ifEeiReER (pH 7.7)

IR R E IR LR

** tris (hydroxymethyl) aminomethane
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0.25 ml, Z#sk 0.30 ml 35 L 0% 1.2 % RNA 759% 0. 25 ml %25 2 37°C 154 iR » 7-15,
V7 =vaRAEK (0.75% WY 7 = v 2% Eie 25 % @IE5%EE) 0.20 ml Zinz CRIGEE L8
%o Eimic 30 rfMER, = L0EE (2,500 rpm, 1047RE) U, k¥ 0.20ml ik 4.8ml #inx
T 260 mp T AHEE (Aw) ZHEIFET S, B RNase 05, Ay 28 1.5 LIFCllEEEE
& Aseo T HBIRIRIC D - oo REEOPESRHMHT T, KIS 1ml 0 Ay % 1.0 B 2EH
B¥ 1B L ERT S, HERIESAR (mg) Yioh OBRBEATRIN S, BEER, HilHK
COWTDZREMBEBTNVT IVEREREL LT, €UV y MEV IR > TEE L. FO4UT Au=1
NEE, 1mg/ml OFEABRE LREL THERLIS
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BT iR R 2 BRI TN T 3~5C DR TIT78 - 7o

1 #H oH

ey 400g1z 0.2M A3k 20 iz v+ — ) YT v Y F =T Th Bk —EFV XY
AW CEEREE, #OoEk (9,000 rpm, 10 4fH) LTELN S EEZHEMERE Lico BlLED
B 4 EESR L C, HiHHKR 6.56 1 #1572,

(2) BREsrE

6 200 MR E Rz C0.48af12 L, &
" £ MEELSEE (12,000rpm, 1045[) LT
P a
0 iy PE BOhAFERREEIILbC T4 MER
D 1 "| 2 Sk N 4 NI >
< FL 2| 5 BLUESR EICHZEE ML TO.6 ffn
4 :' "| w 0.4 100 .3 . . N N
; /i 8 r Lt HUTCIL T A% &Lt (9,000
! E [
) < oalso 3 rpm, 105f) i THED, KCHAELT
0.005 My vEB&EEW (PH7.1) wxL T3
3 " " - O 0 ~ ~. N, ~; N
0 20 W @ 86 100" 120 HREN U ico BITARIROEL0HE (12,000
ube number
rpm, 154 BICILAg D NS
Fig. 1. Chromatography of the ammonium P 2SS L S
sulfate fraction on DEAE-cellulose column BALTHWDT, #7327 405 —(G-1)
(8.8%50 cm). Linear gradient elution was .
carried out from 1.5/ of 0.005M sodium phos- CTHEB LT 2D X I LTELNEKE
phate, pH 7.1 to 1.5/ of 0.4M NaCl in 0.1M . . . N
sodium phosphate, pH 5.0. Flow rate, 60ml/ EER TR TR (0.4~0.6 gaFn) EHo &
hr; 25.7ml/tube, ——, absorbancy at 280mgu o e, e
(left-hand scale) and molarity of NaCl (right- L, —20C wfRAFL CGHEMRAL I, £&
hand inner scale); ---(---, RNase activity at Y Il s Fr
pH 7.7; --@---, RNase activity at pH 5.3. FROBHEDE TSR0 1
Peaks A, B, and C were called RNase A, (3) DEAE-cellulose I© X 24747 ®

RNase B, and RNase C, respectively.
<~ 774 -

WizemEis 135 ml (BEE 7.53g) % DEAE-cellulose % 5 & (3.8x50cm) kEIHT,



KEOBE YRR 7 LT —Fieone (1) (fgeicEE 22154 71

BHITAEEE 2 ERAC B, FR pH 2 T 71 bit-7c GE1RXD,

In¥s, AEEE Mohr 37 [ X W iR L HE L TRz, RNase Fiii k&< 32 (A, B,
C) oI, BAHIECF1Fh RNase A, RNase B 45 - tf RNase C #3453, RNase A
¥ Lo RNase B o= pH 1. 7.5~8.0, RNase C o %t 5.‘3 Tholee LIt -T, EED
Bt ) R 7 v 7—¥%Ll T RNase Cr#r3 5%, —7%, RNase A DpficFEH I o S 7niERE:
DE—7 I HRARSZAF T —LICLDHDT, RNAZFEEL Lict x0EFEpH 26.5~7.0 T
-1

(4) Sephadex G-75 1T X % #¥ Vi@

DEAE-cellulose % 5 a7 v~ +2'5 7 4 —IC X - TEBRT RNase CHig GRBREES 85~
9) whitL Az C0.98fne L, £F50hTARELEE (12,000 rpm, 15 44fH) 1 THED, K
hna T 15ml 2 LcdDuERIE Lico FMVEEOHEREE 22X ICRT, ik, ZEEIFER
CEENAMEDORHME LT T

(5) CM-Sephadex (C-50) LA hZsarza< 57 4 —

Sephadex G-75 Eisr (RBEFS 35~44) % 204 CklE 3. 2kg 1L OFRNCHEY) GHe
T 0.9 fgfne U, &3 20k CARAKSml CHEML T, 0.0IMEfg7 v==v 4 (pH6.8) 1T
WU TENER INFREZ N2 TpH48 L LcbDaFRELico 7R~ 277 4 —DREREHE
3R,

W& TR, 7 2DFEIFMDD STem b 39em ZHEE -7, ZiUuL, BERDOA A VI8
BEREMLICE LI X 5,

(6) Amberlite IRC-50 (XE-64) L2 h5aru< 257 4 —
CM-Sephadex sy GREAEHS 81~90) whiZ 0.9 fZFICILTA I¥, 0.2MV) v ERRER

gl 600 20 ® P17 1000
e Al E
: 11 51800 £
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g 1400 5 3 i pe00 2
< 2 Y 1.0 ) %
< 2t 1S 2 -.g-‘ é i 400 3
- & P o
> O Lo 0
S 151200 © 05 ¢ b foo 2
i 5 g R
E’Q 7? Ofe—e90-0-0-0-0¢ 0o 00 00 0o o0
. S o 20 40 60 80 100
0 oo? o '\\U 3|0 Tube -number
20 T bZ.O 60 80 Fig. 3. Chromatography of the Sephadex
ube number fraction on CM-Sephadex (C-50) column (1.9
Fig. 2. Gelfiltrationof the DEAE-cellulose X57cm). Linear gradient elution was per-

fraction through Sephadex G-75 column (3.8
x55cm). Eluting solution, 0.1M NaCl in
0.01M ammonium acetate, pH 6.8. Flow
rate, 30ml/hr; 10ml/tube. ——, absorbancy
at 280mpy ; ---@---, RNase activity; —«-+- s
conductivity.

formed from 500ml of 0.05M ammonium
acetate, pH 4.8 to 500ml of 0.3M ammonium
acetate, pH6.8. Flow rate, 30 ml/hr; 10 ml
/tube, ——, absorbancy at 280mgy; ---@--,
RNase activity; ------ , effluent pH.
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@PH 5.7) L CBEN LI DR L Lice A7 v < b2 5 7 4 —DRERETT,
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Fig. 4. Chromatography of the CM-Seph-
adex fraction on Amberlite IRC-50 column
(1.9x55cm). Eluting solution, 0.2M sodium
phosphate, pH 5.7. Flow rate, 8ml/hr ; 3.8ml
/tube,——, absorbancy at 280mgy; ---@---,
RNase activity.

Amberlite EH4 OELL, FE 1.6kg icHE
L7chDTHh 5, RNase CuiHiK 2 b
2,400 iRl I ntc, ORI WTH %
k=L ==ty B b AT B A AV N e o
J)RXIZVT—¥, KAKSTZ=ATFS—E¥E X
Dk AxE/ =R7 77—+ EHEL 37°C, 181K
DA Y& 2 XA Y s VL L - THELBHE
s -1,

2. BEO—BHEE

Amberlite @4y& ZE A L THEF LI
LORBEEDL LTHALL. ¥k, HRC

Table 1. Purification of RNase C from rice bran*
Total Total : .
. Volume p P Specific Yield
Fraction protein activity A

(ml) (mg) Cunits) activity (%)

1. Crude extract 6, 560 37,800 310, 000 8.6 100
2. Ammonium sulfate (0.4-0.6 satn.) 135 7,530 127,000 17 41
3. DEAE-cellulose 15 747 46, 900 63 15
4, Sephadex G-75 7 136 31, 000 230 10
5. CM-Sephadex (C-50) 9.5 17,400 1,830 6
6. Amberlite IRC-50 0.44 9, 000 20,400 3

* Sixteen hundred grams of rice bran was used as starting material.

LT 0.1 %707 2 v E AV, BEO
TR & B REEGEZ 7,

(1) =3 pH

7% pH OfBE A VT, EEORIERIC
LY EREEAHIE L B5KD.

R T 2 ledic i o pH—1Ekdiiia
IR LT RNase C o ZE5g pH % 5.3 57
ChHaZe@EdbNE, Lnd, REHEIL
pHB B ECII & EtkE R el -1z, Thic
RLUT, MEESCH\ T pH8 55T
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Fig. 5. PH optima of RNase C (—0O—)

and the ammonium sulfate fraction (---Q--).
Buffers used: A, acetate-HCl; (O, acetate;
@, phosphate; A, glycine-NaOH.

ZRLI-X 51, DEAE-cellulose 5 Az L > CoNBITDEEI LT,



KO Y R 7 VT —EiIe20T (1) (ERE F205] 73

(2 =HEEE

FefgiR R (pH5.3) #FAWT, FEBC KT 2EREELAE L BB6 X)), EFEREIX 60°C
35T - 7o

3 B&EH 08

E#E% &% pH oRER+ < 70°C, 10 4rff
DS EATIS - 1ok, EEAPEIE L (BT
XDo AEEFIL pH3 3 L O° 9 FHED 2 f@fTICEs
WT, BB L TEETh -1 IHIT,
100°C ¢ 5 O BMEA LT D X 5 10fT7s - 0.2}
7oo Tisbh, BEFRKE0.05ml (60 Bify) 12 0.2
Mg 0. 10ml, 1% 7 1 7 3 73 0. 04 ml 077720 740 60 80 100
% L0k 0.21 ml %%, 100°C G 5 45fHo B Temperature °C
T TR, 01Ty v P G Bt tmperatre onth ct
3.6ml & fnx CHRL, £ 0.2ml OiEtks
BELIco TDRERPH 2.7, 5.4 X0 9. 1 Tk 2BFEHRITIINEN 92, 8 KXV 71 %Th
>t PH2.7 T 92 %OE®RAERIFLICZ LD, ABRIMEMOBEETEH 2 & LB LT,

@) HEHRFEOR

SRR A 0. 001 =it 70 2 X 5 winz €, MREELIE L F2H£), F0i
£, ERICHWICWThoREC X > TLABROMEII A b, Feit, Hg?, Cu*, Zn®* Kk
O Sn** CHEPHEI NI, Fh, =/ 3 — FEEER, PCMB 12 J o TNz & A EET LA -
DT, AR SH BEETIRWEEz bR S,

0.6}

Aze0

04f

- Table 2, Effect of reagents on the activity
100f A/‘\ of RNase C
£ 'Y
_g Substance  Relative Substance Relative
9 (10-3MD) activity (10-3M)  activity
(%) (%)
+ 50
I} None 100 ZnCl, 3
et EDTA* 102 | SnCl, 2
& KCl 100 AgNO, 55
BaCl, 100 NaHSO, 102
Ob———pe— . — . CacCl, 94 NaF 98
2 4 6 8 10 MgCl, 91 NaCN 100
H Mn(CH,COO), 82 Sodium phosphate 91
P CoCl, 73 | Thiourea 101
Fig. 7. Thermostability of RNase C as a IS0 o8 %‘;;feﬁgz"ethan"l o
function of pH. Samples of the enzyme, 0.3 FeCl: 1 CH,ICOOH 97
ml (30 units) and 0.1M buffer (0.1 ml), were HgCl, 9 PCMB#** 85
held at 70°C for 10 minutes. After 2.5-fold CuS0, 7
dilution with 0.1 ¢ albumin, 0.2 ml samples
were assayed by the standard method. Buff- * Ethylenediaminetetraacetate

ers used were the same as described in Fig. 5, ## p-Chloromercuribenzoate
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B) FAEEBC X B0 TEOHE
Whitaker 075212t U C, RNase C 0y FBa#FE Lico A L7# F 1% Sephadex G-75
Table 3. Elution volume and molecular (8.8x55¢cm) Th%, ﬁ%ﬁ%iﬂ@%é’g &

weight of proteins L ¢, Nutritional and Biochemicals Cor-

Ve, Vo Molecular

Protein weight poration #io> + V) 7> v, RNase 1, a-F=
Blue dextran* 1.00 2,000, 000 ° S Fa N N A
Bovine serum albumin | 1.39 70, 000 BY T SIOEMET VTS Y & HAL
a-Chymotrypsin 2.01 24,000 - :
Trypein 5 90 20,000 7co Void volume (Vo) % blue dextran 2000
RNase 1 2.29 13, 600 . >
Amrr?onium sulfate* 3.14 132 (Pharmacia #81) #FHL TRkd i, BEBHF
RNase C 2.00 24,000 o

YWEOHHE U THELZFRAL . F3RCH

* These were used as markers. FEER A O elution volume (Ve) % 5
A D Vo (=185ml) TEl - /oflids L' DEZ S FEOWBECH L 77 v P LCHEREZFIE, 20D
EiRD bHERE I 5 RNase C 5 FR OB ER R $5 RNase C 4T 24,000 & HEEI I,

Iv. % £

Kb L 4 3FEMED RNase 213\fFET % = L 728 DEAE-cellulose 3 5 a7 m< v 5 >
4=k > THHHL 7, chbof g RNase (RNase C) 2RERDEZ LD TS, £ 2T,
Z DOfgi: RNase #riZz24rE, DEAE-cellulose 354 7r< 2757 14—, Sephadex # L3
&, CM-Sephadex #5a7rvr~< b2 57 4 —8LN Amberlite h5a7r< 574 — 1T
LD, 2,400 oL e,

AEEROZER pH X 5.3 ¢, oWy o RNase & @RREAICS > 7o Tlebb, =¥ F
VDE?, FNaDFEY, FA4ROIFELY, ryegrass DXL, KUV Y I UOEY, aAx
DHFIXZ W, mungbean DOIFXZ Y, RERFHFT, Y7 VEFY FIVAF 2 VET O
RNase 0 Z @ pH 2\ 1 b 4.5~610h %, FABRIIBWCHY L TLEET, 432", 54 X,
ryegrass'’? IOk v vy Y v I COBERTLITW S,

—7, FNEEEC X - CTREBERO D FREITK 24,000 LH#EEIN, ZOHEEItyERra>D
RNase 04T 23,000 LJEBL Tl %o |

V. & 9
Sklgic 2% h B Eet: RNase 2 5i224 i, DEAE-cellulose #5 4 7 r~< }2'5 7 ¢ —, Sepha-
dex G-75 » 358, CM-Sephadex (C-50) 45 a7 v~ +2' 5 7 4 —¥% LU Amberlite IRC-
50 o arzm< v T7 4 —ICLD, 2,400 FHICHEE L,
AEEFIIZER pH 5.3, EHEE 60°C OMBMEOHRTH 2, SBEA & ¥ LOMOEKEIC X > T
EBERIRIE S 3 Ferr, Sn*t, Zn?t, Cu** ds X0 Hg* CHRFAEIN %, HHEEERIESICIIT A
FYIVRRIVT —F, FAFSZRATFTIT—¥REIPKAKE/ =AT 7 —E ERIFELR
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Summary

chromatography on Amberlite IRC-50.

is heat stable. The enzyme is inhibited by Fe®*, Sn**, Zn?*, Cu®**, and Hg?".

enzyme by gel filtration,

An acid ribonuclease, called RNase C, was purified 2,400-fold from rice bran
by fractionation with ammonium sulfate, chromatography on DEAE-cellulose, gel
filtration through Sephadex G-75, chromatography on CM-Sephadex (C-50), and

The enzyme has a pH optimum at 5.3 and a temperature optimum at 60°C, and
The
purified enzyme is free of deoxyribonuclease, phosphodiesterase, and phospho-
monoesterase activities., A molecular weight of about 24,000 is estimated for the



