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Studies on the Nucleases from the Japanese Cycad (Cycas revoluta Thunb.)

2. Partial Purification and General Properties of Ribonucleases from
Embryo and Endosperm in the Japanese Cycad Seeds

Akira Hara, Kazuko YosHIHARA and Tsuneki WATANABE

(Laboratory of Biochemistry)

1 E

BT, TS T Ty M j"UJ”N‘:'LU)T
Ry LT =L DHEE R O e ORI DU TR
KT, VI VDM S YRR LT A
ZOHENTRELL, MTLO )RR 7 L T — U & DI
IR F R IR BRI LT — DT 7 F v 7
2 KA R ED 2y v Ay ¥ 2, 3-RHIR Y
VIERADIETIC DWW T 4.

£ B A

(1) MFE gy &L, w709y 74 G
It Pharmacia -2, 75/ o v BHRY YRR O v
FU v R Y sRiE Sigma flEIAMH L.

ik

(2) EMEMIED: RIERY SRU

(3) R—s—pu= T 7 ¢— HRENLU.
4 A, IRYER 7 LT - ORI RTL:
Adih— 7 RS 50.28 (R - 500 f4)) o

150 ml 037 /K
BT U ST Ly = i,
(10 000 [z, 20437D L,

LEHOA 7 F T v a LA, K
TS IICRIING S 11
YRGB, ITA

R

= ISml Oy KAEINZ T L v 4 TIRBTRLIE Ui
/}llaﬁ LTS BiFEmibl o Bil & A, M
228 ml 157z,

Wy — iy 228 ml TR A, 0.45 f Fl

G L CAE B L TR L, NI R 5T

W AN Z 0.9 ML L, —% b‘(nf&, v ENY

4 (15, 000 [@ld:, 30 43T L, WERE A Ui iRigk
AL DK 50ml iz LT 0.01 M DY U

X3 (pH7 0) Ty L Lulf Lt

w&T&Bﬁ%“kPAWT
CHRELL.

¥R O — B,
P NS (e SR

81

DEAE-~tw i — 297000702} 757 ¢ —iBl
Wi (130mly A 0.01 M ) v figiiiffie (pH 7.0)
wmﬁmﬁt 7 DEAE-® v — A H 7 4 (1. 8X30cm)

T Xk, 0.00 M) il (pH7.0) %[5
i; 0.05M, 0.10M, 0.20 M, 0.30 M, 0.50 M o
LOHITAMCCBIS TR IR Uz, 0.20M KTy 0.30 M
D LGN EEC N S AN S1, Se 2ENEN
0.000 M ) »EgkEfT (pH 6.8) i L TiENT L
7o,

VTR Y h T L 5T 4 —
“JﬁHrVﬂMi S,.258ml, S,. 58.5ml 7 0.00l M DV
VREE I (pH 6.8) TRk Lzt FafowT
XA A s (S 1L 8. S:131.8
Temy DH T 2L X000 M, 0.04 M, 0.07M
0.10 M, 0.20M @ ViR (pH 6.8) TRe:

10 em,

Hjuum L7,
CIBRFLY SRR 2 T DT T 7 A
JJ‘_"JL},&%«J: %

BERY BT, W 3[‘1] DEAE-+ /L —2H T A
A= t,of %&"'\037”"]7
S BT AMOET A AT S L bbb

G, PRBRH s 39—50 TR, 2o--E, éEL',J
WU A 280=24, WEANINT 18,300 24y Sml it
L, 775 v 7 2hI (2.1x54em) T if L,
0.1 M feifiz rds 0.02M ) LAY -0.00 M v
Me s~ sty (pH 8.0) RS LT, ol
BT o7 AT RSN D XD RIS SIf)
e, MERNOPE- DU —7 3ok -
Foo WWERIERY 70 % G - 7

O A R A S G

E R EBER
(1) WEEDWE Iy KRR L7 —LORKEOR;



82 e W ORI - BT B

1.0

tivity

3
AL

Protein conen.

2]

o b
N %%‘“bl’ﬂ"{ DJ iw -

i o> o0 o units

280

Tube \o

tig. 1. Chromatography on DEAE-cellulose column of ammonium
sulfate fraction.

Fluting buffer: 0.01 M phosphate buffer (pH 7.0) containing
NaCl (a. 0.05M, b. 0.10M, c. 0.20 M, d. 0.30 M, e. C.50 M).
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Fig. 2. Chromatography on hydroxylapatite column of S; fraction.
Eluting buffer : phosphate buffer (pH 6. 8), a. 0.01 M, b.0. 04 M,
¢. 0.O7 M, d. 0.20 M.
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Fig. 3. Chromatogphy on hydroxylapatite column of S, fraction.

Eluting buffer: phosphate buffer (pH 6.8), a. 0.01 M,
b. 0.04 M, c. 0.07 M, d. .10 M, e. 0.20 M.
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Fig. 4, Gel filtration through Sephadex Ggo column,
gk pH 8.0, [Tl s/t A LT =BT HH 2D E S 0.04M £ 0.07TM D
SEEHERA T, F7o pH 1.0 OFMTRTEI PP )V ERSEHIRIC X - TRt f){ 0.04 M T
kI AN, JEHERSMD AL - T LE D AIT f&iuﬁ("i‘ W5, Uad ez miih sz 7e.
Iﬁz%&l?'ﬂl’ﬂui&z TR B, 1RO LD PITF, 0.04M DY ‘/t"lfﬁ“{inféafm;‘h XA o>
0.2M {Iljulok&'L“@?%;’(i@iLfifi‘ ;ut&a_i)ifaﬁ?bf, Z SIA, 0.07 M Tiihxhzmigy $iB L L.
§, BT EE R &R B A SRR J;, DEAE-tnwa-—24 724 T 0.3M {riic
W L OMDE— 7 A B ARBUTSH st T DRE T XL Sy Dk P 9ﬁ~/'u7’/\°7 4} 70

FWT S ZEFOF YT LTS T P57 =Tk, HI3MO L S 0.0IM L



84 Ji o N IRURF - SRR b

Table 1. Summary of enzyme purification procedures

volume | Total
Step i protein
(ml) (Azeo)
Water extracts J 228 31 283
Ammonlum sulfate ppt. 1 131 478
C‘hromatography on | (S;) 258 89.3
DEAE-cellulose (b ) 58.5 20.8
Chromatography on (SIA) 66. 5 9.1
hvdroxylapatite (S,B)! 18.3 2.65
Chromatography on '(S,A) 5.1 0. 34
hydroxylapatite (S:B)| 12.2 | 0.61
. - - 2 i

0.07 M @) v BSZHHE TH sl &tz o 0.01

3)

Total Specific Yield
activity actiyity
(units) (units /Azs0) (%)
21, 854 6.7 100
13, 342 27.9 61
8, 242 92.7 37.9
3, 449 165.7 15. 8
2, 294 252 10.5
1, 097 414 5.0
466 1,370 2.1
891 1, 460 4.1
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Fig. 5. Effect of pH on RNase activity.
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Table 2. Effect of divalent cations on
RNase activity

Enzyme ' ! 4
Salts (10°M) A SB S.B

100 @ 100 : 100

Control (H,0) |
CaCl, © 101 92 101
MnSO, ;103 | 94 105
ZnS0O, f 83 87 85
CuSO, ; 70 | 77 75
FeSO, .82, 76 10
BaCl, , 92 | 95 93
Pb (CH,COO), 79 | 80 68
CdSo, | 77 96 81
HgCl, ! 1 0 5
H;,Cl, (10 ™) | 6 | 0 | 5
EDTA* 96 | 100 97

* Etylénediaminetetraacetate

(6) FEARBULIC AT T 2D EIE 1 A~ DL
018 24D 4R A A v & EDTA ORI LIE T
WOBEA 2 BT U, 2ANOEE 4 A v ik 1073M
2 104M e, pH L 6.0°T, ) ViR —
U=y TSGR Tz, T 2 o @lE 1 A
VRSO ) K R 7 LT — BT X LTI E)
AL MY R R LT —EDEE, SIA, §iB, S;B®
N QLA U & IR VR S RANE A/ WA SF B AP L RN
Cat, Mntt, MghH, Batt [ZE¥3EHICIZ A S8
A NAE EI005 Hett i, 100M «AJ*‘EZTZ (TR
L, Cu®, Fet, PbH, Zn* & 10°5M juETd O
LT

(Y R
CRESTFIELD D )y}

BT R A ,}51;;,- fitz 0> G
ST AL A Y g 2mg
7, 0.05ml o K7 IN 7 Tk, 0.05 mI M 0.2M
Wl e 00U A g s WY (SIA, SIB, S.B
DU pH 6.0, SoA UL pH 5,00 A, 3T°C,
240G AT T8 - Fo A 24, SIA 52 T,
S\B 37 Wiy, S,A 48 Bify, S,B4LHiIfITH 5. M
A WEARE No. SLiIZ 24y b L, 7l
(1Y C, BT LOEBRTREGR. 848ms 7T
Z Ky PR L.

WIPTRINBLHIT, TNTOMESMYITD
T 2/ 3’) E/RJLAFFENIOE RE 58
, RO vA v P 23Rk v KRR 7 v A ¥
il mr’(TZ»f\Nﬁ’w:fﬁma XN IzDT, e 7T R

%, €D

(B & %) v OR(0? 2k rchsil, Hhalilioh
WEYRZ LAY P 2,3-FRY VIBRDIETEN Y X
A0To. AR E LT, I Sd oA AV
DD TEIE D -1

MWM‘WWW

oQoO

o0 00

Ap (p Cp l’p(nnt g A sg %A S,B

Fig. 9. Paperchromatogram of the digested

products of ribonucleic acid by
embryo RNase fraction.

Ap, Gp, Cp and Up indicate 2/(3')-
adenylic, guanylic, cytidylic and
uridylic acids. Cont. is the spot of
intact ribonucleic acid.
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Paperchromatogram of the digested
products of adenosine and cytidine
2/3'-cyclic phosphates by endos-
perm RNase.

Ap, Cp, A! and C! indicate respe-
ctively adenylic and cytidylic acids
and adenosine and cytidine 2/,3-
cyclic phosphates.
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Summary

In the first paper”), the authors reported the studies on the ribonuclease of endosperm from
the Japanese cycad. In the present paper, they described the isolation and properties of
ribonucleases of embryo, and the purification through Sephadex gel column and the action of
nucleoside 2/, 3'-cyclic phosphates of endosperm ribonuclease.

The results were summarized as follows:

1) Ribonucleases were isolated from embryo of the Japanese cycad by means of ammonium
sulfate precipitation, chromatography on DEAE-cellulose and chromatography on hydroxylapa-
tite. It was ascertained that at least two sorts of ribonucleases distinguishable from each other
in the respective optimum pH were contained in embryo.

2) The enzyme having the optimum pH at 5.0 was not influenced by NaCl solution diluted
to 0.4 M, kept its activity above 60% after 5 minutes’ heating at 100°C and was almost completely
inhibited by 10~*M Hgt.

3) The enzyme having the optimum pH at 6.0 was inhibited by phosphate ions and inact-
ivated 50% after 5 minutes’ heating above 50°C.

4) Both enzymes, as was seen in case of endosperm ribonuclease, hydrolyzed ribonucleic
acid giving rise to nucleoside 2/, 3’~cyclic phosphates.

5) Gel filtration through Sephadex G4, column was effective to further purification of
endosperm ribonuclease. Endosperm ribonuclease was ascertained to be one of the enzymes of
ryegrass type (RNase II) which hydrolyzes both the purine and pyrimidine 2/, 3-cyclic nucle-
otides to their corresponding nucleoside 3’ phosohates.



