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Studies on Nucleases in Sprouts of Plant Seed

(V) Purification and Some Properties of the Nucleases Separated
from Wheat, Barley and Millet Sprouts

Hiroshi Kawata, Ken-ichi Kataya, Masaaki Akimoto and Ken-ichi Nishimoto

(Nippon Chemical Feed Co., Ltd., Asano-cho, Hakodate, Hokkaido)

Crude enzymes extracted from wheat, barley and millet sprouts were purified by
several procedures and separated into fractions of five nucleases (PD;-PDs), two phospha-
tases (PM;-PM.) and ome polynucleotide phosphorylase by the column chromatography
on DEAE-cellulose. Then they were purified by approximately 1,000 folds of the nucle-
ases, 500 folds of the phosphatases and 400 folds of the PNPase with absorbancy at 280 mg.

1) Three out of the five nucleases (PD,. PD; PD,) and the two phosphatases (PM;, PM,)
were the same as those of the three nucleases and two phosphatases separated from mung
bean sprouts; PD; was the endonuclease with the optimum pH at 4.5. PD; and PD, were
exonuclease with the optimum pH values at 5.0 and 8.0. In PM; and PM; the optimum
pH was 5.0 and 7.5 respectively.

2) The optimum pH of PD; and PD; were 5.5 and 8.0, and the temperature optimum
was 60°C for both. They were considerably heat labile (609 of their activities vanished
in 30min at 60°C). They are stable at pH values from 4.5 to 7.0. Their activities were
inhibited by metal ions and activated by a few chelating agents.

3) PD; and PD; showed the activities on RNA, DNA and bis ( pnitrophenyl) phosphate,
but on RNAcore and thymidine-5'-p-nitrophenyl phosphate they did not show any activities.
In their hydrolysates of RNA, no 5-mononucleotides were detected and more 3 -pyrimidine
mononucleotides were found than 3'-purine mononucleotides. From these results, PD; and
PDs may be classified as endonuclease specific to bases and substrates.

4) The optimum pH and temperature of PNPase were 5.5 and 50C. It is considerably
heat stable (only 20% of the activity vanished in 30 min at 60°C) and it was also stable
at pH 5.6-7.0. It was activated remarkabiv by Mg*™, Ca*, Co™, Mn* and PO~ It
strongly reacted on 5-ADP but weakly on 5-CDP.
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Fig. 1. Column chromatography of wheat, mil-
let and barley sprouts enzymes on
DEAE-cellulose.

The enzymes were isolated into five fractions
of nuclease (PDi~s), two fractions of phosphatase
(PMi-~:) and one fraction of PNPase. The acti-
vities of nucleases were measured on RNA and
DNPP, phosphatases on PNPP and PNPase on
5-ADP respectively®®. The chromatographic
conditions are as follows.

Column: 2X30cm, bufferized with 0.005M Na-

phosphate buffer solution (pH 7.0).

Flow rate: 10.5 ml/60 min

Fraction size: 60g

O——0 RNase activity measured on RNA
(O.D. at 260 mp)
x—===x PDase activity measured on DNPP
(0. D. at 420 mp) '
O77770 PMase activity measured on PNPP
(0. D. at 420 mpu)
®- -+ -® PNPase activity measured on 5~-ADP
(0. D. at 260 mp)
®——® Protein concentration(O. D. at 280 mu)
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B4 2 VickVEESXN, EDTA, /2 VyBRILET
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Fig. 2. Properties of the purified nucleases. £ 5 5%

Opt. pH, opt. temp., pH stability and heat stabi-
lity of the purified nucleases on RNA substrate
were shown in (a), (b), (¢c) and (d). The in-
cubations of (b)., (c) and (d) were carried out
at pH 4.5 (PD.), 5.0 (PD.), 55 (PDs) and 8.0
(PDy,s) r&spectively.
(a): Reaction mixture was incubated at 37°C
for 30-min.
(b): Reaction mixture was incubated for 30 min.
(c): After the enzyme solution was heated at
PH 5,5 for 30 min, the remaining activity
was measured. .
(d): After the enzyme selution was kept at 20
C for 24hr, the remaining activity was
- - measured. . ' P
Buffer used: pH 3-6, 0.1 M acetate buffer soluti-
on, pH 7-9, 0.1 M tris buffer solu-

tion.
®e—o PD, A——AaA PD,
O===0 PD; A-=-4A PDs
x~==x PDs

B. Phosphatase O—#iytE  PNPP EETH
BLe#RE Fig 4 @~AICRLE THbS, E
& pH 13, PM: i2 pH 5.0ic, PM: i3 pH 7.5ic%
b, EEEEROTRLIICIK S » 7=, BEHEIZOT
nHHL, 60C, ISHMOMET 0B NEEL,
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Fig. 3. Effect of metal ions or reagents on the
activities of purified nucleases.

The activities of PD;~s were measured on RNA
at O. D. 260 my, after incubating with 10-SM of
metal jons or reagents at pH 4.5 (PD:), 5.0 (PD,),
5.5 (PDs) and 80 (PDs,s), 37°C for 30 min res-
pectively.

) wheat

P77)  Millet

B Barley root

B8 Fig 5 WRTX5i, PMy B&BA 2 Vic
K-> THESN, PM: BIZEACKEINT, 0T
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Fig. 5. Effect of metal ions or reagents on the
activities of the purified phosphatases.

Phosphatase activities of PMi~. were measured
at O. D. 420 mp on PNPP, after incubating with
10-*M of metal ions or reagents at pH 5.0 (PM.)
and 7.5 (PM.), 37°C for 15 min respectively.
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B Barley root

at pH 50 (PMy) and 7.5 (PM.) respectively.

(a): Reaction mixture was incubated at 37°C
for 15 min. :

(b): Reaction mixture was incubated for 15
min. :

(c): After each enzyme solution was heated at
pH 5.5 for 15 min, the remaining activity
was measured.

(d): After each enzyme solution was kept at
20°C for 24 hr, the remaining activity was

measured.
Buffer used: See Fig. 2.
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Fig. 6. Properties of the purified PNPase.

Opt. pH, opt. temp., pH stability and heat stabili-
ty of the purified PNPase on 5-ADP substrate
were showr in (a), (b), (¢) and (d). The
incubations of (b), (¢) and (d) were carried
out at pH 5.5.

(a): Reaction mixture was incubated at 37°C
for 60 min.

(b) : Reaction mixture was incubated for 60 min.

(c): After the enzyme solution was kept at 20
°C for 24 hr, the remaining activity was
measured.

(d): After the enzyme solution was heated at
pH 55 for 30 min, the remaining activity
was measured.

& ——@ Wheat
0---0 Millet
x x  Barley root
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Effect of metal ions or reagents on the
activity of the purified PNPase.
PNPase activity was measured at O. D. 260 mp
on 5-ADP, after incubating with ‘10-*M of -metal
ions or reagents at pH 5.5, 37°C for 60 niin.

Fig. 8.. Specificity of the purified nuclea.ses for
-various substrates.

Each punﬁed nuclease PDi~s was ad)usted to 400

umts/ml on DNPP and then was used. The in-

cubations were carried out at pH 4.5 (PD:), 5.0

(PDy), 5.5 . (PD:) .and 8.0 (PDu,s) .respectively.

Fig. 7.

 o—
. W'heat The ‘measurements of the activies on various su-
Millet bstrates ‘are shown in the previous paper®%.
P Barley root - — Wheat
: ’ . Millet’
3. ERTOUVICHEBARE ZHNMXE, nu- W Barley root
clease {3 DNPP B¥ T 400Bifif/ml iz, .phoshatase » v
i3 PNPP £ T250 A7 /ml ic, ¥ 7- PNPase i 5~ LU PDs i3, RNA, DNA ci3fER3 %45, RNA

7,

ADP ZE'E T 250 Bfr/ml it2 hEhBE LT, &8
OERICER SR ERE Fig. 8~101K7RL 7=

A. nuclease PD; {3 RNA, DNA, 5-NpT 2
FOBHFICH LTI, PD: XU PDi o020
EMEAER T4, RNAcore LT, PD: LU
PD, icH~EHREFLLIH. chicxdl, PDs B

core BLU -NpT iCiz&{ fERAERIITL.
2/, 3’-cyclic mononucleotide i3t L i3, PD: i3]
RREAZEZBRLIEVS, PD; XU PDi VvFhd
2, 8'cyclic AMP OBMR#E & EBAR LT 3'-AMP %
&R L7, —F, PDs 8XU PDs i3, 2/, 3'-cyclic
CMP oRRESEZBR LT 3-CMP &KL ..

Table 2. Degradation of RNA by the purified nucleases (PD; and PDs)
from wheat, barley and millet sprouts.

Isolated mononucleotides

Item Nuclease - Degradation of RNA(%)
C AMP UMP GMP
, PD: 1.9—2.1 1.0 1.6—1.8  0.3—0.5 34—50

Molar ratio -
PDs 1l.6—2.1 1.0 1.6—1.8 0.6—0.7 31—42
PDs - purple — purple -

Carbazole reaction {

‘ 5 - purple -— purple —
Periodate Schiff’s { PDs  purple ” ” ” -
reaction PDs purple ” ” ” —

5 mg yeast RNA was hydrolyzed with 1.5ml of each purified nuclease PDs,s (400 units/ml on
DNPP) at. pH 5.5 (PD:) and 8.0 (PDs), 60°C for 6 hr respectively, and then the hydrolysates

were analyzed hy the anion exchanger column chromatography?.

The degradation of RNA (%)

" .is the-total amounts of the obtainéd mononucleotides to the offered quantity of RNA.
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Table 2 IR L2 & Fic, »I*hé 3'-mononicleo-
tide Thb, FOEKENH T, pyrimidine Fhs
purine JRO# 2 EFOER &R, T, SRR
~59F DIERTH - 7-.

B. phosphatase @ PM: B8XLU PM. i3, i1 b,
5 B XU 3-AMP, B-glycerophosphate, PNPP 71 &
OEREIcx UTHERERTH, PM: i3 5-AMP I,

- PM: i3 3-AMP jzo0u fER T 2@ANA SN
7.

Substrates
A

Phosphate pypp 5'-AMP 3-AMP
QDHZOmp)LdI 03 L 005 oio] 005 0I0
PM; w

B-glycerophosphate
005 Qio

PM2 *

Fig. 9. Specificity of the purified phosphatases
for various substrates.

Each purified phosphatase PMi~: was adjusted to
250 units/ml on PNPP and then was used. The
incubations were carried out at pH 50 (PM:)
and 7.5 (PM.) respectively. The measurements
of the activities on various substrates are shown
in -the previous paper?~4.

T3 Wheat
Millet

JMEE Barley root

C. PNPase 4 5-ADP, 5'-CDP, 5'-UDP %k
U 5-GDP S EEEIZIE, WINLTERAAZRTDS,

ADP izxid 2 EtEps b <, %7z, CDP ityL
THELFOEE LS SNl
Substrates
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Fig. 10. Specificity of the purified PNPase for
various substrates.

The purified PNPase was adjusted to 250 units
/ml on 5-ADP and then was used. The incu-
bation was carried out at pH 5.5. The measure-
ments of the activities on each nucleoside-5'-di-
phosphate are shown in the previous paper®.
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‘Table 3 iCB#MLTHEIL. THbE,

% "

NE, TIRFRSIURFRIOMYIF SOl
5% D nuclease (PD:;~PDs) & 2 D phoshatase
(PMi, PM:) XU 18D PNPase WEHEZ
5D nu-
clease ®5 H 3 D nuclease (PD,, PD;, PD)) B &
U 2D phosphatase (2, ZOBERMNEEICBNT,
BRE b 558X N 7: nuclease 3 XU phosphatase iC
ENENHEETIF-BRTHICELRPOHLTHE.

ZhitH L, BRETREDONTE» > 722D nu-
clease (PDs,PDs) {3, BIZE 3 FED nuclease & (3F
LSBREERICL, BESICHEERREORVER
EERBRTHD, T 7, purineFR 2/, 8'-cyclic
mononucledtide [Zi32 < fEMERX7L endonucl-
ease THHL L&D, VTN TVOHKED RNase &
L UHHE 5% hifled LT 3 EFHRD RNase I 1CH
PLIcBREAONS.

F7:, 1HESBIX 7z PNPase |3, Kesseler 59
DNEFIEKRD microsome iICEH¥ 7z PNPase & £H
BRMEBIUMRESEORTHEUTECE» D, 17
{2 —7% PNPase TH3LEZ SN 3.

DEnkSic, NE, TIRFRBLIUEFRICS
¥15 5O nuclease (2, HMELHEDDETHR
ZRICL, SO THESRTH S, Lich-T,
DREFRFUAREBERCIOEBREMRTIBE, B
HTHET 8413, §ED PDy, PD,, PD; IS &iC
%7 endo BLY exonuclease HEELTERAL,
Tt, ThVHETHETIHAIRE, PD, PDs 73
Eit¥ 2 endo ¥ LU exonuclease HEF L, \Th
DBATS 5 hé& 8 {&D mononucleotide BSBERR
INBDTH 3. /XL, SBCELT, MBERR
phosphatase OERZMELET 5 72D FRAET S C
Eh—RRTHEC LD, WHEIKE S 3/-nuclease

(PDs, PDs) I /2DRIEL, £OKR 5 KOLER
BRI LT 8 KoEREBEDICIEEZH0EED
ha.

CE e, YR TRFEOEMBERIC X VB LR
T 2184, 4% mononucleotide 3, #EE 5 £, 3
WHBNTH KL & ERELBAREBIID D,
I SOERY nuclease 2, WY FTEOERICE -
T, WESORFLIcnTHhD nuclease iITHY L,
ENENO—EMEEROASEZERLIDIDTHSS
LEbNS.

PEQ&ESiT, REAREHO ETFHRF A nuclease
B, MEOENICERTE LS HEEERICL, WKL
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BRREETLIER, BF20b00EMRKE

W2 %FERBBENERTI D EBEDLNL D, &
HLOTERENIETH 5.

B ¥

INEE, TURFEBIUEFRICEZND nuclease
DOERZTRY, SBEHUBRO—RIEES XUER
A2 BITDNTRE L 12,

1) HbREELE, BT veE=vL50H Y VB
Hy ny VL, Sephadex MU, T &/ — by
EHXLU DEAE-®t o —2A 54007 574
WEDHEIL L -T, 58D nuclease (PD:1~PDs)
& 2% phosphatase (PMi~PM:) LU 1E O
PNPase Z¥E855 L7,

(2) BHIEEB5®D nuclease 5%, PD; 2 endo-
nuclease, PD;, PDy |3 exonuclease T& b, Wi
& RNA %4 LT 5-mononucleotide @& % HHL
TAHAMBEDORNERBEREHRTH .

(3) chiclL, PDs & PDs 13, Z# pH 2%
4 pH 5.6%8.01c, F/, EBEEREE60CICET
IHHRMEDTHEBIEERELZTHD, RNA 24
LT 3'-mononucleotide ®A% K3 2 purimidine
EEEE M Ry endonuclease TH 3.

(4) PMy & PM: &, 8 pH %Azh<h pH

5.0£7.51C, %7, EHRERIVCICET 2mMHD
BOERTHD, WINLREICEENS 25D ph-
osphatase *[E—BRTH 5.

(5) PNPase i3, Z# pH % pH 5.5, ZHEE
Z50CIKEB L, WaEMIZP2®m, pHb5 0~7.0T%
ETHD. T, REDDEEA A+ v EBLU PO
RECIDEFELUCRBERIN, BCEEREERIALN
AN

BORkoZEH, KHRICKEL, OREEBED - cibiE
FEKEFPREBTEE, UOoUREAHEORELHT
SN UMHTHEBRERICERTEEEELTT. 0k,
KPR OBEIZ, Bi42E4 B4 8, EERYTHESXN
7 EHEABEMFLSRSICBINT, HEREL:.

X B

D N\E, A8, KA, BA R, 47,120 (1969).

2) JIHE, F#&, KK, #4 &K, 47,25 (1969).

3) JUlE, K&, &, @A K 47,32 (1969).

49 INHE, FE, K, A KE, 47,41 (1969).

5 o, EDI, KIE, =& &K, 46, 605, 610
(1968).

6) XKesseler, B., Chen, D,: Biochim. Biophys. Acta.,
80, 533 (1964).

7 E, B8, A&, TR B, 41, 239 (1967).

(P8 43. 9. 30 ZAD)

NI | -El ectronic Library Service



