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Studies on Nucleases in Sprouts of Plant Seeds

(I) A Screening of Nucleases

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

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

The activities of nuclease and phosphatase in sprouts of 25 species of plant seeds were
studied.

1) In all of the sprouts, the nuclease and phosphatase activities were found. Most of
these nucleases could hydrolyze RNA into 5-mononucleotides characterized by periodic
Schiff’s reaction on paper-electrophoresis. \

2) The nuclease activity is observed in seeds themselves. However, the activity was
increased remarkably by .germination,and it was at its maximum in three or four days after
germination. Similar tendencies were observed in the phosphatase activity and the content
of RNA.

3) The optimum pH of nuclease and phosphatase in the crude enzyme solution ex-
tracted from sprouts was found in both acidic (nH 4.5) and alkaline (pH 7.5) regions.

4) The distribution of the activities of ribonuclease, phosphodiesterase and phospho-

~ monoesterase among the sections of a sprout was in the following order: root>>shoot>

cotyledon (or endosperm).

i3 pH 50, 55 iZZ# pH %32 27D nuclease
ODEEZHE LTS, EFUEIIDOTIE, 45°C

PR FIFAED nuclease |3, HEFETI~9, /) 9, T0°COPEXVTE~B0CHP e LoENnH D, &
F10D - e SEID rye grass!®M) B LU FEwO O
VAL T DINTE R OBSENH L. L, il RNase; Ribonuclease, 5'(3’)-NDase; 5/(3")-Nucle-
SIZDNTIERERESH—ZN TS, 224103, otidase, DNase; Deoxyribonuclease. PNPase: Poly-

BEHRIFED nuclease (2D TATE, Sung”, B, nucleotide phosphorylase. PDase; Phosphodiesterase,

O, AH SR, EE pH »EA-=41 pH 5.0, pH DNPP: bis (p-nitrophenyl) phosphate. 5-PDase; 5'-

50, pH 5.5, pH 5.5 (24 % 1 # nuclease ¥ Phosphodiesterase. PNPF: p-nitrophenvi phosphate.
T A, Stockx 2:~9Z pH 5.0. 5.2, 56 ZF# PMase; Phosphomonoesterase. 5'-NpT: Thymidine-
pH &35 35D nuclease %, =72 Walters &5 5’-p-nitropheny! phosphate.
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B WA @T @I SB4TE, 19604

SITARRERENC DT, 27, 3'~cyclic mononucleo-

tide & 3’-mononucleotide A #5352 DD, 5~
mononucleotide DAZLERKT 5 b D5 1L EDOHED
Hot, @EWRTH3.

FEEOR, LHEEYEFRFRCEEESNS nu
clease DEELHEZHHELLEAZHNE LTARES
TR - 71:8R, EROMRERBRLYD, WYETRFE
Hiziz, BEMOAE LT, BEME Toh ) RO
Wichie>TEHE pH 2FL, LhbzhdThi
BLrRIzT5 2 H~58ED nuclease &, 2 ED phos-
phatase }¥&£U PNPase MEDELEL, ThHTH
HBERSERRI VRS UL 7.

ARETIE, TTHEOBFRIFAD nuclease D
RIROVICIN SDOBEL KUSHULEICDNTHE
5.

-

1 Bk Bk NE AR, xRy, 4y
7, BRE, KE, 41 Y7 YR, vAnE3aRmiReg
%, 74K, WIFAE, KE, tx, 77, =4O,
brEwaYy, 4 FFERERERBTEREE, 7Y
#A, Kif, WHE, =vUv, h—LVE, 43
BERBFRATRGZ, T08ER, P UEERAD
2 ERE T AR

NSO FET2KEL, $B80°COKKETHER
IRURBBOHRFSE, HF3~4 BORFHEHREAL
7.

2. BRBEORH - RFRCI~2EBOHK 6
~10°C) %z, %9 ~— (8,000~10,000rpm) T
OB L, WEICLAWHERERRE L.

3. EEREHOHIE
A. RNase 5.0% RNA ¥ 0.3ml, 0.1M Befg
BEE (pH 4.5) 0.7ml BIXUEEERKE 1.0ml %
37°C, ARG XE, v5=EE 0.4ml 203
TR EIEZ &7, ThZOFRDKBDD B HE LS
& (4,000rpm) U, E@E¥ 0.1ml % 10ml ICHR
LT, 260mp ICHIFZERIEELRIEL, BEK 1ml
B A1, 00045 U TIEMEEAL = Ure,

B. PDase CaDNPP (2, Garilhe 51D FHEET
AL, PRODOFEEZHRE LTEEERE L.

T73H %, 10mM CaDNPP 7% 1.0ml, 0.1M fe
BB (pH 5.0) 2.0m! BXUBEME 1.oml %
37°C, 303G XE, IN NaOH 5% 1ml 20z
TRIBEASIE 7D BRONBE L., ZOEERD
5%, 2.0ml % 10ml IZFF LT 420 mp 1285135
BOLE (A) ZREL, —H5I0 2.0ml 20T,

Yoy FE)TF VBEBICL DERY YERIEL,

HEEY) Y OREEICHET 2 EmED PNPP 2Rk,
TNABNZYER L7 p-nitraphenol DOE#EfR X 1 420
mp ORILE (B) KBELT (A-B) 2xRko, B
S 1ml #BEEZL, 00045 L TiEMEAE L.

C. PMase 1.0mM PNPP &# 1.0ml, 0.1M
EeEEER (pH 5.0) 2.0ml BXUBERK 1.0ml
A37°C, 15RIRIBE#7:D %, 1IN NaOH E#K 1.0
ml ZMATRBEELSE, BLDEEOOL EBEK
O 420 mp TR HREARE L, BAEDI, 000
B iEHRALE L,

D. 5-PDase  Razzell 50 FEHEIC Lich-TA
BRL7 5-NpT ZEEHEEL, MTLOFEEH
ZLTHE L. T1bE, 10mM 5-NpT AR
0.1ml, 0.1IMErEAEER (pH 5.0) 0.2ml B L UEE
F 0.2ml %37°C, 304ML I /DL, 0.1IN
NaOH ¥ 2.5ml £z TRIGZREILEE, 2
SBEODL 420mp ITBF ZBREEAREL, BEREK
1ml #EEAL, 00045 L TEMEA & L.

E. PNPase SHSW OHEEWRE LTI
fz. THbBL, 0.1% ADP AR 0.25ml, 0.1M EE
EEdE (pH 5.5) 1.25ml B X UEERK 0.5ml %
37°C, 6OERIEI €7D H, 10%:BEEMIFIK 2.0
ml ZMETRIEEE LSS, BOMELL. 20D
5 1L0ml & 10ml KWHKRLT 260mp OBRNESE
HEL, AT - ERELE3 S, BEK 1ml
WEEAL, 00015 UCIEHERAL & Uy,

4. Nuclease Dta% 2% RNA (FOtsfigEsygs
RNA ZEIFPOHHRICELCTHEB L) 1E1K0.5
ml, 0.1M EFE#BEKE (pH 5.0) 1.0ml BXUEEE
# 0.5ml X D725 RIGHKT, 60°C, 2RMHORIG
2T -720B, U7 =A% (25%BEFRMIBIRIC
Bk D 7 = 0.75%28) 0.4ml ZMZ TRIGA
BilLEE, ThEKBOOBELABL, LBEKD
260mp ICBTB BOLBES B A REL, #HH
SWDHER LT, HMERI7TH ) AREICET
BHEN S, VBRI, &) CMEICKT S HEEY
YOREM SENFNRD . £ mononucleotide
ORUEEORERI, FEPFE No. 51A 2HWTHE
h SWDHEIT Utchi-» THPERERKE TRV,
Buchanan 5 Fgkic k2B — FEEY v 7O
DOEEITIDYE L.

5. RNA BXEHEOHE  RNA 3, 80O
FENZ Lichi- TIREOKRE, BAEEHEOKRE,
DT RNA OLIATRN, ) YNk P2 75
VEBREILE > THER ) v EEE L, RNA oFKY >~
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28 NE B-RE #—-RE BB-mA W (BET  5847%, 19694
%9.0% & UTEL L. BAR, s 700/ RNose
—WETHE U722, 280mp ITHB1F 3 21500
BEES-TEb LI £ A
3 1300
& 2 £ oo
1. Nuclease D537 & IMRERY :i 700
HWEYETRFEL L LoBgiRe g 50
DT, nuclease DRFEEITIL - 745 E, g
Table 1 RT &5 12, TRTORFRKIC -
RNase & phosphatase iEith A28 S 11, Sé
TR EAE TRTORFRICIZ, RNA £
% 453f# LT 5’-mononucleotide % 4:554 % ;
nuclease OFEAEHED HL7. lé
2. BEBIZHI 2 RNase, PMase, ) SRR
RNA 0Zft  ®T, I 77, KiE ermineline perocs faor!
REDBTARY, HERICET LEHE Fig. 1. Changes in enzymatic activities and RNA content of
FEbA L iER T, RNA 4 BribiEcs some sprouts during course of germination.

o . i o The measurements of the enzymatic activities, RNA content
bl, ThENOHEE%E Fig. 1 1TRL and protein concentration were determined as follows.

. TIDHL, EEOBETIEIVTNEREE RNase : Reaction mixture containing 15mg of RNA, 0.7 ml of

T - THRES S RNA £B48L, 0.IM acetate buffer solution (pH 4.5) and 1.0ml of

N o _ A ) enzyme solution was incubated at 37°C for 30min.
CNSRAFI~4ATRRLEG -7 7 After stopping the reaction by adding McFayden’s
B, RRFBEFICS RNase EMEMRTED S reagent and centrifugation, optical density of the

supernatant was measured at 260 mu.

NIeDT, /NE, FE, FEREOBT L, . . .
N7DT, NE, FE, RELBSOET RMase: Reaction mixture containing 1 x mole PNPP, 2.0 ml of

INSORFRBIUF— 1L VEDE, = 0.1M acetate buffer solution (pH 5.0) and 1.0ml of
VOVOR, ¥wH4ELED RNase F enzyme solution was incubated at 37°C for 15 min.

5 _ Atter stopping the reaction by adding IN NaOH
HAHE L, To#R%E Table 2 1ZTRL and centrifugation, optical density of the supernatant
72, F78H L, RNase FHIEREEFTOL was measured at 420 mu.

DITHN, RETIEICE-7T. FER RNA content: Determined by the improved method of

HF%Y, RETRIOTEIC, IE, KE Ragam
RS, s L‘i‘ - A *:/;" Protein concentration: Determined by the Kjeldahl method.
TR2~25 ML, A—L VED @ ——@ Mung bean ¥ === Millet

E DUV VOBRBRU VAL ERLED O——C Wheat {.—-——/v Japanese radish

B

Table 2. Comparison of RNase activities in seeds, sprouts and vegetables.

Mung bean Wheat Barley Spinach Carrot Potato

seed sprou\t ;eed sprou‘t- seed sprout leaves roots tubers
Raw material (g) 100 100% 100 100* 100 100% 100 100 100
Sprouts (g) - 1, 000* - B500* - 500 — - —
Added water
in extracting (ml) 1,000 1,000 1,000 1,000 1,000 1,000 200 500 500
Crude enzyme
solution (ml) 900 1.800 900 1,200 900 1,200 230 570 b80

RNase activity (units/ml) 4,800 16,800 6,000 8,400 5,280 9,960 15,600 5,040 1,320

Total RNase
activity (X 10% units) 4,320 30. 240 5, 400 10.080 4,800 12.000 3.600 2.880 7,680

* Each 100g seed increases the weight to 500g or 1,000g by germination respectively.
The germinating periods are showin Table 1.
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EHZ, REBRYMOEEREIRD 1/8~1/40icd &7  RNA, PNPP XU 5-ADP i P OEBICIER ¢
- 7z, T, RIEAZEE pH 2Kkt cO#RIT Fig. 2 1€

3. RNase, PMase & £ f PNPase OE#E pH RETEHIE, WFhOFEFEKICENTE, RNase &
PMase 0% pH 2Rl (oH 4.5) &7 Vi

RNase il (pH 7.5) ® 2 JUCEE LK. T/, T7, /INEIC
_ k07 BHETH PNPase OF# pH 12, MR (pH 5.5)
2 osl COBHED BT,
2 4. BIEELIICH S nuclease EMONT
— 087 FIETAVRBREAEENENE, X, FE (3
S oal 7EER) OEWICAY, TS DEB L AEE
%%, 5~-NpT, DNPP, RNA, PNPP T oEEIC
0.2 LTt pH 4.547.502 5T, 5-ADP LT
12 pH 5.5 TENETIIERZE, ERBCHTSE
|2 HonhEkEEE S > T Fig. 3 IR LK. TO#
‘% &, wInd RNA I LTEEERRTY, BRET
S 084 BEHES 5-NpT K 2EHBBEARTH- 7.
N 72, BEE/NFEIZ, DNPP I LTHREBICHE
5 04l DBOBRAR LI, BITINE, 7 7ORICiE PNP-
ase EMEDGR R0 i, 2N, HENTRF
¥E (23T, E, BoMHICE D3,
0.3+
’é‘ ) Specific activities on the substrates
8 0.27 Sprout  Parts; 5-71.[(); Dle.)(;)J Z’T‘,ONA4O PZ'\.ng 4.0 5‘—{?8[;
= rn— - ——— 1
c O Feeee, BE O OE OE
il
s = —_— =t
e £ =T
= (Whcle sprouty = = == P
Fig. 2. pH-Activity curves of RNase, s eré:;ermz Ez g = E
PMase and PNPase in the crude 5 wzzh::w;: r : f:
enzymes extracted from some sprouts. é;é{ . ndro?;em ? P ? ?—‘:
Germinating periods: See Table 1. C shat P r = 3 |

RNase and PMase: See Fig. 1.
PNPase: Reaction mixture containing 0.25  Fig 3. Distribution of enzymatic activities in the parts of

mg of 5-ADP. 125ml of 0.1M some sprouts.
acetate buffer solution (pH 5.5) The specific activities in the parts of some sprouts were
and 0.5ml of enzyme solution was indicated as follows.

incubated at 37°C for 60min. Specific activities : Enzymatic activity/O.D. at 280mgp.
After stopping the reaction by

adding 109 perchloric acid and
centrifugation, the decrease of
optical density of the supernatant
was measured at 260 mp.
Buffer used: pH 3-6, 0.IM acetate buffer
solution, pH 7-9, 0.1M tris
buffer solution.

PDase (5’-PDase) . Reaction mixture containing 1umole Ca
DNPP (5-NpT), 2.0ml (0.2ml) of buffer solution
and 0.1ml (0.2ml) of enzyme solution was incubated
at 37°C for 30 min. After stopping the reaction by
adding 1N NaOH and centrifugation, optical density
of the supernatant was measured at 420mu. The
details are shown in the text.

@ ——e mung bean, x=-=~->x millet r— incubated at pH 4.5
O O wheat, _— ” pH 7.5
& --4 Japanese radish e " pH 55
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30 | E-RS fB— %Kk K -mEK gl (BT 474, 19694
E B E #
FETHEE L @8OBEFRFEICE, 7XTThik O5TE DHEMTE FHFERIZDINT, 4O nuclease %
- T nuclease FHEHEE Lo, HEEFIZ, F&L %L, =, ZokIENZ <.

TERATREHABEFORLOERITEAKXDODT
H3. Ld-T, FOEYEFRFERITDONTSD,
FIBRIC nuclease FEUMBELET S0 EEbN 5.

HEFEFERITIZ, NE, FT43FE, KFE RE KR
REDE DI, nuclease FEHMHNDDE, BE, 4
VYR, YAREDLDIT, EBEHEEDENHHOD
», ¥, KF, KIBRZEDX DT, W
phosphatase [EHEA BT 2 & D 7L EDSED 547005,
RICEE, T, B> eainiE, ¢
NOEDOEHIILT LD DX D LSBT Lichs> El
BHENEH»ote. UL LSS, RNA OpfRER
Pic o0 THNL, S EREERTI DL, T
TRH20 5 BEERLBNDOMBAEONIZTEX
D, FLTHMMERDEEET LI EE-T, BE
PsE OB L LERIC, EYEFRFERICONTS,
5 KOS AERT LB, HD0VIRE RE S EEHK
TEE, HAWVIE 3 KOAEERTEELEDLD
BT 3 ENTELDTRIBOMLEHEINSG.

S¥|z, Table 2 TBWNT, REFBTFLLDHF
&, FRRREEET L85 ® nuclease &
BB Utchs, BUCFRIEMDAE2E SR EFLEL
TN EYRET, T-R3EHEs» oMb INsBR
L, EBRIHBRIICE » TREBRRICH 5 HIF AN
S h AR LR, BROT UMD, EHERR
MO OENRH LN

IS DHFEL S INEBRED RNA &
XU PNPP EEicxid52E@E pH 12, WIhbEil
il (pH 4.5) & 7h VR (pH 7.5) 02 /AXH
BT EmS, MRICAHL &b 2L ED nuclease &
phosphatase MSEELET A ERBOMHTH S, &I,
WEYETFHIERD TN Y nuclease IZDTIE,
PEFR, BEACHENBEHESHLAICEINTE N
TEXY, wBLY, B nuclease E¥FH LD,
FOWELZBLLIZLTWE L,

DOXT, FHFEREWAITBY 5 BEREROLHR
INEBIUT7OIC PNPase DiEHH58  88%
A, thvKi.ﬁh@b-&NfrVﬁ?5E&

A SN, TOXIBERRIL, BEBIUKRIC
&5, IhSRESETOERIC &%%ﬁl’*m
HDEEZLLND

<4,

1. EOETFRIFEICIE, nuclease 7L 5 TFIC phos-
phatase /EHE23580 S, K#HHS RNA 204 LT
5’-mononucleotide * 475 5.

2. RNase Hitiz, BFEDdDITHFET 575,
RFEI~4 BT TOERIIEKRE D, PMase fHFiE
BLU RNA DERb RNase 7BV L RERLMEMHS
Ao,

3. RERBEZIICEH T 3 RNase 75 5 8 PMase
EHEOZEHE pH 2, W dEklE (pH 4.5) &7
A2 V¥ (pH 7.5) OWEIRITHS.

4, RFEEZBALICEBIT S RNase, PDase, 5-PD-
ase, PMase 73 EOIEESRIL, MEETHE LS
&, FE, %, BORICEE5.

BOICDES, KRFRICEL, BKEEED - odbEl
KREKEFMERIETEHR, ROV ICEREORREFY
SN MR HBRBERICERCHELELET. O,
ZRAFOBMEIL, MM42F 4 A48, EERFETHESD
7. BABEMFSRBCBOTHBEREKL 2.
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