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STUDIES ON NUCLEIC ACID RELATED SUBSTANCES IN FOODSTUFFS-VI

NUCLEIC ACID DEGRADING ENZYMES OF SHII-TAKE
(LENTINUS EDODES)

Takenori Mouri, Wataru Hashida, and Iwao Shiga

In a previous report (Journal of Fermentation Technology 43, 344 (1965)), it was
assumed that the formation of 5'-GMP and other 5'-nucleotides during boiling process(mild
heating with water) of Shii-take was due to the activities of the RNA and nucleoside
polyphosphate degrading enzyme systems.

A crude extract of Shii-take was saturated with (NHy) 2804, and the precipitate
was fractionated by gradient elution with acetate buffer on the DEAE-cellulose column.
Ribonuclease fractions thus obtained were designated as RNase A-1, A-2, and B.
Both fractions A-1 and A-2 had an optimal temperature of 65°C and a pH of 4.5, but
in fraction B they were 65°C and pH 8.0, respectively. Fractions D-i and D-2 had
a phosphodiesterase activity, decomposing bis-p-nitrophenylphosphate, with an
optimal temperature of 60°C, and pH of 7.5. The optimal temperature and pH of
phosphomonoesterase fraction (designated as PMase C) were 45°C and pH 4.5, respec-
tively. In the digests of yeast RNA by RNase A-] in acetate buffer (pH 4.5) or by
RNase B in Tris-buffer (pH 7.5), four kinds of 5-nucleotides, namely, 5-CMP, 5-UMP,
5'-AMP, and 5-CMP were accumulated abundantly.
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5'-AMP: adenosine-3-monophosphate (3'-adenylic acid)
5'-CMP: cytidine-5-monophosphate (5'-cytidylic acid)
5'-UMP: uridine-5'-monophosphate (5'-uridylic acid)
5'-IMP: inosine-5'-monophosphate (5'-inosinic acid)
5’-GMP: guanosine-3'-monophosphate (5'-guanylic acid)

RNA: ribonucleic acid RNase: ribonuclease

DNA: desoxyribonucleic acid DNase: desoxyribonuclease
ADP: adenosine diphosphate PDase: phosphodiesterase
ATP: adenosine triphosphate PMase: phosphomonoesterase
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It is reasonable to consider that when Shii-take is heated in water(at temp. 50-70°C,
around pH 6.0), RNases A-1, A-2, and B in Shii-take hydrolyze RNA giving a mixture
of four kinds of 5'-nucleotides. On the other hand, the activity of PMase C is low
enough that PMase would have been inactivated at that temperature. Therefore,
5'-nucleotides furthermore formed are accumulated in a fairly large amount. It was
suggested that when fresh Shii-take is incubated at pH 8.0, remarkable amounts of
5'-nucleotides are accumulated probably because of the degradation of RNA by RNasc
B, which are stable due to the lack of PMase C activity at that pH.
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EOCHOHBRAF T2 ASMITTE. & QCMANIICE L TD KBRS OZLIC 0
TH. 3TTICEED ., hBSY MEELE. $HAHLLEEFOCHDI L, LY TRS-GMP,
5-AMP., 5CMP, 5-UMP BELEL. Thoo@KMBICEOTREOEEELRS L 30°C
LT, 60°C TRMISELMBEMREMLI. ¢hd 5-X 2 A F FOLERBEERE LTEL
AR M, BEMNRLENTLTS BOKED 7378835 5008 Nucleoside polyphosphate
ONBBELONDT ARG LY. Thho dDIHOKMAMBEESRTNHT 5 C &3 Mk
FEOERDONS. KHE, BEHBEB] S B UMD RS REER R DO TGRS H
OEEMRSHH, BBKICELTES T HEEML DI,

ABTRLO G TR TOMELRINC VLT, SolCRLLEMUT 52512, LI
kOISR I o D IS BREE K B % DEAE-Cellulose 7 5 2T L, 2115 0iEH% Kt L
KOTRET 3.
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1) G$RERDEENRD ICET 5.
2) S Y E L=t (Lentinas edodesy 5008 ZHTTF4 2L 5 (& OERAIL
T5°C, 2BEMELTRMICTRBL, TOFRERIARELE.
3 4 Wi F o #5- 3-RZULAF FUlDNESY OBEEICKk . BrOX Y LA
F Fid Dowex | X 829847 L0u=t 477 4=TEML. EEEEIZ Folin-Ciocalteu,
3.0 Zfpkgd 280my ORI X > THEBELA. BEFRIL Fiske-Subbarow . F7: 1) #—
ZBANY S —WEIT K 57z
) BESEERZTEHONE  WEICY- CREESY OMEEBIRLI:.
DNase, RNase, PDase, PMase £ 0¥ Dk HICHIEL .
a) DNase 0.3% DNA 0.2ml. 0.04M MgCle in 0.2M acetate buffer (pH4.5) 0.iml,
BE R 0.1ml &b 75 5 KIS %37° C3043iRiE L U.P.C.A. (70% perchloric acid 21.4ml, uranyl
acetate 2. 58 {ZAENMAT L (IC LA D) 0. 4ml ZWE THEIEEE-L. 542% 2000rpm 5 %
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BEETEELTERIKO0.2ml & DK 3.8ml ZMAT JE260 (260myiT331) 2 RINBIME)
ZWET S, JEz60=0.1 % 1.0unit £¥ 5.

sow b3 7 4 —-DERBRIED DNase iEtkis 0.1% DNA 0.2ml, 1M acetate buffer (pH
4.5) 0,2ml. 1M MgCly 0.05ml. Bg#ifZ 0.2m! 2/uZ T 4.5ml (2L 37°C 2hrs fHEL. L
ERIGH P OBEEHK 0.2ml ORHDICHEBAK 0.2ml WAL bDEMKE L JE260 ZHEL .
b) RNase 1% RNA (1 v - () 0.1ml 1M acetate buffer (pH4.5)., F7:(dtris
buffer (pH7.5) 0.1ml. /& 0.5ml. BE:%#E 0.1ml XD AKIGHKZ 37°C 304KELDDE
UP.CA. 0.8ml ZmATlIEL, 105784 U i#% 2000rpm T 5 ZBILELEEL TEB®
0.1ml & &0, ZITHERAK 3.9ml ZIMAZ T JEoge ZHEL 2. JE DS 0.1 ML 2-8%.
BRRBIAE Tunit &1L 7. '
c¢) PDase 1mM Bis—(p-nitro phenyl) phosphoric acid (BPNPP) 1.0ml. 1M tris-buffer
(pH 7.5) 0.2ml, 0.05M MgCl2 0.1ml, BEE#0.5ml, /K 0.4ml Zfuz 37°C 3070 &L #:
# 0.1 N.NaOH 2.8ml A2 T JFs00 ZIE L. JEso0 DIiliHS 0.1 HML 220y BERERL
# 1.0 unit & L7
d) PMase 1mMp-nitro phenyl phosphoric acid (PNPP) 1.0ml, 1M acetate buffer (pH
1.5) 0.2ml, 0.05M MgCl: 0.1ml. #%## 0.5ml. /K 0.4ml & §1237° C3053H%i& L7 0. 1N.
NaOH 2.8ml ZZ T JEj00 ZHE L7-. JEs00 DD 0.1 BIUML 72 W5, BEHIALZ 1, Ounit
s L7
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Z 18500X G TS 78k LA LA tk#E% 0.01M acetate buffer ICIEHE L. 0 LB#%E5°CT
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Fig. 1 Chromatography of the extract from Shii-take on DEAE cellulose cloumn.
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Fig. 2 Rechromatography of RNase A-1 fraction from Shii-take on DEAE cellulose column.
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DEAE-cellulose 1Z#E L 7% 0.01M—>0.2M % T gradient elution THZ o<}t s 374 —%
Niiot. 207a= bt 743 Fig.2 DTELThH5.

RNase {3 pH 4.5, PDase {2 pH 7.5 THl#ELPE L. CO#HEH»S 5 RNase & PDase
ZRABEHFEILETEIED 572 RNase BESIR2EBD 7 a<w b7 a8l—-¥—2 & LTHE
L7, E7: PMase B S EIEER L% 0.01M acetate buffer (pH6,0) TEIFL, ZOAME

7% DEAE-cellulose 2% L7-4 0.01M—>1.0M % T gradient elution %1775 - 72 &5 82 Fig. 3
DTELTHSB. PMase |3 pH 4.5 TREL, H—Y -7 L LTHESI.

2) LW 3 FEROEBBEZOEESICREY HEERAW®RT v 2y TERL,
DEAE-cellulose {Z X O M L 7:.

DTELTHS.

DEAE-cellulose T4 3 &Ik - T RNase T 100 {55 PDase Tl 200 {&,

TOFEBRERFEMSENL-.

RNase, PDase, PMase Dif{h# X U HiE#E Table 1~ 3

Table 1 Purification of RNase of Shii-take.
e s RNase Protein Specific activity
Purification step (units) (mg) (units/mg Protein)
Filtrate of extract 250, 000 2070 120.7
Ammonium sulfate 90, 000 174.7 515
DEAE-Cellulose | Peak A-| 35,047 30.8 1168
Peak A-2 2,652 5.8 467.7
Peak B 3,167 3.4 105.6
DEAE-Cellulose 2 Peak A-1 12,507 1.3 8851
Peak A-2 1,250 0.1 8333
Peak B 2,120 0.4 5170
Table 2 Purification of PDase of Shii-take.
ces s PDase Protein Specific activity
Purification step (units) (mg) (units/mg protein)
Filtrate of extract 42,500 2070 20.5
Ammonium sulfate 13,170 174.7 59.1
DEAE-Cellulose 1 Peak A-1 9,762 30.9 316.2
Peak A-2 1,936 6.7 341.2
DEAE-Cellulose 2 Peak A-1 6,338 1.30 4875.3
Peak A-2 950 0.15 6333

Table 3 Purification of PMase of Shii-take.

cps s PMase Protein Specific activity

Purification step (units) (mg) (units/mg Protein)
Filtrate of extract 624, 000 2070 302
Ammonium suifate 540, 000 174.7 3112
DEAE-Cellulose 1 135, 600 38.7 3505
DEAE--Cellulose 2 20, 250 3.18 6305
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Fig. 4 Effect of pH on DNase activity.
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Fig. 5 Effect of pH on RNase activity.
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Fig. 7 Effect of pH on PDase activity.

S

BPNPP ZHHICLA B4, €~ D-1, D-27T

BEEHIEFig 7T ZETH5. il pH
12 7.5~8.0 124" PDase if#:%#5 -, T3,
ZD&HIC BPNPP 250852 €— 7 o
ICEEE BT RNA 29 2B EMRLIE L T
%. PNPP 2 REIC L:Bi#&, 5% pH 2 Fig
8DITLLTHS. ‘

Kol pH (3 4~5 1259 PMase EH2H
5Tl 3, 7
b)  Bf# &Gl RNase, PDase, PMase
DUV THLAHBOBERZ M L& Fig
VDT L TH5.

RNasé {3 0.05~0.15ml. PDase, PMase 2
0.1~0.2m! HSEEFiht & iGHEA LA LTH D
REDRNEEZ 5N B3O TR OWEEAY
Tl L7 -
¢y £ @ B W RNase, PDase, PMase

OE# pH CORGREOZEIR Fig 10
DITELTH S,

RNase {2 60°C ?ﬁwﬁ PDase {355° C
~60°C. PMase (#45°C~50°Clct’— 7
o TH Y, TulBExHs 5.
by @M pHICEHT BLEl  skEt
Zh#n pH 3~ pH 10 o&HO® WM

Silgdic. 37°C, 18IMIEE L - 540
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RNase {2 pH 6.0~9.0 OERICHA - T,
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100°C TR & A EiEHER L
Lo TBHME0°CTIE, 30%
BELTH3S. PMase 1280°C
THEHESBEE TR &M
Epohi.
1) &BA4 1 HIUBHEAD
$E ABioEficsk
BTREERA 4 v 2 3HE
FlELTOREOEBERIL
7.

RNase ROWTRIGH: 6 X
1072M, 6 X103 M D&EEA
AV ERBHERNOREERT
& Table 4 DZTELTHB.

RNase { Co**,.Cu**, Zn**
KE-THEZRL. Mn*™,
NasHPO; Ci370%7E T -
“Twi-. EDTA, NaFTidiz &
AEBRESNLS .

Table 4 Effects of metal ions, anions, and chelating

agents on RNase activities (Relative activities).

A-1 A-2 B
Control 100 100 100
MgCl, GxiooM | 8 | w1 | '
CaCl; :: g? }gg g?
CoSO0s " % 84 0
CuSO, " £ 0 %0
2050, ; & | s | we
MnSO4 ., ZS 1?; 5
NaF : P B | o
‘Na;HPO, Z ;g %g - gg
EDTA " . 82 ‘%
Na-citrate :: ! gg 2% 13(2)
» Cystein Z }58 18? }?(7)

Table 5 Effects of metal ions, anions, and

chelating agent on PDase. activities

(Relative activities).

. ‘A;- 1 ‘ A-2
Control 100 100
MgCl | Xi0a 0 | s | 17
caCl, oS v I S
CusO, f 56| 3.2
ZnSO, " se.3 | 108
NaF ; & | o5
Na.HPO, " B | s
EDTA " $3| 33
Na-citrate Z 1;’,% 5 gg g
Cystein Z gg g gé

Table ¢ Effects of metal ions, anions, and
chelating agents on PMase activities

(Relative activities).

Control

MgCl.
CaCl,
CoS0,
CuSO,
ZnS0O,
NaF
Na,HPO,
EDTA
Na-citrate

Cystein

IX1072 M
5X1073%-M
”

7
"

100

34
144

72
72

91
115

62
56

61
93

47
55

112
180

176
175

146
104

— 226 —

a4



Na-citrate OFEZ A-2 THE &N,
PDase 20 TR 1 X1072M, 5 X10-3M D&M A 4 ¥ 1 3AERHOEBICONTIR
Table 5 ®TELTH5.
PDase A-1 i Mg*t, Ca** {3{g# L7:. Cu*™, Zn**, NaF, NapyHPOy, EDTA iCi2HE X
N7, A-2 BEETIE Zn*t, NaF, NaoHPO, CiiflEFEXhiish - 7.
PMase KOO TGN 1 X10-2M, 5 X10-3M 0 &B A 4 » /- B HEROZ L Table 6 D
TELTHA.
PMase Tt NaF, NagHPO, TH:iEZhCat, Cu*, Zn* THOHBDERMSHE SR,
4) ERRNAORESMMRCLBES-RIVAF VoK fRoTE{—274A-1, A-2,B
{3 RNase E#ZETE3DOTEHE RNA LHASET, ZORRLEERZE L O, TOREN
HiFigi13 e {TH3B. E—J7A-1. A-21(2 0.2M @ E#H (pH4.5) KK TRILL,
27 B3 0.2M b Y A#REHK (PHS.0) ICTRIBS €72, TORMEAT LI uTbS T 7 4~
TLHb~RHEFig 14 DTELTHS. A-1. A-2. B WINOMEILL>THRNADSH
smg of yeast RNA itk -T 5-CMP, 5-AMP, 5-
-RNase 140 units of RNase A-1 in buffer(pH 4.3) UMP, 5-GMP #4HE05-27

or 430 units of RNase A-2 in buffer (pH 4.5) AF FEERT 5 EMBFED O,
or 430 units of RNase B in buffer (pH 7. 5)

-37°C, 22hrs, incubation: T DOBED RNA SR Y—
_HCIO4 treatmeqt, supernatant 9 A-1 s F— 7 A-2 T,.75%’ P —_ y
-active carbon treatment

Sample for chromatography BTI60%TH 7.

Fig. 13 Digestion of RNA.

Eluting soluticn
1.5
0] Pe] =4 3 o I ®
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Fig. 14 Formation of 5'-nucleotides by degradation of yeast RNA with fraction A-1.
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5) RJ VA F FHiBLTTOFRKITHT 5 Phosphomonoesterase 45D ER PMase jfi
7 C BHdo e {ARBEED P-nitro-phenylphosphate % ST 271 T . HARRIKC
BT 2 DHEBERMIHLTHE-LER L. T4bbEd ATP 2L T Fig 15 ILRT &
IRFETHERSELEHERIE Fig 16 7L TH5.

FRIZEOTATP BB INTADP, AMP,7F/3y , TF=vahKL, 34LGTP
K20 TRGDP, GMP, 7/ ov, yT=vigRahasc tn@dohi.

ATP (20mg/20ml) 5. 0mi
-PMase fraction (i8.{ units) 2.5ml
-IM buffer (pH 4.3) 1.0ml 1.5
-incubation, 37°C, 1hr (e} l @ P | @ , 9
-HClO, treatment
-activecarbon treatment u.ag
Sample for chromatography 10
Fig. 15 Degradation of ATP

Eluling codiion

AP

Bases and Nudeayides

o
Q
o £
S
05 <
3 5'- 6P o 5-ump »
N

SN 4 k A A
z { \:2 Y,
i 56 150 Tobe pimbars

N N N . N L, e
2 a5 8 o B 3456 708 Fig. 16 Incubation of Shii-take's PMase

241 gl
Fig. 17 Activities of PMase to 5-GMPand fraction with authentic ATP.
3'-UMP at various pH. MR before incubation
[T after incubation

g7 PMase C £ 5-R 7 b4 F FHiE LT5~-GMP, 5-UMP (Z{EA X852 Fig 17
DITELTHS. TOEAEBpHI~5ICE— 225D, F2-HEL0°C~50°C ORRICE— 7
TV 24D RI VALY FHEER I LA F FERBRICOHRENI. C DL DT PMase
EHEAEET AW C 2 ATP 754 ® Nucleasidepolyphosphate, 5-2 7 LA F FHRIC/ER LT,
WINHMHERERT O LEY SR, £/ RNase, PDase Wis¥ TH AMW45TA-1, A-2,
D-1, D-2 T2V TRILAFF, 7 LAY FREREALLN, SREEDONILL 7.
£ T PMase @S CR—BINICLDODN TR RAT y 2 —FEEIONRD,

-1 =
LOA T AREOFRETAREOWMADS> 6, i®HEF3TA-1, A-2, BEE HICDN
ABIURNAKMEML, RNAZ5-%7 VAF FIZETRIZERMICHMT AT EMNEHO I
oS, CTOBEEREESREED B —FO exonucdease THBE Bbnsd. i RNase EH
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A-1, A-2iFHII PO TREDL CATH 2BOEERTHH RNase & PDase Bz £l
MLTEELTVWS 500, 2HOBEMNEELTV 200, |2AA—BREAN 2BOBRE
HERT LOPILOOTERWATH 5. /M, EFPC-ULICASNZ0HY S PDase £{38
ST 5 T A, /. RNase 47 B!3 BPNPP (ZfEA LTV OTH S TN, £E DO
RNase 3R ST 3¢ EZONS,

BB ARBLROBHIIC DO THBH 2R - -850, 2O TEEKAKD RNA ONUKSEE
3 pPH3.0~6.0 Tl A-1. A-2 OBEROBME TS~ 7 LAF FHERL, F7/-pHT7.5~8.0
fETIRBEERICES5-R 7 UAF FOLEMNEA OGN, SIUEEHSD, DS OHEKEE
3260 THD. ABEHA-1,A-2E3WROCHMIZEHB LTS BOBIEA LR,
Fo LOBETH IMEHIRASERY LA AEE S MW EEL 545, BEEHIE Eaves2D0
serratia marcescens, ¥k 51900 streptomyces No.d1 K 190 Monascus [EOBERITRELL
T3&%2 503, PDase 12697 PMase L3LfE3 3 2 EMBLHM-18, Liniiflts
I\T{2 RNase A-1, A-2@Fi##t PDase iGHbH»Tlriz. il pH 27,5 S HE—7
ZHE 2T AN RNase [EHEDHIIE— 2748 4.5 205 EMRED, 7D PMase LIIHEET 5
TEMTEA. BBMBIL A-1, A-2L—ENHT BT EMNTE LA, WEiSOE pH, pH
G, AR, BICEEYE, 2BA A OEBEIMELSIC—HTIOT. £ MEDLD
SLTHBT L EBTELRLEBDNAS.

A-1. A-2WSHT0T RNase (5445 & D-1, D-2 @4y C>0 T PDase {H#EI %
X 51ZHi B7- DI Sephadex G-50. A-25, Amb, G C~50, DEAE-cellulose TOHEEE
B, BT BIERTE UMD 7. BEAROBRHTIANMNS S,

PMase F#£Wi43i2 DEAE-cellulose =k 33HT—2DE— 7 285-TH Y, ThLDFEHE
{2 RNase, PDase &3S AICHIT BT EMTEI:. ZOMEFME ATP, ADP BE%EH
B35 ATPase 24 &, £7: 5~-GMP NEDXRI7VAF FEDXPWLIZ. RIVAFL—¥, R
VA Y F—EDFROBAMBALTHEELTWILEAONS.

IHSDERDDS LTI ENT R7VAF F O FERII-SLT 8T 5L pH BERTE
RNA % nucleoside polyphosphate 75 QR MATS-X 7 LA F FHERT 55, FIFICR
JVEAFL—ERWNBIT, LEBIZRIVFVF, HEEITHMRINTIELALRIVET
FELTEHERIZENLL. pH 5.0~6.0 TARBROZ M LM GR/AMID ERORMELE LB A,
50°C~70°C 12 hiFB LR/ LAFH~ MBI REMIATZCLE pH MR I VAT S
— ORI R AENERETHEOTER LSRR 7 VAT FIRED T THRERY FTICHERK
FBCEMEADID, BT AN EMTIER I LA T ¥ — EOEEME L AL RBENT,
—7 RNase DI MR OMSER LS -2 7 vAF VRERTIEELONSD.

BHEMDRERMD R 7 Vi F FORHBREABL EMKIZD T Plant type & Autolysate
type D 2BIRMBE B LBRTNS. ILWVITDT o & a b — 2 E2RINTHSCRAEHPFEE TR
AICESTOLAEIALOEMSBEE FROADILLMIZTRbhbsEFELoND.
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L3 0BAREE LT Autolysate type OZALETF D E XA B & SBOBRELE
ﬂﬁu\ &b‘z_cl:o COEIBBEROIERACE->TRRELTORRMNENTZ L0
na.

B ®

DEAE-cellulose %4> C LA 7: 1 TSk DR RBER F A SRS 72 . DNase fHL%15
SE—7 20 (A-1, A-2), RNase EEEE - Y — 27 318 (A-1, A-2, B), PDase f&#:
Ao —7 218 (D-1. D-2),PMase %o~ 2 18 (C) #BY . BBIWER
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A-1. A-213 pH 4~4.5, J[E65°C #§MTH-7. PDase ® D-1, D-2i2 pH7.5~8
;&‘;Eﬁ&iﬁo"c;cﬁia‘@{@?éﬁoﬂ\t. PMase 12 pH 4.5~5, GLfiflEI245° C~50°ClCd »7z.
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