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Nucleic acid Decomposing Enzymes of Some Mushrooms

TAKENORI Mouri, WATARU HasHIDA, Iwao SHIGA
and SHIRO TARAMOTO**

Enzyme fractions decomposing nucleic acid and related substances were isolated
from the fruiting bodies of Shii-take (Lentinus edodes), Matsu-take (Tricholoma matsutake),
and common mushroom (Psallicta bisporus), and they were partally purified with
(NH,):SO4-saturation and chromatography using DEAE-cellulose column. Their
properties were examined by general methods.

Two of three peaks of ribonuclease (RNase) from L. edodes had an optimum temp-
erature of 65°C and a pH of 4.5, but in the other peak they were 65°C and pH 8.0,
respectively. Both two peaks of phosphodiesterase (PDase) activity had an optimum
temperature of 60°C and pH of 7.5. The optimum temperature and pH of phospho-
monoesterase (PMase) were 45°C and pH 4.5, respectively.

RNase from 7. matsutake had an optimum temperature of 60°C and a pH range of
7.0~17.5. The ranges of optimum temperature and pH of PDase and PMase were 40
~45°C and pH 6.0~6.5, and 40~45°C and pH 4.5~4.8, respectively.

RNase fraction from P. bisporus had an optimum temperature of 60°C and pH range
of 7.5~8.0. There was also a PDase activity, with an optimum temperature of 45°C
and a pH range of 7.5~8.0. Two PMase fractions had identical optimum temperatures
of 40°C and pH ranges of 4.0~5.0.

Yeast RNA was degraded by each RNase fraction of mushrooms under optimum
condition for its activity, and four kinds of 5-nucleotides, namely 5’-CMP, 5-UMP,
5'-AMP and 5-GMP were accumulated abundantly in its digest. The formation of
5-AMP was found as the result of breakdown of ATP with mushrooms’ PMase fractions.

The acid range-enzyme activities of P. bisporus is different from that of L. edodes,
and the fact may account for the difference of the distribution pattern of 5'-nucleotides
between both. [i is reasonable to consider that during mild heating of mushrooms in
water, some kinds of 5’-nucleotides are formed from RNA and nucleoside polyphosphate
by the actions of their enzymes.

* Amino Acid and Nucleic Acid BEs& 188t 178 (1968) Ak
#* Department of Fermentation Technology, Faculty of Engineering, Osaka University,
KBRRETHPRHET EH=

— 196 —



#®

o

EDCHEORKREARFEMICABE, 5-CMP L EBRBRRADANERRSE UTEHETEE
DEEZONG. HRVY KEVT, EOZHOBBRRSOSHER LM, $OCOBHICL »
THED 5- 27 L3 F FORBSCETOHEESS I xRN L. T minER EARM
ITREBNTH, BRESOFENMCZhFNEROP AT EERB LA, THby, Y147,
7w ErCBVTIR, 5-GMP & RNA ZBRT 54 HOR 7 LA F FEEROIRETEEL,
TERINED, v Yar—allBNTIR 5-AMP 5-UMP 0 2 BOX 7 LAF FEEDHBIC
TEREp o7, UL, 20< vy ¥an—sTh, —H pHS.0 THCHEEIELL4ED 5-%
7L FFOEEBALINA. CUSOFERE L TEBRNBRMBHIRITEENS 51-DTIR
BOMHEBZL, EHY, AARY, 8EHTY, BELE 1 Ko TRERMERERICE
TEAEEOXBRBRONEYN, EOZIEZO2OTRHIZVHRENLH ST,

AHETR, ORI EBIBERTEMESERYL, TORRFHHEEZ LS.
NEZTNSDEEPOSEDESDIILBT S 5- X7 LA F FOSH, B2 OffToOmMEKICE
F3R7FF FOELOFERICONTERET ~ .

£ B o0 I

1 HEEEPDE  EUCROLDOEEPELILT -7 LvA4F V¥, 3-27Lv4F Fi3fgh
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2 #H & >4 24 (Lentinus edodes), = 2% (Tricholoma matsutake) TR,
<y ¥ alv— i (Psalliota bisporus) BEEBEMAFRIEOSDTHS. THTHHAEREE
BoEBKEHEICHREY FA XL 25°C T2HEMAEB L TARICTREBL, TORETHERRRE
L.

AXTIRROBEERFER L.
5'-AMP : 57-adenylic acid
5-UMP : 5’-uridylic acid
5’-GMP : 5’-guanylic acid
RNA : ribonucleid acid
RNase : ribonuclease
DNA : desoxyribonucleic acid
PDase : phosphodiesterase
ADP : adenosine diphosphate
PMase : phosphomonoesterase
ATP : adenosine triphosphate
PNPP : p-nitrophenylphosphate
BPNPP : bis-p-nitrophenylphosphate
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Fig. 1 Chromatography of the extract from Shii-take on DEAE-cellulose column.
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Fig. 2 Chromatography of the extract from
Matsu-take on DEAE-cellulose column.
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Fig. 3 Chromatogram of the extract from
Mushroom on DEAE-celiulose column.
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Fig. 4 Rechromatogram of PMase fraction
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column,
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Table 1 Purification of RNase of Shii-take, Matsu-take, and Mushroom

Purification step ggﬁss‘; P(rg]t;;n (Eﬁgl%ga;?xé%)
Shii-take
Filirate of extract 250, 000 2070 120.7
Ammonium sulfate 90, 000 174.7 515
DEAE-cellulose 1 Peak A-1 35, 047 30.8 1168
Peak A-2 2, 652 5.6 467.7
Peak A-3 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 A-3 2,120 0.4 5170
Matsu-take
Filtrate of extract 44, 000 1949.7 22.5
(NH4)2SOy4 salting-out 9, 065 87.2 104,0
DEAE-cellulose 1,104 3.3 341.7
Mushroom
Filtrate of extract 19, 500 1155 16.9
(NH4)2S0s salting-out 9,200 280 32.8
DEAE-cellulose 1 2,240 62.3 36.8
DEAE-cellulose 2 1,040 5.8 193
DEAE-cellulose 3 484 0.93 520

Table 2 Purification of PDase of Shii-lake, Matsu-take, and Mushroom

Purifcaton sicp I Folein | Specifc setiviy
Shii-take
Filtrate of extract 42,500 2070 20.5
Ammonium sulfate 13.170 174.7 59.1
DEAE-cellulose 1 Peak B-1 9,762 30.9 316.2
Peak B-2 1,936 5.7 341.2
DEAE-cellulose 2 Peak B-1 6,338 1.30 4875.3
Peak B-2 950 0.15 6333
Matsu-take
Filtrate of extract 25, 300 1949.7 12.9
(NH4)2SO; salting-out 3,700 87.2 42.4
DEAE-cellulose 982.8 3.6 270.0
Mushroom
Filtrate of extract 55,350 1155 48.2
(NH;)2S0; salting-out 17,232 280 61.4
DEAE-cellulose 1 8,970 62.3 140.2
DEAE-cellulose 2 8,385 5.8 1445
DEAE-cellulose 3 2,508 0.93 2696
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Table 3 Purification of PMase of Shii-take, Matsu-take, and Mushroom

e Froin | Secif oty

Shii-take

Filtrate of extract 624, 000 2,070 302

Ammonium sulfate 540, 000 174, 7 3,112

DEAE-cellulose 1 1335, 600 38.7 3,505

DEAE-cellulose 2 20, 250 3.18 6,305
Matsu-take

Filtrate of extract 451, 000 1,949 231.3

(NH,4)2S04 salting-out 231, 250 89.2 2,654.9

DEAE-cellulose 37,500 5.7 6,567.4
Mushroom

Filtrate of extract 2,125,000 1,155 1,854

(NH4)2SO4 salting-out 1,420, 000 280 5,072

DEAE-cellulose 1 420, 323 59.8 7,029

DEAE-cellulose 2 253,506 6.45 39,303

DEAE-cellulose 3 Peak-1 14,625 1.31 11,164

Peak-2 10,352 1.62 6,390

3-1 &DCEBEZFORE pH CREEE : EBS RNA 28 & LT RNase Fiko&d pH
%, %7 BPNPP © PDase ##tt, PNPP ¢ PMase FEH0O&EE pH 5 LRI Table 4 ©

TELTHA.

4 24 RNase D—7 A-1, A-2 TRIFRZ pH4I~4.5{C, ©~2 A-3TIXT7T~1751K, =
v 44 RNase DE—27 ATIE 7.0~7.5{L, = v ¥ 20—4THH pHB.0~8.51C, ThEhDE

Table 4 Optimum pH and temperatures of enzyme fractions of some mushrooms

Enzymes fractions Ot tenmamratare
Shii-take A-1 4,0~4.5 60~65°C
A-2 4.0~4.5 60~65-C
RNase A-3 7.0~17.5 55~60°C
Matsu-take A 7.0~7.5 60°C
Mushroom A 8.0~8.5 60°C
Shii-take B-1 7.0~7.5 60°C
B-2 7.0~7.5 60°C
PDase Matsu-take B 6.0~6.5 40~45°C
Mushroom B 7.5~8.0 45~48°C
Shii-take C 4.5~5.0 45~50°C
Matsu~take C 4.5~4.8 40~45°C
PMase Mushroom C-1 4.5~5.0 40°C
C-2 4.5~5.0 40~-45°C

— 201 —




Relative activities (%}

100,

60

40

20F

—0

3 4 5 6 7 8

E\
o
9 10
pH

Fig. 5 Effect of pH on stabilities of enzymatic
activities of Shii-take. (37°C, 18 hr)
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Fig. 8 Heat stability of enzymatic
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Fig. 10 Heat stability of enzymatic

activities of Mushrooms.
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Fig. 9 Heat stability of enzymatic
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7z,

3-5 £BRAAVBIUHERAOEE | &8
ROBHICKIZTEEBA A v E3AEMEL
TOREDEELX L 6~5BE Table 5, 6, 7
DEELTHS.

¥4 #4 RNase (36 X107*M, 6 x1073M, PDase, PMase Tid 5 X1073M, 1 x1072M,
=&y, 2y ai—nild RNase, PDase, PMase #LiC 6 X107°M, 6 X107*M O@EETE
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Table 5 Effects of metal ions, anions, and chelating agents on RNase activities.
(Relative activities)

Shii-take Matsu-take Mushroom
A-1 A-2 A-3 A A

Control 100 100 100 100 100
MgClg 6x10~*M 76 71 100 97 100
6x10~3M a3 101 95 104 110

CaCle ” 98 100 95 87 106
” 87 107 97 103 100

CoSO04 ” 58 48 74 71 96
” 95 84 80 81 100

CuSO0, 4 54 0 61 50 29
” 73 0 20 78 17

ZnSOy ” 63 78 83 98 56
" 97 96 106 86 41

MnSO, o 76 37 73 — 82
” 88 117 84 103 77

NaF ” 100 85 115 82 107
” 97 83 100 88 102

NasHPO, ” 70 23 58 7 105
” 78 86 79 100 107

EDTA ” 99 80 115 57 110
” 90 82 95 89 105

Na-citrate ” 105 32 92 75 97
” 95 62 100 91 100

Cystein ” 110 66 107 — 95
” 100 107 110 — 86

— : The experiment was not done.

>4 24 RNase {3 Co**, Cu*™, Zn*", Na:HPO, iz& - T, * v — FHTid Na-citrate T
BEINA., BENKFERTEIOREBLAELL .

= 24 Tk Co*t, Cu*t, UL —+#ITIE EDTA itk -THExh /.

Ty Y an—ARBNTIE Zntt, Cutt KEFEH, REMIERTEL0R AL 1.

PDase ififEiz oW Tid, ¥4 24 Tit Cu**, Zn*t, NaF, Na.HPO,, #XxU EDTA %
sh, Mg™, Ca*t kb E#Eshs:. =¥ 24Tk Cutt, Co*t, Zn*t, NaF, NaHPO,, F
Vv— AT EDTA L DBEFEENRK. v Y ar—aTRCu™, Mg, BXUFv—1rEOD
EDTA, Na-citrate it & -» T EEZF} /-,

PMase i&#<Tld, ~4 24 Tk Ca*, Cu**, Zn**, NaF, Na.HPO, KX DMHEFExH,
EDTA, Na-citrate 2{EEMENMD 7. =V 245 Tik Cu*?, NaF B8BHELZ. wvvaw
— 4T C1, C-2 ftic Cu*t, Co**, Zn*™*, NaF MHFEL, Mg*t, Ca*t, EDTA H{E#EN
FEEZR L.
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Table 6 Effects of metal ions, anions, and chelating agents on PDase activities
(Relative activities)

Shii-take Matsu-take | Mushroom
B-1 B-2 B B

Control 100 100 100 100
MgCl- 1x10~*M 112 104 6X10-*M 96 94
5X10~3M 129 117 6Xx103M 76 125

CaCle ” 131 115 " 87 97
” 156 135 4 70 118

CoSOs ” _ — ” — 109
” —_ — 4 69 114

CuSOs ” 9.4 15.8 4 31 62
” 13.6 23.2 ” 66 62

ZnS0s ” 47.2 105 ” 80 106
” 52.5 106 o 57 101

MnSO, o — - ” - 44
” — — o — 50

NaF ” 42 90 4 44 106
” 69 88.5 ” 65 101

Na:HPO4 ” 39 92.5 ” 65 97
4 39 95.0 ” 65 93

EDTA " 3.1 22.3 ” 27 44
” 5.3 32.3 ” 35 50

Na-citrate ” 72.5 76.0 ” 100 62
” 100.0 86.0 ” 91 60

Cystein ” 96.5 61 ” — 90
” 96.5 68 ” — 94

—: The experiment was not done.

40mg of yeast RNA

-RNase

Sample for chromategraphy

140 units of RNase A-1 in buffer (pH 4.5)

-37°C, 22hr, incubation

-active carbon treatment

-HClO4 treatment, supernatant

Fig. 11 Digestion of RNA.

or 430 units of RNase A-2 in buffer (pH 4.5)
or 430 units of RNase A-3 in buffer (pH 7.5)
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RNA IZ{FB &€ TE0NREEDE
Wtz VA 25—/ ADBRBRS
% pH 4.5 @ buffer DPTRIGE

- 1HiaRdg & Fig 11, 12 ORT X H 1T, BER RNA o4tk »T 5-CMP, 5-AMP, 5'-

UMP, 5-GMP 54 B0 5-27 357 FOERT I LA LHOoNT:.
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— 205 —



Table 7 Effects of metal ions, anions, and chelating agents on PMase activities

(Relative activities)

——active carbon treatment

Shii-take Matsu-take Mushroom
¢ C c-1 C-2
Control 100 100 100 100
MgCl. 1x10-*M 34 6x10-°M 110 179 165
5X1073M 144 6x10-M 100 180 166
CaCl. ” 72 1% 98 142 130
” 72 ” 99 150 161
CoSOs ” 91 4 - 75 80
” 115 ” — 55 63
CuSOy ” 62 ” 55 74 84
” 56 ” 58 87 85
ZnS0, ” 61 o 80 14 12
v 93 ” 85 24 25
MnSO,4 ” — “ — 142 133
” — " — 116 121
NaF % 3 ” 12 14 12
” 4 ” 20 24 25
Na:HPO4 ” 47 " 98 89 88
" 55 ’” 100 65 54
EDTA 4 112 ” 89 142 133
” 180 ” 98 116 121
Na-citrate o 176 ” 115 101 100
” 175 ” 100 62 75
Cystein " 146 " — 102 102
” 104 4 — 77 89
—: The experiment was not done
_ Eluting solution
1.5F
sle|o|o|je | o]
ATP (20mg/20m/) 5.0m/
Lo é z S = = ——PMase fraction (28.2 units)  2.0m/
= ¢ < ? =
f: = b in in .: ——1M buffer (pH 4.5~5.0) 1.0m/
= f ——incubation, 37°C, 1 hr
0.5 ? ——HC1O; treatment
2

AW

Sample for chromatography

50 160 150
Tube numbers

Fig. 12 Formation of 5’-nucleotides by
degradation of Yeast RNA with

Shii-take fraction A-1,
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24 A2 BPNPP % 43ig€73", fi0 PMase, PDase 48/, >4 24 A-1, A-2, =
Y an—LADEZNFNOESICEZEN TS PDase i&#:iZ Sephadex G-25, Amberlite CG-
50, DEAE-cellulose i€ & -Ti2 RNase B BT EC EMTE UM 10

v4 24 A-1 & B-1, A-2 & B-2 OFESMNE, TOUENHERSEETE R, »72. RNA 42
DE®E pH 72 pH 5.0 {{5Eicd H, BPNPP H#0EE pH »2 8.0 ThH 5, F—BETEAT
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5L LT 2BOBEERERTC LIS RORTAMLELEL 5. EFD PDase® 1385
PICESTIHA.

2y va—uALBOE—2i348 pH F—T, A—ES) 2 BOBREREREELRT DL
ZZoh3.

< v 2v—4n®D RNase 7E#:12 Eaves®~ ™) @ Ser-ratia marcescens, 3K8 & D Streptomyces
No. 41, % 5@ Monascus BICHEMILTH O, %7 PDase i, ##HEW ozhick<
BT3B, 2O32DEDZHD RNase FHic 20 TR ARV, ChsOBRRE
EEEHEDEN—BD exonuclease TH 5 & Ebhsb.

VABRY, =VEY, Ty a—b3ED PMase BBiGBHEOY—7C, =V E5C, v v
av—2 C-1, C-2 13 PNPP 24 L, <=7 24 L5 RNase 7Ef#E, PDase iE#: & 5ELITSH
BExhi., LL=Y 2720 Tid Sephadex A-50, DEAE-cellulose i X - THEICHEET
M7k,

pH EitSh o A—BERAN 2 BOMETERETT O LEL LN, BAR® 50 Streptomyces
No.4l & X —FK§ 54, MOBEZRRVDOYWIBE 7 + X772 —€ILETEEEILNS.
DE—7id ATP, ADP % ® nucleoside polyphosphate %283 3FEHMH Y, Tk 5-GMP
EDORIVAFFEHRBL, RIVvAFL4—F, BHEESNBELT0ELELLNS.

INSDERNG, Y445, =V &y, 2yvan—allETBER7LEFFOERIONT
EZR4 3L, pH BEBENTIZ 1 24 T2 RNA © nucleoside polyphosphate 2»5 @43 88h3
KT, 5-R7 b3 F FBERTEEABIC R 7 LT FL—EHEOAHICEBIC R VAV FE
THIRENT, BELAERZLAF FELTEREINLL. =V 2y, =5 var—205AE,
RNA o422/ { nucleoside polyphosphate » 5O RHEH B 5, ~ 41 45 EEKICR7 L
FFL—COERE > TR 7 LA F FELUTHERENLL. pH 6.0 T 50~70°C icB®H 2 &
ROFM URME (BkEE) GUOEKLELES. X7 LA F X —€OFERIRRABEULRELES
DT, ERLE Y- RI7VAFFREDTZ LR TICEFERTHEMBELONS. Y44
r, =725 DEEE RNA BRI 3 4EOR /LA F FOEEEZRDEM, <y vanv—ald
5-AMP & 5-UMP o 2 @BMRM 3520 Th3. COFERELT, ¥4 75 TREEAK
RNase EHERLHLEHON, Ehoey 243 pH 7.0 it ©—27 % #> RNase E#EMD 3 7o 5HIT,
RNA ORBICEZR 7 VA F VO ERBERTHEM, v ¥anv— L0854, RNase EHES
PH 8.0~8.5iLH B/ Hit, TOERANLWLEBEEZLLNS. 1B =7 v ¥ 2 v— 4 TH nucleo-
side polyphosphate @4 #Eic k3% 5-AMP, 5-UMP 0o¥EREZL SN 3.

ERHTAYVBATR R/ LAF L —EOERBREACRHENT, —F, RNase OF#:
Bodsy, =v4y, =9 van—nfEZHLRDRNDT 5- 27 LAF FEERL, £08E
DEFEMTBEELLNG. SOTHORI LAF FAGERZSMLLES, BE' KH4E
ZE L7 plant type & autolysate type @ 2T ABE N D Z EMNBEF T S,

LBOLSIC, EDOCOBHCI > TENTNHRBH 2HMEROIERMBHEDON, ThsaER

— 208 —




ELTORKOLILETNZNEBLTVELEBELONIDTHS.

= #

DEAE-cellulose ZAWTY A4 24, 2V 4y, =y ¥an—ad BBABBERTESERER
L7:. ¥4 24 T2 RNase x> —2 3 (A-1, A-2, A-3), =v445 1M (A), =
y ¥ an—un1 (A), PDase G4 2€—s73v4 252 (B-1, B-2), =v247 1{#
(B), =9y~ an—2 1l (B), PMase %2 >¥—sil3 >4 245 18 (C), =V 4 1@
(C), =owvan—un2fE (C-1, C-2) ZEHI:.

BERETIE, —BIC RNase FEHEMSEENIE <, PDase, PMase OIITIK & > T 5.

5% pH Tid RNase #3v4 24 TR TED SN ftud, 7an YHM, ¥4 PDase idh
@B TAs Y EAcEY s h, PMase {3 3#3tiC pH 4.0~5.0 OficE#E pH %2 -T
Wi CDEIBCELYD, FEFOMBHEY TRELAIILZOHO MARBEIRICET
-7 LA F VFOBENEXDCOEHICL ~TRUZCEp, BHLRBOTYA T IRETER
BRAD 5-GMP L ERERTICLEHEPTEELEIONS.
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