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Studies on Nucleic Acid Related Substances in Foodstuffs

(IX) Nucleic acid Degrading Enzymes of Mushroom (Psalliota bisporus)
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(Toyo Junior College of Food Technology, Kawanishi City, Hyogo)
*Department of Fermentation Technology, Faculty of Engineering,
Osaka University, Higashinoda, Osaka)

To clarify the formation of 5'-nucleotides in mushroom (Psallicta bisporus)
during mild heat processing (as covered in this Journal, 43, 344 (1965)), some
enzymes which degrade nucleic acid relating substances were isolated and purified
using the DEAE-cellulose column technique.

Ribonuclease fraction (designated as RNase A) had an optimal temperature
of 60°C and pH range of 7.5-8.0. There was also a phosphodiesterase activity, with
the optimal temperature of 45°C and pH range of 7.5-8.0. Both phosphomonoesterase
fractions (C-1 and C-2) had identical optimal temperatures of 40°C and pH ranges
of 4.0-5.0. Four kinds of 5-nucleotides, 5-GMP, 5-AMP, 5-CMP, and 5-UMP
were accumulated with the digestion of yeast RNA at pH 7.5.

The acid range-enzyme activities of mushroom are different from those of Shii-
take (Lentinus edodes) (This Journal, 44, 248 (1966)), and the fact may account for

the difference of the distribution pattern of 5-nucleotides between both. It seems

e ARICBOTROEOSZHA T 2.
5.AMP : adenosine-5’-monophosphate (5’-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-5’-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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reasonable to consider that during the mild heating of mushrooms with water with
a pH of around 6.0, 5-AMP and 5-UMP are formed from nucleoside polyphosphate

by the action of phosphomonoesterase.
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FEDIC BN TE LTRSS (FEK) KaTNIMRAMERFRTEDD RNase, PDase, PMase, DN-
ase LN THRIL, ZHLEWS & 57 pH 6.0 METICBY 5 Hukftic B LTo 5~ 7 LA F PO,
B FREE & 7213 nucleoside polyphosphate DAMRIT L B T &EB T 7z,

L icld 5-GMP, 5-AMP, 5-CMP, 5-UMP & 4@ §-% 7 L& F Foi—HRicALsn 345, <
w ¥ o — 2 (Psalliota bisporus) T 5.AMP & 5-UMP psFiaT 5-CMP & 5-GMP 213 AERH
I, LinLww Y a—aTh pHE.0 THEMREES L 4D S -R7 LA F FOBEFEMRED S5,
uﬂb@@Lﬁ‘ﬂ%ﬂ@ﬁMﬁ%ﬁﬁ%@ﬁ&Ci%@fiﬂwm&®ﬂ5ﬂ%,Kﬁ?dvvy;w—A¥
TR c”*iméﬁ%‘zﬁﬁﬁ%ﬁ%@ﬁw%@“é FWBIT, v Y a— LR DEAE-cellulose 7 7 4 THHE L,
ZN0OERE LSRN, L DBAEHB LD TRET 3.
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(v ﬁt:‘:‘iﬁﬁ%ﬁ B 1ITHEU 7,

ke hEsr +4 XL, 5°C T2BME L, ARTHE F{w’c*ﬁ J:;M&é: Lt.

(3) 9 H A & B5-3-xsviF FREEIHE LOPMERICE 7. fArOR 7 LA F Fid Dowex
1x8 25 2HhF s u< 077 47T, BAEIR Folin- Ciocalteu OS50 % 7213 280mp QBT K -
B Ui, B Bd Fiske-Subbarow ¥, F7c) Ee23 Ay s —vEICE -

(4) BEIBBEEEORE

B - KAt SOOI LT RNase, PDase, PMase, DNase TEMATE Lchs, EERNTSSFIRATHY Bl
DTELTHD.

(1) DEAE-cellulose [ZKDBRADTE

FERY SR 2.50 ICHEE T v E YV RREINCIES ZETing, 18,500xG THEOSEEL, 47kt 0.01M ace-
tate buffer 2R L, =@ L&A 5°C T— 0.01M acetate buffer (pH 6.0) 23 L Tdr L7c. BRI

(EEEBE LT 300mg) & DEAE-cellulose %7 4 (3%25em) 2l %35 &+ acetate buffer (pH 6.0) T 0.02
M XV 0.5M % T gradient elution ZfT7d - 72,
zprso<w b7 ait Fig 1 9TETHA.

RNase 75 50HC PDase {EFidskic pH 7.5 TNy P
CRE LR = B L, HbEEe— (]| ||| . . T
5L 7e. PMase [EVEl pH 4.5 THELZA,  zo0feoico ﬂ e
— NG A b B B — 73— DI TRIS \i &/// % 1Tmi
VW E 2 oz, RNase, PDase, PMase EJED 100 50{ 504: v_‘% ,A,f/ iﬂ TosL ‘Z
v—sxEznEhe—7 A, B, C tRITHE L pATR O
L. o E05o“"4;,)‘1";:() “v{;g“’l_;:/&‘:ﬁ 4\0 Lo

Tub. No.
ez AL BIZOWTHE O/ R B o

WLUTE 7 ow b5 74 281 b
2D R ETREE U 7ok, 0. 01IM acetate buffer
®H6ﬁ>mﬁbc@ﬁb,f@ﬁﬁ%[mAEmmmmam&% 724% 0.0lM &b 0.2M £T gradient

Fig. 1. Chromatogram of the extract from mush-
room on DEAE-cellulose column.
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elution L7z, #D7 o= 275412 Fig.2 0 ZELThs. TORED%KICH RNase & PDase HiEH:H4
OFEHMABITZE -7 —&K L7

PMase {E#D&H 5 ©—27 C Oz WL EH L 72tk % S o
1T 0.01 M zcetate buffer (pH 6.0) it L THEIFL, g 8 - o
£.& 5 02%
2@OME% DEAE-cellulose # 5 4 0.01M £ 1.0 Tl I T
M = gradient elution T/ L 7RIz Fig. 3 © IOOO y " 5
1100 =
CETHE. COFETR 2O~ AELICHE X
TEIEP-12DT, Stz L 0.02M Tris-amino 7 3
methane buffer (pH 8.0) T L T&ER L, £ORAKE 501 501 05 3
% 5hs U 0.02M Tris buffer = bufferize | 7z DEAE-
cellulose 1T %5 &4, EEF % stepwise | 0, 0.06 M, o' o P 25 v 2600
0.12M, 0.3M EZLX e - BEAH CIEE LIERIZ . Tub. No.
Fig. 4 DT& < Tk 3. PMase Flto— 722185 Fig. 2. Rechromatogram of RNase A frac-

tion from mushroom on DEAE-cellulose
column.

ShikdTE—7 C-1, C-2&{icdg L. TBE
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Fig. 3. Rechromatogram of PMase fraction from Fig. 4. Rechromatogram of PMase fraction
mushroom on DEAE-cellulose column. from mushroom on DEAE-cellulose column.

LR T & CHBRCERER T v € v THEIT L, DEAE-cellulose TH#4#] U 7- #2812 %513 5 RNase, PDase,
PMase OiLits JCHEHEDERIE Table 1~3 &< TH 2.
I oMMz - T, RNase [330£5, PDase (36045, PMase (2205105 X 1o,

Table 1. Purification of RNase of mushrooms.

Purifcation s R o[ Specc s
Filtrate of extract 19,500 1155 16.9
(NH.),SO, 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
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Table 2. Purification of PDase of mushrooms.
. . PDase Protein Specific activity
Purification step (units) (mg) (units/mg protein)
Filtrate of extract 55, 350 1155 48.2
(NH,).SO; 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

Table 3. Purification of PMase of mushrooms.
. : PMase Protein Specific activity
Purification step (units) (mg) (units/mg protein)

Filtrate of extract 2,125,000 1155 1854
(NHL):SO, salting-out 1, 420, 000 280 5072
DEAE-Cellulose-1 420, 323 59.8 7029
DEAE-Cellulose-2 253, 506 6. 45 39303
DEAE-Cellulose-3 Peak-1 14,625 1.31 11164

Peak-2 10, 352 i.62 6390

(2) SBEEINICEBEROEMEER

BIEDBAETBE S N REEOWMNIEE L To b, BRKICK U CARRIBEINZTE /2. TONE
BEKELTEOWEZ L 5.

a) &% pH: Ef RNA 2EEicLTE—2 A O RNase {EH&#E pH 3 Fig. 5 0Z& < 7.5~
8.0 T& -7-. BPNPP 2HEiz LT —2 B (PDase &) O%# pH (T Fig. 6 0 &< 7.5~8.0 TH
BEREMOES pH c—Bs ondk.

PNPP %#&Eic LT E—2 C-1 (PMase jE¥) O pH & Fig. 7 0T &< 4.0~5.0 iIZH -7, BBYE
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Fig. 5. Effect of pH on RNase activity

(RNase A).

Fig. 6. Effect of pH on PDase activit;

(PDase B).
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—7 C-2 o&%#E pH 13 C-1 it—& L.

b) BERIKE &EMEDOBEE . RNase, PDase, PM-
ase ICDWTEBERIKE S 1EM & OBFRE LS55 & Fig.
8 DT &L THB. RNase, PDase (30.1~0.2ml, PM-
ase {Z 0.1~0.26 ml OHPH TEM & EMRBERND - k.
L7zhs - TH#HOBAIZE Tl RNase 4~7, PDase 3~8, 0.4f
PMase 4~8 (&M<t unit) OFEEOEMICES &

[oX3 4

31c, BERERR L CBEIC/R S 47, 8
c) HHEEE . RNase, PDase, PMase &1 Thod g ozt
ol pH TOXIGHEEOREL Fig. 9 &L 7T, &
BEiEE 132 RNase T 60°C, PDase T 45°C, PMase T
40°C TH -7z, o . ) . . . .
d) Feco pH ieB 2%EEH | SBRErThz 2 3 oH 4 5 6 7
1 pH 3~pH 10 OEFED %M B hic 37°C TI8K Fig. 7. Effect of pH on PMase activity
fRE Lo A OB RIREOZEMIC DV THRE Lok (PMase C-1).
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Fig. 8. Relations of enzymatic activities

. L . 2 s 1 N 1 "
and volumes of enzyme solutions. 0 40 50 60 70 80
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Fig. 9. Effect of temperature on enzymatic activity.
®—® RNase A, O—[ PDase B, 0o—0 PMase C-1

100
100
~ 80r —~
5 S
8 eof 2
'.é 2 30
MEE S
£ e I
& 20¢ % 20r
= 10}
N - N N N m 1 A 3. 1.
s v s s 10 0O 60 70 _ 80 90 100
pH Temperature . (°C)

Fig. 10. Effect of pH on stabilites of enzymatic Fig. 11. Heat stability of enzymatic activities.
activities (37°C, 18 hrs). ®——@® RNase A, a A PDase B
®——@® RNase A, CO——0 PDase B 0——-0 PMase C-1
-0 PMase C-1 B——mB PMase C-2
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B3 Fig. 10 &< T3 3. RNase, PDase, PMase OiFHIIVTND pH 7 B0 TRETH I EEL D
Nna.

e) MEEM . FMEREEINENEY pH © 0.2M BEHETHIRL, B4 OIE CI5AMERE L-%a
WL, WEICPE - TEEEEZAE LcERIE Fig. 11 0 &< ThH%. RNase A, PDase B & dEIELICEN
THHPNLZET 80°C LBV TATE I 0%, ®REIZK X SEF L TWiz. PMase C-1, C-2 i3 70C i
BNTEEAERFE L.

1) &RA A4 VBIUMEROFES . KEMEOEHICELIZTEBA 4 VEIHERE LToREORE
%L 5~%5 & Table 4,5 DT XL TH 3.

RNase {2 Cu**, Zn™*, Mn** € X b, PDase |3 Cu**, Mn** itk ), PMase |3 Cu**, Co*, Zn** Itk D
PlE s hic, 7% PMase (3 Mg, Ca™, Mn* Ck ) HFEEL I NI,

RNase |23 LCTH v — PRI EDHEFRIZE AL, PDase (i EDTA, 7 vEickhlE N7, PM-
ase {7 NaF X OFELUSHEIN, F7HBRONESS -7

Table 4. Effects of metal ions on some enzyme activities.

RNase | PDase PMase PMase
A | B C-1 C-2
Control 100 100 100 100
MgCl. 61072 M 100 94 179 165
6107 M 110 125 180 166
CaCl, ” 106 97 142 130
” 100 118 150 161
CuSO, 1 29 62 74 84
” 17 62 87 85
CoSO; ” 96 109 75 80
" 100 114 55 63
ZnSO; p 56 -106 14 12
P 41 101 24 25
MnSO; ” 82 44 142 133
” 77 50 116 121

Table 5. Effects of anions and chelating agents on some enzyme activities.

RNase PDase PMase PMase
A B C-1 C-2

Control - 100 100 100 100
NaF 6102 M 107 106 14 12
6xX107* M 102 101 24 25

EDTA ” 110 44 142 133
” 105 50 116 121

Na.HPO, ” 105 97 89 88
7 107 93 65 54

Na-citrate ” 97 62 101 100
” 100 60 62 75

Cystein ” 95 90 102 102
” 86 94 77 89
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(3) B8 RNA OBESRCEKSD V- I LA F FOLEM

BT ELl 2 v v av—sBRZROBTEY—27 A3 RNase 2 H3T50DT, B RNA KEAZIRT
ZONREEBE L b, ©—7 ADEKEES% 0.2M Tris buffer (pH 7.5) 0T Fig. 12 0 Z & L KIE
X7 hs, CDEAS RNA OMRRITH 40%Tdh -7z, Fig. 13 [TRTL D IR RNA oMRick - T 5-
CMP, 5-AMP, 5-UMP, 5-GMP 3 4D 5'-R 7 LA F FOHERT 5 C Ehssh L o,

1.07
Eluting solution

40mg of yeast RNA

T2

——RNase
500 units of RNase A in buffer (pH 7.5)

AEze0

51
~——37°C, 22 hrs, incubation 0

——HCIO, treatment, supernatant

——active carbon treatment

Sample for chromatography

Fig. 12. Digestion of RNA. 50 100 150 200
Tub. No.

Fig. 13. Formation of 5’-nucleotides by degra-
dation of yeast RNA with fraction A.

(4) RILAF RELUZOHBREICNT S PMase BHDIER

PMase {EH0H A —2 C-1, C-2 BEROIT &L, GEEE PNPP 23 220 Tl ARFOH 4
ORI UCEEE R U, 378hb ATP iext LT Fig 14 R HIETER IR Fig. 156
DTELTES., HoOh UDFUIGRIZEE & UTHZ 7 authentic © ATP 34T ADP, AMP, 77
vV, TFE=VHERSNI, RBREKIC GTP [tfEF 425 & GDP, GMP, 77/ v v, 77 = vk
xnik.

5-X 7 LAF FEO1-ELTE-AMP T, ©—27C-1, C-2 il &eifd, BEEkIckXiZd pH
O RT E Fig. 16 0 &L T, &8 pH i3 4~5, BEAREIL 40~50C OfilicH /e, FXo7 v

FF FHibDIET 2 EMHED o7

20 & before incubation &y after incubation
L
[ Eluting solution
] \ | |
ATP (20mg/20ml) 5.0ml tlefzlals |7 e |
o] $
——PMase fuaction (28.2 unit) 2.0ml g N
5 =
——1M buffer (pH 4.5—5.0) 1.0ml z <
. . 2 5 e
——incubation, 37°C, 1hr o 9
< @
~——HCIO, treatment 05+
1 actvie carbon treatment a
<
Sample for chromatography }L
Fig. 14. Degradation of ATP. t{ ) ) oy 1R
(6] 50 . 100 150 200

Tub. No.

Fig. 15. Incubation of mushroom PMase frac-
tion with authentic ATP.
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PMase C-1 PMase C-2
8 8
m6 6
£4 4
2 2

0 \ \ . A

3 4 5 6 7 3 4 5 6 7 8
pH pH

Fig. 16. Activities of PMases (C-1, C-2) to 5/-AMP at various pH.

% #- RNase [GHE0E4ST A, PDase iEHQESB 227 VA F NI LT R 7 LAY FICMER &7t
RHEDH SN o7,

Z ="

— o~ AOBEERESD S BT, ©—7 AlZ RNA, DNA 230ty lL, ¥—7B i bPNPP %43
#L7z. A & B (3 Sephadex G-25, Amberlite CG-50, DEAE-cellulose iT& » TREWITHEET 5 & &8
TaxF, A—MEBEON 2 MOBEERERTODOLELLNLY, SMMC DOV TIR L BRI ZET 2. OB
%o RNase JEVEIE & UIC PDase 7EHEIZ LT FIEEDTND E@FPROWEMNEL > T = v ¥ av—
0 RNase jEf413 Eaves® @ Serratia marcescens, f24 5D Streptomyces No. 41, 155 520 Monascus
BICKELLLTH Y, %7 PDase EHIT/MED, BEVOTNLICE(UTNS. PMase H4rid RNase, PD-
ase FEMEE 47 & 1Z MBS N, BE 2 DD E—7 LD-> T 2O E—7 ik ATP %434 5 ATPase, 5-AMP
BEAMET R I VAF X —E, — kDR 7 LAy F—EOEERIWRE LTS LEZLNL.

INOEDEREND Ty Y a— L IKBEE R VAFE DERICOVT EETE., BEMTE nucleoside
polyphosphate DAMEHIA X, B/~-X 7 LA F F BEMSN DD, BEFIZ X 7 LA F & —EHRNIDITR 7
LAy FUTFETHMREN, X7 vAF FELTOERRBEALEY, pH 6.0 TaREOEEL L Rk
LELOSHETIE, R VAT F—+ ORICK A REM (L PMase ORE pH BAETNZ DT, X7 VA
F X =L OIEAMITHL B L 8/-X 7 VA F MBI NT IR OER TS, 7oA Y ERTERS VA F
A BEEDNIE E A RILENT, —F RNase EHEDHRODT, RNA OMRICE D 458D §'-X 7 VA F F
BrnEEINE.

CDLES T vy a—ATEHEERT PMase 2538 <, RNase BEELALE {, 17 )T RNase,
PDase jEipsaayy. L7 TidEt:fil© RNase 233 { PMase SEEL, W7 ) T RNase, PDase
PR, Ty Y a—b & LT 0T ED C ORENFSIROBEICLY, Y- VAT E OB B I UVE
BMLICBT? 5-%7 LA F FEROHEENGIHENS Lnidd. BEVORRKIARREPD 5 -7V
+F FOAHERR T, <= v 2~ it Plant type, LWicidid Autolysate type ZRTHDENZLD.
et D& S NERAOIERICE > TRREE LTO ERRA DR INEDTHS D).

E Y]

29— b FEKOWBRMFEE %% DEAE-cellulose 2RO THMBERL, 2o 0—RKHEE L
5~7-. RNase jEtE (DNase Etkb &%) @—2 1{f, PDase {Eiefov—7% 118, PMase &tz b
S— 2y 2 EHTED S, BRIEROREAHE RNase (¥~ A) Tid pH 7.5~8.0, B 60°C, PDase
(¢—7 B) <i3 pH 7.5~8.0, {HE 456°C, PMase (C-1, C-2) {3 pH 4.0~5.0, BB 40°C Th - k.
CRODREEN S vy v — AOTUKEE (FEHL) KB 5 -2 VAT FOMERHHEINI, T v
a— 4k LN E BN OB EROMEMRE > T, IOUPBHED §'-X7 LA F F RIS
OH#EE LT HDOEZEZLOND.

OIS, BELIES, &%ﬁﬁfét&%j(@ﬁlﬁm%?&ho“Cw5&&83ﬁ%l%ﬁkiﬁ%ﬁ:@jﬁbﬁxzﬂ;’%%ﬁ%ﬁ‘ﬁént
ik HABETFEICEBLET. AT 3/ BERERSY v RV Y L (GU, 1966) THBHTRELIESDTHS.
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