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Nucleic Acid Related Substances and Nucleic Acid
Degrading Enzymesin Sake-brewing

(1) Characteristics of Nucleic Acid Degrading Enzymes of Sake-Koji
Takenori Mouri Tamotsu Adachi, and** Jun Kashihara**

In the previous report we reported the distributions and changes of nucleic acid related
substances and their degrading enzymes in the process of Koji making. In this report we
will mention about the characteristics of the nucleic acid degrading enzyme.

The homogenate of Koji was extracted with water at 5°C for one hour. For this
extraction water was the most suitable solvent. Of this crude enzyme solution. the follow-
ing properties were revealed.

1. The optimal pH was in the range of 4.0~5.0 for RNase, 3.0~4.0 for PDase and
4.0~5.0 for PMase.

2. The optimal temperature of RNase was in the range of 50~60°C. and those of
PDase and PMase were in the range of 45~50°C.

3. Heat stability for the RNase activity was reduced to about 50% by heating at 100°C
for 10min, the PDase activity remaind at a level of 409 at 60°C for 10min. and PMase was
inactivated by heating at 60°C for 10min.

4. Inhibition by metal ions was disclosed ; Cu** and Zn** inhibited the activity of
RNase, and NaF and Na,HPO, inhibited the PDase and PMase activities.

5. In the digestion of yeast RNA by an crude enzyme solution of Koji. it was found
that 3'-GMP was the main product among other derivativess ATP was decomposed into
5'-AMP and 5'-IMP by the enzyme solution, and then 5-AMP was redecoposed into 5-TMP
and hypoxanthine.
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BERICOLTREAY, BEY, E-HY Eaves) 08EMSD, BAMAHOEET3ARTIRE
S DB, TR SY OB OV TORENS S, ABE T IO KRS ML OB
RN LER RS DS HET 20 TER LI,

X B K &k

D EHORY FIEYLCEARCLTHEONBROLOMNSH—ICRR AR L 1.

2) BMEEHOME FLIR/EIABARSOOHEICEL T RNase 75#:, PDase FiB kot
PMase iF#E2RIE L7,

3) BEBEHHOSE  WIREFRICPESODFEI LD Dowex1 X 8 234 7 4
Iu= 374k,

4) EQHAOER  Folin Ciocalteu 2N 3o 72,

5 VVYEBOEE Fiske Subbarow FE™WeHiEL 7.

6) #REH FLHEEAL OEZAOL,

£ B # &

A) FlERR

D) HEZREmBAEOME  #MHASERUAREL5°CT2EROK, 0.2%0kKk 4
{3 1/20M Tris buffer (pH7.0) & &HICHERLTLIEAMAL, AR eMBEREE LT2OiEH:
B L, TORFER Table 1 KRTIICAMBEE bIC KERVERBHONEEES
T, H2ABOWMBAICIZIZEALTESRED o NN 7120T, AHO2EEDKTHEBLELA
BEHERRETECERLY,

Table1 Comparison of solvents for enzyme extraction.

Method of B ] ' Umtsf/lSpecmc dcthIlY Activity units__
’ . Units dry units -
extraction '/(g) materia], (mg)protem enzyme solution
RNaae
Distilled water 1925 | s5.0 | 2.8 17.5
0.2% NaCl 1100 i 31.4 1.1 11.0
1/20M Tris buffer (pH. 7.0) 1600 ‘ 45.7 4.0 16.0
PDase
Distilled water 6600 | 1ss.6 9.6 60.0
0.2% NaCl 5800 165.7 5.6 58.0
1/20M Tris buffer (pH 7.0) 6800 194.3 17.0 - 68.8
PMase
Distilled water 20900 597.1 30.4 190.0
0.2% NaCl 24000 635.7 23.1 240.0
1/20M Tris buffer (pH 7.0) 12800 | 365.7 32.1 128.0
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2) BLEEHAEO-DOREREEDORE 3100
HEERKE £ 0.1ml /75 0.5ml O @WHTHE 4 80
FEREREL, BRREE SRS F
BRAERDE., $RE Fig 1 KRTE o 0
£ 20
51 RNase, PDase, PMase & & {T 0.1~0.5 E\:S < ) L
ml QURERE (OB AIHE A% RNase 0102 030405 01 02030405
Enzyme solution {ml)  Enzyme solution {mi)}
oW TREDFE, PDase, ORfid5HEHR Fig. 1. Relationship between activity and
L bOABEERESE L) 2BV 2HEETR volume of crude extract.
®—® RNase m—8 PDase
BB SRR ENERAIT 5 C & ED A—A PMase

LRI D TEAEBHEOMEICI C OTE M
EBEEBERVB T EICLE,
B) BERHEOEEETOBR

D ZEpH HEREORRTEORM pH 245729, pH 3.0~7.0 KRIEFEEH N, pH
7.0~10.0 icid Tris buffer ZHINT 37°CTCERFROELMEZMELLHR Fig2lkRT&HK
RNasefE{# {2 pl 4.0~5.0, PDase iE#Eiz pH 3.0~4.0, PMase i5#:(3 pH 4.0~5.0 OEERN
IKEl pH BB 2 &M ohis. 7, 5-AMP, 3-AMP 2 8EH & Lic& &0 pH 02+
MBI HREHIGEET 3 Y YEBRARNE L Thiol pH ZRH1:6R Fig. 30 k31, wWind pH

05 1.0 3 100 . /\
& - AMP
04 08 5 8of°°A
. = 6 a
C 02 04 : ° a0t
=
ol a2 \ 3 20
: - e & — -
2 4 6 8 10 2 4 6 8 10 3 4 5 6 7 34 5 6 7
pH pH pH pH
Fig. 2. Effect of pH on enzymatic activities. Fig. 3. Hydrolizing activities of crude Koji ex-
@—@® RNase A—A PMase tract with 5-AMP and 3-AMP as sub.
m—® PDase strates.
100
= 1007 =
& e gof
2 60 3z eor
3 =
; 40 g a0t
5 20{ 2]
& 5 20
40 50 60 70 80 40 50 60 70 80 =
el (ecl 30 60 80 100
Fig. 4. Effect of temperature on enzymatic {-C)
activities. Fig. 5. Heat stability of enzymes,
®—® RNase ~ m—mPDase @—@ RNase  ®—8 PDase
A—4 PMase A—4 PMase
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5.0~6.0D/IZH 5 T &L &b,

2) EEEE HEREOREBEBEZEEpH KO TR LERR FigdicRiT Lo
RNase, PDase i3 & %12 50~60° C DEIARE T, PMase i20U Tl 45~55°C ORICBERE b
B oI, 783 PMase i O FIE I 13 PNPP H60° C T3 3 B hid 5 729 0.01M-5-GMP
TEBEELTAVCEET ) VEBEER L.

3) #MEEME HEMEERTREpH KB TIONMMBMELLE, an L TEERETE:
BE L% F Fig. 50 K31, RNase 13 100°C Th #9 50% DiE#EHEE - TLr 7z, PDase {2 60°C
TAOZLIT LD, 8°CTHEMERIZLAL K7, PMase RELIKRBET 60°CTHETIZE
AERST,

) SEBAAVEEOEY HELRCKHESBIE, EDTA A CEEBHECRIEZTES
FEAEERIE Table2 18R U 72 & 51 RNase (3 Cu**, Zn** I X4, {5 PDase & PMase
EHER EDTA XD 0 o » G &, NaF, Na,HPO, Itk - THE S iz,

Table2 Influence of metal ions for enzyme activity of crude Koji extract. (Relative activities)

Enzymes ! RNase [ PDase PMase
Agents ‘ 1.25x107M | 2.5x107*M ] 4.5X107M I 9.0x107*M | 4.5%10™*M | 9.0x10™M
Control 100 100 100 100 100 100
MgCl, 88 86 80 9% 102 126
CaCl, 9% 90 118 132 104 102
CoSO, 88 90 - — — —
CuSO, 31 31 70 38 54 —
ZnS0, 31 31 74 78 78 93
MnSO, 90 90 - - - -
NaF 101 100 42 22 39 27
Na,HPO, 90 88 3 0 33 26
EDTA 105 100 140 136 134 130
Na-citrate 9 90 130 124 118 102

5) KEOBEICHTAIEM

a) B3 RNA 2HEE L7545 RNA 04 %KiE#k 1.0ml &, 1M acetat buffer (pH
5.0) 1.0ml, #&k2.0ml & DG AREEEK, HEXE3.0ml &Y —F L£RIEHIC 107°M
KA EHICEMLT 37°C 18MEKE LH1-0b, 60%BELE 8.0m!l ZMATELL, &
FERILTER, ML TERLARIVAFFREASAIOR S5 7 4 —THE, X—¥—7 D7
FOST 4=, ARSI CHEE L, BRI Fig 6iItRLAL I, BbIT 3-GMP
ZERTECENBED S,

b) ATP %#E & L 84 ATP (40mg/5ml) ki&#E 5.0ml T 1M acetat buffer (pH 5.0)
1.0ml, &K 2.0ml 5 LEMRE 2.5ml ZMATI7°CT1IhRIEHE LD B60% 88 A8
0.5ml 2MATELL, EERAME, BHELTHIZLZuT 574 - THELERE
Fig.7 CFRT&L3iC ADP #~T 5-AMP, 5-IMP #3F4k & LTERT 5 & 280 k.
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Fig. 6. Digestion yields of veast RNA by the
crude Koji extract.

c) 5-AMP ZHEE L LcHas HEEREE
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In** L AMESEhoREL—-FTE. Ly
LEM SDHE TIE RNase iFFEM NaF It k- T
i s i, R Tl NaF iz & - T PDase, PMase
RS Th RNase (3 HIE SO 58 %
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Fig. 7. Digestion yields of ATP by the crude
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HRFD SN SH RNase I TE3AFEL TR EALEBEORTORWERLETH 3,

DEREEN RNA O BERBMICOVTHB LT LI 2 #F 7 2 & —+ OBl RNase (2 3'-%
FVATF FRERTBEL, WMEEY -2 VAT FEERL 5-R7 LA F FEER LA E
HBRIcH, TOHRpR, #HHFNE aspquercinus @ RNase 52 pH 3.0~8.5 T 3, pH 6.0~9.2F
SDRyVAF FEERT B &R, Rhodotorula glutinis'® HERMEEICE - TS ¢35 O
RIVAF FEERT B LML, EFDE Monascus BM 3-R 7L+ F FAERTARLE 5-%
JURF FEERTBMEES - T EBRTHE, '

AERCHEOTHHET A YHTR 5 2ERTIHLDLNBLOMRETRELLTI-R2 L
FFFEERL, £, LUK FEEKDDCEL pH 4.5 TH pH 8.0 Th 8-X 2 LA+ FF
ZER LS RNase b HESN TS,

FORSHERHD -2 7 VA F FOBEIZ BESEEOC L BEORETRIBOR LA
FFPrRE®HONTEELLT 3-GMP 28», HARSH Acrocylindrium sp. MM. 21, LB\ T
RNase T& LTRM U7 RNase S X {BIRLTWS, DEOEERAD, TES0HRESETD
EDHIIM - 12,

WO PDase ifitkid, LW7ci7 FEEKD PDase ifith EGAERKICOTIZIZ—HKT 578, FodpH
MERY, JHBS™E Phomacucurbitacearum @ PDase % RNA mwo®/ 27V 4 F FEER
FARLESE LTRBELTO A%, Z0Hhic RNase fEfi% 4%, PDase & RNase &K
FBFSMTRODTHELIC W,

PMase T2 TR =7 v L a v =T R8T H R, A4 — a3 —YNZONTORESHBM,
Wihd ATP, ADP &b 5-AMP 24923 L &0R@pHMEE—RKLEWL, 4, L
JFHEED PMase 13 ATP /75 5-IMP 4R L0, HOEBREE ATP ICfFAS €5
5-AMP DiEC 5-IMP 24 RT3 A TR S, Ep™ (238D PMase B 3OT7F=— B, 7
T=—nEE, YFO—NE, U )V F—VEBER) VEETALL, 5.2, KOVWTREFLTHEL
B, KET 5-AMP, e £F4 Vv Fr2ERTEIEEELHIOT, WRTERMCTKBEAY &
LT RNase X3 3-R7 VAT FORMCT-RIVAFFBEThECEOHETESL,
B RNA 23R 53— EOMERSEET S50 LBbNAS,

E S|

) #EHOEBSRELOWT N, SE¥OEREG .,

2) HEEREROMBFEEERL, BRANO 2EROKLE LHICECTHER LT URRIEL .
BRAHSELRE LTHEATE B, |

3) HEEREOEE pH (2 RNase ifi#E{2 4.0~5.0, PDase fE#(Z 3.0~4.0, PMase jhi#(34.0
~5.0 DEiIfICH D, £7-5-AMP, 3-AMP zEEHE L &, EHOE@EpH (25.0~6.0 0%
PHICH B C DI, ‘
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*4) RNase, PDase iEMDBBEIRLEIT & HIT50°~60°C, PMase D Z4(2 45°~55°C ORI &
Az iE@-T,

5) EEFEHICOWLTIE RNase Tl 100°C 10MAFET, 2B 50%DiEHEMIES M3, PDase (3
60°C 105 T 0% AT & 22D, 85°C 103 Tihiz&A E%iE L1, PMase (& SICREET 60°C
3 TREAELEBTE20EEDE.

6) RNase ifih(2 Cu** Zn** iIc L DM XN, PDase, PMase {2 EDTAK XD Shifik
&, NaF, Na,HPO, (cliEshi,

7) BER RNA 2EEE LTEMLELHDEBAR I VA F FELTE 3-GMP 2FKELTE
43, 27 ATP 28E L33 & 5-AMP, 5-IMP £&{k& LTER L, 5-AMP 2EH &L
7ol EE S-IMP e REHrFrigEmlL,

#9 CCEGJ’}KE?%OJ@&BE%&%b S ERAEAYE, FHRITIC, MEHIRE 2 LRI « B
AHHERE EHAREHAYEEFRCENRLET. IABRREAEHAOMERBTERSETHEZL
to, 7 io?!iliffﬁ”m’%i’i* BHR LAV ERERZBRICESRLE T
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