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Nucleic Acid Related Substances and Nucleic Acid Degrading

Enzymes in Sake-brewing

() Distributions and Changes of Nucleic Acid Related Substances
and the Related Degrading Enzymes in Moto (Yeast Mash)
and Moromi (Main Mash).

Takenori Mouri, Tamotsu Adachi, and* Jun Kashihara*

'The previous reports decribed the nucleic acid related substances and their degrading
enzymes in the process of the Koji making.

The present report deals with distributions and changes of nucleic acid related substnces
and the related degrading enzymes, and behaviors of these enzymes in the process of the moto
and moromi making.

Both ‘moto’ and ‘moromi’ samples were obtained at intervals during their processing.
Their phosphorus components were determined by Fiske-Subborow's method after fracionating
them into several fractions by the method of Schmidt-Thannhouser.  No remarkable changes
were observed in the distribution of nucleotides in the course of the moto making, but bases
and nucleosides, including guanic and adenic substances, were increased gradually.  The
changes in nucleic acid content in the process of the moromi making were similar to those of
moto, but cytosinic substances were found only in the former.

Characteristics of crude enzymes in moto and moromi filtrates were as follows.

1) The RNase activity increased in an earlier phase. and then decreased. The PDase and

PMase activities decreased.

2) The optimal pH's were 7.0~8.0 and about 4.0 for RNase: 3.0~4.0 for PDase and
4.0~5.0 for PMase.

3) The optimal temperatures of RNase and PDase were in the vicinity of 60°C, and the
optimum temperature for PMase was in the range of 50~55°C.

4) RNase was so-heat stable that it could stand at 100°C for 10min. PDase and PMase
were almost completely inactivated by heating it at 70°C for 10min.

ABITEOTR>E¥ORELERT 5.
5-AMP : Adenosin-5-monophosphate. 5-CMP : Cytidine-5-monophosphate. 5'-UMP : uridine-
5’-monophosphate. 5-IMP : Inosine-5"~monophosphate. 5'-GMP : Guanosine-5-monophosphate.
RNA : Ribonucleic acid. ADP : Adenosine diphosphate. ATP : Adenosine triposphate. RNase
: Ribnuclease PDase : Phosphodiesterase. PMase : Phosphomonoe.sterase.
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5) Cu** and Zn** inhibited RNase, and NaF and Na,HPO, inhibited PDase and PMase.

6) The main products of crude enzymes in moto and moromi filtrates through the reaction of
RNA as a substrate were the 3’-forms of GMP, CMP, AMP and UMP. ATP was
decomposed into bases, ‘nucleoside and the 5-IMP.
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Table 1, The mash bill of Saké brewing.

- Moto Hatsuzoe Nakazoe Tomezoe Total
Total rice, (kg) 174 380 650 1196 2400
Steamed rice, (kg) 120 275 500 953 1848
Koji-making rice, (kg) 54 105 150 243 552
Water, (£) 174 320 550 1846 3000

Note : On the first day, Koji, steamed rice and water are added to moto (seed mash).
This process is called “Hatsuzoe”,  Then materials are added again. This
operation is called “Nakazoe”, and next day another materials adding operatxon
follows. This is “Tomezoe”.
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Fig. 1. Changes of Saké meter, acidity and temper- and temperature during moromi making.

aturé during moto making.
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1. & 8 Table 2, Change of phosphorus components
A, Y VRS OER  (LENOEBET in the course of moto-making.
FRhCERIICR - 28 >0 T, &Y \\\ hTOtﬁl Afd-sgluble hRN{]\_
. ) o phosphoru phospho osphorus
¥, RNA Y Y, BUHEY YEWELL A8 | Gumdle/s) | Gumole/g) | (umole/s)
#E, Table 2 IKRT &5 KKERTIAHEY v 1 6.28 1.40 2.00
ML, RNA Y > 3§ 3 gikex 5 6.30 1.52 1.30
' 9 6.25 2.73 0.95
L. 13 6.40 4.15 0.68
B. BERKS B L UCHMBELTE RO 15 6.30 4.09 0.83
t 19 6.70 4.61 0.44
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Table 3, Distributions of nucleotides and related substances in the course of moto making.

Age | Fractionl pooc | Frac. | Frac Y~ - i /- :‘
s ~_| a* B* C  |5-AMP{3-AMP|3"-UMP|3-IMP [3-GMP| ADP | ATP
UVae 17.051 20.05! 3.85| 7.10| 5.90| 8.35| 7.60| 13.05| 10.30| 12.10
1| amol/100g 1.60| 1.40| 2.85| 3.72| 3.73| 2.45| 2.88
UV 9.40| 49.40| 6.55' 4.00| 4.10| 4.35| 7.85| 3.30| 3.55| 5.65
5 | ymol/1008 1.63| 1.67| 2.52| 6.60| 1.63| 1.45| 2.31
UVao 14.55! 87.30| 8.75| 4.85| 9.60| 5.05| 5.75| 3.00| 5.75| 4.55
7 | umol/100g 2,32 4.60| 3.47| 5.66| 1.731 2.75| 2.8
UV 30.85 | 3s.20] 8.40! 7.10| 7.40, 6.65| 9.15| 9.35| 10.60| 5.55
9 | amol/100g 2.00 2.08! 2.69| 5.30| 2.8 2.99| 1.68
UV 40.20 | 69.60| 12.50| 8.45| 6.65| 3.20| 5.95( 245! 7.95] 5.30
11 | umol/100g 3.17| 2.501 1.72| 4.60| 1.11| 2.99| 1.99
UV 45.30 ] 69.50| 11.85| 6.10| 5.50] 4.50| 6.15| 4.50| 5.75| 4.60
13 | smol/100g » 2.32| 2.09| 246| 4.82| 2111 2.19| 1.7
UVag 50.35 | 70.45 | 12.15| 9.80| 10.30| 14.90| 8.65| 6.60| 8.75| 7.70
15 | umol/100g 2.75| 2.90| 6.02| 5.01| 2.24| 246 2.16
UV 28.45| 82.05| 8.30| 10.05| 9.40| 5.90| 4.25] 3.59| 4.75| 5.05
19 | .mol/100g 2.83| 265| 2.38| 2.46| 1.3¢| 1.3¢| 1.42

* Fractions A and B contain nucleosides and bases,
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A——a PMase Fig. 5. Relationship between activity and the
Fig. 4. Changes of nucleic acid degrading qu.antity of moto filtrate in reaction
enzymes in moto filtrate in the course mixture.

of moto making.
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A——A PMase Fig. 7. Hydrolizing activities of moto filtrate
Fig. 6. Effect of pH on enzymatic- activities with 5’-~AMP as substrate at various pH.
of moto filtrate. Mixtures of 1.0ml of 0.01M 5-AMP,
Mixtures were incubated at 37°C for 30 0.2ml of 1M acetate buffer or 1M Tris
minutes. buffer of the pH as indicated and moto
filtrate were incubated at 37°C for thour.
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Mixtures were incubated at the most Fig. 9. Heat stability of enzymes in moto filtrate
suitable pH (RNase 4.0, PDase 3.0, at the most suitable pH (RNase 4.0, PDase
i g 3.0, PM .0) f i s jous
PMase 5.0) for 30 minutes. ase 5.0) for 10 minutes at various

temperature as indicated.
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Table 4, Influence of metal ions on enzyme activities of moto filtrate.

Mixture were incubated at the most suitable pH (RNase 4.0,
PDase 3.0, PMase 5,0) at 37°C (Relative activities)

”‘Enzymes RNase PDase PMase
Agents | 1.25%107M | 2.5%10™*M | 4.5X10M | 9.0x10™°M | 4.5x10~°M ] 9.0%10~°M
" Control 100 100 100 100 00 | 100
MgCl, 94 88 118 121 101 108
CaCl, 106 88 110 122 101 102
CoSO, 94 69 — — - —
CuSO, 31 56 — - — —
ZnSO, 69 50 89 97 % 109
MnSO; 100 88 - - - -
NaF 94 112 11 8 58
Na,HPO, 88 69 15 1 27 15
EDTA 119 94 94 04 100 )
Na-citrate 75 100 94 87 106 100
BEpH tBJ 28842 Y EIUHEERD Eluted solufion
s w
%%+ Table 412K L7z, RNase iz Cu**, fbi @
wE 7 : jeele|6 e
Zn** iz, PDase, PMase {3 NaF, Na.HPO, -
CHEE R, Z
. - o o
HEEAICHT A ZRICOX 38D E 05 2 =
- * b
Lic, TRHOBRIE? KB 2 HOBE &k 2l . § 3
LT, MEEkEGC X 284 RNA, ATP, 5- . } 7 3
AMP SRERPEHBEER L. w
13 RNA %I & LABosa Fig 10 ' ‘
50 100 150 200

&3, CMP, AMP, UMP, IMP M4k

N3 &%ERLTNE, ThdRR~—s—7m

bS5 T A WS — LRI LD - of 1.0m] of 4% RNA, 1,0m! of acetate buffer
77 7 e LD (pH4.0) and 3.0ml of moto filtrate were incu-

MMERTH S E B, ATP SRELE L bated at 37°C for 18 hours.

. . . Tube numbers
Fig. 10. ng_estxon products by enzymes in moto
filtrate with yeast RNA as substrate. Mixtures
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Fig. 11. Digestion products by enzymes in
moto filtrate with ATP as substrate.
Mixtures of 5.0 ml of ATP (40 mg/5 ml),
10ml of acetate buffer (pH 4.0) and 2.5
m! of moto filirate were incubated at 37°C
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Fig. 12. Digestion products by enzymes in
moto:filtrate with 5'~AMP as substrate.
Mixtures of 5.0m! of 5'-AMP(5mg/10ml),
1.0 ml of acetate buffer (pH 5.0) and 2.5

ml of moto filtrate were incubated at
37°C for 1 hour.

for lhour. Table 5. Change of phosphorus components
in the course of moromi making.
. B [Total | Acid-soluble|  RNA
AV YRAOEI  BIMmof) g~ | Pubns | Plotioms | ehehors
¥, RNA ) v, BAEEY v OB 3 6.06 1.60 2.51
{tig Table5 TR L7c, BRAIAR: ) v I3 5 6.01 213 1.78
e b o 8 6.00 3.29 1.44
L, RNA ) »3 847 % BiERL 12 6.40 3.93 1.19
i 14 6.47 3.7 0.89
B. &&;‘beﬁjx&z}%ﬁ&% Eluted solution
LB ORI el @ | ® |[ej®|®|0®|6G
a BERERSY BIEDBO g . o
Bl S B BT ) ¥ Rey 2 s 20
Ensnasazrrsza—z |8 r S N I! & &
smEELE. se<trsy gl ey i P
4 =D 1HELT, tHiAgI20 ) U\_{ p‘\j i L/\ K
Bo%8% Fig. 13 iIKRy. = 50 100 Ts0 2 #0 0
TN HORINELE Table F 1g 13. Chromatoegram of perchloric acid e.:;:ectm :?erm-day

6oL, &alpdl, Beo

moromi.
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Table 6, Distributions of nucleotides and related substances in the course of moromi making.

——

Aige \\F:raction Fraé:. Fra:. Frac. l , ) b 5- 5~ | (
days ~. A B ¢ 35—AMP‘3-AMP'3-UMP'3—1MP |3-GMP| ADP | ATP
UV 17.00 | 33.75| 4.60| 21.00| 55.45| 12.40  18.35 | 19.25 | 40.75 | 27.05
3 | smole/100g 4,441 11.73| 8.76| 7.9 578 8.61| 5.72
_ UV, 39.65| 314.9 | 13.90| 24.90| 30.80 | 4.10| 17.10| 21.25|83.75  12.55
% | pmole/100g 8.001 | 9.90| 1.89| 11.32| 8.22]26.93| 4.04
- - — |
UV 36.65 | 74.35| 15.50 | 16.85| 24.50 | 3.90  13.55| 11.70 | 18.05 | 12.65
8 | smole/100g 4.85| 7.07| 1.61| 8.05| 4.06| 5.21 | 3.65
UV, 55.35 | 98.75| 13.10| 21.45| 32.05| 4.20| 13.45 f 33.30 | 12.50 | 20.00
10 | umole/100g 6.80| 10.71| 1.91| 878 12.71 3.9 6.34
g T - ¥
UV 64.05 | 97.40 | 15.55| 20.30 | 38.25 | 5.65| 21.40| 23.70 | 15.65 | 10.55
12 | imole/100g 5.86 | 11.04| 2.34] 1272 8.23| 4.52| 8.05
* Fraction A and B contain bases and nucleosides.
Ry LVAF FREBHIKRDICAKSUELERL Floop
TVIEVH, BHICSOEBEREEIZ 7 VAVF £ sof
>
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EEF Iz > T RNase, PDase, PMase i

- 05
& 10

H oo 04
3 203
8 6 o
2a0 02
320 0.l

0.1 02 0304 05
Enzyme solution (mi}

01 02 03 0405
Enzyme solution {ml)

®——@® RNase M——N PDase
A——aA RMase

Fig: 15. Relationship between activity and the
quantity of moromi fhltrate in reaction

mixture.

A——A PMase
Fig. 14. Changes of nucleic acid degrading
enzymes in moromi filtrate in the course
of moromi making.

i0

B——M PDase

Fig. 16. Effect of pH on enzymatic activities of moromi

filtrate. Mixtures were incubated at 37°C for
30 minutes,
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¢ 40k | Fig. 17. Hydrolizing activities of moromi fl-
= trate with 5'~AMP as substrate.
2 207 3 Mixtures of 1.0 ml of 0.01M 5/-AMP, 0.2
v N AN ml of 1M acetate buffer or 1M Tris buffer
40 50 60 70 80 40 50 60 70 80 of the pH as indicated and moromi fil-
(°C) °C) trate were incubated at 37°C for lhour.
@®——@® RNase m— M PDase .
Efutad solulion
A——A PMase . ,
Fig. 18. Effect of temperature on enzymatic activities J)! 1@l 3 | @ l G (@!
of moromi filtrate. l
Mixtures were incubated at the most suitable pH ! o
(RNase 4.0, PDase 3.0 PMase 4.0) for 30, minute, 'I 8 =
2 ©.
) 13
g oor osf| 3 .
£ aof dogll e 707
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5 6o 18l 2
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B Himinl
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®——® RNase B—M PDase Fig. 20. Digestion products by enzymes in
A——aA PMase moromi filtrate with yeast RNA as subs
Fig. 19. Heat stability of enzymes in moromi trate.
filtrate, reacted at the most suitable pH Mixtures of 1.0ml of 4% RNA, 1.0ml
(RNase 4.0, PDase 3.0, PMase 4.0) for of acetate buffer (pH 4.0) and 3.0 ml hof
10 minutes at various temperature as in- moromi fltrate were incubated at 37°C
dicated. for 18 hours.
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BHE pH KB 5281 4 VB LUHEMOEEIE Table 7 ic/R L7, RNase {3 Cu**, Zn**
I XN, PDase, PMase 13 NaF, Na,HPO,, Zn** iciliE s, FEEHICHT3EHOB
HRBE/RICET 25 E EFERRIC L TRER RNA, ATP, 5-AMP 2HEH & Lo RGERYZ2

WERZTN - .

B RNA 2EEE L & 20 RI2 Fig 20 IR L. GMP, CMP, AMP, UMP, IMP %
ERTATENHEDON. ChiRR—=—7 a7 I 574 —, A/ —RRICED 3-BMBE
#hThrLBbhi, ATP2REL Li-FogRi Fig. 21 1ck¥. ADP, 5-IMP Z4ER L1,

Table 7, Influence of metal ions on enzyme activities of moromi filtrate.

Mixtures were incubaied at the most suitable pH (RNase 4.0,
PDase 3.0, PMase 4.0) at 37°C. (Relative activities)

Enzymes | RNase PDase ‘ PMase
Agents J 1.25%X107*M ( 2.5X107*M | 4, .JXlO"aM | 9. OXIO_aM 4.5%107M J 9.0%x107*M
Control | 100 ‘ 100 wo | 100 oo 100
MgCl, 103 i 100 125 122 122
CaCl, 103 103 103 103 111
CoSO, 101 73 — — — -
CusO, 9 5 - J _ _ _
ZnSO, 37 23 73 72 59 52
MnSO, ‘ 101 85 - — - —
NaF o4 116 20 } 15 9 6
Na,HPO, 107 103 21 17 28 18
EDTA 114 101 96 86 97 183
Na-citrate | 100 94 81 | 65 w07 | 105
Eluting solution
Etuted solution ((Dl@ I @ l ® @ l
S
olele|e|e | 2
o u [fe)
3 o o 3
OSm 8 g < osH| £
=z L) o 2
gy g 28 z
I - gl & ®
ul
H’LJ] . | P |
100
Tube numbers 0 Tube numbers
dls before incubotion  Jhofter incubstion s before incubation ¢Mafter incubotion
Fig. 21. Digestion products by enzymes in Fig. 22. Digestion products by enzymes in
moromi filirate with ATP as substrate. moroni filtrate with 5'~AMP as substrate.
Mixtures of 5.0ml of ATP (40mg/5ml), Mixtures of 5.0ml of 5-AMP (5mg/
1.0ml of acetate bufter (pH4.0) and 2.5 10ml). 1.0 ml of acetate buffer (pH 5..0)
m! of moromi filtrate were incubated at and 2:5ml of moromi filtrate were in-
37°C for 1 hour. cubated 37°C for 1 hour.




5-AMP #HEE L L 20RIE Fig 22 IKRT, FELULTER X774y FEERLE
B, BHOBEEIEEI 5-IMP bRb SN,

z 2

W, BOPMITEAZOCICHERERIE, FELTH HEIUHBOEELZTI20E
HEINIH, BRI OO TUIRBICBNT, TORAISDHW,. BONLREZIERRHGL L
SERHTEDT, AEHTRBEOBGOWAICILD S, ,

&) Y ORMNERER, BELICEDONLOR, BUAEEY V2L RNA ¥ izl
FTHEEERLTN S,

BAEl) Y RAMS B OKBRTRS D, B X7 VA4 y FROGGENOEAETLL
M, Ry VAF FRER, BEDICEBMITRENELIIRL TN,

MRYICBENT, RIVvAFFrodo 3-Boboll, HRShIKENLTEY, el
BRI X BEERE RNA OB MAIIC K 13 20 ERPTOR I LA F FH5-MED 3-BEEKREL
TODT, Tift, BEBHD -7 VA4 F FOERITBHIFHLTHEbDE L0605,

H, fiff. BORBEAMSEERBICTNOHADEMIC >V TR S L1}, BOMMERICX
55 RNA AR, TR S, Hp®, BFOOH|ELENCRENTNE LI, HO
deaminase IC & » T AMP o e /- L Bbha IMP R M S h, MOBRBIHEEELRNE
BLTOWRIEMNELONS,

—FAER, BOWMBREICK S ATP 5 XURERE RNA SRR duci, MlRSREEANT
SELIESREBRARBENRLE A2 ADP, CMP, BLU UMP zhnEnBBEhTEY, 2
RNase FBED TV 7 J HIEH pl 0 £ — 2 D RNase iICRRIAS M TR Mo 72, HR, BRI
RHRANhTOEDT, choRBUNOL0OORBLIZCENELLNS,

BATHORBMENER S L RNase FHEMNER, BLSCIROBPTHhIMTHMLTH
3. THIEDOTE Nakao 520 Rhodotorula @ RNase LT 3H&E S HADT, #HilifEHIC
%72 RNuase BEB LD EHEIND, NSO TIZ PDase, PMase FitDA icx
T3Y YRSOEFLELHILEHRATORS,

PDEDRENSERE, BHoBEIRBEERREOICHLMINOLD, ERLETZIITHA
boEEZoh, ChSKED2NTRERTISIERFEMA S,

E:2 #

1) A, BOEKBERERS S LUKBIEATORBHEL, RoXICHRIAROFEEA A
~NOXORER B,

2) BEROYVRSyOhTEMGEEY YRBEARELCHEML, RNA 3Pl 24X
JVFF FOEMBDNp-72A FT=2VvR TF=YR, TF=VyZYAEZEERETIEE
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RZ VLAY FEIEmMLL.

3) B DY vy HEBREARSOEMEEHEARENSLE M1, HE RIVFAVIFRRST=
Y%, TF=VvRPEONCY + v v FME AR L.

4) HIF®D RNase iFfhlz 7 7 Vi FTPPHEML, D& Uiz, PDase, PMase iEHIZIRE
WEd L7, B RNase [T RRARPEH T TP LHEML, L&Y U PDase, PMase (JiRE
iIcEL Ui,

5) BERBLUBOMEEERD RNase iGHEOEME pH (3 4.0 fhE & 7.0~8.0 fHELICRAH X
N, PDase ittEid 3.0~4.0, PMase i&#i3 4.0~5.0 €&, BEEFE RNase, PDase iFfid
60°C, PMase #2 50~55°C T& - 7z. RNase iE{tkiZ 100°C, 103FIME L TH i b FENE
=T 728, PDase, PMase E#ki 70°C TlREALEEFELL, T4 RNase i Cu*t, Zn*,
PDase 3 k0¥ PMase {2 NaF, Na,HPO, K X bhlEEN I,

6) BERBLIUCBOHEMKLIKEEE RNA KfEAx€3 & GMP, CMP, AMP, UMP Z4
L 3-BIMSEnatr, £1-ATPIC{EAE ¥ 3L ADP, 5-AMP, 5IMP Z4R L, 5-AMP {F
Aagzr R 27viv e 5 -IMP 24K LU,

RY IZESAEOREMERD o LRAFREEZ, BAZERR, MEHEME X LSRR ~ E?{Ti
AEHER ENARENAYEREFRCEMNRLEY, f.‘&ﬁ%"‘i:axﬁ‘*@ﬁﬁ%"& HEHAISETRET
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1. FOHESTEID UTRE (LA LEGSOHETE - MELTHAAEEZILSNS.] ZHEBRLAD
ZROXEXANS, HPHRFE 28iIzH50T “fi{tY —#13 RN-depolymerase IZ{Z@EBIZHFT LR
7130 h, RN-phosphatase TR USRI ET 4" &2~ TVE, TESOFEBHOGEL X CHMY
Lz @R oh. ] .
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