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Nucleic Acid Related Substances and Nucleic Acid Degrading

Enzymes in Sake-brewing

(Iv) Changes of Nucleic Acid Related Substances and the Relabed

Degrading Enzymes in Sake Yeast.
Takenori Mouri Tamotsu Adachi, and** Jun Kashihara**

The previous reports described the nucleic acid related substances and their degrading
enzymes in the process of the sake brewing. The present report deals with the nucleic acid
related substances and their degrading enzymes. and behaviors of these enzymes in the culture
filtrate of sake yeast and washed cells suspended in a buffers solution. The results obtained
were as follows :

1) The 260m/ absorbing materials and RNase activity in the culture broth were increased
gradually in the logarithmic phase of the growth of yeast.

2) This RNase produced four mononucleotides during the degradation of yeast RNA.

3) Ethyl alcohol and calcium chloride promoted the excretion of the 260m# absorbing mate-
rials from the washed cells in the buffer solution.

4) Glucose promoted the leakage of RNase and PMase from the washed cells in the buffer
solution.
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ig. 1. Relationship between RNase and PMase activities and
volume of culture filtrate in reaction mixture.
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Table 1, RNase and PMase activites of culture filtrates of yeasts.

Reduction of RNase ‘ PDase PMase
TTC (pH 4.0) (pH 3.0) (pH 3.0)
Kyokai No. 6 Red + - —
Kyokai No.7 Red + - -
. Yeasts from Yamahai moto Pink ++ 4+ - + 4+
: Yeasts from moromi (1) Pink + 4+ - +
Yeasts from moromi (2) Pink ++ - + -+
: Yeasts from sake brewing room White + - +
Yeasts from sake-cake Pink +++ - ++
— None + Slightly + 4+ Moderately + + + Significantly
ZEEMRIEIC PDase R D Shiih - . 6 6
5t wild strain 5t kyckai-No.6
Pl\"[ase (}Eﬁ(i TTC 3&{5 red @E’f’:{“}v (E%'%G 4+ SN at o ———
S LT TRENE ST, 2OoT4E 3 3
BrERoh A TTC gufn Pink, white DEF 10 1plop "
Q9¢ 1609
BRVEZEN. DEORRIDBRERL o8t | a8
LT 6 SRR LR, SN B L ggz B gg 2
FEERECONTRIELD S, as; -gas- g
. 04 1904 o
b, BESBTOLL HHEHCHTAE g 500 .
FEE LT FAMITIRERE 1ml KL gf oo 0
— (] Y= o Thcn 5 A o
T1.5x10% #2265 TIRAHWA® RNase i& 24 48 72 96 24 48 72 96
HBF[HNDOT 2.3%x10° AV BEAFEDOK Time (hrs) Time (hrs)

B WEREETENE 15 & DRI 1T B Fig. 2. Changes in RNase and PMase activities

during the growth of yeasts.
LAY, #8213 Fig 2 KRLUAFAREN
—0— pH —A— Glucose —x— Growth

0 RNase, PMase 44 6 58E1ED RNase dtic —@— RNase —a— PMase
OS5r Q51 oo
i wild strain [ kyckai-No.6 £ [ wild strain
04} o4f 280t 5. AMP
sost A803} 260}
(@) S 3 g L
0.2F o2k 040t
L | 2 L
O.l: olp ézo:
2345678910 2345678910 2345678910
pH pH pH

Fig. 3. Effect of pH on.enzymatic activities of culture filtrate.
Mixtures of 4,09 yeast RNA (or ImM PNPP or 0.01M 5-AMP), 1M acetate buffer
or 1 M Tris buffer of the pH as indicated and culture filtrate were incubated at 37°C,

®——@® RNase A—— 4 PMase
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ORNase [RHEI pH 8.0 & pi 7.01c:2 e —® RNase A—aA PMase
Do, BEFGOPNPPEZREL L 100, - - |
B PMase 7513 pH 3.0 & pH 7.0 1T, E eo: wild strain i kyokai-No.6
Z4-5-AMP 23 & LB pH 12 __:; ol :
pH 4.0 & pH 7.0 icE@E D Sk, s 4o: 5

b, RARE BRBRSBOBRRNEOR ;3 ol -
BEE2HEH pH KB TRIE LAHRE - A o
Fig. 4 £ R L7, RNase 0 BHRE 3 40 e?a C?o i00 20 Gc()ocs,o 100
55°C ff3, PMase Ti3 40" CHLITERM Fig. 5. Enzymatic heat. stability of culture filtrate

Shtz. 713 PMase E¥:HlEICIZ PNPP

2 60°CTHRT 2BNNH A1, 0.01

M 5-AMP ZHEE LT HEET 2 Y YBERE
s2L7.

c. BREH BBRAMERE pH ICBNT
RBEIOMABRSA UEREGEMEL
7-#5 R Fig. 51k L 7. RNase 3100°CT
H )Y G > TU 7o h8 PMase (260°C T
BEAEREL .

d. #BA A v REOFEE KEBEHIROBK
EHEIRRIZTEBAA YL E0EEE 37°C &
FpH I B TRHE L5 7% Table 2 iZT;RL
7z, RNase {3 Cu**, Zn** iICE &1 PMase
(2 NaF, Na,HPO, ic &~ THREI i,

e, FEMEHICHT Z1EA BN RNA 23
BELIBAORIBERDE Fig. 6 KRT L5
o, SRR, W4 6 SEERLILIZ GMP, CMP,
AMP, UMP #4553 c o ohik, &

reacted for 10 minutes at various temperature
as indicated.

®——©® RNase A——A PMase
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Fig. 6. Digestion products of enzymes in culturé

filtrate with yeast RNA as substrate.
Mixture of 1.0m¢ of 4% RNA, 1.0m/{
acetate buffer (pH 4.¢) and 4.0mf of
culture filtrate were incubated at 37°C
for 18hours.
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Table 2. Influence of metal ions on enzyme activities of culture fltrate. Mixtures

were incubated in the most suitable pH at 37°C (Relative activities)
‘ Wild strain Kyokai No.6
Enzymes ‘ RNase l PMase RNase
Agents | 1.25%107°M | 2.5X10™°M | 4.5X10™°M | .0X10°M | 4.5X10~°M | 9.0x10~*M
Control 100 100 100 100 100 100
MgCl, 3 8 122 123 8l | 87
CaCl, 79 % m L 129 9 | 94
CoS0, 107 86 - — 97 100
CuSO, 24 17 ; - — 23 13
ZnSO0, 17 17 | 0 | 43 52 32
MnSO, 100 83 \ - 1 - 100 -103
NaF 120 4 % | 14 119 1%
Na,HPO, 127 07 31 { 21 113 123
EDTA u7 | 8 | 109 110 100 71
Na-citrate 8 | 8 | 9 ! 82 84 74
— Not examined
3
Eluted solution S0f ©
S |Ix
2] ‘ a0l Cell Number 11°
%’O © lO- ® 0 SxI07 (cells/ml) OO 2
a = 74| o
2 < ‘_:3\,
o 2! 5 ‘6-
osff § 3 5 . 30 0
g S L .54110
ol 123 ¢ 20} 04
S J @ w 0.34
h 1o ; 0z ®
50 Tube number ) ’
Fig. 7. Digestion products by enzymes in culture o
filtrate with 5'~AMP as substrate.

24 48 72 96 120
_ Time(hrs)
Fig. 8. Changes in 260 mp-absorbing materials

Mixtures of 5.0ml of 5-AMP (10mg/10ml)
1.0ml of acetate’ buffer (pH 4.0) and 2.5ml
of culture filtrate were incubated at 37°C for

18 hours. during the growth of yeasts.
ol before incubation M afier incubation — @— 260 mu-absorbing materials
— £— Glucose — % — Growth

HR7VvF Y FRGTH2@DNIC BEEBOF BT OO PMase FHOFEICLZbDE B
N3, 5-AMP 2HEEE LT, WARBKEARE I C, 18RRI ¢8440 IBERSI
Fig. 70RTIHIKEE, X/ V3 FTh-T-.

C. BUHERSRDPOGZBERAKS BEARDEEITLOROI S EEHL (7 F U8 100g, #4
I /858 SV FVBANY DL LIME €EI VB lmg ©AF V0 4/ Y —n 5mg,
KH.PO, 1.1g, KCl850mg, MgS0, 250mg, FeCl, 50mg, MnSO, 50mg. K.C;H,O - HO 2.5g,
CsH;O,-H:O 0.5g/1) T2 6 SHE & 588 1ml I LT 4 xX10* L 28°C THEE®E
L, 260mp BRAEDEEZME L& R Fig. 8 IWRLA. BEOBEMpIc S ORMIR
MU FORELWEMBI SN T,
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. BB OSRICET B R

a.%%@%ﬁ&%ﬁﬁ@éwﬁxapHmﬁu Rt Wi 22 2 TN U BB ENKEER
EZHEEEN, 7T VEREE Y REERC 37°C, 3KIME L wE, kW RNA 4
MEL-NFNNELUERE Fig 9IRLL. BREMOBOEREKD hbhpwrg < E1Ek
BREERID 7 T VEBEEHEOTSARLP T EOL" OfRE—H L. MRS biciEx
DD % b Eh 2 B &/,

b. BEOCEZE 46 SEELMHHC 0 HiERGNBEERdDiIc S5, 15 25 37°CoO<h
ZHhORE T3 WA LoWE, Mk RNA 58ELchZhlE LRIz Fig. 10 )KRL
72, 25°CRA LTSS WE, RNA SRS BICELZTEMB/BLINEL,

c, #ERAN Lz OBEOXE WMiTICIHARBIOMMNEE UL BEKE XUWHS 6 SRR61IER
BELULCHKEHBSE KR (oH 4.0) @, HERifR>- Vv, YV@2r by vnalE, Bt
ANYT L, BFI /B, T FUBOBERICIT CIT3 M, 15°CRR4AMEThENBH LEL
SR EBEO 260ms OPOEEABEREKLENA O OERNRICHE ULARKEZEERE U
BEOWEEE A 1009 & LT B LS 813 Fig. 11a), (bRoR L7, 1002123 5 % EK mg
L OFHRIIHTEMETIRITCEIU I COEETNEN 0.104 pmole, 0.056 ymole THL
6B TEITCHIV IS CoEEENZEN 0.082 pmole, 0.032 pmole Tk » 1z, FERRE, #HE
6 S E DICTENRECHME EbIFEL RIS, Eifbarvoan, JVEE
k- THETREZhL,

B. BEAESOSE WS 6 SR EHIICOOME HB % L Bk A FrBEEE (pH 4.0)

B 100
o

=2 g 80 40-hour cullivation L 96-hour cultivation 144 ~-hour cultivation

S =X wild strain wild strain wild sirain

TEa SO I

g 228 40}

&< §

522 “lamananglal Elélm BLE i E

285

L‘;f é 4 6 4 587 4 © 4 58 7 pH

acetate  citrate tris ocelat= cnrcne fns acefcie cnrote tris

= 100 buffer  buffer buffer . buffer buffer buffer buffer  buffer buffer
8 é B0l  40-hour cullivation | 80-hour cultivation [ i72-hour culhvohon

8= Z sok kyokai-No.6 I kyokai-No.&

s =

252 40b .

% o 2

S 2e=] %‘)c 20+ L

532 lolawaBezn Z

.::’.:535 4 6 4 587 4 6 4 5 587, 464587H

&2 o2 acetate  ciirate tris acelate citrate tris acefale citrote ?ns

butfer buffer buffer buffer  buffer buffer buffer buffer buffer

7 Rate of excretion
mm Rate of degradation of endogencus RNA

Fig. 8. Excretion of 260mg-absorbing materials and degradation of endogenous RNA with
yeast cells obtained from various phase of growth. Washed cells were suspended
in 1M acetate buffer, citrate buffer, tris buffer respectively and incubated for 3 hours
at 37°C.
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®2 cohol HNO2 C Iz P casoming glucose
o 2 5r (efhy alcohol)(NaNOZ) (NQHPO.; acids
o
@ |
5 I kyokai-No.6
5 15 25 37 °C s (b}
Fig. 10. Excretion of 260 mg-absorbing materials 2 500
and degradation of endogenous RNA by % L
effect of temperature as indicated. Washed :.g
cells were suspended 1M acetate buffer & 100
(pH 4.0) and incubated 3 hours at various Hz0 5 10 l5205|0|5QOl002 80123 210203
temperature. o mq/l M mg/i % %
Rate of excretion. Icohol CaCl2 cosammo lucose
e Rate of excretion (et P8 RioaPip0, S0 9

EER Rate of degradation of . ;
& Fig. 11. Effect of various reagents on excretion.

endogenous of RNA. Washed cells suspended in 1M acetate buffer
(pH 4.0) and incubated for 3hours at 37°C
] TZ%' ] @13 l @ | @ | ® |® or 24 hours at 15°C.
38 fe) 37 .
a3 z o [ 3 o Incubation temperature
8 k/, 3 z z = 15°C
o~ O [T
L r’\- PN [aN
_._ £ 100 150
5@ 3 @ |ele|o

Ezs0 8
>CMP
E AMP
8
GMP
€

® log 1l ® 1@
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Q
Q

RNase P Magse

£
Q
O

Ele] 100 150
Tube numbers.
Fig. 12. Separations of nucleotides excreted from
washed cells of Kyokai-No. 6.
(a) Nucleotides excreted from washed cells
(84mg dry weight) by an incubation in
1M acetate buffer(pH 4.0)at 37°C for 6
hours. 100l
(b) Nucleotides excreted from washed cells
(84mg dry weight) by an incubation in
1M acetate buffer, CaCl:, pH 4.0 at 37°C Ha0 5 5 |50|02 H,05 155 150102
for 6 hours. b F F F b, %,
(c¢) Nucleotides excreted from washed cells olcohol qucose casamino alcohal ghucose casamino
(24 mg dry weight) by an incubation in {ethyt olcahol) acld acid
IM acetate buffer, alcohol, pH 4. at 37°C  Fig. 13. RNase and PMase activities excreted from
for 4 hours. washed cells in the various reagents.
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&, #®K, 0.01M CaCl, 15% iK%k 05y RNose sy PMase
REEL 37°C I iERRLSHL k8o 4 04l
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o
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o} Q.1
W, R VvAy FRAMERELL, 227 (\/\*,_

VA F FOERIZDIE Do B8, BRTIRA2 345678910 343 e 0
FICC SNTRE, 27 VvAY FOERMLL Ef{ecltﬂif pH on enzymatic ctiviies o
{, RV F FOEKREMEMULEL., X7V the excreted solution from washed celles.
AFFELT LFROEAS CMP, AMP, 200+
UMP, GMP #:3% bii:. *
C. BEBAREERON £

a, BB MELOS T E X TREBIK D % 100r
OEN G, 15%), 7rUME G, 15%) #Y 2
1 /8 (0.1, 0.2%) DEBEHET 510K E:E
HMkE MEZ e BRI LT LI #81%E o & gt L &
Fig. 13IcRL7:. HEGETRPCED LN T 2 e 2 %;é
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FEHEE SRS U, TFIR (5 16%)
TREESAESGONLD, BENLED
7.

Fig. 15. Effects of metal ions, NaF and Na. HPO.
on PMase activity.

(] 4.5x10*M . 9.0x106~°M

-1
b. MK OBEENEEE BEARNE, SEERPICOW S R RERREERE,-
DT, 15%7 FoBEEBERIEE LIcKMoREHEEMAYD, Rl pH 8B4 4 Y EoRBLER
F9aitiEnTz,

i) 5% pH #5812 Fig. 14 1</7 L7, RNase {2 pH 4.0 & 7.012, PMase i3 4.0 il pH
FEWI:.

i) £B4 4 Y12 DFEH PMase D& &4 & Y15 ED EEBERF~/ #R1IT Fig 15 IKRL
#z. NaF, Na,HPO, ic & Tl ahi,

8-/
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TTC gefs red 2R AR 2 Bk PMase iSH 2D 2 T EMTELM - 7288, TTC Heit
pink % 7-i3 white ZRTHARBRFE#HICEIZERS 20N Eb N Thd PMase FH:EE0HI T &
RS B . TR LSO AICEO TRIEMEOICK & 3£ £ B0 - 2. Nakao 5743 Rhod-
otorula glutinis \¢> T pH 4.0 & pH 7.0 i ZE# pH %> RNA-depolymerasel, 11 %R\ 42
L PDase, PMase {E#iZ RO ST &% RRTWHB, Ch &#HBEEED RNase Q4@ pH
B—FB U S oEEE IR T &I 7o, B8 RNase EHBIT 5 & il pH (3 4.0~5.01C
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B Y H5EEEEO RNase E0P R B BEERE, AREES LU Cury, Zn*t LT 2RERE
L7, £+ RNA S#9iEETIit GMP 2 & & Lo sBE Tz GMP 22 1% CMP,
AMP, UMP #Bo oht-. Hilso PMase 58 pH 12 4.0~5.0 5 D EEF O PMase &
$ELD 5'-AMP O BERPTREBRICE IMP BRO 2 ENASFHERIITRAVE SN
Mote, TNHDT ENS, WY KE~NEE, BOARICKZ288 RNA Hf4ERHELT
IMP #ROWIZENTHN AT ERMERICLS60TH D, =71 GMP Pshic CMP, UMP, AMP
LDPBOBLCANEIRTH B EB3HBERINCLE30THY, & BiChy 2EEEHED
BRI OKBLRICL > THEENTNEHDEEI SN S,
HHEBENORBEZIRS O WRER, Bltarvsona, VVBY —SOBEEL I = VHBEH
BBSFHTZ/ 25°C LlEOBE, EHEKDOHEAIMESEN- 2, CNLOFREEEDSW,
Lee 5", EASYOEREFUL:, BROFEESBBERRDI O EIEET 5 < L3I ERE
BEOME M SREKENELI N5,
BEROMIMCIT 7 Folliss RNase, PMase D5pub%E (B L7,
CCTHBBEIRZBELTASE, ERSBERRIFENIGIRCERT b0kl
L, BBk, BCHRTIL0PBEERLROMERAEZI CTERING D LEFOS
Wi k> THRHENZ20BEBEICETT2b0EE1 003,

B 3

1) LB & AR & B RNA 4 BERGSRIT - 12,

2) BEBRERSOSWMCIIIKE, Bltarvvoa, Y VEE, BE, HOEMEBENEE L
BELRBRCEWTEECH - 1.

3) MEBOEBSBELRINEHOLDLCPHENESELRICLSBICE I FyENch
(0 LERIEET 3 C EsHB LN,
DEOERIDEEEETRPCREND O LEBETRERS BB MRS B ENE T 2]
D,
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HEaREPAFEEZRICERRLET, 2 -BHBNSHAOMERM T HEM S THESEE L, LR
ROFEFEEH LAVLHBRERZBRIZEH L LT,
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