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DISTRIBUTIONS AND CHANGES OF NUCLEIC ACID RELATED
SUBSTANCES IN SAKE-BREWING

Takenori Mouri, Wataru Hashida

In the process of Sake-brewing it is supposed that the substances of the nucleic acid
group which are originally contained in rice (material) are subject to change, such
as incorporation into microbial cells or decomposition by microbial enzymes. Samples
taken at several different processes of Koji-making, Moto (yeast culture)-making, and
Moromi (main fermentation), were extracted with cold perchloric acid. The amounts
of nucleoside and nucleotide were determined employing column chromatography and
5'-nucleotidase assay. Phosphates of acid-soluble, RNA and total fractions were deter-
mined by Schmidt-Thannhauser’s method.

Purine (hypoxanthine etc.) and pyrimidine (uracil etc.) bases, and nucleoside
polyphosphate (ADP, ATP)were frequently found during the brewing process. A moderate
amount of nucleotide was also found during the same process, and the amount of
3'-nucleotide was larger than that of 5-nucleotide; in samples of Koji, Moto, and main
fermentation. In the course of main-fermentation, RNA from rice decreased with the
increase of inorganic phosphate, but amount of acid-soluble phosphate remained unchan-
ged. Crude enzyme extracts of Koji as well as Aspcrgillus— or yeast-growing broth,
decomposed yeast RNA and produced 3'-nucleotides which are seldom found in fishmeat
or vegetables. Adenylic acid deaminase activity was found in Koji-extract. These obse-
rvations may serve to explain the origins of 3'-nucleotides and hypoxanthine in samples
of Sake. It seemed that the distribution of the nucleic acid group in brewed products
such as Sake might differ from those in other foodstuffs.

¥ ARRRIARAF T EPRBRTERELEFARNEE L OBRAMETH 5. CRULBEBE, ®ihz:
Bl EICEB NI LET.
BiRE T %243%122 P.922 (1965) Ardk
HE : ABIZSOTROY¥OBEXERT 5.
5'-AMP : adenosine-3'-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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ChETEZESIBE, KEARTOERBRAOSHEE BT L TEA) BHEARTRYE
BOEREZH TGO E—IZHEN HEMBHIOTRRVDMEFEZONS. HEOBEHE
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Nucleoside polyphosphate i, X 7 LA ¢ FH, BBEEZSHRIWRSZEMLL. 5-550
2 3-R/VAFF—FRAARSEIENRNLHLVIREEINcdDOEHFEALI. 2 3-27 VL
AFFRRNATAAYSEHEERL:E. %, RNAGEHRNA (3 vye—rE)ED
EZHERALI.

2. RHEEZ

BABBROREIIBRNYE 24RBEOBELVRREINLLOTHEE 1008 252V F4 X
LTAKAEERTHIN L, BHRAEER. BELTHREE L. BEICOLTIRERSE
LTTNI—AEROEERBRONBETE -7-. X084, 10%HCIO, THIERE L&,

TEYFA XL, ° Eluting solution 1
3. 8 B F % fo| "o |°

#3-HBVRS-XILAF FRERRIPESD
DEREICE ST, Thbb, 3-B50E5- 101
RIVvAFE—EE{EAEE, BETIERE
EEBLE. BcOR/ LA F FOMKE. £
Dowex 1X8 2258774/ 0<ts 577 o5
4Kt FEREBRH Y IS S, B9
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B LERO. BT ah S D% E,
260my: DL %E Peak 57572 2 &R
HEBLURAELE. 2, BREBOHKDE
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B3 Cohnl® OFEICH L. T7bDb, Dowex 1 X 2 2EAL A5 L0EK. REORN
Bl Cohn kiU, 20/ u< 7341 Fig 1 0OCEL TH 5. BEiEKkzTable 1-2a
DT ELT, ZDHEEOEINEIZ Table 1-b D& HRENLAIDTH 7. RNA 3 EBER
S D4 EI: Schmidt-Thannhauser 3 it & - 7-.

Table 1-a. Composition of ‘eluting solution.

Solution
1. distilled water 3. 0.2M NH,OH
including sample } 400ml
solution 200ml 0. 1M NH,C1

2. 0.2M NH,OH }

1000ml
0.05M NH,CI

Table 1-b. Recoveries of bases by ion-exchange column chromatography.

Distribution of UVage Recovery
Cytosine 27.8 101.3
Uridine 40.1 97.2
Guanine 17.0 91.3
Hypoxanthine 62.0 93.4
Adenine 94.7 99.7

4. RNase 5%, Adenylic deaminase FH ORI THE
RNase OFHREAY S DFET « X 7 itk - THRE L. adenylic deaminase {2 Kalcker?
DHFEIC LD 250my OBRILEE L 260my DERIEDOHIT L » TRIE L.
FERAL-EELEMIITEDOC L THS.
a) BEHIE (KRASRETEHRZRE), HE 1B (KRAERBIT$RERE)

b) ¥ Hh®
35200
Glucose 5(%) (NHg) 2S04 (%)
KsHPO4 0.1 KH2PO4 0.1
MgS0,:7H20 0.03 Yeast extract 1
CaCOg 0.2 Corn steep liquor 0.5

(pH 7.0)

pail=dp il
Glucose 5% Peptone 0.5%
K,HPO, 0.05% KH,PO, 0.05%
MgS04+7H20 0.04% CaCl, o - 0.04%
Corn steep liquor 0.5% (pH 6.0)
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Chromatogram of perchloric acid-ex-
tracted solution of rice. A pattern of
authentic 5’-nucleotides is put upon
that of rice.

& Pattern of rice
1 Pattern of authentic 5’-nucleotides
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Fig. 3 Chromatogram of perchloric acid-ex-

tracted solution of Sake, A pattern of
authentic 5'-nucleotides is put upon
that of Sake.

i Pattern of Sake
3 Pattern of authentic 5-nucleotides
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Fig. 4 Chromatogram of perchloric acid-extract of Moromi
(main Mash), a large scale column.
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F®E#E 1000ml (UVago=1200, UVago &2 260my ORIXB L HE ml HEOW) KRB S
4 (2 X40cm) #WBEEF-. 20/ v~ 754k Fig. 4 OCTEL CESHI2E (APSL
= T) Bohi.
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Authentic guanosine

OO0 O O

Fraction B

O Authentic uracil
O Authentic xanthine

O Authentic hypoxanthine

Solvent @

o o Authentic 2, 3~AMP
O O

@) Authentic 5'-AMP

Fraction D

O Authentic 5'-IMP

O Fraction E

O Authentic 5-GMP

@) O Fraction F
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Fig. 5 Identification of Moromi (main Mash) fraction by paper chromatography.

Authentic GTP

Authentic UTP

Fraction G

Fraction H

Fraction I

Authentic ADP

Fraction J

Authentic ATP

Solvent 2; n-propanol: conc. ammonium: water. (60:30:10)

Solvent 4; saturated ammonium sulfate: IM sodium acetate: isopropanol.

(80:20:2)
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E4A,B,C,D,E.F,G . H,1,J] oW TEABERAE, #BE/o~tsr5374—, F
HESKIB LU Fig. 5 QT EKR——s 02+ S5 74— [BEREZFHEERY) 27
. BESBRER, X714y FORAYHTHY, xanthine, adenine, hypoxanthine DFFEZE
Wio. gi, B4 Dy 2 3-AMP, D2 {3 2-AMP, @S E 1£5- $500i2 3-1IMP
EBbha. S F 12 3-GMP, 41 i3 ADP, B4 J i3 ATP ERELL.

ZOH A,G,H,K,L OESIZONTIRESHBBRE LI,

3. BEMEIBPOUBRSOAE

EEHETEROKERD DA I3 Schmidt-Thannhauser' MiC X DA L. ZORER
Table 2 DT ELTH5. Table 2 WRTEHY BTBRTRMBSEDICO>N RNA #25
DL, BRESEMLTHICE8EDON, BIBBRBRTEESMEML T, RNAK
OEL LEBBOENIBEETEOL2BDLE - TEAADTRIELWAERDNS. T/, —i&
BICBRTIEEBRDIENC L IZEEETEGIC phosphatase 7 EDERK L V4 A00ICIEESE &
RoTLEHIDHEEDONS. ‘

Table 2. Changes of nucleic acid components (phosphate fractions)
in some samples of Saké-brewing processes.

Total- Inorganic- Acid-soluble | RNA-
Samples phosphorus phosphorus phosphorus phosphorus
#mol/g #mol/g £mol/g pgmol/g

Rice (Yamadanishiki) 17.1
Rice (harvested in California) 24.6
Rice-Koji 14.2 3. 46 0.873 3.29
Sokujo-Moto 9.98 2.38 0.70 2.68
Moromi (main mash) -

9 days aged 9.80 0.51 0.71 3.27
Moromi (main mash) =

9 days aged 9.50 1.51 1.37 2.91
Moromi (main mash) ‘

16 days aged 8.43 4.19 0.74 1. 49
Brewed Sake 3.1 2.92 — —
Sake-Kasu (lees) 30.6 21.45 1.31 3.26

4, BEBBEIBROXILAFFOH

BEEETRPONF L7015 60—R%ZRTE Fig. 6,7,8,9008LK T, hiE
EXIVvF v FESOTB7 o~ 275413 Fig. 10, 11, 12, 13 O L TH 3. ZDERZ,
Table 3-a, Table 3-b ®C & TH3.

BOBBEARRXRZLAF N, RIVAVFRYIFTRT 2— b+ BOUWLIEESERTH -7-.
B9HHEIZ ADP, ATP BELLATH 7. k. HH, XI7vAv PR vIvrie
hypoxanthine MATH 7. 2D EED [MP DERGEISNZH, 20955 3-1IMP
BEKRTHZEBDNE. LdL, RI7VvFAFFELTOERMBALLRVWEEDNE, =2/ 271
FFFTRI-XIUAF FREREELIONEDT, B5-2/7123-27LAF FEERE L.
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Fig. 6. Chromatogram of perchloric acid-extract of Rice-Koji.
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Fig. 7. Chromatogram of perchloric acid-extract of Moromi
(main Mazh) after 9 days fermentation.
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Fig. 8. Chromatogram of perchloric acid.extract of brewed-Sake.
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Fig. 9 Chromatogram of perchloric acid-extract of Sake-kasu. (lees)

I
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Eluting solution Eluting solution
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o 2 1.0 +
1.0 !§ = . 2 .
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L4
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Fig. 10 Chromatogram of base and nucleoside Fig. |1 Chromatogram of base and nucleoside
of Rice-Koji. of Moromi. (main mash)

B5-R7VAFF, BI-RIVLAF FERELAKERIE Table 4 DL THB. ZOE
RTI-RI VA F FBLEBRHIKEHT Enbh T,

5-X7LAF FREMICLLETATH:. COLIREETECRERT—RERTEDON
TOIEBRASOAHPREERBRUS BRI /94— ZRLTNBLEEILNZODT, £
DAIDWTHRE L. T5b5, BEBETIZ RNase 1 LU adenylic deaminase DEB#5E
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Fig. 12 Chromatogram of base and nucleoside Fig. 13 Chromatogram of base and nucleoside
of brewed-Sake. of Sake-Kasu. (lees)

Table 3-a. Amounts of nucleotides and related substances in some samples
of Sake-brewing process.

1
e g |g E ‘
S 16 |6 o] Be | A4l M
Samples EJ =T e s |es| S &S
S<ShSo| < (59| 5152|505 | & | &
Tt St bt 1 LR 1 1| 1
o | | e [mw| B en|en| D | < <
Rice [Distribution of UVaep* 4.2117.8 1.3(2.0 3.1 2.9 | 4.6 j10.1
#mol/100g 0.98 1.69 1.70
Rice-Koji Distribution of UVzee [29.0)11.6] 1.0/0.4 | 1.0 [0.5 [1.2 | 1.0 1.3 [ 1.2
(No. 1) #mol/100g 1.11|2.51|1.86 | 6.54 | 4.59 3.09) 3. 96
Rice-Koji IDistribution of UV.ge [15.4i33.4] 3.1/2.9 9.7 {3.2 (3.2 |2.8 |1.7 | 3.1]|5.8
(No. 2) #mol/100g 2.58 [3.685.35 | 7.95[3.24
'Yamahai-Moto [Distribution of UV.go | 9.0147.2| 2.7/1.5 [3.5 1.2 3.5 itrace|3.8
(1day aged) #mol/100g 1.14(2.96 2.13
Yamahai-Moto [Distribution of UVgeo | 5.635.0 2.5/ 1.2 |1.7 |1.0 |1.4 2.5 | 1.6 |4.1
(3days aged) #mol/100g 1.11[1.64{1.80]1.26
'Yamahai-Moto {Distribution of UV.ge |11.535.8| 4.5/ 1.3 [56.0 1.3 3.7 jtrace 2.5
(8days aged) £mol/100g 1.56 [ 4.45 1.95
?§1§“11‘3’M°t° Distribution of UVaeo | 5.517.0| 3.9/1.8 | 1.2 .1 |62 6.0 5.3
C11days aged) p#mol/100g 1.3810.93 1.94 | 5.82 4.66 4. 14
Sokujo-Moto  inciribution of UVaeo | 5.8124.1] 1.7/ 1.1 [ 1.2 1.2 0.8 17|17
(No. 2)
(19days aged) #mol/100g 0.82 | 0.94 1.380.72 1.30 1. 40

* gsof absorbancy at 260mg of each fraction to a total absorbancy of the sample
which was applied on column.
* mixture of uracil, hypoxanthine etc.
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Table 3-b. Amounts of nucleotides and related substances in some samples

of Sake-brewing process.

|
Saml 218 18 % sy o g
ampies - = x e ‘
S<SmlEol T |55 5 (55(50 A 1B (B
= e R W | Nm| o |we (w2 < <
Moromi (No. 1)iDistribution of UVae0¥ 7.2/10.7 4.5{ 1.1 | 8.3 {trace] 1.3 9.3 7.0 | 8.8
'(2 days aged) £#mol/100g | 0.84] 3.69 1.88| 7.77 4.94 5,24
Moromi (No. 1)Distribution of UVago | 6.411.4) 4.2 2.7 |11.4 | 0.92| 8.54[11.¢ | 3.5 [18.0 | 2.7
(9 days aged) #mol/100g 3.44/14.75 1.87 9.2617.17 23.08] 3.38
Moromi (No. 1)|Distribution of UV | 5.5/17.5] 4.7 2.2 | 4.8 1.7 1 8.1 9.5 |12.8
(16 days aged) #mol/100g 1. 17] 2.80, 3.47 9.0t 9. 40;12. 45
Moromi (No. 2)|Distribution of UV .4, ' 6.629.10 2.7 1.2 | 1.5 3.8 | 3.7 4.8 (18.3
(16 days aged) pmol/100g 0.90; 1.36 4.95] '2. 31
Sake (No. 1)
\(1mmediately Distribution of UV,aeo [10. 7&3.1 2.7 1.2 jtrace tracejtrace, 0.63|trace
| after u#mol/100g 2.81 0.28
separation)
'Sake (No. 2)
l(immediately |Distribution of UV.go |19.222.8) 3.5] 0.7 | 1.3 tracejtrace 1.20|trace
‘ after #mol/100g 0.64 1.17
~ separation)
Sake-Kasu Distribution of UV.eo | 8.0111.7[ 2.7/ 0.8 | 1.5 | 0.7 | 2.0 | 1.6 |trace] 1.9 |trace
| (No. 1) (lees))  zmol/100g 1.14] 2.07| 1.33] 6.47| 3.17 2.66
Sake-Kasu Distribution of UV.g, { 3.524.3! 2.0itracejtracetracel 0.7 | 1.7 0.8 | 2.0 | 9.5
‘ (No. 2) (lees) £mol/100g 3.80] 4.05

* Zof absorbancy at 260my of each fraction to a total absorbancy of the sample
which was applied on column.

** mixture of uracil, hypoxanthine etc.

Table 4. Distributions of nucleotides in some samples of Sake-brewing processes.

! 5'-Nucleotide 3’-Nuc1eotidT

Samples UV260/1008 #mol/100g #mol/100g

| Rice (Yamadanishiki) 1.38 trace 2.85
Rice (produced in California) 2.19 trace 3.14
Rice-Koii ‘ 3.40 2.72 14.82
Sokujo Moto 1.10 0.84 7.62

I Moromi (main mash) 2days aged \ 0.98 0.80 9.52
Moromi (main mash) 9days aged ‘ 1.84 2. 40 12.36
Moromi (main mash) 16days aged ! 1. 41 2.385 7.20

l Brewed-Sake 0.66 trace trace

| Sake-Kasu (lees) J 2.00 4.77 9,34

Zbh30T, BEKELSTIHAESLUREBIOVT, ENOOERAEETILEL. T4
RLIZR 7 UAF Fhs 5Bl 3-Ehic S0 THIE L.

5. RNasemscreening

HE (Asp. oryzae) L FERHC-DUT RNase @ screening Z{EHF 4 R 7T X - TR -
73R Tables OCELTHA. WFh LEOEHTT AMREBEE U EERLERTHE
WINOEH#ED pH 4.0 KBWTHWEBEENEZR - TVWEEE8bh 3.

FLTHL s EET.
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Table 5.

Ribonuclease activities of culture filtrates of Asp. oryzae or yeast.

pH of reaction buffer

4 6 8

Blank it - -
Asp. oryzae No. 5159% 1t - -
” No. 5139 it - -

o No. 5149 it + +

p No. 5044 it - -

" No. 5138 fit - +

7 No. 5142 i - -

” T 'ﬁ"’ + -

” H-1 ki - -

" H-2 i - -
Sacch. cerevisize No. 7036 1T - +
” No. 7037 t + -

” H-1 + + -

” H-9 # + —
Zygosacch. sake No. 6219 it + -
Hakken No. 1 it + -
Rasse No. 12 H + -

— :none + :slightly  {f : moderately i : significantly’

* cf, List of Cultures(1959), published by Dept. of Fermentation

Technology, Osaka

University
Table 6. Degradation of yeast RNA and formation of 3'-or §'-nucleotide by
Koji extract or Asp. oryzae culture filtrate.
Increase of 5'-Nucleotide 3'-Nucleotide |
UVeso #mol/ml amol/mi
Blank¥* 0 | 0 0
Culture filtrate of I
Asp. oryzae No. 5159%* 33.7 0.018 0.676
” No. 5139 41.2 0. 067 0. 456
” No. 5149 18.7 0.007 0.312.
” No. 5044 40. 2 0. 027 0.704
” No. 5138 42.2 : 0 0.295
#” No. 5142 12.2 0 0.273
o T 5.8 0 0. 356
Koji extract of
Asp. oryza H-1 25.7 trace 0. 607
” No. 5149 58.7 trace 0.838
Mixed culture of usual 15.2 trace 0.203
Sake brewing

* Uninoculated culture broth

** cf, List of Cultures(1959), published by Dept. of Fermentation Technology,

Osaka University
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e

2~ 3TWOMETER, TUHLLHEERKE RNA (BBE) K{FA&LT pH 4.0 fETE
KT B 3I-FhiE 5-RIVAF FERIE LRI Table 6 TH 3.

LDEIRERE 3-2 7V AF FThH-TcH, FHEIERICE 3-R7L4F FCHBT AR
7 V7 —+, %7 phoshodiesterase SEETE LBbN 3.

6. MED Adenylic deaminase F¥Ic>W1 T

EBERI IMP OFEESRHFOD KL -THEINTOVEH, £hod 3-AMP 30
5~AMP ILHRTIDHEMLEEIDZLHIC. FIHICHBORBIEEFRICIOBRY L. &
Big Table 7 0T &L TH 3.

Table 7. Adenylic deaminase activities of culture filtrate of Aspergillus and yeast.

Absorption ratio, after reaction
(Ex. of 250my/Ex. of 260mp)
Strains Substrate
5'-AMP 3'-AMP
Blank* . 0.80 0.98
l Asp. oryza No. 5159%* 0.85 0.80
‘ ” No. 5138 0.79 0.87
” No. 5149 0.83 0.86
” No. 5044 0.83 0.89
| ” No. 5138 ‘ 0.76 0.85
” No. 5142 0.76 0.79
| " T 0.79 0.80
) ” H-1 0.79 0. 88
" ” H-2 0.74 0.93
Blank* 1 0.85 0. 85
Sacch. cerevisiae “Jokyo No. 6" 0. 80 0.88
” “Jokyo No. 7” ‘ 0.81 0. 62
" H-1 i 0.83 0.68
” H-2 | 0.79 0.88
Zygosacch. sake No. 6219 \ 0-81 0.83
"Hakken No. |” 0.78 0.67
"Rasse No. 12" } 0.83 0.82

* Uninoculated culture broth

**+ cf. List of Cultures(1959), published by Dept. of Fermentation Technology,
Osaka University

RICHIE AMP 0.05% ## 1ml, 0.2MERERE&HK (pH5.0) 1ml, HEEBRK 1ml 37°C
1KEDRETHEL:. HERTHOKD 250mp OBREEE 260mp OBNE OLEEE 5
7-B5iC Blank OHER I D E 13 5 7ci5A% deaminase FEMENDHE LT 50 TH 3. REDE
Tt adenylic deaminase FFRBHELE 72, LU, HE2BOEMEFERTICEKID
deaminase FEHERMT T LATE S LEDNS.

DOFIHBPIT OV TEREH CREI) TR - /o852 Table 8 DL {Th3. 2EHDK
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Table §. Adenylic deaminase activities of Koji extract.
‘ Absorption ratio, after reaction
Species of | Preparation (Ex. of 250my/Ex. of 260ms)
Asp. oryzae i of extract Substrate
‘ 5'-AMP 3'-AMP | Adenosine | Adenine
Blank* | 0.83 0.82  0.84 0.77
Asp, oryzae ;§$§ﬁ§a§222$§rat“re’** 0.92 0.86 0.90 0.77
As{{._ loryzae : }gguﬁ?};g&* at 0°C 1.09 0.94 1.06 0.78
Asp. oryzae ‘ ﬁg&gg@g‘]’;‘at“‘e' 1.13 0.97 1.05 0.78 ;
Asp. oryzae | Jocubation at 0°C 0.97 0.89 1.22 o1 |

Reaction mixture: Substrate 0.05% solution 1ml, ¢.2M acetate buffer(pH 5.0)

1ml, crude extract(enzyme solution) 1ml. Reaction at 37°C, for 1| hr.

* Heat inactivated Koji-extract
Asp. oryzae was grown on rice, and this Koji was homogenized with water
and extracted.

*#* Koji was homogenized and extracted at room temperature without incubation.
** Koji was incubated at 0°C for 24hr with water, then homogenized and extracted.

Eltiag st lon
e 1Y) s
o 5-AMP gat erude
eryme extract
& 5= AMP o inactivated
10~ engzyme extrost
"
4
=
H
o g a
o 2 2
" <!
5‘ [al
0.5 a
[¢]

50

Tute numbers
100

Fig. 14 Chromatogram of 5'-AMP reacted
by crude enzyme extract from rice-Koji.
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phosphodiesterase DIEAAFINBENTR 7V FF FE4ERK L, X 512 phosphomonoesterase
(phosphatase) DER%AFU T X7 v 4y ¥, BEBEERKEZ L ZEIONS. XHIVIREE
RNA OHBOTHHEIIHE, BEEICHEYNED RNase BHEOH 2 o EBMfTEN L. C
CTERTHR I LAF FOBBEAMEN 5- THBh, 3-ThHahid, ZHEERHH 5-X
JUAF FILBEEOC O EAHOEEUMBTH S, BRECIIMTERETIE 5-LD b 3-
RIVFF FBEP . —ROBRTRS-XI7VAF FRIVELAHRESNBEDR, BEICE
HLTI-R7LAF FNSRBINACLREEREN. CORRELTHEIDGIEHT 2L
2, BEMOBHC &> T, EAREO PHICK 5T 8- 7 LA F FEART BTRESS D
5EFROND. BB, ChOBEROHHHEENLANICONT, LEZREROZITOE
SR EHBFEC SEE L TR ORMIBD 3. KEBOBERICOVWTRE, B HEHIATEHSE
LIcPICBB LT, BRI LANEES. BHFOY @EAPIK 5-GMP OFEEZRHTN3S.
REOEBHETROTHIEMRLLVADIC, GMP # 5-, 3-, 2-DVThOETHHH
BETEE 1.

¥#1Ci2 adenylic deaminase FiMBH I M, chiRIBEHEIKBI3eHLEYVFr, 4
/vy, 1MP OFEXEEL¥3. BABET AMP., 77/ v y»oEhZhHBT3
IMP, 4 /v~ deaminate 24, BEARERF IV FUrREZEELOND. BEFVHER
4V FUOEEEXBDI, AMP Do eR£39 vy FUYREZRBILOVLTIE, 22714 F MR
%ﬁ@@ﬁﬁyawtwm,IMP#sumﬁfaam3@@@f$5¢m%uf%§@9t.

E=3 ¥

FAEBEBEORM THEBREE(eREF Vv FY 97 vN), RIVAY FRIBHKATP
ADP) B ELOEEAEWE. T, 3-R /LA F FREBWEL, 5-X 714 F FAETRAM
Zh7:. Schimdt-Thannhauser FETHEBRSZSE LIER. BIET RNA BBITBITKE
S TEEPHREMT 588, BRAUBEBOBEERSEV U, 7. F/o, HEFRIT RNase fFiER
Ml 3-XIVAF FOERETRSCE, TF=VEFT I+~ YRERPEHICEOTHERE
DHBCEERB L.

#HCESEEREE TR 2 U BRESHASHE,. FTEHISH. BRANODORE

RE, RERECHEBELESSLBRRERIERISHOFRTICESBH - LET. 25, 2Tl
EnELASERTEICESLET.



6)

7

8)

9
10)

1)
12)
13)

4 [
&M, BRI, EE FKREIE, 41, 420 (1963)
M, TR, FE, F£:RBLYE 42, 434 (1969
EF), &M, EE FAK REBEIZ, 43, 35 (1965)
EF, B, EH, $K REBETYE, 43, 335 (1965)
ER, BE. EFE, FK: BB, 43, 344 (1985)
ER, FMH, K0 ARGERARNSSEAS (1964)
H, BT, EAN : BBI% 31, 419 (1953)
I, B0, BHE BB, 32, 421 (1954)
#, Bl MEEETSE. 34, 530 (1956)
B, o RREELY, 33, 474 (1959)
1H%F, WEF: MEFLYE, 32, 233 (1954)
W BB, 35, 178 (1957)
IEYF, A ANEEAEARNBASE, 26 (1981)
ek : f8(k, 29, 797 (1955) Elch : B34k, 29, 801 (1955)
Wi ¢ B4k, 30, 583 (1936)
Heh ¢ Bk, 30, 787 (1965)
thEs, W), 8EM, M| Bk, 35, 797 (1961)
thig, TN, EEE, B EdE, 37, 558 (1963)
A, &8, b, &5 B4k, 36, 277 (1962
A, #i& Al B8 B4L. 38, 135 (1969
Kalcker, H.M.: J. Biol. Chem., 167, 461 (1925)
Cohn, W.E. : J. Am. Chem. Soc., 12, 4273 (1950)

Cohn, W.E.: Methods of Biochemical Analysis, 1, 287 (1954)
Schmidt, G., Tannhauser, S.T.: J. Biol, Chem, 161, 83 (1945)

Bergkvist, R.: Acta. Chem, Scand, 12, 1549 (1958)
#4 + Amino acéid and Nucleic acid, No. 8, 1 (1963)

— 280 —





