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Nucleic Acid Related Substances and Nucleic Acid

Degrading Enzymes in Sake-brewing

(1) Distributions and Changes of Nucleic Acid Related Substances
and Their Degrading Enzymes in Sake-Koji making

Takenori Mouri and Tamotsu Adachi.** Jun Kashihara**

The authors studied on the distributions and changes of nucleic acid related substances
and their degrading enzymes in the process of Koji making and also the influence of the
environmental gas component on their production.

The phosphate components of Koji were divided into several fractions by the method of
Schmidt-Thannhouser. and then determined by Fiske-Subborow’s method at designated
intervals.  Distribution of total phosphorus remained almost the same as its initial distrib-
ution. but the amount of acid soluble phosphorus reached a maximum 40 hours after the
beginning of Koji making.

After the fractionation of nucleic acids containing acid soluble phosphor by ion exchange
chromatography. the nucleic components were determined by absorption of 260 ms.  Nucleic
bases and nucleosides as the major components were increased. On the other hand, both
ATP and ADP were decreased gradually in the course of the process.

The nuclease activities of Koji extracts obtained by the regular process increased with the
lapse of time but when these extracts were prepared under the condition rich with CO,
less nuclease activities and smaller amounts of the basic components were observed.
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BET3HEDO Y YRAMCOVTRED OHMESH 58, BHRAMERRLOBEIT >V TOR
HRIBEASTEDATOEY, KT B hO KBRS & RS BRER & OBRRNZ(EH
~, FLBHPOKEKESOEEEZT ENICOOTOIRE L.

£ B K &

4) UURABEURBERSOER

1) HHo@EE SHETEDORMRBRLVOFEERSEL L TH-IKLEALHCEFEELE
BOREMICHEGORM, BsiorEREhoBic>WTHERL..

a) &) vR5H e 10g i ERAEMATERLTEY VRO & L.

b) BAAH ) YK4 28 % Schmidt-Thannhauser O FETHE L. THhHERN 202
10 dnBIE KB EMA CHR L, BFELLTERBEREZRYD, ©HBBPE 5 LHEHEE T 2 BlHb
L, ThootBEREzEDTHBTREEY YR L Lk,

c) BBIRARS WA Y YEHE UVy,=450 (UV,, i3 260my ORI EE HED
ml MO LU X5k TiHRABRRBELTHRS® o FEK I DHEEROLHOR
BE Lk,

d) RNAY YRK4 b) OUBMBEBHBTE ) —NT20HEL, XSKCEOLEETE / —
wegaukhun (30 1v/v) KESLTRABDTHEANMERL, HiP%ERL Chi2ELD
BLTHS. T4/ —n- 70 ahvAIICERTSY) VIERSH 2B E, B B iic 1 N-KOH
ZMA, 37°CT 15~20 BsRAMGE LC RNA &4, 6N-HCl ThHl, #hon bBETED
TRNA J YRH& L7,

2) #HEAFER =i, ERBOLHO ﬁ“ﬁﬁ%ﬁ& L Table 1, Composition of eluting
T, RI7Vv4F FHRERABESK. K b EEXHT: solution.
DT, X7 VA FE, EKEEBERSRTREEHER ®  Distilled water including
le solution
L7-. RNA [3f#53 RNA (Bt ¥HRKK. smp '
354 (B—1b&5F R ) =R ® 0.05N HCOOH
L 7. PNPP (p-nitrophenyl phosphoric acid), BPNPP ® 0.02N HCOOH
(Bis-P-nitrophenyl phosphoric acid) &1k EEH @ 0.1 N HCOOH
1. ® 0.1 N HCOOH
e o . 0.1 N HCOONa
3) Y roEE™  Fiske-Subbarow TERL. ® 01 N HCOOH
THRHLERBEZI 708 — X — U THEMNIC 0.5ml 0.1 N  HCOONa
- e ey . - b 7 0.1 N HCOOH
DIFET RIS, 60% BEAR 2.2m (BRI ® o1 N HOOCH
BEEBEZSTHAR chaFE514) wikaskHiEim ® 6.1 N HCooH
ATMMELY, ABMBELT 20KnoESL 0.6 N HCOONa
. ) ® 0.2 N HCOOH
T, THENATHoBER(LAKEZE 1 M THE, 0.8 N HCOONa
ChE{HDERELTEESY LT ERAKTERENK ©® 0.2 N HCOOH
1.0 N HCOONa

BEMZ2Cy b —n KB LTS5H Y 77 VBTV
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TV 0.4ml E@ITTRIE 0.4ml ZMATHEARKT loml &L, EREIC05 810 BOLE % 660m~
THELT ) vEihEas o EREEZES. BEE) BT ) vBNBEEICE#-AKSm], 60
%BE#EE 2.0ml ZMATHNS,

4) EpEOER  FolinCiocalteu 2EEcEE L1,

5) MEBRESONBEER PEOVOHELIVAA YRR/ o~ 5 7110k -1.F
b, 44 vEHEEE LT Dowex1 X 8, 200~400mesh ZH O FEMICHBELLLOEZRE
lem @A 5 LI 6cm OFIXLDYH, 85 ZFBEHN 0meBUL KL KT LTHVS. B
Tre=T7TpH 9.41ICLTH 5 2KKKREXE, HFHICE Tablel IR LAABBIREMY, 12
K lml OMETHEBL, 777vavalby2—T 10ml OESATI. 5% ERRE
ZHBELTHISN 2 EE (EPU-28) T 260me OFEIPEREHE L, %7 260ma ORIK
DORKENEATRDES® OFERHE-> T 250my, 280mu QW L HE L, 4, RI7VAEF
FORERERNSY OlikEHor,

B) BEBABBRERDEE

1) HREoHWE  A) 1) KWRLEFELCE» TH—CBLRBE 2 HEBOGERKE LD
BERRLT 5°C iK1 BSRIIGE %, 274 P EAVTABEL, AEEARRKE L, (BEiiEo
Bk HRRICRET 3)

2) HRER A) 2) IKEL.

3) MEFHOE - MKEHOWERZBL, AHS™ OFHEIIEL T,

a) RNase (Ribonuclease) 4% RNA 0.1ml, 1M acetate buffer (pH 5.0) 0.1ml, %
K 0.5m ¢ KDL BRIGHEE 37° CIicfRS, HMEHRK 0.1m ¢ £INA T 30 RIS €LE, ¥
5 =9 LM (702 BEFER 21.4ml, Uranyl acetate 2.5g & EBAKTL i LzE D) 0.8ml
EMATRIGEEILL, 105% i Ucth®%E 2,000pm C 5 4RI LT L##Z 0.1ml 1CEH
7k 3.9ml ZMZ T AE.q ZWTE L7z, JEge OffEDS 0.1 MU E & BEBA%E 1.0 Unit &
L.

b) PDase (Phosphodiesterase) 1mM & BPNPP 1.0l, 1M acetate buffer (pH 4.0)
0.2ml, ZEFK 0.4ml XV W3 RIEHZE 37°C B, HEEHEK 0.5ml % WA T 304 BIRIS &
¥7:#%, 0.IN-NaOH 2.9ml ZMZ T EIEE#1E LT dEs0 ZH5E L 72, 4Eg00 OfEiA50.1 18
mi7-& sosBArZ 1.0 Unit & L,

¢) PMase (Phospomonoesterase) 1mM @ PNPP 1.0ml, 1M acetate buffer (pH 5.0)
0.2ml #EHK 0.4ml KDL ARG 37°CicfRs, HEERIK 0.5ml % INZ T 05MRE L €7
#, 0.1N-NaOH 2.9ml ZNA TRIGZEIE U TIE o ZRIET S, 4B, OEHM 0.1 BN &
HFOBEFEBEMA 1.0 Unit & L7z,

C) BAPOIERFORE

BB B 5 BIMBAME24MIE (GRS LIS 0SPrHiE O KUAKSY O B 2RI L

Tai0, BEMBEHEAICET 224MEORE 500g 2o THERLEWL S IKH —#icis,
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10 2 K c 8 » CRERE DO L OIRIE (§ NaOH R € LB T H A2y b TH
EVLAERH 10%) R EL, fucBkK LcbOTiROhic e LThEo &1k
v UH vERU 0% BRIKEDERL, il NaOH i & 2 AN T MuiEnLL< (B
3%) BHAOZWRE, TRHLBUMNMIEROSORBEGULREBEELTIEBELT, LbiCH
RBBICENT, BHEhOMRERERBEROCLEHMSD, 30HKME (HEHILFEREH,
40B5f] B (HAREERT) I hEhid o— BB IRN U CREEEIC oV THER L 7.

£ B B £

A) BTighO Y vESOEL

HHEBELEGD ) YRAMBEBRTRRS SRS E C LRFOEMSPD ORELH D, BB
OB DOREZRB - HEEEHD ) YES e v, BWEHEY v, RNA ) YK45 L TRRIC
JE U452 Table 2 1Kix L 1,

THbhbe) YREELTOROEEDONEORYNRTH LA, THOPOFERELOIZOZ
HOWEBADEN D ELL OGNS, T/ RNA Y v B IUREANS Ofidr5:2s LT RNA
) vic 10.64 3 THEIN Ui RNA B Ekizd s, BERERS OEBERTREEY ¥
(3 24RERIE DB A0BSEIE T THML C0 B EMED SNBSS OB E b—F LT3,

Table 2, Changes of phosphorus component in the course of koji making.

~~_ Total Acid-soluble RNA FNg :
Time ~~- phosphorus phosphorus phosphorus mg/
(hours) T~ # mol/g ! # mol/g « mol/g ) ma{eril

0 - 3.7 2.4 1.2

24 19.9 4.1 3.1 1.6

30 19.6 4.1 3.2 I 1.7

40 21.2 5.8 2.8 \ 1.4

48 21.0 | 5.9 ‘ 3.2 J 1.5

B) #MTEPOBBRESOEL
B CHEAIEh TV 35, HBBIUERBhOMN S, cheholBTiduciisecs
HEZERUCHTEREY) YR POHT 2707 b5 74 0L TRESRBRG 0T UERES
L#z. 280 b5 7 40—4l% Fig. 1, Fig. 21, 1 Z05E% Table 3, Table 4, Table 5
R, BBEICEKBRIEE, X7 VvA4 Y FBERTH 20840MEICINSORSBHITDIE
mL T3, UMP [Uridine monophosphate (Uridylic acid)] IMP [Inosine monophasphosphate
(Inosinic acid)] 2 40 ABIKEE L3 L5 THY, ATP, ADP kicsid LT3,
C) HBTRPOUMABERIEOEL
A, #HBBICERBRPTHELCEAS, TOMBTRMCERMICEREZE > Tl L
HRER M OBMETHEOE (L ERE LRt Fig. 3 Table 6 IR Lick D KBEkEHRZWI R
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Eluting solution

| RII r
Eluting solution ® @!@l@ ’@\@i@ ® @ |®©
| ' : | ‘ |
o oblojelooelo e
i | , ,
B
@ 2
B 2
051 & 05{]8 S
E; = aa =
2 4 S= 5 L q
: Lo o a & & I N ==
% S5 = 3 = | o 5D
sl & <z 5 =9 o g 2 o L o
LR {§e) v 1 - a e PRIy} o
5 ﬂ\ e nopn 2o ©w &
- 50
PP P , _
20 100 120 200 220 0 100 150 200 250
Tube numbers Tube numbers
"Fig. 1. Chromatogram of perchloric acid extract of Fig. 2. Chromatogram of perchloric acid
Koji (2dhr). extract of Koji (40hr).
Table 3, Distributions of nucleotides and related substances in the
course of kojf making in the incubator.
'Frac.|Frac. |Frac. |-, ' 2-and | 5'-or 5’-or 5/-or Frac.
‘A B** ‘ C ‘D _ANIP‘3'-A}V1P 3'-UMP 3'—IMP 3/_GMP ADP J ATP
Distribution \ ' [
of UV 260% | 8.50 4.50 13.45 12.95 12.10;, 7.70 1.35 | trace | 21.40] 13.10, 26.70
Ohr u mol/100g | 6.50 6.08 5.55 1.39 10.76 13.42
Distribution | ; !
of UV 260 | 10.30, 21.35 7.50 4.50 B.10 1.20 2.30 3.85| 6.30 7.90 15.05
24hr 2 mol/100g 1.58 2.85 0.61 1.66 1.63 | 2.21 5.29
Distribution | i i
i of UV 260 :10.15 18.55 8.85 2.15  13.15 5.35 | trace trace 11'85i 8.20 8.90
30hr © 4 mol/100g 0.75 4.63 2.70 4.17 3.13
Distribution : !
of UV 260 1101.40,101.35} 30.55 7.80 | 17.95 6.95 ' 5.45 1.95| 4.75) 9.50 6.85
40hr 4« mol/100g 4.77 . 10.09 | 6.10. 6.80} 1.43| 2.90 | 4.19
" Distribution } ‘ i
of UV 260 1112.85 96.80 —  9.20 13.90 8.40 3.55 | trace | 2.70] 7.85i 5.45
48hr | mol/100g 6.47 l‘ 9.78 ‘ 8.48 5.14 1.90 , 3.83

* & of absorbancy at 260 mu of each fraction to a total absorbancy of the sample which
which was applied on column.
*#* mixture of bases and nucleosides.

100 Moto-Koji Kake -Koji in the incubglor
B & & BTN 305 Hb k. 3 80‘[ / [
D) HBTEFOKERDORE 2% ol [
2 20 /e :
T R oh COABEHY E D) iS4 S @ ; Y
BT E, & CIC2ARMA LS, Sk 74304056 24 5040 46 | 24 30 4048

FEOKEE MR CEA 1B SICEL B8 fhel
) ) e —®— RNase, —m— PDase, —4a— PMase
RIEEDEREM B0, 24FRIE XV 2B  Fig. 3. Changes of nucleic acid degrading enzymes in

LBREDLOWE, —BALBE AT C BE the course of Kojj making as crude extract.
L =3 NPERy  — 1 a
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DOEVIRIER 5T, S0BHE, 408RENCE BRI AR L Tl L.

—BHTFEhE a-T15—+%, SST17—¥, BEFo7FT7—+, Tl esy7—+
DERICONTEEEMC I DREL Table 7R U, 2AMETARE (HR4EEERE) EH
L7-38% 55 MO EigfE % Table 8 iRLTINE®E L7, THHOE _BILREDE RETE
PANENZMANICH 2MER MK AEBICE 3 Sl s hichs, BBaREELERTHELE

Table 4. Distributions of nucleotides and related substances in the course of Moto Koji making.

Ko
iFrac.|Frac. !Frac.|., 2-and | §-or | 5'-or 5/-or Frac.
|Frae|Frag | P2 [s-aMP| 2 20b| o Sorp| s v | s GNP APP | T |aTP
Distribution i
of UV 260%¥ | 8.30] 8.10, 3.45 4.90 4.40 4.20 2.65 1.60 ] 8.158 3.60 3.90
Ohr| »# mol/100g 1.72 1.54 2.12 1.92 0.67 | 2.80 1.37
“Distribution °
of UV 260 9.75; 27.25, 6.50, 4.65 6.65 3.80 5.10 2.90 | 9.25 3.95 3.30
24¢hr | 2 mol/100g 1.63 2.34 1.91 3.69 1.22 | 3.25 1.11
Distribution | \ T
of UV 260 | 17.90, 37.55 9.90: 4.40 9.80 5.60 4.60 1.65| 6.30] 4.25, 4.10
30hr | # mol/100g ‘ 1.54 3.45 2.82 3.33 0.69 | 2.21 1.44
Distribution } |
of UV 260 | 25.25 47.80, 5.55; 4.05 7.20 | 10.50 8.15 | trace 5.15 16.25 4.40
40hr | 2 mol/100g 3.21 5.71 11.19 | 13.42 4.11 3.48
Distribution ‘
of UV 260 | 36.35/ 68.85 8.30] 5.15 3.85 6.30 6.15 3.50 1.05 — trace
56hr | # mol/100g | ! 3.62 2.71 6.36 8.91 2.96 0.73

* g of absorbancy at 260 mu of each fraction to a total absorbancy of the sample which
was applied on column.
&  Mixture of bases and nucleosides. #+* Used for yeast incubation.

Table 5. Distributions of nucleotides and related substances in the course of Kake-Koji making.

Hokk
Frac.|Frac. |Frac.|.,_ 2-and | 5’-or | 5-or | 5-or Frac
oo Frag |TEe [s-aMPl Siels Sorp] s v | s Ghap| ADP | T |ATP
Distribution |
of UV 260*% | 8.65 6.30 6.75’ 5.81 7.15 3.45 3.70 | trace | 12.40] 9.45( 9.70
0hr| 2 mol/100g p 2.05 2.51 1.74 2.68 4.36] 3.41
Distribution |
of UV 260 | 11.74) 13.10{ 7.90 5.60 | 11.75 5.20 4.35 3.80 | 8.35 3.20; 6.80
24hr | 2 mol/100g f 1.97 4.13 I 2.60 3.15 1.61 | 2.90 2.39
! Distribution ‘
of UV 260 4.60 9.05 4.15 3.65 5.20 4.85 3.25 1.95 | 8.95 5.00, 7.00
30hr 2 mol/100g | 1.28 1.83 2.44 2.35 0.82 | 3.15 2.46
| Distribution \ .
of UV 260 6.25| 23.60| 10.45 8.55| 14.25 | 12.10| 10.35 2.25| 9.60 5.75 11.20
40hr | # mol/100g ! 4.09 6.82 8.60 | 10.20 1.29 | 4.59 5.36
Distribution R
of UV 260 | 83.30 58.55] 15.20 5.60 4.10 3.30 4,95 5.80 trace — trace
46hr | # mol/100g b 3.19 2.29 I 2.64 5.69 3.90 !

* g5 of absorbancy at 260 mu of each fraction to a total absorbancy of the sample which
was applied on column.
** Mixture of bases and nucleosides. #% Used for main fermentation.
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Table 6, Changes of nucleic acid degrading enzymes for dry materials in the course

of Koji making.

Moto-Koji Kake-Koji
Incubation time l Units T Incubation time M
(hr) b~ {g) material (hr) (g) material
RNase RNase
24 \ 19.4 24 8.9
30 | 19.6 30 18.1
40 ' 32.1 40 35.9
56 ' 38.4 46 37.3
B PDase PDase
24 | 51.4 24 7.9
30 L 80.8 30 36.9
40 ‘ 95.6 40 90.9
56 . 111.0 46 111.9
T Pl\/fase i . PMase o
24 ! 297.4 24 100.0
30 ' 416.0 30 353.1
40 504.6 40 375.0
56 674.9 46 611.9

Z A, Table9iZiR L 72 & 5 i€ RNase.
PDase, PMase & & ZiEfEMA 18,
& <12 PDase FHEIHHD Y5 UL
W e,

- RS OE KGR Table
00FED THREOSVIRETE, BO
SVMEF LTSS T 4ICBD
THEELER 7 VAL FORAHEED
T2 BRABEMTA2HEAICHS &

Boni,

£ g

B IEhD Y YRy OENLE
Schmidt-Thannhauser @ F&k T 436
L, Fiske-Subbarow & L1 &
& 2 YEHOEABLIOOiZY
ARTHABHIEM SV OREMED

Table 7, Comparisions of enzymatic activities of Koji
incubated betweenCOQ; rich and O, rich conditions.

a-Amylase | S-Amylase |Protease activity
activity activity
. pH 3.0|pH 6.0
(mln) (mg) (T) (T)
24hr 141 1.3 45 35
control 117 1.1 43 50
30hr | CO, rich 121 0.7 ‘ 54 52
O, rich 121 1.7 | 52 60
control | 24 9.2 110 83
i
40hr 1 CO, rich( 42 7.5 61 52
O, rich | 29 6.4 100 76

Table 8. Mean values of enzymatic activities of Koji
used for 55 Sake Brewing Processes.

ra—Ar‘nxlase S-Amylase [Protease activity
i | ey’ [FEITFRS
Maximum | 23 13.9 160 | 113
Minimum 37 5.1 64 51
Mean o 29.9 7.8 88.8 75.2
Stzﬁird errori ‘
\/Sﬁz—i 3.69 .1.93 20.1 | 16.5
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Table 9, Influences of Koji making conditions rich in CO, or O, gas for RNase PDase

and PMase activities.
| RNase | PDase | PMase
Units Uunits Units Units ‘Units Units
] Units Az)/me/ry Units %A Units %/4
{m¢) solution|(g) weight (m{¢) solutionl{g) weight (m¢) solutioni(g) weight
24hr 35.5 0.6 2.7 { 110 T 2.0 l 8.6 ‘ 700 12.7 55.1
_ ; _
control | 77.0| 1.4 6.1 [ 330 | 6.0 | 26.5 | 3025 | 55.0 | 243.3
30hr| CO, rich 38.5 0.7 3.1 , 123 2.2 10.0 770 14.0 62.2
O, rich 121.0 2.2 9.7 [ 495 9.0 39.8 3410 61.0 274.5
control 335.5 6.1 24.9 2227 40.5 165.7 | 13062.5 237.5 971.9
40hr] CO. rich| 181.5 3.3 13.5 715 13.0 52.2 4950.0; 90.0 368.8
0O, rich 384.0 6.4 28.6 3000 50.0 224.2 | 14700.0; 245.0 1098.6
Table 10, Influence of Koji making conditions rich in CO, or O, gas for distributions
of nucleotides and related substances.
iFrac.|Frac. |Frac.|,_ \2-and | 5-or | B-or | 5™-or Frac.
e Tpas [T s -AMP s SoMp| o IMP 3 GMp ADP | T ATP
Distribution
94hr of UV 260*% | 3.45|9.40 | 6.65 5.05 10.28 3.73 5.05 2.85 | 11.13; 2.48 | 1.80
u mol/100g | | : 4.16 | 8.47| 4.40| 8.56| 2.82] 9.17 1.48
Standard
Distribution ’ [
30hr of UV 260 | 9.28}-11.90 10.05; 5.30 9.10 6.83 5.25 6.13 | 8.83 2.23 1.45
# mol/100g l 3.73 6.41 6.89 7.61 5.19 ] 6.21 1.02
Distribution |
40hr of UV 260 | 13.48 12.68 8.90; 10.73 | 14.57 5.78 7.55 1.88 | 16.03] 4.30| 4.35
7 mol/100g ! 7.55 | 10.26 5.83 | 10.94 1.59 | 11.29 3.06
CO; rich
Distribution
3phr of UV 260 8.73| 15.80 11.95| 6.48 | 12.43 6.60 7.63 2.80 ! 8.08 3.03 3.20
2 mol/100g 4.56 8.75 6.67 | 11.05 2.37 | 5.69 2.25
“Distribution | T
40hr of UV 260 - 8.55 13.00i 6.301 8.55 6.08 4.50 6.03 1.33| 7.93 1.95 1.95
n mol/100g { 6.04 4.28 4.55 8.80 1.12 | 5.58 1.37
O; rich
Distribution |
of UV 260 | 36.70) 51.63 10.35{ 12.18 9.28 4.43 7.80 6.13 ' 8.50i 6.25( 3.43
30hr !

# mol/100g 8.57 6.53 4.67 | 11.30 5.19 ‘ 5.99 2.41
Distribution ) ‘ B
40hr of UV 260 | 62.80} 44.88 3.15 5.93 4.60 3.50 3.73 1.78 1 6.50] 4.08! trace

2 mol/100g 417 3.4 3.54 | 5.40 1.50 | 4.58]

was applied on column.

sk

Mixture of bases
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FODOREALICROFAEBE»-ccbEBbhd, THEBRRS LHET 2 LEDNIET
Y v 3.7¢mol/g 225 5.9xmol/g ETHML:. RNA Y voERSEDE M-I,

WHNTRPOEBERENHOBRBNENEZ S L7077 57 0 5AVTHEER LR,
WSHOBMLEROBBELELIIKBER, X/v 4y FRFERELLTRBICEMNL, SHITE
th DB R BEL B ASEISIICmT 2 MAIcH B & E—KT 5 L Bbh, ATP, ADP i1
LI 40K B BSOS T Mo il 2 S S BLIBEL LT3, 5, 3-UMP, 5, 3'-IMP (2 408
BiEHEN -7,

o, HRBIUCEERPTES BRI OERKSC LI LA, SUERINIC & Bk
Rd-Th, BLTRLHMAERT LOEHMI NI HEL, HEEeE8 L OHBINERNAS
WEBRRTNAB L L E—FT B,

HTIEhOKB S BEERIEH (RNase, PDase. PMase) OZELERIAIGER LR, 7
NHEBMTAMEMICH 7. U LB ABEREE S S ICHUBIEICRER I D L0, ok
LTI L TI6EREI B (AR KR EHICH OEE R T X S HHIREER L,

WRTROCERRSBBICZTESZHE~. SRTIRGORS b X UBETEoE Lo
LEEHON, BRAKCE - TES LOEEOSE5ORAMSEY, LALIAERET LR
BB LESRFOBBCUAZIHEBILDEELTTOREZES L. KKK BHUEHORE
IKRIZ T EEIL Prescott SVDWEDH Y, RENORBIEBAOHIOOBELDD, FHEE
SEICHBTROORERSZMEL, INBSHHOERICEETILDOEHE L, LALVEI
HHSDOHEIT L > TH Qoo, #3 7002/g/h BEELHD, RYD Qo 551 ~165 (Fi 1012E)
d/g/h THEDICHNTRE O, HPRTEOKERS ERMUEHS BT E&Eh
Lt, 7oAKBOENSHENESCER LS REORICSWT, BHSRAOEVWIREDAER
ZOETIBEXZRBTCLTHY, AJLOUATHTCORMERSOBBLHTIAINT,
HMHAREL S DICHRCKILTWARETHEOT, MBOFEI L > TTBILREDEZ OINE
&, ZHILREBLLESBENEVREBEESATHRELK L., TOHR, —BEREBDR
CBENSVIRETHA L0 EEN, MREOZESDLVN, —BILRIESZORETH
BWLibOR a-T3 5 —LERIEEL, S-T3I7—¢EHE%NET 7077 —wiEEEMs
NABYETH-> CEBMBENZEMICHEEBHONIY, HEATEIAREONEERT b OEED
N hdD oY, HEEURLEN, & <12 PDase iBHMSKHRBO ¥4, ERBEZVBAD UMT
Lt d, EIEINEBEERDN NS v ADENSIUEDIS, S-T7 1 7 —¥EHKHT 5 PDase
FHOHENBSL U TEHLThETEE (a-T1 7 —CEEEHBET 2 & B & SEY
DrBEE LI W),

HETIE
PDase &t/ _165.7/ =18.0
/S-7 15 —-¥iGH 7927
TERILREDSOIRETIL
PDase i/ _52.2/ ..
/S-T 3 5 —¥iEHE /7.5
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BXopikETIR

PDase jE4/ _224.2/ .
/STy 5 —wiERT /6.4730:0

EHSTRESRLTHEY, o7 7—FERHICIEERI I L ORGBDIhECLIEHBD
BLETHAD, BB S-TI7—CiFHicELTa-7 3 7 —¥iEl, 8707 7EiEH, B
TuFT —EEENEHC ERRBERCUIREERTODELELI N B,

DEEBERSTHE TS E, BRICURTEEOZOREOLDE R VEF KR4
BEBRSEIEr -7, Thid RNA ofBab L, KaFLdblAsns EEZ 5h, RNase,
PMase Bt & & bic s (I PDase ifHEMENC L E—FT 3, IHTHBILRELEDBSVIKEDDO
BRXIVvAF FLL0N, EREERGBDUER /2, i RNA 5L bic, LDDIFR
IVAEF FORRBBNTOSE LEBDN, T@, RNase, PMase iEfth& & i PDase iffdi& <
KB C & E—KUERER bR, '

-3 D)

1) BBTRGOY VS, HBRSMERSEOSBENLETRIL, »oBPR L HUTRRES
DEEBEH O FOREEEL.

2) &Y vRENLEL, RNA Y UHROELLS0H, BREs) vk Eesmnt iz,

3) BEESEIEREL X7v4dy FhEERTRBICE MU, ATP, ADP g4 L, UMP,
IMP 12 40 B HEICE B & 72 5 /2,

1) EBESHBRFZOBHRBHE & RBIEMUE,

5) HEMEHEOKKRAICTRILRES SORE T BBORELEEN F 83 diitrR
L, EBEERKS, &QICEBERSOERBDITOERERL L,

ROCEA AR EOBBHLE - HRAFAEIR, HAEdRic, SEBETRS F LAREaSHAH«BRA
BHALE, NARREPAREEFRCEBRALLIT. -BIBBLEESOTERNE EAILTHEETL
7o, MAREORZEBHF LRV HELBEZPRICEHR LT T,
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