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STUDIES ON NUCLEIC ACID RELATED SUBSTANCES IN FOODSTUFFS—V]

CHANGES OF NUCLEIC ACID RELATED SUBSTANCES
DURING THE PROCESSING OF VEGETABLES

Takenori Mouri, Wataru Hashida, and Iwao Shiga

Changes of 5'-nucleotides in vegetables during the boiling process were investigated
using column chromatography or the enzymatic method.

Nucleoside polyphosphate fractions in perchloric acid-extract of asparagus were sepa-
rated and analyzed on a large scale column of Dowex 1X8. The major fractions were
identified as ADP and ATP.

In some cases the amount of 5-nucleotides extracted by boiling water was rather
higher than that of free 5'-nucleotides present in the original vegetables. The amounts
of 5'-nucleotide were found to be the highest when extracted from asparagus or sweet
corn at 60— 70°C, and it increased with boiling time up to 5 min. The increase of
5'-AMP in boiled extract of vegetables was found to be accompanied with the decrease
of ATP and ADP. Nucleotides were formed by autolysis of asparagus at certain pH. 5'-
nucleotides were accumulated especially but 3'-nucleotides were found in trace at the
range of pH 8.0-9.0.

It is assumed that the increase of 5'-nucleotides due to the decomposition of RNA
is relatively small, but the 5'-nucleotides increase as a result of enzymatic breakdown
of ATP and ADP during heating with water.

* RIFERARKSE TSRS TS FANg L oBRRETH 2. CEUEEBE,
BRHEB T EICEN LT
Bir T 84445 5 P237 (1966) Al
B - RBICH W TROFOBS LT 3.
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-3' -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 : phosphoidesterase
ATP: adenosine triphosphate PMase : phosphomonoesterase
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MBEWONBIL, LY M8F., Ty va— bl X ONTMARLEICETFS5-R7 LA
FRFOERMBR 7 LAY VRV BRMPSO8R, TLEREITFHE»COMRBICEBC EE2 WD
MILT. 7. TANSIHRAUEDHELRICHOTTHENS LUREIRTRERE YD 5~
AMPREDEMMBEL, HEFALRLUAMMT A EBRDSNI.

ABCHEOTIHGHERE LTEESBERRT S5 HRA, A — b3y HEERRE L
fmII&m@&%oﬁ&.x7Vt9F.xavth.z¢u¢zv N EEERE LUBST
HROMMNLHELZHN L. SO CoRMBERKINCL 50 TREWVD LOBAD S Hh
HHBELHIZONWT R 7 LA F 4=+, RNase, PDase, PMase {E{EIZ2 T it L= TH
T3.

E BR O %

. &8 »5 &
(1) EREHEHE SN L8553,
(2) X H 3 & & MR TZANNFHRLEZ 4— b a—v BTHTEHG. OCFNLETARETE
BIFE—ZEY,. K2MEHAMAFEDS F 4 AL BICE2DRIETRRRL, HBHLS ~10%
OBEABRRETHICE L MM ZRRTRMEL. SN-KOH ThinLTERum L%, 7
NA—LERT 2= THEICTHELEHE LARE L.
(3) 2 M i B5-H50MF I-R7LAFFERDES? OBHEICL 7. 4
DX7vFFFiE Dowex 1X8 ZWS5b5HFa7a~t+ 757 +—THEEL”. Schmidt-
Thannhauser ¥ IC &k - T4, BaliEHE#H. RNA BELSMES L. TOPT RNA M4
22 Tid IN-KOH T 37°C. 18~20 FMLTE/ R 7 LA F F& L THREEERE
%Nt.it.Eaﬁ%ﬁi%ﬁsﬁ5pH@%%i%«étbﬁ&&&@ﬁ&bUZTi/f
vEEHRAEER L. HOHEI pH4.0 53002 pHS.0 12k T 50°C T 2 BEHER L7
H, S EERAE, A58 0w2 0537 4 ~TEMLE.

Eluling solution
k: loelol ol o | el@l@l@l@
1 ! AW
4~' A ~CL‘
3 AW "_\
21
1)
o 1500 500 Tube Nos,

Fig. | Chromatogram of asparagus; a large scale column.

— 207 —




(4) BRREHONE HAHERRR2EROKTABLUMSS STV F4 X UK. 12000 rpm
THWEO L. TOEBREERN L. MWEERARS Y OFkizk 7.

I.2 8 & % :
(1) TRREFAREZBHORE T AT
HAMBEOER, Ay, R72LAF
FERABY ICTHE LADT, CCTERRY
LAY FRYRRAT = — b DBEAHICONTHERE
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42 Fig. | ©0ZEL{TH53. Yo leeqih
BANSAE (H,1.).K) Bohse. BH 00 poerrion cutvs of Asbaragus
H, ) of/B0Rihs & ke, HE U HR—

ZOEAWIE Fig. 2 & Table 1 & Z& LT, 260me RAEICHRARINER L. BEERSEEL
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04}

o
w

>
.
¥

Frachon J

o
™
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.

Table | Molar ratio of ribose and phosphate to base.in Asparagus fractions H, and J.

Fraction Base Ribose Phosphate
H 1.00 0.92 1.89
J 1.00 0.85 2.65

ReReguT L 75T 1 — DR Fig 3 OTELTH5.

W5y H,J i (2-3-4) (FEOBHESD) wWFhick->THEREN ADP. ATPIC
—B$ATE. BIU100°C, IO THIELE-T 5-AMP II—HFT B L, Fi-
S-R I LA F A — RSB L MRENTENZNT 7/ & v E4RT 5 &, = LTIN-
HCl CHOMT BT ENE-TTF=rBERIhac+ho HIEADP. JIXATP TS
B EMED SN, T o T e T e

A g b 3= ICDINTHT RN H R EBRICEEL:.

(2) TRRSHA, Z4—ta—v 0BG UNEOES ETHRL4DRETTRIBLAES
DI 5-R 7 LA F FHOELER<. HBLEZTh T ORBEIZH 50ml OKEED P
FESFAXLTH—ICLARIE S08ANT 5 HHREAME L. TOBRL LikEHNS5 %8l
FEEETAMLAK S H12 100ml & L. ®ME LTHEYF 4 XU ARERIEBIELRT
RMB LA bOER 7. TORE, TR/~FHRE Table 2, R 4— b3~ Tl Table 30
TELTHAS.
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0.1 N 05
: O - | Authentic ATP
@ solvent 0 Fraction ]
Q Authentic ADP
0 Fraction H
® 9] 0 o Fraction ] boiled for 3 hour, fraction J’
Q Authentic AMP
O 0 Fraction H boiled for 3 hour, fraction H'
Fr. J, 5'-nucleotidase treated
® solvent 0 o '
O Authentic Adenosine
O Fr. H', 5'-nucleotidase treated
® O Fr. J!, decomposed with HCI
O Authentic Adenine
O Fr. H', decomposed with HCI

Fig. 3 Identification of Asparagus fraction ] and H by paper chromatography.
solvent 2: n-propanol: conc ammonium water.
solvent 4: saturated ammonium sulfate: M sodiumacetate: isopropanol

Table 2 Effect of temperature on the formation of nucleotides in boiled
extract of asparagus.

- . UV2g0/100mg 5'-Nucleotide 3’-Nucleotide
Boiling condition dry wt. - #mole/g dry wt. #mole/g dry wt.

37°C, 5min 72.94 0.24 - 0.22

{ 50°C, ~ 108. 20 0. 86 0. 14

: 60°C, ~ 114.8 0.93 0. 14
70°C, ” 132.9 0.72 0.25
80°C, ~ 199. 4 0.51 0.28
100°C, 4 123.5 0. 42 0.2]

Cold perchloric acid ‘ - -

extraction. 94.4 ! 0.25 0.30

T ARG HATRS0~T0°CT5-R I LAF FEAMGELEL L, 100° CHillis & OAHTEAE R
MDA LDLE ot 3-RILAFFIREEIZES S VBBREON, TORELEDSH
F2. R4—Fa—i2 60°C THRALLTODEHN, F2A7 5 2 —Hll kT X5 EMIEAT
DOTIEBMERDNSE., R4—F2—YvTIER-R7LAFFERAEETCREMZIED SN

— 209 —



Table 3 Effect of temperature on the formation of nucleotides in boiled

extract of Sweet corn.

- . UV,60/100mg 5'-Nucleotide 3'-Nucleotide
Boiling condition 2 dry wt. #mole/g dry wt. t‘mole/g dry wt.

30°C, 5min 123.63 1.52 0.30

50°C, 167. 14 0.92 0. 43

60°C, 200. 00 0. 50 0.53

70°C, 197. 14 0.71 0.49

80°C, ~ 196. 42 0.75 0. 14

100°C, ~ 159,28 - 0.38 ° 0.24.
Cold perchloric acid 321.4 1.40 0.16

N, 3-% 7 P:r-f F-%tiso°c~so°0‘éﬂ bEhotfo. TOEIZ0°C~TO°CTT R/SFH
Z, Z4—ba—vEHIC 100°CHMML, HHEEBERBAIL LTS -2 7 LAt F F,
AFEBER ST, DT TOMBRRERC OO THRE L.

(3) TARIHA, A4~ ba—rvOEBLICIEEBIFNZHESZER  Btoil Lidso®
CTRL, I5E% | H~604 3 TEILS . HLEOMMEEAN LR OREORS &
BT . TORBREB TR I NATH Table 4, A¢—Fa—v T Table 5 DT &L
TH5.

3-R7 VL

Table 4 Effect ‘of incubation time on the formation of ‘nucleotides in boiled
extract of Asparagus.

Bolling condition | IVee /N8, | STty we, | “imotess oy w.
60°C, 1min 94 0.91 0.14
” 3 # 142 l‘. 08 0. l‘,‘
v 20 147. 1 1.09 0.01
v 60 # 143.2 1504 0.01

Table 5 Effect of incubation time on the formation of “nucleotides in 'bpirled'

extract of Sweet corn.

e or UV.g0/100mg 3'-Nucleotide 3'-Nucleotide
Boiling condition o dry wt. Emole/g dry wt. “mole/g dry wt.
60°C, imin 94.0 0.61 0.28
” 5 # 142.5 0.49 0. 40
” 20 ~ IIO. 0 0.17 0.35
v B0 96.0 trace 0.21

TANS HFATIREBMERIZEB5 -7 LA F FORERIEED 7205

BETB5-RILAF FE, I-X7 LA F FEMNSL,
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FRRAMCHRET2 SO BRAKENEBDLNS.

() 7y E—Y ZDOEFIBREBFE5-R7LvaF FOME  HLROEEFEMCS Y v
E— Y ZDHEDBHES S5-I/ VvAFFOEABEDONS:. ) ve—y XOHEERETRIZ
Fig. 4 DT LS TREZBORE 7.

Raw material ‘Raw material 2048
|

Blaml:hing Solid 200g Selasoning solution 1208
' | ' I

Canning Solid 213g Liquid 107g

Fig. 4 Outline of Green Beans canning proccess.

B 77 v 7y rHEoREY, MERKSORIMMEETII>LTZhZhS-R 7L 4F VR
ZRMEL/-EERIT Table 6 OTELTHB.

Table 6 Changes of the total 53-nucleotide in canning processes of Green Beans.

Sample applied | 5'-Nucleotide |Content per can 5’—N£gf:gfide

g “mole/g g “mole/can
Raw material 5.0 0. 122 204 24.9
Solid, after blanching 1.9 0. 167 200 33.4
Liguid, after blanching 1.8 0.032: ' fre o194 6.2
Solid, after canning 5.2 0.111 S 218 L 23.7
Liquid, after canning 2.6 0.128 107 13.7

INBROFNG BEEEMNL L bDOTH 50, MY pmole THEEL, 75V F v 7k
DHONFER DM 2{HICET Z C EMBHON: CNRESTFHMTHIZATP. ADP L&
DRYFRT 2=+ ONRECEICDOTRUVNEZAOND. RMEBOBBYHERIhTD
5-X 7V FAF FORAICIIHZ D#aﬁzaﬁf?;ﬁxof:. HE, 1M D TR -7 LA F FRAR
BT 2L RHAOFRMT® 5-2 7 LA F ¥ RIEZBERDERNY R0 5-2 7 LA F K
INTNFLOA, CRIZRRMMORRICL ARS TR EIE £ 527 2~ F ORI
X3 5-RIVAF FDEREEEREICHED 5-R /L4 F FORMME MR -TIOL S 1%
R 51 bDEBbNS. S

(5) TARGHADBEBLILHEIFADR 7 VA F FHEKOEL RO ZEEBL, 24
FEWEIC ST S 5-R 7 LA F FROTETHME L S BRI & bHTREENSDTH 54,
ZORRICAONTIE T R/ LAY FRIRAT 2 b KD DARE 15 I A A - T
HUt., TASNSFHFRA, R4—ba—vZ20THEBEZDZ TR LT BLLEBIC, ThiKk
MoBHMLTE°CT S5 A LETRL. i LAEY LI TR L. 2hehizo
WTHATAI BT L5 T A—TRILAF FHEER~LEETRE Fig. 5 DT THB.

HrOAELEHESTHE Table 7 DT &L TH 5B .
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a)

100

Raw Asparagus,

200
Fig. 5 Chromatogram of perchloric
acid extract of Asparagus.

b) Boiled Asparagus,

¢ ) Boiled extract of Asparagus.

CNEDTARIHROYBLIZBIT B5-X
2V FF FOHINIT S-AMP OMINAEKRT

HEMW, Ty an—nl, THIVLELLE
BT &Mt En@BEhoins. 272

TNEFEC ATP. ADP MEHLICH -
THAT 22 &, Bk X7L4s FRABL
Ko Hngds cthsivohiz. ADP.
ATP@M@wwofstAMpaifﬁﬁ*
NBOTRHELDPEZEZONSE. COXIITR
JLALFEN KRR 2— b XDOBIRE 5™
AMPOAERERMIKTHE LBDNS.
(6) TR/ SFHRAR, Z4—+a—vDHELL
TS MR Sy D AL
— b a—yv FFEMTIREC 5'-R 7 LAF M
WMT 2 L3TTICEDONTOEM, Kl
WA E LT Ackk. BTIEENE, RN ARMHEN
LOBIBRIEEOWTODL L INRERT H TR/~
1.

T AT H A,
L100°C T 5 HME M TR/ TH
Ry L AT >WTaR L/

TARTHA, A4

Z KD 5 RN
Lo @
TOFEER T2

A4~ pba—v

Table 7 Changes of individual nucleotides in boiling process of Asparagus.

Sample Frac. Frac. Frac.5'-AMP|5'-UMP,| Frac,| Frac.| ADP |ATP | Frac.
A B C E F G
distribution of
Raw 260(% 9.65; 13.8 3.0 5.83 4,151 3.14 | 4.34 | 20.9
aspara :
paragus { mole/g dry wt. 0.78 | 2.21 0.69 | 0.94
distribution of = - .
Boiled Vaeo(%) 11.3 €.5 0.7 2.15 2.41 1.63(1.53 | 2.16 | 1.55 | 13.8
asparagus
(solid) |#mole/g dry wt. 0.37 | 0.64 0.38 | 0.28
Boiled disgribution of | 11| 8. 3.28 | 2.15 | 1.34 | 1.80 |trace| 0.80 [ 17.4
extract of
asparagus | “TOIC/E 9 T 0.74 | 0.55 0.20

Distribution of UV.ee(%): % of absorbancy at 260m# of each fraction to a total absorbancy

Frac. B. : Mixture of bases and nucleosides

of the sample which was applied on column
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FHAITDTIE Table §, Zs—ba—yz20 T2 Table 9 OTELTHA.

Table 8 Content of phosphorus in some fractions of raw and boiled Asparagus.

Phosphorus #mole/g dry wt. of material
Boiling
condition i -Total Acid-soluble RNA
phosphorus fraction fraction
' Before boiling, in solid 195. 20 29. 40 8.82
100°C, 3min After boiling, in solid ‘ 189.8 37.6 8.55 !
i
| After boiling, in liquid 33.2

Table 9 Content of phosphorus in some fraction of raw and boiled Sweet Corn.

Phosphorus #mole/g dry wt. of material 1
Boiling

condition Total Acid-soluble RNA
phosphorus fraction fraction ‘
3 i
Before boiling, in solid | 299. 72 98. 45 34. 80 1
N . i 1
100°C, 5min After boiling, in solid 219.61 18.78 32.04 ‘
After boiling, in liquid 1 67.67 |

TANRGTHA, Z1—ba—yOIFNLHHEHULICEZ2ELEDEL, HBLIZL > TERYD
D, BAEERSML Lk hoa#l LTRIREN TS, RNA oRBSRAEIEEA
ERRIIEDI o7, BHLONKRICETS RNA RSO TOMKELOMAKIL & ZH .

(7) TR HZAOFRMUICHES RN A BEBERAROR(L 725 M 2K DBIEERRT
B B X URRIEMIKI AR E, RNA l3ET A THMLABOLMBEL, Khroil
BT 100°C TS5 AN LA #, RRORRBETE e AR LUENS AT L0+ S
57 4—Ffli0/. TD207 5412 Fig. 6 DTELLThs.

TANRSHARNADTNA ) MBICE - TAHEOE/Z I UAF FhtERah, wihd 3-

164
EMing calution
dalalalsle
x a
104 @ < 3
3 ° Fig. 6. Chromatogram of alkaline
2 é digest of Asparagus RNA
) 2 after acid extraction.
3 =5 Raw Asparagus
05 g % mllm DBoiled Asparagus




FE2-RIVLAFV EEZONSE. TANGFHR, Z4—bI3—Y EBONTRABLICELS
RNA OBRORBRAE D 7. LIcHoT, TAh ) FRICK > TTOBKREREEZRRTS
EHLHROZFERIDLO, RNA BHOBRERERERT L Table 10 0TELTHE.

Table 10 Molar ratio‘(‘)f ‘alkaline digest of Asparagus RNA.

Sample CMP . AMP . UMP GMP
#mole/g dry wt. 8.94 8.65 8. 49 8.02
Raw asparagus
molar ratio 1.03 1. 00 0.98 0.92
' zmole/g dry wt. 8.07 7,94 7:84 6. 42
Boiled asparagus
‘ ‘ . ~molar ratio 1.01 1.00 .98 0.80

AMP 0ELV¥ZE1&ELT CMP. UMP, GMP DEAKEETLTVS. ChODORNA
WkIERE— AT 2 O L L THREDOTERL. KL OWRICEY 2 HMklk
FEBZNTNEHO T &S Kl LIEBOTR—IEE— S MlEH - 72 RNA BEhEh Rk
HEEEETHMEESNS bOLELONEG. COXICHLELAFTOHE RNA OARIIBZD
EZohmnd, BMLEAELNO pH KO0 TREEBEROENOEBEEE RTINS L. £
CTETHRONTCMRIZEY 3 pH OBz >0 TH~ .

(8) BEOHSHICET S pPH OEYE TASFHA, RA4—tra—rviErEISF4XL,
50°C, 285BI pH 3.0~10.0 DFMH®D Buffer TIREFL, fMBKOENBRIE LUER SN
o 5-BHME 3-RILAFF BEMEL:. HRROFDTELTHE. TANIHA TR
Table 11, 24— F 23— {2 Table 12 DT+ TH5.

Table |1 Formation of nucleotides in the autolysates of asparagus at various pH.

: pH UV260/100mg 5'-Nucleotide 3'-Nucleotide-
Buffer solution Initial | Final dry wt. rmole/g dry wt. #mole/g dry wt.
4.0 4.1 58 0.83 0.90
Acetate 5.0 5.1 114 0. 80 0.83
6.0 6.0 49 0.83 0.83
Tris-amino 7.0 7.2 35 2.29 0.75
methane 8.0 8.0 76 9.62 0. 80
9.0 8.8 108 12.1 0

TRARSFHA, Z4—Fa—vEBI 5-R7LAFF BT pH 8.0~10.0 ORMIcE—7
NHY, 3-X7LAFFHEHLN B, pH 3.0~10.0 FTHRARECED >N, DI
oo pH ICEF 38, XRIL4 v F, RIVLAFFOMBEA NI LIDZ ST 74—T
Ef- R Fig. 7. Fig. 80OZL<TH5.

DA E12 Table 13 DL Thb.
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Table 12 Formation of nucleotides in the autolysates of sweet corn at various pH.

. pH UV.g0/100mg 5'-Nucleotide 3'-Nucleotide
Buffer solution Initial dry wt. £mole/g dry wt. “mole/g dry wt.
Acetate 3.0 { 207 .24 1.96
Lo 274 1,47 3.39
5.0 320 0.82 3.14
6.0 310 1.03 1.28
Tris-amino 7.0 | 266 1.03 3.56
methane 8.0 341 3.75 92.62
9.0 319 7.62 2.98
0.0 |- 300 16.16 2.73
a) ﬂ
L5 |§ ' % 1.0 4
‘o 2l &
3 a
g g 3 051
= B
” lJLﬂL_J
J . 50 100 I50 Tibe Nos.

b Elution sotution

||z|3|slsls

b)

e S 2]
~
»
C> ~
— [ty
o g
_‘3'
~ &
— S
)
-
o) —
> 260 5
AMP
UMP

} 50 100 150 200 Tube Neg,
Fig. 7 Chromatogram of autolysates of v
Asparagus homogenate. 50 %0 190 Tuge No;‘
a) pH 4.0 b) pH 8.0

Fig. 8 Chromatogram of autolysates
of Sweet corn homogenate,
a) pH 4.0 b) pH 8.0

TRNRFHATIE pH 4.0 THR 7 L4 F FOEHERMNEHONSEH, pHE.0 DS HZDEE
&Mt TOEMTIR 5-GMP, 5-UMP. 5-CMP, 5-AMP OHEXHEHTIS.
7. A4—bI—IZBEWNTIE pH 4.0 TRIEEAFR I VA F FOERIIS A, pH 8.0
TERANDEDoN, 3-& 5-XILAFFREIERCKRETH 7.

(9) HMEFERICE D 5-AMP D5 % ENZNOHELF EIC ST RNase, PDase, PMase
OFERFIEL /-8, pH 6.0 125 TE RNase, PDase 13122 AL BEHoN 18- 20 h8,
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Table 13 Contents of nucleotides and. related substances in the autolysates of

asparagus and sweet corn homogenate at pH 4.0 and 8.0.

Sample ‘ Frac. B CMP AMP UMP GMP
As Distribution o0 @
paragus at pH 4.0 of UVaeo(%) 20. 6 9.1 3.8 6.6 32.8
#mole/g dry wt. 1.36 0. 34 0.77 3.11
Asparagus at pH 8.0 Dm“%?%$w“%) 6.3 11.0 15.2 30.7 30.2
| 260( 7
|
" rmole/g dry wt. 1.85 1.17 3.61 2.61
Sweet corn at pH 4.0 DiStrig;’%‘{;‘wo(%) 7.0 2. 45 trace trace trace
Emole/g dry wt. 0.87
Distribution - = = e
Sweet corn at pH 8.0 of UVas0(%) 7.2 1.48 5. 44 5.86 10.7
#mole/g dry wt. 0.25 0. 48 0.71 0. 89

Distribution of UV,q0 (%) : % of absorbancy at 260m# of each fraction to a total
absorbancy of the sample which was applied on column
Frac. B : Mixture of basés and nucleosides,

PMase 7213 M otc. ThTHBELEMN 5-AMP 29M T 2 ELERN B DICIEMKIC
WL TEN L7 HEEE#E %A Authentic 5-AMP KIFRI S+, ZD4HEEHRH~<:0M Fig 10,
Fig. 11 oL Th5. ‘

TANRTHABIUZ 14— Fa—vThoOBEd pHS~6 IKHRA T 5y 2—E DY — 7 %
DI Mbhot.

Asparcgus Sweet zorn

. 100 500
2 > .
> 3 \
.é € 2 60 '.\
: ¢ e—
H -
® T :
& 0 s (1 J i ] s 0 1 1 i i s

3 4 5 6 7T 8 9 (0 3 4 5 6 7 &8 9 10

pH
Fig. 9 pH-Activity curves. Fig. 10 pH-Activity curves.
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FHOD, GBS RZOIHICBINT ADP 3L ATP ZHIBLTWEH, HBETR
WRIFR, A4—FI3—YREOTHINODFHEZED . KEARID PEDTEPICBNT
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ATP 5 5-AMP OHBESERITTEELOMENDSE. TANIHA, A4—t3—V
CHBOTIE v & 2 v— 4 kY PMase OFEHENSHE. B LIEL - TT A5 H 2T 527
V**FﬁuZ%E&@WL,14—b:—ytugthaﬁmua#qt.wavampH-G
) HEBR S RBRRTINIER, TR/CIH R, Ra—ba—vE i pH 8,0~10.0 12—
JEBOCENDh . COLDIZHNO pH TRESESMELDOMERETRTN, HEHLEHE
TRETVUBIRBEROTHRZA oL L. Tk, Chi3v4 25DLH75-AMPLS
D5-RIUAF FORILEH LN & b EFF TS,

TANRIFH A, A 4— b 3— v OHEEELEIZHOT PMase ((9)%88), PDase, RNase, DN
ase OEMAE L2 45F, pH6.0TI: PMase OARMT T EMTEL., O EhoRBL
ZEFIEBNTIRS-R 7 V4 F FOERERIZ ATP. ADP OBMBIERTHE b -
fo. MEOHMEBELRI OO TRGEENTIOLDTHS.

:2 ¥

Dowex 1 X8 ZH 23 RMHF 4 (2X30cm) 12X -THIMICHISEER LAY FE) KRR
72— FESEODWTREIE L. TRSFH A, Z4— b I3—WLHICHENT ATP, ADP
DEEEZRD FHR LBV THBENEBS-R 7 L4 F FEMEIC L > TREEN, 50°C
~G60°CT 5 HEDMHEL5-R 7 LA F FEBEHh 7. COLILS-R7 v AF FOEMD
BERELTTANIHRA, ZA4—Fa—vEHTRABLEMHFICEOTATP, ADP O2#
IS 5 -AMPOBMALEKERL LT R EEBHLND. T, ) EEBRSMEELROEAIC DWW
T, BEALHRLATRHD S L 1.

BY I ELOEANHARERE S ADTCEHLBH - -REESTENRSHOF 4 B K CERICZES
S NEATFHBAFRIZEROZLET.
A HHIWTOM04E B RRBE T RaTREL /.
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