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Studies on Nucleic Acid Related Substances in
Foodstuffs - X1V

Nucleic acid degrading enzymes of asparagus

Takenorl Mourl, Wararu Hasuipa, Iwao SHica
and Suiro TERAMOTO**

Ribonuclease (RNase), phosphodicsterase (PDase), and phosphomonoesterase (PMase)
active fractions were isolated from edible portions of green and white asparagus and
purified by the DEAE-cellulose column technique.

The enzymatic pattern of the white asparagus was the same as that of the green
one. For the RNase fraction the optimum temperature was 70°C and the optimum pH
ranged 7.5—8.0. The PDase activity could not bz ssparated from the PMase fraction,
the optimum temperature and pH for the PMase fraction were 50°C and around 5.0
respectively Four kinds of 5’-nucleotides, 5'-AMP, 5'-GMP, 5/-CMP, and 5’-UMP were
accumulated at pH 7.5 with the digestion of yveast RNA by asparagus RNase. The
PMase descomposed ATP, 5'~AMP, and 3'-AMP. 3’'-AMP was decomposed more rapidly
than 5-AMP.

It seems reasonable that the presence of nucleotides and their related substances
in raw asparagus and their changes during the mild heating of asparagus with water
at around pH 6.0 may be accounted for by the action of nucleic acid related enzymes.
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3. ShE: B 5 ¥- 27LAFFRIDESY OMREICK-7, BADRI VAT
2 Dowex L X 8%f53A5470=}+2 357 4 THAHR Folin-Clocalteu® 0Efa#kEE
280 me OBITE > TERL A, Y VEEERIZ Fiske-Subbarow #HhiC# -7z,

4., BESEBRTHONEE AR, KoY 0#EicHE LT RNase, PDase, PMase, DNase
TEEAE BT U7 s R R ATRY Tlom< TH 3.
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1. DEAE-cellulose [C & 3BEZROSE

HEEE 2.5/ IKHBRT v & Y23 TMA, 18500X G THLDEEL, &L 7:kR%E
0.01 M acetate buffer (pH 6.0) iciE#®L, €0 LB#%* 5°C ©—K 0.01 M acetate buffer

(pH6.0) BPTHEH L2, BFAE (EORE LT 300mg) = DEAE-cellulose # 54 (3%
25cm) IKRkE & & acetate buffer (pH6.0) T 0.01M &9 0.6 M £T gradient elution %
fTtiot. 207 o=+ s 541E Fig. 1, 2 DT EL{TH 3.

Fig 1RV —v72~5H R, Fig.2l3+%94 + 7R/37 A A THiC RNase i3 pH 7.5 THl
F L7, %7 PDase, PMase FEH#i3ic pH5.0 THEIELIBENCE L P E—7 2R UAN
frE b—& U, —fmic PMase Aaditififk &% > Tir/c. RNase, PDase, PMase ##ho ©—
sERERENE—27 A, B, C, tRicHhELL.

E—7 ALDWTHEOHEBHEENICLTE 707 3 7 4 2Tl /. THbEZD
RA4EBREER Lo BkEmET 4y 0.01 M acetate buffer (pH 6.0) it L THEFLZOAMRE
DEAE-cellulose ic@E L% 0.01 M~0.3M Z T gradient elution L7, #0272 o<ts 35
Lt Fig 30T L TH 5.

TN = TRNFHABREKRTD -7, PDase #itk, PMase fiEDH 2 ¥~7 BL COoRBA%
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Fig. 2 Chromatography of the extract from on DEAE-cellulose columnm.
white asparagus on DEAE-cellulose

column,
ERERL S0 hEAEDZ0% 0.01 M acetate buffer (pH6.0) (ZHL THEITL Z0 WFE
DEAE-cellulose # 7 4T 0.01 M~0.5M % T gradient elution THEEL #2813 Fig. 4 ©
CELTha.

Fig.d 3474 F 7255 2OATHS 1
wla
7%, PMase & PDase itk 4Gl AL K £|o
=13 312
BREKES KL, SV —YTRSIH ‘E CIL C 112
y o 03
ZHEETH o7, TOEETIE PMase K N . 10
GBREVEDIBEEO L -7 BBELTH z 02
BLEMNEZONIOTHUEEL 0.01M- 501 50 03 tal
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WLTENL, TOREES > L®H0.0IM 0w L
Tris-buffer (pH 8.0) T bufferize L7 Fig. 5 Rechromatography of PMase C fraction
from white asparagus on DEAE-cellulose
DEAE-cellulose 27 & € 045 0.3M & column,
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TORBEEKT gradient 1ITHIL LRI Fig.50T&THA.

PMase o vr— 7 3—@dobhitc. O —7 i3 PDase EESHB oM. 4F 5/~
AMP %#EE L L, ft3% PMase RIEDHEEE LT3 PNPP &3fTic pHS.0 TERS €&
% 5-AMP 28T 227 LAF L4 —¥DE— 713 PNPP £#H L5 PMase &< —&
Liz. COBBERIY —YTRAIGHASFTAPTRNIHRABEARTSH -7,

FHRoT s ABERTHER 7 v = v THEITL, DEAE-cellulose THEL /- #EEBICET 5
RNase, PDase, PMase OE#EBs X UHEHOHER Table 1~3 0T E(TH 3.

7)) — v T AR5 HZADES RNase 3 504&, PDase 131345, PMase 310058, /&7
4 b TR HADEE RNase 1310065, PDase 126015, PMase 131005 BEICEE S k.

Table 1 Purification of RNase of green asparagus.
erar RNase Protein Specific activity
Purification step (units) (mg) (units/mg protein)
Filtrate of extract 3,500 1,646.4 2.12
(NH4) 2SOy salting-out 443.8 253.4 1.75
DEAE-Cellulose 1 298.5 21.4 13.88
DEAE-Cellulose 2 206.0 2.80 73.50

Purification of RNase of

white asparagus.

e RNase Protein Specific activity
Purification step (units) (mg) (units/mg protein)
Filtrate of extract 2,100 1,617 1.12
(NHy) 2S04 salting-out 437 147 2.99
DEAE-Cellulose 1 217.5 3.1 68.8
DEAE-Cellulose 2 102.1 0.91 113.3

Table 2 Purification of PDase of green asparagus.

e PDase Protein Specific activity
Purification step (units) (mg) (units/mg protein)
Tiltrate of extract 9,800 1,646.4 5.95
(NH,)2S80, salting-out 9,643 253.4 38.05
DEAE-Cellulose 1 1,161.1 21.4 54.20
DEAE-Cellulose 2 193.6 2.55 75.90

Pu

rification of PDase of white asparagus.

ses s PDase Protein Specific activity
Purification step (units) (mg) (units/mg protein)
Filtrate of extract 6,888 1,616 4.2
(NH4)2S0s salting-out 1,267 147 8.6
DEAE-Cellulose 1 411 6.2 66.3
DEAE-Cellulose 2 300 1.2
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Table 3 Purification of PMase of green asparagus.

ses s N PMase Protein Specific activity
Purification step (units) (mg) (units/mg protein)
Filtrate of extract 373,800 1,646.4 227.0
(NH4):S04 salting-out 75,522 253.4 297.3
DEAE-Cellulose 1 65, 790 21.4 3,071.4
DEAE-Cellulose 2 31,930 1.2 26, 608.3

Purification of PMase of white asparagus.
e PMase Protein Specific activity
Purification step (units) (mg) (units/mg protein)
Filtrate of extract 318, 080 1,617 196.7
(NH4):S0. salting-out 118,070 146 803.0
DEAE-Cellulose 1 58, 800 6.2 9,483.0
DEAE-Cellulose 2 17,000 1.26 13,492.0

2. SEINBREROEEZT

MEOBETER SN BLBELOBHTEB L - RARKICH L T 24BMEBIR 2T 1. &
DREEBERE L TEOUELZ L 5~

2—1 i@ pH: 88 RNA ZEBRZLTE-—Z7AL

1% RNase FEHEDE®E pH i Fig.6 T2 < T 7.5~

8O0THot., iBE—7 Aid BPNPP ITiZfFB LD » 0;

7-. BPNPP Z##HIzLT¥—2 B (PDase i&tk) Dk moquf\?ffﬁirj
% pH 12 Fig. 7D & {5.0~5.5T% »7-. PNPP 2% Pes e T80
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Fig. 6 Effect of pH on white
asparagus RNase activity.
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2—2 BEWELEM L OBE : RNase, PDase, PMase ic >\ TR MR & Gtk & 0BFKZ L
>~%& Fig. 9D E<{ T %. RNase, PDase, PMase ¥ d 0.1mi~0.4m/ DFEEH TEY
SEBBEENS 7. LB -TEROMETIE RNase, PDase, PMase 4~8 unit OfiOE
I 2 X5 KRR AEMRL CERCERS .

2—3 fREEE : RNase, PDase, PMase £h &0kl pH TORIGEEOEERR Fig. 10 O
T L TEMBERKIE RNase © 70°C, PDase T 50°C, PMase T 50°C TH »7:.
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20—5 HEH  FEERrEhEhEE pH © 0.2M BEHECTHERLUE 4« OBRETI05R
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2—6 &BAFTVBIUHEANORES : ERROBHICREZT LB/ A V- REZAELTO
REOEEBL L S5BE Table 4,50 &K TH 3.

Table 4 Effects of metal ions on some enzyme activities.

RNase PDase PMase

A B c
Control 100 100 100
wor | ogiEd | i &
CaCle g % 109 16
Ces0s ; & = 114
CuS0, " e - P
:: : % :
MnSO4 % 101 Z -

— : not examined

Table 5 Effects of anions, and chelating agenis on some enzyme activities.

RNase PDase PMase

A B C
Control 100 100 100
: 6 x 102 M 95 94 12
NaF 6 %X 1002 M 92 86 10
- ” 82 88 62
Na=HPO4 ” 75 76 a8
o 110 101 123
EDTA ” 105 92 119
. ” 120 100 119
Na-citrate ” 103 92 114

RNase 3 Cu*, Zn™, Co™t KX DHEEXN, PMase 3 Cu*t, Zntt Itk hEI N,
FL— R EDHEER RNase WXL TY) VBN ETHAEETHY, PDase i NaF &
Na:HPO; itk W #FFHEZ Nz, PMase 12 NaF, Na.HPO, itk b FEL {EINI:, 27
BAENSIERZT 2 DORBALE P 7.

3. Ef3 RNA OBRMRICLS V-XRIVFF FOER

FIBOCEL TR/ I HABELROHRTEY -2 Az RNase 2B T % 0 CEF RNA IZ1ER]
XY T+ORREEHE L O~ E—27 ADBEBS% Tris-buffer (pH 7.5) & T Fig. 13 ©
CERIE& BT DEA RNA OFERIZHINSTH »72. Fig. 14 ICFRT L DICEF RNA
DI E T 5-CMP, 5-AMP, 5-UMP, 5-GMP & 4D 5-2 7 vA4F FHBERT ST
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Eluting solution
!
40mg of yeast RNA 2|3 ]al's [e]7
—RNase
500units of RNase A in buffer (pH7.5) 0.51

GMP

CMP

—37°C, 22hrs, incubation

Eae0
S

—HCIQ, treatment, supernatant

o)
[——— 5“AMP
[ ———=5-uMP
3 Co—==5

—active carbon trecatment

A

Sample for chromatography 50 100 !
Tub. No.

Fig. 13 Digestion of RNA Fig. 14 Formation of 5’-nucleotides

by degradation of yeast RNA
with fraction A.
LBED oI,
4, RILVFFFEBLUZOFREFICXT S PMase S 0ER
PMase iE#DH 2 ©—2 CRUTBDOC L { AREE PNPP 24T 57120 TR BRROE~
ORBRMCRLTEREET UL, T1abb ATP il T Fig. 15 KRTHETHER S ELER
12 Fig. 16 DT &L TH3. HorUDRBRICEEE LTINA . authentic ® ATP 358
nT, ADP, AMP, 77/ v vi&EiRahs, -2 7 LA F FEDO—D>E LT 5-AMP &, %
fe -2 LAF FHEO—2& LT 3-AMP 2 £~ 7 CE{ER S BAaMBERICRE Y pH
DEBLTRTE Fig 17T O & THE pH AMEHIC pH 4 ~51h 7. 2t oDHE
4RI E Table 6DTEL THB.

ATP (20mg/20ml) 5.0ml Eluting solution
—PMase f{raction (28,2 unit) 2.0ml
—IM buffer (pH 4.5—5.0) 1.0ml
—incubation, 37°C, 1hr
—HCIO, treatment 1.0 2 4’ 7 I 8
—active carbon treatment °| I
Sample for chromatography 2 o
g |5 3 o
Fig. 15 Degradation of ATP E 3 5
['e]
os{g
@ o
- (=]
g0 100 N
£ 80 80
o 40 40 L l
T o 50 100 150
c g i Tub. No:
40 H €0 80 40 6‘:1 80 Fig. 16 Incubation of asparagus
p= P PMase fraction with
A—a 5-AMP a—aA 3-AMP authentic ATP.
Fig. 17 Activities of PMase C to 5-AMP & before incubation
or 3’-AMP at various pH. 4 after incubation
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Table 6 Activities of PMase C fraction to 5’-AMP or 3'-AMP.

. Protein Specific activity
substrate unit (mg) (units/mg protein)
5'-AMP 17.49 0.12 145
Green Asparagus
3-AMP 38.7 0.12 322
5-AMP 10.8 0.10 108
White Asparagus
3’-AMP 21.6 0.10 216

F-RIVUAFFIIRTAEEN -7 LA F FicddaiEHL

oy Euina s D b1 2 EERERD - 1.
llz 1C %7 5-AMP #5352 L Fig. 1807540075
o .g LRTRT LIILHEEDLR.
',2 2 % 7- RNase BHOESA #2727 L4 F FYTIc BPNPP 12/
| R NARREDONUM ot TS ) —VTRNTHRE
S8 w74 PT RS HAREESZIF KL
Qs
’ =4 z
0\ TR HAOBETUESD > B TE— 7 Al RNA 258U
fgﬁ.m 0 7-#8 BPNPP K RfEB Lisd -7z, F1, PDase, PMase E# 0

Fig. 18 Incubation of as- BRSERIGTBZENTEL. COBED RNase iFE12318Y
paragus PMase
fraction with DA RNy ‘:iﬂ'j’ ATIA 'J ﬁﬂ{“ RNase, ‘3 Fow oy a—AD

N ?)th:f:tll:):cibeﬁgi RNase :HZERBAL LTV IR A—BETH20THIIEMA
i after incubation BT ILEND B,
¢ @ RNase i&#Eiz Eavens® @ Serratia marcescens, 1525
O Streptomyces No. 41 /-8R TO < v Y2 v — AFEKICHBL T3, PDase B K4 #-
PMase C K444 RNase A K4+ i24E &/ PDase B K43 & PMase C K43z Sephadex
G-25, Amberlite CG-50, DEAE-cellulose T X ~TRECHEET 2 & T A—BLER
BRBOMREHLRTEOLELONIBHMOVWTRUBRELHET 3.

Zo¥—2i2 ATP %#4#3 3 ATPase, 5-55W3 3-AMP 2483327145748 —+
FEHARBELTVAEEZONE, LY -RIZ7VAFFIDHI-R7VLAFFRBERTS
CERBEKENCETHS., CNODERLOTANIHNARKEF LRI VAT FOERHICONT
EETB.

BEHITIZ nucleoside polyphosphate OFEHKEL -2 7 L4 F VBERI N5 BSEERIC
RIVAFE—ERBENDRERI VAV FUTETHREIN R LA F FELTOFRRIIRAL
731y, pH 6.0 TAFOFRM L (Erkil) LEPORBGTREBR»S BELFHR LT 2101
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PMase #E#E13458 pH AT T THH0LBOFEMNEET 5121z ATP—ADP—5'-AMP
=Ty ONRERRED O EEBDN 5-AMP 0ERIE S-AMP ho 77/ vV RAEE
naHEELHY ATP-ADP-5-AMP it B 2 EFDOHFBHENHDTREWPEZEZONEMNIDL
ERABBRFTALENDBERDNS. 3- 27 vAF ¥ RNA ODBRTELERT 2 85HA
EBELBVWLDEEZ OGNS, TAHYENTRRZ LA FLF—EEEBKAZREENT )
RNase FH#E0OT RNA OFFICEIDAED 5-2 7 LA F FEBERI N 3.

CDEB3IRT AT H ATHBEERMT PMase, PDase ##{ RNase 8faE 71 n )
< RNase B, 4 2 7 TREMN T RNase 3 <, ZOBREMNBEREZOBEICXY 5'-
RIVAFFOPHELTELLIZEBT 35 -7 LA F FARORAENSLLEINELENALD.
T RNFHARCBWT PMase BSHCL - T 5-RX7 LA F FED 3-R7 LA F FDHH2 52
BB AMENs LI ER VA8 Py v a2 v—AIKRBINBVEBNTHEH -7 L
AFFOEHLAABOMBR O IBCLiIcbmRTIEEZ ONE. BEY OREICXZA
2o 5- 27 LA F FAHEA TR plant type 2 RTHDENVZI LD, FLTDOXSUBERSE
KE>THBOFRESBL L TEEREIRED.

= #

T A5 7 AT B EOBBEEE T % DEAE-cellulose AW THERSH L 20 o> 0—FiH:
BEL LR

RNase Eito v — 7 1 {H, PDase [t —2 18, PMase Fo v —7 1 EMED L.

LTEA QL HL X RNase (¥—27 A) T pH7.5~8.0, i&F 70°C PDase (¢—#7B) T
i3 pH 5.0, i&E 50°C, PMase (¢©—2C) i3 pH 5.0, B8 50°C Th -7,

INOORERPST A5 A ZOFEKMB (HHL) IKBF 3 5- X7 LA F FOERSHRHAL
Nic, =ovanv—st I UABERERTEVA 27 LRBHMNCBOTBEZORENREL
STHEDINHBHBED 5- 27 VA F FAGNERNOEEE GO TEDLEEAONS.

ROCEABERER BREELCSSRKOCBENESRD » T3 REERTEHMRNEH O 2B
FUHBESBIN - SERFOABTFRICESLET.
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