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Studies on Nucleic-Acid-Related Substances in Foodstuffs
(I) Distribution of 5/-auclectides in vegetables

Wataru Hashida, Takenori Mouri, Iwao Shiga

Distributions of 5’-nucleotides in vegetables were investigated in order to elucidate the role
of them on the flavor of vegetable foods. A total of 5/-nucleotides were determined employing
the 5’-nucleotidase procedure in boiled exiracts of 17 kinds of herbage, 7 kinds of fruit, 19
kinds of earth vegetables, and § kinds of processed foods. Individual distributions of 5/-nucleotide
were determined by ion-exchange column chromatography.

5 fractions were obtained by Dowex 1x8 column from boiled extract of tomato, Among
‘them 2 fractions were identified as 5’-adenylic acid (5'-AMP) and §/-uridylic acid (5'-UMP).

Samples of vegetables were mostly found to contain 1-10x moles/100g. material of a total
of 5’/-nucleotide. More than 7, moles/100g. of a total of 5’-nucleotides were found in welsh
onions .(green), lettuce, immature green peas with pod, tomatoes, cucumber, Japanese radishs
and several processed foods.

As the results of column chromatography, 5'-AMP and 5/-UMP were found to be the
major components in boiled extracts of vegetables. 5'CMP was found in several cases, but
5/~-IMP and 5/-GMP were found only in small quantities, 5'~-AMP amounted to about 0.01%
in the extract of tomatoes. We guess that 5’-AMP may contribute to the flavor of vegetables

under the coexistence of glutamic acid.
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5°-AMP ; adenosine-5’monophosphate (5/-adenylic acid)
5’-CMP : cytidine-5’-monophosphate (5/-cytidylic acid)
5’-UMP : vridine-3’-monophosphate (§’-uridylic ac'd)
5'-IMP : inosine-5’-monophosphate (5’-inosinic acid)
3’ -GMP ! guanosine-3’-monophosphate (5’-guanylic acid)
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Table }-a. Composition of eluting solution. ey RIEINES - T VLTI — &
Solution PERILERTIBERYTERLE.
1) distilled water, 5{0. 1IN-HCOOH 150 mi _, . .
D disel Of N HCOONa o mi  HADE-X7UAF FEAF YRR

including sample @30. 1N-HCOOH 150 ml
solution 200 m!  10.8N-HCOONa (50 m! BHEZ o=}y 57skkok. T5hb

_IN-HCOOH 150 ml
6N-HCOONa 150 ml H Dowex IX8¥FEHL, #J40DF%
'9N-HCOOH {50 ml

.8N-HCOONa 150 ml o RO TR ‘Bergkvist #:4 ¢ &
N HEOOH |§om1 AE DM Berg [l A Y

.ON-HCOONa 150 m!  thg b DIEES i U=, BIIKRERE
Table (-a @I C,5'-X 7 VA F &

® 0.005N-HCOOH 300 ml ®
@ 0.02N-HCOOH 300 ml ®
@ 0.1N-HCOOH 300 ml

®f0.1N-HCOOH 200 ml
{0,05N~HCOONa 200 ml
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Table j-b. Recoveries of 5’-nuclectides by ion DOEIL % Table 1-b Dim< R b D
exchange column chromatography
THotz. ZE < FCOWTRESD
Exp. No. | Exp. No. 2 At orbrXRORETERS A&
" Determined | Recovery | Determined| Recovery - .

® mol. % g mol. | ?;5 5 A% {ER L. Bergkvist L #0% &
5'-CMP 5.29 ‘ 100.6 4.50 102.2 BLTKE2cm, £33 30~50cm, &

5’-AMP 1.7 105.2 . 17.25 101.5 = -

5/-UMP 8.12 1 102.0 ¢ 8.2 oy < EThOkok.

5'-IMP 960 | %7 4.05 89.4 ENEROEDE 10m TCBHEY
oOMP| 686 | 94, 8B ] 94 gmel, AUBAEARKEH (EPU
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Fig. 1. Chromatogram of boiled extract of tomato fractions D and E.
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Table 2. Molar ratio of ribose and 5’-phosphate

to base in tomato fraction D and E.

A% 1 mol. 54 ¥ T\ T ribonucleoside-5 - Fruction ! ¢ abslgx:-ili:ncy) Ribose ||5'—Phosphate
monophosphate TH B Z EERLTnAH., _—A 7 )
D 1.00 0.87 ‘ 0.99
—7UF7374PCJ:9"C, [fgﬁ?, 4, 5] VC E 1.00 | 0.95
|

& o CH4% D, ExEhZh 5-AMP, 5'-UMP
C—FHT5zEn@Bdbhk. Fig. 8 KR o2+ V7 60—-H &R, BEHDEE -7V
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O authentic adenosine #E: buffer (pH2.8) T 48V/cm, 0.2
O e authentic 5'-AMP mA, 6043, PHEBRAKET D LBE~
®) fraction D O BB -AMP 1.0cm, 3'-AMP
o fraction D, decomposed | 5em, D I.lem, 5'-UMP9.2cm
O authentic adenine W4 E 9.3cmTh b, ¥ ziEkiEbuffer
Solvent 4 o (pH9.2) €20V /cm, 0.1mA, 4BH
O authentic 5’-UMP <, ;‘5@,\5 _AMP §.3cm, 3 _AMP
fraction E _ o N
@) fraction E, 5/-nucleotidase 5.7cm {4+ D6.4cm T » T, LITO:
O weated Rasps LCEA DS -AMP, HHE
authentic uridine
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with IN-HCI , ) - A
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Fig. 8. Identification of tomato fractions D and

E by paperchromatography. nigh oz,
Solvent J : saturated ammonium sulfate ; s _ ,
IM-scdium acetate ° isepropanol (2) BiEEBEHBRDROR -XT7 VA
Solvent 3 : n-butanol : acetic acid :
water 4 ;1 :5) : WEEEITEE, BEHTLE, BEH



1028, mMmIaeREDOER Table 3. Recoveries of 5’-nucleotides by the
. method using 5’-nucleotidase.
ENOBEBITONT K5~ go
Agricultural t 5’~Nucleotide | 5'~-Nucleotide Recovery
XIVEAFIEZHEL . canned Sample | determined recovered |
_ , foods | pmol, pmol. |
ERLL -XIVAF &~ ——
| Solid 5.08 1.18
4 Rl ov . v— : —
ﬁ%@@qléﬂ yV Mushrooms ‘ Solid'a.og-i-
AR, FAATH A EES ; Riboude*lo.szs 1.75 0.5 91
| pmol.
d& il -84, Table 3
HEIE LR gE = r Liquid 5.08 1.32
3 o - > A k
RIWLTHS. COBEH Mushrooms | Liquid 5.0g+
ﬁﬁﬂ& L5 -y KX ¥ | Ribotide ?.625 1.92 0.60 96
’ ! pmol. X
U . . b (2 -
AZA4FF Py v a (BB Solid 5.0g 0.60
i:l kod
HBIE) PEHLE Thi Asparagus | Solid 5.08 +
it - : Ribotide (.850 1.38 0.78 92
B & @R ICRM L 2 ide 0
40 pEad ~ * i s
S8 OEIE 291 ~96% Tl * Ribotide : Na salts of §5’-ribonucleotide
ExdDThH- k. EEEOH
Table 4, Total 5’-nucleotide and glutamic acid in boiled
extracts of vegetables (per 100g material)
l Total ! Glutamic ‘I Total | Ghitamic
5/-nucleotide . acid | 5’ -nucleotide |, acid
Herbage vegetables ! Fruit vegetables(continued)
spinach 3.1 pmol. 27mg | eggplant t.2pmol. |  1img
brussel sprouts 1.9 29 E cucumber 7.5 16
cabbage. i 1.9 33 . pumpkin 3.5 <3
red cabbage 2.1 35 | Earth vegelables :
welsh -onion, green 7.0 <5  carrot 5.0 { 5
water dropwort 4.3 13 : Japanese radish 7.9 I 13
Japanese honeywort 4.4 |24 | red radish 4.0 ' <3
Garland chrysanthemum 2.9 l 8 | great burdock 3.5 <3
leaf stalk of dasheen 5.0 ‘ 14 turnip 2.7 29
small onion, green 6.0 i 27 east Indian lotus 1.2 5
Tettuce: | 8.3 ‘ 21 | white potato 2.3 <3
cauliflower | 1.6 ‘ 51 sweet potato 0.4 <5
celery 2.9 ‘ <5 “Wasabi” 1.9 23
“Shakushina" 5.5 31 onion 5.3 25
“Mizuna” 5.0 i 18 Processed food (Canned food)
Chinese cabbage 6.0 . 36 sprout, soybean to12.0 7
«Udo” 2.4 <3 . mushrooms, solid 24.7 (22)*
Fruit vegetables | asparagus, solid | 17.4 (55)*
immature kidney-beans . ' green peas, solid ‘ 4.9 4)*
with pod 4.0 16 :
. green beans, solid | 14.8 (18)*
‘ﬁg‘laggf green-peas 10.5 , sweet corn, sohd 29,3 L o0y
sweet pepper 5.0 10 |
tomato 10.9 103

* naturally existed plus

artificially added
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Table 4 KREEEE 100g ¥ DK -X I VAF FREINVS L VEBEZRLTWS, 85~
RIVAFFREFETRVS R, ¥, BEPTRIPLLALES, b=, &350, BESETR
oz iksimnd 7umol. PYEThHo. MIBRR/TRTEIRLOMCEERREDOT X AT A
R, TV al—Ah TYYeE—vX RA—}Pa—vEEBhoi. MIARTBRWTEI -X
2 VAEF iz 1~10umol./100g D& TH D, F< D 10.9umol. Nz DI CEEGTH ok, B
R .BFOSHR L - TENCANSE DR LERED, RFEMNT ZET BDHLNRIH-
., FwFIvBERImgE Y ERE +~Y, Frey, BT, BRPIn, Le{LE H
2}, F7 @ 103mg/100g8 HEETHo k. FOMMBCHBETHLMAE < 1008 5D
DBAE, Iy vEEI03mgKHLE -X 2 VAFF (5'-AMPOAFE3642 LT) 11§ 4mg T
5h, BORRG -XIVAFFRINVS IVEIVEICDRWEWLS., HHEAERLELTER
LABERCR—BRS'-X 7 VAF FENSh ok, ZOTEERDWTRERIZERZ L.

(3) HEFERHBEDOBLD -7 VAF FONH

BIEOERCTHBNILRG -X 7 VA F FROE > DOV TH, BEcOBRELL<S

ABREAT LI P IFT 4 % FFliotz. Figs 4 RAFRAATHARBED 7 a= V7 46TH
3. BHE@ETHLDLR
A0REE-XJVAVF

1.0 DRAY, @WK O®ET
BT B O TRENRS -

g iy lr' J X AMP, 5'-UMPT3 - #.
" : : !i "‘ (} A diphosphate FEagfk# &1s
oo i N T e yoreasns. Fes
o e @ ® 0 0 0 00 BE-CAKEEOBET
eluting solvent I VAV HKEEAY

Fig. 4. Chromatogram of boiled extract of white asparagus
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Table 5. {&mou»nts of individual 5’-nucleotide 2 PR Bhot. BLF= b
in boiled extracts of vegetables.
RBFERBEICEELCI T
pmol./100g material .
. *OERICIEYTERIED
5'-CMPi5'-AMP 5'-U"MPI 5/-IMP | 5'-GMP
bhte, i 5'-CMP3ES&E
asraragus, green 6 11 6 - * , ,
asparagus, .white 4 7 8 - + wRiigh, 5-IMP, 5'-GMP
welsh onion, green - 2.7 1.2 - - BRALAEBEDDREI-T. #
lettuce - 2.7 1.6 + +
2) . o i
tomato 1.4 30 6.8 _ _ HY FEDELWRE, <y
green beans 2.6 5.3 8.1 - — AN—AROWTDHEDIBERK
withped SRR = ) 55 | 40| - | - ‘s, chbEocHRE
cucumber =+ 1.3 2.0 - - B o5'-AMP, 5'-UMP, K
Japanese radish + 3.8 4.4 = - ;
onion + 2.4 1.5 + - Lz it5’ -GMP #2425 1L T
bamboo shoot | 15| 83| 40! - - Wa., TRLIERD LA
sprout, soybean S 6.6 2.1 — — E{E%ﬁﬂpﬂ)ﬁ‘ﬁﬁf}‘t% PRy
fresh “Shiitake” 28—45 | 62—87 | 41—78 | — | 51—125
common mushrooms + 32.5 19.6 — = x5.
+ :trace

(4) & £

Bergkvist 34 13X # V4 &/ I #i® monophosphate @ & ¢ ¢ di- & f= % tri-phosphate ® 43 #7 3
AEETH DA, KB TRAR D EWHRSE - 7 @ monophosphate L DWW TDRfTR - fz. 5/-
RIVEIFFRUAR 2 TR - I VEF FOFEERBALED R »cd, 4RBERBH L~
b

—REPPOFERE I L RETAEER 7 VAT FREOBEERDOW T/AE, KEOH LRSI, 2
FHOTIY, Lo, Y POROWIOEENSD. ThbORE TS -AMPE 5/~
UMP oFEFLELERD bR T 5. ZBOHEEORETY 5-AMP, 5'-UMP REEx3
DLRBLN, FRDELOTRED L3 —HLTW5. BHUEARICHKESHEND LB .T



EECEREDOHVW 5 -IMP 12 3 & B heho ok, Zuvy L vEBEERKIET 55 -AMPO
BEHNERDEIGLATW5DTY, 5'-AMPOEEREWRKRS L L TIEBTAEIDLEL
bn%. bv PRT-AMPREF.01FKE LA, HIKS -AMP 1577 Y F—¥ick - TEHIC
5 -IMPrZ#xns0C, MITEBCEWTFY L F— YNk, T5-IMPX LT Ek¥H
mFsc L BP/FTES.

FRCLEREEHMYPTO -7 VAF FERERCHELTEVA, ThikEHEREICS
S THEMTAEDLEELBLNRS., BRMIEMES '-X 7 VA F FEOERICOWTHBICRET
LFETHD.

B #

EXHTSE, FEHETEA, BEHIEE, IILRK62EOHEECO W T, BRI EL
TOF - I VAT FEOBGRXLONDRDIC, 53'-X7 VAFS—¥BIV4 4 v KBNS
ATER LT IT AL o CHEEEHRLEDDS -X7 VAT FRERLE. -

b PR LKW TREH0gHEY S X NE L THEDE A2 L Y, AEOHR, ToOphT
5/-AMPL5'-UMP OEEYRHEEL L

FHEBLBLOWTES -X 7 VAT FRIZKHSHER008Y b 1 ~10mol. DRFHT, ZFEX -
B \BEORFIC X o TRICK/NSES D0 L% L bk, RHEOTEEREDONERL -
o, ABCEE LIV L VvBRICRNS L X0HMBIAY L. B205'-X7 A F
F&LTri5 -AMPX 5'-UMP »¥EM, 5 -CMPRETORBEKEBE iz, 5-IMP, 5=
GMPRRBAEED bR sk, F< F TR -AMP & 0.01% kK#E L. 5 -AMP 7 v
I VEBAEO TEHIEORKICA S hEE L2 EOLELLNS. ,

Ry ER, BREARE BREYEHINIRESRKOBED»B-~RAERTERALHD
FARERRLET. AP ERO—BXHEINCEERSTRFHLE FEARAXSHRE - Kl
MRICEHLET. ARRHENBEEDOBRABEZF2RETRELL.
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