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STUDIES ON NUCIEIC ACID RELATED SUBSTANCES IN FOODSTUFFS—\1

CHANGES OF NUCLEIC ACID RELATED SUBSTANCES
DURING PROCESSING OF SEA FOODS

Takénori Mouri, Wataru Hashida, and Iwao Shiga

In a previous report (Journal of Fermentation Technology. 43. 35, 1965), it was
noted that the level of 5'-nucleotides extracted from some sea foods with boiling water
was higher than that extracted with cold perchloric acid. Related to this observation,
some factors involved in boiling extraction were investigated.

Fractions of nucleoside polyphosphate in perchloric acid extracts of Asari (Venerupis
semidecusata) and Kuru vaebi (Peaaens japonicus) were separated by means of a large
scale column of Dowex 1x8, These fractions were identified as ADP and ATP.

The extraction of 5-nucleotide of Asari or Kurumaebi was most effective at 50-70°
C. and was highest after 5 minutes extraction. The increase of 5-AMP in a boiling
extract of sea foods was accompanied with a decrease of ATP-and ADP. The increase
of 5'-AMP.-may be attributed to an enzymatic breakdown of ATP and ADP. Decompo-
sition of RNA was relatively smuall in sea-foods under experimental conditions. The
formation of 5-nucleotide of Asari was examined after autolysis in buffers of various
pH at 37°C. As a result, especially at the range of pH 6.0-8.0, 5 -nucleotide was
accumulated but 3’-nucleotide was found only in trace amounts.

* AR AR A LR LA EgE@Ammed L oMK Ts 5. TRUCHEE, SRhz
B otcZ ICEHOI LTS ’
EERE 1274372125 P. 409 (1965) Fr
i AT B TROXOMRSEERT 3.
5'-AMP: adenosine-5'-monophosphate(s’-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-3'-monophosphate(5'-guanylic acid)

RNA: ribonucleic acid RNase: ribonuclease ‘
DNA: desoxyribonucleic acid DNase: desoxyribonuclease
ADP: adenosine diphosphate PDase: phosphoidesterase
ATP: adenosine triphosphate R PMase: phosphomonoesterase
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(1) HREHEGIEIIHED S5,

(2) MEHBE RIRB X0 (Venerupis, semidecusare) k5% 2 (Penaeus. japonicus)
B, DFRSTEBETE B E—CID, K2 EREMA KT+ 4 X LA RICH
ORGTREL L, 5 ~10% DBE LB IFE TR L L2 R THUAEL, 5N-KOH
THRMUGHERATE L%, TAa— A 8HT Y = THEICTHEN S URE & L.

(3) sk #5-H30E3-27 LA F FRINES? OBREICE -7, HADX 7L
F FldDowex 1 X 8§ #fH59B8HF L/ 0=t 577 4—TiEghiL7-. Schmidt-Thannhauser 33
K& > T4H, BRAUGHES RNAKEIBER L., TONTRNAFESCONTIRIN-KOH
TII°C. 18~20BMMELTE/ X7 LA F FE LTRRBBARAEE~:. T/, AOHRE
AREBI2pHOEBEFNZ DI MBERHE LMY X7 3 /4 2 v EEEAERL:. S
#1Li3pH4,05 2 4 12 pHS.OIC B T50° C T 4 MRIRE LA . RIBRZTEMRAESEH T 4 2
09277 4 —CEREL.

(4) BERGEHORE HMEBERKIE 2EROKENL KTHDLEMNS KEY + 4 X L71-#%1200
rpm THHELL »@L%&zﬁmbt.ME&@ﬁméﬂoﬁ%w;ot.
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(1) KBZAT, BXVEMAOEESTAY. S HOMBEOMIE /L4 P, 2
7»#%Fﬁ@%%ﬂmfﬂ%Lt®c.7CLm;avﬂ/rfu+z7J—1® (75 d oY O
TREELA. £7. 322008 2 NHIFE,  BEERHM T EFT A0 5N-K O H IT THAE,
AELOSE L LG 2 YRR EB DR 5 4 (2 X30em) ZWBE 7. D707 b
75612 Fig. 1 OZELTH 5. f\ l
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KD, ZOCZEEDHIRADP, TRATPTHBC LAERDL.

(2) KBZAT, HIVOERLCSIIMBABREORE ITHAOKUTFTTHBLLEA
ORS-R 7 v A F FROEEHFE L. AR LERThEhOBREITH60mIDKkEED U+
EVFARLTH—ULENZ 108 AN S SRIRERML L, Z20o&E LikENIE5 %8585
R THUE LHRE IC 100ml & Uiz, HAE LTHEY 54 2L RbbE AR EEE T
Li:bDFR o7z, ZORE, {BH2AMiTable 2. 502 Table 3 DT TH 5.

KBFAT, HEDLLS0°C~T0°CTS-R 7 LA F FEME <, 100°C B L UnIsEE
ABMHOBAI VD L hot. (BZATTROCTHLLTHAEM, 7427+ 2—HOIf
RATREOVHEEDRS, 24, 3-RI7VAFVREBEAEED SN AN 1. DFICZOHIM
RERIC DO THRI L. '

R¢
0. 0203 04 05

@ Solvent O Authentic ATP:

Fraction I

Fraction H

O ‘
@) Authentic ADP
O
O

O Fraction 1 boiled for 3 hour, fraction T'
O Authentic AMP

Fraction H boiled for 3 hour, fraction H’

Fr, I', 3'-nucleotidase treated

Authentic Adenosine

Fr, I, dgcomﬁoééd with HCI

O

O

O Fr, H'.. 5'-nucleotidase treated
O
O

Authentic Adenine

O Fr, H'., decomposed with HCl

Fig. 3 Identification of Kurumaebi fraction I and H by paper chromatograpy.
Solvent 2; n-propanol; conc. ammonia water.

Solvent 4; saturated ammonium sulfate; {M sodium-acetate; isopropanol.
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FLAREINAMSES - RIVAF A~
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—t

o

0.2+ ohs.
HBEHIZDVTHLBTAVLAHEEEL
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Fig. 2 Absoption curves of Kurumaebi HIZER, ) #—2, REOELIEE] 21 :
fraction H and I i .
2THY, 1H1:1:3THo7. Bl
Table 1. Molar ratio of ribose and phosphate to base in Kunumaebi fraction H and 1.
Fraction Base ' Ribose Phosphate
H 1.00 0.92 1.89
1 1.00 0.85 2.83
Table 2. Effect of temperature on the formation of nucleotides in boiled

extract of Kurumaebi. (Penaeus japonicus)

Boiling condition e oo, | 1 mmleg aoy .
30°C, Smin 170 25. 44 trace
50°C ” 178 36.25 ”
60°C ” 155 23.29 ”
70°C I 155 | 29. 43 ”
80°C 4 133 28.92 ”
100°C ~ 170 20. 79 "
Cold perchloric-acid extraction 94 14.03 "
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Table 3. Effect of temperature on the formation of nucleotides in boiled

extract of Asari. (Venerupis semidecusata)

ar .
Boiling condition 5'-Nucleotide

# mole/g dry wt.

3'-Nucleotide
& mole/g dry wt.

| 30°C, 3min o 11.64 0
‘ 50°C ” - 11.64 0
60°C # 11.98 trace
70°C ” 13. 94 "
80°C ” 7.37 “
100°C ” 9. 84 ”
Cold perchloric-acid extraction 5.37 K4
s oo (3) KBLAU. HEHOK
QR e e dslel e sgere jo WLezuaaﬁ%mvﬁoE
8 &t arp
: R . 2 b RO LI 50°C T
: KU, ISR 1 S3~604) % THE
o LRt MtEoOnRERE

Tume rogers Y3

Fig. 4 Chromatogram of perchloric acid-extract of raw_- _

Asari. (Venerupis semidecusata) (a large scale column)
2N-HCOOH

2N-HCOONa

12 2N-HCI

Solution; 11 {

HUBREDEEORSE RBEIT

7. “OHRIIB2A

T Table 4, HEYH TR
Table 5 3L ThH 5.
5NC?§<5§KU'%S

DEBIESEM-R 7 LAF FRMS ., ZHUEMMAEEL T 5L WP T 5 MAKDH
&, iﬁﬁﬁG%ﬁTWW%JWCEﬁﬁﬁmiétwﬁC&#%%E%%E%ﬁﬂ&ﬁ%@@

UBERESEET IO TRIELWAEELSNS
TALHOhMEKRFEHEEDNS.

2B/ ZXIVLAF VO BSOERMEICHE

Table 4. Effeet of incubation time on the formation of nucleotides in boiled

extract of Kurumaebi. (Penaeus japonicus)

- s UV.g0/100mg 5'-Nucleotide 3'-Nucleotide
Boiling condition dry wt. # mole/g dry wt. # mole/g dry wt.
60°C, 1 min 94 17.44 0
v 8§ 7 142 23.23 0
v 20 110 16. 13 1]
» 80~ 96 16.25 0

4)@*h@ﬁmlﬁmﬁwémaav¢¢wmﬁé&ébmﬁm@;I?@Hgsmc&

THEEBDICHE 7.

BR 77 v F v 7oY. NEREECARMERHI DLW TEL T
ZHIE LRI Table 6 DTE L THD

X I7LAFFE
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Raw material

l Blanching
“Stripped” meat
l Rinsing
Ca‘n‘ning

lSterilization

Products

Raw material
' “Stripped
shell-fish 166 g
!
Solid 210 g Seasoning

194 g

solution 100 g |
!

| '

138 g Liquid 168 g

Solid

Fig. 5 Outline of Asari (Venerupis semidecusata) canning process.
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Fig. 6 Chromatogram of peréhlofic acid
extract of Kurumaebi,
a) Raw Kurumaebi
b) Boiled Kurumaebi
¢ ) Boiled extract of kurumaebi
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7. ZOESITRYEFERT 2~ FEDDHRE S-AMPOAEREMMLEAKTH L EBLNS.
(6) KB2AT. DROOEHRLICESISBEBRASOE <BIAT. bIVEEMITHICS-
R VAF VESEMNT 22 EBTTIRHEDONTOEN, BEENISE LT, Bk,
RNA#AEN LORMHKICENTOARATRERT hER /.

CBEAY, HEHDAEANGNAL 100°C T3 4MEH T R4 T ik LATkoB R Likitc-o
WTHIFLA. TORRIZ. (BFTACHLTIE Table 9. H X ITDTIE Table 10 T
EL{THA.

KBFAT. HEH., OTROEB LICIAEMRBLLOLA, Hl LI > THREY P2,
EEUTiAMESE, RNABMHA LEHDOLME LTRSS TLS., ZOXIICRNADMAG
L2, B OARIEM 7. BHLONBICBE 3RNARBIC OO TOBRIERDOHER LS
Pt Ea S o
(7)) HEDOFWLICHS RNA BREERAROEL H3DED BEEBTAERS &
CHaiitEmR 5 2B %, RNA WRZTA A Y THRLEZLOENHE L, Ahoil»HTI0°CT
5EEH LA th, FMONBETL -2 REHEERBL BHO AT A0 1S5 7 4—%6

Table 8. Change of individual nucleotides in boiling of Asari.

; Frac, | Frac. | Frac. | 5'- 5'- Frac.
Sample A |B |c |amp | Ump | F | ADP | ATP
Distribution . = - - -
Raw flesh of UVieo(%) 9.72 5.71 2.53 8.79 1. 90 7.13 2.21 4. 81
s # mole
of Asari /g dry wt. 2.34 | 0.73 0.58 | 1:24
of material
Distribution - = = - -
Boiled flesh of UVaeo(2) 11.67 3.58 0.57 12.20 8. 45 1.36 0.88 0.27
. # mole T
of Asari /g dry wt. 3.66 | 0.36 0.26 | 0.05
of material
. Distribution ‘
Boiled of UVaen(osy | 10-68 | 7.88 | 2.01 |14 | 2.44 0.89 | 0.21
extract - ‘ .
. # mole
of Asari /g dry wt. 2.38 | 0.68 0.28 | 0.04

of material

Distribution of UV.4e (%): % of absorbancy at 260m# of each:fraction to a total
absorbancy of the sample which was.applied on column.
Frac. A and B: mixture of bases and nucleosides.

Table 9. Content of phosphorus in some fractions of raw and boiled
Kurumaebi. (Penaeus japonicus)

. Phosphorus # mole/g dry wt. of material
Boiling condition <
Total Acid-soluble .
phosphorus | fraction, RNA fraction
Before boiling, in solid 430..1 250. 2 31.8
100°C, 3 min After boiling, in solid 282.6 177-6 26.4
After boiling, in liquid 124.8 ‘
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Table 5. Effect of incubation time .on the formation of nucleotides in boiled

extract of Asari. (Venerupis semidecusata)

o - | UVz60/100mg 5'-Nucleotide _3'-Nucleotide.
Boiling condition i dry wt. #mole/g dry wt. rmole/g dry wt.
60°C, 1 min { 97.5 9.76 o
v 5w 15 8.17 0
v 20 v | 138 8.54 0
v 80 # I 175 5. 31 trace

= BrDERBAHET AL Table 7, Table 8 DT L THA.
TR AN BEAY, HROOENLIEBT H5-X 7 LA F FORMIZS-AMP OB A&
AELTWBTE, TNERIFIZATP, ADPHEMLIIE-TLT ST L, EH, 2L
Ay FEGbW ohigme sz &hEnont:. ADP, ATPORADICHE-TS-AMPODIE

TEHERINAZDTIRITOMEHZ

ond. {AEATVOHA

5~ IMPHERTEEHDI -

Table 6. Changes of the total 5'-nucleotides in canning processes of Asari.
Sample 5'-Nucleotide | Content Total
applied per can | 5'-nucleotide
g’ # mol/g g - # mol/can
Raw material " 5.0 0.40 194 8.
Stripped shellfish ’
(afte—r blanching) 4. 29 1. -18 166 24G
Solid, after = =
(boiling and washmg) 5-41 0.45 210 95
Solid, after canning 3. 56 0.74 138 102
Liquid, after canning 4. 33 0.74 168 124 i
Table 7. Change of individual nucleotides in boiling of Kurumaebi.
I F ] (3 R
rac. | Frac. | Frac, | 5'- 5'- Frac.
Sample E A B c AMP | IMP F ADP | ATP
1
Distribution - -
Raw flesh of UVago(%) 9.18 2.18 0. 89 11,73 0.33 6. 14 3. 47 7:93
of . #t mole
Kurumaebi /g dry wt. 8. 47 2.50 | 5.70
of .material :
. ‘ Distribation q 9 95 0.2 ¥
Bolied flesh of UVaeo(%) 19.72 2.25 0.21 | 27.40 8.99 trace | trace | trace
of -
. # mole
Kurumaebi /g dry wt.. 11. 45
of material’ I R
. Distribution
Boiled of UVgao(oé) 21. 25' 2.73 20. 10 6.26 trace trace 1.28
extract of - —_——
. 4 mole L.
Kurumaebi /g dry wt. 3. 61 0.77
of material

Distribution of UVego (%): % of absorbancy at 260m# of each fraction to a total
absorbancy of the sample which was applied on column.

Frac. A and B: mixture of bases and nucleosides.
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Fig. 7 Chromatogram of perchloric acid
extract of Asari.

a) Raw Asari
b) Boiled Asari
¢) Boiled extract of Asari
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Fig. 8 Chromatogram of alkaline digest
of Asari RNA after perchloric acid
extraction.
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Fig. 9 Chromatogram of autolysates of
Kurumaebi homogenate.

a) pH 4.0 b) pH 8.0
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DTSR ZE -7 RNA HEOBOEEL BEKRT ARINEEDLEELLN
5. COLICHEBLEHFTOHED RNA OHRBBEDELONL Y, BB LEAUAD
pPH KB TREBBEROTEH O LELREN L. ECTETHKROHSHMICET 5 pH
DEBICOOTH <.

(8) HBOETHMACE TS pH OB (BEAT, H&VAREIF4 XL 50°C T pH
3.0~10.0 OHWHDBEEHK THREL , MLEOENABUINE LOER SN/ 5-HB 1 23-R 7

VAT FEERELS:. #RROED :‘& {T#% (Table 12, Table 13).

RBEAL, HELEBIS-X 7Lk F FTIE pH6.0~8.0 DHEMEIZE — 736D, 3-x7
VAFFRIZLAEIBEEh -7, DFIC pH 10550 pH 8.01CH 1 5 BEMMUOKE,
RIVAYE, RIVAFFRRENF L7975 7 4 —TH~HERE Fig. 9. Fig. 10

ZETHD. VFINL pH 4.0 & pH 8.0 £RNTTLTH 54, HEHL BRSO ICR
50T, FRHERCOFTETIRTELL. TOERE Table 4 0L THB.

{BEAVTIE pHA.0 LB THS-R 7L A4F FIREMLTV 34, pH 8.00EZIMED

Table 10. _Content of phosphorus in some fraétion_s of raw and boiled

 Asari. (Venerupis semidecusata)

| i | _ Phosphorus # mole/g dry wt. of material ’
Boiling condition - ¢
Total Acid-soluble .|
phosphorus " | fraction B RNA fraction
Before boiling,in solid 150. 6 126.6 72.2 \
100°C, 3 min After boiling, in solid 3.1 81.3 62. 1
‘After boiling, in.liquid 131.7

Table (1. Molar ratio of alkaline digest of Asari RNA.

Sample ' CMP AMP | UMP GMP

Raw Asari # mole/g firy wt. 18.70 20. 48 12.67 16.61
Molar ratio 0.91 1. 00 0.61 0.81

" Boiled Asari "] # mole/g dry wt. 13.01 14.94 11.61 12.25

Molar ratio! 0.87 1.00 0.77 0. 81

Table 12. Formétion of nucleotjdes in the autolysatés of Kurumaebi at various pH.

. pH UV260/100mg 5'-Nucleotide 3'-Nucleotide
Buffer solution Initial Final dry wt. # mole/g dry wt.| # mole/g dry wt.
4. 4.0 81 ‘ 10..00 0
Acetate 5.0 5.1 64 11,10 0
6.0 8.2’ 87 - 13.53 0
7.0 6.9 85 12.97 0
Tris-amino méthané| 8.0 8.2 100 13.29 0
9.0 9.3 6.35 0
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HEOTIZI pH 4.0 T, =714y Fﬁ‘;lifik'fli’ch&_“ 5-% JvEF FiziZdohish
ot PH 8.0 TIZ5-R 7 LA F FiZ pH 4.0 KH~NTEn 72, '
(9) HEEEBICL B3 5-AMPOS HBLEMNS-AMP 0T35S B0 E»IEH

~ie

KBZAY, Habrhed+4 X0, KTHEWLBELELERE authentic ® 5-AMPIZfEH S

+,

T O RAEFE D Fig. 11, Fig. 12 TH 3.

HaY. {BEATEBIC pH 5.0~6.0 & pH 8.0 ikt € — 7 &> &b 1.

Table 13. Formation of nucleotides in the autolysates of Asari at various pH.

: pH | UV.g0/100mg 5'-Nucleotide 3'-Nucleotide
Buffer solution Initial ~ Final | dry wt.. # mole/g dry wt.| #mole/g dry wt.
- 7

3.0 3.4 52 377 0
Acetate 4.0 4.2 \ 43 4!."‘/'6 0

5.0 5.0 56 [ 7.80 trace
6.0 6.1 77 10. 58 ”

7.0 7.0 97 11.50 trace
Tris-amino methane| °° 7.8 106 1. 42 ”
9.0 9.1 | 14 7.35 ”
10. 0 9.8 119 5. 97 ’”

Table 14. Contents of nucleotides and lerated substance in the autolysates of
Asari and Kurumaebi homogenate at pH 4.0 or 8.0
Sample \F‘agw“‘ 5' -CMP [ 5'<AMP | 5'-UMP | 5'- IMP | 5’ -GMP
Distribution ’
Asari, of UVieo(%) 13. 26 0. 86 0.97 trace trace 2.04
at pH 4.0 # mole/ ‘
g dry wt. 0. 44 0. 40 0.68.
Distribution i
Asari, of UVZGO(%) 22.81 1.62 trace 6.61 4. 65 2.25
at pH 8.0 # mole/ y .
g dry wt. 0.40 1.43 .60 -|  0.22
Distribution
Kurumaebi, of UV,e6(%) 1.67 1.33 25.75 trace 1.85 trace
at pH 4.0 # mole/ - :
g dry wt. 0.50 5.00 0.79
Distribution - e | .
Kurumaebi, of UVaieo(%) 5.63 trace 54.75 ‘ trgce 3.59 trace
at pH 8.0 # mole/ . :
g dry wt. 14.88 2. 15 |

Distribution of UV,40(%): % of absorbancy at
absorbancy of the sample

Frac. B: mixture of bases and nucleosides.
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