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Studies on the Organic Phosphates in Viscera of Aquatic Animals II
Acid-soluble nucleotides in the liver of carp-

Nobuo 8ex1 and Tsuneyuki Sarro

Abstract

The acid-soluble nucleotides and related substances of the liver of carp
have been separated by anion-exchange chromatography at low temperature.

The following nucleotides have been ‘characterized and identified: CMP, AMP,
ADP, IMP, UMP, UDP, UDPAH, UDPH, UDPUA, GMP, NAD, NADP and .
ADPR. .

In addition, the following nucleosides, bases and a few unidentified .
substances were found: uracil, guanine, hypoxanthine, xanthine, uridine, inosine,
adenosine, guanosine, nicotinamide, CDP derivative and AMPS (or AMPS
derivative). ’ ' :

Among the nucleosides and bases identified from the liver of carp, inosine
is the major component. The nucleotide pattern obtained is different from
that reported in the preceding paper for the hepatopancreas of abalone.

Neither pyridine nucleotides nor UDPUA were detected in the hepatopancreas
of abalone.
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d K K 2 % # [Xvlil, 3

=8 b ¥ 57 4 ~OBEERRDOSDEHERLIZ,
HiO (pH 10)
"iso-propylalcohol-sat. (NH4) aSO~HO (2 : 79 : 19)
iso-propylalcohol-N-HC1 (8 : 2) k
methylalcohol-28% NHOH-HqO (6 : 1 : 3)
ethylalcohol-M-ammonium acetate buffer, pH 3.8 (75 : 30)
ethylalcohol-M-ammonium acetate buffer, pH 7.5 (75 : 30)
n-butanol-acetic acid-HaO {2 : 1: 1)
WSz iE, pyridine-acetic acid-HsO (1 : 10 : 289, pH 3.6) 2\, MAKIZREMM No. 50
AL EEIR 25V/cm 21, 3.5 BRKEII ¥,
BBRIKIT MR OMBICKD b D% U120 '
nicotinamide, galacturonic acid i2 FIYEREIK T8k &4, glucuronic acid (lactone form) i3
FERT &S, NAD i Sigma Chemical Company. #,

\lmO‘IhNNH)

X R N 2

2 4 PR 24g *ﬂ%wﬁﬁimﬂﬂtﬂi&aw A< k&I a% Fig lLigRLI. HORIC,
15 1730~ 28BN

Peak 1 :

LOY— 2244 RHMIECRE SO LES, B IOKTEHShIEST, 2oty
Ns.,wfﬁgﬁmﬁinactm%i b3, LOBSDHEI nw by 7 a%, Fig.2 IGRLI &
phic&ESHE HCl TEBite U, BEEROE2TORBRZ2REL . BRI 7 =TT
Na—uTEH, EELIDL, ﬁ‘eéﬁtcvuxfﬁw&Jmito

1-1: ZOY~20RABTIRZ <2 b rid, pH 2 T Amax 262mp, pH 11 CRIL{ Amax
262mp HB, CRIZ=aF BT I FER—DARY NV Thb, BE6T, —rt—Zu<h
¥574—%135 ¢+ RE0.82 2RL, BED=aF B7 it FR—EKTEDT, CODIZ=aF
By FELRELR,

1-2: ZOE~2h5 R 1T Rf 0.73 3K 0.50 %77 2HOARy b B5N0 3B, Rf O
KigB3H% 1-2-a, NS B HE 1-2-b £ T 3,

1-2-a it pH 2 T Amax 260 mp, pH 11 T Amax 267mp DAY MV BFT, YK~ 2K
HEINnLev, BB RT bbb, U5 VEHRLI.

1-2-b BT F /Lo DAY MR, HEE Y R—OEVEIE 1:0.88 mao YAl 1,2,3
TRMOTF /oLl hiLR——buehF 57 4 —%1F5 &, “Rf 0.50, 0.18, 0.17 %5RL,
WEN L BRI —EEAB5DT, LOLDIRTF /¥ Tdh b,

1-3: TDE—2h6 bWEH 1 TR—x~2uv by 57 12975, Rf0.82 & 0.37 257
SRAL D, PRENEROY Y ORI T2 ii—8KT 5. BIRRIRA RS FVORR
5 b, AIHEE pH 2 310 pH 11 C Amax 263mp, ##Hid pH 2 T Amax 248 mp 2R,
HBEDLIXY K- XRBRIHIN DO, PLLEOREREDS, CO¥~2RBYIDVEST=UPE
Thde

1-4: ZDE—~ 238 1,2,3 TR—n—on< b 557 4 —-%’“’ L, ZhFh Rf0.52, 0.40,
0.23 2RL, WFhIEBEDOL XYL FLrie—HKTE289 b 25 5, BIHRRIZ <2 bovid,
pH 2 T Amax 250mp, pH 11 T Amax 259mp Kb %o LLEDS EREFYL F 2 LRAEL I

15 LU~y RBBRIBLY 2T N~ R—snT b ¥ 57 4 —%fFE 5, REOT2 L 057,
BEP RE043 & 041 27RT2HD ARy FHELNB, LhEDRIMBBINZ <Y b Vg, VT
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Fig. 1. Anion-exchange chroma’oogta)_phy of the acid-soluble fraction of liver of carp
The acid-soluble substances of liver (24 g.) were extracted with 0.6 N-perchloric acid and
chromatographed on a column (¢ 1.2 cmx18cm) of Dowex 1x8 (formate; 100-200 mesh) and
then, eluted by the stepwise system as shown in the preceding paper. Fraction size was 10 ml.
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.. Fig. 2. Rechromatography of peak 1 .
After charcoal treatment, peak 1 (equivalent to 56 g. of liver) was adjusted pH 10-11 with

NH,OH and put on a column of Dowex 1x8 (Cl- form, 100-200 mesh, ¢-1 cmx 10 cm). Eluting
solutions: A) 0.1 N NH,0H-0.035 N H(1-0.005 N Na,B,0;, B) 0.001 N HCI-0.0002 N Na,B,0,.
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b R EOKZZ2HWPA 7+ (Amax 250 mp (pH 2), Amax 254mp (pH 11)), /N2 BHH S
7/ (Amax 253mp (pH 2)) %R0, HEE 1TV TE IR ~-ZXDENMEIIZ 1.02 & 082 T
B, PUEd»s, ZhZhi s v 070 v ERIRLI

1-6: ZOHDREE 1,2,3 CR—n—2n< ;2374 ~%1F5 & Rf 0.72, 0.43, 0.26 %L,
WINAEEDA VL BERI-5p B4 v ie—FT B, BIHBRIA RS bV A4 sV
DENLE—Td5, VX~ AREE1ENYD 092 Thollo LELLLDIDIZA /2 ThH B,

Peak 2

B L TCR——2u< 57 4~%475&, RE 0.85 & 0.55 2 R"T ALy b BB SN B, RE
HOKIZB3FHIE, FOLrRILFFROEMBRNR <& v emil, HELRY) L BOE VL,
1:1.80 T35, WHAE» S, LD bDik CDP BRELEEIN S, _

Rf e 351, Vo YF—~2E icRHINS, 29070 ORMRRINZ <2 k%R
TOT, ChiFVYoFULERAEL.

Peak 3

LDE~IRVFOLHRIVAF FORMRBUR <2 MV eRL, YoV ERY CBDENV
Wi, 1:083 Tdh3, HHBED 5°-CMP & & it 4,5,6 TR—n—2u< b 574 —%2179
&, EhZh Rf0.53, 0.37, 0.58 27/, WIhbBEERIC—HKT 3, Plkhb, Ty oDid CMP
Td 3, ’

Peak 4

ZDHDORBAMBIRZ <7 b7 5 7 v ieflad, KCN I kb, HFHie 327me i
Y—»BN 5, Rosenberg 5DFED C, LDsDRA— v —T458 (120° 151b, 7 43fH)
U, HRESBMZR~-R—ra< bS50~ OBRMTEE, 3EOARy FWBBLNZ, L
b1, =aF ®7 i F, AMP, ADPR (ADP-Ribose) & [RIZEL 7z (Table 1), LLED S, ZDH
Did NAD (H#EINZ, NAD, V¥ ~2, Y v BOE VI 1:1.71:1.80 TH5, FTHE
™ NAD & & b ZHH 456 2HNT, <—x—2n< k557 1 ~%4fF5 &, Rf0.45 0.16, 0.18
AL, VTN RERC—EKTIDT, LDbDik NAD LREL T,

Peak 5,7, 8, 9,12,13 O — 2 IR BABRBILR < Fov, YEE, Y H—ADEEME <~~~
a2 bS5 T4 ~EOHWRERL D, ZhFh, AMP, UMP, IMP, UDP-N-acetylglucosamine
(UDPAG) i3 XF UDP-N-acetylgalactosamine (UDPAGal) @ {&4&4%, UDP, ADP :RIEL 1z
(Table 2), $72, ZNEDY — 2 IXFERD 7 7 CHFHWD> 5872, Peak H, J, L, M-3, O, P 0%
-2 tR—DbDTH %, Peak 6 1 Peak 1 iZ#84L, REETIEID 5 BBBBS TR EE
Abnz,

Peak 8

LD~ 23 EHO%N Ew/Eso DED/IIL23DT IMP Ofic PEDOBIDIBIEL TW
BLEMEAOND, COLDIXITEE S5, 6 CTR—»t~2u< b &57 1 ~%{F5¢ R mp, 0.45,

Table 1. Analysis of autocleaved products of the peak 4

P
aper chr(igflatogra.p hy U;\ Xéxsl()ggga Ribose |Total phosphate| . .
I per mole per mole Identification
Sol. 5 8 pH 2 ‘ pH 11 base base
0.78 0.78 - 262 262 — — Nicotinamide
0.37 0.25 258 260 AMP
0.16 0.26 258 \ 260 1.8 | 1.88 ADPR "
o Y R
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Table 2. Separation and characterization of acid-soluble nucleotides from liver of carp

Total PC*
Amax (mu)| . Content
Peak glb;s;ephols)-hate Sugar after Rf values Identifica- |umoles/g
P base |per molel DRydrolysis tion - wet
pH 2jpH 11 P ace Sol.4{ 5 6 weight
3 280 | 271 0.83 0.53 | 0.37 { 0.38 |[CMP 0.08
4 260 | 260 1.71 1.80 0.45(0.16 | 0.18 |NAD 0.16
5 | 258 260 0.91 0.89 0.44 | 0.34 | 0.15 [AMP 0.50
7 262 | 262 | 0.81 0.88 : 0.62 | 0.41 | 0.21 |UMP 0.18
8-1| 250 | 254 0.92 0.96 0.61]0.32 | 0.21 [ IMP . 0.88
8-2| 260 | 260 1.98 3.14 NADP
' foomami UDPAG
- glucosamine
9 262 | 262 0.95 2.10 N-acetyl 0.33 | 0.37 UDPAG al} 0.30
galactosamine|
" ) glucose UDPG }
10-1] 262 | 262 1.94 galactose 0.26 | 0.32 UDPGal |. 0.18
10-2| 2568 0.87 0.77 . 0.33 | 0.10 |GMP 0.17
11 258 | 260 1.70 1.88 . 0.16 | 0.26 |ADPR 0.04
12 262 | 262 0.27 | 0.18 {UDP 0.10
13 258 | 260 1.85 0.21] 0.14 ADP 0.45
gluculonic acid - P
14 262 | - 262 2.02 | galacturonic | 0.58} 0.22 |UDPUA 0.19
acid .
uniden~
18 258 | 260 _ tification
. AMPS or
17 267 | 269 0.90 0.98 AMPS 0.19%**
derivative

* PC is paper chromatography using Toyo Roshi filter paper No. 3. Solvent systems:
4; methylalcohol-289¢ NH,OH-H,0 (6:1:3). 5; ethylalcohol-M-ammonium acetate buffer
PH 3.8 (75:30). 6; ethylalcohol-M-mammonium acetate buffer pH 7.5 (75:30).
*+ Values are expressed as Rupp.
*#* Value is calculated as AMPS (adenylosuccinic acid).

0.44 2 ZNENTT, MIMRRIN X <2 boviz NAD & 17z 2% 2 b VT, KCN #2475 & NAD
ERUEIC, 327mp iTHLVE~2pBbh s, NAD, Y ¥—X, Y BO TV, 1:1.96:
314 THBLEMB, LObDIE NADP L EA bhB,e -

Peak 10

O~ IR CR—t—2u2bd574~%175&, REO032 I 0.10 2757 2{HD
2y %29 B, R EOKRZ 5HF55 10-1, 10-2 &7 3, '

10-1: SRAMBIL A2 b VZ D Y OV BFRL, HEERY OBOTALIE 1:1.94 Thr. &
B5 6 TR—sm2uv b5 57 4 —%fF25 &, Rf0.26 032 %50, withs %D UDP-
glucose (UDPG) it—¥% 2%, N/100 HClL, 100° 15 4HZ D& D 20T 5 &, UMP:& UDP »
BHINZ, BES TR =)o ERaD L T4~ 2EETE L, FYra—REHF P L —RR
—$35 2 EOWERE 285 (Fig 3o Ukdbb CObDI, UDPG & UDPGal (UDP-
galactose) & DREWTH 3,

10-2: Zhid Table 2 OHHERD 5 GMP & REL 7o .
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Peak 11

CORIVAFFRR, 7F /o v igfllc AR b v%Rd, €—~2 4 (NAD) DA~ 2Vv ~T4
fETHI. ADPR & & L icPi 5, 6 TR—n—2u< b F 574 ~%4175 & Rf 0.16, 0.26 2211
FRRL, WER—KT 3, ik, Y ¥—2, RUBMOTVHIE 1:1.70:1.80 TH 3, HMEldb,
ZDsDiz ADPR %A 5N 3, '

Peak 14

O~ RNV ORI IV EIFRORABBILA R v ERL, VIV ERY
BOENVHIZ 1:2.02 Ch 2H5, BES5 6 T~n~2uvtb&357 4 —~%175L, Z11¥h Rupe,
0.58,.0.22 %573 MT, UDP FHiMik: & A 515, N/100 HCl Wk E%1T5 &, UMP & UDP
‘C_“&TE:{F? P “&ﬁ%o

MW ME ethylacetate-acetic acid-HaO-formic acid (18:3:1:4) CRHET 3 &, v n MY T
B2y FHBDbNB, T2 Gee 5 DFHED ikt - T pH2, 80°% 304315 2 k > {bL, ethylacetate-
pyridine-HaO-acetic acid (5:5:3:1) CR~rt~2u2e b #5374 ~%ff0>, 7=Yr—FYrui
FETREICIL, EBOIVIu B(52 L B) X5 F 2 u VBRI T A XAty b
BHaN3, 725 2 b~ it hydroxamic acid-ferric chloride 2B THA IV (Fig4d), Uk
b, WS NI a RENSIF . u L BOBEWMT, LO¥ — it UDP-glucuronic acid &
UDP-galacturonic acid 585 $ DE:HEIN 3,

Peak 15

LOY~2i37 =% U hiliiEd 5 OBMHBRE—TH 50T, EHHOE, EDTA fudeiin
oItk Bouv b7 4—2{To00, Bou<bdo74~0bik, €©—~2pBoNshbo1,
BZLLE¥~2 15 BAHMC L 5 goast peak & Bbh 3,

Peak 16

LY~ 2 DRIBRILA 2 bVRTF /o v RETV B3, BNPTH 5, ATP Lidt——

s | A |

*%%

.:‘ !\
-3 ' Fig. 3. Paper chromatography

of suger moieties obtained by acid
hydrolysis of the peak 10-1 ..

1; Auth. glucose, 2; Hydroly-
sates of the peak 10-1, 3: Auth.
galactose. SBolvents: A) n-butanol-
pyridine-H,0 (6:4:8) for 17 hours
x 2. B) ethylacetate-pyridine-H,0
(2:1:2) for 9 hours x 2.

123 |23
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Fig. 4. Paper chromatograms of
sugar moieties obtained by acid
hydrolysis of the peak 14

1; Auth. glucuronic acid (lactone
form). 2; Sugar moieties obtained
from the peak 14. 3; Auth. galac-
turonic acid.

A) Decending chromatography
was carried out on Toyo Roshi filter
paper No. 50 and spots were revealed
by applying the anilinhydrogenph-
thalate spray. B) After lactonized
(pH 2, 80°, 30 min.), B-a was tested
with anilintrichloroacetic acid and
B-b with the hydroxamic acid-ferric
ion test for lactone. Soluvent sys-
tems: A) ethylacetate-acetic acid-
H,O-formic acid (18:3:1:4) B)
ethylacetate-pyridine-H;0-acetic acid
(5:5:3:1).

T

2 £ FTiih ORRE PSRN 7>

B-b
L X

B-d

9

A

Iue b F57 4 —C—HUIZ,
Peak 17

123 123 1| 2

COYDIREIE 56,7 T—rt~2u<bd 574 —%4F5 ¢ Rf 0.20, 0.05, 0.38 2779 A Ky
2B, BARRIRZ <Y Vi Fig. 5 iRTH 2 Adenylosuccinic’ acid (AMPS) @22 |

AP 2T W5B, LOsD% N-HCL 100°

20 S} MR T 5 & AMPS O aglycone D R

PSS EEl—D RS P AERL, 3biKN
% N-HCl, 100°, 5[, #HEPTHMKIEL,
ERG e BEKET RNT AL, TARIYY

L7V Bbhs=re Ry rBiEDR

By b ®2535DT, Db DOOEKIL 6-succino-
amino purine Td 3. AMPS, YV #~2, &Y

LRRDE MK 1:0.90:0.98 Thbh, YR~2R

RERMBRToOTE LRET 3,

BEHIDIE L T NELEOBRBHRITA LD o 12
H, 2 SHR®, 45 R iziz AMPS #il{
ORENHBEDT, TOHLDRIVTH AMPS
FHEOWEELDD, DSTIDTRHLIIL,

T4 DRSO = 2L 7 r ki HFRE

~tog T

- 220 240 260 280 300 Wy

— g} pH 2
at pH 1 .
e = = after hydrolysis (N-HCI, 100,20 min)

Fig. 5. Absorption spectra of the peak 17
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d K K E K& #® [XVIII, 3
FEEACTHEAL, ZORE% Table 2 OBREOITIIRL 2,

= =®

FifTo 17 DO THN Y, 3 4 ORI ORMFEIVIEERRR S 2 L TH 5 &, 7 =4 o XHhit
B, KCBHINZEMNEL, =35 BTk B%h‘aifﬁ%‘t bR KRR L, RS
422 ThB, TAFHRTIE, COESME 260mp CORBECIHEDS k2 12.3% 25EH T
-

RZLAFETR, 77U RH3n: AMP, UMP, IMP, ADP, UDP, UDPH, UDPAH,
GDP Offiz, 351 CMP, NAD, NADP, E5iE NAD ORMEH'Y ThH5 ADPR I
UDPUA 2FEL, =, SOXRRAEDPRX L 4F KBBH SN, 4 FFRPOR 7L %7 KR %,
5:‘:?51‘!1&”’“)‘0)%n2:ﬁ'\“5b., 59 FRCEET 2V Foy, FTP /vy, 7FIV, U

PUOEFIIVCRIAVIIC Y UMY OE = A X ~{LEWtzL, BEALY 4H¥WCGi
%bsctz» E A3 I

SEOHMTTIE IMP SRR ZLA4F D 26% BEDTIH, 24 FFRTIRARNIC IMP"a‘
BUFEC DO E I »iz B TH 505, FERFFHP s} 5 AMP deaminase OERICEE$ 20F%
i adenosine deaminase * DR EILBNT, ZDEELPEBET S b DY, ﬁ*ﬁ#}ltﬁﬁ{?% DI,
EVBNETHB, €T, SEKESHITESD, cnawﬁiﬂé}ﬁ&cnﬂ?éwfﬁoﬁiﬁéﬁ@
T 5,

UDP-#{L&8ic /L T2, UDPAH ;b):—ia?ﬁ)ai», a4 Tk UDPH, UDPUA %3, AIfb 0%k
BH3aN3, UDP-H{LAMY, DYSL oL AF FiIch» 28aI, 8L2 729% THHH, 7
T ¥ TIdK 45% T UMP SELEL.

Fr, DIDURIVAFRIR, EXIVAIFRED 28% 25D, aAHAOERIVTF /v
RIVAFRETHBDRELT, 9IS XIVAFFOEBBEL Z- T30, 77Nl
HHOB &2 FROBERICS b, HBRBEOFANsERZTTIDOLHINS,

| n

2 A4 FEilh OB E RS % SHTL, CMP, AMP, 'ADP, IMP, UMP, UDP, UDPAH,
UDPH, UDPUA, GMP, NAD, NADP, ADPR %2[IEL, XL A% ¥k OMERS & LT,
uracil, guanine, hypoxanthine, xanthine, uridine, inosine, adenosine, guanosine 2HEFEL, 35
i 2, 3 ORAEDLAHLBDI, I AFRMPON S DLEWD % — v RECRELT 7
FERERR & Bt T, bis b OERDBY 5 ht, o ‘

b3 n
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