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Studies on the Organic Phosphates in the Muscles of
Aquatic Animals XIX

Isolation and identification of UDP-derivatives
in the muscles of abalone and squid

Kiyoyoshi NISHITA*

Abstract

Acid-soluble extracts of the muscles of abalone and squid were fractionated
with barium acetate, and nucleotides in the barium non-precipitated fraction. were
geparated and identified as UDP-N-acetylglucosamine, UDP-N-acetylgalactosamine,
UDP-glucose, and UDP-galactose.

Furthermore, the approximate amounts of UDP-N-acetylhexosamine and UDP-
hexose, and the ratios of UDP-N-acetylglucosamine to UDP-N-acetylgalactosamine
were determined.

L ]

BEIHIITY T T CHRBPOBRTERBRETIZOVCTREN L TH LAV, FOBSEEOR
432 LT 1~2 D UDP FMEOFELHER L 72 KEESHEMALS UDP HMAki ML
7= LT, Bt V. Wylie et al.® I Pacific oyster 735 1 4 &t u— X2 & 5T UDPAG
PEDILCIEERD DA, FTOBRMIZELhIENE I THE, FLHIZSETY 77 BRI
VRN A 4 HHERESECHE ST UDP SFUGEYRAEL 0O TEOBELRET 2,

* BB AREKRERPRELERE
ARECIVCTROBRHEHERAT 2,
UDP : Uridine diphosphate
UDPAH : Uridine diphosphate-N-acetylhexosamine
UDPAG : Uridine diphosphate-N-acetylglucosamine
UDPAGal: Uridine diphosphate-N-acetylgalactosamine
UDPH : Uridine diphosphate hexose
UDPG : Uridine diphosphate glucose
UDPGal : Uridine diphosphate galactose
ADP : Adenosine diphosphate
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RBMHE L UHE

g BBRZRRFITEHOCEEL 2o ODizsz UDPAG, UDPG (Sigma Chem. Co.) %A
L7

N-7eFrrray sy (REABETESRRSH), sVa—X, #¥57+—X, =¥/ —X (F
FAEMRSH), 77 My E{EEIERASE).

N-7%FAH527 +% 3>k Roseman et al. OFHEDNCL 5 THF 7 P H I hbERL

FNhayIViE N-7FAN 343 % 2N BB T 100°C 3 BHEEEHEH ThBRL TH7 v F
WAL T70 - TRABL 72,

Y77 ¥ (Haliotis discus hannai) (JREFEEE CRBTBEEEHLADOEE T3 0% E
F1 40 £ 9 AHVNCTSGA B3R, B L EBICAEL T, HENE 650g #1857, AL LS
71 (Todarodes pacificus) (ZF4E 10 HhANZEHEEHEE THE L TEEL T02 b OhbHBESEE:
RALIN D b DERD, TR, ABEBREL RBRE 620 287,

P+

(1) HhlEE HHERDO 2EDOFED 0.6 N BEHBTHREY . J 1 THE®, HRE®EL
ZHED 0.6N BEFMTREY . F 1 XL, WEROOHFBTICE L THEKEZ AL 7~ T
BEOTE 4 A v RBGTTCBREY, B VLT HET o7, BIbHitHEE: 6N KBy
v T pH 8.2 IZHR%EL oD 25% ErER U U APEHE 100~250ce #3mL T 0°C iz—KHKEL,
SBITERET S ATP, ADP pl OE L L CHBEOSBEIES S U A E L THBS ¥ THREL 72,
EBIIER T pH 3~4 & L UEMER 7 7 4 (bR, 7o 257 4 —FiEMR 40
~45g, $5.0emX15em) IEL TR 7 L 4 F F BB S $io, ROTEMK Y T 28 K8: L THb,
M/100 EDTA 7% (A M-[RERF + Y 74T pH 7 %) 24y 500ce ML, FHUABEL .
BN CT Yy ®=THTALI~N (28 — BT Y E= 7K K=50:2:48v/v/v) CHHIIZ 260 mpr
DRIAUHTIL L 782 T THEH LT (W 2D, BHKIERFREL 0—~F )~ GRL— 5 ~T
25°C LI T CHREBIEL TP I — A2 EHE Lz 2D & 512 L TE 7% Barium non-precipitated
fraction ¢ L TCAF &I u~ 757 4 =2 L7,

RZVFF FDAY 7L N/10 35 100ce THMRBL, BLODBEY T TEBRZED S,
BT X HICEBEDER 50ce T2HAMI ¥, LBIKIZ—HIZEdH ¥ T Dowex 50 WX 8 (HY,.
¢7.5emx10em F 72 ¢2.0emx25em) IBL TRV T LEREL, HTHF74% 2600mpe D
WIRA T 702 F TRET B0 HBKIS LOKEREEDLET 6N KE{L7 ) YA T pH 6.5 =5
BLCAA VI av Vo7 4 — LT,

(2) R—R—=7uvbI57+~ BEIPEOR~—270= 757 4 ~EHEhLlH 2N
BB TR U AR No. 3 TROBERYHERL Tk o7

(1) Ethanol-M. ammonium acetate (pH 7.5) [75:30 v/v] TEei:

(2) Ethanol-M. ammonium acetate (pH 3.8) [75:30 v/v] T

WEDR——7 a2 757 4 —ITEREHEN No. 50 2L, ROBEEH TFitot

(8) n-Butanol-pyridine-water [6:4:3 v/v/v] BB TEBCI -, 7V I~Z, 57
b~ ZADOGBEDIDITIE bR, —EREMET o7

(4) Ethylacetate-pyridine-water [2:1:2 v/v/v] FRi:

(5) Ethylacetate-acetic acid-water [3:1:3 v/v/v] Tk

(6) mn-Butanol-ethanol-water [4:1:1 v/v/v] Tk
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(7) Phenol satd. water L-F#

(8) Ethylacetate-pyridine-28% ammonium hydroxide-water [10:5:3:3 v/v/v/v] TREB:
N-FEFANFYH v RIS 572010, EHEBEM No. 50 ¥ s vBREEHE (0.2M
Boric acid-sodium tetraborate buffer, pH 8.2) TMM L THhHHMEAL 12,

PEXEOK AT Anilin hydrogen phthalate TfT78 5720

(8) UDP Z#¥#EnOEmMaE X7 LA F ¥R 058

UDP Zafkd N/100 HEAEW S 100°C, 10 SRIMET 5 2 LTk o TRERS Ll & €72,
CONRRELTERR S T ACELT R LA F FeREREL, HEKE S5 Dowex 50 W-X 8
(H*, ¢1.1emX3em), Amberlite IR-4B (Cl-, ¢ 1.1emXx3cm) PG TEMLA, 25LT
BIERS OEMY 7Y 7 — 5 —hTARILF P ) T AOFEDS LT, BEEELREL TERY
Bk Lree £72, EMESIACRELLRZ VAT FENET Y T2 THT LI~ ATHLL, °
—F )~z AR —5—T 25°C LIF CREBEL .

(4) N-TE2FA~FVHIVORTLFIAL

N-FEFL~%V Y3y OEMNKY 2N HERTT 100°C, 3 BRIHEF ThASREL 2. TRHIX
Fyr— 5 —h GBI b VY LAFET CEREEELEE L TEREREL

(8) ~xyH:ivo=yre ¥y vE

ANEVHIYRERICAR Y FELTHRRL, =Y FY YY) Py ORAEKLESL TRIL
PR, ERLINY =R R =7 uR 57 4 —TEEL

(6) N-7EFAZLIHIVEIV N-7RFALLT7 ¥ vOrilER

R L RS N-7 e FAA~FY Y 3 Y OREWEHIRCERL, BRI} T—1—
Jue b ST 4~ 2 TRABEE B e #4 FA D) TRAWT, MORBERREL O
b, WEADESS LY & o THEYVIZL, ~EEROEBKTERER Tl L A fHHT
T J. L. Reissig et al. 0Fm®% o THAFREL /2, BED N-TeFL7La% Y, N
~TRFAAZT VYR HALT, @D OAIGEREIT, IETE 102.0%, &ETIX
93.3% CBIFEREEEBI.

zE B K 2

IV 77 EE 550g ¢ Barium non-precipitated fraction o 4 F ¥ EEEFHERO 5 LRI
3T UDP %7k UDP SlHH it Sh Ok Fig. 1 IORL, $ALA 1 IHA
620 g DOELRE Fig. 2 (TR L7z, b OEHK D Peak B ik ADP T % T LR S nica,
Peak D ORfEDOEo T BIMABE TOWIE A S Uracil nucleotide Th 3= LAMEEShIz,
FTEHED Pesk D ¥ u~ } 757 4 — L7o#sR Fig. 8 (TRL 7Y Peaka, b, ¢ O 3K
ST HE T T, AN AL AEHO Peak D b RBCHI o2+ 7577 4 2L 5T a~e O
3 Btz hi (Fig. 4.

IVTTUBHRS a ORSMERIRA <2 Pk pH 2 T Amax. 263my, Amin. 231my TH
D, BHFRMCE > TEORBEREINA =T FUEFEIZHEE L (Fig. 5)

YT T EHRBS b, AL A4 ABHHD a, b DRIRZARY P, ThEZoKHUBER
L, \#Fid Uracil nuclectide CahnZ LAMBAL7 ERAOEY VB, U F~ 2 OREREL
Table 1 {Z/RL 720

TV TP TEHRES a 3L b pi8% UDP L pizR—A—=7ux 1777 1 —&{Tloo ol
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-log T

0.8[ |

0.4}
'\/ D

Fig. 1. Ion-exchange chromatography of the acid-soluble nucleotides
in the barium non-precipitated fraction (abalone)

Exchanger: Dowex 1X8-formate, 100-200 mesh, ¢ 2.0ecm x20 em

Eluting solution: (9) 0.1M Formie acid (F.A.), 0.8 M Sodium formate (8. F.)
(12) 0.1MF.A,0.TMS.F.
(13) 0.1MF.A,1.0MS.F.

Flow rate: 1-1.5mli./min.

Each fraction contains 20 mi.

400 500 600 700
Fraction No.

~log T §
08 9 12 13
| I I
4
0 c D
E
A . S
400 500 600 700

Fraction No.

Fig. 2. Ion-exchange chromatography of the acid-soluble nucleotides
in the barium non-precipitated fraction (squid)
Experimental conditions are the same as in Fig. 1
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-log T
7 10
ol |
0.5 F
0 100 200 300
Fraction No.

Fig. 3. Rechromatography of the D-fraction of the muscle of abalone
Exchanger: Dowex 1X8-formate, 100-200 mesh, ¢ 1.1emX25¢em
Eluting solution: (7) 0.1M F.A,, 0.1M S.F.

(8) 0.1MF.A,0.2M8S.F.
(9) 0.1MF.A,0.83M8S.F.

(10) 0.1M F. A, 0.4M S.F.
Each fraction contains 10 mi.

—=logT

0.8

0.4

0 100 200 300 400
Fraction No.

Fig. 4. Rechromatography of the D-fraction of the muscle of squid
Experimental conditions are the same as in Fig. 8
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<log T |

et DH 2

\ —=ce= pH 10
...... after bromination

0.6

0.4

220 240 260 280 300 320 up

Wave length
Fig. 5. Ultra-violet absorption spectra of substance a (abalone)

Table 1. Chemical analysis of nuecleotides isolated
from the muscles of abalone and squid

Molar ratio

Uracil Total-P Ribose

Abalone a 1.00 2.05 —

' b 1.00 1.91 —
Squid a 1.00 1.86 0.71
b 1.00 1.83 1.06

Table 2. R adgenosine values of nucleotides isolated
from the muscle of abalone

Substance a b Auth. UDP

R sdenosine 0.81 0.61 0.20

Solvent 1: Ethanol-M ammonium acetate, pH 7.5 (75:30)
—~ 198 —
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R biEdE UDP LIS AIC R HEAAZ EnD, Moy & UDP FH#ETHDZ LR
Ehie (Table 2), £Z TG #RET 21DV 77 EHRES a L 0b 3 N/100 5@
T 100°C, 10 Zflfndh L THERGY 28l X 2708k, KSR E 73 o — 5 —h G LTrLz
—Ry HATZTb=R, %Y/ =R, N-TEFAZLAY Y, VK—2, ¥ uo—X & e BHE
B) TR=—R—To=2tr574 — BP0 TP U7 F D4R RS LRALBHEM

: ; . 11'
Solvent 3 Solvent 2

Fig. 6. Paperchromatography of degradation products obtained
by mild acid hydrolysis
{I) Sugar moiety
a --+Auth. N-acetylglucosamine
b ---Obtained from substance a (abalone)
¢ ---Auth. glucose
d ---Obtained from substance b (abalone)
e ---Auth. mannose
(II) Nucleotides
A---Auth. UMP (upper) and UDP (lower)
B -Obtained from substance a (squid)
C:--Obtained from substance a (abalone)
Solvent 2: Ethanol-M ammonium acetate, pH 3.8 (75:30)
Solvent 3: n-Butanol-pyridine-water (6:4:3)
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By a OB N-T2FL7Lav iy, BaoboFhiizsla—2Thd efftEshi: (Fig.
6-Do X 5IZAS a DEHIZ OV THEN LT Elson-Morgan [G® &34, Erlich #IE751 THEI
B LI Enbd N-T2FAT I/ BTHHI EAMERINI. ZONBEWhOR7 LA F P
FhFElet——r o= b7 — T L, D UMP & UDP (Z5%£1Z—HT % 2D A K
v FAVES NI (Fig. 6-11),

BE~T, V77 TR alx UDPAG, s bk UDPG ThHa I LAmmEsh, izl >
MO LI T 7 4 — DREEEND AL A 4 AR alz Ty T 7 CHRMAG all, RES bz
VP TEHRBS bICHENST L2 EAE 2 ON0T, & kgD UDPAG, UDPG b ~X— 31—
yo=w 757 4 —THEL: (Fig. 7, Fig. 8),

LA L7e2is, ~ ©JEEEFI T UDPAH MoME RS\ Wx UDPH FOMEESEEL 7707

"y,

2 -0 33 B .
Solvent 2 Solvent 1

Fig. 7. Paperchromatography of substances a and b (abalone)

A ---Substance a

B---Auth. UDPAG

C---Substance b~

D---Auth. UDPG

E-.-Auth. UDP
Solvent 1: Ethanol-M ammonium acetate, pH 7.5 (75:30)
Solvent 2: Ethanol-M ammonium acetate, pH 3.8 (75:30)
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% ..

2 8 . 3 @ o
Solvent 2 1 2 1

Fig. 8. Paperchromatography of substances a and b (squid)
A ---Substance a C---Substance b
B:--:Auth. UDPAG D---Auth. UDPG

VDT, SLICHERSRECRNT A LIty s TENS B —E T ThEINEEWTH D2
Az,

¥, TV TVEHBRDOBS a OFENSE A FEOBERSIT N-T2F L7 L35 31y b e im
7uaw bt 774 —THELT Fig. 9 1R Monbbhnad & 3 CEER (1), (5) CEBL -
702 b7 ATIIRBOAAMERE L ) L0 EL R A AL THY, BEWTHD e
BERL T b,

COBERTE R VAR L T 2SI A AL TR~ =2 a2 75 7 4 — 2 G, E
7oA A A 7RG a DRSS OWT b 57 < ACERL T Fig. 10 1R L7,
IORENLWEELDY N-TEFALZLIY I vE N-THFLFZ7 b vOREWTHD S
EAbmd, ek, TOMARy FRAMITHIZIASNS 1~2 HOX Ry MI—BHT L FLIZ L
STELRTLVIFIVEFNTZZ VY I Y Thd, 725 aDBLRT £FL L THLIERD 7L
IYIVEFTT MY EIUTERICHEL, THhEPEE LT e F Y YEEEL 0% EEE
(3), (&) TERELTIALaY Iy, #3743 vnbdday b~k (Fig. 11),

ZORERENS DT YT T, AL AL AHEGEOKY a DL N-7xFL7Lad:v e N-7
CFAHT T VIV OREMTHD I ENHERI NI,

IO OB E T AERLIER N-T2FAZL IV IV EN-FTEFAFSZ ¥ 1D
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P 3 .
Solvent 8 4 5 3
Fig. 9. Paperchromatography of sugar moiety obtained from substance a (abalone)

A---Auth. N-acetylglucosamine
B :--Obtained from substance a (abalone)
Solvent 3: m-Butanol-pyridine-water (6:4:3)
Solvent 4: Ethyl acetate-pyridine-water (2:1:2)
Solvent 5: Ethyl acetate-acetic acid-water (3:1:3)
Solvent 8: Ethyl acetate-pyridine-28% ammonium hydroxide-water (10:5:3:3)

BEARIZZVZ7EMART 2.1:1.0, ZA A4 AHHET 1.9:1.0 Thotz, MEOHRZ /77
TRB LRI A 4 AHRORS ald UDPAG & UDPAGal DEEYITH S Z L AHERE N7

IYTFTTE, ZNAAHHEBREOESS b NHEERS R L TEMRRE, 174 v fsie oL -
%, EEOFNI—X, FZ7T7 =R, w¥ /) =R, A—-R"—702 7 F7 4 —TCHEL:
(Fig. 12, Fig. 13), ZOFHENLEEDOHE T b ORI L BTSN I —-REHFZ7 P —RDREWT
B, FLIA—ARTETTHEZ Lhbhd, o TV 77 EHRBLIURL A4 HBEDDb A
4¥% UDPG » UDPGal DEEHTHY, WHENERD THoHI Lo RSN,

Fig. 3 35108 Fig. 4 ORSY c . ZBIMRARIRA R T NULRTF ) ¥V BTHY, 7=y, &0y
W, T Vg VK- ZADTLHA 1:2:0:2 ThHY, FiwHaEsL S ADP-ribose T
BEELZLNLPERI LA TR THS,

— 202 —



1967] FEH: =7 7ERURLRA 7 EET o UDP Fdith

0:'4:' |

-
, *»
o

.
. .
- .
A ¢ 8 i 8 8 1 5 o8 aoy o
Solvent 4 3 4 3

Fig. 10. Paperchromatography of sugar moiety by means
of borate-treated paper
A---Auth. N-acetylgalactosamine B---Auth. N-acetylglucosamine
C---Obtained from substance a (squid) D---Obtained from substance a (abalone)

=z £

IV 7 TEHAR LR A 1 A AP OBETTEHEENR S OF, BHCAEARNICET H EEREF
ffETd 2 Nucleotide-sugar & | T UDP FHEKROMET 21770 570 —RIZT D OEMARFIZ
+~Tik ATP, ADP, AMP 72X D27 LA F Fid OO, B0 % BEsE N 8ol & 7
b TWT, THNMEDET OB BT T E—20KREREFEHLE DI, T2EFZHNRD,

Nucleotide sugar (ZARFER SN VA E L TGRB LI Eh, FRMLEER 1 4 v 35y
FoET 2ENch b LS HBBEOREY 2 ) 7 2HE L TRVEE, LEREEERATEL 2
BATVERZOR VST 4 — T a7 T OERRAEOEC EDTA T2 £IZX 5T
‘Nucleotide-sugar (2IZIEFRANZHIXEN D &\ 5 BERDH VDD, FFERIZIS VT D RILIE 21T
2726

4 F VBT O RS UDP SFlE 052855 L T Table 31K L7z & D#HEH 5 UDP
FEAOESHEE, TV T IVEHHTEAL A AHAOK3IETHY, WEH LD UDPAH DFH
UDPH X V%2 Edibmbd, L L—ROMIABMOSMEN DKL T, 2220 &FENE
WZ ERHEEE NS,

IV TIEHROINGDR 7 LA F FEAR2 T/ 77 EHEPDEN & T % &, UDPAH
WO 1/6 Th DA, UDPH IR CQIRHERE L ARD BTV, 202 ik
EORF B 7 ) 2 —7 ¥ ORFEAT L3 7e V378 & T 2 RFIOWIEY £ HST 2D TR LD
ZEzbNb,

UDPH #TEIOENIST Y 77 CHAICE <, EFERAL A4 2D BHRIBIZETY 77U
Ao B35 2 kL, ZRAAEOME Th 2 Ol I HE OBEORIL F 2 RERT DA TR
R L A BELDOMNITHTH S,
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Solvent 6 3 6 3
Fig. 11. Paperchromatography of pentose obtained by ninhydrin oxidation

A
B
Ch
D-

- Pentose from auth. galactosamine
---Pentose from auth. glucosamine

--Pentose from deacetylated sugars of substance a (squid)
-Pentose from deacetylated sugars of substance a (abalone)
Solvent 3: n-Butanol-pyridine-water (6:4:3)

Solvent 6: mn-Butanol-ethanol-water (4:1:1)

UDPAH OFERGIT = T 7 EHRB LI RL AL HHERE DI N-T2FL7Lay v N-
TeFAFZ77 bH 3 rhH 2:1 OFETREL TWREENBSN, FHEITHRGCTHRE U
BOTRENTV D I LA EEEET TOZ NG OHRSORA,, 8- TSR EE0ER I
DWTHEERA D Fen D,

FEHBIZ, ZhH D Nucleotide derivatives i3 Py D Rk E Fl = 701 E RRERR DA AL BT - =
hOTEERBEREL I DLWV IEEAD, SHIZEREOEMSHL VX FNE DB LB TToOED
EELEHRORES LV LDER, HROBELTO TEDEMENER LWL L W EE
Td,

IV T T EHRBS SO RN A 1 # A OBIEZRERLE © Barium non-precipitated fraction # [
AF YT ow b 777 4 =28 5 THH L, & 2D FiAD: 5 UDPAG, UDPAGal, UDPG, UDPGal
ZHEL

%7z UDPAH ¢ UDPH O&HR¥ A T2 & & 312 UDPAH D5 @ UDPAG & UDPAGal
DEFHEL 72

AR RBETEROMEEOT Tii o7, T IIHEBHT 2, % OF RS HEr
TR IZH E—B IR CBH T %
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Solvent 4 7 3

Fig. 12. Paperchromatography of sugar moiety obtained
from substance b (abalone)

A ---Auth. galactose
B ---Obtained from substance b
C---Auth. glucose
D---Auth. mannose
Solvent 3: n-Butanol-pyridine-water (6:4:3)
Solvent 4: Ethyl acetate-pyridine-water (2:1:2)
Solvent 7: Phenol satd.-water
Table 3. Nucleotide content in the muscles
of abalone and squid
(7t moles/100 g. wet wt.)
‘ Abalone Squid
UDPAH | 6.1 2.4
(UDPAG) ‘ 4.1 (1.6)
(UDPAGal) | 2.0) 0.8

UDPH 1 3.9 1.1
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1)
2)
3)
4)
5)
6)
()
8)
9)
10)
11)
12)
13)
14)
15)

Solvent 7 4 3

Fig. 13. Paperchromatography of sugar moiety obtained
from substance b (squid)

A ---Auth. galactose B:--Obtained from substance b
C---Auth. glucose D---Auth. mannose
X ik
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