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hrring the ion exchange chromatographic study of the nuclsotides of human 

milk and cclostrum, two novel uridine nucleotides (UXl and lJX3) were detected 

(Kbbata et al. 1962). A perchloric acid extract prepared from 20 likes of human 

milk was fractionated by gradient elution chromatography (Formic-Acid System of 

Hurlbert et al. 1954). UXl was eluted just after GDP-mannose while UX3 a little 

before GDP-mannose. These nucleotides were subjected to a series of purifying 

procedure including rechromatography (C-2 System of Kobata et al. 1962), paper 

chromatography with ethanol-IM ammonium acetate, pH 7.5 (75:30). These steps 

resulted in the isolation for each nucleotides of a single nucleotide sugar conju- 

gate free from ultraviolet-absorbing, carbohydrate-containing or amino acid- 

containing contaminants. The overall yield was about 12 p moles of UXl and 32 p 

moles of 0x3. There was no remarkable difference in their quantity between human 

milk and colostlum. 

UXl and UX3 had the characteristic uridine spectra both in pH 2.0 and in 

pH 12.0. The ratio of uridine to acid-labile phosphate and to total phosphate 

was approximately 1;1;2 for both nucleotide (Table 3). Their electrophoretic 

mobilities at pH 4.2 were less than UDPAG but greater than UMP (Table l), while 

they had higher Rf values than UMP when chromatographed with ethanol-IM ammonium 

acetate, pH 7.5 (75:30). 

When heated in O.OlR HCl for 20 min. at 100°, UXl decomposed liberatin@; 

aPFmxfmatelY 1 mole each of UDP and a disaccharide, xl. Ux3 liberated on 
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Table 1 

Paper electrophoresis of UXl, UN3 and their fragments 

Plectrophoretic mobilities (cm) 

pH 4.2* PH 7*4- 

compounds* fromUXl UX3 authentic fromUXl UX3 authentic 
compounds -mpounds 

uxl +25.‘j - +12.4 - 

a +23.0 - +11.2 

UDP +37*8 +37.8 +37.8 +l$.O +l$.O +3&l 

UHP +20.9 +20.9 +x).9 +16.9 +16.8 +16.9 

Xl-P +16.3 - 

X3-P +14.2 - 

UDPAG +31.9 +13.6 

* W absorbing spots were located by irradiation with a 253.6 mp mineral 
Phosphorylated compounds were detected with the molybdate reagent 

2%nes et al. (1949). 
H Nstimated on Toyc filter Paper No. 5l.A (54 cm long) in O.lM acetate buffer 

at 65v/~m for 60 min. 
**+ Estimated on the ssme paper in 0.05M phosphate buffer at 4OV/cm for 60 min. 

addition to them, 1 mole of fucose by the same treatment. Xl was recovered by 

elution with water following paper chromatography with ethylacetate-pyridine- 

water (2:1:2). When heated in IN HCl for 1 hour at 1000, the Xl was further 

decomposed into hexosamine and galactose. Degradation of the former with nin- 

hydrin (Strominger et al. 1959) lead to the formation of arabinose as a sole 

product. When subjected to a milder treatment (in 0.05N IF.31 for 2 hours at lOO@), 

the great part of the hexosamine was isolated as a N-acetyl derivative. This N- 

acetylhexosamine was subjected to modified Morgan-Rlson color reaction (Reissig 

et al. 1955), and gave a color yield of c 584 = 21400 calculated on the basis of 

the reducing power (Park et al. 1949). Intact Xl was almost negative to the 

Morgan-Rlson reaction. After treatment with NaRH4, Xl was heated in lN HCl for 

2 hours at 1000, and the hydrolysate was examined paper chromatographically. 

Galaotose was still detected as a reducing spot, but glucosamine completely dis- 
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Table 2 

Paper chromatography of the sugar moieties and their fragments 

oompounds* 

R glucose values 

Solvent 1H Solvent 2*+ 

fmmuxl 0x3 authentic frcmUXl UX3 authentic 
compouuds compoundl3 

Galactose 0.87 0.06 0.87 0.89 0.09 0.09 

I+acetylgbwsamine 1.06 1.06 1.88 1.20 1.19 1.21 

Glucosamine 0.51 0.50 0.50 0.67 0.66 0.65 

FUCOS0 2.22 2.22 - 1.20 1.20 

xl 0.42 0.~2 0.4w 0.90 0.90 o.ag- 

+ Sugars were located with silver nitrate caution (Trevelyan et al. 1950) 
and with periodate-benddine (Gordon et al. 1956). 

* n-BuOH, water, EtOH (4:l:l). 
w Ethylacetate, pyridine, water (2:1:2). Toyc Pilter Paper No. 5lA (descend- 

ing)wasueed. 
HH+ Values of 4-g-O-D-galactopyraaosyl-N-acetylglucostunine. 

appeared. These results mentioned above demonstrated that Xl is identical with 

N-acetyllactoaamine isolated from human milk by Kuhn et al. (1954). Then Xl was 

compared paper chromatographically with authentic galactopyranosyl-N-acetylgluccs- 

amine8 using n-BuOH, acetic acid, water (120:30:50) as a solvent. It was shown 

to be identical with 4-O-$-D-galactopyrauosyl-N-acetylglucosamine. The spots 

corresponding to 6-O-g- and 3-O-g- derivatives were not detected. 

Incubation of UXl and UX3 with snake venom pyrophosphatase resulted in the 

liberation of UMP and a new phoaphorylated disaccharide, Xl-P and phosphorylated 

triaaccharide, X3-P respectively (Table 1). The UMP consumed one mole periodate, 

end by digestion with prostatic 5t-nuclectidase liberated uridine. UX,l and IJX3 

were analysed cclorimetrically and found to contain approximately 1 mole each of 

N-acetylglucosamine and galactose, and N-acetylglucoeemine, galactose and fucose 

per mole uridine respectively (Table 3). Both UXl and UX3 were considerably 

stable to alkali treatment and quantitatively recovered without degradation after 

being heated in cont. NH4OH for 5 min. at 1000. Intact UXl and UX3 consumed 3.4 
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Table 3 

The molar ratios for each of the constituents of the isolated compounds 

constitu8nts uxl m3 Xl-P x5-P xl 

Labile phosphate 0.96 1.01 1.00 1.00 

Total phosphate 1.92 1.93 0.99 0.98 

Glucosamine 1.03 0.93 1.01 1.04 0.90 

Galactose 0.93 0.96 0.98 0.99 1.00 

Fucose 0.00 0.83 0.00 0.79 - 

Uridine 1.00 1.00 

Each component was astimated by the method of the following authors. 
Phosphate; Ben et al. (1956), glucosamine; Himin&On (lg@), NaCtOS8; Msche 
8t al. (lg&), and fUCOS8; DiSChe 8t al. (1948). Uridin8 VaS estimated 011 th8 
basis of ultraviolet absorption (c 260 = 10.0 x 103). 

moles and 4.4 U1018S periodate respectively, while after mild acid hydrolysis (in 

O.OlIV HCl for 20 min. at lOOo), 4.4 and 6.4 moles of periodate w8re consumed 

l'8Sp8CtiV8ly. 

Summarizing all of the data mentioned above, it is concluded that the chemical 

structure of UXl is UT&N-acetyllactosamimine and of UXj is UDP-N-acetyllactosamlne- 

fuwside (Fig. 1). 

!: 7 
CH2-O-P-O-~-O-N-ACETYLGLUCOSARINE(4cl)GALACTOSE(?cl)E'UCOSE 
1 b- 

/ 
Y 
x-3 

Fig. 1 

The chemical composition of UX3. 
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Jourdian et al. recently isolated UDP-N-acetyllactosamine-sialic acid from 

goat colostrum (Jourdian et al. 19&a, b). They also obtained UDP-N-acetyllactos- 

amine as one of the sialidase digest of their UDP-trisacoharide. According to 

them, the disaccharide moiety is a mixture of 4-O-$-Dgalactopyranosyl-N-acetyl- 

glucosemine and 6-0-&D-galactopyrsnosyl-N-acetylglucosamine. 

The author wishes to express his gratitude to Drs. Richard Kuhn and Paul 
Gglrgy for the generous gift of authentic galactopyranosyl-N-acetylglucosemines, 
and to Drs. Susuoki !&iro and Sakaru Susuki for valuable advices. 
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