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ABSTRACT 

A trisaccharide, which is a major carbohydrate component of the milk of the 
tammar wallaby and the grey kangaroo, has been identified by chemical, enzymic, 
g.l.c.-m.s., and n.m.r. methods as 0-/I-D-galactopyranosyl-(1+3)-O-&D-gakICtO- 
pyranosyl-(l--*4)-D-glucose (3’-galactosyl-lactose). 

INTRODUCTION 

The milk of marsupials is unusual in that it contains a variety of carbohydrates 
of which lactose, the principal carbohydrate of eutherian milk’, is a minor compo- 
nentlm4. The preponderant monosaccharide constituent of these carbohydrates is 
galactose, but their detailed structures are unexplored. 

Milk of the grey kangaroo, Macropus giganteus, contains a mixture of neutral 
oligo- and poly-saccharides and sialyl saccharides, and a partial separation and 
characterisation of the neutral oligosaccharides has been achieved5. We now report 
on the structure of a neutral trisaccharide which is found in relatively high concentra- 
tion in the milk of the grey kangaroo and the tammar wallaby, Macropus eugenii. 

RESULTS~ DISCUSSION 

The milk carbohydrate of the grey kangaroo was fractionated on Sephadex 
G-25, to give 10 peaks of neutral saccharides which were eluted after 2 or 3 indistinct 
peaks of material that contained sialic acid5. Fi g. 1 shows similar results obtained 
with the milk carbohydrates of the tammar wallaby, which were fractionated into 
8 pe$cs of neutral oligosaccharides of which three (2-4) had elution volumes corre- 
sponding to those of di-, tri-, and tetra-saccharides, respectively. 

Paper chromatography (P.c.) showed that the trisaccharide peak (3) contained 
only-one component, with a mobility identical to that of the trisaccharide from milk 
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(4 l), F, 1-butanol-1-propanol-acetlc acid-water (1 2 1 l), and detection with 
alkaline silver nitrate 

T 1 c was performed on Slhca Gel 60 (Merck 5553) Monosaccharides were 
separated by the procedure of Hansen l6 Mixtures of monosaccharides and their 
aldltols were separated by using I-butanol-2-propanol-05 % boric acid (2 1 I), 
which was run for 30 h into a sheet of Whatman No 3~ paper stapled to the top of 
the plate, and detected with benzldme-periodate The RGlc values for galactose, 
galactltol, and glucltol were 0 89, 0 74, and 0 65, respectively 

Monosaccharide anaZyszs - Trlsaccharlde (- 1 mg) was hydrolysed with 2~ 
HCl (1 ml) at 100” for 1 h m a sealed tube A part of the hydrolysate (0 1 ml) was 
dried zn vacao over KOH, and the residue subJected to chromatography The re- 
mainder was neutrahsed with M NaOH and diluted to 5 ml with water Samples 
(0 5 ml) were analysed’ for D-glucose with D-glucose oxldase and for D-galactose 
with D-galactose dehydrogenase 

BorohydrIde redactron - Trlsaccharlde (-2 mg) and sodium borohydrlde 
or borodeuterlde (- 1 mg) were dissolved m water (0 4 ml) After 24 h at 20°, the 
solution was treated with Dowex-SOW X8 (H+) resm (200-400 mesh) (40 mg), 
filtered, and concentrated to dryness zn vacziu To remove boric acid, methanol 
(5 x 3 ml) was evaporated from the residue, which was then either hydrolysed with 
acid and subjected to t 1 c , or permethylated as described below 

Actron of galactosrdases - Solutions of the trlsaccharlde (1 mg) m water 
(50 ~1) and -0 08 U of either a-D-galactosidase or j?-D-galactosidase (Boehrmger 
Mannhelm) m water (5 ~1) were mixed and incubated at 20” Samples (1 ~1) were 
subJected to t 1 c After 24 h, the trlsaccharlde treated with cc-D-galactosldase had 
remamed unchanged, whereas that treated with B-D-galactosldase had been converted 
mto galactose and glucose At Intermediate times, a spot having the same moblhty 
as !actose was observed 

Perrodate oxrdatzon - A solution of the trlsaccharlde (1 0 pmol, 50 4 pg) m 
water (0 1 ml) was treated with 8 0 prnol of NaIO, (0 1 ml) at -O”, and the mixture 
was kept m the dark at 2” The reaction was stopped by the addltlon of 20 FmoI 
(0 1 ml) of aqueous lead acetate, and the mixture was filtered through a column 
(0 4 x 5 cm) of mlxed-bed ion-exchange resm (AG 501-X8,20-50 mesh), which had 
been pretreated with CO1 to prevent retention and degradation of carbohydrate” 
The eluate (2 ml) was freeze-dned, and a solution of the residue m 2~ HCl (0 6 ml) 
was heated at 100’ for 1 h and then neutrahsed with M NaOH and diluted to 5 0 ml 
Samples of the diluted solution were analysed for glucose and galactose (see above) 

Mefhylation and g I c-m s - For methylatlon, the followmg modrficatlon of 
the Hakomorl procedurel’ was used The residue from the borohydnde or boro- 
deuteride reduction was treated with 1 ml of a solution of sodium methylsulphmyl- 
methamde m dlmethyl sulphoxldel’, under nitrogen The mixture was agtated m a 
somcafion bath for 15 mm, and then treated with methyl iodide (0 2 ml) and subJected 
to further somcatlon under nitrogen until it became clear (- 15 mm) Water (5 ml) 
was added and the mixture was extracted with chloroform (5 x 3 ml) The combined 
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extracts were washed wnh water (3 x 5 ml) and concentrated to dryness, and the 
residue was SubJected to g 1 c usmg a Pye 104 chromatograph (5 % SE-30 or 3 % 
OV-I as stationary phases, and a 2-m column at 260”) Mass spectrometry was 
performed on an AEI MS902 instrument at 70 eV The stationary phase used m 
glc-ms was 5% SE-30 

N m r spectroscopy - Spectra were measured on solutions m D,O (> 99 7 %) 
at 20”, usmg a Brucker HX-270 spectrometer (National NMR Centre, Canberra) 
For ‘H-n m r spectra, the HDO slgnal (4 83 p p m ) was used as the reference for 
chermcal shifts (error +O 02 p p m ) 13C-N m r spectra (internal I,4-dloxane, 
67 4 p p m ) were normally obtamed on 3-10 mg samples An accumulation time of 

up to 16 h was adequate 
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