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Summary: Galactosyltransferase was found to transfer D-galactose to the R-anomeric 
position of N-acetyl gentosamine to afford a 5,0(1,1)-linked disaccharide. The 
reaction was generalized supposing an N-acetyl recognition site in the active site. 

Galactosyltransferase from bovine milk (GalT, XC 2.4.1.22) catalyses the 

transfer of galactose from UDP-galactose to the OH-4 position of N-acetyl glucosamine 

(GlcNAc) or in the presence of a-lactalbumin to glucose. This enzyme has been 

conveniently used for syntheses of galactose terminated oligosaccharidesl) since 

stereo- and regioselectivity of the DGal transfer allows simple syntheses compared 

with chemical methods involving laborious steps for protections and deprotections. 

Although the transfer by GalT from bovine milk has long been known to be 

regiospecific at the OH-4 position of glucose analogs, we have previously2) reported 

a new type of reaction with 3-acetamido-3-deoxy-D-glucose (Glc3NAc, 1) affording a 

R,R(l,l)-linked disaccharide 3. This reaction, namely &e.ll.l transfer was 

tentatively explained by comparing the stereochemical environments between GlcNAc and 

Glc3NAc with regard to the reaction sites, OH-4 and OH-l, respectively. Comparison 

between the two substrates also suggested that other sugar derivatives with 3- 

acetamido group could be accepted for the flGall,l transfer. In this communication, 

we investigated as a new substrate 3-acetamido-3-deoxy-D-xylose (XylJNAc, 23)) in 

order to extend the scope of the new GalT reaction. 

The substrate 2 was prepared (20 mg, 37% yield) from 3-axido-3-deoxy-1,2:5,6_di- 

0-isopropylidene-a-D-glucofuranose (100 mg) according to the reported methodl). 

Enxymic assay5) showed that 2 was a better substrate than 1, and in the presence of 

a-lactalbumin (0.1 mg/mL) the reaction rate was accelerated about six times. In 

order to identify the product, a mixture of 2 (17 mg, 0.09 anal), UDP-glucose (50.4 

mg, 0.09 mmOl), UDP-glucose-4-epimerase (XC 5.1.3.2, 2.5U, ), GalT (0.5U) and o- 

lactalbumin (0.2 mg/lmL) was incubated in Tris-HCl buffer (pH 7.5, 5.5mL). After 24 

hrs at 30°C, the reaction mixture was processed in the reported mannerlf) to afford a 

crude disaccharide (5 mg, 25%). The structure was identified as l-O-R-D- 

galactopyranosyl-3-acetamido-3-deoxy-D-D-xylopyranoside 4 by 1~NMR spectroscopy 
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compared with the spectra of 2 and 32); no a-anomeric proton was observed in 4, and 

the two O-ancmeric protons observed at 4.03 ppn (J=S.O Iis, RXyl3NAc residue) and 4.81 

ppm (J=S.O Hz, RGal residue) were highly deshielded compared with the R-anomeric 
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Fig.1 Syntheses of 61 ,l -linked disaccharides by galactosyltransferase. 

UDP-Galactose was produced in situ from relatively inexpensive UDP-glucose bv 
UDP-glucose epimerase (ref. 6). XylBNAc 2 was a better substrate than GlcJNAc 1, 
but yields were 25-30% for both reactions. 

proton of aOal(l,Q)GlcNAc or 8Gal(l,4)Glc (ca. 4.4 ppm). Comparing the 1~ signals 

between the R-anomer of 2 and the Xyl3NAc reeidue of 4 indicated eubetantial 

deahielding occurring at Hl and H2 after the glycosidation. 

Consequently, GalT was found to transfer B-galactose to the 8-anomeric position 

of Xyl3NAc as well as Glc3NAc (Fig. 1). In order to explain the new reaction, a 

pictorial map of the acceptor binding site of GalT proposed by Berliner et al.') 

could be successfully used (Fig. 2). Here, the map was modified to generaliee both 

the 8Ga11,4 transfer to GlcNAc and the RGall,l transfer to 1 and 2 as depicted in 

Fig. 2. The new map shows that for sugar derivatives with ring oxygen (or another 

hetereoatom such as S or Nlg)) at the Y-poaition, the reaction will result in the 

8Ga11,4 transfer. On the other hand, the reaction will become 8Gal1,l transfer for 

sugars with a heteroatom at the X-position. Such a mechanism could be valid among N- 

acetamido sugars for which site directed recognition may be governed by an N-acetyl 

binding locue in the active site. 

The pictorial map in Fig. 2 can be used also to design new substrates for both 

types of the GalT reactions or inhibitoras). For example, it is obvious to 
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predict that a variety of di- or oligosaccharider with a 

be prepared in the same way by replacing the Z-moiety by 

sugars. 

other or 

In sunmnary, Xyl3NAc was found to be acceptable in the Mall,1 transfer reaction 

of GalT similarly to Glc3NAc, and this new type of reaction was generalized by 

proposing a new structural map for the acceptor binding site. Since amino sugars 

are key components of many antibiotic oligosaccharides, the chemoensymic approach 

using GalT reactions sulrmarired in Figs. 1 and 2 will be conveniently used as simple 

and environmentally friendly methods for developing new antibiotic oligosaccharides. 

1: fGlc3NAC) X=0, 

2: IXylBNAc) X=0, 

GlcNAc X = CHfCH20Hleq, 

Y =CHfCH20Hleq., Z=H 

Y =CH2, Z=H 

Y=O, Z=H 

Pip. 2 Postulated structural map of the substrate binding site of GalT. 

The “A” site is defined as sterically hindered area where only a C-H group is accepted, 
while “B” is defined as binding area where a particular functional group, i.e. hydrogen 
of OH or NH, oxygen of carbonyl is bound, “C’ is a hydrophobic region where an alkyl group 
is accepted (Ref. 7). 
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