
A Model of Photoprobe Docking with �1,4-Galactosyltransferase
Identi®es a Possible Carboxylate Involved in Glycosylation Steps

Yasumaru Hatanaka,a,* Masaji Ishiguro,b Makoto Hashimoto,c Louis NoeÈ l Gastineld

and Kazuya Nakagomia

aFaculty of Pharmaceutical Sciences, Toyama Medical and Pharmaceutical University, 2630 Sugitani, Toyama, 930-0194 Japan
bSUNTORY Institute for Bioorganic Research, Wakayamadai, Shimamoto-cho, Mishima-gun, Osaka, 618-8503 Japan
cDepartment of Bioresource Science, Obihiro University of Agriculture and Veterinary Medicine, Inada-cho, Obihiro,

080-0855 Japan
dArchitecture et Fonction des MacromoleÂcules Biologiques, CNRS, UPR 9039, 31 Chemin Joseph Aiguier, 13402 Marseille

Cedex 20, France

Received 3 October 2000; accepted 24 November 2000

AbstractÐA molecular docking study has been performed on the interaction of b1,4-galactosyltransferase with an acceptor site
photoprobe. This is based on an acceptor site peptide fragment which was recently identi®ed by the use of a photoprobe. The pre-
sent model strongly suggests that the carboxylate group of Asp318 could be involved in the activation of the acceptor sugar 4-OH
for the e�cient galactosyltransfer. The result also exempli®ed that the combination of photoa�nity labeling with crystallography is
a powerful method for the detailed structural analysis of ligand±protein complex. # 2001 Elsevier Science Ltd. All rights reserved.

Glycosylation reactions are of fundamental importance
to both prokaryotes and eukaryotes. The biosynthesis
of oligosaccharides is dependent on a series of highly
speci®c enzymes, glycosyltransferases, which elongate
saccharide chains sequentially by transferring glycosyl
groups to acceptor sugars.1 Recent successes in the cloning
of glycosyltransferases have illustrated characteristic
aspects of their molecular structure.2 Most of these
enzymes are located in the Golgi apparatus and share a
common topology of type II membrane proteins, con-
sisting of a short N-terminal cytoplasmic tail, a trans-
membrane segment, and an extended stem region which
is followed by the C-terminal catalytic domain. Despite
these topological similarities, few regions of homology
have been found among the di�erent glycosyltransferase
families or even within one family catalyzing di�erent
reactions. Recent systematic sequence analysis has
allowed the extraction of several conserved motifs for
each glycosyltransferase family.3

Galactosyltransferases (GalTs) are one of the most
widely studied families among these enzymes. GalTs

comprise enzymes that transfer galactose from UDP-a-
d-galactose (UDP-Gal) to various acceptor substrates.4

A motif DxD has been found to be conserved in almost
all GalTs and also in many other glycosyltransferases.
b1,4-Galactosyltransferase (b4GalT, EC 2.4.1.38) trans-
fers galactose from UDP-Gal to the acceptor sugar, N-
acetyl-glucosamine (GlcNAc), forming a b-(1!4) link-
age with inversion at the anomeric con®guration of the
galactosyl linkage.5 The crystal structure of recombi-
nant b4GalT1 in a UDP-Gal bound complex at 2.4 AÊ

resolution has recently been solved.6 The analysis of the
catalytic domain structure con®rmed the involvement of
the DxD motif in the donor UDP-Gal binding. Several
amino acids were also suggested to be located in the
acceptor binding site.

Recently, we reported a rapid and e�cient method,
photoa�nity biotinylation, for identifying photolabeled
sites within proteins. Using a photoreactive biotinyl
GlcNAc analogue as a nonradioisotopic probe, the
approach yielded, for the ®rst time, information on the
acceptor site peptides in this enzyme.7 Here we show a
docking model involving the photochemically identi®ed
peptide, which suggests a mechanism for the acceleration
of galactose transfer.
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The crystal structure of b4GalT1 contained the UDP
moiety of UDP-Gal but lacked the galactose moiety.6

Thus, two low-energy conformations of the galactose
moiety generated in the active site were examined for
the complex formation with the photoprobe 1. The
photoprobe 1 docked into the active site of UDP-Gal-
bound b4GalT1 structure was properly located in the
proximity to the Od atom of Asp318 for galactosyl-
transferation in only one of the two ternary complex
structures.8 In the plausible ternary complex structure,
the 4-O atom of galactose formed hydrogen bonds with
the 2-N atom of the GlcNAc and the main-chain carbonyl
oxygen of the Asn residue in the photoprobe. These
interactions may contribute to the speci®c recognition
of the donor and acceptor at the binding site and may
also restrain the direction of the photoactive diazirine
moiety toward the photolabled peptide, Tyr197-Lys230
(Fig. 1).

In the most stable complex structure, the three-membered
photoreactive diazirine ring is located close to the
Met225 residue on the photolabeled sequence (Fig. 2).
Since the labeled peptide was relatively long and the
yields of PTH amino acids were decreased in the last
half of the fragment, the previous result of sequencing was
not enough for pinpointing the labeled residue.7b The PTH
amino acid yield of Met225 is, however, considerably
lower than that of unlabeled control peptide.7b,10 The
result of molecular docking is consistent with this
observation of photoa�nity labeling.

From the mechanistic viewpoint of enzymatic glycosy-
lation, an amino acid is expected to act as an active-site
base that abstracts a proton from the 4-hydroxyl group
of GlcNAc.2 The 4-hydroxyl group then increases in
nucleophilicity so that it can accomplish an SN2 attack
on the C1 carbon of UDP-Gal from the backside of a-
diphosphate bond (Fig. 3). The overall reaction results
in the formation of the desired 1!4 linkage by an
inversion of the glycosidic bond from a to b.

The crystal structure of b4GalT1 has identi®ed a well
conserved negative cluster, EDDD. The cluster is located
at the bottom surface of catalytic domain and has been
suggested to be involved in acceptor binding.6 Our
model has revealed that the carboxyl residue of Asp318
on the EDDD segment can be located within 2.5 AÊ dis-
tance of the 4-hydroxyl group of GlcNAc (Fig. 4). The
other vicinal carboxyl residue of Glu317 is beyond the
distance required for the formation of a strong hydro-
gen bond (6.5 AÊ ).

Figure 1. A docking model of b4GalT1. The photolabeled peptide,
Y197-K230, is colored in red. The photoprobe (green) and UDP-Gal
(pink) are shown as a ball-and-stick drawing.

Figure 2. Amino acid residues near to the photoreactive diazirine
moiety (arrow) on the probe structure of 1 (green).

Figure 3. A schematic representation for the possible b-(1!4)-galac-
tosyl bond formation.
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In conclusion, the present model strongly supports the
previous assumptions concerning the galactosyltransfer
mechanism of b4GalT1 in which the carboxylate group
of Asp318 is the likely candidate for the abstraction of
4-OH proton from the acceptor sugar. The result also
exempli®es that the method of photoa�nity biotinylation
is complementary to the crystallography. The combina-
tion of both methods would be a powerful approach for
the detailed structural analysis of ligand±protein complex.
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