EXPERIMENTAL PROCEDURES

Preparation of Recombinant Protein — FUT8 was expressed in soluble form, with a C-terminal
polyhistidine tag, and purified by Ni*" chelating affinity chromatography as described previously
(Thara et al., 2006). The protein was expressed using a baculovirus/insect cell expression system
and purified by Ni**-chelating affinity chromatography, as described previously (Thara et al., 2006).
Solutions of the purified proteins, at a concentration of 10mg/ml, in 50 mM Tris-HCI buffer at pHS8.3,
were used for crystallization. Protein concentrations were determined using a BCA Kit (PIERCE,

IL, USA), with bovine serum albumin (BSA) as a standard.

Crystallization -- Crystallization of the recombinant FUT8 was performed at 27°C using the hanging
drop vapor diffusion method. The drop contained protein at a concentration of 2.5-6.0 mg/ml in 50
mM HEPES-Na, 0.75 M lithium sulfate monohydrate, pH 7.5, and the reservoir solution contained
100 mM HEPES-Na, 1.5 M lithium sulfate monohydrate, pH 7.5. To prepare heavy atom
derivatives of protein crystals, the crystals were soaked for 5 hours in the presence of 10 mM
potassium tetrachloroplatinate (II) in the same buffer that was used in the reservoir solution. The
crystals were then transferred to a cryoprotectant solution containing 20 % glycerol in the reservoir

solution to prevent the formation of ice under the cryogenic environment.

X-ray data collection and structure determination -- Crystals were flash-frozen in cryogenic nitrogen
gas at 100K, and data sets were then collected at the same temperature. Diffraction data for Native
and Pt derivative were collected using an imaging plate detector at the beamline BL44XU at
SPring-8. The obtained data were indexed, integrated and scaled using DENZO/SCALEPACK
(Otwinowski et al., 1997). There were two non-isomorphous crystals, nativel and native2. The
calculated Rjs, between them was 38.5% (100-2.8A). The FUTS crystal used in this study belongs to
the P6s22 space group with one molecule per asymmetric unit. The unit cell dimensions for the

nativel FUTS crystal using structure determination are: a = 90.46A, b = 90.46A, c = 381.9A. Data
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collection and processing statistics for the data sets are summarized in Table 1. Phases were
determined by a single isomorphous replacement with anomalous scattering (SIRAS) using the data
sets for nativel and Pt derivative. One clear platinum position was found on Harker sections from
both the calculated difference and the anomalous Patterson map. The determined platinum position
was refined using the program SHARP (de La Fortelle ef al., 1997). Density modification with
solvent flattening was performed with the program SOLOMON (Abrahams and Leslie, 1996)
implemented in SHARP. The resultant experimental map using nativel data was traced and the
model building was performed with the program O (Jones et al., 1991). The final model was built
using native2 data and refined with program REFMACS5 (Murshudov et al., 1997) and ARP/wARP
(Lamzin et al., 2001) in CCP4 suite (Collaborative Computational Project Number 4, 1994). The
Ramachan plot was also defined by PROCHECK (Lakowsky et al., 1993). Figures were produced

using the UCSF Chimera program (Pettersen ef al., 2004).

Cell culture -- COS-1 cells were maintained in Dulbecco's modified Eagle's medium (DMEM)
containing 10 % fetal calf serum, 100 units/m! penicillin, 100 pg/ml streptomycin and 5 g/l glucose

under a humidified atmosphere of 95 % air and 5 % CO,.

Construction of expression plasmids -- For transient expression in COS-1 cells, a cDNA encoding
human FUT8 (Yanagidani et al., 1997) was subcloned into the EcoRI sites of an expression vector,

pCXNII (Niwa et al., 1991). In this vector, FUT8 was expressed under the control of the B-actin

promoter and the CMV enhancer.

Site-directed mutagenesis -- Site-directed mutagenesis experiments were carried out using the
QuikChange site directed mutagenesis kit (Stratagene, La Jolla, CA), as described previously (Thara
et al., 2004). The primers used in this study were 5'-

GTCAGACGCACAGCGAAAGTGGGAACAG-3"'and
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5'-CTGTTCCCACTTTCGCTGTGCGTCTGAC-3' for replacement of Asp-368 (designated as
D368A), 5'- GACGCACAGACGCAGTGGGAACAGAAGC-3"and 5'-
GCTTCTGTTCCCACTGCGTCTGTGCGTC -3' for replacement of Lys-369 (K369A), and 5'-
AAAGTGGGAACAGCAGCTGCCTTCCAT-3" and 5'-

ATGGAAGGCAGCTGCTGTTCCACTTT-3' for replacement of Glu-373 (E373A),
5'-CCCATTGAAGAGGCAATGGTGCATGTT-3" and
5'-AACATGCACCATTGCCTCTTCAATGGG-3' for replacement of Tyr-382 (Y382A),
5'-GTATTTGGCCACAGCGGACCCTTCTTTATTAAAGG-3' and
5'-CCTTTAATAAAGAAGGGTCCGCTGTGGCCAAATAC-3' for replacement of Asp-409 (D409A),
5'-GTATTGGCCACAGATGCGCCTTCTTTATTAAAGG-3' and
5'-CCTTTAATAAAGAAGGCGCATCTGTGGCCAAATAC-3' for replacement of Asp-410 (D410A),
5'-GGAGTGATCCTGGCGATACATTTTCTCTC-3' and
5'-GAGAGAAAATGTATCGCCAGGATCACTCC-3' for replacement of Asp-453 (D453A), and
5'-TGTACTTTTTCAGCACAGGTCTGTCGA-3' and
5"TCGACAGACCTGTGCTGAAAAAGTACA-3' for replacement of Ser-469 (S469A). The
resulting mutations were verified by using BigDye® Terminator v3.1 Cycle Sequencing Kit and a

DNA sequencer, ABI PRISM® 3100 Genetic Analyzer (Applied Biosystems, CA, USA).

DNA transfection -- Expression plasmids were transfected into cells by electroporation (Chu et al.,
1987) using a Gene Pulser (Bio-Rad, CA, USA), as described previously (Ihara ef al., 2002). Ina
typical experiment, the cells were washed with HEPES-buffered saline and resuspended in the same
solution. Plasmids (30 pg) were added to the cell suspension, followed by electrification. For the
transient expression in Huh-6 cells, transfected cells were harvested after an appropriate growth

period. The expression of FUT8 was verified by immunoblot analysis and enzyme activity assay

for FUTS.
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Electrophoresis and Immunoblot analysis -- Sodium dodecylsulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) was carried out on 8 % gels, according to Laemmli (1970).
Immunoblot analyses were performed as described previously (Ihara et al., 2002). The separated
proteins were transferred onto a nitrocellulose membrane (PROTORAN, Schleicher & Schuell Inc.,
NH, USA), and the resulting blot was blocked with 5 % skim milk and 0.5 % BSA in
phosphate-buffered saline (PBS) containing 0.05 % Tween-20. The resulting membrane was
incubated with the 15C6 antibody against FUT8. The 15C6 antibody is a monoclonal antibody
against human and porcine FUTS, and was obtained from Fujirebio Inc. (Japan). After washing
with PBS containing 0.05 % Tween-20, the membrane was reacted with a horseradish peroxidase
(HRP)-conjugated rabbit anti-(mouse IgG) Ig from Promega (WI, USA). The immuno-reactive
protein bands were visualized by HRP reaction using 4-chloro-1-naphtol and 3,3’-diaminobenzidine

tetrahydrochloride (Pirece, IL, USA), as substrates.

FUTS activity assay -- al,6-Fucosyltransferase activity was assayed using a fluorescence-labeled

sugar chain substrate, as described previously (Uozumi et al., 1996; lhara et al., 2006).  Cell lysates
were incubated at 37°C with 10 uM of the acceptor substrate and 0.5 mM GDP-fucose as a donor in
0.1 M MES-NaOH, 1% Triton X-100 (pH 7.0). The reactions were terminated by boiling after an
appropriate reaction time, and the reaction mixtures were centrifuged at 15,000 x g in a
microcentrifuge for 10 min. The resulting supernatants were injected to a reversed phase HPLC
equipped with TSKgel, ODS 80TM (4.6 x 150 mm) (Tosoh, Tokyo, Japan). The product and
substrate were separated isocratically with 20 mM ammonium acetate buffer (pH 4.0) containing
0.15% n-butanol. The fluorescence of the column elute was detected with fluorescence detector
(2475 Multi A Fluorescence Detector, waters, MA, USA) at excitation and emission wavelengths of

315 nm and 380 nm, respectively.

17



ACKNOWLEDGMENT

We thank Dr. Pradman K. Qasba for his critical reading of the manuscript. This research was
supported by The National Project on Protein Structural and Functional Analyses (Priority Research
Program, Protein 3000 Project) from the Ministry of Education, Culture, Sports, Science and

Technology of Japan and by The 21* Century Center of Excellence Program.

ABBREVIATIONS
FUT8, mammalian al,6-fucosyltransferase; GDP, guanosine  5’-diphosphate; ~ N-glycan,

asparagines-linked oligosaccharide.

18



REFERENCES
Abrahams, J. P. and Leslie, A. G. W. (1996) Methods used in the structure determination of bovine

mitochondrial F1 ATPase. Acta Crystallogr. Sect. D 52, 30-42,

Becker, D. J. and Lowe, J. B.(2003) Fucose: biosynthesis and biological function in mammals.

Glycobiology 13, 41R-53R.

Breton, C., Oriol, R., and Imberty, A. (1998) Conserved structural features in eukaryotic and

prokaryotic fucosyltransferases. Glycobiology 8, 87-94.

Briinger, A. T., Adams, P. D., Clore, G. M., DeLano, W. L., Gros, P., Grosse-Kunstleve, R. W, Jiang,
J.-S., Kuszewski, J., Nilges, M., Pannu, N. S., Read, R. J., Rice, L. M., Simonson, T., and Warren, G.
L. (1998) Crystallography & NMR system: A new software suite for macromolecular structure

determination. Acta Crystallogr. Sect. D 54, 905-921.

Chazalet, V., Uehara, K., Geremia, R.A., and Breton, C. (2001) Identification of essential amino

acids in the Azorhizobium caulinodans fucosyltransferase NodZ. J. Bacteriol. 183, 7067-7075.

Chiu, C.P., Watts, A.G,, Lairson, L.L., Gilbert, M., Lim, D., Wakarchuk, W.W., Withers, S.G,

Strynadka, N.C. (2004) Structural analysis of the sialyltransferase Cstll from Campylobacter jejuni in

complex with a substrate analog. Nat. Struct. Mol. Biol. 11, 163-170.

Chu, G., Hayakawa, H., and Berg, P. (1987) Electroporation for the efficient transfection of

mammalian cells with DNA. Nucleic Acids Res. 15, 1311-1326.

19



Collaborative Computational Project, Number4 (1994) The CCP4 suite: programs for protein

crystallography. Acta Crystallogr. Sect. D 50, 760-763.

Couinho, P. M., Deleury, E., Davies, G. J., and Henrissat, B. (2003) An evolving hierarchical family

classification for glycosyltransferases. J. Mol. Biol. 328, 307-317.

de La Fortelle, E. and Bricogne, G. (1997) Maximum-Likelihood Heavy-Atom Parameter
Refinement for Multiple Isomorphous Replacement and Multiwavelength Anomalous Diffraction

Methods. Methods in Enzymol. 276, 472-494.

Eck, M. I., Atwell, S. K., Shoelson, S. E., and Harrison, S. C. (1994) Structure of the regulatory

domains of the Src-family tyrosine kinase Lck. Nature 368, 764-769.

Fazi, B., Cope, M. J., Douangamath, A., Ferracuti, S.,Schirwitz, K., Zucconi, A., Drubin, D. G.,
Wilmanns, M., Cesareni, G., and Castagnoli, L. (2002) Unusual binding properties of the SH3
domain of the yeast actin-binding protein Abpl: structural and functional analysis. J. Biol. Chem. 277,

5290-5298.

Flint, J., Taylor, E., Yang, M., Bolam, D.N., Tailford, L.E., Martinez-Fleites, C., Dodson, E.J., Davis,
B.G, Gilbert, H.J., and Davies, G.J. (2005) Structural dissection and high-throughput screening of

mannosylglycerate synthase. Nat. Struct. Mol. Biol. 12, 608-614.

Fritz, T.A., Hurley, J.H., Trinh, L.B., Shiloach, J., Tabak, L.A. (2004) The beginnings of mucin
biosynthesis: the crystal structure of UDP-GalNAc:polypeptide
o-~N-acetylgalactosaminyltransferase-T1. Proc. Natl. Acad. Sci. U. S. A. 101, 15307-15312.

20



Fritz, T.A., Raman, J., and Tabak, L..A. (2006) Dynamic association between the catalytic and lectin

domains of human UDP-GalNAc:polypeptide ¢-N-acetylgalactosaminyltransferase-2. J. Biol. Chem.

281, 8613-8619.

Gastinel, L. N., Cambillau, C., and Bourne, Y. (1999) Crystal structures of the bovine

B4galactosyltransferase catalytic domain and its complex with uridine diphosphogalactose. EMBO J.

18, 3546-3557.

Gastinel, L. N., Bignon, C., Misra, A. K., Hindsgaul, O., Shaper, J. H., Joziasse, D. H. (2001) Bovine

o1,3-galactosyltransferase catalytic domain structure and its relationship with ABO histo-blood

group and glycosphingolipid glycosyltransferases. EMBO J. 20, 638-649.

Gibson, R.P., Turkenburg, J.P., Charnock, S.J., Lloyd, R., and Davies, G.J. (2002) Insights into
trehalose synthesis provided by the structure of the retaining glycosyltransferase OtsA. Chem. Biol. 9,

1337-1346.

Holm, L. and Sander, C. (1993) Protein structure comparison by alignment of distance matrices. J.

Mol. Biol. 233, 123-138.

Thara, H., Ikeda, Y., Koyota, S., Endo, T., Honke, K., and Taniguchi, N. (2002) A catalytically

inactive B 1,4-N-acetylglucosaminyltransferase III (GnT-1II) behaves as a dominant negative GnT-III

inhibitor. Eur. J. Biochem., 269, 193-201.

21



Thara, H., Ikeda, Y., and Taniguchi, N. (2006) Reaction mechanism and substrate specificity for

nucleotide sugar of mammalian ol,6-fucosyltransferase--a large-scale preparation and

characterization of recombinant human FUT8. Glycobiology 16, 333-342.

Ihara, S., Miyoshi, E., Nakahara, S., Sakiyama, H., Ihara, H., Akinaga, A., Honke, K., Dickson, R. B.,

Lin, CY., and Taniguchi, N. (2004) Addition of 31-6 GlcNAc branching to the oligosaccharide

attached to Asn 772 in the serine protease domain of matriptase plays a pivotal role in its stability and

resistance against trypsin. Glycobiology, 14, 139-146.

Javaud, C., Dupuy, F., Maftah, A., Michalski, J. M., Oriol, R., Petit, J. M., and Julien, R. (2000)

Ancestral exonic organization of FUTS, the gene encoding the a:6-fucosyltransferase, reveals

successive peptide domains which suggest a particular three-dimensional core structure for the

o6-fucosyltransferase family. Mol. Biol. Evol. 17, 1661-1672.

Javaud, C., Dupuy, F., Maftah, A., Julien, R., and Petit, J. M. (2003) The fucosyltransferase gene
family: an amazing summary of the underlying mechanisms of gene evolution. Genetica 118,

157-170

Jones, T. A., Zou, J.-Y., Cowan, S. W., and Kjeldgaard, M. (1991) Improved methods for building

protein models in electron density maps and the location of errors in these models. Acta Crystallogr.

Sect. 4 47, 110-119.

Kakuda, S., Shiba, T., Ishiguro, M., Tagawa, H., Oka, S., Kajihara, Y., Kawasaki, T., Wakatsuki, S.,

and Kato, R. (2004) Structural basis for acceptor substrate recognition of a human

22



glucuronyltransferase, GIcAT-P, an enzyme critical in the biosynthesis of the carbohydrate epitope

HNK-1. J. Biol. Chem. 279, 22693-22703.

Kaminska, J., Glick, M. C., and Koscielak, J. (1998) Purification and characterization of GDP-L-Fuc:

N-acetyl B -D-glucosaminide al-->6fucosyltransferase from human blood platelets. Glycoconj. J. 15,

783-738.

Kaminska, J., Wisniewska, A., and Kosciclak, J. (2003) Chemical modifications of

o/1,6-fucosyltransferase define amino acid residues of catalytic importance. Biochimie 88, 303-310.

Kubota, T., Shiba, T., Sugioka, S., Furukawa, S., Sawaki, H., Kato, R., Wakatsuki, S., and Narimatsu,
H. (2006) Structural basis of carbohydrate transfer activity by human UDP-GalNAc: polypeptide
o-N-acetylgalactosaminyltransferase (pp-GalNAc-T10). J. Mol. Biol. 359, 708-727.

Lakowski, R.A., MacArthur, M.W., Moss, D.S., and Thornton, J.M., (1993) PROCHECK: a program
to check the stereochemical quality of protein structures. J. Appl. Crystallogr. 26, 283-291.

Laemmli, U.K. (1970) Cleavage of structural proteins during the assembly of the head of

bacteriophage T4, Nature 227, 680-685.

Lamzin, V. S., Perrakis, A. and Wilson, K. S. (2001) The ARP/wARP suite for automated
construction and refinement of protein models. In International Tables for Crystallography. Volume
F: Crystallography of biological macromolecules (Rossmann, M. G. and Arnold, E. eds.), Dordrecht,

Kluwer Academic Publishers, The Netherlands, pp. 720-722.

Lee, S.H., Takahashi, M., Honke, K., Miyoshi, E., Osumi, D., Sakiyama, H., Ekuni, A., Wang, X.,

Inoue, S., Gu, J., Kadomatsu, K., and Taniguchi, N. (2006) Loss of core fucosylation of low-density

23



lipoprotein receptor-related protein-1 impairs its function, leading to the upregulation of serum levels

of insulin-like growth factor-binding protein 3 in Fut8-/- mice. J. Biochem. (Tokyo) 139,391-398.

Li, W., Nakagawa, T., Koyama, N., Wang, X., Jin, J., Mizuno-Horikawa, Y., Gu, J., Miyoshi, E.,
Kato, L., Honke, K., Taniguchi, N., and Kondo, A. (2006) Down-regulation of trypsinogen expression

is associated with growth retardation in oul,6-fucosyltransferase-deficient mice: attenuation of

proteinase-activated receptor 2 activity. Glycobiology 16,1007-1019.

Lobsanov, Y.D., Romero, P.A., Sleno, B., Yu, B., Yip, P., Herscovics, A., and Howell, P.L. (2004)

Structure of Kre2p/Mntlp: a yeast o1,2-mannosy ltransferase involved in mannoprotein biosynthesis.

J. Biol. Chem. 279, 17921-17931.

Longmore, G. D. and Schachter, H. (1982) Product-identification and substrate-specificity studies of

the GDP-L-fucose:2-acetamido-2-deoxy-B-D-glucoside (FUC goes to Asn-linked GIcNAc)

6-o-L-fucosyltransferase in a Golgi-rich fraction from porcine liver. Carbohydr. Res. 100, 365-392.

Martinez-Duncker, 1., Mollicone, R., Candelier, J. J., Breton, C., and Oriol, R. (2003) A new

superfamily of protein-O-fucosyltransferases, 02-fucosyltransferases, and 0.6-fucosyltransferases:

phylogeny and identification of conserved peptide motifs. Glycobiology. 13, 1C-5C.

Massenet, C., Chenavas, S., Cohen-Addad, C., Dagher, M. C., Brandolin, G., Pebay-Peyroula, E.,
and Fieschi, F. (2005) Effects of p47phox C terminus phosphorylations on binding interactions with
p40phox and p67phox. Structural and functional comparison of p40phox and p67phox SH3 domains.

J. Biol. Chem. 280, 13752-13761.

24



Miyoshi, E., Uozumi, N., Noda, K., Hayashi, N., Hori, M., and Taniguchi, N. (1997) Expression of

o1-6 fucosyltransferase in rat tissues and human cancer cell lines. Int. J. Cancer 72, 1117-1121.

Miyoshi, E., Noda, K., Yamaguchi, Y., Inoue, S., Ikeda, Y., Wang, W., Ko, J. H., Uozumi, N., Li, W,
and Taniguchi, N. (1999) The a1-6-fucosyltransferase gene and its biological significance. Biochim.

Biophys. Acta 1473, 9-20.

Miyoshi, E., Noda, K., Ko, J. H., Ekuni, A., Kitada, T., Uozumi, N., Ikeda, Y., Matsuura, N., Sasaki,
Y., Hayashi, N., Hori, M., and Taniguchi, N. (1999) Overexpression of o.1-6 fucosyliransferase in

hepatoma cells suppresses intrahepatic metastasis after splenic injection in athymic mice. Cancer Res.

59, 2237-2243.

Miyoshi, E., and Taniguchi, N. (2002) o6-fucosyltransferase (FUT8) Handbook of

Glycosyltransferase and Related Genes. Taniguchi, N., Honke, K., Fukuda, M., (eds.), Springer

(Tokyo), pp. 259-263.

Mulichak, A.M., Losey, H.C., Walsh, C.T., and Garavito, R.M. (2001) Structure of the

UDP-glucosyltransferase GtfB that modifies the heptapeptide aglycone in the biosynthesis of

vancomycin group antibiotics. Structure 9, 547-557.

Murshudov, G. N., Vagin, A. A., and Dodson, E. J. (1997) Refinement of macromolecular structures

by the maximum-likelihood method. Acta Crystallogr. Sect. D Biol. Crystallogr. 53, 240-255.

25



Nakakita, S., Menon, K. K., Natsuka, S., Ikenaka, K., and Hase, S. (1999) B1-4Galactosyltransferase

activity of mouse brain as revealed by analysis of brain-specific complex-type N-linked sugar chains.

J. Biochem. (Tokyo). 126, 1161-1169.

Ni, L. Sun, M., Yu, H., Chokhawala, H., Chen, X.,and Fisher, A.J. (2006) Cytidine
5'-monophosphate (CMP)-induced structural changes in a multifunctional sialyltransferase from

Pasteurella multocida. Biochemistry 45, 2139-2148.

Niwa, H., Yamamura, K., and Miyazaki, J. (1991) Efficient selection for high-expression

transfectants with a novel eukaryotic vector. Gene 108,193-199.

Noda, K., Miyoshi, E., Uozumi, N., Yanagidani, S., Ikeda, Y., Gao, C., Suzuki, K., Yoshihara, H.,
Yoshikawa, K., Kawano, K., Hayashi, N., Hori, M., and Taniguchi, N. (1998) Gene expression of

ou1-6 fucosyltransferase in human hepatoma tissues: a possible implication for increased fucosylation

of a-fetoprotein. Hepatology 28, 944-952. Erratum in: (1999) Hepatology 29, 301.

Okajima, T., Xu, A. Lei, L., and Irvine, K.D. (2005) Chaperone activity of protein

O-fucosyltransferase 1 promotes notch receptor folding. Science. 307, 1599-1603.

Okazaki, A., Shoji-Hosaka, E., Nakamura, K., Wakitani, M., Uchida, K., Kakita, S., Tsumoto, K.,
Kumagai, 1., and Shitara, K. (2004) Fucose depletion from human IgG1 oligosaccharide enhances

binding enthalpy and association rate between IgG1 and FeyRlIlla. J. Mol. Biol. 336, 1239-1249.

Oriol, R., Mollicone, R., Cailleau, A., Balanzino, L., and Breton, C. (1999) Divergent evolution of

fucosyltransferase genes from vertebrates, invertebrates, and bacteria. Glycobiology. 9, 324-334.

26



Oriol, R., and Mollicone, R. (2002) o2-fucosyltransferase (FUT1, FUT2, and Secl) Handbook of

Glycosyltransferase and Related Genes. Taniguchi, N., Honke, K., Fukuda, M., (eds.), Springer

(Tokyo), pp. 205-217.

Otwinowski, Z. and Minor, W. (1997) Processing of X-ray Diffraction Data Collected in Oscillation

Mode. Methods in Enzymol. 276, 307-326.

Pak J.E., Amoux, P., Zhou, S., Sivarajah, P., Satkunarajah, M., Xing, X., Rini, J.M. (2006) X-ray
crystal structure of leukocyte type core 2 B1,6-N-acetylglucosaminyltransferase. Evidence for a

convergence of metal ion-independent glycosyltransferase mechanism. J. Biol. Chem. 281,

26693-26701.

Paschinger, K., Staudacher, E., Stemmer, U., Fabini, G., and Wilson, L., B. (2005) Fucosyltransferase

substrate specificity and the order of fucosylation in invertebrates. Glycobiology 15, 463-474.

Patenaude, S. I., Seto, N. O., Borisova, S. N., Szpacenko, A., Marcus, S. L., Palcic, M. M., and
Evans, , S. V. (2002) The structural basis for specificity in human ABO(H) blood group

biosynthesis. Nat. Struct. Biol. 9, 685-690.

Pedersen, L. C., Tsuchida, K., Kitagawa, H., Sugahara, K., Darden, T. A., and Negishi, M. (2000)

Heparan/chondroitin sulfate biosynthesis. Structure and mechanism of human glucuronyltransferase I.

J. Biol. Chem. 275, 34580-34585.

Pedersen, L. C., Dong, J., Taniguchi, F., Kitagawa, H., Krahn, J. M., Pedersen, L. G., Sugahara, K.,

and Negishi, M. (2003) Crystal structure of an «1,4-N-acetylhexosaminyltransferase (EXTL2), a

27



member of the exostosin gene family involved in heparan sulfate biosynthesis. J. Biol. Chem. 278,

14420-14428.

Perrakis, A., Harkiolaki, M., Wilson, K. S., and Lamzin, V. S. (2001) ARP/WARP and molecular

replacement. Acta Crystallogr. Sect. D Biol. Crystallogr. 87, 1445-1450.

Pettersen, E. F., Goddard, T. D., Huang, C. C., Couch, G. S., Greenblatt, D. M., Meng, E. C., and
Ferrin, T. E. (2004) UCSF Chimera--a visualization system for exploratory research and analysis. J.

Comput. Chem. 25,1605-1612.

Qasba, P.K., Ramakrishnan, B., and Boeggenman, E. (2005) Substrate-induced conformational

changes in glycosyltransferases. Trends Biochem. Sci. 30, 53-62.

Ramakrishnan, B., Boeggeman, E., Ramasamy, V., and Qasba, P.K. (2004) Structure and catalytic

cycle of B-1,4-galactosyltransferase. Curr. Opin. Struct. Biol. 14, 593-600.

Ramasamy, V., Ramakrishnan, B., Boeggeman, E., and Qasba, P. K. (2003) The role of tryptophan

314 in the conformational changes of betal,4-galactosyltransferase-1. J Mol Biol. 331, 1065-1076.

Shields, R. L., Lai, J., Keck, R., O’Connell, L. Y., Hong, K., Meng, Y. G., Weikert, S. H., and Presta,
L. G. (2002) Lack of fucose on human IgG1 N-linked oligosaccharide improves binding to human

FcyRIII and antibody-dependent cellular toxicity. J. Biol. Chem. 277, 26733-26740.

J. Biol. Chem. 277, 26733-26740.

Shinkawa, T., Nakamura, K., Yamane, N., Shoji-Hosaka, E., Kanda, Y., Sakurada, M., Uchida, K.,

Anazawa, H., Satoh, M., Yamasaki, M., Hanai, N., and Shitara, K. (2003) The absence of fucose but

28



not the presence of galactose or bisecting N-acetylglucosamine of human IgGl complex-type
oligosaccharides shows the critical role of enhancing antibody-dependent cellular cytotoxicity. J.

Biol. Chem. 278, 3466-3473.

Staudacher, E., Altmann, F., Wilson, I. B., and Marz, L. (1999) Fucose in N-glycans: from plant to

man. Biochim. Biophys. Acta 473, 216-236.

Staudacher, E. and Marz, L. (1998) Strict order of (Fuc to Asn-linked GIcNAc) fucosyltransferases

forming core-difucosylated structures. Glycoconj. J. 15, 355-360.

Stavropoulos, P., Blobel, G., and Hoelz, A. (2006) Crystal structure and mechanism of human

lysine-specific demethylase-1. Nat. Struct. Mol. Biol. 13, 626-632.

Takahashi, T., Ikeda, Y., Tateishi, A., Yamaguchi, Y., Ishikawa, M., and Taniguchi N. (2000) A
sequence motif involved in the donor substrate binding by ol,6-fucosyltransferase: the role of the

conserved arginine residues. Glycobiology 10, 503-510.

Taketa, K., Endo, Y., Sekiya, C., Tanikawa, K., Kojii, T., Taga, H., Satomura, S., Matsuura, S.,

Kawali, T., and Hirai, H. (1993) A collaborative study for the evaluation of lectin-reactive

o-fetoproteins in early detection of hepatocellular carcinoma. Cancer. Res. 53, 5419-5423.

Taniguchi, N., Miyoshi, E., Jianguo, G., Honke, K., and Matsumoto, A. (2006) Decoding sugar

functions by identifying target glycoproteins. Curr. Opin. Struct. Biol. 16,561-566.

29



Tarbouriech, N., Charnock, S.J., and Davis, G.J. (2001) Three-dimentional Structures of the Mn and
Mg dTDP complexes of the family GT-2glycosyltransferase SpsA: a comparison with related

NDP-sugar glycosyltransferases. J. Mol. Biol. 314, 655-661.

Thoden, J.B., Huang, X., Raushel, F.M., and Holden, H.M. (1999) The small subunit of carbamoyl

phosphate synthetase: snapshots along the reaction pathway. Biochemistry 38, 16158-16166.

Unligil, U. M. and Rini, J. M. (2000) Glycosyltransferase structure and mechanism. Curr. Opin.

Struct. Biol. 10,510-517.

Unligil, U. M., Zhou, S., Yuwaraj, S., Sarkar, M., Schachter, H., and Rini, J. M. (2000) X-ray crystal
structure of rabbit N-acetylglucosaminyltransferase 1. catalytic mechanism and a new protein

superfamily. EMBO J. 19, 5269-5280.

Uozumi, N., Teshima, T., Yamamoto, T., Nishikawa, A., Gao, Y.E., Miyoshi, E., Gao, C.X., Noda,
K., Islam, K.N., Ihara, Y., Fujii, S., Shiba, T., and Taniguchi, N. (1996) A fluorescent assay method

for GDP-L-Fuc:N-acetyl-B-D-glucosaminide ol -6fucosyltransferase activity, involving high

performance liquid chromatography. J Biochem (Tokyo). 120, 385-392.

Uozumi, N., Yanagidani, S., Miyoshi, E., Thara, Y., Sakuma, T., Gao, C. X., Teshima, T., Fujii, S.,
Shiba, T., and Taniguchi, N. (1996) Purification and cDNA cloning of porcine brain

GDP-L-Fuc:N-acetyl-f-D-glucosaminide ol-->6fucosyltransferase. J. Biol. Chem. J. Biol. Chem.

271,27810-27817.

Voynow, J. A., Kaiser, R. S., Scanlin, T. F., and Glick, M. C. (1991) Purification and

characterization of GDP-L-fucose-N-acetyl beta-D-glucosaminide alpha 1----6fucosyltransferase

30



from cultured human skin fibroblasts. Requirement of a specific biantennary oligosaccharide as

substrate. J. Biol. Chem. 266,21572-21577.

Yanagidani, S., Uozumi, N., Thara, Y., Miyoshi, E., Yamaguchi, N., and Taniguchi N. (1997)

Purification and ¢cDNA cloning of GDP-L-Fuc: N-acetyl-B-D-glucosaminide:ot1-6 fucosyltransferase

(01-6 FucT) from human gastric cancer MKN45 cells. J. Biochem. (Tokyo) 121, 626-632.

Zarembinski, T.I., Hung, L.-W., Mueller-Dieckmann, H.J., Kim, K.-K., Yokota, H., Kim, R., and
Kim, S.-H. (1998) Structure-based assignment of the biochemical function of a hypothetical protein:

a test case of structural genomics. Proc. Natl. Acad. Sci. US.A. 95,15189-15193.

Zechel, D.L. and Withers, S.G. (2001) Dissection of nucleophilic and acid-base catalysis in

glycosidases. Curr. Opin. Chem. Biol. 5, 643-649.

Zhao, Y., Itoh, S., Wang, X., Isaji, T., Miyoshi, E., Kariya, Y., Miyazaki, K., Kawasaki, N.,
Taniguchi, N., and Gu, J. (2006) Deletion of core fucosylation on a:3B1 integrin down-regulates its

functions. J. Biol. Chem. in press.

Wang, X., Inoue, S., Gu, J., Miyoshi, E., Noda, K., Li, W., Mizuno-Horikawa, Y., Nakano, M., Asahi,
M., Takahashi, M., Uozumi, N., Thara, S., Lee, S. H., Ikeda, Y., Yamaguchi, Y., Aze, Y., Tomiyama,
Y., Fujii, J., Suzuki, K., Kondo, A., Shapiro, S. D., Lopez-Otin, C., Kuwaki, T., Okabe, M., Honke,
K., and Taniguchi, N. (2005) Dysregulation of TGF-B1 receptor activation leads to abnormal lung

development and emphysema-like phenotype in core fucose-deficient mice. Proc. Natl. Acad. Sci.

US.A.. 102,15791-15796.

31



Wang, X., Gu, J., Ihara, H., Miyoshi, E., Honke, K., and Taniguchi, N. (2006) Core fucosylation
regulates epidermal growth factor receptor-mediated intracellular signaling. J. Biol. Chem. 281,

2572-2577.

White, A. and Rose, D.R. (1997) Mechanismof catalysis by retaining [-glycosyl hydrolases. Curr.

Opin. Struct. Biol. 7, 645-651.

Wilson, J. R., Williams, D., and Schachter, H. (1976) The control of glycoprotein synthesis:
N-acetylglucosamine linkage to a mannose residue as a signal for the attachment of L-fucose to the
asparagine-linked N-acetylglucosamine residue of glycopeptide from alphal-acid glycoprotein.

Biochem Biophys Res Commun 72, 909-916.

Wu, X., Knudsen, B., Feller, S. M., Jie Zheng, J., Sali, A., Cowburn, D., Hanafusa, H., and Kuriyan,

J. (1995) Structural basis for the specific interaction of lysine-containing proline-rich peptides with

the N-terminal SH3 domain of ¢-Crk. Structure 3, 215-226.

32



LEGENDS TO FIGURES

Fig.1. Reaction catalyzed by FUTS8. FUTS transfers a fucose residue from GDP-B-L-fucose to the

innermost GlcNAc of an Asn-linked oligosaccharide.

Fig.2. Overall structure of human FUTS8. Stereo view of the overall structure of the catalytic
region of FUTS (PDB No. 2DEO0) is indicated by a ribbon diagram. The secondary structures are
highlighted, and helices and B-strands are shown in orange and blue respectively. Thr-367 and
Glu-373 colored in red means that the residues, Asp-368 to Thr-372 are disordered. All figures in

this study were produced using the program, UCSF Chimera (Pettersen et al., 2004).

Fig.3. The amino acid sequence and secondary structure of human FUT8. Amino acid
residues 68-575, which were examined by structural analysis are shown. Residues 358-370,

403-416 and 451-477, underlined and in red, indicate the three conserved regions among the ¢1,2-,
o1,6- and protein O-fucosyltransferases, as shown in Fig.5A. As illustrated in the diagram of the
secondary structures above the sequence, the cylinder and arrow denote the helix and B-strand

respectively. Some residues indicated in light blue and italic are additional residues for recombinant
expression at the N- and C-terminus. The dashed line denotes regions that are disordered in the

structural analysis (residues 68-117, 368-372 and 573-575). Helices, al-11 are o-helices, and

3H1-4 mean 3,¢-helices.

Fig. 4. Overlapping of GT-B glycosyltransferase on FUTS.
Two GT-B glycosyltransferases, in which the Rossmann fold is similar to that of FUTS, were
overlapped on FUT8. The main-chains of the enzymes are indicated. Regions with similarities are

shown as a ribbon model. ADP-heptose Ips heptosyltransferase IT (A, PDB No. 1PSW) and Gtfb,

33



