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Novel Fucosvltransferases and their applications 

[0001] The present invention relates to novel fucosyltransferases and their 
applications. 

[0002] Many (glyco)proteins, (glyco)lipids or oligosaccharides require the 
presence of particular fucosylated structures, in order to exhibit a particular biological 
activity. E.g., many intercellular recognition mechanisms require a fucosylated 
oligosaccharide: e.g., in order to be bound by cell adhesion molecules, such as L-
selectin, specific cell structures have to comprise fucosylated carbohydrates. Another 
example for fucosylated structures having a biological function are structures that 
form the ABO blood group system. Furthermore, therapeutic (glyco)proteins represent 
the fastest growing class of pharmaceutical reagents, whereby their pharmacokinetic 
properties and stability are/is ascribed to their glycans. 
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[0003] Due to their complex nature and inherent chemical properties, the 
chemical synthesis of glycoconjugates is a major challenge and associated with 
substantial difficulties. Unlike proteins and nucleic acids, for which automated 
synthesizers are commercially available, glycans - and let alone glycoconjugates -
cannot (yet) be synthesized using a general commercial system. Apart from the 
requirement to control stereochemistry, the formation of specific linkages remains 
difficult. 

[0004] In view of the complexness associated with the chemical or the 
combined enzymatic/chemical synthesis of glycoconjugates, recent approaches have 
used glycosyltransferases to enzymatically synthesize (glyco)proteins and 
(glyco)lipids comprising oligosaccharide residues. 

[0005] Fucosyltransferases, which belong to enzyme family of glycosyltrans­
ferases, are widely expressed in vertebrates, invertebrates, plants and bacteria. They 
catalyze the transfer of a fucose residue from a donor, generally guanosine-
diphosphate fucose (GDP-fucose) to an acceptor, which include oligosaccharides, 
(glyco)proteins and (glyco)lipids. The thus fucosylated acceptor substrates are in­
volved in a variety of biological and pathological processes. 

[0006] Several fucosyltransferases have been identified, e.g. in the bacteria 
Helicobacter pylori, Escherichia coli, Salmonella enterica, in mammals, Caenorhabditis 
elegans and Schistosoma mansoni, as well as in plants, whereby based on the site of 
fucose addition, fucosyltransferases are classified into alphal,2, alphal,3/4 and O-
fucosyltransferases. 

[0007] In mammals, GDP-Fucose is synthesized in the cytoplasm through 
de novo synthesis and salvage pathway. With the de novo synthesis, GDP-mannose is 
converted to GDP-fucose via two enzymes, whilst the salvage pathway utilizes the 
free cytosolic fucose as substrate. In the cell, GDP-fucose becomes concentrated in 
vesicles and is recognized by fucosyltransferases as a donor substrate. 
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[0008] Since the biological activity of many commercially important oligo­
saccharides, (glyco)proteins and (glyco)lipids depends upon the presence of particular 
fucose residues, there is a need in the state of the art to efficiently synthesize or 
produce glycoconjugates that have the desired oligosaccharide residue(s). 

[0009] Thus, it is an object of the present invention to provide for tools and 
methods by means of which fucosylated substrates can be produced in an efficient, 
time- and cost saving way, which yields high amounts of the desired substrate. 

[0010] According to the invention, this object is solved, inter alia ,by the 
provision of an isolated polynucleotide encoding a polypeptide with alpha-1,3 
fucosyltransferase activity and comprising a sequence or consisting of a sequence 
selected from the group consisting of: 

a) SEQ ID Nos. 1, 3 or 5 of the attached sequence listing; 

b) a nucleic acid sequence complementary to SEQ ID Nos. 1, 3 or 5; 

c) nucleic acid sequences which hybridize under stringent conditions to 
the nucleic acid sequences defined in a) and b) or their complementary 
strands. 

[0011] The polynucleotides according to the invention represent fucosyl­
transferases of the species Akkennansia muciniphila and Bacteroides fragilis, wherein 
the SEQ ID No. 1 displays the polynucleotide sequence of a newly identified fucosyl­
transferase of Akkennansia muciniphila, and wherein the SEQ ID Nos. 3 and 5 display 
polynucleotide sequences of two newly identified fucosyltransferases of Bacteroides 
fragilis. 

[0012] The newly identified fucosyltransferases have surprising effects since 
by using them reactions can be performed which are not naturally occurring: Within 
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the scope of the presenting invention it has been found that the above identified 
alpha-1,3 fucosyltransferases are able to use lactose as substrate and are able to 
produce fucosylated oligosaccharides, in particular 3-fucosyllactose. Up to date, none 
of the known alpha-1,3 fucosyltransferases isolated from bacteria has been shown to 
use lactose as a natural substrate for the production of fucosyllactose. Thus, the 
suitability of the newly identified fucosyltransferases to be used for producing fucosy­
lated oligosaccharides is highly surprising, and, thus, their use represents an excellent 
tool to easily, efficiently and cost-saving produce, e.g., human milk oligosaccharides 
(HMOs), such as fucosyllactose. Today, more than 80 compounds, belonging to 
HMOs, have been structurally characterized; they represent a class of complex oligo­
saccharides that function as prebiotics. Additionally, the structural homology of 
HMO to epithelial epitopes accounts for protective properties against bacterial 
pathogens. Within the infant gastrointestinal tract, HMOs selectively nourish the 
growth of selected bacteria strains and are, thus, priming the development of a 
unique gut microbiota in breast milk-fed infants. 

[0013] Since until now, the structural complexity of these oligosaccharides 
has hindered their synthetic production, the main source for HMOs is still human 
milk. Thus, there is a need for readily and easily obtainable HMOs, which can be 
provided by using the -surprisingly suitable - fucosyltransferases presented herein. 

[0014] According to the present invention, the term "polynucleotide(s)" 
generally refers to any polyribonucleotide or polydeoxribonucleotide, which may be 
unmodified RNA or DNA or modified RNA or DNA. "Polynucleotide(s)" include, 
without limitation, single- and double-stranded DNA, DNA that is a mixture of 
single- and double-stranded regions or single-, double- and triple-stranded regions, 
single- and double-stranded RNA, and RNA that is mixture of single- and double-
stranded regions, hybrid molecules comprising DNA and RNA that may be single-
stranded or, more typically, double-stranded, or triple-stranded regions, or a mixture 
of single- and double-stranded regions. In addition, "polynucleotide" as used herein 
refers to triple-stranded regions comprising RNA or DNA or both RNA and DNA. The 
strands in such regions may be from the same molecule or from different molecules. 
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The regions may include all of one or more of the molecules, but more typically 
involve only a region of some of the molecules. One of the molecules of a triple-
helical region often is an oligonucleotide. As used herein, the term "polynucleo-
tide(s)" also includes DNAs or RNAs as described above that contain one or more 
modified bases. Thus, DNAs or RNAs with backbones modified for stability or for 
other reasons are "polynucleotide^)" as that term is intended herein. Moreover, 
DNAs or RNAs comprising unusual bases, such as inosine, or modified bases, such as 
tritylated bases, to name just two examples, are polynucleotides as the term is used 
herein. It will be appreciated that a great variety of modifications have been made to 
DNA and RNA that serve many useful purposes known to those of skill in the art. The 
term "polynucleotide^)" as it is employed herein embraces such chemically, enzy-
matically or metabolically modified forms of polynucleotides, as well as the chemical 
forms of DNA and RNA characteristic of viruses and cells, including, for example, 
simple and complex cells. Also, "Polynucleotide(s)" also embraces short polynucleo­
tides often referred to as oligonucleotide(s). 

[0015] "Polypeptide(s)" refers to any peptide or protein comprising two or 
more amino acids joined to each other by peptide bonds or modified peptide bonds. 
"Polypeptide(s)" refers to both short chains, commonly referred to as peptides, 
oligopeptides and oligomers and to longer chains generally referred to as proteins. 
Polypeptides may contain amino acids other than the 20 gene encoded amino acids. 
"Polypeptide(s)" include those modified either by natural processes, such as process­
ing and other post-translational modifications, but also by chemical modification 
techniques. Such modifications are well described in basic texts and in more detailed 
monographs, as well as in a voluminous research literature, and they are well known 
to those of skill in the art. It will be appreciated that the same type of modification 
may be present in the same or varying degree at several sites in a given polypeptide. 
Also, a given polypeptide may contain many types of modifications. Modifications 
can occur anywhere in a polypeptide, including the peptide backbone, the amino 
acid side-chains, and the amino or carboxyl termini. Modifications include, for 
example, acetylation, acylation, ADP-ribosylation, amidation, covalent attachment of 
flavin, covalent attachment of a heme moiety, covalent attachment of a nucleotide 
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or nucleotide derivative, covalent attachment of a lipid or lipid derivative, covalent 
attachment of phosphotidylinositol, cross-linking, cyclization, disulfide bond forma­
tion, demethylation, formation of covalent cross-links, formation of pyroglutamate, 
formylation, gamma-carboxylation, glycosylation, GPI anchor formation, hydroxyla-
tion, iodination, methylation, myristoylation, oxidation, proteolytic processing, 
phosphorylation, prenylation, racemization, , lipid attachment, sulfation, gamma-
carboxylation of glutamic acid residues, hydroxylation and ADP-ribosylation, se-
lenoylation, , transfer-RNA mediated addition of amino acids to proteins, such as 
arginylation, and ubiquitination. Polypeptides may be branched or cyclic, with or 
without branching. Cyclic, branched and branched circular polypeptides may result 
from post-translational natural processes and may be made by entirely synthetic 
methods, as well. 

[0016] "Isolated" means altered "by the hand of man" from its natural state, 
i.e., if it occurs in nature, it has been changed or removed from its original environ­
ment, or both. For example, a polynucleotide or a polypeptide naturally present in a 
living organism is not "isolated," but the same polynucleotide or polypeptide sepa­
rated from the coexisting materials of its natural state is "isolated", as the term is 
employed herein. Similarly, a "synthetic" sequence, as the term is used herein, means 
any sequence that has been generated synthetically and not directly isolated from a 
natural source. "Recombinant" means genetically engineered DNA prepared by 
transplanting or splicing genes from one species into the cells of a host organism of a 
different species. Such DNA becomes part of the host's genetic makeup and is repli­
cated. 

[0017] The term "polynucleotide encoding a polypeptide" as used herein 
encompasses polynucleotides that include a sequence encoding a polypeptide of the 
invention, particularly an alpha-l,3-fucosyltransferase having the amino acid se­
quence as set forth in SEQ ID Nos. 2, 4, and 6. The term also encompasses polynu­
cleotides that include a single continuous region or discontinuous regions encoding 
the polypeptide (for example, interrupted by integrated phage or an insertion se­
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quence or editing) together with additional regions that also may contain coding 
and/or non-coding sequences. 

[0018] "Variant(s)" as the term is used herein, is a polynucleotide or poly­
peptide that differs from a reference polynucleotide or polypeptide respectively, but 
retains essential properties. A typical variant of a polynucleotide differs in nucleotide 
sequence from another, reference polynucleotide. Changes in the nucleotide se­
quence of the variant may or may not alter the amino acid sequence of a polypeptide 
encoded by the reference polynucleotide. Nucleotide changes may result in amino 
acid substitutions, additions, deletions, fusions and truncations in the polypeptide 
encoded by the reference sequence, as discussed below. A typical variant of a poly­
peptide differs in amino acid sequence from another, reference polypeptide. Gener­
ally, differences are limited so that the sequences of the reference polypeptide and 
the variant are closely similar overall and, in many regions, identical. A variant and 
reference polypeptide may differ in amino acid sequence by one or more substitu­
tions, additions, deletions in any combination. A substituted or inserted amino acid 
residue may or may not be one encoded by the genetic code. A variant of a polynu­
cleotide or polypeptide may be a naturally occurring such as an allelic variant, or it 
may be a variant that is not known to occur naturally. Non-naturally occurring 
variants of polynucleotides and polypeptides may be made by mutagenesis tech­
niques, by direct synthesis, and by other recombinant methods known to the persons 
skilled in the art. 

[0019] The terms "alpha-l,3-fucosyltranferase or fucosyltransferase" or a nu­
cleic acid/polynucleotide encoding an "alpha-l,3-fucosyltranferase or fucosyltrans­
ferase" refer to a glycosyltransferase that catalyzes the transfer of fucose from a donor 
substrate, for example, GDP-fucose, to an acceptor molecule in an alpha-l,3-linkage. 
The acceptor molecule can be a carbohydrate, an oligosaccharide, a protein or 
(glyco)protein, or a lipid or (glyco)lipid, and can be, e.g., N- acetylglucosamine, N-
acetyllactosamine, galactose, fucose, sialic acid, glucose, lactose or any combination 
thereof. Within the scope of the present invention, also nucleic acid/polynucleotide 
and polypeptide polymorphic variants, alleles, mutants, and interspecies homologs 
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are comprised by those terms, that have an amino acid sequence that has greater 
than about 60% amino acid sequence identity, 65%, 70%, 75%, 80%, 85%, 90%, 
preferably 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% or greater amino acid 
sequence identity, preferably over a region of at least about 25,50, 100, 200,500, 
1000, or more amino acids, to a polypeptide encoded by a nucleic acid selected from 
SEQ ID Nos. 1, 3 or 5, or an amino acid sequence selected from SEQ ID Nos. 2, 4, or 
6. 

[0020] Additionally, the alpha-l,3-fucosyltransferase polypeptide may be 
altered by additions or deletions of peptide sequences in order to modify its activity. 
For example, polypeptide sequences may be fused to the alpha-l,3-fucosyltransferase 
polypeptide in order to effectuate additional enzymatic activity. Alternatively, amino 
acids may be deleted to remove or modify the activity of the protein. The protein 
may be modified to lack alpha-l,3-fucosyltransferase enzymatic activity but yet retain 
its structural three-dimensional structure. Such modification would be useful in the 
development of antibodies against alpha-l,3-fucosyltransferase polypeptide. 

[0021] In addition, alpha-l,3-fucosyltransferase gene products may include 
proteins or polypeptides that represent functionally equivalent gene products. Such 
an equivalent alpha-l,3-fucosyltransferase gene product may contain deletions, 
additions or substitutions of amino acid residues within the amino acid sequence 
encoded by the alpha-1,3-fucosyltransferase gene sequences described above, but 
which results in a silent change, thus producing a functionally equivalent alpha-1,3-
fucosyltransferasc gene product. Amino acid substitutions may be made on the basis 
of similarity in polarity, charge, solubility, hydrophobicity, hydrophilicity, and/or 
the amphipathic nature of the residues involved. For example, nonpolar (hydropho­
bic) amino acids include alanine, leucine, isoleucine, valine, proline, phenylalanine, 
tryptophan, and methionine; planar neutral amino acids include glycine, serine, 
threonine, cysteine, tyrosine, asparagine, and glutamine; positively charged (basic) 
amino acids include arginine, lysine, and histidine; and negatively charged (acidic) 
amino acids include aspartic acid and glutamic acid. Within the context of this 
invention, "functionally equivalent", as used herein, refers to a polypeptide capable 
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of exhibiting a substantially similar in vivo activity as the endogenous alpha-1,3-
fucosyltransferase gene products encoded by the alpha-l,3-fucosyltransferase gene 
sequences described above, as judged by any of a number of criteria, including but 
not limited to antigenicity, i.e., the ability to bind to an anti-alpha-1,3 -
fucosyltransferase antibody, immunogenicity, i.e., the ability to generate an antibody 
which is capable of binding an alpha-1,3 -fucosyltransferase protein or polypeptide, 
as well as enzymatic activity. 

[0022] Included within the scope of the invention are alpha-1,3-
fucosyltransferase proteins, polypeptides, and derivatives (including fragments) 
which are differentially modified during or after translation. Furthermore, non-
classical amino acids or chemical amino acid analogs can be introduced as a substitu­
tion or addition into the alpha-l,3-fucosyltransferase polypeptide sequence. 

[0023] The alpha-l,3-fucosyltransferase polypeptide may be produced by 
recombinant DNA technology using techniques well known in the art. Methods 
which are well known to those skilled in the art can be used to construct expression 
vectors containing alpha-l,3-fucosyltransferase coding sequences and appropriate 
transcriptional translational control signals. These methods include, for example, in 
vitro recombinant DNA techniques, synthetic techniques, and in vivo genetic recom­
bination. See, for example, the techniques desaibed in Sambrook et ah, Molecular 
Cloning: A Laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, N.Y. (1989). 

[0024] "Oligosaccharide" as the term is used herein and as generally under­
stood in the state of the art, refers to a saccharide polymer containing a small num­
ber, typically three to ten, of simple sugars, i.e. monosaccharides. 

[0025] According to another aspect of the invention, a vector is provided, 
containing a nucleic acid sequence as given above encoding a polypeptide with 
alpha-l,3-fucosyltransferase activity, wherein the nucleic acid sequence is operably 
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linked to control sequences recognized by a host cell transformed with the vector. In 
a particularly preferred embodiment, the vector is an expression vector, and, accord­
ing to another aspect of the invention, the vector can be present in the form of a 
plasmid, cosmid, phage, liposome, or virus. 

[0026] For recombinant production, host cells can be genetically engi­
neered to incorporate expression systems or portions thereof or polynucleotides of 
the invention. Introduction of a polynucleotide into the host cell can be effected by 
methods described in many standard laboratory manuals, such as Davis et al, Basic 
Methods in Molecular Biology, (1986), and Sambrook et al., 1989, supra. 

[0027] Thus, the polynucleotide according to the invention, may, e.g., be 
comprised in a vector which is to be stably transformed/transfected into host cells. In 
the vector, the polynucleotide of the invention is under control of an, e.g., inducible 
promoter, so that the expression of the gene/polynucleotide can be specifically 
targeted, and, if desired, the gene may be overexpressed in that way. 

[0028] A great variety of expression systems can be used to produce the 
polypeptides of the invention. Such vectors include, among others, chromosomal, 
episomal and virus-derived vectors, e.g., vectors derived from bacterial plasmids, 
from bacteriophage, from transposons, from yeast episomes, from insertion elements, 
from yeast chromosomal elements, from viruses, and vectors derived from combina­
tions thereof, such as those derived from plasmid and bacteriophage genetic ele­
ments, such as cosmids and phagemids. The expression system constructs may 
contain control regions that regulate as well as engender expression. Generally, any 
system or vector suitable to maintain, propagate or express polynucleotides and/or to 
express a polypeptide in a host may be used for expression in this regard. The appro­
priate DNA sequence may be inserted into the expression system by any of a variety 
of well-known and routine techniques, such as, for example, those set forth in 
Sambrook eta]., see above. 
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[0029] Accordingly, the present invention also relates to an isolated poly­
peptide with alpha-l,3-fucosyltransferase activity consisting of an amino acid se­
quence selected from the group consisting of: 

(a) an amino acid sequence shown in SEQ ID NO: 2, 4 or 6? or 

b) an amino acid sequence of an allelic variant of an amino acid sequence 
shown in SEQ ID No. 2, 4 or 6, wherein said allelic variant is encoded 
by a nucleic acid molecule that hybridizes under stringent conditions 
to the opposite strand of a nucleic acid molecule shown in SEQ ID Nos. 
1, 3 or 5. 

[0030} The term "stringent conditions" refers to conditions under which a 
probe will hybridize to its target subsequence, but to no other sequences. Stringent 
conditions are sequence-dependent and will be different in different circumstances. 
Longer sequences hybridize specifically at higher temperatures. Generally, stringent 
conditions are selected to be about 15 C lower than the thermal melting point (Tm) 
for the specific sequence at a defined ionic strength and pH. The Tm is the tempera­
ture (under defined ionic strength, pH, and nucleic acid concentration) at which 50% 
of the probes complementary to the target sequence hybridize to the target sequence 
at equilibrium. Exemplary stringent hybridization conditions can be as following: 
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50% formamide, 5x SSC, and 1% SDS, incubating at 42 C, or, 5x SSC, 1% SDS, 
incubating at 65 C, with wash in 0.2x SSC, and 0.1% SDS at 65 C. 

[0031] Also, the invention refers to a host cell containing a vector as de­
fined above, and in particular a host cell which is selected from the group consisting 
of fungi including yeast, bacteria, insect, animal and plant cells. It is particularly 
preferred if the host cell is an Escherichia coli cell. 

[0032] As used herein, the term "host cell" is presently defined as a cell 
which has been transformed or transfected, or is capable of transformation or trans-
fection by an exogenous polynucleotide sequence. 

[0033] A variety of host-expression vector systems may be utilized to ex­
press the alpha-l,3-fucosyltransferase gene coding sequences of the invention. Such 
host-expression systems represent vehicles by which the coding sequences of interest 
may be produced and subsequently purified, but also represent cells which, when 
transformed or transfected with the appropriate nucleotide coding sequences, exhibit 
the alpha-l,3-fucosyltransferase gene product of the invention in situ. 

[0034] A number of suitable expression systems and hosts can, e.g., be 
found in WO 98/55630, which deals with fucosyltransferases isolated from Helico­
bacter pylori, the publication of which is explicitly referred to herewith. 

[0035] According to another aspect of the invention, the nucleic acid en­
coding the polypeptide with alpha-l,3-fucosyltransferase activity is adapted to the 
codon usage of the respective cell. 

[0036] The invention relates to a method for producing fucosylated oligo­
saccharides, (glyco)proteins and (glyco)lipids, comprising the steps of: 
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a. providing a polypeptide with aIpha-l,3-fucosyltransferase activity ac­
cording to the invention, 

b. contacting the polypeptide with alpha-l,3-fucosyltransferase activity of 
step a. with a mixture comprising a donor substrate comprising a 
fucose residue, and an acceptor substrate comprising a mono- or oligo­
saccharide, (glyco)protein or (glyco)lipid under conditions where the 
polypeptide catalyzes the transfer of a fucose residue from the donor 
substrate to the acceptor substrate, thereby producing a fucosylated 
oligosaccharide, (glyco)protein or (glyco)lipid. 

[0037] According to the invention, the method for producing fucosylated 
oligosaccharides may be performed in a cell-free system or in a system containing 
cells. The substrates are allowed to react with the alpha-l,3-fucosyltransferase poly­
peptide for a sufficient time and under sufficient conditions to allow formation of 
the enzymatic product. It is to be understood, that these conditions will vary depend­
ing upon the amounts and purity of the substrate and enzyme, whether the system is 
a cell-free or cellular based system. These variables will be easily adjusted by those 
skilled in the art. 

[0038] In cell-free systems, the polypeptide according to the invention, the 
acceptor substrate(s), donor substrate(s) and, as the case may be, other reaction 
mixture ingredients, including other glycosyltransferases and accessory enzymes are 
combined by admixture in an aqueous reaction medium. The enzymes can be util­
ized free in solution, or they can be bound or immobilized to a support such as a 
polymer and the substrates may be added to the support. The support may be, e.g., 
packed in a column. 

[0039] Cell containing systems for the synthesis of fucosylated oligosaccha­
rides may include recombinantly modified host cells. 
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[0040] Thus, the invention also relates to a method for producing fucosy­
lated oligosaccharides, (glyco)proteins and (glyco)lipids, comprising the steps of: 

a. growing, under suitable nutrient conditions permissive for the produc­
tion of the fucosylated oligosaccharide, (glyco)protein and/or 
(glyco) lipid, and permissive for the expression of a polypeptide with al-
pha-l,3-fucosyltransferase activity, a host cell as described above; 

b. providing, simultaneously or subsequently to step a., a donor substrate 
comprising a fucose residue and an acceptor substrate comprising an oli­
gosaccharide, (glyco)protein or (glyco)lipid, so that the alpha-1,3-
fucosyltransferase expressed in said host cell catalyzes the transfer of a 
fucose residue from the donor substrate to the acceptor substrate, thereby 
producing a fucosylated oligosaccharide, (glyco)protein or (glyco)lipid; 
and 

c. isolating said fucosylated oligosaccharide, (glyco)protein and/or 
(glyco)lipid from the host cell or the medium of its growth. 

[0041] In the method according to the invention, the donor substrate may 
be GDP-fucose. It is particularly preferred if the donor substrate is GDP-fucose. 

[0042] According to one aspect of the invention, the acceptor substrate is 
selected from N- acetylglucosamine, N-acetyllactosamine, galactose, fucose, sialic 
acid, glucose, lactose or any combination thereof. In particular, lactose is preferred as 
acceptor substrate. 

[0043] The term "substrate", as used herein, means any material or combi­
nations of different materials that may be acted upon by the polypeptide of the 
invention to give rise to fucosylated oligosaccharides, (glyco)proteins or (glyco)lipids. 
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[0044] The substrates are allowed to react with the alpha-1,3-
fucosyltransferase polypeptide for a sufficient time and under sufficient conditions to 
allow formation of the enzymatic product. These conditions will vary depending 
upon the amounts and purity of the substrate and enzyme, whether the system is a 
cell-free or cellular based system. These variables will be easily adjusted by those 
skilled in the art. 

[0045] According to one aspect of the method according to the invention, 
the donor substrate is provided in step b. by means of having it produced within the 
host cell. In doing so, an enzyme converting, e.g., fucose, which is to be added to the 
host cell, to GDP-fucose is simultaneously expressed in the host cell. This enzyme 
may be, e.g., a bifunctional fucose kinase / fucose-l-phosphate guanylyltransferase, 
like Fkp from Bacteroides fragilis, or the combination of one separate fucose kinase 
together with one separate fucose-l-phosphate guanylyltransferase like they are 
known from several species including Ilomo sapiens, Sus scrofa and Rattiis noivegicus. 

[0046] Alternatively, in step b., the donor substrate may be added to the 
culture medium/the host cells or be produced by the cells own metabolism. 

[0047] In yet a further embodiment, the invention relates to a method 
comprising the following steps 

a) growing, host cells transformed or transfected to comprise a nu­
cleic acid sequence selected from i) SEQ-ID- No. 1, 3, or 5 from 
the enclosed sequence listing, ii) a nucleic acid sequence com­
plementary to SEQ ID No. 1, 3, or 5, and iii) nucleic acid se­
quences which hybridize under stringent conditions to the nu­
cleic acid sequences defined in i) and ii) or their complementary 
strands, under suitable nutrient conditions so that the nucleic 
acid sequence selected from i), ii) and iii) are being expressed as 
a peptide having alpha-l,3-fucosyltransferase activity; 
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b) providing, simultaneously or subsequently to step a., a donor 
substrate comprising a fucose residue and an acceptor substrate 
comprising an oligosaccharide, (glyco)protein or (glyco)lipid, so 
that the alpha-l,3-fucosyltrarisferase expressed in said host cell 
catalyzes the transfer of a fucose residue from the donor sub­
strate to the acceptor substrate, thereby producing a fucosylated 
oligosaccharide, (glyco)protein or (glyco)lipid; and 

c) isolating said fucosylated oligosaccharide, (glyco)protein and/or 
(glyco)lipid from the host cell or the medium of its growth. 

[0048] In the methods according to the invention, the peptide which is ex­
pressed in the host cell, displays alpha-l,3-fucosyltransferase activity and, thus, 
transfers a fucose residue from a donor, e.g. guanosine-diphosphate fucose (GDP-
fucose), to an acceptor, which include oligosaccharides, (glyco)proteins and 
(glyco)lipids. In that way, the thus fucosylated acceptor substrate may be used as 
food additive, for the supplementation of baby food, or as either therapeutically or 
pharmaceutically active compound. With the novel methods, fucosylated products 
can easily and effectively be provided, without the need for complicated, time and 
cost consuming synthetic processes. 

[0049] As used herein, the term "isolating" means harvesting, collecting or 
separating from the gene expression system the product produced by the alpha-1,3-
fucosyltransferase according to the invention. 

[0050] Accordingly, the invention also relates to the fucosylated oligosac­
charide, (glyco)protein and/or (glyco)lipid obtained by the methods according to the 
invention, as well as to the use of a polynucleotide, the vector or the polypeptide as 
described above for the production of fucosylated oligosaccharides, (glyco)proteins 
and/or (glyco)lipids. 
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[0051] According to yet another embodiment, the production of said fuco­
sylated oligosaccharide, (glyco)protein and/or (glyco)lipid is performed by means of a 
heterologous or homologous (over)expression of the polynucleotide encoding the 
alpha-1,3 fucosyltransferase. 

[0052] Unless defined otherwise, all technical and scientific terms used 
herein generally have the same meaning as commonly understood by one of ordi­
nary skill in the art to which this invention belongs. Generally, the nomenclature 
used herein and the laboratory procedures in cell culture, molecular genetics, organic 
chemistry and nucleic acid chemistry and hybridization described above and below 
are those well known and commonly employed in the art. Standard techniques are 
used for nucleic acid and peptide synthesis. Generally, enzymatic reactions and 
purification steps are performed according to the manufacturer's specifications. 

[0053] The invention also covers fragments of the polynucleotide sequences 
disclosed therein. 

[0054] Further advantages follow from the description of the embodiments 
and the attached drawings. 

[0055] It goes without saying that the abovementioned features and the 
features which are still to be explained below can be used not only in the respectively 
specified combinations, but also in other combinations or on their own, without 
departing from the scope of the present invention. 

[0056] Several embodiments of the invention are illustrated in the figures 
and explained in more detail in the following description. In the figures: 

[0057] Fig. 1 shows the expression of Amuc0760co from pDEST14-
amuc0760co in Escherichia coli JM109(DE3); 15 pg of soluble, protein from crude 
extract were separated on 15 % SDS-PAGE and stained with Coomassie Brilliant Blue; 
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[0058] Fig. 2 shows the detection of Iiis-tagged Amuc0760co via 
western blot; 

[0059] Fig. 3 shows the vector map of pDEST14-amuc0760co, i.e. 
codon optimized gene amuc0760co coding the new alpha-l,3-fucosyltransferase 
Amuc0760co cloned into pDEST14 (Invitrogen) by Gateway-reaction (A); the vector 
map of pDEST14-fucT6, i.e. gene fucT6 from Bacteroides fragilis coding the new alpha-
1,3-fucosyltransferase FucT6 cloned into pDEST14 (Invitrogen, Germany) by 
Gateway-reaction and (B); and the vector map of pDEST14-fucT7, i.e. gene facT7 
from Bacteroides fragilis coding the new alpha-l,3-fucosyltransferase FucT7 cloned 
into pDEST14 (Invitrogen, Germany) by Gatcway-rcaction (C). 

[0060] Fig. 4 shows the vector map of pACYC-amuc0760co, i.e. codon 
optimized gene amuc0760co encoding the new alpha-l,3-fucosyltransferase 
Amuc0760co cloned into pACYCDuet-1 (Novagen via Ncol / PstI) (A); the vector map 
of pACYC-fucT6, i.e. codon optimized gene fiicT6 from Bacteroides fragilis coding the 
new alpha-l,3-fucosyltransferase FucT6 cloned into pACYCDuet-1 (Novagen, UK) via 
Ncol / BamHI (B); and the vector map of pACYC-fucT7, i.e. codon optimized gene 
fucT7 from Bacteroides fragilis coding the new alpha-l,3-fucosyltransferase FucT7 
cloned into pACYCDuet-1 (Novagen, UK) via Ncol / EcoRI (C). 

[0061] Fig. 5 shows the DNA sequence and amino acid sequence of 
gene amuc0760co and protein Amuc0760co; 

[0062] Fig. 6 shows the DNA sequence and amino acid sequence of 
gene fucT6 and protein FucT6. 

[0063] Fig. 7 shows the DNA sequence and amino acid sequence of 
gene fucT7 and protein FucT7; 
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[0064] Fig. 8 shows the analysis of 3-fucosyllactose purification via 
BioGel P-2 gel permeation chromatography using thin layer chromatography with 
mobile phase butanol / acetone / acetic acid / water (35 / 35 / 7 / 23) and diphenyl-
amine aniline staining solution (2 % diphenylamine, 2 % aniline, 10 % phosphoric 
acid, in methanol); and 

[0065] Fig. 9 shows the HPLC chromatogram; separation by 
Phenomenex Rezex RCM Ca2+ column with water as eluent (0.6 ml/min for 30 
minutes at 80 °C) and detection by refractive index detector (Shimadzu, Germany) 
(A); and the HPLC chromatogram; separation by Dionex CarboPac PA1 column with 
50 mM NaOH as eluent (1 ml/min for 30 minutes at 30 °C) and detection by 
electrochemical detector DECADE II (Antec Leyden, Netherlands) (B). 

[0066] Example 

[0067] Cloning of the Genes 

[0068] The gene coding fucosyltransferase Amuc0760 was codon optimized 
and synthesized by GcnScript, Piscataway, New Jersey (USA). With two flanking 
sequences coding for attB-Sites for Gateway-Cloning (5'-sequence: GGGGACAAGTT-
TGTACAAAAAAGCAGGCTTCGAAGGAGATAGAACC (SEQ ID No. 7), 3'-sequence: T-
AGGACCCAGCTTTCTTGTACAAAGTGGTCCCC (SEQ ID No. 8)) it was cloned into 
pUC57 by GenScript. Gateway-transfer into vector pDEST14 (Invitrogen GmbH, 
Germany) (see fig. 3A) was carried out according to the manual provided by the 
supplier (Invitrogen GmbH, Germany). The polynucleotide coding for N-terminally 
His-tagged Amuc0760co was amplified from pUC57-amuc0760co using primers GG-
GGACAAGTTTGTACAAAAAAGCAGGCTTCGAAGGAGATACAACCATGGGCCATCA-
CCATCATCACCACAAAACGCTGAAAATTAGCTTTC (SEQ ID No. 9) and GGGGACC-
ACTTTGTACAAGAAAGCTGGGTC (SEQ ID No. 10). The polynucleotide coding for 
C-terminally His-tagged amuc0760co was amplified from pUC57-amuc0760co using 
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primers GGGGACAAGTTTGTACAAAAAAGCAGGCTTC (SEQ ID No. 11) and GGGG-

ACCACTTTGTACAAGAAAGCTGGGTC (SEQ ID No. 12). 

[0069] The genes coding for fucosyltransferases FucT6 and FucT7 were am­

plified from genomic DNA of Bacteroides fragilis NCTC 9343 with primers GGGGACA-

AGTTTGTACAAAAAAGCAGGCTTCGAAGGAGATACAACCATGTGTGATTGCTTGTC-

TATCATATTG (SEQ ID No. 13)/ GGGGACCACTTTGTACAAGAAAGCTGGGTCTTAT-

TTTCTATCAAACAATTGAGAATAATATTC (SEQ ID No. 14) and GGGGACAAGTTTGT-

ACAAAAAAGCAGGCTTCGAAGGAGATACAACCATGGATATATTGATTCTTTTTTATA-

ATACGATG (SEQ ID No. 15)/ GGGGACCACTTTGTACAAGAAAGCTGGGTCCATATC-

CCTCCCAATTTTAGTTCG (SEQ ID No. 16), respectively, and also cloned into 

pDEST14 using Gateway technology (Invitrogen GmbIT, Germany) (see fig. 3B and 

3C). 

[0070] Expression of fucosyltransferases 

[0071] Genes amuc0760co, fucT6 and fucT7 were additionally cloned into 

expression vector pACYCDuet-1 (Novagen, UK). For cloning of amuc0760co via 

restriction with Ncol / PstI and subsequent ligation primers AGCTAGCCATGGGCAA-

AACGCTGAAAATTAGCTTTCTG (SEQ ID No. 17) and AGCTAGCTGCAGTTAGCGAC-

GCAGGCGATTTTTC (SEQ ID No. 18) were used (restriction sites are underlined) and 

the resulting product was called pACYC-amuc0760co (see fig. 4A). ficT6 was cloned 

via Ncol / BamHI using primers GATCACCATGGGCTGTGATTGCTTGTCTATCATAT-

TG (SEQ ID No. 19) and GATCAGGATCCTTATTTTCTATCAAACAATTGAGAATAATA-

TTC (SEQ ID No. 20) (restriction sites underlined) resulting in pACYC-fiicT6 (see fig. 

4B), and fiicT7 was cloned via Ncol / EcoRI using primers GATCACCATGGATATATT-

GATTCTTTTTTATAATACGATGTGG (SEQ ID No. 21) and GATCAGAATTCTCATATC-

CCTCCCAATT1TAGTTCGTG (SEQ ID No. 22) (restriction sites underlined) resulting 

in pACYC-fiicT7 (see fig. 4C). 
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[0072] E. coli strains JM109(DE3) or BL21(DE3) AlacZ were transformed with 
the appropriate plasmids described above. 5 ml 2YT medium were inoculated by 
means of an inoculating loop and grown at 37 °C and 180 rpm over night. 400 ml 
2YT were inoculated with 4 ml from the overnight culture and grown at 37 °C and 
180 rpm until OD66O of 0.5 was reached. Expression was induced by addition of 0,1 
mM IPTG and growth was continued at 28 °C and 180 rpm over night. Cells were 
harvested and resuspended in 4 v/w of either 50 mM Tris-HCl pH 7,5 + 5 mM MgCk 
or, when used for purification via Ni Sepharose FF column (HisPrep FF 16/10, GE 
Healthcare, Sweden), in 4 v/w 20 mM Tris-HCl pH 7,5 + 500 mM NaCl + 30 mM 
imidazole. Glass beads were added up to six times the weight of the cell pellet and 
the cell suspension was vortexed two times for 5 minutes, whereas in between the 
cell suspension was placed on ice for 5 minutes. After disruption cell debris was 
removed by centrifugation for 10 minutes at 15000 x g. The resulting supernatant 
was used for analysis on SDS-PAGE or for purification via Ni Sepharose FF. 

[0073] Detection via Western Blot 

[0074] His-tagged Amuc0760co was expressed as described above. From 
crude cell extract 10 mg of protein were separated on a 10 % SDS gel. Proteins were 
blotted onto a PVDF membrane using a Mini Trans-Blot tank (Bio-Rad, Germany) 
according to the manual supplied by the manufacturer. His-tagged Amuc0760co was 
detected on the blot using His-Tag Antibody HRP Conjugate Kit (Novagen, UK) 
according to the instructions provided by the supplier (see fig. 2). 

[0075] Production of fucosylated compounds 

[0076] Cells E. coli BL21(DE3) lacZ pDEST14-fkp pCOLA-lacY-fucP were 
transformed with pACYC carrying the appropriate fucosyltransferase gene. Colonies 
were grown on 2YT plates with the appropriate antibiotics. 5 ml over night cultures 
(2YT with antibiotics) were grown of each strain and from this cultures 30 ml mineral 
medium each were inoculated to 1 %. Cells were grown using glycerol as carbon 
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source and at 00600 = 0.2 were induced with 0.1 mM IPTG and 20 mM lactose and 
20 mM fucose were added. Production of 3-fucosyllactose was monitored by TLC and 
HPLC analysis. The comparison of the amount of 3-fucosyllactose (3-FL) produced by 
expression of FutA from Helicobacter pylori compared to the expression of 
Amuc0760co from Akkennansia muciniphila as well as FucT6 and FucT7 from Bacter­
oides fragilis is shown in the following table 1: 

[0077] Table 1: Comparison of the amount of 3-fucosyllactose yield using 
alpha-l,3-fucosyltransferases FutA from Helicobacter pylori, Amuc0760co from Akker-
mansia muciniphila and FucT6 and FucT7 from Bacteroides fragilis 

Fucosyltransferase Yield 3-FL [mM] 
without (negative control) 0 
FutA (Helicobacter pylori) 3,83 
Amuc0760co (Akkermansia muciniphila) 5,39 
FucT6 (Bacteroides fragilis) 4,95 
FucT7 (.Bacteroides fragilis) 6,89 

[0078] As can be seen from table 1, the amount of the fucosylated product 
3-fucosyllactose was significantly higher when using the alpha-l,3-fucosyltransferases 
according to the invention, i.e. Amuc0760co from Akkennansia muciniphila and 
FucT6 and FucT7 from Bacteroides fragilis, compared to the alpha-1,3-
fucosyltransferase FutA from Helicobacter pylori, which is state of the art. 

[0079] Purification of the fucosvlation product 

[0080] 3-fucosyllactose produced as described above was purified in several 
steps. First step was the purification by adsorption on activated charcoal. Culture 
supernatant from the production step was applied to a bed of activated charcoal. 
Flow-through was collected and analyzed, but no remaining 3-fucosyllactose was 
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detected. For removal of unspecifically bound medium compounds such as e.g. salts 
and amino acids the bed was washed with distilled water (no 3-FL in flow-through). 
3-FL and remaining lactose and fucose were then eluted with 96 % ethanol. Ethanol 
was subsequently evaporated in a rotary evaporator and the residue filtrated via 10 
kDa crossflow module (Microdyn Nadir, Germany). Remaining salts were removed by 
electrodialysation and thereafter endotoxins were removed by filtration using a cross-
flow module (Pall, Germany). 3-FL was then separated from lactose and fucose in 
gram scale using gel permeation chromatography material Biogel P-2 (BioRad, Ger­
many) packed into a 520 mm x 428 mm glass column with frit. Purification of 3-FL 
was monitored by thin layer chromatography (see fig. 8). Fractions containing only 
3-fucosyllactose were pooled and freeze-dried. 

[0081] Confirmation of the identity of the product 

[0082] Purified 3-fucosyllactose produced using the fucosyltransferases 
presented in this invention was analyzed by 1H-NMR and mass spectrometry. The 
resulting spectra were consistent with the spectra expected for 3-FL. In addition to 
that different HPLC methods were applied to verify the identity of the resulting 3-FL. 
One method was the separation using Phenomenex Rezex RCM Ca2+ column with 
water as eluent (0.6 ml/min for 30 minutes at 80 °C) and detection by refractive 
index detector (Shimadzu, Germany) (see fig. 9A). The other method was the 
separation via Dionex CarboPac PAl column with 50 mM NaOH as eluent (1 ml/min 
for 35 minutes at 30 °C) and detection by electrochemical detector DECADE II (Antec 
Leyden, Netherlands) (see fig. 9B). 
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Claims 

1. Vector, containing a nucleic acid sequence being selected from the group 
consisting of: a) SEQ. ID Nos. 1, 3, or 5 of the attached sequence listing; b) a 
nucleic acid sequence complementary to SEQ ID Nos. 1, 3, or 5; c) nucleic 
acid sequences which hybridize under stringent conditions to the nucleic 
acid sequences defined in a) and b) or their complementary strands, and 
encoding a polypeptide with alpha-l,3-fucosyltransferase activity, the nu­
cleic acid sequence being operably linked to control sequences recognized 
by a host cell transformed with the vector. 

2. Host cell containing a vector as claimed in claim 1. 

3. Host cell according to claim 2, characterized in that the host cell is select­
ed from the group consisting of fungi including yeast, bacteria, insect, an­
imal and plant cells. 

4. Host cell according to claims 2 or 3, characterized in that the host cell is an 
Escherichia coli cell. 

5. Host cell according to one of claims 2 to 4, characterized in that the nucle­
ic acid encoding the polypeptide with alpha-l,3-fucosyltransferase activity 
is adapted to the codon usage of the respective cell. 

6. Use of a polynucleotide encoding a polypeptide with alpha-1,3-
fucosyltransferase activity and comprising a sequence selected from the 
group consisting of a) SEQ ID Nos. 1, 3, or 5 of the attached sequence list­
ing; b) a nucleic acid sequence complementary to SEQ ID Nos. 1, 3, or 5; c) 
nucleic acid sequences which hybridize under stringent conditions to the 
nucleic acid sequences defined in a) and b) or their complementary 
strands, or of the vector as claimed in claim 1, or of a polypeptide with al-
pha-l,3-fucosy)transferase activity consisting of an amino acid sequence 
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selected from the group consisting of (a) an amino acid sequence shown in 
SEQ. ID NO. 2, 4, or 6; or b) an amino acid sequence of an allelic variant of 
an amino acid sequence shown in SEQ ID No. 2, 4, or 6, wherein said allelic 
variant is encoded by a nucleic acid molecule that hybridizes under strin­
gent conditions to the opposite strand of a nucleic acid molecule shown in 
SEQ ID Nos. 1, 3, or 5; for the production of a fucosylated oligosaccharide. 

7. Use according to claim 6, characterized in that the production of said 
fucosylated oligosaccharide is performed by means of a heterologous or 
homologous expression of the polynucleotide encoding the alpha-1,3-
fucosyltransferase. 

8. Use according to claim 6 or 7, characterized in that the produced fucosyl­
ated oligosaccharide is 3-fucosyllactose. 

9. Method for producing fucosylated oligosaccharides, comprising the steps 
of: 

a. providing a polypeptide with alpha-l,3-fticosyltransferase activity 
consisting of an amino acid sequence selected from the group con­
sisting of (a) an amino acid sequence shown in SEQ ID NO. 2, 4, or 6; 
b) an amino acid sequence of an allelic variant of an amino acid se­
quence shown in SEQ ID No. 2, 4, or 6, wherein said allelic variant is 
encoded by a nucleic acid molecule that hybridizes under stringent 
conditions to the opposite strand of a nucleic acid molecule shown 
in SEQ ID Nos. 1, 3, or 5; 

b. contacting the polypeptide with alpha-l,3-fucosyItransferase activity 
of step a. with a mixture comprising a donor substrate comprising a 
fucose residue, and an acceptor substrate comprising a mono- or ol­
igosaccharide under conditions where the polypeptide catalyzes the 
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transfer of a fucose residue from the donor substrate to the accep­
tor substrate, thereby producing a fucosylated oligosaccharide. 

10. Method for producing fucosylated oligosaccharides, comprising the steps 
of: 

a. growing, under suitable nutrient conditions permissive for the pro­
duction of the fucosylated oligosaccharide, and permissive for the 
expression of a polypeptide with alpha-l,3-fucosyltransferase activi­
ty, a host cell as claimed in claims 2 to 5; 

b. providing simultaneously or subsequently to step a. a donor sub­
strate comprising a fucose residue and an acceptor substrate com­
prising a mono- or oligosaccharide, in order for the alpha-1,3-
fucosyltransferase polypeptide catalyzing the transfer of a fucose 
residue from the donor substrate to the acceptor substrate, thereby 
producing a fucosylated oligosaccharide; and 

c. isolating said fucosylated oligosaccharide from the host cell or the 
medium of its growth. 

11. Method according to claim 9 or 10, characterized in that donor substrate is 
GDP-fucose. 

12. Method according to any of claims 9 to 11, characterized in that the GDP-
fucose is provided by an enzyme simultaneously expressed in the host cell 
or by the metabolism of the host cell. 

13. Method according to any of claims 9 to 12, characterized in that the accep­
tor substrate is selected from the group consisting of N- acetylglucosa-
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mine, N-acetyllactosamine, galactose, fucose, sialic acid, glucose, lactose or 
any combination thereof. 

Use of any of claims 6 or 7, or method of any of claims 9 to 13, character­
ized in that the produced fucosylated oligosaccharide is a human milk oli­
gosaccharide (HMO). 


