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(54) METHOD FOR PREPARING SIALIC ACID DERIVATIVE

(57) The present invention relates to a method for
preparing a sialic acid derivative, wherein the method is
characterized in that a process of using N-acetyl-D-glu-
cosamine to prepare CMP-M-acetylneuraminic acid and
a process of combining sialic acid with galactose or a
galactose derivative to prepare a sialic acid (neuraminic
acid) derivative are performed together in one reactor.
According to the present invention, a high-priced cytidine
5’-monophosphoric acid (CMP) can be recycled in a re-
action container, thereby reducing the amount of cytidine
5’-monophosphoric acid (CMP) introduced into the reac-
tion, producing a sialic acid derivative using low-priced
N-acetyl-D-glucosamine and pyruvic acid as substrates,
and producing the sialic acid derivative at higher efficien-
cy.
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Description

[Technical Field]

[0001] The present invention relates to a method for preparing a sialic acid derivative characterized by performing
both of a process for preparing CMP-N-acetylneuraminic acid (CMP-NeuAc) from N-acetyl-D-glucosamine (GlcNAc)
and a process for preparing the sialic acid (neuraminic acid) derivative comprising combining of a sialic acid with a
derivative including galactose such as lactose, or the like, together, in one reactor.

[Background Art]

[0002] Sugar, which is one of biomolecule that is the most widely and abundantly present in nature, is the most common
molecule involved in recognition and signaling in cell. Most sugar constituent units may be added to the aglycon, when
being activated by nucleic acids. Nucleotide-sugar has an activated form of monosaccharide, and serves as a donor in
a transglycosylation reaction by glycosyltransferase. However, the transglycosylation still has problems in that reactivity
of the glycosyltransferase is weak, utilization of activated glycan constituent units is limited, and the like.
[0003] Recently, as research into a structure and function of sugar chain has been rapidly conducted, usage devel-
opment of the sugar chain as drug or functional material including oligosaccharide, sugar lipids, glycoproteins, and the
like, having physiological activities has been actively conducted. Among them, a sialic acid-containing sugar chain
containing N-acetylneuraminic acid (NeuAc) at the end is a sugar chain having important functions as cell adhesion or
a role as an acceptor in virus infection, and the like.
[0004] The sialic acid-containing sugar chain is generally synthesized by catalysis of sialyltransferase. The sialyltrans-
ferase is an enzyme transferring sialic acid to acceptors such as a sugar chain, and the like, using CMP-N-acetyl-
neuraminic acid as a sugar supplier. However, practically, CMP-N-acetylneuraminic acid used as the sugar supplier is
significantly expensive and only a small amount corresponding to a reagent level is supplied.
[0005] As a method for preparing CMP-N-acetylneuraminic acid, a synthesis method by CMP-N-acetylneuraminic acid
synthetase enzyme, using cytidine 5’-triphosphate (CTP) and N-acetylneuraminic acid (NeuAc) as substrates, has been
known. However, since CTP and NeuAc are expensive raw materials, CMP-N- acetylneuraminic acid to be synthesized
by directly using the raw materials is also expensive.
[0006] As a method for preparing CMP-N-acetylneuraminic acid (CMP-NeuAc), the following methods have been
reported: (1) a method for preparing CMP-NeuAc from N-acetyl-D-mannosamine (ManNAc) using N-acetylneuraminic
acid lyase or N-acetylneuraminic acid synthetase (J. Am. Chem. Soc., 110:6481, 1988; J. Am. Chem. Soc., 110:7159,
1988; Japanese Patent Laid-Open Publication No. Hei 10-4961), (2) a method for preparing N-acetylneuraminic acid
(NeuAc) by converting N-acetyl-D-glucosamine (GlcNAc) into N-acetyl-D-mannosamine (ManNAc) under alkaline con-
ditions and adding N-acetylneuraminic acid lyase or N- acetylneuraminic acid synthetase thereto (Japanese Patent Laid-
Open Publication No. Hei 5-211884; Biotechnol. Bioeng., 66:2, 1999; Enzyme Microb. Technol., 20, 1997), (3) a method
for preparing NeuAc from N-acetyl-D-glucosamine (GlcNAc) using N-acetylglucosamine (GlcNAc) 2-epimerase catalyz-
ing conversion from GlcNAc into ManNAc, N-acetylneuraminic acid lyase or N-acetylneuraminic acid synthetase (WO
95/26399; Japanese Patent Laid-Open Publication No. Hei 3-180190; Japanese Patent Laid-Open Publication No.
2001-136982), (4) a method for synthesizing CMP-N-acetylneuraminic acid using E. coli and yeast cells, and the like.
[0007] However, the method (1) has a problem in that N-acetyl-D-mannosamine (ManNAc) is expensive raw material,
and the method (2) has a problem in that a process for purifying ManNAc from a mixture of GlcNAc and N-acetyl-D-
mannosamine (ManNAc) is extremely complicated even though N-acetyl-D-glucosamine (GlcNAc) is a cheap raw ma-
terial. In addition, since GlcNAc2-epimerase used in the method (3) requires ATP(adenosine triphosphate), the method
(3) has problems in that it is required to add expensive ATP or produce ATP from ATP precursor, adenine, using
microorganism. The method (4) has a problem in that the use of Escherichia coli (E. coli) and yeast cells is complicated
in view of process.
[0008] Korean Patent Laid-Open Publication No. 10-2006-0010706 discloses a method for preparing CMP-N-acetyl-
neuraminic acid by adding cytidine 5’-monophosphate (CMP), N-acetyl-D-glucosamine, pyruvate (sodium pyruvate) and
a yeast to a transformant into which a co-expression vector including a gene encoding N-acetylglucosamine-2-epimerase
and a gene encoding N-acetylneuraminic acid aldolase is introduced to thereby synthesize neuraminic acid, and further
adding a CMP-N-acetylneuraminic acid synthetase, or adding cytidine 5’-monophosphate (CMP), N-acetyl-D-glu-
cosamine, pyruvate and a yeast to a transformant into which a co-expression vector including a gene encoding N-
acetylneuraminic acid aldolase and a gene encoding CMP-N-acetylneuraminic acid synthetase is introduced. However,
the method has problems in that various steps need to be performed in preparing CMP-N-acetylneuraminic acid, and a
conversion yield from cytidine 5’-monophosphate (CMP) used as a substrate into cytidine 5’-triphosphate (CTP) is low.
[0009] Glycans including sialyl oligosaccharides and fucose in glycoproteins and glycolipids play a significantly im-
portant role in biological processes in various ways.
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[0010] However, the conventional known reactions for combining sialic acid with derivatives of biologically active
materials have disadvantages in that the sialyl acid derivatives are prepared by sialyltransferase, using expensive CMP-
N-acetylneuraminic acid as a starting material, and the preparation efficiency is also low. Further, technology for preparing
sialic acid derivative using N-acetyl-D-glucosamine as a starting material has disadvantages in that preparation efficiency
of the sialic acid derivative is low since activity range and activity of the sialyltransferase are reduced (Kim, Dae-Hee,
Sun Moon graduate School of Science doctoral dissertation, 2011).
[0011] Accordingly, the present inventors made an effort to develop a method for preparing a sialic acid derivative of
a biologically active material at a high efficiency and a low cost, found that when a step of preparing CMP-N-acetyl-
neuraminic acid using N-acetyl-D-glucosamine and cytidine 5’-monophosphate (CMP) as starting materials and a step
of preparing a biologically active material derivative combined with sialic acid from the prepared CMP-N-acetylneuraminic
acid are performed in a single reactor, using a sialyltransferase mutant, cytidine 5’-monophosphate (CMP) which is
expensive raw material, is capable of being recycled, and a sialic acid derivative of the biologically active material is
capable of being prepared at a high yield, and completed the present invention.

[Disclosure]

[Technical Problem]

[0012] An object of the present invention is to provide a method for preparing a sialic acid derivative at a high yield
and a low cost.
[0013] In order to achieve the object, the present invention provides a method for preparing a sialic acid derivative
comprising: (a) preparing a sialic acid derivative of a compound including sialyllactose or galactose residues by adding
a compound including cytidine 5’-monophosphate (CMP), acetyl phosphate, nucleotide triphosphate (NTP), N-acetyl-
D-glucosamine (GlcNAc), Sodium pyruvate, and galactose residues as substrates, and reacting a reaction solution
including cytidine 5’-monophosphate kinase (CMK), acetate kinase (ACK), CMP-N-acetylneuraminic acid synthetase
(CMP-NeuAc synthetase: NEU), N-acetylglucosamine-2-epimerase (GlcNAc-2-epimerase: NANE), N-acetylneuraminic
acid aldolase (NeuAc aldolase, NAN) and sialyltransferase in a single reactor; and (b) obtaining the prepared sialic acid
derivative of the compound including sialyllactose or galactose residues prepared according to the step (a).
[0014] Other features and exemplary embodiments of the present invention will become apparent from the following
detailed description and the accompanying claims.

[Description of Drawings]

[0015]

FIG. 1 shows a synthesis process for preparing 2,3-sialyllactose and 2,6-sialyllactose by one-pot reaction (integrated
batch type) according to an exemplary embodiment of the present invention.
FIG. 2 shows confirmation of 2,6 sialic acid transfer side reactions of α-2,3-sialyltransferase mutants; FIG. 2(a)
shows results under pH 4.5 to 6.0, and FIG. 2(b) shows results under pH 6.5 to 7.0.
FIG. 3 shows results of 2,3-sialyllactose synthesized by one-pot reaction of the present invention, confirmed by LC
(FIG. 3A) and Mass (FIG. 3B).
FIG. 4 shows results of 2,6-sialyllactose synthesized by one-pot reaction of the present invention, confirmed by LC
(FIG. 4A) and Mass (FIG. 4B).
FIG. 5 shows a synthesis process for preparing sialyl galactose by one-pot reaction of the present invention.
FIG. 6 shows results of sialyl galactose synthesized by one-pot reaction of the present invention, confirmed by TLC
(FIG. 5A) and Mass (FIG. 5B).
FIG. 7 shows a synthesis process of a sialic acid derivative of a linker coupled with lactose.
FIG. 8 shows results of aminohexyl linker 2,3-sialyllactose of a linker combined with lactose synthesized by one-
pot reaction of the present invention, confirmed by TLC and Mass.
FIG. 9 shows a synthesis process of a sialic acid derivative of a derivative including galactose residue of flavonoid
CSH-I-54.
FIG. 10 shows results of 2,3-sialyllactose-CSH-I-54 synthesized by one-pot reaction of the present invention, con-
firmed by LC and Mass.
FIG. 11 shows a synthesis process of a sialic acid derivative of a galactose derivative of immunosuppressant,
tacrolimus.
FIG. 12 shows results of 2,3-sialyllactose-tacrolimus synthesized by one-pot reaction of the present invention,
confirmed by LC (FIG. 12a) and Mass (FIG. 12b).
FIG. 13 shows a synthesis process of a sialic acid derivative of a galactose derivative of anti-cancer agent, Taxol.
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FIG. 14 shows results of 2,3-sialyllactose-taxol synthesized by one-pot reaction of the present invention, confirmed
by LC (FIG. 14a) and Mass (FIG. 14b).
FIG. 15 shows a synthesis process of a sialic acid derivative of a galactose derivative of antibiotic, Vancomycin.
FIG. 16a shows result of 2,3-sialyllactose-vancomycin synthesized by one-pot reaction of the present invention,
confirmed by LC.
FIG. 16b shows result of 2,3-sialyllactose-vancomycin synthesized by one-pot reaction of the present invention,
confirmed by Mass.

[Best Mode]

[0016] As far as it is not defined in other ways, all technical and scientific terms used in the present specification have
the same meaning as being generally appreciated by those skilled in the art to which the present invention pertains. In
general, the nomenclature used in the present specification is well known in technical fields and generally used.
[0017] The present invention provides a method for preparing a sialic acid derivative comprising: (a) preparing a sialic
acid derivative of a compound including sialyllactose or galactose residues by adding a compound including cytidine 5’-
monophosphate (CMP), acetyl phosphate, nucleotide triphosphate (NTP), N-acetyl-D-glucosamine (GlcNAc), Sodium
pyruvate, and galactose residues as substrates, and reacting a reaction solution including cytidine 5’-monophosphate
kinase (CMK), acetate kinase (ACK), CMP-N-acetylneuraminic acid synthetase (CMP-NeuAc synthetase: NEU), N-
acetylglucosamine-2-epimerase (GlcNAc-2-epimerase: NANE), N-acetylneuraminic acid aldolase (NeuAc aldolase,
NAN) and sialyltransferase in a single reactor; and (b) obtaining the prepared sialic acid derivative of the compound
including sialyllactose or galactose residues prepared according to the step (a).
[0018] According to the method for preparing the sialic acid derivative of the present invention, cytidine 5’-monophos-
phate (CMP) which is an expensive substrate may be recycled and the sialic acid derivative may be prepared at a high
yield by performing both of a process for preparing CMP-N-acetylneuraminic acid from N-acetyl-D-glucosamine and a
process for preparing the sialic acid (neuraminic acid) derivative that combines a sialic acid with a derivative including
galactose, together, in one reactor.
[0019] The conventional method for preparing the sialic acid derivative is a process for combining a sialic acid with a
derivative including lactose or galactose by sialyltransferase, using CMP-N-acetylneuraminic acid as a starting material.
However, since the CMP-N-acetylneuraminic acid is significantly expensive material, a large amount of cost is consumed
in preparing the sialic acid derivative.
[0020] In order to solve the problems, the present inventors developed a method for preparing CMP-N-acetylneuraminic
acid at a high yield using cytidine 5’-monophosphate (CMP) and a trace amount of NTP, and various substrates and
enzymes while utilizing novel N-acetylglucosamine-2-epimerase enzyme derived from bacteroides fragilis NCTC 9343
(Korean Patent No. 0888513).
[0021] When CMP-N-acetylneuraminic acid and lactose react with sialyltransferase, the sialic acid is transferred to
the lactose, thereby preparing sialyllactose and cytidine 5’-monophosphate (CMP). In the conventional method for
preparing sialyllactose, the process for preparing CMP-N-acetylneuraminic acid using cytidine 5’-monophosphate (CMP)
as a substrate and the process for transferring the sialic acid, are performed in different reactors, respectively, and
accordingly, cytidine 5’-monophosphate (CMP) to be prepared, could not be recycled.
[0022] In the present invention, since the process for preparing CMP-N-acetylneuraminic acid from cytidine 5’-mono-
phosphate (CMP) and the process for preparing the sialic acid derivative and cytidine 5’-monophosphate (CMP) in a
derivative including CMP-N-acetylneuraminic acid and galactose such as lactose, or the like, by sialyltransferase, are
performed in the same reactor, cytidine 5’-monophosphate (CMP) prepared by the sialic acid transfer reaction, may be
recycled in the process for preparing CMP-N-acetylneuraminic acid.
[0023] FIG. 1 shows a synthesis process for preparing 2,3-sialyllactose and 2,6-sialyllactose in a single reactor ac-
cording to an exemplary embodiment of the present invention.
[0024] In an exemplary embodiment of the present invention, sialyllactose is prepared from N-acetyl glucosamine
(GlcNAc), pyruvate (sodium pyruvate), cytidine 5’-monophosphate (CMP), and the like, which are cheap substrate in
vitro, by one-pot reaction. A conversion rate of sialyllactose at a preparation rate of CMP-N-acetylneuraminic acid
(7.5mM/hr to 8.5mM/hr) is 650% based on cytidine 5’-monophosphate (CMP) and 81% based on N-acetyl-D-glucosamine
(GlcNAc). A purification yield of sialyllactose having purity of 98% or more is 75%. Preparation of sialyllactose by a
reusing system of cytidine 5’-monophosphate (CMP) in situ was performed successfully using a cell extract enzyme.
[0025] In another aspect of the present invention, upon comparing the method for preparing sialyllactose by one-pot
reaction according to the present invention with the conventional method for preparing sialyllactose by two-pot reaction,
it was confirmed that in the method for preparing sialyllactose by one-pot reaction according to the present invention,
an amount of sialyllactose was doubled even though a concentration of cytidine 5’-monophosphate (CMP) to be added
is reduced to 1/5 (Table 4).
[0026] In the present invention, sialyltransferase may be α-2,3-sialyltransferase, α-2,6-sialyltransferase, or α-2,8-
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sialyltransferase, preferably, 2,3-sialyltransferase or 2,6-sialyltransferase.
[0027] In an exemplary embodiment of the present invention, in order to develop sialyltransferase having high activity
even under the same activity condition with cytidine 5’-monophosphate kinase (CMK), acetate kinase (ACK), NeuAc
aldolase (NAN), CMP-NeuAc synthetase (NEU), and GlcNAc-2-epimerase (NANE) which are enzymes involved in
preparation of CMP-N-acetylneuraminic acid, a mutant enzyme having high activity under the same condition as other
enzymes was developed by mutating α-2,3-sialyltransferase derived from Pasteurella multocida and α-2,6-sialyltrans-
ferase derived from Photobacterium damselae.
[0028] Therefore, α-2,3-sialyltransferase of the present invention is characterized by a mutant enzyme of α-2,3-sia-
lyltransferase having any one amino acid sequence of SEQ ID NOS: 2 to 6, and α-2,6-sialyltransferase of the present
invention is characterized by a mutant enzyme of α-2,6-sialyltransferase having any one amino acid sequence of SEQ
ID NOS: 14 to 18.
[0029] Preferably, the method for preparing the sialic acid derivative according to the present invention is performed
at 25 to 38°C in view of activity temperature of each enzyme involved in the reaction, and at pH 7 to 9 in view of activity
pH of each enzyme involved in the reaction.
[0030] In the present invention, as GlcNAc-2-epimerase, NANE, an enzyme having amino acid sequence of SEQ ID
NO: 25 which is N-acetylglucosamine-2-epimerase enzyme derived from bacteroides fragilis NCTC 9343 is preferably
used, but the present invention is not limited thereto.
[0031] In the present invention, the compound including the galactose residue may be a derivative including galactose
of a compound selected from the group consisting of monosaccharides, oligosaccharides, linkers, flavonoids, anti-cancer
agents, antibiotics, immunosuppressants and antibodies.
[0032] In the present invention, the monosaccharide may be glucose, N-acetyl-D-glucosamine, mannose, and the
like, the linker may be a functional group which is linkable using ester or amide bond, for example, the linker means a
linker capable of linking formyl, acetyl group, propionyl group, butyl group, acryl group, ethylsuccinyl group, succinyl
group, aminohexyl group, and the like.
[0033] A mutant of α-2,6-sialyltransferase used in the present invention is derived from Photobacterium damselae
strain and is included in GT family 80 as the same as 2,6-sialyltransferase derived from Pasteurella genus in view of
structure folding and sequence of glycosyltransferase. Even in α-2,6-sialyltransferase derived from Photobacterium, an
activity of α-2,6-sialyltransferase and sialyltransferase was recently revealed, but since the activity of the side-reaction
is significantly smaller than that of the transference activity (150 times or more) of 2,6-sialic acid, it is regarded that most
of the activity is the transference activity of 2,6-sialic acid. α-2,6-sialyltransferase has advantages in that the side reaction
rarely occurs, most of the activity is the transference activity of 2,6-sialic acid, and substrate specificity is various, but
has disadvantages in that difference in enzyme activity is low by 5 to 6 times as compared to α-2,3-sialyltransferase
derived from Pasteurella.
[0034] In order to increase preparation efficiency of various sialyl oligosaccharides having 2,3 and 2,6 combinations,
it is required to produce mutants in which functions of α-2,3 and α-2,6 sialyltransferases having various substrate
specificities as defined above are improved, and to utilize the mutants for production of sialyl oligosaccharides.
[0035] Biosynthesis of CMP-N-acetylneuraminic acid which is a sialic acid donor of sialyltransferase by five enzymes
has the best productivity at neutral pH. Meanwhile, the sialic acid transfer reaction by α-2,3-sialyltransferase has the
best reactivity at pH 8 to 9. That is, α-2,3-sialyltransferase has activity at a wide range of pH, but the activity is resulted
from multi-functional characteristics showing side reaction below neutral pH. Since 2,3-sialic lactose is additionally
prepared by α-2,3-sialyltransferase below neutral pH, two steps of reaction including a step of preparing CMP-N-acetyl-
neuraminic acid at neutral pH and converting pH of a buffer solution to pH 8 to 9, and a step of applying α-2,3-sialyl-
transferase are performed in the conventional reaction. Accordingly, α-2,3-sialyltransferase may inhibit production of
the side-reaction, thereby performing integrated batch type reaction, and rapidly performing a catalytic reaction, whereby
productivity and efficiency of various 2,3-sialyl derivatives including 2,3-sialyllactose may be improved.
[0036] In order to produce mutants of sialyltransferase in the present invention, a hybrid method, that is, a semi-rational
method was used. The hybrid method is a combination of directed evolution and rational design, having an object of
securing only a small number of mutant libraries in good quality. The hybrid method refers to perform the mutation by
analyzing a target portion of protein and selecting specific amino acid residues using sequences, structures, and functions
of protein, and computer programs.
[0037] In the present invention, sialyltransferase, which is Leloir glycosyltransferase, indicates an enzyme transferring
N-acetylneuraminic acid to an acceptor sugar material from CMP-N-acetylneuraminic acid. Lactose which is an acceptor
substrate is oligosaccharide consisting of Galβ1,4Glc (galactose and glucose are bound with each other by β1,4 bond).
[0038] 2,3-sialyl oligosaccharide and 2,6-sialyl oligosaccharide mean oligosaccharides in which N-acetylneuraminic
acid (sialic acid) is bound to galactose portion by a2,3 or a2,6 bond, and other sugars may be further bound to the
galactose or glucose. 2,3- and 2,6-sialyllactose means triose consisting of Neu5Aca2,3/2,6Galp,4Glc (sialic acid is bound
to galactose of lactose by α-2,3 or α-2,6 bond).
[0039] In the present invention, whole cell reaction means a reaction using cell contents by disrupting the cells including
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specific enzyme or using total of whole cells without separating and purifying the enzyme. The reaction of the present
invention may be performed in the manner of the whole cell reaction, and may be performed by independently adding
each purified enzyme, and by purifying each enzyme and fixing each enzyme in a bead form.
[0040] In the present invention, site directed mutagenesis refers to introduction of changes in nucleotide sequence
defined at the designated location of a gene, and saturation mutagenesis refers to introduction of changes in various
base sequences at the designated location of a gene. The saturation mutagenesis refers to introduction of mutation
through PCR by inserting NNK codon on a primer having complimentary sequence to be bound to a template strand,
instead of sequence to be mutated. Here, in the NNK codon, N means A, T, G, C of nucleotide, and K means T, G.
[0041] The vector means a polynucleotide consisting of single-stranded, double-stranded, circular or supercoiled DNA
or RNA, and may include components which are operably linkable at an appropriate distance to produce a recombinant
protein.
[0042] The components may include replication origin, promoter, enhancer, 5’mRNA leader sequence, ribosomal
binding site, nucleic acid cassette, termination and polyadenylation sites, or selectable label format, and the like, and
one or more of the components may be omitted depending on specific applications. The nucleic acid cassette may
include a restriction enzyme site for inserting recombinant protein to be expressed. In a functional vector, the nucleic
acid cassette may contain a nucleic acid sequence to be expressed, including translation initiation and termination region,
and vectors capable of inserting the two types of cassettes into the vector are used as needed, and the above-mentioned
functions may be additionally sequenced.
[0043] Genes inserted into the recombinant vector may be E. coli for expression, such as BW25113 (DE3), BL21
(DE3), and the like, but may vary depending on the type of the inserted vectors. The vectors and expression strains may
be easily selected by a person skilled in the art.
[0044] According to another embodiment of the present invention, Lewis X could be successfully obtained using
LacNAc as a lactose derivative. According to the prevent invention, various functional oligosaccharides such as sialyl
Lewis X(SLeX) may be prepared.
[0045] According to still another embodiment of the present invention, in order to synthesize sialyl vancomycin deriv-
atives, enzymatic approach using two glycosyltransferases, β1,4-GalT and α-2,3-SiaT was used, and the combination
of galactose and sialic acid at the vancomycin portion and the glucose portion of pseudo-vancomycin was proven.
Further, as the MIC test result, the antibiotic activity against MRSA and VSEF of derivatives including galactose was
higher than or equal to that of the derivative including galactose/sialic acid. The sialyltransferase having the relaxed
substrate specificity according to the present invention may be applied to sialylation of small molecules in nature bound
with other glycopeptide antibiotics or sugars such as polyketide or nonribosomal peptide.

Example

[0046] Hereinafter, the present invention will be described in detail with reference to the following Examples. However,
the following examples are only for exemplifying the present invention, and it will be obvious to those skilled in the art
that the scope of the present invention is not construed to be limited to these examples.

Example 1: Preparation of mutants of sialyltransferase

[0047] In α-2,3-sialyltransferase used in the present invention, a substrate binding pocket portion was confirmed from
a crystal structure, and in 2,6-sialyltransferase used in the present invention, a substrate binding pocket portion was
confirmed from a model structure having a crystal structure of α-2,6-sialyltransferase derived from other Photobacterium
as a template. Residues positioned within 5 ∼ 20 Å from CMP-N-acetylneuraminic acid and an acceptor substrate were
selected from each of α-2,3 sialyltransferase and 2,6-sialyltransferase.
[0048] The wild-type α-2,3-sialyltransferase used in the present invention is derived from Pasteurella multocida
(ATCC15742) and the wild-type α-2,6-sialyltransferase is derived from Photobacterium damselae (ATCC29690).
[0049] In the present invention, multiple sequence alignment using the sequence information of bioinformatics was
performed while excluding residues preserving amino acid residues at a specific position in the protein structure, as
mutation residues. In order to select functional residues to perform saturation mutagenesis among the residues selected
as above in the substrate-binding residues, site directed mutagenesis was performed with alanine. The substitution with
alanine may interpret whether a specific residue contributes to an important catalyst activity due to action with the
substrate, like removal of the residue. After the substitution with alanine, enzyme activity was measured by colorimetry
and compared with wild type strain in view of activity difference.
[0050] Further, in the present invention, alanine substitution mutants maintaining the folding degree of protein as
compared to the wild type strain, were selected. Consequently, in the alanine substitution mutants of each of α-2,3 and
α-2,6-sialyltransferase, residues showing activity of at least 30%, preferably at least 50%, and more preferably at least
60% as compared to the wild type strain, and maintaining the folding of protein were selected as functional residues to
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perform the saturation mutagenesis which is a next step.
[0051] By performing the saturation mutagenesis on the residues of the alanine substitution mutants maintaining the
folding of the enzyme and original activity while leaving residues essentially contributing to interaction with the substrate,
that is, contributing to main activity of the sialic acid transfer in the catalytic reaction, neutral drift of the enzyme is capable
of being induced to produce an enzyme-substrate complex in an active form which is more properly fitted to the substrate
through the saturation mutagenesis as compared to the wild type strain.

1-1: Performance of saturation mutagenesis on functional residues of sialyltransferase and search of mutants

[0052] The entire vector was subjected to PCR using a primer into which NNK sequence (a sequence where N is A,
C, G or T, K is G or T) is introduced, the NNK sequence obtained by randomly replacing AGA and ACC sequences
corresponding to amino acid positions 313 and 265 of α-2,3-sialyltransferase, thereby constructing a library. Since α-
2,3-sialyltransferase of the present invention has a form in which 24 amino acids are removed at N-terminal, the amino
acid at 25th position from the first methionine sequence is methionine.
[0053] The entire vector was subjected to PCR using a primer into which NNK sequence (a sequence where N is A,
C, G or T, K is G or T) is introduced, the NNK sequence obtained by randomly replacing ATT and CTG sequences
corresponding to amino acid positions 411 and 433 of α-2,6-sialyltransferase, thereby constructing a library. In α-2,6-
sialyltransferase of the present invention, methionine is the first amino acid when counting from the first methionine
sequence. In order to remove the original plasmid, the amplified gene of the sialyltransferase including the vector
sequence was treated with Dpn enzyme and transformed into E. coli DH5a. Mutant genes were extracted from all of
generated colonies and transformed into E. coli BW25113 (DE3). The transformed individual colonies were inoculated
in the LB medium (500mL) containing ampicillin in 96 well and shake-cultured at 30 to 37°C for 18 to 24 hours, and then
some of the culture liquid was inoculated in new LB medium (500mL) containing 100 mg mL-1 ampicillin and IPTG and
cultured at 18 to 30°C for 18 to 40 hours. The cultured cells were centrifuged and re-suspended in 1∼10 mM Tris buffer
(100mL). Then, among them, whole cells (10 mL) were used for the mutant search reaction, or cells (50mL) were re-
suspended with BugBuster protein extraction reagent, followed by centrifugation to obtain a cell extract, and then, some
of the cell extract (10mL) was used for a mutant search reaction. The reaction proceeded while simultaneously adding
the whole cell (10mL) or cell extract (10mL) to a reaction solution (90mL) containing 1∼10mM Tris buffer, 1∼5mM CMP-
N-acetylneuraminic acid and lactose and 0.1∼1 mM pH indicator, and the reaction rate for 10 to 30 minutes at a time
interval of one minute was observed as compared to the wild type strain.
[0054] The wild type strain and mutants of sialyltransferase transformed into E. coli BW25113 (DE3) were expressed
using the inducer IPTG in a culture volume of 50 mL, and purified to obtain only pure protein using Ni-NTA column, and
specific activity and kinetic parameters were measured.
[0055] Specific activities of single amino acid substitution mutants of α-2,3- and α-2,6-sialyltransferase were analyzed
through enzyme activity analysis method using the pH indicator with the same amount of each protein, and were calculated
as activity (unit) per enzyme (mg) when conversion yield of 10 to 25% relative to the initial acceptor substrate concentration
is exhibited by performing the reaction for 5-10 minutes, and the results were shown in Table 1.
[0056] The saturation mutagenesis was performed on the selected functional residues of α-2,3-sialyltransferase,
through PCR using NNK codon, and screened through colorimetry using a pH indicator on the mutant libraries. Mutants
in which change in absorbance over time is increased as compared to the wild type strain, were primarily searched, and
the mutants were cultured to obtain cell extract. Then, in the cell extract, an initial reaction rate was calculated by unit
per volume (mL) of cell extract.
[0057] In the mutants of α-2,3-sialyltransferase, the arginine of R313 is positioned on a loop near glucose of lactose.
For the mutants of R313, the mutants substituted with amino acids having small size such as alanine and glycine exhibited
neutral activity as compared to the wild type strain, and the mutants substituted with hydrophilic amino acids such as
serine, threonine, tyrosine, aspartic acid, asparagine, histidine exhibited activity 1.5 times higher than that of the wild
type strain.
[0058] For the mutants of T265 positioned within 20 Å of the CMP-N-acetylneuraminic acid, it was observed that the
mutants substituted with glycine, serine, and asparagine exhibited activity similar to or higher than that of the wild type
strain.
[0059] As a result obtained by comparing the mutants of R313 with the wild type strain in view of relative specific
activity, R313 mutants could accept various mutants relatively, and among them, specific activity of R313N was 231%
as compared to the wild type strain which was the highest among the single mutant. In addition, the relative specific
activity of the mutants of T265 as compared to the wild type strain was shown in Table 1.



EP 3 009 516 A1

8

5

10

15

20

25

30

35

40

45

50

55

[0060] Meanwhile, similar to the selected functional residues of α-2,3-sialyltransferase, the saturation mutagenesis
was performed on the selected functional residues of α-2,6-sialyltransferase through PCR using NNK codon, and
screened through colorimetry using a pH indicator on the mutant libraries. I411 and L433 are positioned within 5∼20 Å
from the CMP-N-acetylneuraminic acid. Among the mutants of L433, L433S and L433T exhibited activity increased by
3 times compared to the wild type strain. It was observed that among the mutants of I411, I411T exhibited activity
increased by 2 times compared to the wild type strain. In the wild type α-2,6-sialyltransferase, expression in pET28a
vector was increased as compared to pET15b vector, and accordingly, the searched mutants were cloned in the pET28a
vector and the specific activities thereof were confirmed (Table 1).

1-2: Analysis of characterization of mutants of α-2,3 sialyltransferase

[0061] R313N which is the single amino acid substitution mutant of R313 of α-2,3-sialyltransferase in the present
invention is a protein having amino acid sequence of SEQ ID NO: 2 and having hydrophilic amino acid sequence at
313th position, and DNA encoding the protein of SEQ ID NO: 2 has amino acid sequences of SEQ ID NO: 8, and may
also include all DNA sequences encoding the amino acids.
[0062] In addition, R313H has amino acid sequence of SEQ ID NO: 3, and may include protein having hydrophilic
amino acid sequence at the 313th position of the amino acid and even all enzymes having the sialic acid transfer activity
with 97% or more homology including the mutant sequence. DNA encoding the protein of SEQ ID NO: 3 has amino acid
sequences of SEQ ID NO: 9 and may also include all DNA sequences encoding the amino acids.
[0063] Further, T265S has amino acid sequence of SEQ ID NO: 4, and may include protein having hydrophilic amino
acid sequence at the 265th position of the amino acid and even all enzymes having the sialic acid transfer activity with
97% or more homology including the mutant sequence. DNA encoding the protein of SEQ ID NO: 3 has amino acid
sequences of SEQ ID NO: 10 and may also include all DNA sequences encoding the amino acids.
[0064] Further, combinatorial mutants of R313N and T265S have amino acid sequences of SEQ ID NO: 5, and com-
binatorial mutants of R313H and T265S have amino acid sequences of SEQ ID NO: 6. Further, the mutants may include
protein having hydrophilic amino acid sequence at the 313th position and the 265th position of the amino acid and even
all enzymes having the sialic acid transfer activity with 97% or more homology including the mutant sequence. DNA
encoding the protein of SEQ ID NO: 5 has amino acid sequences of SEQ ID NO: 11, and DNA encoding the protein of
SEQ ID NO: 6 has amino acid sequences of SEQ ID NO: 12 and may also include all DNA sequence encoding the
amino acids.
[0065] Examples having homology of 97% or more with the mutants of the specified α-2,3-sialyltransferase include
mutated sequence of the mutant, and may include sequences derived from Pasteurella genus, particularly, multocida
species, as sequences specified or predicted as having activity of α-2,3-sialyltransferase.
[0066] Further, in the present invention, combinatorial mutants for the single amino acid substitution mutant of R313
and the single amino acid substitution mutant of T265 of α-2,3-sialyltransferase having high specific activity were con-
structed, and among the combinatorial mutants, R313H/T265S and R313N/T265S had high specific activity of 237%
and 216%, respectively, relative to the wild type strain. In order to appreciate the effect of each mutation on the donor

[Table 1] Activity of α-2,3 and α-2,6 sialyltransferase

 (α2,3PST) Rel. Specific Ac (%)  (α2,6PdST) Rel. Specific Ac (%)

WT 100 WT 100

R313N 231 I411T 198

R313H 146 L433S 289

R313T 129 L433T 296

R313Y 125 I411T/L433S 194

R313D 108 I411T/L433T 510

T265N 126

T265S 116

T265G 94

R313N/T265S 216

R313H/T265S 237
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substrate and the acceptor substrate, kinetic parameters for a single amino acid substitution mutant and a combinatorial
mutant were measured.
[0067] The measured kinetic parameters were analyzed by the mutant search method using the colorimetry, and the
initial reaction rate when conversion yield of 10 to 25% relative to the substrate concentration of the initial acceptor is
exhibited at an interval of every 30 seconds by performing the reaction for 5-10 minutes at room temperature, was
measured. The kinetic parameters were measured on both of the two donor substrate, CMP-N-acetylneuraminic acid,
and the acceptor substrate, lactose, and the substrate concentration had a range from 0.1 to 30 mM. The kinetic pa-
rameters, kcat and Km, were obtained from nonlinear regression analysis of Michaelis-Menten equation using Sigma Plot
(SigmaPlot) program. The kinetic parameters on the wild type strain and the mutants of α-2,3-sialyltransferase were
shown in Table 2.

[0068] In R313N and R313H which are single amino acid substitution mutants, the kcat was increased with respect to
CMP-N-acetylneuraminic acid and lactose, and kcat/Km of R313N and R313H with respect to two substrates were
increased by about 1.4 times and about 1.2 times relative to the wild type strain, respectively. In R313N/T265S and
R313H/T265S which are combinatorial mutants, the kcat was increased with respect to the two substrates, and kcat/Km
of R313N/T265S and R313H/T265S with respect to CMP-N-acetylneuraminic acid was increased by about 1.6 times.
Further, in R313N/T265S and R313H/T265S, kcat/Km with respect to lactose were increased by about 1.5 times and
about 1.8 times relative to the wild type strain, respectively.
[0069] In the present invention, it was also confirmed that when replacing arginine at 313th position of amino acid of
α-2,3-sialyltransferase to be converted into other hydrophilic amino acids (N, D, Y, T, H), specific activity of the enzyme
was increased and 2,6-sialic acid transfer side reaction with respect to these mutants was confirmed. As results obtained
by measuring 2,6-sialic acid transfer side reaction of R313N, R313D, R313Y, R313T, R313H and the combinatorial
mutants, R313N/T265S and R313H/T265S at pH 4.5∼7.0 at which 2,6-sialic acid transfer side reaction occurs, the
production amount of 2,6-sialyllactose was reduced by 4-30 times in pH 4.5 to 6.0 (FIG. 2a) as compared to the wild
type strain. At pH 6.5 to pH 7.0 (FIG. 2b), all of the production amount of 2,6-sialyllactose disappeared except for R313Y
(reduced by 15 times). The results were shown in FIG. 2.

1-3: Analysis of characterization of mutants of α-2,6 sialyltransferase

[0070] In the present invention, I411T which is the single amino acid substitution mutant of I411 of α-2,6-sialyltrans-
ferase has amino acid sequence of SEQ ID NO: 14, and may include protein having a small size or hydrophilic amino
acid sequence at the 411th position of the amino acid and even all enzymes having activity of the sialic acid transfer
with 55% or more homology including the mutant sequence. DNA encoding the protein of SEQ ID NO: 14 has amino
acid sequences of SEQ ID NO: 20 and may also include all DNA sequence encoding the amino acids.
[0071] In addition, L433S has amino acid sequence of SEQ ID NO: 15, and L433T has amino acid sequence of SEQ
ID NO: 16 and may include protein having hydrophilic amino acid sequence at the 433th position of the amino acid and
even all enzymes having activity of the sialic acid transfer with 55% or more homology including the mutant sequence.
DNA encoding the protein of SEQ ID NOS: 15 and 16 has amino acid sequences of SEQ ID NOS: 21 and 22 and may
also include all DNA sequences encoding the amino acids.
[0072] Further, combinatorial mutants of I411T and L433S have amino acid sequences of SEQ ID NO: 17, and com-
binatorial mutants of I411T and L433T have amino acid sequences of SEQ ID NO: 18. Further, the mutants may include
protein having a small size or hydrophilic amino acid sequence at the 411th position and the 433th position of the amino

[Table 2] kinetic parameters of α-2,3-sialyltransferase

Enzyme (α2,3 PST) CMP-Neu5Aca Lac
b

kcat (s-1) Km (mM) kcat /Km kcat (s-1) Km (mM) kcat /Km

(s-1 mM-1) (s-1 mM-1)

WT 12.9 1.83 7.01 57.4 2.31 24.8

R313N 23.9 2.51 9.51 89.9 2.55 35.2

R313H 26.8 3.24 8.26 80.5 2.68 30.1

T265S 22.1 2.23 9.91 63.2 2.43 26.1

R313N/T265S 36.9 3.33 11.1 82.4 2.21 37.3

R313H/T265S 43.4 3.94 11.0 73.9 1.65 44.8
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acid and even all enzymes having the sialic acid transfer activity with 55% or more homology including the mutant
sequence. DNA encoding the protein of SEQ ID NO: 17 has amino acid sequences of SEQ ID NO: 23, and DNA encoding
the protein of SEQ ID NO: 19 has amino acid sequences of SEQ ID NO: 24 and may also include all DNA sequence
encoding the amino acids.
[0073] Examples having homology of 55% or more with the mutants of the specified α-2,6-sialyltransferase include
mutated sequence of the mutant, and may include sequences derived from Photobacterium genus, particularly, Photo-
bacterium damselae, Photobacterium leiognathi species, as sequences specified or predicted as having activity of α-
2,6-sialyltransferase. Further, sequences of Photobacterium Jt-Ish-224 α-2,6-sialyltransferase which is a template protein
forming a protein model structure of the present invention may be included since it has a homology of 55% with α-2,6-
sialyltransferase of the present invention.
[0074] In the present invention, combinatorial mutants for the single amino acid substitution mutant of I411T of α-2,6
sialyltransferase having high specific activity and the single amino acid substitution mutants of L433S and L433T were
constructed, and I411T/L433S and I411T/L433T among the combinatorial mutants had high specific activity of 194%
and 510%, respectively, relative to the wild type strain. In order to appreciate the effect of each mutation on the donor
substrate and the acceptor substrate, kinetic parameters for a single amino acid substitution mutant and a combinatorial
mutant were measured. The results were shown in Table 3.

[0075] With respect to the acceptor substrate, lactose, in all mutants, the binding force with the acceptor substrate,
lactose, was reduced, but kcat was increased from 6 times up to 27 times as compared to the wild type strain. In single
mutants, I411T, L433S and L433T, kcat/Km was increased by 1.8 times, 3 times and 2.6 times, respectively, and kcat/Km
of the combinatorial mutants, I411T/L433S and I411T/L433T, was increased by 2.7 times and 3.9 times, respectively,
as compared to the wild type strain.
[0076] Meanwhile, with respect to the donor substrate, CMP-N-acetylneuraminic acid, in the single amino acid sub-
stitution mutants, I411T and L433S, kcat/Km was increased by 2.4 times and 2.6 times, respectively, as compared to the
wild type strain. In L433T, the affinity with the substrate was also increased, such that kcat/Km was increased by 6.7
times as compared to the wild type strain. In combinatorial mutants, I411T/L433S and I411T/L433T, kcat was increased
by 4.5 times as compared to the wild type strain, and kcat/Km was increased by 2 times and 8 times, respectively, as
compared to the wild type strain.
[0077] The mutants of α-2,3- and α-2,6-sialyltransferase produced by the present invention may be applied to various
oligosaccharide substrates including galactose portions by including N-acetyl-lactosamine (LacNAc), azido β-D-galact-
opyranosyl-(1-4)-β-D-glucopyranoside (LacβN3), 3-azidopropyl β-D-galactopyranosyl-(1-4)-β-D-glucopyranoside
(LacβProN3), methyl β-D-galactopyranosyl-(1-4)-β-D-glucopyranoside (LacβOMe) which are disaccharide acceptor sub-
strate as well as the above-described lactose acceptor substrate.
[0078] Further, the mutants of α-2,3- and α-2,6-sialyltransferase produced by the present invention may be applied
to various derivative substrates including CMP-deaminoneuraminic acid (CMP-KDN), CMP-N-glycolylneuraminic acid
(CMP-Neu5Gc) as well as the above-described CMP-N-acetylneuraminic acid acceptor substrate.

Example 2: Preparation of enzyme for synthesizing CMP-N-acetylneuraminic acid

[0079] In order to prepare CMP-N-acetylneuraminic acid which is an intermediate material of the sialylation reaction,
enzymes to be used were prepared.
[0080] The enzymes used for preparing CMP-N-acetylneuraminic acid from N-acetyl-D-glucosamine were cytidine 5’-

[Table 3] kinetic parameters for α-2,6 sialyltransferase

Enzymes (a2,6 PdST)

CMP-Neu5Aca Lac
b

kcat (s-1) Km (mM)
kcat /Km

kcat (s-1) Km (mM)
kcat /Km

(s-1 mM-1) (s-1 mM-1)

WT 3.99 5.47 0.73 4.45 9.03 0.49

I411T 11.1 6.36 1.75 25.7 28.4 0.90

L433S 18.3 9.54 1.92 85.4 59.1 1.45

L433T 10.4 2.11 4.90 73.2 56.7 1.29

I411T/L433S 17.4 11.9 1.47 113 78.5 1.31

I411T/L433T 18.1 3.09 5.86 119 57.0 1.90
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monophosphate kinase (CMK), acetate kinase (ACK), N-acetylneuraminic acid aldolase (NeuAc aldolase: NAN), CMP-
N-acetylneuraminic acid synthetase (CMP-NeuAc synthetase: NEU), and N-acetylglucosamine-2-epimerase (GlcNAc-
2-epimerase: NANE) and the enzyme for preparing 2,3-sialyllactose by reacting CMP-N-acetylneuraminic acid with
lactose was α-2,3-sialyltransferase, and the enzyme for preparing α-2,6-sialyllactose by reacting CMP-N-acetylneuramin-
ic acid with lactose was α-2,6-sialyltransferase.
[0081] The method for preparing the enzymes used in preparing CMP-N-acetylneuraminic acid from N-acetyl-D-glu-
cosamine was described in Korean Patent Laid-Open Publication No. 10-2008-0055588 in detail.
[0082] The method for preparing the enzymes was summarized briefly as follows:

(1) Preparation of N-acetylglucosamine-2-epimerase (GlcNAc 2-epimerase: NANE)
In order to clone the nanE gene encoding N-acetylglucosamine-2-epimerase (GlcNAc 2-epimerase, SEQ ID NO:
25) from genome of Bacteroides fragilis NCTC 9343 strain, the nanE gene was amplified by PCR using chromosomal
DNA of the Bacteroides fragilis NCTC 9343 strain as a template and using primers of SEQ ID NO: 26 and SEQ ID
NO: 27.

SEQ ID NO: 26: 5’-ct gcc atg gtt atg aat act aca g
SEQ ID NO: 27: 5’-aat gga tcc tta ttt ttc tga cag

The amplified PCR product was purified, cut by restriction enzymes NcoI and BamHI, and linked to plasmid
pET28a(+)(Novagen) T4 DNA (Takara), using ligase, the plasmid being cut by the same restriction enzymes NcoI
and BamHI, thereby constructing a recombinant vector pNANe. The recombinant vector was introduced into E.coli
BL21(DE3) (Invitrogen) to obtain E.coli/pNANe.
(2) Preparation of N-acetylneuraminic acid aldolase (NeuAc aldolase)
In order to clone the nanA gene (SEQ ID NO: 28) encoding N-acetylneuraminic acid aldolase (NeuAc aldolase), the
nanA gene was amplified by PCR using chromosomal DNA of the E. coli K-12 C600 (KCTC 1116) strain as a
template and using primers of SEQ ID NO: 29 and SEQ ID NO: 30.

SEQ ID NO: 29: 5’-ggtatccatggcaacgaatttacg
SEQ ID NO: 30: 5’-ggtaggctcgagcgaggggaaac

The amplified PCR product was purified, cut by restriction enzymes NcoI and XhoI, and linked to plasmid
pET32a(+)(Novagen) T4 DNA (Takara), using ligase, the plasmid being cut by the same restriction enzymes NcoI
and XhoI, thereby constructing a recombinant vector pNANa. The pNANa was introduced into E.coli BL21(DE3)pLysS
(Invitrogen) to obtain E.coli/pNANa.
(3) Preparation of cytidine 5’-monophosphate kinase (CMK)
In order to clone the CMK gene (SEQ ID NO: 31) encoding cytidine 5’-monophosphate kinase, the CMK gene was
amplified by PCR using chromosomal DNA of the E. coli K-12 (KCTC 1116) strain as a template and using primers
of SEQ ID NO: 32 and SEQ ID NO: 33.

SEQ ID NO: 32: 5’-cat atg acggca att gcc ccg gtt att ac
SEQ ID NO: 33: 5’-gaa ttc ggt cgc tta tgc gag agc c

The amplified PCR product was purified, cut by restriction enzymes NdeI and EcoRI, and linked to plasmid
pET22b(+)(Novagen) T4 DNA (Takara), using ligase, the plasmid being cut by the same restriction enzymes NdeI
and EcoRI, thereby constructing a recombinant vector pCMK. The pCMK was introduced into E.coli BL21(DE3)pLysS
(Invitrogen) to obtain E.coli/pCMK.
(4) Preparation of acetate kinase (ACK)
In order to clone the ACK gene (SEQ ID NO: 34) encoding acetate kinase, the ACK gene was amplified by PCR
using chromosomal DNA of the E. coli K-12 (KCTC 1116) strain as a template and using primers of SEQ ID NO:
35 and SEQ ID NO: 36.

SEQ ID NO: 35: 5’-catatgtcgagtaagttagtttctg
SEQ ID NO: 36: 5’-gaatcctcaggcagtcaggcggctcgcgtc
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The amplified PCR product was purified, cut by restriction enzymes NdeI and EcoRI, and linked to plasmid
pET24ma(+)(Novagen) T4 DNA (Takara), using ligase, the plasmid being cut by the same restriction enzymes NdeI
and EcoRI, thereby constructing a recombinant vector pACKa.
The pACKa was introduced into E.coli BL21(DE3)pLysS (Invitrogen) to obtain E.coli/pACKa.
(5) Preparation of CMP-N-acetylneuraminic acid synthetase (CMP-NeuNAc synthetase: NEU)
In order to clone the NEU gene (SEQ ID NO: 37) encoding CMP-NeuNAc synthetase (NEU), the NEU gene was
amplified by PCR using chromosomal DNA of the Neisseria meningitides (Koram Biotech) strain as a template and
using primers of SEQ ID NO: 38 and SEQ ID NO: 39.

SEQ ID NO: 38: 5’-aagcatatggaaaaacaaaatattgcg
SEQ ID NO: 39: 5’-gtggaattcttagctttccttgtg

The amplified PCR product was purified, cut by restriction enzymes NdeI and EcoRI, and linked to plasmid
pET32ma(+)(Novagen) T4 DNA (Takara), using ligase, the plasmid being cut by the same restriction enzymes NdeI
and EcoRI, thereby constructing a recombinant vector pSYNb.

[0083] The pSYNb was introduced into E.coli BL21(DE3) (Invitrogen) to obtain E.coli/pSYNb.
[0084] 500m< of each seed obtained by culturing transformants E.coli/pNANe, E.coli/pNANa, E.coli/pCMK, E.co-
li/pACKa and E.coli/pSYNb in LB medium was inoculated in 5< of main culture LB medium, and 4 hours later, 1-2mM
IPTG as an expression inducer was added to induce high expression of protein. When the density value of cell (OD600)
was about 3 to 5, cells were harvested. The obtained cells were lysed by ultrasound or French press, and the degree
of each enzyme expression was confirmed by SDS-PAGE gel. The enzymes such as cytidine 5’-monophosphate kinase
(CMK), acetate kinase (ACK), NeuAc aldolase (NAN), CMP-NeuAc synthetase (NEU), and GlcNAc-2-epimerase (NANE)
were precipitated by ammonium sulfate, and purified by ion exchange resin column (Protein Purification Techniques
Second Edition, Oxford University Press, 2001).

Example 3: One-pot sialylation of lactose using α-2,3-sialyltransferase

[0085] One-pot sialylation of lactose was performed by using enzyme reaction solution including α-2,3-sialyltransferase
prepared in Examples 1 and 2 (PST2,3st R313N) CMK, ACK, NeuAc aldolase (NAN), CMP-NeuAc synthetase (NEU),
and GlcNAc-2-epimerase (NANE) and using N-acetyl-D-glucosamine, pyruvate, and lactose as substrates.
[0086] Chemical reaction formula producing 2,3-sialyllactose or 2,6-sialyllactose from N-acetyl-D-glucosamine was
shown in FIG. 1, and it shows that since the reaction is performed in a single reactor, cytidine 5’-monophosphate (CMP)
which is an expensive substrate is capable of being recycled.
[0087] Reaction mixture [5∼10mM CMP (Shanghai QZU Bioscience & Biotechnology), 20∼80mM GlcNAc (Shanghai
Jiubang Chemical), 40∼120mM Sodium pyruvate (ZMC Inc), 40∼120mM Lactose (DMV Inc), 20mM MgCl2·H2O (Duksan),
1mM Nucleotide triphosphate (NTP, sigma), 80∼300mM Acetyl phosphate (sigma), 50mM Tris HCl buffer (pH 7.0), pH
was maintained to be 6.5∼8.0 with 37°C 2M NaOH] was mixed with CMK, ACK, NeuAc aldolase (NAN), CMP-NeuAc
synthetase (NEU) and GlcNAc-2-epimerase (NANE), and α-2,3-sialyltransferase (PST2,3st R313N), followed by stirring
in a reactor to perform reaction for 5 to 12 hours.
[0088] As analysis results of LC and Mass, it could be confirmed that α-2,3-sialyllactose was synthesized (FIG. 3). In
LC, Dionex DX-500 Chromatography system was used, and conditions were as follows:

Column: CarboPac PA100 Analytical Column(P/N 043055) with guard (P/N 043054)
Flow: 1ml/min
Run time: 20min
Injection volume: 25ml
Detection: ED40 Electrochemical Detector (gold electrode)
Eluent: 100mM NaOH / 100mM NaOAc.

[0089] In analysis result of mass of 2,3-sialyllactose, molecular ions were detected in a form of [M-H]- (m/z 632.2).
[0090] 2,6-sialyllactose was synthesized by the same method as 2,3-sialyllactose except for adding α-2,6-sialyltrans-
ferase (2,6STN L433S) instead of using α-2,3-sialyltransferase (FIG. 4).

Example 4: Comparison between one-pot sialylation of lactose and the conventional method

[0091] Production amount of sialyllactose obtained by a method for preparing sialyllactose using substrate concen-
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trations of Table 4 by the same one-pot method as Example 3 and production amount of sialyllactose obtained by the
conventional method for preparing sialyllactose by the conventional two-pot method were compared.
[0092] In the conventional two-pot method, reaction mixture [50mM CMP, 100mM GlcNAc, 100mM Sodium pyruvate,
20mM MgCl2·H2O, 1mM Nucleotide triphosphate (NTP), 300mM Acetyl phosphate, 50mM Tris HCl buffer (pH 7.0) 7<,
pH was maintained to be 6.5∼8.0 with 37°C 2M NaOH] was mixed with CMK, ACK, NeuAc aldolase (NAN), CMP-NeuAc
synthetase (NEU) and GlcNAc-2-epimerase (NANE) prepared by Example 2, followed by stirring in a reactor to perform
reaction for 5 to 12 hours, thereby synthesizing CMP-N-acetylneuraminic acid.
[0093] 100mM lactose was added to about 40 mM CMP-N-acetylneuraminic acid as synthesized above in 50 mM Tris
HCl (Ph 7.5) buffer, and α-2,3-sialyltransferase was added thereto, thereby preparing sialyllactose. Then, as compared
to a standard curve of standard sialyllactose (Sigma), an amount of sialyllactose was measured by LC.

[0094] As a result, as shown in Table 4, according to the method for preparing sialyllactose by one-pot reaction of the
present invention, it was confirmed that the production amount of sialyllactose was increased by twice as much even
though the concentration of CMP decreased to be 1/5.

Example 5: One-pot sialylation of galactose

[0095] Sialylation of galactose (Sigma) which is monosaccharide was performed, and the sialylation was shown in
FIG. 5.
[0096] Reaction mixture [5∼10mM CMP, 20∼80mM GlcNAc, 40∼120mM Sodium pyruvate, 40∼120mM Taxol galactose
derivative, 20mM MgCl2·H2O, 1mM Nucleotide triphosphate (NTP), 80∼300mM Acetyl phosphate, 50mM Tris HCl buffer
(pH 7.0), pH was maintained to be 6.5∼8.0 with 37°C 2M NaOH] was mixed with CMK, ACK, NeuAc aldolase (NAN),
CMP-NeuAc synthetase (NEU) and GlcNAc-2-epimerase (NANE), and α-2,3-sialyltransferase (PST2,3st R313N), fol-
lowed by stirring in a reactor to perform reaction for 5 to 12 hours.
[0097] As analysis result of LC, Mass and TLC, it was confirmed that sialyl galactose was synthesized, and in the
analysis result of Mass, molecular ions were detected in a form of [M-H]- (m/z 470.2) (FIG. 6).

Example 6: Preparation of sialic acid derivative of linker

[0098] Sialylation of aminohexyl linker including galactose as terminal residue was performed, and the sialylation was
shown in FIG. 7.
[0099] Reaction mixture [5∼10mM CMP, 20∼80mM GlcNAc, 40∼120mM Sodium pyruvate, 40∼120mM aminohexyl
linker at terminal of galactose, 20mM MgCl2·H2O, 1mM Nucleotide triphosphate (NTP), 80∼300mM Acetyl phosphate,
50mM Tris HCl buffer (pH 7.0), pH was maintained to be 6.5∼8.0 with 37°C 2M NaOH] was mixed with CMK, ACK,
NeuAc aldolase (NAN), CMP-NeuAc synthetase (NEU) and GlcNAc-2-epimerase (NANE), and α-2,3-sialyltransferase,
respectively, followed by stirring in a reactor to perform reaction for 5 to 12 hours.
[0100] As analysis result of TLC and Mass, it was confirmed that 2,3-sialyllactose-linker was synthesized, and in
analysis result of Mass, molecular ions were detected in a form of [M-H]- (m/z 731.3) (FIG. 8).

Example 7: Preparation of sialic acid derivative of Flavonoid

[0101] Sialylation of lactose derivative of flavonoid CSH-I-54 having a structure of Chemical Formula 1 was performed,

[Table 4] difference between the present invention and conventional method

Main substrate for 
Synthesis

conventional 
method (Two step)

the present invention using 
sialyltransferase (One step)

CMP 50mM 10mM

N-acetyl-D-glucosamine 100mM 80mM

pyruvate 100mM 80mM

Acetyl 300mM 200mM

phosphate

lactose 100mM 80mM

production amount of 
sialyllactose

20g/L 40g/L
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and the sialylation was shown in FIG. 9.

[0102] Reaction mixture [5∼10mM CMP, 20∼80mM GlcNAc, 40∼120mM Sodium pyruvate, 40∼120mM lactose deriv-
ative of flavonoid CSH-I-54, 20mM MgCl2∼H2O, 1mM Nucleotide triphosphate (NTP), 80∼300mM Acetyl phosphate,
50mM Tris HCl buffer (pH 7.0), pH was maintained to be 6.5∼8.0 with 37°C 2M NaOH] was mixed with CMK, ACK,
NeuAc aldolase (NAN), CMP-NeuAc synthetase (NEU) and GlcNAc-2-epimerase (NANE), and α-2,3-sialyltransferase,
respectively, followed by stirring in a reactor to perform reaction for 5 to 12 hours.
[0103] Synthesis of 2,3-sialyllactose-CSH-I-54 was confirmed by LC and Mass, and LC analysis conditions were as
follows:

Column: Thermo ODS Hypersil (250*4.6mm)
Detection: UV 340nm
Temp.: R.T
Flow rate: 1mL/min
Inj. Volume: 20ml
Mobile phase:

A buffer: 0.1 M TEAA
B buffer: CH3CN

[0104] As analysis result of LC and Mass, it was confirmed that 2,3-sialyllactose-CSH-I-54 was synthesized, and in
analysis result of Mass, molecular ions were detected in a form of [M-H]- (m/z 912.3) (FIG. 10).

Example 8: Preparation of sialic acid derivative of Tacrolimus

[0105] Sialylation of galactose derivative of immunosuppressant Tacrolimus having a structure of Chemical Formula
2 and galactose derivative of immunosuppressant Tacrolimus having a linker having a structure of Chemical Formula
3 was performed, and the sialylation was shown in FIG. 11.

Galactose derivative of Tacrolimus

[0106]

Initial: B conc. 0%

15min 70%
20min 100%
22min 100%
25min 0%
30min 0%.



EP 3 009 516 A1

15

5

10

15

20

25

30

35

40

45

50

55

[0107] Reaction mixture [5∼10mM CMP, 20∼80mM GlcNAc, 40∼120mM Sodium pyruvate, 40∼120mM Tacrolimus
galactose derivative, 20mM MgCl2·H2O, 1mM Nucleotide triphosphate (NTP), 80∼300mM Acetyl phosphate, 50mM Tris
HCl buffer (pH 7.0), pH was maintained to be 6.5∼8.0 with 37°C 2M NaOH] was mixed with CMK, ACK, NeuAc aldolase
(NAN), CMP-NeuAc synthetase (NEU) and GlcNAc-2-epimerase (NANE), and α-2,3-sialyltransferase, respectively,
followed by stirring in a reactor to perform reaction for 5 to 12 hours.
[0108] Synthesis of 2,3-sialyllactose-Tacrolimus was confirmed by LC and Mass, and LC analysis conditions were as
follows (FIG. 12):

Column: Thermo ODS Hypersil (250*4.6mm)
Detection: UV 225nm
Temp.: 55°C
Flow rate: 1mL/min
Inj. Volume: 20ml
Mobile phase:

A buffer: H2O
B buffer : CH3CN

Initial: B conc. 30%
5min 30%
35min 80%

36min 80%
38min 100%



EP 3 009 516 A1

16

5

10

15

20

25

30

35

40

45

50

55

[0109] As analysis result of Mass, in galactose-Tacrolimus having a structure of Chemical Formula 2, molecular ions
were detected in a form of [M+Na]+ (m/z 1564.3), and in 2,3-sialyllactose-Tacrolimus having Aminohexyl linker in Chemical
Formula 3, molecular ions were detected in a form of [M-2H]2- (m/z 1616.8) (FIG. 12).

Example 9: Preparation of sialic acid derivative of anti-cancer agent Taxol

[0110] Sialylation of galactose derivative of immunosuppressant Taxol having a structure of Chemical Formula 4 was
performed, and the sialylation was shown in FIG. 13.

Galactose derivative of Taxol

[0111]

[0112] Reaction mixture [5∼10mM CMP, 20∼80mM GlcNAc, 40∼120mM Sodium pyruvate, 40∼120mM Taxol galactose
derivative, 20mM MgCl2·H2O, 1mM Nucleotide triphosphate (NTP), 80∼300mM Acetyl phosphate, 50mM Tris HCl buffer
(pH 7.0), pH was maintained to be 6.5∼8.0 with 37°C 2M NaOH] was mixed with CMK, ACK, NeuAc aldolase (NAN),
CMP-NeuAc synthetase (NEU) and GlcNAc-2-epimerase (NANE), and α-2,3-sialyltransferase, respectively, followed
by stirring in a reactor to perform reaction for 5 to 12 hours.
[0113] Synthesis of 2,3-sialyllactose-taxol was confirmed by LC and Mass, and LC analysis conditions were as follows
(FIG. 14):

Column: Thermo ODS Hypersil(4.6*250mm)
Detection: UV 260nm
Temp.: R.T
Flow rate: 1mL/min
Inj. Volume: 20ml
Mobile phase:

A buffer: 0.1 M TEAA
B buffer: CH3CN

(continued)

45min 100%
46min 30%
50min 30%

Initial: B conc. 35%

30min 65%
33min 65%
35min 35%
38min 35%
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[0114] As analysis result of Mass, in galactose-taxol, molecular ions were detected in a form of [M+Na]+ (m/z 1255.3),
and in 2,3-sialyllactose-taxol, molecular ions were detected in a form of [M+Na]+ (m/z 1568.0) (FIG. 14).
[0115] Example 10: Preparation of sialic acid derivative of antibiotic Vancomycin
[0116] Sialylation of galactose derivative of antibiotic Vancomycin having a structure of Chemical Formula 5 was
performed, and the sialylation was shown in FIG. 15.

Galactose derivative of Vancomycin

[0117]

[0118] Reaction mixture [5∼10mM CMP, 20∼80mM GlcNAc, 40∼120mM Sodium pyruvate, 40∼120mM Vancomycin
galactose derivative, 20mM MgCl2·H2O, 1mM Nucleotide triphosphate (NTP), 80∼300mM Acetyl phosphate, 50mM Tris
HCl buffer (pH 7.0), pH was maintained to be 6.5∼8.0 with 37°C 2M NaOH] was mixed with CMK, ACK, NeuAc aldolase
(NAN), CMP-NeuAc synthetase (NEU) and GlcNAc-2-epimerase (NANE), and α-2,3-sialyltransferase, respectively,
followed by stirring in a reactor to perform reaction for 5 to 12 hours.
[0119] Synthesis of 2,3-sialyllactose-vancomycin was confirmed by LC and Mass, and LC analysis conditions were
as follows (FIG. 16a):

Column: Chromollth performance RP-18e, 4.6 x 100mm
Detection: UV 260nm
Temp.: R.T
Flow rate: 1mL/min
Inj. Volume: 20ml
Mobile phase:

A buffer: H2O
B buffer : CH3CN

Initial: B conc. 5%
3min 10%

20min 20%
25min 30%
30min 80%
35min 80%
37min 5%
40min 5%
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[0120] As the analysis result of Mass, in 2,3-sialyllactose-vancomycin, molecular ions were detected in a form of
[M+4H]+ (m/z 1905.4) (FIG. 16b).

[Industrial Applicability]

[0121] According to the method for preparing a sialic acid derivative of the present invention, expensive cytidine 5’-
monophosphate (CMP) is capable of being recycled in a reactor, such that an amount of the CMP introduced into the
reactor may be reduced, and the sialic acid derivative is capable of being prepared at a significantly high efficiency by
using cheap N-acetyl-D-glucosamine (GlcNAc), pyruvate as substrates.
[0122] Although specific embodiments of the present invention are described in detail, it will be apparent to those
skilled in the art that the specific description is merely desirable exemplary embodiment and should not be construed
as limiting the scope of the present invention. Therefore, the substantial scope of the present invention is defined by the
accompanying claims and equivalent thereof.
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Claims

1. A method for preparing a sialic acid derivative comprising: (a) preparing a sialic acid derivative of a compound
including sialyllactose or galactose residues by adding a compound including cytidine 5’-monophosphate (CMP),
acetyl phosphate, nucleotide triphosphate (NTP), N-acetyl-D-glucosamine (GlcNAc), Sodium pyruvate, and galac-
tose residues as substrates, and reacting a reaction solution including cytidine 5’-monophosphate kinase (CMK),
acetate kinase (ACK), CMP-N-acetylneuraminic acid synthetase (CMP-NeuAc synthetase: NEU), N-acetylglu-
cosamine-2-epimerase (GlcNAc-2-epimerase: NANE), N-acetylneuraminic acid aldolase (NeuAc aldolase, NAN)
and sialyltransferase in a single reactor; and (b) obtaining the prepared sialic acid derivative of the compound
including sialyllactose or galactose residues prepared according to the step (a).

2. The method according to claim 1, wherein the sialyltransferase is selected from the group consisting of α-2,3-
sialyltransferase, α-2,6-sialyltransferase and α-2,8-sialyltransferase.

3. The method according to claim 2, wherein the α-2,3-sialyltransferase has an amino acid sequence represented by
one selected from the group consisting of SEQ ID NOs: 2-6.

4. The method according to claim 2, wherein the α-2,6-sialyltransferase has an amino acid sequence represented by
one selected from the group consisting of SEQ ID NOs: 14-18.

5. The method according to claim 1, wherein the reaction is performed at a temperature of 25∼38°C.

6. The method according to claim 1, wherein pH of the reaction solution is 7∼9.

7. The method according to claim 1, wherein the N-acetylglucosamine-2-epimerase (GlcNAc-2-epimerase: NANE)
has an amino acid sequence represented by SEQ ID NO: 25.

8. The method according to claim 1, wherein the compound including galactose residues is galactose derivative of a
compound selected from the group consisting of monosaccharides, oligosaccharides, linkers, flavonoids, anti-cancer
agents, antibiotics, immunosuppressants and antibodies.
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