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(57) Abstract: The present invention relates to the use of one or more glycosidases in the process for the production and/or purifica-
tion of a produced desired oligosaccharide. The process is preferably a microbial fermentation process using a host microorganism,
which may also comprise nucleic acids expressing sugar catabolic pathway proteins suitable for the degradation of saccharides other -
wise hindering the purification of the desired oligosaccharide.



WO 2015/036138 A1 |00 YN OO

—  with sequence listing part of description (Rule 5.2(a))




WO 2015/036138 PCT/EP2014/064280

Production of oligosaccharides

[0001] The present invention generally relates to the processes for the produc-
tion of oligosaccharides or polysaccharides, such as, e.g., the production of oligosaccha-
rides or polysaccharides via microbial fermentation, and in particular to the use of hydro-

lases in such processes.

[0002] The commercial production of oligosaccharides has — together with the
development of novel manufacturing biotechnologies — become of increasing interest over
the past years. Today, oligosaccharides are used, e.g., as functional food ingredients,
nutritional additives, or as nutraceuticals. Traditionally, oligosaccharides are defined as
polymers of 2 or more (usually up to 10) monosaccharides, however, also polymers up to
20 to 25 are often assimilated with them. In particular prebiotic oligosaccharides are of
high interest, since they represent noncariogenic and nondigestible compounds stimulat-
ing the growth and development of human gastrointestinal microflora.
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[0003] Currently, oligosaccharides are either synthesized by chemical glycosyl-
ation and de novo using glycosyltransferases, or they can derive from chemical, physical

or biological degradation of polysaccharides.

[0004] Today, fructooligosaccharides and galactooligosaccharides synthesized
or isolated from plant polysaccharides represent the most abundantly produced oligosac-
charides. However, due to superior health benefits the interest in Human Milk Oligosac-
charides (HMO) as nutraceuticals has strongly increased over the past years. It is well
established that HMOs contribute to the human body’s defense mechanism against
human pathogens, the establishment of a particular intestinal flora (microbiome), and
postnatal stimulation of the immune system. Although HMOs are consumed by infants, it
is accepted that the beneficial effects of these oligosaccharides observed during the

postnatal period can be also found later in life.

[0005] It has been long known that human mother’s milk, besides lactose, com-
prises a complex mixture of oligosaccharides called Human Milk Oligosaccharides (HMO)
represents a complex mixture of oligosaccharides being unique with respect to composi-
tion and quantity. Today, more than 80 HMO compounds have been structurally charac-
terized, and, with few exceptions, they are characterized by a lactose moiety at the
reducing end and often containing a fucose and/or sialic acid at the non-reducing end.
Generally the monosaccharides from which HMOs are derived are D-glucose, D-
galactose, N-acetylglucosamine, L-fucose and sialic acid.

[0006] The most prominent oligosaccharides are 2'-fucosyllactose and 3'-
fucosyllactose which together can contribute up to 1/3 of the total HMO fraction. Further
prominent HMOs present in human milk are lacto-N-tetraose, lacto-N-neotetraose and the
lacto-N-fucopentaoses. Besides these neutral oligosaccharides, also acidic HMOs can be
found in human milk, like for e.g. 3’-sialyllactose, 6’-sialyllactose and 3-fucosyl-3’-
sialyllactose, disialyl-lacto-N-tetraose etc. These structures are closely related to epitopes
of epithelial cell surface glycoconjugates, the Lewis histoblood group antigens such as
Lewis x (LeX), and the structural homology of HMO to epithelial epitopes accounts for

protective properties against bacterial pathogens.
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[0007] Besides the mentioned local effects in the intestinal tract, HMOs have
also been shown to elicit systemic effects in infants by entering the systemic circulation.
Also, the impact of HMOs on protein-carbohydrate interactions, e.g., selectin-leukocyte

binding, can modulate immune responses and reduce inflammatory responses.

[0008] Due to the well-studied beneficial properties of prebiotic oligosaccha-
rides, in particular of HMOs, connected with their limited availability, an effective commer-

cial, i.e. large scale production is highly desirable.

[0009] The main drawback today, however, is in most cases the lack of effec-
tive oligosaccharide production. As mentioned above, oligosaccharides can be generated
from oligomer engineering with either synthesis, using enzymatic or chemical engineering,

or polysaccharide depolymerization, using physical, chemical or enzymatic methods.

[0010] Chemical synthesis of oligosaccharides has proved to be challenging
due to the presence of several hydroxyl groups of similar chemical reactivity. Thus, in
chemical synthesis of oligosaccharides saccharide building blocks have firstly to be
selectively protected in order to control the reactivity of the chemically similar groups, then
coupled, and finally de-protected to obtain the desired oligosaccharide. Even if the small-
scale synthesis of a desired oligosaccharide is possible, the developed synthetic routes
are in general time-consuming, technically challenging and often prohibitively expensive.
Enzymatic synthesis or the combination of chemical and enzymatic synthesis offer
significant advantages over pure chemical synthetic routes. Several human milk oligosac-
charides such as 2’-fucosyllactose, lacto-N-tetraose lacto-N-neotetraose or 3’-sialyllactose
were already obtained by enzymatic synthesis. Besides the enzymatic synthesis also
fermentative approaches to oligosaccharides proved successful, and several oligosaccha-
rides — including HMOs — have been made available in considerable yields by fermenta-

tive means.

[0011]  Further, with a chemical or biochemical synthesis of oligosaccharidic
structures, which, as mentioned before, is much more difficult than, e.g. the synthesis of

other biopolymers such as peptides and nucleic acids, often oligosaccharides mixtures
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are produced containing non-desired oligosaccharides which need to be separated or
removed from the desired oligosaccharide. Same applies for oligosaccharides generated
via microbial fermentation, since during those processes a high amount of by-products,
intermediate products or even starting substrates is to be found in the reaction mixture/cell

medium containing the to be fermented microorganisms.

[0012] Against this background, there exists a great need for effective methods
and processes for the production of a desired oligosaccharide, in particular of HMOs, the

efficient production bearing high medical relevance and as well commercial impact.

[0013] This and other objects has been solved by the present invention by the
use of one or more glycosidases in the purification of a produced desired oligosaccharide
from a mixture containing the produced desired oligosaccharide and, where applicable,
non-desired oligosaccharides or metabolic saccharide products generated during produc-
tion of said desired oligosaccharide, and/or unused saccharide substrates used in the
production of said oligosaccharide, for degradation of the non-desired oligosaccharides or

metabolic products or unused substrates.

[0014] The object is further solved by a process for producing an oligosaccha-
ride using a host microorganism, wherein said oligosaccharide is not naturally occurring in
said host cell, the process comprising the steps of a) cultivating a host microorganism
suitable for the production of a desired oligosaccharide under conditions and in a medium
permissive for the production of said oligosaccharide, whereby the oligosaccharide and,
where applicable, biosynthetic intermediates and/or side products are produced; b) using
a glycosidase in the medium the host microorganism is cultivated in, in order to degrade
biosynthetic saccharide intermediates and/or saccharide side products and/or unused

saccharide substrates, and ¢) recovering the desired oligosaccharide.

[0015] According to the invention, a glycosidase is applied in the process for
the production of a oligosaccharide, wherein the glycosidase is used for degrading
hindering and/or undesired side-products, unused starting substrates and intermediate

products generated during the production of the desired oligosaccharide; thus, according
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to the invention, the glycosidase is employed for purification of the desired oligosaccha-
ride from a mixture containing the desired oligosaccharide and other unwanted carbohy-
drate moieties.

[0016] According to the invention, the glycosidase can be used in fermentation
processes producing a desired oligosaccharide as well as for the purification or resolution
of oligosaccharide mixtures obtained by in vitro oligosaccharide synthesis reactions or by

chemical synthesis or combinations thereof.

[0017] By means of the glycosidase it can be achieved that, e.g. other (oligo-)
saccharides - besides the desired oligosaccharide- , which other (oligo-)saccharides are
produced in the microorganism during the synthesis of the desired oligosaccharide, and
which other oligosaccharides interfere with the purification step of the desired oligosac-
charide, can be metabolised.

[0018] The use of a glycosidase in a process for the production of a desired oli-
gosaccharide has not been described so far. To the contrary: In the processes currently
applied, i.e. for the fermentation of HMO, usually lactose is added as a substrate for the
synthesis. To prevent the degradation of the added lactose beta-galactosidase, as well as
other glycosidase reactions are strongly avoided in fermentation strains. Therefore, beta-
galactosidase-deficient stains were applied in the fermentation (see, e.g. Dumon et al.,
(2004) Biotechnol. Prog. 20, 412-419) or the beta-galactosidase gene of the strain has
been specifically inactivated (Dumon et al., (2006) ChemBioChem. 7, 359-365)). General-
ly, the presences of any glycosidase activity are seen as contra productive to the fermen-
tation of oligosaccharides.

[0019] According to the invention, an “oligosaccharide” is to be understood to
be short polymers of monosaccharides, comprising at least 2 sugar-subunits, as already
mentioned at the outset. The oligosaccharides may either be branched or form a linear
chain of subunits. Moreover, the sugar subunits of oligosaccharides may feature a number
of chemical modifications. Accordingly, the oligosaccharides according to the present

invention may comprise one or more non-sugar moieties.
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[0020] Also, presently and generally in the relevant field, a “glycosidase” — also
designated as “glycoside hydrolases” or “glycosyl hydrolases” catalyze the hydrolysis of
the glycosidic linkage to release smaller sugars. They can be classified as enzymes
catalyzing the hydrolysis of O- or S-glycosides, and they are typically named after the
substrate that they act upon. Accordingly, glucosidases catalyze the hydrolysis of gluco-
sides and xylanases catalyze the cleavage of xylan. Thus, a glycosidase according to the
invention catalyses the hydrolysis of glycosidic bonds to liberate monosaccharides and
oligosaccharides of lower molecular weight than the native simple as well complex

carbohydrate substrates.

[0021] According to the invention, in the use and the processes disclosed here-
in a gloycosidase is employed to degrade hindering and/or undesired side-products,
unused starting substrates and intermediate products generated during the production of
the desired oligosaccharide which undesired side-products, unused starting substrates
and intermediate products generally have a higher molecular weight compared to the
monosaccharides and oligo- or disaccharides liberated by the action of the glycosidase
during degradation of the undesired side-products, unused starting substrates and inter-

mediate products.

[0022] Thus, presently, a “liberated monosaccharide” is to be understood as a
monosaccharide that has been generated during the glycosidase-mediated hydrolysis of a
glycosidic bond of a carbohydrate substrate where monosaccharides and oligosaccha-

rides of lower molecular weight than the hydrolyzed carbohydrate substrate are formed.

[0023] According to the invention, at least one glycosidase, or a combination of

two or more may be applied in the use and the process according to the invention.

[0024] According to one aspect of the invention, the glycosidase is used in a
microbial fermentation process employed for the production of the desired oligosaccharide
and using a host microorganism, wherein said oligosaccharide and/or said glycosidase

are not naturally occurring in the microorganism to said host cell.
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[0025] Presently and as generally understood in the related field, a “microbial
fermentation” is to be understood as a — generally large-scale — industrial metabolic
process where during cultivation of microorganisms such as bacteria, fungi and moulds,
enzymatic decomposition and utililization of nutrients, particularly carbohydrates, and the
conversion of compounds into other compounds takes place. As such, industrial or large-
scale microbial fermentation is the process of controlling microorganisms, i.e. bacteria,

yeast, and moulds, to modify food, producing a desired product.

[0026] According to another aspect of the invention, the glycosidase is used for
resolution of oligosaccharide mixtures obtained by in vitro oligosaccharide synthesis

reactions or by chemical synthesis or by combinations thereof.

[0027] Presently, and generally in the relevant field, a “microorganism” present-
ly designates and encompasses any microscopic organism that comprises either a single
cell, cell clusters, or multicellular relatively complex organisms, which is suitable to be
employed in the process according to the invention, and particularly includes bacteria and
yeast. A microorganism as employed according to the invention can be cultivated in a

liquid medium, and generally needs a carbon source in the medium to grow and replicate.

[0028] Presently, and throughout the invention, "recombinant” means genetical-
ly engineered DNA prepared by transplanting or splicing genes from one species into the
cells of a host microorganism of a different species. Such DNA becomes part of the host's

genetic makeup and is replicated.

[0029] Consequently, “a host microorganism” is designated to mean any micro-
organism containing nucleic acid sequences or expressed proteins foreign to/not naturally
occurring in the thus recombinant host microorganism and wherein the foreign/not
naturally in said microorganism occurring nucleic acid sequence is integrated in the
genome of the host microorganism cell. Thereby, "not naturally occurring” means that the
nucleic acid sequence/protein (such as, e.g. an enzyme), is foreign to said host microor-
ganism cell, i.e. the nucleic acid sequences/proteins are heterologous with respect to the

microorganism host cell. The heterologous sequence may be stably introduced, e.g. by
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transfection, transformation, or transduction, into the genome of the host microorganism
cell, wherein techniques may be applied which will depend on the host cell the sequence
is to be introduced. Various techniques are known to a person skilled in the art and are,
e.g., disclosed in Sambrook et al., Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1989). Thus, the host micro-
organism the heterologous sequence has been introduced in will produce the heterolo-

gous proteins the nucleic acid sequences according to the invention are coding for.

[0030] For recombinant production, host cells can be genetically engineered to
incorporate expression systems or portions thereof and the nucleic acid sequences of the
invention. Introduction of a nucleic acid sequence into the host microorganism cell can be
effected by methods described in many standard laboratory manuals, such as Davis ef al.,
Basic Methods in Molecular Biology, (1986), and Sambrook et al., 1989, supra.

[0031] Thus, the nucleic acid sequences according to the invention, may, e.g.,
be comprised in a vector which is to be stably transformed/transfected or otherwise

introduced into host microorganism cells.

[0032] A great variety of expression systems can be used to produce the poly-
peptides of the invention. Such vectors include, among others, chromosomal, episomal
and virus-derived vectors, e.g., vectors derived from bacterial plasmids, from bacterio-
phage, from transposons, from yeast episomes, from insertion elements, from yeast
chromosomal elements, from viruses, and vectors derived from combinations thereof,
such as those derived from plasmid and bacteriophage genetic elements, such as cos-
mids 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 to synthesize a polypeptide in a host
may be used for expression in this regard. The appropriate DNA sequence may be
inserted into the expression system by any of a variety of well-known and routine tech-
niques, such as, for example, those set forth in Sambrook et al., supra.
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[0033] Presently, a “desired oligosaccharide” designates an oligosaccharide
that shall specifically and intentionally be produced with the applied process. Accordingly,
a “non-desired oligosaccharide” represents an oligosaccharide not intended to be pro-
duced or generated during the production of the desired oligosaccharide or an oligosac-
charide formed by the used organism unrelated to the desired oligosaccharide. A “meta-
bolic product” or “metabolic” saccharide product” or “saccharide intermediate” is a saccha-
ride, i.e. carbohydrate product generated during production of a desired oligosaccharide,
and an “unused saccharide substrate” represents a starting molecule or moiety used

for/during the production of the desired oligosaccharide.

[0034] As mentioned at the outset, the invention also relates to a process for
producing an oligosaccharide using a host microorganism, wherein said oligosaccharide is
not naturally occurring in said host cell, the process comprising the steps of a) cultivating
a host microorganism suitable for the production of a desired oligosaccharide under
conditions and in a medium permissive for the production of said oligosaccharide, where-
by the oligosaccharide and, where applicable, biosynthetic saccharide intermediates
and/or saccharide side products are produced; b) using a glycosidase in the medium the
host microorganism is cultivated in, in order to degrade biosynthetic intermediates and/or

side products and/or unused substrates, and c) recovering the desired oligosaccharide.

[0035] With the process according to the invention, an effective manufacturing
method has been provided, by means of which a desired oligosaccharide can be pro-
duced in a form where non-desired oligosaccharides or otherwise hindering intermediate

products or unused substrates are essentially no longer present.

[0036] As used herein, the term “cultivating” means growing a microorganism in
a medium and under conditions permissive and suitable for the production of the desired
oligosaccharide. A couple of suitable host microorganisms as well as the mediums and
conditions for their cultivation will be readily available for one skilled in the art upon
reading the disclosure of this invention in connection with the skilled person’s technical

and expert background.
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[0037] As used herein, the term "recovering" means isolating, harvesting, puri-
fying, collecting or otherwise separating from the host microorganism culture the oligosac-

charide produced by the host microorganism according to the invention.

[0038] According to one aspect of the invention, the glycosidase is added to the
medium the microorganism is cultivated in. “Adding” hereby means the direct addition of
the enzyme to the medium, i.e. contrary to a provision of the glycosidase that would be
endogenously produced by the microorganism used for the production. As such, the
enzyme is — in its active form — readily and commercially available on the market and can
be added in amounts necessary to degrade the undesired oligosaccharides/unused
substrates/intermediates. The amount to be applied will depend from the amount of the
cultivated microorganism and also from amount of the produced desired oligosaccharide,
the amount of substrate and likely to be expected intermediates.

[0039] The glycosidase(s) are, according to this embodiment, externally added
to the medium/the supernatant at the end of the production process according to the
invention, which is particularly preferred when endogenous genes of the host microorgan-
ism encoding glycosidases have been inactivated or deleted. In doing so, undesired oligo-
and or monosaccharides cannot accumulate and do not interfere with the recovering of

the desired oligosaccharide.

[0040] E.g., to a solution containing a desired oligosaccharide and a non-
desired oligosaccharide, such as fermentation derived lacto-N-tetraose and lactose, beta-
galactosidase is added; the amount of beta-galactosidase to be employed will depend on
the (actual or expected) amount of oligosaccharides. E.g. with lacto-N-tetraose and
lactose both at 10 mM concentration an amount of 50 units/ml (final concentration) of
beta-galactosidase (e.g. from Sigma-Aldrich Chemie GmbH, Munich Germany catalog No.
G6008)) can achieve good results in order to cleave the lactose in glucose and galactose
for better chromatographic separation of the saccharides (e.g. by size dependent gel-
filtration chromatography). In respective experiments conducted by the inventors, it could
be shown that within seconds the lactose was cleaved into its monosaccharides galactose
and glucose, whereas the lacto-N-tetraose remained as such (see also Figure 1 and the

respective description below). These experiments proved the highly selective action of the
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purified E. coli beta-galactosidase, which selectively only hydrolyzes the Gal(beta1-4)Glc
glycosidic bond and not the Gal(beta1-3)GIcNAc glycosidic bond present at the non-
reducing end of the lacto-N-tetraose. It will be apparent from the present disclosure how

much of the respective glycosidase is likely needed to be used.

[0041] E.g., suitable microorganisms for producing, e.g., fucosylated oligosac-
charides in fermentation proceedings are known from EP 2 479 263 A1or from EP 2 439
264 or from WO 2010/142305, the content of which is herewith explicitly referred to and

made subject matter of this invention.

[0042] According to another aspect of the invention, the glycosidase is endoge-
nously produced by said host microorganism, wherein the nucleic acid sequences encod-
ing the endogenously produced glycosidase is not naturally occurring in said host cell, and
wherein said host cell has been stably transformed to express the not naturally occurring
glycosidase, and wherein the expression of the glycosidase in the host microorganism is

inducable.

[0043] According to this embodiment, the oligosaccharide producing microor-
ganism endogenously, i.e. contained in its genome, expresses the glycosidase, e.g. beta-
galactosidase, upon external induction, e.g., via temperature or substrate-induced expres-
sion, which is otherwise deregulated. This means that during synthesis of the desired
oligosaccharide, the glycosidase is deregulated and may be induced, e.g. by temperature
or adding a inductor, e.g. tetracyclin, at the end of the fermentation process. The expres-
sion of the glycosidase will be induced after a sufficient and/or essentially maximum
amount of oligosaccharide has been produced during cultivation of the host microorgan-
ism. Subsequently, the expressed glycosidase will degrade undesired saccharide inter-
mediates, substrates, etc., rendering the medium essentially free of the saccharide
intermediates or substrates that would otherwise hinder or complicate the purification of
the desired oligosaccharide. A couple of suitable inducable expression tools are known in
the prior art (see, e.g. Sambrook et. al, 1989, supra), and one skilled will be able to apply

a respectively suitable one for the desired oligosaccharide.



WO 2015/036138 PCT/EP2014/064280

12

[0044] “Regulated” within the present context with reference to a gene is gen-
erally understood as a gene, whose expression can be regulated in a controlled fashion,
e.g. down- or up-regulated, i.e. the quantity of the synthesised protein encoded by the
regulated gene is different, e.g. de-/downregulated or upregulated, from the otherwise
unregulated gene.

[0045] According to another aspect of the invention, the glycosidase is pro-
duced by a second microorganism additionally added to the medium and expressing the

glycosidase.

[0046] In this embodiment, the glycosidase expressed by the microorganism is
either a naturally occurring glycosidase or a glycosidase that is encoded by a nucleic acid
sequence that has been stably integrated into the genome of the second microorganism.
This embodiment is particularly suitable in a continuous fermentation process for the
production of the oligosaccharide, where, e.g., two separate fermentation vessels or
containers are provided, whereas one vessel/container is used for the oligosaccharide
synthesis reaction and the second vessel/container is essentially employed for the degra-

dation of undesired saccharides.

[0047] Accordingly, and according to certain aspects of the invention, the pro-

cess according to the invention is a batch or a continuous process.

[0048] Thus, according to one aspect of the invention, i.e. in a continuous pro-
cess, the glycosidase is constantly added to the medium during the cultivating step of the
host microorganism, e.g. by the provision of a strain expressing a glycosidase, whereas

the glycosidic and catabolic reactions can be spatially separated.

[0049] According to another aspect, i.e. in a batch or feed-batch process, the

hydrolytic cleavage reactions are restricted to particular periods.

[0050] According to another aspect of the invention, the oligosaccharide is re-

covered from supernatant of the cultivated host microorganism, which supernatant is
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obtained by centrifuging the cultivated host microorganism to obtain a supernatant and a

host microorganism pellet.

[0051] With the newly provided process, it is possible to retrieve the produced
oligosaccharide from the medium the host microorganism is cultivated in, since the
oligosaccharide which is produced in a microorganism cell is preferably transported into
the medium, thus making it effortlessly possible to recover the oligosaccharide from the
supernatant, once the cells of the microorganism have been separated from the cultivation

medium.

[0052] Also, according to another aspect of the invention, prior to the adding of
the glycosidase, a supernatant may be produced separating the host microorganisms
from the preferably liquid medium the host microorganism is cultivated in, wherein the
produced oligosaccharide is contained in the supernatant. To this supernatant, the

glycosidase may be added.

[0053] According to another aspect, the desired oligosaccharide is selected
from 2’-fucosyllactose (2’-FL), 3-fucosyllactose (3-FL), difucosyllactose (DF-L), 3’-
sialyllactose (3'-SL), 6’-sialyllactose (6’-SL), 3-fucosyl-3'-sialyllactose (F-SL), lacto-N-
tetraose ((LNT), lacto-N-neotetraose (LNneoT), lacto-N-fucopentaose(s) (LNFP-I, II, Il
V), lacto-N-difucohexaose(s) (LNDH-I and II), lacto-N-sialylpentaose(s) (LSTa, b and ¢),
fucosyl-lacto-N-sialylhexaose (F-LSTa, b and c¢), disialyl-lacto-N-hexaose (DS-LNT) and in
particularly selected from those shown in table 1, or derivatives thereof. In this regard, for
the production of the oligosaccharides, it is explicitly referred to EP 2 479 263 A1or from
EP 2 439 264 or from WO 2010/142305, the content of which is herewith explicitly re-

ferred to and made subject matter of this invention.

Table 1: list of oligosaccharides that can be produced according to the invention (Fig. 11)



WO 2015/036138

14

PCT/EP2014/064280

No. Name Abbreviation Oligosaccharide
1 2’-Fucosyllactose 2-FL Fuc(a1-2)Gal(p1-4)Gluc
2 3-Fucosyllactose 3-FL Gal(p1-4)Gluc
I
Fuc(a1-3)
3 2’,3-Difucosyllactose DF-L Fuc(a1-2)Gal(p1-4)Gluc
I
Fuc(a1-3)
5 Lacto-N-triose Il LNT Il GIcNAc(B1-3)Gal(p1-4)Gluc
6 Lacto-N-tetraose LNT Gal(p1-3)GIcNAc(p1-3)Gal(p1-4)Gluc
7 Lacto-N-neotetraose LNnT Gal(p1-4)GIcNAc(p1-3)Gal(p1-4)Gluc
8 Lacto-N-fucopentaose | LNFP | Fuc(a1-2)Gal(p1-3)GIcNAc(B1-3)Gal(B1-4)Gluc
9 Lacto-N-neofucopentaose | LNnFP I Fuc(a1-2)Gal(p1-4)GlcNAc(B1-3)Gal(B1-4)Gluc
10 Lacto-N-fucopentaose |l LNFP I Gal(p1-3)GIcNAc(p1-3)Gal(p1-4)Gluc
I
Fuc(a1-4)
11 Lacto-N-fucopentaose Il LNFP 1 Gal(p1-4)GIcNAc(p1-3)Gal(p1-4)Gluc
I
Fuc(a1-3)
12 Lacto-N-fucopentaose V LNFP V Gal(p1-3)GIcNAc(p1-3)Gal(p1-4)Gluc
I
Fuc(a1-3)
13 Lacto-N-neofucopentaose V LNnFP V Gal(p1-4)GIcNAc(p1-3)Gal(p1-4)Gluc
I
Fuc(a1-3)
14 Lacto-N-difucohexaose | LNDH | Gal(p1-3)GIcNAc(p1-3)Gal(p1-4)Gluc
I
Fuc(a1-2) Fuc(al-4)
15 Lacto-N-difucohexaose Il LND Gal(p1-3)GIcNAc(p1-3)Gal(p1-4)Gluc
I I
Fuc(a1-4) Fuc(a1-3)
16 6’-Galactosyllactose 6-GL Gal(p1-6)Gal(p1-4)Gluc
17 3’-Galactosyllactose 3-GL Gal(p1-3)Gal(p1-4)Gluc
18 Lacto-N-hexaose LNH Gal(p1-4)GIcNAc(p1-6)Gal(p1-4)Gluc
I
Gal(p1-3)GIcNAc(31-3)
19 Lacto-N-neohexaose LNnH Gal(p1-4)GIcNAc(p1-6)Gal(p1-4)Gluc
I
Gal(p1-4)GIcNAc(31-3)
20 para-Lacto-N-hexaose paraLNT  Gal(p1-3)GIcNAc(B1-3)Gal(p1-4)GIcNAc(B1-3)Gal(p1-4)Gluc
21 para-Lacto-N-neohexaose paraLNnH Gal(p1-4)GIcNAc(p1-3)Gal(p1-4)GIcNAc(B1-3)Gal(p1-4)Gluc
22 Difucosyl-lacto-N-neohexaose DF-LNnH Fuc(a1-3)



WO 2015/036138

23
24
25
26

27
28

29

30

31

32

33

34

35

3’-Sialyllactose
6’-Sialyllactose
Lacto-N-sialylpentaose a

Lacto-N-sialylpentaose b

Lacto-N-sialylpentaose ¢

Fucosyl-lacto-N-sialylpentaose a

Fucosyl-lacto-N-sialylpentaose b

Fucosyl-lacto-N-sialylpentaose ¢

Disialyl-lacto-N-tetraose

Disialyl-lacto-N-fucopentaose

3-Fucosyl-3’-sialyllactose

3-Fucosyl-6’-sialyllactose

Lacto-N-neodifucohexaose |

[0054]
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3-SL
6’-SL
LST-a
LST-b

LST-c
F-LST-a

F-LST-b

F-LST-c

DS-LNT

DS-LNFPV

3F-3-8SL

3F-6-SL

LNnDFH I
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Gal(p1-4)GIcNAc(p1-6)Gal(p1-4)Glc
I
Gal(p1-4)GIcNAc(31-3)
I

Fuc(a1-3)
Neu5Ac(a.2-3)Gal(p1-4)Gluc
Neu5Ac(a.2-6)Gal(p1-4)Gluc
Neu5Ac(a.2-3)Gal(B1-3)GlcNAc(B1-3)Gal(B1-4)Gluc

Gal(p1-3)GIcNAc(p1-3)Gal(p1-4)Gluc
I
Neu5Ac(a.2-6)
Neu5Ac(a.2-6)Gal(B1-4)GlcNAc(B1-3)Gal(B1-4)Gluc

Neu5Ac(a2-3)Gal(B1-3)GIcNAc(B1-3)Gal(p1-4)Gluc
I

Fuc(a1-4)

Fuc(a1-2)Gal(B1-3)GIcNAc(B1-3)Gal(p1-4)Gluc

I
Neu5Ac(a.2-6)

Neu5Ac(a.2-3)Gal(B1-3)GlcNAc(B1-3)Gal(B1-4)Gluc
I
Fuc(a1-3)

Neu5Ac(a.2-3)Gal(B1-4)GIcNAc(B1-3)Gal(B1-4)Gluc
I

Neub5Ac(a.2-6)

Neu5Ac(a2-3)Gal(B1-4)GIcNAc(B1-3)Gal(p1-4)Gluc
I I
Neub5Ac(a.2-6) Fuc(a1-3)
Neu5Ac(a2-3)Gal(B1-4)Gluc
I
Fuc(a1-3)
Neu5Ac(a.2-6)Gal(p1-4)Gluc
I
Fuc(a1-3)
Gal(p1-4)GalNAc(p1-3)Gal(p1-4)Glc

I I
Fuc(a1-3) Fuc(a1-3)

According to another aspect of the invention, in the process according to

the invention or in the use according to the invention, the glycosidase is selected from one

or more of the group comprising galactosidases, glucosidases, galactosidases, N-acetyl-

glucosamidases, N-acetyl-hexoamidases, mannosidases, fucosidases and sialidases,

which also sometimes also referred to as neuraminidases.
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[0055] In this regard, it is preferred if the glycosidase is selected from one or
more of the group comprising beta-galactosidase, beta-glucosidase, beta-N-
acetylhexoamidase, alpha-fucosidase, beta-fucosidase, alpha-glucosidase alpha-
galactosidase, beta-mannosidase, alpha-mannosidase, neuramidase, and it is particularly
preferred if the glycosidase is a beta-galactosidase, preferably an E. coli beta-

galactosidase.

[0056] “Beta-galactosidase” as it is used herein and as generally understood
within the field of the invention, is a hydrolase enzyme that catalyzes the hydrolysis of

beta-galactosides into monosaccharides.

[0057] Beta-galactosidases, are regularly employed in the genetics, molecular
biology and biotechnical engineering techniques, and are per se known to one skilled in

the art.

[0058] According to a preferred embodiment, the microorganism — used in the
process according to the invention and claimed therein — is selected from a bacterium or a
yeast, and more preferably, the host microorganism is an Escherichia coli strain, a
Corynebacterium strain, in particular Corynebacterium glutamicum, a Lactobacillus

species, or a Saccharomyces sp. strain.

[0059] The bacteria Escherichia coli, Lactobacillus sp., and Corynebacterium
glutamicum and the yeast Saccharomyces sp. have the advantage that these microorgan-
isms can be grown easily and inexpensively in laboratory settings, and the bacteria and

yeast have been intensively investigated for over 60 years.

[0060] Accordingly, in a preferred embodiment, the host microorganism used in
the process according to the invention and otherwise claimed therein is selected from the
group consisting of bacteria and yeast, and is preferably an Escherichia coli strain.

[0061] According to another aspect of the invention, in the process or the use

according to the invention, the host microorganism employed, and preferably expressing a
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glycosidase, is further expressing proteins for sugar catabolic pathways otherwise not
present in the microorganism, which proteins are selected from at least one of the follow-
ing: galactose catabolic pathway proteins, such as encoded by the gal operon when using
a galcatosidase, fucose catabolic pathway when using a fucosidase, N-acetylglucosamine
catabolic pathway using beta-N-acetylhexosaminidase. By using the beta-N-
acetylhexosaminidase for the degradation of terminal N-acetylglucosamine containing
oligosaccharides it proved beneficial to overexpress enzymes involved in the catabolism
of the monosaccharide N-acetylglucosamine. Likewise, if the liberated monosaccharide is
L-fucose, it is advantageous to express the L-fucose catabolic pathway. Same holds true
for sialic acid etc.

[0062] This embodiment has the advantage that with the deregulation of sugar
catabolic pathways the monosaccharides liberated by the action of the glycosidases can
be efficiently and effectively removed from the fermentation medium. Alternatively, also
monosaccharides added as precursors can be equally removed from the fermentation
medium by this means. Thus, the host microorganism expresses, besides the glyco-
sidase, proteins for sugar catabolic pathways, such as the galactose catabolic pathway, in
order to prevent the accumulation of the degradation product galactose. However, the
glycosidase and the sugar catabolic pathway do not have to be expressed by an individual
organism, they can be also expressed by two different co-cultured strains or the glyco-

sidase(s) is added to a suitable strain capable of the desired monosaccharide catabolism.

[0063] According to another embodiment, and alternatively to expressing a
sugar catabolic pathway for the liberated monosaccharide, the monosaccharide liberated
during degradation of the undesired side-products, unused starting substrates and inter-
mediate products can be conferred into its nucleotide activated form by expressing its
salvage pathway and reused for oligosaccharide synthesis. Thus, e.g. Fucose can be
conferred into GDP-Fucose, or sialic acid into CMP-Neu5Ac.

[0064] E.g., if fucose is generated as liberated monosaccharide, its salvage
pathway can be used (i.e. overexpressed (highly regulated) in the host microorganism

fucose has been generated) to confer the fucose into GDP-fucose.
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[0065] In the so called "fucose salvage pathway" fucose is first phosphorylated
to fucose-1-phosphate by the enzyme fucose kinase. The fucose-1-phosphate is then
converted to GDP-fucose by the action of the enzyme fucose-1-P- guanylyltransferase.
Thus, according to one aspect, a microorganism can be employed which is genetically
modified to express a fucose kinase and a guanylyltransferase. According to one embod-
iment, the bacterial enzyme Fkp is used which represents the first identified bifunctional
enzyme with both fucose kinase and L-fucose-1-P-guanylyltransferase. A detailed de-
scription of generating such genetically modified microorganisms can found in WO
2010/070104 A1, the disclosure of which is explicitly referred to and whose content is

explicitly incorporated by reference.

[0066] For the fermentation of more complex oligosaccharides the combination
of glycosidases is employed, i.e. expressed in the host microorganism, such as beta-
galactosidase and a beta-N-acetylhexosaminidase, the latter of which specifically de-
grades lacto-N-triose Il (LNT-2) into N-acetylglucosamine and lactose. The released N-
acetylglucosamine and galactosamine can then equally efficient removed from the fer-
mentation medium by deregulating or introducing specific monosaccharide importers and
the monosaccharide specific catabolic pathway.

[0067] According to another embodiment of the process and use of the inven-
tion, the host microorganism to be employed is wild-type expressing proteins for sugar
catabolic pathways, which proteins are selected from at least one of the following: galac-
tose catabolic pathway proteins when using a galcatosidase, fucose catabolic pathway
when using a fucosidase, N-acetylglucosamine catabolic pathway using beta-N-
acetylhexosaminidase, sialic acid, wherein an overerexpression of such proteins is

induced in said host microorganism during the process or the use.

[0068] This embodiment has the advantage that a host microorganism already
comprising and expressing the desired proteins for the sugar catabolic pathways, can be
employed, wherein the overexpression of such protein(s) is induced. The overexpression
can be achieved, e.g., by putting the nucleic acid sequence coding for these proteins
under control of an inducible promoter, so that the expression of the gene/polynucleotide
can be specifically targeted, and, overexpressed in that way.
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[0069] The expression system constructs thus contain control regions that regu-
late as well as engender expression. Generally, any system or vector suitable to maintain,
propagate or express proteins and/or to express a protein in a host may be used for
expression in this regard. The appropriate 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 et al., see above.

[0070] Unless defined otherwise, all technical and scientific terms used herein
generally have the same meaning as commonly understood by one of ordinary 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.

[0071] Further advantages follow from the description of the embodiments and

the attached drawings.

[0072] It goes without saying that the abovementioned features and the fea-
tures which are still to be explained below can be used not only in the respectively speci-
fied combinations, but also in other combinations or on their own, without departing from

the scope of the present invention.

[0073] Several embodiments of the invention are illustrated in the figures and

explained in more detail in the following description. In the figures:

[0074] Fig. 1 figure shows the resolution of lacto-N-tetraose and lactose us-
ing a beta-galactosidase. A. shows the superimposed HPLC
chromatograms of 10 mM lactose and 10 mM lacto-N-tetraose
(authentic standards). B. HPLC chromatogram of beta-
galactosidase reaction containing 10 mM lactose and 10 mM
lacto-N-tetraose immediately taken after enzyme addition. C.

HPLC chromatogram of beta-galactosidase reaction containing
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[0076]

[0077]

[0078]

[0079]

[0080]

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Fig. 7
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10 mM lactose and 10 mM lacto-N-tetraose taken 3 hours post

enzyme addition;

shows a diagram displaying a continuous fermentation set-up
suitable for the production of an oligosaccharide, such as 2'-
fucosyllactose, 3-fucosyllactose, 2'3-difucosyllactose, 3’-
sialyllactose, 6-sialyllactose, according to one embodiment of

the invention, with a first fermenter and a second fermenter;

shows a HPLC analysis of a cell free medium sample prior to
the addition of a beta-galactosidase expressing E. coli strain to
the fermentation. The strain also expressed the galactose cata-

bolic pathway in order to prevent galactose accumulation;

shows a HPLC analysis of a cell free medium sample post addi-
tion of a second beta-galactosidase expressing E. coli strain to

the fermentation;

shows a diagram displaying a continuous fermentation set-up
useful for the production of 2’-fucosyllactose according to one
embodiment of the invention. The first fermenter vessel is used
for the continuous synthesis of the synthesis of 2’-fucosyl-
lactose whereas the second fermentation vessel besides the
synthesis of 2'fucosyllactose is employed for the removal of ex-

cess substrate (lactose) and other saccharide side products;

shows a HPLC analysis of the product stream taken form fer-
menter 1. The analysis of the cell free fermentation broth shows

the presence of both lactose and 2'-fucosyllactose;

shows a HPLC analysis of the product stream obtained from

fermenter 2. The HPLC analysis shows the lack of the substrate
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Fig. 8

Fig. 9

Fig. 10

Fig. 11
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lactose which as metabolized by the strain through the expres-
sion of the E. coli lacZ gene encoding a beta-galactosidase and

the gal operon for the metabolism of the liberated galactose;

shows a HPLC analysis of a cell free medium sample prior to
the addition of a beta-galactosidase and beta-N-acetyl-

hexosaminidase expressing E. coli strain to the fermentation.
The strain also expressed the galactose catabolic pathway in

order to prevent galactose accumulation;

shows a sample taken after glycosidase and beta-N-
acetylhexosaminidase treatment: The comparison of the HPLC
chromatograms clearly shows the disappearance of the lactose
and Lacto-N-triose Il present in the sample before beta-

galactosidase and beta-N-acetylhexosaminidase treatment;

shows the sequence of the gal operon used in the generation of
the recombinant E. coli strains; and

shows a list of oligosaccharides that can be produced according

to the invention.

Detailed Description of preferred embodiments

To a solution containing fermentation derived lacto-N-tetraose and lac-

tose, both at 10 mM concentration, beta-galactosidase was added; 50 units/ml (final

concentration) of beta-galactosidase (Sigma-Aldrich Chemie GmbH, Munich Germany

catalog No. G6008)) were added in order to cleave the lactose in glucose and galactose

for better chromatographic separation of the saccharides (e.g. by size dependent gel-

filtration chromatography).It could be shown that within seconds the lactose was cleaved

into its monosaccharides galactose and glucose, whereas the lacto-N-tetraose remained

as such (see also Figure 1). These experiments proved the highly selective action of the
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purified E. coli beta-galactosidase, which selectively only hydrolyzes the Gal(beta1-4)Glc
glycosidic bond and not the Gal(beta1-3)GIcNAc glycosidic bond present at the non-
reducing end of the lacto-N-tetraose. Accordingly, fig. 1A shows the superimposed HPLC
chromatograms of 10 mM lactose and 10 mM lacto-N-tetraose (authentic standards), and
fig. 1B shows the HPLC chromatogram of beta-galactosidase reaction containing 10 mM
lactose and 10 mM lacto-N-tetraose immediately taken after enzyme addition. Fig. 1C
shows the HPLC chromatogram of the beta-galactosidase reaction containing 10 mM
lactose and 10 mM lacto-N-tetraose taken 3 hours post enzyme addition.

[0087] Fig. 2 shows a continuous fermentation set-up useful for the production
of oligosaccharides such as 2’-fucosyllactose, 3-fucosyllactose, 2’,3-difucosyllactose, 3’-
sialyllactose or 6'-sialyllactose and derivatives thereof, according to one embodiment of

the invention.

[0088] The first fermenter vessel (“Fermenter 17) is used for the continuous syn-
thesis of the desired oligosaccharide whereas the second fermentation vessel (“Fermenter
2") containing a microbial strain expressing a suitable glycosidase, such as beta-
galactosidase, is used for the degradation of excess monosaccharides, such as lactose
and other saccharides present in the medium interfering with the subsequent purification
of the desired oligosaccharide product. Fermenter 1 and Fermenter 2 are connected with
each other suitable conduits and a pump effects the transferral of the fermentation slurry
from Fermenter 1 to Fermenter 2. Another pump removes the stream containing the

desired oligosaccharide product from Fermenter 2.

[0089] Resolution of saccharide mixtures by glycosidase treatment in the pro-

duction of 2’-fucosyllactose

[0090] A 2'-fucosyllactose feed-batch fermentation employing a recombinant 2’-
fucosyllactose synthesizing E. coli strain (E. coli BL21(DE3) AlacZ, containing a genomic
integration 2'-fuosyltranferase, encoded by the wbgL gene (EP 11 1151 571.4), and
having an additional copy of the E. coli lacY, manB, manC, gmd and fcl all under the

control of an strong constitutive tetracyclin promoter, containing a functional gal operon
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comprising the gens galM, galK, galT and galE; see fig. 10; forward primer P-
TTACTCAGCAATAAACTGATATTCCGTCAGGCTGG (SEQ ID No. 2); reverse primer
P-TTGATAATCTCGCGCTCTTCAGCAGTCAGACTTTCCATATAGAGCGTAATTTCCG
TTAACGTCGGTAGTGCTGACCTTGCCGGAGG (SEQ ID. No. 3)) grown in a defined
salt medium (7 g I'" NH4H3PO4, 7 g I'' K;HPO,, 2 g I KOH, 0.37g I citric acid, 1 ml I
antifoam (Struktol J673, Schill + Seilacher), 1 mM CaCl,, 4 mM MgSOy,, Trace-Elements
consisted of 0.101 g I'" nitrilotriacetic acid pH 6.5, 0.056 g I" ammonium ferric citrate, 0.01
g I MnCl,x 4 H,0, 0.002 g I'' CoCl,x 6 H,0, 0.001g I" CuCl,x 2 H,0, 0.002 g I’ boric
acid, 0.009 g I'" ZnSO, x 7 H,0, 0.001 g I Na,MoO, x 2 H,0, 0.002 g I'' Na,SeOs, 0.002 g
I" NiSO4 x 6 H,0 with 2% glycerol as carbon source); Glycerol-feed consisted of glycerol
800 g I, MgS0, 2,64 g I and trace element solution 4 ml I'". For 2'-fucosyllactose
formation a lactose feed of 216 g I was employed. The pH was controlled by using
ammonia solution (25% v/v), which also served as a nitrogen-source. Lactose was
supplied as a precursor for the 2’-fucosyllactose production. Feed batch was cultured at
30°C under constant aeration and agitation for 90 hours. At 90 hours after the start of the

fermentation most of the added lactose was converted into 2°-fucosyllactose.

[0091] In order to remove most or all lactose still present in the fermentation
supernatant, a second bacterial strain was added to the fermentation vessel 90 hour post
fermentation start (see set-up in Fig. 2). The added second bacterial strain was genetically
identical to the first employed bacteria strain, differing, however, only in the expression of
a genome integrated beta-galactosidase and expressing a functional gal operon (see fig.
10) (for D-galactose degradation). Incubation of the added secondary bacterial strain
resulted in the disappearance of the residual lactose within 5 hours. Approximately 25 ml
starter culture of the second beta-galactosidase expressing bacterial strain was added per
11 fermentation broth.

[0092] Forthe HPLC analysis, a cell free sterile filtered medium sample was
used, and desalted by passing a 350 pl sample over a desalting column (Strata ABW
(55um, 70A) phenomenex, Aschaffenburg, Germany). For HPLC analysis, a ReproSil
Carbohydrate 5 ym, 250 x 4.6 mm column (Dr. Maisch GmbH, Ammerbuch-Entringen,
Germany) was used with the following conditions: eluent acetonitrile/ddH,0 (68:32),

isocratic condition with flow rate of 1.4 ml/min (column oven was set to 35°C); as an
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internal standard for quantification sucrose was used; for identification of lactose and 2’-
fucosyllactose authentic standards were employed. For the detection a refractive index
detector (RID) was employed. The inclusion of the glycosidase resolution step at the end
of the fermentative process led to a significant reduction in the complexity of the resulting
fermentation filtrate. Figure 3 shows the analysis of cell free fermentation medium taken
before glycosidase treatment and Figure 4 shows a sample taken after glycosidase
treatment: The comparison of the HPLC chromatograms clearly shows the disappearance
of the lactose present in the sample before beta-galactosidase treatment. The strain also

expressed the galactose catabolic pathway in order to prevent D-galactose accumulation.

[0093] Resolution of saccharide mixtures by glycosidase treatment in the con-

tinuous production of 2'-fucosyllactose

[0094] Continuous synthesis of 2’-Fucosyllactose was achieved by using two

fermentation vessels, fermenter 1 containing a 2’-fucosyllactose fermenting strain deficient
in lactose degradation (E. coli BL21(DE3) AlacZ, containing a genomic integration 2'-
fuosyltranferase, encoded by the wbgL gene (EP 11 1151 571.4), and having an addition-
al copy of the E. coli lacY, manB, manC, gmd and fcl all under the control of an strong
constitutive tetracyclin promoter, containing a functional gal operon (see fig. 10) compris-
ing the gens galM, galK, galT and galE). Fermenter 2 contained a starter culture genet-
ically similar to the used 2’-fucosyllactose fermenting strain of fermenter 1 except that this
strain expressed in addition the E. coli lacZ gene encoding a beta-galactosidase (see set-
up displayed in Figure 5). For both fermenters a defined salt medium containing 7 g I
NH4H3PO4, 7 g I'" K;HPO,, 2 g I KOH, 0.37g I citric acid, 1 ml I antifoam (Struktol J673,
Schill + Seilacher), 1 mM CaCl,, 4 mM MgSO,, Trace-Elements consisted of 0.101 g I”"
nitrilotriacetic acid pH 6.5, 0.056 g I" ammonium ferric citrate, 0.01 g I”" MnCl,x 4 H,0,
0.002 g I" CoCl,x 6 H,0, 0.001g I CuCl, x 2 H,0, 0.002 g I"" boric acid, 0.009 g I'' ZnSO,
x 7 H;0, 0.001 g I Na,MoO, x 2 H,0, 0.002 g I"' Na,SeOs, 0.002 g I" NiSO, x 6 H,0 with

10 mM lactose as substrate and 2% glycerol as carbon source was used.

[0095] As illustrated, to fermenter 1 a constant feed of medium (7 g I”
NH4H3PO,, 7 g I'' K;HPO,, 2 g I KOH, 0.37g I citric acid, 1 ml I antifoam, 1 mM CaCl,,
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4 mM MgSO,, Trace-Elements consist of 0.101 g I nitrilotriacetic acid pH 6.5, 0.056 g I’
ammonium ferric citrate, 0.01 g I'" MnCl,x 4 H,0, 0.002 g I" CoCl,x 6 H,0, 0.001g I
CuCl,x 2 H,0, 0.002 g I boric acid, 0.009 g I ZnSO, x 7 H,0, 0.001 g I'' Na,MoO, x 2
H,0, 0.002 g I'' Na,SeOs, 0.002 g I NiSO, x 6 H,0) containing 40 mM lactose and 5%
glycerol was supplied. Using a New Brunswick parallel fermentation system (Bio-
Flow/CelliGen 115) with a working volume of 1 |, a continuous flow of 20 ml/h feed solu-
tion was applied. The action of three synchronous working pumps led then to the similar
production of a product stream of 20 ml/h containing almost exclusively 2’-fucosyllactose
as sole saccharide product.

[0096] Fig. 6 shows a HPLC analysis of the product stream taken form fer-
menter 1. The analysis of the cell free fermentation broth shows the presence of both
lactose and 2'-fucosyllactose. In contrast, fig. 7 shows a HPLC analysis of the product
stream obtained from fermenter 2. The HPLC analysis shows the lack of the substrate
lactose which as metabolized by the strain through the expression of the E. coli lacZ gene
encoding a beta-galactosidase and the gal operon for the metabolism of the liberated

galactose.

[0097] Resolution of saccharide mixtures by glycosidase treatment in the pro-

duction of lacto-N-tetraose

[0098] In the fermentation of lacto-N-tetraose from lactose besides the added
substrate also lacto-N-triose Il (LNT-2) can accumulate. In order to obtain a more eco-
nomical fermentation filtrate for purification of lacto-N-tetraose, the specific degradation of

lactose and LNT-2 proved desirable.

[0099] For this purpose a strain was constructed which, besides the beta-
galactosidase, expressed a beta-N-acetylhexosaminidase (encoded by the Bifidobacte-
rium bididum JCM1254 bbhl gene) for the specific degradation of LNT-2 into N-
acetylglucosamine and lactose. The resulting lactose was further cleaved into glucose and
galactose. Whereas the resulting glucose was efficiently metabolized by the organisms

the employed E. coli BL21 (DE3) strain was incapable of catabolizing galactose due to the
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DE3 prophage integration into the gal operon. For the efficient degradation of galactose
the gal operon from the E. coli K strain JM 109 was amplified and transformed into E. coli
BL21 (DE3) by simultaneous expression of the Lamba Red recombination protein (from
an episomal vector system). E. coli BL21 transformants capable of galactose degradation
were isolated by screening them on galactose containing minimal medium agar plates and

McConkey agar plates containing galactose.

[00100] After completion of the lacto-N-tetraose fermentation - it is noted that al-
ternatively the oligosaccharide mixture could have been obtained via an enzymatic or
chemical synthesis reaction - the engineered glycosidase strain was added to the batch
fermentation. Similar to the above described 2’-Fucosyllactose fermentation the degrada-
tion of the undesired oligosaccharides were completed within a few minutes to several

hours depending on the amounts of culture used for the resolution step.

[00101] The inclusion of the glycosidase resolution step at the end of the fer-
mentative process led to a significant reduction in the complexity of the resulting fermenta-
tion filtrate. Fig. 8 shows the analysis of cell free fermentation medium taken before
glycosidase and beta-N-acetylhexosaminidase treatment and Fig. 9 shows a sample
taken after glycosidase and beta-N-acetylhexosaminidase treatment: The comparison of
the HPLC chromatograms clearly shows the disappearance of the lactose and Lacto-N-
triose Il present in the sample before beta-galactosidase and beta-N-

acetylhexosaminidase treatment.

[00102] As shown above, the use and the process according to the invention
proved particular useful for the purification of human milk oligosaccharides (HMOs) from
microbial fermentation reaction. Almost all human milk oligosaccharides contain a Gal-
beta-1,4-Glc disaccharide subunit at the reducing end. The lactose moiety (Gal-beta-1,4-
Glc) subunit can either be obtained by total fermentation or lactose is added as a sub-
strate to the microbial fermentation. It is often advantageous for attaining maximum

volumetric yields to add excess amounts of lactose to the fermentation.
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[00103] According to the invention, and in order to remove lactose or unwanted
side products thereof, a glycosidase such as a beta-galactosidase is added to the fermen-
tation at a specific time point to the fermentation leading to the specific degradation of the
lactose and side products.

[00104] As mentioned above, alternatively, a transcription-regulated (or other-
wise activity regulated) glycosidase can be induced in the production strain or an addi-
tional strain expressing the desired activity can be added to the fermentation at a specific

time point.

[00105] As also mentioned and shown above, the process of the present inven-
tion further involves deregulation of sugar catabolic pathways in order to efficiently and
effectively remove from the fermentation medium the monosaccharides liberated by the
action of the glycosidases. Alternatively, also monosaccharides added as precursors can

be equally removed from the fermentation medium by this means.
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Claims

Use of one or more glycosidases in the purification of a produced desired oligo-
saccharide from a mixture containing the produced desired oligosaccharide and,
where applicable, non-desired oligosaccharides or metabolic saccharide products
generated during production of said desired oligosaccharide, and/or unused sac-
charide substrates used in the production of said oligosaccharide, for degradation
of the non-desired oligosaccharides or metabolic saccharide products or unused

substrates.

The use of claim 1, characterized in that the glycosidase is used in a microbial
fermentation process employed for the production of the desired oligosaccharide
and using a host microorganism, wherein said oligosaccharide and said glyco-

sidase are not naturally occurring in the microorganism to said host cell.

The use of claim 1, characterized in that the glycosidase is used for resolution of
oligosaccharide mixtures obtained by in vitro oligosaccharide synthesis reactions

or by chemical synthesis or by combinations thereof.

Process for producing an oligosaccharide using a host microorganism, wherein
said oligosaccharide is not naturally occurring in said host cell, the process com-

prising the steps of:

cultivating a host microorganism suitable for the production of a desired oligosac-
charide under conditions and in a medium permissive for the production of said ol-
igosaccharide, whereby the oligosaccharide and, where applicable, biosynthetic

saccharide intermediates and/or side products are produced;

using a glycosidase in the medium the host microorganism is cultivated in, in order
to degrade biosynthetic saccharide intermediates and/or saccharide side products

and/or unused saccharide substrates, and
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recovering the desired oligosaccharide.

The process of claim 4, characterized in that the glycosidase is added to the

medium.

The process of claim 4, characterized in that the glycosidase is endogenously
produced of said host microorganism, wherein the nucleic acid sequences encod-
ing the endogenously produced glycosidase is not naturally occurring in said host
cell, and wherein said host cell has been stably transformed to express the not
naturally occurring glycosidase, and wherein the expression of the glycosidase in

the host microorganism is inducable.

The process of claim 4, characterized in that the glycosidase is produced by a
second microorganism additionally added to the medium and expressing the gly-

cosidase.

The process of any of claims 4 to 7, characterized in that, the process is a batch or

a continuous process.

The process of any of claims 4 to 8, characterized in that the oligosaccharide is
recovered from supernatant of the cultivated host microorganism, which superna-
tant is obtained by centrifuging the cultivated host microorganism to obtain a su-

pernatant and a host microorganism pellet.

The process of any of the preceding claims, characterized in that the desired
oligosaccharide is selected from 2’-fucosyllactose, 3-fucosyllactose, 2’3-
difucosyllactose, 3'-sialyllactose, 6’-sialyllactose, 3-fucosyl-3’-sialyllactose, lacto-N-
tetraose, lacto-N-neotetraose, lacto-N-fucopentaose |, lacto-N-fucopentaose I, lac-
to-N-fucopentaose lll, lacto-N-fucopentaose V, lacto-N-difucosylhexose |, lacto-N-
difucosylhexaose I, lacto-N-sialylpentaose LSTa, LSTb, LSTc¢, and in particular

from on of the oligosaccharides shown in table 1 of Fig. 11 or derivatives thereof.
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The process of any of claims 4 to 10, or the use of any of claims 1 to 3, character-
ized in that the glycosidase is selected from one or more of the group comprising,
galactosidases, mannosidases, fucosidases, sialidases (neuraminidase), gluco-
sidase,N-acetlyglucoamidases, N-acetylhexoamidase..

The process of any of claims 4 to 10 or the use of any of claims 1 to 3, character-
ized in that the glycosidase is selected from one or more of the group comprising
beta-galactosidase, alpha-galactosidase, beta-N-acetylglucoamidase, beta-N-
acetlyhexoamidase, beta-mannosidasealpha-mannosidase, alpha-fucosidase, be-

ta-fucosidase, beta-glucosidase, alpha-glucosidase, neuraminidase

The process of any of claims 5 to 12 or the use of claim 2, characterized in that the

host microorganism is selected from a bacterium and a yeast.

The process of any of claims 5 to 13 or the use of claim 2, characterized in that the
host microorganism is an Escherichia coli strain, Lactobacillus species or a

Corynebacterium glutamicum strain or a Saccharomyces sp. strain.

The process of any of claims 5 to 14 or the use of claim 2, characterized in that the
host microorganism employed is expressing proteins for sugar catabolic pathways
otherwise not present in the microorganism, which proteins are selected from at
least one of the following: galactose catabolic pathway proteins when using a gal-
catosidase, fucose catabolic pathway when using a fucosidase, N-

acetylglucosamine catabolic pathway using beta-N-acetylhexosaminidase.

The process of any of claims 5 to 14 or the use of claim 2, characterized in that the
in the host microorganism employed a salvage pathway for a monosaccharide lib-
erated during degradation is overexpressed, in order to convert the monosaccha-
ride

The process of any of claims 5 to 16 or the use of claim 2, characterized in that the

host microorganism employed is wild-type expressing proteins for sugar catabolic
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pathways, which proteins are selected from at least one of the following: galactose
catabolic pathway proteins when using a galcatosidase, fucose catabolic pathway
when using a fucosidase, N-acetylglucosamine catabolic pathway using beta-N-

acetylhexosaminidase, wherein an overerexpression of such proteins is induced in

said host microorganism during the process or the use.
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Fig. 10

Sequence of the gal operon fragment (obtained from E. coli K strain JM109) and inserted
into the employed E. coli BL21 (DE3) strain.

Sequence of used gal-operon fragment (SEQ ID No. 1)

TTACTCAGCAATAAACTGATATTCCGTCAGGCTGGAATACTCTTCGCCAGGACGCAGGAAGCAGTCCGGTTGCGGCCATTC
AGGGTGGTTCGGGCTGTCCGGTAGAAACTCGCTTTCCAGAGCCAGCCCTTGCCAGTCGGCGTAAGGTTCGGTTCCCCGCG
ACGGTGTGCCGCCGAGGAAGTTGCCGGAGTAGAATTGCAGAGCCGGAGCGGTGGTGTAGACCTTCAGCTGCAATTTTTCA
TCTGCTGACCAGACATGCGCCGCCACTTTCTTGCCATCGCCTTTGGCCTGTAACAAGAATGCGTGATCGTAACCTTTCACTT
TGCGCTGATCGTCGTCGGCAAGAAACTCACTGGCGATGATTTTGGCGCTGCGGAAATCAAAAGACGTTCCGGCGACAGAT
TTCAGGCCGTCGTGCGGAATGCCGCCTTCATCAACCGGCAGATATTCGTCCGCCAGAATCTGCAACTTGTGATTGCGCACG
TCAGACTGCTCGCCGTCAAGATTGAAATAGACGTGATTAGTCATATTCACCGGGCAAGGTTTATCAACTGTGGCGCGATAA
GTAATGGAGATACGGTTATCGTCGGTCAGACGATATTGCACCGTCGCGCCGAGATTACCCGGGAAGCCCTGATCACCATC
ATCTGAACTCAGGGCAAACAGCACCTGACGATCGTTCTGGTTCACAATCTGCCAGCGACGTTTGTCGAACCCTTCCGGCCC
GCCGTGCAGCTGGTTAACGCCCTGACTTGGCGAAAGCGTCACGGTTTCACCGTCAAAGGTATAACGGCTATTGGCGATAC
GGTTGGCATAACGACCAATAGAGGCCCCCAGAAACGCGGCCTGATCCTGATAGCATTCCGGGCTGGCACAGCCGAGCAG
CGCCTCGCGGACGCTGCCATCGGAAAGCGGAATACGGGCGGAAAGTAAAGTCGCACCCCAGTCCATCAGCGTGACTACC
ATCCCTGCGTTGTTACGCAAAGTTAACAGTCGGTACGGCTGACCATCGGGTGCCAGTGCGGGAGTTTCGTTCAGCACTGTC
CTGCTCCTTGTGATGGTTTACAAACGTAAAAAGTCTCTTTAATACCTGTTTTTGCTTCATATTGTTCAGCGACAGCTTGCTGT
ACGGCAGGCACCAGCTCTTCCGGGATCAGCGCGACGATACAGCCGCCAAATCCGCCGCCGGTCATGCGTACGCCACCTT
TGTCGCCAATCACAGCTTTGACGATTTCTACCAGAGTGTCAATTTGCGGCACGGTGATTTCGAAATCATCGCGCATAGAGG
CATGAGACTCCGCCATCAACTCGCCCATACGTTTCAGGTCGCCTTGCTCCAGCGCGCTGGCAGCTTCAACGGTGCGGGCG
TTTTCAGTCAGTATATGACGCACGCGTTTTGCCACGATCGGGTCCAGTTCATGCGCAACAGCGTTGAACTCTTCAATGGTGA
CATCACGCAGGGCTGGCTGCTGGAAGAAACGCGCACCGGTTTCGCACTGTTCACGACGGGTGTTGTATTCGCTGCCAACC
AGGGTACGTTTGAAGTTACTGTTGATGATGACGACAGCCACACCTTTGGGCATGGAAACTGCTTTGGTCCCCAGTGAGCGG
CAATCGATCAGCAAGGCATGATCTTTCTTGCCGAGCGCGGAAATTAGCTGATCCATGATCCCGCAGTTACAGCCTACAAAC
TGGTTTTCTGCTTCCTGACCGTTAAGCGCGATTTGTGCGCCGTCCAGCGGCAGATGATAAAGCTGCTGCAATACGGTTCCG
ACCGCGACTTCCAGTGAAGCGGAAGAACTTAACCCGGCACCCTGCGGCACATTGCCGCTGATCACCATGTCCACGCCGCC
GAAGCTGTTGTTACGCAGTTGCAGATGTTTCACCACGCCACGAACGTAGTTAGCCCATTGATAGTTTTCATGTGCGACAATG
GGCGCATCGAGGGAAAACTCGTCGAGCTGATTTTCATAATCGGCTGCCATCACGCGAACTTTACGGTCATCGCGTGGTGCA
CAACTGATCACGGTTTGATAATCAATCGCGCAGGGCAGAACGAAACCGTCGTTGTAGTCGGTGTGTTCACCAATCAAATTC
ACGCGGCCAGGCGCCTGAATGGTGTGAGTGGCAGGGTAGCCAAATGCGTTGGCAAACAGAGATTGTGTTTTTTCTTTCAGA
CTCATTTCTTACACTCCGGATTCGCGAAAATGGATATCGCTGACTGCGCGCAAACGCTCTGCTGCCTGTTCTGCGGTCAGG
TCTCGCTGGGTCTCTGCCAGCATTTCATAACCAACCATAAATTTACGTACGGTGGCGGAGCGCAGCAGAGGCGGATAAAAG
TGCGCGTGCAGCTGCCAGTGTTGATTCTCTTCGCCATTAAATGGCGCGCCGTGCCAGCCCATAGAGTAGGGGAAGGAGCA
CTGGAAGAGGTTGTCATAACGACTGGTCAGCTTTTTCAACGCCAGCGCCAGATCGCTGCGCTGGGCGTCGGTCAAATCGG
TGATCCGTAAAACGTGGGCTTTGGGCAGCAGTAGCGTTTCGAACGGCCAGGCAGCCCAGTAAGGCACGACGGCTAACCAG
TGTTCGGTTTCGACAACGGTACGGCTACCGTCTGCCAGCTCGCGCTGAACATAATCCACCAGCATTGGTGATTTCTGTTCG
GCAAAATATTCTTTTTGCAGGCGGTCTTCGCGCTCAGCTTCGTTAGGCAGGAAGCTATTTGCCCAAATCTGACCGTGCGGA
TGCGGGTTAGAGCAGCCCATCGCCGCGCCTTTGTTTTCAAAAACCTGCACCCATGGGTACGTTTTCCCCAGTTCTGCGGTT
TGCTCCTGCCAGGTTTTGACGATTTCCGTCAATGCTGCAACGCTGAGCTCTGGCAGCGTTTTACTGTGATCCGGTGAAAAG
CAGATCACCCGGCTGGTGCCGCGCGCGCTCTGGCAACGCATCAGCGGATCGTGACTTTCTGGCGCATCTGGCGTGTCAG
ACATCAAAGCCGCAAAGTCATTAGTGAAAACGTAAGTCCCGGTGTAATCGGGGTTTTTATCGCCTGTCACCCGCACATTACC
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Fig. 10 (continued)

TGCGCAGAGGAAGCAATCTGGATCGTGCGCAGGTAACACCTGTTTGGCTGGCGTTTCCTGCGCCCCCTGCCAGGGGCGC
TTAGCGCGGTGCGGTGAAACCAGAATCCATTGCCCGGTGAGCGGGTTGTAGCGGCGATGTGGATGATCAACGGGATTAAA
TTGCGTCATGGTCGTTCCTTAATCGGGATATCCCTGTGGATGGCGTGACTGCCAGTGCCAGGTGTCCTGCGCCATTTCATC
GAGTGTGCGCGTTACGCGCCAGTTCAGTTCACGGTCGGCTTTGCTGGCGTCCGCCCAGTAGGCCGGAAGGTCGCCCTCG
CGACGCGGTGCAAAATGATAATTAACCGGTTTGCCGCAGGCTTTGCTGAAGGCATTAACCACGTCCAGCACGCTGTTGCCT
ACGCCAGCGCCGAGGTTGTAGATGTGTACGCCTGGCTTGTTCGCCAGTTTTTCCATCGCCACGACGTGACCGTCCGCCAG
ATCCATTACGTGGATGTAATCGCGTACGCCAGTACCATCTTCGGTCGGATAATCGTTACCAAAAATCGCCAGCGAGTCGCG
ACGGCCTACAGCAACCTGGGCGATGTATGGCATCAGGTTATTCGGAATGCCTTGCGGATCTTCGCCCATATCGCCCGACG
GATGCGCGCCAACCGGGTTGAAGTAGCGCAGCAGGGCAATGCTCCAGTCCGGCTGGGCTTTTTGCAGATCGGTGAGGAT
CTGTTCCACCATCAGCTTGCTTTTGCCGTAAGGGCTTTGCGGTGTGCCGGTCGGGAAGCTTTCAACGTATGGAATTTTGGG
CTGATCGCCATAAACGGTGGCGGAGGAGCTAAAAATAAAGTTTTTGACGTTAGCGGCGCGCATGGCGCTAATCAGGCGCA
GAGTGCCGTTGACATTGTTGTCGTAATATTCCAGCGGTTTTTGTACCGATTCGCCCACGGCTTTCAGCCCGGCGAAGTGGA
TCACGGTGTCGATAGCGTGATCGTGCAGGATCTCGGTCATCAACGCTTCGTTACGAATATCGCCTTCAACAAACGTTGGAT
GTTTGCCGCCTAAACGCTCGATAACAGGCAGTACGCTGCGCTTACTGTTACAGAGGTTATCAAGAATGATGACATCATGAC
CGTTTTGCAGTAATTGCACACAGGTATGACTTCCAATGTAACCGCTACCACCGGTAACCAGAACTCTCATAATTCGCTCCAT
TAGGCTTATGGTATGAAATAACCATAGCATAACAAAGATGCGAAAAGTGTGACATGGAATAAATTAGTGGAATCGTTTACAC
AAGAATTTAGCCGTTTTTTATGCGCGATTAAGTGATTATAAAACAGAGGGTTTATGAATGATTGCGCTTTTTATCTGAAAAAA
GACGCGGTTTCATGCCTGCATGCGTCGAACCGTTGGCCGGAGAGGGTGCTAAGGCCGCCTCCGGCAAGGTCAGCACTAC
CGACGTTAACGGAAATTACGCTCTATATGGAAAGTCTGACTGCTGAAGAGCGCGAGATTATCAA
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Table 1: list of oligosaccharides that can be produced according to the invention

No. Name Abbreviation Oligosaccharide
1 2’-Fucosyllactose 2-FL Fuc(a1-2)Gal(p1-4)Gluc
2 3-Fucosyllactose 3-FL Gal(p1-4)Gluc
I
Fuc(a1-3)
3 2’,3-Difucosyllactose DF-L Fuc(a1-2)Gal(p1-4)Gluc
I
Fuc(a1-3)
5 Lacto-N-triose Il LNT Il GIcNAc(B1-3)Gal(p1-4)Gluc
6 Lacto-N-tetraose LNT Gal(p1-3)GIcNAc(p1-3)Gal(p1-4)Gluc
7 Lacto-N-neotetraose LNnT Gal(p1-4)GIcNAc(p1-3)Gal(p1-4)Gluc
8 Lacto-N-fucopentaose | LNFP | Fuc(a1-2)Gal(p1-3)GIcNAc(B1-3)Gal(B1-4)Gluc
9 Lacto-N-neofucopentaose | LNnFP I Fuc(a1-2)Gal(p1-4)GIcNAc(B1-3)Gal(p1-4)Gluc
10 Lacto-N-fucopentaose |l LNFP I Gal(p1-3)GIcNAc(p1-3)Gal(p1-4)Gluc
I
Fuc(a1-4)
11 Lacto-N-fucopentaose Il LNFP 1 Gal(p1-4)GIcNAc(p1-3)Gal(p1-4)Gluc
I
Fuc(a1-3)
12 Lacto-N-fucopentaose V LNFP V Gal(p1-3)GIcNAc(p1-3)Gal(p1-4)Gluc
I
Fuc(a1-3)
13 Lacto-N-neofucopentaose V LNnFP V Gal(p1-4)GIcNAc(p1-3)Gal(p1-4)Gluc
I
Fuc(a1-3)
14 Lacto-N-difucohexaose | LNDH | Gal(p1-3)GIcNAc(p1-3)Gal(p1-4)Gluc
I I
Fuc(a1-2) Fuc(al-4)
15 Lacto-N-difucohexaose Il LND Gal(p1-3)GIcNAc(p1-3)Gal(p1-4)Gluc
I I
Fuc(a1-4) Fuc(a1-3)
16 6’-Galactosyllactose 6-GL Gal(p1-6)Gal(p1-4)Gluc
17 3’-Galactosyllactose 3-GL Gal(p1-3)Gal(p1-4)Gluc
18 Lacto-N-hexaose LNH Gal(p1-4)GIcNAc(p1-6)Gal(p1-4)Gluc
I
Gal(p1-3)GIcNAc(31-3)
19 Lacto-N-neohexaose LNnH Gal(p1-4)GIcNAc(p1-6)Gal(p1-4)Gluc

I
Gal(B1-4)GIcNAC(31-3)
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paraLNT  Gal(p1-3)GIcNAc(p1-3)Gal(p1-4)GlcNAc(p1-3)Gal(p1-4)Gluc

para-Lacto-N-neohexaose paraLNnH Gal(p1-4)GIcNAc(p1-3)Gal(p1-4)GIcNAc(B1-3)Gal(p1-4)Gluc

Difucosyl-lacto-N-neohexaose

3’-Sialyllactose
6’-Sialyllactose
Lacto-N-sialylpentaose a

Lacto-N-sialylpentaose b

Lacto-N-sialylpentaose ¢

Fucosyl-lacto-N-sialylpentaose a

Fucosyl-lacto-N-sialylpentaose b

Fucosyl-lacto-N-sialylpentaose ¢

Disialyl-lacto-N-tetraose

Disialyl-lacto-N-fucopentaose

3-Fucosyl-3’-sialyllactose

3-Fucosyl-6’-sialyllactose

Lacto-N-neodifucohexaose |

DF-LNnH

3-SL
6’-SL
LST-a
LST-b

LST-c
F-LST-a

F-LST-b

F-LST-c

DS-LNT

DS-LNFPV

3F-3-8SL

3F-6-SL

LNnDFH I

Fuc(a1-3)
I
Gal(p1-4)GIcNAc(p1-6)Gal(p1-4)Glc
I
Gal(p1-4)GIcNAc(31-3)
I

Fuc(a1-3)
Neu5Ac(a.2-3)Gal(p1-4)Gluc
Neu5Ac(a2-6)Gal(B1-4)Gluc
Neu5Ac(a.2-3)Gal(B1-3)GlcNAc(B1-3)Gal(B1-4)Gluc

Gal(p1-3)GIcNAc(p1-3)Gal(p1-4)Gluc

I
Neu5Ac(a.2-6)

Neu5Ac(a.2-6)Gal(B1-4)GlcNAc(B1-3)Gal(B1-4)Gluc
Neu5Ac(a2-3)Gal(B1-3)GIcNAc(B1-3)Gal(p1-4)Gluc
I

Fuc(a1-4)
Fuc(a1-2)Gal(B1-3)GIcNAc(B1-3)Gal(p1-4)Gluc
I

Neu5Ac(a.2-6)

Neu5Ac(a.2-3)Gal(B1-3)GlcNAc(B1-3)Gal(B1-4)Gluc
I
Fuc(a1-3)

Neu5Ac(a.2-3)Gal(p1-4)GIcNAc(B1-3)Gal(B1-4)Gluc
I

Neub5Ac(a.2-6)

Neu5Ac(a2-3)Gal(B1-4)GIcNAc(B1-3)Gal(B1-4)Gluc
I I
Neub5Ac(a.2-6) Fuc(a1-3)
Neu5Ac(a2-3)Gal(B1-4)Gluc
I
Fuc(a1-3)
Neu5Ac(a2-6)Gal(B1-4)Gluc
I
Fuc(a1-3)
Gal(p1-4)GalNAc(p1-3)Gal(p1-4)Glc

I I
Fuc(a1-3) Fuc(a1-3)
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gcaaagttaa
ctgtcctgcet
ttcatattgt
gacgat acag
agctttgacg
cat agaggca

cgcgcet ggca

eol f-seqgl . txt
SEQUENCE LI STI NG

Jennewei n Bi ot echnol ogi e GrbH

Production of (igosaccharides

gct ggaat ac

cgggct gtce
ggtt ccecege
ggt ggt gt ag
cttgccatcg
atcgt cgt cg
t ccggcgaca
gt ccgccaga
at agacgt ga
ggagat acgg
gccctgatca
aat ctgccag
acttggcgaa
ggcat aacga
ggcacagccg
t aaagt cgca
cagt cggt ac
ccttgtgatg
t cagcgacag
ccgccaaat ¢
atttctacca
t gagact ccg
gctt caacgg

tcttcgecag
ggt agaaact
gacggt gt gc
acctt cagct
cctttggect
gcaagaaact
gatttcaggc
at ct gcaact
tt agt cat at
ttatcgtcgg
ccatcatctg
cgacgttt gt
agcgt cacgg
ccaat agagg
agcagcgcct
ccccagtcca
ggct gaccat
gtttacaaac
cttgctgtac
cgcecgeceggt
gagt gt caat
ccatcaactc

tgcgggcegtt

Page 1

gacgcaggaa
cgctttccag
cgccgaggaa
gcaatttttc
gt aacaagaa
cact ggcgat
cgt cgt gcgg
tgtgattgceg
t caccgggca
t cagacgat a
aact cagggc
cgaacccttc
tttcaccgtc
cccccagaaa
cgcggacgcet
t cagcgt gac
cgggt gccag
gt aaaaagt ¢
ggcaggcacc
cat gcgt acg
ttgcggcacg
gcccat acgt

tt cagt cagt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380



at at gacgca
t caat ggt ga
t cacgacggg
acgacagcca
agcaaggcat
cagcct acaa
ggcagat gat
cttaacccgg
ttgttacgca
t cat gt gcga
gccat cacgce
at cgcgcagg
cggccaggeg
tgtgtttttt
act gcgcgca
atttcataac
tgcgegtgca
at agagt agg
gccagcgcca
ttgggcagca
tgttcggttt
agcattggtg
tcgttaggca
at cgcecgegce
gtttgetcet
gttttactgt
cgcat cagceg
tcattagtga
ttacctgecgce

t cctgegecce

gt gagcgggt

cgegttttge
cat cacgcag
tgttgtattc
cacctttggg
gatctttctt
actggttttc
aaagctgctg
caccctgcgg
gttgcagatg
caat gggcgce
gaactttacg
gcagaacgaa
cct gaat ggt
ctttcagact
aacgct ctgc
caaccat aaa
gctgccagtg
ggaaggagca
gat cgct gcg
gtagcegtttc
cgacaacggt
atttctgttc
ggaagct at t
ctttgttttc
gccaggtttt
gat ccggt ga
gat cgt gact
aaacgt aagt
agaggaagca
cctgccaggg
t gt agcggcg

cacgat cggg
ggct ggct ge
gct gccaacc
cat ggaaact
gccgagegeg
tgcttcctga
caat acggt t
cacattgccg
tttcaccacg
at cgagggaa
gt cat cgcgt
accgtcgttg
gt gagt ggca
catttcttac
tgcctgttct
tttacgtacg
ttgattctct
ct ggaagagg
ct gggcgt cg
gaacggccag
acggct accg
ggcaaaat at
tgcccaaatc
aaaaacct gc
gacgatttcc
aaagcagat ¢
ttctggcgca
cccggt gt aa
at ct ggat cg
gcgct t ageg
at gt ggat ga

eol f-seqgl . txt

t ccagtt cat
t ggaagaaac
agggt acgt t
gctttggtce
gaaat t agct
ccgt t aageg
ccgaccgcga
ctgat cacca
ccacgaacgt
aact cgt cga
ggt gcacaac
t agt cggt gt
gggt agccaa
act ccggat t
gcggt caggt
gt ggcggage
tcgccattaa
tt gt cat aac
gt caaat cgg
gcagcccagt
t ct gccagct
tctttttgea
t gaccgt gcg
acccat gggt
gt caatgctg

acccggct gg
t ct ggcgt gt
t cggggt ttt
t gcgcaggt a
cgat gcgat g
t caacgggat

gcgcaacagc
gcgcaccggt
t gaagtt act
ccagt gagcg
gat ccat gat
cgatttgtge
cttccagtga
t gt ccacgcce
agttagccca
gctgattttc
t gat cacggt
gttcaccaat
at gcgttggc
cgcgaaaat g
ct cgct gggt
gcagcagagg
at ggcgegcece
gact ggt cag
t gat ccgt aa
aaggcacgac
cgcgct gaac
ggcggtcttce
gat gcgggt t
acgttttccc
caacgct gag
t gccgegege
cagacat caa
tat cgcct gt
acacctgttt
aaaccagaat

t aaat t gcgt

Page 2

gttgaact ct
ttcgcact gt
gttgatgatg
gcaat cgatc
cccgcagtta
gccgt ccage
agcggaagaa
gccgaagcetg
ttgatagttt
at aat cggct
ttgataatca
caaattcacg
aaacagagat
gat atcgctg
ctct gccagce
cggat aaaag
gt gccagccce
ctttttcaac
aacgt gggct
ggct aaccag
at aat ccacc
gcgct caget
agagcagccce
cagttctgcg
ct ct ggcagce
gctctggcaa
agccgcaaag
cacccgcaca
ggct ggegt t
ccattgcccg

cat ggtcgtt

1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240



cct t aat cgg
t cat cgagt g
cagt aggcecg
caggctttgce
ttgtagat gt
gccagat cca
ttaccaaaaa
aggttattcg
gggt t gaagt
aggatctgtt
aagctttcaa
at aaagtttt
ttgttgtcgt
aagt ggat ca
cgaat at cgc
acgct gcgcet
aattgcacac
attcgctcca
t gacat ggaa
ttaagtgatt
cggtttcatg
caaggt cagc
aagagcgcga
<210> 2

<211> 85

<212>
<213>

<220>
<223>

<400> 2
ttact cagca

<210> 3
<211> 86
<212>
<213>

DNA
Artificia

DNA
Artificia

gatatccctg
t gcgegttac
gaaggt cgcce
t gaaggcat t
gt acgect gg
t t acgt ggat
t cgccagcega
gaatgccttg
agcgcagcag
ccaccat cag
cgt at ggaat
t gacgttagc
aat attccag
cggt gt cgat
cttcaacaaa
tactgttaca
aggt at gact
tt aggct t at
taaattagtg
at aaaacaga
cctgcat gcg
act accgacg

gattatcaa

forward pri ner

at aaact gat

t ggat ggegt
gcgccagttc
ct cgcgacgce
aaccacgtcc
cttgttcgee
gt aat cgcgt
gt cgcgacgg
cggatcttcg
ggcaat gctc
cttgcttttg

tttgggctga
ggcgcegeatg
cggtttttagt
agcgt gat cg
cgt t ggat gt
gaggttatca
t ccaat gt aa
ggt at gaaat
gaatcgttta
gggtttatga
t cgaaccgt t

ttaacggaaa

sequence

attccgt cag

sequence

eol f-seqgl . txt

gact gccagt
agtt cacggt
ggt gcaaaat
agcacgct gt
agtttttcca
acgccagt ac
cctacagcaa
cccat at cge
cagt ccggct
ccgt aagggce
t cgccat aaa
gcgct aat ca
accgattcgc
t gcaggat ct
ttgccgecta
agaat gat ga
ccgct accac
aaccat agca
cacaagaat t
atgattgcgc
ggccggagag

ttacgctcta

gctgg

gccaggtgtc
cggct ttget
gat aattaac
t gcct acgcece
t cgccacgac

cat ctt cggt

cct gggcegat
ccgacggatg
gggctttttg
tttgcggt gt
cggt ggcgga
ggcgcagagt
ccacggct tt
cggt cat caa
aacgct cgat
cat cat gacc
cggt aaccag
t aacaaagat
tagcegtttt
tttttatctg

ggt gct aagg
t at ggaaagt

Page 3

ctgcgccatt
ggcgt ccgece
cggtttgccg
agcgccgagg
gt gaccgt cc
cggat aat cg
gt at ggcatc
cgcgcecaacce
cagat cggtg
gccggat cgag
ggagct aaaa
gccgttgaca
cagcccggceg
cgcttcgtta
aacaggcagt
gttttgcagt
aactctcata
gcgaaaagtg
ttatgcgcga
aaaaaagacg
ccgect ccgg

ctgactgctg

3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4579

35



<220>

eol f-seqgl . txt

<223> reverse primer

<400> 3
tt gat aat ct

cgcgcetcttc agcagtcaga ctttccatat agagcgt aat

gt cggt agt g ctgaccttgc cggagg

Page 4

ttccgttaac

60
86
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