
Title: Targeted nucleotide exchange with improved
modified oligonucleotides Field of the invention The
present invention relates to a method for the specific
and selective alteration of a nucleotide sequence at a
specific site of the DNA in a target cell by the
introduction into that cell of an oligonucleotide. The
result is the targeted alteration of one or more
nucleotides so that the sequence of the target DNA is
converted where they are different. More in
particular, the invention relates to the targeted
nucleotide exchange using modified oligonucleotides.
The invention further relates to oligonucleotides and
kits. The invention also relates to the application of
the method. Background of the invention Genetic
modification is the process of deliberately creating
changes in the genetic material of living cells with
the purpose of modifying one or more genetically
encoded biological properties of that cell, or of the
organism of which the cell forms part or into which it
can regenerate. These changes can take the form of
deletion of parts of the genetic material, addition of
exogenous genetic material, or changes in the existing
nucleotide sequence of the genetic material. Methods
for the genetic modification of eukaryotic organisms
have been known for over 20 years, and have found
widespread application in plant, human and animal
cells and microorganisms for improvements in the
fields of agriculture, human health, food quality and
environmental protection. The common methods of
genetic modification consist of adding exogenous DNA
fragments to the genome of a cell, which will then
confer a new property to that cell or its organism
over and above the properties encoded by already
existing genes (includingapplications in which the
expression of existing genes will thereby be
suppressed) . Although many such examples are
effective in obtaining the desired properties, these
methods are nevertheless not very precise, because
there is no control over the genomic positions in
which the exogenous DNA fragments are inserted (and
hence over the ultimate levels of expression) , and
because the desired effect will have to manifest
itself over the natural properties encoded by the
original and well-balanced genome. On the contrary,
methods of genetic modification that will result in
the addition, deletion or conversion of nucleotides in
predefined genomic loci will allow the precise
modification of existing genes.
Oligonucleotide-directed Targeted Nucleotide Exchange
(TNE) is a method that is based on the delivery into
the eukaryotic cell nucleus of synthetic
oligonucleotides (molecules consisting of short
stretches of nucleotide-like moieties that resemble
DNA in their Watson-Crick basepairing properties, but
may be chemically different from DNA) (Alexeev and
Yoon, Nature Biotechnol. 16_: 1343, 1998; Rice, Nature
Biotechnol. 19_: 321, 2001; Kmiec, J . Clin. Invest.
112 : 632, 2003) . By deliberately designing a
mismatch nucleotide in the homology sequence of the
oligonucleotide, the mismatch nucleotide may induce
changes in the genomic DNA sequence. This method
allows the conversion of single or at most a few
nucleotides in the target, but may be applied to
create stop codons in existing genes, resulting in a
disruption of their function, or to create codon
changes, resulting in genes encoding proteins with
altered amino acid composition (protein engineering) .
Targeted nucleotide exchange (TNE) has been described
in plant, animal and yeast cells. The first TNE
reports utilized a so-called DNAtRNA
self-complementary oligonucleotide that is designed to
intercalate at the chromosomal target site. The
chimera contains a mismatched nucleotide on the DNA
strand that forms the template for introducing the
mutation at the chromosomal target. The first examples
of TNE using chimeric DNA: RNA oligonucleotides came
from animal cells (reviewed inIgoucheva et al. 2001
Gene Therapy 8_, 391-399) . Extensive research by many
laboratories has shown that the TNE frequency using
such oligonucleotides is variable, and on average very
low, and depends on such factors as the
transcriptional status of the target, the influence of
the cell cycle and cell type transformed. TNE using
chimeric DNA: RNA oligonucleotides has also been
demonstrated in plant cells (Beetham et al. 1999 Proc.
Natl. Acad. Sci. USA _: 8774-8778; Zhu et al. 1999
Proc. Natl. Acad. Sci. USA j)6, 8768-8773; Zhu et al.
2000 Nature Biotech. 1 _, 555-558; Kochevenko et al.
2003 Plant Phys . 132 : 174-184; Okuzaki et al. 2004
Plant Cell Rep. Z2: 509-512). In general, the
frequencies reported in both plant and animal studies
were too low for practical application of TNE on
nonselectable chromosomal loci. TNE using chimeric
oligonucleotides was also found to be" difficult to
reproduce (Ruiter et al. (2003) Plant MoI. Biol. 53 ,
715-729) , resulting in a search for alternative
oligonucleotide designs giving more reliable results.
Several laboratories have focussed on the use of
single stranded (ss) oligonucleotides for TNE. These
have been found to give more 



reproducible results in both plant and animal cells
(Liu et al. 2002 Nuc. Acids Res. 3J): 2742-2750;
review, Parekh-Olmedo et al. 2005 Gene Therapy Yl \
639-646; Dong et al. 2006 Plant Cell Rep. Z5: 457-65)
. Several groups have shown that the process of TNE
can be mimicked in vitro using total cellular protein
extracts. Such assays for TNE activity are called cell
free assays. The assay involves the repair of a
mutation that inactivates a bacterial reporter gene
(such as LacZ or an antibiotic resistance gene) by
incubation of a plasmid carrying such a reporter
together with an oligonucleotide and cellular protein
from a particular cell type. After incubation, the
plasmid is electroporated into E . coli which is used
as a readout system to determine the TNE efficiency.
The cell free system has been used in combination with
both chimeric DNA: RNA(Cole-Strauss e t al. 1999
Nucleic Acids Res. 21_: 1323- 1330,-Gamper e t al.
2000 Nucleic Acids Res. 2_8, 4332-4339; Kmiec e t al.
2001 Plant J . 21_: 267-274; Rice e t al. 2001 4 :
857-868; Thorpe e t al. 2002 J . Gene Medicine 4_,
195-204) and single stranded oligonucleotides
(Igoucheva e t al. 2001 Gene Therapy S_, 391-399; Kren
e t al. 2003 DNA Repair 2_, 531-546; Olsen e t al.
2005 J . Gene Medicine l_ r 1534-1544). In such
experiments, the oligonucleotide effects a
substitution, usually b y changing a stop codon (TAG)
into a codon specifying an amino acid. Furthermore,
the cell free system can also b e used to study the
possibility of using oligonucleotides to produce
single nucleotide insertions. Plasmids can b e
produced which have a single nucleotide deleted from
the bacterial reporter gene, generating a frame shift
mutation. In the cell free assay, the deletion is
repaired b y addition o f the deleted nucleotide
mediated b y the oligonucleotide. Similarly,
oligonucleotides containing one or more extra
nucleotide not originally present in the target can
also b e used to introduce one or more nucleotides
into the target sequence. The greatest problem facing
the application of TNE in cells of higher organisms
such as plants is the low efficiency that has been
reported so far. In maize Zhu e t al. (2000 Nature
Biotech. 1 _8_ : 555-558) reported a conversion
frequency of 1 x 10 4 . Subsequent studies in tobacco
(Kochevenko e t al. 2003 Plant Phys. _132_: 174-184)
and rice (Okuzaki e t al. 2004 Plant Cell Rep. 2 2 :
509-512) have reported frequencies o f 1 x 10 6 and 1
x 10 4 respectively. These frequencies remain too low
for the practical application o f TNE. TNE using
chimeric DNA: RNA oligonucleotides has been described
in a variety o f patent applications o f Kmiec, inter
alia in WO0173002, WO03/027265, WO01/87914,
WO99/58702, WO97/48714, WO02/10364. In WO 01/73002 it
is contemplated that the low efficiency o f gene
alteration obtained using unmodified DNA
oligonucleotides is largely believed to b e the result
o f degradation o f the donor oligonucleotides b y
nucleases presentin the reaction mixture or the target
cell. To remedy this problem, it is proposed to
incorporate modified nucleotides that render the
resulting oligonucleotides resistant against
nucleases. Typical examples include nucleotides with
phosphorothioate linkages or 2 '-O-methyl-analogs .
These modifications are preferably located at the ends
of the oligonucleotide, leaving a central DNA domain
surrounding the mismatch nucleotide. Furthermore, the
publication stipulates that specific chemical
interactions are involved between the converting
oligonucleotide and the proteins involved in the
conversion. The effect of such chemical interactions
to produce nuclease resistant termini using
modifications other than phosphorothioate linkages or
2'-0-methyl analogue incorporation in the
oligonucleotide is impossible to predict because the
proteins involved in the alteration process and their
chemical interaction with the oligonucleotide
substituents are not yet known and, according to the
inventors of WO0173002, cannot be predicted. TNE using
modified single stranded oligonucleotides has been
described in the patent application WO 02/26967. This
application demonstrates the effect of modified
nucleotides, conferring improved nuclease resistance
on the oligonucleotide, on the efficiency of TNE using
the cell free system. The application then goes on to
show that the modified nucleotides identified using
the cell free system, when incorporated in a ss
oligonucleotide, also enhance TNE at a mammalian
chromosomal target. This confirms that information
gained in the in vitro cell free assay is applicable
in vivo at chromosomal loci. This application also
claims that several modified nucleotides, e.g.
C5-propyne pyrimidines, but not locked nucleic acids,
can also be used to improve the TNE efficiency. The
authors state (pg 16) that "the modifications
incorporated into the oligonucleotide will not alter
cellular functions that are responsible for biological
activity, in this case recombination and repair
activity". In contrast, we demonstrate in this
application that several modified nucleotides showing
enhanced binding activity named in WO 02/26967 are
biologically inactivein the TNE process and so a
prediction of the usefulness of 



modified nucleotides in the TNE process cannot be made
solely on the basis of enhanced binding affinity. As
the efficiency of the current methods of TNE is
relatively low (as stated previously, between 10 6 and
10~4, despite reported high delivery rates of the
oligonucleotide of 90%) there is a need in the art to
come to methods for TNE that are more efficient.
Accordingly, the present inventors have set out to
improve on the existing TNE technology. Description of
-the invention The present inventors have now found
that by incorporating a combination of modified
nucleotides into the donor oligonucleotide for TNE
that are capable of binding more strongly to the
acceptor DNA than the corresponding unmodified
nucleotides like A , C , T , or G , the rate of TNE
can be increased significantly. Without being bound by
theory, the present inventors believe that by the
incorporation of modified nucleotides into the donor
oligonucleotide, the donor oligonucleotide binds more
strongly to the acceptor DNA and, hence increases the
ratio of TNE. Furthermore, the present inventors have
found that the ability of a modified nucleotide to
enhance TNE relies on two important properties, (1)
its increased binding affinity to its target compared
with normal unmodified DNA and, (2) its biological
activity for the TNE process. Antisense technology
also utilizes oligonucleotides to induce an effect in
the cell. In this case the oligonucleotides are
designed to bind to the complementary target mRNA.
This DNA: RNA hybrid is recognized by RNaseH which
cuts the RNA strand of the hybrid, inhibiting gene
expression. The oligonucleotide characteristics,
improved binding affinity and enhanced nuclease
resistance, necessary to obtain an effective antisense
response are also characteristics that have now been
found important to enhance the frequency of TNE. Many
modified nucleotides have been reported in
literaturethat show either enhanced binding affinity
and/or nuclease resistance, but the crucial step is to
demonstrate that oligonucleotides containing such
modified nucleotides remain biologically active for
the TNE process. The present inventors have used the
cell free system to screen many modified nucleotides
for their ability to enhance TNE and have found that
this cannot be predicted by study of the physical
properties of the modified nucleotides. In addition,
the present inventors found that many modified
nucleotides used to enhance the properties of
antisense oligonucleotides in fact inhibit TNE in the
cell free system. Thus the present inventors have
identified modified nucleotides that are specific for
improving the efficiency of TNE itself. Furthermore it
is believed that the present oligonucleotides present
advantageous stereochemical and spatial
configurations. The present inventors have found that
oligonucleotides containing one or more LNAs at
positions close to, but not (directly) adjacent to the
mismatch , i.e. located at a distance of at least one
nucleotide from the mismatch, in combination with
C7-propyne modified purine and/or C5-propyne modified
pyrimidines (together indicated as propynylated
nucleotides) improves the efficiency of TNE to an
hitherto unexpected extent, in particular improves the
efficiency of in vivo TNE, i.e. not in a cell free
system, but for instance in a protoplast system. To
this end, the effect of using oligonucleotides
incorporating one or more LNAs and one or more
propynylated nucleotides at various positions in the
oligonucleotide on the frequency of TNE in the cell
free system has been investigated. The TNE activity of
such oligonucleotides was compared with the TNE
activity of oligonucleotides made up of normal DNA or
of oligonucleotides that were only modified with LNAs
or propynylated nucleotides. It was found that
oligonucleotides containing one or more LNAs at
positions removed at least one nucleotide from the
mismatch in combination with an increasing amount of
propynylated nucleotides increased the TNE efficiency
for both substitutions and insertions in the cell free
assay toa level hitherto unobserved. In particular
advantageous effects were achieved with insertions of
nucleotides, i.e. inserting one or more nucleotides at
a given position and in particular in in vivo systems,
such as protoplast systems, the efficiency was
markedly enhanced. It was further found that this
enhancement could also be improved by varying the
number and positions of the LNAs observed when
modified oligonucleotides were used for TNE in tomato
leaf protoplasts where they gave an unprecedented
increase in the oligonucleotide. Such as whereby the
LNAs are positioned at least 2 nucleotides apart,
preferably at least 3 , more preferably at least 4.
Furthermore it was found introduction of nucleotide
changes in the tomato genome. This demonstrates that
the improvement observed was locus-independent,
indicating that oligonucleotides of the invention with
modified nucleotides at particular positions compared
to the mismatch are capable of providing enhanced
frequencies of TNE in a species-independent 



manner, such as in plant and animal cells. The present
invention is thus based on the inventive consideration
that the desired targeted nucleotide exchange can be
achieved by the use of partly (i.e. at most 50%,
preferably at most 40%) LNA modified oligonucleotides
that further contain propynylated oligonucleotides.
The location, type and amount of modification of the
oligonucleotide can be varied within limits as will be
disclosed herein below. The present invention thus, in
one aspect provides LNA modified and propynylated
oligonucleotides. The thus modified,
ss-oligonucleotides can be used to introduce specific
genetic changes in plant and animal or human cells.
The invention is applicable in the field of biomedical
research, agriculture and to construct specifically
mutated plants and animals, including humans. The
invention is also applicable in the field of medicine
and gene therapy. The sequence of an oligonucleotide
of the invention is homologous to the target strand
except for the part that contains a mismatch base that
introduces the base change in thetarget strand. The
mismatched base is introduced into the target
sequence. By manipulating the modification (compared
to conventional A , C , T , or G ) of the nucleotides,
and more in particular, by manipulating the location
and amount of modification of the oligonucleotide that
introduces the mismatch, the efficiency (or the degree
of successful nucleotide changes at the desired
position in the DNA duplex) can be improved. Another
aspect of the invention resides in a method for the
targeted alteration of a parent DNA strand (first
strand, second strand) by contacting the parent DNA
duplex with an oligonucleotide that contains at least
one mismatch nucleotide compared to the parent strand,
wherein the donor oligonucleotide contains a section
that is modified with LNA at particular positions to
have a higher binding capacity than the parent
(acceptor) strand in the presence of proteins that are
capable of targeted nucleotide exchange. Thus, the
inventive gist of the invention lies in the
improvement in the binding capacity of the
oligonucleotide (sometimes referred to as the donor)
with modified nucleotides relative to the unmodified
oligonucleotide, whereby the LNA modification is
located at one or more positions that are not adjacent
to the mismatch and whereby further propynylated
nucleotides are incorporated in the oligonucleotide,
typically at the positions that are not already LNA
modified and not at the position of the mismatch.
Advantageous results have also been achieved with
insertions into DNA stretches using the
oligonucleotides according to the invention with
combined LNA and propyne modifications. It was
particularly surprising to note that other modified
oligonucleotides that are known in themselves to
improve binding efficiency, were not as effective in
TNE as the present combination of LNA and
propyne-modif ied oligonucleotides . De-tailed
description of the inventionIn one aspect the
invention relates to an oligonucleotide for targeted
alteration of a duplex DNA sequence, the duplex DNA
sequence containing a first DNA sequence and a second
DNA sequence which is the complement of the first DNA
sequence, the oligonucleotide comprising a domain that
is capable of hybridising to the first DNA sequence,
which domain comprises at least one mismatch with
respect to the first DNA sequence, and wherein the
oligonucleotide comprises at least one section that
contains at least two modified nucleotides having a
higher binding affinity compared to naturally
occurring A , C , T or G nucleotides, wherein - at
least one modified nucleotide is a LNA that is
positioned at a distance of at least one nucleotide
from the at least one mismatch and wherein,
optionally, the oligonucleotide contains at most about
50% LNA modified nucleotides; and - at least one
modified nucleotide is a C7-propyne purine or a
C5-propyne pyrimidine. In one aspect, the invention
pertains to a modified oligonucleotide for targeted
alteration of a duplex DNA sequence. The duplex DNA
sequence contains a first DNA sequence and a second
DNA sequence. The second DNA sequence is the
complement of the first DNA sequence and pairs to it
to form a duplex. The oligonucleotide comprises a
domain that comprises at least one mismatch with
respect to the duplex DNA sequence to be altered.
Preferably, the domain is the part of the
oligonucleotide that is complementary to the first
strand, including the at least one mismatch.
Preferably, the mismatch in the domain is with respect
to the first DNA sequence. The oligonucleotide
comprises a section that is modified with at least one
LNA and a section that is modified with at least one
propynylated nucleotide to have a higher binding
affinity than the (corresponding part of the) second
DNA sequence whilst retaining biological activity.
Preferably the at least one modified LNA nucleotide is



positioned at a distance of at least one nucleotide
from the at least one mismatch, more preferably the
oligonucleotidecontains at most about 50% LNA modified
nucleotides in addition to the at least one
propynylated nucleotide. The domain that contains the
mismatch and the sections containing the modified
nucleotide (s) , whether LNA or propynylated,
respectively, may be overlapping. Thus, in certain
embodiments, the domain containing the mismatch is
located at a different position on the oligonucleotide
than the section of which the modification is
considered. In certain embodiments, the domain
incorporates one or more sections. In certain
embodiments, sections can incorporate the domain. In
certain embodiments, the domain and the sections may
be located at the same position on the oligonucleotide
and have the same length i.e. the sections coincide in
length and position. In certain embodiments, there can
be more than one section within a domain. For the
present invention, this means that the part of the
oligonucleotide that contains the mismatch which is to
alter the DNA duplex can be located at a different or
shifted position from the part of the oligonucleotide
that is modified. In particular, in certain
embodiments wherein the cell's repair system (or at
least the proteins involved with this system, or at
least proteins that are involved in TNE) determines
which of the strands contain the mismatch and which
strand is to be used as the template for the
correction of the mismatch. LNA variations A Locked
Nucleic Acid (LNA) is a DNA analogue with very
interesting properties for use in antisense gene
therapy. LNAs are bicyclic and tricyclic nucleoside
and nucleotide analogues and the oligonucleotides that
contain such analogues. The basic structural and
functional characteristics of LNAs and related
analogues are disclosed in various publications and
patents, including WO 99/14226, WO 00/56748,
WO00/66604, WO 98/39352, United States Patent No. 6 ,
043, 060, and United States Patent No. 6,268,490, all
of which are incorporated herein by reference in their
entireties.Specifically, it combines the ability to
discriminate between correct and incorrect targets
(high specificity) with very high bio-stability (low
turnover) and unprecedented affinity (very high
binding strength to target) . In fact, the affinity
increase recorded with LNA leaves the affinities of
all previously reported analogues in the low-to-modest
range. LNA is an RNA analogue, in which the ribose is
structurally constrained by a methylene bridge between
the 2'- oxygen and the 4 '-carbon atoms. This bridge
restricts the flexibility of the ribofuranose ring and
locks the structure into a rigid bicyclic formation.
This so-called N-type (or 3 1- endo) conformation
results in an increase in the Tm of LNA containing
duplexes, and consequently higher binding affinities
and higher specificities. NMR spectral studies have
actually demonstrated the locked N-type conformation
of the LNA sugar, but also revealed that LNA monomers
are able to twist their unmodified neighbour
nucleotides towards an N-type conformation.
Importantly, the favourable characteristics of LNA do
not come at the expense of other important properties
as is often observed with nucleic acid analogues. LNA
can be mixed freely with all other chemistries that
make up the DNA analogue universe. LNA bases can be
incorporated into oligonucleotides as short all-LNA
sequences or as longer LNA/DNA chimeras. LNAs can be
placed in internal, 3 ' or 5 '-positions . However,
due to their rigid bicyclic conformations, LNA
residues sometimes disturb the helical twist of
nucleic acid strands. It is hence generally less
preferred to design an oligonucleotide with two or
more adjacent LNA residues. Preferably, the LNA
residues are separated by at least one (modified)
nucleotide that does not disturb the helical twist,
such as a conventional nucleotide (A, C , T , or G ) .
The originally developed and preferred LNA monomer
(the b- D-oxy-LNA monomer) has been modified into new
LNA monomers. The novel a-L-oxy-LNA shows superior
stability against 3 ' exonuclease activity, and is
also more powerful and more versatile than b-D-oxy-LNA
in designing potent antisenseoligonucleotides. Also
xylo-LNAs and L-ribo LNAs can be used, as disclosed in
WO9914226, WO00/56748, WO00/66604. In the present
invention, any LNA of the above types may be effective
in achieving the goals of the invention, i.e. improved
efficiency of TNE, with a preference for b-D-LNA
analogues. In the art on TNE, LNA modification has
been listed amongst a list of possible oligonucleotide
modifications as alternatives for the chimeric
molecules used in TNE. However, there is no indication
in the art thus far that suggests that LNA modified
single-stranded DNA oligonucleotides enhances TNE
efficiency significantly to the extent that has
presently been found when the LNA is positioned at
least one nucleotide away from the mismatch and/or the
oligonucleotide does not contain more than about 50 %
(rounded to the nearest whole number of nucleotides)
LNAs. 



In certain embodiments, the oligonucleotide comprises
a section that contains at least one, preferably at
least 2 , more preferably 2 LNA modified nucleotide
(s) . In certain embodiments, the section on the
oligonucleotide can contain more than 2 , 3 , 4 , 5 ,
6 , 7 , 8 , 9 , or 10 LNA modified nucleotides . In
certain embodiments, the at least one LNA is
positioned at a distance of at most 10 nucleotides,
preferably at most 8 nucleotides, more preferably at
most 6 nucleotides, even more preferably at most 4 , 3
, or 2 nucleotides from the mismatch. In a more
preferred embodiment the at least one LNA is
positioned at a distance of 1 nucleotide from the
mismatch, i.e. one nucleotide is positioned between
the mismatch and the LNA. In certain embodiments
relating to oligonucleotides containing more than one
LNA, at least two of the LNAs are located at a
distance of at least one nucleotide from the mismatch.
In a preferred embodiment, LNAs are not located
adjacent to each other but are spaced apart by at
least one nucleotide, preferably two or three
nucleotides. In certain embodiments, in the case of
two or more (even numbers of) LNA modifications of the
oligonucleotide, the modifications are spaced at
(about) an equal distance from the mismatch. In
otherwords, preferably the LNA modifications are
positioned symmetrically around the mismatch. For
example, in a preferred embodiment, two LNAs are
positioned symmetrically around the mismatch at a
distance o f 1 nucleotide from the mismatch (and 3
nucleotides from each other), i.e (LNA) -N- (Mismatch)
-N- (LNA).... In certain embodiments, at most 40 % of
the modified nucleotides of the oligonucleotide are
LNA derivatives, i.e. the conventional A , C , T or G
is replaced by its LNA counterpart, preferably at most
30%, more preferably at most 25%, even more preferably
at most 20%, and most preferably at most 10%. In
certain embodiments, more than one mismatch can be
introduced, either simultaneously or successively. The
oligonucleotide can accommodate more than one mismatch
on either adjacent or removed locations on the
oligonucleotide. To this end, the oligonucleotide can
be adapted to accommodate a second set of LNAs that
follow the principles outlined herein, provided they
do not interfere with each other' s improved binding
capacity or retained biological activity due to the
particular conformation of the LNAs in the
oligonucleotide, i.e. preferably spaced around the
mismatch at a distance of 1 nucleotide from the
mismatch. In certain embodiments the oligonucleotide
can comprise two, three, four or more mismatch
nucleotides which may be adjacent or remote (i.e.
nonadjacent). The oligonucleotide can comprise further
domains and sections to accommodate this, and in
particular can comprise several sections. In certain
embodiments, the oligonucleotide may incorporate a
potential insert that is to be inserted in the
acceptor strand. Such an insert may vary in length
from more than five up to 100 nucleotides. In a
similar way in certain embodiments, deletions can be
introduced of similar length variations (from 1 to 100
nucleotides). The delivery o f the oligonucleotide can
be achieved via electroporation or other conventional
techniques that are capable of delivering either to
the nucleus or the cytoplasm. In vitro testing o f the
method of the present invention can beachieved using
the Cell Free system as is described i.a. in
WO01/87914, WO03/027265, WO99/58702, WO01/92512.
Propyne modifications In certain embodiments, the
oligonucleotide comprises a section that contains at
least one, preferably at least 2 , more preferably at
least 3 propyne modified nucleotide (s) ,
independently selected from amongst C7 purine and/or
C5 pyrimidine. In certain embodiments, the section on
the oligonucleotide can contain more than 4 , 5 , 6 ,
7 , 8 , 9 , or 10 propyne modified nucleotides. In
certain embodiments the section is fully modified,
i.e. all pyrimidines in the oligonucleotide carry a
C5-propyne substitution and/or all purines carry a
C7-propyne substitution, the LNA modification can then
be located at the sides of the section. In certain
embodiments there are sections that are LNA modified
and sections that are propynyl modified. In certain
embodiments the section contains both LNA and propyne
modified nucleotides. In certain embodiments, the
oligonucleotide comprises a section that contains at
least one, preferably at least 2 , more preferably at
least 3 propyne modified nucleotide (s) . In certain
embodiments, the section on the oligonucleotide can
contain more than 4 , 5 , 6 , 7 , 8 , 9 , or 10
propyne modified nucleotides. In certain embodiments
the section is fully modified, i.e. all pyrimidines in
the oligonucleotide carry a C5-propyne substitution
and/or all purines carry a C7-propyne substitution. In
certain embodiments all purines may be propynylated
and the pyrimidines may be substituted by LNAs or vice
versa. In certain embodiments, at least 10 % of the
nucleotides in the oligonucleotide is replaced by its 



propynylated counterpart. In certain embodiments at
least 25, more preferably at least 50%, even more
preferably at least 75% and in some cases it is
preferred that at least 90 % of the nucleotides are
replaced by their propynylated counterparts.
Oligonucleotides containing pyrimidine nucleotides
with a propynyl group at the C5 position form more
stable duplexes and triplexes than their corresponding
pyrimidine derivatives.Purine with the same propyne
substituent at the 7-position form even more stable
duplexes and are hence preferred. Thus, in certain
preferred embodiments, efficiency was further
increased through the use of 7-propynyl purine
nucleotides ( 7-propynyl derivatives of
8-aza-7-deaza-2' -deoxyguanosine and 8-aza-7- deaza-2'
-deoxyadenine) which enhance binding affinity to an
even greater degree than C5-propyne pyrimidine
nucleotides. Such nucleotides are disclosed inter alia
in He & Seela, 2002 Nucleic Acids Res. _3J):
5485-5496. In certain embodiments, more than one
mismatch can be introduced, either simultaneously or
successively. The oligonucleotide can accommodate more
than one mismatch on either adjacent or removed
locations on the oligonucleotide. In certain
embodiments the oligonucleotide can comprise two,
three, four or more mismatch nucleotides which may be
adjacent or remote (i.e. non-adjacent). The
oligonucleotide can comprise further domains and
sections to accommodate this, and in particular can
comprise several sections. In certain embodiments, the
oligonucleotide may incorporate a potential insert
that is to be inserted in the acceptor strand. Such an
insert may vary in length from more than five up to
100 nucleotides. In a similar way in certain
embodiments, deletions can be introduced of similar
length variations (from 1 to 100 nucleotides) . In
certain advantageous embodiments of the invention,
nucleotide insertions have been achieved using the
oligonucleotides of the invention. In certain
embodiments, the oligonucleotide may incorporate a
potential insert that is to be inserted in the
acceptor strand. Such an insert may vary in length
from 1 , 2 , 3 , 4 , 5 up to 100 nucleotides. In a
similar way in certain embodiments, deletions can be
introduced of similar length variations (from 1 to 100
nucleotides). In certain embodiments, at least 10 % of
the nucleotides in the oligonucleotide is replaced by
its propynylated counterpart. In certain embodiments
at least 25, more preferably at least 50%, even more
preferably at least 75% andin some cases it is
preferred that at least 90 % of the nucleotides are
replaced by their propynylated counterparts. A
propynyl group is a three carbon chain with a triple
bond. The triple bond is covalently bound to the
nucleotide basic structure which is located at the C5
position of the pyrimidine and at the 7-postion of the
purine nucleotide (Fig. 2). Both cytosine and uracil
(replacing thymidine on the oligonucleotide) can be
equipped with C5-propynyl group, resulting in
C5-propynyl-cytosine and C5-propynyl-uracil,
respectively. A single C5-propynyl-cytosine residue
increases the Tm by 2.8C, a single C5-propynyl-uracil
by 1 .70C . (Froehler et al. 1993 Tetrahedron Letters
34_: 1003-6; Lacroix et al. 1999 Biochemistry 38_:
1893-1901; Ahmadian et al. 1998 Nucleic Acids Res. 2
>: 3127-3135; Colocci et al. 1994 J .Am. Chem. Soc
116: 785- 786) . This is attributed to the hydrophobic
nature of 1-propyne groups at the C5 position and it
also allows better stacking of the bases since the
propyne group is planar with respect to the
heterocyclic base. The improved binding properties of
oligonucleotides containing C5-propyne substituted
pyrimidine groups has been exploited to alter a
cellular process. An antisense oligonucleotide
containing C5-propyne groups forms a more stable
duplex with its target mRNA, leading to an increase in
the inhibition of gene expression (Wagner et al. 1993
Science 260 : 1510-1513; Flanagan et al. 1996 Nature
Biotech. 1_4: 1139- 1145; Meunier et al. 2001
Antisense & Nucleic Acid Drug Dev. 11 : 117-123) .
Furthermore, these experiments demonstrate that such
oligonucleotides are biologically active and that they
can be tolerated by the cell. In the art on TNE,
C5-propyne pyrimidine modification has been listed
amongst a list of possible oligonucleotide
modifications as alternatives for the chimeric
molecules used in TNE. However, there is no indication
in the art thus far that suggests that C5 and or C7
propyne modified single-stranded DNA oligonucleotides
enhances TNE efficiency significantly to the extent
that has presently been found in combination with LNA
modification.Oligo design In a further aspect of the
invention, the design of the oligonucleotide can be
achieved by: - determining the sequence of the
acceptor strand, or at least of a section of the
sequence around the nucleotide to be exchanged. This
can typically be in the order of at least 10,
preferably 15, 20, 25 or 30 nucleotides adjacent to
the mismatch or desired position of the insert,
preferably on each side of the mismatch, (for example
GGGGGGXGGGGGG, wherein X is the mismatch or insert
position) ; 



- designing a donor oligonucleotide that is
complementary to one or both the sections adjacent to
the mismatch and contains the desired nucleotide to be
exchanged (for example CCCCCCYCCCCCC) ; - providing
(e.g. by synthesis) the donor oligonucleotide with LNA
and propyne modifications at desired positions.
Modifications may vary widely, depending on the
circumstances. Examples are CCCmCCmCYCCmCCCmC ,
CCCmCCCYCCC mCCC, CCCCCCYCCC 111C1 1C111C111,
CmCmCmCmCmCYCCCCCC, CCCCCmCYCCCmCCCCC, and so on,
wherein Cm stands for a LNA or propyne modified
nucleotide residue. For a different acceptor sequence,
e.g. ATGCGTACXGTCCATGAT, corresponding donor
oligonucleotides can be designed, e.g.
TACGCALGYCLGGTACTA (L= LNA or propyne) with
modification as variable as outlined hereinbefore. -
subjecting the DNA to be modified with the donor
oligonucleotide in the presence of proteins that are
capable of targeted nucleotide exchange, for instance,
and in particular, proteins that are functional in the
mismatch repair mechanism of the cell. Without being
bound by theory, improved binding affinity is thought
to increase the likelihood that an oligonucleotide
finds and remains bound to its target, thus improving
the TNE efficiency. Many different chemical
modifications of the sugar backbone or the base confer
improved binding affinity. The present inventors
however, chose to focus on LNA
modifiedoligonucleotides and found that their activity
in TNE was dependent on the position in the
oligonucleotide. A s used herein, the capability of
the donor oligonucleotide to influence the TNE depends
on the type, location and number or relative amount of
modified nucleotides that are incorporated in the
donor oligonucleotide. This capability can be
quantified for instance by normalising the binding
affinity (or the binding energy (Gibbs Free Energy) )
between conventional nucleotides at 1 , i.e. for both
AT and GC bindings, the binding affinity is normalised
at 1 . For the oligonucleotides of the present
invention the Relative Binding Affinity (RBA) of each
modified nucleotide is > 1 . This is exemplified in a
formula below: 1 1 RBA = S. RBA (modified) - S3 RBA
(unmodified) > 0 n m Wherein RBA is the total relative
binding affinity, RBA (modified) is the sum of the
relative binding affinity of the modified
oligonucleotide with a length of n nucleotides and RBA
(unmodified) is the sum of the relative binding
affinity of the unmodified oligonucleotide with a
length of m nucleotides. For example, an 100 bp
oligonucleotide contains 10 modifications, each with a
relative binding affinity of 1.1. The total RBA then
equals: RBA = [(10*1.1) + (90*1.0)] - (100*1.0) = 1 .
Note that the definition of RBA is in principle
independent of the length of the nucleotide strand
that is compared. However, when RBAs of different
strands are compared it is preferred that the strands
have about the same length or that sections of
comparable length are taken. Note that RBA does not
take into account that modifications can be grouped
together on a strand. A higher degree of modification
of a certain strand A compared to a strand B thus
means that RBA(A) > RBA(B). For upstream and
downstream sections, corresponding (local) RBA values
may be defined and used. To accommodate theeffect of
the position of the modified nucleotide a weighing
factor can be introduced into the RBA value. For
instance, the effect of a modified nucleotide on the
donor oligonucleotide adjacent to the mismatch can be
larger than that of a modified nucleotide that is
located at a distance five nucleotides removed from
the mismatch. In the context of the present invention,
RBA (Donor) > RBA (Acceptor). In certain embodiments,
the RBA value of the Donor may be at least 0.1 larger
than the RBA of the Acceptor. In certain embodiments,
the RBA value of the Donor may be at least 0.2, 0.3,
0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.5, 2.0, 2.5
larger than the RBA of the Acceptor. RBA values can be
derived from conventional analysis of the modified
binding affinity of the nucleotide, such as by
molecular modelling, thermodynamic measurements etc.
Alternatively they can be determined by measurement of
Tm differences between modified and unmodified
strands. Alternatively, the RBA can be expressed as
the difference in Tm between the unmodified and the
modified strand, either by measurement or by
calculation using conventional formulates for
calculating the Tm of a set of nucleotides, or by a
combination of calculation and measurements . The
donor oligonucleotides according to the invention may
contain further modifications to improve the
hybridisation characteristics such that the donor
exhibits increased affinity for the target DNA strand
so that intercalation of the donor is promoted. The
donor oligonucleotide can also be further modified to
become more resistant against nucleases, to 



stabilise the triplex or quadruplex structure.
Modification of the LNA modified donor
oligonucleotides of the invention can comprise
phosphorothioate modification, 2-OMe substitutions,
the use of further types of LNAs at the 3 and/or 5 '
termini of the oligonucleotide, PNAs (Peptide nucleic
acids) , ribonucleotide and other bases that modifies,
preferably enhances, the stability of the hybrid
between the oligonucleotide and the acceptor
strand.Particularly useful among such modifications
are PNAs, which are oligonucleotide analogues where
the deoxyribose backbone of the oligonucleotide is
replaced by a peptide backbone. One such peptide
backbone is constructed of repeating units of N-
(2-aminoethyl) glycine linked through amide bonds.
Each subunit of the peptide backbone is attached to a
nucleobase (also designated "base"), which may be a
naturally occurring, non-naturally occurring or
modified base. PNA oligomers bind sequence
specifically to complementary DNA or RNA with higher
affinity than either DNA or RNA. Accordingly, the
resulting PNA/DNA or PNA/RNA duplexes have higher
melting temperatures (Tm) . In addition, the Tm of the
PNA/DNA or PNA/RNA duplexes is much less sensitive to
salt concentration than DNA/DNA or DNA/RNA duplexes.
The polyamide backbone of PNAs is also more resistant
to enzymatic degradation. The synthesis of PNAs is
described, for example, in WO 92/20702 and WO
92/20703, the contents of which are incorporated
herein by reference in their entireties. Other PNAs
are illustrated, for example, in WO93/12129 and United
States Patent No. 5,539,082, issued July 23,1996, the
contents of which are incorporated herein by reference
in their entireties. In addition, many scientific
publications describe the synthesis of PNAs as well as
their properties and uses. See, for example, Patel,
Nature, 1993, 365, 490 ; Nielsen et al ., Science,
1991, 254, 1497; Egholm, J . Am. Chem. Soc,
1992,114,1895; Knudson et al., Nucleic Acids Research,
1996,24,494; Nielsen et al., J . Am. Chem. Soc,
1996,118,2287 ; Egholm et al., Science, 1991,254,
1497,-Egholm et al., J . Am. Chem. Soc, 1992,114,1895;
and Egholm et al., J Am. Chem. Soc, 1992,114,9677.
Useful further modifications of the oligonucleotides
of the present invention are also known as Super A and
Super T , obtainable from Epoch Biosciences Germany.
These modified nucleotides contain an additional
substituent that sticks into the major groove of the
DNA where it is believed to improve base stacking in
the DNA duplex. In further embodiments, advantageous
results can be achieved when, in addition to the
modified oligonucleotidesaccording to the invention,
further modifications are introduced into
oligonucleotide that enhance affinity of the
oligonucleotide for the acceptor strand even more.
Thus it has been found that LNA modified
oligonucleotide according to the invention which
further comprise C5-propyne modified pyrimidine and/or
C7 propynyl modified purines improves the efficiency
of TNE significantly. The donor oligonucleotides of
the invention can also be made chimeric, i.e. contain
sections of DNA, RNA, LNA, PNA or combinations
thereof. Thus, in certain embodiments, the
oligonucleotide of the invention further contains
other, optionally non-methylated, modified
nucleotides. In certain embodiments, the
oligonucleotide is resistant against nucleases. This
may be advantageous to prevent the oligonucleotide
from being degraded by nucleases and enlarges the
chance that the donor oligonucleotide can find its
target (acceptor molecule) . In certain embodiments of
the invention, the nucleotide in the oligonucleotide
at the position of the mismatch can be modified.
Whether or not the mismatch can be modified will
depend to a large extent on the exact mechanism of the
targeted nucleotide exchange or of the cell's DNA
repair mechanism using the difference in affinity
between the donor and acceptor strands. The same holds
for the exact location of the other modified positions
in the neighbourhood or vicinity of the mismatch.
However, based on the disclosure presented herein,
such an oligonucleotide can be readily designed and
tested, taking into account the test procedures for
suitable oligonucleotides as described herein
elsewhere. In certain embodiments, the nucleotide at
the position of the mismatch is not modified. In
certain embodiments, modification is at a position one
nucleotide away from to the mismatch, preferably 2 , 3
, 4 , 5 , 6 or 7 nucleotides away from the mismatch.
In certain embodiments, modification is located at a
position downstream from the mismatch. In certain
embodiments, modification is located at a position
upstream from themismatch. In certain embodiments, the
modification is located from 10 bp to 1OkB from the
mismatch, preferably from 50 to 5000 bp, more
preferably from 100 to 500 from the mismatch. The
oligonucleotides that are used as donors can vary in
length but generally vary in length between 10 and 500
nucleotides, with a preference for 11 to 100
nucleotides, preferably from 15 to 90, more preferably
from 20 to 70 most 



preferably from 30 to 60 nucleotides. In one aspect,
the invention pertains to a method for the targeted
alteration of a duplex acceptor DNA sequence,
comprising combining the duplex acceptor DNA sequence
with a donor oligonucleotide, wherein the duplex
acceptor DNA sequence contains a first DNA sequence
and a second DNA sequence which is the complement of
the first DNA sequence and wherein the donor
oligonucleotide comprises a domain that comprises at
least one mismatch with respect to the duplex acceptor
DNA sequence to be altered, preferably with respect to
the first DNA sequence, and wherein a section of the
donor oligonucleotide is modified with at least one
LNA and at least one propynylated nucleotide as to
express a higher degree of affinity to the first DNA
sequence compared to an unmodified nucleotide at that
position in the oligonucleotide, in the presence of
proteins that are capable of targeted nucleotide
exchange, wherein the LNA is positioned at a distance
of at least one nucleotide vis-a-vis the mismatch. The
invention is, in its broadest form, generically
applicable to all sorts of organisms such as humans,
animals, plants, fish, reptiles, insects, fungi,
bacteria and so on. The invention is applicable for
the modification of any type of DNA, such as DNA
derived from genomic DNA, linear DNA, artificial
chromosomes, nuclear chromosomal DNA, organelle
chromosomal DNA, BACs, YACs. The invention can be
performed in vivo as well as ex vivo. The invention
is, in its broadest form, applicable for many purposes
for altering a cell, correcting a mutation by
restoration to wild type, inducing a mutation,
inactivating an enzyme by disruption of coding region,
modifying bioactivity ofan enzyme by altering coding
region, modifying a protein by disrupting the coding
region. The invention also relates to the use of
oligonucleotides essentially as described
hereinbefore, for altering a cell, correcting a
mutation by restoration to wild type, inducing a
mutation, inactivating an enzyme by disruption of
coding region, modifying bioactivity of an enzyme by
altering coding region, modifying a protein by
disrupting the coding region, mismatch repair,
targeted alteration of (plant )genetic material,
including gene mutation, targeted gene repair and gene
knockout The invention further relates to kits,
comprising one or more oligonucleotides as defined
herein elsewhere, optionally in combination with
proteins that are capable of inducing targeted
mutagenesis and in particular that are capable of TNE.
The invention further relates to modified genetic
material obtained by the method of the present
invention, to. cells and organisms that comprise the
modified genetic material, to plants or plant parts
that are so obtained. The delivery of the
oligonucleotide can be achieved via electroporation or
other conventional techniques that are capable of
delivering either to the nucleus or the cytoplasm. In
vitro testing of the method of the present invention
can be achieved using the Cell Free system as is
described i.a. in WO01/87914, WO03/027265, WO99/58702,
WO01/92512. The invention is, in its broadest form,
applicable for many purposes for altering a cell,
correcting a mutation by restoration to wild type,
inducing a mutation, inactivating an enzyme by
disruption of coding region, modifying bioactivity of
an enzyme by altering coding region, modifying a
protein by disrupting the coding region. The invention
also relates to the use of oligonucleotides
essentially as described hereinbefore, for altering a
cell, correcting a mutation by restoration to wild
type, inducing a mutation, inactivating an enzyme by
disruption of coding region, modifying bioactivity of
an enzyme by altering coding region, modifying a
protein by disrupting the coding region,mismatch
repair, targeted alteration of (plant )genetic
material, including gene mutation, targeted gene
repair and gene knockout The invention further relates
to kits, comprising one or more oligonucleotides as
defined herein elsewhere, optionally in combination
with proteins that are capable of inducing targeted
mutagenesis and in particular that are capable of TNE.
The invention further relates to modified genetic
material obtained by the method of the present
invention, to cells and organisms that comprise the
modified genetic material, to plants or plant parts
that are so obtained. The invention relates in
particular to the use of the TNE method using the LNA
and propyne-modif ied oligonucleotides of the
invention to provide for herbicide resistance in
plants. In particular the invention relates to plants
that have been provided with resistance against
herbicides, in particular sulfonylurea herbicides
(e.g. chlorsulfuron) and glyphosate. The invention
further relates to a method for increasing targeted
nucleotide exchange efficiency of a duplex DNA, the
method comprising the steps of (a) obtaining an
oligonucleotide comprising a domain that is capable of
hybridizing to a first 



DNA sequence of said duplex, wherein said domain
comprises: (i) at least one mismatch with respect to
the first DNA sequence; and (ii) at least one modified
nucleotide having an increased binding affinity,
and(b) decreasing the distance between said modified
nucleotide and said mismatch to about 8 or fewer
nucleotides; and (c) recovering an oligonucleotide for
use in targeted nucleotide exchange. This method is
based on the observations that the limitations given
in the prior art for the oligonucleotide, i.e. the
requirement that the distance between the mismatch and
the oligonucleotide must e at least 8 nucleotides is
not a requirement of the oligonucleotides of the
present invention. As can be seen from the appended
examples, oligonucleotides that contain one or more
modified nucleotides are more efficient in TNE than
the unmodified oligonucleotide. The invention further
relates to an oligonucleotide for targeted alteration
of a duplex DNA, wherein saidoligonucleotide comprises
a domain that is capable of hybridizing to a first DNA
sequence of said duplex and said domain comprises: (a)
at least one mismatch with respect to the first DNA
sequence; (b) at least one section comprising at least
one modified nucleotide having an increased binding
affinity, wherein said modified nucleotide is a LNA or
a propyne modified nucleotide (as described herein
elsewhere, wherein said modified nucleotide is
positioned at most 8 nucleotides from said mismatch.
In certain embodiments the sections comprises two or
more modified nucleotides selected independently from
amongst a LNA and a propyne modified nucleotide as
described herein elsewhere. In certain embodiments,
the LNA is positioned at least one but not more than 8
nucleotides from the mismatch. In certain embodiments,
the modified nucleotide is positioned at most 8
nucleotides from said mismatch. In certain
embodiments, the modified nucleotide is positioned at
most 6 nucleotides from said mismatch. In certain
embodiments, the modified nucleotide is positioned at
most 4 nucleotides from said mismatch. In certain
embodiments, the modified nucleotide is positioned at
most 2 nucleotides from said mismatch. In certain
embodiments, the oligonucleotide comprises domain that
is capable of hybridizing to the first DNA sequence of
the duplex, wherein said domain comprises 2 LNAs.
Furthermore, An oligonucleotide for targeted
nucleotide exchange of a duplex DNA, wherein said
oligonucleotide comprises (a) a modified nucleotide;
and(b) a mismatch with respect to a strand of said
duplex DNA, wherein said modified nucleotide is
positioned about 1 nucleotide away from said mismatch.
Description of the Figures Figure 1 : Schematic
representation of targeted nucleotide exchange. An
acceptor duplex DNA strand containing a nucleotide
that is to be exchanged (X) is brought into contact
with a LNA and C5-propyne pyrimidine modified donor
oligonucleotide(schematically given as NNN
mNNNmYNNmNNm ) containing the nucleotide to be
inserted (Y) . The acceptor/donor structure is
subjected to or brought into contact with an
environment that is capable of TNE or at least with
proteins that are capable of performing TNE, such as
are known as the cell-free enzyme mixture or a
cell-free extract (see i.a. WO99/58702, WO01/73002) .
Figure 2 : Chemical structures of
5-propynyl-deoxyuracil, 5-propynyl-deoxycytosine, 2
'-Deoxy-7-propynyl-7-deaza-adenosine and the 2
'deoxy-7-propynyl-deaza-guanosine and locked nucleic
acids . Figure 3 : Sequence analysis of the ALS
P186/184 codon amplified from herbicide resistant
tomato calli. Individual PCR products were cloned and
sequenced in this instance. Examples Example 1: TNE in
the cell free system Oligonucleotides containing
C5-propyne pyrimidines, LNA nucleotide or combinations
thereof were purchased from Trilink Biotech, GeneLink
or Ribotask. Oligonucleotides containing other
modified nucleotides were purchased from Eurogentec.
The sequences of the oligonucleotides used are shown
in Table 1 . The plasmid used in the experiments was a
derivative of pCR2 .1 (Invitrogen) that contains genes
conferring both kanamycin and carbenicillin
resistance. Plasmid KmY22stop has a TAT to TAG
mutation at codon Y22 in the kanamycin ORF. In plasmid
KmY22 D the third nucleotide of the Y22 codon (TAT)
was deleted to produce a frame shift. In both
plasmids, the kanamycin ORF has been mutated at the
same position. Thus, a single oligonucleotide can be
tested for its efficiency to produce nucleotide
substitutions or insertions by incubation with either
KmY22stop or KmY22 D respectively. Km WT GAG AGG CTA
TTC GGC TAT GAC TGG GCA CAA CAGE R L F G Y D W A Q Q
KmY22stop GAG AGG CTA TTC GGC TAG GAC TGG GCA CAA CAG
E R L F G KmY22 D GAG AGG CTA TTC GGC TA_ GAC TGG GCA
CAA CAG E R L F G The relevant sequence of the
kanamycin ORF and the amino acids encoded are shown.
The single nucleotide substitution and 



deletion producing a stop codon (TAG, * ) were
introduced as previously described (Sawano et al. 2000
Nucleic Acids Res. 28 : e78). The sequences of the
oligonucleotide used in the experiments are shown. The
oligonucleotide binding region is underlined on the
kanamycin ORF. Cell free assays Cell free assays were
performed as follows. Flower buds from Arabidopsis
thaliana (ecotype Col-0) were collected and ground
under nitrogen. 200ml protein isolation buffer (2OmM
HEPES pH7.5, 5mM KCl, 1.5mM MgCl 2, 1OmM DTT, 10%
(v/v) glycerol, 1% (w/v) PVP) was added. The plant
debris was pelleted by centrifugation at 14k RPM for
30 mins and the supernatant was stored at -80C. The
protein concentration was measured using the
NanoOrange Kit (Molecular Probes, Inc) . A typical
isolation resulted in a protein concentration of
approximately 3-4mg/ml . The cell free reactions
contained the following components, lmg plasmid DNA
(KmY22stop or KmY22 D ) , lOOng of oligonucleotide,
30mg total plant protein, 4ml sheared salmon sperm DNA
(3mg/ml ) , 2ml protease inhibitor mix (5Ox cone:
Complete EDTA-free protease inhibitor cocktail
tablets, Roche Diagnostics), 50ml 2x cell free
reaction buffer (40OmM Tris pH7.5, 20OmM MgCl 2, 2mM
DTT, 0 .4mM spermidine, 5OmM ATP, 2mM each CTP, GTP,
UTP, 0 .ImM each dNTPs and 1OmM NAD) made up to a
total volume of lOOml with water. The mixture was
incubated at 37 C for 1 hr. The plasmid DNA was then
isolated as follows. lOOml H O was added to each
reaction to increase the volume followed by 200ml
alkaline buffered phenol (pH8-10).This was vortexed
briefly and then centrifuged and 13k rpm for 3 mins .
The upper aqueous phase was transferred to a new tube
and 200ml chloroform was then added. This was vortexed
briefly, spun at 13k rpm for 3 mins and the aqueous
phase transferred to a new tube. The DNA was
precipitated by addition of 0.7 volume 2-propanol and
the pellet resuspended in TE. To eliminate any
co-purified oligonucleotide the DNA was passed over a
Qiagen PCR purification column and the plasmid DNA
eluted in a final volume of 30ml . 2ml of plasmid DNA
was electroporated to 18ml of DHlOB (Invitrogen)
electrocompetent cells. After electroporation the
cells were allowed to recover in SOC medium for lhr at
37 C. After this period kanamycin was added to a
concentration of lOOmg/ml and the cells were incubated
for a further 3 hours. The electroporation efficiency
was calculated by counting the number of colonies
obtained from a 10~4 and 10~5 dilution of the
electroporation plated out on carbenicillin containing
medium. The TNE efficiency was calculated bydividing
the number of kanamycin resistant colonies by the
total number of transformed cells calculated from the
number of carbenicillin resistant colonies. Results
Cell free experiments using KmY22stop The modified
nucleotides incorporated in the oligonucleotides shown
in table 1 are as follows. Methylphosphonates (MP) are
non-ionic nucleic acid analogs which contain nuclease
resistant methylphosphonate linkages instead of the
naturally occurring negatively charged phosphodiester
bonds. They have been extensively used in antisense
approaches in mammalian cells. C-5 methylated
pyrimidine deoxynucleotides (5Me-dC) are known to form
more stable duplexes than their corresponding
pyrimidine derivatives. For example, substitution of
5-methyl- 2 '-deoxycytidine (5-Me-dC) has been shown
to increase the Tm by 1.3C per substitution. Synthesis
of 5- (1-propynyl) -2' - deoxyuridine (pdU) and 5-
(1-propynyl) -2' -deoxycytidine (pdC)has demonstrated
that both substitutions enhance duplex stability.
Substitution of methyl with 1-propyne at the C5
position of pyrimidines allows better stacking of the
bases since the propyne group is planar with respect
to the heterocyclic base. At the same time, propyne is
more hydrophobic than methyl and this property
contributes further to an increase in binding. Duplex
binding is enhanced by 1.7 0C per pdU and 1.5 0C per
pdC residue. Morpholino oligonucleotides are DNA
analogs in which the ribose is replaced by a
morpholino moiety and phosphoroamidate intersubunit
linkages are used instead of phosphodiester bonds.
They are used extensively for gene knockout studies in
zebrafish {Genesis, VoI 30, 2001) . They have also
been used to correct aberrant splicing of a mutant
b-globin precursor mRNA (Lacerra et al. 2000, Proc.
Natl .Acad. Sci . USA 97, 9591-9596). Locked nucleic
acid (b-D-LNA), first described by Wengel and
co-workers (Koshkin et al. 1998, Tetrahedron 54,
3607-3630; Singh et al, 1998, Chem. Commun. 455-456)
and by Imanishi and co-workers (Okiba et al. 1998,
Tetrahedron Lett. 39, 5401-5404) are conformationally
restricted nucleotide derivatives. They contain a
methylene 2'-O, 4'-C linkage that reduces the
conformational flexibility and confers a RNA-like
C3'-endo conformation to the sugar moiety of the
nucleotide (Petersen et al. 2002, J.Am.Chem.Soc. 124,
5974-5982). This greatly enhances the affinity towards
DNA targets improving Tm of an oligonucleotide by 4-9
0C per introduced LNA monomer compared to 



unmodified duplexes (Wengel, J . 2001, In Crooke, S .T
. (ed) , Antisense Drug Technology: Principles ,
Strategies and Applications. Marcel Dekker, Inc., New
York, Basle, pp. 339- 357) . The properties of a
stereoisomer of b-D-LNA, the a-L-LNA, has also been
studied. It is well known that b-D-LNA is locked in a
A-form with compelentary DNA, however duplexes between
a- L-LNA and DNA adopt a B form (Nielsen et al. 2002,
Chem. Eur. J . 8 , 3001-3009) which is the natural
form of double stranded DNA. Due to their increased
binding affinity, both these LNA forms have been shown
to improve the antisense properties ofoligonucleotides
(Kurreck et al. 2002, Nuc. Acids. Res. 30, 1911-1918;
Frieden et al. 2003, Nuc. Acids Res. 31, 6365-6372).
Oligonucleotides bearing the
6-chloro-2-methoxyacridine molecule at either end or
within the sequence have the ability to intercalate
efficiently into a double helix. This intercalator
thus increases hybrid stability by providing
additional binding energy. Acridine-labeled
oligonucleotides have been used in applications where
increased stability of oligonucleotide hybrids is
crucial. Addition of the dye to an oligonucleotide 3 '
terminus also protects the oligonucleotide from
exonuclease degradation. The 2-amino adenine binding
to thymine is intermediate in stability between A :T
and G :C base pair stability due to the formation of
an additional hydrogen bond. The 2'-O-methyl
nucleotides, such as 2'-0-Me inosine, are resistant to
a variety of ribo- and deoxyribonucleases and also
form more stable hybrids with complementary
sequences.Table 1 . TNE efficiency of oligonucleotides
containing modified oligonucleotides in a cell free
assay.Title: Infant foods with optimized amino acid
composition The invention relates to food
compositions, such as infant food and dietary
supplements for children. In particular, the invention
relates to infant foods which have a favorable effect
on brain development, and the development and/or use
of the cognitive skills of a child. It is known from
research into the relation between food in an early
stage of life, body growth and learning development at
a later age that early unhealthy or suboptimal dietary
habits can cause problems in the development of the
brains. As a result, there is a risk of a learning
ability deviating from the norm and a lower IQ. If the
dietary habits still improve after a bad start, then a
growth spurt occurs, where the (length) retardation is
for the most part made up for. However, the cognitive
developmental delay often remains. The development of
(infant) foods and supplements which contribute to a
good learning ability has recently received a lot of
attention. It meets the wish of many parents to offer
their children an optimal start in life as early as
possible. Thus, dietary supplements have been
developed to support the eye function and the brain
function. These often contain omega-3 and omega-6
fatty acids which are said to be proven to be
important for the retina function and the brain
function. The product is available in a liquid
variant, especially for children who find it difficult
to swallow pills. There is also infant food with added
omega-3 and omega-6 fatty acids, such as
docosahexaenoic acid (DHA) and arachidonic acid (AA).
Recently, a low-fat margarine was introduced with the
fatty acid DHA therein, which was said to contribute
to a healthy development of the brains. It is an
object of the present invention to provide a food or
supplement which can make a favorable contribution to
the development of the brains,and the development
and/or use of the cognitive skills of the child. In
particular, the invention contemplates providing a
food or supplement which contributes to an optimal
development and/or use of the cognitive skills during
the first years of life of a child, i.e. from birth to
about 7 years. The child preferably has no congenital
metabolic disorder, such as for instance
phenylketonuria (PKU). The term 'cognitive skills'
comprises a range of passive and active mental
activities directed to taking in, processing,
assessing, applying and (re)producing information,
such as listening, reading, remembering, speaking,
writing, seeing, understanding, judging and deciding.
One or more of above-mentioned objects can be achieved
on the basis of the insight of the present inventors
that, depending on the age of the child, the ratio of
the alpha amino acids L-tryptophan (Trp) to L-tyrosine
(Tyr) in the food is important for a good cognition.
More in particular, it is an object to use, in the
first stage of life, a food with a Trp/Tyr ratio which
is optimal for the structuring of the brains, the
wellbeing and the sleep pattern of the child, to then
timely (in this case from the first year of life)
switch to a second stage in which further development
and use of the brains is favored by use of a food with
a lower Trp/Tyr ratio optimal for these purposes. The
invention therefore relates to a method for selecting
an infant food which has a favorable effect on the
development and/or use of the cognitive skills of a
child, comprising determining the age of the child and
correlating the age with an infant food optimal for
that age, where an age of 1 year at most is correlated
with an infant food with a tryptophan : tyrosine ratio
based on weight (T/T ratio) of > 0.3 and where an age
from 1 year is correlated with an infant food with a
T/T ratio of < 0.3. This selection method makes it
possible to choose food which, depending on the age of
a child, supports the development and use of cognitive
skills as well as possible.Infant foods with different
T/T ratios are known per se from the prior art. US
6,506,422 for instance relates to a food based on
casein glycomacropeptide (cGMP) intended for infants
and children who suffer from phenylketonuria (PKU). It
discloses a food for infants and children of up to 2
years with a T/T ratio of 0.386, and an infant food
intended for 



children from 2 years with a T/T ratio of 0.25.
However, US 6,506,422 does not link the T/T ratio to
the development of cognitive skills. In addition, it
does not teach that the T/T ratio as it is found in
mother's milk should already be reduced at a very
young age (around an age of 12 months) in order to
stimulate the cognitive development of the child as
well as possible. WO2004/112507 discloses an infant or
"follow-on" formula comprising at least one long-chain
polyunsaturated fatty acid (LC-PUFA) and at least one
probiotic, and the use thereof for stimulating the
immune system and a healthy mental development of
infants and young children. It teaches that the amino
acid composition is preferably similar to that of
mother's milk. The T/T ratio of an example formula is
0.53. WO2004/112507 attributes the effects on the
mental development to the fatty acids, and nothing
teaches or suggests the importance of the T/T ratio
for the mental development. Further, the present
invention provides a method for supporting and/or
optimizing the development and/or use of the cognitive
skills of a child, comprising selecting an infant food
according to above-described selection method,
followed by preparing the selected infant food and
administering the prepared infant food to the child.
For instance, for an infant aged 1 year at most, an
infant food with a T/T ratio > 0.3 and < 1.0 is
selected. More in particular, for an infant aged 0 to
6 months, an infant food can be selected with a T/T
ratio of > 0.45, preferably  0.45 and < 0.8. In the
following period of 7 up to 12 months, for instance, a
food can be chosen with a T/T ratio lower than
0.45.The invention further provides a method for
selecting an infant food which as a favorable effect
on the development and/or use of the cognitive skills
of a child, comprising determining the age of the
child and correlating the age with an infant food
optimal for that age, where an age from 1 year is
correlated with an infant food with a T/T ratio of <
0.3. The T/T ratio of the infant food after the first
year of life is preferably between about 0.1 and 0.3.
Trp and Tyr are both part of the group of amino acids
which are essential for children, and the importance
of the presence of essential amino acids in infant
food is known. Typically, the aim is to approximate
the composition of mother's milk. See for instance EP
0418593, in which the amino acid composition of an
infant food is based on the amino acid composition of
an infant food based on the amino acid composition of
the nutritive protein fraction of mother's milk. Human
milk is relatively rich in Trp, mainly as a result of
the Trp-containing proteins a-lactalbumin,
immunoglobulin A and lactoferrin. However, the latter
two are not or hardly used. The Trp/Tyr ratio in most
known infant foods approximates that of mother's milk,
i.e. 0.4 or more. It is known that Trp, a precursor
for the neurotransmitters serotonin and melatonin,
makes an important contribution to a healthy sleep
pattern. See for instance Heine et al (Amino Acids
(1995) 9:191-205). It has recently been demonstrated
that the content of Trp in mother's milk follows a
circadian rhythm, with a peak at 3:00 am. This was
found to be correlated with a peak at 6.00 pm for
metabolite 6-sulphatoxymelatonin in the urine of
infants who were exclusively fed with mother's milk
(Cubero et al Neuro Endocrinol Lett. 2005 Dec;
26(6):657-61). This finding has resulted in a set of
two infant formulas for regulating the day/night
rhythm, consisting of a 'day formula' with a Trp
content of maximally 1.7 g/100 g of protein and a
'night formula' with minimally 3.5 g/100 g of protein
(WO2006/034955).The intracellular transport of Trp is
mediated by a general transporter mechanism for the
"large neutral amino acids", as they are known in the
field, abbreviated as "LNAA". These are leucine,
isoleucine, valine, phenylalanine, tyrosine and
methionine. Trp transport through the blood-brain
barrier is competitively influenced by the
concentration of these LNAA. The Trp/LNAA ratio in
plasma is therefore very important for the
availability of Trp, and accordingly serotonin
synthesis, in the brains. The Trp/LNAA ratio in
mother's milk is about 0.056 while this is 0.041 in
cow's milk. Alpha lactalbumin contains a relatively
high content of Trp compared to leucine, isoleucine,
valine, phenylalanine, tyrosine and methionine. In
order to achieve the desired Trp/LNAA ratio in infant
food, it has generally been accepted to enrich cow's
milk -based infant food with cow's milk alpha
lactalbumin or the hydrolysate thereof. See for
instance Heine et al. (1996, Acta Paediatr.
85:1024-8); WO98/14204 and WO03/055322. Dutch patent
NL1025900 in the name of applicant indicates that it
can also have an advantage to include, in addition to
alpha lactalbumin, extra proline in the food.
WO2006/034955 further argues the advantage of
including extra nucleotides. EP0951842 teaches a
preferred Trp/LNAA ratio in infant food of 4.8- 10:
100, in combination with relatively high levels of
folic acid, vitamin B6 and vitamin B12. Tyr is known
to be a precursor of the neurotransmitters dopamine,
noradrenaline and adrenaline. Receptors for these
neurotransmitters are present in areas of the nervous
system involved in regulating movement, mood,
attention and functions of the intestines.
US2006/0030625 describes a dietary supplement for the
treatment of a neurotransmitter deficiency, comprising
a neurotransmitter precursor such as DOPA, tyrosine
and 5- hydroxytryptophan, in combination with a
cofactor activating the synthesis of a
neurotransmitter.It appears from the above that
favorable effects of Trp (suppletion) in infant food
have already been described, and that the ratio of Trp
relative to other large, neutral amino acids (LNAA) is
relevant to the final uptake of Trp in the brains.
However, nothing in the prior art teaches or suggests
that a correct adjustment of the Trp/Tyr ratio
depending on the age of the child is relevant to an
optimal development and/or use of cognitive skills.
More in 



particular, it has not been described before that,
after a first stage with a dietary accent on the
sleep/wake rhythm, growth and rest of the infant,
reducing the T/T ratio in the food should be started
in time to support the development and use of
cognition. For use of a method according to the
invention, an infant food is prepared with the desired
T/T ratio. The term 'infant food' comprises both
protein-containing dietary supplements and complete
formulas providing the complete nutrition of an infant
or child, such as a formula for infants or prematurely
born infants. It may also be a so-called "follow-on"
milk, which can be used after about the first 6
months, such as for instance for the preparation of
porridge. An infant food according to the invention
typically relates to a complete formula comprising a
protein source, a carbohydrate source, a lipid source
and the conventional minerals and vitamins. An infant
food according to the invention may be based on a
known infant food based on (hydrolyzed) cow's milk
proteins, such as casein, whey proteins or mixtures
thereof, but also based on vegetable proteins, such as
proteins from cereals and legumes. Trp and Tyr may
also be present in the form of intact proteins,
protein fragments (e.g. hydrolysates) and/or free
L-amino acids or salts thereof. If free amino acids
are used, it is important to remove any pollutions
which may cause a toxic reaction. Preferably, Tyr
and/or Trp is present in the form of a protein or
protein hydrolysate. For instance,proteins or protein
hydrolysates may be selected by their T/T ratio.
Preferably, one or more milk proteins and/or
hydrolysates thereof are used. Table 1 below provides
an overview of the Trp and Tyr contents of suitable
milk protein sources for the preparation of a product
with a high T/T ratio (at least 0.3) and/or for the
preparation of a product with a low T/T ratio (less
than 0.3). On the basis of the amino acid composition,
a skilled person can combine two or more protein
sources to achieve the desired T/T ratio. Suitable
milk protein sources include demineralized whey
protein powder such as Deminal dO(Friesland Foods
Domo, The Netherlands), protein obtained from whey
coming from cheese preparation with rennet and after
desalination, whey protein from acid whey, coming from
acid casein preparation, whey protein hydrolysate,
alpha lactalbumin, glycomacropeptide (cGMP), casein,
beta casein, alpha s-casein and casein hydrolysate.
Table 1: Trp and Tyr contents and T/T ratios in milk
protein sourcesAccording to the EEC Directive,
mother's milk has a ratio of 0.53. In a specific
embodiment, a whey protein derivate is used which is
obtained from the permeate after microfiltration of
skimmed milk. Such a derivate has a T/T ratio from
about 0.57 to about 0.73. In another embodiment, for
the food, a mixture of casein and whey protein coming
from sweet, desalinated whey is used. Depending on the
desired T/T ratio, the relative proportion of
casein/whey protein is adjusted, optionally in
combination with addition of extra amino acids, for
instance in the form of free L-Trp and/or L-Pro (see
Example 1). For the preparation of an infant food for
infants and children with cow's milk allergy, or an
increased risk of developing this, the use of casein
as a protein source is preferred, in particular
(extensive) casein hydrolysates. The T/T ratio can be
increased by supplementing with (free) Trp. In one
embodiment, a selected infant food contains no more
than 7 grams of the amino acid threonine (Thr) and/or
at least 3.5 grams of phenyl alanine (Phe) per 100
grams of protein. As a carbohydrate source, any type
of carbohydrate or mixture of two or more different
carbohydrates, which are typically used in infant
foodformulas, can be used. Suitable carbohydrate
sources are disaccharides such as lactose and
saccharose, monosaccharides, such as glucose, and
maltodextrins, starch and carbohydrate sources with a
prebiotic effect. Carbohydrates with a high glycemic
index, such as glucose and maltodextrin, can increase
the Trp/LNAA ratio in the blood. The lipid source in
an infant food according to the invention with a
specific T/T ratio may be any lipid or combination of
lipids which is suitable for use in infant food.
Examples of suitable lipid sources are tri, di and
monoglycerides, phospholipids, sphingolipids, fatty
acids and esters or salts thereof. The lipids may have
an animal, vegetable, microbial or synthetic origin.
Of particular interest are polyunsaturated fatty acids
such as gamma-linolenic acid (GLA),
di-homo-gamma-linolenic acid (DHGLA), arachidonic acid
(AA), stearidonic acid (SA), eicosapentaenoic acid
(EPA), docosahexaenoic acid (DHA), docosapentaenoic
acid (DPA) and conjugated linoleic acid (CLA). CLA is
important in the protection against eczema and
respiratory diseases in children. This is particularly
the case for the cis-9, trans-11 and trans-10, cis-12
isomers of CLA. AA can be added to the composition
with a view to an optimal tolerance induction against
protein allergy. Preferably, a selected infant food
contains at least docosahexaenoic acid (DHA),
linolenic acid (LA) and/or alpha linolenic acid (ALA).
In one embodiment, the DHA content is 0.1-1.0% based
on the total fat content. With respect to LA and ALA,
the LA/ALA ratio is preferably between 4:1 and 20:1,
more preferably between 5:1 and 10:1. Further, the
infant food may contain one or more conventional micro
ingredients such as vitamins, antioxidants, minerals,
free amino acids (such as proline, glutamate),
nucleotides, taurine, carnitine, choline and
polyamines. Examples of suitable antioxidants are BHT,
ascorbyl palmitate, vitamin E, alpha and beta
carotene, lutein, zeaxanthin, lycopene
andphospholipids. With regard to the doses of such
micro ingredients, existing directions can be
followed, which are known to a skilled person.
However, for micro nutrients which can be important to
brain development and/or brain function, higher doses
can be used. Such 



ingredients are, for instance, DHA, choline and
taurine. The selected infant food contains, for
instance, at least 0.04 g of choline per 100 g of dry
matter. Choline may be present in different forms, for
instance in the form of choline salt (such as choline
chloride) and/or choline-containing lipids (such as
phosphatidyl choline or a lipid mixture known by the
name lecithin). Further, the selected infant food may
contain at least 0.03 g of taurine per 100 g of dry
matter. Preferably, the infant food comprises both
choline and taurine, still more preferably in
combination with DHA and/or precursors thereof, such
as ALA and EPA. Further, it may be advantageous to
select an infant food to which one or more probiotic
bacterial strains are added. Probiotics generally have
a favorable effect on the digestibility of the infant
food. Also, some probiotics can stimulate the
tolerance to milk proteins. Preferably, an infant food
contains a strain chosen from the group consisting of
Bifidobacterium strains and lactic acid-forming
strains, such as the lactic acid-forming Lactobacillus
and Streptococcus groups. Typically, a probiotic is
present in an amount of minimally 10exp6 to 10exp7
colony-forming units per strain per gram of product.
In one embodiment, the selected infant food comprises
a prebiotic, preferably chosen from fructo and/or
galacto-oligosaccharides, with short or long chains,
inulin, fucose -containing oligosaccharides, beta
glycans, carob flour, gums, pectins,
sialyloligosaccharides, sialyllactose, galactans with
short or long chains, and nucleotides. In particular,
there is a preference for fucose-containing
oligosaccharides, as they are present in mother's
milk. According to a surprising finding of the
inventors, they have a supporting effect on brain
development and brain functions.
Further,fuco-oligosaccharides have immune-modulating
and tolerance -increasing properties, particularly in
children who are hereditarily predisposed to develop
an allergy to milk proteins. They can also increase
resistance and/or tolerance in case of infections by
pathogens. The infant food to be selected contains,
for instance, up to 8 grams of fuco-oligosaccharides
per 100 g of dry matter. The selected infant food may
have a liquid or powder form, the latter needing to be
reconstituted with a liquid, typically water, before
use. A skilled person knows the suitable packages for
such products. Liquid products may, for instance, be
packaged in bottles, cans or cartons from laminated
cardboard. Powdery products may be packaged in
sachets, vacuum packages or cans. A further aspect of
the present invention relates to a container
comprising a product combination of at least one first
infant food for use during the first year of life with
a T/T ratio of  0.3 and a second infant food for use
after the first year of life with a T/T ratio of <
0.3. Such a set or kit of different products (also
referred to as "kit-of-parts") is, for instance, a
"family-sized package" with foods for infants and/or
children within one family who belong to different age
groups. For instance, the container contains the
product combination of a) a powdery infant formula
with a T/T ratio of 0.45-0.60 and b) a powdery toddler
formula with a T/T ratio of 0.27- 0.29. In another
embodiment, the container contains at least three
different infant foods, each with a different T/T
ratio and adjusted to a different age group. It
comprises, for instance, an infant food with a T/T
ratio between 0.45 and 0.8 for a baby of 0-6 months,
an infant food with a T/T ratio between 0.3 and 0.45
for use during 6-12 months and an infant food with a
T/T ratio lower than 0.3 for use from 1 year. With
respect to the composition of the set of infant foods
in such a container, the same possibilities and
preferences hold as described above with regard to the
infant food to be selected. Preferably, the Thr
content isno more than 7 grams per 100 grams of
protein, and/or the Phe content is at least 3.5 grams
per 100 grams of protein. The invention is illustrated
hereinbelow on the basis of a number of examples.
Example 1 Foods were prepared for infants in the age
groups 0-<6 months, 6-12 months and >12 months. In the
foods, the ratio of casein (coming from skimmed milk)
was reduced relative to whey protein coming from sweet
desalinated whey as the age advanced. Only the formula
for the age group of 0-6 months was also enriched with
the amino acid tryptophan. The casein (48 parts alpha
+ 36 parts beta + 16 parts kappa + gamma) contained a
TRP content of 1.7 grams per 100 grams of protein and
a TYR content of 6.3 grams per 100 grams of protein.
The whey protein coming from the sweet desalinated
whey contained per 100 grams of protein: 1.7 grams of
TRP and 2.4 grams of TYR. In the following table, the
compositions per age group are shown, as well as the
T/T ratios which were supplied per age group.Title:
Good tasting food product containing an agent for
reducing carbohydrate uptake; and compositions
containing such an agent The present invention relates
to good tasting food products that contain an agent or
agents which avoid that taste-essential ingredients,
and especially carbohydrates, having an adverse effect
when digested or when taken up in the system of the
consumer, can perform their adverse effect. The said
adverse effect on human health is especially an
adverse effect associated with too high calorie
intakes. In addition, the present invention relates to
particular compounds or compositions that can be used
for the directed removal, and especially conversion,
of such adverse components of foods (including drinks)
especially in the upper intestinal tract. In addition,
the present invention is directed to a process for
obtaining microorganisms suitable for application in
such food products, and to the use of microorganisms
in converting sugar unities. In yet a further aspect,
the present invention relates to some bacteria
strains. A well-known example of a taste-essential
carbohydrate that also 



has adverse effects when taken up in the system of a
consumer is sucrose. Sucrose is the standard for a
sweet taste, but has a high caloric value and,
associated therewith, may lead to undesirable weight
gains, obesity, diabetes type II etc.. Another example
of such a carbohydrate is lactose which also imparts a
pleasant sweetness, yet many persons suffer from
lactose intolerance or allergy. Quite a number of the
adverse effects of carbohydrates in food products are
associated with medical indications, such as obesitas,
diabetes, allergic reactions and intolerances. In the
state of the art, a high number of products are known
and described wherein the components having adverse
effects are replaced by other harmless components.
Sucrose may for example be replaced by
artificialsweeteners. Oftentimes, however, replacement
of the taste essential ingredient leads to a less
pleasant or at least different or unfamiliar taste of
the food product. Also when part of the taste
essential component is replaced by a taste
intensifier, oftentimes less tasteful products result,
the taste profile of a product changes or off-tastes
appear. The present invention has the object to
provide a food, inclusive a drink, that maintains its
pleasant taste, in the sense that the taste essential
component, and especially mono- and disaccharides,
maintains its sensoric availability, while the adverse
effects thereof are reduced, alleviated, neutralized
or sometimes even converted in favorable effects. That
is, after providing their favorable taste effect, the
components involved are converted in harmless and
sometimes even health positive components. Another is
to provide compositions which can be consumed before
or, preferably, after consumption of a food
composition that contains an amount of taste essential
components, and which compositions reduce, alleviate
or neutralize adverse effects of said food composition
or even convert said taste essential components in
compounds having favorable effects. State of the Art .
EP-O 457 919 relates to functional foods or edible
compositions having a calorie intake lowering
function. These compositions comprise at least one
polysaccharide producing enzyme from the group
consisting of glucosyl transferases and fructosyl
transferases having water soluble polysaccharide
production ability. The enzymes form polysaccharides
from sucrose in the digestive tract to lower calorie
intake and by this mechanism in the digestive tract,
the food compositions described are said to be useful
for the prophylaxis of adult disease factors such as
obesity. To avoid reduction in activity by a digestive
fluid such as the gastric juices when the enzyme
isorally ingested, the compositions described are
constituted in enteric dosage forms which protect the
compositions against deactivation before the small
intestine is reached. In EP-B-O 968 719, an enzyme
composition is described containing amylase and/or
invertase together with an enzyme which is capable of
forming an oligosaccharide in vivo, which
oligosaccharide must exert physiological activity in
the living body. When this enzyme composition is
contacted with the food composition before
consumption, the enzyme catalyzed reaction will start;
dependent on the food composition this reaction may be
more or less fast, but will have a negative effect on
the taste of the food composition. EP-A-O 075 604
teaches a method of lowering the blood glucose level
in mammals and a blood glucose level-lowering agent.
The method comprises administering an enzyme capable
of synthesizing sparingly-digestible saccharides from
easily-digestible saccharides. In the working examples
sucrose is fed to mice that also consumed enzyme
preparations. The pH values referred to in this
application are around neutral, pointing to activity
in the intestines. Similar technology is described in
WO-03/051391 teaching enzyme compositions provided
with an enteric coating, which enzymes work in a pH
range of 6-7. 5. WO-A-2004/080200 is directed to
probiotic food compositions. These compositions
contain spores of bacteria or fungi or contain
enzymes, which active components should enhance the
digestion of carbohydrates and/or proteins. To
increase the probability of survival in
gastro-intestinal conditions (low pH; bile) these
microorganisms may be encapsulated or micro
encapsulated. Finally, WO-2007/059955 teaches an agent
for reducing the useable calorie content of food, and
especially teaches to dehydrogenate fructose to 5-
keto-D-fructose. In the working examples, the enzymes
used are coated with a coating which is resistant to
low pH values.A problem with compositions having an
enteric coating to protect the enzymes that need to
convert the carbohydrate in compounds that are not
taken up in the blood stream is - especially when used
to inhibit the adverse effects of quickly absorbed
mono- and disaccharides -that these have a very
restricted area of action, being the upper part of the
small intestines, where the carbohydrate containing
food compositions only have a short residence time, in
the sense that the carbohydrates to be converted will
quickly be absorbed and be taken up in the body.
Invention The present invention solves the
above-identified first object by combining taste
essential mono- and/or disaccharides with a
microorganism and/or an enzyme, which microorganism
and/or enzyme is capable of converting in the stomach
the mono- and/or disaccharide in a component or
components which do not have the adverse effect or
only have said effect in a lesser degree, said taste
essential mono- and/or disaccharides and said
microorganism and/or enzyme being present in said food
without substantially reacting with each other before
being consumed. The present invention makes use of the
storage capacity of the 



stomach. By starting to act in the stomach, a
considerably higher amount of mono- and/or
disaccharides are converted into compounds not having
an adverse effect on the system of the consumer. In a
first embodiment, the invention hence relates to a
food comprising (i) at least one taste essential mono-
and/or disaccharide that has an adverse effect when
taken up in the system of a consumer and (ii) at least
one microorganism and/or enzyme capable of converting
in the stomach ingredient (i) in a component or
components not having said adverse effect or at least
having said adverse effect in a decreased degree;
wherein mono- and/ordisaccharide (i) and microorganism
and/or enzyme (ii) do not react with each other before
consumption In a preferred embodiment, the
microorganism produces enzymes present in said food
composition. Preferentially, said microorganism is a
living microorganism, and more preferably a probiotic
microorganism. Suitably, such a microorganism is
selected from the genera Lactobacillus,
Bifidobacterium, and Leuconostoc. In yet a further
preference, the enzyme is an exocellular enzyme. As an
alternative, the enzyme is obtained from or in the
form of a lysate of a microorganism. In a second
aspect, the present invention relates to a process for
obtaining a microorganism suitable for application in
the food of the invention, comprising selection of
food grade microorganisms based on their glucose and
fructose polymer formation from sucrose and mannitol
formation from fructose under stomach conditions;
incubating the selected microorganisms under stomach
and intestine conditions in the presence of mono-
and/or disaccharides; and subsequently selecting the
microorganisms that are able to convert the mono- and
disaccharides in a component or components not having
an adverse effect or at least having said adverse
effect in a decreased degree. Hence, those
microorganism that survive the incubation conditions
while producing said component or components not
having said adverse effect or having it to a decreased
degree, are harvested. Food grade microorganisms are
microorganisms which are safe to be used in food.
Polymer formation is determined by culturing
microorganisms and especially bacteria in MRS-broth
(broth according to De Man, Rogosa and Sharpe)
containing sucrose at suitable conditions (for
example, at 25C for Leuconostoc and at 37C for
Lactobacillus strains). After growth, a small quantity
of the cultured broth is put on MRS-agar plates
containing 10% sucrose and incubated at a suitable
growing temperature. Polymer producingbacteria appear
as slimy colonies on these agar-plates. Besides the
plate method, strains can also be screened for the
presence of dextransucrase and levansucrase within
their DNAwith a dotblot method. Screening for the
ability to produce mannitol from fructose is done by
using the enzyme mannitol-dehydrogenase. The following
reaction occurs: D-fructose + NADH -> D-mannitol +
NAD. This method is monitored on the basis of the NADH
to NAD conversion, which can suitably be measured at a
wavelength of 340 nm using a spectrophotometer.
Further details are provided in Example 1 (vide
infra). In case in the remainder of this description,
reference is made to "microorganism" as being a
component of the food composition of the present
invention, then the intention is to refer to said
microorganism also as source of enzyme for use in said
food composition according to the invention. The
microorganism and/or its enzymes to be used in the
present invention have the possibility to work under
conditions present in the stomach. That is, they work
at a temperature around 37C and at acidic (to as low
as a pH of 2-4) as well as neutral pH. By the
ingestion of food, and especially protein rich food,
the pH in the stomach will raise quickly to values
between 5 and 7 and subsequently decreases to around 2
again. The microorganisms and/or their enzymes should
essentially be active over this whole pH range in the
stomach. Increase in stomach pH could also be assured
by incorporation of a buffering component in the
formulation. In this way one assures an increase of
the stomach pH irrespective of the composition of the
food formulation. The buffering component could be
e.g. salts like calcium phosphate, or proteins like
casein or whey proteins. The reaction between
ingredient (i) and microorganism and/or enzyme (ii)
only starts when the food according to the first
aspect of the present invention, inclusive any drinks,
is consumed. That is, the reaction takes place in the
time span between the moment that the food or drink is
inthe mouth and the moment right before the taste
essential component can create it adverse effect, for
example the moment wherein the said ingredient is
absorbed in the intestines. In accordance with the
present invention, the reaction is at least carried
out (or to the largest extent carried out) in the
stomach. By way of example, sucrose manifests its
sweetness creating effect in the mouth, yet is
converted in harmless or less harmful components
before it is taken up by the small intestines in the
system of the consumer where it may manifest its
adverse effects as high calorie molecule and/or in
diabetes type II. With "taste essential mono- and/or
disaccharide" is meant that an ingredient acceptable
for use in a food, including a drink, has some
characteristic effect on the taste of a product
containing said ingredient. This characteristic may be
a taste, an effect on the mouthfeel or any other
perceivable sensoric effect. That is, a taste
essential ingredient adds to the overall sensoric
perception of a food. In a preferred embodiment, said
taste essential ingredient is selected from the group
of carbohydrates and especially sucrose, fructose,
lactose, glucose, galactose and maltose. While
carrying out the process of the present invention, the
inventors have identified a number of bacteria
strains, of which a few were 



deposited: Leuconostoc mesenteroides FF4028 (deposited
as CBS 122667), Leuconostoc mesenteroides FF4029
(deposited as CBS 122668), Leuconostoc mesenteroides
FF4152 (deposited as CBS 122669), and Lactobacillus
reuteri FF6809 (deposited as CBS 122781). Furthermore,
it was found that Leuconostoc mesenteroides ATCC 8393
is also capable of giving oligomers, but only after
incubation of this microorganism at a pH of 3.0;
incubation of this strain at pH 6.5 did not result in
oligomer formation. In yet a further aspect, the
present invention relates to the use of a
microorganism, which, when subjected to stomach
conditions is induced to convert sugars in a component
or components not having adverse effects or atleast
having adverse effects in a decreased amount (adverse
effects in the sense of or as declared herein-above),
for example by oligomerization or polymerization of
sugar unities. Such a microorganism may be obtained by
the above-described process of the invention. Since
not only the microorganisms per se, but also their
enzymes may be used, the use according to the
invention may also involve the recovery of its
oligomerizing or polymerizing enzymes. In a highly
preferred embodiment, the microorganism or its enzymes
are used in a digestive. Such a digestive may be used
after consuming a meal containing a high amount of
taste essential mono- and/or disaccharides. Of course,
the time of consuming the digestive must be
sufficiently close to the moment of consuming the
meal, so that the major part of said meal is still
present in the stomach. An advantage of such a
digestive is that the effects of the present invention
may be obtained without needing to adapt the food
composition containing taste essential mono- and/or
disaccharides. Suitably, the digestive is based on a
dairy product, for instance a fermented dairy product,
that does not contain too many mono- and/or
disaccharides. As a non-limiting example of a food
ingredient that is essential for the taste of the food
product, yet has adverse effects when taken up in the
system of the consumer, sugars, and especially
sucrose, will be discussed. Carbohydrates are an
important, if not the most important, source of energy
in a food product and are found in many kinds in every
day's food compositions. Within the carbohydrate
family, sugars, and especially monoand disaccharides,
provide a pleasant sweet taste. To reduce the
energetic or caloric value of sugars-containing, and
especially of sucrose-containing compositions often
artificial sweeteners are used. Such sweeteners
however have oftentimes an adverse effect on the taste
of the food product incorporating these. Moreover,
large amounts of polyols (like xylitol) may give rise
to flatulence or other systemic inconveniences.
Furthermore, not all sweeteners are accepted by
consumers nor by governmental authorities in all
countries. Inaddition, the perception in taste may
differ from consumer to consumer, while many consumers
indicate that artificial sweetener containing
compositions suffer from an unpleasant, for instance
bitter or metallic, after-taste. Food compositions
having a high carbohydrate content may be categorized
on the basis of the so-called glycemic index. This
numeric index is based on the average increase of the
glucose level in the blood of the consumer after
eating a particular amount of the food composition. If
a food composition contains a high amount of
carbohydrates, then this does not necessarily mean
that said composition automatically has a high
glycemic index, since eating said composition may not
lead to a higher glucose level. Instead of referring
to the glycemic index, one also refers to the
effective energetic value of a particular food
composition. This value relates to the part of the
energetic value of the food composition that is
effectively absorbed by the system and gives energy in
the form of calories. The effective energetic value of
a sugar containing food composition may be decreased
when steps are taken to avoid or inhibit that the
sugars (or their metabolic degradation products) are
absorbed in the gastro -intestinal tract. One way of
achieving this is by inhibiting the hydrolytic
activity of the enzyme sucrase in the intestines.
Sucrase is an enzyme converting the disaccharide
sucrose, also known as saccharose, in the
monosaccharides fructose and glucose. An example of a
sucrase inhibitor is L-arabinose. Another known
possibility, a possibility used in accordance with the
present invention, is to convert digestible sugars in
non-digestible molecules like oligosaccharides or
sugar alcohols. Sugar alcohols are partially absorbed
in the ileum, yet do not take part in the systemic
metabolism and are excreted via the kidneys. The
remaining part is slowly fermented in the colon, where
these compounds may have a prebiotic activity, meaning
that the growth and activity of certain beneficial
bacteria in the intestinal flora, such asLactobacilli
and Bifidobacteria, are stimulated. Oligosaccharides
have a corresponding behaviour in the intestines.
Particularly, commonly used digestible sugar molecules
which may be converted by the microorganism and/or
enzyme comprise, for example, sucrose, maltose,
fructose, lactose, glucose and galactose; the said
sugar molecules are converted to indigestible
molecules like glucose polymer, fructose polymer,
fructo-oligosaccharides (FOS), mannitol, and
galactooligosaccharides (GOS). When, for instance, FOS
or GOS is formed, it is known that such compounds have
a prebiotic activity; that is, these compounds
stimulate the growth and activity of benign bacteria,
and especially of Lactobacilli and Bifidobacteria, in
the intestinal flora. Hence, in a preferred embodiment
of the present invention, at least part of the sugar
molecules present in the food products of the
invention are converted in oligosaccharides having
prebiotic activity. In accordance with the first
aspect of the present invention, the reaction between
the taste essential ingredient and the specific
microorganism and/or enzyme is delayed until after the
taste essential ingredient has displayed its taste
effect; that is, the taste essential ingredient will
be sensorically available, and only afterwards be
converted or neutralized essentially starting in the
stomach. Further, the amounts of the taste essential 



ingredient and the microorganisms and/or enzymes are
mutually adjusted so that the taste essential
ingredient is converted or neutralized to a
predetermined, or at least acceptable or desired level
under systemic conditions. As an indication, the
amount of enzymes to be used in a food composition of
the present invention generally is at least about 0.1
wt.%, drawn on the mass of their substrate, for
instance sugars; more preferably said amount is at
least 0.2 or 0.5 wt.% and even more preferably at
least about 1 wt.% drawn on the mass of the substrate.
Similar amounts are needed in the use according to the
invention. As an indication, for microorganisms to be
usedin a food composition of the present invention
generally at least 107 such as between 107- 1010
cells/ml are needed, more preferably between 108- 109
cells/ml and even more preferably about 108 cells/ml.
The microorganisms that may be used in the composition
of the present invention can be living microorganisms,
and are preferably microorganisms excreting
exo-enzymes or containing cell-wall anchored enzymes,
which enzymes are capable of converting the taste
essential ingredient. Non-limitative examples are
Leuconostoc and Lactobacillus sp. containing glucan
and fructan sucrases that convert sucrose. In a more
preferred embodiment, the microorganisms do not only
provide desirable enzymes, but are themselves
probiotics. More in general, it is noted that examples
of suitable enzymes to be used in the food
compositions of the present invention are glucosyl
transferases (for example dextran sucrase), fructosyl
transferases (e.g., inulosucrase, levansucrase,
fructan: fructan 6G-fructosyltransferase), galactosyl
transferase, galactosidases and mannitoldehydrogenase.
Glucosyltransferases are enzymes involved in the
production of various glucose polymers like dextran,
mutan, alternan and reuteran. Glucosyltransferases may
be produced by various lactic acid bacteria such as
Lactobacillus reuteri, Lb. sakei, Lb. fermentum, Lb.
parabuchneri, Streptococcus mutans, Streptococcus
salivarius and Leuconostoc mesenteroides.
Fructosyltransferases may be produced by the following
probiotics: Lactobacillus reuteri, Lactobacillus
acidophilus, and Streptococcus salivarius. Also
non-probiotic lactic acid bacteria such as Leuconostoc
citreum, Leuconostoc mesenteroides and Lactobacillus
sanfranciscensis and microorganisms like
Gluconacetobacter sp., Zymomonas mobilis, Arthrobacter
sp., Aspergillus niger and Bacillus sp. are able to
produce fructosyltransferases. A highly preferred
enzyme is the levansucrase from Lactobacillus reuteri
121 because it shows a relatively high degree of
sucrose conversion. In addition, it is known that
fructosyltransferases occur in highconcentrations in
among others, onions and chicory. The synthesis of
fructosyltransferases by bacteria may be increased by
preculturing the microorganisms in a medium containing
sucrose. Mannitoldehydrogenases show a very efficient
conversion of fructose to mannitol. These enzymes may
be produced by the following probiotics: Lactobacillus
intermedins, Lactobacillus fermentum, Lactobacillus
reuteri, and Lactobacillus plantarum. Also
non-probiotic bacteria like Leuconostoc
pseudomesenteroides, Leuconostoc mesenteroides and
Lactobacillus sanfranciscensis are capable of
producing mannitoldehydrogenases. The activity of
mannitoldehydrogenases may be increased by
preculturing the microorganisms in a medium containing
fructose. Galactosidases may be produced by the
probiotic Bifidobacterium adolescentis
(a-galactosidase). Also non-probiotic microorganisms
like Kluyveromyces fragilis, Aspergillus oryzae and
Escherichia coli can produce galactosidases
(b-galactosidase). In this light, it is noted that
b-galactosidases are preferred because of the
production of oligomers with prebiotic activity.
Instead of living microorganisms also dead organisms
may be used as a kind of reservoir for suitable
enzymes. In order to make these enzymes available, it
may sometimes be needed to use disrupted or lysated
microorganisms. In the most preferred embodiment, the
microorganisms are lactic acid bacteria, such as those
of the genera Leuconostoc or Lactobacillus, especially
because these microorganisms are often used in food
applications. Instead of or in combination with
microorganisms also enzymes may be used. Such enzymes
may be of botanic origin {e.g. of chicory), of
microbial origin (e.g. levansucrase from Zymomonas
mobilis or transglucosidase from Aspergillus niger) or
of animal origin. In one embodiment, the
microorganisms and/or enzymes are physically separated
from the taste essential ingredient in the food
composition, or the two reactants are because of
physical and/or chemicalconditions not capable to
react with each other in the unconsumed food
composition. This may be achieved by incorporating or
encapsulating the microorganisms and/or enzymes in a
solid (inclusive of gel-type) matrix such that
interaction with the taste essential ingredient
becomes only possible after consumption of the food
product. For instance can the matrix be disrupted by
chewing, by the action of saliva or of other
gastrointestinal fluids, by peristaltic movements, by
the kneading action of the stomach and so on. Suitable
carriers encompass liposomes and specific adsorbants,
such as cyclodextrins or molecularly imprinted
polymers. The encapsulation should allow the
microorganism or its enzymes to start acting on the
aimed substrate already in the stomach. Instead of
using a solid matrix, the taste essential ingredient
and the microorganism and/or enzyme may also be
present in different phases of an emulsion or even a
double emulsion. Also combinations of both types, such
as encapsulated double emulsions made according to the
teaching of e.g. EP-A-I 324 667, may be used, which
system guarantees the survival of probiotic bacteria.
Dependent on the type of enzyme and/or probiotic, the
optimal activity is achieved at a temperature in the
range of 25-60C. Preferably the 



enzymes and/or bacteria are selected so that the
optimal activity is achieved at a temperature between
35 and 400C; that is, close to body temperature. By
encapsulating the enzymes and/or microorganisms, the
latter are not in contact with the substrate being
present in the food composition, which makes it
possible, of course also dependent on the other
constituents of the food composition, to store the
product at ambient temperature. Another mechanism for
inhibiting the reaction between the microorganism
and/or enzyme and the taste essential ingredient is
the presence of an inhibitor, and especially a high
molecular weight inhibitor, for said reaction. After
consumption of the food product encompassing
bothreactants, the constituents of the food
composition are diluted, allowing the interaction
between the reactants. Microorganisms and/or enzymes
may be used requiring a specific pH or a specific
compound associated with or present in the stomach,
especially the low pH as it exists in the stomach,
generally a pH in the range of 2-4. Particularly, the
invention also relates to the use of a microorganism,
which when subjected to stomach conditions is induced
to oligomerise or polymerise sugar unities, in the
oligomerization or polymerization of sugar unities. An
example of such a microorganism is Leuconostoc
mesenteroides strain FF4003 (ATCC 8393) as used in the
working examples (vide infra). In yet a further
embodiment the temperature of the food composition is
below the temperature needed for the reaction to
occur. The food composition per se may also have a pH
that is too high or too low for allowing the reaction,
which condition changes upon consuming said food
composition, for example by dilution. Alternatively,
the water activity and/or the salt strength of the
surrounding food composition may avoid or inhibit the
reaction to occur. Of course, also combinations of the
possibilities discussed in the previous paragraphs may
be made, such as using a matrix based on calcium
phosphate, which salt may lead to an increased pH in
the stomach, which increased pH may be associated with
an ideal environment for specific microorganisms
and/or enzymes. The most preferred embodiments lead to
the conversion of said ingredients having an adverse
effect into components that have a beneficial effect
in the human or animal body, such as health improving
effects. Generally, it has advantages to use
microorganisms instead of enzymes in the food
compositions of the present invention. Microorganisms
are less expensive than enzymes, and may provide a
suitable environment for the reaction of the enzymes
prepared by them.In case probiotics are additionally
present in the food compositions of the invention, it
is of course of importance that at least part of these
probiotics are activated in the guts. That is, it is
required that the said bacteria survive the conditions
in the stomach. If the probiotics do not have the
property of being resistant to the stomach pH, then
these may be coated. One can use bacteria that are
cultured in an acidic medium to achieve an improved
resistance to an acidic pH. By such culture step, the
activity of enzymes produced by such bacteria at lower
pH values may increase, as well. Where the first
embodiment of the present invention has the taste
essential ingredient and the microorganism and/or
enzyme present in a food composition, the present
invention also relates to a food composition
comprising the microorganism and/or enzyme to be used
before or after consumption of a food product
containing a (potentially present) taste essential
ingredient. That is, the food composition comprising
the microorganism and/or the enzyme is used
profylactically or therapeutically, with the aim of
countering the adverse effects of said taste essential
ingredients. If a consumer consumed a particular
ingredient which may have adverse effects, or expects
to consume such an ingredient, he may consume a food
composition comprising a microorganism and/or enzyme
to counter the negative effects of such ingredients.
An example of this embodiment of the invention is a
food composition, for instance a fermented milk
product, such as a yoghurt, buttermilk or cheese
(product), comprising transglycosylation enzymes
and/or mannitol dehydrogenase derived from
Lactobacillus sp., Leuconostoc sp., Streptococcus sp.
or Bifidobacteria, which enzymes may become active in
the gastric environment. Especially for the embodiment
wherein the food composition comprises the
microorganism and/or enzyme to be used before
consumption of a food product containing a
(potentially present) taste essential ingredient,
itmay be advantageous to delay the passage through the
gastro-intestinal tract, and especially through the
upper intestinal tract. Such a delay may be achieved
by having the microorganisms and/or enzymes present in
a controlled release embodiment, such as a film, or in
an adhering matrix, such as gel particles that stick
to the wall of the oral cavity, or pharynx or
oesophagus. Suitable foods, including beverages,
incorporating the present invention may be fruit
juices, soft drinks, dairy product, candy and
chocolate bars, cakes etc. Such products are
preferably packed to provide a food composition having
an acceptable storage stability and keepability. The
steps discussed above to avoid reaction between the
enzymes and/or microorganisms and their substrates
need to be taken in view of such packed products. In
yet a further aspect, the present invention relates to
a process to prepare the food composition of the
invention. Such a product may be prepared by adding at
any time during the preparation of the food
composition, yet preferably after a pasteurization or
sterilization step, a supplement containing the
enzymes and/or microorganisms capable of converting
the taste essential ingredient. The invention will now
be elaborated while referring to the following,
non-limiting examples. Example 1 Screening method for
suitable strains 



Screening of suitable micro organisms for the
conversion of sucrose and fructose to oligomers and
mannitol is done according to the following procedure:
1. Screening of polymer production by microorganisms
from sucrose by: a plate method: bacteria
(Leuconostocs and lactobacilli) are grown on agar
plates containing sucrose. Bacteria that are able to
produce polymersfrom sucrose appear as slimy colonies
on these plates. The slimy colony producing strains
are selected; a dot blot method: this method looks at
the presence of specific genes coding for enzymes such
as dextransucrase, levansucrase, inulosucrase.
Microorganisms that contain these genes are selected.
2. Screening of mannitol production from fructose by
an enzyme assay: the oxidation of NADH to NAD+ that
coincides during the conversion of fructose to
mannitol is spectrophotometrically measured at pH 5.3
at a wavelength of 340 nm. Strains from which the
slope at 340 nm divided by the optical density (OD) at
600 nm is smaller than -0.2 are selected. The OD at
600 nm is preferably between 0.150 and 0.350 and is a
measure for the amount of cells in the assay. 3.
Suitable strains from former two steps are incubated
at successively pH 3 and pH 6.5 with sucrose and
fructose for a certain time to mimic digestion.
Oligomer and mannitol production are monitored by
LCanalysis. Before incubation, strains are
pre-cultured in a medium where sucrose and fructose
are present. Strains that produce oligosaccharides
and/or mannitol after the pH 3 incubation step are
selected. Based on the outcome of step 1, 2, and 3,
strains that produce a suitable amount of oligomers
and/or mannitol during the incubation are selected for
further testing. Example 2 Three selected strains,
Leuconostoc mesenteroides FF4028 (deposited as CBS
122667), FF4029 (deposited as CBS 122668) and FF4152
(deposited as CBS 122669) are incubated for 1 hour at
pH 3 followed by 1 hour at pH 6.5, the oligomer
production was determined with LC. Two other strains
are incubated for 15 minutes at pH 3.0, for 1 hour at
pH 6.5 and 15 minutes at pH 3.0 followed by 1 hour
pH6.0. Strain FF4003(ATCC 8393) is a Leuconostoc
mesenteroides which oligomer production is induced by
the incubation at pH 3.0. Incubation at pH 6.5 alone
does not give oligomer; however incubation at pH 3.0
followed by incubation at pH 6.5 does give oligomers.
This strain needs the stomach pH to produce oligomers.
Strain FF6809 (deposited as CBS 122781) is a
Lactobacillus reuteri that is not influenced by the
different pH's, all three different incubations give
the same chromatogram. For the qualitative analysis of
formed oligosaccharides and polysaccharides, a Dionex
System is used equipped with Chromeleon software
(Dionex, Sunnyvalley USA). This system consists of a :
Dionex quaternary GP40 eluent pump to create a
gradient of increasing NaOH and Na-Acetate
concentration; Dionex CarboPac(tm) PA-I guard columm
(4*50 mm) P/N 43096; Dionex CarboPac(tm) PA-I
analytical columm (4*250 mm) P/N 35391; Dionex ED40
electrochemical detector; Dionex AS40 autosampler; and
Dionex software Chromeleon release 6.4. Chemicals for
preparing eluents: Degassed milli Q water; NaOH
solution 50 %; and Sodium Acetate (anhydrous).
Eluents: A; 12.5 mMol NaOHA; B; 8 mMol Na-Acetate/1;
C; 125 mMol NaOH/1; and D; 500 mMol Na-Acetate in 125
mMol NaOH/1.Eluent flow 1 ml/min Column temperature
25C The followin radient is used Samples of 25 ml are
injected on the system by an eluent flow of 1 ml/min
and the chromatogram is recorded. Mono- and
disaccharides are shown in the chromatograms as peaks
with a retention time up to 18 minutes. Oligo's and
polymers are shown as peaks with a retention time from
18 up to 50 minutes. Time 50 to 80 minutes is used to
equilibrate the column for the next analysis. All
samples were 10 times diluted prior to analysis. The
chromatograms were corrected for the blank sugar
solutions. The strains showed a good oligomer
production under the tested circumstances as can be
seen from Fig. 1 showing the results of the LC. The
sugar conversion to oligomers of the shown incubations
was around 14-17%; when a combination of the three
strains was used this conversion increased to 25-30%.
Example 3 The blood glucose concentration of 3 healthy
volunteers was measured after ingestion of 50 gram of
sugars. The measurements have been done four times:
two times when the sugars were ingested and two times
afterthe ingestion of the sugars; 50 ml of buffer with
Lactobacillus reuteri FF6809 was also ingested. The
fourth volunteer was an individual with diabetes type
1. This person ingested 25 gram of sugars the first
time and the second time after the ingestion of sugars
also micro organisms were ingested. The blood glucose
concentrations of all persons were normalised. It can
be seen from Fig. 2 that in healthy volunteers the
ingestion of microorganisms after a sugar dose does
not affect the glucose concentration in 



the blood. The insulin response on the amount of
sugars taken up in the blood is regulated very
efficiently so a decrease in sugar uptake in case of
the ingestion of micro organisms can not be determined
by measuring the glucose content in the blood.
However, in a person with diabetes type 1, where there
is no insulin response, one can see that in case of
the ingestion of only sugars more sugars are taken up
in the blood when compared with the test in which
micro organisms are ingested after the sugars. This is
a strong indication that the micro organisms also do
their work in vivo.Claims 1. Food comprising (i) at
least one taste essential mono- and/or disaccharide
that has an adverse effect when taken up in the system
of a consumer and (ii) at least one microorganism
and/or enzyme capable of converting in the stomach
ingredient (i) in a component or components not having
said adverse effect or at least having said adverse
effect in a decreased degree; wherein mono- and/or
disaccharide (i) and microorganism and/or enzyme (ii)
do not react with each other before consumption. 2.
Food composition according to claim 1, wherein said
taste essential mono- and/or disaccharide is a taste
compound or has an effect on the mouthfeel. 3. Food
composition according to claim 1 or 2, wherein said
microorganism produces an enzyme that is selected from
the group consisting of the glucosyl transferases,
including dextran sucrase; fructosyl transferases,
including inulosucrase, levansucrase, fructan:fructan
6G-fructosyltransferase; galactosyl transferase, and
mannitoldehydrogenase. 4. Food composition according
to claim 3, wherein the microorganism is a living
microorganism, and preferably a probiotic
microorganism. 5. Food composition according to claim
3 or 4, wherein the microorganism is selected from the
genera Lactobacillus, Bifidobacterium, and
Leuconostoc. 6. Food composition according to claim 3,
4 or 5, wherein the enzyme is an exocellular enzyme.
7. Food composition according to any one of claims
1-3, wherein the enzyme is obtained from or is in the
form of a lysate of a microorganism. 8. Food
composition according to any one of the preceding
claims, wherein mono- and/or disaccharide (i) and
microorganism or enzyme (ii) do not react with each
other before consumption, because the microorganism
orenzyme is encapsulated in a matrix material to be
disrupted during or after consumption. 9. Food
composition according to any one of the preceding
claims, wherein mono- and/or disaccharide (i) and
microorganism or enzyme (ii) do not react with each
other before consumption, because of the physical
and/or chemical conditions in the unconsumed
composition are such that the microorganism or enzyme
is not or hardly capable of reacting with ingredient
(i). 10. Food composition according to claim 9,
wherein the physical and/or chemical conditions are
selected from the group consisting of a non-optimal
temperature, a reversible enzyme inhibitor, a
non-optimal pH, the absence of an activator for the
reaction between (i) and (ii), said activator being
present in the system of the consumer. 11. Food
composition according to any one of the preceding
claims, being a dairy product, including a fermented
milk product, such as a yoghurt, buttermilk, cheese.
12. Process for obtaining a microorganism suitable for
application in the food of the invention, comprising
selection of food grade microorganisms based on their
glucose and fructose polymer formation from sucrose
and mannitol formation from fructose under stomach
conditions; incubating the selected microorganisms
under stomach and intestine conditions in the presence
of mono- and/or disaccharides; and subsequently
selecting the microorganisms that are able to convert
the mono- and disaccharides in a component or
components not having an adverse effect or at least
having said adverse effect in a decreased degree. 13.
The process of claim 12, wherein the mono- and/or
disaccharide is selected from sucrose, lactose,
maltose, fructose, glucose and galactose. 14. The
process of claim 12 or 13, wherein it is determined
that oligomers and/or mannitol are formed.15. Use of a
microorganism, which, when subjected to stomach
conditions is induced to convert sugars in a component
or components not having adverse effects or at least
having adverse effects in a decreased amount, for
example by oligomerization or polymerization of sugar
unities. 16. Use according to claim 15, wherein the
microorganism is obtainable by the process of any one
of claims 12-14. 17. Use according to claim 15 or 16,
involving the recovery of oligomerizing or
polymerizing enzymes. 18. Use according to any one of
claims 15-17, wherein the microorganism or its enzymes
are used in a digestive. 19. Leuconostoc mesenteroides
FF4028 (deposited as CBS 122667), Leuconostoc
mesenteroides FF4029 (deposited as CBS 122668),
Leuconostoc mesenteroides FF4152 (deposited as CBS
122669), and Lactobacillus reuteri FF6809 (deposited
as CBS 122781). 


