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A method for one-pot one-step assembly of two or more
DNA molecules to form at least one recombinant DNA
molecule, and a substrate and a kit for this purpose. A simple
and cost-effective assembly method for DNA molecules. A
method for one-pot one-step assembly of two or more DNA
molecules to form at least one recombinant DNA molecule
is provided, wherein the two or more DNA molecules to be
assembled are brought together in dry form with a suitable
reaction medium on at least one substrate present in a
reaction vessel.
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METHOD, SUBSTRATE AND KIT FOR
ONE-POT ONE-STEP ASSEMBLY OF DNA
MOLECULES

[0001] The invention relates to a method for one-pot
one-step assembly of two or more DNA molecules to form
at least one recombinant DNA molecule, and a substrate and
a kit for this purpose.

[0002] The objective of synthetic biology is to engineer
living organisms with new phenotypes which do not exist in
nature. Efficient methods for the joining together of DNA
fragments which are necessary in order to create multigene
constructs constitute fundamental tools for synthetic biol-
ogy. A number of suitable methods for the recombination
have been developed in recent years, including the “Gibson
Assembly” method (Gibson et al. 2009, Nature Methods 6,
343-345) and “Golden Gate Cloning” (Engler et al. 2008,
Plos ONE 3 (11): e3647, doi:10.1371/journal.pone.
0003647). Both methods allow the joining together of mul-
tiple DNA fragments in a one-pot one-step reaction with
extremely high efficiency. With both methods most colonies
contain the anticipated construct following a transformation
of the recombination reaction in competent E.-coli cells.

[0003] Although the availability of efficient DNA recom-
bination methods can facilitate the joining together of DNA
constructs, the provision of a cloning strategy is still a
limiting factor. Large multigene constructs require the
development of successive cloning steps in order to generate
step-for-step larger constructs with more genes. At some
point, large constructs will highly likely contain multiple
interfaces for a multitude of restriction enzymes, which may
rule out their use for the insertion of further genes into the
construct and makes the development of a cloning strategy
increasingly difficult. The use of standardisation principles
in systems of this kind might afford a solution to this
problem. Standardisation of parts consists of a definition of
standard structures for constructs that contain the sequences
for fundamental genetic elements, such as promoters, encod-
ing sequences, and terminators. Such biological standard
parts (building blocks) are flanked by restriction sites.
Restriction enzymes for these positions are then used for the
joining together of these DNA fragments, for example so as
to generate transcription units. Some restriction sites can
also be deliberately eliminated from internal sequences of
the base modules so as to enable the use of the enzymes in
question for further assembly steps. A number of standard
procedures have been proposed which differ in the choice of
the restriction sites flanking the base module (Cassini et al.
2015, Nat Rev Mol Cell Biol 16(9) 568-576). The “Modular
Cloning (MoClo)” system is an example of a standardised
cloning procedure of this kind (Weber et al. 2011, Plos ONE,
6(2): 16765, doi: 10.1371/journal.pone.0016765; Patron et
al. 2015, New Phytol., 208, 13-19).

[0004] The use of standardised individual parts facilitates
the joining together of large constructs, since a universal
cloning strategy can be taken which is independent of the
nature of the individual parts that are to be newly combined.
It also facilitates a recycling of individual parts in many
different constructs, since all modules of the same type have
the same assembly properties and therefore can be swapped
for other parts of the same type. For example, a promoter
that is cloned as a standard part can be swapped for any other
standard promoter for the assembly of transcription units,
and the same assembly procedure can be used.
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[0005] An additional advantage of standardised modules
of this kind is the fact that these individual parts can also be
used by scientists in other laboratories using the same
standards. It can thus be anticipated that the number of
modules of this kind will grow significantly, since parts
having the same standards can be constructed and used by
many different laboratories. The number of biological mod-
ules of this kind that can be generated for the purposes of
synthetic biology is in theory unlimited. For example, all
encoding and regulatory sequences of any living organism
could be cloned and used as standardised biological mod-
ules, provided they are cloned using a defined standard. In
addition to modules derived from living organisms, syn-
thetic modules that do not exist in nature can also be
generated. For example, libraries of synthetic promoters can
be created, containing segments of defined sequences and
also segments of degenerated sequences (Briickner et al.
2015, Plant J. 82, 707-716).

[0006] As soon as basic biological modules have been
created, they must be preserved for subsequent use. Such
DNA modules are usually stored as purified plasmid DNA in
a buffer solution frozen at -20° C. Alternatively, these
modules can also be stored as glycerol cultures at -80° C.
The glycerol culture contains a bacteria strain that has been
transformed with the plasmid DNA containing the standard
module. In this case, DNA must be extracted from freshly
cultivated E. coli cells prior to use in a new cloning. Since
not all the extracted and purified plasmid DNA is usually
used in an experiment, the rest is usually frozen at -20° C.,
as described above, for further use.

[0007] There are two problems with the storage of purified
plasmid DNA at -20° C. Firstly, the storage of DNA at low
temperature, i.e. =20° C., is very costly. Whereas this is still
acceptable for a limited number of samples, it would become
very costly for a very high number of samples and would
require a high number of freezers. A second problem is the
deterioration of the DNA quality with increasing storage
time, even when stored at —20° C. This can lead to reduced
cloning efficiency or even to failure of DNA assembly
reaction.

[0008] An alternative to the storage of DNA or bacteria
strains at —20° C. is the storage thereof in dry form at room
temperature. However, for cloning purposes, this DNA must
firstly be solubilised beforehand in water or buffer and then
transformed in E. coli. A bacterial colony with the trans-
formed plasmid is then cultivated in liquid medium, plasmid
DNA is extracted, and lastly the DNA concentration of the
plasmid preparation is measured. The DNA can be used
subsequently for cloning purposes. These processes are very
time-consuming and labour-intensive.

[0009] There is still a need to improve assembly and
cloning methods, in particular to simplify them and make
them more economical. The object of the present invention
is therefore to provide a simple and inexpensive assembly
method for DNA molecules.

[0010] In order to achieve the object, a method for one-pot
one-step assembly of two or more DNA molecules to form
at least one recombinant DNA molecule is provided in
accordance with the invention in a first aspect, wherein the
two or more DNA molecules to be assembled, present in dry
form on or in at least one substrate, are brought together with
a suitable reaction medium in a reaction vessel.

[0011] The method according to the invention proposes
the use of dry DNA aliquots, which can be stored inexpen-
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sively, for one-time use for direct DNA assembly. The
invention utilises the stability and the low cost of DNA
storage in the dry state at room temperature and does not
require any transformation of bacterial cells or the extraction
of plasmid DNA prior to the cloning.

[0012] The method according to the invention provides the
use of DNA that is present in the dry state on or in a suitable
substrate, preferably in aliquots in a defined quantity. It is
particularly preferred if each aliquot of a dry DNA sample
is sufficient for an assembly or cloning reaction. This defined
DNA quantity can be applied for example for simple han-
dling to a small piece of filter paper or a cellulose particle,
for example a particle of microcrystalline cellulose. The
cloning would then be performed for example by adding a
first filter paper piece or cellulose particle, for example a
particle of microcrystalline cellulose, with for example an
insert (coding fragment) into a reaction vessel, followed by
the addition of a second filter paper or cellulose particle with
a suitable vector. Should the cloning be carried out using the
“Golden Gate” system with restriction enzyme and ligase,
the addition of restriction ligase buffer, restriction enzyme
and ligase would follow. With use of the “Gibson Assembly”
method the addition of exonuclease, DNA polymerase and
DNA ligase could follow. Of course, the reaction medium
can also be placed in a reaction vessel, with the DNA
aliquots added subsequently. If all components are present
together in the reaction vessel, the dry DNA reverts into a
soluble form and can be immediately sliced and ligated,
which results in the assembly of the desired product.

[0013] A “method for one-pot one-step assembly of two or
more DNA molecules” or a “one-pot one-step assembly
method” are understood here to mean methods such as the
“Golden Gate” or “Gibson Assembly” method, in which the
synthesis of the resultant recombinant DNA molecule, for
example of a cloning vector, can be carried out in one step
and in one reaction vessel. Such methods differ from other
standard cloning methods in that DNA-cleaving or DNA-
degrading and DNA-ligating or DNA-building processes
can be performed in parallel without detriment to the syn-
thesis. For example, the “Golden Gate” method does not
require separate steps for restriction digestion and ligation,
whereas this is indeed necessary in other standard cloning
methods, which arises from the fact that ligated DNA
fragments can be newly digested after ligation, since the
restriction enzyme sites for the cloning are re-established by
the ligation step.

[0014] The expression “assembly of two or more DNA
molecules” means the in vitro synthesis of two, three, four
or also more, preferably different DNA molecules to form a
single DNA molecule. For example, a receiver vector can be
assembled with DNA molecules that form or contain encod-
ing or regulatory DNA sequences in order to give a coding
vector. The expression “two or more DNA molecules” is of
course not to be understood here in a limiting manner such
that it refers only to the stated number of molecules, for
example an individual DNA molecule A and an individual
DNA molecule B. Rather, the expression is to be understood
insofar as at least one first DNA molecule (for example a
receiver vector) is assembled with at least one second DNA
molecule, preferably different from the first (for example
having an encoding DNA sequence). A DNA molecule that
is to be assembled with another DNA molecule also can be
contained for example in a larger nucleic acid molecule or
construct that can be closed linearly or annularly, for
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example in a plasmid, from which it is cut out during the
course of the reaction and is assembled with the other DNA
molecule.

[0015] A “suitable reaction medium” is understood here to
mean a preferably aqueous liquid medium, in which the dry
DNA molecules dissolve and can react with one another
under suitable conditions. For example, the medium can be
a buffer solution, which optionally contains suitable
enzymes, for example DNA ligase and a restriction enzyme
of type II.

[0016] A “micro reaction vessel” is understood here to
mean a reaction vessel that holds sample volumes in the
region of nanolitres, microlitres and at most a few millilitres,
for example from 0.005 to 2 ml, preferably for example from
0.01 ml to 1.5 ml, or from 0.05 to 0.5 ml. For example, such
vessels can be those made of plastic, for example polypro-
pylene (PP), with or without a lid. However, the term also
includes the wells for example of microtitre plates or the
like.

[0017] If reference is made here to a “DNA molecule in
dry form”, this means that the substrate with the DNA
molecule located thereon or therein preferably has a mini-
mum water content. For example, in the case of a simple
filter paper as substrate, this can mean that the water content
corresponds substantially to that which is present in the case
of simple storage at room temperature and ambient humid-
ity. In the case for example of a coated substrate, the water
content in the surroundings of the DNA molecule, however,
can also lie significantly below the ambient moisture. It is
also possible to provide a suitable desiccant in or on the
substrate or in the surroundings thereof, in order to keep the
DNA molecule dry.

[0018] By means of the method according to the invention
the cloning of more than one insert in a vector can also be
carried out with use of dry DNA aliquots in a single step. For
example, the assembly of a transcription unit with a pro-
moter, an encoding sequence and a terminator in a selected
vector can be carried out by means of four dry DNA
samples: one for the receiver vector and three for each of the
base units of this transcription unit. All four fragments,
which can be present each on separate substrates, for
example filter paper pieces or cellulose particles, also at least
partially jointly on a substrate, for example filter paper piece
or cellulose particle, would be introduced together with
buffer and enzymes into a reaction vessel, similarly to the
sub-cloning of a fragment as described above. It is indeed
particularly preferred for the preparation of a specific recom-
binant DNA molecule that each of the DNA molecules to be
assembled is present in dried form on/in a separate substrate,
preferably in a quantity sufficient for the cloning. However,
it is also possible in principle that all or some of the DNA
molecules are present on/in a first substrate, for example the
receiver vector on/in a first substrate and regulatory/encod-
ing DNA molecules on/in a common second substrate. It is
also possible to provide just one type of DNA molecule on/in
a substrate in order to be able to provide a library of DNA
molecules of this kind on/in one substrate or optionally also
a plurality of substrates. For example, a number of several,
for example 10, 20, 50 or 100, different promoters could be
arranged on/in a single substrate or optionally a plurality of
substrates. This can be advantageous for example in order to
produce a corresponding library of different DNA constructs
which differ in respect of the promoter. It is also possible to
provide two or more libraries of this kind of different types
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of DNA molecules so as to be able to produce a variety of
different constructs in a simple way.

[0019] The method is particularly suitable for carrying out
assemblies of standardised DNA molecules. Here, the mol-
ecules are DNA molecules that are present in a standardised
form, in which they can be used for example directly in a
“Golden Gate” or “Gibson Assembly” method. In particular,
in the case of standardised DN A molecules of this kind, the
junctions, i.e. the ends that are to be ligated, are coordinated
with one another such that assembly also of a number of
DNA molecules in a one-pot one-step method, for example
a “Golden Gate” or “Gibson Assembly” method is made
possible.

[0020] The molecules are particularly preferably DNA
molecules that are suitable and preferably standardised for
the “Golden Gate” method. Here, the two or more DNA
molecules present on or in the substrate are preferably each
flanked by type II restriction endonuclease sites with oppo-
site orientation. Type II restriction endonucleases are restric-
tion endonucleases of which the restriction site to one side
lies outside its asymmetric non-palindromic recognition
sequence. Type 1l restriction endonucleases are known to a
person skilled in the art. Examples of type II restriction
endonucleases include Bsal, Bpil, BsmBI, Sapl and Fokl, the
term “orientation” relates here to the direction from the
recognition sequence of the restriction endonuclease on the
DNA to the restriction site arranged therebeyond on one
side.

[0021] As already mentioned, the DNA molecules can be
present on/in the substrate in a larger DNA construct (linear
or circular). The interfaces of the type II restriction endo-
nuclease are preferably oriented in these constructs such
that, after cutting, the DNA molecule is without the flanking
recognition sequences. In the case of a receiver vector, the
restriction sites for example are oriented such that, at the
time of the cleaving reaction catalysed by the restriction
endonuclease, a receiver vector arises from the construct,
which does not have a recognition sequence for the type 11
restriction endonuclease. The recognition sequences of the
type II restriction endonuclease, in the case of a receiver
vector as one of the DNA molecules to be assembled,
therefore lie outside the receiver vector, whereas the restric-
tion sites are directed towards the receiver vector. In the case
of non-vector DNA, for example regulatory or encoding
sequences, for example promoters, terminators, etc., the
situation is similar, such that the interfaces are preferably
directed towards the DNA molecule. DNA molecules of this
kind are particularly well suited for the “Golden Gate”
method.

[0022] For example, filter paper is a potential substrate for
the DNA. However, other substrates are also possible, for
example cellulose particles (cellulose beads) for example
beads made of microcrystalline cellulose (MCC). It is only
necessary to load the substrate with a defined DNA quantity
and to be able to handle the loaded substrate. For example,
the DNA could also be dried together with suitable sugar
compounds, such as trehalose and/or other additives, such as
polyvinyl alcohol, in the form of a tablet. It is also possible
for example to load cellulose beads with the DNA and to
coat the cellulose beads, for example with trehalose and/or
other additives, such as polyvinyl alcohol. Suitable formu-
lations for tablets or coatings are known to a person skilled
in the art. The formulation or coating is preferably selected
such that it easily dissolves in the reaction medium in order
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to release the DNA molecule. The substrate can be of any
size, but is preferably fainted and dimensioned such that it
can be arranged individually as a whole and unchanged in a
micro reaction vessel. The substrate can optionally also be
marked in a coloured manner for example, in order to enable
simple optical differentiation.

[0023] In a second aspect, the invention also relates to a
substrate for use in a method according to the invention
according to the first aspect, comprising at least one DNA
molecule present in dry form which can be assembled with
another DNA molecule, wherein the substrate with the DNA
molecule is formed and dimensioned such that it can be
arranged individually as a whole and unchanged in a micro
reaction vessel, and wherein the substrate comprises the
DNA molecule in a quantity sufficient for an assembly
reaction. Examples of a possible substrate are a filter paper
piece or a cellulose particle of suitable shape and size, or a
tablet of suitable size and composition with the DNA
molecule contained therein. It is also possible to produce a
mixture of the DNA molecule and for example a sugar, for
example trehalose, or another substance or composition
which during the drying process forms a matrix comprising
the DNA molecule, and to apply the mixture to a substrate,
for example filter paper or cellulose bead, and to dry it. It is
indeed preferred that only a certain DNA molecule (for
example a promoter, a terminator or the like, optionally
contained in a DNA construct, for example a plasmid) is
present on a substrate. However, it is also possible in
principle to provide two or more DNA molecules on a
substrate.

[0024] The wording in accordance with which the sub-
strate “is formed and dimensioned such that it can be
arranged individually as a whole and unchanged in a micro
reaction vessel” in particular means that the substrate with
the DNA molecule located thereon or therein is sufficiently
small and stable to be placed by hand or also by machine, for
example by robot, in a micro reaction vessel, for example a
1.5 ml reaction vessel. Examples of suitable substrates are
square filter paper pieces with an edge length for example of
0.5x0.5 mm, x1 mm, 1.5x1.5 mm or 2x2 mm, or round filter
paper pieces or cellulose beads for example with a diameter
of 0.5-3, preferably 0.5-2.5, particularly preferably 0.5-2
mm diameter. However, much smaller substrates, for
example with an edge length or diameter less than 0.5 mm
are also possible in principle.

[0025] The wording in accordance with which the sub-
strate “comprises the DNA molecule in a quantity sufficient
for an assembly reaction” means in particular that on or (for
example in the case of a tablet) in the substrate there is
provided, in dry form, a quantity of the particular DNA
molecule such that an assembly reaction takes place follow-
ing dissolution of the DNA molecule in the reaction solution.
A sufficient quantity is in particular a quantity sufficient to
generate a quantity of recombinant DNA molecule adequate
for example for transformation of . coli cells. A sufficient
quantity for example can be a quantity of 1-100 or more
fmol, for example a quantity of 5, 10, 20, 25, 30 or 40 fmol
present on/in the substrate.

[0026] In a third aspect the invention also provides a kit
for carrying out the method according to the invention,
wherein the kit comprises at least one substrate in accor-
dance with the above-described second aspect of the inven-
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tion. The kit preferably comprises two or more DNA mol-
ecules preferably on/in a separate substrate in a quantity
sufficient for the assembly.

[0027] The DNA molecules are preferably standardised
DNA molecules, particularly preferably DNA molecules
suitable for the “Golden Gate” method, as described above.
However, the kit according to the invention does not have to
comprise all DNA molecules necessary for a specific
intended assembly. For example, the kit can also contain a
set of promoters, but no terminator and/or no vector. The kit
can also comprise merely a set of a type of DNA molecules,
for example a set of promoters, as already mentioned above.
[0028] The kit according to the invention preferably also
comprises a) a type II restriction endonuclease and a DNA
ligase or b) an exonuclease, a DNA polymerase and a DNA
ligase. In these preferred embodiments the kit is particularly
suitable for carrying out the “Golden Gate” or “Gibson
Assembly” method for cloning.

[0029] The invention will be described in greater detail
hereinafter on the basis of the accompanying figures and
exemplary embodiments for illustrative purposes.

[0030] FIG. 1 is a schematic depiction of an embodiment
of the method according to the invention.

[0031] FIG. 2 shows a schematic construction of insert
and vector plasmids for use in the embodiment of the
method according to the invention depicted in FIG. 1 for the
case of “Golden Gate” cloning.

[0032] FIG. 1 shows schematically an embodiment of the
method according to the invention. Aliquots of a DNA
preparation 1 of the receiver vector and a DNA preparation
2 of an insert are applied in suitable quantity to separate filter
paper sheets 3. The filter paper sheets 3 loaded with DNA are
dried and stored in a dry environment, for example at room
temperature, until use. A filter paper sheet 3 with vector
preparation and a filter paper sheet 3 with insert preparation
are placed in a reaction vessel 4 and brought into contact
with a reaction solution, which for example contains restric-
tion enzyme and ligase. After incubation of the assembly
reaction mixture, £. coli for example is transformed with the
recombinant plasmid contained in the liquid supernatant.

EXAMPLES

Example 1

[0033] 40 fmol (2.4 pl) of plasmid pICHS0251 (see
left-hand side of FIG. 2 for the construction; depicted
sequence portions in SEQ ID NO: 1, 2) were pipetted onto
a small piece of filter paper 3 (square with 2 mm edge
length), which had been cut out from a larger filter paper
(Sartorius, class 6, 80g/m2 FT 3-312-070). 40 fmol (1.8 pul)
plasmid pAGM6752 (see FIG. 2, right-hand sides; depicted
sequence portions in SEQ ID NO: 3, 4) were pipetted onto
a second filter paper piece 3 of similar size and having
similar properties. The two filter paper pieces 3 were then
dried at room temperature and stored in the dry state for 24
h.

[0034] The two filter paper pieces 3 were placed in a 1.5
ml reaction vessel 4, and 3 pl. 10x Promega ligase buffer,
1.5 ulL Bsal (15 Units, NEB), 1.5 ul ligase (4.5 Units,
Promega) and 24 pl. water were added, to give a total
reaction volume of 30 pl.. The reaction vessel 4 was
incubated for 1 h at 37° C., followed by 5 min at 50° C. and
5 min at 80° C.
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[0035] The total ligation reaction was transformed in 50
uL E. coli DH10b competent cells by means of heat shock.
500 uLlL of LB liquid medium were added to the cells and
incubated for 45 min at 37° C. 50 uL of this transformation
batch were plated on selection medium. An approximately
equal number of blue and white colonies was obtained (in
each case approximately 130 colonies). Four white colonies
were picked and cultivated in liquid medium. Plasmid DNA
was isolated therefrom, analysed by restriction digestion,
and found to be corresponding to the anticipated construct.
[0036] This result shows that the cloning can be performed
directly from the dried DNA sample applied to a filter paper
substrate, without the need to transform the vector and the
insert DNA fragment back into bacteria strains for plasmid
preparations.

Example 2

[0037] DNA of the plasmids pICH47732 (insert; equiva-
lent to plasmid pICHS50251 in respect of the restriction
positions for the “Golden Gate” assembly; construction see
left-hand side of FIG. 3; depicted sequence portions in SEQ
ID NO: 5, 6) and pICH42301 (vector; equivalent to the
plasmid pAGM6752 in respect of the restriction positions
for the “Golden Gate” assembly; see right-hand side of FIG.
3; depicted sequence portions in SEQ ID NO: 7, 8) were
prepared with use of the Macherey Nagel Miniprep kit
“NucleoSpin® Plasmid”. The DNA concentrations, which
were measured with use of a “NanoDrop” UV-vis spectro-
photometer (Thermo Fisher Scientific Inc.), were 275 ng and
172 ng per microlitre, or 89 and 82 fmol per microlitre.
[0038] DNA for both plasmids was applied separately to
sterile MCC beads, i.e. beads made of microcrystalline
cellulose (Cellets® 700, HARKE Pharma GmbH), which
were then placed in two separate reaction vessels and were
subjected in each case to four separate treatments:

[0039] Treatment 1: 10 ul. DNA and 10 pul. water were
added to approximately 55 beads in a 1.5 ml reaction vessel.
[0040] Treatment 2: 10 pul. DNA and 10 ul of a 5%
trehalose solution (sterile) were added to approximately 55
beads in a 1.5 ml reaction vessel.

[0041] Treatment 3: 10 ul. DNA and 10 pL of a 4% PVA
solution (4% polyvinyl alcohol in 200 mM Tris-HCl, pH 8.0;
sterile) were added to approximately 55 beads in a 1.5 ml
reaction vessel.

[0042] Treatment 4: 10 uL. DNA and 10 pL of a trehalose-
PVA solution (2% trehalose, 4% polyvinyl alcohol, in 200
mM Tris-HCI, pH 8.0; sterile) were added to approximately
55 beads in a 1.5 ml reaction vessel.

[0043] DNA and beads of the 8 reaction vessels were
air-dried overnight at room temperature. The added DNA
quantity for each plasmid should be 15 to 16 fmol per bead.
[0044] The next day, a bead coated with pICH47732 and
a bead coated with pICH42301 (both from the same treat-
ment) were placed in a common PCR reaction vessel. 12 pl,
sterile H,0O, 1.5 uLL 10x ligation buffer, 1 pL ligase and 0.5
uL Bsal restriction enzyme were added to this. The reaction
vessel was closed, pinched between the fingers and intro-
duced into a thermocycler with the following parameters 37°
C., followed by 5 mM incubation at 50° C. and 5 min at 80°
C. The supernatant was transformed by means of heat shock
into competent E.-coli cells. 30 pulL of the 565 pl transfor-
mation mixture were plated on LB plates containing X-Gal
and Carbenicillin. Plates 1 to 4 had the following colonies:
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[0045] Treatment 1: 155 white colonies, estimated 23250
for the entire transformation.
[0046] Treatment 2: 282 white colonies, estimated 42300
for the entire transformation.
[0047] Treatment 3: 196 white colonies, estimated 29400
for the entire transformation.
[0048] Treatment 4: 143 white colonies, estimated 21450
for the entire transformation.

[0049] For all treatments the majority of the colonies were
white and the minority were blue. DNA was extracted from
two white colonies per treatment. In all cases it was found
that they contained the correct construct.

[0050] Cloning with use of MCC beads coated with dry
DNA thus proved to be very efficient.

[0051] Further experiments were carried out in order to
test a longer drying time prior to cloning and to vary the
composition of the DNA solution.

[0052] DNA for both plasmids was introduced separately
to sterile MCC beads (Cellets® 700, HARKE Pharma
GmbH) into two separate reaction vessels and was subjected
to the following three treatments:

[0053] Treatment 5: 10 ul. DNA and 10 pL. of a 4% PVA
solution (4% polyvinyl alcohol in 200 mM Tris-HCL, pH 8.0;
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sterile) were added to approximately 55 beads in a 1.5 ml
reaction vessel (same composition as treatment 3).

[0054] Treatment 6: 10 ul. DNA, 4 ul, of a sterile 4% PVA
solution (4% polyvinyl alcohol in 200 mM Tris-HCl, pH 8.0;
sterile) and 6 pl. water were added to approximately 55
beads in a 1.5 ml reaction vessel.

[0055] Treatment 7: 10 ul, DNA, 2 ul, of a sterile 4% PVA
solution (4% polyvinyl alcohol in 200 mM Tris-HCl, pH 8.0;
sterile) and 8 ul. water were added to approximately 55
beads in a 1.5 ml reaction vessel.

[0056] DNA and beads of the 6 reaction vessels were
air-dried at room temperature.

[0057] Two weeks later, cloning reactions were carried out
with a bead of the insert and a bead of the vector, as
described beforehand for treatments 1 to 4. The transforma-
tion was carried out as described for the previous experi-
ment, resulting in the following number of colonies:
[0058] Treatment 5: 250 white colonies, estimated 37500
for the entire transformation.

[0059] Treatment 6: 181 white colonies, estimated 27150
for the entire transformation.

[0060] Treatment 7: 172 white colonies, estimated 25800
for the entire transformation.

[0061] These results show that the beads can be stable for
at least 2 weeks at room temperature and are still suitable for
efficient cloning.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 8

<210> SEQ ID NO 1

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pICH50251 section

<400> SEQUENCE: 1

ttaatgggag acctt

<210> SEQ ID NO 2

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pICH50251 section

<400> SEQUENCE: 2

aaggtctcag cttac

<210> SEQ ID NO 3

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pAGM6752 section

<400> SEQUENCE: 3

gtggtctcaa atgge

<210> SEQ ID NO 4

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

15

15

15
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-continued

<223> OTHER INFORMATION: pAGM6752 section
<400> SEQUENCE: 4

gagctttgag accac

<210> SEQ ID NO 5

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pICH47732 section

<400> SEQUENCE: 5

ccggagtgag accge

<210> SEQ ID NO 6

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pICH47732 section

<400> SEQUENCE: 6

acggtctecac getge

<210> SEQ ID NO 7

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pICH42301 section

<400> SEQUENCE: 7

gtggtctcag gagag

<210> SEQ ID NO 8

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pICH42301 section

<400> SEQUENCE: 8

gacgcttgag accac

15

15

15

15

15

1. A method for one-pot one-step assembly of two or more
DNA molecules to form at least one recombinant DNA
molecule, wherein the two or more DNA molecules to be
assembled, present in dry form on or in at least one substrate
are brought together with a suitable reaction medium in a
reaction vessel.

2. The method according to claim 1, wherein the two or
more DNA molecules present on or in the substrate are each
flanked by type II restriction endonuclease restriction sites
with opposite orientation.

3. The method according to claim 1, wherein the two or
more DNA molecules, which are present on a filter paper
piece, cellulose particle, or in a tablet, are brought together
with the reaction medium in the reaction vessel.

4. The method according to claim 1, wherein the two or
more DNA molecules, each present on or in a separate

substrate in dried form, are brought together with the reac-
tion medium in the reaction vessel.

5. The method according to claim 1, wherein the two or
more DNA molecules are brought together in a reaction
medium which contains a) a type II restriction endonuclease
and a DNA ligase or b) an exonuclease, a DNA polymerase
and a DNA ligase.

6. The method according to claim 1, wherein the two or
more DNA molecules, in each case being present on or in the
substrate in a quantity sufficient for assembly, are brought
together with a suitable reaction medium in a reaction
vessel.

7. A substrate for use in a method according to claim 1,
comprising thereon or therein at least one DNA molecule
present in dry form, which can be assembled with another
DNA molecule, wherein the substrate with the DNA mol-
ecule is formed and dimensioned such that it can be arranged
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individually as a whole and unchanged in a micro reaction
vessel, and wherein the substrate comprises the DNA mol-
ecule in a quantity sufficient for an assembly reaction, in
particular in accordance with the “Golden Gate” method,
and wherein the DNA molecule is flanked in each case by
type 1I restriction endonuclease restriction sites with oppo-
site orientation.

8. The substrate according to claim 7, wherein the carrier
is or comprises a filter paper piece, a cellulose particle, or a
tablet with the DNA molecule contained therein.

9. A kit for carrying out the method according to claim 1,
comprising at least one substrate according to claim 1.

10. The kit according to claim 9, comprising two or more
DNA molecules to be assembled, wherein each of the two or
more DNA molecules is present on or in a separate substrate
in a quantity sufficient for the assembly.

11. The kit according to claim 9, further comprising a) a
type II restriction endonuclease and a DNA ligase or b) an
exonuclease, a DNA polymerase and a DNA ligase.

#* #* #* #* #*
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