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ABSTRACT

The invention relates to a method for the transter of molecular substances, for example pro-
teins or nucleic acids in cells, in the case of using DNA combined with a possible gene expres-
sion. A prokaryotic nucleic acid-binding protein 1s used for the transfer, which 1s preferably
obtained from a thermostable organism. Where the substance to be transferred i1s a nucleic
acid, the protein forms a reveréible complex with the nucleic acid. The prokaryotic protein

condenses and compacts the nucleic acids. Said nucleic acids can be taken up in the target cells

after suitable incubation.
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Applicant: ACGT ProGenomics AG

METHOD FOR TRANSFER OF MOLECULAR SUBSTANCES WITH
PROKARYOTIC NUCLEIC ACID-BINDING PROTEINS

The present invention is with respect to a method for the transfer of nucleic acids and/or nu-
cleic acid analogs, and/or nucleic acids and/or nucleic acid analog and/or substances containing
amino acids, especially of nucleic acids such as DNA in form of plasmids, into prokaryotic or

eukaryotic cells.

Field of invention and state of technology

Transfection 1s the introduction of nucleic acids such as nucleotides, antisense RNA, ribo-
zymes, or especially DNA in the form of plasmids, chromosomes, or chromosome fragments
for the expression of a gene in cells. The term transfer is here analogous, where in general lan-
guage usage the term fransfection is especially used for gene transfer. Apart from the transfer
of nucleic acids, the directed and efficient transfer of additional active substances such as pro-
teins, peptides, therapeutic drugs and other molecular substances is of great interest. The
transter process 1s of essential significance, both for biomedical basic research and for the
pharmaceutical-biotechnological industry. Some proteins, among them therapeutically relevant
ones, are only processed correctly during production in eukaryotic cells, since the modification
machinery that continues to modify a protein even after the translation is in prokaryotic organ-
1sms largely not present or in a significantly different way. Other proteins, in contrast, are ad-
vantageously produced in prokaryotic host cells, since here large quantities of the protein can
be produced economically and easily. Furthermore, transfection and targeted expression of
certain genes is an important tool of cell and molecular biology for the characterization and
analysis of biological processes. Transfection of plant cells is an important method for plant
technology with respect to the production of plants with new properties and ingredients (trans-

gene plants) or herbicide-resistant plants. Finally, in the framework of biomedical research cells
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are regularly transfected with single-stranded nucleic acids (ssDNA or ssRNA), or with nucleic
acid analogs (e.g., peptide nucleic acids, PNAs), which become intra-cellularly effective as
effectors, e.g., as specific inhibitors of protein synthesis through so-called antisense techniques.
With all these processes and methods, transfection for the specific introduction of relevant nu-

cleic acids is an important process step.

In the same manner, processes are relevant that can directly transport a protein or peptide into
a cell; the most important applications are therapeutics. For instance, intracellular antibodies
can be used to recognize specific pathogens in cells and to inhibit them. One method to achieve
this 1s the electroporation of macromolecules into the target cells; however, this method can
only be used in vivo and with low efficiency and relatively high losses with respect to the cells
(ct. E.J. Verspohl, 1. Kaiserling-Buddemeier, A. Wienecke, Infroducing specific antibodies
into electro-permeabilized cells is a valuable tool for eliminating specific cell functions, Cell.

Biochem. Funct. Vol. 15, pp. 127-134, 1997).

For the transfer of nucleic acids into cells several methods are known according to the state of
technology. Among them are — as with the previously named process for the transfer of pro-
teins — physical processes such as electroporation, where by the connection with an electrical
field the membrane of cells is perforated, thus becoming permeable for large macro-molecules.
However, electroporation is often difficult with sensitive cells and often accompanied with a
low survival rate of the cells. In the case of eukaryotic cells, according to the state of technol-
ogy, chemical methods are most often used, for instance, the coprecipitation of calcium phos-
phate and DNA or the formation of higher-molecular complexes, for instance, from DEAE-
(diethylaminoethyl-)dextrane and DNA (c¢f. Y.W. Yang & J.C. Yang, , Studies of DEAE-
dextran-mediated gene transfer, Biotechnol. Appl. Biochem. 1997, Vol. 25, pp. 47-51) or of
dendrimers with DNA (cf. J.F. Kukowska-Latallo, A U. Bielinska, J. Johnson, R. Spindler,
D.A. Tomalia, & J.R. Baker Jr., ,Efficient transfer of genetic material into mammalian cells
using Starburst polyamidoamine dendrimers®, Proc. Natl. Acad. Sci. U.S.A. 1996, Vol. 93, pp.
4897-4902). The basic principle of these transfection reagents is, first, compacting of the long
and mechanically rigid nucleic acid threads; such compacting is in most of the cases an impor-
tant prerequisite for the successful uptake of nucleic acids into the cells. Occasionally, this is

achieved by a polycation such as, e.g., pure or modified polylysine (cf, for instance, patent
WO 98/06869).
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With medical-pharmaceutical applications, liposome-based systems on the basis of cationic hipids
are often preferred for transfection; they have the advantage of high efficiencies. Therewith, an

inclusion of the nucleic acids 1n cationic liposomes of various origins and compositions occurs
(cf., the commercial products PerFect™ from Invitrogen, FuGene™ from Roche,

Lipofectamine™ from Life Technologies, PolyFectin™ from Biontex, and LipoTaxi® from
Stratagene). A comprehensive and up-to-date review can be found at R.J. Lee & L. Huang,
,L1p1dic vector systems for gene transfer®, Crit. Rev. Ther. Drug Carrier Syst. 1997, Vol. 14, pp.
173-206. A corresponding large number of international patents exist differing primarily by the

formulation of the liposomes used.

However, the named techniques and reagents have their different and individual disadvantages.
On the one hand, the existing systems (except for the liposome-based products) are rather
inefficient, with yields of only a few percent of the cells being transfected; on the other hand,
especially the effective (iposome-based) reagents are increasingly toxic, particularly for sensitive
eukaryotic cells. Other disadvantageous properties have also been described; for instance, during
the transfection of adherent eukaryotic cells with DEAE-dextrane the only weakly attached cells
undesirably separate from their base of the cell culture dish. Also, transfection agents that are not
immediately toxic for cells can show properties that influence the cells after transfection. In
addition, the existing agents of the new generation such as dendrimers (product SuperFect®,
QQ1agen) are for certain applications only slightly toxic, but rather elaborate in manufacturing and,
thus, expensive. Finally, many of the transfection protocols to date require a large number of
manipulations by the user and are, thus, complicated and tedious in their use; this can also
negatively impact the reproducibility of transfection assays. The standard protocols for
transfections mandated by the manufacturers must be modified for each cell type individually and
optimized again each time in order to achieve maximum yields. The agents are only suitable for
the transport of double-stranded DNA and rarely for single-stranded nucleic acids and practically
never for other molecular substances such as, e.g., proteins or peptides. Last but not least, the
customary transfection agents each consist of only one or a few molecular species and, therefore,

are not very variable in their use.

[t 1s the task of the invention to eliminate or reduce the disadvantages listed above according to

the state of technology. Therefore, according to the invention, a method according to claim 1
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for the transfer of nucleic acids and/or nucleic acid analogs, and/or nucleic acids and/or nucleic
acid analog and/or substances containing amino acids, into prokaryotic or eukaryotic cells is

provided, where

- the nucleic acid or the nucleic acid analog, or the nucleic acids or nucleic acid analogs or
substances containing amino acids to be transferred are brought into contact with a pro-
karyotic nucleic acid-binding protein, in order to form a complex from the nucleic acid,
the nucleic acid analog or the nucleic acids or nucleic acid analogs or substances con-
taining amino acids and the nucleic acid-binding protein

and

- subsequently, the complex of nucleic acid, nucleic acid analog and/or nucleic acids or
nucleic acid analogs or substances containing amino acids and the prokaryotic nucleic
acid-binding protein are brought into contact with the prokaryotic or eukaryotic target

cells in order to achieve a transfer of the complex into the cells.

Advantageous application forms of the present invention result from the sub-claims of the de-

scription.

Description

The present invention concerns a method for the transfer of nucleic acids, nucleic acid ana-
logs, and/or nucleic acids or nucleic acid analog or substances containing amino acids, espe-
cially of nucleic acids such as DNA in the form of plasmids into prokaryotic or eukaryotic
cells.

To achieve this, a prokaryotic, nucleic acid-binding protein is bound under suitable incubation
conditions covalently to the substance to be transferred or by a non-covalent association with
the nucleic acid to be transferred, and this complex is added to the target cells. The special
character of the prokaryotic nucleic acid-binding protein to the condensation of the DNA fa-
vors here the transfer of DNA-based active substances significantly. For the control of the up-
take and the increase of the efficiency, the prokaryotic nucleic acid-binding protein can show
additional characteristics, for instance, in the form of additional fusions. The cells internalize

the complex of protein and active substance, respectively, protein and nucleic acid. Different

formats are shown schematically in Figure 1.
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For the transfer, a prokaryotic, nucleic acid-binding protein is used, preferably from a thermo-
stable organism and even more preferably from a hyperthermophilic organism. When nucleic
acids are used as substance to be transferred, the nucleic acid-binding protein forms a reversi-
ble complex with the nucleic acid; the prokaryotic protein condenses and compacts the nucleic
acid. Thus, this complex is protected from undesirable effects, for instance, the degradation by
nucleases. Nucleic acid molecules condensed in such a way can be taken up — passively or
actively — through the cell membrane of eukaryotic cells or the cell wall of prokaryotic cells
into these cells after respective incubation. If a coding gene in the form of a corresponding
DNA (for instance, a plasmid) is used as nucleic acid, the gene can subsequently be expressed
by the target cell. If, on the other hand, a protein or a peptide is used as molecular substance to
be transported, a fusion on the level of gene technology between the protein or peptide to be
transferred and the transferring protein is favorable. In order to increase the efficiency, the nu-
cleic acid-binding protein can be combined (fused) with effectors on the basis of proteins or
peptides. Furthermore, the use of a protein that shows a typical signature for nuclear translo-

cation in 1ts sequence can be advantageous.

Furthermore, a wrapping of the complex with lipids, polyethylene glycol, or other molecules

can be advantageous with respect to increased efficiency and in regard to the biological prop-

erttes of the complex.

An important feature for the transfection of nucleic acids is their condensation. These mole-
cules normally possess a long inflexible structure that has little flexibility in solution. Due to the
comprehensive coding length of genes, the DNA can be very long and thus show physical
properties unfavorable for transfection. Condensation, in this invention, is the reduction of the
unfavorable length-to-diameter ratio of the DNA by agglomeration of the DNA thread or also
a circular plasmid to a compact structure, that is, to a small volume.

Optimal condensation distinguishes itself by the development of an almost globular structure.
Condensation of nucleic acids presupposes the presence of condensation agents; here, a cus-
tomary function of these condensation agents is the compensation of the negative charges on

the polyphosphate backbone of the DNA and other nucleic acids.

According to the stipulation of the invention, the prokaryotic nucleic acid-binding protein ad-

vantageously stems from a hyperthermophilic organism, that is, an organism that exists at tem-
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peratures of more than 75 °C. The advantage of proteins from these organisms lies, among

others, in the fact that they can be handled very easily due to their special stability properties

and, for instance, cooling of the agents during purification and storage 1s not necessary. Fur-

thermore, proteins from these organisms can be produced and purified easily and with a high
yield recombinantly in Escherichia coli. Therefore, the high stability of the proteins against
denaturation can be used to perform purification under rather stringent conditions, thus avoid-
ing possible contamination in the preparations, for instance, also by bacterial lipopolysaccha-
rides (endotoxins), DNases, proteinases, RNases, among others, limiting it to a minimum be-
low the detection limit of common analytical methods. Helpful in this regard are also the prop-
erties of the protein TmHU (7hermotoga maritima HU-protein) preferentially used in this in-
vention to be spectroscopically transparent in the wavelength range from 260 to 300 nm,; this
allows easily a fast and sensitive spectroscopic analysis of contaminations from nucleic acids
and other proteins. Preferred for reproducible and efficient transfer rates of nucleic acids, nu-
cleic acid analogs and/or amino acids containing substances, according to the invention, are
pure preparations of transfer reagents, since contaminations, especially from
bacterial endotoxins but also from proteinases, DNases and RNases, can impair the transfer

results. This applies especially to sensitive cells, respectively, for processes with low transfer

efficiencies.

Histones are proteins in eukaryotic cell nuclei that bind nucleic acids primarily or entirely un-
specifically and whose purpose consists mainly in the compacting (condensation) of DNA, for
instance, by charge neutralization and hydrophobic effects, referred by the protein. Thus, they
reduce the effective spatial demand of the DNA within the cell nucleus. Histone-like proteins
fulfill, according to current knowledge, an analogous task in the simpler structured (without
nucleus) prokaryotic organisms. For instance, the DNA-binding protein from the hyperthermo-
philic organism Thermotoga maritima (histone-like protein) is not only superior to those
stemming from eukaryotic histones with respect to their stability but also with respect to man-
ageability and the lesser structural complexity. For instance, eukaryotic histones are associates
of up to eight different protein sub-units all of which must be produced separately and assem-
bled with DNA in one complex; this is complicated in vitro and elaborate. In the present in-

vention, prokaryotic histone-like proteins, preferably from the HU-protein stemming from the

hyperthermophilic organism Thermotoga maritima, are used.
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As will be appreciated by a person skilled in the art, the histone-like protein which forms a
complex with the biological material to be introduced into the target cells may be selected from
the group consisting of TmHU (Thermotoga mantima HU-protein), Sso7d (from Sulfolobus
solfataricus and Sulfolobus acidocaldarius), Ssh7 (from Sulfolobus shibatae), Sac7d (from
Sulfolobus solfataricus and Sulfolobus acidocaldarius), BstHU (from Bacillus
stearothermophilus), HU (from Escherichia coli), IHF (from Escherichia coli), BsuHU (from
Bacillus subtilis), SaHU (from Sulfolobus acidocaldarius), BbuHU (from Borrelia burgdorfen),
BgaHU (from Borreha garinii), BafHU (from Borrelia afzelir), IHF (from Pseudomonas
aeruginosa), DNA-binding protein (Chlamydia spp.), Hsa (from Staphylococcus aureus), RIHU
(from Rhizobium leguminosarum), HSI (from Streptomyces lividans), HCj (from Campylobacter
jejuni), HU (from Bacillus caldolyticus), HU (from Bacillus caldotenax), HU (from Bacillus
globign), HCc (from Caulobacter crescentus), DNA-binding protein (from Deinococcus
radiodurans), HSa (from Sulfolobus acidocaldarius), histone-like, DNA-binding protein (from
Streptococcus gordonit), histone-hike, DNA-binding protein (from Streptococcus mutans),
histone-like, DNA-binding protein (from Streptococcus pyogenes), histone-like, DNA-binding
protein (from Streptococcus thermophilus), histone-like DNAbinding protein (from Haemophilus
influenzae Rd), histone-like DNA-binding protein (from Listeria monocytogenes), histone-like
DNA-binding protein (from Serratia marcescens), histone-like DNA-binding protein (from
Salmonella typhimurium), histone-like DNA-binding protein (from Thermus aquaticus), histone-
like DNA-binding protein (from Rhizobium meliloti), histone-like DNA-binding protein (from
Pseudomonas putida), histone-like DNA-binding protein (from Mycobacterium tuberculosis),
histone-like DNA-binding protein (from Mycobacterium leprae), histone-like DNA-binding
protein (from Zymomonas mobilis), histonelike DNAbinding protein (from Yersinia
pseudotuberculosis), histone-like DNA-binding protein (from Mycobacterium bovis), histone-like
DNA-binding protein (from Mycoplasma hyopneumo-niae), histone-like DNA-binding protein
(from Mycobacterium smegmatis), histone-like 4 DNA-binding protein (from Helicobacter pylori),
histone-like DNA-binding protein (from Aquifex aeolicus), histone-like DNA-binding protein
(from Agrobacterium tumefaciens), histone-like DNA-binding protein (from Pseudomonas
aerugtnosa), histone-like DNA-binding protein (from Helicobacter pylori), histone-like DNA-

binding protein (from Xanthomonas campestris), histone-like DNA-binding protein (from Vibrio
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proteolyticus), histone-like DN A-binding protein (from Streptomyces lividans), histone-like DNA-
binding protein (from Rickettsia prowazekii), histone-like DNA-binding protein (from
Streptomyces coelicolor), histone-like DNA-binding protein (from Mycoplasma capricolum),
histone-lhke DNA-binding protein (from Borrelia burgdorferi), histone-like DNA-binding protein

(tfrom Borrelia japonica), histone-like DNA-binding protein (from Borrelia andersonii), and/or

HTa (from Thermoplasma acidophilum).

As indicated above, the HU-protein from the hyperthermophilic organism 7hermotoga maritima

is one example of a suitable prokaryotic histone-like protein.
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The tests conducted by the inventors surprisingly show | that this prokaryotic DNA-binding,
histone-like protein HU from the hyperthermophilic eubacterium Thermogata maritima (spe-
cies of thermotogales), called TmHU in the following, not only binds, protects, and condenses
nucleic acids, but in addition is able to transport these nucleic acids into different cell types
extremely effectively. Therewith, the efficiencies of a subsequent gene expression are signifi-
cantly higher than the comparable established agents without any recognizable signs of cellular

toxicity. The transfer protocol is simple, robust and requires a very small effort of time for the

execution of the transfer.

In the same manner it could be shown that also amino acid-containing substances, for instance,
proteins or peptides, preferably proteins, fused to TmHU were taken up into the target cells by
way of the uptake effect of TmHU.

In addition, the circumstance has proven advantageous that the histone-like protein can be
produced recombinantly in the bacterium Escherichia coli with a very high yield and can be
isolated easily and cost-effectively in spectroscopically pure form. The hyperthermophilic ori-
gin, for instance, does not require preparation and storage of the protein under cooled condi-
tions. In addition, the primary step of cleaning, the separation of the HU-protein from the mass
of the Escherichia coli-host proteins, takes place by a simple heat precipitation, where nearly

only the thermostable TmHU-protein remains in solution.

It could be shown that the TmHU-protein demonstrates outstanding properties with respect to
the transfection of cells. The protein compacts (condenses) nucleic acids to a stable complex.
Thus, a perfect protection against degradation of the nucleic acids by nucleases is provided.

The complexes are taken up efficiently into cells.

Furthermore, peptides or protein domains in addition can be fused to the TmHU protein by
way of gene technology, which gives altered properties to the complexes. Thus, modified
TI'mHU proteins can allow for an increase of uptake efficiency or directed uptake into the cells.
For modification, for instance, peptides come into consideration for the binding to cellular
surface structures; it is known that peptides with the sequence motive arginine — glycine — as-
partate (RGD) bind preferably to the often existing integrins of the type a.B; or a..Bs at the cell

surface. It is known for other peptide motifs that they cause an insertion into eukaryotic cell
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membranes by their amphipéﬂxic structural nature, thus making an uptake of molecules by the
cells possible. Finally, the increase of uptake efficiency and a specification of cell types can also
be achieved by the usage of proteins or protein domains that bind as effectors to cellular sur-
face receptors. An example of this is the epidermal growth factor EGF that can bind highly
specifically to the EGF receptor (overexpressed on some tumor cell types). Thus, the uptake of
the TmHU/EGF-DNA-complexes can take place specifically into such tumor cells. But even
after the uptake of the complexes in cells, adhering functional domains can contribute to an
increase in efficiency.

As an example, proteins that effect an endosome release and peptides for the targeted uptake
into eukaryotic cell nuclei by NLS sequences (NLS, nuclear localization signal) can be named.
A wrapping of the protein/nucleic acid complexes for further separation from the environment
and, if applicable, for an increase of the transfection efficiency can be achieved by a wrapping
with a liposome membrane. Based on the state of technology, liposomes can be easily pro-
duced; thereby, a passive inclusion of the protein/nucleic acid complex into the liposomes oc-
curs. These constructs have the advantage of decreased immunogenity with in vivo use in or-
ganisms. Additionally, by amalgamation of the liposome sheath with the cell membrane an in-
crease of cell uptake can occur. An encapsidation of the protein/nucleic acid complexes can
also occur by the use of other molecular substances, e.g., by polyethylene glycol of the mo-
lecular mass 2000 Da (PEG 2000). According to the state of technology it has already been
demonstrated that such a PEGinylation leads to a significant decrease of the immune response
on in vivo applications (cf. for instance the summary by M.D. Scott & K.L. Murad, , Cellular

camoutlage: fooling the immune system with polymers “, Curr. Pharm. Des. 1998, Vol. 4, pp.
423-438).

The transfer of nucleic acids, nucleic acid analogs and/or amino acids containing substances in
cells 1s demonstrated in each of the following examples with the transfer of coding DNA se-
quences for the transfection of a reporter gene as well as with the transfer of a protein (GFP) in
target cells. For a prokaryotic protein, the HU-protein from Thermotoga maritima which has
been proven very suitable for the described method is used hereby. The protein has two typical
signatures for a nuclear translocation with the transfer of the protein into eukaryotic cells,
comparable with the translocation sequence RPAATKKAGQAKKK according to Robbins,
Dilworth, Laskey, and Dingwall, Cell 64, pp. 615-623, 1991; thus, a nuclear translocation of

the protein and of the molecular substances (DNA, proteins) associated with it is assured with
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a probability of more than 95% (ascertained with the computer program PSORT II used ac-
cording to the state of technology). Especially for the transfer of DNA in cells does this nu-
cleus translocation have significant meaning for the large efficiency of the method. However,
the following example 8 clearly shows that the protein cannot only transfer DNA in cells but
also proteins attached to TmHU. Thus, the protein also has the advantageous property to pass
eukaryotic cell membranes.

By the attachment of receptor binding modules such as EGF (cf. the following example 6) a

directed uptake in cells can also be achieved hereby.

A special advantage of the TmHU protein is its lack of toxicity in the examples listed below
and the fact that adherent cells do not become detached from the cell culture containers during
transfection. These properties distinguish the protein from other transfection agents such as
liposomes or synthetic compounds (dendrimers). At the same time, the property of the TmHU
to origin from a hyperthermophilic organism constitutes a special advantage for the use of the
system. Thus, the recombinant production is especially simple and a great purity of the protein
preparation can be assured. The extremely high thermostability of the protein allows for long
and stable storage even under otherwise unfavorable environmental conditions.
Especially, 1t 1s possible to generate the protein/nucleic acid complexes necessary for the
transfection at high temperatures. If DNA is mixed with the TmHU protein in suitable mass
ratios and brought to a high temperature (around 90°C) for a short time from approximately
0.5 to 10 min, a fine precipitate from DNA and TmHU is formed which is especially suitable
for high transfection efficiencies. Such a possibility is only available when hyperthermophilic
nucleic acid-binding proteins are employed. The incubation of the nucleic acid with the TmHU
protein at customary room temperature conditions can range from 0.5 to 180 minutes where an
incubation time of 60 minutes is usually sufficient. For the transfer of nucleic acids with TmHU
it has proven advantageous to add calcium to the TmHU/DNA-mixture during the production
of the complexes which accelerates the complex formation. The incubation of the precipitates
formed either at room temperature or at high temperature with the target cells can, depending
on cell type and application case, range from 30 seconds to several days.

Especially suitable for the present invention are nucleic acid- binding proteins and proteins from
thermophilic and especially hyperthermophilic prokaryotic organisms derived from the former.
From the domain of the archaea especially the representatives of the Crenarchaeota (hyper-

thermophilic archaea bacteria) are good candidates together with representatives of the taxo-
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nomic groups of the PyrodiCtiales, Sulfolobales, Thermoproteales, or the unclassified Crenar-
chaeota such as Aeropyrum, Caldococcus, Cenarchaeum, Igneococcus, Pyrolobus, Sulfopho-
bococcus, Thermodiscus, and Thermosphaera. With the euryarchaeota especially the proteins
from the taxonomic classes of the Thermococcales and the Thermoplasmales are relevant. But
thermophilic and hyperthermophilic eubacteria also have nucleic acid-binding proteins naturally
that can be employed within the framework of an application according to the invention; this
includes, for instance, the representatives of the taxonomical classes of the thermosulfo-

bactena, the Aquificales, Thermotogales or the group of the Thermus/Deinococcus bacteria.

Apart from proteins from hyperthermophilic or thermophilic organisms, proteins from other
prokaryotic organisms can also be employed for a successful transfection, as the following ex-
ample 8 (using the HU-protein from Escheria coli) shows. Here, the efficient formation of the
complexes with the prokaryotic protein necessary for the transfection with nucleic acids oc-
curs, preferably by addition of appropriate amounts of calcium to the mixture; a heating step
for the production of the fine precipitates must here be relinquished. Thereby, the proteins can
be 1solated from mesophilic organisms from the kingdom of the archaebacteria or eubacteria or
constitute modifications of these natural proteins. As representatives of the archaebacteria, the
taxonomic groups of the Corarcheota and the Euryarchaeota can be named, the latter with the
families of the Archaeoglobales, Halobacteriales, Methanobacteriales, Methanococcales,
Methanomicrobiales, Methanopyrales, Methanosarcinales, Thermococcales, and Thermoplas-
males. To the taxonomic groups of the eubacteria, including primarily non-thermophilic or
non-hyperthermophilic organisms, in this context belong especially the following groups: the
Aquificales, the group of the Chlamydiales/Verrucomicrobia, the group of the Coprothermo-
bacteriae, the Cyanobacteriae, the group of the Cytophageles/green sulfur bacteria, the group
Fibrobacteria/Acidobacteria, the Firmicutes, the group of the Flexitipesk, the Fusobacteria, the

group of the Holophaga, the group of the Nitrospira, the Planctomycetales, the Proteobactenia,
the Spirochaetales, and the group of the Synergistes.

When using prokaryotic organisms as target cells for the described transfer technolo gy the
formation of the fine precipitates by short-term heating of the TmHU/DNA-mixture can pro-
vide an increase of the transfection efficiency if a protein from a thermophilic or a hyperther-
mophilic organism is used. Apart from a transfection that occurs by simple incubation of the

TmHU/DNA-complexes with the prokaryotic cells, electroporation according to the state of
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technology with the help of the TmHU/DNA-complexes can be successful. Thereby, the DNA
1s protected by the TmHU and stabilized in its structure. With the following example 1 it could
be demonstrated that TmHU even in high concentrations is not toxic for Escherichia coli.

Analogous, a transfer of proteins or other molecular substances in prokaryotic cells can be

successfully performed.

At the same time, the TmHU protein protects in vivo nucleic acids from enzymatic degrada-
tion. The recombinantly produced protein binds 1n the bacteria cells to the nucleic acids present
there, such as plasmids. On this basis, a system can be manufactured that is suitable for the
production of large quantities of nucleic acids of high purity and without the danger of the en-
zymatic degradation through nucleases, at economic conditions.

An area of application especially important for the transfer of molecular substances in cells is
the use of plant cells as target cells. These plant cells distinguish themselves by a sturdy cell
wall that can hardly be penetrated, thus, currently hardly any methods are known for the trans-
port of molecular substances such as DNA or proteins in plant cells. However, the extremely
stable TmHU/DNA-protein complexes can be suitable, with customary methods according to
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