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(57) Abstract : The invention relates to a method for synthesising long nucleic acids, including at least one cycle of elongating ini­
tial fragments of nucleic acids, including a) a phase comprising the enzymatic addition of nucleotides to said fragments, b) a phase 
comprising the purification of the fragments having a correct sequence, c) an optional phase of enzymatic amplification, each cycle 
being performed in a reaction medium which is compatible with enzymatic addition and amplification, such as an aqueous medium, 
the synthesis method also comprising, at the end of all the elongation cycles, a last step of final amplification. The invention also re - 
lates to the use of the method for the production of genes, or sequences of synthetic nucleic acids, DNA or RNA. The invention fur­
ther relates to a kit for implementing said method.

(57) Abrege : Procede de synthese d'acides nucleiques, de grande longueur, comprenant au moins un cycle d'elongation de frag­
ments d'acides nucleiques initiaux, comprenant a) une phase d'addition enzymatique de nucieotides auxdits fragments, b) une phase 
de purification des fragments ayant une sequence correcte c) une phase eventuelle d'amplification enzymatique, chaque cycle etant 
realise dans un milieu reactionne! compatible avec une addition et une amplification enzymatiques, tel qu'un milieu aqueux, le pro - 
cede de synthese comportant egalement a la fin de l'ensemble des cycles d'elongation, une ultime etape d'amplification finale. Utili - 
sation du procede pour la production de genes, ou de sequences d'acides nucleiques synthetiques, d'ADN ou d'ARN. Kit pour la mise 
en oeuvre du procede.
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Method for synthesising nucleic acids, in particular 
long nucleic acids, use of said method and kit for 

implementing said method

The present invention relates to a process for the 
synthesis of nucleic acids, in particular of long 
nucleic acids, and also to a kit for the implementation 
of this synthesis process.

State of the art

Nucleic acid polymers are currently synthesized in 
vitro by organic synthesis methods. The commonest of 
these methods is the "phosphoramidite" method described 
by Adams et al. (1983, J. Amer. Chem. Soo., 105, 6 61)
and Froehler et al. (1983, Tetrahedron Lett., 24, 
3171).

This method of synthesis is very widespread and remains 
the commonest used by the various laboratories and 
companies having nucleic acid production operations. 
Due to its degree of use and to the performances which 
are specific to it, this method constitutes the current 
reference in terms of synthesis of nucleic acids.

This method employs a coupling reaction between the 
final nucleotide of a nucleic acid fragment and the 
nucleotide to be added, the first coupling reaction 
being carried out between a solid support and the first 
nucleotide. The coupling is carried out between the 5'- 
OH group of the final nucleotide of the nucleic acid 
and the 3'-OH group of the nucleotide to be added. In 
this way, the synthesis of the nucleic acid is said to 
be of 3' toward 5' type. During the coupling reaction, 
the phosphoramidite group is involved in the reaction.

Each nucleotide to be added is protected at the 5'-OH 
group so as to prevent an uncontrolled polymerization 
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of several nucleotides of the same type, the coupling 
stage having to result in the addition of just one 
nucleotide. Generally, the protection of the 5'-OH 
group is carried out by a trityl group. In order to 
avoid possible degradation due to the use of powerful 
reagents, the bases carried by the nucleotides can also 
be protected. Generally, the protection used involves 
an isobutyryl group (Reddy et al., 1997, Nucleosides & 
Nucleotides, 16, 1589) . After each incorporation of new 
nucleotides, the 5'-OH group of the final nucleotide of 
the chain undergoes a deprotection reaction, so as to 
render it available for the next polymerization stage. 
The bases carried by the nucleotides making up the 
nucleic acid for their part are only deprotected after 
the polymerization is complete.

Between each stage of addition of nucleotide, a
specific stage of neutralization is carried out. It

in permanently modifying the deprotected 5'-OHconsists
groups of the fragments which have not incorporated
nucleotide in the coupling stage and the sequence of
which is in fact incorrect. This stage generally
involves an acetylation reaction .

Finally, a last stage of oxidation by
treatment with is necessary to regenerate the
phosphodiester bond naturally present between the
nucleotides of nucleic acid molecules.

The methods for the organic synthesis of nucleic acids,
such as that set out above, require large amounts of
unstable, dangerous and expensive reagents which may
have an impact on the environment and health. The
various stages carried out are also expensive and
sometimes difficult to control. Finally, the devices
which make it possible to carry out these syntheses in
practice are complex, require a major capital cost and
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have to be operated by a qualified and dedicated
workforce .

One of the major disadvantages of these organic
synthesis techniques lies in their low yield. During
each cycle, the coupling reaction only takes place in

the cases, leaving, in the reaction
medium, nucleic acids which do not have correct
sequence. As the synthesis proceeds, the reaction
medium thus becomes greatly enriched fragments
comprising a totally incorrect sequence . The errors of
deletion type which occur thus have particularly

m

a

dramatic repercussions resulting in an offsetting of
the reading frame of the nucleic acid fragments under
consideration .

Thus, for a coupling reaction correct in 99% of the 
cases, a nucleic acid comprising 70 nucleotides will be 
synthesized with a yield of less than 50%. This means 
that, after 70 addition cycles, the reaction medium 
will comprise more fragments having an erroneous 
sequence than fragments having a correct sequence. This 
mixture then proves to be unsuitable for a subsequent 
use .

Generally, the proportion Z of correct fragments
present in the mixture after i addition cycles of
nucleotides, each addition having a success rate p, can 
be written: Z = p .

Added to the problems brought about by the limit on the 
effectiveness of coupling are identical problems for 
all the other reactions involved in the synthesis 
process. This is because these reactions are not always 
complete and also promote the creation of nucleic acid 
fragments comprising an erroneous sequence or a 
molecular structure not in accordance. These fragments 
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will enlarge the ranks of the impurities as the 
sequence of the synthesis cycles proceeds.

The methods for the organic synthesis of nucleic acid 
thus prove to be inefficient for the synthesis of long 
fragments as they generate a very large amount of 
fragments having an incorrect sequence, thus regarded 
as impurities. In practice, the maximum length of the 
fragments which can be efficiently produced by these 
methods is between 50 and 100 nucleotides.

There exist alternative techniques using an enzymatic 
catalyst for carrying out the coupling stage, in 
particular enzymes which can carry out the coupling 
reaction between nucleotides in the absence of matrix 
strand. Several enzymes of polymerase type appear to be 
suitable for synthesis methods of this type. The 
enzymes in the category of the polymerases or the 
ligases capable of creating a phosphodiester bond 
between two nucleotides, more particularly the enzymes 
of the family of the telomerases, of the family of the 
translesion enzymes of polymerase η or ζ type, of the 
family of the PNPases, of the family of the template­
independent RNA polymerases, of the family of the 
terminal transferases or of the family of the ligases, 
are included among the enzymes which can act as 
enzymatic catalysts. The RNA ligase enzyme can be used 
in this context, and also terminal deoxynucleotidyl 
transferase (TdT).

These methods of "enzymatic" syntheses make it possible 
to dispense with the unstable, dangerous and expensive 
solvents and reagents used during the organic synthesis 
methods. The enzymatic synthesis methods carry out a 
polymerization of the nucleic acids in the 5' toward 3' 
direction. Thus, the coupling is carried out between 
the 3'-OH group of the final nucleotide and the 5'-OH 
group of the nucleotide to be added.
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In some enzymatic methods, the enzyme which makes 
possible the polymerization is added directly to 
natural nucleotides (Deng et al., 1983, Meth. Enzymol. , 
100, 96) . Starting from an initial nucleic acid
fragment known as primer, the polymerization enzyme and 
also the nucleotides of one and the same type are 
added. The polymerization reaction is then initiated 
until it is halted by a physical or chemical method. 
The nucleic acid grows sequentially by repetition of 
these stages of phosphodiester bond creation.

The use of natural nucleotides results in a phenomenon 
of uncontrolled polymerization resulting in a very 
heterogeneous mixture of nucleic acid molecules. This 
is because nothing prevents the addition of several 
nucleotides of one and the same type after a first 
addition. In practice, such a method of synthesis 
proves to be unusable for the synthesis of nucleic acid 
fragments having a desired sequence.

The use of protected nucleotides makes it possible to a 
certain extent to solve this phenomenon of uncontrolled 
polymerization by completely or partially preventing 
the creation of additional phosphodiester bonds with 
respect to that desired, and thus bringing about the 
halting of the synthesis.

A problem encountered in this case is that of the 
synthesis of protected nucleotides. The installation of 
the protection, which can be located on the base or on 
the 3'-OH group, involves a succession of complex 
chemical reactions. On conclusion of the synthesis, the
nucleotides having the desired protection are rarely 
present in the pure form. Some impurities, such as
unprotected starting nucleotides, very negatively
affect the synthesis yields.
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Another problem encountered relates to the
effectiveness of protection of the nucleotides .
According to the strategy selected, the effectiveness
of protection is sometimes insufficient to guarantee
good synthesis yields. In this case, an effective
strategy appears to be the complete prevention of
creation of a covalent bond between the terminal
nucleotide and a nucleotide present. This generally
results in the conversion of the 3'-OH group into
another chemical functional group incapable of
undergoing a conversion on the part of the enzyme .

Another difficultly relates to the ability to deprotect 
the nucleotides, once the addition has been carried 
out, satisfactorily and before the addition planned for 
the following cycle. Each nucleic acid fragment, the 
final nucleotide of which fails being deprotected, 
cannot accept the following nucleotide during the next 
cycle. This fragment will consequently have an 
erroneous sequence having the consequence of lowering 
the yield of the synthesis.

A major problem encountered by enzymatic synthesis 
methods is the effectiveness of the coupling reaction. 
Although being greater than that of the organic 
synthesis methods, the overall coupling effectiveness 
of the enzymatic methods is well below 100%. Thus, 
fragments which have failed to add an additional 
nucleotide remain in the reaction mixture.

This is because the enzyme has to be able to encounter 
its substrates, a nucleic acid fragment on the one hand 
and a nucleotide on the other hand, in order to carry 
out the bonding reaction. As the enzyme and the nucleic 
acid fragment are macromolecules, their encounter may 
sometimes not take place within the time allowed. A 
high concentration of enzyme and of nucleic acid 
fragments makes it possible to minimize this phenomenon 
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without, however, completely eliminating it. On the 
other hand, methods involving successive additions of 
enzyme without a stage of washing or of removal of the 
excess reagents promote an excessively great dilution 
of the reagents, resulting in low coupling 
efficiencies .

Often, the appearance of fragments having an erroneous 
sequence, which contributes to the fall in the 
synthesis yield, leads 
neutralization stage. This 
the 3'-OH groups which have 
bond. This stage can be

to the addition of a 
stage consists in removing 
not formed a phosphodiester 
carried out by chemical

reaction or by the action of an enzyme but it is, in 
any case, on the one hand, not 100% effective and, on 
the other hand, it does not remove the fragments 
concerned, which thus contribute to the heterogeneity 
of the mixture.

In some processes, after reaction, the enzymes and 
reagents introduced are inactivated by the addition of 
other enzymes or reagents or by the application of 
specific physical conditions. This strategy makes it 
possible to avoid the washing stages but involves an 
inexorable increase in the reaction volume with the 
consequence of a dilution of the reagents and thus a 
fall in the effectiveness and in the speed of the 
reactions involved, as described above. In addition, 
this strategy does not make possible the recycling of 
some expensive reagents, such as the polymerization 
enzyme, for example. Finally, this strategy generates a 
number of consequent reaction wastes resulting from the 
inactivation of the initial reagents. These wastes, 
themselves also, contribute to the heterogeneity of the 
final mixture and to the fall in the synthesis yield by 
possible inhibitions of enzymes or reagents.
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Whatever the methods employed, a large number of 
impurities accumulate during the synthesis cycles. The 
impurities predominantly consist of fragments not 
having the expected sequence of nucleotides. Several 
strategies are available for removing the fragments of 
erroneous sequences, such as size exclusion 
chromatography or polymer gel electrophoresis or fixing 
to a solid phase. However, the first exhibits 
performances which are so poor that it cannot be 
envisaged for the synthesis of fragments of more than 
about ten nucleotides and the second assumes that the 
initial nucleic acid fragment is fixed to an insoluble 
solid support. Thus, in each cycle, simple stages of 
washing with retention of the solid support make 
possible the removal of all the impurities, except for 
the fixed nucleic acid fragments. Although extremely 
efficient, this strategy does not make possible the 
removal of the fragments which have not undergone 
addition of nucleotides during a cycle or those which 
have been neutralized. Thus, the predominant impurities 
are not removed, which contributes to the significant 
fall in the synthesis yield.

Furthermore, the document WO 2005/059096 describes a 
process for the synthesis of nucleic acids on a solid 
support followed by the detection and correction of the 
erroneous sequences. This process requires complex 
stages of identification or of analysis.

To date, no process for nucleic acid synthesis is truly 
satisfactory and makes it possible to respond to the 
problem of synthesis of long fragments, whatever their 
sequence. One of the foremost reasons is the systematic 
loss in yield inherent in all the methods proposed to 
date. In particular, this loss in yield is dependent on 
the length of the desired nucleic acid and reaches 
proportions such that it prevents the synthesis of long 
fragments. Specifically, the direct synthesis of
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9 nucleic acid fragments having the size typical of a 
gene, i.e. between 500 and 5000 nucleotides, is 
completely inaccessible by the current processes.

The present invention addresses the disadvantages of 
the methods of the prior art by providing a process for 
the synthesis of nucleic acids with a high yield.

The present invention also provides a process for the 
synthesis of long nucleic acids, that is to say nucleic 
acids of at least several hundred or several thousand 
nucleotides .

The present invention also provides a synthesis process 
comprising a succession of stages which, combined 
together, make it possible to retain an extremely high 
synthesis yield, independently of the size of the 
nucleic acid fragment to be synthesized.

Disclosure of the invention

In one aspect, the present invention provides a process 
for the synthesis of a nucleic acid of a desired 
sequence, the process comprising:

a) attaching initial nucleic acid fragments or 
elongated fragments to a first support, the initial 
nucleic acid fragments or elongated fragments having 
3'-OH groups;

b) implementing cycles of stages (i) and (ii) so 
that the initial nucleic acid fragments or elongated 
fragments are elongated by Xi nucleotides in the ith 
cycle, wherein stage (i) comprises elongating the 
attached initial nucleic acid fragments or the 
elongated fragments by contacting them with a modified 
nucleoside triphosphate and a template-independent DNA 
polymerase so that initial nucleic acid fragments or 
elongated fragments incorporate the modified
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nucleotide, wherein the modified nucleotide comprises a 
protective group that prevents multiple additions of 
nucleotides and a protective group that specifically 
binds to a second support, and stage (ii) comprises 
deprotecting the elongated fragments to produce 3'-OH 
groups thereon;

c) detaching the elongated initial nucleic acid 
fragments or the elongated fragments from the first 
support;

d) purifying correctly elongated fragments by 
specifically binding their protection groups to the 
second support;

e) deprotecting the protection groups to release 
the correctly elongated fragments; and

f) repeating a) through e) until a nucleic acid of 
a desired sequence is obtained.

Also disclosed herein is a process for the 
synthesis of nucleic acids, in particular of long 
nucleic acids, comprising at least one cycle of 
elongation of nucleic acid fragments, known as initial 
fragments, comprising n (or of sequence with n) 
nucleotides, n ranging from 3 to 1012, each cycle being 
subdivided in the following way:
a) a phase of enzymatic addition of Xi nucleotides to 

one end of said fragments, it being possible for X 
to be between 1 and 5, preferably between 1 and 3, 
i being the number of the cycle, making it 
possible to obtain fragments comprising n + Xi 
nucleotides, known as first phase, and comprising 
the following stages:
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a first stage of attaching, to a first support,
a first end of initial nucleic acid fragments
or nucleic acid fragments in the course of
elongation, including n nucleotides,
a stage of addition of the reagents necessary
for the enzymatic addition, stage of
enzymatic addition of Xi nucleotides to the
second end of said nucleic acid fragments, it
being possible for X to be between 1 and 5,
preferably 1 and 3, i being the number of the

a

cycle,
an optional stage of removal of the undesirable
reagents from the reaction medium,

- a stage of detaching, from said first support, 
said fragments comprising n + Xi nucleotides,

- a first stage of transfer of said fragments 
comprising n + Xi nucleotides,

b) a phase of purification of the fragments having a
correct sequence comprising n + Xi nucleotides, 
known as second phase, comprising the following

a stage of removal of the fragments which have

successive stages:
- a second stage of attaching, to a second

support, said fragments comprising n + Xi
nucleotides by their end carrying the Xi
nucleotides added during the first phase,

not been added to and of the fragments which 
have not been attached to the second support,

- a stage of detaching said fragments comprising 
n + Xi nucleotides from said second support,

- an optional stage of removal, from the reaction 
medium, of the undesirable residual reagents;

an optional phase of amplification, preferably 
enzymatic amplification, such as by PCR, of the 
fragments having a correct sequence comprising 
n + Xi nucleotides, known as third phase, 
comprising the following successive stages:
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- a stage of addition of the reagents necessary 
for the amplification,

- a stage (optionally composed of substages 
making the process possible) of multiplication 
by a multiplication factor Yi of the fragments 
comprising n + Xi nucleotides, i being the 
cycle number, it being possible for Y to be 
between 1 and 4 X IO10, preferably between 1 and 
1 X 109,

- a stage of transfer of the fragments comprising 
n + Xi nucleotides,

each cycle being carried out in a reaction medium 
compatible with an enzymatic addition and an enzymatic 
amplification, such as an aqueous medium,
the synthesis process also comprising, at the end of 
all of the i elongation cycles, a stage of final 
amplification by a multiplication factor Yf.

Each phase 
followed

of addition by 
by a phase of 
to retain, in

of correct
possible 
fragments 
nucleotides, and these 
will be subjected to 
either between each

only the
n + Xi

number of cycles, or 
elongation cycles, ’ 
exhibit the desired length.

enzymatic catalysis is thus 
purification which makes it 

the reaction medium,
sequence comprising

are the only fragments 
the optional amplification 
cycle, or after

' else solely at the end
when the nucleic acid

which
phase,

a predetermined 
of the i
fragments

The process 
possible to 
the desired

of the present invention thus 
synthesize nucleic acid fragments having 

use of

makes it

sequence. It dispenses with the 
model nucleic acid fragments and makes the 
synthesis of products of very high
independently of the length and of the nature 
sequence chosen.

possible 
purity, 
of the
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More particularly, the phase of purification of the 
fragments of correct sequence comprising n + Xi 
nucleotides comprises the removal of the fragments 
which have not been added to and/or of any other 
undesirable residual reagent.

The amplification phase is in particular a selective
amplification of the fragments having sequencea
comprising n + Xi nucleotides, known as correct
sequence fragments, multiplying in the reaction medium

sequence by athe fragments having a correct
multiplying factor more than 10 times greater,
preferably more than 100 times greater, than the
multiplying factor of the other fragments, known as
incorrect sequence fragments, in particular the
fragments which have not been added to.

Preferably, the first support exhibits a surface to 
which are fixed, noncovalently, nucleic acid strands 
comprising at least three nucleotides, said nucleotides 
of these strands being complementary to the nucleotides 
present at the first end of the initial fragments, so 
as to immobilize, by hydrogen bonds between their 
respective bases, said first ends of the fragments.

Said first and second supports are advantageously two 
distinct supports which are provided, for example, in 
the form of a glass sheet, of a sheet of polymer 
material or of beads. Preferably, one or other of these 
supports, advantageously the second support, exhibits 
magnetic properties.

The first support and the second support advantageously 
exhibit attaching surfaces of different natures, said 
first and second supports preferably being distinct, in 
particular distinct in their spatial location. One of 
the solid supports can be stationary and the other, for 
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example, mobile in the reaction medium or capable of 
being displaced.

The synthesis process according to the present 
invention is based on the use of an enzymatic catalyst 
to carry out the phosphodiester bonding which makes 
possible the polymerization of the nucleotides making 
up the nucleic acid fragments to be produced. More 
specifically, the process employs, without being 
limited thereto, enzymes which make possible the 
creation of the phosphodiester bond between the 3'-OH 
group of the nucleic acid fragment in the course of 
synthesis and the 5'-OH group of the nucleotide to be 
added during the enzymatic addition stage.

In a preferred embodiment, the enzymes used are capable 
of providing the polymerization of the nucleotides 
independently of the presence of a matrix model. Such 
enzymes are then capable of synthesizing nucleic acids 
in the absence of any one complementary strand in the 
medium. Furthermore, these enzymes have the ability to 
synthesize single strand nucleic acid fragments.

The addition of X nucleotides is thus advantageously 
carried out by the enzymatic route, by means of enzymes 
capable of polymerizing modified nucleotides without 
the presence of a matrix strand.

The enzyme is, for example, chosen from the enzymes of 
the family of the telomerases, of the family of the 
translesion enzymes, of polymerase η or ζ type, of the 
family of the PNPases, of the family of the template­
independent RNA polymerases, of the family of the 
terminal transferases or of the family of the ligases, 
the template-independent DNA polymerases or else the 
enzymes of the family of the terminal deoxynucleotidyl 
transferases (TdT). These enzymes are expressed by 



WO 2015/159023 PCT/FR2015/051022
14

certain cells of living organisms and can be extracted 
from these cells or purified from recombinant cultures.

These enzymes require the existence of an initial 
nucleic acid fragment known as primer. This initial 
fragment acts as substrate during the first cycle of 
elongation of the nucleic acids to be synthesized. It 
has a 3'-OH group free to react with the 5'-OH group of 
the first nucleotide to be added.

In a preferred embodiment, the primers have the length 
most suitable for the implementation of the present 
invention and also the sequence most favorable to the 
satisfactory progression of the successive stages. If 
need be, several different primers can be used 
simultaneously or successively without limitation of 
number. This primer can comprise natural nucleotides or 
modified nucleotides. The nucleotides employed 
generally consist of a cyclic sugar comprising at least 
one chemical group at the 5' end and one chemical group 
at the 3' end and of a natural or modified nitrogenous 
base .

The conditions of the reaction medium, in particular 
the temperature, the pressure, the pH, an optional 
buffered medium, and other reagents, are chosen in 
order to make possible optimum functioning of the 
polymerization enzymes while guaranteeing the integrity 
of the molecular structures of the different reagents 
also present.

The free end of the nucleotide or nucleotides added to 
the fragments advantageously comprises a protective 
chemical group in order to prevent multiple addition of 
the X nucleotides to one and the same fragment.

The addition of nucleotides protected at their 3' end 
constitutes one of the preferred embodiments of the
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present invention, the protective group having the 
purpose of preventing any possibility of subsequent 
polymerization, thus limiting the risk of uncontrolled 
polymerization. In addition to the prevention of the 
creation of a phosphodiester bond, other functions, 
such as the interaction with the second solid support 
or the interaction with other reagents of the reaction 
medium, can be assigned to said protective group.

For example, the second support can be covered with
molecules, such as proteins, making possible a
noncovalent bond between these molecules and said
protective chemical group, and thus the immobilization, 
during the second attaching stage, of the fragments 
which have been added to. The protected nucleotide, and 
it alone, is capable of interacting with the second 
solid support. The removal of the fragments which have 
not been added to can thus be carried out by lack of 
interaction between their 3' end and the second solid 
support.

The second phase of the present process does not 
comprise a stage of detection of the fragments having 
an erroneous sequence. These fragments are not 
identified as such and no manipulable information 
allows them to be identified in order to isolate them 
or to correct them. The present process simply removes 
the erroneous fragments by lack of interaction between 
their 3' end and the second solid support.

The stage of detaching said correct fragments 
comprising n + Xi nucleotides from said second support 
can subsequently be carried out by modification of the 
conditions of the reaction medium, such as 
modifications to the pH or to the temperature, or under 
the action of electromagnetic radiation, if said second 
support is a magnetic support.
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Preferably, the first attaching stage corresponds to 
the attaching of the 5' ends of the starting nucleic 
acid fragments, or nucleic acid fragments in the course 
of elongation, to a first support and the second 
attaching stage corresponds to the attaching of the 3' 
ends of said fragments comprising n + Xi nucleotides to 
a second support.

The enzymatic addition is advantageously carried out in 
the 5' toward 3' direction.

After the purification stage, the deprotection is 
necessary for the satisfactory progression of the 
synthesis. Its purpose is to regenerate, at the 3' end, 
an -OH group capable of reacting during the next 
polymerization phase and thus to make possible 
subsequent elongation, during the following i + 1 
cycle, of the nucleic acid fragments of n + Xi sequence 
comprising a protected end. The stage of deprotection 
of said end can in particular employ a chemical 
reaction, an electromagnetic interaction, an enzymatic 
reaction and/or a chemical or protein interaction.

Advantageously, the stage of attaching the fragments
bonded to the second solid support is concomitant with
and inseparable from the stage of deprotection of the
protected nucleotides. Conversely, any action which
makes it possible to deprotect the nucleotides which
have just been incorporated in the fragments in the
course of
effect on

elongation has an irremediable detrimental 
the abilities of the fragments to interact

with the second solid support and consequently results 
in their detachment.

The present invention advantageously employs an 
orthogonal mode of synthesis. In this mode of 
synthesis, certain reagents have properties which allow 
them not to undergo certain stages, whereas the other 
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reagents will undergo them. More particularly, the 
synthesis process according to the present invention 
can be described as "double-orthogonal", that is to say 
according to two "dimensions": the first dimension 
relates to the 5' end of the fragments in the course of 
elongation bonded to a first solid support, and the 
second dimension relates to the 3' end of said 
fragments subsequently bonded to a second solid 
support.

The starting nucleic acid fragment primers thus possess 
functionalities at their 5' ends allowing them to 
interact with the first solid support(s) or elements 
immobilized on these said first supports. The 
functionalities of the primers are retained throughout 
the course of the synthesis. The interactions are 
reversible, in particular by application of specific 
physicochemical conditions. It is also possible to 
irreversibly neutralize these interaction 
characteristics by chemical or enzymatic reaction.

The primers constitute the starting point of the 
synthesis by receiving the first nucleotide to be 
added. They are retained throughout this same synthesis 
up to the addition of the final nucleotide present in 
the desired sequence. The functionalities present on 
the 5' end of these primers are advantageously chosen 
so as to remain functional throughout the synthesis. 
Consequently, these functionalities confer, on the 
nucleic acid fragment in the course of elongation, the 
same characteristics and properties as those initially 
conferred on the primers, in particular, in the 
preferred embodiment of the invention, the ability to 
be attached, during each elongation cycle, to the first 
solid support, prior to the enzymatic addition stage, 
via nucleic acid strands already fixed to said first 
support.
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In the preferred embodiment of the invention, the 
functionalities present at the 5' end of the primers 
used for the initiation of the synthesis make possible 
noncovalent interactions with molecules or proteins 
present on said first solid support. During each stage 
of the synthesis, these functionalities are retained as 
they do not react with the reagents employed. The 
noncovalent bonds are sufficiently strong to provide 
stable interactions according to certain 
physicochemical conditions but also sufficiently weak 
to be eliminated in the event of application of 
different physicochemical conditions. Finally, the 
molecular structure of these functionalities can confer 
on them the possibility of being destroyed or 
eliminated by the action of specific reagents, it being 
possible for this property to be of use in the cases 
where the destruction or elimination of the nucleotides 
constituting the initial primers is desired.

The surfaces of said solid supports have 
functionalities allowing them the desired interaction 
with the functionalities present on the primers. Like 
the latter, the functionalities of these solid supports 
have to be able to undergo the different stages of the 
synthesis cycle without a deterioration in their 
interaction performances.

The application of certain physicochemical conditions, 
such as variation in temperature, in pH and/or in 
electromagnetic field, can make it possible to put an 
end to the interactions existing between the nucleic 
acid fragments in the course of synthesis and the solid 
supports. In other cases, the application of distinct 
physicochemical conditions from those described above 
has to make a possible a reinforcing of these 
interactions. The different physicochemical conditions 
are applied at the appropriate moments of the cycles of 
synthesis of the nucleic acid fragments.
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More particularly, physicochemical conditions 
reinforcing the interactions between the first solid 
support(s) and the 5' ends of the fragments are applied 
during all the synthesis stages, except during the 
stages of detachment of the nucleic acid fragments. 
During these detaching stages, the physicochemical 
conditions are modified in order to release the 
fragments .

Between two phases of each elongation cycle, the 
nucleic acid fragments unfastened from the supports are 
displaced by creation of a mobile fluid stream, by 
means of pumps or any other device which makes it 
possible to displace fluids. More particularly, the 
fragments are then unfastened from said supports by a 
liquid stream contributing physicochemical conditions 
favorable to the nullification of the interaction 
between the nucleic acid fragments and said supports. 
The fragments are then displaced while the supports 
remain immobilized.

The nucleotides which have been added constitute the 
elementary polymerization entities of the synthesis. 
They are added one after the other to the nucleic acid 
fragments. These nucleotides exhibit interaction 
functionalities in addition to their bonding reactivity 
functionalities and their protection functionalities. 
The interaction functionalities of the nucleotides have 
a similar functioning to the interaction 
functionalities of the 5' end of the primers.

Preferably, the interaction functionalities of the 5' 
end of the nucleic acid fragments in the course of 
synthesis and those of the nucleotides recently added 
are used jointly during the same synthesis cycle.
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The application of specific physicochemical conditions, 
such as the temperature, the pH, the electromagnetic 
environment or the presence of filtration material, can 
be used to carry out the separation between the 
different supports mentioned above and the nucleic acid 
fragments of correct or incorrect sequence.

The different
nucleic acid

stages of the enzymatic synthesis of 
fragments according to the invention

contribute to the performances of this synthesis by 
providing the correct polymerization of a maximum of 
nucleic acid fragments and also make possible, via the 
interaction mechanisms mentioned above, the removal of 
the largest possible number of nucleic acid fragments 
not having the desired sequence because they have 
failed one of the stages constituting the elongation 
cycle .

Thus, the present invention employs the principle "of 
wide removal" of nucleic acid fragments. This "wide 
removal" encompasses predominantly the fragments having 
an erroneous sequence but also, to a certain extent, 
fragments having a correct sequence. The purpose of 
this wide removal concept is to remove all of the 
fragments having an erroneous sequence, even if this is 
done to the detriment of the retention of certain 
fragments having a correct sequence.

Generally, 
including

the stages of
in some cases

erroneous sequence, 
employing

are

removal of the
the fragments 
carried out

impurities, 
having an 

by
fluids .mobileoperations

the washing stages, the
to retain are

streams of
elements which

washing
During 
it is

appropriate 
interaction

retained in
with the solid

particular by 
supports, for example held

immobile or retained by filtration.
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Preferably, in the process according to the present 
invention, the interactions are chosen so as to be 
selective and thus to act only on nucleic acids with a 
correct sequence and not on the other compounds present 
in the reaction medium, such as, for example, the 
unreacted nucleic acid fragments, the enzymes or 
components of the buffer solutions. By way of example, 
the interactions between the nucleotides added and the 
solid supports are chosen so that only the fragments 
which have incorporated the protected nucleotides are 
retained during the washing stages. These same 
interactions are chosen so as to be sufficiently weak 
that, in all cases, only the fragments which have 
incorporated the protected nucleotides are retained 
during the washing stages. Such weak interactions can 
have the consequence of not retaining, in a certain 
proportion, the fragments which have indeed 
incorporated the nucleotides, even if they had to be 
retained. This characteristic is desired for the 
application of the process according to the invention 
insofar as it provides the completest possible removal 
of the undesired nucleic acid fragments.

The noncovalent interactions described above are chosen 
so that they make possible an effective interaction 
with a proportion of the desired fragments and a zero 
interaction with the undesired fragments, in particular 
by optimization of the structure of the entities which 
interact with one another and optimization of the 
physicochemical conditions responsible for the 
interaction. As nonlimiting example, the noncovalent 
interactions used in the context of the different 
affinity chromatography or purification techniques make 
possible such performances.

The synthesis process forming the subject matter of the 
present invention is also particularly suited to the 
simultaneous synthesis of nucleic acid fragments. A 
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synthesis cycle making possible the growth of a 
nucleotide of the desired sequence can be divided into 
several stages which can be carried out in parallel for 
the simultaneous synthesis of several different 
fragments .

Thus, subject to sufficient resources, there is no 
limitation on the numbers of different nucleic acid 
fragments which can be synthesized simultaneously. 
Advantageously, the synthesis in parallel of numerous 
fragments can significantly increase the capacities for 
the synthesis of nucleic acids of an experimenter 
employing the present invention.

In a preferred embodiment of the present invention, in 
parallel with the synthesis of the desired fragments, 
it is possible to carry out the simultaneous synthesis 
of all or a portion of the fragments complementary to 
those desired.

In another preferred embodiment, syntheses can be 
carried out simultaneously on fragments having a bond 
between them. By way of example, the fragments in 
question can constitute the portions of a larger 
sequence of interest, such as, but not limited to, a 
gene, a chromosome region, a chromosome or a genome. 
Still by way of example, these different fragments 
constituting a common sequence can have identical or 
complementary sequence portions facilitating a possible 
subsequent assembling.

The process according to the present invention includes 
one or more phases of amplification of the nucleic acid 
fragments of correct sequence, making it possible to 
multiply the number of these nucleic acid fragments 
present in the reaction medium. This nucleic acid chain 
amplification uses an enzymatic polymerization method 
combining matrix nucleic acid strands, nucleotides, 
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complementary initial primers and template-dependent 
polymerization enzymes. The result of the amplification 
consists of a copy in very large number of the matrix 
strands initially present. The amplification is carried 
out by a succession of stages constituting an 
amplification cycle. The multiplication factor YM of the 
amplified fragments is dependent on the number of 
amplification cycles m carried out according to the 
formula: YM = 2m.

In a preferred embodiment, the enzymes used for the 
amplification are capable of providing the 
polymerization of the nucleotides by copying the matrix 
strand. Such enzymes are then dependent on a 
complementary strand. These enzymes have the ability to 
synthesize double strand nucleic acid fragments.

Examples, nonlimiting for the present invention, of 
enzymes which can be used for the amplification phase 
are DNA-dependent DNA polymerases. These enzymes are 
available commercially and are often purified from 
recombinant cultures.

The nucleotides employed for the amplification are 
generally natural nucleotides comprising at least one 
chemical group at the 5' end of triphosphate type and 
one chemical group at the 3' end of hydroxyl type and a 
natural nitrogenous base.
In a preferred embodiment, the nucleotides employed for 
the amplification are natural nucleotides.

The reaction conditions, such as temperature, pressure, 
pH, buffer, cofactors and/or other reagents, and also 
the stages and their sequence, are chosen so as to 
provide optimum amplification of the fragments under 
consideration .
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The amplification requires the presence of primers 
complementary to the nucleic acid fragments to be 
amplified. The complementary primers are short nucleic 
acid fragments having a nucleotide sequence 
complementary to that of the fragments to be amplified. 
For this reason they consist of similar nucleotides 
which can interact with those constituting the 
fragments to be amplified. These complementary primers 
can advantageously be synthesized in parallel to the 
nucleic acid fragments synthesized according to the
process of the present invention, 
according to this ; 
under consideration

principle,
. without

Thus, it
to amplify 

resorting to
a subject matter

is possible,
any sequence

different from that which is
any process

of the
present invention.

complementary 
noncovalently with one 
be amplified in order

The primers
of the

have to interact
ends of the fragments to 

for the amplification enzyme to
be able to react. These noncovalent interactions are 
dependent on and specific to the complementary 
sequences of the fragments to be amplified and of the 
primers. Thus, the specificity of these interactions 
very greatly limits the amplification of the possible 
fragments not having a correct sequence at their 3' 
end. In this way, the amplification stage also 
contributes to the purity of the final result of the 
synthesis process.

Synthesized nucleic acids

The present invention also relates to the nucleic acids 
synthesized by the process described above. The 
nucleotide sequence of these nucleic acids can be 
predetermined, imposing the order of polymerization of 
said nucleotides during the implementation of the 
elongation cycles. However, it can be envisaged to use 
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the process of the present invention for the synthesis 
of nucleic acids having random sequences.

The synthesis process according to the present 
invention makes possible the synthesis of nucleic acids 
of all sizes, the minimum size of the nucleic acids 
nevertheless being determined by the minimum size of 
the initial primers used during the synthesis. Subject 
to resources available in sufficient amounts and 
subject to space and favorable conditions, there is no 
maximum size of nucleic acids which can be synthesized 
by the process which is a subject matter of the present 
invention. In a preferred embodiment of the present 
invention, it is possible to synthesize nucleic acid 
fragments having a length of between 3 and 1 X 109 
bases, preferably between 20 and 1 X 107 bases.

The nucleic acids thus synthesized can comprise 
nucleotide sequences having multiple biological or 
biotechnological roles. Advantageously, the present 
invention replaces a certain number of manipulations of 
the field of molecular biology and genetic engineering, 
these tedious and repetitive manipulations normally 
being carried out by hand by experimenters of the art.

The use of the process of the present invention makes 
possible a significant increase in the performances and 
in the productivity of any process employing 
manipulations of nucleic acids. As nonlimiting 
examples, the use of the present invention is 
particularly advantageous in the following fields: 
preparation of genetic constructs, production of 
interfering RNA molecules, DNA or RNA chip production, 
construction of cell strains or lines, enzymatic 
engineering, development of protein models, development 
of biotherapies, development of animal or plant models.
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The nucleic acids obtained using the process described 
above can be used directly during manipulations of 
molecular biology known to a person skilled in the art. 
The nucleic acids thus obtained exhibit a degree of 
purity extremely well suited to direct use without the 
need for additional treatment stages. In an alternative 
form, the nucleic acids synthesized by the synthesis 
process according to the invention can undergo 
additional modifications targeted, for example, at 
circularizing the nucleic acid fragments, inserting the 
nucleic acid fragments into expression vectors, 
inserting the nucleic acid fragments into the genome of 
living cells, reacting the nucleic acid fragments with 
other chemical entities or using the nucleic acid 
fragments for the catalysis of a reaction.

Automation

The automation of the process which is a subject matter 
of the present invention can be carried out by any 
preadapted device which can optimize this process, in 
particular by minimizing the duration of an elongation 
cycle, by maximizing the accuracy of the additions, 
washing operations and streams of fluids and by 
optimizing the reaction conditions employed during the 
different stages of these cycles.

The process according to the present invention makes 
possible the synthesis of nucleic acids which can be 
used directly without additional purification or 
assembling stages as a result of the high purity of the 
nucleic acids synthesized, this being independent of 
their size. The automation of the process which is a 
subject matter of the present invention for this reason 
has great industrial and commercial interest.

Kits 
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The present invention also relates to any kit for the 
implementation of the process described above, 
comprising :
- a reaction medium including nucleic acid fragments 

comprising n nucleotides
- an enzymatic reagent for addition of nucleotides
- nucleotides or combinations of nucleotides capable 

of being added by said enzymatic addition reagent
- washing and/or buffer solutions for the

purification phase
- an amplification reaction medium including: an 

enzymatic reagent for amplification of nucleic 
acids, and natural nucleotides capable of being 
used by the enzymatic amplification reagent

- instructions for use.

Different types of kits can be provided according to 
the requirements of the experimenter. In particular, 
different initiation primers can be provided in 
different kits according to the sequences to be 
synthesized. Similarly, different types of kits can be 
provided as a function of an automatic or nonautomatic 
use .

According to a preferred embodiment, the kit for the 
implementation of the preferred embodiment of the 
process of the present invention comprises:
- nucleic acid fragments used as synthesis primer
- a first support for attaching the nucleic acid

fragments comprising n nucleotides
- a second support for attaching the nucleic acid

fragments which have been added to
- an addition reaction medium including: an

enzymatic reagent for addition of nucleotides and 
nucleotides or combinations of nucleotides capable 
of being added by the enzymatic addition reagent

- washing and/or buffer solutions for the attaching, 
purification and detaching stages
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an amplification reaction medium including: an 
enzymatic reagent for amplification of nucleic 
acids, and natural nucleotides capable of being 
used by the enzymatic amplification reagent 
instructions for use.

In addition, the above kit can comprise:
buffer media favorable to the attaching of the
nucleic acid fragments to the first and/or the
second attaching support, and/or
buffer media favorable to the detaching of the
nucleic acid fragments from the first and/or
second attaching support.

Description of the figures

The description of an exemplary embodiment of the 
preferred form of the invention with use of attaching 
supports for immobilizing the nucleic acid fragments 
during certain stages of the synthesis process will be 
described
figures 1 
stages 
figure 
figure

of

below with reference to the figures, in which 
to 7 diagrammatically represent the different
the
the
the

process :
immobilization of the starting fragments; 
addition of a nucleotide to the

1
2

figure
immobilized fragments; 
a washing stage and 
nucleic acid fragments

the detaching of the
which have been added

3

figure
to;
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nucleic acid

to a second support, of the 
fragments which have been added

4

figure

figure
figure

to;
the deprotection of the nucleic 
fragments which have been added to;
an amplification
the initiation

acid

fragments which 
preceding cycle;

stage;
of a new cycle using 
have been added to from

the
the

5

6
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and figure 8 exhibits a diagram of the possible 
arrangement of the "reactors" for carrying out the 
phase of enzymatic addition and the phase of 
purification of the fragments of correct sequence.

Example
With reference to the figures, a cycle of elongation of 
nucleic acid fragments in the synthesis process 
according to the invention is described below.

Strands 4 comprising at least three nucleotides are 
fixed to a first solid support 1, such as a glass 
sheet. Primers or fragments in the course of elongation 
3 of nucleic acids including Xi + n nucleotides are 
bonded to the strands 4 fixed to the support 1 via 
hydrogen bonds between their respective bases. The 
nucleic acid fragment in the course of elongation 3 
comprises a free part 33 and an immobilizable part 34 
comprising at least three nucleotides complementary to 
those of the fixed strands 4 and representing the 
initiator. Nucleic acid fragments 30 immobilized on the 
first solid support 1 are then obtained in the reaction 
medium, as represented diagrammatically on the right­
hand side of figure 1.

A stage of enzymatic addition by the addition of a 
reaction medium including addition enzymes 5 and 
reagents 6 comprising at least one nucleotide 7, one 
end of which is blocked by a protective group 8, is 
subsequently carried out.

This results, as represented diagrammatically on the 
right-hand part of figure 2, in the addition of the 
reagents 6 to the free end 33 of the fragments 30 
immobilized on the first solid support, to give nucleic 
acid fragments which have been added to (that is to 
say, having received at least one nucleotide) 
comprising a protected end, which are immobilized on
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the support 1. These protected and immobilized nucleic
acid fragments are referenced 36.

There remain, in the reaction medium, either on the 
support or close to said support 1, residues of 
enzymes, reagents 6 and possible buffer solutions, 
which are then removed by washing according to the 
arrow 3A. After this first washing operation 3A, the 
fragments 36 are detached, according to the arrow 3B, 
from the support 1, which fragments 36 will give free 
protected fragments which have been added to, 
referenced 38 in figure 3.

However, this detaching stage unfastens, from the 
support 1, both the fragments which have been added to 
38 and the initial fragments 3 which have not been 
added to. A second support 2, in this instance magnetic 
beads, covered with a coating 9 formed of proteins, 
such as antibodies, dihydrofolate reductase (DHFR), 
avidin, streptavidin, glutathione S-transferase (GST), 
phosphopeptides (serine, tyrosine or threonine 
oligomers) or histidine oligomers, then intercedes, as 
represented diagrammatically in figure 4, in the 
reaction medium including the nucleic acid fragments of 
correct sequence and the fragments of incorrect 
sequence .

This results in a fixing, by the terminal protective 
group 8, an attaching, to the surface of the beads 2, 
of the protected fragments of correct sequence 38. 
Initial fragments 3 which have not undergone the 
enzymatic addition and which thus do not comprise an 
end with the protective group which can become bonded 
to the proteins of the coating 9 of the beads 2 are 
then easily removed by washing.

After this stage of effective selection of the
fragments which have been added to of correct sequence, 
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the magnetic beads 2 are separated by modifying the 
conditions of the reaction mixture. For example, 
modifying the pH, increasing the temperature or the 
action of a reagent or of an electromagnetic field 
makes it possible to detach, from the beads 2, the 
fragments which have been added to in order to obtain 
free unprotected fragments 37 which have been added to 
in the reaction medium (see figure 5).

The beads 2 covered with the protective groups which 
have remained bonded to the coating 9 are then removed 
from the reaction medium, for example under the action 
of a magnetic field.

Figure 6 subsequently diagrammatically represents a 
stage of amplification of the unprotected fragments 37 
which have been added to which have undergone the 
elongation cycle described up till now, under the 
action of an amplification reaction medium 11 
comprising the amplification enzymes and also the 
nucleotides, for example the natural nucleotides. The 
number of nucleic acid fragments 37 is then greatly 
amplified.

This amplification stage is entirely effective as it 
amplifies only the fragments 37 which have undergone 
the elongation cycle. In addition, this minimizes the 
use of amplification reagents.
No subsequent stage of purification is then necessary, 
before terminating the synthesis or carrying out a new 
elongation cycle i + 1.

A new elongation cycle can then occur via the same 
first solid support 1 to which are fixed the strands 4 
used to immobilize the fragments 37, as represented 
diagrammatically in figure 7.
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Figure 8 presents the diagram of an example of an 
elongation chamber, preferably comprising two separate 
compartments, in which compartments is carried out each 
elongation cycle according to the present invention.

The first reactor 10, a compartment in which the 
enzymatic addition phase is carried out, includes the 
first solid support 1 to which the strands 4 are fixed 
and is connected to a device 70 for feeding with 
addition nucleotides 7 and to a device 50 for feeding 
with addition enzyme 5.

The second reactor 12, a compartment in which the phase 
of purification of the fragments of correct synthesis 
is carried out, is equipped in this instance with an 
electromagnetic device (electromagnet 21) and is 
connected to a feed 20 of supports of bead type.

The two reactors 10 and 12, which are separated in 
order to make possible better purification of the 
fragments, are nevertheless connected together and 
connected to inlets 13, 14 for washing solution (s) and 
also to outlets 15, 16 for wastes to be discharged.

The amplification stage(s) is (are) also carried out 
within the reactor 12.
The nucleic acids thus synthesized are recovered at the 
outlet 17 of the second reactor after the final 
amplification stage.

An example illustrative of the synthesis of a DNA 
fragment is described below.

The enzyme chosen for carrying out the enzymatic
synthesis stages is terminal deoxynucleotidyl
transferase or TdT, which is commercially available
(Thermo Scientific). It is also possible to produce
large amounts of TdT recombinantly.
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The primer used to initiate the synthesis is given
below:

5'-GGGGGGGGGGGGGGCTGCA*G-3 :

This primer has a restriction site involving a cleavage 
of the sequence by the restriction enzyme Pstl at the 
arrow present in the above sequence. In the case where
the sequence
Pstl site, 
required.

to
the

be synthesized 
initial primer

would also
would be

comprise 
modified

a
as

The nucleotides used have, at their 5' end, a
triphosphate group which promotes their reactivity .
They have one of the four nitrogenous bases naturally
present in the DNA molecule, namely A Adenine, T
Thymine, C Cytosine or G Guanine, and have, at their 3' 
end, a group different from the hydroxyl group 
naturally present and which has the ability to block 
any subsequent addition of nucleotide by TdT and the 
ability to interact with other molecules or proteins.

The synthesis conditions used originate from the 
description of the protocol associated with the enzyme 
TdT: 50 U of TdT, 200 mM sodium cacodylate, 25 mM Tris- 
HC1 pH 7.2, 8 mM MgCl2, 0.33 mM ZnSO4, 0.2 mM dATP, 
2 pmol of primer (Seq No. 1) and 100 μΜ of protected 
nucleotides are mixed for a total of 50 JdL of reaction 
volume. The mixture is incubated at 37 °C for 5 min.

Depending on the nature of the protective group chosen, 
the nucleotides added are deprotected by the action of 
a mild acid, such as 50 mM sodium acetate pH 5.5, in 
the presence of 10 mM MgCl2 at 37°C for 15 min. The 
deprotection reaction has the result of destroying the 
bond existing between the nucleotide and the protective 
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group, and also any other group optionally associated 
with the protective group. According to certain 
preferred embodiments of the invention, this 
deprotection stage can simultaneously release the 
fragment from an interaction at its 3' end.

The DNA fragments in the course of synthesis are 
incubated at 20° for 10 min in a reaction chamber 
comprising a glass sheet to which DNA fragments having 
the following sequence:

f'3;/CCCCCCCCCCCCCCGACGTC--5’....

have been fixed beforehand.

The techniques for generating a DNA chip have been 
employed for the fixing by the 3' end of DNA fragments 
having the sequence (Seq No. 2) . The DNA fragments are 
thus immobilized in this way.

The washing stages are carried out with a 25 mM Tris- 
HC1 pH 7.2 solution according to a flow rate of 5 μϋ 
per second for 30 seconds.

The stages for release of the DNA fragments are carried 
out by passing a 25 mM Tris-HCl pH 7.2 solution at 95°C 
at the flow rate of 5 μϋ per second for 60 seconds.

The transfers of the free DNA fragments are carried out 
by means of a system of valves which makes it possible 
to convey the stream of 25 mM Tris-HCL pH 7.2, in which 
the fragments are dissolved, into the second rector 12.

The DNA fragments which have undergone the stage of 
enzymatic elongation using the protected nucleotides 
are then incubated at ambient temperature for 15 min in 
the presence of magnetic beads 2 exhibiting, at their 
surface, a molecule or protein which makes possible the 
interaction with the final nucleotide added. Magnetic 
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beads coated with GST protein are a nonlimiting example 
of the type of beads which can be used.

Using a permanent magnet, the magnetic beads 2 carrying 
the DNA fragments are rendered static while a 25 mM 
Tris-HCl pH 7.2 stream at a flow rate of 10 JdL per 
second is applied for washing purposes for 30 seconds.

The stage of amplification of the DNA fragments is 
carried out by the Platinum® Taq DNA Polymerase enzyme 
(Invitrogen) according to the following protocol: 10X 
buffer supplied lx, 0.2 mM dNTP for each nucleotide,
1.5 mM MgC12,
Polymerase for a

0.2 μΜ complementary primer, 1.0 U
total volume of 50 μι,.

The amplification cycles used are given by the
following table : incubation at 94°C for 60 sec . ,
application of 30 amplification cycles with the
following stages : denaturation at 94°C for 30 s, then
pairing at 55°C for 30 s, then extensi on at 72° C for
60 s per thousand nucleotides to be amplified; a stage 
of final extension at 72°C for 5 min is added.

The primer is chosen as a function of the state of 
progression of the synthesis of the DNA fragments. It 
has a sequence of approximately 20 nucleotides. The 
amplification conditions described above are adjusted 
so as to promote a very specific amplification of the 
fragments capable of pairing exactly with the 
complementary primer chosen. The size of this 
complementary primer is furthermore also chosen as a 
function of the sequence, so as to promote the most 
specific amplification possible.

According to the principle disclosed by the present 
invention, the performances of the different stages 
were measured and are presented in table 1 below:
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Table 1

Content of good 
fragments

Content of bad 
fragments

Enzymatic addition 80% 20%
Purification (Wide
removal stages)

90% 2%

Amplification 90% 1%

The wide removal stages, for example, make it possible 
to obtain 90% of the fragments having a correct 
sequence (regarded as "good") and only 2% of the 
fragments having an incorrect sequence (regarded as 
"bad").
The repetition of the cycles employing these different 
stages carefully combined makes possible the synthesis 
of long fragments, the final purity of which is given 
by table 2 below (amount of initial primer of 2 pmol):

iElongation
Good ] Bad

Amplification.«< :i 
“Bad...... t

Γ 4.82Ε+6θ"'ί" ’θ7Έ*ϊϊ"“Ρ’4.62Ε'ί'09 j 99,44¾ 
Ο.24Ε+ΪΪ |''iSFE+OS ' | "B724E+11

'l/86E+O8‘1“‘3 24E+ld''1‘‘T8¥EiC3

.....365'" “T““®'?B3

Purity

Good Good Bad Bad

9Θ 43¾

0.568¾15

50

100 4 148 6?8

Ekmsaitan Puifflcsifon
23

Good

I 3.24E+10
+.... 63 733

4.33E+09

| Cycle

i
l" 10DCJ

T 4 148 676
Amplification

Table 2

Thus, despite the imperfection inherent in each stage 
taken separately and despite the presence of fragments 
failing at various stages of the synthesis, the final 
result exhibits a purity of more than 99% and can thus 
be used directly by the experimenter, this being the 
case independently of the length of the fragment under 
consideration. The results given by this table are 
presented as examples and may be substantially
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different if the parameters (presented in table 1) of 
content of good and bad fragments generated at each 
stage, taken as parameters, are different.

Industrial application

The process which is a subject matter of the present 
invention makes possible the synthesis of nucleic acids 
without loss in yield, independently of their length. 
It makes possible a substantial improvement in the 
performances of synthesis of nucleic acids with respect
to the existing techniques, in particular in terms of 
simplicity of implementation, of synthesis costs, of 
synthesis time, of purity of the products obtained and 
of synthesis capacity. This process can be used for the 
production of genes or of synthetic sequences of 
nucleic acids. It is intended in particular for the 
synthesis of nucleic acids, such as DNA or RNA, for the 
purposes of research, development or industrial 
implementation in the field of biotechnology or more
generally in the broad field of biology.

Where any or all of the terms "comprise", "comprises", 
"comprised" or "comprising" are used in this 
specification (including the claims) they are to be 
interpreted as specifying the presence of the stated 
features, integers, steps or components, but not 
precluding the presence of one or more other features, 
integers, steps or components.

A reference herein to a patent document or any other 
matter identified as prior art, is not to be taken as 
an admission that the document or other matter was 
known or that the information it contains was part of 
the common general knowledge as at the priority date of 
any of the claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS

1. A process for the synthesis of a nucleic acid of a
5 desired sequence, the process comprising:

a) attaching initial nucleic acid fragments or 
elongated fragments to a first support, the initial 
nucleic acid fragments or elongated fragments having 
3'-OH groups;

10 b) implementing cycles of stages (i) and (ii) so
that the initial nucleic acid fragments or elongated 
fragments are elongated by Xi nucleotides in the ith 
cycle, wherein stage (i) comprises elongating the 
attached initial nucleic acid fragments or the

15 elongated fragments by contacting them with a modified 
nucleoside triphosphate and a template-independent DNA 
polymerase so that initial nucleic acid fragments or 
elongated fragments incorporate the modified 
nucleotide, wherein the modified nucleotide comprises a

20 protective group that prevents multiple additions of 
nucleotides and a protective group that specifically 
binds to a second support, and stage (ii) comprises 
deprotecting the elongated fragments to produce 3'-OH 
groups thereon;

25 c) detaching the elongated initial nucleic acid
fragments or the elongated fragments from the first 
support;

d) purifying correctly elongated fragments by 
specifically binding their protection groups to the

30 second support;
e) deprotecting the protection groups to release 

the correctly elongated fragments; and
f) repeating a) through e) until a nucleic acid of 

a desired sequence is obtained.
35

2. The process of claim 1, further comprising 
amplifying said released correctly elongated fragments 
prior to repeating said step of attaching.
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3. The process of claim 1 or claim 2, wherein said Xi 
nucleotides are between 1 and 5 nucleotides for every 
said cycle i.

5
4. The process of any one of claims 1 to 3, wherein 
said step of attaching comprises hybridizing a segment 
of said initial nucleic acid fragments or elongated 
fragments to a complementary oligonucleotide attached

10 to said first support.

5. The process of any one of claims 1 to 4, wherein 
said template-independent DNA polymerase is a terminal 
deoxynucleotidyl transferase, a telomerase, a

15 polymerase η or ζ, a PNPase, or a template-independent
RNA polymerase.

6. The process of claim 5, wherein said template­
independent DNA polymerase is a terminal

20 deoxynucleotidyl transferase.

7. The process of any one of claims 1 to 6, wherein 
said modified nucleoside triphosphate is a 3'-O- 
protected nucleoside triphosphate.

25
8. The process of any one of claims 1 to 6, wherein 
said step of purifying comprises specifically binding a 
3'-O-protection group to said second support.

30 9. The process of any one of claims 1 to 6, wherein
said modified nucleoside triphosphate has a 3'-O- 
protection group and a modified nitrogenous base.

10. An isolated nucleic acid of a desired sequence 
35 when synthesised by the process of any one of claims 1 

to 9 .
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