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METHOD FOR SEPARATING AND CHARACTERIZING FUNCTIONS 

POTENTIALLY PRESENT IN A BIOLOGICAL SAMPLE CONTAINING 

NUCLEIC ACIDS 

s The present invention has for its object a process permitting separation 

of the functions potentially present in a biological sample containing nucleic 

acids and the characterization of said function, by. protein expression in vitro 

after transcription and translation of DNA fragments. The characterization of 

a function according to the process of the invention can be done among other 

io things by the biochemical analysis of this function and optionally by the 

cloning or the sequencing of the polynucleotide sequence corresponding to 

each of the functions possibly present in the studied sample. 

In this way, the process according to the present invention more 

1s particularly permits the identification and the isolation of genes or of the 

corresponding proteins possessing a determined or determinable function. 

The search for new genes and/or proteins encoded thereby constitutes 

an important objective of numerous molecular biology laboratories. Jn effect, 

the genetic and cellular therapy or the creation of transgenic animals or plants 

20 has caused new hopes for human or animal health, diagnoses and feeding, 

but requires, among other things,_ the identification of numerous genes and/or· · 

protein activities. Thus, numerous techniques exist for the isolation and the 

screening of genes by cloning and expression. 

2s One of these techniques called "genomics" comprises the sequencing 

of a part or the totality of the organism's genome. then searching for 

homology with already identified sequences in data banks of potentially 

coding sequences. Once identified, these sequences are to be subcloned 

and expressed in order to verify that they effectively code for the sought-after 

30 property. In addition to the time necessary for its implementation, this 

technique presents the disadvantage of being capable of identifying only 

functions homologous to those that are already known and referenced in the 

databases. 
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Proteomics is a second possible approach for looking for interesting 

properties. It consists of extracting the proteins expressed by a 

microorganism and then purifying them. Each purification fraction is then 

tested by detecting which one contains the sought-after property. The primary 

s disadvantage of this technique resides in the fact that it does not permit 

having a direct link be~een the detected property and the gene that permits 

the expression of this property. The second disadvantage of this approach is 

that it does not permit the detection of the properties that have not been 

induced in the starting microorganism. 

10 

·A third technique for detecting a function expressed by a 

microorganism consists of using expression cloning. This method has as a 

principle the extradion of the DNA of the starting microorganism, fragmenting 

it and inserting it in an expression vector in vivo that is transformed in a host. 

1s This host is selected for its ability to express the genes of the starting 

microorganism. In the same fashion the vector is always selected for its 

compatibility with the expression host. The expression clo.ning technique is 

used in context of the search for a function in a microorganism having genetic 

characteristics close to one of the existing host ( same codon usage, same 

20 GC percentage). In the case of the search for a function starting with a large 

number of microorganisms of ge~etically varied origin, the expression craning 

method becomes non-usable, the hosts no longer being capable of 

expressing the heterologous genes that are provided to them. 

2s Additionally, expression cloning like other prior art processes for 

30 . 

isolating and screening of genes presents a number of disadvantages: 

·the ceUular toxicity of the transcription and translation 

products. whjch can induce genetic recombinations in 

order to mitigate these toxicity problems. 

the poor representativity of the library used, 

the implementation time, 

,. 
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the low compatibility between the sequence of the cloned 

gene and the punctuation of the expression of the vector 

used, 

highly variable expression le\lels, 

codon usage probJems, 

refolding and post-translational problems. 

the problem posed by the influence of the physiological 

state of a cell on the expression level of the proteins 

when the pr~tein activity is sought directly in the original 

cellular extracts, 

a high difficulty of automation. 

The present inventjon precisely aims to offset these 

disadvantages by offering a fast and ~ffective method for the 

1 s identification of a function associated with a polynucleotide sequence 

contained in a biological sample containing nucleic acids. and 

permitting the isolation of said sequence. 

This goal is achieved thanks to a process for the separation and 

20 the characterization of the functions potentially present in a biological 

25 

30 

-sample containing nucleic acids, characterized in that it includes the 

following steps: 

a) 

b) 

c) 

d) 

the preparation of nucleic acid fragments starting 

from said sample, 

the association of each of said fragments with a 

vector molecule, 

the isolation of each fragment associated with a 

vector molecule or with a part of each construction 

composed of a fragment associated with a vector 

molecule of step (b), 

the in vitro treatment of each fragment associated 

with a vector molecule or of a part of each 

construction composed of a fragment associated 

,. 
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with a vector molecule from step (c) in order to 

obtain transcripts, 

the test of a function of the transcripts obtained at 

step (d) or of proteins for which they code after 

translation of said transcripts. 

The process of the invention offers the advantage of enabling the 

canying out of: 

a test of the properties of the transcripts of step (d),· when 

they have advantageous properties of the tRNA, 

rybozyme type. or 

a test of the properties of the proteins coded for by said 

transcripts. 

In each case where the functions of the proteins encoded by the 

transcripts obtained at step (d) are tested, the process of the invention 

comprises at step (d) the treatment of said transcripts in vitro with a cellul~r 

extract permitting their translation to protein, then the test of a function of said 

20 proteins bV ar:iy. appropriate means. 

By function in the sense of the present invention is understood more 

particu1arly the property that can be encoded by a polynucleotide sequence. 

This property can for example be an enzymatic activity or an affinity if said 

2:s sequences codes for a protein. or an endonuclease activity for example if said 

seque_nces codes for a catalytic mRNA. 

Thu·s, the process of the invention permits not only the detection of a 

function. but also the characterization of this function from a biochemical point 

Jo of view. If the function is an enzymatic activity for example, it can relate to the;: 

analysis of the optimal conditions of functioning (pH. temperature, salts 

concentration). of the kinetic parameters (Vm, Km), of the· inhibition 

parameters (Ki). If the function is an affinity, it can relate to the determination 

of the Kd, or of the molecule having the most affinity for this protein. It can 
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also relate to the determination of the size of the translated protein or of the 

mRNA transcript, and optionally of the sequencing of the corresponding gene. 

By biological sample is understood any sample liable to contain nucleic 

s acids, such as a soil, plant, blood, human or animal, water, microbial, cellular 

or viral culture, biopsy, etc. sample. but these samples can equally 
correspond to amplification products (PCR, NASBA, etc ... ), genomic DNA, 

synthetic DNA, mRNA.· or any product of nucleic acids resulting from 

treatment$ currently used by a person skilled in the art. 

10 

By vector molecule is understood one or several polynucleotide 

sequences comprising at least a transcription promoter for step (d) and 

possibly a substance facilitating the isolation of the step (c) fragment. 

Optionally this substance can be one or several molecules of strepta'Vidine or 

1s of biotin, of the polypyrol group, of antibodies, a single or double-stranded 

polynucleotide sequence, a DNA plasmid "Vector preferably not containing 

sequences permitting the in vivo expression of the associated fragment, or 

any other compound permitting the isolation of the fragment associated with 

step (c). 

20 

By isolation at step (c) of the p~cess of the invention is understood the 
subdivision of the batch of fragments obtained at step (b) in subsets, a subset 

that can be composed of a single or of several nucfeic acid fragments. 

25 Step (a) for the preparation of the nucleic acid fragments of the process 

of the invention can comprise an extraction phase if the nucleic acids are not 

directly accessible in the biological sample, for example in the case of nucleic 

acids contained in cells, viruses, blood, organic elements, etc.... This 

extraction phase is thus included in step {a) for preparation of nucleic acid 

30 fragments. Similarly in the case where the biological sample is composed of 

mRNA, a step of RT-PCR is necessary to prepare the nucleic acid fragments 

of step (a}. 

,· 
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According to a particularly preferred embodiment of the invention, the 

vector molecule is composed of two polynucleotide sequences each 

comprising at least one transcription promoter. Each one of these sequences 

is associated with an end of one of the fragments obtained at step (a). 

According to an advantageous embodiment of the process of the 

invention, the transcription promoter or promoters carried by the vector 

molecule is/are a promoter or promoters of the strong type, such as the RNA 

polymerase transcription promoter of the 17. SP6, Q~ or A. phage. 

Thus, a particular application of the process of the invention permits 

identification of a polynucleotide sequence and/or the corresponding protein. 

possessing a function, starting from a sample containing nucleic acids. This 

goal is attained according to a process characterized in that it comprises the 

is following steps: 

a) 

b) 

20 

C) 

d) 

25 

e) 

the preparation of nucleic acid fragments starting from 

said sample, 

the insertion of each one of said fragments in a vector so 

as to create recombinant vectors, . 

the isolation ,of each recombinant vector or of a ·part of 

this recombinant vector by any appropriate means, 

the in vitro treatment of the vector or of a part of the 

recombinant vector isolated at step (c) to obtain 

transcripts, 

the test of a function of the transcripts obtained at step (d) 

or of the proteins encoded thereby by any appropriate 

means after translation of said transcripts. 

30 By recombinant vector in the application of the above process of the 

invention is understood a vector, for example, plasmidic, in which a fragment 

has been introduced, and by part of this vector. the part of the recombinant 



7 

"ector containing the fragment obtained at step {a) and the elements 

necessary for the implementation of the steps {d) and optionally (e). 

The steps of the process of the invention can be carried out 

s successively without interruption by the same operator, advantageously on an 

automat~d device integrating each of the steps, or can be carried out in a 

.discontinuous fashion, optionally by different operators. 

The transcription step (d) and the translation phase of step (e) of the 

io fragments are also conjointly design.ated In Vitro Protein Expression reaction, 

also desrgnated EPIV reaction. The EPIV reaction can be simultaneous, 

which means that the· step (e) translation phase is carried out simultaneously 

with the step (d) transcription, or broken down into two distinct steps, 

transcription (d) and translation (e). 

15 

The uncoupling ·of the steps {d) and (e) permits optimization of the 

yields of each step, and thus production of greater quantities of proteins. 

which finds significant utility _in the case of enzymes of weak specific activity. 

20 . This uncoupling also permitS normalization of the formation of the step 

(e) products and enables later. comparison of the different expressed 

functions. 

The uncoupling out of the step (d) transcription and the step {e) 

2s translation equally permits avoiding the problems of degradation of the DNA 

template by nucleases if it was prepared by PCR. In effect, the components 

of the transcription reaction are less contaminated by the nucleases, in 

contrast to the translation extracts. 

so The uncoupling moreover permits the use of different translation 

extracts according to the origin of the DNA screened. In effect, the step {e) 

translation phase of the transcripts obtained during step (d} is advantageously 

carried out with a translation extract of the same origin or of a close origin to 

that of the biological sample on which the process of the invention is 

,. ,· 
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practiced. Thus, the correspondence. between the origin of the transcript 

translation signals and the cellular extract is optimized for optimal translation 

effectiveness. By way of example, there can be cited the use of a translation 

extract of an extremophilic organism for the screening of a DNA library of the 

s same organism or of another extremophilic organism (thermophiles, 

halophiles, acidophiles, etc;; .•. ) or also a translation extract of eukaryotic cells 

. for the screening of a eukaryotic DNA library. These respective extracts are 

likely to improve the effectiveness of the process. These extracts are 

selected for their capacity to translate the transcripts at step (e). 

IO 

The process of the invention is notable in that it implements a 

correspondence between the expression punctuation of the transcripts of step 

{d) and the translation extracts used. These extracts are also characterized in 

that either they do not contain the sought-after property, or they contain it but 

IS It is not detectable under the conditions of the test carried out for detecting the 

sought-after function. 'It concerns for example the use of a translation extract 

containing a mesophilic beta-gatactosidase activity permitting translation of a 

thermophilic beta-galactosidase mRNA and the detection of the activity of the 

latter at high temperature, which eliminates the mesophilic beta-galactosidase 

20 activity. 

25 

Depending of the genetic origin of the fragments obtained at step {a), 

(i.e. DNA of Gram positive or negative, eukaiyotic, viral, etc. microorganisms), 

and of the function tested. different translation extracts can be used. 

A particular embodiment of the p~ocess of the invention consists of 

using at step (a) a translation extract that is in fact a mixture of several 

translation extracts. It relates for example to a translation extract of E. coli 

over-expressing a chaperon A protein mixed with a translation extract of E. 

30 coli over-expressing a chaperon B protein. Any type of mixture can be 

contemplated from the ·moment that it corresponds to the characteristics 

described above. In the same manner, it is possible to use a translation 

extract in which one or several specific tRNAs of one or several codons are 

added. The translation extracts obtained in this way thus permit translation of 
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the mRNA containing specific codons, such as for example the translation of 

an mRNA containing an amber codon by adding in the translation extract one 

of tRNA suppressor(s). 

s The treatment of step (e) with a translation extract can also be carried 

10 

15 

out with a universal translation extract whatever be the origin of the sample 

such as,for example an eXtract of E. coli and/or any other cellular extract or 

extracts supplemented or not by molecules of interest such as those. for 

example, ·indicated previously (tRNA, chaperon ... ). 

It is equally possible to add to the translation extract of step (e) .one or 

several substances favoring a more effective refolding or maturation of the 

expressed proteins, such as for example chaperons, detergents, 

sulfobetaines, membrane extracts. etc .... 

The test of a function of the proteins synthesized at step (e) can be 

earned out by any appropriate means permitting for example the detection of 

the sought-after enzymatic activity or activities. This embodiment will more 
particularly be applied during the search for enzymes with original properties, 

20 such as for example thermostable enzymes active at high temperature. in an 

acidic medium, in a medium of. high salt concentration; etc .... , starting .from a . 

ONA sample resulting from an extremophilic organism or organisms. These 

extremophilic enzymes. often active under conditions close to the 

physiological conditions of the strains which produ~e them (temperatures. 

2s salinity, pH, etc ... ) are particularly interesting tools for numerous industrial 

processes (agribusiness, animal nutrition. paper, detergents, textile industries 

etc ... ), where they can be substituted for their mesophilic homologues. 

The process of the invention offers the advantage of being capable of 

30 carrying out: 

a test of the properties of the step (d) _transcripts, when 

they have advantageous properties of the tRNA, 

rybozyme type, or 

. ,. 
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a test of the properties of th~ proteins encoded by said 

transcripts. 

In the case of a ribozyme having an endonuclease activity for example. 

s it is possible to detect this activity by using a nucleotide matrix having a 

fluorescent group at one end and a .. quencher" group at the other. In case of 

cutting of the matrix by the· ribozyme. the fluorescent group is separated from 

·the .. quencher" group, which frees the fluorescence from the first. 

10 In the case of a tRNA. it is p~ssible to use for example a fraction of the 

reaction potentially containing this tRNA and to put it in an in vitro translation 

reaction containing the mRNA of a reporter gene of which one of the codons 

can be read only by the sought-after tRNA. If the acti'lity of the reporter is 

detected, this means the tRNA was present in the initial fraction and that it 

15 permitted the in vitro translation of the reporter mRNA. 

In the context of demonstrating an enzymatic activity, any type of · 

specific substrate can be contemplated by a person skilled in the art for 

demonstrating the presence or the absence of the sought-after function at 

20 $tep (e). All transformation(s) of the substrate(s) by the sought-after 

function(sl can be detected by .any method known by a pe.rson skilled. in the 

art (fluorimetry, colorimetry, absorbance, viscosity, etc ..• ). 

In the case of the demonstration of an affinity, it is possible for example 

2s to use. according to the sought-after affinity: antibody-antigen, double 

stranded DNA binding protein, receptor-ligand, etc ...• tests such as radio­

labeled ligand fixation, an immunological detection comprising the 

immobilization of an antigen. its specific detection with the sought-after 

antibody, and the revelation of this sought-after antibody thanks to an anti-

30 antibody antibody coupled to a reporter activity which can be revealed, or an 

antigen detection by using a goat antibody fixed on a support capable of 

recognizing the antigen, the antigen being able to be detected by a second 

rabbit antibody (sandwich formation) indirectly coupled or not to a reporter 

activity (alkaline phosphatase or peroxidase type). 
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One particular embodiment of the process consists at step (e) of 

testing, in parallel or in a simultaneous or non-simultaneous manner. different 

properties of the same or several functions. 

Thus, the process o~ the invention is notable in that it not only pennits 

.the detection of the functions potentially contained in a biological sample, but 

also: 

their quantification, when these properties permit it such 

as for example enzymatic activities or affinities. 

their characterization. notably biochemical, such as for 

example the optimal conditions of functioning at 

temperature, pH. saline concentration, etc .... molecular 

weight, protein sequencing. and optionally sequencing of 

the corresponding polynucleotide sequence. 

The process of the invention is also notable in that it is totally 

independent of the in vivo expression of the proteins. The cellular hosts. like 
20 micr~rganisms, if they are used, are used only for the isolation and 

amplification of the heteroJogous fragments. Consequently, the process of the 
invention pennits avoiding all of the problems. previously reported with 

expression cloning methods of the prior art. In particular. the process of the 

invention is of great interest in the identification of a gene expressing a 
25 cytotoxic protein. In this sense. the vector molecule associated with each 

fragment of step (b) can be a plasmidic vector preferably not permitting the 

expression of said fragment in vivo. By way of example of such a vector one 

can cite: pBR322 or pACYC184. 

30 Advantageously, the fragments prepared at step (a) of the process of 

the invention are obtained by the action of one or several endonucleases on 

the nucleic acids of the biological sample or on the PCR products of said 

nucleic acids.· These fragments can also be obtained by a mechanical action 

,. 
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on theses nucleic acids, for example by passage in a syringe needle, 

disruption under pressure. sonication, etc. 

Jn the particular embodiment of the process of the invention where the 

s nucleic acids of the sample do not require fragmentation, such as for example 

genomic libraries. step (a) consists of preparing the fragments of this sample 

for step (b), for example.by extraction, and/or purification and/or preparation 

of the ends for the association with vector molecules. for example the 

insertio~ in the plasmidic vector. 

IO 

In a particular embodiment of the process of the invention, the 

fragments prepared at step (a) have a size of 1 to several dozen kb, 

preferably from 1 to 40 kb and advantageously from 1 to 1 O kb when the 

sample comes from a prokaryote organism_ Preferably, the fragments 

15 prepared at step (a) have a size on the order of 5 kb. In effect. the a"erage 

size of a prokaryote gene is about 1000 base pairs. By using fragments of 

5000 base pairs, it is possible to obtain clones carrying the complete gene 

with their· proper ribosome-binding site. In the case where the DNA is of 

eukaryotic origin, the size of the fragments prepared at step (a) is much more 

20 important, advantageously on the order of several dozens to several hundreds 

25 

of kilobases. , ... -.--· -

It can be noted that the fragments prepared at step {a) can carry a 

partial or entire operon. 

The biological sample that the fragments of step (a) are prepared from 

can conie from one or several identical or different prokaryotic organisms or 

eukaryotic cells or even viruses. It can for example be a sample of nucleic 

acids of a microorganism or of a mixture of microorganisms. or of eukaryotic 

30 tissue cells or of identical or different organisms_ But the sample of nucleic 

acids can equally be composed of a sequence or of a library of a nucleic acid 

or of nucleic acids. The biological sample can be composed of organisms 

and/or of known or unknown nucleic acids. The sample can also 

advantageously be composed of synthetic nucleic acids_ 

,. ,· 
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In the case of a eukaryotic DNA library. the transcription reaction can 

be completed by in vitro splicing and maturation reactions of the mRNA by 

using for example a nuclear extract (3). 

The process of the· invention assures a direct link between the function 

demonstrated at step (e) and the corresponding pofynucleotide sequence. 

This process is therefore most particularly suited for detecting functions and 

identifying the corresponding gen~s starting from genomic DNA. By g~ne is 

10 understood a DNA fragment or sequence associated with a biological 

function. 

As indicated previously, according to a particular embodiment of the 

process of the invention. the vector molecule associated with the nucleic acid 

is . fragments at step (b) is a plasmidic vector. In this case, at step (b) of the 

process of the invention, each fragment is inserted in a vector at the level of a 

cloning site or of a restriction cassette. This plasmidic vector is characterized 

in that it comprises an RNA polymerase promoter at one side of the cloning 

site and optionally an RNA polymerase terminator at the other side. It is also 

20 possible to design a vector comprising a cloning site surrounded by .:tv.vo 

different or identical RNA polymerase promoters and possibly flanked on both 

sides by a corresponding RNA polymerase terminator or terminators. These 

promoters and possibly terminators preferentially have the characteristic of 

not functioning in the microorganism that can be used for the separation of the 

2s recombinant vectors at step (c). 

In the case where the vector does not possess an RNA polymerase 

promoter or promoters and/or optional terminator or terminators. or in the 

case where the RNA polymerase promoter or promoters and possible 

30 terminator or terminators are not adequate for carrying out step (d), this 

promoter or promoters and possible terminator or terminators can be inserted 

at step (c) of the process of the invention by any appropriate means. An 

advantageous embodiment of this insertion consists of canying out a PCR 

,. 
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with a set of primers carrying the sequences of the promoter(s) and 

terminator(s). 

According to a particular embodiment of the process of the invention, 

s the promoter(s) and possible terminator(s) are of the strong type such as for 

exampl~ those of the T7 RNA polymerase. 

In the case where the vector molecule is a plasmidic vector, the 

isolation of the recombinant vector at step (c) ·can be carried out ·by 

10 transformation of host cells by the entirety of the recombinant vectors 

obtained at step {b) so as to create a library of clones, then by carrying out an 

extraction of the recombinant vector or of a part of the vector contained by 

each clone of the library by any appropriate means. 

1s The extraction of the recombinant vector or of a part of the recombinant 

vector flanked by the RNA polymerase promoter(s) and possibly terminator(s) 

can be carried out by any method known by a person skilled in the art, such 

as by plasmid miniprep and possibly digestion or by PCR_ An advantageous 

alternative consists of carrying out this PCR with oligonucleotides protected 

20 from 5' -nucleasic attacks,. notab~y from the nucleases contained in the 

translation medium, by phosphorothioate groups. 

/ls previously indicated, the isolation at step (c) can be carried out by 

any physical, mechanical or chemical means such as for example a simple 

2s extreme dilution of the entirety of the fragments associated with the vector 

molecule at step (b). However, the isolation can also advantageously be 

carried out by using the properties of a specific substance included in the 

vector molecule, such as an antibody molecule, and the isolation of the 

fragment is carried by using the antibody-antigen affinity, or a biotin, and the 

30 isolation is carried out by using the biotin-streptavidine affinity, etc .... 

According to a particular embodiment of the process of the invention, a 

sorting of the fragments or the part of them each associated with a vector 

molecule obtained at step (c) is effected. For this, an EPIV reaction is carried 
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out for each of the fragments or the part of them associated with a vector 

molecule obtained at step (c) by incorporating in the reaction mixture of the 

translation phase of step (e) a label of protein synthesis (biotinylated tRNA. 

modified amino acid, etc ... ). Each EPIV reaction product is then analyzed, for 

s example by ELISA, for the presence of an expressed protein. The fragments 

or the part of them associated with a 'Vector molecule for which the EPIV 

reaction is negative are determined. These fragments do not possess an 

ORF on their insert. Following this pre-screening procedure. these fragments 

are eliminated from the following activity identification screenings linked to a 

10 protein. Such a pre-screening procedure permits a savings in time and in 

reactants in the case of a screening that is repetitive and not simultaneous 

from the same library. 

According to a particular embodiment, the process of the invention is 

is entirely carried out on a solid chip type support or a membrane or a 

nanotitration plate. The chip type support can be a glass plate, a 

nitrocellulose membrane or any other support known to a person skilled in the 

art The fragments associated with the vector molecule are isolated ~n this 

chip type or nanotitration plate support. and the reactants permitting the 

20 implementation. of the process of the invention are deposited on this support. 

·The test of the sought-after·function or functions can be directly-condueted· on 

the support after a possibfe washing of the latter. In the case where the 

vector molecule is a plasmidic vector and/or the process of the invention is 

carried out on a support, the colonies transformed by .the recombinant vectors 

2s are transferred separately from the others on a same support, then lysed in 

situ (3) such that each colony can liberate on the support the copies of the 

recombinant vector that it contains. Another embodiment consists to 

separately _loading on a same support each recombinant vector or part it It is 

thus .possible to deposit reactants permitting the carrying out of an EPIV 

30 reaction on the support having the deposited DNA according to one of the 

techniques described above. The test of a function can be directly conducted 

on the support after an optional washing of the latter. 

The invention equally has for an object: 
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a not yet known nucleic acid sequence identified and 

selected by the process of the invention, 

a fragment containing this nucleic acid sequence 

associated with a vector molecule, 

a plasmidic vector containing this sequence, a cellular 

host transformed by this nucleic acid sequence or by this 

vector, or 

a protein encoded by this sequence. 

Jo The invention equally relates·to any library composed of: 

JS 

20 

25 

30 

nucleic acid sequences isolated by the process of the 

invention, 

vector molecules associated with fragments containing 

these sequences, 

vectors containing said sequences, 

cellular hosts transformed by one (or some} of these 

sequences or by one of these vectors. or 

proteins encoded by said sequences. 

The process of the invention offers the advantage as compared to the 

methods of the prior art of being capable of being automated. In the case 

where the vector molecule is a plasmidic vector. this automation can be 

conducted, for example, in the following manner: 

Each recombinant vector of the library formed at step (b) 

can be put in culture on a support, in a microplate wen by 

a Colony Picker type robot. 

This culture can be used for a plasmidic extraction step 

carried out by a Biorobot 9600 (QIAGEN) type robot, or 

for a PCR amplification step implemented by a 

MultiProbe type machine (PACKARD) on a PTC 200 or 

PTC 225 (automated lid-MJ RESEARCH) type automatic 

thermocyler. 
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The optional purification of the PCR products can be 

conducted by the BioRobot 9600 automatic machine. 

The EPIV reaction of steps (d} and (e) can be directed 

entirely by the MultiProbe robot The tests of the 

functions of the transcripts obtained at step (d) can be 

effected on the robot pipetor and the reading of the 

results is obtained on a corresponding reader. If the 

transcription reaction is separated out from the translation 

reaction, ·the optional purification of the mRNA can be 

carried out by the BioRobot 9600. 

The tests of the activity of the proteins synthesized at 

step {e) are carried out by the robot pipetor, and the 

reading of the results is obtained on the reader 

(spectrophotometry, colorimetry, fluorimetry, etc ... , 

according to the test carried out) of micro plaques or by 

. any other appropriate means. 

Consequently. the invention also relates to an automated device for the 

implementation of the processes described previously comprising a layout of 

20 one or several supports, robots, automatic machines and readers optionally 

permitting the preparation of the sample at step {a) and optionally the earrying 

out of the step of association of the fragments with the V'edor molecule at step 

(b), optionally the isolation of said fragments associated with the vector 

molecule at step (c). and to carry out the implementation of the steps (d) and 

25, (e). By assuring an increased repetition flow of the process of the invention. 

or of a part of the process of the invention (steps (d) and (e)) this layout of 

automatic machines permits rapid searching of the functions starting from 

different nucleic acid samples. 

30 Any plasmidic vector having the characteristics defined previously can 

be used in the process of the invention. By way of example can be cited a 

vector represented at figure 2 and constructed in the following manner: 

A plasmidic replication origin. 



5 

JO 

IS 

20 

25 

30 

,. 

18 

A cloning site surrounded by two identical promoters, 

such as that of the T7 RNA polymerase, or of any other 

strong RNA polymerase promoter, such as a~. T3, SP6. 

etc., and optionally flanked on both sides by the same 

RNA polymerase terminator. These promoters and 

terminator if it is present, preferably do not function in the 

microorganism used to separate the recombinant vectors. 

Such a construction permits transcription of a DNA 

fragment inserted in the .cloning site. regardless of its 

sense of insertjon. The probability of finding a good clone 

is therefore multiplied by two. The average size of a 

prokaryotic gene is about 1000 bp. By using prokaryotic 

DNA fragments of about 5000 bp to generate the library. 

it is highly probable that clones carrying the complete 

genes will be obtained, with their proper ribosome binding 

site (or RBS for Ribosome Binding Site). With thiS double 

promoter system. the gene is located in the worst case 

2000 bases . from the beginning of the mRNA, which 

permits effective expression of the corresponding protein · 

by the process of the invention {as reported in the 

experimental hereinafter on the ~lactamase activity). 

Optionally, some specific sequences on both sides of the 

terminators can be used as hybridization sites for a PCR 

amplification of the nucleic acid fragment carried by the 

vector. 

A selection gene composed of a tRNA gene (4). 

Optionally, in parallel, a·n antibiotic resistance gene (or 

another type of selection gene) is inserted in the cloning 

site. . This antibiotic selection is lJSed only for the 

preparative amplification of the cloning vector. In effect, 

·during the insertion of each one of said fragments of step· 

(b), a DNA fragment is substituted for this resistance 

gene. This system has the advantage of not depending 

,. 
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on an antibiotic selection, which raises problems of 

. contamination and · degradation of the antibiotic, and 

permits obtaining a recombinant vector not possessing an 

ORF other than that possibly introduced by the 

heterologous fragment. On the other hand, it permits a 

very rapid evaluation of the level of negative clones, by 

practicing a parallel spreading of a fraction of the library 

on minimum medium and on a medium containing the 

selection antibiotic. 

The process of the invention is notable in that it permits looking 

in crude samples for nucleic acid functions and to characterize them 

and identify the corresponding nucleic acid sequence. In effect, it 

avoids the isolation of each microorganism present in this sample. The 

IS isolation of the microorganisms contained in a sample is known to give 

limited results, · for only a few percent of the diversity of the 

microorganisms present are recovered. Moreover, the process of the 

invention offers a considerable time savings. The method of the 

invention permits the realization of a better result, since the screened 

20 biodiversny is of the order of 100%, in a time period of 5 to 10 days. 

Whereas the prior art methods permit isoiation of around of 5% of the 

biodiversity of a sample over several weeks or even several months. as 

much time is necessary to screen these strains in order to detect a 

protein activity. The process of the invention is equally ad"antageous 

2s for searching for the protein activities in a given germ or cetl. A 

genomic or cDNA library can be easily prepared and screened 

according to the process of the invention. In the case of a cDNA 

library. the vector molecule comprises a translation initiation sequence 

corresponding to the translation extract used at step (e). In addition to 

30 its rapidity, t~e process of the invention permits a freeing from the 

cellular physiology. It is thus possible to detect the protein activities 

without having to resolve problems of culture and of physiological 

states. The process of the invention permits directly going back up to 

the gene starting from the detection of a function of the organism. It 
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also permits looking for a function in an organism potentially containing 

said function. This technique permits, thanks to its speed and its 
effectiveness> the screening of one or several functions of a large 

number of organisms from a collection and therefore to bring out its 
s microbiological biod_iversity. This process will find much of its utility in 

10 

the identification of protein activities of industrial interest starting from 

·isolated extremophilic org~nisms. or also from crude samples of said 

organisms. 

Finally, the process". of the invention finds an interest in the area 

of genomics. From its conception, it permits the identification of new 

genes without going through sequencing in the first step, because it 

permits going directly from the detection of a function- to the sequence 

of the corresponding nucleic acid. Applied to the totality of the genomic 
is DNA of an organism, the process of the invention permits attainment of 

the characterization of the total phenotype of this organism, which 

introduces the .notion of "phenomics." 

The invention also relates to a kit for the implementation of the 

20· . process of the invention described previously. This kit comprises: 

25 

30 

the means necessary for the preparation of the nucleic 

acid fragments 

at least one vector molecule 

at least one polymerization agent 

optionally at least one cellular translation extract 

the means necessary for the test of one or several 

functions 

the buffers necessary for the carrying out of the different 

steps 

This kit can be packaged in one or different containers. 
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Other advantages and characteristics of the in\lention will appear from 

the examples of carrying out the invention that follow and that refer to the 

annexed drawings in which: · 

s Figure 1 is a schematic representation of an example of an 

IO 

embodiment of the process of the invention. 

Figure 2 represents an example of a cloning vector for the construction 

of a library according to the process of the invention. 

Figure 3 represents an example of the plasmids pADH. pTEM, pET26-

Tfu2, pLIPet pGFP used in the scope of the examples of carrying out the 

process of the invention. 

is· Figure 4 represents the activity of the intein 2 of a DNA polymerase of 

Therinococcus fumicolans (Tfu) obtained in vivo by expression cloning. Track 

A: molecular weigh marker 1 Kb. Track 8: reaction without enzyme. Track C: 

reaction with intein 2. 

20 - . Figure 5 represents the activity of the GFP produced by EPIV reaction 

(Emission of fluorescence followed by an exposure at" ·about 400 rim) with 

mesophilic translation extracts. Tube A: EP1V reaction with water (control}. 

Tube B: EPIV reaction with the vector pGFP. 

2s Figure 6 represents the activity of the intein 2 of the Tfu DNA 

polymerase produced by EPIV reaction with mesophilic-type translation 

extracts. Track 1: molecular weigh marker 1 Kb. Track 2: T-(reaction without 

enzyme) .. Track 3: Blank (reaction with EPIV extract without DNA). Track 4: 

r (reaction with intein 2 produced in vivo). Track 5: Test (reaction with intein 

30 2 produced by EPIV (pET26-Tfu2)). 

Figure 7 represents the detection of the activity of a thermophilic 

enzyme by using a mesophilic translation extract containing said activity. 



5 

10 

22 

Tube A: EPIV reaction with water (control} incubated at 37 °C. Tube B: EPIV 

reaction incubated at 37 °C, Tube C: EPIV reaction with water (control) 

incubated at 70 °c after centrifugation. Tube D: EPIV reaction incubated at 

70 °c after centrifugation. 

Materials 

1} Strains and plasmids 

The vector pET26b+ is part of the family of pET vectors developed by 

Studier and Moffatt (8) and commercialized by the NOVAGEN Corporation. 

This vector permits expression of the genes under the control of the T7 phage 

1s promoter. The P1NP01NTiM (PROMEGA) vector carries the cat gene (coding 

for the chloramphenicol acetyltransferase) under the control of the T7 phage 

RNA polymerase. The vector pHS2-22-21 was constructed by introducing by 

reverse PCR the cutting site recognized by the intein 2 of the Tfu DNA 

polymerase positioned in the polycloning site of the plasmid pUC19. The 

20 ·· ·vector pHS2-22-21 corresponds to pUC 19 ~ntaininQ th_e homing site ~43 bp) 

of the intein or the site in which the intein gene is inserted. 

The strain XL1-Blue [fn10 proA•B ... lacf' a (lacZ)M151recA1 endA1 

gyrA96 (Na{) thi hsdR17 (rk-mt)supE44 re/A1 lac) was used for the 

2S amplification of the plasmidic DNA. 

2) Reagents 

30 The restriction and modification enzymes reported in Table I below 

were used according to the recommendations of the suppliers. 

, . 
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Table I 

Enzyme Concentration Supplier 

Seal 10 U/µI Appligene Oncor 

. Sall 8 U/µI New England Biolabs 

Ndel 20 U/µl New England Biolabs 

BamHI _20 U/µI New England Biolabs 

Eco RI 20 U/µI New England Biolabs 

T7RNA 50 U/µt New England Biolabs . 
polymerase 

T4 DNA ligase 400 U/µI New England Biolabs 

The buffers used are described in Table II below. 

Table II 

Buffers Composition 
T Tris HCl 1 O mM pH 8.0 

T7 RNA polymerase Tris HCI 400 mM pH 7.9. 60 mM MgCf2, ·20 

II 

1) 

(10X) MM SJJermidine. 1 O mM DlT 
IT2 (10X) Tris-Oac 500.mM pH 8.0, 750 mM 

.. 
Mg(0Ac)2 , 100 mM NH40Ac 

TADH (2X) Glycine 100 mM (NaOH pH 10), 20 mM 
Butanol 1, 0.9 M NaCl, 4 mM NAOP 

LIP KH2P04 0.1 M, pH 6.8, dioxane 5%, 
Thesit 5% 

BETA NaP 50 mM pH 7.0, 100 µg/ml 
Nitrocephine, 0.25 mM DMSO 

Ligation 1 OX Tris HCI 500 mM pH 7 .5, 100 mM MgCl2, 
100 mM on. 10 mM ATP. 250 µg/ml BSA 

Preparation and test of the plasmids 

Construction 

The gene of the inteio 2 of the Tfu DNA polymerase (itfu2) (Accession 

number in gene library: Z69822) was inserted between the restriction sites 

Nde I and Sa/ 1 of the vector pET26b+ in order to create the plasmid pET26-

Tfu2 represented in figure 3. In similar fashion, the alcohol dehydrogenase 

is gene (adh) of Thermococcos hydrothermalis was ·inserted between the 

,. 



24 

restriction sites Nde I and Bam HI of the vector pET26B+ in order to create 

the vector pADH, and the genes of the (3-lactamase TEM-1 (b/a} of 

Escherichia coli {9). and of the Green Fluorescent Protein {gfp) of Aequorea 

Victoria {6) and of the lipase -B of Candida Antarctica (lipB) (Accession 

s number Y14015 in gene library) were inserted respectively between the 

restriction sites Nde I and Eco RI of the vector pET26b+, in order to create 

the plasmids pADH, pTEM, pGFP and pLIP represented in figure 3. For each 

one of these four genes, the restriction site Nde I is over located with the 

codon ATG of the translation initiation. 

10 

Each construction was verified by several restriction profile analyses. 

200 µI of XL 1-Blue chimiocompetent cells (1) were transformed with 1 O ng of 

each plasmid by a thermal shock (2). and the cells thus transfonned were 

spread ·out on a solid LB medium containing 60 ·µg/ml of kanamycin and 12.5 

15 µg/ml of tetracycline. Starting from a clone of each one of these 

transformations, a plasmidic DNA maxipreparation was carried out with a 

TIP100 type column (QIAGEN). After precipitation in isopropanol. each· 

pJasmidic DNA sample was resuspended in 100 µI of buffer T. The 

concentration of these plasmidic DNAs was evaluated by a 

20 · spectrophotometric measurement at 260 nm. The pufl.ty of each ~lasmi~ic 

DNA was verified by depositing 0.2 µI of each of the vectors on agarose gel 

TBE 1%. 

2) In vivo expression tests- activity tests 

2s -pTEM: 200 µI of BL21 DE3 (pLysS) chimiocompetent cells were 

transfonned with 10 ng of the pTEM plasmid by a thermal shock, and the cells 

thus transformed were spread out on a solid LB medium containing 60 119/ml 

of kanamycin. 20 JLQ/ml of chloramphenicol. 32 µg/ml of IPTG and 100 µg/ml 

of ampicillin. Aft~r incubation one night at 37 °C, very numerous colonies 

.30 could be observed on the Petri dish, thereby revealing that the TEM-1 gene of 

the. plasmid pTEM is expressed and functional, and that it confers ampicillin 

resistance. · 

,. ,· 
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-pGFP: 200 µI of BL21 DE3 (plysS) chimiocompetent cells were 

transformed with 10 ng of the plasmid pGFP by a thermal shock, and the cells 

thereby transformed were spread ·out on a solid LB medium containing 60 

µg/ml of kanamycin, 20 µg/ml of chloramphenicol and 32 µ.g/ml of IPTG. After 

s incubation one night at 37 9 C, very numerous colonies could be observed on 

the Petri dish. All of these ~acted to ultraviolet excitation {at about 400 nm) 

by emitting a green fluorescent light, which permitted verification that the gfp 

gene of the plasmid pGFP is expressed and functional. 

10 -pET26-Tfu2: 200 µI of Bl21 DE3 (plysS) chimiocompetent ~lls were 

transformed with 1 O ng of the plasmid pET26-Tfu2 by a thermal shock. and 

the cells transformed thereby were spread out on a solid LB medium 

containing 60 J.lg/ml of kanamycin and 20 µg/ml of chloramphenicol. A culture 

carried out starting from a clone of this transformation was induced at DOeoonm 

is = 0.5 with 0.5 mM of IPTG for two hours at 37 °c. After centrifugation, the 

bacterial precipitate was resuspended in 20 mM sodium phosph~te buffer_pH 

7.5. and a cellular lysate was obtained after to several cycles of 

freezing/thawing. The intein 2 was then purified on a Qfast-Flow column with 

a NaCl gradient. The activity of this enzyme was tested according to the 

20 following protocol:- 1 pl of the elution fraction h~ving the highest pure enzyme 

concentration was diluted one hundred times. One µJ of this dilution was 

incubated 15 minutes at 1a 0 c with 3 µI of IT2 buffer and 220 ng of the pHS2-

22-21 plasmid, linearized with the restriction enzyme Sea I, in a final volume 

of 30 µL 15 µI of this digestion mixture were deposited on an agarose gel 

2s TBE 1 o/o. After migratiOn and staining with ethidium bromide, the gel was 

exposed to ultraviolet. As shown in figure 4, the analysis of this gel reveals 

the presences of two bands of respectively 934 bp and 1752 bp. 

corresponding to the cutting of the pHS2-22-21 vector (Sea / linearized) by the 

intein 2. The gene itfu2 of the plasmid pET26-Tfu2 is therefore expressed 

3.0 and Its product, the intein 2, is active. 

pADH: 200 µI of BL21 DE3 (plysS) chimiocompetent cells were 

transform~ with 10 ng of the pADH plasmid by a thermal shock, and the cells 

thus transformed were spread out on a solid LB medium containing 60 µ.g/ml 

,. ,· 
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of kanamycin and 20 µg/ml of chloramphenicol. A culture carried out starting 

from a clone of this transformation was induced at DOsoonm=0.6 with 1 mM of 

IPTG for three hours at 37 °C. After centrifugation, the bacterial precipitate 

was taken up in a sodium phosphate buffer 50 mM- M9Cl2 10 mM pH 8.0, and 

s the cellular lysate was obtained by incubating 30 minutes over ice in the 

presence of 1 mg/ml of Jysozyme, 1 O µg/ml of RNAse A and 100 µg/ml of 

DNAse I. The centrifugation supernatant of this extraction step was incubated 

30 minutes at 50 °C, and centrifuged again. The supernatant of this last step 

was used as an enzymatjc extract for the measurements of activity. A 

to negative control was made up in parallel by canying out a similar extraction 

on a culture of BL21 DE3 (plysS) cells excluding plasmid. The alcohol 

dehydrogenase activrty was tested by following with a spectrophotometer the 

reduction kinetics of the NADP to NADPH at 340 nm. For this, 1 O µI of the 

enzymatic extract, or of the control. were incubated at 50 °C for five minutes 

is with 500 µI of TADH buffer and 490 µI of water. Under these conditions, an 

activity of 15.6 UDO/mjn/ml of enzymatic extract was detected, against o 
UDO/min/ml for the control. The pADH plasmid gene adh is therefore 

expressed and its product, the afcohol dehydrogenase. is active . 

20 Ill. . - . Protein Expression Trials In Vitro CEPIV) with a translation 

extract prepared from mesophilic strains (37 °C). 

4 µg of each vector were precipitated in the presence of one tenth 

volume of sodium acetate 3 M pH 6.0, and two volumes of absolute alcohol. 

2s The precipitates were rinsed with 70% ethanol in order to eliminate any trace 

of salts. Each precipitated DNA was resuspended in 4 µI of buffer T. 

This DNA is incubated two hours at 37 °C in a protein expression 

mixture in vitro containing O. 1 mM of each one of the 20 amino acids, 20 µI of 

30 "S30 Premix• extract and 15 µI of NT7 $30 extracr (PROMEGA) in a final 

volume of 50 µI. The NS30 Premix" and "T7 S30 extract' extracts contain all 

the elements necessary for an in vitro transcription reaction coupfed with a 

translation reaction. notably: T7 RNA polymerase, CTP, UTP. GTP. ATP, 

'. 
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tRNAs, EDTA, folic acid and appropriate salts. The translation extract was 

produced according to the procedure described by Zubay (10) from an 

Escherichia coli B strain deficient in endoproteinase Omp T and in Ion 

protease, which better stabirizes the proteins expressed in vitro. 

A negative control was prepared by incubating ultra pure sterile water 

in place of the DNA in the tran~cription-translation mixture. The positive 

control was formed by incubating 2 µ.g of P1NP01NT™ plasmid. 

io The EPIV reactions were preserved on ice until the enzymatic activity 

15 

of each sample could be evaluated. 

IV MEASUREMENT OF THE ACTIVITIES 

1) Mesophilic enzymes 

a) GFP activity 

Figure 5 shows the tube containing the product of the EPlV reaction 

with the pGFP vector that was exposed to ultraviolet at about 400 nm, beside 

20 the tube containing the control reaction. Only the tube containing the EPIV 
. . 

reaction of the pGFP plasmid emitted ·a green fluorescent light. The E"PIV 

reaction therefore permits the production of a GFP protein having a 

fluorescent activity. 

25 b) B-lactamase activit'l. 

The fl-lactamase activity was evaluated by . following by 

spectrophotometry the degradation kinetics of nitrocephine, a chromogenic 

cephalosporin, at 486 nm (5). For this, 5, 10, or 20 µI of the EPIV reaction 

with the pTEM vector are incubated 2 minutes at 37 °C in a BETA buffer. final 

30 volume 1 ml. The average activity of the EPIV reaction with the pTEM vector 

could be estimated at 8.9 UDO/min/ml of extract, against 0.6 UDO/min/ml of 

extract with the control EPIV reaction. The protein expression reaction in vitro 

,. 
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therefore permitted the synthesis of an active (3-lactamase, capable of 

degrading the nitrocephine in vitro. 

The control P1NP01NT™ vector carries the b/a gene under the control of 

s its promoter. However. the (3-lactamase activity of the EPIV reaction with this 

vector was tested and evaluated at 6 UDO/min/ml of extract. Jt is useful to 

note that the addition of rifampicine at 1 ng/µI. the· RNA polymerase inhibitor 

of E. coli. does not significantly modify the in vitro expression of the P­
lactamase with the P1NPOINTTM vector. The bla gene of the P1NP01NT™ vector, 

10 located 2123 bp downstream of the T7promoter is therefore transcribed and 

translated effectively. This implies that a gene located 2000 bp downstream 

of a l7 promoter is effectively transcribed and translated during an EPIV 

reaction. 

lS 2) Thennophilic Enzymes 

a) lntein 2 Activity. 

The EPIV reaction with the pET26-Tfu2 vector was tested in order to 

know if an active intein 2 could be produced. For this, 5 µ.I of this EPIV 

20 reaction were incubated. 20 minutes at 70 °C with 220 n~ of pHS2-22-21 

vector, linearized with Sea I, and 3 µI of IT2 buffer in a final volume of 30 µI. A 

negative control was formed by replacing the 5 J!I of the EPIV reaction with 

water. The positive control contained 1 µI of the purified intein 2 fraction 

produced in vitro diluted to 111ooit1. Finally, a specificity control was made by 

25 incubating 5 µI of the EPIV reaction not having received any DNA. 

After incubation, the four trials underwent ·a phenol-chloroform 

extraction and an ethanol precipitation, followed by rinsing with 70% ethanol 

in order to eliminate salts. Each precipitate was taken up in 10 µI of buffer T. 

30 and 8 µI were deposited on an agarose TBE 1 o/o gel. After migration and 

staining with ethidium bromide, the gel was exposed to ultraviolet in order to 
analyze the restriction profiles. The appearance of bands Cit 934 and 1752 bp 

on track 5 of figure 6. identical to the bands of track 4 (positive control) 
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reveals that the intein 2 is indeed produced by the EPIV reaction. and that this 

enzyme is active. In addition, the EPIV reaction is specific since no other 

digestion band can be observed on the control of track 3. 

s b) Alcohol dehydrogenase activity 

Using spectrophotometry, the alcohol dehydrogenase activity was 

tested by following the reduction kinetics from NADP to NADPH at 340 nm. 

For this, 5, 10, or 15 µI of the EPIV reaction with the vector pADH. or without 

DNA, were incubated at 50 °C fodive minutes with 500 µI of TADH buffer in a 

10 final volume of 1 ml. Under these conditions, the average activity of the EPIV 

reaction with the pAOH vector was estimated at 2.3 UDO/min/ml of extract, 

against 0.32 UDO/min/ml of extract for the control (EPIV reaction .with water)_ 

The ADH of Thermococcus hydrothermalis (accession number Y14015 in 

gene library) was therefore produced in an active fonn during the EPIV 

is reaction. 

3) Psychrophyle enzyme 

The lipase activity was tested by following, the spectrophotometric 

20 degradation kinetics of a chromogenic lipid (1.2-0-dilauryl-rac-glycero-3-

glutaric acid-resorufin ester) at 572 nm. For this, 5 µI of the EPIV reaction 

with the pLIP vector, or without DNA were incubated at 70 °c for fifteen 

minutes in the reaction buffer in the presence of 100 µg of substrate. Under 

these conditions, the activity of the EPIV reaction with the pLJP vector was 

2s estimated at 0.50 UDO/min/ml of extract against 0.04 UDO/min/ml of extract 

for the control. The lipase B of Candida Antarctica (Eukaryotic organism) was 

therefore produced in active form during the EPIV reaction. 

v Using a translation extract containing a mesophilic activity 

30 for detecting a thermophilic propert\!. 

The beta-galactosidase gene of Thermotoga neapolitana was inserted 

in a vector containing the T7 RNA polymerase transcription promoter_ The 
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vector thus obtained was used for carrying out an EPIV reaction with a 

translation extract of an E.coli strain possessing a beta-galactosidase activity. 

In parane'I, an EPIV reaction without DNA was carried out. By incubating a 

fraction of each one of the EPIV reactions at 37 °C in the presence of Xgal at 

s 37 "C in a sodium phosphate buffer (50 mM. pH 7), the two tubes changed to 

a blue color in minutes (cf figure 7 tubes A and B). By incubating a fraction of 

each one' of the EPIV reactions in . the presence of Xgal under the same 

conditions but at 70 °C, only the tube corresponding to the EPIV reaction with 

the plasmid coding for the thermophilic beta-galactosidase changed to the 

10 blue color pellet (cf figure 7 tubes C and D: these two tubes were centrifuged 

in order to color the proteins of the mesophilic translation extract which 

precipitated as a consequence of their thermic denaturation during the activity 

test at 70 °C). The mesophilic beta-galactosidase activity is no longer 

detectable at this temperature (thermal denaturation of the mesophilic beta-

1s galactosidase). It is therefore possible to -use a translation extract containing 

a property similar to the .sought-after property if this property is not detectable 

under the detectiory conditions of the sought-after property. 

VI Translation extract prepared from extremophilic 

20 organisms 

Translation extracts of other organisms and in particular of 

extremophilic organisms can be prepared starting from cells according to one 

of the procedures described by Zubay {1973) (10) or by Pratt (1984) (7). The 

25 speeds of centrifugation, the conditions of cell breakage and the different 

reaction or preparation bUffers will be adjusted for each type of translation 

extract by systematic trials. By thus practicing the range of translation 

extracts, it becomes possible to translate a gene whatever be Its genetic 

origin: the process of the invention therefore permits having a correspondence 

. 30 between the translation system and the punctuation of expression of the gene 

coding for the sought-after property. 
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CLAIMS 

Process for separation and characterization of the functions 

potentially present in a biological sample containing nucleic 

acids, characterized in that it comprises the following steps: 

a) the preparation of nucleic acid fragments starting from 

said sample, 

b) the association of each one of said fragments with a 

vedor molecule, 

c) the isolation of each fragment associated with a vector 

molecule or with a part of each construction composed of 

a fragment associated with a vector molecule, of step (b) 

d) the in vitro treatment of each fragment associated with a 

e) 

vector molecule or of a part of each construction 

composed of a fragment associated with a vector 

molecule of step {c) to obtain transcripts, 

the test of a fur:iction of the transcripts obtained at step (d) 

or of the proteins encoded thereby after translation of . 

said transcripts . 

2) Process according to claim 1, charaeteriZed in that step (e) 

comprises the treatment of the transcripts obtained at step (d) in 

vitro with a cellular extract permitting their translation to a 

protein, then the test of a function of said proteins by any 

appropriate means. 

3) Process according to one of claims 1 or 2. characterized in that 

the vector molecule is composed of one or several 

polynucleotide sequences comprising at least one transcription 

promoter for step (d) and optionally a substance fadlitating the 

isolation of the fragment at step (c). 

4) Process according to claim 3, charaderized in that the vector 

molecule is composed of two polynucleotide sequences each 

11111111111111111111111111 1111 
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one comprising at least one transcription promoter, each one of 

these sequences being associated with one end of one of the 

fragments obtained at step {a). 

Process according to one of claims 3 or 4, characterized in that 

the transcription promoter or promoters carried by the vector 

molecule are of the strong type. 

Process according to any one of the previous claims, 

characterized in that the transcription step (d) is carried out 

simultaneously or not with the translation of step (e). 

Process according to any one of the previous claims. 

characterized in that the translation of the transcript at step (e) is 

carried out with a translation extract of the same origin or of an 

origin close. to that of the biological sample. 

Process according to any one of claims 1 to 7, characterized in 

that the translation extract either does not have the function 

.tested at step (e}. or it has it but it is not thus detectable under 

the conditions of the test carried out at said step (e). 

9) Process according to any one of claims 1 to 8, characterized in 

that the translation extract is a mixture 9f several translation 

2s extracts. 

30 

1 O) Process according to any one of claims 1 to 9, characterized in 

that the translation extract comprises one or several tRNAs 

specific of one or of several codons, and/or one or several 

substances favoring a refolding or the more effective maturation 

of the expressed proteins. 

111111111111111111111111111111 
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11) Process according to any one of claims 1 to 6 and 8 to 1 a. 
characterized in that the translation extract is a universal 

translation extract regardless of the origin of the sample. 

s 12) Process according to any one of the previous claims, 

characterized in that step (e) consists of testing the function of 

the transcripts such as ribozyme or tRNA. 

13) Process according to any one of claims 1 to 11, ci:iaracterized in 

io that step (e) consists of testing the. function of the proteins 

translated from said transcripts for an enzymatic acti\lity or an 

affinity. 

14) Process according to any one of the previous claims. 

1s characterized in that step (e) consists of testing in parallel or in a 

simultaneous manner different properties of a single function or 

of several functions. · 

15) Process according to any one of the previous claims. 

20 characterized in that the vector molecule associated with each 

fragment of step (b) is ·a plasmidic vector preferentially not 

permitting the expression of said fragment in vivo. 

16) Process according to any one of the previous claims, 

2s characterized in that the fragments prepared at step (a) have a 

size from 1 to se..,eral dozens of kb, preferentially from 1 to 40 

. kb and advantageously from 1 to 1 O kb when the biological 

sample comes from a prol<aryotic organism. 

30 17) Process according to any one of the previous claims, 

characterized in that the fragments prepared at step (a) 

advantageously have a size of the order of several dozens to 

seve·ra1 hundreds of kilobases in the case of a eukaryotic 

organism. 
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18) Process according to any one of claims 1 to 15, characterized in 

that the fragments prepared. at step (a) can carry a partial or 

complete operon. 

19) Process . according to any one of the previous claims, 

characterized in that the biological sample from which the 

fragments of step (a) are prepared comes from one or several 

prokaryotic organisms or eukaryotic cells. or also from identical 

or different viruses. 

20) 

21} 

Process according to any one of claims 1 to 18, characterized in 

that the biological sample from which the fragments of step (a) 

· -are prepared is composed of a sequence. or .. of. a library Qf. 

synthetic nucleic acids. 

Process according. to any one of the previous claims, 

characterized in that the biological sample from which the 

fragments of step {a) are prepared is composed of unknown 

20 organisms and/or nucleic acids. 

22) "Process according to any one of claims 1 to 15 and 17 to 21, 

characterized in that the biological sample is a eukaryotic DNA 

library and in that the transcription reaction of step (d) is 

2s completed by a splicing and maturation reaction in vitro of the 

mRNA by using a nuclear extract. 

23) Process according to any one of the previous claims, 

characterized in. that the vector molecule associated with the 

30 nucleic acid fragments at step {b) is a plasmidic vector, and in. 

that at step (b) each fragment is inserted in a vector at the level 

of a cloning site or of a restriction cassette. said plasmidic vector 

comprising: 
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an RNA polymerase promoter on one side of the cloning 

site and optionally a RNA p"olymerase terminator on the 

other side, or 

a cloning side surrour:ided by two identical or different 

RNA polymerase promoters and ·optionally flanked on 

both sides by a corresponding RNA polymerase 

terminator or terminators. 

24) Process according to claim 23, characterized in that the 
10 promoters and optional terminators do not function in the 

microorganism used for the separation of the recombinant 

vectors at step (c). 

25) Process according to one of claims 23 to 24, characterized in 

15 that the isolation of the recombinant vector at step (c) is carried 

out by transformation of host cells by the collection of the 

recombinant vectors obtained at step (b) in such a fashion as to 

create a clone library, then in that an extraction of the 

recombinant vector or of a part of the vector contained in each 

20 clone of the library is carried out by any appropriate means. 

25 

26) Process according to any one of the previous claims. 

characterized in that it is carried out entirely on a solid support 

such as chip. or a membrane, or a nanotitration plate. 

27) An unknown nucleic acid sequence, identified and selected by 

the process according to any one of the previous claims. 

28) ~ plasmidic vector containing a nucleic acid sequence according 
so to claim 27. 

29) A cellular host transformed by a nucleic acid sequence 

according to claim 27 or by a vector according to claim 28 .. 

,· 
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30) A protein encoded by a nucleic acid sequence according to 

claim 27. 

31} A library composed of nucleic acid sequences according to 

5 claim 27. or of vectors according to claim 28, or of proteins 

according to cl~im 30. 

10 

15 

zo 

25 
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32) A plasmidic vector suitable for being used at step (b) of the 

process according to any one of claims 1 to 26, characterized in 

that it comprises: 

a plasmidic replication origin 

a cloning site surrounded by two identical promoters, 

such as that of the T7 RNA polymerase, or of any other 

strong RNA polymerase promoters, and optionally 

flanked on both sides by a terminator of the same RNA 

polymerase, 

optionally specific sequences on both sides of the . 

terminators, serving as hybridization sites for a PCR 

amplification of the nucleic acid fragment carried by the 

vector, 

a selection gene composed of a tRNA gene and 

optionally, in parallel, another selection gene inserted in 

the cloning site. 

33) A kit for the implementation of a process according to any one of 

the previous claims, characterized in that it comprises: 

the means necessary for the preparation of the nucleic 

acid fragments 

at least one vector molecule 

at least one polymerization agent 

optionally at least one cel1ular translation extract 

the means necessary for the test of one or several 

fu_nctions 
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the buffers necessary for the carrying out of the different 

steps. 

34) An automated device for the implementation of a process 

s according to any one of claims 1 to 26, characterized in that it 

comprises a layout of one or several supports, robots, automatic 

machines and readers optionally permitting preparation of the sample 

at step (a), the optional carrying out of the step of association of the 

fragments with the vector molecule at step (b}, the optional isolation of 

10 sajd fragments associated with the vector molecule at step (c}~ and 

proceeding to the implementation of steps (d) and (e}. 
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