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(57) Abstract: A batch-type method of synthesizing a cell-free protein which is characterized by comprising, in a means of a reaction
for synthesizing a cell-free protein, bringing a synthetic reaction solution (a reaction phase) containing a biological extract into
contact directly with a substrate and an energy source supplying solution (a supplying phase) without separating by a semi-permeable
membrane, thus continuously supplying the substrate and the energy source molecules of the supplying phase into the reaction phase

O by free diffusion via the contact interface and, at the same time, taking off the by-products formed in the reaction phase into the
supplying phase to thereby prolong the reaction time, and thus elevating the reaction efficiency; pre-incubating (pre-heating)
a reaction solution, containing a wheat germ extract, then diluting the synthesis reaction solution by adding a diluent solution to

,i thereby prolong the synthetic reaction time, and thus elevating the synthesis efficiency; re-supplying a substrate required in the
Ssynthesis of the protein (amino acid, ATP, GTP, creatine phosphate, etc.) and an energy source to the reaction mixture with the use
Sof a gel filtration column or a semi-permeable membrane after ceasing the synthesis reaction and, at the same time, discontinuously

taking off the by-products formed by the reaction to thereby elevate the efficiency of the reaction.
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VERIFICATION OF TRANSLATION

I, Takashi Shoji, c/o YuNeed International Patent Office of 6
C Floor,

SN Iwamotocho Bldg., 2-10, Iwamotocho 3-chome, Chiyoda-ku, Tokyo

101-0032 Japan

declare as follows:

1. That I am well acquainted with both the English and Japanese

languages, and

2. That the attached document is a true and correct translation made

by me to the best of my knowledge and belief of:

The specification accompanying the PCT Application No.

PCT/JP01/07356.

Date Takashi SHOJI



DESCRIPTION

METHOD FOR CELL-FREE PROTEIN SYNTHESIS

This application claims priority from Japanese Patent Application

No.2000-259186 which is incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a method for synthesizing a protein using a

cell-free system.

BACKGROUND ART

At present near the completion of the genome project, the center of the research

subject has rapidly been shifting from the gene structural analysis to the gene

functional analysis. It is believed that an intracellular protein does not function singly,

but expresses its function cooperatively interacting with various protein factors, nucleic

acids, low-molecular species, and cell-membrane components, to biologically function as

the sum of their interactions.

One of main subjects in the post-genome project is to analyze the relation

between structure and function of various protein factor complexes. Results obtained

from the analyses are expected to provide very important knowledges in wide areas

covering basic biological studies including structural biology and biochemistry,

elucidation of the relation between the gene translation product and the etiology in the

medical field, and the development of medicines.

As a method for carrying out in vitro the protein-synthesis reaction, so-called

"method for cell-free protein synthesis" or the like has been studied actively (Japan

Patent Laid-Open Hei 6-98790, Japan Patent Laid-Open Hei 6-225783, Japan Patent

Laid-Open Hei 7-194, Japan Patent Laid-Open Hei 9-291, Japan Patent Laid-Open Hei

7-147992) such as a method in which components containing ribosome or the like that is



an intracellular original protein-translating device are extracted from an organism, and

a translation template, amino acids as substrate, energy sources, various ions, a buffer,

and other effective factors are added to the extract to synthesize a protein in vitro.

A cell extract or biological tissue extract for cell-free protein synthesis used for

the cell-free protein synthesis system is prepared using Escherichia coli wheat embryo,

and rabbit reticulocyte as a raw material. The cell-free protein-synthesis system

maintains the performance comparable to the living cell with respect to "the peptide

synthesis rate" and "the accuracy of the translation reaction". In addition, the system

does not require any complex chemical reaction step or cell-culturing step. Because of

these advantages, practical systems for this system have been developed. However, in

general, a cell extract obtained from cells of an organism has an extremely unstable

protein-synthesis ability, so that a protein-synthesis efficiency was low. In addition,

the quality of the cell-free extract during storage was rapidly deteriorated, so that the

amount synthesized by a cell protein-synthesis system was as small as the level that

can be detected by the radio isotope labelling or the like. As a result, this system could

not be used as a practical means for synthesizing a protein.

The applicants provided the following methods for solving faults of the

conventional cell-free protein-synthesis system before this application:

1) cell extract pharmaceutical preparation for cell-free protein-synthesis and method for

cell-free protein synthesis (WOOO/68412), and

2) template molecule that can be widely used and has an efficient function and method

for cell-free protein-synthesis system using the same (WO01/27260).

In addition, a device that carries out the continuous synthesis of a cell-free

protein for enhancing the efficiency of the protein synthesis. Conventional devices for

continuous cell-free protein-synthesis apparatus include the ultrafiltration method, the

dialysis membrane method, and the column chromatography method using a column

prepared by fixing a translation template on a resin [Spirin, et al., (1993) Methods in

Enzymology, 217, 123-1421. In particular, the ultrafiltration method and the dialysis

membrane method require only simple handling, so that they are widely used.



However, these continuous methods using these membranes have the following

problems to solve:

1) the material strength of a membrane for use is low,

2) the membrane performance can be lowered by the clogging, and

3) the operation is complex, so that a skillful technique is necessary.

In addition, the continuous cell-free protein-synthesis method manually using

the ultrafiltration membrane method or the dialysis membrane method can be applied

to the protein synthesis from a small number of genes, and it was difficult to efficiently

perform the protein production from a large number of genes. Thus, the development

of the high-throughput full-automatic protein-synthesizing system, for polyspecimen,

which permits efficiently carrying out the protein production from a large number of

genes is desired, and the development of a new technology in which faults of the

conventional continuous cell-free protein-synthesis method are solved is a pressing

need.

DISCLOSURE OF THE INVENTION

According to an aspect of the present invention there is provided a cell-free

protein-synthesis method using a diffusion continuous batch system that includes a

synthesis reaction mixture (reaction phase) containing a biological extract and a supply

solution (supply phase) containing substrates and energy sources, the method

comprising the steps of

1) bringing the two phases into direct contact with each other to cause a free

diffusion via the direct contact interface between the two phases, and continuously

supplying substrates and energy source molecules in the supply phase to a translation

reaction system in the reaction phase;

2) removing by-products formed in the reaction phase; and

3) thereby prolonging the lifetime of the synthesis reaction, and enhancing the

efficiency of the synthesis reaction.



The present invention provides the cell-free protein-synthesis method wherein

the biological extract is a wheat-embryo extract.

The present invention provides the cell-free protein-synthesis method wherein

the biological extract is an Escherichia coi extract.

The scope of the present invention provides the cell-free protein-synthesis

method wherein by-products formed in the reaction phase are diluted/removed by

transferring to the supply phase.

The scope of the present invention covers the cell-free protein-synthesis

method wherein the direct interface formed between the reaction phase and the supply

phase is a vertical plane.

According to another aspect of the present invention there is provided a

cell-free protein-synthesis method comprising the steps of pre-incubating a cell-free

protein-synthesis reaction mixture containing a wheat-embryo extract; and thereafter

adding a substrate and energy source-supplying solution to dilute the cell-free

protein-synthesis reaction mixture containing a wheat-embryo extract.

According to a further aspect of the present invention there is provided a batch

cell-free protein-synthesis method comprising the steps of.

1) treating a reaction mixture after the completion of the synthesis reaction

with a gel-filtration column or a semipermeable membrane;

2) re-supplying raw materials and energy sources such as amino acids, ATP,

GTP, and creatine phosphate which are necessary for the protein synthesis;

3) simultaneously with the re-supply, removing by-products formed during the

reaction from the reaction mixture; and

4) enhancing the efficiency of the reaction by the removal and the re-supply.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 illustrates an example of the multilayered method for diffusion

continuous batch cell-free protein synthesis. The part surrounded by the leader line

illustrates a cross section of a well of a titre plate.



Fig. 2 illustrates the synthesis of green fluorescent protein (GFP) by the

diffusion continuous batch cell-free protein synthesis method using a wheat embryo

extract. Fig. 2A illustrates the protein synthesis as measured by 14C-leucine

incorporation with Y-axis being an amount of protein synthesized; X-axis an incubation

time. The protein synthesis was carried out by the conventional batch method 

the diffusion continuous batch method (multi-layered method) using a reaction vessel

having a bore of 7 mm O, large symbol), 5 mm (D D, middle symbol), or 3 mm

(D D, small symbol), or the dilution batch method (M The Radioactivity count

(Y-axis) showing the amount of protein synthesized was shown per the same volume of a

wheat embryo extract. Fig. 2B illustrates an autoradiogram of synthetic products.

Fig. 3 illustrates the synthesis of dihydrofolate reductase (DHFR) by the

diffusion continuous batch cell-free protein synthesis method using a wheat embryo

extract. Fig. 3A illustrates the protein synthesis as measured by 14C-leucine

incorporation by the conventional batch-type method (0 0) or the diffusion

continuous batch method (multi-layered method) using a reactor having a bore of 7 mm

(U The radioactivity count (Y-axis) showing the amount of protein synthesized

was expressed per the same volume of the embryo extract. Fig. 3B illustrates an

SDS-polyacrylamide-gel electrop hero gram of synthesis products stained by Coomassie

Brilliant Blue.

Fig. 4 illustrates the synthesis of GFP by the diffusion continuous batch

cell-free protein synthesis method using an Escherichia coliextract. Fig. 4A illustrates

the protein synthesis as measured by L4C-leucine incorporation by the conventional

batch method (0 the diffusion continuous batch method (multi-layered method)

using a reactor vessel having a bore of 7 mm (U or the dilution batch cell-free

protein synthesis method (0 D) with Y-axis being the radioactivity count showing the

amount of protein synthesized per the same volume of Escherichia coliextract. Fig. 4

illustrates an autoradiogram of synthesis products.

Fig. 5 illustrates the synthesis of GFP by the discontinuous gel-filtration batch

cell-free protein-synthesis method using a wheat embryo extract (0 ED) or without gel



filtration (U The arrow indicates the time when the reaction mixture was

treated with the gel filtration.

Fig. 6 illustrates the structure of plasmid pEU1 that can be generally used.

BEST MODE FOR CARRYING OUT THE INVENTION

One embodiment of the present invention is a diffusion continuous batch

cell-free protein-synthesis method that consists of a synthesis reaction mixture

containing a biological extract (reaction phase) and a substrate and energy source

solution (supply phase), and is characterized by:

1) continuously supplying substrate and energy source molecules in the supply phase to

the reaction phase by the free diffusion via interface by directly contacting without

barrier such as semipermeable membrane and ultrafiltration membrane,

2) transferring by-products formed in the reaction phase into the supply phase at the

same time as the above supply, and

3) prolonging the reaction lifetime by the transfer to enhance the efficiency of the

synthesis reaction.

The interface between both phases can be formed vertically or horizontally in

the above diffusion continuous batch cell-free protein-synthesis method. In order to

horizontally form the interface, for example, the reaction phase is added to a reaction

vessel to form a lower layer, and then the supply phase can be gently overlayed on the

reaction phase without disturbing the interface (see Fig. Any reaction vessel can be

used for this purpose as long as the vessel has a shape and a size that give a sufficient

diffusion rate for solutes in the interface. Although tubes and multi-well microtitre

plates can be used as such reaction vessels, others can also be used. In addition, the

interface between the two phase can be vertically formed by overlaying a synthesis

reaction mixture (reaction phase) on a supply solution (supply phase) followed by

centrifuging a reaction vessel containing these. The larger an area of the interface

between both phases becomes, the larger a mass-exchange rate by the diffusion and a

protein-synthesis efficiency become. Therefore, the optimal volume ratio of the



reaction phase to the supply phase depends on the area of the interface between both

phases. Although any (reaction phase supply phase) volume ratio can be used, in case

the interface is a circle and has a diameter of 7 mm, the (reaction phase supply phase)

volume ratio is preferably between and more preferably 

The synthesis reaction mixture containing the above reaction phase contains a

biological extract necessary for the cell-free protein-synthesis reaction and a desired

mRNA to be a template for the protein synthesis, and has a composition used for the

conventionally known batch cell-free protein-synthesis system. For the biological

extract, well-known biological extracts that have been used for the conventional

cell-free protein-synthesis method can be used such as wheat embryo extract,

Escherichia coli extract, and rabbit reticulocyte extract. These extracts can be

prepared according to well-known methods. A wheat embryo extract is preferably

prepared according to the method described in Madin et al., Proc. Natl. Acad. Sci.

USA (2000), 97, 559-564 (WOOO/68412). The synthesis reaction mixture contains a

biological extract, for example, at 48%(v/v) per total volume (200A260nm units/mi) in case

a wheat embryo extract is used as the biological extract, and has the following

composition (final concentration): 1,000 units/ml ribonuclease inhibitor (RNAsin), 

mM HEPES-KOH (pH 95 mM potassium acetate, 2.65 mM magnesium acetate,

2.85 mM dithiothreitol, 0.5 mg/ml creatine kinase, 1.2 mM adenosine triphosphate

(ATP), 0.25 mM guanosine triphosphate (GTP), 16 mM creatine phosphate, 0.380 mM

spermidine, 0.3 mM each of twenty L-type amino acids, 0.05% NP-40, and 600 jg/ml

mRNA. The composition of the synthesis reaction mixture is not limited to the above

composition. Any composition can be used as long as the cell-free protein-synthesis

reaction efficiently progresses. For example, instead of the above mRNA, mRNA is

synthesized by a transcription reaction mixture containing a plasmid (encoding the

target gene), RNA polymerase, nucleotides, and so on, and the composition of the

transcription reaction mixture is changed by the gel filtration method and/or the

dialysis method to one suitable for the translation, and the obtained solution can be

used as the synthesis reaction mixture (see Example 1 below).



The above composition of the synthesis reaction mixture can be properly

changed depending on the kind of the biological extract to use. When Escherichia coil

is used as the biological extract, a protein-synthesis reaction mixture can be prepared

by the method described by Pratt, J.M. [Transcription and Translation (1984), 179-209,

Hames, B.D. Higgins, eds. IRL Press, Oxford] using an E. coliextract prepared

according to the literature. For example, a transcription reaction mixture is prepared

that contains an E. coi extract at and has the following composition (final

concentration): 57 mM HEPES-KOH (pH 75 mM potassium acetate, 36 mM

ammonium acetate, 16 mM magnesium acetate, 1.7 mM dithiothreitol, 0.3 U/ml

pyruvate kinase, 0.17 mg/ml E. colitRNA mixed solution, 34 mg/ml

L-5-formyl-5,6,7,8-tetrahydrofolic acid, 6.7 pg/ml plasmid (encoding the target gene), 33

pg/ml T7 RNA polymerase, 1.2 mMATP, 0.85 mM GTP, 0.85 mM UTP, 0.85 mM CTP, 56

mM phosphoenolpyruvate, and 0.2 mM each of twenty L-type amino acids to synthesize

a mRNA, and then the composition of the obtained transcription reaction mixture is

changed by the gel filtration method and/or the dialysis method to a mixture having a

composition suitable for the translation reaction, and the obtained solution can be used

as the synthesis reaction mixture (see Example 1 below).

In the case of a cell-free protein-synthesis system using an E. coliextract, an

mRNA is synthesized with a transcription reaction mixture as described above, and a

supply solution is overlayed onto the transcription reaction mixture, and then a protein

synthesis reaction can be carried out under a stationary condition at a temperature

suitable for the translation reaction. The composition of the synthesis reaction

mixture is not limited to the above composition, but any composition can be used as long

as the cell-free protein-synthesis reaction efficiently progresses. For example, a

synthesis reaction mixture having a composition suitable for the translation reaction

can be prepared by properly adding an mRNA encoding the target gene prepared

according to a well-known method (Gurevich, (1996) Methods in Enzymology, 275,

383-397) instead of plasmid (encoding the target gene), T7 RNA polymerase, UTP, and

CTP in the above transcription reaction mixture.



In addition, the protein synthesis reaction can be further stabilized by adding a

sugar alcohol such as inositol, xylitol and/or ficoll to the above synthesis reaction

mixture to elevate the viscosity or density of the synthesis reaction mixture to control

the mixing rate between the reaction phase and the supply phase.

Moreover, the supply solution forming the above supply phase contains

substrates and energy sources amino acids, ATP, GTP, creatine phosphate), other

ions necessary for the protein synthesis, and a buffer. For example, in case the above

protein synthesis reaction mixture containing a wheat embryo extract is used as the

reaction phase, a supply solution containing 30 mM HEPES-KOH (pH 95 mM

potassium acetate, 2.65 mM magnesium acetate, 2.85 mM dithiothreitol, 1.2 mM ATP,

0.25 mM GTP, 16 mM creatine phosphate, 0.380 mM spermidine and 0.3 mM each of

twenty L-type amino acids can be used. In case the above protein-synthesis reaction

mixture containing an Escherichia coli extract is used as the reaction phase, for

example, a supply solution containing 57 mM HEPES-KOH (pH 75 mM potassium

acetate, 36 mM ammonium acetate, 16 mM magnesium acetate, 1.7 mM dithiothreitol,

34 mg/ml L-5-formyl-5,6,7,8-tetrahydrofolic acid, 1.2 mM ATP, 0.85 mM GTP and UTP

and CTP, 56 mM phosphoenolpyruvate, and 0.2 mM each of twenty L-type amino acids,

can be used.

The protein synthesis reaction is carried out under a stationary condition at an

optimal temperature usually used for various cell-free protein-synthesis reactions.

The temperature is from 20 0 C to 300 C, preferably 26 0 C in case a wheat embryo extract

is used as the biological extract, while the temperature is from 30 0 C to 370 C, preferably

in case an Escherichia coliextract is used as the biological extract.

In one embodiment of the present invention, in a cell-free protein-synthesis

method using a wheat-cmbryo extract, a synthesis reaction mixture is diluted by adding

a diluting solution after the reaction mixture is pre-incubated. Thus, the

synthesis-reaction lifetime can be prolonged to enhance the efficiency of the protein

synthesis.

In a dilution batch cell-free protein-synthesis method, a conventional batch



cell-free protein-synthesis reaction mixture, for example, using a synthesis reaction

mixture having the above composition is used, after pre-incubation is carried out for 

min to 30 min, the protein synthesis is carried out. Then, a wheat-embryo extract

contained in the reaction mixture is diluted to 7% 12 or so by adding "a solution

having the same composition as the supply solution in the above diffusion continuous

protein-synthesis method" containing substrates and energy sources amino acids,

ATP, GTP, creatine phosphate), other ions necessary for the protein synthesis, and a

buffer. Then the reaction is carried out under the conditions. The optimal

temperature for the protein synthesis reaction is from 200C to 30*C, preferably 26*C in

case a wheat-embryo extract is used. It is known that the stability of enzymes and

translation protein factors generally decreases at low concentrations. Therefore, the

efficiency of the synthesis reaction can be further enhanced by beforehand adding

well-known stabilizer(s) such as inositol, xylitol and ficoll to the synthesis reaction

mixture.

Although the above dilution batch protein synthesis method using a

wheat-embryo extract was very effective, the effect could not be confirmed with a

system using an Escherichia coliextract probably due to properties of the wheat-embryo

extract..

Moreover, pre-incubation is an extremely important step in this method, and

omitting this step reduces the efficiency of the protein synthesis reaction. Therefore, it

is considered that a stable translation-initiation complex is formed during the

pre-incubation. However, the molecular mechanism concerning this peculiar

phenomenon is a future subject.

In addition, one embodiment of the present invention is a batch cell-free

protein-synthesis method characterized by:

1) using "a gel-filtration column or semipermeable membrane" for the reaction mixture

after the synthesis reaction stops,

2) re-supplying raw materials necessary for the protein synthesis such as substrates

and energy sources necessary for the protein synthesis amino acids, ATP, GTP,



creatine phosphate),

3) at the same time as removing by-products formed during the reaction from the

reaction mixture, and

4) enhancing the efficiency of the synthesis reaction.

This method is a batch method comprising discontinuous steps of the

protein-synthesis reaction, the supply of substrates and energy sources to the reaction

mixture, and the removal of by-products. This method is fundamentally different from

the continuous cell-free protein-synthesis method according to Spirin et al.

In this discontinuous batch cell-free protein-synthesis method, 1) a

conventional batch cell-free protein-synthesis reaction is initiated using a reaction

vessel such as test tube, 2) the protein-synthesis reaction is completely stopped by

chilling the reaction mixture down to 0°C to 4C after the synthesis reaction stopped,

and 3) the reaction mixture after the reaction stop is treated with the column

chromatography using gel filtration particles Sephadex G-25) for separating

low-molecular compounds beforehand equilibrated with a solution containing

substrates and energy sources such as amino acids, ATP, GTP, and creatine phosphate.

For the equilibration, a solution having the same composition as the supply solution in

the above diffusion continuous batch protein'synthesis method can be used.

By the above gel-filtration procedure, by-products are trapped in Sephadex

particles, and a cell-free protein-synthesis reaction mixture exchanged with fresh amino

acids, ATP, GTP, and creatine phosphate is regenerated in a void fraction. Incubating

the regenerated solution again permits initiating the translation reaction, and the

protein-synthesis reaction progresses for several hours. In case the synthesis reaction

is stopped again, the above gel-filtration procedure is repeated. By repeating this

procedure, the synthesis reaction that is stopped in a short time by a usual batch

method can be continued for a long time to enhance the protein-synthesis yield.

Moreover, even if the dialysis method is used instead of the above gel-filtration

method for "the re-supply of substrates and energy sources" and "the removal of

by-products" in the above discontinuous batch cell-free protein-synthesis method, a



similar effect or higher is obtained.

As described above, the batch method according to the present invention is:

1) a diffusion continuous batch method using a reaction phase consisting of a synthesis

reaction mixture containing a cell-free extract and a supply phase consisting of a

substrate- and energy-source-supplying solution containing amino acids, ATP, GTP, and

creatine phosphate, wherein a) the reaction phase and the supply phase are directly

contacted each other to continuously supply substrates and energy sources into the

reaction phase by the free diffusion via the interface, and b) at the same time as the

above supply, by-products formed in the reaction phase are transferred into the supply

phase,

2) a dilution batch method by reducing the concentration of the cell extract contained in

the synthesis reaction mixture in a cell-free protein-synthesis system using a wheat

embryo extract, and

3) a discontinuous batch method by using the gel-filtration method or the dialysis

method after the protein-synthesis reaction is stopped, wherein a) substrates and

energy sources such as amino acids, ATP, GTP, and creatine phosphate necessary for the

protein synthesis are re-supplied to the synthesis reaction mixture, and b) at the same

time as the above re-supply, by-products formed during the reaction are discontinuously

removed.

The above batch method according to the present invention is extremely

effective as a cell-free protein-synthesis method different from the conventional

continuous batch cell-free protein-synthesis method.

These methods can be carried out singly or in a combination. For example,

the combination of the diffusion continuous batch method and the discontinuous batch

method or the combination of the dilution batch method and the discontinuous batch

method can be carried out for enhancing the efficiency of the protein synthesis.

Moreover, the concentration of a cell or tissue extract to initially add can be elevated to

carry out the combination of the above three methods.

In addition, the present invention permitted prolonging the lifetime of the



cell-free protein-synthesis reaction, hence remarkably enhancing the efficiency of the

protein synthesis compared with the conventional batch method, and establishing the

cell-free protein-synthesis method having a performance comparable or more to the

continuous cell-free protein-synthesis method, using a semipermeable membrane,

established by Spirin et al. [Spirin, et aL, (1993) Methods in Enzymology, 217,

123-142].

Examples

Although the present invention is described in more detail citing examples

below, the present invention is not limited to the examples below.

Example 1

As an example of a diffusion continuous batch cell-free protein-synthesis

method, the protein synthesis was carried out using a wheat-embryo extract by the

multi-layered diffusion continuous batch method as illustrated in Fig. 1.

The wheat embryo extract was prepared according to Madin K. et al. [Proc.

Natl. Acad. Sci. USA (2000), 97, 559-564; WOOO/684121.

In addition, in order to synthesize an mRNA to be a translation template in the

wheat-embryo cell-free protein-synthesis reaction, general plasmid pEU1 constructed

by Endo (Fig. 6) (WOO1/27260) was used. As a gene encoding the target protein,

jellyfish green-fluorescent-protein (GFP) gene (gfp gene) was used, and was inserted

into the above plasmid according to the conventional method. The obtained plasmid

was cut with HindIII to give a linear form, which was used as a translation template to

synthesize an mRNA according to the conventional method. The synthesized mRNA

does not have CAP at 5'-end, has AMV-f sequence at 5'-end as non-translation sequence,

and has 500 bases derived from the plasmid at 3'-end. The above AMV-f sequence is a

base sequence obtained by serially linking 5'-end leader structure of alfalfa mosaic virus

mRNA (AMV-mRNA) to 5'-end n sequence of tobacco mosaic virus mRNA (TMV-mRNA)

(WO01/27260). The addition of these non-translation sequence enhances the stability

of the RNA, so that the use of this mRNA enhances the efficiency of the cell-free protein



synthesis. Moreover, the use of an mRNA having CAP at 5'-end also gave the result

similar to one below.

Then, a protein-synthesis reaction mixture that contains 48%(v/v)

wheat-embryo extract (concentration of 200A260nm units/ml), 1,000 units/ml

ribonuclease inhibitor (RNAsin) (Takara Bio Inc.), 30 mM HEPES-KOH (pH 

mM potassium acetate, 2.65 mM magnesium acetate, 2.85 mM dithiothreitol, 0.5 mg/ml

creatine kinase, 1.2 mM adenosine triphosphate (ATP), 0.25 mM guanosine

triphosphate (GTP), 16 mM creatine phosphate, 0.380 mM spermidine, 0.3 mM each of

twenty L-type amino acids, 0.05% NP-40, and 600 gg/ml mRNA, was prepared. In

order to assay the amount of protein synthesized, 4 p.Ci of 14C-leucine (300 mCi/mmol)

was added per 1 ml of the above protein synthesis reaction mixture [Proc. Natl. Acad.

Sci. USA (2000), 97, 559-564].

This protein-synthesis reaction mixture was added to reaction vessels having a

bore of 7 mm (microtitre plate), 5 mm (1.5-ml test tube), and 3 mm (0.2-ml test tube),

and 5 times volumes of supply solution [30 mM HEPES-KOH (pH 95 mM

potassium acetate, 2.65 mM magnesium acetate, 2.85 mM dithiothreitol, 1.2 mM ATP,

0.25 mM GTP, 16 mM creatine phosphate, 0.380 mM spermidine and 0.3 mM each of

twenty L-type amino acids] were overlayed on the reaction mixture gently without

disturbing the interface, and the resultant preparation was incubated under a

stationary condition at 260 C for 3, 6, 9, or 17 h to carry out the protein synthesis

reaction. The amount of proteins synthesized was assayed using the incorporation of a

radio isotope into a trichloroacetic acid-insoluble fraction as an index according to the

conventional method, and the synthesized proteins were visualized by the

autoradiography [Endo, Y. et al., (1992) J. Biotechnol., 25, 221-230] [Proc. Natl. Acad.

Sci. USA (2000), 97, 559-5641. Results are shown in Fig. 2A and Fig. 2B.

As a control, the conventional batch cell-free protein-synthesis method was

carried out. In this method, the same mRNA, wheat-embryo extract, and

protein-synthesis reaction mixture containing these as those used in the above diffusion

continuous batch cell-free protein-synthesis method were used except that the supply



solution was not added.

As Fig. 2A illustrates, the protein-synthesis reaction stopped 1 h after the

initiation of the reaction in the conventional batch method (O This result is in

complete agreement with the results of Endo, Y. et al., (1992) J. Biotechnol., 25, 221-230

and Proc. Natl. Acad. Sci. USA (2000) 97, 559-564.

On the other hand, in the multi-layered method using a reaction vessel having

a bore of 7 mm (area of the interface is 0.385 cm2) 0, large symbol), the synthesis

reaction progressed even 17 h after the initiation of the reaction, the amount

synthesized reached 9 times or more that of the conventional batch method. In

addition, the influence of the area of the interface between the reaction phase and the

supply phase on the synthesis reaction was investigated using reaction vessels having

different sizes ,the synthesis efficiency in 9 h after the initiation of the reaction was

showed that a reaction vessel having a bore of 5 mm (area of the interface was 0.196

cm2) (F l, middle symbol) was 91% as compared with that of 7 mm, a reaction vessel

having a bore of 3 mm (area of the interface was 0.071 cm2) 0, small symbol) was

as compared with that of 7 mm.

The autoradiogram shown in Fig. 2B completely supported the experimental

result obtain in the investigation of the amount of protein synthesized as measured by

4C-leucine incorporation shown in Fig. 2A with respect to both "the synthesis reaction

lifetime transient of proteins" and "molecular weight of synthesis products and amount

thereof' in the conventional batch method and the diffusion continuous batch method.

The diffusion continuous batch method is displayed as'the overlay method' in Fig. 2B.

Moreover, the protein synthesis results by the diffusion continuous batch method are

shown with respect only to results using reaction vessels having a bore of 7 mm.

Similar results were obtained also in case of synthesizing an mRNA with a

transcription reaction solution according to the transcription-translation all-in-one

protein-synthesis method shown in Reference Example 1 below, following by changing

the composition of the transcription reaction mixture to a solution having a composition

suitable for the translation reaction by the gel-filtration method and/or the dialysis



method, the obtained solution was used as a synthesis reaction mixture according to a

manner similar to that described above in protein synthesis.

The above results showed that 1) the diffusion continuous batch protein

synthesis method using a wheat embryo extract gives a remarkably high synthesis

efficiency compared with the conventional bath method, that 2) the larger the area of

the interface between the reaction phase and the supply phase is, the higher the

synthesis efficiency is, and that 3) the increase in the synthesis yield by the method is

due to the prolongment of the synthesis-reaction lifetime.

Example 2

As one example of the dilution batch cell-free protein-synthesis method, the

protein-synthesis reaction was carried out by carrying out a pre-incubation using a

protein-synthesis reaction mixture containing the wheat embryo extract prepared in

Example 1 and an mRNA encoding GFP by the conventional batch method at 26*C for

min, adding five times volumes of the diluting solution to the resultant mixture,

followed by further incubating the diluted mixture at 26*C for 3, 6, or 9 h, wherein the

diluting solution had the same composition as the supply solution prepared in Example

1, wherein the amount of protein synthesized was assayed in a manner similar to that

of Example 1. Results are shown in Fig. 2A (W M) and Fig. 2B.

As Fig. 2A shows, compared with the conventional batch method in which the

synthesis reaction stops within 1 h in case the cell-free protein synthesis was

carried out by the dilution batch method, the synthesis reaction linearly progressed for

6 h after the initiation of the reaction (M K).

The autoradiogram shown in Fig. 2B completely supported the experimental

results obtained in the investigation of the amount of the protein synthesized as

measured by the 14C-leucine incorporation shown in Fig. 2A.

Although this dilution batch cell-free protein-synthesis method gives a lower

synthesis yield than that of the diffusion continuous batch method shown in Example 1,

the amount of the protein synthesized by the dilution batch cell-free protein synthesis



method was about three times that of the conventional batch method, and the dilution

batch cell-free protein-synthesis method showed a significantly high synthesis

efficiency.

Similar results were obtained also in case of synthesizing an mRNA with a

transcription reaction solution according to the transcription-translation all-in-one

protein-synthesis method shown in Reference Example 1 below, following by changing

the composition of the transcription reaction mixture to a solution having a composition

suitable for the translation reaction by the gel-filtration method and/or the dialysis

method, the obtained solution was used as a synthesis reaction mixture according to a

manner similar to that described above in protein synthesis.

Moreover, in case the pre-incubation reaction procedure was omitted in the

above dilution batch cell-free protein-synthesis method, the above remarkable

prolongment of the synthesis-reaction lifetime was not observed. In addition, with

respect to the cell-free protein'synthesis system using an Escherichia coliextract, the

effect of the dilution batch method was not recognized.

As described above, it was demonstrated that the dilution batch cell-free

protein-synthesis method is also an effective protein-synthesis means with respect to

the cell-free protein-synthesis system using a wheat-embryo extract.

Example 3

It was demonstrated that a dihydrofolate reductase (DHFR) derived from

Escheichia colican be synthesized in addition to GFP synthesized in Example 1 by the

diffusion continuous batch cell-free protein-synthesis method, and it was confirmed that

this method is effective for the synthesis of general protein molecule species.

The protein synthesis was carried out in a manner similar to Example 1 using

a protein-synthesis solution having a composition similar to that of Example 1 except

that the mRNA was an mRNA encoding DHFR, giving the results shown in Fig. 3. The

amounts of proteins synthesized were assayed using the incorporation of the radio

isotope into a trichloroacetic acid-insoluble fraction as an index according to the



conventional method, and proteins synthesized were identified by the

SDS-polyacrylamide-gel electrophoresis and the staining with Coomassie Brilliant Blue

(CBB) [Endo, Y. et al., (1992) J. Biotechnol., 25, 221-230] [Proc. Natl. Acad. Sci. USA

(2000) 97, 559-564].

As shown in Fig. 3A, also in the DHFR synthesis, the synthesis reaction by the

diffusion continuous batch cell-free protein-synthesis method (U U) significantly

continued longer than that of the conventional batch method Results of the

analysis of the lifetime of the synthesis reaction and the amounts of synthesis products

by the SDS-polyacrylamide-gel electrophoresis [arrows in Fig. 3B show bands of DHFR

stained with Coomasie Brilliant Blue] completely supported the results shown in Fig.

3A. The measurement of the band staining intensity of synthesized DHFR

demonstrated that the diffusion continuous batch cell-free protein-synthesis method

permitted synthesizing 0.9 mg DHFR per 1 ml of reaction volume for 8 h.

Example 4

It was demonstrated by using an Escherichia coLi extract that the diffusion

continuous batch cell-free protein-synthesis method is generally effective even for a

cell-free protein-synthesis system using a cell extract prepared from any biological

species.

The Escherichia coliextract was prepared according to Pratt, J.M.,

Transcription and Translation (1984), 179-209, Hames, B.D. Higgins, eds, IRL

Press, Oxford. In this example, a mRNA was first synthesized by the

transcription-translation all-in-one cell-free protein-synthesis system (see Reference

Example and then the composition of the transcription reaction mixture containing

the mRNA was changed to a composition suitable for the translation reaction by the gel

filtration method, and the resultant mixture was added to a reaction vessel, and a

supply solution was overlayed onto the mixture in a manner similar to Example 1, and

the obtained preparation was incubated under a stationary condition at 300 C to carry

out the protein synthesis.



An mRNA was synthesized by preparing an Escherichia colicell-free

protein-synthesis reaction mixture that contains an E. coli extract at 50%(v/v) and has

the following composition (final concentration): 57 mM HEPES-KOH (pH 75 mM

potassium acetate, 36 mM ammonium acetate, 16 mM magnesium acetate, 1.7 mM

dithiothreitol, 0.3 U/ml pyruvate kinase, 0.17 mg/ml E. colitRNA mixed solution, 34

mg/ml L-5-formyl-5,6,7,8-tetrahydrofolic acid, 6.7 jg/ml plasmid (encoding GFP gene),

33 gg/ml T7 RNA polymerase, 1.2 mM ATP, 0.85 mM GTP and UTP and CTP, 56 mM

phosphoenolpyruvate, and 0.3 mM each of twenty L-type amino acids, followed by

incubating the resultant mixture at 30°C for 90 min. Then, the composition of the

above reaction mixture was changed to a composition suitable for the translation

reaction by the gel filtration method, and then 25 tl of the obtained mixture was

transferred to a reaction vessel (microtitre plate having a bore of 7 mm), and the supply

solution having the following composition was gently overlaid, and the obtained

preparation was incubated at 30°C to carry out the protein synthesis. In case the

protein synthesis was measured using the incorporation of an amino acid as index, 4

pCi of 'C-leucine (300 mCi/mmol) was added to 1 ml of the above reaction mixture.

The plasmid to be the transcription template of an mRNA was prepared by

replacing RAS gene ofpK7-RAS [Kigawa, et al., (1995) J. Biomol. NMR, 6, 129-1341

having T7-phage promoter sequence with jelly fish GFP gene.

The composition of the supply solution used for the Escherichia colicell-free

protein synthesis system was as follows (final concentration): 57 mM HEPES-KOH (pH

75 mM potassium acetate, 36 mM ammonium acetate, 16 mM magnesium acetate,

1.7 mM dithiothreitol, 34 mg/ml L-5-formyl-5,6,7,8-tetrahydrofolic acid, 1.2 mM ATP,

0.85 mM GTP and UTP and CTP, 56 mM phosphoenolpyruvate, and 0.2 mM each of

twenty L-type amino acids. In case the protein synthesis was measured using the

incorporation of an amino acid as index, 4 pCi of 4 C-leucine (300 mCi/mmol) was added

to 1 ml of the above reaction mixture.

Fig. 4A illustrates results of the protein synthesis as measured by the

incorporation of 4C-leucine. GFP synthesis reaction by the conventional batch method



O) completely stopped 3 h after the initiation of the reaction, while that of the

diffusion continuous batch cell-free protein-synthesis method (M 0) lasted for 17 h

after the initiation of the reaction. The amount of synthesized protein as calculated

from the amount of incorporated amino acid in the diffusion continuous cell-free protein

synthesis method reached 4 times or more that of the batch method. Results of the

analysis of the time transient of the synthesis reaction and molecular weights and

synthesis amounts of synthesis products by the autoradiogram shown in Fig. 4B

completely supported results of Fig. 4A. On the other hand, in the control experiment

in which both phases were mixed by a vortex mixer just after the above supply solution

(supply phase) was overlayed onto the above protein-synthesis reaction mixture

(reaction phase), the protein synthesis was significantly reduced compared with the

conventional batch method.

This fact is in complete agreement with the result that increasing the

concentration of a cell-free extract in the reaction mixture with respect to the

Escherichia col cell-free protein synthesis system is important for enhancing the

efficiency [Kim, (1996) Eur. J. Biochem. 239, 881-886]. This result clearly shows

that the prolongment of the lifetime of the protein-synthesis reaction observed in the

diffusion continuous batch method is not due to, for example, the reduction of the

reaction rate by the reduction of the concentration of a component necessary for the

protein synthesis in the reaction mixture, such as, ribosome, but due to the intrinsic

property of the diffusion continuous batch cell-free protein synthesis method.

In addition, results similar to those described above were obtained also by

synthesizing an mRNA by the transcription-translation all-in-one cell-free protein

synthesis system (see Reference Example 1) using an Escherichia coli extract,

overlaying the supply solution onto the reaction mixture in a manner similar to

Example 1, followed by carrying out the protein-synthesis reaction under a stationary

condition at 

Example 



An example of the cell-free protein-synthesis method using a wheat embryo by

the discontinuous batch method using the gel filtration method is described below. The

same protein-synthesis solution as prepared in Example 1 was added to normal small

test tubes or a 96-well titre plate, and the obtained preparation was incubated under a

stationary condition at 26*C by a usual method. Under this reaction conditions, the

protein synthesis stops within several hours. For example, in case a reaction mixture

containing a wheat embryo extract at 48%(v/v) is used, the synthesis reaction

completely stops within 1 h after the initiation of the reaction. This can be confirmed

by the measurement of amino acid incorporation into proteins and/or the polyribosome

analysis by the sucrose density gradient centrifugation method [Proc. Natl. Acad. Sci.

USA (2000) 97, 559-5641. The reaction mixture after the above synthesis reaction

stopped was treated with the gel filtration using a Sephadex G-25 column beforehand

equilibrated with a supply solution containing substrates and energy sources 

amino acids, ATP, GTP), other ions necessary for the protein synthesis reaction, and a

buffer, and the protein synthesis was carried out again at 260C, wherein the supply

solution had a composition similar to that of Example 1.

As the result of 14C-leucine incorporation in Fig. 5 shows, the synthesis

reaction by the conventional batch method completely stopped within 1 h after the

initiation of the reaction (M However, the gel filtration as described above 3 h

after the initiation of the reaction (arrow in Fig. 5) and the subsequent incubation

permitted the restart of the protein synthesis reaction (E In addition, the

velocity gradient of 14C-leucine incorporation was almost equal to that in the early stage

of the reaction. Therefore, it was found that the efficiency of the protein synthesis

after the gel filtration was at a level comparable to that in the early stage of the

reaction.

Similar results were obtained also in case of synthesizing an mRNA with a

transcription reaction solution according to the transcription-translation all-in-one

protein-synthesis method shown in Reference Example 1 below, following by changing

the composition of the transcription reaction mixture to a solution having a composition



suitable for the translation reaction by the gel-filtration method and/or the dialysis

method, the obtained solution was used as a synthesis reaction mixture according to a

manner similar to that described above in protein synthesis.

Since the above cell-free protein-synthesis system using a wheat-embryo

extract is extremely stable [Endo, Y. et al., (1992) J. Biotech., 25, 221-230] [Proc. Natl.

Acad. Sci. USA (2000) 97, 559-564], it is possible to keep the reaction time for a long

time by repeating the gel filtration procedure. Therefore, the above discontinuous

batch cell-free protein-synthesis method is useful as an efficient protein synthesis

method, for example, in a cell-free protein-synthesis system using a wheat-embryo

extract.

Reference Example 1

The transcription-translation all-in-one protein-synthesis method permits

synthesizing an mRNA with the transcription reaction mixture, then changing the

composition of the transcription reaction-mixture to one suitable for the translation

reaction by the gel filtration method and/or the dialysis method, and using the obtained

mixture as the synthesis reaction mixture.

First, a transcription reaction mixture consisting of a template DNA, four

kinds of substrate ribonucleoside-5'-triphosphate, and if necessary, CAP molecule, RNA

polymerase, spermidine, magnesium ion, and an appropriate buffer [80 mM

HEPES-KOH (pH 16 mM magnesium acetate, 2 mM spermidine, 10 mM

dithiothreitol, 2.5 mM ATP, 2.5 mM GTP, 2.5 mM CTP, 2.5 mM UTP, 1U/Rl ribonuclease

inhibitor, 3U/pl SP6 RNA polymerase (Takara Bio., Inc)] was added to a gel

filter-installed spin column as the reaction vessel. An mRNA is continuously

synthesized by the dialysis using an outer solution, for the dialysis, which has the same

composition as the above transcription reaction mixture except template DNA, RNA

polymerase, and ribonuclease inhibitor.

After the synthesis of the mRNA, the spin column is centrifuged at a low speed,

and the composition of the above transcription reaction mixture is changed to one



suitable for the translation reaction by the gel filtration procedure using the protein

synthesis solution (not containing mRNA) as shown in Example 1.

INDUSTRIAL APPLICABILITY

The above cell-free protein-synthesis method according to the present

invention does not require complicated techniques such as the ultrafiltration method

and dialysis-membrane method using a semipermeable membrane and the column

chromatography using a resin to which a translation template was fixed [Spirin, et

al., (1993) Methods in Enzymology, 217, 123- 1421. Therefore, it was shown that the

above cell-free protein synthesis method according to the present invention permits

efficiently synthesizing a protein in a cell-free system using a tissue/cell extract by any

means by introducing one of three techniques for making the synthesis reaction efficient

into the conventional batch method.

The above cell-free protein synthesis method according to the present invention

does not have faults such as weakness of the material strength of the membrane,

decrease in the membrane function due to the clogging, and complexity of the operation,

which are observed in the conventional continuous cell-free protein synthesis method

using a membrane. Thus, the above cell-free protein-synthesis method according to

the present invention permits carrying out the protein synthesis at a considerably high

efficiency compared with the conventional method. Therefore, the above technique

according to the present invention would be a fundamental element technology, for the

automation of the production of a gene product (protein), which is the base for the

functional analysis and the structural analysis of a great number of genes that would be

provided till the future completion of the genome project, in particular be an essential

element technology for the automation of the cell-free protein-synthesis system such as

development of full-automatic cell-free protein-synthesis robot for polyspecimen.
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The claims defining the invention are as follows:

i. A cell-free protein-synthesis method using a diffusion continuous batch

system that includes a synthesis reaction mixture (reaction phase) containing a tissue or cell

extract and a supply solution (supply phase) containing substrates and energy sources, the

method comprising the steps of:

O bringing the reaction phase and supply phase into direct contact with each

Sother, to form two layers in the absence of a membrane therebetween to cause a free diffusion
00
C1 via the direct contact interface between the reaction phase and the supply phase, and

Scontinuously supplying substrates and energy source molecules in the supply phase to a

(i io translation reaction system in the reaction phase; and

(ii) removing by-products formed in the reaction phase.

2. The cell-free protein-synthesis method according to claim 1, wherein the

biological extract is a wheat embryo extract.

3. The cell-free protein-synthesis method according to claim 1, wherein the

biological extract is an Escherichia coli extract.

4. The cell-free protein-synthesis method according to claim 1, wherein by-

products formed in the reaction phase are removed from the reaction phase and transferred to

the supply phase, thereby diluting said by-products of the reaction phase.

The cell-free protein-synthesis method according to claim 1, wherein the

direct interface formed between the reaction phase and the supply phase is a vertical plane.

6. The cell-free protein-synthesis method according to claim 1, adapted to

prolong the lifetime of the synthesis reaction, and enhance the efficiency of the synthesis

reaction, comprising the steps of:

pre-incubating a cell-free protein-synthesis reaction mixture (reaction phase)

containing a wheat embryo extract;

(ii) adding a substance and energy source-supplying solution (supply phase) to

dilute the cell-free protein-synthesis reaction mixture containing a wheat embryo extract;

(iii) bringing the reaction phase and supply phase into direct contact with each

other absent a membrane therebetween to cause a free diffusion via the direct contact

interface between the reaction phase and supply phase, and continuously supplying substrates

and energy source molecules in the supply phase to a translation reaction system in the

reaction phase and;

(iv) removing by-products formed in the reaction phase.
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7. The batch cell-free protein-synthesis method according to claim 6 wherein the

Sraw materials and energy sources supplied in step (ii) comprise amino acids, ATP, GTP and

creatine phosphate.

8. The batch cell-free protein-synthesis method of claim 6 or 7 wherein steps (ii)

to (iv) are repeated at least once.

O 9. A cell-free protein-synthesis method substantially as hereinbefore described

Swith reference to any one of the examples.
00

Dated 26 April, 2006
Yaeta Endo

Patent Attorneys for the Applicant/Nominated Person
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Fig.1
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Fig.2

Protein synthesis as measured by incorporation of amino acid
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Fig.3

Protein synthesis as measured by incorporation of amino acid
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Fig.4

Protein synthesis as measured by incorporation of amino acid
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Fig.6
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