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METHOD OF PREPARING POLYPEPTIDES IN 
CELL-FREE SYSTEMAND DEVICE FOR ITS 

REALIZATION 

FIELD OF INVENTION 

0001. The present invention concerns to molecular biol 
ogy and biotechnology, namely to methods and devices for 
Synthesis of polypeptides in cell-free translation System. 

BACKGROUND OF THE INVENTION 

0002. Several methods of polypeptide synthesis in cell 
free translation System are known. For elimination of restric 
tions connected with a lower output of target polypeptides 
and short-term operation of cell-free translation Systems a 
method was Suggested which is widely used now (Spirin et 
al., 1988). This method is based on the principle of con 
tinuous removal from a reaction mixture of reaction prod 
ucts and continuous restoration of the initial concentration of 
low molecular weight components during Synthesis. This 
method underlies Several inventions connected with its 
improvement for increasing the Synthesized product output 
(Alakhov et al., 1991; Baranov et al., 1993; Alakhov et al., 
1995). 
0003. By the input of feeding solutions and removal of 
products of Synthesis the known methods can be divided as 
follows: (a) methods in which dialysis is used to add feed 
Solution components to the reaction mixture and to remove 
low molecular weight components from the reaction mixture 
through the dialysis membrane or for to simultaneously 
remove low and high molecular weight components from 
the reaction mixture; (b) methods in which continuous 
ultrafiltration is used for a simultaneous removing of low 
and high molecular weight components of products through 
the membrane and a simultaneous input of feeding Solutions 
directly into the reaction mixture Volume or through the 
membrane; c) methods in which periodic input of a feed 
Solution into the reaction mixture and Subsequent removing 
of low and high molecular weight components through the 
membrane are used. Input and output of the flows is realized 
by changing the direction of liquid flows at the expense of 
consecutive creation of pulses of positive or negative pres 
SUC. 

0004) The method (Mozayeny, 1995) is known in which 
the removal of products with large molecular weight is 
improved by increasing the area of a ultrafiltration mem 
brane in relation to the reaction mixture volume. One of the 
main disadvantages of the given invention is that during 
removal of high molecular weight components through the 
large area of the membrane with the pore size of 70 kD to 
100 kD, together with the final product useful working 
components of molecular weight up to 100 kD are lost. This 
is a limiting factor for the operating time of the cell-free 
System. The larger is the membrane area, the greater is the 
amount of high molecular components of the cell-free 
System washed-off from the reactor at a high flow rate. 
Another disadvantage is the necessity to use an external loop 
for creation of a tangential flow of the reaction mixture along 
the membrane Surface. During passage of the reaction mix 
ture via liquid communications three factors influence the 
work of the cell-free system: (1) when the reaction mixture 
passes via the loop the feed Solution is not added in the part 
of external volume of the reaction mixture, (2) low weight 
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products which are inhibited the cell-free system are not 
removed from the external volume, (3) the liquid commu 
nications and pumps are not thermostable and the reaction 
mixture changes its temperature depending on the environ 
ment. This leads to irreproducibility of results and limits the 
life time of the cell-free system. 
0005. The method in which authors offer to apply 
repeated pulse for input of the feeding Solution in the reactor 
and removal of low and high molecular weight products of 
Synthesis from the reactor via a membrane is known (Fischer 
et al., 1990). This is realized by changing the direction of the 
flow through the membrane. One of the main disadvantages 
of the given invention is that low molecular weight com 
ponents of Synthesis which inhibit operation of the System 
are not removed from the reactor during a long period. The 
time during which the feed Solution passes repeatedly via the 
membrane is equal to period when a total Volume of feed 
Solution passage via the membrane is equal to the complete 
volume of the reaction mixture. For this purpose N cycles 
are formed to create positive and negative pressure. Due to 
the pressure modulation the inhibiting products come back 
in the reactor together with a regular portion of the feed 
Solution. Another disadvantage of this method is that upon 
formation of N cycles high molecular weight components of 
the cell-free System required for prolonged Synthesis are 
intensively washed off the reaction mixture. Thus, repeated 
returning into the reactor of low molecular weight compo 
nents inhibiting operation of the System and removing from 
the reactor of high molecular weight components providing 
effective synthesis impose restrictions on operation of the 
System. 

0006 The method (Choi, 1997) is known by which 
Synthesis of polypeptides is carried out with removal of a 
target product in a dialysis mode of operation. For this 
purpose a membrane divides the reactor in two parts. The 
reaction mixture is placed on one side of the membrane and 
the feed Solution on the other side. The reaction mixture is 
fastly circulating along the membrane Surface in tangential 
direction. A disadvantage of the method is that due to a large 
pore size components of the System are removed together 
with the target products. Moreover, in Spite of the fact that 
the dialysis process is quite effective because of the large 
pore size, its extent is not enough for operation of highly 
efficient cell-free Systems. 
0007) The method (Alakhov et al., 1991) is known in 
which amino acids, ATP, GTP in an aqueous buffer are added 
to reactor during functioning of the System and low weight 
components such as AMP, GDP, Pi formed during synthesis 
and inhibiting the System are removed through a membrane. 
To provide a more economical operation of the System, low 
molecular weight products are regenerated and come back 
into the reactor via the membrane. However from the 
description and the given figure it is not quite clear how low 
and high molecular weight components of the Synthesis are 
removed from the reactor and in what way the buffer 
Solution is regenerated after removal of the polypeptide. 
Taking into account the description of examples, low and 
high molecular weight components are removed from the 
reactor via the ultrafiltration membrane. The use of an 
ultrafiltration membrane is described in a number of publi 
cations (Spirin et al., 1988; Takanori et al., 1991; Spirin, 
1992; Erdmann et al., 1994). A disadvantage of this method 
is the use of large sizes of the membrane cutoff. In this case 
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high molecular weight components of Systems necessary for 
Synthesis are removed from the reactor together with target 
products. The Volume of low molecular weight components 
is equal to that of the removed components which results in 
fast closing of the ultrafiltration membrane pores. 
0008 Methods of adding feed solution to the reaction 
Zone and removing from it of reaction products for different 
types of membrane reactors are known in which the reaction 
Zone is placed between two membranes (Matson et al., 1988; 
Wrasidlo et al., 1990; Dziewulski et al., 1992). 
0009. The method described in the patent (Alakhov et al., 
1995) is the prototype of the method proposed herein. For 
Synthesis of polypeptides in this invention the reaction 
mixture is placed between two flat membranes. The mem 
branes differentiate flows of low molecular weight and high 
molecular weight components and divide the reactor into 
three Zones: Zone for input of feed Solution, reaction Zone, 
Zone of product removal. The first rather weak flow is 
formed in the reaction Zone. It ensures the reaction mixture 
movement along the internal part of porous barriers, through 
which high molecular weight components (including Syn 
thesized polypeptides) are removed. The Second fast flow is 
formed in the Zone of feed Solution input. It ensures pen 
etration of of low molecular components via the membrane 
in the reaction system. The fast flow of low molecular 
weight components and the Slow flow of high molecular 
components are achieved by creating a tangential flow along 
the external Surface of the first porous barrier and dialysis 
proceSS for adding feed Solution in the Zone of Synthesis. If 
high molecular weight components are removed from the 
reactor, the size of cutoff is chosen from 50 to 100 kD (which 
is corroborated by example 7). 
0.010 The speed of penetration of feed solution compo 
nents to the reactor determined to a greater extent by the 
dialysis process is insufficient for maintenance of prolonged 
operation of highly effective cell-free Systems. 
0.011 Requirements to devices for scientific researches 
and for Synthesis of polypeptides in preparative amounts are 
different. For Synthesis of Small amounts of polypeptides, 
from 100 to 200 lug, it is necessary to have a simple and 
cheap reactor which can ensure Synthesis during 20-50 hours 
without application of expensive equipment and provides an 
opportunity to choose hand-operated or controlled Speeds of 
flows. 

0012. During synthesis of polypeptides in preparative 
amounts, the device should control the process: operate 
Speeds of flows inside the reactor and provide an opportunity 
for a prolonged (more than 50 hours) operation at the 
expense of active mixing or other action protecting from 
closing of membranes or hollow fibers, provide effective 
addition of the feed Solution and expendable high molecular 
weight components to the reaction mixture and effective 
removal of low molecular weight components from the 
reactor which inhibit the synthesis. 
0013 The device (Mozayeny, 1995) is known which 
operates in the mode of continuous Synthesis of peptides and 
is controlled by computer. The System includes a compli 
cated and expensive equipment (an automatic sampler etc.). 
0014 Devices with one reactor from 1.0 ml. (Spirin et al., 
1988) to 100.0 ml (Spirin, 1992) are known. Using the 
principle of dividing the entire reactor Volume in Several 
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reactors of Smaller Volume it is possible to apply identical 
decisions to devices intended for Synthesis of polypeptides 
in laboratory conditions and for preparative Synthesis. In this 
case routine technologies of Synthesis of polypeptides in 
small volumes of the reaction mixture from 50 ul up to 1-5 
ml can be used in working with the volume up to 100-200 
ml by Scaling and increasing the amount of modules oper 
ating in parallel. 

0015 Devices for maintenance of synthesis in cells 
(Puchinger et al., 1980; Gebhard et al., 1997; Hu et al., 1997) 
using the principle of Scaling the modules are known. In 
these devices inputs for Supplying a feed Solution and 
outputs for removal of products are connected in parallel for 
all N reactors. The known devices are designed for main 
tenance of cell growth and cannot be applied for Synthesis of 
polypeptides, as each of N reaction modules Serves to 
maintain Speed, pressure and other parameters of flows of 
feed Solutions and gases necessary for normal functioning of 
cells. 

0016 Known modules for bioreactors on the basis of 
hollow fibers (Gebhard et al., 1997; Hu et al., 1997) do not 
take into account the Specifity of working with cell-free 
System. Fibers used in the reactors have the same size of a 
cutoff and their form reminds a beam placed in a cylinder. 
Therefore a significant part of the surfaces of hollow fibers 
contacts each other and reduces the working Surface. 
0.017. The device (Yagihashi et al., 1996) is known whose 
construction represents two layers of hollow fibers. Each 
layer consists of glued hollow fibers placed in parallel. Both 
layers of hollow fibers have the same size of a cutoff and a 
Significant part of their Surface is in contact. 

0.018. The device (Pedersen et al., 1994) is known in 
which Separate modules are single-layer constructions from 
hollow fibers with the same size of a cutoff. 

0019 However this technical decision has been devel 
oped for filtration of liquids and cannot be used in reactors 
for cell-free Systems without essential medication in the 
design Since it is intended for working with large Volumes of 
liquid flows. 

0020. A large number of designs constructed on the basis 
of flat membranes is known. They also have disadvantages 
being intended basically for filtration or dialysis. The device 
for Synthesis of polypeptides in cell-free System is known 
(Mozayeny, 1995) whose structure includes two flat mem 
branes. Originally this device (OMEGATM) was intended for 
filtration and has a large Void volume in the Zones of product 
Selection. The feed Solution and high molecular wheight 
components are added to the reactor through one input. This 
device is not intended for assembly in a general construction 
consisting of N modules. 
0021. The prototype of the proposed device for synthesis 
of polypeptides is the device described in the patent (Ala 
khov et al., 1995). For synthesis of polypeptides in a mode 
of product removal the device contains two porous barriers. 
These barriers can be executed as flat membranes or hollow 
fibers. The reaction mixture can be placed both from the 
external and internal sides of hollow fibers. 

0022. A disadvantage of the given device is that it con 
tains porous barriers with the same size of a cutoff and 
provides for removal from the reactor of one flow consisting 
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either of low molecular weight (the cutoff size of 7.5 kD) or 
high molecular weight (the cutoff size up to 100 kD) 
fractions. 

SUMMARY OF THE INVENTION 

0023 The presence invention provides a methods for 
Synthesis polypeptides in a cell-free System by which prod 
ucts of Synthesis are branched in a low molecular weight 
fraction and a fraction which contains high molecular weight 
components with the target polypeptide, the main part of the 
low molecular weight fraction is removed via at least one 
part of the Second porous barrier, the ratio of the Volume of 
the fractions of feed Solution and expendable components to 
the Volume of the fraction containing the target polypeptide 
is chosen, modes of Supply of the feed Solution and expend 
able components of the fractions are realized. 
0024. It is futher object of the present invention to 
describe a methods for Synthesis polypeptides in a cell-free 
system by which the low molecular weight fraction which 
consists of removed components including low molecular 
weight components of the reaction mixture and low molecu 
lar weight components of the Synthesis is withdrawn from 
the reaction Volume Via at least one the Second porous 
barrier only, the mode of supply of fractions of the feed 
Solution and expendable components is realized, 
0.025. It is therefor, also, an object of present invention to 
provide the method for obtaining polypeptides in which 
during the Synthesis N cycles are formed, everyone of which 
consists of at least two steps, at the first Step low molecular 
weight components of the feed solution are supplied to the 
reactor via the first porous barrier and the low molecular 
weight fraction with products of Synthesis and components 
of the reaction mixture is removed via the Second porous 
barrier, at the Second Step the Supply and removal channels 
are Switched and low molecular weight components of the 
feed Solution are Supplied via the Second porous barrier, the 
low molecular weight fraction or the high molecular Wieght 
fraction containing products of Synthesis and components of 
the reaction mixture is removed via the first porous barrier, 
the mode of supply of of fractions of the feed solution and 
expendable high molecular weight components is realized. 
0026. It is a futher object of the present invention to 
describe a reactor which comprises at least one reactor 
Volume, whose external Surface contacts the external Surface 
of the first and Second porous barriers, the internal Surface 
of the Second porous barrier is connected to the Zone of the 
inlet or outlet of low molecular weight flows, the internal 
side of the first porous barrier is connected to the Zone of the 
inlet and outlet of low molecular weight flows and flows 
containing high molecular weight components with the 
target polypeptide. 

BREEF DESCRIPTION OF DRAWINGS 

0027. The invention is explained by examples of perfor 
mance with the references to the following figures. 
0028 FIGS. 1(a-c) shows a scheme of principles of flow 
distribution for different modes of operations. 
0029 FIGS. 2(a-f) shows block diagrams of modules 
based on the declared principle. 
0030 FIG. 3 shows a block diagram of the device for 
Synthesis in a mode without removal of the target polypep 
tide. 
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0031 FIG. 4 shows a block diagram of the device for 
Synthesis in a mode of removal of the target polypeptide. 
0032 FIG. 5 shows a block diagram of the device for 
Synthesis in a mode of removal of the target polypeptide 
with a three porous barriers in module. 
0033 FIG. 6 shows a block diagram of the device for 
Synthesis in a mode with periodic removal of the target 
polypeptide. 

0034 FIG. 7 shows a histogram reflecting the amount of 
GFP in the fractions in accordance with the description in 
Example 1. 
0035 FIG. 8 shows the dependence of the change in the 
concentration of synthesized GFP on the duration of syn 
thesis in a control aliquot according to the data of Example 
1. 

0036 FIG. 9 is a photo of SDS electrophoresis according 
to the data of Example 1. 
0037 FIG. 10 shows a diagram of dependence of the 
change in the concentration of synthesized GFP on the 
duration of Synthesis in a control aliquot according to the 
data of Example 2. 
0038 FIG. 11 is a photo of SDS electrophoresis accord 
ing to the data of Example 2. 

THE LIST OF ABBREVIATIONS 

0039 F1 is the feed solution flow. 
0040 F10-F20 are flows of low molecular weight 
components of the reaction mixture. 

0041) Ps are synthesized target polypeptides. 

0042 Pe are high molecular weight components of the 
System. 

0043 Rm is the reaction mixture. 
0044 Positions 100 are constructive elements of the 
reactOr. 

0045 Positions 200 are liquid communications of the 
device. 

0046) Positions 300 are separate elements of the 
device: valves, pumps, compartments for the eluate and 
compartments for Storage of feed Solution. 

0047 Position 400 is the controller block. 

DETAILED DESCRIPTION OF INVENTION 

0048 Generally the process can contain all of the fol 
lowing Steps: 

0049) 1. Prepare a reaction mixture on the basis of 
cell-free prokaryotic or eukaryotic lysates, 

0050 2. Prepare a feed solution and exendable com p 
ponents of high molecular weight fraction; 

0051 3. Determine the mode of operation of reactor, 
choose a type of the reactor module with the given 
types of porous barriers and install a device for 
Synthesis whose Structure includes, at least, one 
reactor module; 
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0052 4. Place the reaction mixture in each of the 
reaction modules, 

0053 5. Depending on the mode of operation deter 
mine and set rates of the feed solution flow and the 
flow of expendable high molecular weight compo 
nents through the reaction mixture and Speeds of 
removal of low and high molecular weight products, 

0054 6. Carry out the synthesis providing the 
Selected modes of operation, during the Synthesis 
continuously or recurrently remove through a 
porous barrier the high molecular weight compo 
nents or leave them in the reactor Volume; 

0055 7. During the synthesis analyze the yield of 
the Synthesized product, correct the parameters 
determining rates of feed solution flow and of the 
Synthesized product, and Supply or not Supply 
expendable high molecular weight components. 

0056 FIGS. 1(a-e) shows block diagrams explaining the 
principle of flow branching in a low molecular weight 
fraction and a fraction which contains high molecular weight 
components with target polypeptide for different modes of 
operations. 
0057 FIG. 1a shows a block diagram of flow branching 
inside the module in a mode of continuous removal of the 
target polypeptide. The reaction module contains case 100, 
within which three Zones are formed using the first porous 
barrier 110 and second porous barrier 120. The reaction 
mixture Rim is Supplied to reaction Zone 130 before the 
beginning of the synthesis. The flow of feed solution F1 
passes through input 151 in reaction Zone 130 and displace 
high and low molecular weight components of the Synthesis 
from the reaction mixture through the first and Second 
porous barriers. The basic part of low molecular weight 
fraction passes through the second porous barrier 120 with 
a small size of a cutoff, forming flow F20 removed from the 
reactor Volume through output 142. 
0.058 Simultaneously high molecular weight compo 
nents of Synthesis Ps, components of cell-free System Pe and 
part of lower molecular weight components F10 which form 
the total flow Pc--PS+F10 are displaced from the reaction 
mixture through barrier 110 with a large size of a cutoff and 
through output 162. The ratio between the total volume of 
feed Solution Supplied to the reactor and the Volume of the 
total flow Pe+PS+F10 is chosen from 2 to 100. It is prefer 
able that this ratio is from 10 to 50. A decrease in the rate of 
flow through the first barrier 110 diminishes formation of a 
layer of high molecular weight components above the Sur 
face of porous barrier 110 and diminishes the process of 
closing of membrane pores by high and low molecular 
weight components. The concentration of Synthesized 
polypeptides PS in the reaction mixture increases, thus 
promoting the next Step of its clearing. The size of the cutoff 
of the first barrier 110 is chosen depending on the molecular 
weight of the Synthesized polypeptide and its Spatial orga 
nization. 

0059 FIG. 1b shows a block diagram of flow branching 
of low and high molecular weight fractions inside the 
module in a mode of periodic removal of the target polypep 
tide. The reaction module contains case 100, inside which 
three Zones are formed using the first porous barrier 110 and 
second porous barrier 120. Before the beginning of synthesis 
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reaction mixture Rim is supplied inside reaction volume 130 
through input 151. During the synthesis N cycles of flow 
input/removal through porous barriers 110 and 120 are 
formed. Each cycle consists of two Steps. During the first 
step via input 161 the flow of feed solution F1 penetrates 
through the first barrier 110 inside inside reaction volume 
130. The feed solution displaces low molecular weight 
components of reaction mixture and low molecular weight 
products of synthesis which form flow F20 from reaction 
mixture through porous barrier 120 and output 142. During 
the Second Step the direction of flow input/removal through 
porous barriers 110, 120 is changed. Through input 141 and 
second barrier 120 the flow of feed solution F2 penetrates 
inside Zone 130. The pressure of feed solution forms a flow 
of low and high molecular weight components of the reac 
tion mixture which passes through porous barrier 110 and 
output 162, and flow Pe+PS+F10 is formed. Upon termina 
tion of the Second step, the cycle comes to its end, the next 
cycle begins, or Synthesis is terminated. The ratio between 
the total Volume of the feed Solution, Supplied to the reactor 
during N cycles, to the volume of total flow Pe+Ps+F10 is 
selected from 2 to 100. It is preferable that this ratio varies 
from 10 to 50. 

0060 A decrease in the rate of flow through the first 
barrier 110 diminishes formation of a layer of high molecu 
lar weight components above the Surface of porous barrier 
110 and diminishes the process of closing of membrane 
pores by high and low molecular weight components. The 
concentration of Synthesized polypeptides PS in the reaction 
mixture increases, thus promoting the next step of its clear 
ing. The size of the cutoff of the first barrier 110 is chosen 
depending on the molecular weight of the Synthesized 
polypeptide and its Spatial organization. The first and Second 
porous barriers are cleaned by changing directions of flows 
through porous barriers. Duration of a cycle and the tem 
porary ratioS between duration of the first and Second steps 
are maintained constant during all Synthesis, or are changed 
depending on conditions of the Synthesis. If the Synthesis 
goes actively and the concentration of polypeptides in the 
reaction mixture quickly grows, to prevent closing of the 
porous membrane the duration of each cycle is reduced 
which automatically results in more frequent clearing of the 
pores. 

0061 FIG. 1c shows a scheme of flow directions in the 
mode of operation without product Selection. During the 
Synthesis all high molecular weight components remain 
inside the reaction mixture. The feed Solution flow F1 enters 
through the first porous barrier 110, which has pore size up 
to 1000 kD. The flow of low molecular weight products F10, 
which inhibiting the cell-free system, is removed via the 
second porous barrier 120. The first porous barrier is an 
allocator flow F1 and provides uniform input of the feed 
Solution to all points of the reaction mixture. 
0062 FIG. 1d shows a scheme directions of flow in the 
mode of operation without product Selection for reactor 
module which have at least one the first porous barrier and 
two parts of Second porous barrier. During the Synthesis feed 
solution flow F1 and/or part of expenable components with 
high molecular weight penetrate through porous of the first 
barrier 110, which has pore size up to 1000 kD This porous 
barrier is an allocator flow F1 and provides uniform input of 
the feed solution to all points of the reaction mixture. The 
flow of low molecular weight products F10 which inhibiting 
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the cell-free System is removed via the two parts of Second 
porous barrier 121-122, which has pore size up to 30 kD. 
0063 FIG. 1e shows a scheme directions of flow in the 
mode of operation with product Selection for reactor module 
which have at least one the first porous barrier and two parts 
of Second porous barrier. During the Synthesis all high 
molecular weight components including target polypeptide 
is removed from reaction mixture via the first porous barrier 
110, which has pore size up to 100 kD The feed solution flow 
F1 enters through the one part of the Second porous barrier 
121, which has pore size up to 30 kD. This porous barrier is 
an allocator flow F1 and provides uniform input of the feed 
solution to all points of the reaction mixture. The flow of low 
molecular weight products F10 which inhibiting the cell-free 
System is removed via the another part of Second porous 
barrier 122, which has pore size up to 30 kD. 
0064. For realization of the considered method several 
constructions of the reactor module are offered. The device 
can provide Synthesis of products in different modes. The 
module should allow for several conditions: 

0065 1. In each point of the reactor at least two 
processes should be carried out Simultaneously: (a) 
input of feed solution, (b) removal of low molecular 
weight components which inhibit the Synthesis. 

0066 2. Input of feed solution and removal of low 
molecular weight components of products should be 
carried out in the time during which the Synthesis 
drops below the admissible magnitude. 

0067 3. The device should allow effective clearing 
of the porous membranes or hollow fibers and con 
tain a minimum of Void volumes in the liquid com 
munications for input/removal of lower/higher 
molecular weight components/products of Synthesis. 

0068 For realization of the first and second conditions, a 
reactor module in which whatever thin layers of the reaction 
mixture can be formed is most preferable. The thickness of 
a layer is chosen from 0.1 mm up to 10 mm provided that 
at the given areas of the first and Second porous barriers and 
chosen sizes of their cutoff the average speed of feed 
Solution input in the reactor ensures input of the feed 
Solution components in the most remote points of the 
reaction mixture in time during which the feed Solution 
concentration in the remote points drops to the admissible 
level, and the concentration of low molecular weight com 
ponents inhibiting the Synthesis does not exceed this level. 
0069. With devices working in the mode in which the 
feed Solution or/and high molecular weight components 
move directly to the reactor through at least one input it is 
preferable to use additional mixing in the reactor. Such 
mixing can be performed by a rotating magnetic Stir bar or 
transfer of the reaction mixture via the external closed loop 
or other methods. 

0070 For devices in which a thin layer of the reaction 
mixture is formed, a module with a separator between layers 
of porous barriers is most preferable. A different type of 
Separator can be used and may be Selected from the group of 
a single or multiple layer, capillary materials, a combination 
of layers of capillary materials and porous particles, a single 
or multiple thin layer sheets from organic, Synthetic or 
ceramic material, metals or their compositions and porous 
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particle between layers. Another type of Separators may be 
of hollow-fibers. Filters widely used for filtration and made 
of different type of cellulose or Synthetic polymeric mate 
rials, metals and ceramics may be also used as Separators. 
The role of layered capillary materials is not only to divide 
two porous barriers, but also to increase the area on which 
binding of molecules occurs that increases the Speed of 
reactions connected with the synthesis (Alberts et al., 1986). 
0071. It is more expedient to use immobilized porous 
particles plated on the Surface of layered capillary Structures. 
The diameter of fibers is taken from 0.1 up to 0.001 
depending on the diameter of hollow fibers. Particles of 
porous material from 10 microns to 0.1 mm are layered on 
the Surface of fibers. In case hollow fibers are used as the 
first and/or Second porous barriers, the fibers of layered 
materials are accommodated either along hollow fibers 
occupying the Space between them, or at an angle to the 
central axes of hollow fibers not exceeding 90 degrees (i.e. 
across the layers of hollow fibers). The materials of which 
porous particles can be made include (Choi et al., 1997): 
polymeric materials ( cellulose, gelatin, collagen), metal 
compounds and inorganic oxides (aluminium, Silica, tita 
nium, Zirconium, molybden, Vanadium, cobalt) and various 
Zeolites. Porous particles can be used as granules (OVodov 
et al., 1995) on the basis of negatively charged polysaccha 
rides and positively charged polymers which form polyelec 
trolyte complexes with polysaccharides. Such complexes 
can be formed, for example, by Sodium alginate and poly 
L-lysine, Sodium alginate and chitosane, pectin and poly 
imine, pectin and chitosane. The materials of which the 
porous particles are made may include Sorbents used in 
chromatography, affinity Sorbents can be also used to create 
a porous medium in reaction Volume and to isolate the target 
polypeptide from the reaction System after Synthesis. 
Chemical activity and possibility to inhibit the synthesis is 
restricted for Some porous material. 
0072. When a cell-free system is immobilized in granules 
(Ovodov et al., 1995; Alakhov et al., 1995), the most 
preferable design is the reactor module allowing to plate 
Several layers of microgranule with immobilized cell-free 
System on the Surface of the first porous barrier So that they 
fill the whole reactor. In this case a rather thin layer of 
microgranules is formed determined by the height of the 
reactor, which allows to Supply feed Solution to the Zone of 
Synthesis and to remove the low and high molecular weight 
components at the optimal Speed. 
0073 FIGS. 2a-e shows variants of thin layer formation 
inside the reactor module when flat Semipermeable mem 
branes and hollow fibers or their combinations are used as 
porous barriers. 
0074 FIG. 2a shows the case when thin layers of the 
reaction mixture are formed between the flat Surface of 
membrane 120 and cylindrical Surfaces of hollow fibers that 
play the role of the first barrier 110 and has the form of at 
least one layer of parallel hollow fibers. The amount of 
hollow fibers depends on the cutoff size of the first and 
Second barriers as well as on the diameter of hollow fibers 
determining their area. If the ratio of the cutoff sizes of the 
first and second barriers is from 3 up to 10, the area of the 
first barrier is taken from 0.2 to 1.0 of that of the second 
barrier. 

0075 FIG.2b shows the case when the reaction layer is 
formed between two layers of hollow fibers functioning as 
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the first barrier 110 and second barrier 120. In every layer 
hollow fibers are placed parallel to each other. The central 
axes of hollow fibers placed in different layers are either 
parallel or are at an angle from 70 degrees to 110 degrees. 
The ratio of the amount of hollow fibers in the first layer to 
the amount of hollow fibers in the second layer is taken to 
be from 1 to 0.1 depending on the ratio of the cutoff sizes. 
Most preferable is such a design of this module when the 
total volume of reactors is assembled from Several modules. 
In this case the modules are located So that layers of hollow 
fiber from the first and second barriers are alternated, thus 
allowing to distribute uniformly the flows of low and high 
molecular weight components via the whole Volume of the 
reactOr. 

0.076 When the synthesis is carried out with cell-free 
Systems whose efficiency is from 2 to 4 times higher than the 
known level in 100-200 Mg (for example if concentrate 
reaction mixture is used), it is necessary to improve the feed 
Solution input to the reactor and decrease the influence of 
closing of membrane pores by products of Synthesis. To 
ensure uniform distribution of the feed solution over the 
entire volume of the reaction mixture and to lower the 
closing of the cutoff, a module with three porous barriers is 
used. In this case a layer of hollow fibers parallel to each 
other is used as the first porous barrier. This layer is placed 
in the middle part of the module between two porous 
barriers, which function as the Second porous barrier with a 
Small size of the cutoff. In this variant the area of the second 
porous barrier is doubled, that positively influences the 
removal of low molecular weight products inhibiting the 
Synthesis. This permits to lower the pressure upon the 
formation of the flow of removed low molecular weight 
products. 

0077 FIG. 2c shows a reactor module in which the 
reaction layer is placed between two flat membranes with a 
layer of hollow fibers between the latter. This design of the 
module is more preferable when one reactor unit is formed 
from several modules. In this case Zones for removal of low 
molecular weight components are joined together and the 
number and length of liquid communications is reduced. 
0078 FIG. 2d shows a design of the module from three 
layers of hollow fibers. Hollow fibers in each layer are 
placed parallel to each other. The middle layer is placed in 
Such a manner that the central axes of its hollow fibers are 
at an angle from 70 up to 110 degrees relative to the central 
axes of the other layerS or are parallel. It is preferable to use 
perpendicular allocation of the axes. In this case the area of 
contacting Zones between the Surfaces of the first, Second 
and third layers of hollow fibers is reduced if no grids or 
porous layered materials are placed between the layers. The 
ratio of the amount of hollow fibers in the first and third 
layers to the amount of hollow fibers in the second layer is 
accepted from 1 up to 0.1 depending on the ratio of the cutoff 
sizes of the hollow fibers. 

0079. In the above versions of the reactor modules the 
shape of sheet membranes and sheets consisting of one-layer 
hollow fibres can be either square or round. FIG. 2e and 
FIG.2f show reactor modules having the form of cylinders 
in which the reaction volume has the shape of (i) a helix or 
(ii) a cylinder. 
0080 A difference from the known designs is the forma 
tion of a two-layer construction with different cutoff sizes 
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and diameters of hollow fibers used. FIG. 2e represents a 
module in which the central element made of a hollow fiber 
plays the role of the first porous barrier with a cutoff up to 
100 kD. It is coated by fibrous material to prevent direct 
contact of the first and second porous barriers. Then hollow 
fibers of the Second porous barrier are placed around the 
central element. The amount of hollow fibers in the second 
porous barrier and the area of their Surface should exceed 
those of the first barrier by no less than 5-10 times. Then a 
beam of hollow fibers is placed in a cover which has an input 
and output for the reaction mixture and its end faces are 
glued as described by Yagihashi et al. (1996), forming an 
output for one porous barrier from one side of the cylindrical 
cover and an output for the other porous barrier from the 
opposite side. FIG. 2f shows a two-layer design in which 
porous or layered material is placed between the two layers. 
Then preliminarily prepared sheets of their Single-layer 
constructions playing the role of the first and Second barriers 
are curled and placed inside the cylindrical cover with input 
151 to the reactor. Internal outputs of each hollow fiber of 
the first barrier are united in a common output 161 from one 
part of the cylinder, and internal outputs of each hollow fiber 
of the Second barrier are united in a common output on the 
opposite part of the cylinder. 

0081. The form of the reaction module is chosen depend 
ing on conditions providing for the following: Washing the 
reaction Zone, accessible input of the reaction mixture to the 
reactiony Zone without formation of air Zones, maintenance 
of minimal volumes in the Zones of input/removal of feed 
Solution and low and high molecular weight components of 
Synthesis. Of great importance is the Simplicity of assembly 
and disassembly of the module for clearing-the cutoffs of 
membranes and hollow fibers. An assembly construction 
(when at least one module is used) is formed by installation 
of membranes, hermetic layers, top and bottom covers into 
the frame of the module. It is preferable that one porous 
barrier is pasted to the frame and the other barrier is 
removable. This provides an opportunity of easy access to 
the reaction Zone and enables to determine defects of 
membranes or hollow fibers that can appear during opera 
tion. 

0082 It is preferable to use mould materials which can 
perform two functions, i.e. be a Support for porous barriers 
and hermetically Seal the layers. Such materials can be 
Silicon hermetic or other Synthetic materials with good 
adhesion to polymeric materials from which the membrane 
and hollow fibers are made. The properties of these materials 
should provide repeated restoration of the form after elimi 
nation of Squeezing effort. 

0083 Porous barriers can be made of different materials. 
Nevertheless most preferable are those which can allow 
regeneration and purification of pores after termination of 
Synthesis without disassembly of the reactor or at its disas 
Sembly and Subsequent assembly. Clearing of many types of 
membranes and hollow fibers are described in detail in 
technical catalogues of firms (Operating Guide, 1997). 
0084 Cutoffs of the first porous barrier 110 are chosen 
from 30 up to 300 kD. For most polypeptides with molecular 
weight of 20-40 kD it is more preferable to use cutoffs of 
50-100 kD. Cutoffs of the second barrier 120 are taken from 
1 up to 30 kD depending on the molecular weight of 
Synthesized polypeptides and conditions of passage through 
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this barrier of the given flow of low molecular weight 
components. For Synthesis of polypeptides with molecular 
weight of 20-40 kD it is preferable to use cutoffs of barrier 
120 from 10 to 12 kD. 

0085 FIGS. 3-6 show examples of schemes of devices 
for different modes of operation. The most simple device for 
synthesis of polypeptides (FIG. 3) uses a mode without 
removal of high molecular weight components from the 
reaction mixture. It consists of at least one reaction module 
100, pump 312 and capacities for the feed solution 315 and 
waste compatment 316 for low molecular weight compo 
nents. The reaction mixture enters the reactor through input 
151. By pump 312 the feed solution is supplied through 
input 161 and first barrier 110 to the reaction mixture. Low 
molecular weight components inhibiting operation of the 
System, are removed from the reactor via Second porous 
barrier 120 and output 142 and come to waste compartmemt 
316. 

0.086. In another example when the experimenter chooses 
a mode of continuous removal of the product, the flows are 
distributed as follows. At the first step installation of the 
System for polypeptide Synthesis (FIG. 4) is done using 
reactor 100 which consists of at least one reaction module 
with two porous barriers, pumps 312 and 314, capacities for 
storage of feed solution 315, waste fraction 316 and high 
molecular weight (with the targed polypeptide) fraction 317. 
The device works in the following way. The reaction mix 
ture enters the reaction Zone of the module Via liquid 
communication input 150, the feed solution from capacity 
315 is supplied to the next input 151 of this module through 
liquid communications 210 and pump 312 and is distributed 
over the entire Volume of the reactor, thus displacing prod 
ucts of Synthesis. High molecular weight products of Syn 
thesis, including Synthesized polypeptides, penetrate 
through the first porous barrier 110 and are removed from 
the reactor via pump 314 with a given Speed. Due to the 
preSSure created by pump 312 low molecular weight com 
ponents are removed through the Second porous barrier 120 
and output 142, which is connected directly to waste com 
partment 316. The size of the cutoff of the first and second 
porous barriers as well as the Speed of pumps depend on 
conditions of the Synthesis. The design of the module used 
for this mode requires the presence of at least two porous 
barriers in the form of two flat membranes (FIG.1a) or two 
layers of hollow fibers (FIGS. 2b, e,f), or a combination 
when one of barrierS is a membrane and the other consists 
of hollow fibers (FIG. 2a). 
0.087 When conditions of synthesis require a uniform 
input of the feed Solution in all points of the reaction Zone, 
a device with reactor modules consisting of three porous 
barriers is used. Such a device is shown in FIG. 5. The 
reaction mixture enters the reactor through input 151. The 
flow of feed solution 210 enters the reactor from capacity 
315 via liquid communications 230, input 142 and porous 
barrier 121. The type of a porous barrier depends on con 
ditions of synthesis. It is more expedient that the first barrier 
110 is made from hollow fibers and two second barriers 121 
and 122 are formed from flat membranes or hollow fibers. 
Through porous barrier 121 the feed solution penetrates into 
the reactor on the thin layer of the reaction mixture due to 
negative pressure in the Second part of porous barrier 122. 
The negative pressure is created by pump 312 whose input 
is connected to output 143 connected with internal Surfaces 
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of the second porous barrier 122.The output of pump 312 is 
connected to waste compartment 316 for low molecular 
weight components. High molecular weight components of 
products are removed through the first barrier 110 which is 
made from hollow fibers placed in regular intervals over the 
thin layer of the reaction mixture. The internal part of hollow 
fibers is incorporated in a common output 161, which is 
connected to the input of pump 314, whose output is 
connected to collector 317 for high molecular weight com 
ponents. 

0088. When it is required to carry out preparative syn 
thesis and the reaction mixture Volume is from 1 ml up to 
500 ml, a parallel connection of N reaction modules is used. 
The Scheme of a device using a parallel connection of N 
modules is shown on FIG. 6. This example is based on 
periodic removal of the product when high molecular weight 
components of target products are removed periodically at 
the end of each cycle with Simultaneous automated clearing 
of pores of the first and second porous barriers. Reactor 100 
is filled with the reaction mixture through input 151. In the 
initial condition valves V3 and V4 are open whereas valves 
V1 and V2 are closed. At the first step of a cycle the feed 
solution moves from capacity 315 through pump 312 and 
valve V3 simultaneously to all N inputs 161. 

0089. Then the feed solution passes through internal 
apertures of hollow fibers or acroSS the internal Surface of 
the membrane from which the first porous barrier 110 is 
formed. Through pores of the first porous barrier 110 the 
feed Solution penetrates readily to volume with reaction 
System. Low molecular weight components of the Synthesis 
pass through the second porous barrier 120 with a small 
cutoff and are removed through N outputs 142 and open 
valve V4 in waste compartment 316 for the low molecular 
weight components. On termination of the first Step of a 
cycle and beginning of the second step valves V3 and V4 are 
closed and valves V1 and V2 open. Pump 313 creates 
negative pressure in the channel connected to Valve V2. 
Under negative pressure, high molecular weight components 
of Synthesis including target polypeptide leave the reactor 
through the first barrier 110 and come to fraction collector 
317 via output 161, valve V2 and pump 313. At the same 
time the feed Solution comes to the reactor from capacity 
315, input 141 and second barrier 120 under the action of 
negative pressure created by pump 313. The flow of the feed 
Solution via,the Second porous barrier 120 at the Second Step 
of the cycle has a different direction than that low molecular 
weight components formed at the first Step of cycles. There 
fore pores of the second barrier 120 which could be closed 
at the first Step of a cycle open during the Second Step of the 
cycle and hydraulic resistance of second barrier 120 is 
restored. After termination of the Second Step of a cycle its 
first step is formed. The flow of hihg molecular weight 
components via the first porous barrier 110 is stopped. At the 
first Step of a cycle the flow via first porous barriers changes 
its direction and pores of the first barrier 110 which could be 
closed at the Second Step of a cycle by high molecular weight 
components open and hydraulic resistance of the first barrier 
110 is restored. A cycle terminates with the end of the second 
Step, and the control device monitorS Switching of Valves 
thus giving impetus for the formation of the first Step of the 
cycle. The ratio of the feed solution volume entering the 
reactor and the Volume of the fraction of high molecular 
weight components removed from the reactor is changed by 
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varying temporary ratioS of the times of the first and Second 
Steps of a cycle and changing its total duration. 
0090. It is known (Kim et al., 1996) that by raising the 
concentration of lysate it is possible to increase the yield of 
Synthesized polypeptides. The data reported in the cited art 
relate to a batch type reaction, when the products inhibiting 
the cell-free System are not removed from the reaction 
mixture. This reduces the yield of the synthesized product. 
It is possible to raise the yield of polypeptides by removing 
low molecular weight components of products from the 
reactor and Supplying high molecular weight components 
which lose their activity during Synthesis. Experiments have 
shown that on removal of low and high molecular weight 
components of products from the reactor it is possible to add 
in the reactor not only the feed Solution but Such components 
of lysate as ribosomes fraction, extracts (S30, S100 and 
others), polymerases (T7, T5, SP6 and others), plasmids, 
tRNA, enzymes or their combinations. 
0.091 The proposed construction of a reactor module 
allows to add the feed Solutution and lysate components to 
the reactor in the following ways: (a) the whole volume of 
feed Solution is Supplied via the reactor input; (b) the whole 
volume of feed solution is supplied via the first barrier; (c) 
part of the feed solution is supplied via the first barrier and 
the other part via the reactor input; (d) part of the feed 
Solution is Supplied via the first barrier during the first Step 
of a cycle and the other part is Supplied via the Second barrier 
during the Second step of the cycle; (e) the whole Volume of 
lysate components is Supplied via the reactor input together 
with the whole volume of the feed solution or its part; (f) the 
biggest components of lysate (ribosomes and others) and 
part of the feed Solution are Supplied via the input of the 
reaction Zone while Small components of lysate and part of 
the feed Solution are Supplied in the reaction Zone via the 
pores of at least one barrier. As an example FIG. 5 shows the 
case when pump 314 can Supply high molecular weight 
components of lysate from capacity 318 as monitored by the 
controller. 

0092 Reactor modules are thermostated from 20° C. to 
40° C. (the usual range is from 25° C. to 37° C). It is 
preferable if the feed solution temperature is from +2 C. to 
+7 C. The pumps are hand-operated or monitored by 
controller block 400. This block should provide program 
ming of modes of operation. The automated Systems on the 
basis of computers developed by Roche Diagnostic Boe 
hiringer Mannheim have been shown to yield very good 
(Simonenko, 1998). The controller block allows to adjust the 
duration of cycles and the ratio of two steps in a cycle. 
0093. At installation, for example, of pressure gauges it is 
possible to trace the change of pressure in the liquid circuits 
by the level of closing of the cutoff and to change conditions 
of the process in due time. 
0094. The proposed method of flow branching provides 
Synthesis of polypeptide in a cell-free prokaryotic and 
eukaryotic extracts with high Speed during tens of hours 
with removal of functionally active products. AS an example 
the synthesis of fibrous GFP is given. The synthesis was 
carried out with the help of a device whose block diagram 
is given in FIG. 4. Ultrafiltration membrane with the cutoff 
from 50 kD to 10 kD were used as the first and second 
porous barriers in the reactor module. The volume of the 
reaction Zone was 400 ul. 
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0095. In the given example the method of preparative 
Synthesis of polypeptides in the conjugated System of tran 
scription/translation is used (Baranov et al., 1989). Most 
frequently estimation of the efficiency of cell-free Systems is 
made by measuring the amount of radioactive amino acid 
contained in the Synthesized polypeptides (Alakhov et al., 
1991). As an alternative method, specific properties of 
polypeptides such as fluorescence (Kolb et al., 1996; 
Crameri et al., 1996) are employed. 
0096) The S30 extract from E. coli is prepared by a 
modified method (Zubay, 1973) as follows. 
0097 E. coli A19 cells are grown to optical density of the 
culture-0.8 at the wavelength of 582 nm. The cells are 
collected by centrifugation. The obtained biomass is washed 
twice being resuspended in buffer A: 10 mM Tris-Ac pH 8.2, 
14 mM Mg(OAc), 60 mM KC1, 1 mM dithiothreitol by 
centrifugation for 30 min at 10,000 g. The washed biomass 
is resuspended in buffer A with the ratio 4 volumes of the 
buffer to 1 volume of cells. The obtained suspension is 
destroyed by the French-press at the pressure drop of 1600 
bars. Destruction is carried out at +4 C. Commercial 
protease inhibitors in concentrations recommended by their 
manufacturers are added to the obtained cell extract, and the 
mixture is centrifuged for 30 min at 30,000 g. Eliminating 
agitation, % of the Supernatant Volume is collected. The 
Volume collected is centrifuged once again for 30 min at 
30,000 g. Eliminating agitation, % of the Supernatant Vol 
ume is collected. All procedures are carried out at +4 C. 
Buffer B containing 750 mM Tris-Ac pH 8.2, 21 mM Mg 
(OAc), 7.5 mM dithiothreitol, 6 mM ATP 500 mM 
acetylphosphate, 500 uM of each of 20 amino acids. The 
obtained solution is incubated at 37 C. during 80 min. After 
termination of incubation the extract is dialyzed against 
buffer C: 10 mM Tris-Ac pH 8.2, 14 mM Mg (OAc), 60 
mM KOAc, 0.5 mM dithiothreitol during 16 h. The dialysis 
is carried out at +4 C. in a 500-fold volume of buffer C with 
two changes. After termination of dialysis the resulting 
volume is centrifuged for 30 min at 10,000 g, selected in 
aliquots and frozen in liquid nitrogen for Subsequent Storage 
at -70° C. 

0098. The coupled system of transcription/translation is 
prepared as follows. 
0099] 1 ml of the reaction mixture contains 200-400 ul of 
the S30 extract from E. coli, 0.1-0.5 mg of the total tRNA 
from E. coli, 0.01-0.03 of the plasmid superhelical DNA, 
2000-3000 U DNA-dependent RNA from polymerase of 
bacteriophage T7, 10-50 U of ribonuclease inhibitor of 
human placenta in buffer D: 50-100 mM HEPES-KOH, or 
50-100 mM Tris-Ac, or 50-100 mM TES-KOH, or 50-100 
mM MOPS-KOH, or 50-100 mM BES-KOH, pH 7.0-7.6. To 
the same reaction mixture we add low molecular weight 
compounds containing 10-20 mM Mg (OAc) or MgCl, 
120-230 mM KOAc or K-L-glutamate, 1.0-2.0 mM ATP, 
1.0-2.0 mM GTP, 0.8-1.5 mM CTP, 0.8-1.5 mM UTP, 25-40 
mM acetylphosphate, 40 ug/ml leucovorin, 1 mM dithio 
threitol, 4% glycerol, 0.02% NaNs and 150-250 uM of each 
of 19 amino acids excepting the one with which control 
Synthesis in an aliquot of a fixed volume is carried out. 
0100. The prepared transcription/translation system is 
divided in two unequal volumes. The smaller volume (30-50 
All) is placed in a microtube and the amino acid containing 
a radioactive label is added to it. Then aliquots of 5-10 ul are 
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taken from the microtube to estimate the kinetics of the 
Synthesis in a fixed volume. The amount of Synthesized 
polypeptides is determined by aliquot precipitation on a 
glass fibrous filter with trichloracetic acid, with particles 
irradiated by the isotope being counted in a liquid Scintil 
lator. Then the lacking amino acid in the concentration of 
150-250 uM is added to the remaining volume and after 
Slight and cautious stirring is placed in the reaction cell. 
Synthesis is carried out at 26 to 37 C. passing the feed 
Solution through the reaction mixture to the reactor module. 
0101 The feed solution is prepared as follows. 
0102 1 ml of the feed solution contains the following low 
molecular weight Substances: 10-20 mM Mg (OAc) or 
MgCl, 120-230 mM KOAc or K-L-glutamate, 1.0-2.0 mM 
ATP 1.0-2.0 mM GTP, 0.8-1.5 mM CTP, 0.8-1.5 mM UTP, 
25-40 mM acetylphosphate, 40 tug/ml leucovorin, 1 mM 
dithiothreitol, 4% glycerol, 0.02% NaNs and 150-250 uM of 
each of 20 amino acids in buffer D. Buffer D contains 50-100 
mM HEPES-KOH, or 50-100 mM TES-KOH, or 50-100 
mM MOPS-KOH, or 50-100 mM BES-KOH, pH 7.0-7.6. To 
the same solution we add 200-400 ul of buffer C containing 
10 mM Tris-Ac pH 8.2.14 mM Mg (OAc), 60 mM KOAc, 
0.5 mM dithiothreitol. 

EXAMPLE 1. 

0103) The coupled transcription/translation of green fluo 
rescent protein (GFP) of coelenterate bacterium Aequoria 
victoria from a DNA template containing a GFP gene, in 
continuous cell-free System from E. coli, with branched 
flows. 

0104. A plasmid DNA containing a mutant gene of GFP 
and nucleotide Sequences of a ribosome-binding Site and a 
promotor of the DNA-dependent RNA-polymerase of bac 
teriophage T7 is used as a template. 
0105 The coupled transcription/translation system is pre 
pared as follows. 
0106] 1 ml of the reaction mixture contains 200-400 ul of 
the S30 extract from E. coli, 0.1-0.5 ml of the total E. coli 
tRNA preparation, 0.01-0.03 mg of plasmid Superhelical 
DNA, 2000-3000 U of DNA-dependent RNA polymerase of 
bacteriophage T7, 10-50 U ribonuclease of human placenta 
inhibitor in buffer E (100 mM HEPES-KOH, pH 7.6). To the 
Same reaction mixture we add low molecular weight Sub 
stances containing 12 mM Mg(OAc), 220 mM KOAc, 1.2 
mM ATP 1.0 mM GTP, 0.8 mM CTP, 0.8 mM UTP, 30 mM 
acetylphosphate, 40 ug/ml of leucovorin, 1 m dithiothreitol, 
4% glycerol, 0.02% NaNs and 160 uM of each of 19 amino 
acids excepting leucine. 
0107 The prepared transcription/translation system is 
divided in two unequal volumes. The Smaller volume (30-50 
All) is placed in a microtube and "C-L-leucine with spe 
cific radio-activity 38 mCu/mmol and 100 uM concentration 
is added to it. Then aliquots of 5-10 ul are selected from the 
microtube to estimate the kinetics of Synthesis in a fixed 
Volume. The amount of the Synthesized polypeptide is 
determined by aliquot precipitation on the glass fibrous filter 
by trichloroacetic acid with Subsequent estimation of irra 
diated particles in a liquid Scintillation counter. Leucine in 
160 uM concentration is added to the remainder volume and 
after Slight and cautious mixing the preparation is placed in 
a reaction cell. 
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0108. The synthesis is carried out at 26°C. in the reaction 
cell. The feed Solution is Supplied to the reaction cell at a rate 
equal to its 1.5-2 internal Volumes per 1 hour. The product 
is removed at a rate equal to /20-/s of the internal Volume of 
the cell per 1 hour. During the entire Synthesis the Specific 
fluorescence of the product removed through a membrane 
with the cutoff of 50 kD is recorded. The efficiency of the 
System is estimated by fluorescence of all assembled Vol 
umes. FIG. 7 represents a histogram showing the amount of 
GFP in fractions collected during synthesis. The amount of 
GFP in the fractions is estimated by the calibration curve 
plotted using the data of Specific fluorescence measurements 
of the purified GFP preparation versus its concentration. 
FIG. 8 shows a diagram of dependence of a change in the 
concentration of synthesized GFP on the time of synthesis in 
a control aliquot incubated in a constant Volume. The 
concentration is determined by incorporation of radioactive 
amino acid in the polypeptide. In addition the newly Syn 
thesized product is controlled by registration of fluorescence 
after electrophoresis of all assembled Volumes in polyacry 
lamide gel. FIG. 9 shows a photo of gel electrophoresis with 
aliquots Selected from fractions collected during Synthesis. A 
purified GFP preparation is used as control. The amount of 
layered protein is 0.3 mg. 
0109) A portion of 150-200 lug of a functionally active 
product is obtained during 48 h per 1 ml of the coupled 
transcription/translation System. 

EXAMPLE 2 

0110. The coupled transcription/translation of green fluo 
rescent protein (GFP) of coelenterate bacterium Aequoria 
victoria from a DNA template containing a GFP gene in a 
continuous cell-free system from E. coli with one flow. 
0111. The DNA is obtained and the coupled transcription/ 
trnaslation System is prepared as described in Example 1. 
The Synthesis is carried out using a device whose block 
diagram is given in FIG. 3. Hollow fibers of 1 mm in 
diameter and the cutoff size of 100 kD were used as the first 
porous barrier in the reactor module. An ultrafiltration 
membrane with the cutoff size of 10 kD and the area of 4 
cm was used as the Second porous barrier. The reactor 
volume was 400 ul. 
0112 The feed solution flow is supllied to the reaction 
cell at a rate equal to its 1.5-2 internal Volumes per 1 hour. 
The product is not removed. 
0113. The efficiency of the system is estimated from the 
fluorescence of the Solution removed upon termination of 
Synthesis from the reaction cell with a Subsequent determi 
nation of the amount of the polypeptides Synthesized. Then 
it is compared to, the efficiency of control Synthesis in a 
fixed volume. FIG. 10 shows a diagram of dependence of a 
change in the concentration of synthesized GFP on the 
duration of Synthesis in the control aliquot incubated in a 
constant Volume. The concentration is determined by incor 
poration of radioactive amino acids in the polypeptide. In 
addition the newly synthesized product is controlled by 
recording fluorescence after electrophoresis of all collected 
Volumes in polyacrylamide gel. FIG. 11 represents a photo 
of gel electrophoresis with aliquots Selected from the 
coupled transcription/translation System in a fixed volume 
and from the reaction cell after termination of Synthesis. A 
purified preparation of GFP is used as control. The amount 
of layered protein is 0.3 mg. 
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0114. During synthesis 60 lug of a functionally active 
product are obtained for 24 h per 1 ml of the coupled 
transcription/translation System. 
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What is claimed: 
1. A method for obtaining polypeptides in a cell-free 

translation System by which the reaction mixture, the feed 
Solution and expendable components of the high molecular 
weight fraction are prepared, at least two porous barriers are 
placed inside the reactor module, the reaction mixture is 
introduced to the reactor Volume and incubated at given 
conditions maintaining the Synthesis, the target polypeptide 
is removed or retained in the reactor Volume, wherein 
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products of Synthesis are branched in a low molecular 
weight fraction and a fraction which contains high molecular 
weight components with the target polypeptide, the main 
part of the low molecular weight fraction is removed via at 
least one part of the Second porous barrier, the ratio of the 
volume of the fractions of feed solution and expendable 
components to the Volume of the fraction containing the 
target polypeptide is chosen, modes of Supply of the feed 
Solution and expendable components of the fractions are 
realized. 

2. The method according to claim 1 wherein in the mode 
of removal of the target polypeptide from the reactor Volume 
the fraction containing high molecular weight products with 
the target polypeptide is removed via the first porous barrier 
which has pore sizes up to 100 kD, while the low molecular 
weight fraction with components of the reaction mixture and 
products of Synthesis is removed via at least one part of the 
Second porous barrier which has pore sizes up to 30 kD. 

3. The method according to claim 1 wherein in the mode 
when the target product is not removed from the reaction 
mixture, the fraction of low molecular weight components is 
removed from the reactor Simultaneously via the first and 
second barriers which have pore sizes up to 30 kD. 

4. The method according to claim 1 wherein the feed 
Solution is Supplied to the reactor Volume either (i) via the 
inlet of the reactor Volume, or (ii) Via the pores of another 
part of the second barrier, or (iii) both via the inlet and the 
pore.S. 

5. The method according to claim 2 wherein the fraction 
of high molecular weight components with the target 
polypeptide is removed from the reactor continuously or 
recurrently. 

6. The method according to claim 1 wherein the fraction 
of expendable high molecular weight components is added 
to the reaction mixture either (i) before the Synthesis, or (ii) 
once during the Synthesis, or (iii) recurrently during the 
Synthesis, or (iv) is Supplied continuously during the Syn 
thesis. 

7. The method according to claim 6 wherein the expend 
able high molecular weight components are chosen from (i) 
ribosome fraction, (ii) cell-free system extracts (S30, S100 
and their modification), or (iii) polymerases, plasmids, 
tRNAS that are supplied to the reactor mixed with the feed 
Solution, each of them taken Separately or combined with the 
others. 

8. The methods according to claim 1 wherein the ratio of 
the feed Solution Volume, that is Supplied to the reactor, to 
the Volume of the fraction containing high molecular weight 
components with target polypeptides, that are removed from 
the reaction mixture, is from 1 to 100. 

9. A method for obtaining polypeptides in a cell-free 
translation System by which the reaction mixture the feed 
Solution and expendable components of the high molecular 
weight fraction are prepared, at least two porous barriers are 
placed inside the reactor module, the reaction mixture is 
introduced to the reactor Volume and incubated at given 
conditions maintaining the Synthesis, the target polypeptide 
is retained in the reactor, wherein the low molecular weight 
fraction which consists of removed components including 
low molecular weight components of the reaction mixture 
and low molecular weight components of the Synthesis is 
withdrawn from the reaction volume via at least one the 
Second porous barrier only, the mode of Supply of fractions 
of the feed Solution and expendable components is realized. 
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10. The method according to claim 9 wherein low 
molecular weight components of the feed Solution are Sup 
plied to the reactor volume (i) via the first porous barrier, or 
(ii) part of the feed Solution is Supplied to the reactor Volume 
via the inlet while the other part is supplied via the first 
porous barrier. 

11. The method according to claim 9 wherein expendable 
high molecular weight components are Supplied either (i) via 
the reactor Volume inlet, or (ii) Via the first porous barrier, or 
(iii) part of the expendable components is Supplied via the 
reactor Volume inlet while the other part is Supplied via the 
first porous barrier. 

12. The method according to claim 9 wherein the first 
porous barrier has pore sizes up to 1000 kD and the second 
porous barrier has pore sizes up to 30 kD. 

13. The method according to claim 9 wherein the fraction 
of expendable high molecular weight components is added 
to the reaction mixture either (i) before the Synthesis, or (ii) 
once during the Synthesis, or (iii) recurrently during the 
Synthesis, or (iv) is Supplied continuously during the Syn 
thesis. 

14. The method according to claim 9 wherein expendable 
high molecular weight components are chosen from (i) 
ribosome fraction, (ii) cell-free system extracts (S30, S100 
or their modifications) and (iii) polymerases, plasmids and 
tRNAS that are supplied to the reactor mixed with the low 
molecular weight feed Solution, either taken Separately or 
combined with the others. 

15. A method for obtaining polypeptides in a cell-free 
translation System by which the reaction mixture the feed 
Solution fraction and expendable components of the high 
molecular weight fraction are prepared, at least two porous 
barriers are placed inside the reactor module, the reaction 
mixture is introduced to the reactor Volume and incubated at 
given conditions maintaining the Synthesis, the target 
polypeptide is removed or retained in the reactor Volume 
wherein during the Synthesis N cycles are formed, everyone 
of which consists of at least two Steps, at the first Step low 
molecular weight components of the feed Solution are Sup 
plied to the reactor via the first porous barrier and the low 
molecular weight fraction with products of Synthesis and 
components of the reaction mixture is removed via the 
Second porous barrier, at the Second Step the Supply and 
removal channels are Switched and low molecular weight 
components of the feed Solution are Supplied via the Second 
porous barrier, the low molecular weight fraction or the high 
molecular Wieght fraction containing products of Synthesis 
and components of the reaction mixture is removed via the 
first porous barrier, the mode of supply of of fractions of the 
feed Solution and expendable high molecular weight com 
ponents is realized 

16. The method according to claim 15 wherein in the 
mode when the target polypeptide is removed from reaction 
volume the first porous barrier has pore sizes up to 100 kD 
and the Second porous barrier has pore sizes up to 30 kD. 

17. The method according to claim 16 wherein in the 
mode when the target polypeptide is removed the ratio of the 
feed Solution volume Supplied to the reactor during N cycles 
to the fraction volume including the target polypeptide 
removed from the reaction mixture is from 2 to 100. 

18. The method according to claim 15 wherein in the 
mode when the target polypeptide is retained in the reaction 
volume the first and second barriers have pore sizes up to 30 
kD. 



US 2004/0O86959 A1 

19. The method according to claim 15 wherein the frac 
tion of expendable high molecular weight components is 
added to the reaction mixture either (i) before the Synthesis, 
or (ii) once during the Synthesis, or (iii) recurrently during 
the Synthesis, or (iv) is Supplied continuously during the 
Synthesis. 

20. The method according to claim 15 wherein expend 
able high molecular weight components are chosen from (i) 
ribosome fraction, (ii) cell-free system extracts (S30, S100 
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or their modifications), or (iii) polymerases, plasmids and 
tRNAS that are Supplied to the reactor, each taken Separately 
or combined with the others. 

21. The method according to claim 15 wherein the dura 
tion of the first and second steps in every of the N cycles is 
adjusted depending on the conditions of Synthesis and the 
changes in its parameters. 

k k k k k 


