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(57) ABSTRACT 

Described is a system and method for synthesizing poly 
meric molecules such as oligonucleotides and polypeptides. 
The system is capable of continuously synthesizing mol 
ecules by providing an array of reaction sites and an array of 
stations for carrying out synthetic manipulations. The reac 
tion sites in the former array can be placed in a ?xed order 
and at ?xed intervals relative to each other. Similarly, the 
stations can be placed in a ?xed order and at ?xed intervals 
relative to each other. The tWo arrays can be moved relative 
to each other such that the stations carry out desired steps of 
a reaction scheme at each reaction site. The relative loca 
tions of the stations and the schedule for the relative move 
ment can correlate With the order and duration of reaction 
steps in the reaction scheme such that once a reaction site 
has completed a cycle of interacting With the full array of 
stations then the reaction scheme is complete. 
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CONTINUOUS POLYMER SYNTHESIZER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. § 
119(e) to US. Provisional Application No. 60/717,376 ?led 
Sep. 14, 2005, Which is hereby incorporated by reference in 
its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present embodiments relate to machines that 
synthesiZe molecules such as polymers. More speci?cally, 
the present embodiments relate to a device that continuously 
synthesiZes biological polymers such as polypeptides and 
oligonucleotides. 
[0004] 2. Description of the Related Art 

[0005] Oligonucleotides are among the most important 
and prevalent reagents used in biotechnology laboratories 
engaged in research, diagnostics and therapeutics. The high 
demand for oligonucleotides derives from their exquisite 
speci?city for complementary nucleotide sequences in DNA 
or RNA obtained from biological samples. This speci?city 
alloWs oligonucleotides to be used as probes that speci?cally 
bind to unique sequences present in less than part-per-billion 
abundance in a complex biological milieu. This speci?city 
can be used in order to provide a diagnosis for an individual 
at risk for a particular disease based on the presence or 
absence of a gene sequence knoWn to be associated With the 
disease. Furthermore, this speci?city also forms the basis for 
use of oligonucleotides as reagents for synthesizing mol 
ecules of DNA or RNA having a particular nucleotide 
sequence of interest. For example, a gene sequence associ 
ated With a particular disease can be cloned by binding one 
or more oligonucleotides to the gene sequence and then 
performing an ampli?cation reaction on the bound complex 
to make multiple copies of the sequence. The cloned gene 
sequence can subsequently be utiliZed for research into the 
disease or can even be used for therapeutic treatment of 
individuals af?icted With the disease. 

[0006] Oligonucleotide synthesis is a cyclical process that 
assembles a chain of nucleotides. Nucleotides are added one 

by one through a cycle of chemical reactions, in Which a 
particular molecule (e.g., a nucleotide) is added to a groWing 
DNA molecule (e.g., a groWing DNA chain), sometimes via 
catalysis, until the desired chain is complete. Generally, each 
cycle of chemical reactions includes the steps of detrityla 
tion, coupling, capping and oxidation. During the detrityla 
tion or “deprotection” step, a dimethoxytrityl (DMT) group 
is removed from the last nucleotide of the groWing DNA 
chain to alloW the addition of the next nucleotide. The 
amount of DMT released from each cycle is monitored to 
determine coupling ef?ciency. The release of DMT is appar 
ent because a bright orange color is emitted as DMT is 
released. 

[0007] Similar synthetic methods can be used to produce 
oligonucleotides at a variety of throughputs to satisfy 
demands spanning those of small laboratories to large manu 
facturing facilities. The methods themselves are relatively 
robust being capable of handling oligonucleotides of varying 
length from just a feW nucleotides per molecule to over 100 
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nucleotides per molecule. Furthermore, the methods are 
capable of producing oligonucleotides having a myriad 
number of different sequences, the complexity of Which is 
illustrated by the fact that the number of different decamers 
(molecules having 10 nucleotides) that can be made using 
just the 4 common DNA nucleotides (A, T, C and G) is 
4lO=1,048,576. 
[0008] Typically, large manufacturing facilities achieve 
high throughput by employing a large number of synthesiZ 
ers that are similar to those used in smaller laboratories. 
These synthesiZers are typically con?gured to perform indi 
vidual steps of the monomer addition cycle in succession, 
and can do so for several different oligonucleotides in 
parallel. Thus, the sequence of reactions for a plurality of 
oligonucleotides is performed in order such that detritylation 
is carried out for each oligonucleotide, then coupling is 
carried out for each oligonucleotide, folloWed by capping of 
each oligonucleotide folloWed by oxidation of each oligo 
nucleotide. The cycle is then repeated until full length 
oligonucleotides are obtained. 

[0009] Although a large number of such synthesiZers can 
be employed to achieve relatively high throughput, this 
scale-up approach can result in unWanted inefficiencies. An 
example of such inef?ciency is the time that each synthesiZer 
sits idle While Waiting for individual incubation steps to be 
completed prior to delivery of the next reagent to any of the 
reactions. Furthermore, instruments can experience substan 
tial doWn time betWeen synthesis reactions When neW reac 
tion vessels or reagents are reloaded. 

[0010] What is needed are synthetic methods and devices 
that alloW parallel synthesis of oligonucleotides and other 
molecules such that a plurality of reactions can be carried 
out and monitored Without interruption. The present 
embodiments satisfy this need and provide other advantages 
as Well. 

SUMMARY OF THE INVENTION 

[0011] The present embodiments provide a system for 
continuously synthesizing molecules, Whereby the mol 
ecules are synthesiZed by performing sequential steps of a 
reaction. The system can include (a) a stage con?gured to 
accept an array of reaction sites; (b) an array of stations 
including (i) reagent dispensing stations con?gured to sepa 
rately and sequentially provide synthesis reaction solutions 
to a plurality of the reaction sites for the sequential steps, and 
(ii) imaging stations con?gured to obtain images of at least 
one of the plurality of reaction sites; and (c) a control system 
con?gured to move the stage or the array of stations so that 
the plurality of reaction sites sequentially communicate With 
at least one of the dispensing stations and at least one of the 
imaging stations, and Wherein the control system is further 
con?gured to alloW replacement of a ?rst reaction site from 
the array of reaction sites With a second reaction site While 
the system continuously synthesiZes molecules at other 
reaction sites of the plurality of reaction sites. 

[0012] Further provided is a system for continuously syn 
thesiZing molecules, Whereby said molecules are synthe 
siZed by performing sequential steps of a reaction, compris 
ing (a) a stage con?gured to accept a plurality of reaction 
sites; (b) a plurality of dispensing stations con?gured to 
deliver reagents to each of said reaction sites; and (c) a 
control system con?gured to move said stage, or said array 
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of stations, so that reaction sites sequentially receive said 
reagents from said dispensing stations, and Wherein said 
control system is further con?gured to alloW replacement of 
a ?rst reaction site With a second reaction site While said 
system continues to synthesize molecules at other reaction 
sites. 

[0013] The present embodiments further provide a method 
of continuously synthesizing molecules, Whereby the mol 
ecules are synthesized by performing sequential steps of a 
reaction. The method can include the steps of (a) providing 
a stage including an array of reaction sites; (b) sequentially 
providing synthesis reaction solutions to a plurality of the 
reaction sites from reagent dispensing stations con?gured to 
separately and sequentially provide synthesis reaction solu 
tions to the reaction sites for the sequential steps; (c) 
sequentially obtaining images of at least one of the plurality 
of reaction sites at imaging stations; and (d) replacing a ?rst 
reaction site from the array of reaction sites With a second 
reaction site While the system continuously synthesizes 
molecules at other reaction sites of the plurality of reaction 
sites. 

[0014] Further provided is a method of continuously syn 
thesizing molecules, Whereby said molecules are synthe 
sized by performing sequential steps of a reaction, compris 
ing (a) providing a stage con?gured to accept a plurality of 
reaction sites; (b) sequentially providing synthesis reaction 
solutions to a plurality of said reaction sites by sequentially 
moving said stage so that said reaction sites sequentially 
receive reaction solutions from at least one dispensing 
station; and (d) replacing a ?rst reaction site With a second 
reaction site While said system continues to synthesize 
molecules at other reaction sites. 

[0015] Also provided is a system for continuously synthe 
sizing polymers, Whereby monomers are added to a groWing 
polymer by repeating sequential steps of a reaction. The 
system can include (a) a stage including an array of modules, 
the modules con?gured to accept an array of reaction sites 
in a ?xed order and at ?xed intervals; (b) an array of stations 
for performing the sequential steps, including (i) dispensing 
stations con?gured to provide synthesis reaction solutions 
for the sequential steps to a plurality of the reaction sites, and 
(ii) imaging stations con?gured to obtain images of at least 
one of the plurality of reaction sites; (c) at least one solution 
removal device con?gured to remove the synthesis reaction 
solutions from the plurality of reaction sites, Wherein the 
relative locations of the stations are ?xed With respect to the 
array of stations; and (d) a control system con?gured to 
move the array of modules or the array of stations on a 
schedule for sequential communication of the plurality of 
reaction sites With the stations and removal of the solutions 
by the at least one solution removal device, Wherein the 
relative locations of the stations and the schedule correlate 
With the order and duration of the sequential steps of the 
reaction. 

[0016] The present embodiments also provide a system for 
continuously synthesizing molecules, Whereby said mol 
ecules are synthesized by performing sequential steps of a 
reaction, comprising (a) a stage con?gured to accept a 
plurality of reaction sites; (b) a plurality of dispensing 
stations con?gured to deliver reagents to each of said 
reaction sites; (c) means for moving said stage, or said array 
of stations, so that reaction sites sequentially receive said 

May 24, 2007 

reagents from said dispensing stations; and (d) means for 
replacing of a ?rst reaction site With a second reaction site 
While said system continues to synthesize molecules at other 
reaction sites. 

[0017] Further provided is a method of continuously syn 
thesizing polymers, Whereby monomers are added to a 
groWing polymer by repeating sequential steps of a reaction. 
The method can include the steps of (a) providing a stage 
including an array of reaction sites, Wherein the reaction 
sites are placed in a ?xed order and at ?xed intervals; (b) 
providing an array of stations for performing the sequential 
steps, including (i) dispensing stations con?gured to provide 
synthesis reaction solutions for the sequential steps to a 
plurality of the reaction sites, and (ii) imaging stations 
con?gured to obtain images of at least one of the plurality of 
reaction sites; (c) providing at least one solution removal 
device con?gured to remove the synthesis reaction solutions 
from the plurality of reaction sites, Wherein the relative 
locations of the stations are ?xed With respect to the array of 
stations; and (d) moving the array of reaction sites or the 
array of stations on a schedule for sequential communication 
of the plurality of reaction sites With the stations and 
removal of the solutions by the at least one solution removal 
device, Wherein the relative locations of the stations and the 
schedule correlate With the order and duration of the sequen 
tial steps of the reaction. 

[0018] The present embodiments further provide a method 
of continuously synthesizing polymers, Whereby monomers 
are added to a groWing polymer by repeating sequential 
steps of a reaction. The method can include the steps of (a) 
providing a circular table including an array of modules, the 
modules con?gured to accept an array of multi-Well plates in 
a ?xed order and at ?xed intervals along a circular path; (b) 
rotating the circular table such that each multi-Well plate of 
the array of multi-Well plates sequentially communicates 
With an array of stations in order of (i) providing deblock 
reagent to the multi-Well plate at a deblock reagent dispens 
ing station, (ii) removing the deblock reagent from the 
multi-Well plate at a deblock reagent removal station after a 
prede?ned time interval from the adding deblock reagent, 
(iii) providing monomer reagent to the multi-Well plate at a 
monomer reagent dispensing station, (iv) removing the 
monomer reagent from the multi-Well plate at a base reagent 
removal station after a prede?ned time interval from the 
adding monomer reagent, (vii) providing cap reagent to the 
multi-Well plate at a cap reagent dispensing station, and 
(viii) removing the cap reagent from the multi-Well plate at 
a cap reagent removal station after a prede?ned time interval 
from the adding cap reagent, Wherein the dispensing stations 
are con?gured as an array of stations in a ?xed spatial 
relationship corresponding to the order of the sequential 
steps of the reaction; performing repetitions of step (b) for 
each of a ?rst, second and third multi-Well plate, Wherein the 
second multi-Well plate is unloaded from a ?rst module and 
the third multi-Well plate is loaded to the ?rst module While 
the system continuously synthesizes polymers at the ?rst 
multi-Well plate, Wherein at least one of the repetitions for 
the ?rst multi-Well plate occurs simultaneously With at least 
one of the repetitions for the second multi-Well plate, and 
Wherein at least one of the repetitions for the ?rst multi-Well 
plate occurs simultaneously With at least one of the repeti 
tions for the third multi-Well plate. 
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[0019] Also provided is a system for continuously synthe 
sizing polymers, whereby monomers are added to a growing 
polymer by repeating sequential steps of a reaction. The 
system can include a stage including an array of multi-Well 
plates, Wherein the multi-Well plates are placed in a ?xed 
order and at ?xed intervals along a circular path; an array of 
dispensing stations con?gured to provide synthesis reaction 
solutions for the steps to the multi-Well plates, Wherein the 
relative locations of the dispensing stations are in a ?xed 
spatial relationship corresponding to the order of the sequen 
tial steps; and a control system con?gured to move the array 
of dispensing stations or the array of multi-Well plates and 
to actuate the dispensing stations, Wherein the dispensing 
stations dispense solutions to the multi-Well plates While the 
array of dispensing stations or the array of multi-Well plates 
is moving. 

[0020] The present embodiments further provide a method 
of continuously synthesiZing polymers, Whereby monomers 
are added to a groWing polymer by repeating sequential 
steps of a reaction. The method can include the steps of 
providing a stage including an array of multi-Well plates, 
Wherein the multi-Well plates are placed in a ?xed order and 
at ?xed intervals along a circular path; providing an array of 
dispensing stations con?gured to provide synthesis reaction 
solutions for the steps to the multi-Well plates, Wherein the 
relative locations of the dispensing stations are in a ?xed 
spatial relationship corresponding to the order of the sequen 
tial steps; moving the array of dispensing stations or the 
array of multi-Well plates; and dispensing reaction solutions 
for the sequential steps of the reaction from the dispensing 
stations While the array of dispensing stations or the array of 
multi-Well plates is moving. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a perspective vieW of one embodiment of 
a continuous oligonucleotide synthesiZer. 

[0022] FIG. 2 is a schematic diagram of the array of 
stations Within the continuous oligonucleotide synthesiZer of 
FIG. 1. 

[0023] FIG. 3 is a block diagram of one embodiment ofa 
system for continuously synthesiZing polymeric molecules. 

[0024] FIG. 4 is a How diagram of one embodiment of a 
method for synthesiZing oligonucleotides. 

[0025] FIG. 5A is a perspective vieW of one embodiment 
of a plate module and its associated plate holder that are 
con?gured to be used Within the continuous oligonucleotide 
synthesiZer of FIG. 1. 

[0026] FIG. 5B is a perspective vieW of one embodiment 
of the plate holder illustrated in FIG. 5A. 

[0027] FIG. 5C is a perspective vieW of the bottom of the 
plate holder shoWn in FIG. 5B. 

[0028] FIG. 5D is a perspective vieW of the plate module 
shoWn in FIG. 5A. 

[0029] FIG. SE is a cross-sectional vieW ofa plate holder 
mounted onto a plate module taken across the line 5E-5E of 
FIG. 5A. 

[0030] FIG. 6 is a top-vieW image of a microtiter plate that 
is used Within the plate holder of FIG. 5B. 
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[0031] FIG. 7 is a schematic diagram of one embodiment 
of a system for dispensing reaction solutions Within a 
continuous polymer synthesiZer. 

[0032] FIG. 8 is a schematic diagram of one embodiment 
of the trajectory of a microtiter plate passing under a 
dispenser noZZle that delivers reaction solutions into the 
microtiter plate. 

[0033] FIG. 9 is a How diagram of one embodiment of a 
method for dispensing reagents into a microtiter plate Within 
a continuous polymer synthesiZer. 

[0034] FIG. 10 shoWs a screen shot of a user interface for 
constructing and modifying a ?ring table. 

[0035] FIG. 11 shoWs a circuit diagram for a hardWare 
abstraction layer useful for controlling a ?uid dispenser. 

DETAILED DESCRIPTION 

[0036] Some embodiments relate to a system for continu 
ously synthesiZing a plurality of different molecules, such as 
polymeric molecules. Systems of the present embodiments 
can be con?gured to include an array of reaction sites and an 
array of stations for carrying out synthetic manipulations. 
The reaction sites in the array can be placed in a ?xed order 
and at ?xed intervals relative to each other. For example, an 
array of microtiter plates can be placed along the outer edge 
of a circular table. Each reaction site (i.e. Well) can be 
assigned a different target product compared to the products 
to be synthesiZed at other reaction sites in the array. Simi 
larly, the stations can be placed in a ?xed order and at ?xed 
intervals relative to each other. For example, the stations can 
be placed in a circular array having a perimeter that corre 
sponds to the layout for the array of microtiter plates. Each 
of the stations can be con?gured to carry out a different 
manipulation compared to other stations in the array. The 
tWo arrays can be moved relative to each other such that the 
stations carry out desired steps of a reaction scheme at each 
reaction site. The relative locations of the stations and the 
schedule for the relative movement can correlate With the 
order and duration of reaction steps in the reaction scheme 
such that once a reaction site has completed a cycle of 
interacting With the full array of stations then the reaction 
scheme is complete. For example, oligonucleotides con 
tained in microtiter plates on the circular table can each be 
extended by addition of a single nucleotide if the order of the 
stations, spacing betWeen the stations and rate of passage for 
each plate corresponds to the order of reagent delivery and 
reaction time for a complete monomer addition reaction 
cycle. 

[0037] In accordance With the con?guration set forth 
above, and described in further detail beloW, each lap (or full 
revolution in embodiments Where a circular table is used) 
completed by an individual reaction site can correspond to 
addition of a single nucleotide to the groWing oligonucle 
otide chain. Furthermore, several reaction sites present in an 
array of reaction sites concurrently move along similar, 
repeated laps through the system, thereby resulting in con 
tinuous synthesis by the system. Using a system or method 
of the present embodiments, reagents can be actively deliv 
ered or removed from a ?rst reaction site in accordance With 
a ?rst reaction step While incubation, or some other reaction 
step, occurs at a second reaction site. (The identi?ers “?rst” 
and “secon ” are used throughout this disclosure for pur 
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poses of distinguishing tWo nouns and, unless indicated 
otherwise, are not intended to denote a spatial or temporal 
order) Thus, an array of stations can be con?gured in a 
spatial and temporal relationship With an array of reaction 
sites such that reactions occur at multiple reaction sites 
concurrently even as the reaction sites are subjected to 
different steps of the reaction at any given time, thereby 
alloWing continuous and simultaneous reactions to be per 
formed. 

[0038] Some embodiments provide a system that is con 
?gured to alloW replacement of a ?rst reaction site With a 
second reaction site While the system continuously synthe 
sizes molecules at a third reaction site. Thus, a ?rst reaction 
site (or matrix of reaction sites, such as a microtiter plate) 
can be individually added or removed from the system 
Without interrupting synthesis reactions occurring at another 
reaction site (or matrix of reaction sites), thereby providing 
the advantage of continuous synthesis for the array of 
reaction sites. A further advantage is that polymers of 
different lengths can be synthesized continuously and simul 
taneously in the array of reaction sites because reaction sites 
for each of the different polymers can complete a different 
number of laps through the system and the reaction sites can 
be removed or added to the system in an independent fashion 
such that reactions occurring at other sites are not perturbed. 

[0039] In one embodiment, the system includes a circular 
plate that is con?gured to hold a plurality of reaction sites 
along its outer edge. Distributed around the outer edge of the 
circular plate are also a series of stations, Where each station 
is con?gured to take a particular action relating to the 
polymer synthesis process. As the circular plate rotates, 
reaction sites move in a circular pattern along the outer edge 
of the plate. The stations located around the outer perimeter 
are placed so that each station can act upon the reaction 
plates as they pass beloW the station. In one embodiment, the 
reaction site passes under a station con?gured to dispense a 
reaction solution to the reaction site. A computer control 
system is programmed to determine the proper solution to 
dispense Within each reaction site, and to coordinate the 
movement of the circular plate With the position of the 
station. Other stations Within the device are con?gured to 
gather images of the reaction sites or to add or remove 
reaction sites. 

[0040] A synthesizer of the present embodiments can be 
con?gured for calibrated solution delivery. An array of 
reaction sites, such as an array of multiWell plates, can be 
attached to a rigid carrier such as a circular table or other 
stage. The carrier is typically su?iciently rigid that the 
location of each reaction site relative to others in the array 
does not change substantially during the course of typical 
synthesizer operation. An optical sensor can be placed at 
each of the dispensing stations alloWing the positions of the 
multi-Well plate on the rigid carrier to be determined for 
each of the dispensers. This alloWs multi-Well plate-speci?c 
optimization of the dispense timing thereby compensating 
for positional tolerances of the dispensers relative to the 
reaction sites. For example, the position of each multi-Well 
plate on a circular table can be determined such that timing 
of dispenser ?ring can be correlated With rotation of the plate 
for accurate delivery of reagents to the individual Wells. So 
long as the relative positions of the reaction sites are not 
substantially altered, calibration is only required folloWing 
assembly of the synthesizer, one or more of its dispensing 
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stations, or the rigid carrier. In addition, the learned position 
data can be saved to a ?le and does not need to be changed 
unless some disassembly of the machine occurs. 

[0041] As Will be described in detail beloW, embodiments 
of the system provide for dispensing reaction solutions as an 
array of reaction sites is moving. For example, as a reaction 
site approaches a reaction station, the computer control 
system determines the proper time to dispense the reaction 
solution, and then instructs the dispensing station to dis 
pense the solution at the proper moment the reaction site is 
passing beloW a dispensing valve Within the dispensing 
station. Of course, it should be realized that a dispensing 
station may be con?gured to dispense a plurality of solutions 
from separate valves to a plurality of moving reaction sites. 
For example, the reaction sites may be Wells of a conven 
tional microtiter plate, and the dispensing station may be 
con?gured to dispense reaction solutions to the Wells of an 
entire roW or column of the microtiter plate at the same time 
or in fast succession. In particular embodiments, a linear 
arrangement of valves can be instructed by the computer 
control system to dispense reagents sequentially and in a 
Way that coincides With the arcuate trajectory of the micro 
titer plate. 

[0042] A synthesizer of the present embodiments can 
further include dispensing nozzles having localized reser 
voirs. Reagents for a synthetic reaction can be maintained in 
large storage tanks that are in ?uid contact With appropriate 
dispensing nozzles. The local reservoirs alloW rapid delivery 
of reagents and replacement of bulk reagents in the large 
storage tanks during the course of continuous synthesis. 

[0043] Another embodiment relates to an imaging system 
that is con?gured to take a digital image of reaction sites 
after a reaction solution has been dispensed or removed, and 
then process that image to determine if reaction solutions 
Were dispensed to or removed from the appropriate sites. If 
a quality control module Within the system determines that 
a particular site did not properly receive or evacuate a 
reaction solution, it can be marked With an error ?ag to 
indicate that further steps of the reaction at that site should 
be discontinued or that the reaction site should be removed 
from the system. An advantage of the imaging stations is that 
they can provide real-time con?rmation that the upstream 
dispensers are functional and that evacuation of the plates 
Was successful, resulting in the ability to pause the synthesis 
cycle and conduct maintenance Without sacri?cing doWn 
stream reactions. 

[0044] In one embodiment, the system includes a series of 
dispensing stations around the circumference of the device, 
and proximal to one or more of the dispensing stations is a 
digital camera that is con?gured to take an image of the 
reaction sites after a reaction solution has been dispensed 
into the reaction vessel. 

[0045] It should be realized that not every reaction site 
need receive a reaction solution at every reaction station. 
Thus, the imaging system is preferably programmed to 
determine Whether a particular reaction site Was supposed to 
have received a reaction solution, and if so, then determine 
if the reaction site has such a solution Within the vessel. 

[0046] A system of the present embodiments can further 
include a continuously available solution removal device. 
Thus, removal of reaction solutions need not be con?ned to 
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occurring only at a particular station. Rather removal of a 
reaction solution can occur at any time during a synthetic 
reaction sequence or at any location along a path traversed 
by a reaction site in a system of the present embodiments. In 
particular embodiments, a valve attenuated vacuum evacu 
ation device is available to individual multi-Well plates in an 
array of multi-Well plates at all times during a synthetic 
reaction. 

[0047] A system of the present embodiments can further 
include a gas knife for providing a How of inert gas over the 
reaction sites. In particular embodiments, the gas knife can 
be maintained over each site at all times during a synthesis 
reaction. A device can be used to supply a rectangular jet of 
inert gas, either laminar or turbulent, that is bloWn tangen 
tially over the upper surface of a multi-Well plate or other 
reaction site. The device can be further con?gured such that 
the gas knife travels With each of the multiWell plates as they 
move along a synthesis path. A gas knife can provide the 
advantage of reducing contamination betWeen reaction sites 
by removing volatile reagents or solvents that have entered 
the vapor phase. It can also protect each reaction site from 
unWanted vapors generated by dispense stations. 

[0048] In one embodiment, a system includes an oligo 
nucleotide synthesizer having a circular array of reaction 
sites. In this embodiment, each time the array of reaction 
sites completes a rotation, one nucleotide base is added to 
the oligonucleotide at each site. In this embodiment, there 
may be a plurality of reaction solution dispensing stations, 
Wherein a ?rst station dispenses adenosine, a second station 
dispenses thymidine, a third station dispenses cytidine and a 
fourth station dispenses guanosine. In addition, other dis 
pensing stations located along the outer perimeter of the 
circular array can be con?gured to dispense other reaction 
solutions that are necessary in order to synthesize oligo 
nucleotides. For example, the dispensing stations can dis 
pense reaction solutions for detrytilation, coupling, capping 
and oxidation, in accordance With the steps for synthesizing 
an oligonucleotide chain. 

[0049] Other embodiments provide a system that synthe 
sizes other polymeric molecules. For example, the synthe 
sizer can be con?gured to dispense reaction solutions that 
Will synthesize polypeptides. The process of peptide syn 
thesis on solid supports generally involves building a pep 
tide from the carboxyl-terminal end. The peptide is attached 
to a solid support via its carboxy-terminal amino acid and 
further includes a protecting group on the amino-terminal 
ot-amino group. The protecting group is then cleaved off of 
the peptide to form a deprotected peptide. Next a monomeric 
amino acid, also containing an ot-amino protecting group, is 
contacted With the de-protected peptide under conditions for 
formation of a peptide bond betWeen the ot-amino group of 
the deprotected peptide and the ot-carboxy group the mono 
meric amino acid. The monomeric amino acid can be 
provided in an activated form or an activating reagent can be 
added to the amino acid and groWing peptide. Washes can be 
carried out betWeen steps to remove reagents. The cycle of 
deprotecting the prior amino acid and coupling the addi 
tional amino acid can be repeated until a peptide of the 
desired length is synthesized. Any reactive side chains of the 
amino acids are typically protected by chemical groups that 
can Withstand the coupling and ot-amino deprotection pro 
cedure. These side chain protecting groups, hoWever, can be 
removed at the end of the synthesis. Accordingly, each 
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dispenser of a synthesizer of the present embodiments can 
be con?gured to dispense a Wash solution, deprotection 
reagent, amino acid, or activation reagent. The relative 
placement of the array of stations, relative placement of the 
array of reaction sites and the schedule by Which the arrays 
communicate With each other can be correlated in accor 
dance With the teachings herein and the knoWn reaction 
schemes for peptide synthesis including, for example, those 
described in Goodman et al. (Eds). Synthesis ofPeplides 
and Peplidomimelics, Vol. E22a. Georg Thieme Verlag, 
Stuttgart (2002). 

OvervieW of Particular Synthesizer Embodiments 

[0050] FIG. 1 is a diagram of one embodiment of a 
continuous polymer synthesizer 10. As shoWn, the synthe 
sizer 10 includes a hexagonal base 15 Which supports a 
rotary table 20. The rotary table 20 is disposed Within the 
base 10 such that it can be actuated to rotate about a central 
axis. Located around the outer edge of the rotary table 20 are 
a series of plate modules 500, each of Which is con?gured 
to mount With a plate holder (not shoWn) that is designed to 
hold a multi-Well plate. This con?guration is explained in 
more detail beloW. 

[0051] Of course, it should be realized that the present 
embodiments are not limited to any particular con?guration 
of plate holder or multi-Well plate. For example, any type of 
reaction site that is used Within the continuous polymer 
synthesizer is Within the scope of the present embodiments. 
Such reaction sites include, for example, Wells of a multi 
Well plate such as a microtiter plate or ?lter bottom plate, 
Eppendorf tubes, substrates for microarrays such as silicon 
chips or glass slides, and any of a variety of knoWn sub 
strates or containers for holding reaction solutions. Those 
skilled in the art Will recognize that embodiments exempli 
?ed herein With regard to microtiter plates can be readily 
adapted to other reaction sites. 

[0052] For purposes of illustration, the present embodi 
ments are exempli?ed herein With respect to the use of a 
rotary table as a stage that supports an array of reaction sites 
that move along a circular path. HoWever, other stages or 
con?gurations are also useful so long as they are capable of 
continuous synthesis in accordance With the present embodi 
ments set forth herein. For example, a stage can move 
reaction sites in a path having a linear shape or a curved 
shape that corresponds to all or a portion of a circle, ellipse 
or other shape. Typically, a stage used in the present embodi 
ments is con?gured to accept an array of reaction sites such 
that the sites are placed in a ?xed order and ?xed intervals 
relative to each other. Thus, the array of reaction sites can be 
moved such that the relative positions of the reaction sites in 
the array are not altered. HoWever, if desired a stage used in 
the present embodiments can be con?gured to alloW move 
ment of individual reaction sites such that the relative 
positions of the sites in the array can be altered. Further 
more, a stage need not move and can be static, for example, 
in embodiments Where an array of stations is moved instead. 

[0053] As used herein, the term “continuous,” When used 
in reference to synthesis of a plurality of molecules, means 
that the order of steps and time interval betWeen steps for 
synthesis of each molecule occurs according to a reaction 
schedule and the schedule is unaltered by manipulations 
occurring for the other molecules. The manipulations can 


























