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ABSTRACT 

Integrated Systems and methods for diversity generation and 
Screening are provided. The Systems use common fluid and 
array handling components to provide nucleic acid diversi 
fication, transcription, translation, product Screening and 
Subsequent diversification reactions. 
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INTEGRATED SYSTEMS AND METHODS FOR 
DIVERSITY GENERATION AND SCREENING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims priority to and ben 
efit of prior U.S. provisional patent applications INTE 
GRATED SYSTEMS AND METHODS FOR DIVERSITY 
GENERATION AND SCREENING by Bass et al. U.S. Ser. 
No. 60/175,551 filed Jan. 11, 2000 and INTEGRATED 
SYSTEMS AND METHODS FOR DIVERSITY GEN 
ERATION AND SCREENING by Bass et al. U.S. Ser. No. 
60/213,947 filed Jun. 23, 2000. The present application 
claims priority to and benefit of these earlier applications 
pursuant to 35 U.S.C. S 119 and $120, as well as any other 
applicable Statute or rule. 

FIELD OF THE INVENTION 

0002 The present invention relates to automated devices 
and Systems for performing nucleic acid recombination, 
mutation, Shuffling and other diversity generating reactions 
in vitro, as well as related methods of performing automated 
diversity generation reactions. The devices and Systems can 
include, e.g., modules for generating diversity in nucleic 
acids, for recombining these nucleic acids, for arraying the 
nucleic acids, for making or copying arrays of reaction 
mixtures comprising the nucleic acids and for performing in 
Vitro translation and/or transcription of diverse libraries of 
nucleic acids. Related methods for performing Such shuf 
fling reactions in vitro are also provided. 

BACKGROUND OF THE INVENTION 

0003) Today's laboratory attempts to meet the dramati 
cally increasing need for analytical data brought about by 
the increased pace of new product development, increased 
research, demands for Stricter quality control, and the like. 
Labs deliver data in a timely, cost-efficient way while 
ensuring precise results, clear documentation, and minimal 
use of skilled (and, therefore, expensive) personnel. For 
example, automated Systems have been proposed to assess a 
variety of biological phenomena, including, e.g., expression 
levels of genes in response to selected Stimuli (Service 
(1998) “Microchips Arrays Put DNA on the Spot'Science 
282:396-399), high throughput DNA genotyping (Zhang et 
al. (1999) “Automated and Integrated System for High 
Throughput DNA Genotyping Directly from Blood’Anal. 
Chem. 71:1138-1145) and many others. Similarly, integrated 
Systems for performing mixing experiments, DNA amplifi 
cation, DNA sequencing and the like are also available (See, 
e.g., Service (1998) “Coming Soon: the Pocket DNA 
Sequencer'Science 282: 399-401). 
0004 Improvements in laboratory automation continu 
ally increase the productivity of laboratory workers and 
provide for more precise results, clearer documentation and 
the like, as compared to the performance of unautomated 
tasks. The automation of laboratory procedures using 
devices and/or Systems dedicated to particular tasks in the 
laboratory Substantially enhances the Speed and reproduc 
ibility of a variety of experimental taskS. Product research, 
regulatory approval and quality control in industries Such as 
pharmaceuticals, chemicals, and biotechnology routinely 
involve the testing of thousands (or even hundreds of 
thousands) of Samples. 
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0005 Automated systems typically perform, e.g., repeti 
tive fluid handling operations (e.g., pipetting) for transfer 
ring material to or from reagent Storage Systems. Such as 
microtiter trays, which are used as basic container elements 
for a variety of automated laboratory methods. Similarly, the 
Systems manipulate, e.g., microtiter trays and control a 
variety of environmental conditions Such as temperature, 
exposure to light or air, and the like. 
0006. Many such automated systems are commercially 
available. For example, a variety of automated Systems are 
available from the Zymark Corporation (Zymark Center, 
Hopkinton, Mass.), which utilize various Zymate Systems 
(See also, http://www.zymark.com/), which typically include, 
e.g., robotics and fluid handling modules. Similarly, the 
common ORCAF) robot, which is used in a variety of 
laboratory Systems, e.g., for microtiter tray manipulation, is 
also commercially available, e.g., from Beckman Coulter, 
Inc. (Fullerton, Calif.). 
0007 More recently, microfluidic systems have estab 
lished the potential for even greater automation and labora 
tory productivity increases. In these microfluidic Systems, 
automated fluid handling and other Sample manipulations 
are controlled at the microScale level. Such Systems are now 
commercially available. For example, the Hewlett-Packard 
(Agilent Technologies) HP2100 bioanalyzer utilizes Lab 
Chip(R) technology to manipulate extremely Small Sample 
Volumes. In this "lab-on-a-chip,” System, Sample prepara 
tion, fluid handling and biochemical analysis Steps are 
carried out within the confines of a microchip. The chips 
have microchannels fabricated, e.g., in glass, providing 
interconnected networks of fluid reservoirs and pathways. 
0008 While many automated systems are now available, 
the application of automated Systems to non-routine Sample 
handling and analysis remains challenging. In particular, the 
application of automation to new technologies in the field of 
molecular biology would be desirable. For example, Some of 
the most Significant new classes of techniques in molecular 
biology are found in the field of rapid forced molecular 
evolution. In rapid evolution processes, diversity is gener 
ated in nucleic acids of interest via mutation, recombination, 
or other mechanisms, which are Screened for one or more 
desirable activities, or encoded activities. These processes 
are repeated until a nucleic acid possessing or encoding a 
desired activity level is produced. The present invention 
provides significant new automated Systems and methods 
which facilitate nucleic acid shuffling and other diversity 
generating/Screening processes of interest. 

SUMMARY OF THE INVENTION 

0009. The present invention provides automated devices 
for performing nucleic acid shuffling and other diversity 
generating reactions in vitro and in Vivo. The devices can 
include, e.g., modules for generating diversity in nucleic 
acids, for recombining these nucleic acids, for arraying the 
nucleic acids, for making or copying arrays of reaction 
mixtures comprising shuffled mutated or otherwise diversi 
fied nucleic acids and for performing in vitro translation 
and/or transcription of diverse libraries of nucleic acids 
(including in an array-based format). Related methods for 
performing automated mutation, recombination and/or shuf 
fling reactions in vitro and in Vivo are also provided. 
0010 For example, the present invention comprises, e.g., 
devices and/or integrated Systems which include a physical 
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or logical array of reaction mixtures. The reaction mixtures 
include one or more diversified (e.g., shuffled or 
mutagenized) nucleic acids and/or one or more transcribed 
Shuffled or transcribed mutagenized nucleic acids and one or 
more in vitro transcription and/or translation reagents. A 
variety of variant forms and implementations of these 
devices/integrated Systems, as well as related methods are 
described herein. 

0.011 The devices and integrated systems optionally 
include any of a variety of component or module elements. 
These can include, e.g., one or more duplicates of the 
physical or logical array. A bar-code based Sample tracking 
module, which includes a bar code reader and a computer 
readable database comprising at least one entry for at least 
one array or at least one array member can also be included, 
in which the entry is corresponded to at least one bar code. 
The device or integrated System can include a long term 
Storage device Such as a refrigerator; an electrically powered 
cooling device, a device capable of maintaining a tempera 
ture of <0 C., a freezer, a device which uses liquid nitrogen 
or liquid helium for cooling Storing or freezing Samples, a 
container comprising wet or dry ice, a constant temperature 
and/or constant humidity chamber or incubator; or an auto 
mated Sample Storage or retrieval unit. The device or inte 
grated can also include one or more modules for moving 
arrays or array members into the long term Storage device. 

0012. The device or integrated system can, and often do, 
include a copy array comprising a copy of each of a plurality 
of members of the one or more shuffled or mutagenized 
nucleic acids in a physically or logically accessible arrange 
ment of the members. A plurality of the reaction mixtures 
can include one or more translation products or one or more 
transcription products, or both one or more translation 
products and one or more transcription products. The array 
of reaction mixtures can be in a Solid phase, liquid phase or 
mixed phase array which includes one or more of the one 
or more Shuffled or mutated nucleic acids, the one or more 
transcribed shuffled nucleic acids, and the one or more in 
Vitro translation reagents. The one or more shuffled or 
mutated nucleic acids are optionally homologous or heter 
ologous. The one or more transcribed shuffled or mutated 
nucleic acid(s) typically, though not necessarily, includes an 
mRNA. 

0013 The one or more in vitro translation reagents which 
are optionally present in the array typically include tran 
Scription reagents, e.g., reticulocyte lysates, rabbit reticulo 
cyte lysates, canine microSome translation mixtures, wheat 
germ in vitro translation (IVT) mixtures, E. coli lysates, or 
the like. AS already noted, the arrays optionally further 
include one or more in vitro transcription reagents, Such as 
an E. coli lysate, an E. coli extract, an E. coli S20 extract, a 
canine microSome System, a HeLa nuclear extract in Vitro 
transcription component, an SP6 polymerase, a T3 poly 
merase a T7 RNA polymerase, or the like. 

0.014. The device or integrated system can include a 
nucleic acid shuffling or mutagenesis module, which accepts 
input nucleic acids or character Strings corresponding to 
input nucleic acids and manipulates the input nucleic acids 
or the character Strings corresponding to input nucleic acids 
to produce output nucleic acids, which include the one or 
more shuffled or mutagenized nucleic acids in the reaction 
mixture array. The output nucleic acids optionally comprise 
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one or more Sequence which controls transcription or trans 
lation. Such modules include a DNA shuffling module, 
which accepts input DNAS or character Strings correspond 
ing to input DNAS and manipulates the input DNAS or the 
character Strings corresponding to input DNAS to produce 
output DNAS, which output DNAS include the one or more 
shuffled DNAS in the reaction mixture array. The nucleic 
acid shuffling or mutagenesis module is optionally preceded 
in the system or device by a module which allows overlap 
ping Synthetic oligonucleotides to be first assembled into 
oligonucleotide multimerS or functional open reading 
frames prior to entering the mutagenesis or shuffling mod 
ule. The module(s) can be operatively linked to or include a 
thermocycling device, or a mutagenesis module. In one 
aspect, the nucleic acid shuffling or mutagenesis module 
fragments the input nucleic acids to produce nucleic acid 
fragments. Alternately, the input nucleic acids optionally 
include cleaved or Synthetic nucleic acid fragments. Option 
ally, the shuffling or mutagenesis module is mechanically, 
electronically, robotically or fluidically coupled to at least 
one other array operation module. The nucleic acid shuffling 
or mutagenesis module can perform any of a variety of 
operations, including PCR, StEPPCR, uracil incorporation, 
chain termination, or the like. Optionally, the nucleic acid 
Shuffling module Separates, identifies, purifies or immobi 
lizes any product elongated nucleic acid. 
0015 The nucleic acid shuffling module optionally 
includes an identification portion which identifies one or 
more nucleic acid portion or Subportion (e.g., by Sequencing 
or any other product deconvolution method). Similarly, the 
nucleic acid shuffling module optionally includes a fragment 
length purification portion which purifies Selected length 
fragments of the nucleic acid fragments. In one embodiment, 
the nucleic acid shuffling module permits hybridization of 
the nucleic acid fragments. The module can also include a 
polymerase which elongates the hybridized nucleic acid. 
0016. The module can control incorporation of features 
into product nucleic acids. For example, the nucleic acid 
Shuffling module can combine one or more translation or 
transcription control Sequence into elongated product 
nucleic acids. The translation or transcription control 
Sequence(s) can be combined into the elongated nucleic acid 
using the polymerase, or a ligase, or both. The nucleic acid 
Shuffling module optionally determines a recombination 
frequency or a length, or both a recombination frequency 
and a length, for any product nucleic acid(s). Similarly, the 
nucleic acid shuffling module can determine nucleic acid 
length by detecting incorporation of one or more labeled 
nucleic acid or nucleotide into the resulting elongated 
nucleic acid. For example, the nucleic acid shuffling module 
optionally determines nucleic acid length by detecting one 
or more label (e.g., dye, radioactive label, biotin, digoxin, or 
a fluorophore) associated with any product nucleic acid. For 
example, the nucleic acid shuffling module can determine 
nucleic acid length with a fluorogenic 5' nuclease assay. 
0017. The devices and integrated systems can utilize 
conventional or microScale construction. Thus, in one 
aspect, the physical or logical array of reaction mixtures is 
optionally incorporated into a microScale device, or at least 
one of the reaction mixtures is incorporated into a microS 
cale device, or the one or more shuffled or mutagenized 
nucleic acids or the one or more transcribed shuffled or 
mutagenized nucleic acids is found within a microScale 
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device, or the one or more in Vitro translation reagents is 
optionally found within a microScale device. The nucleic 
acid shuffling module optionally comprises one or more 
microScale channel (e.g., a microcapillary or chip) through 
which a shuffling reagent or product is flowed. Liquid flow 
through the device is mediated, e.g., by capillary flow, 
differential pressure between one or more inlets and outlets, 
electroosmosis, hydraulic or mechanical pressure, or peri 
stalsis. 

0.018 Nucleic acid fragments for use in the systems and 
devices of the invention are optionally contacted in a single 
pool, or in multiple pools. For example, the nucleic acid 
Shuffling module optionally dispenses the resulting elon 
gated nucleic acids into one or more multiwell plates, or 
onto one or more Solid Substrates, or into one or more 
microScale Systems, or into one or more containers. The 
nucleic acid Shuffling module optionally pre-dilutes any 
product nucleic acids and dispenses them into one or more 
multiwell plates, e.g., at a Selected density per well of the 
product nucleic acid(s). 
0.019 For example, in one embodiment, the nucleic acid 
Shuffling module dispenses elongated nucleic acids into one 
or more master multiwell plates and/or PCR amplifies the 
resulting master array of elongated nucleic acids to produce 
an amplified array of elongated nucleic acids. Optionally, the 
module includes a array copy System which transferS ali 
quots from the wells of the one or more master multiwell 
plates to one or more copy multiwell plates. The array of 
reaction mixtures is optionally formed by Separate or Simul 
taneous addition of an in vitro transcription reagent and an 
in Vitro translation reagent to the one or more copy multiwell 
plates, or to a duplicate Set thereof. 

0020. In one embodiment, the device or integrated sys 
tem, further includes one or more Sources of one or more 
nucleic acids. The one or more Sources collectively or 
individually can include a first population of nucleic acids, 
wherein shuffled or mutant nucleic acids are produced by 
recombining the one or more members of the first population 
of nucleic acids. The one or more Sources of nucleic acids 
include, e.g., at least one nucleic acid Selected from: a 
Synthetic nucleic acid, a DNA, an RNA, a DNA analogue, an 
RNA analogue, a genomic DNA, a cDNA, an mRNA, a 
DNA generated by reverse transcription, an nRNA, an 
aptamer, a polySome associated nucleic acid, a cloned 
nucleic acid, a cloned DNA, a cloned RNA, a plasmid DNA, 
a phagemid DNA, a viral DNA, a viral RNA, a YAC DNA, 
a cosmid DNA, a fosmid DNA, a BAC DNA, a P1-mid, a 
phage DNA, a single-stranded DNA, a double-stranded 
DNA, a branched DNA, a catalytic nucleic acid, an antisense 
nucleic acid, an in vitro amplified nucleic acid, a PCR 
amplified nucleic acid, an LCR amplified nucleic acid, a 
QB-replicase amplified nucleic acid, an oligonucleotide, a 
nucleic acid fragment, a restriction fragment and a combi 
nation thereof. 

0021. The device or integrated system optionally 
includes a population destination region, wherein, during 
operation of the device, one or more members of the first 
population are moved from the one or more Sources of the 
one or more nucleic acids to the one or more destination 
regions (e.g., in the form of a Solid phase array, a liquid 
phase array, a container, a microtiter tray, a microtiter tray 
well, a microfluidic component, a microfluidic chip, a test 
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tube, a centrifugal rotor, a microScope Slide, an organism, a 
cell, a tissue, a liposome, a detergent particle, or any 
combination thereof). Thus, the device or integrated System 
can include nucleic acid movement means (e.g., a fluid 
preSSure modulator, an electrokinetic fluid force modulator, 
a thermokinetic modulator, a capillary flow mechanism, a 
centrifugal force modulator, a robotic armature, a pipettor, a 
conveyor mechanism, a peristaltic pump or mechanism, a 
magnetic field generator, an electric field generator, one or 
more fluid flow path, etc.) for moving the one or more 
members from the one or more Sources of the one or more 
nucleic acids to the one or more destination regions (for 
example, nucleic acids to be recombined can be moved into 
contact with one another). During operation of the device, 
the in vitro transcription reagent or an in vitro translation 
reagent is typically flowed into contact with the members of 
the first population. Optionally, members of the first popu 
lation are fixed (immobilized) at the one or more Sources of 
one or more nucleic acids or at the one or more destination 
regions. During operation of the device, the first population 
of nucleic acids is optionally arranged into one or more 
physical or logical recombinant nucleic acid arrays, which 
are optionally duplicated. 
0022. The device or integrated system can include one or 
more reaction mixture arraying modules which move one or 
more of the one or more shuffled (or mutated) nucleic acids 
or the one or more transcribed shuffled or mutated nucleic 
acids or the in vitro translation reactant components into one 
or more Selected Spatial positions. This places the one or 
more shuffled mutated or otherwise diversified nucleic acids 
or the one or more transcribed shuffled or otherwise diver 
sified nucleic acids or the in vitro translation reactant 
component into one or more locations in the array of 
reaction mixtures. Thus, this module can be used to generate 
a recombined/mutated/shuffled nucleic acid master or dupli 
cate array which physically or logically corresponds to 
positions of mutated, shuffled or other product nucleic acids 
in a reaction mixture array. The device or integrated System 
can include a nucleic acid amplification module, which 
module amplifies members of the mutated or shuffled 
nucleic acid master array, or a duplicate thereof. The array 
ing and amplification modules can be integrated in one 
module or device. 

0023 The amplification module can include a heating or 
cooling element (e.g., to perform PCR, LCR or the like). For 
example, in one embodiment, the amplification module 
includes a DNA micro-amplifier. For example, the micro 
amplifier can include a programmable resistor, a microma 
chined Zone heating chemical amplifier, a Peltier Solid State 
heat pump, a heat pump, a heat eXchanger, a hot air blower, 
a resistive heater, a refrigeration unit, a heat Sink, a Joule 
Thompson cooling device, or any combination thereof. The 
arraying/amplification module can produce a duplicate 
amplified array which produces amplicons of the nucleic 
acid master array, or duplicates thereof. 
0024. During operation of the overall device or system, 
the array of reaction mixtures produces an array of reaction 
mixture products. The device or integrated System can 
include one or more product identification or purification 
modules, which product identification modules identify one 
or more members of the array of reaction products. For 
example, product identification or purification modules can 
include one or more of a gel, a polymeric Solution, a 
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liposome, a microemulsion, a microdroplet, an affinity 
matrix, a plasmon resonance detector, a BIACORE, a GC 
detector, an ultraViolet or visible light Sensor, an epifluores 
cence detector, a fluorescence detector, a fluorescent array, a 
CCD, a digital imager, a Scanner, a confocal imaging device, 
an optical Sensor, a FACS detector, a micro-FACS unit, a 
temperature Sensor, a mass spectrometer, a Stereo-Specific 
product detector, an Elisa reagent, an enzyme, an enzyme 
Substrate an antibody, an antigen, a refractive indeX detector, 
a polarimeter, a pH detector, a pH-stat device, an ion 
Selective Sensor, a calorimeter, a film, a radiation Sensor, a 
Geiger counter, a Scintillation counter, a particle counter, an 
H2O2 detection System, an electrochemical Sensor, ion/gas 
Selective electrodes, or a capillary electrophoresis element. 
For ease of detection, the one or more reaction product array 
members are optionally moved into proximity to the product 
identification module, or the product identification module 
can perform an XyZ translation, thereby moving the product 
identification module proximal to the array of reaction 
products. Similarly, the one or more reaction product array 
members are optionally flowed into proximity to the product 
identification module, where an in-line purification System 
purifies the one or more reaction product array members 
from associated materials. 

0.025 Typical reaction products include, e.g., one or more 
polypeptide, one or more nucleic acid, one or more catalytic 
RNA (e.g., a ribozyme), or one or more biologically active 
RNA (e.g., an anti-sense RNA). In one class of embodi 
ments, the device or integrated System can include a Source 
of one or more lipid which is flowed into contact with the 
one or more polypeptide, or into contact with the physical or 
logical array of reaction mixtures, or into contact with the 
one or more transcribed shuffled or mutagenized nucleic 
acids, thereby producing one or more liposomes or micelles 
comprising the polypeptide, reaction mixture components, 
or one or more transcribed shuffled or mutagenized nucleic 
acids. The reaction products can include one or more 
polypeptide which can be further modified by the system, 
e.g., by incubation with one or more protein refolding 
reagent. For example, refolding agents Such as guanidine, 
guanidinium, urea, detergents, chelating agents, DTT, DTE, 
chaperonins and the like can be flowed into contact with the 
protein of interest. 
0026. Product identification or purification modules in 
the device or integrated System can include a protein detec 
tor, a protein purification means, or the like. The product 
identification or purification modules can also include an 
instruction Set for discriminating between members of the 
array of reaction products based upon, e.g., a physical 
characteristic of the members, an activity of the members, 
concentrations of the members, or combinations thereof 
0027. The device or integrated system can include a 
Secondary product array produced by re-arraying members 
of the reaction product array Such that the Secondary product 
array has a Selected concentration of product members in the 
Secondary product array. The Selected concentration is 
optionally approximately the same for a plurality of product 
members in the Secondary product array. This facilitates 
comparison of activity or detectable feature levels acroSS or 
among members of the Secondary product array. In an 
alternate or complementary aspect, the device or integrated 
System can include an instruction Set or physical or logical 
filter for determining a correction factor which accounts for 
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variation in polypeptide concentration at different positions 
in the amplified physical or logical array of polypeptides. 
0028. The device or integrated system of can include a 
Substrate addition module which adds one or more Substrate 
to a plurality of members of the product array or the 
Secondary product array. In this embodiment, a Substrate 
conversion detector is provided to monitor formation of a 
product produced by contact between the one or more 
substrate and one or more of the plurality of members of the 
product array or the Secondary product array. Formation of 
product or disappearance of Substrate is monitored directly 
or indirectly, for example, by monitoring loSS of the Sub 
strate or formation of product over time. Formation of the 
product or disappearance of Substrate is optionally moni 
tored enantioselectively, regioSelectively or Stereo Selec 
tively. For example, formation of the product or disappear 
ance of Substrate is optionally monitored by adding at least 
one isomer, enantiomer or Stereoismer in Substantially pure 
form (e.g., independent of other potential isomers). Forma 
tion of the product is optionally monitored by detecting any 
detectable product, e.g., by monitoring formation of perOX 
ide, protons, or halides, or reduced or oxidized cofactors, 
changes in heat or entropy which result from contact 
between the Substrate and the product, changes in mass, 
charge, fluorescence, epifluorescence, by chromatography, 
luminescence or absorbance, of the SubStrate or the product, 
which result from contact between the Substrate and the 
product. 
0029. The device or integrated system optionally 
includes an array correspondence module, which identifies, 
determines or records the location of an identified product in 
the array of reaction mixture products which is identified by 
the one or more product identification modules, or which 
array correspondence module determines or records the 
location of at least a first nucleic acid member of the shuffled 
or mutant nucleic acid master array, or a duplicate thereof, 
or of an amplified duplicate array, where the member 
corresponds to the location of one or more member of the 
array of reaction products. 
0030 The device or integrated system optionally 
includes one or more Secondary Selection module which 
Selects at least the first member for further recombination, 
which Selection is based upon the location of a product 
identified by the product identification module(s). 
0031. The device or integrated system optionally 
includes a Screening or Selection module. For example, the 
module can include one or more of: an array reader, which 
detects one or more member of the array of reaction prod 
ucts, an enzyme which converts one or more member of the 
array of reaction products into one or more detectable 
products, a Substrate which is converted by the one or more 
member of the array of reaction products into one or more 
detectable products, a cell which produces a detectable 
Signal upon incubation with the one or more member of the 
array of reaction products, a reporter gene which is induced 
by one or more member of the array of reaction products, a 
promoter which is induced by one or more member of the 
array of reaction products, which promoter directs expres 
Sion of one or more detectable products, and an enzyme or 
receptor cascade which is induced by the one or more 
member of the array of reaction products. 
0032. The device or integrated system can include a 
Secondary recombination module, which physically contacts 
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the first member, or an amplicon thereof, to an additional 
member of the shuffled or mutant nucleic acid master array, 
or the duplicate thereof, or the amplified duplicate array, 
thereby permitting physical recombination between the first 
and additional members. 

0033. The device or integrated system optionally 
includes a DNA fragmentation module which can include a 
recombination region. The DNA fragmentation module can 
include, e.g., one or more of: a nuclease, a mechanical 
Shearing device, a polymerase, a random primer, a directed 
primer, a nucleic acid cleavage reagent, a chemical nucleic 
acid chain terminator, and an oligonucleotide Synthesizer. 
During operation of the device, fragmented DNAS produced 
in the DNA fragmentation module are optionally recom 
bined in the recombination region to produce one or more 
mutated, Shuffled or otherwise altered nucleic acids. 

0034 Common operations for the device or system 
include modules which perform one or more of error prone 
PCR, Site Saturation mutagenesis, or Site-directed mutagen 
esis. Many other diversity generating reactions which can be 
practiced in modules of the devices or Systems are set forth 
herein. 

0035. The device or integrated system optionally 
includes a data Structure embodied in a computer, Such as an 
analog computer or a digital computer, or in a computer 
readable medium. The data structure corresponds to the one 
or more shuffled or otherwise modified nucleic acid(s). 
0036) The device or integrated system optionally 
includes one or more reaction mixtures which include one or 
more mutated or shuffled nucleic acids arranged in a micro 
titer tray at an average of approximately 0.1-100 shuffled or 
otherwise modified nucleic acids per well, e.g., an average 
of approximately 1-5 Such nucleic acids per well. 
0037. The device or integrated system optionally 
includes a diluter which pre-dilutes the concentration of the 
one or more shuffled, modified or mutated nucleic acids 
prior to addition of the shuffled or mutant nucleic acids to the 
reaction mixtures. The concentration of the one or more 
modified, mutated or Shuffled nucleic acids after pre-dilution 
is about 0.01 to 100 molecules per microliter. 
0.038. In one class of embodiments, the reaction mixtures 
are produced in the device or System by adding the in vitro 
translation reactant and, optionally, an in vitro transcription 
reagent, to a duplicate Shuffled or mutated nucleic acid array. 
The duplicate Shuffled or mutated nucleic acid array is 
duplicated from a master array of the Shuffled or mutated 
nucleic acids produced by Spatially or logically Separating 
members of a population of the shuffled or mutated nucleic 
acids to produce a physical or logical array of the Shuffled or 
mutated nucleic acids. For example, the array can be pro 
duced by one or more arraying technique, including (1) 
lyophilizing members of the population of mutated, Shuffled 
or otherwise altered nucleic acids on a Solid Surface, thereby 
forming a Solid phase array, (2) chemically coupling mem 
bers of the population of mutated, shuffled or otherwise 
altered nucleic acids to a Solid Surface, thereby forming a 
Solid phase array, (3) rehydrating members of the population 
of mutated, Shuffled or otherwise altered nucleic acids on a 
Solid Surface, thereby forming a liquid phase array, (4) 
cleaving chemically coupled members of the population of 
mutated, Shuffled or otherwise altered nucleic acids from a 
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Solid Surface, thereby forming a liquid phase array, (5) 
accessing one or more physically Separated logical array 
members from one or more Sources of mutated, Shuffled or 
otherwise altered nucleic acids and flowing the physically 
Separated logical array members to one or more destination, 
the one or more destinations constituting a logical array of 
the mutated, Shuffled or otherwise altered nucleic acids, and 
(6) printing members of a population of mutated, shuffled or 
otherwise altered nucleic acids onto a Solid material to form 
a Solid phase array. Optionally, greater than about 1% of the 
physical or logical array of reaction mixtures comprise 
Shuffled or mutant nucleic acids having one or more base 
changes relative to a parental nucleic acid. 
0039. In one aspect, one or more mutated, recombined 
(e.g., Shuffled) or otherwise modified nucleic acids are 
produced by Synthesizing a set of overlapping oligonucle 
otides, or by cleaving a plurality of homologous nucleic 
acids to produce a set of cleaved homologous nucleic acids, 
or both, and permitting recombination to occur between the 
Set of Overlapping oligonucleotides, the Set of cleaved 
homologous nucleic acids, or both the Set of overlapping 
oligonucleotides and the Set of cleaved homologous nucleic 
acids. 

0040. In one aspect, the invention provides a diversity 
generation device. The device includes a programmed ther 
mocycler and a fragmentation module operably coupled to 
the programmed thermocycler. The programmed thermocy 
cler typically includes a thermocycler operably coupled to a 
computer which includes one or more instruction Set, e.g., 
for calculating an amount of uracil and an amount of 
thymidine for use in the programmed thermocycler, calcu 
lating one or more croSSover region between two or more 
parental nucleotides calculating an annealing temperature, 
calculating an extension temperature, Selecting one or more 
parental nucleic acid Sequence, or the like. 
0041. The one or more instruction set receives user input 
data and Sets up one or more cycle to be performed by the 
programmed thermocycler. The input data typically includes 
one or more parental nucleic acid Sequence, a desired 
croSSOver frequency, an extension temperature, and/or an 
annealing temperature, or other features which control the 
reaction of interest. 

0042. In one aspect, the one or more instruction set 
calculates an amount of uracil and an amount of thymidine 
based on a desired fragment size. In other aspects, the one 
or more instruction Set directs the one or more cycle on the 
diversity generation device, e.g., amplifies the one or more 
parental nucleic acid Sequence, fragments the one or more 
parental nucleic acid Sequence to produce one or more 
nucleic acid fragment, reassembles the one or more nucleic 
acid fragment to produce one or more mutated, Shuffled or 
otherwise altered nucleic acid, and/or amplifies the one or 
more mutated, shuffled or otherwise altered nucleic acid. For 
example, the Set can direct amplifying the one or more 
parental nucleic acid Sequence in the presence of uracil. 
Optionally, the one or more cycle pauses between Steps to 
allow addition of one or more fragmentation reagent. 
0043. The one or more instruction set optionally performs 
one or more calculation based on one or more theoretical 
prediction of a nucleic acid melting temperature or on one or 
more Set of empirical data, which empirical data comprises 
a comparison of one or more nucleic acid melting tempera 
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ture. The one or more instruction Set optionally instructs the 
fragmentation module to fragment the parental nucleic acids 
to produce one or more nucleic acid fragments having a 
desired mean fragment size. 
0044) The programmed thermocycler comprises a ther 
mocycler and, optionally, Software for performing one or 
more Shuffling calculations, which Software is embodied on 
a Web page, an attached computer, an intranet Server, or, e.g., 
installed directly in the thermocycler. 

0.045. In one aspect, a similar diversity generation device 
is provided. The device includes a computer, which includes 
at least a first instruction Set for creating one or more nucleic 
acid fragment Sequence from one or more parental nucleic 
acid Sequence and a Synthesizer module, which Synthesizes 
the one or more nucleic acid fragment Sequence. The device 
also includes a thermocycler which generates one or more 
diverse Sequence from the one or more nucleic acid frag 
ment Sequence. The first instruction Set optionally limits or 
expands diversity of the one or more nucleic acid fragment 
Sequence by adding or removing one or more amino acid 
having Similar diversity; Selecting a frequently used amino 
acid at one or more specific position; using one or more 
Sequence activity calculation; using a calculated overlap 
with one or more additional oligonucleotide, based on an 
amount of degeneracy, or based on a melting temperature. In 
one aspect, the thermocycler performs an assembly/rescue 
PCR reaction. 

0046) The diversity generation device can include a syn 
thesizer module having a microarray oligonucleotide Syn 
thesizer. For example, the Synthesizer module optionally 
includes an ink-jet printer head based oligonucleotide Syn 
thesizer. The Synthesizer module optionally Synthesizes the 
one or more nucleic acid fragment Sequences on a Solid 
Support. The Synthesizer module optionally uses one or more 
mononucleotide coupling reactions or one or more trinucle 
otide coupling reactions to Synthesize the one or more 
nucleic acid fragment Sequence. 

0047 The computer optionally comprises at least a sec 
ond instruction Set, which Second instruction Set determines 
at least a first set of conditions for the assembly/rescue PCR 
reaction. 

0.048. The device optionally further includes a screening 
module for Screening the one or more diverse Sequence for 
a desired characteristic. For example, the Screening module 
optionally comprises a high-throughput Screening module. 

0049. In a related aspect, a diversity generation kit is 
provided. For example, the kit can include the diversity 
generation devices above and one or more reagent for 
diversity generation. Example reagents include E coli., a 
PCR reaction mixture comprising a mixture of uracil and 
thymidine, one or more uracil cleaving enzyme, and a PCR 
reaction mixture comprising standard dNTPs. The one or 
more uracil cleaving enzyme optionally includes a uracil 
glycosidase and an endonuclease. The mixture of uracil and 
thymidine comprises a desired ratio of uracil to thymidine, 
which desired ratio is calculated by the diversity generation 
device, based upon user Selected inputs. 

0050 Optionally, the diversity generation kit can include 
one or more artificially evolved enzyme Such as an artifi 
cially evolved polymerase. The kit can also include, e.g., 
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packaging materials, a container adapted to receive the 
device or reagents, and instructional materials for use of the 
device. 

0051. The devices and integrated systems herein can 
include data tracking modules Such as a bar-code based 
Sample tracking module, which includes, e.g., a bar code 
reader and a computer readable database comprising at least 
one entry for at least one array or at least one array member, 
which entry is corresponded to at least one bar code. Long 
term Storage devices can also be incorporated into the 
devices and integrated Systems herein (and the methods 
herein can include Storage in Such long term Storage mod 
ules). For example, as noted, the storage module can 
include, e.g., a refrigerator, an electrically powered cooling 
device, a device capable of maintaining a temperature of <0 
C., a freezer, a device which uses liquid nitrogen or liquid 
helium for cooling Storing or freezing Samples, a container 
comprising wet or dry ice, a constant temperature and/or 
constant humidity chamber or incubator, an automated 
Sample Storage or retrieval unit, a dessicator or moisture 
minimizing or reducing device, one or more modules for 
moving arrays or array members into the long term Storage 
device etc. 

0052 As noted in more detail herein, the invention pro 
vides devices and integrated Systems, e.g., which include a 
physical or logical array of reaction mixtures, each reaction 
mixture comprising one or more shuffled or mutagenized 
nucleic acids and one or more transcribed shuffled or tran 
Scribed mutagenized nucleic acids or one or more in Vitro 
translation reagents. Also provided are libraries of shuffled 
or mutated or mutagenized nucleic acids formatted in a 
logical and physical array based on at least one physical and 
one activity parameter. Devices or integrated Systems which 
use a fluorescent or visible signal to Sort a shuffled or 
mutagenized nucleic acid library into a Spatial array of cells, 
particles or molecules are also provided. These include, e.g., 
a physical or logical array of comprising one or more 
Shuffled or mutagenized nucleic acids or one or more tran 
Scribed Shuffled or transcribed mutagenized nucleic acids or 
one or more in vitro translation reagents. 
0053. The present invention also provides a number of 
related methods, both for use with the integrated Systems 
and devices of the invention and for use Separate from the 
devices and Systems. 
0054 For example, in one class of methods of the inven 
tion, methods of processing Shuffled or mutagenized nucleic 
acids are provided. In the methods, a physical (e.g., Solid or 
liquid phase) or logical array of reaction mixtures is pro 
Vided. A plurality of the reaction mixtures include one or 
more member of a first population of nucleic acids. The first 
population of nucleic acids include one or more Shuffled or 
mutagenized nucleic acids, or one or more transcribed 
Shuffled or mutagenized nucleic acids. A plurality of the 
plurality of reaction mixtures typically further include an in 
Vitro translation reactant. One or more in vitro translation 
products produced by a plurality of members of the physical 
or logical array of reaction mixtures is then detected. Any of 
the various array configurations noted above or herein for 
the devices and integrated Systems of the invention are can 
be used in these methods. 

0055 For example, in one embodiment, a population of 
nucleic acids (which can be homologous or heterologous) is 
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physically arrayed on a Solid Substrate, Such as a chip, Slide, 
membrane, or well of a microtiter tray or plate. The arrayed 
nucleic acids are recombined with one or more additional 
nucleic acids, thereby providing an arrayed library of recom 
binant nucleic acids. These recombinant nucleic acids are 
then amplified and Screened to identify members of the array 
that possess a desired property. In Some embodiments, an 
oligonucleotide primer is tethered to the Solid Substrate and 
an additional Single-Stranded nucleic acid is annealed to the 
oligonucleotide which is then extended with a nucleic acid 
polymerase. In alternative embodiments, a Single-Stranded 
template polynucleotide is hybridized with a Set of partially 
overlapping complementary nucleic acid fragments which 
are extended to produce an arrayed library of recombinant 
nucleic acids. For example, one or more template nucleic 
acids are immobilized on a Solid Support. Partially overlap 
ping complementary nucleic acid fragments are annealed to 
the template polynucleotide, and extended or ligated to 
produce a heteroduplex comprising the template nucleic acid 
and a Substantially full-length heterolog complementary to 
the template nucleic acid. The heterolog is recovered and, 
optionally, further diversified. 

0056. A number of variants of this basic methodology are 
Set forth herein, as are a variety of products produced by the 
methods and their variants and apparatus and kits for per 
forming the methods. 

0057 For example, the one or more mutated, shuffled or 
otherwise altered nucleic acids are optionally produced in an 
automatic DNA shuffling, recombination, or mutation mod 
ule. Optionally, the method includes inputting DNAS or 
character Strings corresponding to input DNAS into the DNA 
shuffling module and accepting output DNAS from the DNA 
shuffling module, where the output DNAS include the one or 
more mutated, Shuffled or otherwise altered nucleic acids in 
the reaction mixture array. The input DNA in the DNA 
Shuffling module can be cleaved to produce DNA fragments, 
or provide the input DNAS can include cleaved or synthetic 
DNA fragments. DNA fragments, e.g., of a Selected length 
can be purified in the DNA shuffling module. Purified DNA 
fragments can be hybridized and elongated with a poly 
merase. The resulting elongated nucleic acids can be sepa 
rated, identified, cloned, purified, or the like. A recombina 
tion frequency or a length, or both a recombination 
frequency and a length for the resulting elongated DNAS can 
be determined, e.g., by detecting incorporation of one or 
more labeled nucleic acid or nucleotide into the elongated 
DNAS. 

0.058. The invention provides for a variety of physical 
manipulations of the various reagents and products of the 
invention, including, flowing, e.g., a shuffling reagent or 
product through a microScale channel in the DNA shuffling 
module, contacting the components in Single or multiple 
pools, dispensing materials into one or more multiwell 
plates, dispensing materials into one or more multiwell 
plates at a Selected density per well of the elongated DNAS, 
dispensing the product elongated DNAS into one or more 
master multiwell plates and PCR amplifying the resulting 
master array of elongated nucleic acids to produce an 
amplified array of elongated nucleic acids, etc. Optionally, 
the shuffling module includes an array copy System which 
transferS aliquots from the Wells of the one or more master 
multiwell plates to one or more copy multiwell plates. 
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0059. The methods optionally include determining an 
extent of PCR amplification by any available technique, 
including, e.g., incorporation of a label into one or more 
amplified elongated nucleic acid, applying a fluorogenic 5' 
nuclease assay or the like. 
0060. In one aspect, the array of reaction mixtures is 
formed by Separate or Simultaneous addition of in Vitro 
transcription reagents and an in Vitro translation reactant to 
the one or more copy multiwell plates, or to a duplicate Set 
thereof, wherein the elongated DNAS comprise the one or 
more mutated, Shuffled or otherwise altered nucleic acids. 
Typically, the array of reaction mixtures produces an array 
of reaction mixture products, e.g., comprising one or more 
polypeptide. The methods optionally include re-folding the 
one or more polypeptide by contacting the one or more 
polypeptide with a refolding reagent Such as guanidine, urea, 
DTT, DTE, and/or a chaperonin. The one or more polypep 
tide with one or more lipid to produce one or more liposome 
or micelle, which liposome or micelle comprises the one or 
more polypeptide. 

0061 The methods optionally include moving the one or 
more reaction product array members into proximity to a 
product identification module, or moving a product identi 
fication module into proximity to the reaction product array 
members. The one or more reaction product array members 
are optionally flowed into proximity to a product identifi 
cation module. In-line purification of the one or more 
reaction product array members can be performed. 

0062. In one aspect, the method further includes reading 
the array of reaction mixture products with an array reader 
which detects one or more member of the array of reaction 
products. In another aspect, one or more member of the array 
of reaction products is converted with an enzyme into one or 
more detectable products. Similarly, one or more Substrates 
can be converted by the one or more member of the array of 
reaction products into one or more detectable products. 
These detectable products are optionally detected in he array 
reader. 

0063 A cell can be contacted to one or more member of 
the array of reaction products, which cell or reaction prod 
uct, or both, produce a detectable Signal upon contacting the 
one or more member of the array of reaction products. 
0064.) A variety of detectable events can be induced, 
including inducing a reporter gene with one or more member 
of the array of reaction products, inducing a promoter with 
one or more member of the array of reaction products which 
directs expression of one or more detectable products, 
including inducing an enzyme or receptor cascade with one 
or more member of the array of reaction products which is 
induced by the one or more member of the array of reaction 
products. 

0065 Methods of recombining members of a physical or 
logical array of nucleic acids are also provided. In the 
methods, a first population of nucleic acids is provided, or a 
data structure (e.g., embodied in a computer, an analog 
computer, a digital computer, or a computer readable 
medium) comprising character Strings corresponding to the 
first population of nucleic acids (e.g., embodied in a com 
puter, an analog computer, a digital computer, or a computer 
readable medium) is provided. One or more members of the 
first population of nucleic acids are recombined, thereby 
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providing a first population of recombinant nucleic acids. 
Alternatively, one or more character Strings corresponding 
to one or more members of the first population of nucleic 
acids are recombined, thereby providing a population of 
character Strings corresponding to the first population of 
recombinant nucleic acids. In this embodiment, the popula 
tion of character Strings corresponding to the first population 
of recombinant nucleic acids is converted into the first 
population of recombinant nucleic acids, thereby providing 
the first population of recombinant nucleic acids. In either 
case, members of the population of recombinant nucleic 
acids are spatially or logically Separated to produce a 
physical or logical array of recombinant nucleic acids. The 
recombinant nucleic acids in the physical or logical array of 
recombinant nucleic acids are amplified in vitro (e.g., by 
enzymatic or Synthetic means) to provide an amplified 
physical or logical array of recombinant nucleic acids. 
Alternately, members of the population of recombinant 
nucleic acids are amplified (or Synthesized) and physically 
or logically Separated to produce an amplified physical or 
logical array of recombinant nucleic acids. Typically, the 
amplified physical or logical array of recombinant nucleic 
acids, or a duplicate thereof, is Screened for one or more 
desired property. Optionally, the amplified physical or logi 
cal array of recombinant nucleic acids, or a duplicate 
thereof, is Screened for a desired property. A variety of 
variants of this basic class of methods are Set forth herein, 
as are a variety of products produced by the methods and 
their variants and kits and apparatus for practicing the 
methods. 

0.066 Spatially or logically separating members of the 
population of recombinant nucleic acids to produce a physi 
cal or logical array of recombinant nucleic acids or amplified 
recombinant nucleic acids optionally includes plating the 
nucleic acids in a microtiter tray at an average of approxi 
mately 0.1-10 (e.g., 1-5) array members per well. Option 
ally, Spatially or logically Separating the members of the 
population of recombinant nucleic acids includes diluting 
the members of the population with a buffer. The concen 
tration of the population of recombinant nucleic acids after 
dilution is typically about 0.01 to 100 molecules per micro 
liter. 

0067 Spatially or logically separating members of the 
population of recombinant nucleic acids to produce a physi 
cal or logical array of recombinant nucleic acids can also 
include one or more of: (i) lyophilizing members of the 
population of recombinant nucleic acids on a Solid Surface, 
thereby forming a Solid phase array; (ii) chemically coupling 
members of the population of recombinant nucleic acids to 
a Solid Surface, thereby forming a Solid phase array; (iii) 
rehydrating members of the population of recombinant 
nucleic acids on a Solid Surface, thereby forming a liquid 
phase array; (iv) cleaving chemically coupled members of 
the population of recombinant nucleic acids from a Solid 
Surface, thereby forming a liquid phase array; and, (v) 
accessing one or more physically Separated logical array 
members from one or more Sources of recombinant nucleic 
acids and flowing the physically Separated logical array 
members to one or more destination. 

0068 Methods of recombining members of a physical or 
logical array of nucleic acid are provided. In the methods, at 
least a first population of nucleic acids is arranged in a 
physical or logical array. One or more members of the first 
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population of nucleic acids is recombined with one or more 
additional nucleic acid, thereby providing a first physical or 
logical array comprising a population of recombined nucleic 
acids. The recombined nucleic acids in the physical or 
logical array of recombined nucleic acids are amplified, 
usually in vitro, to provide an amplified physical or logical 
array of recombined nucleic acids. The first or amplified 
physical or logical array of recombined nucleic acids, or one 
or more duplicate thereof, is then Screened for one or more 
desired properties. AS above, a number of variants of this 
basic class of methods are Set forth herein. In Some embodi 
ments, the recombination of nucleic acids is performed on a 
solid substrate such as a slide, membrane or “chip.” For 
example, a population of nucleic acids is physically arrayed 
on a Solid Substrate, Such as a chip, Slide, membrane, or well 
of a microtiter tray or plate. The arrayed nucleic acids are 
recombined with one or more additional nucleic acids, 
thereby providing an arrayed library of recombinant nucleic 
acids. These recombinant nucleic acids are then amplified 
and a Screened to identify members of the array that possess 
a desired property. In Some embodiments, an oligonucle 
otide primer is tethered to the Solid Substrate and an addi 
tional Single-Stranded nucleic acid is annealed to the oligo 
nucleotide which is then extended with a nucleic acid 
polymerase. In alternative embodiments, a Single-Stranded 
template polynucleotide is hybridized with a set of partially 
overlapping complementary nucleic acid fragments which 
are extended to produce an arrayed library of recombinant 
nucleic acids. For example, one or more template nucleic 
acids are immobilized on a Solid Support. Partially overlap 
ping complementary nucleic acid fragments are annealed to 
the template polynucleotide, and extended or ligated to 
produce a heteroduplex comprising the template nucleic acid 
and a Substantially full-length heterolog complementary to 
the template nucleic acid. The heterolog is recovered and, 
optionally, further diversified. A variety of products pro 
duced by the methods and their variants and kits and 
apparatus for practicing the methods are similarly described. 
0069. In the above methods, the first population of 
nucleic acids or the population of recombinant nucleic acids 
are typically arranged in a physical or logical matrix at an 
average of approximately 0.1-10 (e.g., 0.5-5) array members 
per array position. The first population of nucleic acids or the 
population of recombinant nucleic acids optionally include 
a Solid phase or a liquid phase array. Optionally, the first 
population of nucleic acids is provided by one or more of: 
Synthesizing a Set of overlapping oligonucleotides, cleaving 
a plurality of homologous nucleic acids to produce a set of 
cleaved homologous nucleic acids, Step PCR of one or more 
target nucleic acid, uracil incorporation and cleavage during 
copying of one or more target nucleic acids, and incorpo 
ration of a cleavable nucleic acid analogue into a target 
nucleic acid and cleavage of the resulting target nucleic acid. 
In another approach, the first population of nucleic acids is 
provided by Synthesizing a set of overlapping oligonucle 
otides, by cleaving a plurality of homologous nucleic acids 
to produce a set of cleaved homologous nucleic acids, or 
both. The Set of overlapping oligonucleotides or the Set of 
cleaved homologous nucleic acids are optionally flowed into 
one or more Selected physical locations. 
0070 The first population of nucleic acids is optionally 
provided by Sonicating, cleaving, partially Synthesizing, 
random primer extending or directed primer extending one 
or more of: a synthetic nucleic acid, a DNA, an RNA, a DNA 
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analogue, an RNA analogue, a genomic DNA, a cDNA, an 
mRNA, a DNA generated by reverse transcription, an 
nRNA, an aptamer, a polySome associated nucleic acid, a 
cloned nucleic acid, a cloned DNA, a cloned RNA, a 
plasmid DNA, a phagemid DNA, a viral DNA, a viral RNA, 
a YAC DNA, a cosmid DNA, a fosmid DNA, a BAC DNA, 
a P1-mid, a phage DNA, a single-stranded DNA, a double 
stranded DNA, a branched DNA, a catalytic nucleic acid, an 
antisense nucleic acid, an in vitro amplified nucleic acid, a 
PCR amplified nucleic acid, an LCR amplified nucleic acid, 
a QB-replicase amplified nucleic acid, an oligonucleotide, a 
nucleic acid fragment, a restriction fragment and/or a com 
bination thereof. 

0071. The first population of nucleic acids is optionally 
modified by purifying one or more member of the first 
population of nucleic acids. Optionally, the first population 
of nucleic acids is provided by transporting one or more 
members of the population from one or more Sources of one 
or more members of the first population to one or more 
destinations of the one or more members of the first popu 
lation of nucleic acids. For example, the transporting option 
ally includes flowing the one or more members from the 
Source to the destination. The one or more Sources of nucleic 
acids can include any of a Solid phase array, a liquid phase 
array, a container, a microtiter tray, a microtiter tray well, a 
microfluidic chip, a test tube, a centrifugal rotor, a micro 
Scope slide, and/or a combination thereof. 

0.072 Amplifying the recombinant nucleic acids in the 
physical or logical array of recombinant nucleic acids, or 
amplifying the elongated nucleic acids in the master array 
optionally includes one or more amplification technique 
selected from: PCR, LCR, SDA, NASBA, TMA and 
QB-replicase amplification. Optionally, amplifying the 
recombinant nucleic acids in the physical or logical array or 
amplifying the elongated nucleic acids in the master array 
comprises heating or cooling the physical or logical array or 
the master array, or a portion thereof. 

0.073 Amplifying the recombinant nucleic acids in the 
physical or logical array or amplifying the elongated nucleic 
acids in the master array can include incorporating one or 
more transcription or translation control Subsequence into 
one or more of the elongated nucleic acids, the recombinant 
nucleic acids in the physical or logical array, an intermediate 
nucleic acid produced using the elongated nucleic acids or 
the recombinant nucleic acids in the physical or logical array 
as a template, or a partial or complete copy of the elongated 
nucleic acids or the recombinant nucleic acids in the physi 
cal or logical array. The one or more transcription or 
translation control Subsequence is optionally ligated to into 
one or more of the elongated nucleic acids, the recombinant 
nucleic acids in the physical or logical array, an intermediate 
nucleic acid produced using the elongated nucleic acids or 
the recombinant nucleic acids in the physical or logical array 
as a template, and a partial or complete copy of the elongated 
nucleic acids or the recombinant nucleic acids in the physi 
cal or logical array. The one or more transcription or 
translation control Subsequence is optionally hybridized or 
partially hybridized to one or more of the elongated nucleic 
acids, the recombinant nucleic acids in the physical or 
logical array, an intermediate nucleic acid produced using 
the elongated nucleic acids or the recombinant nucleic acids 
in the physical or logical array as a template, or a partial or 
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complete copy of the elongated nucleic acids or the recom 
binant nucleic acids in the physical or logical array. 
0074. In one aspect, the recombinant nucleic acids in the 
physical or logical array or the elongated nucleic acids in the 
master array are amplified in a DNA micro-amplifier. The 
micro-amplifier can include one or more of a programmable 
resistor, a micromachined Zone heating chemical amplifier, 
a chemical denaturation device, an electrostatic denaturation 
device, and/or a microfluidic electrical fluid resistance heat 
ing device. Similarly, the physical or logical array, or portion 
thereof or the master array or portion thereof, is heated or 
cooled by one or more of: a Peltier Solid State heat pump, a 
heat pump, a resistive heater, a refrigeration unit, a heat Sink, 
and a Joule Thompson cooling device. The methods option 
ally include producing a duplicate amplified physical or 
logical array of recombinant nucleic acids. 
0075. The methods can similarly include in vitro tran 
Scribing members of the amplified physical or logical array 
of recombinant nucleic acids to produce an amplified array 
of in vitro transcribed nucleic acids. In one aspect, Screening 
the amplified physical or logical array of recombinant 
nucleic acids, or a duplicate thereof, for a desired property 
comprises assaying a protein or product nucleic acid 
encoded by one or more members of the amplified physical 
or logical array of recombinant nucleic acids for one or more 
property. 

0076. In one aspect, the invention provides recombina 
tion of nucleic acids using a Single-Stranded template. In the 
methods, a first population of Single-stranded template poly 
nucleotides is provided. The template polynucleotides are 
the same or different. The templates are recombined by: (i) 
annealing a plurality of partially overlapping complemen 
tary nucleic acid fragments, and, (ii) extending the annealed 
fragments to produce a physical or logical array comprising 
a first population of recombinant nucleic acids. In one 
embodiment, a physical array comprising the first popula 
tion of template polynucleotides is provided immobilized on 
a Solid Support (e.g., a glass Support, a plastic Support, a 
Silicon Support, a chip, a bead, a pin, a filter, a membrane, a 
microtiter plate, a slide or the like). In one embodiment, the 
first population of template polynucleotides comprises Sub 
Stantially an entire genome (e.g., a bacterial or fungal 
genome). In another embodiment, the first population of 
template polynucleotides comprises Substantially all of the 
expression products of a cell (e.g., eukaryotic or prokary 
otic), tissue or organism. Optionally, the first population of 
template polynucleotides comprises a Subset of the expres 
Sion products of a cell, tissue or organism. The first popu 
lation of template polynucleotides optionally comprises a 
library of genomic nucleic acids or cellular expression 
products (e.g., mRNAS, cDNAS, etc.). 
0077. The template polynucleotides optionally include 
one or more of a coding RNA, a coding DNA, an antisense 
RNA, and antisense DNA, a non-coding RNA, a non-coding 
DNA, an artificial RNA, an artificial DNA, a synthetic RNA, 
a synthetic DNA, a substituted RNA, a substituted DNA, a 
naturally occurring RNA, a naturally occurring DNA, a 
genomic RNA, a genomic DNA, a cDNA, or the like. 
0078. In one aspect, members of the amplified physical or 
logical arrays of recombinant nucleic acids herein are tran 
Scribed to produce an amplified array of transcribed nucleic 
acids. These can be translated to produce an amplified 
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physical or logical array of polypeptides. The concentration 
of polypeptide or transcribed nucleic acids can be deter 
mined at one or more positions in the amplified physical or 
logical array of polypeptides. 
0079. In one aspect, the invention provides for re-array 
ing the amplified physical or logical array of polypeptides or 
in vitro transcribed nucleic acids in a Secondary polypeptide 
or in vitro transcribed nucleic acid array which has an 
approximately uniform concentration of polypeptides or in 
Vitro transcribed nucleic acids at a plurality of locations in 
the Secondary polypeptide array. Alternately, or in conjunc 
tion, a correction factor which accounts for variation in 
polypeptide or in vitro transcribed nucleic acid concentra 
tions at different positions in the amplified physical or 
logical array of polypeptides or in Vitro transcribed nucleic 
acids can be applied to normalize detectable data. 
0080. In one aspect, one or more substrate is added to a 
plurality of members of the logical array of polypeptides or 
in Vitro transcribed nucleic acids. Formation of a product 
produced by contact between the one or more Substrate and 
one or more of the plurality of members of the logical array 
of polypeptides can be monitored, directly or indirectly. 
Formation of the product is detected, e.g., by a coupled 
enzymatic reaction which detects the product or the Sub 
Strate or a Secondary product of the product or Substrate. For 
example, peroxide production can be monitored. Similarly, 
formation of the product is optionally detected by monitor 
ing production of heat or entropy which results from the 
formation of the product. 
0081. The physical or logical array of polypeptides is 
optionally Selected for a desired property, thereby identify 
ing one or more Selected member of the physical or logical 
array of polypeptides which has a desired property, and 
identifying one or more Selected member of the amplified 
physical or logical array of recombinant nucleic acids that 
encodes the one or more member of the physical or logical 
array of polypeptides. For example, the Selecting is option 
ally performed in a primary Screening assay, comprising one 
or more of: (i) re-selecting the one or more Selected member 
of the amplified physical or logical array of recombinant 
nucleic acids in a secondary Screening assay; (ii) quantifying 
protein levels at one or more location in the physical or 
logical array of polypeptides; (iii) purifying proteins from 
one or more locations in the physical or logical array of 
polypeptides; (iv) normalizing activity levels in the primary 
Screen by compensating for protein quantitation at a plural 
ity of locations in the physical or logical array of polypep 
tides, (v) determining a physical characteristic of the one or 
more Selected members; and, (vi) determining an activity of 
the one or more Selected members. In a further aspect, the 
one or more Selected member of the amplified physical or 
logical array of recombinant nucleic acids are recombined 
with one or more additional nucleic acids, in Vivo, in vitro 
or in Silico. 

0082 One or more member of the amplified physical or 
logical array, or a duplicate thereof, can be Selected based 
upon the Screening of the amplified physical or logical array 
for a desired property. Optionally, a plurality of members of 
the amplified physical or logical array or duplicate thereof 
are Selected, recombined and re-arrayed to form a Secondary 
array of recombined Selected nucleic acids, which Secondary 
array is re-screened for the desired property, or for a Second 
desired property. 
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0083 Methods of detecting or enriching for in vitro 
transcription or translation products are also provided. In the 
methods, one or more first nucleic acids which encode one 
or more moieties are localized proximal to one or more 
moiety recognition agents which Specifically bind the one or 
more moieties. The one or more nucleic acids are in Vitro 
translated or transcribed, producing the one or more moi 
eties (e.g., polypeptides or biologically active RNAS Such as 
anti-Sense or ribozyme molecules, or other product mol 
ecules). The one or more moieties diffuse or flow into 
contact with the one or more moiety recognition agents. 
Binding of the one or more moieties to the one or more 
moiety recognition agents is permitted and the one or more 
moieties are detected or enriched for by detecting or col 
lecting one or more materials proximal to, within or con 
tiguous with the moiety recognition agent (the material 
comprises at least one of the one or more moieties, where the 
moieties comprise one or more in Vitro translation or tran 
Scription product). Optionally, the one or more moieties are 
pooled by pooling the material which is collected. Here 
again, a variety of variants of this basic class of methods are 
Set forth herein as are a variety of products produced by the 
methods and their variants. 

0084 Optionally, the one or more moieties (e.g., 
polypeptides or RNAS) are pooled by pooling the material 
which is collected. The moiety recognition agents noted 
above optionally include one or more antibody or one or 
more Second nucleic acids. The first nucleic acids optionally 
include a related population of mutated, Shuffled or other 
wise altered nucleic acids. In another aspect, the first nucleic 
acids optionally include a related population of mutated, 
Shuffled or otherwise altered nucleic acids which encode an 
epitope tag bound by the moiety or the one or more moiety 
recognition agents. 

0085. In one aspect, the first nucleic acids comprise a 
related population of mutated, Shuffled or otherwise altered 
nucleic acids and a PCR primer binding region. Alternately, 
the first nucleic acids optionally comprise a related popula 
tion of mutated, shuffled or otherwise altered nucleic acids 
and a PCR primer binding region. In this embodiment, the 
method further includes identifying one or more target first 
nucleic acid by proximity to the moieties which are bound 
to the one or more moiety recognition agent, and amplifying 
the target first nucleic acid by hybridizing a PCR primer to 
the PCR primer binding region and extending the primer 
with a polymerase. The method optionally includes PCR 
amplifying a Set of parental nucleic acids to produce the 
related population of mutated, Shuffled or otherwise altered 
nucleic acids. 

0086. In one typical embodiment, the first nucleic acids 
comprise an inducible or constitutive heterologous pro 
moter. The first nucleic acids and the one or more moiety 
recognition agents are typically localized on a Solid Substrate 
(e.g., a bead, chip, slide or the like). In one embodiment, the 
first nucleic acids and the one or more moiety recognition 
agents are localized on the Solid Substrate by one or more of: 
a cleavable linker chemical linker, a gel, a colloid, a mag 
netic field, and an electrical field. 

0087 An activity of the moiety or moiety recognition 
agent is typically detected and the one or more first nucleic 
acid coupled to the moiety or moiety recognition agent is 
picked with an automated robot, e.g., by placing a capillary 
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on a region comprising the detected activity of the moiety or 
moiety recognition agent. The moiety or moiety in contact 
with the moiety recognition agent is optionally cleaved at a 
cleavable linker which attaches the first nucleic acid to a 
Solid Substrate, providing for isolation of the first nucleic 
acid. 

0088 Methods of producing duplicate arrays of shuffled 
or mutagenized nucleic acids are provided. In the methods, 
a physical or logical array of shuffled or mutagenized 
nucleic acids or transcribed shuffled or transcribed 
mutagenized nucleic acids is provided. A duplicate array of 
copies (generated, e.g., using a polymerase or nucleic acid 
Synthesizer) of the shuffled or mutagenized nucleic acids or 
copies of the transcribed shuffled or transcribed mutagenized 
nucleic acids is formed by physically or logically organizing 
the copies into a physical or logical array. Once again, a 
variety of variants of this basic class of methods are set forth 
herein, as are a variety of products produced by the methods 
and their variants. 

0089. In one aspect, an array of reaction mixtures which 
corresponds to the physical or logical array of Shuffled or 
mutagenized nucleic acids or transcribed shuffled or tran 
Scribed mutagenized nucleic acids is formed. The reaction 
mixtures include members of the array of shuffled or 
mutagenized nucleic acids or transcribed shuffled or tran 
Scribed mutagenized nucleic acids or the duplicate array of 
copies of the Shuffled or mutagenized nucleic acids or copies 
of the transcribed shuffled or transcribed mutagenized 
nucleic acids, or a derivative copy thereof. The reaction 
mixtures typically further include one or more in vitro 
transcription or translation reagent. 
0090 Methods of normalizing an array of reaction mix 
tures are provided. In the methods, a physical or logical 
array of diversified (e.g., Shuffled or mutagenized) nucleic 
acids or transcribed shuffled or transcribed mutagenized 
nucleic acids is in vitro transcribed or translated to produce 
an array of products. A correction factor is determined which 
accounts for variation in concentration of the products at 
different Sites in the array of products. Typically, a Secondary 
product array is produced which comprises Selected con 
centrations of the products at one or more sites in the 
Secondary array, e.g., by transferring aliquots from a plu 
rality of Sites in the array of products to a plurality of 
Secondary Sites in the Secondary array. Optionally, the prod 
ucts are diluted while being transferred or after transfer to 
the Secondary Sites, thereby Selecting the concentration of 
the products at the Secondary Sites in the Secondary array. 
0.091 In one aspect, the invention provides methods of 
directing nucleic acid fragmentation using a computer. The 
method includes calculating a ratio of uracil to thymidine, 
which ratio when used in a fragmentation module produces 
one or more nucleic acid fragment of a Selected length. 
0092. In another aspect, methods of directing PCR using 
a computer are provided. The method includes calculating 
one or more croSSOver region between two or more parental 
nucleic acid Sequence using one or more annealing tempera 
ture or extension temperature. For example, the method 
optionally includes calculating the one or more croSSOver 
region using one or more theoretical prediction or one or 
more Set of empirical data to calculate a melting tempera 
ture. 

0.093 Methods of selecting one or more parental nucleic 
acids for diversity generation using a computer are also 
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provided. In the method, an alignment between two or more 
potential parental nucleic acid Sequences is performed. A 
number of mismatches between the aligned Sequences is 
calculated and a melting temperature for one or more 
window of W bases in the alignment is calculated. One or 
more window of W bases having a melting temperature 
greater than X is determined and one or more croSSOver 
Segment in the alignment is identified, which one or more 
croSSOver Segment comprises two or more windows having 
a melting temperature greater than X, which two or more 
windows are separated by no more than n nucleotides. A 
dispersion of the one or more croSSOver Segments is calcu 
lated and a first Score for each alignment based on the 
number of windows having a melting temperature grater that 
X, the dispersion, and the number of croSSOver Segments 
identified is calculated. A Second Score based on the number 
of mismatches, the number of windows having a melting 
temperature grater that X, the dispersion, and the number of 
croSSOver Segments identified is determined, and one or 
more parental nucleic acid is Selected based on the first Score 
and/or the Second Score. These Steps are optionally repeated, 
e.g., Starting with the one or more parental nucleic acid 
which are Selected. 

0094. In this method, the alignment optionally comprises 
a pairwise alignment. W optionally comprises an odd num 
ber, e.g., about 21. The method optionally includes calcu 
lating the melting temperature for the one or more window 
of W bases in the alignment from one or more Set of 
empirical data or one or more melting temperature predic 
tion algorithm. Example values for X include about 65° C. 
Example values for n include about 2. In the methods, the 
dispersion typically comprises the inverse of the average 
number of bases between croSSOver Segments in the align 
ment. 

0095 Typically, the instruction set selects the two or 
more potential parental nucleic acid Sequences by Searching 
one or more database for one or more nucleic acid Sequence 
of interest and one or more homolog of the one or more 
nucleic acid Sequence of interest. 
0096. The invention further provides embodiments in a 
web page, e.g., for directing nucleic acid diversity genera 
tion, the web page comprising a computer readable medium 
that causes a computer to perform any of the methods herein. 
0097 Products produced by any of the processes herein 
are a feature of the invention. 

0098 Kits embodying the methods and comprising vari 
ous components of the device/apparatuS/integrated Systems 
herein are also provided. Use of the methods and/or device/ 
Systems for any of the purposes indicated herein are also a 
feature of the invention. 

BRIEF DESCRIPTION OF THE FIGURES 

0099 FIG. 1, Panels A and B is a schematic flow chart of 
an integrated System of the invention, beginning with input 
nucleic acids. 

0100 FIG. 2 provides an example schematic of the 
modules of an integrated shuffling machine. 
0101 FIG. 3 provides a schematic representation of the 
Steps performed by an exemplar shuffling module. AS 
shown, a Single pot reaction is performed, utilizing uracil 
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incorporation, DNA fragmentation and assembly. A rescue 
PCR is performed, the results assessed with Pico Green and 
any wells that test positive for Pico Green incorporation are 
rescued and Sent to the library quality modules. 
0102 FIG. 4 provides a schematic overview of an exem 
plar Library Quality Module. 

0103 FIG. 5 provides a schematic overview of an exem 
plar dilution module's activities. 
0104 FIG. 6 provides a schematic overview of the 
activities of an exemplar expression module. 
0105 FIG. 7 provides a schematic overview of the 
activities of an exemplar assay module. 
0106 FIG. 8 is a schematic of an example recombination 
and Selection machine. 

0107 FIG. 9, panels A-B provide a schematic illustration 
of various detection Strategies using Single or multiple 
primers (e.g., via TaqMan). 
0108 FIG. 10 is a schematic of an example DNA shuf 
fling machine. 
0109 FIG. 11 is a schematic of a DNA fragmentation 
device or module. 

0110 FIG. 12 is a schematic of a DNA fragment analysis 
and isolation device or module. 

0111 
device. 

FIG. 13 is a schematic of a DNA fragment prep 

0112 FIG. 14 is a schematic of a precision microampli 
fier. 

0113 FIG. 15 is a schematic of a DNA assembly and 
rescue module. 

0114 FIG. 16 is a schematic of a recombination analysis 
module. 

0115 FIG. 17, panels A-E is a schematic of exemplar 
enrichment methods for in vitro transcription/translation. 
0116 FIG. 18 is a schematic of a high-throughput par 
allel SPR module. 

0117 FIG. 19 is a schematic of a shuffling chip. 
0118 FIG. 20 is a schematic of the fluidics layer of a 
Shuffling System. 

0119 FIG. 21 is a schematic of an environmental control 
layer. 

0120 FIG. 22 is a schematic of a microscale appliance. 
0121 FIG. 23 is a schematic outline of processes for 
Sourcing nucleic acids from diverse Sources. 

0.122 FIG. 24 is an alternative schematic outline of 
processes for Sourcing nucleic acids from diverse Sources. 

0123 FIG. 25 is an alternative schematic outline of 
processes for Sourcing nucleic acids from diverse Sources. 

0.124 FIG. 26 is an alternative schematic outline of 
processes for Sourcing nucleic acids from diverse Sources. 

0125 FIG. 27 is an alternative schematic outline of 
processes for Sourcing nucleic acids from diverse Sources. 
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0.126 FIG. 28 is an alternative schematic outline of 
processes for Sourcing nucleic acids from diverse Sources. 
0127 FIG. 29 is an alternative schematic outline of 
processes for Sourcing nucleic acids from diverse Sources. 
0128 FIG. 30 is an alternative schematic outline of 
processes for Sourcing nucleic acids from diverse Sources. 
0.129 FIG. 31 schematically illustrates recombination of 
nucleic acids tethered to a Solid Support. 
0130 FIGS. 32A and B schematically illustrate recovery 
procedures using "boomerang” and “vectorette' amplifica 
tion Strategies. 
0131 FIG. 33 is an illustration of the melting tempera 
ture for a nucleic acid pairwise hybridization showing 
various croSSOver Segments. 

I. DEFINITIONS 

0132) The following definitions supplement those com 
mon in the art for the terms Specified. 
0133) A “physical array' is a set of specified elements 
arranged in a specified or Specifiable Spatial arrangement. A 
"logical array' is a Set of Specified elements arranged in a 
manner which permits access to the elements of the Set. A 
logical array can be, e.g., a virtual arrangement of the Set in 
a computer System, or, e.g., an arrangement of Set elements 
produced by performing a specified physical manipulation 
on one or more Set element or components of Set elements. 
For example, a logical array can be described in which set 
elements (or components that can be combined to produce 
Set elements) can be transported or manipulated to produce 
the Set. A “duplicate” or "copy' array is an array which can 
be at least partially corresponded to a parental array. In 
Simplest form, this correspondence takes the form of simply 
replicating all or part of the parental array, e.g., by taking an 
aliquot of material from each position in the parental array 
and placing the aliquot in a defined position in the duplicate 
array. However, any method which results in the ability to 
correspond members of the duplicate array to the parental 
array can be used for array duplication, including the use of 
Simple or complex Storage algorithms, partially or purely in 
Silico arrays, and pooling approaches which partially com 
bine Some elements of the parental array into Single loca 
tions (physical or virtual) in the duplicate array. The dupli 
cate or copy array duplicates Some or all components of a 
parental array. For example, an array of reaction mixtures 
optionally includes nucleic acids and translation or tran 
Scription reagents at Sites in the array, while the duplicate/ 
copy array can also include the complete reaction mixtures, 
or, alternately, can include, e.g., the nucleic acids, without 
the other reaction mixture components. 
0.134. A “shuffled nucleic acid is a nucleic acid produced 
by a shuffling procedure Such as any shuffling procedure Set 
forth herein. Shuffled nucleic acids are produced by recom 
bining (physically or virtually) two or more nucleic acids (or 
character Strings), e.g., in an artificial, and optionally recur 
Sive, fashion. Generally, one or more Screening Steps are 
used in Shuffling processes to identify nucleic acids of 
interest; this Screening Step can performed before or after 
any recombination Step. In Some (but not all) Shuffling 
embodiments, it is desirable to perform multiple rounds of 
recombination prior to Selection to increase the diversity of 
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the pool to be Screened. The overall process of recombina 
tion and Selection are optionally repeated recursively. 
Depending on context, shuffling can refer to an overall 
process of recombination and Selection, or, alternately, can 
simply refer to the recombinational portions of the overall 
proceSS. 

0135 A “mutagenized nucleic acid” is a nucleic acid 
which has been physically altered as compared to a parental 
nucleic acid (e.g., Such as a naturally occurring nucleic 
acid), e.g., by modifying, deleting, rearranging, or replacing 
one or more nucleotide residue in the mutagenized nucleic 
acid as compared to the parental nucleic acid. 
0136. A “transcribed” nucleic acid is a nucleic acid 
produced by copying a parental nucleic acid, where the 
parental nucleic acid is a different nucleic acid type than the 
copied nucleic acid. For example, an RNA copy of a DNA 
molecule (e.g., as occurs during classical transcription) or a 
DNA copy of an RNA molecule (e.g., as occurs during 
classical reverse transcription) can be a “transcribed nucleic 
acid” as that term is intended herein. Similarly, artificial 
nucleic acids, including peptide nucleic acids, can be used as 
either the parental or the copied nucleic acid (and artificial 
nucleotides can be incorporated into either parental or 
copied molecules). Copying can be performed, e.g., using 
appropriate polymerases, or using in Vitro artificial chemical 
Synthetic methods, or a combination of Synthetic and enzy 
matic methods. 

0.137 An “in vitro translation reagent” is a reagent which 
is necessary or Sufficient for in vitro translation, or a reagent 
which modulates the rate or extent of an in vitro translation 
reaction, or which alters the parameters under which the 
reaction is operative. Examples include ribosomes, and 
reagents which include ribosomes, Such as reticulocyte 
lysates, bacterial cell lysates, cellular fractions thereof, 
amino acids, t-RNAS, etc. 
0138 A “translation product” is a product (typically a 
polypeptide) produced as a result of the translation of a 
nucleic acid. A “transcription product” is a product (e.g., an 
RNA, optionally including mRNA, or, e.g., a catalytic or 
biologically active RNA) produced as a result of transcrip 
tion of a nucleic acid. 

0.139. A “solid phase array' is an array in which the 
members of the array are fixed to or within a solid or 
semi-solid substrate. The fixation can be the result of any 
interaction that tends to immobilize components, including 
chemical linking, heat treatment, hybridization, ligand/re 
ceptor interactions, metal chelation interactions, ion 
eXchange, hydrogen bonding and hydrophobic interactions 
and the like. For Semi-Solid Substrates Such as gels and gel 
droplets, linking may require nothing more than mixing of 
the member with the substrate material during or after 
Solidification. A “Solid Substrate' has a fixed organizational 
Support matrix, Such as Silica, glass, polymeric materials, 
membranes, filters, beads, pins, Slides, microtiter plates or 
trays, etc. In Some embodiments, at least one Surface of the 
Substrate is partially planar, but in others, the Solid Substrate 
is a discrete element Such as a bead which can be dispensed 
into an organization matrix Such as a microtiter tray. Solid 
Support materials include, but are not limited to, glass, 
polacryloylmorpholide, Silica, controlled pore glass (CPG), 
polystyrene, polystyrene/latex, polyacyrlate, polyacryla 
mide, agar, agarose, chemically modified agars and agar 
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OSes, carboxyl modified teflon, nylon and nitrocellulose. The 
Solid Substrates can be biological, nonbiological, organic, 
inorganic, or a combination of any of these, existing as 
particles, Strands, precipitates, gels, sheets, tubing, Spheres, 
containers, capillaries, pads, Slices, films, plates, Slides, etc., 
depending upon the particular application. Other Suitable 
Solid Substrate materials will be readily apparent to those of 
skill in the art. Often, the Surface of the Solid Substrate will 
contain reactive groups, Such as carboxyl, amino, hydroxyl, 
thiol, or the like for the attachment of nucleic acids, proteins, 
etc. Surfaces on the Solid Substrate will Sometimes, though 
not always, be composed of the same material as the 
Substrate. Thus, the Surface may be composed of any of a 
wide variety of materials, for example, polymers, plastics, 
resins, polysaccharides, Silica or Silica-based materials, car 
bon, metals, inorganic glasses, membranes, or any of the 
above-listed Substrate materials. The Surface may also be 
chemically modified or functionalized in Such a way as to 
allow it to establish binding interactions with functional 
groups intrinsic to or Specifically associated with the nucleic 
acids or polypeptides to be immobilized. 

0140. A “liquid phase array' is an array in which the 
members of the array are free in Solution, e.g., on a micro 
titer tray, or in a Series of containerS Such as a set of test tubes 
or other containers. Most often, members of a liquid phase 
array are separated in Space by Subdividing the Volume 
containing the members of the array into multiple discrete 
chamberS Such that each chamber contains less than a 
complete library of members, and ideally less than about 
10% of the discrete members in the library. Such separation 
or fractionation of a population containing a plurality of 
unique Sequences can be accomplished by Sorting, dilution, 
Serial dilution, and a variety of other methods. 

0141 Nucleic acids are “homologous” when they derive 
(artificially or naturally) from a common ancestor. Where 
there is no direct knowledge of the relatedness of two or 
more nucleic acids, homology is often inferred by consid 
eration of the percent identity or by identification of discrete 
Sequence motifs within Sets of low identity Sequences of the 
relevant nucleic acids. AS described in more detail herein, 
commonly available Software programs Such as BLAST and 
PILEUP can be used to calculate relatedness of nucleic 
acids. 

0.142 Nucleic acids “hybridize” when they preferentially 
asSociate in Solution. AS described in more detail below, a 
variety of parameterS Such as temperature, ionic buffer 
conditions and the presence or absence of organic Solvents 
affect hybridization of two or more nucleic acids. 

0.143 A “translation control sequence” is a nucleic acid 
Subsequence which affects the initiation, rate or extent of 
translation of a nucleic acid, Such as ribosome binding sites, 
Stop codons and the like. A variety of Such Sequences are 
known and described in the references set forth herein and 
many more are fully available to one of skill. 

0144. A “transcription control sequence” is a nucleic acid 
Subsequence which affects the initiation, rate or extent of 
transcription of a nucleic acid, Such as a promoter, enhancer 
or terminator Sequences. A variety of Such Sequences are 
known and described in the references Set forth herein, and 
many more are fully available to one of skill. 
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DETAILED DISCUSSION OF THE INVENTION 

0145 The present invention takes advantage of a variety 
of technologies to automate nucleic acid shuffling and other 
diversity-generation dependent processes. Each aspect of 
diversity generation and downstream Screening processes 
can be automated (and used individually in Separate modules 
or collectively in an integrated System or an overall device), 
providing devices, Systems and methods which greatly 
increase throughput for generating diverse nucleic acids 
(e.g., by recombination methods Such as DNA shuffling, or 
via other mutagenesis methods, or combinations thereof) 
and Screening for desirable properties of those nucleic acids 
(e.g., encoded RNAS, proteins, or the like). 
0146 The invention provides, among other things, meth 
ods, kits, devices and integrated Systems. For example, 
devices and integrated Systems comprising a physical or 
logical array of reaction mixtures are provided. Each reac 
tion mixture comprises one or more recombinant, shuffled or 
otherwise diversified nucleic acids (e.g., diversified by 
mutagenesis, optionally including recombination or other 
methods), or corresponding transcribed nucleic acids (e.g., 
cDNAS or mRNAs). The reaction mixtures of the array also 
include one or more in vitro transcription and/or translation 
reagents. 

0147 As will be described in more detail below, arrays 
can be, and commonly are, partially or completely dupli 
cated in the methods and systems of the invention. For 
example, aliquots of reaction mixtures or products can be 
taken and copy arrays formed from the aliquots. Similarly, 
master arrays comprising, e.g., the nucleic acids found in the 
reaction mixtures (e.g., arrays constituted of duplicate 
amplified sets of diversified nucleic acids) can be produced. 
The precise manner of production of array copies varies 
according to the physical nature of the array. For example, 
where arrays are formed in microtiter trays, copy arrays are 
conveniently formed in microtiter trays, e.g., by automated 
pipetting of aliquots of material from an original array. 
However, arrays can also change form in the copying 
process, i.e., liquid phase copies can be formed from Solid 
phase arrays, or Vice versa, or a logical array can be 
converted to a simple or complex Spatial array in the proceSS 
of forming the copy (e.g., by moving or creating an aliquot 
of material corresponding to a member of the logical array, 
and, Subsequently, placing the aliquot with other array 
members in an accessible Spatial relationship Such as a 
gridded array), or vice versa (e.g., array member positions 
can be recorded and that information used as the basis for 
logical arrays that constitute members of multiple spatial 
arrays-a common process when identifying “hits” having an 
activity of interest). 
0.148. The arrays can include both reaction mixture and 
product components. For example, in addition to the nucleic 
acids, transcription regents and translation reagents noted 
above, the arrays can also include products of the reaction 
mixture Such as RNAS (e.g., mRNAS, biologically active 
nucleic acids (e.g., ribozymes, aptamers, antisense mol 
ecules, etc.) proteins, or the like. Thus, the reaction mixtures 
can comprise one or more translation products or one or 
more transcription products, or both. 
0149 Similarly, the arrays can have any of a variety of 
physical configurations, including Solid or liquid phase(s). 
Some or all of the components of the reaction mixtures can 
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be fixed in position, e.g., the nucleic acids in the reaction 
mixtures can be relatively fixed in position (e.g., in a Solid 
or immobilized phase), while the other components of the 
array can diffuse across the array (e.g., through a gel or other 
immobilizing matrix). Alternatively, Some or all of the 
members of the array can be immobilized to a single general 
Spatial location (e.g., by being present in wells of a micro 
titer dish, either by being fixed to the Surface of the dish or 
in solution in the wells of the dish). Thus, the array of 
reaction mixtures can comprises a Solid phase or a liquid 
phase array of any of the components of the reaction 
mixtures, e.g., the diversified nucleic acids (or transcribed 
products thereof), in vitro translation reagents, etc. 

I. An Overview of Integrated Diversity 
Generation/Screeing System 

0150 FIG. 1, panels A and B provides a schematic 
Overview of an example integrated System of the invention. 
In Some contexts, Some of the listed elements are omitted; 
conversely, many additional elements are optionally 
included. 

0151. As shown, nucleic acids (DNA, RNA, etc.) or 
corresponding character Strings (e.g., characters in a com 
puter System) are input into the System. A diversity genera 
tion module (e.g., a shuffling and/or mutagenesis module) 
recombines, mutagenizes or otherwise modifies the input 
nucleic acids to produce a diverse Set of nucleic acids that 
are used to produce one or more product (a protein, bioactive 
RNA, or the like) in a product production module. Variant 
nucleic acids are then Selected (typically by Screening prod 
ucts from the production module) for a desired encoded 
activity (encoded protein or RNA, level of RNA expression, 
level of protein expression, etc.). Top variants are then 
Selected for further characterization, additional rounds of 
diversity generation (e.g., recombination of the top variants 
with each other or with additional nucleic acids, or both). 
0152 Typically, a product quantification module can be 
used to normalize Selection results (i.e., to account for 
differences in concentrations of protein, catalytic RNAS or 
other products). Optionally, one or more additional Second 
ary assay can be performed to further Select for one or more 
additional property of interest in any product. 

0153 FIG. 1, panel B provides additional details of the 
example integrated System. AS shown, nucleic acids are 
dispensed from diversity generation module 1 into microtiter 
trays (as described below, many alternative configurations 
that do not use Such trays, instead using other liquid (e.g., 
microfluidic) or Solid phase arrays). For example, the diver 
sified DNAS (or other nucleic acids) are dispensed into first 
tray or set of trays 10 at about 0-100 unique DNA molecules/ 
well to provide for straightforward interpretation of results 
from the system. Commonly, each well can contain 0-10 
unique molecules. For example, each well can contain, on 
average, 0-5, or e.g., 0-3 unique molecules. That is, if there 
are only 1 or a few nucleic acid molecule member types per 
array position it is easier to identify which array members 
produce a desirable activity. However, arrays of pooled 
members can be used, in which pools having an activity of 
interest are Subsequently deconvoluted (e.g., re-arrayed by 
limiting dilution and the pool members tested for any 
activity of interest). In this context, the term “unique” refers 
to nucleic acids of differing lengths or Sequences. 
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0154) A nucleic acid master array is produced by ampli 
fying the members of the first tray (the amplified members 
are accessible for further operations), e.g., as indicated by 
PCR process amplification step(s) 15. One or more copies of 
this master array (20, 21) is optionally produced (e.g., by 
aliquotting or otherwise transferring materials from the 
original to the copies) for further access by the System in 
Subsequent procedures. Either the original or the duplicate 
of the master array can be in vitro transcribed (if appropri 
ate-the copying procedure (represented by in vitro transcrip 
tion process step 25) can produce DNA or RNA copies (e.g., 
as represented by mRNA copy array 30), and the original 
can be DNA or RNA, as desired) and/or translated in vitro 
to produce a product of interest (e.g., a biologically active 
RNA, protein, or the like, represented by protein/RNA array 
40). This is represented by in vitro transcription process 
step(s) 35. 
O155 The product is assayed as appropriate on primary 
assay plate 50 which optionally includes substrates or other 
relevant components. Secondary assays (i.e., assays for 
activities which differ from the first activity) can also be run 
in Secondary assay modules. 
0156 Typically, a product quantification module such as 
a protein quantification/purification module 60 is used to 
normalize the activity level of the product, i.e., to detect 
and/or account for variation in product concentrations. Pro 
tein quantitation module 60 allows arraying at uniform 
concentration for Specific activities. Aliquots of existing 
proteins can be rearrayed and reassayed, e.g., on Secondary 
assay plate 70. New protein can be reproduced from mRNA 
or dsDNA, quantified and reasSayed. 
O157 Detector elements are typically included in protein 
quantitation module 60 to detect product activities of interest 
(hits). Optionally, hit picking Software and or hardware is 
used to select hits (other Software elements control sample 
manipulation and transfer between modules and respond to 
user inputs). The System determines which nucleic acids in 
the master array that the hits correspond to and either 
identifies the hits to the user or uses corresponding nucleic 
acids from the original or copy master array in Subsequent 
diversity generation reactions, Such as in additional shuffling 
reactions in the diversity generation module. 
0158. In general in FIG. 1, arrows between plates indi 
cate processes that can be used to produce new plates, or 
which can be performed on existing plates. 

II. Methods and System Elements for Generating 
Nucleic Acid Diversity 

0159) A variety of diversity generating protocols (e.g., 
mutation, including recombination and other methods) are 
available and described in the art. The procedures can be 
used separately, and/or in combination to produce one or 
more variants of a nucleic acid or Set of nucleic acids, as well 
variants of encoded proteins. Individually and collectively, 
these procedures provide robust, widely applicable ways of 
generating diversified nucleic acids and Sets of nucleic acids 
(including, e.g., nucleic acid libraries) useful, e.g., for the 
engineering or rapid evolution of nucleic acids, proteins, 
pathways, cells and/or organisms with new and/or improved 
characteristics. 

0160 While distinctions and classifications are made in 
the course of the ensuing discussion for clarity, it will be 
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appreciated that the techniques are often not mutually exclu 
Sive. Indeed, the various methods can be used Singly or in 
combination, in parallel or in Series, to provide diverse 
Sequence Variants. 
0.161 The result of any of the diversity generating pro 
cedures described herein can be the generation of one or 
more nucleic acids, which can be selected or Screened for 
nucleic acids that encode proteins or bioactive RNAS (e.g., 
catalytic RNAs) with or which confer new or desirable 
properties. Following diversification by one or more of the 
methods herein, or otherwise available to one of skill, any 
nucleic acids that are produced can be selected for a desired 
activity or property, e.g. for use in the automated Systems 
and methods herein. This can include identifying any activ 
ity that can be detected, for example, in an automated or 
automatable format, by any of the assays in the art or herein. 
A variety of related (or even unrelated) properties can be 
evaluated, in Serial or in parallel, at the discretion of the 
practitioner. 
0162 AS noted, a variety of diversity generating/product 
Screening reactions can be automated by the methods Set 
forth herein. One important class of Such reactions are 
“nucleic acid shuffling” or “DNA shuffling' methods. In 
these methods, any of a variety of recombination-based 
diversity generating procedures can be used to diversify 
Starting nucleic acids, or organisms comprising nucleic 
acids, or even to diversify character Strings which are "in 
Silico' (in computer) representations of nucleic acids (or 
both). Diverse nucleic acids/character Strings/organisms 
which are generated by Such methods are typically screened 
for one or more activity. Nucleic acids, character Strings, or 
organisms which comprise nucleic acids are then optionally 
used as Substrates in Subsequent recombination reactions, 
the products of which are, again, Screened for one or more 
activity. This process is optionally repeated recursively until 
one or more desirable product is produced. 
0163 A variety of diversity generating protocols, includ 
ing nucleic acid shuffling protocols, are available and fully 
described in the art. The following publications describe a 
variety of recursive recombination and other mutational 
procedures and/or methods which can be incorporated into 
Such procedures, as well as other diversity generating pro 
tocols: Soong, N. et al. (2000) “Molecular breeding of 
viruses”Nat Genet 25(4):436-439; Stemmer, et al., (1999) 
“Molecular breeding of Viruses for targeting and other 
clinical properties. Tumor Targeting 4:1-4; Nesset al. 
(1999) “DNA Shuffling of Subgenomic sequences of Subtil 
isin'Nature Biotechnology 17:893-896; Chang et al. (1999) 
“Evolution of a cytokine using DNA family shuffling'Na 
ture Biotechnology 17:793-797; Minshull and Stemmer 
(1999) “Protein evolution by molecular breeding"Current 
Opinion in Chemical Biology 3:284-290; Christians et al. 
(1999) “Directed evolution of thymidine kinase for AZT 
phosphorylation using DNA family shuffling'Nature Bio 
technology 17:259-264; Crameriet al. (1998) “DNA shuf 
fling of a family of genes from diverse Species accelerates 
directed evolution'Nature 391:288-291; Crameriet al. 
(1997) “Molecular evolution of an arsenate detoxification 
pathway by DNA shuffling.” Nature Biotechnology 15:436 
438; Zhang et al. (1997) “Directed evolution of an effective 
fucosidase from a galactosidase by DNA shuffling and 
screening Proceedings of the National Academy of Sci 
ences, U.S.A. 94:4504-4509; Patten et al. (1997) “Applica 
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tions of DNA Shuffling to Pharmaceuticals and Vaccines 
'Current Opinion in Biotechnology 8:724-733; Crameri et 
al. (1996) “Construction and evolution of antibody-phage 
libraries by DNA shuffling"Nature Medicine 2:100-103; 
Cramerietal. (1996) “Improved green fluorescent protein by 
molecular evolution using DNA shuffling'Nature Biotech 
nology 14:315-319; Gates et al. (1996) “Affinity selective 
isolation of ligands from peptide libraries through display on 
a lac repressor headpiece dimer’Journal of Molecular Biol 
ogy 255:373-386; Stemmer (1996) “Sexual PCR and 
Assembly PCR” In: The Encyclopedia of Molecular Biol 
ogy. VCH Publishers, New York. pp.447-457; Crameri and 
Stemmer (1995) “Combinatorial multiple cassette mutagen 
esis creates all the permutations of mutant and wildtype 
cassettes'BioTechniques 18:194-195; Stemmer et al., (1995) 
"Single-step assembly of a gene and entire plasmid form 
large numbers of oligodeoxyribonucleotides'Gene, 164:49 
53; Stemmer (1995) “The Evolution of Molecular Compu 
tation''Science 270: 1510; Stemmer (1995) “Searching 
Sequence Space” Bio/Technology 13:549-553; Stemmer 
(1994) “Rapid evolution of a protein in vitro by DNA 
shuffling"Nature 370:389-391; and Stemmer (1994) “DNA 
Shuffling by random fragmentation and reassembly: In vitro 
recombination for molecular evolution.” Proceedings of the 
National Academy of Sciences, U.S.A. 91: 10747-10751. 
0164. Additional available mutational methods of gener 
ating diversity include, for example, Site-directed mutagen 
esis (Ling et al. (1997) “Approaches to DNA mutagenesis: 
an overview’Anal Biochem. 254(2): 157-178; Dale et al. 
(1996) “Oligonucleotide-directed random mutagenesis 
using the phosphorothioate method’Methods Mol. Biol. 
57:369-374; Smith (1985) “In vitro mutagenesis'Ann. Rev. 
Genet. 19:423-462; Botstein & Shortle (1985) “Strategies 
and applications of in vitro mutagenesis''Science 229:1193– 
1201; Carter (1986) “Site-directed mutagenesis'Biochem. J. 
237:1-7; and Kunkel (1987) “The efficiency of oligonucle 
otide directed mutagenesis” in Nucleic Acids cc Molecular 
Biology (Eckstein, F. and Lilley, D. M. J. eds., Springer 
Verlag, Berlin); mutagenesis using uracil containing tem 
plates (Kunkel (1985) “Rapid and efficient site-specific 
mutagenesis without phenotypic Selection''Proc. Natl. Acad. 
Sci. USA 82:488-492; Kunkel et al. (1987) “Rapid and 
efficient Site-specific mutagenesis without phenotypic Selec 
tion'Methods in Enzymol. 154, 367-382; and Bass et al. 
(1988) “Mutant Trp repressors with new DNA-binding 
specificities''Science 242:240-245); oligonucleotide-di 
rected mutagenesis (Methods in Enzymol. 100: 468-500 
(1983); Methods in Enzymol. 154:329-350 (1987); Zoller & 
Smith (1982) “Oligonucleotide-directed mutagenesis using 
M13-derived vectors: an efficient and general procedure for 
the production of point mutations in any DNA fragment 
"Nucleic Acids Res. 10:6487-6500; Zoller & Smith (1983) 
“Oligonucleotide-directed mutagenesis of DNA fragments 
cloned into M13 vectors'Methods in Enzymol. 100:468-500; 
and Zoller & Smith (1987) “Oligonucleotide-directed 
mutagenesis: a simple method using two oligonucleotide 
primers and a single-stranded DNA template'Methods in 
Enzymol. 154:329-350); phosphorothioate-modified DNA 
mutagenesis (Taylor et al. (1985) “The use of phospho 
rothioate-modified DNA in restriction enzyme reactions to 
prepare nicked DNA'Nucl. Acids Res. 13:8749-8764; Tay 
lor et al. (1985) “The rapid generation of oligonucleotide 
directed mutations at high frequency using phosphorothio 
ate-modified DNA'Nucl. Acids Res. 13: 8765-8787 (1985); 
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Nakamaye & Eckstein (1986) “Inhibition of restriction 
endonuclease Nici I cleavage by phosphorothioate groups 
and its application to oligonucleotide-directed mutagenesis 
"Nucl. Acids Res. 14:9679-9698; Sayers et al. (1988) “Y-T 
Exonucleases in phosphorothioate-based oligonucleotide 
directed mutagenesis' Nucl. Acids Res. 16:791-802; and 
Sayers et al. (1988) "Strand specific cleavage of phospho 
rothioate-containing DNA by reaction with restriction endo 
nucleases in the presence of ethidium bromide'Nucl. Acids 
Res. 16:803-814); mutagenesis using gapped duplex DNA 
(Kramer et al. (1984) “The gapped duplex DNA approach to 
oligonucleotide-directed mutation construction'Nucl. Acids 
Res. 12: 9441-9456; Kramer & Fritz (1987) Methods in 
Enzymol. “Oligonucleotide-directed construction of muta 
tions via gapped duplex DNA' 154:350-367; Kramer et al. 
(1988) “Improved enzymatic in vitro reactions in the gapped 
duplex DNA approach to oligonucleotide-directed construc 
tion of mutations' Nucl. Acids Res. 16: 7207; and Fritz et al. 
(1988) “Oligonucleotide-directed construction of mutations: 
a gapped duplex DNA procedure without enzymatic reac 
tions in vitro'Nucl. Acids Res. 16: 6987-6999). 
0.165 Additional suitable methods include point mis 
match repair (Kramer et al. (1984) “Point Mismatch Repair 
"Cell 38:879-887), mutagenesis using repair-deficient host 
strains (Carter et al. (1985) “Improved oligonucleotide site 
directed mutagenesis using M13 vectors' Nucl. Acids Res. 
13: 4431-4443; and Carter (1987) “Improved oligonucle 
otide-directed mutagenesis using M13 vectors'Methods in 
Enzymol. 154: 382-403), deletion mutagenesis (Eghtedarza 
deh & Henikoff (1986) “Use of oligonucleotides to generate 
large deletions' Nucl. Acids Res. 14: 5115), restriction-se 
lection and restriction-purification (Wells et al. (1986) 
"Importance of hydrogen-bond formation in Stabilizing the 
transition state of Subtilisin' Phil. Trans. R. Soc. Lond. A 
317: 415-423), mutagenesis by total gene synthesis (Nam 
biar et al. (1984) “Total synthesis and cloning of a gene 
coding for the ribonuclease S protein'Science 223: 1299 
1301; Sakamar and Khorana (1988) “Total synthesis and 
expression of a gene for the a-Subunit of bovine rod Outer 
Segment guanine nucleotide-binding protein (transducin 
)"Nucl. Acids Res. 14: 6361-6372; Wells et al. (1985) 
“Cassette mutagenesis: an efficient method for generation of 
multiple mutations at defined sites'Gene 34:315-323; and 
Grundström et al. (1985) “Oligonucleotide-directed 
mutagenesis by microScale shot-gun gene Synthesis' Nucl. 
Acids Res. 13: 3305-3316), double-strand break repair 
(Mandecki (1986) “Oligonucleotide-directed double-strand 
break repair in plasmids of Escherichia coli: a method for 
site-specific mutagenesis'Proc. Natl. Acad. Sci. USA, 
83:7177-7181; and Arnold (1993) “Protein engineering for 
unusual environments'Current Opinion in Biotechnology 
4:450-455). Additional details on many of the above meth 
ods can be found in Methods in Enzymology Volume 154, 
which also describes useful controls for trouble-shooting 
problems with various mutagenesis methods. 
0166 Additional details regarding DNA shuffling and 
other diversity generating methods are found in U.S. Patents 
by the inventors and their co-workers, including: U.S. Pat. 
No. 5,605,793 to Stemmer (Feb. 25, 1997), “METHODS 
FOR IN VITRO RECOMBINATION;” U.S. Pat. No. 5,811, 
238 to Stemmer et al. (Sep. 22, 1998) “METHODS FOR 
GENERATING POLYNUCLEOTIDES HAVING 
DESIRED CHARACTERISTICS BY ITERATIVE SELEC 
TION AND RECOMBINATION:” U.S. Pat. No. 5,830,721 
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to Stemmer et al. (Nov. 3, 1998), “DNA MUTAGENESIS 
BY RANDOM FRAGMENTATION AND REASSEM 

BLY,” U.S. Pat. No. 5,834,252 to Stemmer, et al. (Nov. 10, 
1998) “END-COMPLEMENTARY POLYMERASE 
REACTION,” and U.S. Pat. No. 5,837,458 to Minshull, et 
al. (Nov. 17, 1998), “METHODS AND COMPOSITIONS 
FOR CELLULAR AND METABOLIC ENGINEERING. 

0167. In addition, details and formats for recursive 
recombination, e.g., DNA Shuffling and other diversity gen 
erating protocols are found in a variety of PCT and foreign 
patent application publications, including: Stemmer and 
Crameri, “DNA MUTAGENESIS BY RANDOM FRAG 
MENTATION AND REASSEMBLY” WO95/22625; Stem 
mer and Lipschutz “END COMPLEMENTARY POLY 
MERASE CHAIN REACTION WO 96/33207; Stemmer 
and Crameri “METHODS FOR GENERATING POLY 
NUCLEOTIDES HAVING DESIRED CHARACTERIS 
TICS BY ITERATIVE SELECTION AND RECOMBINA 
TION WO 97/0078; Minshul and Stemmer, “METHODS 
AND COMPOSITIONS FOR CELLULAR AND META 
BOLIC ENGINEERING” WO 97/35966; Punnomen et al. 
“TARGETING OF GENETIC VACCINE VECTORS WO 
99/41402; Punnonen et al. “ANTIGEN LIBRARY IMMU 
NIZATION WO 99/41383; Punnonen et al. “GENETIC 
VACCINE VECTOR ENGINEERING” WO 99/41369; 
Punnonen et al. OPTIMIZATION OF IMMUNOMODU 
LATORY PROPERTIES OF GENETIC VACCINES WO 
994.1368; Stemmer and Crameri, “DNA MUTAGENESIS 
BY RANDOM FRAGMENTATION AND REASSEM 
BLY” EP 0934999; Stemmer “EVOLVING CELLULAR 
DNA UPTAKE BY RECURSIVE SEQUENCE RECOM 
BINATION’ EP 0932670; Stemmer et al., “MODIFICA 
TION OF VIRUS TROPISM AND HOST RANGE BY 
VIRAL GENOME SHUFLING” WO9923107; Apt et al., 
“HUMAN PAPILLOMAVIRUS VECTORS” WO992.1979; 
Del Cardayre et al. “EVOLUTION OF WHOLE CELLS 
AND ORGANISMS BY RECURSIVE SEQUENCE 
RECOMBINATION WO9831837; Patten and Stemmer, 
“METHODS AND COMPOSITIONS FOR POLYPEP 
TIDE ENGINEERING” WO 9827230; Stemmer et al., and 
“METHODS FOR OPTIMIZATION OF GENETHERAPY 
BY RECURSIVE SEQUENCE SHUFFLING AND 
SELECTION WO9813487. 

0168 Certain U.S. applications provide additional details 
regarding various diversity generating methods, including 
“SHUFFLING OF CODON ALTERED GENES” by Patten 
et al. filed Sep. 28, 1999, (U.S. Ser. No. 09/407.800); 
“EVOLUTION OF WHOLE CELLS AND ORGANISMS 
BY RECURSIVE SEQUENCE RECOMBINATION”, by 
del Cardayre et al. filed Jul 15, 1998 (U.S. Ser. No. 
09/166.188), and Jul. 15, 1999 (U.S. Ser. No. 091354,922); 
“OLIGONUCLEOTIDE MEDIATED NUCLEIC ACID 
RECOMBINATION” by Crameri et al., filed Sep. 28, 1999 
(U.S. Ser. No. 09/408,392), and “OLIGONUCLEOTIDE 
MEDIATED NUCLEIC ACID RECOMBINATION” by 
Crameri et al., filed Jan. 18, 2000 (PCT/US00/01203); “USE 
OF CODON-VARIED OLIGONUCLEOTIDE SYNTHE 
SIS FOR SYNTHETICSHUFFLING” by Welchet al., filed 
Sep. 28, 1999 (U.S. Ser. No. 09/408,393); “METHODS 
FOR MAKING CHARACTER STRINGS, POLYNUCLE 
OTIDES & POLYPEPTIDES HAVING DESIRED CHAR 
ACTERISTICS” by Selifonov et al., filed Jan. 18, 2000, 
(PCT/US00/01202) and, e.g., “METHODS FOR MAKING 
CHARACTER STRINGS, POLYNUCLEOTIDES & 
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POLYPEPTIDES HAVING DESIRED CHARACTERIS 
TICS” by Selifonov et al., filed Jul.18, 2000 (U.S. Ser. No. 
09/618,579); “METHODS OF POPULATING DATA 
STRUCTURES FOR USE IN EVOLUTIONARY SIMU 
LATIONS” by Selifonov and Stemmer, filed Jan. 18, 2000 
(PCT/US00/001138); and “SINGLE-STRANDED 
NUCLEIC ACID TEMPLATE-MEDIATED RECOMBI 
NATION AND NUCLEIC ACID FRAGMENT ISOLA 
TION” by Affholter, filed Sept. 6, 2000 (U.S. Ser. No. 
09/656,549). 
0169. As review of the foregoing publications, patents, 
published applications and U.S. patent applications reveals, 
recursive recombination and other mutation methods for 
modifying nucleic acids to provide new nucleic acids with 
desired (e.g., new or improved) properties can be carried out 
by a number of established methods and these procedures 
can be combined with any of a variety of other diversity 
generating methods. The following exemplify Some of the 
different formats for diversity generation in the context of 
the present invention, including, e.g., certain recombination 
based diversity generation formats. Many additional formats 
are provided in the references above and herein, and can be 
adapted to use in the Systems and methods herein. 
0170 For example, several different general classes of 
recombination methods are applicable to the present inven 
tion and Set forth in the references above. First, nucleic acids 
can be recombined in vitro by any of a variety of techniques 
discussed in the references above, including e.g., DNASe 
digestion of nucleic acids to be recombined followed by 
ligation and/or PCR reassembly of the nucleic acids. Sec 
ond, nucleic acids can be recursively recombined in Vivo, 
e.g., by allowing recombination to occur between nucleic 
acids in cells. Third, whole genome recombination methods 
can be used in which whole genomes of cells or other 
organisms are recombined, optionally including spiking of 
the genomic recombination mixtures with desired library 
components. Fourth, Synthetic recombination methods can 
be used, in which oligonucleotides corresponding to targets 
of interest are synthesized and reassembled in PCR or 
ligation reactions which include oligonucleotides which 
correspond to more than one parental nucleic acid, thereby 
generating new recombined nucleic acids. Oligonucleotides 
can be made by Standard, Single nucleotide addition meth 
ods, or by methods in which dinucleotides, trinucleotides or 
longer oligomers are added in at least one Synthetic cycle, 
for example, to limit or expand the number of codons which 
may be present at a given position within a Synthetic or 
Semi-Synthetic gene. Moreover, recombined nucleic acids 
may be generated either from a starting pool of Single 
Stranded oligonucleotides or by first annealing at least one 
Single-Stranded oligomer to a complement Sequence, thus 
forming a starting pool of preannealed double Stranded 
oligonucleotides. Fifth, in Silico methods of recombination 
can be effected in which genetic algorithms are used in a 
computer to recombine Sequence Strings which correspond 
to nucleic acid homologues (or even non-homologous 
Sequences). The resulting recombined sequence Strings are 
optionally converted into nucleic acids by Synthesis of 
nucleic acids which correspond to the recombined 
Sequences, e.g., in concert with oligonucleotide Synthesis/ 
gene reassembly techniques. Sixth, methods of accessing 
natural diversity, e.g., by hybridization of diverse nucleic 
acids or nucleic acid fragments to Single-Stranded templates, 
followed by polymerization and/or ligation to regenerate 
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full-length Sequences, optionally followed by degradation of 
the templates and recovery of the resulting modified nucleic 
acids can be used. Any of the preceding general recombi 
nation formats can be practiced in a reiterative fashion to 
generate a more diverse set of recombinant nucleic acids. 

0171 Thus, as noted, nucleic acids can be recombined in 
Vitro by any of a variety of techniques discussed in the 
references above, including e.g., DNASe digestion of nucleic 
acids to be recombined followed by ligation and/or PCR 
reassembly of the nucleic acids. For example, sexual PCR 
mutagenesis can be used in which random (or pseudo 
random, or even non-random) fragmentation of the DNA 
molecule is followed by recombination, based on Sequence 
similarity, between DNA molecules with different but 
related DNA sequences, in vitro, followed by fixation of the 
croSSOver by extension in a polymerase chain reaction. This 
proceSS and many process variants are described in Several 
of the references above, e.g., in Stemmer (1994) Proc. Natl. 
Acad. Sci. USA 91:10747-10751. The present invention 
provides various automated formats and related devices for 
practicing Such methods. 

0172 Similarly, nucleic acids can be recursively recom 
bined in Vivo, e.g., by allowing recombination to occur 
between nucleic acids in cells. Many Such in Vivo recom 
bination formats are set forth in the references noted above. 
Such formats optionally provide direct recombination 
between nucleic acids of interest, or provide recombination 
between vectors, Viruses, plasmids, etc., comprising the 
nucleic acids of interest, as well as other formats. Details 
regarding Such procedures are found in the references noted 
above. Here again, the present invention provides various 
automated formats and related devices for practicing Such 
methods. 

0173. In addition, whole genome recombination methods 
can also be used in which whole genomes of cells or other 
organisms are recombined, optionally including spiking of 
the genomic recombination mixtures with desired library 
components (e.g., genes corresponding to the pathways of 
the present invention). These methods have many applica 
tions, including those in which the identity of a target gene 
is not known. Details on Such methods are found, e.g., in 
WO 98/31837 by del Cardayre et al. “Evolution of Whole 
Cells and Organisms by Recursive Sequence Recombina 
tion;” and in, e.g., PCT/US99/15972 by del Cardayre et al., 
also entitled “Evolution of Whole Cells and Organisms by 
Recursive Sequence Recombination.” The present invention 
provides various automated formats and related devices for 
practicing Such methods. 

0.174 As noted, synthetic recombination methods can 
also be used, in which oligonucleotides corresponding to 
targets of interest are synthesized and reassembled in PCR 
or ligation reactions which include oligonucleotides which 
correspond to more than one parental nucleic acid, thereby 
generating new recombined nucleic acids. Oligonucleotides 
can be made by Standard nucleotide addition methods, or can 
be made, e.g., by tri-nucleotide or other Synthetic 
approaches. Details regarding Such approaches are found in 
the references noted above, including, e.g., “OLIGO 
NUCLEOTIDE MEDIATED NUCLEICACID RECOMBI 
NATION” by Crameri et al., filed Sep. 28, 1999 (U.S. Ser. 
No. 09/408,392), and “OLIGONUCLEOTIDE MEDIATED 
NUCLEIC ACID RECOMBINATION” by Crameri et al., 
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filed Jan. 18, 2000 (PCT/US00/01203); “USE OF CODON 
VARIED OLIGONUCLEOTIDE SYNTHESIS FOR SYN 
THETIC SHUFFLING” by Welch et al., filed Sep. 28, 1999 
(U.S. Ser. No. 09/408,393); “METHODS FOR MAKING 
CHARACTER STRINGS, POLYNUCLEOTIDES & 
POLYPEPTIDES HAVING DESIRED CHARACTERIS 
TICS” by Selifonov et al., filed Jan. 18, 2000, (PCT/US00/ 
01202): “METHODS OF POPULATING DATASTRUC 
TURES FOR USE IN EVOLUTIONARY SIMULATIONS 
by Selifonov and Stemmer (PCT/US00/01138), filed Jan. 18, 
2000; and, e.g., “METHODS FOR MAKING CHARAC 
TER STRINGS, POLYNUCLEOTIDES & POLYPEP 
TIDES HAVING DESIRED CHARACTERISTICS” by 
Selifonov et al., filed Jul. 18, 2000 (U.S. Ser. No. 09/618, 
579). These procedures are especially amenable to use in the 
automated Systems and methods herein. 
0.175 For example, in silico methods of recombination 
can be effected in which genetic algorithms (GAS) or genetic 
operators (GOs) are used in a computer to recombine 
Sequence Strings which correspond to homologous (or even 
non-homologous) nucleic acids. The resulting recombined 
Sequence Strings are optionally converted into nucleic acids 
by Synthesis of nucleic acids which correspond to the 
recombined Sequences, e.g., in concert with oligonucleotide 
Synthesis/gene reassembly techniques. This approach can 
generate random, partially random or designed variants. 
Many details regarding in Silico recombination, including 
the use of genetic algorithms, genetic operators and the like 
in computer Systems, combined with generation of corre 
sponding nucleic acids (and/or proteins), as well as combi 
nations of designed nucleic acids and/or proteins (e.g., based 
on cross-over site Selection) as well as designed, pseudo 
random or random recombination methods are described in 
“METHODS FOR MAKING CHARACTER STRINGS, 
POLYNUCLEOTIDES & POLYPEPTIDES HAVING 
DESIRED CHARACTERISTICS” by Selifonov et al., filed 
Jan. 18, 2000, (PCT/US00/01202) “METHODS OF POPU 
LATING DATASTRUCTURES FOR USE IN EVOLU 
TIONARY SIMULATIONS” by Selifonov and Stemmer 
(PCT/US00/01138), filed Jan. 18, 2000; and, e.g., “METH 
ODS FOR MAKING CHARACTER STRINGS, POLY 
NUCLEOTIDES & POLYPEPTIDES HAVING DESIRED 
CHARACTERISTICS” by Selifonov et al., filed Jul 18, 
2000 (U.S. Ser. No. 09/618,579). Extensive details regard 
ing in Silico recombination methods are found in these 
applications. 
0176) Many methods of accessing natural diversity, e.g., 
by hybridization of diverse nucleic acids or nucleic acid 
fragments to Single-Stranded templates, followed by poly 
merization and/or ligation to regenerate full-length 
Sequences, optionally followed by degradation of the tem 
plates and recovery of the resulting modified nucleic acids 
can be Similarly used. In one method employing a single 
Stranded template, the fragment population derived from the 
genomic library(ies) is annealed with partial, or, often 
approximately full length, ssDNA or RNA corresponding to 
the opposite Strand. ASSembly of complex chimeric genes 
from this population is then mediated by nuclease-base 
removal of non-hybridizing fragment ends, polymerization 
to fill gaps between Such fragments and Subsequent Single 
Stranded ligation. The parental polynucleotide Strand can be 
removed by digestion (e.g., if RNA or uracil-containing), 
magnetic separation under denaturing conditions (if labeled 
in a manner conducive to Such separation) and other avail 



US 2001/0039014 A1 

able Separation/purification methods. Alternatively, the 
parental Strand is optionally co-purified with the chimeric 
Strands and removed during Subsequent Screening and pro 
cessing Steps. Additional details regarding this approach are 
found, e.g., in “SINGLE-STRANDED NUCLEIC ACID 
TEMPLATE-MEDIATED RECOMBINATION AND 
NUCLEIC ACID FRAGMENT ISOLATION” by Affholter, 
U.S. Ser. No. 09/656,549, filed Sept. 6, 2000. Further details 
on adaptation of these methods to the present invention are 
found Supra. 
0177. In another approach, single-stranded molecules are 
converted to double-stranded DNA (dsDNA) and the 
dsDNA molecules are bound to a solid support by ligand 
mediated binding. After separation of unbound DNA, the 
Selected DNA molecules are released from the Support and 
introduced into a Suitable host cell to generate a library 
enriched sequences which hybridize to the probe. A library 
produced in this manner provides a desirable Substrate for 
further diversification using any of the procedures described 
herein. Further details on this approach are provided herein. 
0.178 Any of the preceding general mutation or recom 
bination formats can be practiced in a reiterative fashion 
(e.g., one or more cycles of mutation/recombination or other 
diversity generation methods, optionally followed by one or 
more Selection methods) to generate a more diverse set of 
recombinant nucleic acids. 

0179. In general, the above references provide many 
basic mutation and recombination formats as well as many 
modifications of these formats. Regardless of the format 
which is used, the nucleic acids of the invention can be 
recombined (with each other or with related (or even unre 
lated) to produce a diverse set of recombinant nucleic acids, 
including, e.g., Sets of homologous nucleic acids. 

0180. Following recombination and/or other forms of 
mutation, any nucleic acids which are produced can be 
Selected for a desired activity. In the context of the present 
invention, this can include testing for and identifying any 
activity that can be detected in an automatable format, by 
any of the assays in the art. A variety of related (or even 
unrelated) properties can be assayed for, using any available 
assay. These methods are automated according to the present 
invention as described herein. As noted, DNA recombination 
and other forms of mutagenesis, Separately or in combina 
tion, provide robust, widely applicable, means of generating 
diversity useful for the engineering of nucleic acids, pro 
teins, pathways, cells and organisms to provide new or 
improved characteristics. 
0181. It is often desirable to combine multiple diversity 
generating methodologies when generating diversity. For 
example, in conjunction with (or separately from) shuffling 
methods, a variety of mutation methods can be practiced and 
the results (i.e., diverse populations of nucleic acids) 
Screened for in the Systems of the invention. Additional 
diversity can be introduced by methods which result in the 
alteration of individual nucleotides or groups of contiguous 
or non-contiguous nucleotides, i.e., mutagenesis methods. 
Further details on certain example mutation methodologies 
are provided below. 

0182. In one aspect, error-prone PCR is used, in which, 
e.g., PCR is performed under conditions where the copying 
fidelity of the DNA polymerase is low, such that a high rate 
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of point mutations is obtained along the entire length of the 
PCR product. Examples of such techniques are found in the 
references above and, e.g., in Leung et al., (1989) Technique, 
1:11-15 (1989) and Caldwell et al. (1992) PCR Methods 
Applic. 2:28-33. Similarly, assembly PCR can be used, in a 
process which involves the assembly of a PCR product from 
a mixture of small DNA fragments. A large number of 
different PCR reactions can occur in parallel in the same 
Vial, with the products of one reaction priming the products 
of another reaction. Sexual PCR mutagenesis can be used in 
which homologous recombination occurs between DNA 
molecules of different but related DNA sequence in vitro, by 
random fragmentation of the DNA molecule based on 
Sequence homology, followed by fixation of the croSSOver by 
primer eXtension in a PCR reaction. This proceSS is 
described in the references above, e.g., in Stemmer (1994) 
PNAS 91:10747-10751. Recursive ensemble mutagenesis 
can be used in which an algorithm for protein mutagenesis 
is used to produce diverse populations of phenotypically 
related mutants whose members differ in amino acid 
Sequence. This method uses a feedback mechanism to con 
trol Successive rounds of combinatorial cassette mutagen 
esis. Examples of this approach are found in Arkin and 
Youvan PNAS USA 89:7811-7815 (1992). 
0183 AS noted, oligonucleotide directed mutagenesis 
can be used in a process which allows for the generation of 
Site-specific mutations in any cloned DNA segment of 
interest. Examples of Such techniques are found in the 
references above and, e.g., in Reidhaar-Olson et al. (1988) 
Science, 241:53-57. Similarly, cassette mutagenesis can be 
used in a process which replaces a Small region of a double 
stranded DNA molecule with a synthetic oligonucleotide 
cassette that differs from the native Sequence. The oligo 
nucleotide can contain, e.g., completely and/or partially 
randomized native sequence(s). 
0184. In vivo mutagenesis can be used in a process of 
generating random mutations in any cloned DNA of interest 
which involves the propagation of the DNA, e.g., in a Strain 
of E. coli that carries mutations in one or more of the DNA 
repair pathways. These “mutator Strains have a higher 
random mutation rate than that of a wild-type parent. Propa 
gating the DNA in one of these strains will eventually 
generate random mutations within the DNA. 
0185. Exponential ensemble mutagenesis can be used for 
generating combinatorial libraries with a high percentage of 
unique and functional mutants, where Small groups of resi 
dues are randomized in parallel to identify, at each altered 
position, amino acids which lead to functional proteins. 
Examples of Such procedures are found in Delegrave and 
Youvan (1993) Biotechnology Research, 11:1548-1552. 
Similarly, random and Site-directed mutagenesis can be 
used. Examples of Such procedures are found in Arnold 
(1993) Current Opinion in Biotechnology, 4:450-455. 
0186. Many kits for mutagenesis are also commercially 
available. For example, kits are available from, e.g., Strat 
agene (e.g., the QuickChange site-directed mutagenesis kit; 
and the Chameleon double-Stranded, Site-directed mutagen 
eSiskit), Bio/Can Scientific, Bio-Rad (e.g., using the Kunkel 
method described above), Boehringer Mannheim Corp., 
Clonetech Laboratories, DNA Technologies, Epicentre 
Technologies (e.g., 5 prime 3 prime kit); Genpak Inc, 
Lemargo Inc, Life Technologies (Gibco BRL), New 
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England Biolabs, Pharmacia Biotech, Promega Corp., Quan 
tum Biotechnologies, Amersham International plc (e.g., 
using the Eckstein method above), and Anglian Biotechnol 
ogy ltd (e.g., using the Carter/Winter method above). 
0187. Any of the described shuffling or mutagenesis 
techniques can be used in conjunction with procedures 
which introduce additional diversity into a genome, e.g. a 
eukaryotic or bacterial genome. For example, in addition to 
the methods above, techniques have been proposed which 
produce chimeric nucleic acid multimerS Suitable for trans 
formation into a variety of Species, including E. coli and B. 
Subtilis (see, e.g., Schellenberger U.S. Pat. No. 5,756,316 
and the references above). When such chimeric multimers 
consist of genes that are divergent with respect to one 
another, (e.g., derived from natural diversity or through 
application of Site directed mutagenesis, error prone PCR, 
passage through mutagenic bacterial Strains, and the like), 
are transformed into a Suitable host, this provides a Source 
of nucleic acid diversity for DNA diversification. 
0188 In one aspect, a multiplicity of monomeric poly 
nucleotides sharing regions of partial Sequence Similarity 
can be transformed into a host species and recombined in 
vivo by the host cell. Subsequent rounds of cell division can 
be used to generate libraries, members of which, include a 
Single, homogenous population, or pool of monomeric poly 
nucleotides. Alternatively, the monomeric nucleic acid can 
be recovered by Standard techniques, e.g., PCR and/or 
cloning, and recombined in any of the recombination for 
mats, including recursive recombination formats, described 
above. 

0189 Methods for generating multispecies expression 
libraries have been described (in addition to the reference 
noted above, see, e.g., Peterson et al. (1998) U.S. Pat. No. 
5,783,431 “METHODS FOR GENERATING AND 
SCREENING NOVEL METABOLIC PATHWAYS,” and 
Thompson, et al. (1998) U.S. Pat. No. 5,824,485 METH 
ODS FOR GENERATING AND SCREENING NOVEL 
METABOLIC PATHWAYS) and their use to identify protein 
activities of interest has been proposed (In addition to the 
references noted above, see, Short (1999) U.S. Pat. No. 
5,958,672 “PROTEIN ACTIVITY SCREENING OF 
CLONES HAVING DNA FROM UNCULTIVATED 
MICROORGANISMS). Multispecies expression libraries 
include, in general, libraries comprising cDNA or genomic 
Sequences from a plurality of Species or Strains, operably 
linked to appropriate regulatory Sequences, in an expression 
cassette. The cDNA and/or genomic Sequences are option 
ally randomly ligated to further enhance diversity. The 
vector can be a shuttle vector Suitable for transformation and 
expression in more than one Species of host organism, e.g., 
bacterial Species, eukaryotic cells. In Some cases, the library 
is biased by preselecting Sequences which encode a protein 
of interest, or which hybridize to a nucleic acid of interest. 
Any Such libraries can be provided as Substrates for any of 
the methods herein described. 

0.190 Chimeric multimers transformed into host species 
are Suitable as Substrates for in Vivo Shuffling protocols. 
Alternatively, a multiplicity of polynucleotides Sharing 
regions of partial Sequence Similarity can be transformed 
into a host Species and recombined in Vivo by the host cell. 
Subsequent rounds of cell division can be used to generate 
libraries, members of which, comprise a Single, homogenous 

20 
Nov. 8, 2001 

population of monomeric or pooled nucleic acid. Alterna 
tively, the monomeric nucleic acid can be recovered by 
Standard techniques and recursively recombined in any of 
the described shuffling formats. 

0191 Chain termination methods of diversity generation 
have also been proposed (see, e.g., U.S. Pat. No. 5,965,408 
and the references above). In this approach, double Stranded 
DNAS corresponding to one or more genes sharing regions 
of Sequence Similarity are combined and denatured, in the 
presence or absence of primerS Specific for the gene. The 
Single Stranded polynucleotides are then annealed and incu 
bated in the presence of a polymerase and a chain terminat 
ing reagent (e.g., uV, gamma or X-ray irradiation; ethidium 
bromide or other intercalators; DNA binding proteins, such 
as Single Strand binding proteins, transcription activating 
factors, or histones, polycyclic aromatic hydrocarbons, 
trivalent chromium or a trivalent chromium salt; or abbre 
Viated polymerization mediated by rapid thermocycling, and 
the like), resulting in the production of partial duplex 
molecules. The partial duplex molecules, e.g., containing 
partially extended chains, are then denatured and reannealed 
in Subsequent rounds of replication or partial replication 
resulting in polynucleotides which share varying degrees of 
Sequence Similarity and which are chimeric with respect to 
the starting population of DNA molecules. Optionally, the 
products or partial pools of the products can be amplified at 
one or more Stages in the process. Polynucleotides produced 
by a chain termination method, Such as described above are 
suitable substrates for DNA shuffling according to any of the 
described formats. 

0.192 Diversity can also be generated using, for example, 
incremental truncation for the creation of hybrid enzymes 
(ITCHY) described in Ostermeier et al. (1999) “A combi 
natorial approach to hybrid enzymes independent of DNA 
homology'Nature Biotech 17:1205, can be used to generate 
an initial recombinant library which Serves as a Substrate for 
one or more rounds of in vitro or in vivo shuffling methods. 
Any homology or non-homology based mutation/recombi 
nation format can be used to generate diversity, Separately or 
in combination. 

0193 In some applications, it is desirable to preselect or 
prescreen libraries (e.g., an amplified library, a genomic 
library, a cDNA library, a normalized library, etc.) or other 
Substrate nucleic acids prior to shuffling, or to otherwise bias 
the Substrates towards nucleic acids that encode functional 
products (shuffling procedures can also, independently have 
these effects). For example, in the case of antibody engi 
neering, it is possible to bias the Shuffling process toward 
antibodies with functional antigen binding Sites by taking 
advantage of in vivo recombination events prior to DNA 
Shuffling by any described method. For example, recom 
bined CDRS derived from B cell cDNA libraries can be 
amplified and assembled into framework regions (e.g., 
Jirholt et al. (1998) “Exploiting sequence space: shuffling in 
Vivo formed complementarity determining regions into a 
master framework'Gene 215: 471) prior to DNA shuffling 
according to any of the methods described herein. 

0194 Libraries can be biased towards nucleic acids 
which encode proteins with desirable enzyme activities. For 
example, after identifying a clone from a library which 
exhibits a Specified activity, the clone can be mutagenized 
using any known method for introducing DNA alterations, 
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including, but not restricted to, DNA shuffling. A library 
comprising the mutagenized homologues is then Screened 
for a desired activity, which can be the Same as or different 
from the initially Specified activity. An example of Such a 
procedure is proposed in U.S. Pat. No. 5,939,250. Desired 
activities can be identified by any method known in the art. 
For example, WO 99/10539 proposes that gene libraries can 
be Screened by combining extracts from the gene library 
with components obtained from metabolically rich cells and 
identifying combinations which exhibit the desired activity. 
It has also been proposed (e.g., WO 98/58085) that clones 
with desired activities can be identified by inserting bioac 
tive Substrates into Samples of the library, and detecting 
bioactive fluorescence corresponding to the product of a 
desired activity using a fluorescent analyzer, e.g., a flow 
cytometry device, a CCD, a fluorometer, or a spectropho 
tometer. 

0.195 Libraries can also be biased towards nucleic acids 
which have Specified characteristics, e.g., hybridization to a 
Selected nucleic acid probe. For example, application WO 
99/10539 proposes that polynucleotides encoding a desired 
activity (e.g., an enzymatic activity, for example: a lipase, an 
esterase, a protease, a glycosidase, a glycosyltransferase, a 
phosphatase, a kinase, an oxygenase, a peroxidase, a hydro 
lase, a hydratase, a nitrilase, a transaminase, an amidase or 
an acylase) can be identified from among genomic DNA 
Sequences in the following manner. Single Stranded DNA 
molecules from a population of genomic DNA are hybrid 
ized to a ligand-conjugated probe. The genomic DNA can be 
derived from either a cultivated or uncultivated microorgan 
ism, or from an environmental Sample. Alternatively, the 
genomic DNA can be derived from a multicellular organism, 
or a tissue derived therefrom. Second Strand Synthesis can be 
conducted directly from a hybridization probe used in the 
capture, with or without prior release from the capture 
medium or by a wide variety of other Strategies known in the 
art. Alternatively, the isolated Single-Stranded genomic DNA 
population can be fragmented without further cloning and 
used directly in a shuffling-based gene reassembly process. 
In one Such method the fragment population derived the 
genomic library(ies) is annealed with partial, or, often 
approximately full length ssDNA or RNA corresponding to 
the opposite Strand. ASSembly of complex chimeric genes 
from this population is the mediated by nuclease-based 
removal of non-hybridizing fragment ends, polymerization 
to fill gaps between Such fragments and Subsequent Single 
Stranded ligation. The parental Strand can be removed by 
digestion (if RNA or uracil-containing), magnetic separation 
under denaturing conditions (if labeled in a manner condu 
cive to Such separation) and other available separation/ 
purification methods. Alternatively, the parental Strand is 
optionally co-purified with the chimeric Strands and 
removed during Subsequent Screening and processing StepS. 
As set detailed, e.g., in “SINGLE-STRANDED NUCLEIC 
ACID TEMPLATE-MEDIATED RECOMBINATION AND 
NUCLEIC ACID FRAGMENT ISOLATION” by Affholter, 
U.S. Ser. No. 60/186,482 filed Mar. 2.2000, and U.S. Ser. 
No. 09/656,549, Filed Sep. 6, 2000 shuffling using single 
Stranded templates and nucleic acids of interest which bind 
to a portion of the template can also be performed. 
0196) “Non-Stochastic' methods of generating nucleic 
acids and polypeptides are proposed in Short “Non-Stochas 
tic Generation of Genetic Vaccines and Enzymes' WO 
00/46344. These methods, including proposed non-stochas 
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tic polynucleotide reassembly and Site-Saturation mutagen 
esis methods can be applied to the present invention as well. 
Random or Semi-random mutagenesis using doped or degen 
erate oligonucleotides is also described in, e.g., Arkin and 
Youvan (1992) "Optimizing nucleotide mixtures to encode 
Specific Subsets of amino acids for Semi-random mutagen 
esis' Biotechnology 10:297-300; Reidhaar-Olson et al. 
(1991) "Random mutagenesis of protein sequences using 
oligonucleotide cassettes'Methods Enzymol. 208:564-86; 
Lim and Sauer (1991) “The role of internal packing inter 
actions in determining the Structure and Stability of a pro 
tein'J. Mol. Biol. 219:359-76; Breyer and Sauer (1989) 
“Mutational analysis of the fine specificity of binding of 
monoclonal antibody 51F to lambda repressor J. Biol. 
Chem. 264:13355-60); and “Walk-Through Mutagenesis” 
(Crea, R; U.S. Pat. Nos. 5,830,650 and 5,798,208, and EP 
Patent 0527809 B1. 

0197). In one approach, described in more detail herein, 
Single-Stranded molecules are converted to double-Stranded 
DNA (dsDNA) and the dsDNA molecules are bound to a 
Solid Support by ligand-mediated binding. After Separation 
of unbound DNA, the selected DNA molecules are released 
from the Support and introduced into a Suitable host cell to 
generate a library enriched Sequences which hybridize to the 
probe. A library produced in this manner provides a desir 
able substrate for any of the shuffling reactions described 
herein. 

0.198. It will further be appreciated that any of the above 
described techniques Suitable for enriching a library prior to 
shuffling can be used to Screen the products generated by the 
methods of DNA shuffling. 
0199 The above references provide many mutational 
formats, including recombination, recursive recombination, 
mutation by non-recombination directed methods, recursive 
mutation in any format as well as many modifications of 
these formats. Regardless of the diversity generation format 
that is used, the nucleic acids of the invention can be 
recombined (with each other, or with related (or even 
unrelated) sequences) to produce a diverse set of recombi 
nant nucleic acids, including, e.g., Sets of homologous 
nucleic acids, as well as corresponding polypeptides. 

Non-PCR Based Recombination Methods 

0200. As noted above, site-directed or oligonucleotide 
directed mutagenesis methods can be used to generate 
chimeras between 2 or more parental genes. Many methods 
are described in the literature and Some are listed herein that 
do not depend on PCR, though PCR-based methods are also 
fully described herein and useful in the context of the present 
invention. 

0201 A common theme to many non-PCR based meth 
ods is preparation of a Single-Stranded template to which 
primers (e.g., Synthetic oligonucleotides, single-Stranded 
DNA or RNA fragments) are annealed, then elongated by a 
DNA or RNA polymerase in the presence of dNTPs and 
appropriate buffer. The gapped duplex can be Sealed with 
DNAligase prior to transformation or electroporation into E. 
coli. In Some instances, e.g., where a Substantially coexten 
Sive heterolog is generated by annealing of multiple primers 
to a template, ligase alone is Sufficient to produce a recom 
binant DNA Strand. In Some instances, e.g., where there are 
“flaps” of nucleic acid which do not hybridize to the 
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template, an exo- or endo-nuclease can be used to eliminate 
unhybridized portions of a bound nucleic acid prior to 
polymerase and/or ligase treatment. 
0202) The newly synthesized strand is replicated and 
generates a chimeric gene with contributions from the oligo 
in the context of the single-Stranded (SS) parent. The SS 
template can be prepared, e.g., by incorporation of the phage 
IG region into the plasmid and use of a helper phage Such as 
M13KO7 or R408 to package SS plasmids into filamentous 
phage particles. The SS template can also be generated by 
denaturation of a double-Stranded template and annealing in 
the presence of the primers. Methods vary, e.g., in the 
enrichment protocols for isolation of the newly Synthesized 
chimeric Strand over the parental template Strand and are 
described in the references below. The “Kunkel' method 
uses uracil-containing templates. The Eckstein method uses 
phosphorothioate-modified DNA. The use of restriction 
Selection or purification can be used in conjunction with 
mismatch repair deficient Strains. 
0203. In the context of the present invention, the 
"mutagenic' primer described in these methods can be one 
or more Synthetic oligonucleotides encoding any type of 
randomization, insertion, deletion, family gene shuffling 
oligonucleotides based on Sequence diversity of homolo 
gous genes, etc. Oligos that randomize particular Sequences 
(eg. NNG/C), encode conservative replacements for particu 
lar residues (eg. NUN for hydrophobic residues), spiked 
oligos where the correct nucleotide Sequence is Synthesized 
in the background of a low level of all 3 mismatched 
nucleotides, incorporation of deoxyinosine or other ambigu 
ous nucleotide analogs, incorporation, insertions, deletions, 
error prone PCR, etc. can be used. The primer(s) can also be, 
e.g., fragments of homologous genes that are annealed to the 
SS parent template. In this way chimeras between 2 or more 
parental genes can be generated. 
0204 Multiple primers can anneal to a given template 
and be extended to create multiply chimeric genes. The use 
of a DNA polymerase such as those from phages T4 or T7 
are good for this purpose as they will not degrade or displace 
a downstream primer from the template. 
0205. In one class of preferred embodiments, the SS 
template or one or more primers (e.g., mutagenic primers) is 
immobilized on a Solid Substrate Such as a chip or a 
membrane. In other embodiments, annealing and extension 
occurs in a liquid phase array, Such as in a reaction Solution 
within Wells of a microtiter plate or an arrangement of test 
tubes. 

Example: Dna Shuffling Using Uracil Containing 
Templates 

0206 For example, in one aspect, a gene of interest is 
cloned into an E. coli plasmid containing the filamentous 
phage intergenic (IG, ori) region. Single Stranded (SS) plas 
mid DNA is packaged into phage particles upon infection 
with a helper phage such as M13KO7 (Pharmacia) or R408 
and is purified by methods Such as phenol/chloroform 
extraction and ethanol precipitation. If this DNA is prepared 
in a dut ung Strain of E. coli, a Small number of uracil 
residues are incorporated into it in place of normal thymine 
residues. The ratio of the amount of uracil residues to the 
amount of thymidine residues used typically depends on the 
desired nucleic acid fragment size. The ratio is optionally 

22 
Nov. 8, 2001 

calculated using appropriate Software or instruction Sets as 
described below. The instructions are typically programmed 
into a diversity generation device of the invention, e.g., in a 
computer readable format in a computer operably coupled to 
a diversity generation device or directly into a thermocycler 
used in a diversity generation device. 
0207. One or more primers as defined above are annealed 
to the SS uracil-containing template by heating to 90° C. and 
Slowly cooling to room temperature. An appropriate buffer 
containing all 4 deoxyribonucleotides, T7 DNA polymerase 
and T4DNAligase is added to the annealed template/primer 
mix and incubated between room temperature-37 C. for 
21 hour. The T7 DNA polymerase extends from the 3' end 
of the primer and Synthesizes a complementary Strand to the 
template incorporating the primer. DNA ligase Seals the gap 
between the 3' end of the newly synthesized strand and the 
5' end of the primer. If multiple primers are used, then the 
polymerase will extend to the next primer, Stop (preferen 
tially, polymerases that are arrested by downstream bound 
nucleic acids are used for this purpose) and ligase will Seal 
the gap. AS noted above, an exonuclease can be employed, 
e.g., prior to polymerase treatment. 
0208. The products of these reactions are then trans 
formed into an ung Strain of E. coli and antibiotic Selection 
for the plasmid is applied. Uracil N-glycosylase (the ung 
gene product) enzyme in the host cell recognizes the uracil 
in the template Strand and removes it, creating a pyrimidinic 
Sites that are either not replicated or which are corrected by 
the host repair Systems using the newly Synthesized Strand as 
a template. The resulting plasmids predominantly contain 
the desired change in the gene if interest. If multiple primers 
are used then it is possible Simultaneously to introduce 
numerous changes in a Single reaction. If the primers are 
derived from fragments of homologous genes, then multiply 
chimeric genes can be generated. 
0209 Any of these diversity generating methods (shuf 
fling, mutagenesis, etc.) can be combined with each other, in 
any combination Selected by the user, to produce nucleic 
acid diversity, which may be Screened for using any avail 
able screening method. The section below entitled “Diver 
sity Generation Modules' provides further details regarding 
generation of diversity in the devices, modules and Systems 
of the present invention. 

A. Diversity Generation Modules 
0210. The automated production of diverse libraries can 
be used to increase the throughput of forced evolution 
methods. A variety of diversity production Strategies can be 
used. Shuffling and other diversity generating modules of 
the invention provide a convenient way to generate diversity 
from Starting nucleic acids. Diversity generation modules 
automate one or more relevant diversity generating process. 
0211 For example, the diversity generation module can 
take the form of a nucleic acid shuffling or mutagenesis 
module which can accept input nucleic acids or character 
Strings corresponding to input nucleic acids and can manipu 
late the input nucleic acids or the character Strings corre 
sponding to input nucleic acids to produce output nucleic 
acids. In addition, the diversity generation modules of the 
invention are optionally used to Select appropriate input 
nucleic acids or character Strings corresponding to input 
nucleic acids which are typically shuffled to produce output 
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nucleic acids. In any case, the output nucleic acids can 
comprise the one or more shuffled or mutagenized nucleic 
acids in the reaction mixture arrays of the invention, or 
fragments thereof. In addition to performing diversity-gen 
eration reactions, the diversity generation module optionally 
Separates, identifies, purifies, immobilizes or otherwise 
treats diversified nucleic acids for further analysis. 
0212 Common formats for the diversity generation mod 
ule can include computer Systems for designing and Select 
ing nucleic acids, oligonucleotide Synthesizers, liquid han 
dlers for moving and mixing reagents (e.g., microwell 
plates, automatic pipettors, peristaltic pumps, etc.). The 
nucleic acid shuffling module can include one or more 
microScale channel through which a shuffling reagent or 
product is flowed which can be integrated in a chip, or 
present in a Series of microcapillaries. 
0213 For example, in addition to, in conjunction with, or 
in place of a Standard automatic pipetting Station and Set of 
microwell plates, devices or integrated Systems can include 
physical or logical arrays of reaction mixtures incorporated 
into the automatic pipetting Station and Set of microwell 
plates, or into a microScale device. Alternately, at least one 
of the reaction mixtures can be incorporated into a microS 
cale device or a delivery system which interfaces with the 
automatic pipetting Station and Set of microwell plates. In 
one embodiment, the one or more shuffled or mutagenized 
nucleic acids (or a transcribed form thereof) can be found 
within a microScale device or the microwell plates, or the 
one or more in vitro transcription or translation reagents can 
be found within the plates or the microscale device. Any 
reagent associated with any operation of the module can be 
found within Standard robotic Systems, or in a microScale 
device, or in microwell plates, or on Solid Substrates or other 
Storage Systems as noted herein and any operation or Set of 
operations for the module can be performed in a microScale 
or milliscale format. Thus, all or part of the module can be 
embodied in one or more automatic pipetting Station, robotic 
fluid handling Systems, in microcapillary Systems (e.g., 
including integrated microchannel devices), or combina 
tions thereof. 

(1.) Selection and Acquisition of Targets for 
Diversity Generation Processes 

0214. The identification and acquisition of nucleic acid 
targets for diversity generation can be performed by the 
diversity generating modules of the invention. For example, 
Selection algorithms can be used to identify Sequences in 
public or proprietary databases which meet any user-Se 
lected criterion as a target for diversity generation. These 
user criteria include activity, encoded activity, homology, 
public availability, and any other criteria of interest. In 
addition, character Strings corresponding to nucleic acids (or 
their derived polypeptides) can be generated according to 
any set of criteria Selected by the user, including Similarity 
to existing Sequences, modification of an existing Sequence 
according to any desired modification parameter (genetic 
algorithm, etc.), random or non-random (e.g., weighted) 
Sequence generation, etc. Data structures comprising diverse 
Sequences can be formed in a digital or analog computer or 
in a computer readable medium and the data Structures 
converted from character Strings to nucleic acids (e.g., via 
automated Synthesis protocols) for Subsequent physical 
manipulations. Alternatively, the character Strings are 
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manipulated or shuffled “in silico' to produce diverse 
nucleic acids, based upon any genetic algorithm or operator 
Selected by the practitioner. 
0215 Either computer data or nucleic acids can be “data 
Structures,” a term which refers to the organization and 
optionally associated device for the Storage of information, 
typically comprising multiple “pieces of information. The 
data Structure can be a simple recordation of the information 
(e.g., a list) or the data structure can contain additional 
information (e.g., annotations) regarding the information 
contained therein, can establish relationships between the 
various “members” (information “pieces”) of the data struc 
ture, and can provide pointers or be linked to resources 
external to the data Structure. The data Structure can be 
intangible but is rendered tangible when Stored/represented 
in tangible medium (e.g., in a computer medium, a nucleic 
acid or set of nucleic acids, or the like). The data structure 
can represent various information architectures including, 
but not limited to Simple lists, linked lists, indexed lists, data 
tables, indexes, hash indices, flat file databases, relational 
databases, local databases, distributed databases, thin client 
databases, and/or the like. 

0216) Nucleic acids can be selected by the user based 
upon Sequence Similarity to one or more additional nucleic 
acid. Different types of Similarity and considerations of 
various Stringency and character String length can be 
detected and recognized in the target acquisition phase of the 
invention. For example, many homology determination 
methods have been designed for comparative analysis of 
Sequences of biopolymers, for spell-checking in word pro 
cessing, and for data retrieval from various databases. With 
an understanding of double-helix pair-wise complement 
interactions among the principal nucleobases in natural 
polynucleotides, models that Simulate annealing of comple 
mentary homologous polynucleotide Strings can also be used 
as a foundation of Sequence alignment or other operations 
typically performed on the character Strings corresponding 
to the Sequences of interest (e.g., word-processing manipu 
lations, construction of figures comprising Sequence or 
Subsequence character Strings, output tables, etc.). An 
example of a dedicated Software package with genetic 
algorithms for calculating Sequence Similarity and other 
operations of interest is BLAST, which can be used in the 
present invention to Select target Sequence (e.g., based upon 
homology) for acquisition and Supply to the diversity gen 
erating modules of the invention. 
0217 BLAST is described in Altschulet al., J. Mol. Biol. 
215:403-410 (1990). Software for performing BLAST 
analyses is publicly available through the National Center 
for Biotechnology Information (http://www.ncbi.nlm.nih 
.gov/). This algorithm first identifies high scoring sequence 
pairs (HSPs) by identifying short words of length W in the 
query Sequence, which either match or Satisfy Some posi 
tive-valued threshold score T when aligned with a word of 
the same length in a database Sequence. T is referred to as 
the neighborhood word score threshold (Altschul et al., 
Supra). These initial neighborhood word hits act as Seeds for 
initiating Searches to find longer HSPS containing them. The 
word hits are then extended in both directions along each 
Sequence for as far as the cumulative alignment Score can be 
increased. Cumulative Scores are calculated using, for nucle 
otide sequences, the parameters M (reward Score for a pair 
of matching residues; always >0) and N (penalty Score for 
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mismatching residues; always <0). For amino acid 
Sequences, a Scoring matrix is used to calculate the cumu 
lative Score. Extension of the word hits in each direction are 
halted when: the cumulative alignment score falls off by the 
quantity X from its maximum achieved value; the cumula 
tive Score goes to Zero or below, due to the accumulation of 
one or more negative-Scoring residue alignments, or the end 
of either Sequence is reached. The BLAST algorithm param 
eters W, T, and X determine the sensitivity and speed of the 
alignment. The BLASTN program (for nucleotide 
Sequences) uses as defaults a wordlength (W) of 11, an 
expectation (E) of 10, a cutoff of 100, M=5, N=-4, and a 
comparison of both Strands. For amino acid (protein) 
Sequences, the BLASTP program uses as defaults a 
wordlength (W) of 3, an expectation (E) of 10, and the 
BLOSUM62 scoring matrix (see Henikoff & Henikoff 
(1989) Proc. Natl. Acad. Sci. USA 89:10915). 
0218. An additional example of a useful sequence align 
ment algorithm is PILEUP, PILEUP creates a multiple 
Sequence alignment from a group of related Sequences using 
progressive, pairwise alignments. It can also plot a tree 
showing the clustering relationships used to create the 
alignment. PILEUP uses a simplification of the progressive 
alignment method of Feng & Doolittle, J. Mol. Evol. 35:351 
360 (1987). The method used is similar to the method 
described by Higgins & Sharp, CABIOS5:151-153 (1989). 
The program can align, e.g., up to 300 Sequences of a 
maximum length of 5,000 letters. The multiple alignment 
procedure begins with the pairwise alignment of the two 
most Similar Sequences, producing a cluster of two aligned 
Sequences. This cluster can then be aligned to the next most 
related Sequence or cluster of aligned Sequences. Two clus 
ters of Sequences can be aligned by a simple extension of the 
pairwise alignment of two individual Sequences. The final 
alignment is achieved by a Series of progressive, pairwise 
alignments. The program can also be used to plot a den 
dogram or tree representation of clustering relationships. 
The program is run by designating Specific Sequences and 
their amino acid or nucleotide coordinates for regions of 
Sequence comparison. 
0219. As noted, the diversity generation module can 
comprise a DNA shuffling module. In one preferred embodi 
ment, this module accepts input nucleic acids Such as DNAS 
or character Strings corresponding to input DNAS and 
manipulates the input DNAS or the character Strings corre 
sponding to input DNAS to produce output DNAS, which 
output DNAS comprise the one or more shuffled DNAS in 
the reaction mixture array. This can be performed by physi 
cal manipulation of nucleic acids as noted above, or char 
acter Strings in computer Systems, or both. For example, in 
addition to Simply Selecting nucleic acids of interest, com 
puter Systems can be used to produce character Strings which 
correspond to nucleic acid targets for diversity generation. A 
variety of genetic algorithms for modifying character Strings 
which correspond to biopolymers are Set forth in detail in, 
e.g., “METHODS FOR MAKING CHARACTER 
STRINGS, POLYNUCLEOTIDES & POLYPEPTIDES 
HAVING DESIRED CHARACTERISTICS” by Selifonov 
et al., filed Feb. 5, 1999 (U.S. Ser. No. 60/118854), U.S. Ser. 
No. 09/416,375 filed Oct. 12, 1999, Application No. PCT/ 
US00/01202, filed Jan. 18, 2000, and, e.g., U.S. Ser. No. 
09/618,579 filed Jul. 18, 2000. These genetic algorithms 
(GAS) include, e.g., modifying nucleic acid sequences to 
correspond to physical mutation events Such as point muta 
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tion, nucleotide insertion, deletion, recombination and the 
like. Sequences can also be tested for fitneSS or any other 
parameter, including multidimensional parameters, by 
parameterizing any Selection criteria and then Selecting 
Sequences which fall within the hyperSpace defined by the 
Set of parameters. Combinations of automated design (e.g., 
protein design automation, or "PDA), e.g., to select cross 
over points for recombination based upon, e.g., physical 
(e.g., presence of encoded protein or other domains) or 
Statistical (e.g., principal component analysis ("PCA), 
Markov modeling, neural networks, etc.) criteria and ran 
dom approaches (e.g., physical recombination of Synthe 
sized nucleic acids) can also be used. Further details on Such 
approaches are found in the applications noted above. 
0220 For example, the present methods for selecting 
nucleic acids for Shuffling are used to insure that the parental 
Sequences chosen for diversity generation Supply Sufficient 
diversity yet can be recombined or shuffled in practice. 
Typically, Sequences are chosen for recombination/shuffling 
based on percent homology, or based on phylogenetic rela 
tionships. Typically, a level of at least 50% sequence homol 
ogy is required for efficient recombination between a pair of 
Sequences. However, this general limit can be overcome by 
the introduction of additional (wild type, naturally occurring 
or Synthetic) sequences which the bridge the diversity 
within any given Sequence pair. This module may act to 
enhance recombinational efficiency within a Sequence popu 
lation by further prescribing the Synthesis or addition of a 
limited Set of additional Sequences not resident within the 
initial parental sequences. The likelihood that any two or 
more parents are compatible for recombination/shuffling is a 
consequence of the chance of recombination occurring dur 
ing the process. Frequency of recombination is a direct 
consequence of the melting point of the hybrid molecule. 
Phylogenetic relationship and/or percent homology provide 
indirect measurements of the same thing. Therefore, the 
following method is optionally used to provide an improved 
Selection of Sequences for diversity generation. The method 
is an automated proceSS by which parental Sequences are 
found, Scored and chosen for Shuffling based on melting 
temperature. In addition, parental divergence is calculated 
and Scored to enable an experimenter to make an informed 
decision upon choosing parental nucleic acids for Shuffling. 
0221) In one embodiment, a set of nucleic acid sequences 
or character Strings corresponding to nucleic acid Sequences 
is Selected using a computer or Set of instructions embodied 
in a computer readable medium, e.g., on a web page. Such 
a method typically comprises performing an alignment, e.g., 
a pairwise alignment, between two or more potential paren 
tal nucleic acid Sequences, e.g., using clustalW or one or 
more of the programs described herein. Potential parental 
nucleic acid Sequences are also optionally Selected using a 
computer, e.g., by Searching one or more database for one or 
more nucleic acid Sequence of interest and one or more 
homolog of the one or more nucleic acid Sequence of 
interest. 

0222. The number of mismatches between the alignment 
is then calculated. Melting temperatures for one or more 
window of W bases in the alignment are also calculated, 
identifying those windows having a melting temperature 
greater than X. Melting temperatures are optionally calcu 
lated from one or more Set of empirical data or one or more 
melting temperature prediction algorithm. A window of W 
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bases typically comprises, e.g., about 21 bases. Preferably, W 
is an odd number and the melting temperature cutoff, X, is 
typically about 65 C. 
0223) One or more crossover Segment in the alignment is 
then identified. A croSSOver Segment is one comprising two 
or more windows having a melting temperature greater than 
X, which two or more windows are separated by no more 
than n nucleotides, with n typically about 2. FIG. 33 
illustrates the melting temperature for a pairwise hybridiza 
tion. In this example, the line indicates the melting tempera 
ture cutoff point and the arrows indicate various croSSover 
Segments. 

0224. The dispersion, e.g., the inverse of the average 
number of bases between croSSOver Segments in the align 
ment, for the croSSOver Segments identified is then typically 
calculated. The above calculations are then combined to 
provide two Scores, e.g., a shuffleability Score and a diversity 
capture Score, for each alignment pair. 
0225. The shuffleability score is based on the number of 
windows having a melting temperature greater that X, the 
dispersion, and the number of croSSOver Segments identified. 
For example, the number of windows, the dispersion, and 
the number of Segments are multiplied together. This Score 
reflects how well the aligned Sequences would croSS over 
during a shuffling reaction, e.g., in Silico shuffling or shuf 
fling in another diversity generation device of the invention, 
and how much of the Sequences are likely to be shuffled. 
0226. The diversity capture score is based on the number 
of mismatches in the alignment, the number of windows 
having a melting temperature greater that X, the dispersion, 
and the number of croSSOver Segments identified. The Score 
is representative not only of how well the Sequences would 
recombine, but also of how well recombining these 
Sequences together would create diversity. 
0227. The sequences are then ranked according to one or 
both of the above Scores and Sequences for shuffling are 
Selected based on the ranks. To further evaluate the 
Sequences for Shuffleability, the above Steps are optionally 
repeated, e.g., Starting with the one or more parental nucleic 
acid Selected in the first cycle. Alternatively, the Steps are 
repeated Starting with the same or different potential parental 
nucleic acid Sequences using one or more different input 
parameters, e.g., for calculating the melting temperature. 

0228. The above methods are optionally used, e.g., with 
varying potential parental Sequences and melting tempera 
ture parameters, e.g., to optimize the diversity capture Score 
while minimizing the amount of parental Sequences needed 
for Shuffling. In addition, the algorithm is optionally used 
with certain restrictions, e.g., that a particularly desirable 
parent or parents must be included in the final Set of parents. 
For example, the method could be set up to walk between 
two parental sequences of interest. “Walking” refers to the 
proceSS by which recombinations are obtained between two 
low homology parental Sequences via intermediate 
Sequences, i.e., A recombines with B, which recombines 
with C, which recombines with D, wherein A and D do not 
directly recombine. 
0229. Other parameters are also optionally optimized in 
the Selection of parents or to modify the Scoring. Such 
parameters include, but are not limited to, the activity of the 
various parents, freedom to operate clearance, e.g., by an 
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automatic Search through a patent or literature database, the 
feasibility of obtaining the parents, the expression levels of 
the parents, and the compatibility of the parents coding 
Sequences with the codon bias of one or more organisms. 
0230 For example, the above method is optionally used 
as described below, e.g., in an automated computerized 
format. A researcher Submits a Small molecule Substrate or 
product, e.g., to a computer program, e.g., embodied in a 
diversity generation device or on a web page. A chemical 
Structure comparison Search is performed on the Small 
molecule, e.g., using ISIS or another Such database. Such 
comparison is optionally performed manually or using a 
computer. The Small molecule and related Structures or 
homologs are used to Search one or more databases, e.g., 
KEGG, WIT, or the like, for genes that are related to or have 
an activity on one or more of the compounds of interest. The 
genes are used to find homologs for Shuffling, e.g., by 
searching databases, such as BLAST, HMMR, fasta, Smith 
Waterman, and the like. The gene Sequences found are 
reverse translated, e.g., to optimize shuffleability, optimize 
codon usage for a given host, and/or maximize the difference 
from a parent that is prohibited by a lack freedom to operate. 
In Some embodiments, it is desirable to have as few genes 
as possible for Shuffling. Therefore, the genes are optionally 
weighted based on activity, Species, environment, or diver 
sity. A final Set of parental Sequences is determined based on 
the Scores obtained as described above and the various 
weights given to each Sequence. Oligonucleotides or char 
acter Strings that correspond to oligonucleotides for gene 
Synthesis based on the Selected parental nucleic acids are 
then created, e.g., for Synthetic Shuffling or in Silico shuf 
fling. 

0231 Nucleic acids which hybridize to one another are 
often provided to the System as Starting nucleic acids for 
recombination-based diversity generation procedures. Fur 
ther, nucleic acid hybridization can be estimated and used as 
a basis for Selection in a computer System, in a manner 
Similar to Selecting for Sequence Similarity as Set forth above 
(similar Sequences typically hybridize). Nucleic acids 
“hybridize” when they associate, typically in Solution. 
Nucleic acids hybridize due to a variety of well character 
ized physico-chemical forces, Such as hydrogen bonding, 
Solvent exclusion, base Stacking and the like and, thus, these 
interactions can be modeled. An extensive guide to the 
hybridization of nucleic acids is found in Tijssen (1993) 
Laboratory Techniques in Biochemistry and Molecular Biol 
ogy- Hybridization with Nucleic Acid Probes part I chapter 
2, “Overview of principles of hybridization and the strategy 
of nucleic acid probe assays.” (Elsevier, New York), as well 
as in Ausubel, supra. Hames and Higgins (1995) Gene 
Probes 1 IRL Press at Oxford University Press, Oxford, 
England, (Hames and Higgins 1) and Hames and Higgins 
(1995) Gene Probes 2 IRL Press at Oxford University Press, 
Oxford, England (Hames and Higgins 2) provide details on 
the Synthesis, labeling, detection and quantification of DNA 
and RNA, including oligonucleotides. 
0232 “Stringent hybridization wash conditions” in the 
context of nucleic acid hybridization experiments Such as 
Southern and northern hybridizations are Sequence depen 
dent, and are different under different environmental param 
eters. An extensive guide to the hybridization of nucleic 
acids is found in Tijssen (1993), supra. and in Hames and 
Higgins, 1 and 2. For purposes of the present invention, 
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generally, “highly Stringent hybridization and wash condi 
tions are selected to be about 5 C. lower than the thermal 
melting point (T) for the specific Sequence at a defined 
ionic strength and pH. The T is the temperature (under 
defined ionic strength and pH) at which 50% of the test 
Sequence hybridizes to a perfectly matched probe. Very 
Stringent conditions are Selected to be equal to the T for a 
particular probe. 
0233. An example of stringent hybridization conditions 
for hybridization of complementary nucleic acids which 
have more than 100 complementary residues on a filter in a 
Southern or northern blot is 50% formalin with 1 mg of 
heparin at 42 C., with the hybridization being carried out 
overnight. An example of Stringent wash conditions is a 
0.2xSSC wash at 65° C. for 15 minutes (see, Sambrook, 
supra for a description of SSC buffer). Often the high 
Stringency wash is preceded by a low Stringency wash to 
remove background probe Signal. An example low Strin 
gency wash is 2xSSC at 40 C. for 15 minutes. In general, 
a signal to noise ratio of 5x (or higher) than that observed for 
an unrelated probe in the particular hybridization assay 
indicates detection of a Specific hybridization. Comparative 
hybridization can be used to identify nucleic acids as inputs 
to the Systems of the invention. 
0234 Providing nucleic acids which are identified or 
generated as noted above optionally takes one of two basic 
forms. 

0235 First, where a nucleic acid is selected which cor 
responds to a physically eXistant nucleic acid, that nucleic 
acid can be acquired by cloning, PCR amplification or other 
nucleic acid isolation methods as is common in the art. An 
introduction to Such methods is found in available Standard 
texts, including Berger and Kimmel, Guide to Molecular 
Cloning Techniques, Methods in Enzymology volume 152 
Academic Press, Inc., San Diego, Calif. (Berger); Sambrook 
et al., Molecular Cloning A Laboratory Manual (2nd Ed.), 
Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring 
Harbor, N.Y., 1989 (“Sambrook”) and Current Protocols in 
Molecular Biology, F. M. Ausubel et al., eds., Current 
Protocols, a joint venture between Greene Publishing Asso 
ciates, Inc. and John Wiley & Sons, Inc., (Supplemented 
through 1999) ("Ausubel')). Examples of techniques suffi 
cient to direct perSons of skill through in vitro amplification 
methods, useful in identifying, isolating and cloning nucleic 
acid diversity targets, including the polymerase chain reac 
tion (PCR) the ligase chain reaction (LCR), Q(B-replicase 
amplification and other RNA polymerase mediated tech 
niques (e.g., NASBA), are found in Berger, Sambrook, and 
Ausubel, as well as Mullis et al., (1987) U.S. Pat. No. 
4,683.202; PCR Protocols A Guide to Methods and Appli 
cations (Innis et al. eds) Academic Press Inc. San Diego, 
Calif. (1990) (Innis); Arnheim & Levinson (Oct. 1, 1990) 
C&EN36-47; The Journal of NIH Research (1991)3,81-94; 
(Kwoh et al. (1989) Proc. Natl. Acad. Sci. USA 86, 1173; 
Guatelli et al. (1990) Proc. Natl. Acad. Sci. USA 87, 1874; 
Lomell et al. (1989) J. Clin. Chem 35, 1826; Landegren et 
al., (1988) Science 241, 1077-1080; Van Brunt (1990) Bio 
technology 8, 291-294; Wu and Wallace, (1989) Gene 4, 
560; Barringer et al. (1990) Gene 89, 117, and Sooknanan 
and Malek (1995) Biotechnology 13: 563-564. Improved 
methods of cloning in vitro amplified nucleic acids are 
described in Wallace et al., U.S. Pat. No. 5,426,039. 
Improved methods of amplifying large nucleic acids by PCR 
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are summarized in Cheng et al. (1994) Nature 369: 684-685 
and the references therein, in which PCR amplicons of up to 
40 kb are generated. One of skill will appreciate that 
essentially any RNA can be converted into a double stranded 
DNA suitable for restriction digestion, PCR expansion and 
Sequencing using reverse transcriptase and a polymerase. 
See, AuSubel, Sambrook and Berger, all Supra. 
0236) Host cells can be transduced with nucleic acids of 
interest, e.g., cloned into vectors, for production of nucleic 
acids and expression of encoded molecules (these encoded 
molecules can be used, e.g., as controls to determine a 
baseline activity to compare encoded activities of a diverse 
library of nucleic acids to). In addition to Berger, Sambrook 
and Ausubel, a variety of references, including, e.g., Fresh 
ney (1994) Culture of Animal Cells, a Manual of Basic 
Technique, third edition, Wiley- Liss, New York and the 
references cited therein, Payne et al. (1992) Plant Cell and 
Tissue Culture in Liquid Systems John Wiley & Sons, Inc. 
New York, N.Y.; Gamborg and Phillips (eds) (1995) Plant 
Cell, Tissue and Organ Culture; Fundamental Methods 
Springer Lab Manual, Springer-Verlag (Berlin Heidelberg 
New York) and Atlas and Parks (eds) The Handbook of 
Microbiological Media (1993) CRC Press, Boca Raton, FL 
provide additional details on cell culture, cloning and 
expression of nucleic acids in cells. 
0237 Sources for physically existant nucleic acids 
include nucleic acid libraries, cell and tissue repositories, the 
NIH, USDA and other governmental agencies, the ATCC, 
ZOOS, nature and many otherS familiar to one of skill. For 
example, a wide variety of Samples can be obtained from 
nature which are Suitable for use in the present invention. 
These include, but are not limited to, environmental isolates 
from remote, unusual, contaminated or common Soils, clayS, 
aquifers and marine localities, high and low moisture envi 
ronments, living, dead, decayed or partially decayed tissues 
of plants or animals, environmental isolates containing a 
plurality of microorganisms, extracts from the gut flora of 
vertebrates and invertebrates, including Symbiotic and endo 
Symbiotic microorganisms. While these diverse Sources pro 
vide many nucleic acids, there are many others which exist 
only as a result of computer algorithms as described above, 
or, even though existant, are difficult to acquire from nature 
(but often straightforward to Synthesize, given an appropri 
ate Sequence). 
0238. The second basic method for acquiring nucleic 
acids does not rely on the physical pre-existence of a nucleic 
acid. Instead, nucleic acids are generated Synthetically, e.g., 
using well-established nucleic acid Synthesis methods. For 
example, nucleic acids can be Synthesized using commer 
cially available nucleic acid Synthesis machines which ulti 
lize Standard Solid-phase methods. Typically, fragments of 
up to about 100 bases are individually synthesized, then 
joined (e.g., by enzymatic or chemical ligation methods, or 
polymerase mediated recombination methods) to form 
essentially any desired continuous Sequence or Sequence 
population. For example, the polynucleotides and oligo 
nucleotides of the invention can be prepared by chemical 
Synthesis using, e.g., the classical phosphoramidite method 
described by Beaucage et al., (1981) Tetrahedron Letters 
22:1859-69, or the method described by Matthes et al., 
(1984) EMBO.J. 3: 801-05., e.g., as is typically practiced in 
automated Synthetic methods. According to the phosphora 
midite method, oligonucleotides are Synthesized, e.g., in an 
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automatic DNA synthesizer, assembled and, optionally, 
cloned in appropriate vectors. In addition, essentially any 
nucleic acid can be custom ordered from any of a variety of 
commercial Sources, Such as The Midland Certified Reagent 
Company (mcrcGoligos.com), The Great American Gene 
Company (http://www.genco.com), ExpressGen Inc. 
(www.expressgen.com), Operon Technologies Inc. 
(Alameda, Calif.) and many others. Similarly, peptides and 
antibodies (useful in various embodiments noted below) can 
be custom ordered from any of a variety of Sources, Such as 
PeptidoGenic (pkim(accnet.com), HTI Bio-products, inc. 
(http://www.htibio.com), BMA Biomedicals Ltd (U.K.), 
Bio. Synthesis, Inc., Research Genetics (Huntsville, Ala.) 
and many others. 
0239 Synthetic approaches to nucleic acid generation 
have the advantage of easy automation. Oligonucleotide 
Synthesis machines can easily be interfaced with a digital 
System that instructs which nucleic acids to be Synthesized 
(indeed, Such digital interfaces are generally part of Standard 
oligonucleotide Synthesis devices). Similarly, ordering 
nucleic acids from commercial Sources can be automated 
through Simple computer programming and use of the 
internet (e.g., by having the user Select nucleic acids which 
are desired and providing an automated ordering System), 
with provisions for user inputs (nucleic acid Selection) and 
outputs (synthesis of nucleic acids which are ordered). 
0240 Synthetic approaches can also be used to automate 
Simultaneous Sequence acquisition and diversity generation, 
i.e., through "oligonucleotide shuffling” and related tech 
nologies (see also, “OLIGONUCLEOTIDE MEDIATED 
NUCLEIC ACID RECOMBINATION” by Crameri et al., 
filed Feb.5, 1999 (U.S. Ser. No. 60/118,813) and filed Jun. 
24, 1999 (U.S. Ser. No. 60/141,049) and filed Sep. 28, 1999 
(U.S. Ser. No. 09/408,392, Attorney Docket Number 
02-29620US) and U.S. Ser. No. PCT/US00/01203 filed Jan. 
18, 2000; and *USE OF CODON-BASED OLIGONUCLE 
OTIDE SYNTHESIS FOR SYNTHETICSHUFFLING” by 
Welch et al., filed Sep. 28, 1999 (U.S. Ser. No. 09/408,393, 
Attorney Docket Number 02-010070US); and “METHODS 
FOR MAKING CHARACTER STRINGS, POLYNUCLE 
OTIDES & POLYPEPTIDES HAVING DESIRED CHAR 
ACTERISTICS” by Selifonov et al. filed Feb. 5, 1999 (U.S. 
Ser. No. 60/118854), U.S. Ser. No. 09/416,375 filed Oct. 12, 
1999, Application No. PCT/US00/01202, filed Jan. 18, 
2000, and, e.g., U.S. Ser. No. 09/618,579 filed Jul.18, 2000). 
In these methods, nucleic acid oligonucleotides correspond 
ing to multiple parental nucleic acids are Synthesized, mixed 
and assembled via polymerase (e.g., PCR) or ligase (or both) 
mediated methods to produce recombinant nucleic acids 
which have Subsequences corresponding to multiple paren 
tal nucleic acid types. 

(2.) Sources and Destinations for Nucleic Acids in 
the Module 

0241 The assays of the invention are optionally partially 
or completely performed in a flowing format. That is, 
nucleic acids or other relevant reaction reagents are option 
ally flowed from Sources (wells, channels, oligonucleotide 
Synthesis elements, etc.) to destinations (reaction wells, 
channels, arrays, etc.), with reactions optionally being con 
trolled by flowing reactants into contact in the System. 
0242. Thus, the nucleic acids which are selected and/or 
acquired optionally include one or more Sources of one or 
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more nucleic acids which collectively or individually com 
prise a first population of nucleic acids. The diversified 
nucleic acids are produced by recombining or otherwise 
mutating one or more members of the first population of 
nucleic acids. This Source of nucleic acids can be an in vitro, 
in Vivo or virtual (in a digital System, i.e., “in Silico') source. 
0243 Sources of nucleic acids can include at least one 
nucleic acid, including, e.g., any of a Synthetic nucleic acid, 
a DNA, an RNA, a DNA analogue, an RNA analogue, a 
genomic DNA, a cDNA, an mRNA, an nRNA, an aptamer, 
a cloned nucleic acid, a cloned DNA, a cloned RNA, a 
plasmid DNA, a viral DNA, a viral RNA, a YAC DNA, a 
cosmid DNA, a BAC DNA, a P1-mid, a phage DNA, a 
single-stranded DNA, a double-stranded DNA, a branched 
DNA, a catalytic nucleic acid, an antisense nucleic acid, an 
in vitro amplified nucleic acid, a PCR amplified nucleic acid, 
an LCR amplified nucleic acid, a QB-replicase amplified 
nucleic acid, an oligonucleotide, a nucleic acid fragment, a 
restriction fragment or any combination thereof, or other 
nucleic acid forms which are available. Alternately, the 
Sources can be virtual or virtual and Synthetic, and can 
include one or more character String corresponding to Such 
Sources. In addition to virtual Sources, data structures (which 
can be physical or virtual) can be sources of nucleic acids 
(e.g., by combining character Strings with Synthetic meth 
ods), including diversified nucleic acids. 
0244. In addition to a source of nucleic acid, the module 
can include a population destination region. During opera 
tion of the device, one or more members of the first 
population are optionally moved from one or more Sources 
of the one or more nucleic acids to the one or more 
destination regions. 
0245. In general, the devices and systems can include 
nucleic acid movement means for moving the one or more 
members from the one or more Sources of the one or more 
nucleic acids to the one or more destination regions (a 
variety of fluidic and non-fluidic means of moving compo 
nents are described herein). 
0246 Sources, destinations and source and destination 
regions can be physically embodied in many different ways. 
For example, they can be microtiter wells or dishes, fritted 
microtiter trays (e.g., for coupling to column chromato 
graphic methods) microfluidic Systems, microchannels, con 
tainers, data Structures, computer Systems, combinations 
thereof, or the like. Examples of Sources/destinations 
include Solid phase arrays, liquid phase arrays, containers, 
microtiter trays, microtiter tray wells, microfluidic compo 
nents, microfluidic chips, test tubes, centrifugal rotors, 
microScope Slides, an organism, a cell, a tissue, and com 
binations thereof. 

0247 AS is noted in more detail herein, the systems of the 
invention also can Similarly include Sources of in Vitro 
transcription or translation reagents, where, during operation 
of the device, the in vitro transcription reagent or an in Vitro 
translation reagent is flowed from a Source into contact with 
nucleic acids to be transcribed/translated. Sources and des 
tinations for other reactants as noted herein are also option 
ally provided. 

0248 Any of the operations to be performed on indi 
vidual array members can be performed Sequentially or in 
parallel. AS noted throughout, certain physical array formats 
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Such as microtiter tray-based approaches are well Suited to 
parallel operations (i.e., having the same or similar opera 
tions performed by approximately simultaneous additions of 
relevant reagents to the array, or approximately Simulta 
neous removal of materials from the array (e.g., for re 
plating (e.g., for array duplication), purification of materials, 
and/or other downstream operations. AS discussed herein, 
conventional high-throughput robotics provide one conve 
nient way of performing these operations, which may, of 
course, also be provided by manual manipulations, microf 
luidic approaches, or other available methods. In Some array 
formats, Sequential operations are more conveniently per 
formed, e.g., where the array is a logical array with members 
which are not located in formats that provide for parallel 
manipulations. 
0249. In either case, robotic or other manipulations can 
be performed uniformly to the array, or can be selectively 
performed to individual array members. These manipula 
tions, and the actual motions used to achieve Selective or 
parallel manipulations can be controlled by appropriate 
controller devices, e.g., computers linked to robotic ele 
ments with Software comprising instruction Sets for regu 
lating the robotic or other material manipulative elements. 
The Software is optionally user programmable, i.e., to pro 
vide for parallel or Selective operations, e.g., to Select "hits” 
for further manipulations. 
0250 Generally, as noted herein, master arrays or data 
Sets (or both) can be maintained that preserve information 
regarding the Spatial location of array elements in the 
System. Generally, duplicate arrays are acted upon by System 
elements (e.g., reagents are added to or material removed 
from one or more duplicate array members), rather than the 
preserved master array members or data Set elements. 
0251. In addition to flowable formats, nucleic acids, 
transcription reagents, translation reagents or other relevant 
reactants are optionally fixed at one or more Sources or at 
one or more destination regions. In these “fixed' or "par 
tially flowing formats, reagents can be localized to one or 
more locations and cognate reagents either fixed in proxim 
ity, or flowed (e.g., via pipetting) or otherwise delivered 
(e.g., via aerosolization, lyophilization, etc.) into contact 
with reagents of interest. 
0252 Movement means for moving nucleic acids and 
other reagents include fluid pressure modulators (e.g., pipet 
tors or other pressure-driven channel Systems), electroki 
netic fluid force modulators, electroOSmotic flow modula 
tors, electrophoretic flow modulators, centrifugal force 
modulators, robotic armatures, pipettors, conveyor mecha 
nisms, Stepper motors, robotic plate manipulators, peristaltic 
pumps, magnetic field generators, electric field generators, 
fluid flow paths and the like. 
0253 For example, the diversity generating module can 
include one or more recombination modules which move 
one or more members of a population of nucleic acids into 
contact with one another, thereby facilitating recombination 
of the first population of nucleic acids. Similarly, the diver 
sity generation module can include one or more reaction 
mixture arraying modules, which move one or more of the 
one or more diverse (e.g., Shuffled) nucleic acids into one or 
more spatial positions. The System can also provide for 
moving in vitro transcription/translation reactant compo 
nents into desired locations in the array of reaction mixtures. 
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(3.) Dilution/Concentration Module 
0254 Shuffling/recombination/diversification module(s), 
or other modules herein, optionally include a dilution or 
concentration function. In particular, it is often desirable to 
normalize the level of reactant or product at an array position 
(e.g., in a duplicate diluted or concentrated array) So that 
product activities can be directly compared across an array. 
This typically involves determining the concentration of 
products (proteins, nucleic acids, etc.) or reactants (nucleic 
acids, transcription buffers, translation buffers, etc.) at Sites 
in the array and diluting or concentrating the products or 
reactants appropriately. The dilution/concentration module 
or module function can form new diluted arrays or can dilute 
reactants or products at array Sites. For example, the dilu 
tion/concentration module can re-array amplified physical or 
logical array of polypeptides or in Vitro transcribed nucleic 
acids in a Secondary polypeptide or in vitro transcribed 
nucleic acid array which has an approximately uniform 
concentration of polypeptides or in vitro transcribed nucleic 
acids at a plurality of locations in the Secondary polypeptide 
array. 

0255 To be able easily to recover nucleic acids which 
encode products of interest, it is generally desirable to limit 
the number of different nucleic acids at defined sites in an 
array. For example, when arranged in a microtiter tray or 
other physical array, e.g., for Subsequent amplification or 
processing it is useful to dilute or concentrate array members 
to an average of approximately 0.1-100 nucleic acids (e.g., 
unique nucleic acids) per well or other storage Site. This is 
particularly relevant at the Start of the arraying proceSS 
following initial extraction, mutagenesis or cloning of mem 
ber nucleic acids. Typically, nucleic acids are arranged at 
about 1-10, and often at an average of approximately 1-10 
or 1-5 nucleic acids per well prior to amplification. Subse 
quent amplification in preparation for array duplication can 
increase this by, e.g., about 2-about 100 fold or more. In 
contrast, Subsequent amplification for purposes of conduct 
ing transcription, translation and/or Screening can increase 
the concentration of member nucleic acids by, e.g., about 
>100 fold or more. 

0256 The diluter can operate prior to or after diversity 
generation or between any reaction Steps. For example, one 
embodiment includes a diluter which pre-dilutes one or 
more shuffled or otherwise diversified nucleic acids (e.g., by 
diluting members of a population with a buffer prior to 
arraying the members, e.g., in the reaction mixture arrayS 
herein). In other aspects, the diluter dilutes nucleic acids as 
part of producing copy arrays from amplified arrays of 
nucleic acids. 

0257) Typical concentration ranges for diluted nucleic 
acids are in the range of about 0.01 to 100 molecules per 
microliter (although, in certain embodiments where lipid 
vesicles are used as reaction vessels, this concentration can 
be somewhat different, as described Supra). 
0258 Typical dilution/concentration operations are per 
formed by any available method, including the addition of 
buffers (e.g., by pipetting), lyophilization, osmosis, precipi 
tation, chromatography and the like. 

0259. In one example, DNA is diluted and aliquotted into 
Wells Such that the concentration approaches a Statistical 
approximation of the desired concentration. The DNA is 
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fluorescently labeled, during or after diversity generation, 
followed by FACS or other fluorescence-based cell sorting. 
The sorting and isolation of individual DNA fragments is 
optionally coupled to a dispensing device Such as a fraction 
collector Such that a collection array (e.g., microtiter tray) 
receives about 1 molecule/well. The DNA is affinity tagged 
Such that, e.g., one affinity tag exists per molecule. Subse 
quent binding to an assay vehicle allows a Single dsDNA 
molecule to bind each compartment in the assay. 

0260 DNA tagging formats include, e.g., 5' termini 
DNA/RNA labeling by aminotag phosphoramidites, such as 
those described in Olejnik et al. (1998) “Photocleavable 
Aminotag Phorphoramidites for 5' termini DNA/RNA label 
ing"Nucleic Acids Res. 26(15):3572-3576, in which a pho 
tocleavable amine can be introduced on the 5' terminal 
phosphate and conjugated with a variety of amine-reactive 
markerS Such as biotin, digoxigenin or tetramethyl 
rhodamine. The assay vehicles for compartmentalization of 
affinity tagged dsDNA can bind the DNA to a derivatized 
microtiter plate directly or to, e.g., beads which are Subse 
quently dispensed at a rate of, e.g., one bead per well. The 
bound DNA can be used to isolate hybridizing fragments or 
other hybridizing shuffled variants. 
0261 More than one DNA fragment can be dispensed 
into Separate wells, with the diversity generation and assay 
ing Steps being run as Small pools of Samples of interest. In 
Some cases, this partially pooled approach is preferred, e.g., 
for assaying larger libraries of diversified nucleic acids, or 
where the cost of reagents (e.g., transcription/translation 
reagents) is limiting. However, there are Some drawbacks to 
this approach, Such as a dilution of average activity in the 
wells, inhibition of individual pool members by other mem 
bers in the wells, etc. 

(4.) Processing of Acquired Nucleic Acids to 
Increase Diversity-Fragmentation Based Methods 

0262 AS noted, the nucleic acid diversity generation 
(e.g., Shuffling) module can permit hybridization of the 
nucleic acid fragments followed by elongation with a poly 
merase which elongates the hybridized nucleic acid. Several 
(though not all) diversity generation methods rely initially 
on the production of fragmented DNA. In general, one or 
more shuffled nucleic acid(s) can be produced by Synthe 
sizing a Set of overlapping oligonucleotides, or by cleaving 
a plurality of homologous nucleic acids to produce a set of 
cleaved homologous nucleic acids, or both, and permitting 
recombination to occur between the Set of overlapping 
oligonucleotides, the Set of cleaved homologous nucleic 
acids, or a combined set of overlapping oligonucleotides and 
Set of cleaved homologous nucleic acids. Fragmented DNA 
is recombined, e.g., taking advantage of hybridization and 
PCR or LCR gene reconstruction methods described in the 
references above to produce full-length, diversified recom 
binant nucleic acid libraries. These libraries are optionally 
Screened for the expression of products of interest. Thus, the 
diversity module optionally fragments input nucleic acids to 
produce nucleic acid fragments, or the input nucleic acids 
can themselves include cleaved or Synthetic nucleic acid 
fragments. 

0263. A number of automated approaches can be used to 
produce "fragmented nucleic acids. Fragmented nucleic 
acids can be provided by mechanically Shearing nucleic 
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acids, by enzymatically or chemically cleaving nucleic 
acids, by partially Synthesizing nucleic acids, by random 
primer extending or directed primer extending double 
Stranded or Single-Stranded nucleic acid templates, by incor 
porating cleavable elements into the nucleic acids during 
Synthesis, or the like. Templates or starting materials for 
Such procedures include naturally occurring nucleic acids, 
synthetic nucleic acids, DNA in any form, RNA in any form, 
DNA analogues, RNA analogues, genomic DNAS, cDNAS, 
mRNAS, nRNAS, cloned nucleic acids, cloned DNAS, 
cloned RNAS, plasmid DNAS, viral DNAS, viral RNAS, 
YAC DNAS, cosmid DNAS, branched DNAS, DNA and/or 
RNA isolated from heterogeneous microbial populations, 
catalytic nucleic acids, antisense nucleic acids, in Vitro 
amplified nucleic acids, PCR amplified nucleic acids, LCR 
amplified nucleic acids, SDA nucleic acids, QB-replicase 
amplified nucleic acids, nucleic acid Sequence-based ampli 
fied (NASBA) nucleic acids, transcription-mediated ampli 
fied (TMA) nucleic acids, oligonucleotides, nucleic acid 
fragments, restriction fragments, combinations thereof and 
any other available material. Nucleic acids can be partially 
or Substantially purified prior to fragmentation, or can be 
unpurified. 
0264. For example, nucleic acids can be fragmented 
enzymatically, e.g., DNA can be fragmented using a 
nuclease Such as a DNASe. In the context of the present 
invention, a fragmentation module can include containers 
Such as microtiter plates or microfluidic chips into which 
parental nucleic acids (e.g., homologous DNAS) are dis 
pensed, mixed and fragmented by the addition of DNAse. In 
addition, the fragmentation module is optionally operably 
coupled to a programmed thermocycler and/or computer for 
directing fragmentation. For example, a computer is used to 
calculate conditions for fragmentation that produce desired 
length fragments. For example, when uracil incorporation 
and cleavage is used to produce nucleic acid fragments, a 
computer optionally calculates the amount of uracil residues 
to be used in relation to thymidine residues, e.g., based on 
user input comprising the desired fragment length. The 
reaction is allowed to proceed for a Selected period of time, 
or in parallel reactions having different time periods, to 
produce one or multiple Sets of nucleic acid fragments. The 
addition of DNASe or other cleavage enzymes can occur 
before or after dispensing the parental nucleic acids into one 
or more Systems which facilitate downstream processing 
(e.g., prior to dispensing into microwell plates, microchips, 
or the like). The nucleic acid fragments can be contacted to 
one another in a Single pool, or in multiple pools. 
0265 Alternately, or in combination, nucleic acids are 
mechanically sheared, e.g., by Vortexing, Sonicating, point 
Sink shearing or other similar operations, before or after 
addition to the one or more Systems which facilitate down 
Stream processing. Mechanical shearing of nucleic acids has 
the advantage of being largely Sequence independent, which, 
at times, is desirable, e.g. where no bias is desired in the 
Sheared nucleic acid fragments. For example, the point-Sink 
shearing method is described in Thorstenson et al., (1998) 
“An Automated Hydrodynamic Process for Controlled, 
Unbiased DNA shearing,' Genome Research 8:848-855. 
Basically, this method consists of forcing a solution of DNA 
into a narrowed region of a channel, putting Sufficient force 
on the DNA to break it up. Although this method typically 
generated relatively large DNA fragments (500-1000 bp), 
the size of fragments can be reduced by increasing the 
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Velocity of the Solution, decreasing the size of the channel, 
Vibrating the channel, e.g., at the channel entrance (e.g., 
using a circular piezo-electric device), or the like. 
0266. In a second alternate embodiment, nucleic acids are 
"fragmented” by Synthesis of fragments (rather than cleav 
age) which correspond in Sequence to Subsequences of one 
or more parental nucleic acids. For example, Synthetic 
oligonucleotide "fragments' can be made in an automatic 
Synthesizer which correspond to any Sequence of interest. 
This method has the advantage of easy combination with in 
Silico approaches (e.g., in Silico recombination of character 
Strings can be performed, followed by Synthesis of the 
oligonucleotides which correspond to any desired character 
String). Indeed, the oligonucleotides which are generated can 
provide any desired diversity in products which are formed 
using the oligonucleotides—thus, Sequence acquisition and 
at least a first round of diversity generation can be performed 
Simultaneously. Further details regarding Oligonucleotide 
Synthetic approaches and “in Silico' shuffling approaches are 
found in OLIGONUCLEOTIDE MEDIATED NUCLEIC 
ACID RECOMBINATION” by Crameri et al., supra, and 
“USE OF CODON-BASED OLIGONUCLEOTIDE SYN 
THESIS FOR SYNTHETICSHUFFLING” by Welch et al., 
supra., and “METHODS FOR MAKING CHARACTER 
STRINGS, POLYNUCLEOTIDES & POLYPEPTIDES 
HAVING DESIRED CHARACTERISTICS” by Selifonov 
et al., Supra., and further details on these methods are also 
found, Supra. 

0267 In a third and also preferred embodiment, DNA 
fragmentation is achieved via incorporation of cleavage 
targets into nucleic acids of interest. In this embodiment, 
modified nucleotides or other Structures are incorporated 
into nucleic acids during Synthesis (whether chemical, enzy 
matic, or both) of the nucleic acids. These modified nucle 
otides or other Structures become cleavage points within a 
nucleic acid into which they are incorporated. One example 
of this approach is described, e.g., in PCT US96/19256. As 
noted in the 256 application, nucleic acid Synthesis can be 
conducted to produce nucleic acids of interest (e.g., via 
PCR, e.g., using a computer or computer program to calcu 
late the uracil/thymidine ratio necessary to produce nucleic 
acid fragments of a desired size or Synthetic methods), 
incorporating uracil into the nucleotides in a Stochastic or 
directed fashion. The PCR products are then fragmented by 
digestion with UDG-glycosylase, which forms Strand breaks 
at the uracil residues. Further details on this procedure are 
found below. 

0268 Similarly, RNA nucleotides can be incorporated 
into DNA chains (Synthetically or via enzymatic incorpora 
tion); these nucleotides then serve as targets for cleavage via 
RNA endonucleases. A variety of other cleavable residues 
are known, including certain residues which are specific or 
non-specific targets for enzymes, or other residues which 
Serve as cleavage points in response to light, heat or the like. 
Where polymerases are currently not available with activity 
permitting incorporation of a desired cleavage target, Such 
polymerases can be produced using Shuffling methods to 
modify the activity of existing polymerases, or to acquire 
new polymerase activities. 

0269. Simple chain termination methods can also be used 
to produce nucleic acid fragments, e.g., by incorporating 
dideoxy nucleotides into the reaction mixture(s) of interest. 
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0270. In any case, once fragmentation is performed to the 
extent desired, the reaction is transferred to a recombination/ 
resynthesis module. This module optionally dispenses 
resulting elongated nucleic acids into one or more multiwell 
plates, or onto one or more Solid Substrates, or into one or 
more microScale Systems, or into one or more containers for 
further operations by the System. 
0271 In one embodiment, diversity generation module(s) 
(or any other module herein) can include a fragment length 
purification portion which purifies Selected length fragments 
of the nucleic acid fragments. Fragment purification can be 
performed by electrophoresis (e.g., gel electrophoresis), 
column chromatography, incorporation of a label, incorpo 
ration of a purification tag, or any other currently available 
method. 

0272. As noted above, the diversity module also option 
ally dilutes or concentrates nucleic acids (e.g., produced by 
elongation of fragment populations) and dispenses them. For 
example, elongated nucleic acids produced after PCR or 
ligase-mediated gene reconstruction can be dispensed into 
one or more multiwell plates or other array configurations at 
a selected density per well (or chamber, channel, container, 
etc., depending on the configuration) of the elongated 
nucleic acids. This dilution? concentration function is useful 
in normalizing assay results. That is, having array members 
at Similar (or otherwise defined) concentrations permits 
analysis of results (e.g., concentration or activity levels of 
products). Similarly, where product/concentrations are dif 
ferent, it is useful to dilute or concentrate products to Similar 
or at least defined concentrations to facilitate result inter 
pretation. 

0273. In one embodiment, the device or integrated sys 
tem includes a nucleic acid fragmentation module and a 
recombination region. The fragmentation module includes, 
e.g., a nuclease, a mechanical shearing device, a polymerase, 
a random primer, a directed primer, a nucleic acid cleavage 
reagent, a chemical nucleic acid chain terminator, an oligo 
nucleotide Synthesizer, or other element for producing frag 
mented nucleic acids as described above. During operation 
of the device, fragmented DNAS or other nucleic acids 
produced in the fragmentation module, are recombined in 
the recombination region (a well, channel, chamber or other 
container or Substrate or Surface) to produce one or more 
Shuffled nucleic acids. 

0274 As noted, fragments (or full-length nucleic acids in 
other modules herein) are often purified prior for further 
operations by the System. This purification incorporate any 
of the purification methods common to DNA or RNA 
purification, including electrophoresis (in gels, capillary 
channels, etc.), chromatography or the like. 

An Improved StEP 

0275. The effectiveness of DNA shuffling by staggered 
extension process (StEP) depends in certain formats in part 
on the rapidity of thermocycling between denaturation and 
extension Steps. Very rapid thermocycling can be used to 
limit extension. The more limited the extension, the Smaller 
the resulting fragments and the finer the "granularity of the 
resulting recombination. Controlled incorporation of uracil 
into parental templates with uracil glycosylase to generate 
AP Sites are used to provide an alternate method of control 
ling fragment size. The granularity of recombination is 
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controlled, e.g., by the frequency of apurinic Sites in parental 
templates, as these sites Serve as replication terminators in 
the StEP reaction. A further improvement uses a thermo 
stable uracil glycosylase and dUTP in the StEP reaction to 
add replication terminators to newly Synthesized DNA frag 
ments, assuring recombination throughout the STEP reac 
tion. 

Fragmentation Example: Ung-End Fragmentation: 
Use in Single-Tube DNA Shuffling Reactions 

0276. This example describes single-tube DNA shuffling 
according to the present invention including simplification 
of DNase enzymatic fragmentation, Size fractionation and 
purification of DNA by agarose gel electrophoresis or other 
procedures. An alternative to laborious and hard-to-control 
Standard fragmentation protocols includes the use of con 
trolled uracil incorporation into starting DNA, e.g., via PCR 
with dUTP, followed by fragmentation of the uracil-con 
taining DNA with two enzymes: Uracil N-Glycosylase 
(Ung) which hydrolyzes the n-glycosidic bond between the 
deoxyribose Sugar and uracil to generate apurinic (or AP) 
sites, followed by the use of a 5' AP endonuclease, such as 
Endonuclease IV (End) which cleaves a single strand of 
DNA 5' to AP sites, leaving a 3'-hydroxy-nucleotide and 
5'-deoxylibose phosphate termini. See also, Freidberg et al. 
(1995) DNA Repair and Mutagenesis. pp. 1-698. ASM 
Press. Washington, D.C. 

0277. A fundamental advantage of Ung-End fragmenta 
tion over DNASe I treatment, is that fragmentation is simply 
a function of uracil content (which is easily controlled in 
PCR), rather than time of reaction and size of DNA (which 
is difficult to control). Size fractionation and purification 
may be obviated by the use of Ung-End fragmentation, Since 
the reaction goes to completion, with the average fragment 
Size being a function of uracil content only. Note that, as 
with conventional DNase fragmentation and size fraction 
ation, Ung-End fragmentation is used for Shuffling a single 
DNA sequence or family of related DNA sequences. The use 
of Ung-End fragmentation along with PCR assembly pro 
vides for single-tube DNA shuffling, which can be carried 
out, e.g., in microtiter plates. 

0278 Important considerations in the design of a single 
tube shuffling reaction include methods for minimizing 
carry-over of the plasmid template DNA used to generate 
uracil-containing DNA for Shuffling. A simple Solution is to 
incorporate uracil into the plasmid template via growth in a 
dut-1 ung-1 double mutant of Escherichia coli, Such as Strain 
CJ236 (Warner et al. (1981) “Synthesis and metabolism of 
uracil-containing deoxyribonucleic acid in Escherichia 
coli'J. Bacteriol. 145(2):687-695; Kunkel et al. (1987) 
"Rapid and efficient Site-specific mutagenesis without phe 
notypic selection'Methods Enzymol. 15:367-382) or by 
PCR. Likewise, incorporation of uracil into primers for 
generating uracil-containing DNA minimizes carry-over of 
primers into the assembly reaction. Reduction in transfor 
mation efficiency of Shuffled product using Ung-End frag 
mentation can result due to residual uracil. Where this is 
problematic, transformation of Shuffled products into an ung 
mutant of E. coli assists in cloning processes. 
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0279 Growth of plasmid in a dut-1 ung-1 E. coil mutant 
(e.g. strain CJ236) for uracil incorporation followed by 
Ung-End fragmentation and PCR assembly provides a 
quick, Single-tube method of Shuffling a whole plasmid or 
family of plasmids. Growth of plasmids in an E. coli dutung 
Strain bearing a strong mutator allele (e.g. dut ung mutD5) 
or combination of mutator alleles for in Vivo mutagenesis, as 
well as, uracil incorporation into plasmid DNA coupled with 
Und-End fragmentation and PCR assembly is a powerful 
and Simple means of rapidly evolving the function of a 
plasmid. Uracil content of plasmid DNA (and consequently 
average fragment size following Ung-End fragmentation) 
following growth in a dot ung Strain is modulated by the 
addition of exogenous uridine or thymidine. In addition, 
uracil content is effected using Strains bearing alternative dut 
and/or ung alleles, Such as the leaky dut-4 allele for leSS 
frequent uracil incorporation (Hays et al. (1981) “Recom 
bination of uracil-containing Lambda bacteriophages' J. 
Bacteriol. 145(1):306-320) or be using other alleles which 
effect cellular dUTP levels or uracil incorporation or 
removal from DNA. Also, plasmid multimerization gener 
ated by Und-End fragmentation and PCR assembly of 
uracil-containing plasmid can be directly transformed into 
naturally competent bacteria, Such as Bacillus Subtilus 168 
derivatives, which are more efficiently transformed by plas 
mid multimerS. 

0280. Note that uracil glycosylases and 5' AP endonu 
cleases are ubiquitous. They have been characterized in both 
eukaryotic and prokaryotic cells, as well as viruses (Fre 
idberg et al. (1995) DNA Repair and Mutagenesis. pp. 
1-698. ASM Press. Washington, D.C.). Many of these can be 
used for Ung-End fragmentation. 

0281. In addition to cleaving 5' to AP sites, AP nucleases 
(Such as Exonuclease III, Endonuclease IV, and Endonu 
clease V) recognize and cleave DNA at Sites damaged by 
oxidizing agents or alkylating agents. Endonuclease V addi 
tionally cleaves DNA at A/C and A/A mismatches and at 
deoxyinosine. Thus, the use of controlled dITP incorporation 
(e.g., during oligonucleotide Synthesis used in construction 
of the nucleic acid of interest) and Endonuclease V treatment 
enables a single enzyme method for DNA fragmentation. 
Reagents and bacterial Strains for Ung-End fragmentation 
can easily be incorporated along with PCR reagents into a 
simple DNA shuffling kit. 

Amplifications with Decreasing Uracil 
Concentrations 

0282. The following protocol provides an illustrative 
example of performing amplifications at multiple Uracil 
concentrations. In an automated process, e.g., in an inte 
grated diversity generation device, appropriate uracil con 
centrations are optionally calculated, e.g., based on empiri 
cal data, to produce a desired fragment length and optimize 
diversity generation. For example a programmed thermocy 
cler is optionally used to create appropriate nucleic acids for 
Shuffling, e.g., having a desired amount of uracil incorpo 
ration. The programmed thermocycler can be operably 
coupled to a fragmentation device that produces fragments 
of a desired length from the uracil containing nucleic acids. 
The fragments are then used to generate diverse nucleic 
acids. 
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0283 First, 50 ul 10 mM dUTP Stock Mixtures are 
prepared for a dUTP titration. 

10 mM 8 mM 6 mM 4 nM 2 mM O mM 
dUTP, dCTP dUTP dUTP, dCTP dUTP 

100 mM 5 5 5 5 5 5 
dGTP 
100 mM 5 5 5 5 5 5 
dCTP 
100 mM 5 5 5 5 5 5 
dATP 
100 mM O 1. 2 3 4 5 
dTTP 
100 mM 5 4 3 2 1. O 
dUTP 
Smp HO 3O 3O 3O 3O 3O 3O 

0284. Second, 100 lul PCR Reactions are made: 

/100 ul f800 ul 

Smp H2O 45 ul 360 ul 
3.3X TthXL Buffer 33 264 
25 mM MgOAC 1O 60 
10 mM dNTP Mix 4 32 
20 pmol/ul Protease Forward 2.5 2O 
20 pmol/ul Protease Reverse 2.5 2O 
100 ngful plasmid p3RcC112 
(XL1-Blue) 1. 6 
2. U?ul TthXL 2 16 

0285) Third, Reaction Mixes are prepared with all com 
ponents except the dNTP Mix. 96 ul of Reaction Mix are 
aliquoted into, e.g., 6 PCR tubes. 4 ul of each of the dNTP 
Mixes are added to samples of Reaction Mix. The tubes are 
placed in a Stratagene RoboCycler using the following 
Settings: 

1 x 2 min G 94 C. 
30 sec (Q) 50° C. 
1 mm (Q) 72° C. 

29 x 30 sec (Q94 C. 
30 sec (Q) 50° C. 
1 mm (Q) 72° C. 

0286 Finally, 10 ul of each amplification is run on a 
standard 0.7% Agarose/TBE gel or other separation system. 

Enzymatic Treatment with Uracil N-Glycosylase 
and/or Endonuclease IV 

0287 10 ul of the 0.32, 0.24, 0.16, and 0.0 mM dUTP 
reactions are aliquoted into 4 wells of a PCR strip. No 
enzyme is added to the first aliquot, 0.5 ul of 1 U/ul 
HKTM-UNG N-Glycosylase (Epicentre Technologies) to the 
second, 0.5ul of 2 U?ul E. coli Endonuclease IV (Epicentre 
Technologies) is added to the third aliquot, and 0.5 ul of each 
enzyme is added to the fourth aliquot. The reactions are 
Incubated for 2 hours at 37 C. The reactions are then heated 
for 10 min at 94 C., then placed on ice. 10 ul of each 
reaction are then run on a 1.5% Agarose/TBE gel. 

ASSembly of Fragments 
0288 Uracil titrations and 100 ul amplifications are 
repeated to generate more test DNA. The QIAGEN 
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QIAquick PCR Purification Kit is used to remove primers 
and unused dNTPs from reactions according to QIAGEN's 
instructions, eluting with 55 ul of Smp water. The following 
is added to all 6 per reactions to bring to 100 til total volume: 

/100 ul 

Smp water 7 ul 
Reaction in Smp water 50 
3.3 XTthXL Buffer 33 
25 mM MgOAc 1O 

0289. To 50 ul of each of the 6 reactions, 2.5ul of 1 U/ml 
HKTM-UNG N-Glycosylase and 2 U?ul E. coli Endonuclease 
IV is added. The reactions are incubated for 2 hours at 37 
C., then for 10 min at 94 C., and then cooled to 4 C. in a 
Thermocycler. Untreated reactions are Saved for agarose gel 
analysis. 25 ul of each reaction is removed and Saved for 
agarose gel analysis. To the remaining 25 ul, 25 ul of the 
following Assembly Mix is added: 

/100 ul 1200 ul 

Smp water 4 45 ul 90 
33XTthXL Buffer 33 66 
25 mM MgOAc 1O 2O 
10 mM dNTP Mix (no Ura) 8O 16 
2U?ul TthXL 4 8 

0290 The reactions are placed in a Stratagene RoboCy 
cler using the following Settings: 

1 x 2 min G 94 C. 
30 sec (Q) 50° C. 
1 mm (Q).72 C. 

29 x 30 sec G. 94° C. 
30 sec (Q) 50° C. 
1 mm (Q) 72° C. 

0291 For each uracil concentration, 10ul of the original 
PCR reaction is run, 10 ul of fragments, and 10 ul of 
assembly reaction on a 1.5% Agarose/TBE gel. 

0292 Fragments from the assembly reaction are rescued 
using PCR with nested primers in 100 ul reactions. 

Ung-End Fragmentation of E. coli dut ung Grown 
Plasmid DNA 

0293 Electrocompetent E. coli strain CJ236 (pCJ105 
(Cam'F)/dut1 ung1 thi-1 relA1) is prepared as follows. 
Strain CJ236 is Streaked on LB+30 tug/ml chloramphenicol 
and incubated overnight at 37 C. Cells are scraped from the 
plate into 5 ml LB and inoculated into 250 ml LB to a 
starting ODoo of 0.100. The culture is shaken at 37 C. The 
culture is placed on ice for ~30 min when at ODoo 0.4-0.5 
and prepared via Standard electrocompetence procedures, 
freezing in 220 ul aliquots in 10% Glycerol. 

0294 Transformation of strain CJ236 with plasmid is 
performed as follows. 0.5 mg of plasmid are added into 100 
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ml of electrocompetent strain CJ236 via standard a elec 
troporation protocol. 10' to 10" dilutions are plated on 
LB+100 tug/ul Ampicillin and incubated overnight at 37 C. 
A transformation efficiency of about 2x10 transformants/ug 
plasmid are observed. 8 transformants are patched to an 
LB+Amp100 stock plate and incubated overnight at 37 C. 
CJ236 in inoculated into 3 ml LB BrothAmp100, unsupple 
mented, and Supplemented with 500 ug/ml Uradine (to See 
if fragment size is modulated by Supplementation). The 
cultures are shaken overnight at 37 C. Plasmid DNA is 
prepared from 1.5 ml with the aid of a Qiagen Miniprep Spin 
Kit, Suspending plasmid DNA in 50 ul Smp water. Aco and 
As of a 1:20 dilution in Smp water is read and quantitated. 
Plasmid in CJ236 in LB+Amp100=0.34 tug/ul; plasmid in 
CJ236 in LB+Amp 100+Uraš00=0.35 lug/ul; plasmid in 
XL1-Blue in LB+Amp100=0.7 tug/ul. 

Fragmentation Example: Automated DNA 
fragmentation using DNase-plastic co-polymers 

0295 Fragmentation is currently performed by the addi 
tion of DNase to DNA in Solution. This can result in 
variable fragmentation. For example, PCR products are 
often fragmented less well than plasmids, presumably as a 
result of residual salts following purification of the PCR 
product. This example provides an automated process in 
which DNA is fragmented and Specific sized fragments are 
purified, Speeding the process greatly. 
0296 Immobilized DNase on support resin beads can be 
used for fragmentation, with DNA to be fragmented passing 
over a column made of the beads. This avoids the problem 
of salts in the solution which are removed by gel filtration. 
0297. An extension of this procedure is to encapsulate the 
DNase in a polymeric (plastic) resin. Wang et al. (1997) 
“Biocatalytic plastics as active and Stable materials for 
biotransformations”Nat Biotechnol 2:15(8):789-93 and the 
references therein describe Biocatalytic plastic technology 
generally. Resin encapsulation has the advantage of Stabi 
lizing the enzyme greatly: no loSS of activity is seen even 
after 30 or more days. Synthesis of a stable DNase resin 
avoids the need to re-calibrate the column to account for the 
loss of activity. Using a fixed initial concentration of DNA, 
DNA fragment size can be determined by the flow rate 
through the column. Fractions can be collected containing 
known fragment Sizes. 
0298 Encapsulated DNASe resin can then be used as a 
component of an automated DNA shuffling System as Set 
forth herein. That is, fragmentation can be performed in a 
flowing fashion, acroSS DNASe or other nuclease columns. 
This flow-through fragmentation can be performed in an "in 
line' or “off-line” fashion. For example, the columns can be 
incorporated into the fluid handling module(s) herein and 
performed as part of a fluid transfer of material to be 
fragmented (in line fragmentation). Alternately, fragmenta 
tion columns can be a separate module in the System. 
0299 Although described above in terms of columns for 
purposes of illustration, it will be appreciated that non 
column based methods can utilize particle-bound or encap 
Sulated nucleases, e.g., in a bead panning or chip-based 
format. 

(5.) Recombination/Resynthesis/Amplification 
Module 

0300. The recombination resynthesis module permits 
hybridization of complementary (or partially complemen 
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tary) nucleic acids, followed by PCR-based resynthesis of 
hybridized nucleic acids, typically using multiple cycles of 
PCR (a variety of PCR-based re-synthesis methods, includ 
ing staggered extension process (“StEP”) PCR are set forth 
in the references above), or ligation (e.g., via LCR). In 
general, PCR can be used to “Sew Sets of overlapping 
nucleic acids together, Simply by performing multiple cycles 
of PCR on Overlapping nucleic acid fragments. Similarly, 
ligases can be used to ligate overlapping (or even non 
overlapping) nucleic acid fragments (with or without a 
polynucleotide extension (e.g. polymerase-mediated) Step 
between cycles of ligation). Where PCR is used, the recom 
bination/resynthesis module also optionally performs 
nucleic acid amplification, i.e., by PCR. 
0301 The amplification of arrays and duplicate arrays is 
also an important feature of the invention, as this amplifi 
cation provides material for Subsequent operations (2" 
round diversity generation reactions Such as Shuffling, clon 
ing, Sequencing, etc.). For example a duplicate amplified 
array can be formed by copying a master array, or a portion 
thereof, and generating amplicons of the members of the 
resulting duplicate array to form an amplified array of 
nucleic acids. Any available amplification methods can be 
used, including amplifying nucleic acids in physical or 
logical arrays by PCR, LCR, SDA, NASBA, TMA, Q|B-rep 
licase amplification, etc. 
0302 Common physical elements for the resynthesis 
module include heating and optionally cooling elements to 
perform PCR, containers to hold nucleic acids to be resyn 
thesized (microtiter trays, chips, test tubes, etc.). For 
example, Standard PCR thermocyclers can be incorporated 
into this module, i.e., in combination with appropriate 
instruction Sets to perform Synthesis recombination and 
amplification. For example, a set of instructions is optionally 
embodied in a programmed thermocycler, a computer oper 
ably coupled to a thermocycler, or in a web page that can be 
used to instruct a thermocycler. The Set of instructions 
typically receives user input data and Sets up cycles to be 
performed on the thermocycler, e.g., a programmed ther 
mocycler. The user input data typically includes one or more 
parental nucleic acid Sequence, a desired croSSover fre 
quency, an extension temperature, and/or an annealing tem 
perature, and the like. From Such user input data, a set of 
instructions, e.g., embodied in a computer readable medium, 
creates a cycle which is performed by the programmed 
thermocycler. For example, a Set of instructions optionally 
Sets up a cycle to amplify one or more parental nucleic acid 
Sequence and fragment the one or more parental nucleic acid 
Sequence to produce one or more nucleic acid fragment. In 
Some embodiments, the cycle is programmed or instructed 
to pause before fragmenting to allow the addition of frag 
mentation enzymes, e.g., to fragment nucleic acids that have 
had uracil residues incorporated therein. The fragments are 
then reassembled to produce one or more shuffled nucleic 
acid; which is optionally amplified, all according to the Set 
of instructions or calculations. 

0303 Amplifiers typically include some sort of heating 
element and can also include a cooling element. Such 
elements commonly include (but are not limited to) resistive 
elements, programmable resistors, micromachined Zone 
heating chemical amplifiers, Peltier Solid State heat pumps 
(see, e.g., http://pw1.netcom.com/-Sinoll?peltier.html), heat 
pumps, resistive heaters, refrigeration units, heat Sinks, Joule 
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Thompson cooling devices, a heat eXchanger, a hot air 
blower, etc. Any of the above elements are optionally 
operably coupled to a computer comprising a set of instruc 
tions which directs or instructs the elements in the amplifi 
cation process, e.g., according to user input data or computer 
calculated predictions. 
0304 Recently, attempts have been made to shorten the 
time required for each cycle of PCR, an advantage in the 
present method, in that reduction in this time increases the 
overall throughput of the system. Such methods often reduce 
the time by, for example, performing the PCR in devices that 
allow rapid temperature changes. The use of apparatus that 
allow greater heat transfer, e.g. incorporating thin-walled 
tubes, turbulent air-based machines, and the like also facili 
tate the use of Shorter cycle times. For example, the Rapid 
Cycler"M, from Idaho Technologies, Inc. (http://www.idaho 
tech.com/Salt Lake City, Utah) allows relative rapid 
ramping times between each temperature of a PCR and 
relatively efficient thermal transfer from the cycler to the 
samples. Similarly, the RAPID (Ruggedized Advanced 
Pathogen Identification Device) from Idaho Technologies, 
Inc. provides a thermal cycler with concurrent fluorescence 
monitoring to Speed analysis as well. 
0305 As an alternative or adjunct to standard PCR ther 
mocyclic elements, chip-based PCR can also be incorpo 
rated into the present invention. A recent example of chip 
based PCR was discussed by Kopp et al. (1998) “Chemical 
Amplification: Continuous Flow PCR on a Chip” Science 
280:1046-1047. Kopp et al. describe a microfluidic continu 
ous flow PCR system where the PCR reactants were flowed 
through a chip having three discrete temperature Zones. The 
reagents within the channel underwent essentially instanta 
neous changes in temperature. Thus, the cycle time in this 
System reflected the time at each temperature, with no 
Substantial temporal contribution from ramping times. 
0306 Additional chip-based PCR methods are set forth in 
U.S. Pat. No. 5,587,128 to Wilding et al. Dec. 24, 1996 
“MESOSCALE POLYNUCLEOTIDE AMPLIFICATION 
DEVICES) which similarly incorporate hot zones and fluid 
flow to achieve temperature cycling. PCR can also be 
performed by fluid resistance heating in microchips. For 
example, U.S. Pat. No. 5,965,410, to Chow, et al., Oct. 12, 
1999, “ELECTRICAL CURRENT FOR CONTROLLING 
FLUID PARAMETERS IN MICROCHANNELS' describe 
Such devices. 

0307 In certain embodiments, non-thermocyclic poly 
merase mediated amplification can be achieved, i.e., using a 
chemical denaturation device or an electrostatic denatur 
ation device. For example U.S. Pat. No. 5,939,291 by Loewy 
et al., Aug. 17, 1999 “MICROFLUIDIC METHOD FOR 
NUCLEIC ACID AMPLIFICATION’ describes Such 
devices. This invention can also be used with polymerases 
capable of performing under unusual or biochemically chal 
lenging environments Such as are created under extreme 
Shear forces, temperatures, Salt concentrations, or the pres 
ence of one or more non-aqueous Solvents and other chemi 
cals. Such enzymes may be generated via the shuffling and 
mutagenesis techniques disclosed here and elsewhere in the 
art. 

(6.) PCR Amplification of Individual Fragments 
0308. It is generally preferable to amplify diversified 
nucleic acids by PCR or any of the other amplification 
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techniques herein prior to an in Vitro transcription and 
translation Step. This is desirable because Single copy genes 
can become damaged or otherwise compromised during the 
course of the transcription/translation or assay Steps, making 
rescue of the genetic material problematic. Also, PCR ampli 
fication of a Single gene copy can be Suboptimal, although 
it is known to be possible (Ohuchi et al. (1998) “In vitro 
Generation of protein libraries using PCR amplification of a 
Single DNA molecule and coupled protein transcription/ 
translation."Nucleic Acids Res. 26(19):4339-4346). The true 
number of Starting genes in each reaction can be estimated 
using quantitative PCR. Such quantification involves, e.g., 
imaging of the amplified products via methods involving 
fluorescence detection, fluorescence resonance energy trans 
fer, autoradiography, chemilumniescence or visible dyes. 

(7) Measuring Diversity/Library Quality Module 

0309 The diversity generation module can include a 
nucleic acid deconvolution module (or this module can exist 
Separately to identify nucleic acids in other portions of the 
System). For example, the diversity generation module can 
include an identification portion, which identifies one or 
more nucleic acid portion or Subportion. 

0310 A variety of nucleic acid deconvolution methods 
can be used, including nucleic acid Sequencing, restriction 
enzyme digestion, dye incorporation and the like. The mod 
ule can determine a recombination frequency (e.g., by dye 
incorporation, labeled nucleotide incorporation, Sequencing, 
restriction enzyme digestion, rescue PCR, etc.) or a length of 
product (by any molecular sizing technology, or by dye 
incorporation, nucleotide incorporation, Sequencing, restric 
tion enzyme digestion, rescue PCR, etc.), or both a recom 
bination frequency and a length, for the resulting elongated 
nucleic acids. Detection can be by detecting labels associ 
ated with nucleic acid products (e.g., detection of a dye, 
radioactive label, biotin, digoxin, a fluorophore, etc.), or 
Simply by detecting the nucleic acid directly. Secondary 
assayS. Such as fluorogenic 5' nuclease assays can be used for 
detection. For example, the extent of PCR amplification can 
be determined by incorporation of a label into one or more 
amplified elongated nucleic acid, a fluorogenic 5' nuclease 
assay, TaqMan, FRET, etc. 

0311. In general, an important factor in producing diverse 
nucleic acids in the diversity generation module(s) is the 
ability to measure the diversity which is generated. For 
example, if there is limited recombination in a shuffling 
reaction, the library of nucleic acids which is produced is 
often not Sufficiently diverse for optimal Screening of an 
activity of interest. Thus, in preferred embodiments, the 
Shuffling module assesses the degree of diversity, generally 
before any Screening is performed. 

0312 Diversity assessment can be performed in a number 
of ways. Aliquots of diverse populations of nucleic acids can 
be cloned or amplified (e.g., via Standard primers which 
provide for amplification of all or least some members of the 
pool) by limiting dilution. These nucleic acids can then be 
Sequenced, e.g., using automated Sequencing methods and 
apparatus. The diversity of the population is then assessed, 
e.g., using Sequence alignment algorithms, by Visual inspec 
tion, or the like. Pools which are determined to be diverse 
can then be Selected for activity of interest, used as Sub 
Strates in additional recombination reactions, or the like. 



US 2001/0039014 A1 

0313 Sometimes it is possible to make a determination, 
or an approximation, of diversity without having to 
Sequence members of the population of nucleic acids. For 
example, a rescue PCR or LCR reaction can be performed 
that is designed to preferentially amplify recombined nucleic 
acids. In Such rescue reactions, rescue PCR or LCR primers 
are provided which correspond to a Subset (and, occasion 
ally, only one) of the original parental nucleic acids that 
were acquired as noted above. By performing combinatorial 
PCR or LCR reactions using such primers, it is possible to 
determine whether recombination has taken place between 
two or more parental nucleic acids. That is, nucleic acids 
which are produced are optionally only amplified in the 
rescue PCR or LCR process if they have sequences corre 
sponding to two or more parental nucleic acids (excluding 
PCR/LCR control reactions). Recombination events are 
detected for using appropriate combination of primers in the 
rescue reaction. 

0314 PCR/LCR products can be detected in solution, 
eliminating the need for separation or Sequencing (although 
these approaches can be used, if desired, to provide more 
complete information of what sequences are rescued). For 
example, the amount of double-stranded DNA in the rescued 
pool provides an indication as to whether a PCR/LCR was 
successful. Thus, If there is double-stranded DNA following 
a rescue PCR/LCR amplification on a subset of the pool, 
then it is likely that the assembly reaction worked properly, 
producing recombinant nucleic acids. Simply monitoring 
double-strand DNA specific dye incorporation in a PCR/ 
LCR rescue reaction provides at least a first approximation 
of the efficiency of the fragmentation and reassembly pro 
CCSS. 

0315 For example, the Pico Green dsDNA quantitation 
reagent (available e.g., from Molecular Probes) can be used 
to monitor and quantitate dsDNA. Similarly, the OliGreen 
SSDNA reagent can be used to monitor and quantitate 
ssDNA (including oligonucleotides) and the RiboGreen 
RNA quantitation reagent can be used to monitor RNA. See, 
e.g., Haugland (1996) Handbook of Fluorescent Probes and 
Research Chemicals Sixth Edition by Molecular Probes, Inc. 
(Eugene Oreg.) and http://www.probes.com/handbook (the 
on-line 1999 version of the Handbook of Fluorescent Probes 
and Research Chemicals Sixth Edition by Molecular Probes, 
Inc.) (Molecular Probes, 1999). For example, Molecular 
Probes 1999, Chapter 8 (e.g., section 8.2) provides details 
regarding quantitation of DNA in Solution. 

0316 The Pico Green reagent (e.g., Molecular Probes 
Nos. P-7581, P-11495) and Kit (Molecular Probes Nos. 
P-7589, P-11496) accurately quantitate as little as 25 pg/mL 
of double-stranded DNA (dsDNA) in a fluorometer or 250 
pg/mL (typically 50 pg in a 200 u, volume) in a fluores 
cence microplate reader. The Pico Green assay is greater than 
10,000 times more sensitive than conventional UV absor 
bance measurements at 260 nm (an A260 of 0.1 corresponds 
to a 5 lug/mL dsDNA solution). Although the PicoGreen 
reagent is not actually Specific for dsDNA, it shows a 
>1000-fold fluorescence enhancement upon binding to 
dsDNA, and leSS fluorescence enhancement upon binding to 
single-stranded DNA (ssDNA) or RNA, making it possible 
to quantitate dsDNA in the presence of ssDNA, RNA, 
proteins or other materials. Thus, the Pico Green reagent 
allows direct quantitation of PCR amplicons without puri 
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fication from the reaction mixture and makes it possible to 
detect low levels of DNA contamination in recombinant 
protein products. 

0317 Protocols for the Pico Green assay are amenable to 
high-throughput Screening in the Systems herein. The dye is 
added to the sample (e.g., in a microtiter tray) and incubated 
for about five minutes, and then the fluorescence is mea 
Sured. In addition, the fluorescence signal from binding of 
the Pico Green reagent to dsDNA is linear over at least four 
orders of magnitude with a single dye concentration. Lin 
earity is maintained in the presence of Several compounds 
commonly found in nucleic acid preparations, including 
Salts, urea, ethanol, chloroform, detergents, proteins and 
agarOSe. 

0318 For detecting oligonucleotides and other ssDNA 
the OliGreen ssDNA quantitation reagent from Molecular 
Probes (No. 0-7582) and/or (No. 0-11492) can be used). The 
OliGreen SSDNA quantitation reagent enables quantitatation 
of as little as 100 pg/mL of ssDNA-200 pg in a 2 mL assay 
volume with a standard fluorometer or 200 pg in a 200 till 
assay Volume using a fluorescence microplate reader. Thus, 
quantitation with the OliGreen reagent is about 10,000 times 
more sensitive than quantitation with UV absorbance meth 
ods and at least 500 times more sensitive (and far faster, with 
a greater throughput) than detecting oligonucleotides on 
electrophoretic gels Stained with ethidium bromide. 
03.19. The OliGreen ssDNA quantitation reagent does 
exhibit fluorescence enhancement when bound to dsDNA 
and RNA. Like the Pico Green assay, the linear detection 
range of the OliGreen assay in a Standard fluorometer 
extends over four orders of magnitude -from 100 pg/mL to 
1 tug/mL with a single dye concentration. The linearity of the 
OliGreen assay is also maintained in the presence of Several 
compounds commonly found to contaminate nucleic acid 
preparations, including Salts, urea, ethanol, chloroform, 
detergents, proteins, ATP and agarose (see, e.g., the Oli 
Green product information sheet from Molecular Probes); 
however, many of these compounds do affect Signal inten 
sity, So Standard curves are typically generated using Solu 
tions that closely mimic those of the samples. The OliGreen 
reagent shows a large fluorescence enhancement when 
bound to poly(dT) but only a relatively small fluorescence 
enhancement when bound to poly(dG) and little Signal with 
poly(dA) and poly(dC). Thus, it is helpful to use an oligo 
nucleotide with Similar base composition when generating a 
Standard curve for concentration dependence. The OliGreen 
SSDNA quantitation reagent can be used for quantitation of 
antisense oligonucleotides, aptamers, genomic DNA iso 
lated under denaturing conditions, LCR/PCR primers, phos 
phorothioate and phosphodiester oligodeoxynucleotides, 
Sequencing primers, Single-stranded phage DNA, etc. 
0320 Other dyes such as the Cyanine Dyes and Phenan 
thridine Dyes can also be used for Nucleic Acid Quantitation 
in Solution and are, therefore, adaptable to use in the present 
invention. See, Molecular Probes, Supra, for a discussion of 
these and many other nucleic acid Staining and quantitation 
dyes. 

0321) In one embodiment, a real time PCR assay system 
such as the “TaqMan” system is used for library quality 
determinations. Real time PCR product analysis by, e.g., 
FRET or TaqMan (and related real time reverse-transcription 
PCR) is a known technique for real time PCR monitoring 
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that has been used in a variety of contexts (see, Laurendeau 
et al. (1999) “TaqMan PCR-based gene dosage assay for 
predictive testing in individuals from a cancer family with 
INK4 locus haploinsufficiency'Clin Chem 45(7):982-6; 
Laurendeau et al. (1999) “Quantitation of MYC gene 
expression in Sporadic breast tumors with a real-time reverse 
transcription-PCR assay'Clin Chem 59(12):2759-65; and 
Kreuzer et al. (1999) “LightCycler technology for the quan 
titation of bcr/ab1 fusion transcripts’Cancer Research 
59(13):3171-4. Examples of these embodiments are set forth 
in more detail in the two following examples. 

Example: Parallel Determination of Family Library 
Quality Without Cloning or Sequencing 

0322. A significant rate limiting Step in the creation of a 
shuffled libraries is the determination of library quality. 
Since chimera formation depends on multiple parameters 
(fragment size, gene size, GC content, annealing tempera 
ture, extension temperature, number of parents, homology 
between parents) it is difficult to predict the conditions 
required for a certain croSSOver frequency. 
0323. An alternative to complete control of the shuffling 
process is to gain precise control (i.e. for reproducibility) 
over important parameters (such as fragment size, annealing 
and extension temperatures, parental representation etc) and 
then to make multiple libraries in which these are System 
atically varied, e.g., in a microtitre plate format. The prob 
lem then is how to assess rapidly the quality of these 
libraries without the labor-intensive and costly processes of 
cloning and Sequencing. 
0324. There are two common determinants of shuffled 
libraries: the frequency of recombination used to produce 
the library members, and the frequency with which frame 
shifts or deletions prevent the Synthesis of full-length pro 
tein. 

0325 The TaqMan system (Perken Elmer Biosystems) 
provides one example of available technology that can be 
adapted to address these problems. TaqMan is a real-time 
PCR detection system that works as follows. Two oligo 
nucleotides are used as amplification primers, e.g., about 
two or three hundred bases apart. A third primer, comple 
mentary to a section of DNA between these primers, is 
labeled with a fluorescent dye and a fluorescence quencher. 
During PCR, the third oligonucleotide anneals to the single 
stranded product DNA, and is then degraded by the 5' to 3 
exonuclease activity of the polymerase as it extends through 
the region to which the labeled oligonucleotide is annealed. 
Degradation of the labeled oligonucleotide Separates the 
fluorescent dye from the quencher, resulting in an increase 
in fluorescence. The cycle number at which an increase in 
fluorescence appears indicates the abundance of a particular 
template. 
0326. The TaqMan system can be adapted to measure the 
abundance of various chimeras in a microtiter format. Vary 
ing the primers and indicator oligonucleotides used allows 
detection of different classes of chimeras (see, FIG. 9). A 
Simple tiered Screen can used in which libraries are first 
Screened for the presence of a fragment of B or C, incor 
porated between two fragments of A. Libraries that Score 
well in this test could then be tested for more complex 
chimera arrangements. Finally the best few (5 or so) libraries 
are cloned into a translational-coupling vector, and full 
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length variants are picked, Screened and Sequenced. This, in 
turn, generates feedback about the types of chimeras that are 
the best indicators for a specific function, and the relation 
ship between the Simple chimera indicator described here 
and the real Sequences generated. 
0327. As shown in FIG. 9, a labeled Boligo can be used 
to measure the relative differences of, e.g., 8 possible 
croSSOverS. Alternately, Several different fluorescently 
labeled oligos can be used in the same well of a reaction tray 
or other container. In this Scheme, a library is tested by 
amplifying with a specific primer and fluorescence of A, B 
and C for different indicator dyes are measured as a function 
of the number of cycles (e.g., PCR cycles). This gives an 
indication of the frequency of the types of croSSOverS present 
in the library Sample, illustrated Schematically. 
0328. This kind of library screening dramatically 
increases the throughput for library assessment as compared 
to previous methods. 
0329. An alternative to TaqMan is the use of molecular 
beacons to assess library quality. Molecular beacons are 
oligonucleotide probes that can report the presence of Spe 
cific nucleic acids in homogeneous Solutions (Tyagi and 
Kramer (1996) “Molecular beacons: probes that fluoresce 
upon hybridization.” Nat Biotechnol 14, 303-308. They are 
used for real-time monitoring of PCR or other amplification 
reactions and for the detection of RNAS within living cells. 
Molecular beacons are hairpin-shaped molecules with an 
internally quenched fluorophore whose fluorescence is 
restored when they bind to a target nucleic acid (see Tyagi 
and Kramer, id). They are designed So that the loop portion 
of the molecule is a probe Sequence complementary to a 
target nucleic acid molecule. The Stem is formed by an 
annealing of complementary arm Sequences on the ends of 
the probe Sequence. A fluorescent moiety is attached to the 
end of one arm and a quenching moiety is attached to the end 
of the other arm. The Stem keeps these two moieties in close 
proximity to each other, causing the fluorescence of the 
fluorophore to be quenched by energy transfer. When the 
probe encounters a target molecule, it forms a hybrid that is 
longer and more Stable than the Stem hybrid and its rigidity 
and length preclude the Simultaneous existence of the Stem 
hybrid. Thus, the molecular beacon undergoes a Spontane 
ous conformational reorganization that forces the Stem apart, 
and causes the fluorophore and the quencher to move away 
from each other, leading to the restoration of fluorescence 
which can be detected. Further details on Molecular Bea 
cons and their use can be found at http://www.molecular 
beaconS.Org and in the following references: Tyagi et al. 
(1998) “Multicolor molecular beacons for allele discrimi 
nation'Nat Biotechnol 16:49-53; Matuso (1998) “In situ 
visualization of mRNA for basic fibroblast growth factor in 
living cells' Biochimica Biophysica Acta 1379:178-184; 
Sokol et al. (1998) “Real time detection of DNA-RNA 
hybridization in living cells' Proc Natl Acad Sci USA 
95:11538-11543; Leone et al. (1998) “Molecular beacon 
probes combined with amplification by NASBA enable 
homogeneous, real-time detection of RNA'Nucleic Acids 
Res 26, 2150-2155; Piatek et al. (1998) “Molecular beacon 
Sequence analysis for detecting drug resistance in Mycobac 
terium tuberculosis' Nat Biotechnol 16:359-363; Kostrikis et 
al. (1998) "Spectral genotyping of human alleles''Science 
279:1228-1229; Giesendorf et al. (1998) “Molecular bea 
cons: a new approach for Semiautomated mutation analy 
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sis"Clin Chem 44:482-486; Marras et al. (1999) “Multiplex 
detection of Single-nucleotide variations using molecular 
beacons'Genet Anal 14:151-156; and Vet et al. (1999) 
“Multiplex detection of four pathogenic retroviruses using 
molecular beacons' Proc Natl AcadSci USA 96:6394-6399. 

0330 Thus, the presence or absence of any specific 
nucleic acid (including any mutated nucleic acid) can be 
monitored in real time via the use of Molecular Beacons. 

Example: Monitoring of Recombination using 
Fluorescence Energy Transfer 

0331. After performing a diversity generation reaction, 
an extensive analysis of the library can be performed to 
check whether there was recombination between genes (or 
other nucleic acids) and at what frequency. An immediate 
answer to those question Speeds up the construction of the 
relevant libraries. Furthermore, if the monitoring is continu 
ous during the Shuffling reaction, the conditions can be 
changed to optimize recombination, even before the end of 
the reaction. 

0332 The process in this example utilizes real time PCR 
analysis based upon FRET. The method uses “light cycler” 
techniques (De Silva et al (1998) Biochemica “Rapid Geno 
typing and Quantification with Hybridization Probes Rapid 
Genotyping and Quantification on the LightCycler with 
Hybridisation Probes” 2:12-15, and De Silva et al (1998) 
Biochemica “The LightCycler-The Smartest Innovation for 
More Efficient PCR”Biochemica 2:4-7). 
0333) Fluorescent resonance energy transfer (FRET) is a 
distance dependent excited State interaction in which emis 
Sion of one fluorophore is coupled to the excitation of 
another which is in proximity (close enough for an observ 
able change in emissions to occur). Some excited fluoro 
phores interact to form excimers, which are excited State 
dimers that exhibit altered emission spectra (e.g., phospho 
lipid analogs with pyrene Sn-2 acyl chains); See, Haugland 
(1996) Handbook of Fluorescent Probes and Research 
Chemicals, Published by Molecular Probes, Inc., Eugene, 
Oreg, e.g., at chapter 13). 
0334) The Forster radius (R) is the distance between 
fluorescent pairs at which energy transfer is 50% efficient 
(i.e., at which 50% of excited donors are deactivated by 
FRET. The magnitude of R is dependent on the spectral 
properties of donor and acceptor dyes: R=(8.8x 
10’)(K)(n")(QY)(J)(S)) a A, where: K-dipole orienta 
tion range factor (range 0 to 4, K=% for randomly oriented 
donors and acceptors); QY=fluorescence quantum yield of 
the donor in the absence of the acceptor, n=refractive index; 
and, J(S)=Spectral overlap integral=IMA(S).F.S. 
S'dScm'M', Where MA=extinction coefficient of acceptor 
and F=Fluorescence emission intensity of donor as a 
fraction of total integrated intensity. Typical donor-acceptor 
pairs include fluorescein/Cy5, fluorescein/tetramethyl 
rhodamine, IAEDANS/fluorescein, Fluorescein/Fluores 
cein, BODIPY/BODIPY and EDANS/DABCYL. An exten 
Sive compilation of R values are found in the literature, See, 
Haugland (1996) Handbook of Fluorescent Probes and 
Research Chemicals Published by Molecular Probes, Inc., 
Eugene, Oreg. at page 46 and the references cited therein. 
0335) In brief, two probes are labeled with different 
fluorophores. The two probes are complementary to a spe 
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cific region of a gene to be analyzed. If the desired genotype 
(recombination event) is present in the sample, the probes 
bring two fluorophores into close proximity (e.g., within 
R.), allowing a transfer of energy between them. This 
transfer of energy can be monitored using a device Such as 
the one described in the De Silva et al. references (id); see 
also, the LightCycler from Amersham. 
0336. This approach can be used in shuffling or other 
diversity generating reactions using automated techniques. 
In order to label the DNA molecules, constructed, e.g., 
during PCR or LCR reactions, nucleotides labeled with 
fluorophores are used and are introduced by the DNA 
polymerase or other enzymes into the molecule, or via 
automated Synthetic approaches. The fluorophores are 
excited and detected by System. 
0337 For example, two genes to be shuffled can be 
labeled using this method, e.g., one with fluorescein, and the 
other with Cy5 in a PCR reaction (both fluorophores are 
available, e.g., from Amersham Pharmacia). The labeled 
genes are fragmented, e.g., using DNase before being 
shuffled by the system. Recombination between the two 
genes brings the fluorescein molecule next to the Cy5 
molecule, and, e.g., after each cycle the System excites the 
fluorescein. The fluorescein then transferS its energy either 
to the Cy5 molecule, if it is proximal, or to the media if it 
is not. The System then detects light at the wavelength of 
emission of CyS, providing an indication of FRET. Simi 
larly, FRET can be used to assess recombination frequency 
by Solution-phase or Solid-phase hybridization to differen 
tially labeled fluorescence-coupled oligonucleotide, PCR 
amplified or restriction fragment-generated probes. 

(8.) Non-Coding Control Sequences 

0338 Quite commonly, output nucleic acids from the 
Shuffling or mutagenesis module comprise one or more 
Sequences which control transcription or translation or 
which facilitate downstream processing of the nucleic acid 
(e.g., cloning). These sequences include promoters, enhanc 
ers, ribosome binding Sites, translation initiation regions, 
transcription initiation regions, universal PCR primer bind 
ing Sites, Sequencing primer binding Sites, restriction 
enzyme digestion Sequences and other Sequences of known 
activity. Ausubel, Sambrook, Berger and a number of other 
references herein provide an introduction to Sequences use 
ful in genetic engineering. Many Such Sequences are known 
and can easily be provided in the present methods, if desired. 
For example, including Such Sequences as part of PCR or 
ligase-directed gene Synthesis is a convenient way of incor 
porating Such Sequences of interest. 

0339 Amplifying recombinant nucleic acids in physical 
or logical arrays, or amplifying elongated nucleic acids in 
master arrays, duplicate arrays or other arrays herein can 
include, as a feature of the amplification, the incorporation 
of one or more transcription or translation control Subse 
quence into the elongated nucleic acids, recombinant nucleic 
acids in the physical or logical array, intermediate nucleic 
acids produced using elongated nucleic acids or recombinant 
nucleic acids in the physical or logical array as a template, 
partial or complete copies of elongated nucleic acids or 
recombinant nucleic acids in the physical or logical arrayS, 
and the like. One or more transcription or translation control 
Subsequence can be ligated to the elongated nucleic acids, 
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the recombinant nucleic acids in the physical or logical 
array, intermediate nucleic acids produced using the elon 
gated nucleic acids or the recombinant nucleic acids in the 
physical or logical array as a template, partial or complete 
copies of the elongated nucleic acids or the recombinant 
nucleic acids in the physical or logical array, etc. For 
example, the one or more transcription or translation control 
Subsequences can be hybridized or partially hybridized to 
the above nucleic acids during any nucleic acid amplifica 
tion or polymerase or ligase mediated method herein. 

(9.) Isolation of Single DNA Molecules From a 
Mixed Pool Without Bacterial Transformation 

0340 This section describes a method that allows pieces 
of DNA to be singly isolated from a pool and amplified for 
Sequencing or other process (e.g., shuffling or in vitro 
translation) without the use of a host organism. The method 
is both faster and more reliable than traditional cloning. The 
method is based upon the ability to form particles from 
individual pieces of DNA that can then be isolated and 
dispensed into individual wells. The particles are degraded 
and each piece of DNA is amplified to give enough material 
for Sequencing or other downstream operations. 
0341 The advantage of this protocol is that the particles 
are formed due to the physical nature of the DNA polymer, 
and as Such, the protocol is Sequence and context indepen 
dent. Thus all pieces of DNA have approximately the same 
chance of being amplified at the end of the process, unlike 
traditional cloning methods. 

DNA Library Preparation 

0342. When cloning from genomic DNA, the DNA is 
usually cleaved to Suitable size by nuclease (e.g., restriction 
enzyme) or mechanical treatment. To amplify the DNA, the 
ends of each fragment are compatible, e.g., for PCR ampli 
fication using standard primers. This is true if the DNA 
molecules have a standard construction with fixed 5' and 3' 
ends (as is usual for RNA or DNA selection constructs and 
for expression constructs). For cloning of fragments of 
unknown DNA (or following mechanical or random cleav 
age procedures), this is achieved by ligation of Standard 
primers to the end of each fragment for Subsequent ligation 
into a vector. Fluorescent or other tags can be added to the 
extension to aid handling and analysis. Successfully ligated 
molecules can be enriched in the pool by PCR and purified, 
if necessary, by Standard methods. 

Monomolecular Particle Formation 

0343 DNA is a rigid polyanionic linear polymer that 
exists as a monomer in Solution with a large radius of 
gyration as it floats in a random coil structure. The addition 
of a polycationic polymer to a Solution of DNA causes the 
DNA to associate with the polycation and condense in a 
cooperative electroStatic process to yield a compact com 
plex. Due to the electroStatic nature of the process, there is 
a tendency for multiple copies of the two polymers to 
asSociate to give large poorly defined mixtures of particles. 
0344 Complexation of DNA with single chain cationic 
detergents is known to form Small monomolecular particles 
(J. Am. Chem. Soc. 1995, 117, 2401-2408), but these 
complexes are unstable to reduction of the detergent con 
centration. The ability of Single chain detergents to form 

38 
Nov. 8, 2001 

complex is based upon the formation of the polycation at the 
DNA in a template-assisted assembly. Hence addition of 
such a detergent to a solution of DNA leads to formation of 
Small (~20 nm) complexes which can then be dispensed into 
individual wells. Dilution of the particles with a PCR mix 
leads to dissolution of the complex, releasing free DNA 
ready for amplification. 
0345 Complexes formed with detergent can be relatively 
unstable. However, other methods of forming monomolecu 
lar complexes are available. See, e.g., Blessing (1998) Proc. 
Natl. Acad. Sci. USA 95:1427-1431. In this protocol, the 
Single chain cationic detergent contains a chemical moiety 
Such as a thiol group. Once the complex has formed, the 
detergents are dimerized (by oxidation for thiols) which 
yields a stable particle. Once the particles are dispensed, the 
dimerization is reversed (reduction of the disulfide) and the 
complex degrades to yield free DNA. Addition of lipophilic 
fluorophores to these complexes leads to production of a 
fluorescent particle. This can be used to track the complexes 
for Sorting as described below. 

Dispensing the Particles 
0346) The charged complexes formed by the protocols 
outlined above are readily sorted by electrophoretic mobility 
to remove uncomplexed material. Dispensing these particles 
into Separate wells of a microtiter plate uses, e.g., electro 
phoresis, e.g., in which the particles travel down a capillary 
(or channel) in Single file, much like in a FACS machine (or 
chip). A fluorescent detector (e.g., LIF, confocal laser with 
suitable PMT/CCD) set up at the end of the system detects 
passage of particles and directs particles into the receiving 
well. Flow cytometry systems which will sort into microtiter 
plates of any format, are available, e.g., from Cytomation 
(http://www.cytomation.com/; Fort Collins, Colo.). 

Release of the Free DNA 

0347 Stability of the DNA-detergent complex is sensi 
tive to reduction in detergent concentration. Thus, dilution of 
the particles into a PCR mix leads to dissolution of the 
complex, releasing free DNA for amplification. The PCR 
product can then be used for the desired purpose (sequenc 
ing, in vitro transcription/translation, etc.). 

(10.) Array Copy Systems 
0348 During operation of the devices of the invention, 
populations of nucleic acids can be arranged into one or 
more physical or logical recombinant nucleic acid arrayS. In 
Several of the procedures herein, a duplicate of at least one 
of the one or more physical or logical recombinant nucleic 
acid arrays is produced in the process of amplifying, 
Sequencing, or expressing members of the nucleic acid array. 
Thus, in one typical embodiment, the System includes a 
Shuffled nucleic acid master array which physically or 
logically corresponds to positions of the Shuffled nucleic 
acids in the reaction mixture array. This master array can be 
accessed as necessary, e.g., where access of reaction mixture 
or other duplicated nucleic acid arrays is not feasible. See 
also, FIG. 1b. 
0349. In general, the diversity generation module can 
copy arrays (i.e., the module can include an array copy 
function) to produce duplicate arrays, master arrays, ampli 
fied arrayS and the like, e.g., where any operation is con 
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templated which could make recovery of nucleic acids from 
an original array problematic (e.g. where a process to be 
performed destroys the original nucleic acids, e.g., recom 
bination methods that change the nature of product nucleic 
acids as compared to starting nucleic acids), or where an 
elevated stability for the array would be helpful (e.g., where 
an amplified array can be produced to Stabilize accessible 
copies of nucleic acids), or where a normalization of com 
ponents (e.g., to provide Similar concentrations of reactants 
or products) is useful for recombination, expression or 
analysis purposes. Copies can be made from master arrayS, 
reaction mixture arrays or any duplicates thereof. 
0350 For example, the diversity generation module 
optionally dispenses nucleic acids into one or more master 
multiwell plates and, typically, amplifies the resulting master 
array of elongated nucleic acids (e.g., by PCR) to produce an 
amplified array of elongated nucleic acids. The Shuffling 
module can include an array copy System which transfers 
aliquots from the wells of the one or more master multiwell 
plates to one or more copy multiwell plates. 
0351. The array of reaction mixtures can be formed, e.g., 
by Separate or simultaneous addition of an in Vitro transcrip 
tion reagent and an in Vitro translation reagent to one or 
more copy multiwell plates (or other spatially organizing set 
of containers), or to a duplicate set thereof, to diversified 
nucleic acids. 

0352. In addition to adding reaction mixture components 
directly to arrays, reaction mixture components are com 
monly added to duplicate arrays of shuffled or otherwise 
diversified nucleic acids. For example, the reaction mixtures 
can be produced by adding in vitro transcription/translation 
reactants to a duplicate nucleic acid array, which is dupli 
cated from a master array of the shuffled nucleic acids 
produced by Spatially or logically Separating members of a 
population of the Shuffled nucleic acids. 
0353 Arraying techniques for producing both master and 
duplicate arrays from populations of Shuffled or otherwise 
diversified nucleic acids can involve any of a variety of 
methods. For example, when forming Solid phase arrayS 
(e.g., as a copy of a liquid phase array, or as an original 
array), members of the population can by lyophilized or 
baked on a Solid Surface to form a Solid phase array, or 
chemically coupled or printed (e.g., using ink-jet printing 
methods) to the Solid Surface. Similarly, population mem 
bers can be converted from Solid phase to liquid phase by 
rehydrating members of the population, or by cleaving 
chemically coupled members of the population of shuffled 
nucleic acids from the Solid Surface to form a liquid phase 
array. One or more physically Separated logical or physical 
array members can be accessed from one or more Sources of 
shuffled or otherwise diversified nucleic acids and moved to 
one or more array destination site (e.g., by pipetting into 
microtiter trays), where the one or more destinations con 
Stitute a logical array of the Shuffled nucleic acids. 
0354) Individual members of an array can be copied in a 
number of ways. For example, members can be amplified 
and aliquots removed and placed in a duplicate array. 
Alternately, where the Sequences of array members are 
deconvoluted (e.g., Sequenced) copies can be produced 
Synthetically and placed into copy arrayS. Two preferred 
ways of copying array members are to use a polymerase 
(e.g., in amplification or transcription formats) or to use an 
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in vitro nucleic acid Synthesizer for copying operations. 
Typically, a fluid handling System will deposit copied array 
members in destination locations, although non-fluid based 
member transport (e.g., transfer in a Solid or gaseous phase) 
can also be performed. 

B. In vitro Transcription/Translation 

0355. In one preferred embodiment of the invention, 
libraries of nucleic acids produced by the various diversity 
generation methods set forth herein (shuffling, mutation, 
etc.) are transcribed (i.e., where the diverse nucleic acids are 
DNAS) into RNA and translated into proteins, which are 
Screened by any appropriate assay. Common in vitro tran 
Scription and/or translation reagents include reticulocyte 
lysates (e.g., rabbit reticulocyte lysates) wheat germ in vitro 
translation (IVT) mixtures, Ecoli lysates, canine microSome 
Systems, HeLa nuclear extracts, the “in vitro transcription 
component,” (see, e.g., Promega technical bulletin 123), SP6 
polymerase, T3 polymerase, T7 RNA polymerase (e.g., 
Promega #TM045), the “coupled in vitro transcription/ 
translation system” (Progen Single Tube Protein System 3) 
and many others. Many of translation Systems are described, 
e.g., in Ausubel, Supra. as well as in the references below, 
and many transcription/translation Systems are commer 
cially available. 
0356 Methods of processing (transcribing and/or trans 
lating) diversified nucleic acids (shuffled, mutagenized, etc.) 
are provided. In the methods, a physical or logical array of 
reaction mixtures is provided, in which a plurality of the 
reaction mixtures include one or more member of a first 
population of nucleic acids (including shuffled, mutagenized 
or otherwise diversified nucleic acids). A plurality of the 
plurality of reaction mixtures further comprise an in vitro 
transcription or translation reactant. One or more in Vitro 
translation products produced by a plurality of members of 
the physical or logical array of reaction mixtures is then 
detected. The physical or logical array or reaction mixtures 
produced by these methods are also a feature of the inven 
tion. 

0357 Generally, cell-free transcription/translation sys 
tems can be employed to produce polypeptides from Solid or 
liquid phase arrays of DNAS or RNAS as provided by the 
present invention. Several transcription/translation Systems 
are commercially available and can be adapted to the present 
invention by the appropriate addition of transcription and or 
translation reagents to arrays of diversified nucleic acids, 
e.g., produced by shuffling target nucleic acids and arraying 
the resulting nucleic acids. A general guide to in Vitro 
transcription and translation protocols is found in Tymms 
(1995) In vitro Transcription and Translation Protocols: 
Methods in Molecular Biology Volume 37, Garland Pub 
lishing, N.Y. Any of the reagents used in these Systems can 
be flowed or otherwise directed into contact with nucleic 
acid array members. 
0358 Typically, in the present invention, in vitro tran 
Scription and/or translation reagents are added to an array (or 
duplicate thereof) that embodies the diverse populations of 
nucleic acids generated by diversity generating procedures. 
For example, where the nucleic acids of interest are plated 
on microtiter trays, the in vitro transcription? translation 
reagents are added to the Wells of the trays to form arrays of 
reaction mixtures that individually comprise the in Vitro 
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transcription? translation reagents, the nucleic acids of inter 
est and any other reagents of interest. 
0359. Several in vitro transcription and translation sys 
tems are well known and described in Tymms (1995), id. For 
example, an untreated reticulocyte lysate is commonly iso 
lated from rabbits after treatment of the rabbits with 
acetylphenylhydrazine as a cell-free in vitro translation 
System. Similarly, coupled transcription/translation Systems 
often utilize an E. coli S30 extract. See also, the Ambion 
1999 Product Catalogue from Ambion, Inc (Austin Tex.). 
0360 A variety of commercially available in vitro tran 
Scription and translation reagents are commercially avail 
able, including the PROTEINscript-PROTM kit (for coupled 
transcription/translation) the wheat germ IVT kit, the 
untreated reticulocyte lysate kit (each from Ambion, Inc 
(Austin Tex.)), the HeLa Nuclear Extract in vitro Transcrip 
tion System, the TnT. Quick coupled Transcription/transla 
tion Systems (both from Promega, See, e.g., Technical bul 
letin No. 123 and Technical Manual No. 045), and the single 
tube protein system 3 from Progen. Each of these available 
Systems (as well as many other available Systems) have 
certain advantages which are detailed by the product manu 
facturer. 

0361. In addition, the art provides considerable detail 
regarding the relative activities of different in vitro tran 
Scription translation Systems, for example as Set forth in 
Tymms, id.; Jermutus et al. (1999) “Comparison of E. Coli 
and rabbit reticulocyte ribosome display systems” FEBS 
Lett. 450(1-2):105-10 and the references therein; Jermutus et 
al. (1998) “Recent advances in producing and Selecting 
functional proteins by using cell-free translation'Curr. Opin. 
Biotechnol. 9(5):534-48 and the references therein; Hanes et 
al. (1988) “Ribosome Display Efficiently Selects and 
Evolves High-Affinity Antibodies in vitro from Immune 
Libraries' PNAS 95:14130-14135 and the references therein; 
and Hanes and Pluckthun (1997) “In vitro Selection and 
Evolution of Functional Proteins by Using Ribosome Dis 
play.” Biochemistry 94:4937-4942 and the references 
therein. 

0362 For example, an untreated rabbit reticulocyte lysate 
is Suitable for initiation and translation assays where the 
prior removal of endogenous globin mRNA is not necessary. 
The untreated lysate translates exogenous mRNA, but also 
competes with endogenous mRNA for limiting translational 
machinery. 

0363 Similarly, The PROTEINscript-PROTM kit from 
Ambion is designed for coupled in Vitro transcription and 
translation using an E. coli S30 extract. In contrast to 
eukaryotic Systems, where the transcription and translation 
processes are separated in time and Space, prokaryotic 
Systems are coupled, as both processes occur Simulta 
neously. During transcription, the nascent 5'-end of the 
mRNA becomes available for ribosome binding, allowing 
transcription and translation to proceed at the same time. 
This early binding of ribosomes to the mRNA maintains 
transcript stability and promotes efficient translation. 
Coupled transcription: translation using the PROTEIN 
script-PRO Kit is based on this E. coli model. 

0364) The Wheat Germ IVTTM Kit from Ambion, or other 
Similar Systems, is/are a convenient alternative, e.g., when 
the use of a rabbit reticulocyte lysate is not appropriate for 
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in vitro protein synthesis. The Wheat Germ IVTTM Kit can 
be used, e.g., when the desired translation product comi 
grates with globin (approx. 12-15 kDa), when translating 
mRNAS coding for regulatory factors (such as transcription 
factors or DNA binding proteins) which may already be 
present at high levels in mammalian reticulocytes, but not 
plant extracts, or when an mRNA will not translate for 
unknown reasons and a Second translation System is to be 
tested. 

0365. The TNT(R Quick Coupled Transcription/Transla 
tion Systems (Promega) are single-tube, coupled transcrip 
tion/translation reactions for eukaryotic in vitro translation. 
The TNTOR Quick Coupled Transcription/Translation Sys 
tem combines RNA Polymerase, nucleotides, salts and 
Recombinant RNasin(E) Ribonuclease Inhibitor with the 
reticulocyte lysate to form a single TNTOR Quick Master 
Mix. The TNT(F) Quick Coupled Transcription/Translation 
System is available in two configurations for transcription 
and translation of genes cloned downstream from either the 
T7 or SP6 RNA polymerase promoters. Included with the 
TNTOR Quick System is a luciferase-encoding control plas 
mid and Luciferase ASSay Reagent, which can be used in a 
non-radioactive assay for rapid (<30 Seconds) detection of 
functionally active luciferase protein. 
0366. In addition to coupled in vitro trancription and 
translation, either Step may be done separately from the 
other by in vitro or cellular means. For example, in Vitro 
transcribed RNA can be provided to cells for Subsequent 
translation by way of mechanical or osmotic microinjection., 
methods for which are well known in the art. Moreover, cells 
containing RNA derived by transcription from one or more 
of the shuffling and mutagenesis methods described (directly 
or indirectly) herein can be lysed and the RNA obtained for 
Subsequent analysis. The purified or unpurified RNA 
obtained in this manner can be Subjected to in vitro or in Situ 
translation. All Such methods can be conducted within or in 
conjunction with the various arraying approaches described 
in this invention. 

0367 Many other systems are well known, well charac 
terized and Set forth in the references noted herein, as well 
as in other references known to one of skill. It will also be 
appreciated that one of skill can produce transcription/ 
translation Systems similar to those which are commercially 
available from available materials, e.g., as taught in the 
references noted above. 

0368. The methods of the invention can include in-line or 
off-line purification of one or more reaction product array 
members. In line purification is performed as part of the 
transfer process from an in vitro transcription/translation 
reaction to a product detection or identification module, 
whereas off-line purification can be performed before or 
after transfer, or in a parallel module. 
0369. In any case, once expressed, proteins can be puri 
fied, either partially or Substantially to homogeneity, accord 
ing to Standard procedures known to and used by those of 
skill in the art. Polypeptides of the invention can be recov 
ered and purified from arrays by any of a number of methods 
well known in the art, including ammonium Sulfate or 
ethanol precipitation, acid or base extraction, column chro 
matography, affinity column chromatography, anion or cat 
ion exchange chromatography, phosphocellulose chroma 
tography, hydrophobic interaction chromatography, 
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hydroxylapatite chromatography, lectin chromatography, gel 
electrophoresis and the like. Protein refolding Steps can be 
used, as desired, in completing configuration of mature 
proteins. High performance liquid chromatography (HPLC) 
can be employed in final purification Steps where high purity 
is desired. Once purified, partially or to homogeneity, as 
desired, the polypeptides may be used (e.g., as assay com 
ponents, therapeutic reagents or as immunogens for anti 
body production). 

0370. In addition to the references noted Supra, a variety 
of purification/protein folding methods are well known in 
the art, including, e.g., those Set forth in R. Scopes, Protein 
Purification, Springer-Verlag, N.Y. (1982); Deutscher, 
Methods in Enzymology Vol. 182: Guide to Protein Purifi 
cation, Academic Press, Inc. N.Y. (1990); Sandana (1997) 
BioSeparation of Proteins, Academic Press, Inc.; Bollaget 
al. (1996) Protein Methods, 2" Edition Wiley-Liss, NY; 
Walker (1996) The Protein Protocols Handbook Humana 
Press, N.J., Harris and Angal (1990) Protein Purification 
Applications: A Practical Approach IRL Press at Oxford, 
Oxford, England; Harris and Angal Protein Purification 
Methods: A Practical Approach IRL Press at Oxford, 
Oxford, England; Scopes (1993) Protein Purification. Prin 
ciples and Practice 3" Edition Springer Verlag, NY; Janson 
and Ryden (1998) Protein Purification. Principles, High 
Resolution Methods and Applications, Second Edition 
Wiley-VCH, N.Y.; and Walker (1998) Protein Protocols on 
CD-ROM Humana Press, N.J.; and the references cited 
therein. Additional details regarding protein folding and 
other in vitro protein biosynthetic methods are found in 
Marszal et al. U.S. Pat. No. 6,033,868 (Mar. 7, 2000). 
0371. As noted, those of skill in the art will recognize that 
after Synthesis, expression and/or purification, proteins can 
possess a conformation Substantially different from the 
native conformations of the relevant parental polypeptides. 
For example, polypeptides produced by prokaryotic Systems 
often are optimized by exposure to chaotropic agents to 
achieve proper folding. During purification from, e.g., 
lysates derived from E. coli, the expressed protein is option 
ally denatured and then renatured. This is accomplished, 
e.g., by Solubilizing the proteins in a chaotropic agent Such 
as guanidine HC1. 

0372. In general, it is occasionally desirable to denature 
and reduce expressed polypeptides and then to cause the 
polypeptides to re-fold into the preferred conformation. For 
example, guanidine, guanidinium, urea, detergents, chelat 
ing agents, DTT, DTE, and/or a chaperonin can be added 
incubated with a transcription product of interest. Methods 
of reducing, denaturing and renaturing proteins are well 
known to those of skill in the art (See, the references above, 
and Debinski, et al. (1993) J. Biol. Chem., 268: 14065 
14070; Kreitman and Pastan (1993) Bioconjug. Chem.,4: 
581-585; and Buchner, et al., (1992) Anal. Biochem., 205: 
263-270). Debinski, et al., for example, describe the dena 
turation and reduction of inclusion body proteins in guani 
dine-DTE. The proteins can be refolded in a redox buffer 
containing, e.g., Oxidized glutathione and L-arginine. 
Refolding reagents can be flowed or otherwise moved into 
contact with the one or more polypeptide or other expression 
product, or Vice-versa. 

0373) Various systems are also available for simultaneous 
Synthesis and folding of complex proteins. For example, the 
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control of redox potential, the use of helper proteins (from 
both bacterial and eukaryotic Systems) and the like can be 
used to provide for improved cell free translation. Option 
ally, proteins may be added which aid in protein refolding, 
Such as by maintaining Solubility of the nascent or partially 
folded protein (e.g. chaperonins) or by adjusting the con 
figuration of inter- and intra-molecular disulfide bonds (e.g. 
protein disulfide isomerase). In addition to the references 
noted above, additional details regarding cell free protein 
translation can be found at http://chemeng. Stanford.edu/ 
html/Swartz.htm. 

0374 RNA or protein or other products of a translation 
reaction can be tagged with any available tag (biotin, His 
tag, etc.), and captured to an array position following 
expression, if desired. The products are released, e.g., by 
cleavage of an incorporated cleavage Site, or other releasing 
methods (salt, heat, acid, base, light, or the like). In alternate 
embodiments, products are free in Solution or encapsulated 
in mini-reaction compartments Such as inverted micelles, 
liposomes, or gel particles or droplets. 

0375. As noted, it can be desirable to reconstitute expres 
Sion products in liposomes, inverted micelles, or other lipid 
Systems. Thus, the System can include a Source of one or 
more lipid. Typically this lipid is flowed into contact with the 
one or more polypeptide or other reaction product (or 
Vice-versa), or into contact with the physical or logical array 
of reaction mixtures. Similarly, the lipid can be flowed into 
contact with one or more shuffled or mutagenized nucleic 
acids (or transcription products thereof), thereby producing 
one or more liposomes or micelles comprising the polypep 
tide or other reaction product, reaction mixture components, 
and/or nucleic acids. 

0376 Liposomes and related structures are particularly 
attractive Systems for use in the present invention, because 
they serve to concentrate reagents of interest into Small 
volumes and because they are amenable to FACS and other 
high-throughput methods. In addition to standard FACS 
methods, microfabricated FACSS for use in sorting cells and 
certain Subcellular components Such as molecules of DNA 
have also been described in, e.g., Fu, A. Y. et al. (1999) “A 
Microfabricated Fluorescence-Activated Cell Sorter, Nat. 
Biotechnol. 17:1109-1111; Unger, M., et al. (1999) “Single 
Molecule Fluorescence Observed with Mercury Lamp Illu 
mination, Biotechniques 27:1008-1013; and Chou, H. P. et 
al. (1999) “A Microfabricated Device for Sizing and Sorting 
DNA Molecules,'Proc. Natl. Acad. Sci. 96:11-13. These 
Sorting techniques utilizing microfabricated FACSS gener 
ally involve focusing cells using microchannel geometry and 
can be adapted to the present invention by the inclusion of 
a chip-based FACS system in the in vitro transcription/ 
translation module of the System. 
0377 The following example provides details regarding 
use of liposomes as reaction vesicles. 

(1.) Alternate Format: In vitro clone selection: 
Direct isolation of active sequences from a DNA 

library-use of liposomes in the integrated Systems 
of the invention 

0378. The slowest step in the manipulation of DNA is 
often the selection of functional DNA constructs in vivo. 
That is, DNA is often maintained in a form Suitable for 
transformation and growth in a host organism, Such as E. 
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coli, to allow the Selection of positive constructs from the 
background. This example describes functional assays to be 
performed on the gene product, which is transcribed directly 
from a DNA library, leading to the isolation of the specific 
construct bearing the desired activity. The technique is 
amenable to the Screening of libraries of any size. 
0379 This example relies upon the application of a 
number of techniques in Series. In particular, the example 
uses liposomes as reaction/Sorting compartments, in vitro 
transcription/translation, a fluorescent activity assay and a 
FACS machine. 

0380 The use of in vitro transcription/translation systems 
to produce Small amounts of protein from DNA in solution 
is described above. The encapsulation of this machinery 
inside a Small compartment (-1 um), Such as an inverted 
micelle (Tawfik and Griffiths (1998) Nature Biotech, 
16:652-656) or liposome, enables the machinery to act upon 
a single DNA molecule. The presence of 1 molecule in a 1 
tum diameter sphere corresponds to a concentration of 2.5 
nM. Thus, the effective concentration of the DNA is Suffi 
cient for efficient transcription/translation and even a single 
round of translation gives a useful protein concentration. A 
single turnover of the enzyme encoded by the DNA also 
gives nM concentrations of product; therefore, e.g., about 
100 catalytic events are sufficient for detection. Detection of 
this fluorescence by the laser of the FACS machine will then 
lead to the Sorting of the fluorescent compartments (lipo 
Somes only, as inverted micelles are incompatible with the 
FACS machine). In general, FACS machines Sort liposomes, 
cells or other Sortable compartments at a rate of thousands 
per Second, which allows millions of liposomal reaction 
compartments to be Sorted routinely. The Selected liposomes 
can then be degraded and the formerly encapsulated DNA 
isolated and purified. The DNA that encoded a gene prod 
uct(s) capable of generating fluorescence under the assay 
conditions are Substantially present in this Sample. This 
DNA is further analyzed or used directly in another cycle of 
this process under more Stringent conditions. 
0381 For example, Tawfik and Griffiths, id, describes a 
system in which linear DNA encoding a DNA methylase 
was isolated from a background of other DNA. The DNA 
was encapsulated in inverted micelles with Suitable tran 
Scription/translation machinery, Such that only one DNA 
molecule was encapsulated in each micelle. After the DNA 
methylase had been translated, it methylated the DNA 
accessible to it, i.e. present in that micelle. The reaction was 
quenched and the DNA was isolated from the micelles. The 
pooled DNA was then exposed to the restriction enzyme 
corresponding to the methylase, leading to the degradation 
of unmethylated sequences. The intact DNA was then ampli 
fied by PCR and the DNA was found to be highly enriched 
in the methylase encoding Sequence. 

0382 A Solution of the in vitro transcription/translation 
machinery with the Substrates required for the activity assay 
is provided, at concentrations Sufficient to ensure that each 
lipoSome contains a Self Sufficient transcription/translation/ 
gene product assay System, in a Suitable buffer, at 4 C. A 
DNA library is added at a concentration Such that generally 
only about one or Zero DNA molecule(s) are present in each 
liposome. 

0383. The liposomes are formed using a solvent dispersal 
method, which allows the direct formation of Small unila 
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mellar vesicles of defined size in the Starting Solution. The 
Starting Solution is Stirred at a predetermined speed and the 
lipids are added to the Solution in a water miscible Solvent. 
As the Solvent disperses (Solvent is typically less than 2% 
final concentration) the lipids are exposed to the aqueous 
phase which causes them to spontaneously form SUVs of a 
size defined by the conditions and the choice of lipid 
mixture. In a typical experiment 30% of the initial solution 
will be encapsulated in liposomes. The liposomes are puri 
fied and the remaining unencapsulated Solution can be 
recycled if desired. The liposomes are then incubated under 
conditions that favor transcription/translation and later con 
ditions Suitable for the activity assay of interest. 
0384. The stability of the liposomes and their behavior in 
solution can be controlled by the choice of the constituent 
lipids, which form the bilayer. Thus, the compartment for 
reaction can be tailored to fit the conditions necessary for a 
Specific experiment. Fluorescent lipids can also be incorpo 
rated into the bilayer, which can be used as an internal 
Standard for fluorescence produced in the gene product assay 
e.g., in the FACS machine. 
0385 Gene product can be assayed using any of the 
Standard fluorescent formats, Such as the production/con 
Sumption of a fluorophore in the reaction, fluorescence 
resonance energy transfer (FRET), or coupled assays that 
use the product of the reaction performed by the gene 
product as the Substrate for another reaction which generates 
a fluorophore. The tiny volume of reaction (-4 femtoliters 
for a 1 um diameter vesicle) increases the Sensitivity of the 
Solution to changes in the number of ions Such as H" (i.e. 
pH) and Cat" for which specific fluorescent detection meth 
ods are available. Fluorescent methods are the most com 
monly used assays for most enzyme classes, which provides 
general utility for this System. 
0386 Once sufficient time has been allowed for the gene 
product to perform its reaction, the liposome Suspension is 
sorted using a FACS machine. Particles of 1 um diameter 
are readily visualized/Sorted at a rate of thousands per 
Second by this technology. Thus, the liposomes which are 
Sufficiently fluorescent (and thus contain an active gene 
product/DNA construct) are separated from the many which 
do not meet the predefined criteria. The DNA is then purified 
from the Sorted liposome population using Standard meth 
odology. 

0387. This approach confers a number of advantages over 
traditional cloning protocols. Firstly, the entire Screening 
process is performed in a Single batch, limiting the amount 
of liquid handling Steps, So that there is virtually no limit to 
the size of library that can be Screened in a Single run. The 
only time the individual DNA constructs are handled indi 
vidually is when they are sorted in the FACS machine, 
allowing extremely high throughput Screens to be per 
formed. Further, any gene product are handled equally 
efficiently, with no problems associated with host organism 
toxicity, protease mediated degradation, or the like. Even 
membrane associated proteins are Screenable, due to the 
lipid bilayer nature of the liposomes. 
0388 Equally powerful particle screening methods are 
available by use of quantitative (e.g. digital) imaging in 
asSociation with visible or fluorescent microScopy. In Such 
methods, a library of particles producing a quantifiable 
emission are distributed on a Surface in Such a way as to 
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maintain a reasonably fixed positions. Visualization and 
quantification of emission of light from particle(s) or speci 
fied Sub-area(s) (as in a grid) is conducted by one of a variety 
of available of microscopic devices operatively linked to and 
digital imaging camera. Optionally, these components may 
be linked to a computer or other high-Speed computational 
device equipped with Software capable of correcting for lens 
curvature, unequal background within the field of view, and 
the like. Such imaging hardware and Software can be used 
to guide (manually or electronically) the Selective picking 
or removal of particles from the Surface. Such particles are 
then processed, characterized and arrayed as described else 
where within this disclosure. Particularly useful for the 
Selective picking of particles from a Surface are microma 
nipulation tools Such as capillary-actuated clamping devices 
Such as find use in ion channel and patch clamp Studies, 
optical and atomic tweezers, micropipets, Syringes, and the 
like. 

0389. Furthermore, because the only components in the 
System are added by design, there is no interference from 
overlapping activities of other proteins, etc., leading to a low 
background and the ability to detect very low levels of 
activity. Similarly, because no living organism is involved in 
the process, Sensitive or dangerous gene products Such as 
antibiotic resistance genes and factors which mediate infec 
tion can be Studied without risk of transferring the new 
activity to pathogens and, therefore, the Safety concerns for 
the Systems are relatively reduced. Finally, results of an 
experiment can be produced quickly without waiting for an 
incubation period, especially when the host organism is a 
Slow growing yeast or mold. 

0390. In addition to liposomes, individual or pooled 
nucleic acid populations with relevant in vitro transcription 
or translation reagents may be encapsulated within agar, 
agarose, carageenan, guar and related biological gels and 
gums, or in a wide variety of hygroscopic Synthetic poly 
merS Such as polyacrylates, polymethylmethacrylates, poly 
acrylamides, polyethyleneimine (crosslinked) membranes, 
or the like. Methods for using these Substances to encapsu 
late biological materials are known in the art. For example, 
microdroplets are formed by flowing a mixture of the 
polymerizing or pre-gelled polymer with a mixture contain 
ing the biochemical components of interest. Microdroplet 
technology is described, e.g., in Weaver et al. (1993) 
“Microdrop technology: A General Method for Separating 
Cells by Function and Composition'METHODS: A Com 
panion to Methods in Enzymology 2(3) 234-247). 
0391 The resulting mixture is passed through a mechani 
cal or aspirating device capable of atomizing the Stream into 
microdroplets of desired size or characteristics. Such micro 
droplets can be sprayed onto a Surface, plate, preformed 
grid, or the like, directly from the atomizing device, or 
passed into a separate aspirator, nozzle or inkjet-like device. 
Commonly, the particles can be sprayed in a random or 
Semi-random manner onto the target Surface and allowed to 
retain a relatively fixed position either by Surface tension, 
gel adhesion or maintenance of a low moisture or low-eddy 
current capillary layer on a gel or moist Surface. The 
positions of the quantified particles may be used to establish 
and record an initial array or the particles of interest may be 
picked and repositioned in a more normal pattern to estab 
lish the functional array. 
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0392 This embodiment facilitates the process of devel 
oping biological catalysts for novel functions by giving a 
direct connection between DNA structure and gene product 
activity and by decreasing the time required for the inter 
active evolution of novel activities. 

(2.) Alternate Format: Localizing In Vitro 
Transcription/Translation Products 

0393 Methods of detecting or enriching for in vitro 
transcription or translation products are provided. In the 
methods, one or more first nucleic acids (e.g., Shuffled or 
otherwise diversified nucleic acids) which encode one or 
more moieties are localized proximal to one or more moiety 
recognition agents which specifically bind the one or more 
moieties. The one or more nucleic acids are in vitro trans 
lated or transcribed, producing the one or more moieties 
(e.g., polypeptides or biologically active RNAS Such as 
anti-Sense or ribozyme molecules, or other product mol 
ecules). The one or more moieties diffuse or flow into 
contact with the one or more moiety recognition agents (e.g., 
antibodies, antigens, etc.). Binding of the one or more 
moieties to the one or more moiety recognition agents is 
permitted and the one or more moieties are detected or 
enriched for by detecting or collecting one or more materials 
proximal to, within or contiguous with the moiety recogni 
tion agent (the material comprises at least one of the one or 
more moieties, where the moieties comprise one or more in 
vitro translation or transcription product). Optionally, the 
one or more moieties are pooled by pooling the material 
which is collected. Here again, a variety of variants of this 
basic class of methods are Set forth herein as are a variety of 
products produced by the methods and their variants. The 
one or more moieties can be pooled by pooling the material 
which is collected. 

0394 For example, the first nucleic acids can include a 
related population of Shuffled nucleic acids which encode an 
epitope tag, which is bound by the moiety or one or more 
moiety recognition agents. The first nucleic acids can 
include transcription or translation control Sequences, Such 
as an inducible or constitutive heterologous (or non-heter 
ologous) promoter. In Some embodiments, the first nucleic 
acids include a related population of Shuffled nucleic acids 
and a PCR primer binding region, the method further 
including PCR amplifying a set of parental nucleic acids to 
produce the related population of Shuffled nucleic acids. 

0395 Optionally, the first nucleic acids can include a 
related population of shuffled nucleic acids and a PCR 
primer binding region. In this case, the method can include 
identifying one or more target first nucleic acid by proximity 
to the moieties which are bound to the one or more moiety 
recognition agent, and amplifying the target first nucleic acid 
by hybridizing a PCR primer to the PCR primer binding 
region and extending the primer with a polymerase. 

0396 The first nucleic acids and the one or more moiety 
recognition agents can be localized on a Solid Substrate 
(including membranes, beads and other Substrates com 
monly available), or in a gel or other matrix that limits 
diffusion of the moiety recognition agents or the nucleic 
acids. The first nucleic acids and the one or more moiety 
recognition agents can be localized on the Solid Substrate by 
a cleavable linker, a chemical linker, a gel, a colloid, a 
magnetic field, an electrical field, a combination thereof, or 
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the like. In one aspect, the moiety or moiety in contact with 
the moiety recognition agent can release the nucleic acid, 
e.g., where the moiety recognition agent cleaves a cleavable 
linker which attaches the first nucleic acid to a Solid Sub 
Strate. 

0397) Typically, the invention can include detecting an 
activity of the moiety or moiety recognition agent. The one 
or more first nucleic acid can then be picked with an 
automated robot, providing for recovery of the nucleic acid 
and further processing. For example, the one or more first 
nucleic acid can be picked by placing a capillary on a region 
comprising the detected activity of the moiety or moiety 
recognition agent and withdrawing the capillary. 

Example: Enrichment Method for In vitro 
Transcription/Translation Products 

0398 FIG. 17, Panels A-E schematically show an 
embodiment in which products of in Vitro transcription/ 
translation (iv TT) are captured on a Solid Substrate or in a 
matrix for further analysis, e.g., via immobilized antibodies 
or other protein capture mechanisms. AS shown, both in 
Vitro transcription and translation products can be captured 
on a single Substrate, providing a mechanism for direct 
identification and isolation of genes of interest on the 
Substrate. 

0399. As shown, an oligonucleotide “hook” is used to 
capture shuffled or otherwise diversified genes (the hook can 
hybridize to a region that is held constant in the Shuffling or 
other diversification reaction) to the substrate (which may be 
any of the Substrates herein, including beads, membranes, 
Slides, trays, etc.). Alternately, the oligo can bind a universal 
epitope on a PCR primer of interest that is incorporated into 
the gene, e.g., a biotin or other molecule. The gene is in Vitro 
transcribed/translated, with the product being captured by an 
appropriate binding moiety (if the product is a protein, an 
antibody can be used as the binding moiety; if the product 
is an RNA, a Second capture nucleic acid can be used as the 
binding moiety). For example, the Surface (e.g., plate/bead/ 
well) can be coated with oligos, antibodies, or both. For 
oligo capture tags, the Sequences optionally bind to generic 
Sequence handles. The tags can include a variety of features, 
including primer Sequences for PCR. The oligos can include 
features for direct capture Such as biotin or any other tag that 
can be linked to the oligo, e.g., through a chemical linkage, 
which optionally can include a linker region. The oligos can 
be cleavable (e.g., through incubation with a restriction 
enzyme). Similarly, cleavage itself can be a marker of 
activity, e.g., where activity of a restriction enzyme or 
variant is the molecule to be tested. Similarly, the activity to 
be tested can be a reporter System that results in cleavage of 
the capture tag. In the case of antibody tags, the tags can 
provide for uniform display of active sites and can be used 
in a project independent fashion, e.g., in any System where 
the antibody ligand is present. 

0400. As shown, the product binds to the binding moiety 
in proximity to the captured gene. Any activity of the 
product is then detected. The coding nucleic acid is isolated 
by its proximity to the detected product, e.g., using a 
microcapillary or the like. For example, the product can 
produce a visible Signal when active and the System can 
detect the signal (e.g., by signal region size, signal intensity, 
etc.) and Select the corresponding region for isolation of the 
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coding nucleic acid. In bead-based embodiments, nucleic 
acids can be selected by FACS or other fluorescence detec 
tion methods. The use of the hook to capture DNA offers 
many control point options, including, e.g., cleavage by a 
variant. 

04.01. In one embodiment, which is shown in FIG. 17B, 
the product has an activity which results in cleavage of 
proximal bound coding nucleic acids. However, depending 
on the nature of the Substrate or matrix, any available 
method can be used for cleavage of the coding nucleic acid, 
including chemical cleavage, light-directed cleavage, treat 
ment with a restriction enzyme, or the like. The oligonucle 
otide hook can also include a cleavable linking element, as 
is common in the art. 

0402. As shown, genes are transcribed from a promoter 
Such as a T7 promoter, translated and the activity of the 
encoded variant enzyme detected. In the format depicted, the 
variant enzyme includes a capture region that permits immo 
bilization and detection. Free (e.g., Soluble) genes tran 
Scribed in the same region are isolated. The proceSS is 
repeated until a desired enrichment is observed. The tether 
on the gene or the transcribed enzyme or the constant region 
of the enzyme variant can be cleaved, e.g., Specifically. Such 
Specifically cleaved materials can be specifically eluted or 
otherwise isolated from the System. Examples of Such cleav 
able linkers include a cleavable Substrate or Substrate analog, 
e.g., for detection of an activity of the variant protein (e.g., 
upon binding/cleavage by the protein variant, e.g., where the 
protein is an enzyme). Similarly, cleavage can be dependent 
on formation of a desired side product Such as peroxide, 
heat, light, electricity or the like. 
0403. It is helpful to limit diffusion in this system, 
because, as the transcription and/or translation product dif 
fuses away from the tethered coding gene, the association 
between the tethered gene and the encoded products 
becomes more difficult to determine. Diffusion can be lim 
ited by any available method, including allowing for tran 
Scription/translation in a matrix that limits diffusion (e.g., a 
gel or polymer Solution). 
04.04 FIG. 17, panel C shows details of one embodiment 
using generic epitope tags. AS shown, the tags provide for 
uniform display of the various active Sites of the protein or 
other bio-molecule of interest. This provides for project 
independent use of the tags as well as for the use of common 
reagents. Common tags Such as His-tag IMAC can be used, 
as can any fusion protein comprising a region to be used as 
tags. The System also provides for common treatment Such 
as free thiol introduction and the like. 

04.05 As shown in FIG. 17, panel D, a robotic system 
Such as the commercially available Q-bot can be used to pick 
positive regions of the Substrate (e.g., to capture free genes 
prior to diffusion from a site of interest. Picking can be 
performed according to any Standard hit picking Selection 
criteria, e.g., Selection of a particular percentage of variants 
by the size/intensity produced by a product at a Site of 
activity/expression. Alternately, a bead based protocol can 
be used in conjunction with FACS if a fluorescent product is 
formed. In either case, genes which are Selected can be used 
as inputs for Subsequent rounds of recombination or muta 
tion (or both) and Screening, or can simply be used as 
product candidates. The products can also be further 
Screened, in pools or as Single hits, using any appropriate 
asSay. 
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0406 As shown in FIG. 17, panel E, DNAS which are 
recovered are Subject to amplification reactions Such as PCR 
or LCR and the amplified products Subject to any additional 
diversity generation, isolation or Selection Step which is 
Selected by the user or the System. AS depicted, recovery in 
this example is performed via a microcapillary approach 
(e.g., using the Q-bot) and then subject to RT-PCR to 
produce products that, again can be used in Subsequent 
recombination/mutation procedures or for any of the other 
purposes noted herein. It is worth noting that the density of 
variant genes of interest is inversely proportional to the 
enrichment of components in the System. Thus, to avoid 
byStander effects, the density of variant genes should not be 
too high for accurate Selection by whatever Selection mecha 
nisms are used (capillary, FACS, etc.). 
0407. These methods can also be adapted to in vivo 
Systems by lysing cells and capturing cell components. 
Systems for cell lysis and capture of nucleic acids Such as 
Xpress-ScreenTM from Tropix PE Biosystems (Bedford 
Mass.) can be adapted for use with this embodiment of the 
invention. 

C. High-Throughput Cloning and Expression 

0408. In addition to in vitro transcription/translation, high 
throughput cloning and expression can be used to generate 
products to Screen for product activity. This approach has the 
advantage of expressing products in a System that is similar 
to the eventual intended expression site for many products 
(e.g., in cells). 
04.09 Basic cloning methodology is set forth in Sam 
brook, AuSubel and Berger, Supra. In the present high 
throughput System, diversified nucleic acids (e.g., a shuffled 
DNAS) are transformed into cells. The cells are Sorted (e.g., 
by FACS, micro-FACS, visual or fluorescence microscopy) 
by expression of a marker protein such as GFP, where the 
marker expression is encoded by a full-length copy of a 
corresponding nucleic acid, e.g., where the full-length 
nucleic acid also encodes a full-length product of interest. 
Cells that have been Selected are transferred to a micro 
chamber or array where they express the shuffled gene. The 
micro-chamber or array contains a Substrate for the Shuffled 
protein whose optical properties (i.e. absorbance or fluores 
cence) are changed by catalysis by the enzyme. After a 
period of time, (e.g., ca. minutes to hours) the array of 
micro-chambers is “read” with a laser, CCD camera or other 
high density optical device. Those chambers in which the 
change in optical properties exceeds Some threshold (i.e. a 
defining activity) are emptied, one into each well of a high 
density microtitre plate (96, 384, 1500 well etc), and the 
cells are then grown for the Second assay. This provides a 
high-throughput format as a pre-Screen for active clones. 

0410 Cells containing shuffled or mutated genes can 
express a protein or pathway capable of providing a flores 
cent signal directly. In Such a case, the cell Supplies the 
translation and, optionally, the transcriptional machinery, 
and required Substrates are loaded by incubating cells in a 
mixture appropriate for delivering the Substrate through the 
cell wall. Cells expressing either marker or library genes of 
interest are Sorted and arrayed or collected on the basis of the 
emitted fluorescence Signal. Such a signal may also derive 
from the Scattering, or direct emission or absorbance of 
visible light from the individual cells. 

Nov. 8, 2001 

0411 Several alternatives to traditional FACS devices 
exist and provide particularly unique advantages to the 
present invention. For example, microfluidic Systems (see, 
e.g.: Fu AY, Spence C, Scherer A, Arnold F H and Quake 
SR., (1999) “A microfabricated fluorescence-activated cell 
sorter'Nat Biotechnol. 17(11):1109-11) provide an efficient 
alternative to traditional FACS devices. Such systems are 
typically microfabricated devices capable of flowing, detect 
ing and Sorting cells from a microfluidic stream. Such 
Systems can have Several advantages over traditional FACS 
in that they allow for reversible fluid flow, extraordinarily 
high Sorting accuracy, parallel Sorting of multiple Samples 
and the sorting of particles which are below the limit of 
conventional FACS devices. (e.g. bacteria, phage, 
phagemids, Sub-microparticles, and the like). 
0412. In addition, a variety of powerful particle and cell 
Screening methods are available by use of quantitative (e.g. 
digital) imaging in association with visible or fluorescent 
microScopy. In Such methods, a library of cells producing 
quantifiable emission(s) are distributed on a Surface in Such 
a way as to maintain a reasonably fixed positions. Visual 
ization and quantification of emission of light from each 
particle or specified Sub-area (as in a grid) is conducted by 
one of a variety of available of microscopic devices opera 
tively linked to and digital imaging camera. Optionally, 
these components may be linked to a computer or other 
high-speed computational device equipped with Software 
capable of correcting for lens curvature, unequal back 
ground within the field of View, and the like. Such imaging 
hardware and Software can be used to guide (manually or 
electronically) the Selective picking or removal of particles 
from the Surface. Such particles are then processed, charac 
terized and arrayed as described elsewhere within this 
disclosure. Particularly useful for the selective picking of 
particles from a Surface are micro-manipulation tools Such 
as capillary-actuated or Suction-actuated clamping devices, 
Such as find use in ion channel and patch clamp Studies, 
optical and atomic tweezers, micropipets and Syringes, and 
the like. 

D. Product Deconvolution 

0413 During operation of the device, the array of reac 
tion mixtures produces an array of reaction mixture products 
(e.g., biologically active nucleic acids or proteins). These 
biologically active nucleic acids or proteins are Screened for 
at least one property to identify coding nucleic acids of 
interest. Thus, in one significant aspect, the device or 
integrated System herein has one or more product identifi 
cation or purification modules. These product identification/ 
purification modules identify and/or purify one or more 
members of the array of reaction mixture products. 
0414 Common methods of assaying for product activity 
include any of those available in the art, including enzyme 
and/or Substrate assays, cell-based assays, reporter gene 
expression, Second messenger induction or Signaling, etc. 
0415. In addition to product identification or purification, 
product identification or purification modules can also 
include an instruction Set for discriminating between mem 
bers of the array of reaction products based upon detectable 
characteristics, Such as a physical characteristic of the prod 
ucts, an activity of the products or reactants, and concen 
trations of the products or reactants. For example “hit 
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picking Software is available which permits the user to 
Select criteria to identify members of an array that display 
one or more activity which is sufficient to be of interest for 
further analysis. 
0416) The product identification module can include 
detection and/or Selection modules which facilitate detection 
or Selection of array members. Such modules can include, 
e.g., an array reader which detects one or more member of 
the array of reaction products. Array readers are commer 
cially available, generally constituting a microscope or CCD 
and a computer with appropriate Software for identifying or 
recording information. In particular, array readers which are 
designed to interface with Standard microtiter trays and other 
common array Systems are commercially available. In addi 
tion to product manufacturer information from many of the 
various product manufacturers noted herein, detection pro 
tocols and Systems are well known. For example, basic 
bioluminescence methods and detection methods which 
describe e.g., detection methods include LaRossa Ed. (1998) 
Bioluminescence Methods and Protocols. Methods in 
Molecular Biology Vol. 102, Humana Press, Towata, N.J. 
Basic Light microScopy methods, including digital image 
processing is described, e.g., in Shotton (ed) (1993) Elec 
tronic Light Microscopy. Techniques in Modern Biomedical 
Microscopy Wiley-Liss, Inc. New York, N.Y. Fluorescence 
Microscopy methods are described, e.g., in Hergman (1998) 
Fluorescence Microscopy Bios Scientific Publishers, 
Oxford, England. Specialized imaging instruments and 
methods for Screening large numbers of images have also 
been described, e.g., “MICROCOLONY IMAGER 
INSTRUMENT FORSCREENING CELLS EXPRESSING 
MUTAGENIZED ENZYMES” U.S. Pat. No. 5,914,245 to 
Bylina et al.; “ABSORBTION SPECTRADETERMINA 
TION METHOD FOR HIGH RESOLUTION IMAGING 
MICROSCOPE . . . " U.S. Pat. No. 5,859,700 to Yang; 
“CALIBRATION OF FLUORESCIENCE RESONANCE 
ENERGY IN MICROSCOPY...” WO 98.55026 (Bylina et 
al); “OPTICAL INSTRUMENT HAVING A VARIABLE 
OPTICAL FILTER” Yang and Youvan U.S. Pat. No. 5,852, 
498; Youvan (1999) “Imaging Spectroscopy and Solid Phase 
Screening'IBC World Congress On Enzyme Technologies 
and http://www.kairos.com/. These Systems can be incorpo 
rated into the present invention to provide high-throughput 
Screening Systems. 

0417. Similarly, such modules can include any of: an 
enzyme which converts one or more member of the array of 
reaction products into one or more detectable products, a 
substrate which is converted by the one or more member of 
the array of reaction products into one or more detectable 
products, a cell which produces a detectable Signal upon 
incubation with the one or more member of the array of 
reaction products, a reporter gene which is induced by one 
or more member of the array of reaction products, a pro 
moter which is induced by one or more member of the array 
of reaction products, which promoter directs expression of 
one or more detectable products, an enzyme or receptor 
cascade which is induced by the one or more member of the 
array of reaction products or the like. 
0418 Further, where a non-standard array format is used, 
or were non-Standard assays are to be detected by the array 
reader, common detector elements can be used to form an 
appropriate array reader. For example, common detectors 
include, e.g., spectrophotometers, fluorescent detectors, 
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microscopes (e.g., for fluorescent microscopy), CCD arrays, 
Scintillation counting devices, pH detectors, calorimetry 
detectors, photodiodes, cameras, film, and the like, as well 
as combinations thereof. Examples of Suitable detectors are 
widely available from a variety of commercial Sources 
known to perSons of skill. 
0419 Signals are preferably monitored by the array 
reader, e.g., using an optical detection System. For example, 
fluorescence based Signals are typically monitored using, 
e.g., in laser activated fluorescence detection Systems which 
employ a laser light Source at an appropriate wavelength for 
activating the fluorescent indicator within the System. Fluo 
rescence is then detected using an appropriate detector 
element, e.g., a photomultiplier tube (PMT), CCD, micro 
Scope, or the like. Similarly, for Screens employing coloro 
metric Signals, spectrophotometric detection Systems are 
employed which detect a light Source at the Sample and 
provide a measurement of absorbance or transmissivity of 
the sample. See also, The Photonics Design and Applica 
tions Handbook, books 1, 2, 3 and 4, published annually by 
Laurin Publishing Co., Berkshire Common, P.O. Box 1146, 
Pittsfield, Mass. for common Sources for optical compo 
nentS. 

0420. In alternative aspects, the array reader comprises 
non-optical detectors or Sensors for detecting a particular 
characteristic of the System. Such Sensors optionally include 
temperature Sensors (useful, e.g., when a product produces 
or absorbs heat in a reaction, or when the reaction involves 
cycles of heat as in PCR or LCR), conductivity, potentio 
metric (pH, ions), amperometric (for compounds that can be 
oxidized or reduced, e.g., O, H2O, I, oxidizable/reducible 
organic compounds, and the like), mass (mass spectrom 
etry), plasmon resonance (SPR/BIACORE), chromatogra 
phy detectors (e.g., GC) and the like. 
0421 For example, pH indicators which indicate pH 
effects of receptor-ligand binding can be incorporated into 
the array reader, where slight pH changes resulting from 
binding can be detected. See also, Weaver, et al., Bio/ 
Technology (1988) 6:1084-1089. 
0422 AS noted, one conventional System carries light 
from a specimen field to a CCD camera. A CCD camera 
includes an array of picture elements (pixels). The light from 
the Specimen is imaged on the CCD. Particular pixels 
corresponding to regions of the Substrate are sampled to 
obtain light intensity readings for each position. Multiple 
positions are processed in parallel and the time required for 
inquiring as to the intensity of light from each position is 
reduced. Many other Suitable detection Systems are known 
to one of skill. 

0423 Data obtained (and, optionally, recorded) by the 
detection device is typically processed, e.g., by digitizing 
image data and Storing and analyzing the image in a com 
puter System. A variety of commercially available peripheral 
equipment and Software is available for digitizing, Storing 
and analyzing a signal or image. A computer is commonly 
used to transform Signals from the detection device into 
Sequence information, reaction rates, or the like. Software 
for determining reaction rates or monitoring formation of 
products, are available or can easily be constructed by one 
of Skill using a Standard programming language Such as 
Visuallbasic, Fortran, Basic, Java, or the like, or can even be 
programmed into Simple end-user applications Such as excel 
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or Access. Any controller or computer optionally includes a 
monitor which is often a cathode ray tube (“CRT) display, 
a flat panel display (e.g., active matrix liquid crystal display, 
liquid crystal display), or others. Computer circuitry is often 
placed in a box which includes numerous integrated circuit 
chips, Such as a microprocessor, memory, interface circuits, 
and others. The box also optionally includes a hard disk 
drive, a floppy disk drive, a high capacity removable drive, 
and other elements. Inputting devices Such as a keyboard, 
mouse or touch Screen optionally provide for input from a 
USC. 

0424. In addition to array readers, the product deconvo 
lution module can include enzymes which convert one or 
more member of the array of reaction products into one or 
more detectable products, or Substrates which are converted 
by the array of reaction products into one or more detectable 
products, or other features that provide for detection of 
product activity by direct or indirect detection formats. For 
example, the module can include cells which produce a 
detectable signal upon incubation with members of the array 
of reaction products, and reporter genes which are induced 
by one or more member of the array of reaction products. 
Similarly, the module can include promoters which are 
induced by one or more array member and, e.g., which direct 
expression of one or more detectable products. Enzyme or 
receptor cascades can be triggered which are induced by the 
one or more member of the array of reaction products, with 
any of the products of the cascade Serving as a detectable 
eVent. 

0425. Any available system for detecting proteins or 
nucleic acids or other expression products (directly or indi 
rectly) can be incorporated into the module. Common prod 
uct identification or purification elements include size/ 
charge-based electrophoretic Separation units Such as gels 
and capillary-based polymeric Solutions, as well as affinity 
matrices, liposomes, microemulsions, microdroplets, plas 
mon resonance detectors (e.g., BIACOREs), GC detectors, 
epifluorescence detectors, fluorescence detectors, fluores 
cent arrays, CCDs, optical sensors (e.g., an ultraviolet or 
visible light Sensor), FACS detectors, temperature Sensors, 
mass spectrometers, Stereo-Specific product detectors, 
coupled HO detection Systems, enzymes, enzyme Sub 
Strates, Elisa reagents or other antibody-mediated detection 
components (e.g., an antibody or an antigen), mass spec 
troScopy, or the like. The particular System to be used 
depends on the System at issue, the throughput desired and 
available equipment. 
0426 In selected embodiments, the product identification 
or purification modules include one or more of: a gel, a 
polymeric Solution, a liposome, a microemulsion, a micro 
droplet, an affinity matrix, a plasmon resonance detector, a 
BIACORE, a GC detector, an ultraviolet or visible light 
Sensor, an epifluorescence detector, a fluorescence detector, 
a fluorescent array, a CCD, a digital imager, a Scanner, a 
confocal imaging device, an optical Sensor, a FACS detector, 
a micro-FACS unit, a temperature Sensor, a mass spectrom 
eter, a Stereo-Specific product detector, an Elisa reagent, an 
enzyme, an enzyme Substrate an antibody, an antigen, mass 
Spectroscopy, a refractive indeX detector, a polarimeter, a pH 
detector, a pH-stat device, an ion Selective Sensor, a calo 
rimeter, a film, a radiation Sensor, a Geiger counter, a 
Scintillation counter, a particle counter, or an HO detection 
System. 
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0427. The product detection module can also include a 
Substrate addition module which adds one or more Substrate 
to a plurality of members of the product array or the 
Secondary product array, e.g., where the product has an 
activity on the substrate. In this embodiment, the device will 
include a Substrate conversion detector which monitors 
formation of a Secondary product produced by contact 
between the Substrate and one or more products. Formation 
of the product can be monitored directly or indirectly, or 
formation can be monitored by monitoring the Substrate 
directly or indirectly (e.g., formation of the product can be 
monitored by monitoring loss of the Substrate over time). 
Primary or Secondary product formation can be monitored 
chemo-, regio- or Stereoselectively, or non-Selectively. 
0428 Formation of the secondary product can be moni 
tored by detecting formation of peroxide, heat, entropy, 
changes in mass, charge, fluorescence, luminescence, epif 
luorescence, absorbance or any of the other techniques 
previously noted in the context of primary product or 
product activity detection which result from contact between 
the Substrate and the product. 
0429 Commonly, the product detector will be a protein 
detector and the purification module will include protein 
purification means Such as those noted for product purifi 
cation generally. However, nucleic acids can also be prod 
ucts of the array, and can be similarly detected. 
0430 Array members can be moved into proximity to the 
product identification module, or Vice versa. For example, 
the product identification module can perform an xyz trans 
lation of either the identification module or the array (e.g., 
by conventional robotics as set forth herein), thereby mov 
ing the product identification module proximal to the array 
of reaction products. Similarly, the one or more reaction 
product array members can be flowed into proximity to the 
product identification module. In-line or off-line purification 
Systems can purify the one or more reaction product array 
members from associated materials. 

0431 Commonly detected products include one or more 
polypeptide or polypeptide activity, one or more nucleic 
acid, one or more catalytic RNA, or one or more biologically 
active RNA or other nucleic acid (ribozyme, aptamer, anti 
sense RNA, etc.). 
0432. As noted Supra, the present invention provides for 
array duplication. For example, Secondary product arrayS 
can be produced by re-arraying members of the reaction 
product array at a Selected concentration of product mem 
bers in the Secondary product array. The Selected concen 
tration can be approximately the Same for a plurality of 
product members in the Secondary product array (Sometimes 
all of the array members are plated at the same concentra 
tion, but it is also possible to plate members at different 
concentrations to provide multi-concentration datapoints, 
e.g., for kinetic analysis). This normalization of concentra 
tion Simplifies analysis by the product detection module. 
0433. Further details on array copy systems, including 
copying of product arrays are found Supra. 
0434 In addition to (or in place of) actually re-arraying 
materials, the detection module (or a separate module) can 
include an instruction Set for determining a correction factor 
which accounts for variation in product concentration at 
different positions in the relevant array. For example, where 
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product concentrations are known, a concentration depen 
dent correction can be applied to correct observed activity 
data. 

Example: High Throughput Quantitation Of Ligand 
Concentrations. Using Surface Plasmon Resonance 

0435 Selective molecular breeding utilizes the ability to 
measure the biological activities of libraries of Shuffled gene 
products. Quantitative or Semi-quantitative high throughput 
(HTP) screening is used to rank clones with respect to 
biological activity during each round of Shuffling. Automa 
tion of this proceSS is useful for decreasing the cost and 
increasing the Speed with which one could do cycles of 
Shuffling and Screening. 
0436. A common problem with quantitation of libraries 
of Shuffled proteins is that the proteins are expressed at 
relatively low levels (typically 1 ng to 1 microgram per ml) 
and in crude mixtures Such as bacterial extracts, mammalian 
transfection Supernatants, in vitro translation reactions, etc. 
The potentially Small amounts of the expressed protein 
relative to the other components in the expression System 
can make quantitation challenging. 

0437 Surface plasmon resonance (SPR) is an established 
technique for measuring receptor-ligand interaction kinetics. 
See, e.g., Nieba et al. (1997) “BIACORE analysis of hista 
dine-tagged proteins using a chelating NTA Sensor chip’A- 
nal. Biochem. 22(2):217-218; Muller et al. (1998) “Tandem 
Immobilized Metal Ion Affinity Chromatography/Immu 
noaffinity purification of His-tagged proteins-evaluation of 
two anti-His-tag monoclonal antibodies'Anal Biochem. 
259(1):54-61; Linder et al. (1997) “Specific Detection of 
His-tagged Proteins with Recombinant anti-His tag scFv 
Phosphatase or scFV-phage fusions'Biotechniques 
22(1): 140-149. SPR allows one to measure these kinetics in 
the presence of complex mixtures Such as are present in 
expression Supernatants. If all proteins in a given library are 
tagged with an “equivalent' epitope tag and if a Standard 
curve is established with an SPR probe, then one can derive 
the concentration of an unknown tagged protein in a com 
pleX Supernatant by observing the kinetics of association 
with an immobilized antibody to the tag. 
0438 Surface plasmon resonance (SPR) has been widely 
exploited to measure the kinetics of a Soluble ligand with a 
cognate receptor immobilized on a Surface that is Suitable 
for SPR analysis. This technique is very sensitive (one can 
easily measure ligands at nanomolar concentrations) and can 
be performed in the presence of complex mixtures Such as 
are typically present in recombinant protein expression 
Supernatants. The technique measures the kinetics of asso 
ciation and dissociation of the ligand.receptor pair. Given a 
Standard curve, one can use kinetic measurements or equi 
librium binding values to estimate absolute concentrations 
of unknown protein Samples which have a constant ligand, 
Such as an epitope tag, that can interact with a receptor 
immobilized on the Sensor. 

0439 Preferably, SPR instruments are interfaced with 
robotic liquid handling apparatus and the detectors are 
multiplexed so that they can be used in 96-well formats. 
Although this example focuses on parallel 96- (or other) 
well SPR formats, a variant approach is to have one (or a 
few) SPR probe that are sequentially dipped into wells to 
Serially measure protein concentrations in each well. This 
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can be achieved by moving the probe from well to well (with 
a regeneration step in between) or by moving the plate on a 
movable Stage So that wells are Sequentially delivered to the 
probe. 

0440 This example, schematized in FIG. 18, provides 
for the construction of a microtiter tray compatible SPR 
device. SPR probe 18-1 is connected by fiber optic cables 
18-2 to amplifier/detector 18-3. A 96 (or other)-well array 
(18-4) of SPR probes is fabricated with an anti-epitope tag 
(an epitope is attached to proteins in the library) antibody 
conjugated to the surfaces of each of the SPR probes. The 
probe array is dipped into a plate containing, e.g., 96 
unknown epitope tagged proteins (for a 96 well format) at 
unknown concentrations. Incident light is beamed from a 
Source, down fiber optic cables to probes. The reflected light 
is then piped from the probe back to the amplifier where it 
is quantitated. The fraction of incident light that is reflected 
is sensitive to the refractive index difference between the 
probe and the material at the interface between the probe and 
the unknown Solution. Specific binding of protein to the 
epitope tag increases the local index of refraction and this 
can be read out as a perturbation in the amount of incident 
light that is reflected. The probes can be standardized 
(shown as 1 tug/ml, 10 ug/ml and 100 ug/ml curves) against 
Solutions containing known concentrations of epitope 
tagged proteins. The Standardized probes are then dipped 
into the microtiter plate of unknown expression System 
components. The kinetics of association of the expressed 
proteins with the antibody on the SPR probe are measured 
and the concentrations of tagged protein in the unknown 
Samples is calculated by comparison with the Standard 
CWC. 

0441. In addition to SPR, other approaches to protein 
detection can also be used. For example, the in Vitro trans 
lated protein of interest can be a fusion protein comprising 
a fluorescent or luminescent moiety Such as a GFP protein. 
The amount of translated protein is proportional to the level 
of, e.g., GFP fluorescence and can be read by optical or 
Spectroscopic methods. 
0442. Similarly, an epitope tag can be added as an invari 
ant portion of any library (e.g., any shuffled library). A 
fluorescently labeled antibody to the tag is added to the 
translation mix and allowed to bind. Either this binding 
changes fluorescence, e.g., by FRET quenching/decuench 
ing or an on line Separation of antibody and protein is 
achieved by parallel capillary electrophoresis (e.g., in a 
microfluidic chip format). 
0443) In one embodiment, a specific invariant amino acid 
sequence is added to the library of shuffled proteins that 
encode an alpha helix which contains 4 Cysteine residues in 
a tetrahedral array. FIASH is added to the solution and binds 
to the epitope with a corresponding increase in fluorescence. 
There is no fluorescence background and So no Separation is 
required. See also, Tsien et al (1999) “Target Protein 
Sequences for Binding of Synthetic Biarsenical Molecules” 
WO 992.1013 A1. 

E. Array Correspondence/Secondary Diversification 
Module 

0444 The system optionally includes an array correspon 
dence module which identifies, determines or records the 
location of an identified product in the array of reaction 
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mixture products which is identified by the one or more 
product identification modules. The array correspondence 
module can also determine or record the location of at least 
a first nucleic acid member of an array, or a duplicate 
thereof, or of an amplified duplicate array, where the mem 
ber corresponds to the location of one or more member of 
the array of reaction products. Most commonly, this corre 
spondence module takes the form of a digital System having 
a query function, and, e.g., a look-up table that records the 
correspondence information acroSS two or more arrayS. For 
example, the query function can act on a user input to 
determine correspondence of array members in the look-up 
table, or the System can be configured automatically to 
assess correspondence of any array member which meets a 
Selected criteria (e.g., activity determined by the product 
detection module). Such correspondence modules can easily 
be programmed using available database or Spreadsheet 
programs such as Microsoft AccessTM, Microsoft ExcelTM, 
ParadoxTM, Quattro PrOTM, or any other available spread 
sheet/database program. 
0445. This correspondence system can include a one or 
more Secondary Selection module which Selects at least one 
array member as a Substrate for a further diversification 
reaction (e.g., by shuffling). The Selection is based upon the 
location of a product identified by the product identification 
modules and the corresponding location of the correspond 
ing nucleic acid array member identified by the array 
correspondence member. 
0446. In shuffling embodiments, the secondary selection 
System optionally includes a Secondary recombination ele 
ment which physically contacts members of the Starting 
arrays of nucleic acids, or duplicates or amplicons thereof, 
to each other or to additional Sources of nucleic acids, 
thereby permitting physical recombination between the first 
and additional members. In other aspects, all or part of the 
recombination is performed in Silico, and no physical con 
tact is required for recombination (or other diversity gener 
ating reactions). 

a) Laboratory Information Management System 
0447. In general, data tracking can provide maintenance 
of the associations between array elements and results which 
correlate to the array elements. For example, Sets of results 
on projects can include association of three relationships: 

0448 1. Array member ID-Data Sample ID; 

0449 2. Data Sample ID-Data Values; 

0450 3. Data Values-Processed Results. 
0451 Relationship 1 includes the association of array 
member names with the identifiers of tested Samples (e.g., 
“Plate 1, well A-4”). Relationship 2 includes the association 
of device data output with the tested Samples. Relationship 
3 includes the association of device output values with 
results. 

0452. In order to utilize systems and devices herein, an 
integrated Sample tracking process can be used based on 
commercially available LIMS (Laboratory Information 
Management System) products. As each Sample goes 
through many different formats (pooling, deconvolution, 
dilution, hit picking, assorted assay formats, etc.) it is useful 
to have a very flexible LIMS to capture that distribution of 
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formats of parental Samples and Subsequent progeny 
Samples. The generated data for each Sample is Subsequently 
integrated with each format and accessible for the user in 
conjunction with the Samples’ “pedigree.” The data is dis 
played through any one of many commercially available 
data analysis Software Such as SpotPire or Activity Base to 
allow monitoring of the process. 
0453 For all data-generating devices, the output data can 
be associated with the Sample ID. In other words, each data 
point can be associated with the well analyzed. This is 
relatively simple for most Systems designed to Scan micro 
plates, Such as plate readers, but can be more complex for 
Systems where the analytes are sampled from their container, 
such as in mass spectrometry and HPLC. Where necessary, 
custom Software is used to link data output to Sample ID and 
output the resulting table to the database in a Standard 
format. 

0454 HTP screening generates huge amounts of data, 
which is preferably stored in an organized way. Where the 
amount of data is too large for easy Storage on data Servers, 
a System for data archival and retrieval is also incorporated. 
The System can include, e.g., a table that tracks datafiles 
(which can be, e.g., data folders), based on, e.g., name and 
ID. The table has a column to store both a current location 
(Such as a hard disk), e.g., in URL format, and a location on 
a backup disk. Backup disks (CD/DVD) themselves have an 
ID which can be tracked. Archiving can be done automati 
cally, e.g., based on acquisition date or by user triggering. 
Backed up files are retained on the Server and flagged. Once 
a backup takes place, the user can delete the file from the 
SCWC. 

F. Elements for Arraying and Handling Fluids in 
the Device 

0455 There are a number of common elements to the 
integrated systems herein which form a “backbone” for the 
device. For example, the device includes array elements, 
liquid handling elements, robotics (e.g., for moving micro 
titer plates) and the like. 

(1.) Liquid Handler 
0456. The reactant arrays of the invention can be either 
physical or logical in nature. For the generation of common 
arrangements involving fluid transfer to or from microtiter 
plates, a fluid handling station is used. Several “off the shelf 
fluid handling Stations for performing Such transferS are 
commercially available, including e.g., the Zymate Systems 
from Zymark Corporation (Zymark Center, Hopkinton, 
Mass.; http:/lwww.zymark.com/) and other stations which 
utilize automatic pipettors, e.g., in conjunction with the 
robotics for plate movement (e.g., the ORCAR robot, which 
is used in a variety of laboratory Systems available, e.g., 
from Beckman Coulter, Inc. (Fullerton, Calif.). 
0457. In an alternate embodiment, fluid handling is per 
formed in microchips, e.g., involving transfer of materials 
from microwell plates or other wells through microchannels 
on the chips to destination sites (microchannel regions, 
wells, chambers or the like). Commercially available 
microfluidic systems include those from Hewlett-Packard/ 
Agilent Technologies (e.g., the HP2100 bioanalyzer) and the 
Caliper High Throughput Screening System (see, e.g., http:// 
www.calipertech.com/products/index.htm). The Caliper 
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High Throughput Screening System provides an interface 
between standard library formats and chip technologies (see, 
e.g., http://www.calipertech.com). Furthermore, the patent 
and technical literature includes examples of microfluidic 
Systems which can interface directly with microwell plates 
for fluid handling. 
0458. Thus, generally, microfluidic systems are commer 
cially available. In addition, university groups Such as Mark 
Bums research group at The University of Michigan also 
describe various microfluidic systems (http://dow3029 
macS. engin.umich.edu/http://www.engin.umich.edu/dept/ 
cheme/people/burns.html; http://dow3029 
mac5.engin.umich.edu/). Accordingly, general fabrication 
principles and the use of various microfluidic Systems is 
known and can be applied to the integrated Systems of the 
present invention. 

(2.) Array Configurations 

0459 Any of a variety of array configurations can be 
used in the Systems herein. One common array format for 
use in the modules herein is a microtiter plate array, in which 
the array is embodied in the wells of a microtiter tray. Such 
trays are commercially available and can be ordered in a 
variety of well sizes and numbers of Wells per tray, as well 
as with any of a variety of functionalized Surfaces for 
binding of assay or array components. Common trayS 
include the ubiquitous 96 well plate, with 384 and 1536 well 
plates also in common use. 
0460. In addition to liquid phase arrays, components can 
be stored in Solid phase arrayS. These arrays fiX materials in 
a spatially accessible pattern (e.g., a grid of rows and 
columns) onto a Solid Substrate Such as a membrane (e.g., 
nylon or nitrocellulose), a polymer or ceramic Surface, a 
glass or modified Silica Surface, a metal Surface, or the like. 
Components can be accessed, e.g., by local rehydration 
(e.g., using a pipette or other fluid handling element) and 
fluidic transfer, or by Scraping the array or cutting out Sites 
of interest on the array. 
0461) While arrays are most often thought of as physical 
elements with a specified Spatial-physical relationship, the 
present invention can also make use of “logical’ arrayS, 
which do not have a Straightforward Spatial organization. 
For example, a computer System can be used to track the 
location of one or Several components of interest which are 
located in or on physically disparate components. The 
computer System creates a logical array by providing a 
“look-up” table of the physical location of array members. 
Thus, even components in motion can be part of a logical 
array, as long as the members of the array can be specified 
and located. 

G. DNA shuffling on solid supports 

0462 For clarity, much of the preceding discussion 
describes the use of liquid phase arrayS Such as those 
utilizing microtiter tray formats. However, as noted through 
out, Solid phase arrays represent an alternative and also 
preferred format for performing many operations of the 
Systems herein. The following is a description of exemplary 
Solid-phase Shuffling formats. 
0463 As noted, DNA shuffling is a very powerful tech 
nique to generate diverse gene libraries from known gene 
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family members through a combination of recombination, 
mutagenesis and Selection. Current DNA shuffling methods 
can use primerleSS PCR assembly, where fragments of genes 
reassemble based upon the kinetics of oligo re-annealing, 
which are then extended by DNA polymerase in the pres 
ence of dNTPs. 

0464 A modification of this DNA shuffling process is 
performed where oligo annealing and extension by DNA 
polymerase proceed while the oligonucleotide, or alterna 
tively, the Single-Stranded template polynucleotide is teth 
ered to a solid support (or substrate). The method below 
offers advantages to traditional Solution based assembly in 
that assembly occurs Sequentially. Therefore, the Specific 
fragments added at each Step can be more tightly controlled 
than Solution based assembly. Also, this embodiment option 
ally combines the assembly and rescue Steps, reducing the 
complexity of the overall shuffling process. This new 
approach provides novel shuffling methods that utilize tech 
nology similar to the combinatorial Synthesis of peptides and 
Small molecules. 

0465 For example, one may create shuffled libraries by 
Starting assembly using an oligonucleotide(s) that is/are 
tethered to a Solid Support. The process typically involves 
tethering the oligonucleotide(s) to a Solid Support So that at 
least about 10-20 nucleotides including the 3' hydroxyl are 
exposed to Solvent. In Some embodiments, a Synthesizer 
module is used to Synthesize one or more nucleic acid 
fragment on a Solid Support. Such fragments are optionally 
created from one or more parental nucleic acids Sequences 
by a computer operably coupled to the Synthesizer module. 

0466 In any case, the oligo(s) are then typically annealed 
to mixtures of Single Stranded nucleic acid generated, e.g., 
by the processes discussed herein, for example, partial 
DNASe digestion of either PCR products of several related 
genes or genomic or cDNA from homologues of interest. 
The annealed hybrids are extended, typically with DNA 
polymerase (for example, with a thermostable DNA poly 
merase Such as Taq DNA polymerase), generating a bound 
library of extended, solid-support tethered double stranded 
duplexes. The bound library is denatured to release the 
Second Strand. The tethered oligo is reannealed to the 
released library of DNAse treated fragments and extended. 
This proceSS is repeated until fragments of desired length are 
formed. The library of shuffled products is released from the 
Solid Support and used as desired, e.g., for in vitro transcrip 
tion translation or cloning into vectors. 
0467. At any of these steps, the Solid support allows one 
to purify the reaction products taking advantage of the 
properties of the Solid Support (for example, the Solid 
Support can include magnetic beads that can be manipulated 
by applying a magnetic field. 

0468. One feature of this approach is that by using an 
oligonucleotide of precise length to tether to the Support (for 
example a 38 nt oligo) one has pre-determined the location 
of the first chimera (in the example, it will begin at nucle 
otide 39). This is true for the first oligonucleotide. This 
feature can be useful in keeping parts of the nucleic acid 
constant, e.g., for cloning purposes or where a feature is not 
desired to be diversified. 

0469. One can use this feature in (at least) two ways. 
First, if the genes are cloned into a similar vector, the first 
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oligo can anneal to vector Sequence (for example immedi 
ately adjacent to the gene coding region). In this way, the 
entirety of new gene combinations are Synthesized from 
DNA fragments with randomly generated ends (e.g., from 
DNASe treatment), but the vector Sequence is kept constant 
for cloning purposes. 

0470 Where one desires to eliminate this feature (where 
all nucleotides are to be varied for diversity generation 
purposes), one can tether a mixture of oligonucleotides of 
varying length to the Support (for example, oligos from 
35-50 nucleotides give chimeras Starting in range of nt36 to 
nt51), or one can vary the Sequences of the tethered oligo 
nucleotides to vary this region, e.g., according to the various 
in Silico and oligonucleotide-mediated methods discussed 
above. 

0471. In typical DNA shuffling, extension of DNAse 
fragments occurs at any place annealing occurs. In contrast, 
tethering the oligo to Solid Supports likely restricts the 
choice of oligo to those at the ends of the DNA of interest 
(although one can tether using oligos designed to regions 
internal to the gene of interest, ultimately the entire DNA of 
interest is usually, though not always, re-assembled, e.g., to 
generate a full length, or Substantially full length, heterolog). 
0472. The addition of DNA fragments to the tethered 
oligonucleotide is typically Sequential. The assembly pro 
ceSS can be paused at any Step and conditions changed. For 
example, one can add or Subtract gene fragments during the 
assembly. For example, one can Start the assembly with 
genes 1, 2, and 3, but remove gene 1 after initial round. 
Similarly, particular blends of genes can be selected at any 
Stage to bias recombination (at any stage) towards one or 
more parental type. For example, one can change from genes 
1-4 to only genes 1 and 4 after 5 extensions, or alter the 
representation of any gene in the recombination process, 
e.g., change gene 1, e.g., from 1:4 to 1:2 for the last 3 
extensions to bias the recombination, e.g., to achieve Select 
able gene blending. Alternatively, one can alter PCR con 
ditions for parts of the assembly, e.g., longer extensions at 
the 3' end. This provides an improved level of control over 
the progreSS and outcome of Shuffling experiments. For 
example, one can add DNASe fragments corresponding to 
the 5' end of genes Separately from fragments corresponding 
to the 3' end. 

0473. An additional feature of the invention is that 
assembly and rescue can occur Simultaneously. Also, the 
sequential nature of the addition of DNA allows for com 
binatorial DNA shuffling. 
0474 DNA shuffling can also be conducted on multiple 
genes in parallel in a Single reaction pot. For example, DNA 
hybridization is a discrete process, under Stringent condi 
tions, oligos from gene A will only recognize DNA from 
gene A or related Sequences, and ignore oligos of non-gene 
A sequences. ASSuming that gene A is unrelated to gene B, 
one can mix Solid Supports containing oligos from gene A 
and gene B, and mix them simultaneously with the DNAse 
treated fragments. Thus, Several genes can be shuffled Simul 
taneously, in the Same reaction vessel. 
0475 AS noted, solid phase shuffling provides several 
advantages. It is worth noting certain additional advantages. 
For example, Solid phase Synthesis of nucleic acids, proteins 
and other relevant components is Straightforward, Simplify 
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ing automation processes. Similarly, tethering optionally 
utilizes the attachment of oligos to gene chips, a commer 
cially available technology platform (e.g., from Affymetrix, 
Santa Clara, Calif.). One may generate gene chips for 
Shuffling or other diversity generation reactions. 

0476] Further, since the addition of DNA to the tether 
(assembly) is stepwise, this step by Step process can be 
controlled (i.e. the reaction can be stopped at any point and 
conditions changed, Such as temperature, Salt, extension 
time, etc). 
0477 One can include RNA polymerase promoters on 
oligos used in the assembly (i.e., an oligo 5' to the coding 
region), and thereby transcribe RNA in vitro from the solid 
Support linked gene libraries. Since one can transcribe RNA 
in vitro from these libraries, one can also translate in Vitro 
to directly generate libraries of proteins without cloning. 
Even if yields of proteins from in vitro translation are low, 
the translation nonetheless allows very fast Screening meth 
ods to be employed. Even low levels of expression are 
sufficient for a variety of methods such as antibody-based 
Screening methods (e.g., ELISA) and enzyme-based detec 
tion assays in which Signal is amplified in the assay process. 

0478 Because tethered DNA is easily purified, libraries 
can be pre-Screened prior to cloning, to Select for certain 
traits, or to select against certain traits (for example hybrid 
ization to a gene of interest, or lack of hybridization to the 
gene of interest), e.g., using appropriate gene chips. 
0479 Finally, the technology of using tethered molecules 
offers advantages in library tracking and cataloging. 

0480 Methods to purify only desired shuffled genes can 
be employed. For example, it is often advantageous to purify 
only those shuffled genes that are full-length (partial 
Sequences are often less likely to be active). For example, 
one can Synthesize a shuffled library with a tethered oligo 
that lies 3' to the gene of interest, using an oligo that 
incorporates a promoter for an RNA polymerase (eg. T7 
RNA polymerase) 5' to the coding region in the assembly 
process. RNA is transcribed using T7 polymerase. The 
resulting Sample is treated with nuclease that destroys Single 
stranded DNA but protects RNA/DNA hybrids (for e.g. S1 
or Mung bean nuclease). DNA still linked to the solid 
Support is purified. The Sample is heated, or RNASe treated 
to remove RNA. An oligo that anneals to Sequence near the 
5' end of the gene (internal to T7 polymerase promoter, but 
5' to region of interest) is hybridized. The single stranded 
DNA product is extended using DNA polymerase to give a 
double stranded product. The materials is removed from 
Solid Support and cloned, or is in vitro transcribed (in place 
or in another reaction vessel). 
0481 Tethering methods include: chemical tethering, 
biotin-mediated binding, cross-linking to the Solid Support 
matrix (e.g., U.V., or florescence activated cross-linking) 
and the use of soluble matrix, Such as PEG, which can be 
precipitated by ETOH or other solvents to recover bound 
material (see Wentworth, P, 1999, TIDTECH 17:448-452). 

(1) Combinatorial Shuffling Using Solid Supports 
0482. By performing diversity generation reactions such 
as shuffling on Solid Supports, the variation accumulated in 
Such experiments can be controlled. By using oligos linked 
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to Solid Supports as outlined above, one can perform Sequen 
tial additions of DNA by annealing and extension. 

0483. In one specific embodiment, this process is per 
formed by: (1) for each family member, PCR amplifying the 
region of interest, digesting with Dnase, and isolating frag 
ments. (2) Placing Dnased fragments for each gene in a 
Separate 'cup' (i.e., a cup for gene A, a cup for gene B, a cup 
for gene C, a cup for gene D). Each cup contains DNA 
fragments representing the whole of each gene, but each 
gene has its own cup. (3) In the first step, a single Stranded 
oligonucleotide linked to a solid support, (with 10-30 bp of 
accessible DNA, and an exposed 3' hydroxyl) is divided into 
Several equal fractions (in this example 4 fractions). Each 
fraction is placed into a separate cup of DNA fragments 
from either gene A, B, C, or D. The cups are heated to 
denature any double Stranded hybrids present in each cup, 
then cooled to allow DNA to anneal. During this annealing, 
fragments homologous to the Solid Support-linked oligo 
anneal to this oligo. The annealed products are then 
extended with DNA polymerase to yield double stranded 
product, linked to the Solid Support (in this example, one 
fourth of the DNA is a cup containing gene A Sequence, 
one fourth in a cup containing gene B Sequence, one fourth 
gene 3, one fourth gene 4, however, an advantage of the 
System is that any ratioS of Starting genes may be used, e.g., 
to bias resulting recombinant nucleic acids towards one 
parent type). Following the extesion reaction, the double 
stranded DNA fragments are removed by virtue of their solid 
Support linkage (for e.g. magnetic beads), and pooled into 
one tube (or other container). These hybrids are heated to 
denature the duplexes, and the unlinked Strand washed away. 

0484. In a second round, the newly extended single 
Stranded fragments are again randomly divided into pools 
(in this case 4), and each portion is again placed into one of 
the available cups (in this case 4 cups, for genes A, B, C, D). 
The cups are heated to denature any double Stranded 
hybrids present in each cup, then cooled to allow DNA to 
anneal. During this annealing, fragments homologous to the 
Solid Support-linked Single Stranded polynucleotide anneal. 
The annealed products are then extended with DNA poly 
merase to yield double Stranded product, linked to the Solid 
support (in this example, one fourth of the DNA was is a 
cup containing gene A Sequence, one fourth in a cup 
containing gene B Sequence, one fourth gene3, one fourth 
gene 4). Once again the extended products are removed and 
re-pooled into one container. This container is heated to 
denature the double Stranded duplexes, and the Strand 
unlinked to the Support washed away. The Support-linked 
polynucleotide collection is now divided once again, and the 
proceSS repeated. 

0485. After a sufficient number of annealing/extension 
reactions, the final Single Stranded DNA products can be 
converted to double Stranded DNA by annealing an oligo 
nucleotide internal to the last oligonucleotide capable of 
attachment, and extended with DNA polymerase and 
dNTPs. The double-stranded products are then released 
from the Solid Support, and cloned. In order to facilitate 
cloning, Several rounds of PCR amplification may be per 
formed in the tube containing the Support linked oligonucle 
otide, and this may act as a template for PCR while still 
attached to the Solid Support. Cloning can also be facilitated 
by incorporating the recognition Sequence for one or Several 
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restriction nucleases into the Sequence to be incorporated at 
each end of the assembled gene fragment. 

0486 One can design methods to eliminate support 
linked oligos that fail to extend in any one Step, if this is a 
Source of Substantial background. 

(2.) Shuffling using a tethered single-stranded 
template 

0487. As an alternative to tethering oligonucleotide prim 
ers to a Solid Support, Single-Stranded template polynucle 
otides can be immobilized on a Solid Support as described 
above (e.g., by: chemical tethering, biotin-mediated binding, 
cross-linking to the Solid Support matrix, etc.). In one 
preferred embodiment, the template polynucleotides are 
arrayed by depositing a Solution containing the template 
nucleic acids on a glass slide coated with a polycationic 
polymer Such as polylysine or polyarginine (see, e.g., U.S. 
Pat. Nos. 5,807,522 and 6,110,426 “METHODS FOR FAB 
RICATING MICROARRAYS OF BIOLOGICAL 
SAMPLES” to Brown and Shalon. The template polynucle 
otide can be either DNA or RNA, or a combination of DNA 
and RNA. A wide variety of Suitable templates exist, and can 
be selected by the practitioner depending on the Specific 
application. For example, desirable template polynucle 
otides include genomic and/or expressed (e.g., cDNA) 
Sequences including coding, non-coding, antisense, natu 
rally occurring, artificial, consensus, Synthetic and/or Sub 
stituted (e.g., dUTP Substituted DNA) molecules. In some 
applications, a population of identical polynucleotides are 
arrayed on a Support. In other applications, templates rep 
resenting a diverse population of polynucleotides are 
attached to a Support. For example, entire genomes, e.g., 
bacterial or fungal genomes can be arranged in a physical 
array on a glass slide or Silicon chip. In yet other applica 
tions, the expression products of a cell, or a Subset thereof 
are affixed to the Support. Such expression products can be 
RNA or cDNA, and in some cases comprise a library of 
expression products. The present invention is not limited by 
the choice of template, or the Source of polynucleotide 
Selected. Such routine Selections are based on the particular 
application, and will be readily apparent to one of skill in the 
art. 

0488 Diversity is introduced by hybridizing single 
Stranded nucleic acid fragments to the immobilized template 
polynucleotide. Typically, the nucleic acid fragments will 
possess regions of Sequence similarity (or identity) as well 
as regions of dissimilarity. In many cases, annealing of 
multiple complementary (or partially complementary) frag 
ments results in hybridization of partially overlapping frag 
ments to the immobilized template. A polymerase (e.g., a 
DNA or RNA polymerase such as a thermostable DNA 
polymerase) is used to extend the annealed primers gener 
ating a heteroduplex made up of the template and a Sub 
Stantially full-length heterolog complementary (i.e., that 
hybridizes) to the template nucleic acid. Optionally, the 
unhybridized overhanging regions can be removed, e.g., 
with a nuclease, prior to or following extension, and/or the 
gaps between annealed (and extended) fragments joined 
with a ligase. In Some cases, it is desirable to employ a 
nuclease or ligase with polymerase activity. This process is 
illustrated in FIG. 31, in which a solid phase-bound tem 
plate is hybridized to appropriate fragments. AS Shown, the 
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fragments are extended, if desired, unwanted flaps are 
digested and breaks in the resulting extended nucleic acids 
Sealed with ligase. 
0489. The process can be repeated for multiple cycles by 
denaturing the heterodupleX and hybridizing the template to 
a new set (or Subset) of nucleic acid fragments. The recom 
binant heterologs generated in each cycle are optionally 
recovered between Successive cycles of denaturation and 
reannealing. Most typically, recovery relies on amplifica 
tion, although other methods Such as hybridization and/or 
cloning are also feasible. Optionally, the recovered heterolog 
can be used directly in additional diversity generating pro 
cedures, as described herein and in the cited references. 

0490 Frequently, recovery is facilitated by incorporating 
a Sequence that Serves as a primer for the amplification 
reaction within the template or a fragment nucleic acid 
Sequence. For example, the template can incorporate recog 
nition Sequences for “universal' and “reverse' primers at its 
5' and 3' ends, respectively. Among the fragments hybridized 
to the template are included the corresponding universal and 
reverse primerS. Subsequent amplification of recombinant 
polynucleotides then proceeds according to routine ampli 
fication procedures. 

0491 In addition to the commonly used linear sequence 
primers (such as universal and reverse primers), the present 
invention makes use of primer Sequences with a specialized 
Secondary Structure for facilitating recovery of the recom 
binant heterologs generated by extension of fragments 
annealed to a specified template. For example, a boomerang 
DNA amplification reaction is primed by a single primer 
located internal to recombinant heterolog (for example, a 
conserved region of the template/fragments can be Selected 
for use as a primer binding site). As illustrated in FIG. 32A, 
adaptors that assume a hairpin configuration are ligated to 
the end(s) of the heteroduplex which is optionally released 
from the Solid support. Following denaturation of the het 
eroduplex, and binding of the internal primer, extension by 
a DNA polymerase results in extension of a product includ 
ing Sequences identical to the heterolog and the template as 
an inverted repeat. Typically, a restriction enzyme recogni 
tion site is incorporated into the hairpin, permitting Separa 
tion of the template and heterolog Sequences. 

0492 Another alternative is to employ a “vectorette.” In 
this approach, amplification occurs between an internal 
primer and a primer within the vectorette, a pair of Synthetic 
oligonucleotides having regions of duplexed DNA flanking 
a central mismatched region that provides a primer binding 
site, as illustrated in FIG.32B. If the target nucleic acids are 
cleaved with a restriction enzyme prior to ligation of the 
vectorette Sequence, only restriction fragments including the 
internal primer binding site are amplified. A first extension 
cycle results in a duplex corresponding to the recombinant 
heterolog which can be simply amplified using the internal 
and vectorette primers. A variation of this approach is the 
"splinkerette,” in which the vectorette incorporates a 
looped-back hairpin Structure that decreases end-repair 
priming and reduces non-specific priming. Further details on 
vectorette use and construction can be found in Arnold et al. 
(1991) “Vectorette PCR: a novel approach to genomic 
walking'PCR methods Appl. 1:39-42 and Hengen (1995) 
“Vectorette, splinkerette and boomerang DNA amplifica 
tion Trends Biochen Sci. 20:372-3. 
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0493 As previously described, recombinant nucleic 
acids produced by hybridization and extension of nucleic 
acids on an array can further be translated to provide 
reaction products Suitable for Screening. Alternatively, the 
recombinant heterologs described above can be transformed 
and expressed in cells to facilitate Screening by Structural 
and/or functional means to identify recombinants with desir 
able properties. Typically, but not necessarily, the recombi 
nant nucleic acids are introduced into host cells in a vector, 
Such as an expression vector. Vectors and cells incorporating 
recombinant polynucleotides produced by the above 
described recombination on a Solid phase Support are also a 
feature of the invention. 

H. An Example Integrated System for Diversity 
Generation Via Shuffling 

0494. This example “shuffling machine” is an integrated 
system which converts parent DNA into improved shuffled 
clones, which are optionally used as parent DNAS for 
Subsequent shuffling. The machine is based upon a set of 
modules as discussed above that are integrated to improve 
function and throughput. 
0495. The machine performs a number of tasks, using a 
liquid handling Station, a PCR system, a fluorescence/ 
absorbance plate reader, a plate/reservoir Storage device and 
a robotic System for Shuttling plates between the modules. 
This machine performs the entire Shuffling proceSS auto 
matically in a microtiter plate format. 
0496 For clarity of description, the machine is split into 
a number of modules; however, module functions can be 
combined in practice to Simplify the Overall System. An 
example Schematic of the modules of an integrated Shuffling 
machine is provided by FIG. 2. The modules include a 
Shuffling module, a library quality assessment module, a 
dilution module, a protein expression module, and an assay 
module. Typical integrated device elements include ther 
mocyclic components, Single and multi-Well liquid han 
dling, plate readers and plate handlers. 

(1.) The Shuffling Module 
0497. This example shuffling module uses a liquid han 
dler, a PCR machine, a fluorescent plate reader, and a 
plate/reservoir handling and Storage System to perform an 
automated shuffling reaction (as noted, shuffling is one 
preferred diversity generation reaction performed by the 
methods and Systems herein). 
0498 FIG. 3 provides a schematic representation of the 
Steps performed by this exemplar shuffling module. In 
particular, a single pot reaction is performed, utilizing uracil 
incorporation, DNA fragmentation and assembly. A rescue 
PCR is performed, the results assessed with Pico Green and 
any wells that test positive for Pico Green incorporation are 
rescued and Sent to the library quality modules. 
0499 AS noted, DNA fragmentation is achieved using the 
uracil incorporation Strategy noted above. Different wells of 
a microtiter plate are set up with different reaction condi 
tions, leading to different DNA size fragments and different 
ratios of parental nucleic acids (the diversity target 
Sequences). The conditions for the uracil fragmentation is 
defined by the user as are the assembly and rescue protocols. 
0500. In other embodiments, the conditions and/or pro 
tocols are calculated using a set of computer understandable 
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instructions, e.g., embodied in a computer or web page 
operably coupled to the Shuffling module. Alternatively, the 
Shuffling module is optionally a programmable or pro 
grammed module that calculates appropriate conditions, 
e.g., based on empirical data, theoretical predictions and/or 
user input. 
0501) Once the fragmentation is complete (as selected by 
the user) the fragmented DNA is transferred to a PCR 
module for the assembly reaction. An aliquot of the 
assembled DNA is then transferred to a new PCR plate for 
a rescue PCR reaction using Standard primers. 
0502. The success of the shuffling reactions are measured 
by removing an aliquot from the rescue PCR plate and 
followed by transfer to a plate containing Pico green dye. 
0503 Wells that contain double stranded DNA (i.e., give 
fluorescence with Pico Green) are collated by the liquid 
handler, using hit pick Software, into plate(s) that contain all 
the Shuffled clones, which are passed on to the library quality 
module. 

0504) The liquid handler then transfers (and, optionally, 
mixes or otherwise modifies materials) to make up Solutions 
from Solvent/reagent reservoirs, Setting out an array of 
reactants. The information as to which Solutions are plated 
in which positions in an array is tracked through Subsequent 
manipulations in all modules, along with the PCR conditions 
which are used for amplification. 
0505). Once the rescue PCR is performed, the success of 
the recombination is assigned based upon the presence of 
double stranded DNA as measured by Pico Green fluores 
cence. Full length ds DNA can also be unambiguously 
identified and quantified by capillary electrophoresis (e.g., in 
parallel formats similar to a parallel capillary electrophoresis 
sequencer such as MEGABASE or by parallel capillary 
electrophoresis on a chip) with detection by fluorescence. 
Successful recombination leads to predominantly a single 
full-length species in the rescue PCR which is proportional 
to an arbitrary level of fluorescence. As noted above, Pico 
green is a quantitative measure of the amount of ds DNA 
present and this information about the DNA concentration in 
each well is used in the downstream processing modules. 
The hit picking Software takes the positive wells and con 
verts them to new well positions without loss of information. 
The set of positive wells across all of the plates is referred 
to as a “collated library.” 
0506 Another exemplary shuffling module or diversity 
generation device comprises a programmed thermocycler 
and fragmentation module operably coupled to the ther 
mocycler. The programmed thermocycler typically com 
prises a thermocycler operably coupled to a computer com 
prising one or more instruction Set. In other embodiments, 
the instruction Sets are embodied in a web page or in the 
thermocycler itself, e.g., a Java program. For example, a 
network card is optionally added to a thermocycler or the 
internal Software of a commercially available thermocycler 
is altered to provide the instruction sets described below. 
0507 The instruction sets typically comprise computer 
understandable instructions for performing one or more of 
the following: calculation of an amount of uracil and an 
amount of thymidine for use in the programmed thermocy 
cler; calculation of one or more croSSover region between 
two or more parental nucleotides, calculation of an anneal 
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ing temperature, calculation of an extension temperature; 
and/or Selection of one or more parental nucleic acid 
Sequence. These calculations are typically made based on 
one or more of: user input, empirical data, and theoretical 
predictions, e.g., of melting temperature. Such melting tem 
perature predictions are well known to those of Skill in the 
art. In addition, predictions are also optionally used to 
calculate the effect of annealing temperatures on the number 
of possible croSSovers. Typical input data include, but are 
not limited to, parental nucleic acid Sequences, desired 
fragmentation lengths, croSSOver lengths, extension tem 
peratures, and annealing temperatures. Empirical data typi 
cally comprise comparisons of one or more nucleic acid 
melting curve or melting temperature. 
0508 The computer or programmable thermocycler typi 
cally calculates possible croSSover regions between parental 
nucleic acid Sequences, depending on the annealing tem 
perature and extension temperatures to be used in the 
amplification Steps. The computer would then Set up one or 
more cycle for the thermocycler. For example, a cycle in the 
thermocycler typically includes amplification of one or more 
parental nucleic acid Sequence, fragmentation of the one or 
more parental nucleic acid Sequence to produce one or more 
nucleic acid fragments, reassembly of the one or more 
nucleic acid fragment to produce one or more Shuffled 
nucleic acid; and, amplification of the one or more Shuffled 
nucleic acid. Various robotics and plate handlers are option 
ally added to the device as described herein to transfer 
nucleic acids between the fragmentation module and the 
thermocycler. 
0509. In some embodiments, the thermocycler amplifies 
the various parental nucleic acids in the presence of uracil 
and the fragmentation device fragments the parental nucleic 
acids using various uracil cleaving enzymes. The program 
mable thermocycler in this embodiment typically directs a 
pause in the cycle to allow the addition of the enzymes to the 
reaction mixtures. In addition, the programmed thermocy 
cler is used to calculate the ratio of uracil residues to 
thymidine residues to produce fragments of a desired mean 
length or size. For example, a length that leads to an 
optimized level of diversity in the shuffled nucleic acids is 
optionally Selected. Fragmentation is optionally carried out 
in the presence of Taq/PWO and outside primerS So that the 
fragments are used directly in the reassembly/amplification 
Steps of the cycle with appropriately calculated annealing 
and extension temperatures. Other fragmentation methods 
optionally used in a fragmentation module of the invention 
and operably coupled to a programmed thermocycler 
include, but are not limited to, Sonication, DNase II diges 
tion, random primer extension, and the like. 
0510. In another embodiment, a diversity generation 
device comprises a computer, a Synthesizer module, e.g., a 
microarray oligonucleotide Synthesizer Such as an ink-jet 
printer head based oligonucleotide Synthesizer, and a ther 
mocycler. The computer typically comprises at least a first 
instruction Set for creating one or more nucleic acid frag 
ment Sequence from one or more parental nucleic acid 
Sequence. The Synthesizer module typically Synthesizes the 
one or more nucleic acid fragment Sequence created by the 
computer, and the thermocycler generates one or more 
diverse Sequence from the one or more nucleic acid frag 
ment Sequence, e.g., by performing an assembly/rescue PCR 
reaction as described above. For example, the Synthesizer 
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optionally Synthesizes the nucleic acids fragments on a Solid 
Support as described above, e.g., using mononucleotide 
coupling reactions or trinucleotide coupling reactions. 
0511. In addition, the computer optionally comprises 
additional instruction Sets, e.g., for determining a set of 
conditions for the thermocycler, e.g., to perform assembly/ 
rescue PCR reactions. 

0512 For example, sequences, e.g., DNA, RNA, or pro 
tein Sequences, are entered into a computer, e.g., character 
Strings corresponding to the Sequences. The computer is then 
used to generate a number of Smaller Sequences from which 
oligonucleotides can be created. These Smaller Sequences 
typically encode for some or all of the diversity of the 
original Sequences entered. Typically, the instruction Sets, 
e.g., in a computer, or web page, or both, limit or expand 
diversity of the one or more nucleic acid fragment Sequence, 
e.g., a parental nucleic acid Sequence, by adding or remov 
ing one or more amino acid having Similar diversity; Select 
ing a frequently used amino acid at one or more specific 
position; using one or more Sequence activity calculation; 
using a calculated overlap with one or more additional 
oligonucleotide; based on an amount of degeneracy, or based 
on a melting temperature. The Sequences are then used to 
drive a Synthesizer, e.g., an oligonucleotide Synthesizer, to 
create a physical manifestation of the Sequences, e.g., on a 
Support medium or Solid Support. Once the oligonucleotides 
are Synthesized, the Solid Support is optionally digested or 
the oligonucleotides are cleaved from the Support, e.g., using 
the thermocycler. The mix of oligonucleotides is then used 
in the thermocycler, which creates full length Sequences, 
e.g., shuffled Sequences. The computer is also optionally 
used to determine the best conditions for assembly/rescue 
reaction and digestion. 

0513. The above device allows one to generate synthetic 
Shuffled genes Starting with only Sequence data in a matter 
of hours. Combined with a high throughput Screening device 
the genes are all optionally created and Screened for desired 
characteristics in less than a day. Therefore, the devices 
described above also optionally comprise Screening mod 
ules, e.g., high-throughput Screening modules, for Screening 
the one or more diverse Sequence for a desired characteristic. 
In addition, the computer is optionally used to Select the 
original Sequences used to create the fragments for Shuffling, 
as described above. 

0514. The above diversity generation devices are typi 
cally used to allow rapid shuffling of nucleic acids to create 
new and diverse nucleic acids, e.g., enzymes. In Some 
embodiments, the devices are incorporated into kits com 
prising, e.g., the devices, reagents, and appropriate protocols 
for Shuffling. For example, a kit optionally comprises a 
diversity generation device as described herein, e.g., com 
prising a pre-programmed PCR machine, and one or more 
reagent for generating diverse nucleic acids. Reagents 
include, but are not limited to, Ecoli, e.g., a dut-ung Strain 
to make plasmids containing uracil instead of thymidine, 
PCR reaction mixtures comprising a mixture of uracil and 
thymidine, one or more uracil cleaving enzyme, a PCR 
reaction mixture comprising Standard dNTPs, polymerases, 
and the like. Possible uracil cleaving enzymes included in 
the kit are uracil glycosidase, an endonuclease, Such as 
endonuclease IV, and the like. The uracil/thymidine ratios 
included with the kit can be optimized to produce fragments 
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of particular size or the protocols and/or diversity generation 
devices are programmed to calculate the appropriate ratioS. 
Concentrations of dNTPs, Mg and other reagents are also 
optionally provided in optimized formats. In addition, the 
number of cycles is also optionally optimized, e.g., by a 
programmed thermocycler. 

0515 Polymerases included with the kits are typically 
thermostable polymerases, e.g., non-proof reading and 
proof-reading polymerases. In addition, the kits optionally 
include artificially evolved enzymes, e.g., artificially 
evolved polymerases that have a higher fidelity of incorpo 
ration for uracil residues, or are more active at 25 C. than 
those presently available. 

0516. The kits and devices above are optionally used to 
create en entirely automated format for generating diversity, 
e.g., through shuffling. In addition, they can be combined in 
a variety of ways with other components described herein, 
e.g., to create high throughput shuffling and Screening capac 
ity. 

(2) Library Quality Module 
0517. The library quality module utilizes the liquid han 
dler, the PCR system, the Fluorescence Plate Reader and the 
Plate/reservoir handling and Storage System. 

0518 FIG. 4 provides a schematic overview of a Library 
Quality Module. In particular, the module divides reactions 
into multiple plates, performs a croSSOver assessment, Veri 
fies PCR by Pico Green incorporation and performs a hit pick 
quality rating. 

0519) The collated shuffled library from the shuffling 
module are diluted into one or more daughter plate to 
achieve a Standard DNA concentration. This daughter plate 
is used as the Source plate for DNA templates in quality 
assessment PCR reactions. Each parental DNA serves as the 
template to design forward and reverse PCR primers. These 
primers are mixed combinatorially Such that recombinants 
can be detected (e.g., by mixing forward primer “A” which 
uniquely recognizes parent “A” with reverse primer “B” 
which uniquely recognizes parent “B,” etc., covering all 
possible combinations of primers, or a desired Subset 
thereof). The PCR reactions are transferred to a plate for 
Pico Green quantitation. The collated libraries are ranked 
with respect to diversity based on the level of fluorescence 
in each reaction and the number of PCR reactions that give 
amplification. The top collated libraries are then (optionally) 
re-collated to provide diverse collated libraries which are 
passed onto the in vitro transcription/translation module, or 
the hits are simply passed onto the in Vitro transcription/ 
translation module. 

0520. The DNA concentrations determined by the shuf 
fling module is used to normalize template DNA concen 
trations in this module. The number of different PCR reac 
tions run is determined by the number of Starting parental 
Sequences and the amount of information desired (e.g., 2" 
of parents-1 reactions gives good information) to determine the 
best library. An hypothetical “perfect” library gives the same 
amplification rate (and hence fluorescence) in each PCR 
reaction. While this does not give the number of crossover 
genes per se, it can be used to ensure that the there is a 
diversity of Sequences that have at least one croSSOver. 
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(3.) Dilution Module 
0521. The dilution module uses the liquid handler, the 
PCR system, the fluorescence plate reader and the plate 
reservoir handling/storage System. 
0522 FIG. 5 provides a schematic overview of the 
dilution module activities. In particular, DNAS are diluted to 
the desired number of copies per well, PCR amplified, 
assessed for dsDNA by PicoGreen, and hits are picked. 
0523 The top collated libraries are reamplified, incorpo 
rating a reporter protein into the library, either as a fusion or 
as part of a translationally coupled System. An aliquot of this 
material is removed for quantitation and the library is diluted 
and dispensed into microtiter Wells at an average concen 
tration of about 1-10 DNA molecules/well. 

0524) The DNA is amplified by PCR to give enough 
DNA for efficient in vitro transcription/translation (iv TT) 
and an aliquot is removed for quantitation with Pico Green. 
The wells where DNA is amplified are then hit picked into 
Wells ready for transfer to the protein expression module. A 
number of wells in each plate are filled with standard control 
constructs (e.g., wild type and a negative control) at the 
Same concentration as the library clone pools. 
0525) In general, the dilution which gives a concentration 
of 1-10 DNA molecules/well is determined from a standard 
curve. The reporter protein is chosen to give a construct that 
efficiently undergoes iv TT for a large number of Systems. 
This also standardizes the ivTT procedure for all proteins. 

(4.) Protein Expression Module 
0526. The Protein expression module uses the liquid 
handler, the fluorescent plate reader and the plate/reservoir 
handling and Storage System. 
0527 FIG. 6 provides a schematic overview of the 
activities of the expression module, i.e., the addition of DNA 
to cell-free iv TT reaction mixtures to form arrays of reaction 
mixtures, an assay for a co-translational product as a control, 
and the picking of hits by the presence of the co-translational 
control product. 
0528. The pooled library members are taken from the 
dilution module and an aliquot is removed in which the DNA 
concentration is adjusted for optimal iv TT. The rest of the 
iv TT mix is then added to the wells and protein production 
is initiated. The efficiency of the iv TT reaction is measured 
using the activity of the reporter protein. For example, if the 
reporter is green fluorescence protein (GFP), then efficiency 
is measured by directly monitoring fluorescence. If the 
reporter is an enzyme, an aliquot is typically removed for 
appropriate processing. 
0529. The wells which give efficient protein production 
are then rearrayed into new microtiter plates and passed on 
to the assay module. 
0530. The DNA concentration in each well is determined 
by the dilution module and therefore the amount of DNA in 
each well can be normalized to a corrected value for efficient 
iv TT. The wells which contain the control constructs are 
tracked so that the activity of the library clones can be 
compared to the initial wild type. 

(5.) Assay Module 
0531. The Assay module uses the liquid handler, a fluo 
rescent/colorimetric/luminometer plate reader and the plate/ 
reservoir handling and Storage System. 
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0532 FIG. 7 provides a schematic overview of the 
exemplar assay module. In particular, expression mixtures 
are added to assay reagents (or Vice versa) and changes in a 
detectable marker Such as absorbance, fluorescence or lumi 
neScence are detected and hits picked. Similarly, the assay 
module can include an autoSampler which interfaces with a 
CE, MS, GE or other system. SPR (surface plasmon Reso 
nance) can also be used to measure protein binding. SPA 
(Signal Proximity Assay) methods can also be used, e.g., 
using a luminescence plate reader. 
0533. The protein solutions provided by the protein 
expression module are tested for the properties of interest. 
The proteins are typically diluted to a Standard concentration 
before the assay, using the level of the reporter protein as a 
marker. 

0534. The protein solutions are aliquoted out and assayed 
using any format that leads to a spectrophotometric change 
in the properties of the assay mix. A majority of proteins may 
be assayed, directly or indirectly, using Such formats (e.g., to 
monitor changes in pH, production of fluorescent product, 
loss of turbidity on hydrolysis, coupled assays, etc.). 
0535 Alternatively, the proteins can be assayed using 
heat production or oxygen consumption, changes in con 
ductivity (ion production), parallel CE, GC, or the like. 
These properties of Solution are readily quantified, e.g., 
using microfabricated devices as discussed above. 
0536 The proteins that are determined to be better than 
wild-type according to the criteria of the assay are identified 
and the position of the clones are determined. 
0537) The proteins are normalized to account for expres 
sion artifacts in the iv TT reaction. The activity of both the 
wild type and negative control clones is measured and used 
as a measure of the range of the assay. The variation in the 
controls (Standard deviation) determines how significant 
differences are among the hits, as well as providing for 
Statistical comparisons (e.g., Standard average deviations as 
compared to wild type, etc.). 

(6.) deconvolution of Hits and Retesting 
0538. The clone pools can be reconfirmed and deconvo 
luted by submitting them to the dilution module. This 
separated the pool of about 10 clones into a few hundred 
wells, with increased stringency (to about 1 molecule/clone 
per well). The remaining modules then retest each molecule 
one or more times, Verifying the previously identified activ 
ity. The assay module can also incorporated a Secondary 
assay to further verify desired activities. 

(7.) Second Round Shuffling 
0539. The reconfirmed hits are optionally used as Sub 
Strates in Subsequent Shuffling reactions, with this proceSS 
being iteratively (and automatically) repeated by the various 
modules of the system, until a desired activity level for the 
target is obtained. 

(8.) Example Machine Configuration 
0540 FIG. 8 provides an exemplar configuration for a 
recombination and Selection machine, showing plate Stacker 
801, gantry robot 805, pipetting heads 807, plate gripper 
809, plate reader 811, thermocycler 813, plate holders 815, 
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solution reservoirs 817 and reagent tubes 819. During opera 
tion of the device, plates are transferred from plate Stacker 
801 by plate gripper 809 to plate holders 815 to the various 
operation regions Such as thermocycler 813 and plate reader 
811. Plates are also optionally transferred back to plate 
Stacker 801. Reagents are transferred to and from reagent 
tubes 819 and solution reservoirs 817 via pipetting heads 
807, which also transfer materials between reagent tubes 
819, solution reservoirs 817 and any plates used in the 
System. 

(9.) Example Miniature Configuration 
0541. In this example, a miniature laboratory system is 
used, e.g., to perform a shuffling reaction. AS shown in FIG. 
19, the System includes an appliance and a microfluidic chip 
which has environmental control layer 19-1, microfluidics 
layer 19-2 and support layer 19-3, as well as optical interface 
for temperature control 19-4 and power supply 19-5 (see 
also, FIGS. 20-22). In operation, the miniature laboratory 
System is used, e.g., in combination with a module that 
provides reagents and optimal environmental conditions. 
Starting materials that are provided include DNA (genes/ 
gene fragments, oligonucleotides, etc.), reagents, primers 
vectors, etc. The product of the System is, e.g., a gene library 
of diversified genes, operons, etc. Additional Steps can be 
included in the System for additional reactions, if needed. 
Where purification Steps are desired, membrane filters are 
optionally positioned in the flow lines, e.g., binding reagents 
or components that are to be removed. The microfluidics 
System that is used in the miniature laboratory System is used 
to guide and direct low volume samples containing, e.g., 
0.05-100 ng/ul of DNA. Using advanced separation systems 
and DNA reaction chambers, DNA shuffling can be per 
formed in the miniature laboratory System. 
0542. As shown in FIG. 19, in one embodiment, a 
three-layer chip construction is used to provide the microf 
luidic portion of the overall system. The bottom layer is for 
Support, the middle layer contains channels that guide DNA 
and Solutions and reagent Solutions and the top layer pro 
vides contact points for a power Supply and a temperature 
controller (e.g., operating by conductivity or light). Details 
regarding the top layer are found in FIG. 20. Samples are 
transported through the System, e.g., by air pulses or other 
fluid driving means. Details regarding the fluidicSlayer is Set 
forth in FIG. 21. An appliance (FIG. 22) contains the 
operation hardware (and optionally Software) for the min 
iature laboratory System, including PCR programs, incuba 
tion periods, DNA separation and Sample product import/ 
export. The appliance also optionally interfaces with a 
computer to provide additional control features. The com 
plete System provides means to generate libraries of Shuffled 
genes directly, by Supplying Starting DNA, reagents, oligo 
nucleotide primers and vectors. The resulting DNA sample 
is directly introduced into, e.g., a cell of choice by trans 
formation, electroporation, conjugation, particle bombard 
ment, injection, etc. 

I. Example DNA Shuffling Machine (Alternate 
Embodiment)-Comparison Of Alternate Breeding 

Strategies 
0543. One way to develop more Sophisticated breeding 
Strategies is to empirically compare different breeding Strat 
egies. A DNA shuffling machine allows for increased 
throughput and accuracy in molecular matings. 
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0544 Standard DNA shuffling is done, e.g., by purifying 
DNA fragments on gels, assembling fragments in a PCR 
machine, rescuing fragments in a PCR machine, and then 
cloning the final rescued product. The essential constraint 
with this approach is that it requires skilled labor and it is 
typically costly for a given person to Sample a more than a 
few shuffling variables. However, there are many variables 
of interest, Such as pairwise VS. pooled matings, fragment 
size, Stoichiometry of the parental genes, degree of random 
mutation VS generating diversity by recombination, etc. 
0545. This example provides a solution to this difficulty 
by automating the shuffling process, providing Scalability 
and other advantages. The example DNA shuffling machine 
which is the subject of this example is embodied in FIGS. 10 
(showing a schematic of the DNA shuffling machine), 11 
(showing a Schematic of a DNA fragmentation device), 12 
(showing a Schematic of a DNA fragment analysis and 
isolation device), 13 (showing a schematic of a DNA frag 
ment preparation device), 14 (showing a schematic of a 
precision microamplifier), 15 (showing a Schematic of a 
DNA assembly and rescue module), 16 (showing a sche 
matic of a recombination analysis device), and 17 (showing 
a schematic of a recombination analysis device). 
0546 FIG. 10 describes an overall DNA shuffling 
machine (10-1). This device/system can be built either as an 
integrated unit, or as a separate module. It can be designed 
to handle multiple Samples in parallel, as each of the 
modules is Scalable. AS shown, Input elements including, 
e.g., plasmids, PCR products, genomic DNAS, primers, etc. 
are fragmented in DNA fragmentation device or module 
10-2. Also included are DNA assembly and rescue device or 
module 10-3 providing for outputs, e.g., in the form of 
recombined/shuffled inserts. Finally, recombination and 
analysis module or device 10-4 provides for recombination 
analysis on any recombined/shuffled materials (e.g., shuffled 
insert DNAS). 
0547 FIG. 11 describes a DNA fragmentation device. 
For the purpose of automation, a reliable, preparation inde 
pendent method to produce fragments of a desired size is 
useful. Sonication is a useful method because the fragment 
length depends on purely physical parameterS Such as the 
frequency of Sonication and the Viscosity of the fluid. 
However, one issue with this method is the type of ends that 
are generated, as 3' hydroxyl ends are preferred for Subse 
quent assembly Steps to work. The addition of chemical 
cleaving agents can improve the yield of 3' hydroxyls in the 
Sonication reaction. Enzymatic treatment with a nuclease 
that is specific for, for example, 3' phosphates, improves the 
quality of Sonicated fragments for DNA shuffling reactions. 
Other fragmentation methods discussed Supra can also be 
adapted to the present example, Such as the use of point-Sink 
Shearing methods, Synthesis, etc. 

0548 FIG. 12 describes a DNA fragment analysis and 
isolation device. A capillary electrophoresis instrument (e.g., 
column 12-1) is used to separate the DNA fragments. A 
detector monitors fluorescently labeled markers on the col 
umn to a “waste' or to “collection” reservoir. This allows for 
automated collection of DNA fragments in the size range 
that is programmed by the user. An analytical instrument, 
made of components similar to those used for Sequencing 
gels, can be used for the analytical runs for doing analysis 
of PCR with recombination oligos or for analysis of raw 
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assemblies to assess the efficiency of assembly. For 
example, one can collect 25-50 bp fragments. 

0549 FIG. 13 describes a DNA fragment prep device. 
The DNA is denatured to expose or create Single Stranded 
DNA that binds efficiently to a C18 hydrophobic column and 
which can be quantitatively eluted and concentrated. This 
uses the principle of the SEP-PAK C18 column, but is 
modified for use in an automated device. Alternatives to this 
approach include ion eXchange chromatography, precipita 
tion, lyophilization, etc. 

0550 FIG. 14 describes a precision microamplifier 
(PMA). DNA 14-6 is placed in microcapillary 14-7 between 
two drops of oil (14-4, 14-5) to seal it against evaporation. 
Typical drop sizes range from 1 inl to 1 ul. The micro 
capillary is moved through three resistors (14-1, 14-2, 14-3) 
whose temperatures are programmed. AS depicted, robotic 
arm 14-8 is used to move the capillary, and thus the DNA 
droplet, e.g., between resistors 14-1, 14-2, and 14-3. In the 
Simplest case, the resistors are Set for, e.g., 93, 45 and 72 
degrees centigrade. By moving cyclically through these 
temperatures, a PCR or assembly reaction can be driven in 
microdroplet in the microcapillary. Achief advantage of this 
relative to a standard PCR machine is that the temperature 
can be controlled more precisely, and, more importantly for 
DNA shuffling, the volume of the assembly reaction can be 
driven into the submicroliter range very easily. This allows 
Shuffling using Small quantities of fragments, allowing for 
more molecular “crosses' in the Shuffling reactions from a 
give amount of input DNA. 

0551 FIG. 15 describes DNA assembly and rescue mod 
ule 15-1. Assembly is done in a modified PCR machine or 
in the PMA (depicted as assembler 15-2). The PMA, or 
Similar low-volume/high throughput methods provide one 
preferred approach, because one can amplify very Small 
Volumes which provides for shuffling using a Smaller quan 
tity of fragmented DNA. The Analyzer provides a quanti 
tative way to monitor the size and distribution of PCR 
products and the properties of PCR rescue. A clean and 
efficient rescue of a unit length of a gene fragment is 
preferred. The size distribution of assembled product and the 
properties of the rescue PCR are highly informative for 
predicting the efficiency of Shuffling that has occurred. The 
analysis can be done by capillary electrophoresis or by mass 
Spec. AS depicted, various inputs, including random DNA 
fragments, overlapping PCR fragments and the like are 
assembled in assembler 15-2. The assembly and rescue 
module further includes rescue PCR element 15-3 and 
analyzer 15-4 (e.g., including a capillary electrophoresis 
module). ASsembly module 15-1 produces outputs including 
assembled fragments, rescued PCR inserts and the like. 
Analyzer 15-4 provides profile information including Size 
distribution information. 

0552 FIG. 16 describes recombination analysis device/ 
module 16-1. Inputs include raw assembled components and 
PCR rescued assembled components. Outputs include analy 
sis of the ratio of recombined to parental Sequences. In the 
device, “CroSSOver oligos' prime one or another parents 
exclusively, and thus, a 5' oligo from P1 and a 3' oligo from 
P2 only PCR amplify a recombinant such as F1(B). The 
analyzer is, for example, a capillary electrophoresis machine 
that precisely measures the size and intensity of each band. 
By using multiple fluorophores in the croSSOver oligos, one 
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can measure, e.g., all four PCR products of the amplification 
in a single lane, if desired. In the figure, P1=parent #1; 
P2=parent #2; F1(A) and F1(B) are recombinants with 
Structures with respect to the croSSOver oligos as shown. The 
crossover oligos are sets of oligos that exclusively (or at 
least preferentially) prime the indicated parents. The Strat 
egy can be generalized to accommodate multiple pairs of 
croSSOver oligos. An advantage of the recombination analy 
sis device is that it allows one to quantitatively monitor the 
shuffling reaction. For example, if 100-200 base fragments 
are used in the shuffling, then crossover oligos that are 300 
bp apart in the assembled genes are almost fully recombined 
(recombinants F1(A) and F1(B) bands of only half the 
intensity of the parental bands. 
0553) The DNA fragmentation device and the DNA Frag 
ment Prep Device take the tedium out of preparing gene 
fragments. They can also increase the yield of fragments of 
the desired size. The assembly and rescue device allows one 
to test multiple assembly conditions, e.g., if the precision 
microamplilier is used for the assembly. The analysis instru 
ment allows one to quantitatively monitor the growth of the 
shuffled product. This analysis capability is useful for 
trouble shooting, which ultimately makes the process even 
more predictably automatable. 
0554. The recombination/analysis device allows one to 
quantitatively measure the frequency of recombination 
between any known DNA polymorphisms in the parental 
genes. This analysis is useful in the optimization of shuffling 
reactions generally. It is similar in effect to measuring 
recombination frequencies in populations. Importantly, it 
allows one to make an educated decision as to whether a 
given shuffling reaction is worth cloning, or in vitro express 
ing and Screening in functional assays, as opposed to doing 
further work to optimize the Shuffling reaction to get a 
desired Spectrum of recombinants. This is of particular value 
when the number of clones that can be screened is limited or 
costly. 

J. Example: establishment and automated 
processing of expression arrays for nucleic acids 

derived from a variety of Sources. 
0555 Identification and characterization of genes from 
macro- and micro-organisms, enrichment cultures, fermen 
tation broths and uncharacterized environmental isolates, 
and the like is of commercial value. These genes can be used 
as Substrates in the various diversity generation reactions 
herein. Various approaches for using diverse Sources of 
materials in the Systems of the present invention are Sche 
matically outlined in FIGS. 23-30. 
0556. In the process embodiment of FIG. 23, nucleic 
acids are Sourced from any of a variety of diverse Sources, 
including any of those listed in the figure (humans and other 
vertebrates, other eukaryotes, oligonucleotides and gene 
Synthesis, etc.) The nucleic acids are extracted and/or 
pooled. Optionally, the pooled nucleic acids are cloned, 
Selected, hybridized, sized, etc. The nucleic acids are then 
arrayed. The arrayed nucleic acids are then optionally 
cloned, Selected, hybridized, amplified, etc. The arrays are 
replicated, transcribed and/or translated. The genes can be 
encapsulated if desired. Proteins or bioactive RNAS are 
Screened for activities of interest. Finally, a physical or 
logical linkage between the array members and the relevant 
observed phenotypes is established. 
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0557. In the process embodiment of FIG. 24, nucleic 
acids are Sourced from any available Source, including one 
or more of those listed in the figure, and extracted/pooled. 
Nucleic acids are treated with one or more enzyme, ligated 
into one or more vectors and introduced into cells. Cells are 
propagated in the cells. Optionally, the cells or expressed 
nucleic acids can initially be arrayed. Clones of interest are 
Selected using a plurality of Screens, Such as hybridization, 
complementation, etc. The Selected nucleic acids are arrayed 
and the arrayS replicated. One or more of the replicated 
arrays is transcribed and/or translated. Optionally, other 
arrays or array members can be cloned, Selected, hybridized, 
etc. Bioactive RNAS or proteins are selected for one or more 
activity and, again, a physical or logical linkage between the 
array members and the relevant observed phenotypes is 
established. 

0558. In the process embodiment of FIG. 25, the sourced 
nucleic acids (again, from any of a variety of diverse 
Sources, including any of those listed in the figure) are 
extracted and/or pooled, hybridized with at least one Syn 
thetic or naturally occurring nucleic acid or population from 
another Source, and treated with at least one enzyme includ 
ing at least one polymerase or ligase activity. Nucleic acids 
are arrayed and arrays replicated. Optionally, the arrays or 
array members include any of a variety of additional opera 
tions, including cloning, Selection, hybridization, etc. Bio 
active RNAS or proteins are Selected for one or more activity 
and, again, a physical or logical linkage between the array 
members and the relevant observed phenotypes is estab 
lished. 

0559). In the process embodiment of FIG. 26, sourced 
nucleic acids (also from any of a variety of diverse Sources, 
including any of those listed in the figure) are extracted 
and/or pooled. The resulting nucleic acids are hybridized 
with at least one Synthetic or naturally occurring nucleic acid 
or population from another Source. The resulting hybridiza 
tion mixture is treated with at least on enzyme containing at 
least one polymerase and/or ligase activity. The resulting 
nucleic acids are ligated into a vector, introduced into cells 
and propagated. Optionally an initial array of the resulting 
library is performed at this stage of the overall process. 
Library members (clones) are selected using one or more 
Screens. The Selected members are arrayed and the arrayS 
replicated. Bioactive RNAS or proteins are selected for one 
or more activity and, again, a physical or logical linkage 
between the array members and the relevant observed phe 
notypes is established. 
0560. In the process embodiment of FIG. 27, nucleic 
acids are Sourced from any of a variety of diverse Sources, 
including any of those listed in the figure (humans and other 
vertebrates, other eukaryotes, oligonucleotides and gene 
Synthesis, etc.) The nucleic acids are extracted and/or 
pooled. Optionally, the pooled nucleic acids are cloned, 
Selected, hybridized, sized, etc. The nucleic acids are then 
arrayed. The arrayed nucleic acids are then optionally 
cloned, Selected, hybridized, amplified, etc. The arrays are 
replicated, transcribed and/or translated. The genes can be 
encapsulated if desired. Proteins or bioactive RNAS are 
Screened for activities of interest. In this embodiment, the 
properties which are Screened include fluorescent or lumi 
neScent properties of a particle Such as a cell, encapsulated 
mixture or other matrix, liposome or membrane encapsu 
lated material which incorporates a viral coat protein, or 
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other encapsulated material. The cell or other encapsulated 
material is used to decide the end locations of Such particles 
on an array comprising at least two designated end locations 
or chambers. Detection is via FACS, microFACS (with or 
without a fluorescent signal), fluorescence, visible Scanning, 
transmission or confocal microScopy, digital or high-density 
Signal imaging, thermography, liquid chromatography, com 
binations thereof, or the like. A physical or logical linkage 
between the array members and the relevant observed phe 
notypes is then established. 
0561. In the process embodiment of FIG. 28, nucleic 
acids are Sourced from any of a variety of diverse Sources, 
including any of those listed in the figure (humans and other 
vertebrates, other eukaryotes, oligonucleotides and gene 
Synthesis, etc.) The nucleic acids are extracted and/or 
pooled. Optionally, the pooled nucleic acids are cloned, 
Selected, hybridized, sized, etc. The nucleic acids are then 
arrayed. The arrayed nucleic acids are then optionally 
cloned, Selected, hybridized, amplified, etc. The arrays are 
replicated, transcribed and/or translated. The genes can be 
encapsulated if desired. Proteins or bioactive RNAS are 
Screened for activities of interest. In this embodiment, the 
Screening comprises combination Screening of the proteins 
or bioactive RNAS. Properties which are screened include 
fluorescent or luminescent properties of a particle Such as a 
cell, encapsulated mixture or other matrix, lipoSome or 
membrane encapsulated material which incorporates a viral 
coat protein, or other encapsulated material. The cellor other 
encapsulated material is used to decide the end locations of 
Such particles on an array, e.g., comprising at least two 
designated end locations or chambers. Detection is via 
FACS, microFACS (with or without a fluorescent signal), 
fluorescence, Visible Scanning, transmission or confocal 
microScopy, digital or high-density signal imaging, ther 
mography, liquid chromatography, combinations thereof, or 
the like. In addition, the array, e.g., at at least one of the end 
locations, comprises a population of target cells in which a 
given biological activity is directly assessed, Such as cyto 
cidal or antibiotic activities, Stimulation or Suppression of 
growth, generation of a detectable Signal, or the like. A 
physical or logical linkage between the array members and 
the relevant observed phenotypes is then established. 
0562. In the process embodiment of FIG. 29, nucleic 
acids are Sourced from any of a variety of diverse Sources, 
including any of those listed in the figure (humans and other 
vertebrates, other eukaryotes, oligonucleotides and gene 
Synthesis, etc.). The nucleic acids are extracted and/or 
pooled. Optionally, the pooled nucleic acids are cloned, 
Selected, hybridized, sized, etc. The nucleic acids are then 
arrayed. The arrayed nucleic acids are then optionally 
cloned, Selected, hybridized, amplified, etc. The arrays are 
replicated, transcribed and/or translated. The array members 
are also encapsulated in this embodiment. Proteins or bio 
active RNAS are screened for activities of interest. In this 
embodiment, the properties which are Screened can include 
fluorescent or luminescent properties of a particle, encap 
Sulated mixture, liposome, or mixture encased in a mem 
brane comprising one or more viral coat proteins which are 
used to decide, e.g., end locations of Such particles on an 
array, e.g., comprising at least two designated end locations 
or chambers. Such methods include any combination of 
FACS or microFACS (with of without a fluorescent signal); 
fluorescent, visible, Scanning, transmission and confocal 
microScopy, digital or high density digital imaging, ther 


































