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(57) ABSTRACT 

Methods for identifying nucleic acid Sequences that affect a 
cellular phenotype are disclosed. The method uses a reporter 
gene whose level of expression correlates with the pheno 
type in conjunction with a method or device for measuring 
the level of reporter expression. An expression library is 
introduced into the cells, and those cells exhibiting changes 
in reporter expression level are Selected. Expression library 
inserts from the Selected cells are isolated, thereby providing 
a Sub-library enriched for Sequences that affect the pheno 
type reflected by the reporter. Further rounds of sub-library 
introduction and cell Selection may be carried out to provide 
additional enrichment. Sequences identified using this 
method may be used to ascertain the identity of additional 
molecules involved in generating the cellular phenotype. 
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METHODS FOR IDENTIFYING NUCLEC ACID 
SEQUENCES ENCODING AGENTS THAT AFFECT 

CELLULAR PHENOTYPES 

RELATED U.S. APPLICATION DATA 

0001. This application is a continuation of Ser. No. 
09/320,080, filed on May 26, 1999, which is a continuation 
of Ser. No. 08/812,994, filed Mar. 4, 1997 (U.S. Pat. No. 
5,955,275 issued Sep. 21, 1999 which is a continuation-in 
part of Ser. No. 08/800,664, filed Feb. 14, 1997. 

FIELD OF THE INVENTION 

0002 The present invention comprises a general proce 
dure applicable in Virtually any cell type for identification of 
nucleic acid Sequences that perturb specific biochemical 
pathways within a cell. 

BACKGROUND 

0.003 Genetic methods have played a major role in efforts 
to understand the molecular basis for biological phenomena. 
For example, genetic analysis of the fruit fly, D. melano 
gaStor, provided the entry point for isolation of numerous 
genes that regulate the formation of the fly body. These 
genes in turn Served as probes for isolation of mammalian 
homologs that have been the primary tools in molecular 
studies of vertebrate development. 
0004. A variety of genetic and biochemical studies have 
proved that virtually any biological process (i.e., cell behav 
iors and the like) can be broken down into components. This 
reductionist approach to biological inquiry aims to under 
Stand the greater part of life's complexity in the relatively 
Simple chemical terms of molecules and molecular interac 
tions. In the middle part of the twentieth century, Several 
Scientists, perhaps most notably George Beadle, showed that 
metabolism can be understood as a Series of enzymes that act 
Sequentially to convert precursor compounds into the final 
metabolic products. This insight gave rise to the notion of 
genetic or biochemical pathways that control cellular pro 
cesses. More complicated cellular behaviorS Such as differ 
entiation have recently been defined in terms of genetic 
programs and pathways. Even disease processes can be 
thought of in Such terms. For example, cancer is a disease 
characterized by loss of cellular growth control. An effective 
Strategy to Study cancer involves the elucidation of cellular 
growth regulation pathways. Many genes involved in 
growth control have been identified and Substantial progreSS 
has been made in understanding the genetic/biochemical 
circuitry of these component genes. 
0005 Some organisms are especially tractable in genetic 
Studies. These organisms typically are either unicellular, or 
have short life cycles, Small genomes, and a variety of other 
useful features. Other organisms, Such as humans, are leSS 
tractable. For tractable experimental organisms, two basic 
approaches to mutant isolation are available. The first 
method, termed Screening, involves the Sometimes pains 
taking inspection of thousands of individual organisms or 
clones of cells. Those that have the appropriate mutant 
phenotype are separated from the others and permitted to 
grow in isolation. In this manner, homogeneous populations 
of mutants can be grown and analyzed. The Second approach 
involves growth of organisms under conditions that favor 
the Survival of variant phenotypes over the wild type phe 
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notype. In the case of microorganisms, the Selection condi 
tions often involve nutritional requirements or resistance to 
drugs. 

0006 The classical models for genetic studies include E. 
coli, S. cerevisiae, D. melanogaStor, and M. musculus. These 
organisms share certain features that facilitate genetic Stud 
ies. First, they can be used to Screen and/or Select for 
interesting phenotypic variants (mutants). Second, they can 
be manipulated in Such a way that the underlying genes 
responsible for Specific mutant phenotypes can be localized 
and isolated by molecular cloning methods. These features 
permit the analysis of genes in cases where detailed bio 
chemical information about the process under Study is 
unavailable. All that is required at the outset is a tractable 
experimental organism and a phenotype that can be Scored 
or Selected. 

0007. In certain organisms such as humans which are of 
great interest, but in which classical genetic methods of 
Selective breeding cannot be applied, it is still possible to use 
genetic analysis to identify genes. The techniques are Some 
what different and involve retrospective phenotypic and 
genotypic analysis of kindreds that Segregate traits of inter 
est. Such kindreds can be used to determine the approximate 
location of genes that affect the trait of interest. This 
approach relies heavily on aspects of heredity that involve 
Sexual reproduction, Segregation, and recombination. From 
rough mapping information, the responsible gene(s) can 
often be isolated (Miki Y., Swensen J., et al., Science 266: 
66-71 (1994)). 
0008 Cultured cells from multicellular organisms, as 
well as Single-celled organisms, offer the great advantage 
that genetic Studies can be performed on the Simplest unit of 
life, the cell. In many microorganisms, genetic methods are 
Suitably advanced So that detailed genetic analysis of a wide 
variety of phenotypic traits is possible. In other organisms 
Such as humans, however, genetic Studies in cultured cells 
are still very difficult. Though cultured somatic cells have 
provided the route to identification of Several important 
human genes, Somatic cells have traits that Seriously limit 
their utility. They are diploid; hence mutants with a recessive 
phenotype are rarely observed. They reproduce clonally; 
hence it is not possible generally to map interesting muta 
tions. They are often heterogeneous; hence, each cell in a 
Supposedly identical population of cells may differ slightly 
in phenotype from another cell for a variety of genetic and 
epigenetic reasons. They do not lend themselves to a large 
variety of Selection Schemes. Genetic methods that can 
mitigate against these problems in human cells would be 
particularly valuable. 
0009 Genes regulate some of the most medically and 
commercially important processes in biology. A long list of 
human diseases are caused by mutations or malfunctions of 
Specific genes. Cancer may be the most familiar example, as 
it involves the Sequential alteration of proto-oncogenes and 
tumor Suppressor genes as tumors progreSS through Stages of 
malignancy (Fearon E. R. and Vogelstein B., Cell 61: 
759-767 (1990)). Methods capable of identifying the under 
lying genes that regulate important biological processes Such 
as tumor progression would thus be of great value. 
0010 For the foregoing reasons, a general method of 
genetic analysis in cultured cells is needed. The method 
should be simple, rapid, and permit identification of com 
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ponents of genetic pathways that regulate traits of interest. 
It should circumvent many of the obstacles that have inter 
fered with genetic analysis in certain cells and organisms. It 
should not require an understanding of the detailed basis of 
a particular phenotype, or the mechanisms that underlie 
specific cellular behaviors. The method should be generally 
applicable to a great variety of cells, including cells cultured 
from Somatic tissueS of multicellular organisms, and it 
should SideStep certain disadvantages of Somatic cell genet 
ics, including the diploid character of most cells, the diffi 
culty of isolating mutant genes once mutations have been 
induced, and the heterogeneity of many cell populations. 

SUMMARY OF THE INVENTION 

0.011 The present invention is directed to a method of 
genetic analysis that Satisfies the need for a simple, rapid, 
and general way to identify components of genetic pathways 
that regulate traits of interest. The method involves the use 
of three basic tools: (1) a reporter gene that reflects the 
phenotypic State of a particular cell; (2) a selection device or 
method that permits rapid quantitative measurement of the 
expression levels of the reporter molecule on a cell-by-cell 
basis; and (3) an expression library, preferably of proteins, 
protein fragments, or peptides ("perturbagens), that can be 
introduced into the chosen cell population (host cells). The 
reporter gene is typically contained in a construct that places 
it under the control of a Specific cis regulatory element 
whose activity correlates with the trait of interest. This 
construct is introduced into a population of host cells Such 
that it is stably maintained and expressed. A genetic library 
constructed in a Second expression vector is introduced into 
the host cells that harbor the reporter gene construct. This 
Second expression library generates perturbagens in the host 
cells. The host cells are analyzed using a method or device 
that quantitatively detects reporter expression levels. Cells 
with reporter gene expression levels that are decreased or 
increased relative to the expression observed in cells that 
contain only the Stably expressed reporter, without the 
perturbagens, are Selected and their library inserts are iso 
lated. 

0012. The reporter serves as a surrogate for the cellular 
phenotype and thus must be chosen carefully to reflect the 
relevant phenotypic State as closely as possible. The reporter 
may be an endogenous gene, preferably encoding a cell 
Surface marker, expressed by cells with the phenotype of 
interest, or it may be a foreign gene placed under the control 
of a cell-type-specific or cell-State-specific promoter that is 
active in the cells under Study. The reporter is expressed in 
the host cells at a level Sufficient to permit its rapid and 
quantitative determination. 
0013 Perturbagens are molecules that act in a transdomi 
nant mode to interfere with the function of endogenous 
cellular components. In the present invention, perturbagens 
are typically proteinacious: proteins, protein fragments, or 
peptides, though perturbagens may also be nucleic acids. By 
expressing perturbagens in cells, it is possible to disrupt 
Specific normal interactions, thus generating a "phenocopy' 
of a mutant phenotype; that is, although no mutations are 
created by the method, the function of Specific cellular 
constituents is affected as if the genes encoding these 
proteins were altered by mutation. Perturbagen genetic 
libraries are introduced into the host cells that harbor the 
reporter expression construct in Such a way that a Single type 
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of each perturbagen (or a small number of different pertur 
bagens) is expressed in a host cell. 

0014. The selection device or method is used to screen 
rapidly through millions of cells that harbor the reporter 
gene construct for variants that express altered levels of the 
reporter and to Sort (or Select) those variant cells away from 
the majority of cells that express normal levels. This Selected 
population that expresses altered levels of the reporter is 
used in turn to isolate the resident perturbagensby, e.g., PCR 
(Ausubel F. M., Brent R., et al., Current Protocols in 
Molecular Biology, John Wiley and Sons, New York 
(1996)). The selection procedure results in enrichment of the 
initial population of cells harboring the perturbagen library 
for cells that contain perturbagen fragments that affect 
reporter gene expression. The Sub-library of perturbagen 
fragments that influence reporter gene expression can be 
reintroduced into the host cells and the process of Screening/ 
Selection can be repeated. The whole cycle is repeated as 
many times as necessary to obtain a relatively pure Sub 
library of perturbagen-encoding inserts which, when intro 
duced into the host cells, causes altered reporter gene 
expression. Each of these perturbagen fragments can be 
isolated and studied individually. 

0015. Because the selection occurs at the population 
level, and further enrichment cycles are Simple to perform, 
the time associated with gene isolation is greatly reduced. In 
addition, this approach diminishes the chance that a particu 
lar perturbagen isolated according to the methods described 
herein acts idiosyncratically in a minority of host cells. 
Screens/Selections for Virtually any phenotype are possible, 
limited only by the fidelity with which the reporter repre 
Sents the cell phenotype of interest. 
0016 Perturbagen fragments isolated in this manner pro 
duce phenocopies, i.e. they generate the equivalent of 
genetic mutations. Each fragment encodes a perturbagen 
that affects expression of the reporter. In principle, any 
component of the genetic pathway that leads to reporter gene 
expression is Vulnerable to perturbagen disruption. For 
example, the reporter gene may be expressed only in the 
presence of a specific transcription factor. If the perturbagen 
Sequesters this factor, or acts upstream of the factor to reduce 
its activity, reporter gene expression will be reduced. The 
present invention also can be used to generate a perturbagen 
disruption that causes a phenotypic transformation Such that 
the original cell type is converted into a different cell type in 
which the reporter gene is not expressed. Such a perturbagen 
identifies a master Switch; a Single molecule capable of 
dictating the phenotype of the cell. 
0017. A cloned perturbagen-encoding Sequence may rap 
idly give direct and indirect information about the pathway 
it affects. If the perturbagen is derived from a gene or gene 
fragment, it may be related to a previously identified com 
ponent of the pathway and its Sequence may reveal its 
identity. The target of the perturbagen may be a Second 
component of that pathway, whose identity can be inferred. 
Alternatively, the target molecule can be identified by tech 
niques known in the art Such as the yeast two-hybrid Screen 
(See Fields S. and Song O.-K., U.S. Pat. No. 5,283,173) or 
by “Suppressor' perturbagen methods outlined infra (Jarvik 
J. and Botstein D., Proc. Natl. Acad. Sci. (USA) 72: 2738 
2742 (1975)). Thus, a few selection experiments performed 
on several millions of cells should enable identification of 
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most or all of the components of a particular pathway which 
are vulnerable to this type of disruption. Finally, if these 
components are involved in a process of commercial Sig 
nificance, the perturbagen provides a tool to develop valu 
able reagents either directly, or as a Substrate for Screening. 
0.018. These and other features, aspects, and advantages 
of the present invention will become better understood with 
regard to the following description, appended claims, and 
accompanying drawings. 

DESCRIPTION OF THE DRAWINGS 

0019 FIG. 1: Perturbagen cartoon. Three examples of 
intermolecular interactions illustrating: first, a complex 
between two native proteins in the cell; Second, a complex 
between a small molecule inhibitor of the interaction 
between the native proteins, and third, a complex between a 
protein fragment perturbagen derived from the native pro 
tein that is the normal binding partner of the other. This 
perturbagen is expected to behave in a manner Similar to the 
Small molecule inhibitor. Furthermore, the perturbagen/tar 
get complex Serves as the basis for a Screen to identify Small 
molecule mimics. 

0020 FIG. 2: Mammalian perturbagen expression vec 
tors that use autofluorescent proteins (GFP or BFP) as fusion 
partners for the expressed proteins. MCS is a multiple 
cloning site for insertion of individual Sequences or genetic 
libraries. Either of the illustrated vectors may be used for 
perturbagen expression library construction. 
0021 FIG. 3: Reporter gene expression vector for mam 
malian cells with a “crippled” promoter that contains only 
the TATA box from the CMV promoter and lacks an 
enhancer, cis regulatory elements can be inserted upstream 
of the TATA box in the Bg1 II or BamH1 sites. 
0022 FIG. 4: Flow chart of the process of genetic 
analysis disclosed in the invention. The reporter expression 
construct (in this case, the GFP gene) (1) is introduced into 
the chosen host cells and a stable expresser is selected (2). 
This reporter-expressing line is clonally expanded to gen 
erate a population that is, in this case, bright green (4). A 
perturbagen library (3) is introduced into the host cells to 
generate a population of reporter gene-containing cells (5), 
many of which also express perturbagens. This population is 
examined using a flow Sorter device (6) and cells are Sorted 
into two populations: cells (7) that continue to express 
reporter protein levels similar to the cell in #4.; and, cells (8) 
that express, in this case, reduced levels of the reporter. The 
perturbagen inserts (9) from such “dim” cells are isolated 
and either used to determine their DNA sequences (10), or 
reintroduced into the reporter-containing host cells (11) for 
another cycle of Selection and enrichment. 
0023 FIG. 5: Flow sorter profile diagram. A cartoon 
depicting the fluorescence intensity distribution of a popu 
lation of host cells containing perturbagens prior to Selec 
tion. This presorted population is used to Select cells on the 
left tail of the distribution (in black fill) or on the right tail 
(in gray fill). If, for example, the dim cells on the left are 
Selected and perturbagens from these cells are reintroduced 
into the original host cells, the fluorescence intensity distri 
bution that ensues from cells that harbor such a sub-library 
of Sequences becomes skewed to the left (i.e., the mean 
fluorescence intensity decreases). 
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0024 FIG. 6: Genetic pathway involved in a-factor arrest 
of S. cerevisiae a cells. The cell and nuclear membranes are 
represented as gray circles; the protein components of the 
pathway are depicted as rounded objects of various types 
including rectangles and triangles. a-factor is the triangle 
labeled with “a” outside the a cell. Interactions among 
components that lead to activation are represented as arrows, 
interactions that lead to inhibition are depicted as blunt 
ended lines. 

0025 FIG. 7: Expression vector used in yeast as a 
reporter to identify perturbagens that affect a-factor respon 
siveness. Three possible inserts upstream of the GFP gene 
are depicted which depend on the Strategy used. The first 
Strategy involves use of four tandemly arrayed a-factor 
response elements, the Second uses the promoter of the 
FUS1 gene; the third uses genomic DNA selected to confer 
a-factor responsiveness. 
0026 FIG. 8: Expression vector to express perturbagens 
in yeast. “Genomic DNA” refers to the perturbagen-encod 
ing inserts. Four Strategies are used to generate fusion 
proteins with the perturbagen inserts: 1. Blue Fluorescent 
Protein (BFP); 2. GAL4 sequences; 3. invertase sequences; 
4. no fusion partner Sequence. 

DEFINITIONS 

0027. The terms “genetic library” or “library” are inter 
changeably used to refer to a collection of nucleic acid 
fragments that may individually range in size from about a 
few base pairs to about a million base pairs. These fragments 
are contained as inserts in vectors capable of propagating in 
certain host cells Such as bacterial, fungal, plant, insect, or 
mammalian cells. 

0028. The term “sub-library” refers to a portion of a 
genetic library that has been isolated by application of a 
Specific Screening or Selection procedure. 
0029. The term “coverage” in the context of a genetic 
library refers to the level of redundancy of the library. This 
redundancy is in turn related to the probability that a specific 
Sequence within the nucleic acid Sequences that the library 
is intended to represent is actually present. Coverage is the 
ratio of the number of library inserts multiplied by the 
average insert Size to the total complexity of the nucleic acid 
Sequences that the library represents. 
0030 The term “vector” refers to a nucleic acid sequence 
that is capable of propagating in particular host cells and can 
accommodate inserts of foreign nucleic acid. Typically, 
vectors can be manipulated in vitro to insert foreign nucleic 
acids and the vectors can be introduced into host cells Such 
that the inserted nucleic acid is transiently or stably present 
in the host cells. 

0031. The term “expression vector” refers to a vector 
designed to express inserted nucleic acid Sequences. Such 
vectors may contain a powerful promoter located upstream 
of the insertion site. 

0032. The term “expression” in the context of nucleic 
acids refers to transcription and/or translation of nucleic 
acids into mRNA and/or protein products. 
0033. The term “expression library” refers to a library of 
nucleic acid fragments contained as inserts in an expression 
VectOr. 
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0034. The term “stable expression” refers to the contin 
ued presence and expression of a nucleic acid Sequence in a 
host cell for a period of time that is at least as long as that 
required to carry out the methods of the present invention. 
Stable expression can be achieved through integration of the 
construct into a host cell chromosome, or engineering the 
construct So that it possesses elements that ensure its con 
tinued replication and Segregation within the host (i.e., an 
artificial chromosome), or alternatively, the construct may 
contain a Selectable marker (e.g., a drug resistance gene) So 
that stable expression of the construct is ensured by growing 
the host cells under Selective conditions (e.g., in drug 
containing media). 
0035. The term “collection of nucleic acid fragments' 
refers to a Set of nucleic acid molecules from any Source. For 
example, a collection of nucleic acid fragments may com 
prise total genomic DNA, genomic DNA from one or more 
chromosomes, cDNA that has been reverse-transcribed from 
total cellular RNA or from messenger RNA (mRNA), total 
cellular RNA, mRNA, or a set of nucleic acid molecules 
Synthesized in vitro either individually, or using combina 
torial methods. Unless otherwise limited, the term encom 
passes nucleic acid molecules comprising known analogs of 
natural nucleotides that can function in a similar manner as 
naturally occurring nucleotides. 
0036) The term “insert” in the context of a library refers 
to an individual DNA fragment that constitutes a Single 
member of the library. 
0037. The term “host cell” refers to a cell of prokaryotic, 
archaebacterial, or eukaryotic origin that can Serve as a 
recipient for a vector that is introduced by any one of Several 
procedures. The host cell often allows replication and Seg 
regation of the vector that resides within. In certain cases, 
however, replication and/or Segregation are irrelevant; 
expression of vector or insert DNA is the objective. Typical 
bacterial host cells include E. coli and B. Subtilis, archae 
bacterial host cells include S. acidocaldarius and H. Sali 
narium, fungal host cells include S. cerevisiae and S. pombe, 
plant cells include those isolated from A. thaliana, and Z. 
maize, insect host cells include those isolated from D. 
melanogaStor, A. aegypti, and S. frugiperda, and mamma 
lian cells include those isolated from human tissues and 
cancers including melanocyte (melanoma), colon (carci 
noma), prostate (carcinoma), and brain (glioma, neuroblas 
toma, astrocytoma). 
0.038. The term “reporter gene” refers to nucleic acid 
Sequences for which Screens or Selections can be devised. 
Reporter genes may encode proteins (“reporters') capable of 
emitting light such as GFP (Chalfie M., Tu Y, et al., Science 
February 11; 263 :802-805 (1994)), or luciferase (Gould S. 
J., and Subramani S., Anal. Biochem. November 15, 175: 
5-13 (1988)), or genes that encode intracellular or cell 
surface proteins detectable by antibodies such as CD20 (Koh 
J., Enders G. H., et al., Nature 375: 506-510 (1995)). 
Preferably, the reporters allow the activity of cis regulatory 
Sequences to be monitored in a quantitative manner. Alter 
natively, reporter genes can confer antibiotic resistance Such 
as hygromycin or neomycin resistance (Santerre R. F., et al., 
Gene 30: 147-156 (1984)). 
0039. The terms “bright” and “dim” in the context of a 
cell sorter refer to the intensity levels of fluorescence (or 
other modes of light emission) exhibited by particular cells. 
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Bright cells have high intensity emission relative to the bulk 
population of cells, and by inference, high levels of reporter 
gene expression; dim cells have low intensity emission 
relative to the bulk population. 
0040. The term “genetic pathway” refers to a set of 
proteins (or the genes that encode them) that act in concert, 
or Sequentially, to accomplish a specific biochemical func 
tion or cellular behavior. 

0041. The terms “cis regulatory sequence,”“cis sequence, 
“regulatory Sequence,” or “regulatory element” are inter 
changeably used to refer to a nucleic acid Sequence that 
affects the expression of itself or other Sequences physically 
linked on the same nucleic acid molecule. Such Sequences 
may alter gene expression by affecting Such things as 
transcription, translation, or RNA Stability. Examples of cis 
regulatory Sequences include promoters, enhancers, or nega 
tive regulatory sequences (Alberts B., Bray D., et al. (Eds.), 
Molecular Biology of the Cell, Second Edition, Garland 
Publishing, Inc., New York and London, (1989); Lewin B, 
Gene V, Oxford University Press, Oxford, U.K. (1994)). 
0042. The term “perturbagen” refers to an agent that acts 
in a transdominant mode to interfere with Specific biochemi 
cal processes in cells. In the context of the present invention, 
perturbagens are typically either proteins, protein fragments, 
or peptides, although the term also encompasses nucleic 
acids and other organic molecules with Similar properties. 
0043. The term “transdominant” describes a type of inter 
action whereby the agent (most typically a perturbagen) is a 
diffusable substance that can bind its target in solution. Thus, 
a transdominant agent is dominant as opposed to recessive 
in a genetic Sense, because, e.g., it acts on gene products and 
not on alleles of genes. The effects of a perturbagen are 
Visible in the presence of Wild type alleles of its target. 
0044) The term “phenocopy” refers to a phenotypic state 
or appearance that mimics or resembles the State induced by 
mutation of a specific gene or genes. This State may, for 
example, be induced by expression of perturbagens within a 
particular host cell. 
004.5 The term “target' in the context of a perturbagen 
refers to the molecule in the cell (typically a protein) to 
which the perturbagen binds to exert its effect on cellular 
phenotype. 

0046) The term “flow sorter” refers to a machine that 
analyzes light emission intensity from cells or other objects 
and Separates these cells or objects according to parameters 
Such as light emission intensity. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0047. Overview 
0048. The present invention comprises methods to iden 
tify components of genetic pathways in cultured cells from 
plants and animals, or unicellular organisms. Such as yeast, 
bacteria, and fungi. Three basic tools are involved: (1) a 
reporter gene under the control of a Specific cis regulatory 
element that reflects the phenotypic State of a particular cell; 
(2) a selection device or method that permits rapid quanti 
tative measurement of the expression levels of the reporter 
molecule on a cell-by-cell basis; and (3) an expression 
library of proteins, protein fragments, or peptides ("pertur 
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bagens”) that can be introduced into the chosen cell popu 
lation. Sequences are isolated from the expression library 
based on their ability to alter the activity of the cis regulatory 
Sequence, as read out by the reporter expression level. The 
method thus comprises a set of tools and techniques that 
together permit the identification of components of genetic 
pathways using a pseudo-genetic approach. The method of 
the invention can be used in human cells, but it can also be 
modified easily for use in other mammalian cells, in plant 
cells, in arthropod cells, and in fungi, archaebacteria and 
bacteria. 

0049 Reporter Genes 
0050 Numerous reporter genes have been appropriated 
for use in expression monitoring and in promoter/enhancer 
trapping. A reporter comprises any gene product for which 
Screens or Selections can be applied. Reporter genes used in 
the art include the LacZ gene from E. coli (Shapiro S. K., 
Chou J., et al., Gene November; 25: 71-82 (1983)), the CAT 
gene from bacteria (Thiel G., Petersohn D., and Schoch S., 
Gene February 12; 168: 173-176 (1996)), the luciferase gene 
from firefly (Gould S.J., and Subramani S., 1988), and the 
GFP gene from jellyfish (Chalfie M. and Prashner D. C., 
U.S. Pat. No. 5,491,084). This set has been primarily used to 
monitor expression of genes in the cytoplasm. A different 
family of genes has been used to monitor expression at the 
cell Surface, e.g., the gene for lymphocyte antigen CD20. 
Normally a labeled antibody is used that binds to the cell 
Surface marker (e.g., CD20) to quantify the level of reporter 
(Koh J., Enders G. H., et al., 1995). 
0051. Of these reporters, autofluorescent proteins (e.g., 
GFP) and the cell Surface reporters are potentially of greatest 
use in monitoring living cells, because they act as "vital 
dyes.” Their expression can be evaluated in living cells, and 
the cells can be recovered intact for Subsequent analysis. 
Vital dyes, however, are not Specifically required by the 
methods of the present invention. It is also very useful to 
employ reporters whose expression can be quantified rapidly 
and with high Sensitivity. Thus, fluorescent reporters (or 
reporters that can be labeled directly or indirectly with a 
fluorophore) are especially preferred. This trait permits high 
throughput Screening on a flow Sorter machine Such as a 
fluorescence activated cell sorter (FACS). 
0.052 GFP is a member of a family of naturally occurring 
fluorescent proteins, whose fluorescence is primarily in the 
green region of the Spectrum. GFP has been developed 
extensively for use as a reporter and Several mutant forms of 
the protein have been characterized that have altered spectral 
properties (Cormack B. P., Valdivia R. H., and Falkow S., 
Gene 173: 33-38 (1996)). High levels of GFP expression 
have been obtained in cells ranging from yeast to human 
cells. It is a robust, all-purpose reporter, whose expression in 
the cytoplasm can be measured quantitatively using a flow 
Sorter instrument Such as a FACS. 

0053 Genetic Libraries 
0.054 Genetic libraries typically involve a collection of 
DNA fragments, usually genomic DNA or cDNA, but some 
times synthetic DNA or RNA, that together represent all or 
Some portion of a genome, a population of mRNAS, or Some 
other Set of nucleic acids that contain Sequences of interest. 
Typically, genetic libraries represent Sequences in a form 
that can be manipulated. A total genomic DNA library in 
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principle includes all the Sequences present in the genome of 
an organism propagated as a collection of cloned Sequences. 
It is often desirable to generate a library that is as represen 
tative of the input population of nucleic acids as possible. 
For example, Sequences that are present at one to one ratioS 
in the input population (e.g., genome) are present in the 
library in the same proportion. To achieve reasonable (e.g., 
>99% predicted) representation of the nucleic acid 
Sequences that the library is intended to contain, a library 
should have at least 5-fold coverage; that is, the library 
should contain at least 5-fold excess of total inserts beyond 
the total number required theoretically to cover the collec 
tion of nucleic acid Sequences one time. For example, if the 
library is intended to represent the genome of an organism, 
the coverage, i.e., the total number of inserts multiplied by 
the mean insert Size divided by the genome complexity, must 
be at least five. Typically libraries are propagated in vectors 
that grow in bacterial cells, although eukaryotic cells Such as 
yeast and even human cells can also serve as hosts. 

0055. The mean insert size of a library is a variable that 
can be manipulated within rather broad limits that depend on 
vector and cell types, among other things. For example, 
Some vectorS Such as bacterial plasmids accommodate Small 
inserts ranging from a few nucleotides to a few kilobase 
pairs, whereas otherS Such as yeast artificial chromosomes 
can accommodate insert Sizes that exceed 1,000 kilobase 
paIrS. 

0056. The present invention preferably uses genetic 
libraries that contain inserts on the Smaller end of the 
Spectrum. These inserts would most typically be derived 
from genomes or transcripts of particular organisms, or from 
Synthetic DNA, and would range from, e.g., 10 base pairs to 
10 kilobase pairs. The libraries most typically would have 
coverage that, if possible, exceeded five-fold. The details of 
library construction, manipulation, and maintenance are 
known in the art (Ausubel F., Brent R., et al., 1996; 
Sambrook J., Fritsch E. F., and Maniatis, T., Molecular 
Cloning. A Laboratory Manual, Second Edition, CHSL 
Press, New York (1989)). In one embodiment of the inven 
tion, a library is created according to the following proce 
dure using methods that are well-known in the art. Double 
stranded cDNA is prepared from random primed MRNA 
isolated from a particular cell type or tissue. These frag 
ments are treated with enzymes to repair their ends and are 
ligated into the expression vector described infra. The 
ligated material is introduced into E. coli and clones are 
Selected. A number of individual clones Sufficient to achieve 
reasonable coverage of the mRNA population (e.g., one 
million clones) is collected, and grown in mass culture for 
isolation of the resident vectors and their inserts. This 
process allows large quantities of the library DNA to be 
obtained in preparation for Subsequent procedures described 
infra. 

0057. In specific embodiments of the invention, it is 
preferable to use non-natural nucleic acid as the Starting 
material for the library. For example, it may be desirable to 
use a population of Synthetic oligonucleotides, e.g., repre 
Senting all possible Sequences of length N, or a Subset of all 
possible Sequences, as the input nucleic acid for the library. 
In addition, it may be desirable to use mixtures of natural 
and non-natural nucleic acids for library inserts. 
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0.058 Nucleic Acid Transfer 
0059. During the last two decades several basic methods 
have evolved for transferring exogenous nucleic acid into 
cultured host cells. These methods are well-known in the art 
(Ausubel F., Brent R.; et al., 1996; Sambrook J., et al., 1989). 
Some methods give rise primarily to transient expression in 
host cells, i.e., the expression is gradually lost from the cell 
population. Other methods can also generate cells that stably 
express the transferred nucleic acid, though the percentage 
of Stable expressers is typically lower than transient express 
erS. Such methods include viral and non-viral mechanisms 
for nucleic acid transfer. In the case of Viral transfer, a viral 
vector is used to carry nucleic acid inserts into the host cell. 
Depending on the Specific virus type, the introduced nucleic 
acid may remain as an extrachromosomal element (e.g., 
adenoviruses, Amalfitano A., Begy C. R., and Chamberlain 
J. S., Proc. Natl. Acad. Sci. (USA) 93:3352-3356 (1996)) or 
maybe incorporated into a host chromosome (e.g., retrovi 
ruses, Iida A., Chen S. T., et al., J. Virol. 70: 6054-6059 
(1996)). 
0060. In the case of non-viral nucleic acid transfer, many 
methods are available (Ausubel F., Brent R., et al., 1996). 
One technique for nucleic acid transfer is CaPO coprecipi 
tation of nucleic acid. This method relies on the ability of 
nucleic acid to coprecipitate with calcium and phosphate 
ions into a relatively insoluble CaPO grit, which settles onto 
the Surface of adherent cells on the culture dish bottom. The 
precipitate is, for reasons that are not clearly understood, 
absorbed by Some cells and the coprecipitated nucleic acid 
is liberated inside the cell and expressed. A second class of 
methods employs lipophilic cations that are able to bind 
DNA by charge interactions while forming lipid micelles. 
These micelles can fuse with cell membranes, dumping their 
DNA cargo into the host cell where it is expressed. A third 
method of nucleic acid transfer is electroporation, a tech 
nique that involves discharge of Voltage from the plates of 
a capacitor through a buffer containing DNA and host cells. 
This process disturbs the bilayer sufficiently that DNA 
contained in the bathing Solution is able to penetrate the cell 
membrane. A fourth method involves cationic polymers 
such as DEAE dextran which mediate DNA entry and 
expression in cultured cells. A fifth method employs ballistic 
delivery of DNA contained in ice crystals or adsorbed to the 
Surface of miniature projectiles that are shot into cells. 
Finally, microinjection of DNA can be used, though it is 
typically quite slow and labor intensive. 

0061. Several of these methods often result in the transfer 
of multiple DNA fragments into individual cells. It is often 
difficult to limit the quantity of DNA taken up by a single 
cell to one fragment. However, methods are known in the art 
to minimize transfer of multiple fragments. For example, by 
using “carrier nucleic acid (e.g., DNA Such as herring 
Sperm DNA that contains no Sequences relevant to the 
experiment), or reducing the total amount of DNA applied to 
the host cells, the problem of multiple fragment entry can be 
reduced. In addition, the invention does not specifically 
require that each recipient cell have a single type of library 
Sequence. Multiple passages of the library through the host 
cells (see below), permit sequences of interest to be sepa 
rated ultimately from Sequences that may be present initially 
as byStanders. Alternatively, it may be useful to take advan 
tage of the feature that many methods of gene transfer into 
Somatic cells deliver multiple copies. This trait may permit 
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more library Sequences to be Screened in a Smaller number 
of cells, especially since perturbagens act in a transdominant 
mode; i.e. if a particular cell contains Several different 
perturbagens, one of which alters expression of the reporter, 
this cell Should be collected during Screening and the active 
perturbagen should be recovered (along with others which 
have no effect). 
0062) If it is desirable to carry out genetic experiments on 
bacterial or fungal cells, a variety of techniques are also 
available for gene transfer. Electroporation is a particularly 
flexible method for nucleic acid delivery applicable to most 
cell types including prokaryotes, fungi, plant and animal 
cells. In addition, certain mixtures of Specific Salts can be 
used with some cells to facilitate DNA entry. For example, 
CaCl works well with E. coli and LiOAc works well with 
S. cerevisiae. 

0063) Perturbagens 
0064 One of the great shortcomings of somatic cell 
genetics involves the difficulty with which recessive muta 
tions can be observed. The problem can be formulated in 
Statistical terms. If mutations occur in one allele at a 
frequency of, e.g., one in one million, then the chance that 
two independent mutations will occur, one in each allele, is 
the product: one in a trillion. Thus, dominant or codominant 
mutations are much more readily observed in general. 
Because of the recessive nature of the vast majority of 
mutations, Somatic cell genetics is limited largely to Study of 
dominant alterations Such as overexpression. 
0065 Perturbagens typically are proteins, protein frag 
ments, or peptides (though they may be nucleic acids) that 
bind other proteins in the cell and thereby disrupt Specific 
biochemical pathways (see FIG. 1). Nature generates per 
turbagen-like molecules by chance in the case of a certain 
class of dominant, gain-of-function mutations and in Specific 
cases dominant negative mutant genes have been designed 
(Herskowitz I., Nature 329: 219-222 (1987)). In the present 
invention, this mode of biochemical/genetic disruption is 
harnessed and applied in a directed fashion to identify and 
recover important genes. 

0066 Perturbagens can be constructed in a variety of 
ways. They may be generated from randomly-primed, size 
Selected cDNA, sheared or digested genomic DNA, Syn 
thetic DNA or other sources of nucleic acid. They may be 
expressed in cells without any additional protein Sequences 
joined to them. Alternatively, they may be fused to other 
proteins, e.g., GFP or yeast GALA, by Standard methods of 
molecular cloning (Ausubel et al., 1996). In addition, they 
may be presented as insertion Sequences within Specific 
proteins. 

0067 Perturbagen libraries can be constructed using 
techniques Similar to construction of conventional gene and 
expression libraries as described Supra. Such libraries, when 
introduced into cells with Standard VectorS Such as viruses or 
by other means, act in a manner analogous to mutagens, that 
is, the perturbagens induce a phenocopy State in the host 
cells which mimics the mutant State, but does not directly 
involve alterations to host cell DNA sequences. The value of 
perturbagens is based on the ease with which they can be 
generated and Screened, and the readiness with which the 
perturbagen Sequences can be recovered and used to identify 
elements in the genetic pathways of interest. Furthermore, 
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they act in a mode Similar to Small molecule therapeutics. 
Indeed, they are simply the protein equivalent of a Small 
molecule, and they can be used in combination with their 
targets (binding partners) to Screen for Small molecule 
mimics that affect cells in a manner Similar to the original 
protein perturbagen. 

0068. In the present invention, perturbagen expression 
libraries comprised of, e.g., fragmented genomic DNA, 
random-primed cDNA, or synthetic DNA of random 
Sequence are introduced into host cells engineered to contain 
a reporter gene under the control of a cell-type-specific cis 
regulatory Sequence. Alternatively, a natural reporter con 
sisting of a membrane protein (or intracellular protein) for 
which good specific antibodies are available may be used, 
provided the expression of this protein correlates with a 
phenotype of interest. Cells harboring perturbagens are 
Screened by a rapid and quantitative method or device, Such 
as a flow Sorter, e.g., a FACS, to identify the population of 
cells that have altered expression of the reporter. These are 
collected for analysis as described infra. 
0069 Cis Regulatory Elements 
0070. In order to drive perturbagen expression in host 
cells of a particular type, a generic promoter capable of 
conferring robust, high or moderately high expression is 
required. These promoters are typically derived from house 
keeping genes that are expressed at reasonably high levels in 
most or all cell types in the organism, or from Viruses. 
Numerous Such cis regulatory Sequences are known in the 
art, Suitable for driving expression in mammalian cells, 
insect cells, plant cells, fungi or bacteria (Ausubel et al., 
1996; vector database located at: http://www.atcg.com/vec 
tordb/). For example, in eukaryotes the promoter for beta 
actin is useful (Qin Z., Kruger-Krasagakes S., et al., J. Exp. 
Med. 178: 355-360); in plants the Cauliflower Mosaic Virus 
35S promoter (Goddijn O. J., Pennings E. J., et al., Trans 
genic Res. 4: 315-323 (1995)); and in general, a promoter 
that drives high level expression of, e.g., a housekeeping or 
Viral gene can be identified with relative ease using current 
molecular genetic methods. 
0.071) To identify cis regulatory sequences that drive 
reporter gene expression, it is necessary to choose or Select 
Sequences that have the appropriate characteristics, that is, 
because the reporter is intended to act as a Surrogate for the 
phenotypic trait(s) under study, it must be regulated in a 
manner that approximates the phenotype as closely as poS 
Sible. Many Such Sequences are known in the art as tissue 
specific regulatory elements (Lewin B., (1994)). Alterna 
tively, Such regulatory Sequences can be identified by 
Standard procedures that involve: first, isolation of cell- or 
tissue-specific genes using procedures of differential display, 
Subtractive hybridization, representative difference analysis, 
and others (Ausubel et al., 1996; and see for discussion: 
Kamb A., Feldhaus M. J., “Method for the comparative 
assessment of relative amounts of nucleic acids, U.S. patent 
application Attorney Docket No. 8835-0005-999); second, 
the cis regulatory elements that are responsible for the 
pattern of gene expression can be elucidated by application 
of Standard methods of promoter/enhancer analysis includ 
ing generation of deletion and linker Scanned mutants, and 
expression assays in cells (Lewin B., 1994; Latchman D. S., 
Eukaryotic Transcription Factors, Second Edition, Aca 
demic Press, London (1996); McKnight S. L. and Yamamoto 
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K. R., Transcriptional Regulation, CHSL Press, New York 
(1992)). In addition, genetic methods that fall under the 
general name of enhancer/promoter traps can be employed 
to find cis Sequences with particular characteristics (see 
discussion in Ruley and von Melchner, U.S. Pat. No. 5,364, 
783; Bellen H. J. O’Kane C. J., et al., Genes Dev. 3: 
1288-1300 (1989)). Finally, methods for genetic selections 
of regulatory Sequences that have predetermined character 
istics as described in the co-pending United States patent 
application of Kamb C. A. titled, “Methods for identifying, 
characterizing, and evolving cell-type specific cis regulatory 
elements” (Attorney Docket No. 20410-701), may also be 
applied to identify useful cis Sequences for driving reporter 
gene expression. The goal is to choose a cis regulatory 
Sequence that is active under the conditions of interest, either 
by genetic methods, biochemical methods, or by reference to 
known genes that have the desired expression characteris 
tics. For example, if one desires to Study the process of 
pathogenesis in a particular pathogenic organism, it may be 
useful to commandeer a promoter that is only active in cells 
competent for pathogenic invasion of the host. 

0072 Expression Vectors 

0073 Expression vectors are used in the invention to 
produce RNA, proteins, protein fragments, or peptides 
derived from Sequences (genes and gene fragments) that are 
introduced into host cells. The Sequences include reporter 
genes used as a Surrogate for the phenotypic State of the cell, 
and Sequences that encode the perturbagens. There are 
numerous expression vectors known in the art which are 
readily available for use in the present invention (Ausubel F. 
M., Brent R., et al., 1996; Sambrook J. et al., 1989). Some 
of these are tailored for use in Specific cell types, but most 
are designed to be used in a wide variety of cell types. In 
mammalian cells, Viral transcriptional regulatory elements 
are a typical choice for driving expression of exogenous 
genes. For the purposes of the present invention involving 
perturbagen expression in mammalian host cells, an expres 
Sion vector that contains a reporter gene flanked downstream 
by a poly(A) addition sequence, e.g., derived from the SV40 
TAg gene, may be used. This type of expression vector is 
illustrated in FIG. 2. The perturbagen-encoding Sequence 
may be flanked upstream of its initiation codon by a TATA 
box, capable of binding RNA polymerase II (Pol II), and by 
an enhancer that preferably conferS high expression on the 
linked perturbagen-encoding Sequences. In addition to cis 
regulatory Sequences that are constitutively active Such as 
those in powerful viral promoters, the expression vector 
preferably includes a Site appropriate for insertion of per 
turbagen-encoding library Sequences. Such library 
Sequences preferably involve generation of a fusion protein 
with, e.g., BFP, though native protein domains or protein 
fragments may also be employed. The choice of which, if 
any, perturbagen fusion partner to use depends on, e.g., if 
cytoplasmic, nuclear, or extracellular expression of the per 
turbagen is desired. The Vector, if it is of Viral origin, may 
not require propagation in a bacterial host. 

0074. However, more typically the vector requires propa 
gation in, e.g., E. coli, and contains Sequences necessary for 
replication and Selection in E. coli Such as a col. 1 replicon 
and an antibiotic resistance gene. 
0075 For prokaryotic and archaebacterial host cells, cis 
regulatory Sequences are chosen according to Similar criteria 
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as discussed above. For the perturbagen expression vector, 
cis regulatory Sequences are included upstream of the per 
turbagen-encoding Sequences that cause robust, preferably 
high expression levels. These Sequences are thus, preferably, 
of a generic type present, e.g., upstream of housekeeping 
genes. In E. coli for example, a Suitable Sequence is the 
consensus promoter that consists of a -10 box and a -35 box 
(Alberts B., Bray D., et al., 1989; Lewin B., 1994). 
0.076. In contrast to the perturbagen expression vector, 
the reporter vector is customized So that reporter expression 
reflects as closely as possible the phenotypic State of the host 
cell under Study. Thus, the expression vector is designed 
Such that the reporter gene (e.g., GFP) is placed under the 
control of cis regulatory Sequences that confer cell-type 
Specific expression, and/or reflect the activation of Specific 
biochemical pathways within the cell. For example, FIG. 3 
shows a mammalian expression vector that can be used to 
insert foreign cis regulatory Sequences upstream of the 
TATA box from the CMV promoter, generating GFP expres 
Sion under the control of the chosen regulatory element. 
Such regulatory Sequences are known in the art (Lewin B., 
1994 and see Supra), or they can be identified using methods 
disclosed in the co-pending U.S. patent application by Carl 
Alexander Kamb filed Feb. 14, 1997 titled, “Methods for 
identifying, characterizing, and evolving cell-type specific 
cis regulatory elements.” Attorney Docket No. 20410-701. 

0077 Enrichment for Phenocopy Variants Induced by 
Perturbagen Expression 

0078. The combination of genetic libraries and genetic 
Selection or Screening techniques permits identification of 
Specific Sequences from libraries based on their functions in 
living cells. This Strategy has been used frequently in 
molecular biology to clone genes based on expression, e.g., 
by complementation of a mutant phenotype (e.g., Yocum R. 
R. and Johnston M., Gene 32: 75-82 (1984)). The premise of 
the Strategy is that an appropriately constructed library can 
be introduced into Suitable host cells and the effects of the 
library Sequences can be monitored. For example, a particu 
lar host cell may die in a particular environment in the 
absence of a certain gene; the host cell will only grow when 
a library insert that includes the gene is present. Alterna 
tively, Screens can be employed to pick out the library 
Sequences that confer a particular phenotype. For example, 
the T8 (Leu-2) gene was isolated by a protocol that involved 
expression in cultured cells, labeling by a fluorescent anti 
body, and enrichment by FACS of T8-expressing cells 
(Kavanthes P, Sukhatme V. P., et al., Proc. Natl. Acad. Sci. 
(USA) 81: 7688-7692 (1984)). 
0079 The present invention may use a flow sorter such as 
a FACS or equivalent device to Screen through large num 
bers of host cells harboring perturbagen library inserts to 
identify those that have a particular phenotype, namely, cells 
that have reduced or elevated levels of reporter molecule 
expression. If the perturbagen library is introduced into host 
cells engineered to express the reporter (e.g., GFP) in a 
Stable context, the large majority of cells that are analyzed 
by FACS are expected to have normal (e.g., high) levels of 
reporter expression. However, a Small number may exhibit 
reduced expression, detected on the FACS as cells that fall 
on the dimmer side of the cell fluorescence distribution. 
These dim cells can be collected and grown in isolation of 
the others. See FIGS. 3 and 4. Such a procedure results in 
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enrichment from the Starting population of perturbagen 
containing cells for those that contain perturbagens that 
reduce the level of reporter expression. These Selected, dim 
cells can be used to reisolate the perturbagen fragments by, 
e.g., PCR using primer Sites that flank the library inserts, So 
as to build a Sub-library of perturbagen fragments enriched 
for those that cause reduced reporter expression. The Sub 
library of fragments can be recloned (using e.g., the same 
expression vector) and reintroduced into the host cells, and 
the Screening/Selection proceSS can be repeated as many 
times as necessary. 
0080. After a sufficient number of cycles, a substantial 
difference should be observed in the fluorescence intensity 
distribution of the original reporter-containing host cells as 
compared to the host cells harboring the enriched pertur 
bagen sub-library inserts. Preferably, the procedure should 
be repeated until a minimal overlap is observed between 
these two fluorescence intensity distributions. Ultimately, 
the process of FACS Sorting and cycling should result in a 
population of perturbagen fragments that, e.g., inhibit 
expression of the reporter. These can be isolated and Studied 
individually by molecular cloning and DNA sequence analy 
Sis. If a Sufficient number of cycles has been carried out, 
many, preferably most, Separate fragments should produce 
roughly the same effect on reporter expression in the host 
cells as the effect produced by the enriched population from 
which they were isolated. 
0081 Perturbagen Targets 
0082) The targets of perturbagens in cells are as interest 
ing as the perturbagens themselves. It is expected that most 
perturbagens exert their phenotypic effect on cells by bind 
ing another specific protein, thus inhibiting its function. The 
other protein may be a wild type counterpart of the pertur 
bagen (e.g., in the case of protein homomultimers), or it may 
be another unrelated protein. In either case, the perturbagen 
provides a critical probe for isolation of the target protein. 
0083. With present technology such as the yeast two 
hybrid System or other genetic or biochemical approaches 
known in the art, it is possible to identify the relevant target 
molecules in the cell (Fields S. and Song O.-K., U.S. Pat. 
No. 5,283,173; Serrano M., Hannon G. J., et al., Nature 366, 
704-707 (1993); Ausubel, et al., 1996). It is also possible that 
the perturbagen Sequence may reveal the probable identity 
of the target, based on existing knowledge of biochemical 
pathways and comparisons with Sequence databases, for 
example the Sequence of a specific perturbagen can be used 
to search a public database such as GenBank. Any “hits” that 
reveal database Sequences with homologies that exceed a 
threshold for Statistical Significance can be carefully Studied, 
and their biological roles can be investigated in the pub 
lished literature. In Some cases perturbagens will be derived 
from components of a well established biochemical path 
way, and Strong candidates for the perturbagens targets may 
be deduced from the identity of the perturbagens them 
Selves. 

0084. In certain cases, additional perturbagen experi 
ments may reveal the identities of targets. For example, a 
Second perturbagen experiment using cells that express a 
perturbagen that inhibits reporter gene expression may pro 
vide a clue. If cells that harbor the reporter construct plus the 
initial perturbagen (now expressed stably using methods 
Similar to those employed to generate the original reporter 
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containing host cells) are used as host cells for another round 
of perturbagen genetics, it is Sometimes possible to Select 
revertants that express high levels of reporter once again. 
This revertant phenotype may be caused by, among other 
things, the presence of a Second perturbagen in the cells that 
mimics the behavior of the first perturbagen's target; i.e., a 
compensatory effect that involves overexpression of the 
target or a fragment of the target. Thus, the Set of revertant 
perturbagens (“anti-perturbagens') may provide clues as to 
the nature of perturbagen targets. 

0085 Genetic Pathways 
0.086 The perturbagen approach used in the present 
invention has the capacity to identify Several components of 
Specific genetic pathways in a single Selection experiment. 
This is because the assay is performed using a population of 
cells, without the need to isolate and grow individual 
mutants. All cells that harbor perturbagens capable of 
increasing or decreasing reporter gene expression are col 
lected together, and the family of resident perturbagens can 
be amplified, e.g., by PCR, for Subsequent analysis. Cloning 
individual nucleic acid fragments is much faster than clon 
ing individual cells and localizing chromosomal mutations 
within them. In a Sense, genetics is performed on the library 
of perturbagens rather than on the host cells themselves. 
0.087 Individual perturbagen-encoding fragments can be 
examined in further detail using assays other than the 
reporter gene expression assay used for their isolation. The 
mechanistic basis for perturbagen activity is likely to be of 
considerable interest. For example, the perturbagen may 
interfere with reporter gene expression by inhibiting the 
activity of a transcription factor required for reporter gene 
expression. Alternatively, it may interfere upstream of the 
transcription factor in a biochemical pathway that leads to 
activation of the Set of transcription factors required for 
reporter gene expression. Finally, the perturbagen may cause 
a transformation in cell fate, Such that the host cell no longer 
resembles the original parental cell type, but instead has 
been converted into a different cell type. Other possible 
modes of perturbagen disruption that lead to decreased or 
increased reporter gene expression can be envisioned. These 
can be Sorted out later using cell biological, genetic, and 
biochemical methods known in the art (Ausubel, et al., 1994; 
Sambrook et al., 1989). 
0088. During the course of a particular experiment, sev 
eral perturbagen inserts may be isolated that affect reporter 
gene expression. Using further rounds of perturbagen Selec 
tion it is possible to place the perturbagens into groups (akin 
to classical “complementation groups”) based on the Step in 
the pathway that they affect, and even to order those StepS. 
The first Stage in this proceSS involves generating a new Set 
of anti-perturbagens that act to increase the reporter expres 
Sion. If the original reporter gene is constitutively expressed 
in the absence of perturbagens, for instance, then anti 
perturbagens may be Selected as bright revertants of dim 
cells containing a perturbagen isolated during the first round 
of Selection experiments described Supra. If the original 
reporter gene is inducible (see Example 1 infra), it may be 
Simpler to Select perturbagens that are bright in the absence 
of the inducing signal (i.e., they promote constitutive acti 
Vation). In either case there are now two sets of perturbagens 
with opposite phenotypes; one class makes cells dim and the 
other reverses this phenotype. By introducing all possible 
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pairs of “dim-' and “bright-” inducing perturbagens into the 
host cells and examining the resulting reporter expression 
levels, it is possible to group perturbagens (and thus their 
cellular targets) by common response. If it is desirable to 
order the pathway in detail, methods using conditional 
perturbagens (hot and cold sensitive) may be employed 
according to the Strategy described by Jarvik J. and Botstein 
D. (Proc. Natl. Acad. Sci (USA). 70; 2046-2050 (1973); 
Proc. Natl. Acad. Sci. (USA) 72: 2738-2742 (1975)). 
0089. Note that perturbagens isolated in the fashion 
described herein may lead directly to new therapeutic mol 
ecules. The goal is not necessarily to identify perturbagens 
that have a single Specific effect on expression of the reporter 
gene, e.g., by interfering with the function of the reporter 
itself. Rather, the goal is through this means to identify 
perturbagens that have more general effects on cell physi 
ology, including but not limited to cell type transformations. 
Such perturbagens may be relevant to disease therapy 
because they disrupt Specific pathways in cells which have 
profound phenotypic and physiological consequences. 
These perturbagens and their associated cellular targets may 
Serve to identify novel therapeutic targets in cells, an 
extremely valuable commodity in the medical arena. 
0090. Additional Manipulations Designed to Improve 
Perturbagen Specificity 
0091 Perturbagens isolated using the procedures 
described Supra may be further refined in two Senses. First, 
perturbagens that are improved variants of members of the 
original perturbagen library may be isolated by accidental or 
deliberate mutation or recombination during the process of 
Selection and enrichment. Second, the perturbagens may be 
passed through additional genetic Screens and Selections that 
enrich for those that have more desirable properties in terms 
of cell-specific activity. 
0092. In the first case, amplification of DNA by, e.g., 
PCR is known to introduce Sequence changes during the 
replication process (Cline J., Braman J. C., et al., Nucleic 
Acids Res. 24, 3546-3551 (1996)). This can lead to sequence 
variants in Subsequent experiments, Some of which may 
have useful properties. For example, they may interfere 
more effectively with reporter gene expression than the 
original perturbagen in the library. These perturbagens will 
be identified by conferring a phenotype of, e.g., even lower 
reporter expression. Alternatively, it may be desirable to 
evolve improved variants of existing perturbagens by delib 
erately Subjecting the amplification process to conditions 
that enhance mutation and/or recombination of the nucleic 
acid by, e.g., in vitro mutagenesis, error-prone PCR, or 
recombinational PCR (Stemmer W. P., Nature 370, 389-391 
(1994)). Such conditions are known in the art (Ausubeletal, 
1994) and provide a means for evolving perturbagens that, 
e.g., are active at lower concentrations and/or demonstrate 
increased Selectivity in cells compared to perturbagens 
expressed by the original library; thus, they perform better 
as perturbagens. 

0093. In the second case, it may be desirable to passage 
the Sub-library of perturbagen fragments that have been 
isolated by application of the principles described Supra 
through additional Screens to enrich for those with improved 
Selectivity for particular biochemical pathways. For 
instance, trivial effects on reporter expression, or general 
effects on gene expression and/or cell viability may be 
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detected or eliminated by appropriate Secondary Screens. If 
desired, reporters linked, e.g., to a Second tissue- or cell 
type-specific promoter that behaves in the host cells in a 
manner Similar to the first reporter gene promoter may be 
used to reject perturbagens that affect the host cells in a 
reporter- or promoter-specific manner, and do not have a 
more profound effect on the state of the cell. Alternatively, 
a different reporter joined to the first promoter may be used. 
In addition, perturbagens that have general, non-specific 
effects on gene expression may be identified and/or removed 
by passing perturbagen Sub-libraries or individual pertur 
bagen-encoding Sequences through a different host cell, 
unrelated to the first host cell, with a different host-cell 
Specific promoter. 
0094 Small Molecule Displacement Screen Based on 
Perturbagen-target Interactions 
0.095 Perturbagens isolated as described Supra behave in 
a transdominant mode Similar to traditional Small molecule 
pharmaceutical compounds. Thus, in certain cases they may 
Serve much the same function as Small molecule therapeu 
tics though it may be necessary to ensure intracellular 
delivery and expression by gene therapy technology. In 
addition, perturbagens, in association with their cellular 
targets, provide the basis for high-throughput in Vitro 
Screens for Small molecule mimics that have properties 
Similar to the original perturbagen; namely, they bind Spe 
cifically to the perturbagen target and disrupt the target's 
function in vivo. Such molecules may have effects on cells 
Similar to the perturbagens used in the Screen. 
0096. In a specific embodiment of the invention, a system 
is used for assessing protein-protein interactions and their 
inhibition in a cell in Vivo, e.g., in a bacterial, fungal, plant, 
insect, or mammalian cell, or in Vitro. This System, referred 
to as a Small molecule displacement assay, can be used to 
Screen libraries of Small molecules to identify Specific 
compounds that disrupt perturbagen/target interactions. This 
use of perturbagens and their cognate targets is described in 
detail in co-pending U.S. patent application of Kamb, C. A. 
(Docket No. 8835-004-999). 

EXAMPLE 1. 

0097 Identification of Perturbagens that Modulate the 
a-Factor Signaling Pathway in Yeast a Cells 
0098. The binding of yeast mating pheromone a-factor to 
a Specific 7-transmembrane-domain-containing G-protein 
coupled receptor (the product of the STE2 gene) on the 
Surface of yeast cells of a mating type activates a Signaling 
pathway that culminates in cell-cycle arrest and the prepa 
ration of the cell for mating to an a cell (FIG. 6). This 
well-characterized signaling pathway (reviewed in Bardwell 
L., Cook J. G., Inouye C. J., Thomer J., Dev. Biol. 166: 2, 
363-379 (1994); Herskowitz I., Cell 80: 2, 187-197, (1995)) 
involves activation of a MAP kinase cascade and the tran 
Scriptional induction of at least 6 genes. Analysis of the 
promoters of Some of these genes has identified a Sequence 
element that is necessary and Sufficient for induction. The 
method of the invention can be applied to identify pertur 
bagens that block the a-factor Signaling pathway and thus 
prevent the a-factor-dependent induction of Specific genes. 
0099 Construction of an a-Factor-responsive GFP 
Reporter Plasmid 
0100. The promoterless yeast plasmid pRS416-GFP (dis 
closed in the co-pending application by Carl Alexander 
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Kamb filed Feb. 14, 1997 titled, “Methods for identifying, 
characterizing, and evolving cell-type specific cis regulatory 
elements”) contains the GAL1 TATA box (minus the GAL 
upstream activation Sequences, UAS) upstream of the cod 
ing Sequence of a GFP variant which expresses well in yeast. 
This plasmid can replicate and be selected in yeast (CEN and 
ARS, URA3) and E. coli (ColE1, AmpR) and has a unique 
Bg1 II site upstream of the GAL1 TATA box for inserting 
DNA promoter-containing fragments. The GFP expression 
is rendered a-factor responsive by cloning into the Bg1 II site 
4 copies of the a-factor-responsive element (as a Synthetic 
oligo), a PCR fragment containing bases-259 to upstream of 
the Fus1 gene (Hagen D. C., McCaffrey G., Sprague G. F. 
Jr., Mol. Cell Biol. 11: 6, 2952-61 (1991)) or, alternatively, 
any other a-factor-responsive cis regulatory element isolated 
from a genomic library that has been Screened to identify 
Such elements according to the methods described in the 
co-pending U.S. patent application by Carl Alexander Kamb 
filed Feb. 14, 1997 titled, “Methods for identifying, charac 
terizing, and evolving cell-type specific cis regulatory ele 
ments,” (Attorney Docket Number 20410-701) (see FIG. 7). 
When this construct is introduced into yeast and the cells are 
exposed to a-factor, they show increased fluorescence either 
by microscopy or FACS analysis compared to the same cells 
grown in the absence of a-factor. Thus this construct Satisfies 
the conditions necessary for a reporter that can be employed 
in the invention disclosed herein; namely, the reporter 
responds in a manner that reflects the relevant phenotypic 
State of the cell and/or cell environment. 

0101 AS an alternative to carrying the reporter gene on a 
centromere-containing plasmid in yeast, the construct can be 
introduced into the yeast genome using techniques known in 
the art (Ausubel et al., 1996; Rothstein R. J., Methods 
Enzymol. 101: 202-211, (1983)). Briefly, endogenous path 
ways of homologous recombination are used in Vivo to 
insert an expression vector that lacks an ARS/CEN but 
contains a Selectable marker in addition to the reporter 
expression cassette. A region of yeast DNA homology is 
introduced into the vector and the vector is cut with a 
restriction enzyme that produces a linear molecule, the ends 
of which contain homology with a yeast chromosomal 
region. Transformation with this linear material results in 
recruitment of homologous recombination machinery and 
generates a large number of transformants that contain the 
expression vector inserted into the chromosomal region of 
homology. Such an expression vector is inherited Stably 
along with the chromosome within which it resides. Indi 
vidual transformants can be tested to ensure that they 
continue to express the reporter as they were intended. 
0102) Construction of a Yeast Genomic DNA Pertur 
bagen Library 
0.103 Standard techniques are used to construct a library 
of yeast genomic DNA fragments in a yeast/E. coli Shuttle 
vector such as pRS315 (Sikorski R. S., Hieter P, Genetics 
122: 1, 19-27 (1989)). This vector contains LEU2 as a 
Selectable marker in yeast. Four Separate libraries may be 
made to present the perturbagen in different contexts or 
cellular compartments. In all four cases there is a GAL1 
promoter upstream of the inserted genomic fragment in 
order to drive its expression in a galactose-dependent fash 
O. 

0104. In one vector the coding sequence for Blue Fluo 
rescent Protein (BFP) (Quantum Biotechnologies, Inc., 
Laval, Canada; Anderson M. T., Tioe I. M., Lorincz M. C., 
Parks D. R., Herzenberg L. A., Nolan G. P., Herzenberg L. 



US 2002/00985.03 A1 

A., Proc. Natl. Acad. Sci. (USA) 93: 16, 8508-8511 (1996)) 
is located downstream of the GAL promoter and upstream of 
the insertion site to allow translational fusions between BFP 
and the inserted coding sequence (see FIG. 8). In a second 
case the Secreted form of invertase is the fusion partner; this 
allows export into the Secretion pathway of the perturbagens 
and may provide a mechanism for isolating perturbagens 
that have activity when secreted outside the cell or when 
otherwise consigned to the Secretory pathway. In a third case 
the GAL4 protein, a well established fusion partner (Fields 
S. and Song O.-K., U.S. Pat. No. 5,283,173), is fused to the 
perturbagen; this facilitates import of the perturbagen into 
the nucleus. In a fourth case there is no fusion partner for the 
perturbagen Sequence; this allows production of “stand 
alone” perturbagens. 
0105 Analysis of the Library in (a-Factor-responsive) 
GFP Reporter-bearing a Cells 

0106 Each of the perturbagen libraries described above 
is introduced into Separate cell populations containing the 
a-factor-responsive GFP vector. The selectable markers used 
on the perturbagen and reporter plasmids are different So that 
both can be maintained in the same cell (e.g., URA3 and 
LEU2). Alternatively the reporter construct can be inte 
grated into the chromosome (which has advantages due to 
more uniform levels of reporter gene expression in the 
population of cells). 
0107 Aperturbagen that specifically blocks the a-factor 
Signaling pathway should reduce fluorescence of these cells 
in a galactose-dependent fashion. The perturbagen Sub 
library can be further tested to ensure that, e.g., expression 
of particular perturbagens does not simply kill cells. This 
manipulation provides a convenient counterScreen to 
increase the probability that the perturbagens are specific for 
the targeted biochemical pathway involving a-factor arrest. 

0108. It is also possible to reverse the selection process 
and identify perturbagens that have the opposite effect; 
namely, they increase reporter expression in the absence of 
a-factor and the presence of galactose. Such perturbagens 
may be isolated by Screening for perturbagen-containing 
cells that are bright in the presence of galactose and the 
absence of a-factor. 

0109) Note that it is possible to use the BFP perturbagen 
library in this sort (the second case above) because levels of 
GFP expression in a cell can be monitored independently of 
the BFP expression in the same cell by the appropriate use 
of bandpass filters in the FACS machine. Because the 
excitation and emission maxima of GFP differ from those of 
BFP, it is necessary to employ appropriate filters and lasers 
(Anderson, et al., 1996). 

EXAMPLE 2 

0110 Pathway that Leads to Expression of the Tyrosinase 
Gene in Melanoma Cells 

0111 A variety of human melanoma-specific genes have 
been identified including DOPAchrome tautomerase/tyrosi 
nase-related protein 2 (TRP-2) (Yokoyama K., Yasumoto K., 
et al., J. Biol. Chem. 269: 27080–27087 (1994)), melan 
otransferrin (Mtf) (Duchange N., Ochoa A., et al., Nucleic 
Acids Res. 20: 2853-2859 (1992)), microphthalmia-associ 
ated transcription factor (MITF) (Fuse N., Yasumoto K., et 
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al., Biochem. Biophys. Res. Commun. 219: 702-707 (1996), 
and tyrosinase (Shibata K., Muraosa Y., et al., J. Biol. Chem. 
267: 

0112 20584-20588 (1992)). The associated regulatory 
elements of these genes provide the basis for designing 
melanoma cell-Specific reporters that involve fusion of a 
reporter gene to the cis regulatory Sequences of a melanoma 
Specific gene. 

0113 Construction of a GFP Expression Vector with 
Tyrosinase Regulatory Elements 
0114 Tyrosinase encodes an enzyme involved in the 
conversion of tyrosine into the polymeric, light-absorbing 
pigment melanin. Regulatory Sequences in the human tyro 
Sinase gene are particularly well characterized. Transfection 
experiments have determined that a promoter fragment 
located between 1.8-2.7 kilobase pairs upstream of the 
tyrosinase transcriptional initiation site is Sufficient to confer 
expression Specifically in melanoma pigment-producing 
cells (Shibata K., Muraosa Y., et al., 1992). Further deletion 
analysis identified a pigment-cell Specific enhancer con 
tained on a 200 base pair fragment located 1.8-2.0 kilobase 
pairs upstream of the Start Site. A 39-base pair core element 
was Sufficient to confer melanoma cell-Specific expression. 
0115 The promoter region defined in the series of experi 
ments described Supra is used to direct expression of a 
reporter gene (GFP in this case) specifically in human 
melanoma cells. Numerous Such cultured cell lines are 
available (Satyamoorthy K., DeJesus E., et al., Melanoma 
Res. (In press)), many of which (e.g., HS294T) grow well in 
culture and can be used in the experiments described in this 
example. The promoter region may include the entire 2.7 
kilobase pairs upstream of the human tyrosinase gene, or the 
200 base pair fragment located upstream of a TATA box 
sequence (FIG. 3). Based on the published literature, such 
a construct should be Selectively active in melanoma cells 
and not in, e.g., fibroblast cells. 
0116. The fusion construct consisting of tyrosinase regu 
latory sequences joined to the GFP reporter will be intro 
duced in an expression vector Such that GFP is expressed at 
high levels in the host cells. Selection for stable expressers 
will be applied using, e.g., the dominantly Selectable marker 
for neomycin resistance carried on the expression vector 
such as that shown in FIG. 3. Stable expressers will be 
Selected using techniques known in the art (Ausubel et al., 
1996), and the population of GFP-expressing cells will be 
verified by flow cytometry. A suitable clone, characterized 
by high, stable expression of GFP will be employed in 
Subsequent experiments. 

0117 Screen for Perturbagens that Inhibit Tyrosinase 
Expression 

0118. This host cell line will be used as a recipient for 
transfer of a perturbagen library of the type described Supra. 
Briefly, the library consists of cDNA fragments (derived 
from, e.g., randomly primed human fetal brain mRNA) or 
random peptide-encoding Sequences carried on an expres 
Sion vector that, e.g., may be derived from a typical mam 
malian expression vector such as that shown in FIG. 2. In 
this case, the library is under control of CMV sequences. 
The library is introduced into the host cells using Standard 
protocols for electroporation (Ausubel et al., 1996). The 
Specific conditions are chosen to optimize nucleic acid 
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transfer (see Example 3). The cells are then passed through 
a flow sorter device Such as a FACS to collect cells that are 
dim (i.e., express levels of GFP that are lower than the mean 
level of GFP expression in the host cells that lack pertur 
bagens, or are lower than the mean level of GFP expression 
exhibited by the bulk population of host cells, many of 
which express perturbagens). The resident perturbagen-en 
coding DNA inserts contained within the dim cells are 
recovered by, e.g., PCR amplification using primer Sites that 
flank the perturbagen insert Sequences. These perturbagen 
fragments are recloned in the expression vector and the 
Sub-library is reintroduced into the reporter-bearing host 
cells. This cycling process is continued a Sufficient number 
of times to generate a reasonably pure Set of perturbagen 
fragments that have the effect, when introduced Singly into 
host cells, of depressing GFP expression. Such fragments 
can be characterized further, including determination of their 
DNA sequences and examination of their effects on the groSS 
phenotype of the cell. 

EXAMPLE 3 

0119 Pathway that Leads to Expression of Beta-3 Inte 
grin in Metastatic Melanoma 
0120) A common feature of advanced melanomas is high 
level expression of the adhesion molecule beta-3 integrin 
(Varner J. A. and Cheresh D. A., Curr. Opin. Cell Biol. 8: 
724-730 (1996)). This provides an example of how the 
invention disclosed herein can be used to identify pertur 
bagens (and perturbagen targets) involved in the expression 
of specific cell Surface molecules. 
0121 Transfer of Perturbagen Libraries into Melanoma 
Cells 

0122) Melanoma cells that over express beta-3 integrin 
are used as the departure point for these experiments. When 
stained with a monoclonal antibody that binds beta-3 inte 
grin, these cells reveal a reproducible high level of expres 
Sion that is quantitatively distinct from a variety of other cell 
types that express either low levels of beta-3 integrin, or 
none at all, e.g., normal melanocytes. The cell line chosen 
from among the Set of high beta-3-integrin-expressing lines 
described in Satyamoorthy K., DeJesus E., et al., Melanoma 
ReS. (in press) is first tested to optimize nucleic acid transfer 
using, e.g., electroporation. Standard GFP expression vec 
tors such as those sold by Clontech (Palo Alto, Calif.) 
provide a convenient method to assess the results of different 
electroporation conditions. The GFP expression vectors are 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 1 

<210> SEQ ID NO 1 
<211& LENGTH: 11 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 
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introduced into the cells using a variety of Voltages and 
capacitances and the cells are returned to culture for a period 
(typically one day) Sufficient to permit recovery of the cells 
and expression of the transferred DNA. The cells are then 
analyzed by a flow sorter such as a FACS to determine the 
percentage of cells that are bright; i.e., the fraction that have 
accepted the transferred DNA. Conditions are selected that 
maximize this number for further experiments. 

0123 Flow Sorter Analysis and Selection of Dim Cells 
0.124. A perturbagen expression library of the type 
described in Example 2 is introduced into the melanoma 
host cells using the conditions defined above. After one to 
three days, the cells are collected, stained with the mono 
clonal antibody directed against beta-3 integrin, and labeled 
with a secondary fluorescently-labeled antibody that allows 
indirect visualization of the beta-3 integrin on the cells by 
binding the Fc domain of the first antibody (Robinson J. P., 
Darzynkiewicz Z., et al., (Eds.), Current Protocols in Flow 
Cytometry, John Wiley and Sons, New York (1997); Ausubel 
et al., 1996). These stained cells are passed through a flow 
Sorter, e.g., a FACS, and the dim fraction of cells is col 
lected. The collected cells are lysed and their perturbagen 
inserts are recovered by PCR for either another cycle of 
enrichment or for Sequence analysis. In either case the 
inserts are recloned in E. coli before proceeding. Individual 
perturbagen fragments identified through the above proce 
dure are analyzed further to ensure that many (preferably the 
majority) have the expected properties when tested singly, as 
opposed to being part of a population. The majority of Such 
fragments, when introduced alone into the melanoma cells, 
should cause a decrease in the level of beta-3 integrin protein 
expressed at the cell Surface. The DNA sequences of these 
fragments can be determined and used to explore the public 
Sequence databases to check if they match a known protein. 
The results of Such a Search may provide valuable informa 
tion about the nature of the perturbagen interaction in cells 
(i.e., the mechanism of the effect) and may point to the 
perturbagen target in Vivo. The perturbagen target may also 
be found using the method of two-hybrid analysis in S. 
cerevisiae as described in (Fields S. and Song O.-K., U.S. 
Pat. No. 5,283,173; Serrano et al., 1993). 
0.125 The above examples are provided to illustrate the 
invention but not to limit its scope. Other variants of the 
invention will be readily apparent to one of ordinary skill in 
the art and encompassed by the appended claims. All pub 
lications, patents, and patent applications cited herein are 
hereby incorporated by reference. 

<223> OTHER INFORMATION: Hypothetical sequence for illustrative purposes 

<400 SEQUENCE: 1 

acggtgcata c 11 
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What is claimed is: 
1. An assay for a nucleic acid that exerts an effect on a 

cellular pathway, comprising the Steps of 
(a) providing an initial cell population transformed with a 

reporter construct under the control of a cis-regulatory 
element related to Said cellular pathway; 

(b) transfecting said cell population with an expression 
library; 

(c) evaluating reporter expression levels in Said cells 
transfected with Said expression library; 

(d) Selecting a Subpopulation of cells with a desired 
reporter expression level; and 

(e) obtaining a Sublibrary from Said Subpopulation of 
cells, wherein Said Sublibrary contains at least one 
nucleic acid encoding a perturbagen that exerts an 
effect on Said cellular pathway. 

2. The method of claim 1, wherein said initial cell 
population is a mammalian cell population. 
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3. The method of claim 1, wherein said step of evaluating 
comprises fluorescence activated cell Sorter analysis of a 
fluorescent reporter. 

4. The method of claim 1, wherein said effect is activation 
of Said cellular pathway. 

5. The method of claim 1, wherein said effect is inacti 
Vation of Said cellular pathway. 

6. The method of claim 1, wherein said cellular pathway 
is growth-related. 

7. The method of claim 1, wherein said perturbagen is an 
RNA perturbagen. 

8. The method of claim 7, wherein said RNA perturbagen 
is a non-antisense RNA perturbagen. 

9. The method of claim 7, wherein said RNA perturbagen 
is a randomly generated RNA perturbagen. 

10. The method of claim 9, wherein said RNA pertur 
bagen is an antisense perturbagen. 


