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(57) ABSTRACT

The invention is directed to reliable and efficient detection of
mRNAs as well as other RNAs in living cells and its use to
identify and, if desired, separate cells based on their desired
characteristics. Such methods greatly simplify and reduce the
time necessary to carry out previously-known procedures,
and offers new approaches as well, such as selecting cells that
generate a particular protein or antisense oligonucleotide,
generating cell lines that express multiple proteins, generat-
ing cell lines with knock-out of one or more protein, and
others.
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ISOLATION OF LIVING CELLS AND
PREPARATION OF CELL LINES BASED ON
DETECTION AND QUANTIFICATION OF
PRESELECTED CELLULAR RIBONUCLEIC
ACID SEQUENCES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to provisional appli-
cation Ser. No. 60/166,987, filed Nov. 23, 1999, incorporated
herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] A molecular beacon is a nucleic acid probe that
recognizes and reports the presence of a specific nucleic acid
sequence. The probes are hairpin-shaped sequences with a
central stretch of nucleotides complementary to the target
sequence, and termini comprising short mutually comple-
mentary sequences. One terminus is covalently bound to a
fluorophore is and the other to a quenching moiety. When in
their native state with hybridized termini, the proximity of the
fluorophore and the quencher is such that no fluorescence is
produced. The beacon undergoes a spontaneous fluorogenic
conformational change when hybridized to its target nucleic
acid. See, for example, U.S. Pat. No. 5,925,517.

[0003] This property has enabled researchers to detect spe-
cific nucleic acids primarily in in vitro reactions and in some
cases even in living cells. In-situ visualization of messenger
RNA has been achieved using molecular beacons delivered to
living cells in liposomes (Matsuo, 1998, Biochim. Biophys.
Acta 1379:178-184). Studies involving cells have to. date
employed beacons generated with the very weak fluorophore
EDANS as this was the only one known to be quenched by the
quencher EDAC. The results though discernible are barely so
and the applicability of this line of research to in-vivo detec-
tion was not promising.

SUMMARY OF THE INVENTION

[0004] In one aspect, the present invention is directed to a
method for generating a cell line expressing at least one
preselected protein comprising the steps of:

[0005] a) transfecting a cell line with at least one DNA
construct encoding at least one preselected protein and
at least one drug resistance marker;

[0006] b) selecting for cells resistant to a drug to which
said marker confers resistance, said cells transcribing
the at least one drug resistance marker;

[0007] c) exposing the selected cells to a first molecular
beacon that fluoresces upon hybridization to an RNA
transcript of the at least one preselected protein;

[0008] d) isolating the cells that fluoresces;

[0009] e) generating a cell line expressing the at least one
preselected protein by growing the isolated cells.

[0010] The aforementioned method may be carried out
using fluorescence activated cell sorter technology. In a fur-
ther aspect, the cell line may be made to express a second
preselected protein by carrying out further steps including
transfecting the cell line with a second DNA construct encod-
ing a second preselected protein and a second drug resistance
marker; selecting for cells expressing the second marker;
exposing the cells to a second molecular beacon which fluo-
resces upon hybridization to an RNA transcript of the second
preselected protein and isolating cells that exhibit fluores-
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cence of each of the at least one and the second mRNA
transcripts. Cell lines expressing more than two proteins may
be provided by repeating the steps. The method to introduce
the second protein may be performed either simultaneously
or sequentially. If the first and second drug resistance markers
are the same, simultaneous selection may be achieved by
increasing the level of the drug.

[0011] Inanother aspect of the invention, a method is pro-
vided for generating a cell line expressing at least one prese-
lected protein comprising the steps of:

[0012] a) transfecting a cell line with at least one DNA
construct encoding the at least one preselected protein,
at least one drug resistance marker and at least one first
epitope tag;

[0013] D) selecting for cells resistant to a drug to which
said marker confers resistance, said cells transcribing
the at least one drug resistance marker;

[0014] c) exposing the cells to a first molecular beacon
that fluoresces upon hybridization with the RNA tran-
script of the first epitope tag;

[0015]

[0016] e)generating a cell line expressing the at least one
preselected protein by growing the isolated cells.

[0017] The aforementioned method may be carried out
using a fluorescence activated cell sorter technology. The
DNA portion of the construct encoding the epitope tag may be
in frame or out of frame with the portion ofthe DNA construct
encoding the at least one protein. In a further embodiment, the
cell line may be made to express at least a second preselected
protein; the steps further including transfecting the cell line
with a second DNA construct encoding the second prese-
lected protein, a second drug resistance marker and a second
epitope tag, selecting for cells transcribing the second
marker; exposing the cells to a second molecular beacon that
fluoresces upon hybridization with the RNA transcript of the
second epitope tag, and isolating the cells that exhibit fluo-
rescence of each of the first and the second epitope tag. In the
case of two proteins, the portion of the DNA sequence encod-
ing the second epitope tag may also be in frame or out of
frame with the portion of the DNA sequence encoding the
second protein. The second preselected protein may be trans-
fected either simultaneously or sequentially with the first.
Should the method be performed simultaneously, and the
same drug resistance marker used for both constructs, a
higher level of drug may be used to select for cells expressing
both constructs. Furthermore, more than two proteins may be
provided in the cell line by repeating the aforementioned
steps.

[0018] In yet a further aspect of the present invention, a
method is provided for generating a cell line expressing at
least one preselected antisense RNA molecule comprising the
steps of:

[0019] a) transfecting a cell line with a DNA construct
encoding the at least one preselected antisense RNA
molecule and at least one drug resistance gene;

[0020] D) selecting for cells resistant to a drug to which
said marker confers resistance, said cells transcribing
the at least one drug resistance marker;

[0021] c¢) exposing the cells to a molecular beacon that
fluoresces upon hybridization to the antisense RNA
molecule;

[0022]

d) isolating the cells that fluoresce; and

d) isolating the cells that fluoresce; and
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[0023] e) generating a cell line expressing the prese-
lected antisense RNA sequence by growing the isolated
cells.

[0024] Isolating the cells that fluoresce may be carried out
using fluorescence activated cell sorter technology. The cell
line may be made to express at least one second preselected
antisense RNA molecule, the steps further including simul-
taneously or sequentially transfecting the cell line with a
second DNA construct encoding a second preselected anti-
sense RNA molecule and a second drug resistence marker;
selecting for cellular expressing the second marker; exposing
the cells to a second molecular beacon which fluoresces upon
hybridization to a the second antisense RNA molecule; and
isolating cells that exhibit fluorescence of each of the at least
one and the second mRNA transcripts. If the method is per-
formed simultaneously and the same drug resistance marker
is used in both constructs, selection can be achieved using a
higher level of drug. More than two antisense RNA molecules
may be provided by repeating the aforementioned steps with
another construct.

[0025] In yet another aspect of the invention, a method is
provided for generating a cell line expressing at least one
preselected antisense RNA molecule comprising the steps of:
[0026] a) transfecting a cell line with a DNA construct
encoding the at least one preselected antisense RNA
molecule, at least one drug resistance marker and a first
epitope tag nucleotide sequence;
[0027] Db) selecting for cells resistant to a drug to which
said marker confers resistance, said cells transcribing
the at least one drug resistance marker;

[0028] c) exposing the selected cells to a first molecular
beacon that fluoresces upon hybridization to a mRNA
transcript of the first epitope tag;

[0029]

[0030] e)generating a cell line expressing the at least one
preselected antisense RNA molecule by growing the
isolated cells.

[0031] The cell line may be made to express at least one
second preselected epitope tagged antisense RNA, the steps
further including transfecting the cell line with a second DNA
construct encoding a second preselected epitope-tagged anti-
sense RNA molecule a second drug resistance marker; select-
ing for cellular expressing the second marker; exposing the
cells to a second molecular beacon which fluoresces upon
hybridization to an RNA transcript of the second epitope tag;
and isolating cells that exhibit fluorescence of both the at least
one and the second mRNA transcripts. These steps may be
carried out simultaneously or sequentially with the first.
Selection using simultaneous transfection with both con-
structs having the same drug resistance marker may be
achieved by using a higher level of drug. Additional steps may
be carried out to introduce more than two epitope-tagged
antisense molecules.

[0032] The foregoing methods may be used to prepare cells
expressing antisense RNA molecules or any other type of
RNA molecule, including but not limited to structural RNAs,
including rRNA, as well as hnRNA and snRNA. Further-
more, it should be noted that all of the methods in which an
epitope tag is provided for detection by a molecular beacon of
the transfected construct, it is unimportant whether the
epitope tag is in frame or out of frame with the encoded
protein, as long as the epitope tag sequence is detectable by
the molecular beacon.

d) isolating the cells that fluoresce; and

Aug. 19,2010

[0033] In yet a further aspect of the invention, a method is
provided for isolating cells expressing at least one protein or
RNA comprising the steps of:

[0034] a) providing cells suspected of expressing the at
least one protein;

[0035] D) exposing the cells to at least one molecular
beacon that fluoresces upon hybridization with a mRNA
transcript encoding the at least one protein;

[0036] c) isolating the cells that fluoresce.

[0037] Fluorescence-activated cell sorter technology may
be used to isolate the cells that fluoresce. The protein may be,
by way of non-limiting example, a cell surface-localized pro-
tein or an intracellular protein. Any other RNA may also be
detected. The method may also be used to identify cells also
expressing a second protein or RNA, using a second molecu-
lar beacon which fluoresces upon hybridization with its target
RNA is exposed to the cells, cells having fluorescence of each
of'the first and second molecular beacons are isolated. Simul-
taneous expression of more than two proteins is also achiev-
able.

[0038] The present invention is also directed to a method
for quantifying the level of at least one RNA transcript
expression in a biological sample comprising the steps of:

[0039] a) exposing the biological sample to a first
molecular beacon which fluoresces upon hybridization
with the RNA transcript;

[0040] Db) quantitating the level of fluorescence in the
biological sample; and

[0041] c) correlating the level of fluorescence with the
level of the at least one RNA transcript.

[0042] The biological sample may be cellular sample or a
tissue sample. The sample may be fixed. The RNA transcript
may be, but is not limited to, RNA that encodes a protein, a
structural RNA, or an antisense RNA. The fluorescence may
be quantitated by fluorescence microscopy or fluorescence-
activated cell sorter technology. The level of at least one
second RNA transcript expression may also be quantified in
the biological sample using a second molecular beacon which
fluoresces upon hybridization to the second RNA transcript.
[0043] Instill a further aspect of the invention, a method is
provided for generating a cell line which overexpresses at
least one protein comprising the steps of:

[0044] a) transfecting cells with at least two DNA
sequences, one sequence having a portion encoding the
protein, at least one epitope tag, and at least one drug
resistance marker; and a second sequence having a por-
tion encoding the protein, at least one second epitope
tag, and at least one second drug resistance marker;

[0045] D) selecting for cells transfected with the at least
two DNA sequences by expression of the first and the
second drug resistance markers;

[0046] c) exposing the selected cells to a first and a
second molecular beacon, each which fluoresces, upon
hybridization to the nucleotide sequences of RNA tran-
scripts of the first and the second epitope tags respec-
tively;

[0047] d) isolating the cells that exhibit fluorescence of
each of the first and second molecular beacons; and

[0048] e) generating a cell line overexpressing the at
least one preselected protein by growing the isolated
cells.

[0049] In the foregoing aspect of the invention, the at least
two DNA sequences may reside on the same construct. The
first and the second epitope tags may each independently be in
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frame or out of frame with the protein. The FACS may be used
to isolate cells expressing both constructs by isolating the
cells expressing the strongest fluorescence. As with the pre-
vious methods described herein, the transfection may be done
simultaneously or sequentially. Selection when the same drug
resistance marker is present in both constructs and simulta-
neous transfection is performed may be achieved by increas-
ing the level of the drug.

[0050] In a further aspect, a method is provided for gener-
ating a cell line which overexpresses at least one antisense
RNA molecule comprising the steps of:

[0051] a) transfecting cells with at least two DNA
sequences, one sequence having a portion encoding the
protein, at least one epitope tag, and at least one drug
resistance marker; and a second sequence having a por-
tion encoding the protein, at least one second epitope
tag, and at least one second drug resistance marker;

[0052] D) selecting for cells transfected with the at least
two DNA sequences by expression of the first and the
second drug resistance markers;

[0053] c¢) exposing the selected cells to a first and a
second molecular beacon, each which fluoresces upon
hybridization to the nucleotide sequences of RNA tran-
scripts of the first and the second epitope tags respec-
tively;

[0054] d) isolating the cells that exhibit fluorescence of
each of the first and second molecular beacons; and

[0055] e) generating a cell line overexpressing the at
least one preselected antisense RNA molecule by grow-
ing the isolated cells.

[0056] The at least two DNA sequences may reside on the
same construct. The first and the second epitope tags may
each independently be in frame or out of frame with the
antisense RNA molecule. Conditions and alternative methods
for achieving the desired product are as noted above. Further-
more, any form of RNA may be provided.

[0057] In another aspect of the invention, a method for
generating cells functionally null for expression of at least
one preselected protein or RNA is provided comprising the
steps of providing in the cells a plurality of antisense RNAs to
the preselected protein or RNA, wherein the plurality of anti-
sense RNA to the at least one preselected protein or RNA
binds essentially all RNA transcripts of the mRNA or other
RNA to be eliminated. In the case of making cells null for a
preselected protein, the preselected protein may be specifi-
cally only one or a subset of alternatively spliced forms of a
gene product.

[0058] In a further aspect of the invention, a method is
provided for generating a transgenic animal that is a function-
ally null-expressing mutant of at least one preselected protein
comprising carrying out the steps as hereinbefore described
utilizing embryonic stem cells, determining the viability of
the stem cells functionally null expressing the preselected
protein, and using the viable embryonic stem cells to produce
the transgenic animal.

[0059] Furthermore, a method for generating a cell line
which is functionally null expressing at least one protein and
overexpressing at least one other protein comprising carrying
out the methods described herein on the same cells. In addi-
tion, a method for generating a cell line expressing a lethal
antisense RNA under control of an inducible promoter is
provided by carrying out the foregoing methods wherein step
(a) is performed in the presence of a minimal amount of an
inducer.
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[0060] A method for identifying genetic recombinational
events in living cells comprising the steps of:

[0061] a) exposing a cell to a molecular beacon that
fluoresces upon hybridization with a RNA sequence
selected from the group consisting of that transcribed
from a recombined sequence and that transcribed from
the nonrecombined sequence;

[0062] D) detecting or sorting said cells.

[0063] The defecting and/or sorting of the cells may be
performed by FACS or microscope.

[0064] Inanotheraspect, the present invention is directed to
a proteolytic activity-generating unitary hybridization probe,
herein referred to as a probe protease. Such probe proteases
operate in a similar fashion to a molecular beacon, but instead
of'a change in fluorescence on interaction of the beacon with
its target nucleic acid sequence, the probe protease becomes
proteolytic in the presence of the target. The probe protease
composition provides at one end of a molecular beacon-type
oligonucleotide a protease, and at the other, a complementary
protease inhibitor. When the oligonucleotide is not hybrid-
ized to a target sequence, the proximity of the ends of the
oligonucleotide permit the protease and the protease inhibitor
to interact, inhibiting proteolytic activity of the protease.
However, upon hybridization of the target sequence of the
oligonucleotide to the target, the protease and its inhibitor are
separated, activating the protease. The activity of the protease
can be readily measured, and furthermore, the active protease
in the presence of a particular nucleic acid target sequence
may be employed not only for detection purposes but also for
therapeutic purposes, in which, for example, a cell in which
the probe protease is delivered is proteolyzed and rendered
nonviable if a particular gene is transcribed, for example, one
related to cellular transformation, oncogenesis, dysprolifera-
tion, and the like.

[0065] The aforementioned probe may have a proteolytic
enzyme inhibitor which is a peptide or another molecule
capable of reversibly inactivating the enzyme. Non-limiting
examples of enzymes and inhibitors include aminopeptidase
and amastatin, trypsin-like cysteine proteases and antipain,
aminopeptidase and bestatin, chymotrypsin like cysteine pro-
teases and chymostatin, aminopeptidase and diprotin A or B,
carboxypeptidase A and EDTA, elastase-like serine proteases
and elastinal, and thermolysin or aminopeptidase M and 1,10-
phenanthroline.

[0066] These and other aspects of the invention will be
appreciated from the following detailed description.

DETAILED DESCRIPTION OF THE INVENTION

[0067] The invention herein is based upon the ability of
molecular probes to identify RNA sequences in living cells,
and the use of fluorescence cell sorter or related technology to
identify and/or separate cells exhibiting a certain level or
levels of fluorescence at one or more wavelengths. It is now
known that EDAC can quench the emissions of a variety of
the strongest commonly-used fluorophores. Being able to
detect reliably and efficiently mRNAs as well as other RNAs
in living cells enables their use to identify and, if desired,
separate cells based on their desired characteristics, for
instance by using a Fluorescence Activated Cell Sorter
(FACS). The application provides numerous methods which
greatly simplify and reduce the time necessary to carry out
previously-known procedures, and offers new approaches as
well. The studies carried out so far involving beacons and
living cells do not show a significant difference above control.
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The problem is eliminated first by using stronger fluoro-
phores, and also by modifying beacons such that the number
of nucleotides forming the stem portion of the stem-loop
molecule are longer than the classical length of five or six
nucleotides that is used. This makes it more likely for the
molecule to maintain in its stem-loop, non-fluorescent state in
the absence of target sequence, thereby reducing background.

[0068] It is possible with the methodology described here-
inabove to generate stably transfected cell lines which
express RNAs with different roles; that is, some which neither
code for protein nor act as antisense RNA but which are
expressed by cells nevertheless, others which serve as mes-
senger RNAs, and others which are antisense RNAs to the two
classes already listed. Such other RNAs include structural
RNAs such as ribosomal RNAs, hnRNA, snRNA, etc.

[0069] 1. Generating Protein-Expressing Cell Lines Some
of'the most tedious steps involved in generating cell lines are
eliminated by the application of molecular beacons as
described herein. Following drug-selection of cells trans-
fected with a DNA construct encoding a desired gene as well
as drug resistance, one introduces into these cells molecular
beacons designed to recognize the message of the gene of
interest. Those cells transcribing the gene will fluoresce. Sub-
sequent FACS analysis results in the isolation of the fluores-
cent cells which are then grown to give rise to cell lines
expressing the gene of choice.

[0070] If the beacon designed to recognize a message of
interest is able to detect endogenously existing target
sequences, the proportion of these in comparison to the pro-
portion of the target sequence produced by transfected cells is
such that the sorter is able to discriminate the two cell types.
Alternatively, the issue of endogenous fluorescence is elimi-
nated by tagging the gene of interest with an epitope tag and
designing the beacon so that it recognizes the nucleotide
sequence encoding the tag. These nucleotides can either be in
frame with the message of the gene or out of frame with it,
depending on whether one wishes to tag the protein produced.

[0071] Additionally, the level of expression of the gene of
interest in any given cell may vary. The FACS is applied here
to evaluate expression levels; it is used to differentially select
individual cells expressing the same gene.

[0072] 2. Generating Antisense-Expressing Cell Lines
There are several studies describing the generation of cell
lines which express not RNA that encodes a protein, but
rather one that is the antisense of a gene or portion of a gene.
Such methods aim to reduce the amount of a specific protein
in a given cell. The steps described above for the generation of
protein-expressing cell lines are equally applicable here and
virtually identical except that here the beacon is designed to
detect an RNA which is an antisense RNA.

[0073] Not all attempts at making stably transfected anti-
sense-expressing cell lines result in cell lines where the
expression of the targeted protein is affected sufficiently. This
difficulty has made it less worthwhile to pursue the produc-
tion of such cell lines. However, given the ease of the proce-
dure described here, one easily assays the effectiveness of
numerous different genetic sequences for their ability to yield
active antisense expressing cell lines.

[0074] 3. Differentiating Between Cells Based on Cell Sur-
face-Localized Antigens Immunologists and others have long
used the FACS to sort cells. In accordance with the present
invention, to detect the presence of cell surface localized
protein, a beacon is made that has as its target the mRNA
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encoding the protein of interest. The beacon is introduced into
cells by transfection and the cell sorter is then used to isolate
positive-scoring cells.

[0075] Additionally, FACS is currently used to sort cells
based on their expression of up to three cell surface-localized
proteins. This feature of the FACS is carried out by use of
molecular beacons as described herein if a combination of
beacons is used, each targeted to the mRNA of one of the
proteins of interest, and each labeled differently. Multiple
rounds of sorting are performed to sort cells based on greater
than three expressed RNAs.

[0076] 4. Assaying Cells for the Expression of Specific
RNAs and Quantifying the Level of RNA Expression in Cells
If the target RNA of a molecular beacon that is introduced.
into a cell is present, the cell will fluoresce. This information
can be qualitatively assessed by use of the Fluorescence
Microscope or the FACS, and it is also quantifiable by either
of these. For instance, instead of performing in situ reverse-
transcription polymerase chain reaction (RT-PCR) on slices
of'tissues to determine a pattern of expression for a particular
RNA, a beacon is used to carry out the same experiment.
Moreover, using a combination of differently fluorescent bea-
cons, each targeting a specific RNA, one assays for the pres-
ence or quantity of several RNAs of interest in one step.
[0077] 5. Localization of Antigens in Combination with
Detection of RNAs in Cells and Tissues Using fixed cells or
tissue slices, one uses immunocytochemistry to describe the
localization of the protein antigens recognized, and using
Molecular Beacon targeting specific RNAs, one co-localizes
in the same samples the RNAs of interest. It has been shown
that Molecular Beacons targeted to RNAs function in fixed
cells.

[0078] 6. Generating Cell Lines Expressing Multiple Pro-
teins Using the methods of the present invention, one very
quickly generates stably transfected cell lines expressing any
number of proteins, even without the need to maintain these
cells in the presence of a mixture of numerous selective drugs.
Following gene transfection and drug-selection, a combina-
tion of molecular beacons, one to each protein message, is
introduced into the cells. By designing the loop sequence of
each beacon to hybridize to the mRNA of only one of the
genes or to the nucleotide sequence of only one of the epitope
tags (see above) with which the messages may be associated,
each beacon is designed to recognize the mRNA encoded by
only one of the genes. The cells are then sorted by FACS. By
selecting for one, two, or all three fluorescent signals, a vari-
ety of cell lines is generated in a single application.

[0079] One may have a need to produce a cell line express-
ing more than three RNAs of interest. For instance, it would
be highly informative to have a cell line in which are over-
expressed all of the proteins and RNA sequences thought to
be involved in the formation of a particular complex. To
achieve this, the steps described above are repeated using
cells already expressing a combination of RNAs as the host
cells into which would be transfected additional constructs
encoding additional RNAs.

[0080] Ifmultiple RNAs to be expressed are all cloned into
constructs conferring upon cells resistance to the same drug,
FACS is used to isolate cells expressing all of the desired
RNAs. Because the sequences are stably integrated into the
genome, the cells do not lose expression of any of the
sequences. However, it is possible that one or more of the
sequences could be lost. If this is the case, one increases the
concentration of the selective drug in the media in which
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these cells are grown, making this possibility less likely.
Alternatively, one uses constructs each of which confers
resistance to a different drug, and maintains cells in a mix of
appropriate drugs. Also, a subset of the constructs to be stably
transfected into cells are chosen so as to encode a resistance
gene for one drug, and another subset to encode a resistance
gene for another drug.

[0081] Moreover, if some cells of a cell line lose an RNA of
interest, then as one resort, the first experiment as described
above is performed to isolate the cell line is repeated and new
cells obtained. Alternatively, the mixture of cells described
are analyzed by FACS, with the aim of re-isolating cells
expressing all of the desired RNAs. This is a very useful
procedure as it again yields cells which give rise to a cell life
with the same genetic make-up of the original cell line
selected.

[0082] The approaches described above yield an unlimited
supply of cells expressing any combination of proteins and
RNA sequences, amenable to virtually unlimited methods of
analysis. Yet it is possible that a protein that is overexpressed
may be toxic to the cell, and as will be discussed later, this
possibility can be readily addressed.

[0083] It should be noted that the ease with which it is
possible to re-isolate cells expressing all of the desired RNAs
from cell line clones where the population of cells includes
some cells which no longer express all of the RNAs makes it
possible to maintain cell lines in the presence of no drug or
minimal concentrations of drug.

[0084] 7. Generating Cell Lines Dramatically Over-Ex-
pressing One or More Proteins For each gene that is to be
highly over-expressed, for example, two or more sequences
for the same gene are first cloned into DNA constructs con-
ferring drug resistance. Each of the multiple sequences for
each gene is designed to include the sequence encoding a
different epitope tag. Following transfection of the DNA con-
structs into cells and subsequent drug-selection, molecular
beacons, each of which is targeted to only one epitope tag and
differentially fluorescently labeled, are introduced into the
cells and the cell sorter is used to isolate cells positive for their
signals. Such cells have integrated into their genomes at least
one copy of each of the differentially epitope sequence tagged
genes, and thus the expression of the sequence of interest
occurs from an increased s number of copies of essentially the
same sequence of interest. This method is used in conjunction
with the use of the FACS to pick out those cells scoring most
intensely for the signal of each fluorophore.

[0085] 8. Generating Cell Lines Expressing Multiple Anti-
sense RNAs Stably transfected cell lines producing multiple
antisense messages are created as follows. Such antisense
messages target either mRNAs or other RNAs. One selects
cells which express to different levels any one of the antisense
sequences transfected. Through repeated rounds of stable
transfections, one readily selects cells that would give rise to
stably transfected cell lines which express the antisense mes-
sage of an unlimited number of RNAs.

[0086] Of course, cells expressing other RNAs other than
antisense RNAs are preparable by the methods described
herein. Such RNAs include but are not limited to mRNA,
rRNA, other structural RNAs, hnRNA, or snRNA.

[0087] 9. Generating Cell Lines Which are Functional
Knock-Outs for One or More Proteins The methods of the
present invention provide the means to prepare functional
knock-outs in cultured cells. This eliminates the need to try to
decipher the role of human proteins by studying their knock-
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out characteristics in yeast or mice. One generates cell lines
which are functional knock-outs of any one protein of interest
by generating cells expressing from multiple loci virtually the
same antisense RNA to aunique RNA sequence. For instance,
one stably transfects into cells multiple constructs each of
which would encode the antisense RNA for a particular gene.
Here each antisense RNA sequence differs only in that each
would be tagged with the nucleotide sequence of a unique
epitope tag. One selects those cells expressing all of the
differentially-tagged antisense RNAs. Because the FACS is
used to quantify fluorescence as previously described, this
feature enables one to select for those cells most strongly
expressing any one or more of the antisense sequences.
[0088] Importantly, different antisense sequences targeting
the same gene are used in this approach. For instance, some of
the antisense RNAs, the expression of which is selected for by
using molecular beacons and the FACS, is designed so as to
target a particular region of the messenger RNA for the gene,
whereas others are designed such that they target an alternate
portion of the same messenger. In order to generate cell lines
which are functional knock-outs of a protein of interest, one
stably transfects into cells as many genetic sequences encod-
ing similar or different antisense RNAs to the same gene of
interest as is necessary for the production of a cell line which
exhibits no detectable levels of expression of the protein of
interest, or alternatively, acceptably low levels of expression.
[0089] Moreover, one generates cell lines in which are
functionally knocked-out multiple proteins by repeating the
procedure described above while targetting any number of
sequences to be knocked-out functionally by antisense. For
instance, to study the function of a complex of proteins, one
knock-outs all or any combination’of the proteins making up
the complex.

[0090] 10. Generating Cell Lines Which are Functional
Knock-Outs of Only Selected Alternatively Spliced Forms of
One or More Genes Differentially spliced versions of a single
gene are often translated into proteins with differing func-
tions. Using the methods of the present invention, one gener-
ates cell lines which are functional knock-outs of only
selected alternatively spliced forms of one or more proteins.
For example, by designing antisense that would target only
those alternatively spliced versions of the messenger RNA of
the gene that one would like to eliminate from the cell, one
functionally knock-outs all of the alternatively spliced RNAs
of the gene of interest except for those alternatively spliced
messages which are of interest.

[0091] 11. Generating Cell Lines Expressing One or More
Proteins While Functionally Knocked-Out of One or More
Other Proteins It is possible with the methodology described
hereinabove to generate stably transfected cell lines which
express RNAs with different roles; that is, some which neither
code for protein nor act as antisense RNA but which are
expressed by cells nevertheless, others which serve as mes-
senger RNAs, and others which are antisense RNAs to the two
classes already listed. These include but are not limited to
structural RNAs such as ribosomal RNA, hnRNA, snRNA,
and other non-mRNAs.

[0092] For instance, for a given group of proteins that is
thought to interact with each other, one can study their inter-
actions by generating stably transfected cell lines in which
one or more of the proteins of interest are functionally
knocked-out by the cell’s expression of antisense RNAs. The
function of the remaining proteins of interest in the cell can
then be studied, but perhaps more interestingly, such a cell
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could be further altered by further manipulating it such that it
will now over-express one or more of the remaining proteins
of interest. Such a train of thought can be pushed infinitely
further, allowing one to over-express or eliminate the expres-
sion of additional proteins in cells.

[0093] The methods described above transform the science
of mammalian cells and other cells amenable to maintenance
in tissue culture to allow for many genetic manipulations
never before possible. For the first time, it is possible to
generate functional knock-outs in human cells; and to also
them have these over-express proteins. Again, it is possible
that overexpression of certain proteins or a functional knock
out of certain proteins may be lethal to cells. This is a problem
that will be addressed below.

[0094] 12. Generation of Transgenic Mice For some pur-
poses, the study of cells in culture is not sufficient. The meth-
odology described above, however, also lends itself towards
the manipulation of embryonic stem cells. Embryonic stem
cells may be obtained that could either express multiple pro-
teins or act as functional knock-outs of multiple proteins or a
subset of the alternatively spliced forms of multiple proteins,
etc., following the above procedures. Such embryonic stem
cells are then used as the basis for the generation of knock-out
animals. Using these procedures, one determines before an
attempt is made at generating a knock-out animal if the
experiment will result in a lethal phenotype. For instance, if a
protein that is essential is functionally knocked-out in embry-
onic stem cells, then such cells may not survive following
their isolation by the FACS.

[0095] 13. Generating Inducible Stably Transfected Cell
Lines The over-expression or the lack of expression of certain
proteins or RNAs in cells may be lethal. Yet it may be of
critical importance to study a cell over-expressing a toxic
protein or RNA, or one which is a functional knock-out of a
protein or RNA without which the cell is unable to survive. To
this end, one generates stably transfected cells where selected
RNAs having such deleterious effects on the cell are under the
control of inducible promotors. To isolate such cell lines, the
transfected and drug-selected cells are first minimally
induced to affect transcription of the inducible genes, and the
cells are then’be subjected to FACS analysis following the
transfection into them molecular beacons designed to recog-
nize the appropriate RNAs. The cells obtained are maintained
such that the toxic RNAs are uninduced and transcribed only
when necessary.

[0096] Inducible systems may be advantageous for appli-
cations other than the expression of toxic RNAs. For instance,
one induces the expression of genetic sequences stably trans-
fected into cells at a certain point during the cell cycle of a
synchronized cell line. Alternatively, if the expressed prod-
ucts of a set of one or more stably transfected genetic
sequences is thought to act on the expressed products of
another set, then it is of interest to clone the genetic sequences
of the first set under the control of one inducible promotor,
and those of the second set under the control of a second
inducible promotor. By varied inductions, one studies the
expressed products encoded by either set of genetic
sequences in either the absence or the presence of the
expressed products of the other set.

[0097] 14. Detecting Genetic Recombinational Events in
Living Cells and the Subsequent Isolation of Non-Recom-
bined or Differentially Recombined Cells Parallel to the use
of molecular beacons to detect the recombinational events
that lead to stable cell lines is the use of beacons to detect and
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isolate from a mixture of living cells those cells which have
undergone other specific recombinational events. The same
principle can be used to assay for VDJ recombination, trans-
location, and viral genome integration, for instance.

[0098] Incellular recombinational events, for instance, one
sequence of genomic DNA is swapped for another. If a DNA
sequence encoding a region where a recombinational event
occurred is transcribed into RNA, then the presence of such
an event is detected for by a molecular beacon designed to
recognize either the RNA transcribed from the unrecombined
DNA sequence, or that which is transcribed from the recom-
bined sequence. Such an assay is also carried out by the
Fluorescent Microscope. If one would like to separate from
each other cells which have recombined from those which
have not, then one subjects the cells to the FACS and sorts
them. In addition, the FACS is used to sort out cells based on
the presence or absence in them of numerous recombinational
events.

[0099] 15. Sorting Cells on the Basis of Expressed RNAs
Theuse of molecular beacons as described herein allows cells
to be sorted based on their expression of internally localized
proteins as well as proteins against which one may notbe able
to generate antibodies. For instance, starting from a mixed
population of cells, one isolates those cells which express
internally localized proteins of interest by designing molecu-
lar beacons which recognize the mRNAs which give rise to
these proteins. These molecular beacons are transfected into
the mixture of cells and the FACS is used to sort them as
appropriate. Multiple rounds of sorting may be carried out.
[0100] Additionally, a researcher may be interested, for
instance, in isolating cells which are induced upon stimula-
tion by a cytokine to express the mRNA of one or more
specific proteins from those which fail to be similarly
induced. To this end, a mixture of cells is first induced by the
cytokine, then transfected with beacons each of which is
designed to a recognize the mRNA that would give rise to one
of the proteins of interest. The FACS is then used to isolate
those cells which score positive for the mRNA of interest. In
an to alternative embodiment, one also assays cells infected
with a virus, for instance, for their expression of a particular
gene.

[0101] It is possible with the methodology described here-
inabove to detect cells positive for the presence of RNAs with
different roles; that is, some which neither code for protein
nor act as antisense RNA but which are expressed by cells
nevertheless, others which serve as messenger RNAs, and
others which are antisense RNAs to the two classes already
listed. These include but are not limited to structural RNAs
such as ribosomal RNA, hnRNA, snRNA, and other non-
mRNAs.

[0102] 16. In Vivo detection of Nucleic Acids, in Connec-
tion with the Subsequent Selection of Cells Because the
chemistry required is well characterized, one can modify
molecular beacons in many ways, yielding new possibilities.
For instance, cells expressing a specific mRNA the expres-
sion of which leads to malignant transformation of the cell are
selectively destroyed, while cells not expressing this mRNA
are more or less unaffected, as described below. A molecular
beacon is selected consisting of an oligonucleotide designed
to recognize and hybridize to a specific sequence of nucleic
acid contained in a gene of interest that is transcribed in some
of a mixture of cells. The oligonucleotide has covalently
attached at one end a protease, and at its other end one or more
molecules of the inhibitor of the protease, for example a
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peptide inhibitor. Note that it is important for the oligonucle-
otide used to synthesize such a beacon to have ends that can
hybridize with each other, as is the case with molecular bea-
cons. So long as the molecule described maintains its stem-
loop structure, the peptide inhibitor on one end of the mol-
ecule will be sufficiently close to the protease which is on the
other end so as to affect inhibition. For ease of discussion,
such molecules just described will be referred to as Probe
Proteases.

[0103] Upon transfection of probe proteases into cells
expressing the RNA that is recognized by a Probe Protease,
the Probe Protease hybridizes to its target. This causes acti-
vation of the protease as in its hybridized state, the protease is
no longer in the vicinity of its peptide inhibitor. A cell in
which the target of such a Probe Protease is present and
recognized is damaged and is thus selected against.

[0104] Additionally, Probe Proteases are useful in various
other applications. For example, given a mixture of cells in
which some of the cells are infected by a particular virus, one
is introduces into the cells a Probe Protease that targets a
specifically viral mRNA. Cells which carry such an mRNA
activate the proteolytic activity of the Probe Protease they
contain, and this destroys these cells.

[0105] It is possible with the methodology described here-
inabove to generate stably transfected cell lines which
express RNAs with different roles; that is, some which neither
code for protein nor act as antisense RNA but which are
expressed by cells nevertheless, others which serve as mes-
senger RNAs, and others which are antisense RNAs to the two
classes already listed.

[0106] Basedon foregoing description, the following meth-
ods may be carried out.

[0107] A method for generating a cell line expressing at
least one preselected protein is provided comprising the steps
of:

[0108] a) transfecting cell lines with at least one DNA
construct encoding said at least one preselected protein
and at least one drug resistance marker;

[0109] D) selecting for cells resistant to a drug to which
said marker confers resistance, said cells transcribing
the at least one DNA construct and the at least one drug
resistance marker;

[0110] c¢)exposing said selected cells to a first molecular
beacon that fluoresces upon hybridization to an RNA
transcript of said at least one preselected protein;

[0111] d) isolating said cells that fluoresces;

[0112] e) generating a cell line expressing said at least
one preselected protein by growing said isolated cells.

[0113] In this method, isolating said cells that fluoresce
may be carried out using fluorescence activated cell sorter
technology. The cell line may be further prepared to express
a second preselected protein, in either a simultaneous or
sequential fashion, the additional steps including transfecting
the cell line with a second DNA construct encoding a second
preselected protein and a drug resistance marker; selecting
for cells expressing said second marker; exposing said cells to
a second molecular beacon which fluoresces upon hybridiza-
tion to an RNA transcript of said second preselected protein
and isolating cells that exhibit fluorescence of each of said at
least one and said second mRNA transcripts. Presently, cur-
rent technology allows the detection of up to three different
fluorophores during a sorting procedure, at the present, the
above procedure may be repeated. simultaneously to obtain
the expression of up to three different proteins. If desired, a
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cell line expressing three different proteins may then be used
as the starting point for the introduction of more proteins
following the procedure.

[0114] The DNA construct used for transfection may
encode a single gene and a drug resistance marker, or addi-
tional genes with corresponding markers. Successful trans-
fection of each gene may be achieved by selection with the
corresponding drug. As noted above, whether the introduc-
tion of additional genes is done simultaneously or sequen-
tially, the number of expressed messages detectable at one
time may be limited by the fluorescence technology, but the
method can be carried out repeatedly to add more genes. [f up
to three fluorophores can be detected, three genes can be
introduced at a time.

[0115] A related approach is disclosed in which an epitope
tag associated with the transfected gene is used as the target
for the molecular beacon, allowing the selection of cells
expressing proteins whose mRNAs may be difficult to iden-
tify over background, for example, if the molecular beacon
detects a closely related RNA species. Accordingly, a method
for generating a cell line expressing at least one preselected
protein is provided comprising the steps of:

[0116] a) transfecting a cell line with at least one DNA
construct encoding said at least one preselected protein,
at least one drug resistance marker and at least one first
epitope tag;

[0117] D) selecting for cells resistant to a drug to which
said marker confers resistance, said cells transcribing
the at least one DNA construct and the at least one drug
resistance marker;

[0118] c¢) exposing said cells to a first molecular beacon
that fluoresces upon hybridization with the RNA tran-
script of said first epitope tag;

[0119]

[0120] e) generating a cell line expressing said at least
one preselected protein by growing said isolated cells.

[0121] The methods are essentially the same as that
described previously, except that the molecular beacon that
are used are designed to recognize the epitope tag rather than
the RNA transcript of the desired introduced protein. A ben-
efit of this procedure over the previous one is that only a small
number of molecular beacons, corresponding to the number
of different epitope tags, is needed to prepare a large number
of different cell lines expressing one or more proteins. As the
fluorescence sorter technology is now limited to three fluo-
rophores, only three different beacons are necessary of this
method. Should the technology later allow increased numbers
of fluorophores to be detected simultaneously, this may be
increased. However, up to three introduced proteins at one
time can be added, then the cells successfully transfected with
the three genes can be used as the starting point for the
addition of further genes.

[0122] Examples of epitope tags which may be used in the
invention, and to which beacons may be prepared include but
are not limited to HA (influenza hemagglutinin protein), myc,
his, protein C, VSV-G, FLAG, or FLU. These and other
epitope tags are known to one of skill in the art. As used
herein, the epitope tag provides a unique nucleic acid
sequence for recognition by a molecular beacon. Whether or
not the nucleic acid sequence is in frame or out of frame with
the encoded protein in a construct is not critical; the molecular
beacon can recognize either. Thus, the transcribed RNA bear-

d) isolating said cells that fluoresce; and
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ing the epitope tag nucleic acid sequence does not need to be
translated for detection of the transcript by the molecular
beacon.

[0123] Of course, the foregoing method may be used to
introduce more than one protein into the cells, further steps
performed simultaneously or sequentially including trans-
fecting the cell line with a second DNA construct encoding
the second preselected protein, a second drug resistance
marker and a second epitope tag, selecting for cells express-
ing said second marker; exposing said cells to a second
molecular beacon that fluoresces upon hybridization with the
RNA transcript of said second epitope tag, and isolating said
cells that exhibit fluorescence of each of said first and said
second epitope tag. The second epitope tag may be in frame or
out of frame with the portion of the DNA sequence encoding
said second protein.

[0124] The selection of successfully transfected cells is
carried out by standard procedures of growing cells in the
presence of the drug against which the drug resistance marker
is provided. If selection is for two different markers, these can
be selected simultaneously or sequentially. If the same drug
resistance marker is used on two different transfected con-
structs, a higher level of drug may be needed to select for cells
transfected with both construct, to account for dose effect.
[0125] The foregoing methods for preparing cell lines
expressing one or more proteins may be just as easily applies
to generating cell lines expressing one or more antisense
RNA molecules. The method comprises:

[0126] a) transfecting a cell line with a DNA construct
encoding said at least one preselected antisense RNA
molecule and at least one drug resistance gene;

[0127] D) selecting for cells resistant to a drug to which
said marker confers resistance, said cells transcribing
the at least one DNA construct and the at least one drug
resistance marker;

[0128] c) exposing said cells to a molecular beacon that
fluoresces upon hybridization to said antisense RNA
molecule;

[0129] d) isolating said cells that fluoresce; and

[0130] e) generating a cell line expressing said prese-
lected antisense RNA sequence by growing said isolated
cells.

[0131] All details of these methods are as described above.
In the instance where a beacon cannot detect the particular
mRNA, the epitope tag method may be used, namely:

[0132] a) transfecting a cell line with a DNA construct
encoding said at least one preselected antisense RNA
molecule, at least one drug resistance marker and a first
epitope tag nucleotide sequence;

[0133] D) selecting for cells resistant to a drug to which
said marker confers resistance, said cells transcribing
the at least one DNA construct and the at least one drug
resistance marker;

[0134] c¢) exposing said selected cells to a first molecular
beacon that fluoresces upon hybridization to a mRNA
transcript of said first epitope tag;

[0135] d) isolating said cells that fluoresce; and

[0136] e) generating a cell line expressing said at least
one preselected antisense RNA molecule by growing
said isolated cells.

[0137] As noted above, the advantage to the epitope tag
detection method is that separate beacons to each antisense
RNA do not have to be made; beacons are needed to only a
few epitope tags, which can be used in successive steps to
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introduce a large number of antisense molecules, or over
expression of one molecule into a cell line. Naturally, the
foregoing methods may be repeated simultaneously or suc-
cessively to introduce two or to more antisense RNA mol-
ecules in a given cell line.

[0138] In addition, cells made to express a particular pro-
tein or proteins may be used as the starting point for creating
cells expressing proteins and antisense RNA molecules. Of
course, the cells expressing the antisense molecules may be
used as the starting point for adding expressed proteins, using
the methods herein. Simultaneous transfection of proteins
and antisense molecules, with corresponding beacons and, if
desired, epitope tags, may also be performed. The various
combinations of the aforementioned procedures is embraced
herein.

[0139] Likewise, methods are provided for isolating cells
expressing at least one protein comprising the steps of:

[0140] a) providing cells suspected of expressing said at
least one protein;

[0141] D) exposing said cells to at least one molecular
beacon that fluoresces upon hybridization with a mRNA
transcript encoding said at least one protein;

[0142] c) isolating said cells that fluoresce.

[0143] These methods are particularly useful for protein
that are cell surface-localized protein or an intracellular pro-
tein. They do not require the use of probes for the proteins
themselves, which may be more difficult or will affect the cell
such that further experiments cannot be performed. More
than one protein can be identified using a plurality of molecu-
lar beacons, up to the number simultaneously detectable by
the technology used for isolation.

[0144] Naturally, the aforementioned procedures may be
used to quantify the level of at least one RNA transcript
expression in a biological sample comprising the steps of:

[0145] a) exposing the biological sample to a first
molecular beacon which fluoresces upon hybridization
with said RNA transcript;

[0146] b) quantitating the level of fluorescence in the
biological sample; and

[0147] c) correlating the level of fluorescence with said
level of the at least one mRNA transcript.

[0148] The biological sample may be a cellular sample or a
tissue sample; these may be fixed, for example, with formal-
dehyde, glutaraldehyde, or any number of known cellular
fixatives which do not interfere with the detection of RNA
using molecular beacons.

[0149] The detected RNA transcript may be RNA that
encodes a protein, a structural RNA, and an antisense RNA.
The fluorescence may be quantitated by fluorescence micros-
copy or fluorescence-activated cell sorter technology. Addi-
tional RNA species may be quantitated simultaneously using
a second molecular beacon which fluoresces upon hybridiza-
tion to a second RNA transcript.

[0150] Inanotheruse ofthe foregoing methods, a method is
provided for generating a cell line which overexpresses at
least one protein. This is achieved by transfecting cells with
two or more sequences encoding the same protein, selecting
for and identifying expression through epitope tags associ-
ated with the separate copies of the transcript. The steps
include:

[0151] a) transfecting cells with at least two DNA
sequences, said sequences each having a portion encod-
ing the protein, at least one epitope tag, and at least one
drug resistance marker; and a portion encoding the same
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protein, at least one second epitope tag, and at least one
second drug resistance marker;

[0152] D) selecting for cells transfected with the at least
two DNA sequences by s expression of the first and the
second drug resistance markers;

[0153] c¢) exposing the selected cells to a first and a
second molecular beacon, each which fluoresces upon
hybridization to the nucleotide sequences of RNA a
transcripts of said first and second epitope tags respec-
tively;

[0154] d)isolating cells that exhibit fluorescence of each
of said first and second molecular beacons; and

[0155] e) generating a cell line overexpressing said at
least one preselected protein by growing the isolated
cells.

[0156] As noted above, if the same drug resistance marker
is used for each copy of the gene, a higher level of drug may
be needed to select for cells transfected with both sequences.
As in the previous methods, the at least two DNA sequences
may reside on the same construct. The first and said second
epitope tags may each independently be in frame or out of
frame with the protein.

[0157] The aforementioned procedure is easily applicable
to generating cells overexpressing at least one antisense RNA
molecule. The method comprises the steps of:

[0158] a) transfecting cells with at least two DNA
sequences, the sequences each having a portion encod-
ing said antisense RNA molecule, at least one epitope
tag, and at least one drug resistance marker; and a por-
tion encoding said antisense RNA molecule, at least one
second epitope tag, and at least one second drug resis-
tance marker;

[0159] D) selecting for cells transfected with said at least
two DNA sequences by expression of said first and said
second drug resistance markers;

[0160] c) exposing said selected cells to a first and a
second molecular beacon, each which fluoresces upon
hybridization to the nucleotide sequences of RNA tran-
scripts of said first and said second epitope tags respec-
tively;

[0161] d)isolating said cells that exhibit fluorescence of
each of said first and second molecular beacons; and

[0162] e) generating a cell line overexpressing said at
least one preselected antisense RNA molecule by grow-
ing said isolated cells.

[0163]

[0164] Introduction of antisense RNA molecules in cells is
useful for functionally eliminating one or more proteins from
the cell. Following the above methods, a method is provided
for generating cells functionally null for expression of at least
one preselected protein comprising the steps of providing in
said cells a plurality of antisense RNAs to said preselected
protein, each provided in accordance with the aforemen-
tioned methods, wherein said plurality of antisense RNA to
said at least one preselected protein binds essentially all
mRNA transcripts of said at least one preselected protein. The
preselected protein may be an alternatively spliced form of'a
gene product. Following similar lines, a method is provided
for generating a transgenic animal that is a functionally null-
expressing mutant of at least one preselected protein com-
prising carrying out the steps described hereinabove utilizing
embryonic stem cells, determining the viability of said stem

The details are the same as those described above.
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cells functionally null expressing said preselected protein,
and using said viable embryonic stem cells to produce said
transgenic animal.
[0165] Likewise, amethod is provided for generating a cell
line which is functionally null expressing at least one protein
and overexpresses at least one other protein comprising car-
rying out the methods herein on the same cells. In similar
fashion, a method is provided for generating a cell line
expressing a lethal antisense RNA under control of an induc-
ible promoter by carrying out the method herein wherein the
transfection step is performed in the presence of a minimal
amount of an inducer.
[0166] A method is provided herein for identifying genetic
recombinational events in living cells comprising the steps of:
[0167] a) exposing a cell to a molecular beacon that
fluoresces upon hybridization with a RNA sequence
selected from the group consisting of that transcribed
from a recombined sequence and that transcribed from
the nonrecombined sequence; and
[0168] b) detecting said cells expressing said RNA
sequence.
[0169] The present invention is also directed to a novel
form of molecular beacon which, in contrast to the fluorescent
properties exhibited by prior art molecular beacons on bind-
ing to their target nucleic acids, exhibit proteolytic activity
upon such binding. Such proteolytic activity may be used for
detection purposes, but also to degrade particular protein
sequences in a cell should the mRNA encoding the protein be
present in the cell. For example, a protease which specifically
cleaves a viral protein maybe activated should transcription of
the virus become activated, such as in a latent infection.
[0170] Preferably, the proteolytic enzyme inhibitor is a
peptide, although other molecules including metals and metal
chelators are also useful, to provide reversible inhibition of
the enzyme upon interaction with the inhibitor. Examples of
useful pairs of proteolytic enzymes and inhibitors of the pro-
teolytic enzyme include but are not limited to aminopeptidase
and amastatin, trypsin-like cysteine proteases and antipain,
aminopeptidase and bestatin, chymotrypsin like cysteine pro-
teases and chymostatin, aminopeptidase and diprotin A or B,
carboxypeptidase A and EDTA, elastase-like serine proteases
and elastinal, and thermolysin or aminopeptidase M and 1,10-
phenanthroline.
[0171] The present invention may be better understood by
reference to the following non-limiting Examples, which are
provided as exemplary of the invention. The following
examples are presented in order to more fully illustrate the
preferred embodiments of the invention. They should in no
way be construed, however, as limiting the broad scope of the
invention.

Example 1

[0172] General Protocol. Starting Material: Molecular
Beacons may be introduced into cells which are not express-
ing any RNAs from plasmids, or they may be used to detect
RNA messages encoded from plasmids. The method of intro-
duction of the beacons into either of these two types of cells
is identical. The protocol below only requires that the cells to
be analyzed are separable from each other and are amenable
to FACS analysis.

[0173] 1) As described more thoroughly in the description
of the invention, beacons can be used in conjunction with
FACS to sort out cells of a tissue based on expression or lack
of'expression within cells of specific RNAs. To this end, cells
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must first be separated from each other by standard and well
established methods such as homogenization and further
chemical treatment. Appropriate beacons may then be intro-
duced into such cells according to the protocol below.
[0174] 2) Second, one may use beacons to select for cells
expressing particular RNAs encoded by plasmids that have
been transfected into a population of cells. To this end, one
must first transfect into a culture of cells a plasmid or plas-
mids encoding the desired RNAs. Beacons may then be gen-
erated to recognize these RNAs, as described in more detail in
the description of the invention. Transfection of the plasmids
into cells can be accomplished through a vast variety of meth-
ods using either ones own reagents or kits obtained from
biotechnical firms (Qiagen, Promega, Geneporter, Invitro-
gen, Stratagene, etc.), following the manufacturers’ instruc-
tions. The plasmids should be chosen such that each confers
resistance to an antibiotic. Following the of these plasmids
into cells and a brief period for the recovery of the cells
(usually 24 hours), the cells would be subjected to the appro-
priate antibiotics such that only those cells to which the plas-
mids have conferred antibiotic resistance will survive. This
generally takes three to four days, depending both on the cell
type and the antibiotic used.

[0175] The result is that a pool of cells remain and all of
these would be resistant to antibiotics, but only a small frac-
tion of which express the RNAs of interest. To select for the
cells expressing the desired RNAs, the protocol below may be
followed.

Example 2
Selection of Cells Using Beacons

[0176] 1) Transfect beacons into cells: Beacons must be
designed such that they will recognize the desired RNA either
by hybridizing to a sequence endogenous in the RNA or by is
hybridizing to a tag that is added to the native RNA sequence.
The design of beacons is elaborated upon in the description of
the invention.

[0177] Transfection may be carried out by a vast variety of
methods, similar to the transfection of plasmids into cells.
The method employed should be chosen based on the cell
type being used as some cells respond better to some trans-
fection methods over other methods. Transfection should be
performed according to the instructions of the manufacturer
of the transfection reagent used.

[0178] Transfection of beacons into cells may be carried
out either on cells in suspension or on cells growing on solid
surfaces, depending on the transfection reagent used.

[0179] 2) Following the transfection of beacons into cells,
the cells may then be subjected to FACS analysis. FACS can
be used to sort out cells positive for any one or more of the
beacons used. It can also be used to sort out cells based on the
intensity of the beacons’ signal, thereby allowing the
researcher to select cells which express RNAs to different
degrees.

Example 3

Generation of Cell Lines Expressing One or More
RNAs

[0180] Following FACS selection, the positive-scoring
cells can be maintained in appropriate medium as described
in more detail in the description of the invention. This cells
would give rise to cell lines expressing the RNAs of interest.
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[0181] Concentration of the Beacon: The concentration of
beacon to be used depends on several factors. For instance,
one must consider the abundance within cells of the RNA to
be detected and the accessibility of this RNA to the beacon.
For instance, if the RNA to be detected is present in very low
amounts or if it is found in a portion of the RNA which is not
readily accessible based on the three-dimensional folding of
the RNA, then more beacon should be used here then in cases
where the RNA to be detected is in high abundance and where
the site recognized by the beacon is fully accessible. The
exact amount of beacon to be used will have to be determined
empirically for each application.

[0182] This can be accomplished by introducing different
amounts of beacons into different groups of cells and select-
ing the condition where background fluorescence is low and
where signal is high (the condition where not all but some of
the cells score positive for the beacon).

1. A method for generating a cell line expressing at least
one preselected protein comprising the steps of:

a) transfecting cell lines with at least one DNA construct
encoding said at least one preselected protein and at least
one drug resistance marker;

b) selecting for cells resistant to a drug to which said
marker confers resistance, said cells transcribing the at
least one DNA construct and the at least one drug resis-
tance marker;

¢) exposing said selected cells to a first molecular beacon
that fluoresces upon hybridization to an RNA transcript
of said at least one preselected protein;

d) isolating said cells that fluoresces;

e) generating a cell line expressing said at least one prese-
lected protein by growing said isolated cells.

2. The method of claim 1 wherein isolating said cells that
fluoresce is carried out using fluorescence activated cell sorter
technology.

3. The method of claim 1, wherein said cell line expresses
a second preselected protein, said steps further including
transfecting said cell line with a second DNA construct
encoding a second preselected protein and a drug resistance
marker; selecting for cells expressing said second marker;
exposing said cells to a second molecular beacon which fluo-
resces upon hybridization to an RNA transcript of said second
preselected protein and isolating cells that exhibit fluores-
cence of each of said at least one and said second mRNA
transcripts.

4. The method of claim 3 wherein said step is performed
either simultaneously or sequentially.

5-11. (canceled)

12. A method for generating a cell line expressing at least
one preselected antisense RNA molecule comprising the
steps of:

a) transfecting a cell line with a DNA construct encoding
said at least one preselected antisense RNA molecule
and at least one drug resistance gene;

b) selecting for cells resistant to a drug to which said
marker confers resistance, said cells transcribing the at
least one DNA construct and the at least one drug resis-
tance marker;

¢) exposing said cells to a molecular beacon that fluoresces
upon hybridization to said antisense RNA molecule;

d) isolating said cells that fluoresce; and

e) generating a cell line expressing said preselected anti-
sense RNA sequence by growing said isolated cells.
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13. The method of claim 12 wherein isolating said cells that
fluoresce is carried out using fluorescence activated cell sorter
technology.

14. The method of claim 12, wherein said cell line
expresses at least one second preselected antisense RNA mol-
ecule, said steps further including transfecting said cell line
with a second DNA construct encoding a second preselected
antisense RNA molecule and a second drug resistence
marker; selecting for cellular expressing said second marker;
exposing said cells to a second molecular beacon which fluo-
resces upon hybridization to a said second antisense RNA
molecule; and isolating cells that exhibit fluorescence of each
of said at least one and said second mRNA transcripts.

15-21. (canceled)

22. A method for quantifying the level of at least one RNA
transcript expression in a biological sample comprising the
steps of

a) exposing said biological sample to a first molecular

beacon which fluoresces upon hybridization with said
RNA transcript;

b) quantitating the level of fluorescence in said biological

sample; and

¢) correlating said level of fluorescence with said level of

said at least one mRNA transcript.

23. The method of claim 22, wherein said biological
sample is selected from the group consisting of cellular
sample and a tissue sample.

24. The method of claim 22 wherein said RNA transcript is
selected from the group consisting of RNA that encodes a
protein, a structural RNA, and an antisense RNA.

25. The method of claim 22, wherein said biological
sample is fixed.
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26. The method of claim 22, wherein said fluorescence is
quantitated by fluorescence microscopy or fluorescence-ac-
tivated cell sorter technology.

27. (canceled)

28. The method of claim 22 wherein said cells expressing
said RNA are isolated using fluorescence cell sorter technol-
ogy.
29-34. (canceled)

35. A method for generating cells functionally null for
expression of at least one preselected protein comprising the
steps of providing in said cells a plurality of antisense RNAs
to said preselected protein, each provided in accordance with
claim 12, wherein said plurality of antisense RNA to said at
least one preselected protein binds essentially all mRNA tran-
scripts of said at least one preselected protein.

36. The method of claim 35, wherein said preselected
protein is an alternatively spliced form of a gene product.

37. A method for generating a transgenic animal that is a
functionally null-expressing mutant of at least one prese-
lected protein comprising carrying out the steps of claim 35
utilizing embryonic stem cells, determining the viability of
said stem cells functionally null expressing said preselected
protein, and using said viable embryonic stem cells to pro-
duce said transgenic animal.

38. (canceled)

39. A method for generating a cell line expressing a lethal
antisense RNA under control of an inducible promoter by
carrying out the method of claim 12 wherein step (a) is per-
formed in the presence of a minimal amount of an inducer.

40-43. (canceled)



