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Regulatory expresson systems, such as tetracycline repressible system, ecdysone
inducible system, and Lac operon inducible system, have been proved of tremendous vaue
for researchers wishing to understand the functiona significance of their genes of interest. In
the post-genomic era, tight and inducible expresson system is of extreme importance in the
identification of molecular targets genuine for disease pathogenes's and drug development. In
this proposd, a smple and efficient srategy is outlined to replace the traditiond individua
clone-based screening of generating regulatory expresson system. Taking advantage of a
GFP reporter construct under ecdysone responsive dement and FACSorting based upon a
ampligtic pogtive and negative selection scheme, we had been &ble to isolate population of
HEK 293 and MDCK cdlstightly regulated by ecdysone in term of the expresson activity of
exogenoudy introduced gene. Our preliminary data dso showed smilar strategy could be
exploited to set up tetracycline inducible syslem.  An example is provided to demondirate
how a dua regulatory expresson sysem, which conjugates ecdysone inducible and
tetracycline regulated systems, could be used to study the interplay of two closdly related
ggnding molecules



A mgor chdlenge for biomedicd researchers in the post-genomic era is to identify
which genes, among thousands of candidates found by methods like library substraction,
differential display, and DNA microaray, ae truly important in disease pathogeness.
Although the above molecular genetic tools are powerful to pick up potentia candidates in
teem of their differentid expresson levds under different physologica or pathologica
conditions, whether they are directly linked to pathogeness usudly awaits further functiond
assays in a cdlular or organismd context. One of the most powerful ways of sudying gene
functions is to analyze the phenotypic changes when the activity of the gene of interest is
varied in aprecisdy controled manner. Fine-tuning of gene activity is of particular importance
for metabolic pathway or developmenta switching when quantitetive parameters usualy define
ultimately different outcomes. Furthermore, if the genes of interest are potentidly toxic while
overexpressed, such as those involved in the cell death signaling, there would be tremendous
difficultiesin generating useful stable cdll clones. Regulated gene expresson system is thus an
gppeding solution to these problems. However, the earlier verson of regulatory expresson
systems, such as those exploiting heat shock, heavy metd, and steroid hormone promoters,
are flawed because of the leskiness of these promoter eements in controling the gene
expresson and aso because the inducers (heat, heavy metds, and steroid hormone) by
themsdves would activate endogenous genes to confound the experimental resultst.
Therefore, extensve gpplication of these systems was limited. Recently, severd newer
verson of regulatory expresson systems became available, such as tetracycline repressble
system, ecdysone inducible system, and Lac operon inducible system 234 (please refer also to
gopendix 1 and 2). These expresson systems share in common the regulatability of the
expresson of exogenous genes, and offer several benefits over the traditiond expresson
system based on condtitutively active promoter: (1) Inducible expresson of exogenous genes,
and therefore minimize the possibility of sdlecting secondary mutation during the course of
secting dable clones. (2) Tightly regulated expresson of exogenous genes dlows
physiologica range of protein expresson which prevents cdlular toxicity potentialy eicited by
uncontroled overexpression of genes with pleiotropic effects. (3) A perfectly matched control
cdl population when the exogenous gene is either not induced or suppressed.



These regulatory expression systems are ided tools for examining the effects of expressing the
genes on cell behaviors, wheress it is not straightforward to create these inducible expression

sysgemsin every kind of cdl line people usudly use.

In order to exercise the powerfulness of these gene expression system, one must first
trangplant the regulatory system which functions well in ether prokaryotic or invertebra
sysem into higher animd cdls. This process usudly involves intensve doning, cell culturing,
and testing procedures, and are very time-consuming. Because of the effort required for
edablishing the regulatory expresson system, large scae screening could not be essly
performed and this makes a successful outcome can not be surely guaranteed. Although it is
desrable to use inducible gene expresson system for studying gene functions, it takes lengthy
effort to generate inducible gene expresson system by conventiona drategy. Our god is to
generate inducible gene expresson system in a ampligic way without going through the
tedious single clone sdlection procedure. We would briefly describe the strategy we used in
meaking ecdysone inducible expresson system in the following section.

The fird seps, trandfecting cell lines with the plasmids expressing the regulatory
proteins (tTA, in tetracycline repressble system, and heterodimeric ecdysone receptor in
ecdysone inducible system), are not different between the traditiond way and the new
strategy described here (please refer to appendix 3). A plasmid encoding the regulatory
protein (tetracycline-regulated trans-activator, tTA, in tetracycline repressble system, and
heterodimeric ecdysone receptor in ecdysone inducible system) is stably transfected into the
cdl lines These regulatory plasmids are driven by conditutively active vira promoter to
ensure adequate expression of the regulatory proteins. After transfection, only cells uptaking
the plasmids would express the drug selectable markers (G418 resistance for pTet-ON/OFF
In tetracycline repressible systemor, and zeocin resstance for pVgRXR in case of ecdysone
inducible system) and survive the drug sdection. Only a few of those cdls uptaking the
plasmids would eventudly integrate the exogenous DNA into their chromosomes, most of the
uptaken plasmids are in episoma forms, and would therefore be cleared out of the cels
during subsequent cdll divison. Findly, a population of candidete clones are enriched during
the selection process, and only a certain portion of these stable clones could express the
regulatory proteinsin adesirableway. 1 n_the conventional way, the candidate clones




are individualy expanded and tested for their inducibility, usudly by luciferase reporter assay
under inducible and non-inducible condition, so as to further pick up the clones possessing the
optima regulated characteristics, namely, maxima reporter activity under induced condition
while minima reporter activity under nortinduced condition (please refer to gppendix 4). This
Isthe critical step in generating a regulatory expresson system which demands most time and

energy.

In contrast to the treditiond way of sdecting optimd responder using individud
cloning and luciferase reporter assay, We propose a new strateqy here. Instead of

isolating and maintaining the surviving candidate clones separatdy, we smply trypsinize those
surviving candidates after zeocin sdection (zeocin resistance marker is confered by pVgRXR,
the plasmids expressing the heterodimeric ecdysone receptors) and pool them al together
awaiting further sdection by FACS. A reporter plasmid, pIND-GFP is constructed by
cloning GFP under the control of ecdysone responsve dement. Then, this plasmid is
trandfected into the population of candidate clones which are pooled during the drug sdection
procedure. The responsive clones could be distinguished from the non-responsive clones
amply by the brightness of GFP fluorescence under inducible condition (plesse refer to
appendix 4), and could readily be sorted by FACS (Positive Selection). After severd
rounds of positive selection, the candidate population of cells would again be transfected with
the same GFP reporter plasmid, but this time those cells with leeky expresson characteristic
would be sorted out by FACS under ron-inducible condition (Negative Selection) (please
refer to appendix 5).

While we had success in using the above mentioned drategy to efficiently set
ecdysone inducible expresson system in MDCK and HEK 293 cdll lines, our initia attempt
to gpply smilar dtrategy to set up tetracycline regulatory system was hampered by lack of
regulatability of tetracycline responsve promoter (TRE promoter). We found the TRE
promoter, which is composed by aminima CMV promoter and seven tandem repeets of Tet
operator sequence, is very active when trandently transfected into cdl line. Even without the
presence of regulatory proteins (tTA in Tet-OFF system or rtTA in Tet-ON system), this
promoter could be activated very efficiently. The explanation for such a lack of regulated
property is because the promoter, when trandently transfected into cells, is in an episoma



satus, and there is no so-caled chromosome inhibitory effect to govern the regulatability of
the promoter. Therefore, the minima CMV promoter in the TRE promoter could then attract
transcription machinery to ingtdl gene expression even when tTA or TA is not binding to the
promoter. To circumvent this problem, we decide to complement the Tet-ON system with a
tetracycline regulated gene slencing system, as suggested by the inventor of Tet system, Dr.
Hermann Bujard. tTSKid-1 js a fusion protein congtructed by fusing TetR (tetracydline
regulated repressor), nuclear localization sgna (NLS) of SV40 Tag, and a 61-amino acid
KRAB domain of human kidney protein Kid-1.

nERNs(Kid e {TS Kid

This fusion protein could be combined with tTA (regulatory protein for Tet-ON system) to
provide ided inducibility of TRE promoter for gene expressiorP (please refer to appendix 6).
Our preiminary data showed it indeed could work and we are now trying to establish cdll

lines which express both tTA and tTS in adequate level. Once we finish the making of such
cdl liens, we are going to subject them to the FACS-based positive and negetive sdlection in
order to enrich the clones which possessing optima inducibility. Our stragety is to make use
of two different IRESs (internd ribosoma entry Sites) for constructing a plasmid expressing a

tri-cistronic transcript.
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The logicd basis behind the design of this congtruct is as follows:

The two IRESs (IRES* and IRES**) are of different capabilities to initiate protein trandation
from downstream AUG start codon. IRES** is an attenuated |RES which makes puromycin
selection favorable for a higher expression of genes placed upstream of IRES**. Therefore,
clones surviving puromycin sdection would very likely express high levd of both tTS and
MTA. The expresson of rtTA is coupled to the expression of tTS by an competent IRES.
However, we ddiberately place nTA dfter tTS with he wish that every sngle round of
positive selection by our FACSorting based enrichment strategy could not only pick up high
expresser of rtTA, but dso pick up high level expresser of tTS because the trandation of tTA



followsthat of tTS, and both tTS and rtTA are from the same RNA transcript.  Although we
haven't finished making a stable cdl line expressng such a tri-cistronic RNA transcript, the
preliminary data show it is a least worth trying.

While we were making the Tet-ON regulated expression system, we aso tried to
explore the possibility of combining tetracycline regulatory expressong system and ecdysone
inducible system for studying complicated biologicad events. We are interested in a specid
form of detachment-induced apoptosis, anoikisS. Epithdid cels, endothdid cdls, muscle
cdls, and perhgps many other cdl types undergo programed cell death when they are
deprived of the contact with extracdlular matrix, which presumably interact through integrin
complex to provide important cues for cdlular surviva and differentiation. Apoptossinduced
by disruption of the interactions between normd epithdid cells and extracdlular matrix has
been rhetorically named as "anoikis'. Anoikis is regulated by many factors, including cell-
substratum, cdll-cdl interaction, and cytoskeleton organization. Rho family smal GTPases
(RhoA/Racl/Cdc42) are mgjor players controling al these processes’. Thus, it is very likely
Rho family proteins regulate detachment-induced anoikis. In order to demongtrate how a
dua-regulatory cdl line could be used for studying anoikis, we took advantage of an MDCK
cdl line dready expressing dominant negative Racl (RacIN17) under tetracycline repressible
systemB12, and superimposed this cdl line with ecdysore inducible system to express
congdtitutively active Cdc42 (Cdc42V12). We demondrated in this pilot study that the
ecdysone inducible system could be combined with tetracycline regulated system to study the
interplay of two closdy related small GTPases, Cdc42 and Racl, and their effects on
detachment induced gpoptosis. In this dua regulated expression system, mutant Cdc42 and
Racl genes were inducibly expressed under the control of ecdysone and tetracycline
repectively. Their effects on anoikis could then be compared directly in one angle cdl linein
an experimentally defined way.



In summary, we are now able to exploit a smple FACS-based scheme in setting up
ecdysone inducible expresson system in MDCK and HEK293 cdlls. We are confident
gmilar success could be expected when the drategy is applied to other cdl Ines. We dso
tried to use the same kind of gpproach in establishing Tetracycline regulated expression
system, but were hamper by some difficulty in getting rid of background problem. However,
we are now trying to suppress the background problem by co-expressng tetracycline-
regulated transcriptiond activator and sllencer in one single cdll line. In the meantime, we
have dso made a cdll line expressing two closdy related smal GTPases independently under
ecydsone inducible and tetracycline repressible systems, and demondtrated indeed a dua
regulatory cdl expresson system could be used in dissecting the signa controling anoikis. We
wish in the future this system could be used in conjunction with DNA microarray technique to
explore the functions of genes identified by DNA microarray method, and further used to pick
up potentidly interacting genes.
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How Tetracyline repressible system works

The Tet Expression System is based on two regulatory elements derived from the
tetracycline-resistance operon of the E. coli Tn10 transposon—the tetracycline
repressor protein (TetR) and the tetracycline operator sequence (tetO) to which TetR
binds. The gene to be expressed is cloned into the pTRE “ response” plasmid

which features a compound promoter conssting of seven copies of tetO (TRE), and
aminima CMV promoter.

The “responsg’ plasmid is controled by ancther “regulator” plasmid which isafusion of the
wild-type TetR to the VP16 activation domain (AD) of herpes smplex virus, so caled tTA
gtanding for tetracycline regulated transactiveator. tTA binds the tetO sequences which brings
the VP16 activation domain into close proximity with the TRE and thereby activates
transcription in the absence of Tc. Thus, as Tc is added to the culture medium, transcription is
turned off in a dose-dependent manner.

The Tet-On System is based on the “reverse” TetR (r'TetR), which differs from TetR by four
amino acid changes. When fused to the VP16 AD, rTetR createsa
“reversg’ tTA (rtTA) that activates transcription in the presence of Dox.

@ > {TA
—{Psp I~ tetR [ VP16 }—

@ +Dn;/ \;I:E::I;j

—{ et | F’Tlnrl:-—| X 3 — 12t | Poin e X %

{b) Bt riTA
— Pep —{ etk | VP16 |—

+an'/ \—‘D-::-}:
Y > -

- tetO | Pmin f—m X = — teti) | Poun f—— X %

Appendix 1



How Ecdysone inducible system works

Ecdysone regulates Drosophila metamorphoss by binding to its receptor and
transactivate genes which are responsble for the molting process. Ecdysone inducible
expression system takes advantage of the fact that ecdysone heterodimeric receptor would
dimerize, trandocate from cytosol into nucleus, and transactivate genes located downstream to
ecdysone responsive eement only in the presence of its cognate ligand, ecdysone. Therefore,
a mammdian cdl line is firdly made to express ecdysone receptor (commercia vector
expressing the heterodimeric receptor, RXR and VgECR under RSV and CMV promoters is
available). Then, your gene of interest is cloned into an expression plasmid (called pIND by
the manufacturer) and placed downstream to the ecdysone responsve promoter.  Findly,
once the plasmid carrying the gene of interest is transfected into the cell line dready expressng
the heterodimeric ecdysone receptor, the expression of the particular gene would be tightly
regulated by the presence or absence of ecdysone in the culture medium.
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Transfecting plasmids expressing regulatory proteinsinto cell lines

During the fird sep of edablishing cdl lines possessing regulatory expression
characterigtics, plasmids expressng regulatory proteins (tetracycline-regulated trans-activator,
tTA, in tetracycline repressible system, and heterodimeric ecdysone receptor in ecdysone
inducible system) are transfected into the cell lines. Because the plasmids dso carry drug
selectable markers, the cells uptaking the plasmids could be sdlected in the presence of
cytotoxic drugs.

Appendix 3



Tradition Way of Making Ecdysone Inducible Cell Line

After selecting the candidate clones by drug resstance, the individua clones
are expanded and tested for their inducibility, usudly by luciferase reporter
assay under inducible and non-inducible condition.
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Selecting Ecdysone Inducible Céll Line by Mass Cell Culture
and GFP Reporter Plasmid

A reporter plasmid is constructed by cloning GFP under the control of ecdysone responsive
element. Then, this plasmid is transfected into the pooled population

of candidate clones. The responsive clones could be digtinguished from the nonresponsive
clones by the brightness of GFP fluorescence under inducible condition,

and could be sorted by FACS (Positive Selection).
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How the positive and negative FACS selection wor k
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For each round of positive selection, a
GFP reporter plasmid istrandently
trandfected into the candidate population
pool, and the transfected cell population was
cultured in the absence or presence of
ecdysone analoque, Ponasterone. Since the
GFP reporter is constructed right after an
ecdysone regulatory promoter, the
brightness of GFP fluorescence could be
used as an indication of the inducibility of the
cdl clones.

After subgtracting the clones which either do
not express the GFP reporter activity or
express suboptimal reporter activity ina
leaky way under nor+inducible condition,
the true responders would be collected by
FACSorting.

After severd rounds of postive selection,
the candidate population of cdlswould
agan be trandently transfected with the
same GFP

reporter plasmid.
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Tet-ON system could be complemented with tetracycline regulated
transcriptional silencer (tTS) to minimize leakiness of tetracycline
responsive promoter

Bascdly, there are three players involved in making this syssem work:

(1) fTA (reverse type tetracycline regulated trans-activator, which binds to Tet operator
sequence, tetO, in the presence of tetracycline or its anadogque doxycycline)

(2) tTS( classicd Tet repressor fused to the transcriptiond silencer, KRAB domain of Kid-1
protein, which binds to Tet operator sequence, tetO, in the absence of tetracycline or its
andoque doxycycline)

(3) Target plasmid with aminina CMV promoter plus seven tandem repest of Tet operator
sequence, tetO, followed by the reporter gene or gene of interest

By changing the concentratioin of doxycycline, the experimenter could manipulate the
association status of ether tTS or HTA with tetO, and therefore decide whether the gene (or
reporter) activity istotaly shut-down (when tTS bindsto tetO and shied it from any
endogenous transcriptional machinery), or minimally expressed (when neither tTS nor rtTA
binds to tetO, and only the endogenous transcriptiona machinery acts through the minimal
CMV promoter), or fully turned on (when itTA bindsto tetO and activate RNA
transcription).
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Compositive images showing the fluor escence of transiently transfected
GFP reporter plasmid in sequentially sorted population of MDCK cells

MDCK cdlls were stably transfected with
pVgRXR  (Invitrogen Co.)  which
expressed heterodimeric ~ ecdysone
receptors (FACS(-)). This population of
MDCK cdls were then sequentidly
trandfected and postively sdlected by the
green fluorescence expressed by a
reporter plasmid construct (pIND-EGFP).
pPIND-EGFP expresses EGFP under
ecdysone regulated promoter eement.
After being sdected under inducible
condition by FACSorting, cdlswereleft in
the absence of inducer; i.e., ecdysone or
its andogue, ponasterone 0 that the
fluoresence would disappear as the
trangently  transfected  pIND-EGFP
plasmids were purged from the cdlls. After
the cdls ceased emitting green
fluorescence, they were sent for another
round of pogtive sdection after being
transfected again with the same reporter
plasmid, pIND-EGFP, in the presence of
ponasterone.

Totdly, there were four such rounds of

positive selection. Cells were saved after each round and named according to the number of
positive sdection they had gone through (Sorted +1, +2, +3, and +4). As shown in the
picture, the ecdysone andogue ponasterone could increasingly induce green fluorescence in
pIND-EGFP transfected cedls after sequentid enrichment; however, there were aso
increasing population of green fluorescent cdlls under non-inducible condition. Therefore, a
round of negative sdection was performed by transfecting the Sorted + 4 cells with pIND-
EGFP again and sorting out those leskily expressing cdls under non-inducible condition. As
shown in that pair of images a the bottom (Sorted +4-1), one round of negative selection
could clean out the leskily expressng cdls. Please note the total cdll number in each image
was reveded by Hoechst 33342 nuclear staining. The above composite image was made by
trandently transfecting each collection of cells after every sdection procedure a the sametime
with pIND-EGFP and splitting the transfected cdlls into two haves, one in the absence, and




the other in the presence of inducer. This compaosite Smulates the condition of the cdlls before
and after each round of selection.

Quantifying ecdysoneinducibility in MDCK cells

The above populations of MDCK cdlls were examined by luciferase activity assay for
quantitative andysis of the inducibility of each collection of cdls after postive and negative
sdection. Cels were trandently transfected with a reporter plasmid expressing luciferase
under the control of ecdysone responsive dement (pIND-Luc). Competible with the previous
fluorescence images, pogtive sdection increases the expressed luciferase activity of selected
cdls.
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Although negetive sdlection seemed to decrease the absolute luciferase assay value under
inducible condition, the induction fold (the luciferase activity under inducible condition divided
by the luciferase activity under non-inducible condition) did not further increase.
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We reason this is due to concomitant decrease of the luciferase activity under both induced
and non-induced condition, which reflects dimination of cells which possess leaky expresson
characterigtics.






Quantifying ecdysone inducibility in HEK 293 cells

We gpplied amilar GFP reporter and FACSorting based strategy in HEK293 cells and had
been able to establish a population of HEK293 cdlls responsive of ecdysone regulation. We
examined the inducibility of the cels by trangently trandfecting them with pIND-Luc under
induced and non-induced conditions. The responsiveness is even more impressive than
MDCK cdlls after just two rounds of positive selection. Due to the low background value
under non-inducible condition, we did not perform any round of negative sdection to decrease
the leakiness.
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Newly developed rtTA mutants could complement with
Tet-TSfor a better Tet-ON system

As we had mentioned in the previous section, unregulated basd transcription can be observed
in Tet regulatory system if the tetracycline responsive promoter is not in a integrated status as
occurs during trandent transfection. Our strategy mandates the GFP reporter plasmid is
expressad as an episoma form during the transent transfection step.  Since there is absence of
chromatin represson effect and high copy number of templates in the cdls under such
experimental condition , it is inevitable to note high background fluorescence even if the
transfected cdlls are not expressing the tetracycline regulated trans-activator. To circumvent
this problem, we decide to adopt a strategy proposed by Dr. Hermann Bujard, the originator
of Tet regulatory system. In this system, a gene slencer protein (KRAB domain of Kid-1) is
coupled to classica tet repressor to make Tet-tTS (tetracycline regulated transcriptiona
slencer), which could be conjugated with rtTA to accomplish high responsveness while at the
same time keeping the background leve minimdl.

Furthermore, we a so requested from Dr.
Wolfgang Hillen severa newly developed
ntTA mutants (S2, M2, and their
corresponding humanized derivatives)
which possess more favorable regulating
ability than the old verson of tTA mutant
(please refer to the figure at right side).
According to our pilot experiment, these
nTA mutants indeed display better
inducing ability when cotransfected with tet
promoter regulated luciferase reporter.
Our research also demonstrated Tet-TS
could complement with these mutant redly
well

Nomenclatur e and mutation sites of the newly developed rtTA mutants

FTA ETSK DBSN® | PL>gll g 102,102
FtTA-S2 ELO.SGl A% SpSe DU SEM8 HiT9_SR1IT
FTA-M?2 S22 SGREL.SGE A%.SPS DUBSEMS Y79 SR17

Nomenclatur e of plasmids expressing the newly developed rtTA mutants
PUHrT10-1 rtTA-S2

PUHIT16-1 rtTA-M2

PUHrT61-1 humanized rtTA-S2

PUHrT62-1 humanized rtTA-M 2




The above mentioned rtTA mutants were cotransfected with a control vector or a plasmid
expressing Tet-TS in the presence of a reporter plasmid (luciferase gene constructed under
tetracycline regulated promoter). In both MDCK and HEK 293 cdlls, cotransfection of Tet-
TS further increase the inducibility of the reporter by nTA mutants.
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While we were endeavouring to refine the strategy in order to efficiently establish ecdysone
inducible and tetracycline system, we dso explored the posshility of combining these two
gysemsinto adud regulatory expresson sysem. The Rho Family GTP-binding proteins Rac,
RhoA, and Cdc42 have been shown to control dstinct features of the actin cytoskeleton.
Over the past severd years, it has been shown that each of these GTPases plays an essentia
role in maignant transformation by oncogenic Ras. Rac is predominantly involved in serum-
independent growth, whereas Cdc42 plays akey role in integrin sgnaling. We had previoudy
made MDCK cdls expressng conditutively and dominantly negeative Racl, RhoA, and
Cdc42 under tetracycline repressible system. We observed distinct effects of Racl, RhoA,
and Cdc42 on detachment-induced gpoptoss, anoikis, condtitutively active Racl protects
MDCK cdls from anoikis, condtitutively active RhoA enhances anoikisin MDCK cdlls, while
CdcA2 has biphasic effect on anoikis (low leved activation of Cdc42 protects anoikis, but high
level Cdc42 activation enhances anoikis). It had aso been demonstrated in Swiss 3T3
fibroblast, there is a signaling cascade from Cdc42 to Racl, and from Racl to RhoA. In
order to prove there is dso a amilar sgnding pathway in MDCK regulating anoikis process,
we took advantage of an MDCK cdl line which expresses dominant negative Racl
(RacIN17) smdl GTPase under tetracycline repressible system, and superimposed this cell
line with ecdysone inducible system to express low level conditutively active Cdc42
(CdcAa2v12). When we deprived this cdl line of cdl substratum interaction to induce anoikis,
the degree of cell deasth was smilar to that in RacIN17 expressing cdls. This result strongly
implies Racl plays an downstream role to Cdc42 in anoikis regulaion.

Rac1N17 Inhibits the Protective
Effect of on Anoikis
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Specific Aim 1. Generating ecdysone inducible expression system in HEK 293 cells
by FACSorting technique

Specific Aim_2: Generating ecdysone inducible expression system in 4 different
epithdial cell lines (including Hela, MDCK, HaCaT, and A431)"at the same time

Specific Aim 3: A single step to generate ecdysone inducible and tetracycline dual
regulatory expression systemsin HEK 293 cells

In our proposa, we planned to achieve the above godsin two years. Right now we have
been successful in making ecdysone inducible system set up in HEK293 and MDCK cdls,
and are in the process of establishing smilar system in Helaand HaCarT cdls. Dueto the fact
that Tet systemn allows expression under trangent transfection condition, our strategy needs to
be modified for tetracycline inducible sygem. Thisisthe main hurdle lying ahead (which dso
consumes most of our time and energy). However, we are quite optimistic in the result of
utilizing the tetracydline regulated slencer (tTS) system in conjunciton with Tet-ON system to
solve the problem. Once we demondtrate this approach is workable, we would gear up and
push forward to make dua-regulatory expresson not in HEK293 and MDCK cdll lines, but
adsoinother cdl lines.



