Inducible Mammalian Systems 
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Conditional systems  - The ability to turn on/off a transgene when you choose.  Earliest examples were the Herpes Simplex viral transactivator VP16 and VP16 response element.  No longer used by itself, since VP16 is toxic to pre-implantation embryos when bound to the DNA response element due to competition with endogenous transcription factors.

Transcriptional control:
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Figure 4 Cypial promoter/enhancer regulation. (2) In the
absence of incucing agent cyplal is transcriptionally skent.

(b) Ayl hydrocarbons such as 13C induce cypial gene
ranseription by binding cytoplasmic AHR, translocating to the.
nucleus and complexing with ARNT. Here the complex bindls anyl
hydiocatbon responsive clements (ARE) within the enhancer
region leading to aerations in chromatin stnucture around the.
promoter which enhance transcription factor recruiiment. Blue
sar, AR red star, ARNT, yellow, 13C; black bar, ARE: rec,
promoler; green transgene; orange, lranscription complex




Tet system (tetON, tetOFF)

Most widely used binary system.  Contains a fusion of VP16 and the tet repressor (tTA),  and binds both tetracycline and the operator sequence of the tet operon (TRE).  

TetOFF – tTA cannot bind TRE and initiate transcription with tet present.  Requires continuous administration of tet to keep trangene off.  Doxycycline is widely used, since it has excellent tissue-diffusion characteristics and is active at much less of a toxic dose than tetracycline.
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TetON – (rtTA)  binds TRE only when dox. is present.

System continues to be modified with different transactivator domains, trans-repressor domains, and further optimized for codon usage.  Urlinger describes a modification of rtTA allowing 10-fold lower [dox] for induction, enhanced stability, and no background expression of the target gene in the absence of dox.
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Figuro 2 | Transactivation based on the Gal4/UAS
system. a| Tho ofector i s Gal tianscripioral
ransztvator blue irle) fiom Saccharamyezs
cerauisian, vbich binds ac ahamadimer 0 17-bp
upieam aclialing SqUence (UAS). The targe transgene
i achated by Gab homodimers tat bind 1o four
tandenly repealed UASS placed immecitoly upstea of
aminimal promotar (TATAL b | GLYP i< an nducibl
(GaM/UAS basad syste. inthooigial vetzion, o
ransztalor i achimerc ccnsruct (CLVP) that consists
oftho hapes simplex s VP18 actiation dormain
{oranga, tho Gl DNA binding dorain (b and
el binding domain of e progesterons reccptcr
(LEDS42) (g, mutated uch that s 1o bind
pregasterone bul an ird anfprogesis, such as
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UAS-being targel ranne, Soveralversiors of e
ansaivalor st oving 1 1o modicaton o difren
omain cae nk o Cene i itch ™, Valnis, ),
(ORF, open teading fams; p, pobademfaton i TSP,
lissus-specific promotar)




Yeast Gal4-based GLVP system.  GLVP is a chimeric transactivator consisting of VP16, Gal4, and the progesterone receptor.  This multimer binds to heat shock proteins, and is  consequently sequestered from interaction with the DNA response element.  RU486 (a steroid) administration binds to the progesterone receptor and releases HSPs from GVLP where it binds to UAS4, and transcribes the target ORF.
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Cytochrome p450-inducible overexpression -  Cytochrome p450, 1A1 (CYP1A1) is not expressed constitutively, and regulated entirely transcriptionally.  Requires administration of aryl-hydrocarbon (e.g. benzopyrene – most VERY toxic), which bind to complexes having an affinity for the CYP1A1 promoter, thus inducing expression.  One nontoxic inducer seems to be indole-3-carbinol.  Induction occurs within hours.  This is an interesting system, and is claimed to be reliable with little background.

Ecdysone–inducible system – Ecdysone is an insect steroid hormone, and the nuclear translocation and subsequent DNA binding element have been exploited somewhat for an inducible system.  Ecdysone administration can trigger dimerization of its receptor (EcR), and ultraspinacle (USP).  This dimer binds to the EcR/USP binding domain.  The inducer dimmer is lipophilic, and has a short halflife making it interesting.

The lac inducible system – similar to the tet system, except uses IPTG as an inducer for transcription.  Leaky, and needs further refinement.  Most would op for the tet system instead. 
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Recombination-based systems.

Cre/loxp – from P1 bacteriophage.  Does not require cofactors, making it ideal.  cre expression in cultured cells leads to G1 arrest and toxicity, due to pseudo-loxp sites in the genome.  Not as much of a problem in vivo, however.  There are many examples of cre-expressing knockin mice.

cre may be used to inactivate or activate gene expression, depending on what is contained within the loxp sites.  Inactivation requires excision or inversion of the transgene.  Activation requires the excision of a floxed “stop”, which may contain poly(A) sequences preceded by multiple TGA stop codons.

Inducible cre systems.
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May couple cre expression with another inducible system, such as TetON, or cre expressed as a fusion protein of a steroid receptor in this example.

Flp/FRT – Flp is a Saccharomyces cerevisiae recombinase. Similar to cre/loxp system, but has only limited stability at 37 deg. C.  FRT sites have a different primary sequence than loxp, but the tertiary structure is the same.  A sequence surrounded by FRT sites is said to be “flirted”, whereas a sequence surrounded by loxp sites is said to be “floxed”.  Flp/FRT has been used with limited success in cell culture, but the availability and utility of cre/loxp makes flp/FRT a bit redundant.

