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Abstract

Photocaging provides a method to spatially and temporally control biological function and gene
expression with high resolution. Proteins can be photochemically controlled through the site-
specific installation of caging groups on amino acid side chains that are essential for protein
function. The photocaging of a synthetic gene network using unnatural amino acid mutagenesis in
mammalian cells was demonstrated with an engineered bacteriophage RNA polymerase. A caged
T7 RNA polymerase was expressed in cells with an expanded genetic code and used in the
photochemical activation of genes under control of an orthogonal T7 promoter, demonstrating
tight spatial and temporal control. The synthetic gene expression system was validated with two
reporter genes (luciferase and EGFP) and applied to the light-triggered transcription of short
hairpin RNA constructs for the induction of RNA interference.

INTRODUCTION

Activation and deactivation of genes is precisely controlled with high spatial and temporal
resolution.23 In order to understand and reprogram genetic circuits with the same spatio-
temporal resolution, light can be used as an external control element. The installation of
light-removable protecting groups on biological macromolecules is a versatile approach to
the photochemical regulation of RNA, DNA, and protein activity.#-10 For the generation of
caged proteins in live cells, the genetic code can be expanded allowing for the site-specific
incorporation of caged amino acids into proteins.11-20 The caged amino acids are inserted in
response to an amber stop codon, TAG, by suppressor tRNAs that have been misacylated by
engineered tRNA synthetases.?1-28

Advantages of this methodology over other approaches are that the location of the unnatural
amino acid is determined through genetic mutagenesis and the light-activated proteins are
produced in live cells eliminating the requirement for transfection or injection. The addition
of non-mammalian RNA polymerases to the genetic circuitry of cells enables the
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development of orthogonal genetic expression platforms that can be manipulated to activate
specific genes that will not be expressed by the endogenous cellular genetic machinery.
Caged polymerases are versatile building blocks for the construction of synthetic gene
networks to control gene expression with light as an input.2® Protein expression under
photochemical control can be used to build synthetic biological circuits that respond to light
with specific gene function outputs, thus conveying precise spatial and temporal control over
these circuits. Related methods for the light-regulation of gene expression in mammalian
cells, such as those based on phytochromes or cryptochromes, have been developed to
produce gene outputs dependent on light-induced conformational protein changes that
initiate or repress transcription through a number of pathways and protein-protein
interactions.30-35 Additionally, zinc finger-based technologies have been created for
photochemical regulation of transcription with spatio-temporal control.12:36 These
optogenetic approaches rely on the engineering of fusion constructs between the natural
photosensitive proteins and the target protein of interest in order to render it light-
responsive, often in a reversible fashion. However, the photochemical regulation achieved
with a single caging group modification does not encumber the native protein with fusion
constructs that are several orders of magnitude larger (from 20 kDa to >120 kDa) than the
caging group (0.24 kDa) and, importantly, photolysis generates the natural wild-type
protein. Moreover, the use of a small caging group that responds to UV irradiation avoids
interference by ambient light, allows for simultaneous application of the full palette of
fluorescent protein reporters, and provides clean OFF — ON light switching. We developed
a fully genetically encoded, light-activated T7 RNA polymerase that allows for the
promoter-specific photochemical regulation of transcription for both coding and non-coding
RNAs in a mammalian cell system.

T7 RNA polymerase (T7RNAp) is a bacteriophage RNA polymerase that is related to the
Poll family of DNA polymerases,3” which is especially useful for exogenous gene control in
the reprogramming of genetic and network relationships, as the polymerase and its
corresponding promoter are completely orthogonal to all endogenous polymerases in
mammalian cells.38 Therefore, genes of interest can be specifically expressed through the
light-activation of a T7TRNAp temporarily rendered inactive through the incorporation of a
caged amino acid in its active site. Importantly, photochemically activated transcription can
be used to not only control gene expression but also to express non-coding RNA sequences
of other biological function. A light-activated T7TRNAp has previously been generated in our
lab through the site-specific incorporation of an ortho-nitrobenzyl caged tyrosine (PCY) in
E. coli cells with an expanded genetic code.3° However, its application for the
photochemical control of transcription in mammalian cells was hampered since the M.
janaschii tRNA synthetase/tRNA pair is not orthogonal in mammalian cells and transfection
of the caged protein was required. To overcome this limitation, site-specific incorporation of
a genetically encoded photocaged lysine (PCK) into T7TRNAp through an engineered, fully
orthogonal pyrrolysine synthetase/tRNA pair was used to photochemically control RNA
polymerization in mammalian cells with (Figure 1). The photocaged lysine exhibits
increased solubility in mammalian growth media, more rapid decaging due to better leaving
group qualities of the released carbamate, a bathochromic shift in absorbance maximum and
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thus decaging wavelength, and produces a less reactive byproduct upon photolysis than the
caged tyrosine.1®

Transcription catalyzed by T7TRNAp involves a number of protein conformational changes
and the active site of T7TRNAp, which is conserved among a number of polymerases found
in nature, has been studied in detail.*0 These structural and kinetic studies indicate that the
active site lysine 631 (K631) is critical for TTRNAp function, as it interacts with phosphate
groups of the incoming nucleotide triphosphates (NTPs) at the interface of the DNA
template and RNA product strands, stabilizing the NTPs through hydrogen bonding with the
1a-phosphate residue.#143 Mutations at the K631 position have been shown to inhibit
transcription.*4 Thus, we hypothesized that a sterically demanding caging group installed on
K631 will block incoming NTPs from the active site and inhibit T7RNAp activity. In
addition, the carbamate linker changes the electronic nature of the e-amino group,
effectively preventing protonation and removing the positive charge. The caged T7TRNAp is
expected to be completely inactive until a brief UV irradiation at 365 nm removes the caging
group from K631 and enables transcription (Figure 2).

RESULTS AND DISCUSSION

An amber stop codon TAG was introduced at K631 of T7TRNAp (Supporting Table 1) and
the gene was cloned into a plasmid containing the MbPyIRS synthetase (PCKRS) mutant for
PCK incorporation (M241F, A267S, Y271C, and L274M), derived from the M. barkeri
pyrrolysine tRNA synthetase.1® Previous studies for the incorporation of unnatural amino
acids have shown that there are no off-target effects on endogenous gene expression through
the use of the low-frequency TAG stop codon in mammalian cells.*>46 As a positive
control, wild-type (WT) T7TRNAp was also cloned into the same vector. The TTRNAp
expression plasmid was co-transfected with a pyrrolysine tRNAcya (PyIT) expression
plasmid (Supporting Figure 1A) into HEK293T cells. Western blot analysis of cells that
were incubated for 24 hours in the absence or presence of PCK revealed the expression of
hexahistidine-tagged T7RNAp only in the presence of PCK, indicative of the high fidelity of
the engineered synthetase (Figure 3A). The activity and photochemical control of K631-
caged T7TRNAp was investigated using a firefly luciferase reporter gene under control of the
T7 promoter (Supporting Figure 1B).39 First, the effects of UV exposure on the luciferase
assay were studied, revealing that an irradiation time of 2 minutes and even up to 10-20
minutes had only small effects on T7-driven luciferase activity in cells expressing the wild-
type polymerase (Supporting Figure 2). Light-activated luciferase expression was observed
in cells expressing the caged T7RNAp, with a tunable linear response of gene expression to
an increasing irradiation time (Figure 3B). A 3 minute irradiation exhibited a 9-fold increase
compared to the non-irradiated control, and luciferase activity did not significantly increase
with additional UV exposure of up to 20 minutes. Importantly, the presence of the caging
group at K631 fully blocks transcriptional activity of the enzyme, since the absence of
polymerase (-T7), caged TTRNAp (-PCK), and light exposure (0 min UV) all show
identical, very low levels of background luminescence.

A T7-IRES-EGFP reporter plasmid was constructed for fluorescent imaging of the
photochemical gene expression system (Supporting Figure 1B). The T7-driven EGFP
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reporter construct was validated through co-transfection with the PCKRS expression
machinery, and conditions were optimized for optimal off — on switching of EGFP
expression (Supporting Figures 3 and 4). Photochemical control over EGFP expression was
achieved through treatment of cells with both PCK and UV irradiation (Figure 4A). No
background EGFP fluorescence was observed in cells containing the caged T7TRNAp
construct in the absence of PCK or the absence of UV exposure. Fluorescent cell counting
was performed to quantify the photochemical activation of T7TRNAp-dependent expression
of EGFP (Figure 4B). A five-fold increase in the number of fluorescent cells was observed
after both 2 and 10 minute UV irradiations, while the absence of either PCK or UV exposure
only showed basal levels of fluorescence, indicating that the caged polymerase in
completely inactive and displays no background expression.

In order to demonstrate spatial control of RNA expression in mammalian tissue culture, the
photochemical activation of the T7TRNAp-driven EGFP reporter was performed as in Figure
4A; however, spatially restricted UV irradiations were performed through specifically
shaped masks (pin hole and horizontal slit). Only areas exposed to the patterned UV light
were EGFP positive due to spatially restricted decaging and activation of RNA
polymerization (Figure 5). These experiments successfully demonstrate spatial and temporal
control of gene function using a site-specifically caged T7TRNAp expressed in mammalian
cells.

To further demonstrate the applicability of the light-activated T7RNAp/promoter system, it
was subsequently applied to the photochemical activation of RNA interference through T7-
driven expression of short hairpin RNAs (shRNAs).#’ These shRNAs are processed into
siRNAs exhibiting prolonged activity for gene knockdown.*8 The shRNAs can be designed
to exhibit promoter-specific expression,*® and can be genetically integrated to generate
stable RNAI regulators.®? The use of plasmid-based shRNA for gene suppression has been
successfully applied in a variety of mammalian cell systems,®1->4 and T7TRNAp-driven
shRNAs have been reported for the regulation of gene expression in live mammalian
cells®>:56 and zebrafish embryos.5” Here, we coupled our developed photochemical gene
regulation system with an Eg5 shRNA component as a proof of principle study in the
photochemical regulation of RNA interference. The Eg5 gene encodes a motor protein
involved in mitosis®® and inhibition of Eg5 with siRNA oligonucleotides has been shown to
produce binucleated cells,>9-60 providing a distinct phenotypic readout for RNAI activity.
The Eg5 shRNA construct was cloned into the T7-IRES-EGFP reporter plasmid with built-
in TTRNAp expression components including the T7 RNA promoter and terminator
sequences (Supporting Figure 1C and Table 2). This construct was designed to fluorescently
track cells that were successfully transformed as well as exhibit expression and
photochemical activation of TTRNAp.

First, the ShRNA expression construct was tested for activity in the presence of a WT
T7RNAp gene in HeLa cells. The resulting binucleated cellular phenotype was observed, in
agreement with the phenotype observed through transfection of an siRNA oligonucleotide
positive control, as expected (Figure 6). The K631-caged T7TRNAp expression system was
then used to achieve UV activation of Eg5 shRNA expression through co-transfection of the
required plasmid constructs, followed by incubation in the presence of PCK and UV
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irradiation (Figure 6). Light-activation of ShRNA expression was verified through the
observation of a binucleated cell phenotype only after UV irradiation. The relative frequency
of binucleated cells observed indicates that the expression of Eg5 shRNA is
photochemically regulated with K631-caged T7RNAp and is activated to levels identical to
wild-type activity (Supporting Figure 5). Additionally, qRT-PCR was performed on cellular
RNA extracts to quantify the relative Eg5 mRNA expression levels to further validate the
photochemical silencing of an endogenous gene with ShRNA expression by a light-activated
polymerase. A 55% reduction of Eg5 mRNA is observed in the case of both wild-type
T7RNAp-driven shRNA expression and light-activated K631-caged T7TRNAp, in
accordance with an Eg5 siRNA reagent as an additional positive control (Supporting Figure
6). These findings demonstrate that the caged T7TRNAp-controlled genetic circuit can be
applied to photochemically regulation of gene expression and the light-induction of non-
coding RNAs to achieve external control over RNA interference.

CONCLUSION

In summary, a light-activated T7RNAp gene expression system was successfully developed
in mammalian cells engineered with additional protein biosynthetic machinery for
genetically-encoded protein modification with a caged lysine amino acid (PCK). Site-
specific incorporation of PCK at the K631 active site residue in T7RNAP led to full
inactivation of RNA polymerization. Light-irradiation at 365 nm removed the caging group
from the active site and enabled the expression of transcripts that were placed under control
of the T7 promoter. This was successfully demonstrated for two reporter genes, luciferase
and EGFP. Temporal control of UV exposure allowed for finely tuned gene expression that
gradually increased with longer durations of irradiation. In addition, precise spatial control
of TTRNAp activity through localized UV irradiation was achieved, as shown by the
patterned expression of an EGFP reporter in a monolayer of mammalian cells. Furthermore,
photochemical control of T7TRNAP activity was used to achieve precise control over the
expression of non-coding RNAs, as exemplified by the light-induction of shRNA
transcription and thus RNA interference. Here, a unique combination of individual parts,
including an orthogonal tRNA/tRNA synthetase pair, a photocaged lysine amino acid, a
caged T7TRNAp, and T7 promoter-driven sShRNA expression cassette were interfaced with
the RNA interference pathway to construct the circuitry for light-triggered, sequence-
specific gene silencing. The ability to photochemically control the expression of ShRNAs
allows for spatial and temporal dissection of the RNAI pathway. Overall, a genetically
encoded expression platform has been developed that can photochemically regulate the
expression of specific genes under control of the T7 promoter in mammalian cells. In theory,
any gene under control of a T7 promoter can now be photochemically controlled in live
cells. The engineered spatial and temporal control can be applied to the precise triggering of
genetic networks allowing for a wide range of cellular applications.
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METHODS

Genetic Constructs

An amber stop was introduced into T7 RNA polymerase through mutagenesis of the
pBH161 plasmid.5! A single nucleotide was changed for the K631 AAG — TAG mutation
using a QuikChange Site-Directed Mutagenesis Kit (Invitrogen) and primers shown in
Supporting Table 1. The T7TRNAp gene was then PCR amplified from the pBH161 plasmid
with primers to introduce Nhel and EcoRlI restriction sites. The ~2.7 kB T7TRNAp gene
insert was digested, purified, and cloned between the Nhel and Mfel restriction sites of the
pAG31 plasmid. Ligations were performed at 1:6 vector to insert ratios with the Quick
Ligation Kit (New England Biolabs). All plasmid constructs were confirmed by sequencing
with promoter-specific primers (Genewiz).

Mammalian cell expression of caged T7RNAp

HEK?293T cells were seeded at ~100,000 cell per well into 6-well plates (BD Falcon) and
incubated overnight in DMEM growth media supplemented with 10% FBS and 2%
penicillin/streptomycin at 37 °C in 5% CO». Transfections were performed with 2 ug of
each plasmid using 10 pL lipofectamine transfection reagent (Invitrogen) in 2 mL Opti-Mem
media (Invitrogen) at 37 °C for 4 hours. After 4 hours the Opti-Mem transfection mixtures
were removed from the cells and replaced with DMEM growth media supplemented with
PCK (2 mM) for a 24 hour incubation.

Western blot

Total protein was extracted from ~1 million cells using 200 pL mammalian cell lysis buffer
(Sigma-Aldrich) and was size separated on a 10% SDS-PAGE gel then transferred to a
PVDF membrane. Standard western blot conditions were followed using a mouse-anti-6His
primary antibody in addition to a mouse-anti-GADPH control (Santa Cruz Biotechnology).
The primary antibodies were detected with a goat-anti-mouse-FITC fluorescent secondary
antibody and analyzed with a Storm Phosphoimager.

Photochemical regulation of reporter genes

HEK?293T cells were seeded at ~10,000 cell per well into 96-well plates (BD Falcon) and
incubated overnight in DMEM growth media supplemented with 10% FBS and 2%
penicillin/streptomycin at 37 °C in 5% CO». Transfections were performed with 200 ng of
each plasmid using 2 pL lipofectamine transfection reagent (Invitrogen) in 200 pL Opti-
Mem media (Invitrogen) at 37 °C for 4 hours. After 4 hours the Opti-Mem transfection
mixtures were removed from the cells and replaced with DMEM growth media
supplemented with PCK (2 mM) for a 24 hour incubation. Branched PEI (Sigma-Aldrich)
was also used for overnight transfections in PCK-supplemented media following the
standard protocol. The PCK containing media was removed after the overnight incubation
followed by exposure to 365 nm using a UV transilluminator (25 W). For the luciferase
reporter, a bright glow assay (Promega) was performed 24 hours post UV irradiation to
quantify luciferase activity. The bright glow reagent was added at 1:1 ratio to media
containing cells (100 pL each) and luminescence was read from a white 96-well plate on a
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BioTek Synergy 4 plate reader, with the gain set at 150 and 1 sec integration per well. The
luminescence was normalized to the maximum activation observed and error bars represent
the standard deviation of experimental triplicates. For the EGFP reporter, fluorescent
imaging was performed after 24 and 48 hour incubations (see below). Spatially distinct UV
irradiations were performed through pre-cut designs (circular or linear slits) in tinfoil 96-
well plate covers and irradiated at 365 nm with a transilluminator (25 W) for 2 minutes.

Fluorescence imaging of EGFP

Media was replaced with clear DMEM-high modified growth media (Thermo Scientific) for
microscopy imaging. Expression of EGFP was observed using a Zeiss Observer Z1
microscope (20x objective, NA 0.8 plan-apochromat; Zeiss) and a GFP (38 HE) filter (ex:
BP470/40; em: BP525/50) then processed in Zen Pro 2011 imaging software.

Fluorescent cell sorting

HEK?293T cells were seeded and transfected in 96-well plates as described above. After
transfection, media was replaced with DMEM growth media supplemented with PCK (2
mM) for a 24 hour incubation. The PCK-containing media was removed after the overnight
incubation followed by exposure to 365 nm using a UV transilluminator (25 W) for 2 and 10
min. Following a 48 hour incubation cells were trypsinized, pooled, washed, and
resuspended in PBS. Flow cytometry was performed on a FACSCalibur (Becton-Dickinson)
instrument (488 nm argon laser, 530/50 nm BPF) and analyzed using Cellquest Pro
Software. Cells were gated for EGFP fluorescence (above 102> RFUs) and analyzed until
20,000 cells had been counted for each condition tested. The frequency of EGFP positive
cells (gated/total) was normalized to the UV activated EGFP expression.

Eg5 shRNA construct assembly

The Eg5 shRNA insert was prepared from the T7 RNA promoter, Eg5 shRNA sense and
antisense strands connected with a loop sequence, and a T7 RNA terminator region
(Supporting Table 2). These elements were ordered as single stranded DNA oligos (IDT) as
shown and annealed at 1 pM, followed by purification of the DNA duplex insert, which was
then ligated into the T7-IRES-EGFP plasmid at Bglll and Sacl restriction sites. Ligations
were performed at 1:10 vector to insert ratios with the Quick Ligation Kit (New England
Biolabs). All plasmid constructs were confirmed by sequencing through with promoter
specific primers (Genewiz).

Eg5 shRNA expression and imaging

HeL a cells were seeded at ~50,000 cell per well into 4-well chamber slides (Lab-Tek) and
incubated overnight in DMEM growth media supplemented with 10% FBS and 2%
penicillin/streptomycin at 37 °C in 5% CO». Transfections were performed with 1 ug of
each plasmid using 10 pL lipofectamine transfection reagent (Invitrogen) in 1 mL Opti-Mem
media (Invitrogen) at 37 °C for 4 hours. The Eg5 siRNA oligonucleotide (Supporting Table
2)%2 was annealed at 1 uM and transfected at 50 pmol as a positive control with 5 uL X-
tremeGENE siRNA transfection reagent (Roche) under the same conditions. After 4 hours
the Opti-Mem transfection mixtures were removed from the cells and replaced with DMEM
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growth media supplemented with PCK (2 mM) for 24 hour incubation. The PCK containing
media was removed after the overnight incubation followed by a 2 minute exposure to 365
nm using a UV transilluminator (25 W). After a 48 hour incubation cells were fixed with
3.75% formaldehyde, followed by DAPI (Invitrogen) and Rhodamine-phalloidin
(Invitrogen) counter stains according to standard protocols. Imaging was performed with a
Zeiss Observer Z1 microscope (63x% oil objective, NA 1.4 plan-apochromat; Zeiss) using
DAPI [BFP (68 HE), ex:BP377/28; em: BP464/100], EGFP [GFP (38 HE), ex: BP470/40;
em: BP525/50], and Rhodamine [RFP (43 HE), ex: BP575/25; em: BP605/70] filter cubes
then processed in Zen Pro 2011 imaging software. Relative frequencies of binucleated cells
were determined through three counts of 50 cells for each condition and were normalized to
the Eg5 siRNA positive control.

Quantification of Eg5 mMRNA by qRT-PCR

HEK?293T cells were seeded at ~100,000 cell per well into 6-well plates (BD Falcon) and
incubated overnight in DMEM growth media supplemented with 10% FBS and 2%
penicillin/streptomycin at 37 °C in 5% CO». Transfections were performed with 2 ug of
each plasmid using 10 pL lipofectamine transfection reagent (Invitrogen) in 2 mL Opti-Mem
media (Invitrogen) at 37 °C for 4 hours. The Eg5 siRNA oligonucleotide (Supporting Table
2)62 was annealed at 1 uM and transfected at 200 pmol as a positive control with 5 uL X-
tremeGENE siRNA transfection reagent (Roche). After 4 hours, the Opti-Mem transfection
mixtures were removed from the cells and replaced with DMEM growth media
supplemented with PCK (2 mM) followed by a 24 hour incubation. The PCK containing
media was removed after the overnight incubation followed by a 2 minute exposure to 365
nm using a UV transilluminator (25 W). After a 48 hour incubation, total RNA was isolated
from cells using the Trizol reagent (Invitrogen) and reverse transcribed with the iScript
cDNA Synthesis kit (Bio-Rad). Quantitative RT-PCR was performed with the SsoFast
Evagreen Supermix (Bio-Rad) using an Eg5 primer set [forward 5’
CAGCTGAAAAGGAAACAGCC, reverse YATGAACAATCCACACCAGCA]* and a
GAPDH primer set [forward 5 TGCACCACCAACTGCTTAGC, reverse 5
GGCATGGACTGTGGTCATGAG].53 The threshold cycles (Ct) of each sample were
normalized to the GAPDH control gene and the inhibition of Eg5 expression is represented
relative to nontreated cells. Error bars represent the standard deviations of three replicates.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Thelight-activated T7RNAp is expressed in mammalian cells through site-specific
incorporation of a photocaged lysine (PCK) into its active sitein response to an amber stop
codon (TAG) via an engineered tRNA synthetase (PCKRS) that misacylates an amber-
suppressor tRNA (PylT) with PCK.

The caged T7TRNAp is completely inactive until irradiation with 365 nm UV light induces
decaging and activation of T7-driven transcription. Depending on the function of the
transcribed RNA, light-induced protein expression from mRNA or light-induced gene
silencing via RNA interference from shRNA is achieved.
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caged, inactive T7RNAp

Figure 2. Structural representation of K631-caged (left) and wild-type (right) T7TRNAp.
The K631 residue is indicated in green, while the DNA template and RNA transcript are

indicated in red and yellow, respectively. The photocaged lysine is predicted to block
transcription until UV irradiation removes the caging group and restores T7TRNAp activity.
Images were generated in PyMol from PDB 1576.43
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Figure 3. Expression of caged T7RNAp and photochemical activation.
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A) Mammalian cells were transfected with expression plasmids for the PylT, PCKRS, and
T7RNApK631TAG and grown in the presence of PCK (2 mM) for 24 hours. Western blot
analysis was performed using a 6-His primary antibody with a FITC secondary antibody for
detection, showing PCK dependent expression. B) HEK293T cells were transfected with

plasmids expressing the PylT, PCKRS, TTRNApK631TAG, and T7-IRES-Luc were
incubated with PCK overnight. UV irradiations were performed on a 365 nm

transilluminator at increasing intervals. A luciferase bright glow assay was performed 24
hours after UV exposure. Luminescence units were normalized to the activation observed
after a 20 minute irradiation and error bars represent the standard deviation obtained from

experimental triplicates.
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Figure 4. Light-activation of EGFP transcription in HEK293T cells.
A) Cells were co-transfected with the PCKRS, PyIT, TTRNApK631TAG and T7-IRES-

EGFP constructs then incubated with 2 mM PCK for 24 hours. Irradiation was then
performed for 2 minutes at 365 nm, and cells were imaged 48 hours after UV exposure.
Scale bars indicate 200 um. B) Fluorescent cell counting of caged T7TRNAp-driven EGFP
expression of cells 48 hours after UV exposure. The frequencies of EGFP-positive cells
(gated/total) were normalized to the 10 minute UV irradiation and error bars represent the
standard deviation obtained from three experimental replicates.
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A EGFP brightfield merged

Figure 5. Spatial control of photochemically activated gene expression.
Cells were transfected as previously described with the EGFP reporter for T7TRNAp activity.

Masks were used to irradiate a small population of cells at 365 nm for 2 minutes, and EGFP
expression was observed at 48 hours. Irradiations were performed through a small pin hole
(A) and a horizontal slit (B). Scale bars indicate 200 um. Only the cells within the irradiated
region express EGFP, demonstrating spatial control of K631-caged T7TRNAp in mammalian
cells.
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Figure 6. Light-activation of Eg5 shRNA using the caged T7RNAp system, followed by RNA
interference and triggering of binucleated cell phenotype.

Cells were transfected with an Eg5 siRNA (50 pmol) and the K631-caged T7TRNAp
expression system as previously described, followed by fixing and staining with DAPI
(nucleus) and Rho-phalloidin (actin) prior to imaging. Scale bars indicate 20 um and
binucleated cells are labeled with a white arrow. A binucleated phenotype was observed
with both the Eg5 siRNA and plasmid-based shRNA controls, while EGFP expression
successfully tracked cells for the identification of TTRNAp-driven shRNA activity. The
shRNA construct has been validated to enable light-activated RNA interference. The EGFP
expression and cellular binucleation were fully dependent upon UV irradiation and
activation of the caged TTRNAp.
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