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Figure 2. Transcriptional activation for DNA-functionalized T7 RNAP system. a, Schematic
of the “caged” T7 RNAP used in this study. Recombinantly expressed T7 RNAP bearing N-
terminal SNAP-tag is covalently conjugated to a 21-nt ssDNA (grey strand). Hybridization of a
“cage” duplex to this ssDNA-tag yields an RNAP whose activity is activatable via programmed
DNA strand-displacement. b, The cage duplex encodes a truncated T7 promoter (blue domain),
which fails to induce transcription but nevertheless occupies the active site of the RNAP and
prevents its association with other DNA templates. The duplex can be removed via strand
displacement mediated by a 7-nt toehold positioned at the 5° end of the ssDNA-tag. ¢, Example
schematic of a strand-displacement reaction for RNAP uncaging and loading onto a gene-of-
interest. d, Relationship between enzyme kinetics and cage state. Hybridization of cage duplex
to RNAP introduces a locally bound competitor for template binding, resulting in a large shift in
RNAP activity between the caged vs. uncaged states at most concentrations of template. e,f,
Transcription velocity of the RNAP, here monitored as the rate of production of a fluorescent RNA
aptamer per unit time, in the caged (i.e. OFF) vs. uncaged (i.e. ON) states, measured on either
linear (e) or circular templates (f).
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Figure 3. Synthetic recapitulation of endogenous gene-regulatory architectures. a,
Schematic of a /ac-inducible gene in E. coli. Binding of the lac-repressor protein to the operator
on the DNA template prevents RNAP binding to the promoter, resulting in gene repression.
Repression is alleviated upon allosteric binding of allolactose to the /lac-repressor protein, which
turns on gene expression. b, Nucleic-acid mimic of the /ac system. A linear ssDNA acts as the
repressor by binding to the operator region of the DNA template, masking the toehold required
for template-mediated RNAP uncaging. An effector strand displaces the repressor from the
template to trigger gene expression. ¢, Dose-response of the nucleic-acid /ac mimic as a function
of the effector-to-repressor ratio. Inset shows how the maximum response varies as a function of
decreasing hybridization length between the effector and repressor from 0 to 4 nt. d, The trp
repressible gene. Binding of tryptophan to the trp repressor allosterically strengthens its affinity
for the operator, resulting in gene suppression. In the absence of the tryptophan, the trp repressor
is unable to suppress gene expression. e, Nucleic-acid mimic of the trp system. The effector and
repressor strands assemble to form a four-way junction (4WJ) on the template, thereby preventing
template-mediated RNAP uncaging. f, Dose-response of the nucleic-acid trp mimic as a function
of the effector-to-repressor ratio. Inset shows how the fluorescence signal varies as a function of
the length of the hybridizing region between effector and repressor for a given effector
concentration.
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Figure 4. Implementation of negative and positive feedback. a, Schematic of an auto-
inhibitory feedback loop. The DNA template encodes a fluorescent RNA aptamer (reporter)
attached at its 3"-end to an effector sequence. Upon transcription, this RNA molecule assembles
with free DNA repressors in solution for cooperative suppression of its own production. b, Kinetics
of the auto-inhibitory response as a function of the initial repressor-to-template ratio, r. c,
Schematic of a two-step cascade driving an auto-catalytic feedback loop. The first template in the
cascade is constitutively active and produces an effector sequence that removes the DNA
repressor initially bound to the second template in the cascade. The second template encodes an
auto-catalytic RNA molecule consisting of a fluorescent RNA aptamer (reporter) attached at its
3’-end to the same effector which, when transcribed, alleviates its own inhibition by the repressors.
d, Kinetics of the auto-catalytic response as a function of the initial repressor-to-template ratio, r.
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Figure 5. Implementation of transcriptional multiplexing. a, Schematic of the regulatory
architecture of the genetic templates used for testing multiplexed transcription. Each template n
encodes a unique RNA barcode n whose transcription is activated upon the binding of a pair of
nucleic acids, denoted TFa and TFg, to the template operator. b, Schematic of the experiment
used for multiplexed transcription and RNA identification. Twelve templates each encoding a
different RNA barcode and under the regulation by the architecture shown in a are combined into
a pool. This pool is used to set up twelve independent in vitro transcription reactions each
performed using one TF pair. The identity of the RNA transcribed from each reaction is verified
using a set of twelve molecular beacons specific for each RNA barcode. ¢, TBE-Urea PAGE
showing RNA produced from the twelve independent multiplexed in vitro transcription reactions.
“ALL”: in vitro transcriptions using a template pool containing all 12 templates. “LOO”: in vitro
transcriptions using a “leave-one-out” pool, in which the cognate template corresponding to the
TF pair added was removed from the pool. Arrow in the gels points to the cage duplex, here used
as a loading control to normalize signals across samples. Bottom: Quantification of RNA produced
from the transcription reactions from the “ALL” template pool normalized to the highest level. Error
bars denote standard deviation from three independent experiments. d, Activation of molecular
beacons by RNA produced from each multiplexed transcription reaction displayed as an activation
matrix. Signals across matrix diagonal represent specific activation while off-diagonals indicate
nonspecific activation.
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