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SUPPLEMENTARY FIGURES
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Supplementary Figure S1. The T-REx inducible gene expression system. (A) Schematic
representation of the T-REx system with constitutively expressed TetR repressor protein,
controlling the expression of a gene of interest (eGFP in this case) through a TetR-repressible
promoter. TetR-mediated repression can be tuned by the level of external inducer concentration
(tetracycline derivatives). (B) Gene expression distributions in MCF-7 cells carrying the stably
integrated T-REx system. (C) Dose-response curve of the MCF-7 cells carrying the stably
integrated T-REx system at different levels of induction. (D) Variability of gene expression (CV,
%) of the MCF-7 cells carrying the stably integrated T-REx system at different levels of
induction.



a -3..+9region of htetR gene in the prototype TG5 (original)

GATATGTCTAGA

b Kozak consensus sequence
AccATGG

C Altered htetR gene (with introduced Kozak sequence), prototype TG6 and higher
ACCATGGGTTCTAGA

Supplementary Figure S2. Introduction of the Kozak sequence in the htetR gene. (A) The
original -3..+9 sequence of the htetR gene (blue) in prototype TGS (Fig. 2e). (B) Mammalian
Kozak consensus sequence’”. (C) Altered translational start region of the htetR gene, indicating
the nucleotides modified (red) to resemble the Kozak consensus sequence in prototype TG6 (Fig.

2f).
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Supplementary Figure S3. The influence of Inr motif displacement on expression from
pCMYV-based promoters. (A) Schematic representation of the wild-type pPCMV, pCMV-2xtetO
(Invitrogen) and pCMV-dInr promoters. The latter has scrambled DNA sequence replacing the
tetO2 sites in pPCMV-2xtetO, such that the Inr motif is at the same distance from the TATA-box
as in the pCMV-2xtetO promoter. (B) Schematic representation of three genetic constructs with
each of the three promoters from (A). (C) Gene expression
distributions measured by flow cytometry 2 days after MCF-7 cells were transiently nucleofected
with plasmids bearing constructs from (B). Median statistics of gene expression were calculated
for EGFP positive cells bearing the plasmid DNA (indicated by the horizontal bar). For control
cells the same statistic was calculated from the entire population of cells lacking the plasmid.
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Supplementary Figure S4. Comparison of expression efficiency from three TetR-
repressible promoters in MCF-7 cells. Gene expression distributions of MCF-7 cells
transiently nucleofected with plasmids bearing TG prototypes based on the pCMV-2xtetO,
pCMV-D2t, and pCMV-D2i promoters in the presence of saturating inducer concentration (Dox,
250 ng/ml). Median statistics of gene expression were calculated for positive cells bearing the
plasmid DNA (indicated by the horizontal bar). For control cells the same statistic was calculated
from the entire population of cells without the plasmid DNA.
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Supplementary Figure S5. Increase of fold induction in prototypes as the result of their
optimization. Three clonal MCF-7 cell lines with stably integrated TG1 (Fig. 2a), TG3 (Fig.
2¢), and TG7 (Fig. 2g) prototypes were established and fetR::eGFP expression was assessed in
repressed and fully induced states. Fold induction was calculated as the ratio of maximum to
minimum expression. The results illustrate the increase of fold induction from prototype TG1 to
TGT7 after subsequent rounds of optimization.
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Supplementary Figure S6. Linearity assessment and correlation of gene expression in the
circuits. See the Materials and Methods section in the main text on how the L1-norm values
were calculated for this figure. (A) L1-norm values calculated for all possible Dox ranges in
prototype TG7 (Fig. 2g). (B) L1-norm values calculated for all possible Dox ranges in the two-
gene mammalian linearizer (Fig. 8a). (C) L1-norm values calculated for all possible Dox ranges
in the T-REx system (Fig. Sla). (D) The mCherry expression mean plotted against the
htetR::NLS::eGFP expression mean in the two-gene mammalian linearizer (Fig. 8a) shows high
correlation between protein synthesis in these two parts of the circuit on the population level
(Pearson correlation coefficient r = 0.999, p < 0.0001).
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Supplementary Figure S7. Lack of spillover between the EGFP and mCherry fluorescence
channels in flow cytometry experiments. (A) MCF-7 cells with no EGFP or mCherry
fluorescent protein expression. Fluorescence in both channels is at background. (B) MCF-7 cells
expressing EGFP fluorescent protein only. EGFP-positive cells show strong signal in the EGFP
channel, but stay at the same background level in the mCherry channel as EGFP-negative cells,
illustrating lack of significant spillover of EGFP fluorescence into the mCherry channel.
(C) MCF-7 cells expressing mCherry fluorescent protein only. mCherry-positive cells show
strong signal in the mCherry channel, but stay at the same background level in the EGFP channel
as mCherry-negative cells, illustrating lack of significant spillover of mCherry fluorescence into
the EGFP channel.



SUPPLEMENTARY TABLES

Prototype | Genetic modification Anticipated effect | Model parameter which
suggested the modification
TG2 intron introduction increased mature u — mRNA degradation rate
mRNA content
TG3 gene codon optimization improved p — translation rate
translation
TG4 nuclear localization sequence | protein localization | r — TetR-terO2 binding rate
introduction to the nucleus*
TGS Woodchuck hepatitis virus increased mRNA u — mRNA degradation rate
post-transcriptional stability
regulatory element
TG6 Kozak sequence introduction | improved p — translation rate
translation
TG7 novel pCMV-D2i promoter improved m — transcription rate

transcription in the
unrepressed state
(maximum
expression) and/or
lower background
expression in the
repressed state™®*

* - as explained in the main text, the idea behind this modification was that, while the nuclear localization sequence
would not increase the TetR-ferO2 binding rate per se, it would still concentrate the repressor predominantly in the
nucleus, increasing the likelihood of its binding to the promoter in the repressed state.

** _ as explained in the main text, the observed effects of this modification manifested mainly in lower background
expression, resulting in higher fold induction of the pCMV-D2i promoter. However, in terms of maximum
expression, the pPCMV-D2i and pCMV-2xtetO promoters were comparable.

Supplementary

Table S1. Computational model parameters varied

in computer

simulations and respective genetic modifications in the circuit effect of which was predicted
by the model.




Primer name

Sequence (5’ -> 3’)

2602-Add-Xhol-f

TGTCCTCGAGTCTAGAGGGCCCGTTTAAACCCGCTGATCAGCCTCG

BGH-close-r AGATGGCTGGCAACTAGAAGGCACAG

CMV-Agel-f GCGCACCGGTGTTGACATTGATTATTGAC

CMV-AfllI-mamma-f | TAAACTTAAGCTTGGTACCCGGGGATCCTC

CMV-AfIIL-r GCGCCTTAAGTTTAAACGCTAGAGTCCG

CMV-Asel-f AGTTATTAATAGTAATCAATTACGGGGTCATTAG

CMV-dInr-f GTGTGCGTGTGTGGCTGTGGTCTTTCTGGGCGCGGTCGCTTCCTCCTG
CMV-dInr-Inr-f TCTGGGCGCGGTCGCTTCCTCCTGGAGCTCGTTTAGTGAACCGTCAGATC
CMV-dInr-r CAGGAGGAAGCGACCGCGCCCAGAAAGACCACAGCCACACACGCACAC

CMV-dInr-TATA-r

AAGACCACAGCCACACACGCACACGAGCTCTGCTTATATAGACCTCCC

CMV-Ench-TATA-f

CTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGG

CMV-Ench-TATA-r

CCGCCCATTTGCGTCAATGGGGCGGAGTTGTTACGACATTTTGGAAAG

CMV-Spel-f GCGCACTAGTTATTAATAGTAATCAATTACG
CMV-TSS+75-f CCACGCTGTTTTGACCTCCATAGAAG
CMV-TSS-f CCTATCAGTGATAGAGATCGTCGACG

CMVwt-TATA-f

TACGGTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATC

CMVwt-TATA-r

AGGCGATCTGACGGTTCACTAAACGAGCTCTGCTTATATAGACCTCCC

es-WPRE-r

TGATTGCGGCCGCACCGGTTTACTTGTACAGCTCGTCCATGCCG

es-WPRE-f

AAGTAAACCGGTGCGGCCGCAATCAACCTCTIGGATTACAAAATTTG

hEGFP-BamHI-f

GCGCGGATCCATGGTGAGCAAGGGCGAGGAG

hEGFP-Nhel-r

GCGCGCTAGCTTACTTIGTACAGCTCGTCCATGC

hEGFP-Pacl-link-f

TGGTITTAATTAACATGGTGAGCAAGGGCGAGGAGCTG

hEGFP-WPRE-f

GGCATGGACGAGCTGTACAAGTAAAATCAACCTCTGGATTACAAAATTTG

hEGFP-Xhol-r

GCGCCTCGAGTTACTTGTACAGCTCGTCCATGC

hmCherry-Agel-r

GCGCACCGGTCTACTTIGTACAGCTCGTCCATGC

hmCherry-IVS-r

GTTATCCTCCTCGCCCTTGCTCACCATGGTGGCGCCTGCAGGACCTGTAG

htetR-IVS-f

CGACTCACTATAGGGCGAATTGATATGTCTAGACTGGACAAGAGCAAAG

htetR-NLS-EcoRI-r

GCGCGAATTICTTACTTTCICTICTITITTTIGGCCCGCCGCTTTICGC

htetR-NLS-Nhel-r

CACTGCTAGCTTTCTCTTCTTTTTTGGCCCGCCGCTTTCGCACTTTAGC

htetR-NLS-Pacl-link-r

CATGTTAATTAAACCAGCACCGTCACCCTITTCICTICTITTTTIGGCC

htetR-Pacl-linker-r

CATGTTAATTAAACCAGCACCGTCACCCCCGCCGCTTTCGCACTTTAGC

htetR-Xhol-r

GCGCCTCGAGTTAATAAGATCTGAATTCCCGGGA

IVS-hmCherry-f

CTACAGGTCCTGCAGGCGCCACCATGGTGAGCAAGGGCGAGGAGGATAAC

IVS-htetR-r CTTTGCTCTTIGTCCAGTCTAGACATATCAATTCGCCCTATAGTGAGTCG
Kid-Nhel-f GAAAGCTAGCAGTGTCAGTGACATTTIGAAG

Kid-EcoRI-r ATCTGAATTCCCGGGATCCTTATTACCAGGGATCCTCTCCTTGCTGCAAC
rtTA-BamHI2-f GCGCGGATCCATGTCTAGATTAGATAAAAGTAAAG

sk-htetR-r GAACCCATGGTGGCGCCTIGCAGGACCTGTAGGAAAAAGAAGAAGGCATG
sk-htetR-f ACAGGTCCTGCAGGCGCCACCATGGGTTCTAGACTGGACAAGAGCAAAG
SV40-Seq-r AATGCAGTGAAAAAAATGCTITATTIGIG

WPRE-Xhol-r GCGCCTCGAGGACAACACCACGGAATTGTCAG

Supplementary Table S2. Oligonucleotides used in this study.




SUPPLEMENTARY NOTE 1

Computational model of the negative feedback-based single-gene circuit. We used a
computational model previously developed for the negative feedback-based synthetic gene
circuit in yeast®. We modified several parameters to adapt this model for the mammalian circuit,
based on the literature as follows (Fig. 3a).

Contrary to earlier yeast studies we used the inducer doxycycline (Dox) in mammalian
cells rather than anhydrotetracycline (aTc) in all dose-response experiments. Both are
tetracycline analogs that regulate the DNA binding affinity of the TetR protein, but Dox has ~7
times smaller binding constant to TetR as compared to aTc®®. Therefore, we decreased the
inducer-repressor binding rate (b) 7-fold in the mammalian model.

Second, we increased the rate of Dox entry into the cell by increasing the effective
inducer concentration constant modifier parameter (c), considering that inducer diffusion is most
likely higher in mammalian cells than yeast, due to the lack of a cell wall in the former. We have
not changed the rate of inducer diffusion into the cells (f) explicitly because it is a compound
parameter influenced not only by permeability of the cell membrane, but also by the

area-to-volume ratio of the cell”. The influence of these different factors could be approximated
by this relationship:
A
~ P=, S1
Py [S1]

where P is the permeability of the cell membrane, A is the cell membrane area and V is the cell
volume® . The parameter P is expected to increase in mammalian cells due to the lack of cell
wall, while the A/V ratio is most likely decreasing, because of the generally larger size of
mammalian cells compared to yeast. Due to the lack of data on the relative magnitudes of these
effects and considering that the rate of inducer diffusion into the cells is critical for linearity®,
we decided to leave f unchanged.

Finally, we changed the parameter accounting for protein degradation and dilution,
considering that mammalian cells divide much slower than yeast. In the yeast gene circuit
protein removal was mainly attributed to dilution by cell growth, considering that the cell
division time in yeast (~ 2 h) is much shorter than the EGFP half-life (~26 h)35’70. In contrast,
MCEF-7 cells have a doubling time of ~36h’"""%. Consequently, the combined degradation/dilution
rates (0) of the TetR::EGFP and EGFP proteins in mammalian cells should be much lower, and
can be calculated using the formula:

5= @ @) 2]
G D

where G and D are the cell doubling time and EGFP protein half-life, respectively. For
simplicity, we also assumed that TetR::EGFP protein half-life was approximately equal to EGFP
half-life. With G = 36 h and D = 26 h, we obtained and used 6 = 0.046 h™ in the model.

To obtain estimations of average gene expression in the population, we implemented a
computational model in the software Dizzy60 and then performed deterministic simulations (to
obtain the steady state solution of the ODE corresponding to the chemical reaction system) using
ODEtoJava-dopr54-adaptive algorithm. The results from the simulations were then processed in



the R Project for Statistical Computing 2.13.1 (R Development Core Team, 2011). The inset
below shows the full Dizzy code with parameter descriptions and initial values.

After adapting this model for mammalian cells, we simulated the inducer dose-responses
of the mean in the gene circuit by varying the parameter /, (extracellular inducer concentration)
from O to 100 ng/ml of Dox and plotting the mean of simulated TetR::EGFP expression. As
expected, the model showed linear relationship between the inducer concentration and
TetR::EGFP expression in the rising portion of the dose-response curve (Fig. 3b).

We used the model to check the effect of different genetic alterations in the circuit on its
fold induction. The simulations showed that increasing either the transcription (/) or translation
rate (p), or decreasing the mRNA degradation rate (1) should increase the fold induction due to
the higher TetR::EGFP expression levels (Fig. 4a,b,c). The effect of these parameter changes
was estimated for Dox concentrations spanning a range from 0 ng/ml to 2000 ng/ml. These
insights from the computational simulations suggested biological processes that should be
optimized in linearizer circuit.

In addition, we simulated the effect of adding nuclear localization sequence (NLS) to
TetR::EGFP protein by varying the effective binding rate of TetR::EGFP to the promoter (r).
The assumption was that by adding NLS to the TetR::EGFP protein we are not increasing its
actual DNA binding rate per se, but rather preferentially concentrating the repressor in the
nucleus, where it has higher chance to bind its target tetO2 sites, therefore indirectly increasing
the effective binding rate. The simulations showed that fold induction grew with the increase of
r, due to lower gene expression leakage in the fully repressed state (Fig. 4d). These results
suggested that adding a NLS to the TetR::EGFP protein should have beneficial effect on fold
induction in linearizer gene circuit.

Finally, we also performed stochastic simulations based on the Gillespie algorithm in
Dizzy60 using the computational model to estimate noise of gene expression in linearizer circuit.
Noise was not significantly affected by changes in any parameters (data not shown). The Dizzy
code for the computational model of the negative feedback-based single-gene circuit is shown on
the next page:
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SUPPLEMENTARY NOTE 2

Synthetic CMV-derived promoters used in the study. Below are the detailed sequences of the
37,5373

original pPCMV promoter , the pCMV-2xtetO promoter”’, the pCMV-dInr promoter, and all
engineered TetR-repressible promoters that we constructed. The following parts are highlighted:
CGC..TTG — Immediate early promoter enhancer

— TATA-box motif

TCAGATC — Inr motif

TCCCTATCAGTGATAGAGA - tetO?2 site(s)

— restriction site(s)
— scrambled DNA sequence used to move the Inr motif in the

pCMV-dInr promoter to the same distance from the TATA-box as
in the pCMV-2xtetO promoter, but without introducing retO2 sites
and keeping the region as far as possible from the Inr consensus
sequence YYANWYY® (Supplementary Fig. S3a).

Original promoters:
WT pCMV (shown in full, the underlined region is modified in the engineered variants):

ACTAGHTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCG
TTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTC
AATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAG
TATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTA
TTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTT
TCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAG
TACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACG
TCAATGGGAGTTTGTTTTGGAACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGC
CCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTC Ncc GTTTA
GTGAACCGTCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGG
ACCGATCCAGCCTCCGGACTCTAGCGTTT

pCMV-2xtetO:

CGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGT ClENENNACCAGAGETCTC
CCTATCAGTGATAGAGATCTCCCTATCAGTGATAGAGATCGTCGAC GTTTAGTGAACC
GTCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATC
CAGCCTCCGGACTCTAGCGTTTAAACTTARG

pCMV-dinr:

CGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTC AcCrGAGCTCER
GTTTAGTGAACC

GTCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATC
CAGCCTCCGGACTCTAGCGTTTAAACTTAAG



Engineered promoters:
pCMV-C3:
CCTATCAGTGATAGAGATCTCCCTATCAGTGATAGAGATCGTCGAC GTTTAGTGAACC

GTCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATC
CAGCCTCCGGACTCTAGCGTTTAAACTTAAG

CGCCCCATTGACGCAAATGGGCGGTTCCCTATCAGTGATAGAGATCGCA-TC

pCMV-C4:

CGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGT ClyNINNINAGCACAGETCTC
CCTATCAGTGATAGAGATCTCCCTATCAGTGATAGAGATCTCCCTATCAGTGATAGAGAGATCC
CTATCAGTGATAGAGAACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATC
CAGCCTCCGGACTCTAGCGTTTAAACTTAAG

pCMV-D2i:

CGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGT ClNINNNAGCATCCCTATC
AGIGATAGAGATCAGATCICCCTATCAGTGATAGAGAGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCGGACTCTAGCGTTTAAACTTARG

pCMV-D2t:
CGCCCCATTGACGCAAATGGGCGGTAGTCCCTATCAGTGATAGAGAINNININAGCATCCCTATC
AGTGATAGAGATCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCGGACTCTAGCGTTTAAACTIAAG

pCMV-D3:
CGCCCCATTGACGCAAATGGGCGGTAGTCCCTATCAGTGATAGACAINNINYNNCCATCCCTATC
AGTGATAGAGATCAGATCICCCTATCAGTGATAGAGAGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCGGACTCTAGCGTTTAAACTIARG

pCMV-D4:

CGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGT ClUNINNNAGCATCCCTATC
AGTGATAGAGATCAGATCTCCCTATCAGTGATAGAGAGCTCCCTATCAGTGATAGAGAGATCCC
TATCAGTGATAGAGATCCGGACTCTAGCGTTTAAACTIAAG

pCMV-D5:
CGCCCCATTGACGCAAATGGGCGGTAGTCCCTATCAGTGATAGAGAINNININAGCATCCCTATC

AGTGATAGAGATCAGATCTCCCTATCAGTGATAGAGAGCTCCCTATCAGTGATAGAGAGATCCC
TATCAGTGATAGAGATCCGGACTCTAGCGTTTAAACTIAAG



SUPPLEMENTARY METHODS

Detailed description of plasmid construction in this study. The oligonucleotides used during
the construction of the plasmids can be found in Supplementary Table S2. The pcDNA4/TO-
EGFP plasmid was produced by amplifying the mammalian codon optimized variant of eGFP
gene from the pIRES2-EGFP plasmid (Clontech, Mountain View, CA) using the hEGFP-
BamHI-f and hEGFP-Xhol-r primers and inserting it between the BamHI and Xhol sites of the
pcDNA4/TO plasmid (Invitrogen, Carlsbad, CA). The plasmid pDN-VTG4 containing the
prototype TG1 was created by digesting the fetR::eGFP gene out from the plasmid pDN-
GITGt” using the BamHI and Xhol restriction enzymes and inserting it between the same sites
into the pcDNA4/TO-EGFP plasmid. The bifunctional fetR::eGFP fusion gene was constructed
from the fefR repressor” and eGFP fluorescent reporter® genes fused by a linker with the
GDGAGLIN amino acid sequence®. The Af/II-Xbal fragment from the plasmid pcDNAG6/TR
(Invitrogen, Carlsbad, CA) containing the rabbit -globin intron II sequence’’ and the Xbal-Pacl
fragment from the plasmid pDN-VTG4 were inserted into the pDN-VTG4 between AfIII and
Pacl sites, resulting in the plasmid pDN-VrTG4 bearing the prototype TG2. The mammalian
codon optimized fusion htetR::eGFP gene was created as following. First, the fragment
containing the rabbit B-globin intron II sequence was PCR amplified from the pDN-VrTG4
plasmid using the CMV-Aflll-mamma-f and IVS-htetR-r primers and fragment containing htetR
gene was PCR amplified from the pTet-OFF Advanced plasmid (Clontech, Mountain View, CA)
using the htetR-IVS-f and htetR-Pacl-linker-r primers. Next, these two fragments were fused
together and amplified in the subsequent PCR using the primers CMV-Aflll-mamma-f and
htetR-Pacl-linker-r producing the fragment AfIII-IVS-htetR-Pacl. In addition, the Pacl-heGFP-
Xhol fragment was amplified from the pcDNA4/TO-EGFP using the heGFP-Pacl-link-f and
heGFP-Xhol-r primers. The AfIII-IVS-htetR-Pacl and Pacl-heGFP-Xhol fragments were
digested with respective restriction enzymes and inserted into the pDN-VrTG4 plasmid between
AfIIl and Xhol sites, resulting in the plasmid pDN-VrTG4h bearing the prototype TG3 with
mammalian codon optimized htetR::eGFP gene.

The first intermediate plasmid pcDNAG6/TR-NF was created by PCR amplifying the tetR
fragment from the pcDNAG6/TR plasmid using the rtTA-BamHI2-f and htetR-Xhol-r primers;
combining it with the Spel-BamHI fragment from the pcDNA4/TO, digesting them with
respective enzymes and inserting both between Spel and EcoRI sites of the pcDNAG6/TR plasmid.
The second intermediate plasmid pDN-VrTS6h was created as following. First, the simian virus
40 (SV40) large-T-antigen nuclear localization sequence®® was added to hfetR gene by PCR
amplifying its region from the pDN-VrTG4h using the CMV-Aflll-mamma-f and htetR-NLS-
Nhel-r primers. Second, the KRAB-AB silencing domain of the Kid-1 protein® was PCR
amplified from the pTet-tTS plasmid (Clontech, Mountain View, CA) using the Kid-Nhel-f and
Kid-EcoRI-r primers. Then both fragments were digested with respective restriction enzymes
and inserted into the pcDNA6/TR-NF plasmid between AfIIl and EcoRI sites. The third
intermediate plasmid pDN-VrTN6h was created by PCR amplifying AfI/II-IVS-htetR-NLS-EcoRI
fragment from the pDN-VrTS6h plasmid using the primers CMV-Asel-f and htetR-NLS-EcoRI-r
and inserting replacing with it into the pDN-VrTS6h plasmid fragment between the AfIII and
EcoRI sites.

The lentivirus-based vector variants with for comparison of prototypes TG3 and TG4
were created as following. The entire prototype TG3 (promoter and htetR::eGFP gene) was PCR
amplified from the pDN-VrTG4h plasmid using the primers CMV-Agel-f and hEGFP-Nhel-r.



The prototype TG4 was created by combining two fragments PCR amplified from the pDN-
VITNG6h using the primers CMV-Agel-f and htetR-NLS-Pacl-link-r and from the pDN-VrTG4h
using the primers hEGFP-Pacl-link-f and hEGFP-Nhel-r, respectively. The above fragments
were then inserted into the pLVX-DD-tdTomato plasmid (Clontech, Mountain View, CA)
between Xmal and Xbal sites resulting in plasmids pDN-VrTGhv and pDN-VrTNGhv
(lentivirus-based prototypes TG3 and TG4, respectively). The plasmid-based version of
prototype TG4 was created by inserting the BamHI-Pacl fragment from the pDN-VITNGhv
between the BamHI and Pacl sites of the pDN-VrTG4h plasmid.

Prototype TGS was created as follows. First, the fragment containing the heGFP was
PCR-amplified from the pDN-VrTG4h plasmid using the hEGFP-Pacl-link-f and hEGFP-Xhol-r
primers and fragment containing the woodchuck hepatitis virus post-transcriptional regulatory
element (WPRE)*"®> was PCR amplified from the pDN-VITNGhv plasmid using the hEGFP-
WPRE-f and WPRE-Xhol-r primers. Next, these two fragments were fused together and
amplified subsequently by PCR using the primers hEGFP-Pacl-link-f and WPRE-Xhol-r
producing the fragment Pacl-heGFP-WPRE-Xhol. This fusion fragment, together with the
BamHI-Pacl fragment from the pDN-VITNGhv, was digested with respective restriction
enzymes and inserted between BamHI and Xhol sites of the pDN-VrTG4h plasmid resulting in
the plasmid pDN-VITNG4wh bearing the prototype TGS. Subsequently, the three fragments
were PCR-amplified from the pDN-VITNG4wh plasmid, using the following three pairs of
primers: CMV-Aflll-mamma-f and skhtetR-r; sk-htetR-f and es-WPRE-r; es-WPRE-f and
WPRE-Xhol-r. These three fragments were then fused together in a single PCR reaction with the
CMV-Aflll-mamma-f and WPRE-Xhol-r primers. The reaction product was digested with the
respective restriction enzymes and inserted between AfIII and Xhol sites of the pPDN-VITNG4wh
plasmid resulting in plasmid pDN-VITNG4kwh bearing prototype TG6.

The seven parts of the modified CMV-based synthetic promoters (pCMV-C3, pCMV-C4,
pCMV-D2i, pCMV-D2t, pPCMV-D3, pCMV-D4, and pCMV-D5) limited by the 46 bp sequence
upstream of the TATA-box and 116-170 bp downstream of it (including the Af/II site) with
introduced changes were synthesized de novo (Bio Basic Inc., Markham, Ontario, Canada). The
promoter structures are outlined on Fig. 6a of the main text and the exact sequences can be found
in the Supplementary Note 2. The intermediate PCR fragment designated as UP* was PCR
amplified from the pDN-VITNG4kwh plasmid using the primers CMV-Spel-f and CMV-Ench-
TATA-r. Next, synthetic promoter fragments were PCR amplified from the plasmids provided by
the DNA synthesis vendor using the CMV-Ench-TATA-f and CMV-Aflll-r primers.
Subsequently, each PCR product containing synthetic promoter fragment was fused to the UP*
fragment and amplified in another PCR reaction using the CMV-Spel-f and CMV-AflIl-r
primers; digested with respective restriction enzymes and inserted between the Spel and AfIII
sites in the pDN-VITNG4kwh plasmid, resulted in series of plasmids: pDN-C3rTNG4kwh,
pDN-C4rTNG4kwh, pDN-D2irTNG4kwh, pDN-D2itTNG4kwh, pDN-D3rTNG4kwh, pDN-
D4rTNG4kwh, and pDN-D5rTNG4kwh, bearing the pCMV-C3, pCMV-C4, pCMV-D2i,
pCMV-D2t, pCMV-D3, pCMV-D4, and pCMV-D5 promoters respectively.

The plasmids for two-gene mammalian linearizer were created as following. First, the
fragment containing the mCherry gene was PCR amplified from the pTRE-Dual2 plasmid
(Clontech, Mountain View, CA) using the IVS-hmCherry-f and hmCherry-Agel-r primers and
the second fragment was PCR amplified from the pDN-D2irTNG4kwh plasmid using the CMV-
Spel-f and hmCherry-IVS-r primers. Next, these two fragments were fused together and
amplified in the subsequent PCR wusing the primers CMV-Spel-f and hmCherry-Agel-r



producing the fragment Spel-IVS-mCherry-Agel. This fusion fragment was digested with
respective restriction enzymes and inserted between Spel and Agel sites of the
pDN-D2irTNG4kwh plasmid resulting in the plasmid pDN-D2irC4kwh bearing the reporter part.
Second, the fragment containing selection marker was PCR amplified from the pcDNA6/TR
plasmid using the 2602-Add-Xhol-f and SV40-Seq-r primers and digested with the Bpll and
Xhol enzymes. Next, fragment containing the regulatory part was cut from the
pDN-D2irTNG4kwh plasmid using the Spel and Xhol enzymes. These two fragments were
inserted between Spel and Bpll sites of the pcDNA6/TR plasmid resulting in the plasmid
pDN-D2irTNG6kwh bearing the regulatory part.

The additional plasmids with the wild-type pCMV promoter and the pCMV-dInr
promoter with displaced Inr motif were created as follows. First, we used sequential PCR and the
primers CMV-Spe-f, CMVwt-TATA-r, CMVwt-TATA-f, and CMV-AflII-r to remove the terO2
sites from the pCMV-2xtetO promoter, reverting its sequence back to the original pCMV wild-
type promoter. Second, the wild-type pCMV promoter was inserted into the pcDNA4/TO-EGFP
plasmid instead of pCMV-2xtetO between the Spel and AfIII sites, resulting in the pDN-MG4
plasmid. Third, we used sequential PCR and primers CMV-Spe-f, CMV-dInr-TATA-r, CMV-
dInr-r, CMV-dInr-f, CMV-dInr-Inr-f, and CMV-AflIl-r to replace the Sacl-Sacl fragment of the
pCMV-2xtetO promoter containing the two tetO2 sites with the scrambled DNA sequence of
exactly the same length, displacing the Inr motif to the same distance from the TATA-box as in
the pCMV-2xtetO promoter, keeping the region as far as possible from the Inr motif
(YYANWYY)**” and rerO2 sites’ consensus sequence. The modified pCMV-dInr promoter was
then inserted into the pcDNA4/TO-EGFP plasmid instead of pCMV-2xtetO, between the Spel
and AfIII restriction sites, resulting in the pPDN-MdG4 plasmid.
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