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Fig. S1. Operation of two-component pathways in HeLa cells. The plasmid mixtures are
the same as used in Fig. 2A. Presence or absence of different components is indicated. The
response genes are present in all transfections. Note that for DcuRS pathway, the conditions

are suboptimal resulting in reproducible, but low, induction.
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Fig. S2. Comparison between one and two repeats of DcuR response element in the
inducible promoter. The measurement is made with optimal amount of DcuS (15 ng) found
in titration (Fig. 2G). The induced signal with 1x response element is shown for comparison.
In HEK293 cells, for each RE we also show the reporter expression in the absence of the HK
as well as in the absence of either TCS gene. In HelLa cells, we only show the fully-induced
signal for every RE. Each bar represents an average of three biological replicas and different
transfected components are indicated. Cell line where the measurement has been performed
is shown on top of each chart. Where applicable, we use 15 ng of DcuS-encoding plasmid,

300 ng of the DcuR-encoding plasmid, and 450 ng of the reporter plasmid.
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Fig. S3. mCherry HK fusions retain their activity. In this experiment, 300 ng of each RR,
400 ng of the inducible AmCyan reporter (using 2xDcuS_RE (18bp)-AmCyan for DcuSR) and
200 ng of CMV-IRFP transfection marker were transfected either with or without the

respective HK::mCherry fusion. The AmCyan signal is normalized to iRFP fluorescence.
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Fig. S4. Logic gates using inducible genes encoding for HKs and RRs, characterized in

HelLa cells in a manner similar to the experiment in Fig. 3A-C



Table S1. Design of promoter sequences induced by phosphorylated RRs. Red-colored

sequences indicates the RR DNA binding sites in each respective construct. Green color

indicates the TATA Box. Blue bold sequence indicates regions of the minimal promoter that

flank the TATA box. Start codon is shown in black bold. For OmpR RE, we also underline

restriction enzyme sites (left to right, Ndel, Spel, Nhel, Bmtl, Afel and Agel, with the last four

overlapping) and double-underline the Kozak sequence. These sequences appear in all

regulated promoters in the table.

ATTTACATTTTGAAACATCTATAGCGCCGGCATTTACATTTTGAAACATCTA

OmpR RE TCCATATGCTCTAGAGGGTATATAATGGGGGCCACTAGTCTACTACCAGA
GCTCATCGCTAGCGCTACCGGTCGCCACCATG
TACCCCTATAGGGGTATAGCGCCGGCTACCCCTATAGGGGTATCCATATG

NarL RE CTCTAGAGGGTATATAATGGGGGCCACTAGTCTACTACCAGAGCTCATCG
CTAGCGCTACCGGTCGCCACCATG
TGATTACAAAACTTTAAAAAGTGCTGCACCATATGCTCTAGAGGGTATATA

DcuR RE ATGGGGGCCACTAGTCTACTACCAGAGCTCATCGCTAGCGCTACCGGTC
GCCACCATG

DouR oxRE | TGATTACAAAACTTTAAAAAGTGCTGCATAGCGCCGGCCGCGCCTGATTA

CUR 2x CAAAACTTTAAAAAGTGCTGCACCATATGCTCTAGAGGGTATATAATGGG

(18 bp) GGCCACTAGTCTACTACCAGAGCTCATCGCTAGCGCTACCGGTCGCCAC
CATG

DcUR 2xRE | TGATTACAAAACTTTAAAAAGTGCTGTAGCGCCGGCTGATTACAAAACTTT

(10 bp)

AAAAAGTGCTGTCCATATGCTCTAGAGGGTATATAATGGGGGCCACTAGT
CTACTACCAGAGCTCATCGCTAGCGCTACCGGTCGCCACCATG




Table S2. Transfection setup of the experiments in Fig. 2A. Each respective plasmid’s

amount is listed in nanogram (ng) per transfection sample in a 12-well plate setup.

EnvZ — OmpR - OmpR RE

OmpR_RE-

Histidine Response CMV-EnvZ | CMV-OmpR AmCyan CMV-dsRed pUC19
Kinase Regulator (pJHOO01) (pJHO03) (pJHO08) (pBHO015) (pPKH008)
- - 0 0 200 200 400
+ - 200 0 200 200 200
- 0 200 200 200 200
+ 200 200 200 200 0
NarX - NarL - NarL RE

Histidine | Response | CMV-NarX | CMV-NarL m:—iﬁ' CMV-dsRed | pUC19
Kinase Regulator (pJHO002) (pJHO04) y (pBHO015) (pPKH008)
(pJHO07)
- - 0 0 200 200 400
+ - 200 0 200 200 200
- 0 200 200 200 200
+ 200 200 200 200 0
DcuS - DcuR - DcuR RE
Histidine | Response | CMV-DcuS | CMV-DcuR D:;Fé—ygf' CMV-dsRed | pUC19
Kinase Regulator (pJHO19) (pJHO020) (pJHO22) (pBHO015) (pPKH008)
- - 0 0 200 200 400
+ - 200 0 200 200 200
- 0 200 200 200 200
+ 200 200 200 200 0

PMT: 561 586/15: 270 V, 445 473/10: 253 V




Table S3. Quantitative values of fluorescent outputs in experiments displayed in Fig. 2A

Figure 2A - EnvZ -

OmpR - OmpR-RE

CMV-EnvZ (pJHO01) C?S)’QOOB”;)R AmCyan a. u. Standard deviation
- - 5.55%10° 1.46*10°
+ - 5.71*10° 1.46*10°
- + 2.50*107 3.00%10™
+ + 1.17*10™ 7.80%10°°

Figure 2A - NarX

- NarL - NarL-RE

CMV-NarX (pJH002)

CMV-NarL(pJH004)

AmCyan a. u.

Standard deviation

- - 5.25*10° 2.56*10°
+ 6.43*10° 4.37*10°
- + 1.40%107 3.13*10°
+ + 1.35*10" 1.23*107°

Figure 2A - DcuS

-DcuR - DcuR RE

CMV-DcusS (pJHO19)

CMV-DcuR (pJH020)

AmCyan a. u.

Standard deviation

- - 5.25*10° 2.56*10°
+ - 6.43*10° 4.37*10°
- + 1.40%107 3.13*10°
+ + 1.35*10" 1.23*107°




Table S4. Transfection setup for loss-of-function experiments in Fig. 2B. The amounts are

given in nanogram per 12-well plate.

OmpR_RE- CMV-
C(MJ\QE(;‘;’)Z 150 C'EA\J/'H(C))&F)’R 300 AmCyan 400 | dsRed | 200
P P (pJHO08) (pBH0015)
CMV- OmpR_RE- CMV-
EnvZ_H243V | 150 C':”\J/'Hgg)’R 300 AmCyan 400 | dsRed | 200
(PEM013) P (pJH008) (pBH0015)
OmpR_RE- CMV-
C?A\J/_H(c))ch))R 300 AmCyan 400 | dsRed | 200
P (pJHO08) (pBH0015)
NarL_RE- CMV-
C(MJ\QSI;S( 150 (z'\’j\gyoa‘{;‘ 300 AmCyan 400 | dsRed | 200
P P (pJHOO7) (pBH0015)
CMV- NarL_RE- CMV-
NarX_H399Q | 150 ?“’j\gg'oj;‘ 300 AmCyan 400 | dsRed | 200
(PEMO14) P (pJHO07) (pBH0015)
NarL_RE- CMV-
f'\’j\gg'oir;‘ 300 AmCyan 400 | dsRed | 200
P (pJHO07) (pBH0015)
DcuR_RE- CMV-
C(M}/Agfg)s 150 C(MJV,;(E));SF 300 AmCyan 450 | dsRed | 200
P P (pJHO022) (pBH0015)
CMV- DcuR_RE- CMV-
DcuS_H350L | 150 C(MJVA(?;’(;’)R 300 AmCyan 450 | dsRed | 200
(PEMO15) P (pJH022) (PBHO015)
DcuR_RE- CMV-
C(MJVA(?;’(;’)R 300 AmCyan 450 | dsRed | 200
P (pJH022) (pBH0015)
PMT: 561 586/15: 270 V, 445 473/10: 253 V




Table S5. Quantitative values of fluorescent outputs in loss-of-function experiments in Fig.

2B. Each AmCyan value is the mean of a biological triplicate (n=3).

Figure 2B - EnvZ - EnvZH243V

HK variant AmCyan a. u. Standard deviation
EnvZ-wt 0.0790 0.0010
EnvzH243V 0.0061 0.0004
No HK 0.0016 0.0003
Figure 2B - NarX - NarXH399Q
HK variant AmCyan a. u. Standard deviation
NarX-wt 0.238 0.007
NarXH399Q 0.024 0.004
No HK 0.027 0.002
Figure 2B - DcuS - DcuSH350L
HK variant AmCyan a. u. Standard deviation
DcuS-wt 0.1564 0.0157
DcuSH350L 0.0026 0.0002
No HK 0.0035 0.0003




Table S6. Transfection setup of the TCS crosstalk displayed in Fig. 2D. Each respective

plasmid’s amount is listed in nanogram (ng) per sample in a 12-well plate setup (n=3) (TC =

transfection control).

HK RR RE TC
CMV-EnvZ | 200 | CMV-OmpR | 200 | NarL_RE-AmCyan | 200 | CMV-dsRed | 200
(pJHO01) (pJHO03) (pJHO07) (pBHO0015)
CMV-EnvZ | 200 | CMV-OmpR | 200 | DcuR_RE-AmCyan | 200 | CMV-dsRed | 200
(pJHO01) (pJHO03) (pJH022) (pBH0015)
CMV-EnvZ | 200 | CMV-OmpR | 200 | OmpR_RE- 200 | CMV-dsRed | 200
(pJHO01) (pJHO03) AmCyan (pJH008) (pBHO0015)
CMV-NarX | 200 | CMV- 200 | NarL_RE-AmCyan | 200 | CMV-dsRed | 200
(pJH002) NarL(pJH004) (pJHO07) (pBH0015)
CMV-NarX | 200 | CMV-NarL 200 | DcuR_RE-AmCyan | 200 | CMV-dsRed | 200
(pJH002) (pJHO04) (pJH022) (pBH0015)
CMV-NarX | 200 | CMV- 200 | OmpR_RE- 200 | CMV-dsRed | 200
(pJH002) NarL(pJH004) AmCyan (pJH008) (pBH0015)
CMV-DcuS | 200 | CMV-DcuR | 200 | NarL_RE-AmCyan | 200 | CMV-dsRed | 200
(pJHO19) (pJH020) (pJHO07) (pBH0015)
CMV-DcuS | 200 | CMV-DcuR | 200 | DcuR_RE-AmCyan | 200 | CMV-dsRed | 200
(pJHO19) (pJH020) (pJH022) (pBH0015)
CMV-DcuS | 200 | CMV-DcuR | 200 | OmpR_RE- 200 | CMV-dsRed | 200
(pJHO19) (pJH020) AmCyan (pJH008) (pBH0015)

PMT: 561 586/15: 270 V, 445 473/10: 253 V

Table S7. Quantitative data corresponding to measurements in Fig. 2D. Means and standard

deviations of biological triplicates are shown.

CMV-OmpR (pJH003)

OmpR_RE- NarL_RE- DcuR_RE-
AmCyan AmCyan AmCyan
(pJHO08) (pJHOO7) (pJHO22)
CMV-EnvZ (pJHOO1) + 1 o5 4 0028 | 0.0006 + 2510° | 0.00067 + 710

CMV-NarX (pJH002) +
CMV-NarL (pJH004)

0.00025 + 2*10°

0.064 + 0.007

0.00028 + 4*10°

CMV-DcuS (pJHO19) +
CMV-DcuR (pJH022)

0.0008 + 5*10°°

0.00079 + 8*10°

0.018 = 0.001




Table S8. Transfection setup of the TCS crosstalk displayed in Fig. 2E. Each respective

plasmid’s amount is listed in nanogram (ng) per sample in a 12-well plate setup.

HK RR RE TC
CMV-EnvZ | 200 | CMV-OmpR | 200 | OmpR_RE- 200 | CMV-dsRed | 200
(pJHO01) (pJHO03) AmCyan (pJH008) (pBHO0015)
CMV-NarX | 200 | CMV-OmpR | 200 | OmpR_RE- 200 | CMV-dsRed | 200
(pJHO002) (pJHO03) AmCyan (pJH008) (pBHO015)
CMV-DcuS | 200 | CMV-OmpR | 200 | OmpR_RE- 200 | CMV-dsRed | 200
(pJHO19) (pJHO03) AmCyan (pJH008) (pBHO0015)
CMV-EnvZ | 200 | CMV-NarL | 200 | NarL_RE-AmCyan | 200 | CMV-dsRed | 200
(pJHO01) (pJHO04) (pJHOO7) (pBHO015)
CMV-NarX | 200 | CMV-NarL | 200 | NarL_RE-AmCyan | 200 | CMV-dsRed | 200
(pJHO002) (pJHO04) (pJHOO7) (pBHO0015)
CMV-DcuS | 200 | CMV-NarL | 200 | NarL_RE-AmCyan | 200 | CMV-dsRed | 200
(pJHO19) (pJHO04) (pJHOO7) (pBHO015)
CMV-EnvZ | 200 | CMV-DcuR | 200 | DcuR_RE-AmCyan | 200 | CMV-dsRed | 200
(pJHO01) (pJHO020) (pJHO022) (pBHO015)
CMV-NarX | 200 | CMV-DcuR | 200 | DcuR_RE-AmCyan | 200 | CMV-dsRed | 200
(pJHO002) (pJHO020) (pJHO022) (pBHO015)
CMV-DcuS | 200 | CMV-DcuR | 200 | DcuR_RE-AmCyan | 200 | CMV-dsRed | 200
(pJHO19) (pJHO020) (pJHO022) (pBHO015)

PMT: 561 586/15: 270 V, 445 473/10: 253 V

Table S9. Quantitative data corresponding to measurements in Fig. 2E. Means and standard

deviations of biological triplicates are shown.

CMV-EnvZ CMV-NarX CMV-DcuS
(pJHO01) (pJH002) (pJHO019)
CMV-OmpR (pJHO003) +
OmpR_RE-AmCyan 0.147 £ 0.059 0.0049 + 0.0016 0.102 + 0.005

(pJHO08)
CMV-NarL (pJH004) +

NarL_RE-AmCyan 0.0020 + 0.0007 | 0.115+0.014 | 0.0026 +0.0010
(pJHO07)
CMV-DcuR (pJH020) + 0.00029 +
DcuR_RE-AmCyan 0.0016 + 0.0005 0.00015 0.037 + 0.008

(pJH022)

10



Table $10. Transfection setup of the TCS crosstalk between two pathways DcuSR and

EnvZ-OmpR shown in Fig. 2F. Each respective plasmid’s amount is listed in nanogram (ng)

per sample in a 12-well plate setup.

CMV-DcuS 0 CMV-OmpR | 300 | OmpR_RE- 450 | CMV- 200
(pJHO19) (pJHO03) AmCyan dsRed

(pJHO08) (pBHO015)
CMV-DcuS 5 CMV-OmpR | 300 | OmpR_RE- 450 | CMV- 200
(pJHO19) (pJHO03) AmCyan dsRed

(pJHO08) (pBHO015)
CMV-DcuS 15 CMV-OmpR | 300 | OmpR_RE- 450 | CMV- 200
(pJHO19) (pJHO03) AmCyan dsRed

(pJHO08) (pBHO015)
CMV-DcuS 50 CMV-OmpR | 300 | OmpR_RE- 450 | CMV- 200
(pJHO19) (pJHO03) AmCyan dsRed

(pJHO08) (pBHO015)
CMV-DcuS 150 | CMV-OmpR | 300 | OmpR_RE- 450 | CMV- 200
(pJHO19) (pJHO03) AmCyan dsRed

(pJHO08) (pBHO015)
CMV-DcuS 200 | CMV-OmpR | 300 | OmpR_RE- 450 | CMV- 200
(pJHO19) (pJHO03) AmCyan dsRed

(pJHO08) (pBHO015)
CMV-DcuS 0 CMV-DcuR | 300 | DcuR_RE- 450 | CMV- 200
(pJHO19) (pJHO20) AmCyan dsRed

(pJHO022) (pBHO015)
CMV-DcuS 5 CMV-DcuR | 300 | DcuR_RE- 450 | CMV- 200
(pJHO19) (pJHO20) AmCyan dsRed

(pJH022) (pBHO015)
CMV-DcuS 15 CMV-DcuR | 300 | DcuR_RE- 450 | CMV- 200
(pJHO19) (pJHO20) AmCyan dsRed

(pJH022) (pBHO015)
CMV-DcuS 50 CMV-DcuR | 300 | DcuR_RE- 450 | CMV- 200
(pJHO19) (pJHO20) AmCyan dsRed

(pJH022) (pBHO015)
CMV-DcuS 150 | CMV-DcuR | 300 | DcuR_RE- 450 | CMV- 200
(pJHO19) (pJHO20) AmCyan dsRed

(pJH022) (pBHO015)
CMV-DcuS 200 | CMV-DcuR | 300 | DcuR_RE- 450 | CMV- 200
(pJHO19) (pJHO20) AmCyan dsRed

(pJHO022) (pBHO015)

PMT: 561 586/15: 270 V, 445 473/10: 253 V

11




Table S11. Quantitative data corresponding to measurements in Fig. 2F. Means and

standard deviations of biological duplicates are shown.

CMV-Deus (pJH019) + CMV-OmpR CMV-DcuS (pJH019) + CMV-DcuR

(pJHO03) + ((STHPO%{;E'AmCya” (pJHO020) + DcuR_RE-AmCyan (pJH022)
HK ng AmCyan, Star_ldgrd HK ng AmCyan, Star_ldgrd

a.u. Deviation a.u. Deviation

0 ng 0.0133 0.0005 0 ng 0.0024 0.0001

5 ng 0.0181 0.0001 5ng 0.1053 0.0065
15 ng 0.0305 0.0011 15 ng 0.1447 0.0012
50 ng 0.1712 0.0024 50 ng 0.1205 0.0058
150 ng 0.283 0.017 150 ng 0.093 0.011
200 ng 0.278 0.027 200 ng 0.077 0.018
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Table S12. Quantitative data corresponding to measurements in Fig. 2G. Means of biological

duplicates are shown.

CMV-EnvZ (pJH001) + CMV-OmpR (pJH003) + OmpR_RE-AmCyan (pJH008)

AmCyan,
a.u.

AmCyan,
a.u.

AmCyan,
a.u.

RROng | RR10ng | RR30ng RRnSOO RRnSOO
HK 0 ng 0.00007 | 0.00039 | 0.00081 | 0.00402 | 0.01126
HK 5 ng 0.00010 | 0.13234 | 0.21395 | 0.22135 | 0.18577
HK15ng | 0.00012 | 0.11063 | 0.20603 | 0.27911 | 0.25401
HK50ng | 0.00007 | 0.11714 | 0.23829 | 0.37743 | 0.49033
HK 150 ng | 0.00007 | 0.08077 | 0.23548 | 0.44254 | 0.59634
CMV-NarX (pJH002) + CMV-NarL (pJH004) + NarL_RE-AmCyan (pJH007)

RROng | RR10ng | RR30ng RR 100 RR 300

ng ng
HK 0 ng 0.00017 | 0.00024 | 0.00095 | 0.00318 | 0.00860
HK 5 ng 0.00026 | 0.02729 | 0.12249 | 0.11964 | 0.24347
HK15ng | 0.00022 | 0.05774 | 0.10806 | 0.20194 | 0.37716
HK50ng | 0.00024 | 0.04239 | 0.13536 | 0.19222 | 0.39983
HK 150 ng | 0.00025 | 0.01145 | 0.07040 | 0.27141 | 0.45193

CMV-DcuS (pJH019) + CMV-DcuR (pJH020) + DcuR_RE-AmCyan (pJH022)

RR 0 ng RR 10 ng | RR 30 ng RR 100 RR 300

ng ng
HKOng | 0.000173 | 0.000101 | 0.000531 | 0.000574 | 0.001308
HK5ng | 0.000132 | 0.005843 | 0.022312 | 0.061694 | 0.091898
HK 15ng | 0.000057 | 0.001645 | 0.008475 | 0.039896 | 0.106170
HK 50 ng | 0.000096 | 0.000715 | 0.002364 | 0.008809 | 0.060203
HK 150 ng | 0.000227 | 0.000419 | 0.000923 | 0.005172 | 0.017278

13




Table S13. Transfection setup for antibiotic-regulated logic gates in Fig. 3B,C. Each

respective plasmid’s amount is listed in nanogram (ng) per transfection sample in a 12-well

plate setup.
Cmv-PIT2 | PEIRISRE | gpypre | PEIRUORE "/'\ar:-c—;f CMV-dsRed
(eMF208) | (NSO | eELoten) | (BEEL| Geon | (PBHOO1S)
15 150 15 300 400 200
cmy-piT2 | PRIRIONE 1 gyygry | PETROGNE D:;%;ZE' CMV-dsRed
(pMF208) | 000 | eELOte0) | (SRS | (iosg) | (PBHOO1S)
15 15 15 300 400 200
PMT: 561 586/15: 270 V, 445 473/10: 253 V
10 ug/ml P1, 4 ug/ml ET

Table S14. Quantitative values of fluorescent outputs from antibiotic-regulated gates in Fig.

3B, C. Each AmCyan value is the mean of a biological triplicate.

Figure 3B: NarXL-based gate

PI (10 pg/ml) ET (4 pg/ml) AmCyan, a. u. Standard Deviation
- - 1.71*107 9.25*10™
+ - 1.72*1073 2.14*10™
- + 2.82*10™ 1.75*10°
+ + 1.56*10* 2.10*10°
Figure 3C: DcuS-based gate
PI (10 pg/ml) ET (4 pg/ml) AmCyan, a. u. Standard Deviation
- - 2.08*102 6.26*10™
+ - 5.57*107 4.61%10*
- + 1.91*10* 1.69*10°
+ 7.37*10™ 1.27*10™
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Table S15. Transfection setup for NarXQL OR logic gate in Fig. 3D. Each respective

plasmid’s amount is listed in nanogram (ng) per transfection sample in a 12-well plate setup.

M | 200 Wy 20| nyn |20 | SR |
b | 0 | G 0| Ao |20 | GRe o

el B e e e E et e
Ot | 200| ey |20 | Guestes | g

Table $16. Quantitative values of fluorescent outputs from OR logic gate in Fig. 3D. Each

AmCyan value is the mean of a biological triplicate.

CMV-NarX (pJH002)

CMV-NarQ (pJH018)

AmCyan a. u.

Standard deviation

- 8.21*10™ 2.17*10*
+ 6.48*107 1.20%107
- 5.14*10° 1.06*10
+ 4.98*107 8.79*107

15




Table S17. Transfection setup for mutant testing in Fig. 4. Each respective plasmid’s amount

is listed in nanogram (ng) per transfection sample in a 12-well plate setup.

T | s | IR |y | O |
CM(\;:IEH%\:)ZST)CW 200 ij/ﬁc())gqap)R 200 Amg)r/na%l:\’(ﬁii_)%) 200 C?SEV;.}dcfE‘id 200
DgEL\AEV(_;?JEg(F)%) 200 Amg)r/na%l:\’@?ﬁ(_)%) 200 C?SEV;.}dcfE‘id 200
Ensz(gAJVH_oon 200 ij/ﬁc())gqap)R 200 Amg)r/na%l:\’@?ﬁ(_)%) 200 Cafghdcfgd 200

PMT: 561 586/15: 270 V, 445 473/10: 253 V

Table $18. Quantitative values of fluorescent outputs from constitutively active and truncated

proteins displayed in Fig. 4. Each AmCyan value is the mean of a biological triplicate.

AmCyan Standard
Components -

a.u. deviation
CMV-NarLc (pJHO15) 0.3393 0.0375
CMV-EnvZ_cyt (pJH009) + CMV-OmpR (pJHO003) 0.0414 0.0105
CMV-OmpR D55E (pJH005) 0.0491 0.0087
CMV-EnvZ (pJH001) + CMV-OmpR (pJH003) 0.0896 0.0183
CMV-OmpR (pJH003) 0.0014 0.0004
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Table S19. Oligonucleotide sequences used for cloning of the constructs described below.

PR0376 cgcgccatttacattttgaaacatctatagcgccggcatttacattttgaaacatctatcca

PRO377 tatggatagatgtttcaaaatgtaaatgccggcgctatagatgtticaaaatgtaaatgg

PR0378 cgcgcctacccctataggggtatagecgeccggcetaccectataggggtatcca

PR0379 tatggatacccctataggggtagccggcegcetataccecctataggggtagg

PR0383 tccatctgatggtgctggaattgatgcttcccggtgag

PR0384 ctcaccgggaagcatcaattccagcaccatcagatgga

PR1020 gctgctgctctcgagtcattatcatccttect

PR1022 gctgctaccggtcgccaccatgagaatccaaaatcggcectctg

PR1090 gctgctgctagccgcecaccatgcaagaaaacta

PR1130 gctgctaccggtcgccaccatggctacgaccgagcgggacgtaaacc

PR1131 gctgctgctctcgagtcattatcaacccgggagcatatc

PR1158 cgcgcctgattacaaaactttaaaaagtgctgca

PR1159 tatgcagcactttttaaagttttgtaatcagg

PR1325 gctgctgctagccgecaccatgcttaaaagatgtc

PR1326 gctgctggatcctcattatcattcgtgagtgtc

PR1433 gctgctgatatcaccggtcgccaccatgaggca

PR1434 gctgctgatatcctcgagttatcattageg

PR1503 gctgctgaattccgccaccatgtccaatcagg

PR1504 gctgctgtcgaccgagatagggttgagtgttg

PR1505 gctgcetgctagcecggtcgecaccatgaggcactcce

PR1506 gctgctggatccctcgagttatcattageggttg

PR1507 gctgctgaattcgaccggtcgccaccatgattaacg

PR1508 gctgctgcggcecgcttattatcagccaggcagceatg

PR1520 gctgctgctagccgcecaccatgcgacgacttcg

PR1521 gctgctggatcctcattatcatccttcettgg

PR1581 ccagtcacgacgttgtaaaacgacgg

PR1582 gtcacgacgttgtaaaacgacgg

PR1583 catgattacgccaagcttgcatgc

PR1861 cgcgcccgcgcctgattacaaaactttaaaaagtgctgcatagcgccggcecgcgcectgattacaaaacttta
aaaagtgctgcacca

PR1862 tatggtgcagcacitttttaaagttttgtaatcaggcgcggccggcegctatgcagcactttttaaagttttgtaatcag
9cgcggg

PR1863 ctataggggaccggtcgccaccatg

PR1864 tccttccttggtagttcectgggctettg

PR1865 ctcactataggggaccggtcgccaccatgce

PR1866 ttcgtgagtgtcaccctgcacgtcggtgaatgtc
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PR1867

ctataggggaccggtcgccaccatgaggc

PR1868 gcggttgcttctctcecccatcccaagg

PR1869 ggtggcggtggctcgatggccatcatcaaggag

PR1870 gctgctctcgagtcattactacttgtacagctcgtccatgccgec

PR1871 gtgtccgaggtcctgagagatgga

PR1872 cgctgtctggcagcetgtgactc

PR1873 gtaggcgtgtacggtgggaggtct

PR1874 atctttgttaattgactccgcgaggtage

PR1875 tggcaggctaaccgacggttg

PR1876 gaatactcttcgcacgatgcctcc

PR1964 cgcgcctgattacaaaactttaaaaagtgctgtagcgccggcetgattacaaaactttaaaaagtgctgtcca

PR1965 tatggacagcactttttaaagttttgtaatcagccggcgctacagcactttttaaagttttgtaatcagg

EnvZ gtaggcgtgtacggtgggaggtctatataagcagagctctctggctaactagagaacccactgcttactggctt

H243V atcgaaattaatacgactcactataggggaccggtcgccaccatgcgacgacttcggttctcaccgaggtect

gBlock catttgcgaggacgctgctcctgatcgtcacacttttgttcgccagcctggtgacgacttacttggtagtactcaa
cttcgcgattcttccctecttgcagcagttcaataaggtactggcegtatgaggtcagaatgctgatgacggataa
gctccagctcgaagatgggacgcagcttgtcgtgectccagegtticggecgecgaaatctaccgecgagcetggg
aatttcgctctactcgaatgaggctgcggaagaagcggggttgcgcetgggcacagcactatgaatttctgtcg
catcaaatggcgcaacagttgggaggtccgacagaggtcagagtagaggtcaacaaatcgtcgcccgtgg
tgtggcttaagacctggctctccecctaacatctgggtcagggtgcecattgaccgagatccatcagggcegattttt
cgcccctgtttcgatacaccctggctatcatgttgcttgcgatcgggggagcectggcttttcatcagaatccaaa
atcggcctctggtagatttggaacatgctgcgctccaagtcgggaaggggattattcctccaccgctgagaga
gtacggtgcctcggaagtgaggtcagtaacacgcgcattcaatcacatggcagcgggegtcaagcagctg
gcagacgaccggactcttctcatggccggagtctcagtagatctccgcacgcccctgacacggattcgcecttg
cgactgagatgatgtccgagcaggacggctacctcgcggagtcaattaacaaagat

NarX tggcaggctaaccgacggttgcactcgcgggcacccctgtgcgagaggctgagcecctgtattgaacgggctt

H399Q cagaatctgactctcttgcgcgacatcgaactccgagtctatgatacggatgatgaggagaatcatcaggagt

gBlock tcacgtgccagccggacatgacgtgtgacgacaagggttgccagttgtgtcccaggggcegtectceecgtgg
gtgatcggggaaccactttgaagtggcgactggccgattcacacacgcagtatgggattctcctggecgaccct
cccgcaaggacggcatctgagccacgaccagcaacaacttgtcgacacgttggtggaacagttgacggcec
acgctcgcactcgaccgccatcaagagcggcagcagcagctcatcgtcatggaagagagggcgactattg
cccgggagcttcaggattccattgcacagtcactgtcgtgcatgaagatgcaagtgagctgtctgcaaatgca
gggggacgcgctccccgagtcgagecgcgaactgcetgtcccagatccgaaatgagttgaatgecgagetgg
gcacagctgagagagcttctgacgacattccgcctgcagctgaccgagcccggtcttaggccagctttggag
gcatcgtgcgaagagtattc

DcuS gtgtccgaggtcctgagagatggaaccccacggagagatgaggaaatcacaattaaggatagactgctgcet

H350L gatcaataccgtgcccgtcaggtccaacggegtgatcattggagccatttctactttccgggataagaccgag

gBlock gtgagaaaactgatgcagaggctggacggactggtcaattacgctgatgcactgcgagagcggtccctgga

gttcatgaacaagctgcatgtgatcctgggcctgctgcacctgaagtcttacaaacagctggaggactatatce
tgaaaacagccaacaattatcaggaggaaattggctcactgctggggaagatcaaaagccctgtgattgctg
ggttcctgatctccaagattaatagggcaacagatctgggacacactctgatcctgaacagtgagtcacagct
gccagacagcg
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Plasmid Construction

CMV-EnvZ (pJH001): We performed de novo synthesis of sequence via DNA2.0 with codon
optimization to Homo sapiens sapiens, with amino acid sequence based upon Escherichia
coli wildtype sequence. Insert was delivered in pJ609 (DNA 2.0) with CMV-immediate early

promoter and BGH polyA signal sequence.

CMV-NarX (pJH002): We performed de novo synthesis of sequence via DNA2.0 with codon
optimization to Homo sapiens sapiens, with amino acid sequence based upon Escherichia
coli O157:H7 str. EDL933 wildtype sequence. Insert was delivered in pJ609 (DNA 2.0) with

CMV-immediate early promoter and BGH polyA signal sequence.

CMV-OmpR (pJH003): We performed de novo synthesis of sequence via DNA 2.0 with
codon optimization to Homo sapiens sapiens, with amino acid sequence based upon
Escherichia coli O157:H7 str. EDL933 wildtype sequence. Insert was delivered in pJ609
(DNA 2.0) with CMV-immediate early promoter and BGH polyA signal sequence.

CMV-NarL (pJH004): We performed de novo synthesis of sequence via DNA2.0 with codon
optimization to Homo sapiens sapiens, with amino acid sequence based upon Escherichia
coli O157:H7 str. EDL933 wildtype sequence. Insert was delivered in pJ609 (DNA 2.0) with

CMV-immediate early promoter and BGH polyA signal sequence.

CMV-OmpR D55E (pJH005): OmpR insert of pJHO03 was PCR amplified with PR0383 and
PR0384 introducing a base pair mutation, exchanging a glutamate (E) residue at the 55"

amino acid aspartate (D) using Quickchange Site-directed Mutagenesis (1).

NarL_RE-AmCyan (pJH007): Minimal response element was formed out of the annealed
product of PR0378 and PR0379. The product was digested with Ascl-Spel and inserted into
a respectively digested pBA001 vector containing a minimal promoter and AmCyan coding

sequence interspersed with an unrelated intron (Table S1).

OmpR_RE-AmCyan (pJH008): Minimal response element was formed out of the annealed
product of PR0376 and PR0377. The product was digested with Ascl-Spel and inserted into
a respectively digested pBA001 vector, containing a minimal promoter and AmCyan coding

sequence interspersed with an unrelated intron (Table S1).
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CMV-EnvZ_cyt (pJH009): EnvZ insert (pJHO001) was PCR amplified with primers PR1020
and PR1022 in order to remove the first 179 amino acids of the translated sequence and
introducing Xhol and Agel cut sites, respectively (2). The product was then cloned into the
aforementioned vector pJ609 (DNA 2.0).

CMV-NarLc (pJHO015): NarL insert (pJH004) was amplified with PR1130 and PR1031 (3).
The PCR product was then digested with Agel and Xhol followed by ligation into the vector
pJ609 (DNA 2.0).

CMV-NarQ (pJH018): We performed de novo synthesis of sequence via Genscript with
codon optimization to Homo sapiens sapiens. Amino acid sequence based upon Escherichia

coli wildtype sequence. Insert was digested with Agel/Xhol and ligated into pJ609 (DNA 2.0).

CMV-DcuS (pJH019): We performed de novo synthesis of sequence via Genscript with
codon optimization to Homo sapiens sapiens. Amino acid sequence is based upon
Escherichia coli wildtype sequence. Insert was delivered on pUC57 commercial plasmid.
Insert was PCR amplified using PR1433 and PR1444 followed by digestion with Agel/Xhol
and ligation into an appropriately digested pJ609 vector (DNA 2.0).

CMV-DcuR (pJH020): We performed de novo synthesis of sequence via Genscript with
codon optimization to Homo sapiens sapiens. Amino acid sequence based upon Escherichia
coli wildtype sequence. Insert was digested with Agel/Xhol and ligated into pJ609 (DNA 2.0)

vector.

DcuR_RE-AmCyan (pJH022): Minimal response element was formed out of the annealed
product of PR1158 and PR1159. The product was digested with Ascl-Spel and inserted into
a respectively digested pBA0O1 vector containing a minimal promoter and AmCyan coding

sequence interspersed with an unrelated intron (Table S1).

PETRggne-NarL (pJH025): pJHO004 was digested with Agel - Xhol. NarL insert was cloned into
the appropriately digested pEL0185 (4) containing pETRggn: promoter.

PPIRsigh-NarX (pJHO027): NarX from pJH002 was PCR amplified with the primers PR1325
and PR1326 after which the PCR product is digested with Nhel and BamHI. pNL115 (5)
containing pPIR;g: promoter was in parallel digested with Nhel and BamHI. The two digest

products are then ligated together.
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PPIRtigh-DcuS (pJHO034): DcuS from pJHO19 was PCR amplified with the primers PR1505
and PR1506 with the PCR product digested by Nhel and BamHI-HF. pNL115 (5) was in
parallel digested with Nhel and BamHI-HF. The two digest products are then ligated
together.

PETR¢gne-DcuR (pJHO035): DcuR insert from pJH020 was digested with Agel - Xhol and
cloned into pEL0185 vector (4) digested with Agel and Sall. The two are then ligated and

sequenced.

CMV-TA (pBA166): CMV-tTA-Advanced was purchased from Clontech Laboratories, Inc
(Cat # 631069)

CMV-PIT2 (pMF206): Provided by Fussenegger Lab, Weber et al. (6)

CMV-ET1 is pELO0190 (4) originally derived from pSV40-ET1 (pWW35, provided by
Fussenegger lab, Weber et al. (7))

CMV-dsRed (pBH0015): pDsRed-Express-C1 from Clontech (Cat # 632430).

CMV-AmCyan (pBH0017): pAmCyan1-C1 from Clontech (Cat # 632441).

pUC19 (pKH008): pUC19 from Thermo Scientific (Cat # SD0061).

CMV-EnvZ H243V (pEMO013): We performed de novo synthesis of gBlock "EnvZ H243V"
(Table S19) via IDT with codon optimization to Homo sapiens sapiens. Amino acid sequence
is based upon Escherichia coli wildtype sequence with a mutation of H243V (2). gBlock was
PCR amplified with PR1873 and PR1874 and digested with Agel (leaving a blunt end at 3'-
terminus). pJHO001 was digested with Xhol-EcoRV and the 541 bp fragment was gel-purified.
In parallel, pJHO01 was digested with Agel and Xhol and the 4746 bp fragment was gel-
purified and dephosphorylated. Finally, digested gBlock as well as gel-purified 541 bp Xhol-
EcoRV and 4746 bp Agel-Xhol fragments from pJHOO01 were ligated in a 3-way reaction to

deliver the desired sequence.
CMV-NarX H399Q (pEMO014): We performed de novo synthesis of gBlock "NarX H399Q"

(Table S19) via IDT with codon optimization to Homo sapiens sapiens. Amino acid sequence

is based upon Escherichia coli wildtype sequence with a mutation of H399Q (8). gBlock was
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PCR amplified with PR1875 and PR1876, then digested with Blpl-Pstl and ligated into the
pJHO02 plasmid digested with Blpl-Pstl.

CMV-Dcu$S H350L (pEMO015): We performed de novo synthesis of gBlock sequence "DcuS
H350L" (Table S19) via IDT with codon optimization to Homo sapiens sapiens. Amino acid
sequence is based upon Escherichia coli wildtype sequence with a mutation of H350L (9).
gBlock was PCR amplified with PR1871 and PR1872, then digested with BmgBI-Bglll and
inserted into the pJHO19 plasmid digested with BmgBI-Bglll.

EnvZ-GGGGS-mCherry (pEM017): EnzV insert from plasmid pJH001 was PCR amplified
with PR1863 and PR1864 primers and digested with Agel, with a blunt end creating an
EcoRYV site. mCherry fluorescent protein from pKH015 was amplified with primers PR1869
and PR1870 and phosphorylated at both ends. The PCR product was digested with Xhol.
The digested EnvZ PCR product was ligated into a pre-digested pJH001 vector between
Agel-Xhol sites along with the digested and phosphorylated mCherry PCR fragment in vector
to insert ratios of 1:3 and 1:5. A GGTGGCGGTGGCTCG sequence coding for a GGGGS

amino acid sequence (10) was included on the 5’ primer to serve as a linker.

NarX-GGGGS-mCherry (pEM016): NarX insert from plasmid pJH002 was PCR amplified
with PR1865 and PR1866 primers and digested with Agel, with a blunt end creating an
EcoRYV site. mCherry fluorescent protein from pKH015 was amplified with primers PR1869
and PR1870, phosphorylated and digested with Xhol. The digested NarX PCR product was
ligated into a pre-digested pJHO0O01 vector between Agel-Xhol sites along with the digested,
phosphorylated mCherry PRC fragment in vector to insert ratios of 1:3 and 1:5. A
GGTGGCGGTGGCTCG sequence coding for a GGGGS amino acid sequence (10) was

included on the 5’ primer to serve as a linker.

DcuS-GGGGS-mCherry (pEM018): DcuS insert from plasmid pJH019 was PCR amplified
with PR1867 and PR1868 primers and digested with Agel, with a blunt end creating an
EcoRYV site. mCherry fluorescent protein from pKH015 was amplified with primers PR1869
and PR1870, phosphorylated and digested with Xhol. Both digested PCR products were
ligated into a pJHO001 vector pre-digested between Agel-Xhol cut sites in vector to insert
ratios 1:3 and 1:4. A GGTGGCGGTGGCTCG sequence coding for a GGGGS amino acid

sequence (10) was included on the 5’ primer to serve as a linker.

DcuR 2xRE 18sp (pPEMO012): Minimal response element was formed out of the annealed
product of PR1861 and PR1862. The product, with preformed Ascl and Spel-compatible
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sticky ends, was ligated into a respectively digested pBAOO1 vector containing a minimal
promoter and the AmCyan gene interspersed with an unrelated intron. The promoter
sequence contains two 26 bp DcuR DNA-binding sites from the dctA promoter (11)

separated by 18 bp in front of a minimal mammalian promoter (Table S1).

DcuR 2xRE 10sp (pEMO019): Minimal response element was formed out of the annealed
product of the 5’ phosphorylated PR1964 and PR1965. The product, which has sticky ends
compatible with Ascl-Ndel restriction sites, was inserted into a respectively digested pBA0O1
vector containing a minimal promoter and the AmCyan gene interspersed with an unrelated
intron. The promoter sequence contains two 26 bp DcuR DNA-binding sites from the dctA
promoter (11) separated by 10-bp spacer in front of a minimal mammalian promoter (Table
S1)

CMV-mCherry (pKH015): CMV-mCherry was obtained from Addgene (plasmid 30125: 6B).

Abbreviations

DsRed, Discosoma sp. red fluorescent protein, AmCyan1, Anemonia majano cyan
fluorescent  protein; iRFP, near-infrared fluorescent protein  derived from
bacteriophytochrome RpBphP2; VP16, Herpes simplex-derived transactivation domain;
TREqgnt, tetracycline responsive element promoter (7x modified tet operator sequence fused
to CMVmin promoter; ET1, ET-dependent transactivator (MphR(A) fused to VP16); ET,
Erythromycin; PIT2, Streptogramin-responsive transactivator (Pristinamycin-induced protein
(Pip) fused to p65 transactivating domain; ETRggn, ET-dependent macrolide-responsive
promoter; ETR, 35 base-pair (bp) operator sequence of the mph(A) promoter from
Escherichia coli (12); PIRggnt, Pl-dependent streptogramin repsonsive promoter; PI,
Pristinamycin IA; PTR, 66-bp sequence in the promoter of the Pl-inducible pristinamycin
resistance gene pir from Streptomyces pristinaespiralis (13); CMVyi,, human
cytomegalovirus immediate promoter; CMV, human cytomegalovirus immediate early

enhancer and promoter.
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