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Figure S1. (a) Apparent dissociation constant (Kd) of representative junction (Kpn J-2,2-A) and
linker (Kpn L-5 Tr4) biosensors towards guanidine. (b) Fluorescence of Kpn J-2,2-A and Kpn J-
2,2-A M4 Mutant (J-2,2-M) in absence and presence of guanidine. Data shown are the average
with standard error of the mean taken from at least two independent replicates.
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Figure S2. Screen of phylogenetic junction and linker biosensor libraries

Phylogenetic junction library consisting of 60 total biosensors from 5 riboswitch sequences with
13 constructs with greater than 1.4x fold activation (red). (b) Phylogenetic linker library consisting
of 20 total biosensors from 5 riboswitch sequences with 1 construct with greater than 1.4x fold

activation (red). Data shown are the average with standard error of the mean taken from three
independent replicates
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Figure S3. Three mechanisms that lead to increased fluorescence activation

(a) Fluorescence activation (FA) is the difference between background fluorescence (mainly due
to dye binding to the RNA without ligand) and ligand-activated fluorescence (due to dye binding
to the RNA-ligand complex). Observed FA can be increased either by increasing dye affinity to
the RNA-ligand complex () or by decreasing dye affinity to the RNA alone (11). Our data indicate
that Kpn and Dru biosensors have similar affinities, so their difference in FA is not due to these
two mechanisms. (b) Instead, we expect that observed FA for Dru biosensors is increased due to
higher folding efficiency (I111). For RNA-based biosensors, the total RNA is partitioned into
binding-competent folded states (RNAf) and unfolded states (RNAunfoided). Thus, the maximal
fluorescence for a given biosensor construct is proportional to RNAs and riboswitch sequences that
fold better increase RNAf and FA. As a note, background fluorescence does not change because it
is independent of ligand binding.



a 4):104— in vivo 1 No L|gand b 2 0!106— in vitro 37 C'C, 3 mM MgC|2

Spinach2
Hl 10 mM Guanidine
3x10%- 1.5%106- J_
S 2x10%- I 1.0%106-
2
1%10% I 5.0x105
0_ r—1l- ﬂl rll |‘|I ch .
8
F N A S
. \Q‘b )qp 5‘1;" )'\r‘ 5‘1» _\q@ & .\b\
R Qo *-QQ 0‘0 0‘0 o\r N o,b(\
+ » )

Figure S4. Non-specific fluorescence activation in vivo observed with 10 mM guanidine

(@) Live cell fluorescence measured by flow cytometry for E. coli BL21 (DE3) Star cells expressing
RNA constructs in the absence or presence of 10 mM guanidine. (b) In vitro fluorescence for
Spinach2 in the absence or presence of 10 mM guanidine.

At 10 mM of guanidine, we found that cells expressing Spinach2 also showed a significant increase
in fluorescence (Fig. S4a), even though Spinach2 RNA did not respond to 10 mM guanidine in
vitro (Fig. S4b). One plausible explanation for this result is that guanidine at high concentration
may have non-specific effects on the cell due to its chaotropic properties. We speculate that mild,
non-lethal perturbation of the membrane itself, the membrane potential, or membrane proteins
could increase permeability or decrease export of DFHBI-1T, leading to increased fluorescence.
Under these conditions, cells expressing the biosensors still show greater fold activation than the
background activation observed for Spinach2, which suggests that the biosensors still are binding
and responding to guanidine. However, going forward, all subsequent experiments were performed
with 500 uM of guanidine, which did not appear to have non-specific effects on cellular

fluorescence.
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Figure S5. Ligand selectivity of guanidine biosensors in vivo

Live cell fluorescence measured by flow cytometry for E. coli BL21 (DE3) Star cells expressing
(@) KpnJ 2,2-A, (b) Dru J 2,2-A, and (c) Dru J2,2-D biosensor RNA constructs in the absence or
presence of 500 uM guanidine or structural analogs (see Fig. 5). Data shown are the average with
standard deviation for three biological replicates.
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Figure S6. MFI values of the RBF biosensor Dru J 2,2-A in the presence and absence of guanidine
after storage in NI media at 4 °C for number of days indicated. The data shown are the average
with standard deviation of three biological replicates.
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Figure S7. In vivo response kinetics of additional guanidine biosensors

Plot of average MFI values over time for cells expressing (a) Kpn J 2, 2-A or (b) DruJ 2, 2-D
biosensors. Water or guanidine was added at time O (indicated by red arrow).
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Figure S8. Quantification of relative in vivo expression levels of the guanidine biosensors

(@) gRT-PCR plot of the biosensors obtained for the amplification with 1:8000 dilution of the total
RNA sample using the biosensor-specific primers. (b) gRT-PCR plot of the biosensors obtained
for the amplification with 1:8000 dilution of the total RNA sample using the 5s rRNA-specific
primers. A portion of the 5s rRNA was amplified as endogenous control to compare the amounts
of RNA used in each amplicon.(c) Real-Time PCR Standard Curve with the samples of serial
dilution (1: 1000 to 1: 32000 dilution) representing ~100% PCR efficiency for both sets of primers,
biosensors-specific primers and 5s rRNA-specific primers. PCR efficiency for each set of primer



was calculated by using the equation: E = (107(Yslore) _ 1)*100 (d) Relative in vivo expression
level of each biosensor. All reactions were performed in triplicate. For experimental details see

method section.
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Figure S9. In vitro response kinetics of guanidine biosensors in tRNA scaffold.

In vitro response kinetics of guanidine biosensors in tRNA scaffold after injection of guanidine by
an automated injector on a SpectraMax i3x plate reader (Molecular Devices). The final
concentration of guanidine is 500 uM. The red arrow indicates when guanidine was injected. Data
shown are the average of 3 independent replicates and error bars are not shown for clarity.
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Figure S10. In vivo guanidine reporter response in presence of the increasing concentration of
guanidine. (a) Plot of Miller Unit of the cells expressing the Kpn-WT lacZ reporter in the presence
of increasing concentration of guanidine. (b) Plot of AMU (MU at a particular guanidine
concentration — MU in the absence of guanidine) with increasing concentration of guanidine.

800
® No Ligand

] ® 50 mM Guanidine

600 EE % ,

Miller unit (MI)

400+ [ ]
' E - ¢ [ ;
[]
200 T T T T T T 1
0 1 2 3 4 5 6
Time (h)

Figure S11. In vivo response kinetics of guanidine reporter

Plot of average MU values over time for cells expressing the Kpn-WT lacZ reporter in the presence
or absence of 50 mM guanidine.



Table S1. Junction biosensor sequences. Bold sequences indicate Spinach2 sequence, which
flanks the guanidine-I riboswitch sequence used. indicates the artificial transducer stem or
adenosine spacers for junction biosensors. Underlined residues indicate the adenosine spacers
which are not part of the stem. Red residue represents G to C mutation.

Name | Sequence (5'to 3)
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUCAC
KpnJ- | CGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGCC
L1-A | cGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUCAC
KpnJ- | CGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGCC
12-A | cGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUCAC
KpnJ- | CGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGCC
13-A | cGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUCA
KpnJ- | CCGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGC
2,1-A | CCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUCA
KpnJ- | CCGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGC
2,2-A | CCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
Kpn J- | GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGCGUUCCGGUUCAC
22-M | CGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGCC
(GtoC) | CGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUCA
KpnJ- | CCGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGC
2,3-A | CCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUC
KpnJ- | ACCGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAG
3.1-A | CCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUC
KpnJ- | ACCGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAG
3.2-A | CCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUC
KpnJ- | ACCGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAG
3,3-A | CCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUCACC
KpnJ | GCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGCCC
11-B | ceeAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUCACC
KpnJ- | GCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGCCC
12-B | ceeAaG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUCACC
KpnJ- | GCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGCCC
13-B | ceeaG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUCACC
KpnJ- | GCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGCCC
2,1-B | GGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
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GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUCACC

KpnJ- | GCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGCCC
22-B | GGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUCACC
KpnJ- | GCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGCCC
23-B | GGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUCAC
KpnJ- | CGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGCC
31B | cGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUCAC
KpnJ- | CGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGCC
3.2-B | cGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUCAC
KpnJ- | CGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGCC
33-B | ceceAaG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUC
KpnJ- | ACCGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAG
2,2-C | CCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUC
KpnJ- | ACCGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAG
2,3-C | CCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUC
KpnJ- | ACCGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAG
32-C | cCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUC
KpnJ- | ACCGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAG
33-C | cCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUCA
KpnJ- | CCGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGC
22D | cCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUCA
KpnJ- | CCGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGC
23-D | cceeeAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUC
KpnJ- | ACCGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAG
3,2-D | CCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGGCUAGGGUUCCGGUUC
KpnJ- | ACCGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAG
3,3-D | CCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA UGCUGGCUAGGGUUCCGGUUCA
KpnJ- | CCGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGC
22-E | CCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA UGCUGGCUAGGGUUCCGGUUCA
KpnJ- | cCGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGC
23-E | cceGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA UGCUGGCUAGGGUUCCGGUUC
KpnJ- | ACCGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAG
32-E | cCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA UGCUGGCUAGGGUUCCGGUUC
KpnJ- | ACCGCGGUGAACGUCUGGUCCGAGAGCUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAG
33-E | cccGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
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GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA UGCGCCUAGGGUUCCGCUUCA

BclJ- | UUUGUAAGGGCUGGUCCGAGAGGUGCACACGGCGUCUGCCGUGACACGGAGGGAUAAAAGCCC
2,2-A | GGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA UGCGCCUAGGGUUCCGCUUCA
BclJ- | UUUGUAAGGGCUGGUCCGAGAGGUGCACACGGCGUCUGCCGUGACACGGAGGGAUAAAAGCCC
2,3-A | GGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA UGCGCCUAGGGUUCCGCUUCA
BclJ- | UUUGUAAGGGCUGGUCCGAGAGGUGCACACGGCGUCUGCCGUGACACGGAGGGAUAAAAGCCC
32-A | GGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA UGCGCCUAGGGUUCCGCUUCA
BclJ- | UUUGUAAGGGCUGGUCCGAGAGGUGCACACGGCGUCUGCCGUGACACGGAGGGAUAAAAGCCC
3.3-A | GGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA UGCGCCUAGGGUUCCGCUUCA
BelJ- | UUUGUAAGGGCUGGUCCGAGAGGUGCACACGGCGUCUGCCGUGACACGGAGGGAUAAAAGCCC
2,2-C | GGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA UGCGCCUAGGGUUCCGCUUCA
BelJ- | UUUGUAAGGGCUGGUCCGAGAGGUGCACACGGCGUCUGCCGUGACACGGAGGGAUAAAAGCCC
2,3-C | GGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA UGCGCCUAGGGUUCCGCUUC
BelJ- | AUUUGUAAGGGCUGGUCCGAGAGGUGCACACGGCGUCUGCCGUGACACGGAGGGAUAAAAGCC
32-C | CGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA UGCGCCUAGGGUUCCGCUUC
BclJ- | AUUUGUAAGGGCUGGUCCGAGAGGUGCACACGGCGUCUGCCGUGACACGGAGGGAUAAAAGCC
33-C | CGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA UGCGCCUAGGGUUCCGCUUCA
BclJ- | UUUGUAAGGGCUGGUCCGAGAGGUGCACACGGCGUCUGCCGUGACACGGAGGGAUAAAAGCCC
22-D | GGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA UGCGCCUAGGGUUCCGCUUCA
BclJ- | UUUGUAAGGGCUGGUCCGAGAGGUGCACACGGCGUCUGCCGUGACACGGAGGGAUAAAAGCCC
23-D | GGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA UGCGCCUAGGGUUCCGCUUCA
BclJ- | UUUGUAAGGGCUGGUCCGAGAGGUGCACACGGCGUCUGCCGUGACACGGAGGGAUAAAAGCCC
32-D | GGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA UGCGCCUAGGGUUCCGCUUCA
BclJ- | UUUGUAAGGGCUGGUCCGAGAGGUGCACACGGCGUCUGCCGUGACACGGAGGGAUAAAAGCCC
33D | GGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA CUCUUCAAGUUUUCUAGGGUUC
BsuJ- | CGCAUGUCAAUUGACAUGGACUGGUCCGAGAGAAAACACAUACGCGUAAAUAGAAGCGCGUAUG
2,2-A | CACACGGAGGGAAAAAAGCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAG
UUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA CUCUUCAAGUUUUCUAGGGUUC
BsuJ- | CGCAUGUCAAUUGACAUGGACUGGUCCGAGAGAAAACACAUACGCGUAAAUAGAAGCGCGUAUG
2,3-A | CACACGGAGGGAAAAAAGCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUA
GUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA CUCUUCAAGUUUUCUAGGGUU
BsuJ- | CCGCAUGUCAAUUGACAUGGACUGGUCCGAGAGAAAACACAUACGCGUAAAUAGAAGCGCGUAU
3,2-A | GCACACGGAGGGAAAAAAGCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUA
GUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA CUCUUCAAGUUUUCUAGGGUU
BsuJ- | CCGCAUGUCAAUUGACAUGGACUGGUCCGAGAGAAAACACAUACGCGUAAAUAGAAGCGCGUAU
3,3-A | GCACACGGAGGGAAAAAAGCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACU
AGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA CUCUUCAAGUUUUCUAGGGUU
%?g; CCGCAUGUCAAUUGACAUGGACUGGUCCGAGAGAAAACACAUACGCGUAAAUAGAAGCGCGUAU
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GCACACGGAGGGAAAAAAGCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAA
CUAGUUACAUC

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA CUCUUCAAGUUUUCUAGGGUU
BsuJ- | CCGCAUGUCAAUUGACAUGGACUGGUCCGAGAGAAAACACAUACGCGUAAAUAGAAGCGCGUAU
2,3-C | GCACACGGAGGGAAAAAAGCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAA

CUAGUUACAUC

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA CUCUUCAAGUUUUCUAGGGU
BsuJ- | UCCGCAUGUCAAUUGACAUGGACUGGUCCGAGAGAAAACACAUACGCGUAAAUAGAAGCGCGUA
3,2-C | UGCACACGGAGGGAAAAAAGCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUA

ACUAGUUACAUC

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA CUCUUCAAGUUUUCUAGGGU
BsuJ- | UCCGCAUGUCAAUUGACAUGGACUGGUCCGAGAGAAAACACAUACGCGUAAAUAGAAGCGCGUA
3,3-C | UGCACACGGAGGGAAAAAAGCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUA

ACUAGUUACAUC

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA CUCUUCAAGUUUUCUAGGGUUC
BsuJ- | CGCAUGUCAAUUGACAUGGACUGGUCCGAGAGAAAACACAUACGCGUAAAUAGAAGCGCGUAUG
2,2-D | CACACGGAGGGAAAAAAGCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAG

UUACAUC

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA CUCUUCAAGUUUUCUAGGGUUC
BsuJ- | CGCAUGUCAAUUGACAUGGACUGGUCCGAGAGAAAACACAUACGCGUAAAUAGAAGCGCGUAUG
2,3-D | CACACGGAGGGAAAAAAGCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAG

UUACAUC

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA CUCUUCAAGUUUUCUAGGGUU
BsuJ- | CCGCAUGUCAAUUGACAUGGACUGGUCCGAGAGAAAACACAUACGCGUAAAUAGAAGCGCGUAU
3,2-D | GCACACGGAGGGAAAAAAGCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUA

GUUACAUC

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA CUCUUCAAGUUUUCUAGGGUU
BsuJ- | CCGCAUGUCAAUUGACAUGGACUGGUCCGAGAGAAAACACAUACGCGUAAAUAGAAGCGCGUAU
3,3-D | GCACACGGAGGGAAAAAAGCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUA

GUUACAUC

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GUUUUCUAGGGUUCCGCGAUAA
DruJ- | AAUUAUCGGACUGGUCCAAGAGAAAACACACAGCCUAGCUGUGACACGGAGGGACAAAAGCCCG
2,2-A | GGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GUUUUCUAGGGUUCCGCGAUAA
DruJ- | AAUUAUCGGACUGGUCCAAGAGAAAACACACAGCCUAGCUGUGACACGGAGGGACAAAAGCCCG
2,3-A | GGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GUUUUCUAGGGUUCCGCGAUA
DruJ- | AAAUUAUCGGACUGGUCCAAGAGAAAACACACAGCCUAGCUGUGACACGGAGGGACAAAAGCCC
3.2-A | GGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GUUUUCUAGGGUUCCGCGAUA
DruJ- | AAAUUAUCGGACUGGUCCAAGAGAAAACACACAGCCUAGCUGUGACACGGAGGGACAAAAGCCC
33-A | GGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GUUUUCUAGGGUUCCGCGAUA
DruJ- | AAAUUAUCGGACUGGUCCAAGAGAAAACACACAGCCUAGCUGUGACACGGAGGGACAAAAGCCC
22-C | GGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GUUUUCUAGGGUUCCGCGAUA
DruJ- | AAAUUAUCGGACUGGUCCAAGAGAAAACACACAGCCUAGCUGUGACACGGAGGGACAAAAGCCC
23-C | GGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GUUUUCUAGGGUUCCGCGAU
DruJ- | AAAAUUAUCGGACUGGUCCAAGAGAAAACACACAGCCUAGCUGUGACACGGAGGGACAAAAGCC
32-C | CGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GUUUUCUAGGGUUCCGCGAU
DruJ- | AAAAUUAUCGGACUGGUCCAAGAGAAAACACACAGCCUAGCUGUGACACGGAGGGACAAAAGCC
33-C | CGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
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GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GUUUUCUAGGGUUCCGCGAUAA

DruJ- | AAUUAUCGGACUGGUCCAAGAGAAAACACACAGCCUAGCUGUGACACGGAGGGACAAAAGCCCG
22D | GGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GUUUUCUAGGGUUCCGCGAUAA
DruJ- | AAUUAUCGGACUGGUCCAAGAGAAAACACACAGCCUAGCUGUGACACGGAGGGACAAAAGCCCG
23D | cGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GUUUUCUAGGGUUCCGCGAUA
DruJ- | AAAUUAUCGGACUGGUCCAAGAGAAAACACACAGCCUAGCUGUGACACGGAGGGACAAAAGCCC
32D | cGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GUUUUCUAGGGUUCCGCGAUA
DruJ- | AAAUUAUCGGACUGGUCCAAGAGAAAACACACAGCCUAGCUGUGACACGGAGGGACAAAAGCCC
33-D | ceeAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCCGACUAGGGUUCCGACUCG
Pae J- | CUCGCGAGUGGCUGGUCCGAGAGUUGGCGACCUCCAGUGAGGUUACACGGCGGGAUAAAAGCC
2,2-A | CGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCCGACUAGGGUUCCGACUCG
Pae J- | CUCGCGAGUGGCUGGUCCGAGAGUUGGCGACCUCCAGUGAGGUUACACGGCGGGAUAAAAGCC
23-A | CGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCCGACUAGGGUUCCGACUCG
Pae J- | CUCGCGAGUGGCUGGUCCGAGAGUUGGCGACCUCCAGUGAGGUUACACGGCGGGAUAAAAGCC
3.2-A | CGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCCGACUAGGGUUCCGACUCG
Pae J- | CUCGCGAGUGGCUGGUCCGAGAGUUGGCGACCUCCAGUGAGGUUACACGGCGGGAUAAAAGCC
33-A | CGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCCGACUAGGGUUCCGACUCG
Pae J- | CUCGCGAGUGGCUGGUCCGAGAGUUGGCGACCUCCAGUGAGGUUACACGGCGGGAUAAAAGCC
2,2-C | CGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCCGACUAGGGUUCCGACUCG
Pae J- | CUCGCGAGUGGCUGGUCCGAGAGUUGGCGACCUCCAGUGAGGUUACACGGCGGGAUAAAAGCC
23-C | CGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCCGACUAGGGUUCCGACUC
Pae J- | GCUCGCGAGUGGCUGGUCCGAGAGUUGGCGACCUCCAGUGAGGUUACACGGCGGGAUAAAAGC
32-C | CCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCCGACUAGGGUUCCGACUC
Pae J- | GCUCGCGAGUGGCUGGUCCGAGAGUUGGCGACCUCCAGUGAGGUUACACGGCGGGAUAAAAGC
3.3-C | cCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCCGACUAGGGUUCCGACUCG
Pae J- | CUCGCGAGUGGCUGGUCCGAGAGUUGGCGACCUCCAGUGAGGUUACACGGCGGGAUAAAAGCC
22-D | cGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCCGACUAGGGUUCCGACUCG
Pae J- | CUCGCGAGUGGCUGGUCCGAGAGUUGGCGACCUCCAGUGAGGUUACACGGCGGGAUAAAAGCC
23D | cGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCCGACUAGGGUUCCGACUCG
Pae J- | CUCGCGAGUGGCUGGUCCGAGAGUUGGCGACCUCCAGUGAGGUUACACGGCGGGAUAAAAGCC
32D | cGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCCGACUAGGGUUCCGACUCG
Pae J- | CUCGCGAGUGGCUGGUCCGAGAGUUGGCGACCUCCAGUGAGGUUACACGGCGGGAUAAAAGCC
33D | cGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGACUAGGGUUCCGGCUCG
PflJ- | CUAAGGCGAGUGGCUGGUCCGAGAGUCGGCGACCUCCAGUUGAGGUUACACGGCGGGAUAAAA
2,2-A | GCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
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GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGACUAGGGUUCCGGCUCG

PflJ- | CUAMAGGCGAGUGGCUGGUCCGAGAGUCGGCGACCUCCAGUUGAGGUUACACGGCGGGAUAAAA
2,3-A | GCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGACUAGGGUUCCGGCUCG
PflJ- | CUAAGGCGAGUGGCUGGUCCGAGAGUCGGCGACCUCCAGUUGAGGUUACACGGCGGGAUAAAA
3.2-A | GCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGACUAGGGUUCCGGCUCG
PflJ- | CUAAGGCGAGUGGCUGGUCCGAGAGUCGGCGACCUCCAGUUGAGGUUACACGGCGGGAUAAAA
3.3-A | GCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGACUAGGGUUCCGGCUCG
PflJ- | CUAAGGCGAGUGGCUGGUCCGAGAGUCGGCGACCUCCAGUUGAGGUUACACGGCGGGAUAAAA
2,2-C | GCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGACUAGGGUUCCGGCUCG
PflJ- | CUAAGGCGAGUGGCUGGUCCGAGAGUCGGCGACCUCCAGUUGAGGUUACACGGCGGGAUAAAA
2,3-D | GCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGACUAGGGUUCCGGCUC
PflJ- | GCUAAGGCGAGUGGCUGGUCCGAGAGUCGGCGACCUCCAGUUGAGGUUACACGGCGGGAUAAA
32-D | AGCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGACUAGGGUUCCGGCUC
PflJ- | GCUAAGGCGAGUGGCUGGUCCGAGAGUCGGCGACCUCCAGUUGAGGUUACACGGCGGGAUAAA
33-D | AGCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGACUAGGGUUCCGGCUCG
PflJ- | CUAMAGGCGAGUGGCUGGUCCGAGAGUCGGCGACCUCCAGUUGAGGUUACACGGCGGGAUAAAA
22-D | GCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGACUAGGGUUCCGGCUCG
PflJ- | CUAMAGGCGAGUGGCUGGUCCGAGAGUCGGCGACCUCCAGUUGAGGUUACACGGCGGGAUAAAA
2,3-D | GCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGACUAGGGUUCCGGCUC
PflJ- | GCUAAGGCGAGUGGCUGGUCCGAGAGUCGGCGACCUCCAGUUGAGGUUACACGGCGGGAUAAA
32-D | AGCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCA GCUGACUAGGGUUCCGGCUC
PflJ- | GCUAAGGCGAGUGGCUGGUCCGAGAGUCGGCGACCUCCAGUUGAGGUUACACGGCGGGAUAAA
3.3-D | AGCCCGGGAG UUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
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Table S2. Linker biosensor sequences. Bold sequences indicate the Spinach2 sequence, which
flanks the guanidine-I riboswitch sequence used. indicates the poly-adenosine linker length
for linker biosensors.

Name

Sequence (5'to 3)

Kpn L-3

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCAuccgagagcuggcgaccucggcgagguuacacggcgg
gauaaaagcccgggag gcuggcuagggUUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC

Kpn L-4

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCAuccgagagcuggcgaccucggcgagguuacacggegg
gauaaaagcccgggag gcuggcuagggUUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC

Kpn L-5

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCAuccgagagcuggcgaccucggcgagguuacacggegg
gauaaaagcccgggag gcuggcuagggUUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC

Kpn L-6

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCAuccgagagcuggcgaccucggcgagguuacacggcgg
gauaaaagcccgggag gcuggcuagggUUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAU
C

Kpn L-4
Trl

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCuccgagagcuggcgaccucggcgagguuacacggeggga
uaaaagcccgggag gcuggcuagggUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC

Kpn L-4
Tr2

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCuccgagagcuggcgaccucggcgagguuacacggeggga
uaaaagcccgggag gcuggcuagggGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC

Kpn L-4
Tr3

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccgagagcuggcgaccucggcgagguuacacggcgggau
aaaagcccgggag gcuggcuagggUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC

Kpn L-4
Tr4

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccgagagcuggcgaccucggcgagguuacacggcgggau
aaaagcccgggag gcuggcuagggUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC

Kpn L-4
Tr5

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccgagagcuggcgaccucggcgagguuacacggcgggau
aaaagcccgggag gcuggcuagggGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC

Kpn L-4
Tr6

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUuccgagagcuggcgaccucggcgagguuacacggcgggaua
aaagcccgggag gcuggcuagggUAGAGUGUGAGCUCCGUAACUAGUUACAUC

Kpn L-4
Tr7

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGuccgagagcuggcgaccucggcgagguuacacggcgggauaa
aagcccgggag gcuggcuagggAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC

Kpn L-5
Trl

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCuccgagagcuggcgaccucggcgagguuacacggeggga
uaaaagcccgggag gcuggcuagggUGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC

Kpn L-5
Tr2

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCuccgagagcuggcgaccucggcgagguuacacggeggga
uaaaagcccgggag gcuggcuagggGUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC

Kpn L-5
Tr3

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccgagagcuggcgaccucggcgagguuacacggcgggau
aaaagcccgggag gcuggcuagggUUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC

Kpn L-5
Tr4

GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccgagagcuggcgaccucggcgagguuacacggcgggau
aaaagcccgggag gecuggcuagggUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
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GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccgagagcuggcgaccucggcgagguuacacggcegggau

KPTn '5-5 aaaagcccgggag gcuggcuagggGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
r
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUuccgagagcuggcgaccucggcgagguuacacggcgggaua
Kl?l_n '6'5 aaagcccgggag gcuggcuagggUAGAGUGUGAGCUCCGUAACUAGUUACAUC
r
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUuccgagagcuggcgaccucggcgagguuacacggcgggaua
KE’I_“ ';'5 aaagcccgggag gcuggcuagggAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
r
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCAuccgagaggugcacacggcgucugccgugacacggag
B%' ';1-4 ggauaaaagcccgggag ugcgccuagggUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
r
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCAuccgagaggugcacacggcgucugccgugacacggag
B? '%-4 ggauaaaagccegggag ugcgecuagggGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
r
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCAuccgagaggugcacacggcgucugccgugacacggag
B? '-4-5 ggauaaaagccecgggag ugcgecuagggUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
r
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCCAuccgagaggugcacacggcgucugccgugacacggag
Bg' 'g5 ggauaaaagcccgggag ugcgccuagggGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
r
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccgagagaaaacacauacgcguaaauagaagcgcguaug
BSTU ';-4 cacacggagggaaaaaagcccgggag guUUUCUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
r
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccgagagaaaacacauacgcguaaauagaagcgcguaug
B?FJ ;'4 cacacggagggaaaaaagccegggag guUUUCGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
v
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccgagagaaaacacauacgcguaaauagaagcgcguaug
351}1 ':1'5 cacacggagggaaaaaagcccgggag guuuucUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
.
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccgagagaaaacacauacgcguaaauagaagcgcguaug
B§|[J '5'5 cacacggagggaaaaaagcccgggag guuuucGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
r
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccaagagaaaacacacagccuagcugugacacggaggga
DVTU ';1-4 caaaagcccgggag guuuucuagggUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
r
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccaagagaaaacacacagccuagcugugacacggaggga
DFTU '5-4 caaaagcccgggag guuuucuagggGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
r
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccaagagaaaacacacagccuagcugugacacggaggga
DFTU '21-5 caaaagcccgggag guuuucuagggUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
r
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccaagagaaaacacacagccuagcugugacacggaggga
D¥J ;—5 caaaagcccgggag guuuucuagggGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
r
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccgagaguuggcgaccuccagugagguuacacggeggga
Pfglre 51_4 uaaaagcccgggag gccgacuagggUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
.
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccgagaguuggcgaccuccagugagguuacacggeggga
P51‘_e '5'4 uaaaagcccgggag gccgacuagggGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
.
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GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccgagaguuggcgaccuccagugagguuacacggeggga

szlre th_S uaaaagcccgggag gccgacuagggUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
.
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccgagaguuggcgaccuccagugagguuacacggcggga
Pffl_e '5'5 uaaaagcccgggag gccgacuagggGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
r
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccgagagucggcgaccuccaguugagguuacacggcggg
P'fl'l '-‘;4 auaaaagcccgggag gcugacuagggUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
r
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccgagagucggcgaccuccaguugagguuacacggcggg
P¥ '—5-4 auaaaagcccgggag gcugacuagggGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
r
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccgagagucggcgaccuccaguugagguuacacggcggg
P? L£;5 auaaaagcccgggag gcugacuagggUGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
r
GAUGUAACUGAAUGAAAUGGUGAAGGACGGGUCuccgagagucggcgaccuccaguugagguuacacggcggg
P? L5-5 auaaaagcccgggag gcugacuagggGAGUAGAGUGUGAGCUCCGUAACUAGUUACAUC
r
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Table S3. RNA-based fluorescent biosensor sequences. Underlined italics indicate tRNA
scaffold which flanks the guanidine biosensors. Italics represent T7 terminator sequence. Bold
sequences indicate Spinach2 sequence, which flanks the guanidine-1 riboswitch sequences used.

indicates the artificial transducer stem or adenosine spacers for junction biosensors.

residues indicate the adenosine spacers which are not part of the stem. Red

residue represents G to C mutation.

Name

Sequence (5'to 3)

Spinach2

GGGGCCCGGAUAGCUCAGUCGGUAGAGCAGCGGCCGGAUGUAACUGAAUGAAAUGGUGAAG
GACGGGUCCAGUAGGCUGCUUCGGCAGCCUACUUGUUGAGUAGAGUGUGAGCUCCGUAACUA
GUUACAUCCGGCCGCGGGUCCAGGGUUCAAGUCCCUGUUCGGGCGCCAUAGCAUAACCCCUU
GGGGCCUCUAAACGGGUCUUGAGGGGUUUUUUG

Kpn J-
2,2-A

GGGGCCCGGAUAGCUCAGUCGGUAGAGCAGCGGCCGGAUGUAACUGAAUGAAAUGGUGAAG
GACGGGUCCA GCUGGCUAGGGUUCCGGUUCACCGCGGUGAACGUCUGGUCCGAGAG
CUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGCCCGGGAG UUGUUGAGUAG
AGUGUGAGCUCCGUAACUAGUUACAUCCGGCCGCGGGUCCAGGGUUCAAGUCCCUGUUCGGG
CGCCAUAGCAUAACCCCUUGGGGCCUCUAAACGGGUCUUGAGGGGUUUUUUG

Kpn J-
2,2-M (G
to C)

GGGGCCCGGAUAGCUCAGUCGGUAGAGCAGCGGCCGGAUGUAACUGAAUGAAAUGGUGAAG
GACGGGUCCA GCUGGCUAGCcGUUCCGGUUCACCGCGGUGAACGUCUGGUCCGAGAG
CUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGCCCGGGAG UUGUUGAGUAG
AGUGUGAGCUCCGUAACUAGUUACAUCCGGCCGCGGGUCCAGGGUUCAAGUCCCUGUUCGGG
CGCCAUAGCAUAACCCCUUGGGGCCUCUAAACGGGUCUUGAGGGGUUUUUUG

Dru J-
2,2-A

GGGGCCCGGAUAGCUCAGUCGGUAGAGCAGCGGCCGGAUGUAACUGAAUGAAAUGGUGAAG
GACGGGUCCA GUUUUCUAGGGUUCCGCGAUAAAAUUAUCGGACUGGUCCAAGAGAAA
ACACACAGCCUAGCUGUGACACGGAGGGACAAAAGCCCGGGAG UUGUUGAGUAGAG
UGUGAGCUCCGUAACUAGUUACAUCCGGCCGCGGGUCCAGGGUUCAAGUCCCUGUUCGGGCG
CCAUAGCAUAACCCCUUGGGGCCUCUAAACGGGUCUUGAGGGGUUUUUUG

Dru J-
2,2-D

GGGGCCCGGAUAGCUCAGUCGGUAGAGCAGCGGCCGGAUGUAACUGAAUGAAAUGGUGAAG
GACGGGUCCA GUUUUCUAGGGUUCCGCGAUAAAAUUAUCGGACUGGUCCAAGAGAAA
ACACACAGCCUAGCUGUGACACGGAGGGACAAAAGCCCGGGAG UUGUUGAGUAGAGU
GUGAGCUCCGUAACUAGUUACAUCCGGCCGCGGGUCCAGGGUUCAAGUCCCUGUUCGGGCGC
CAUAGCAUAACCCCUUGGGGCCUCUAAACGGGUCUUGAGGGGUUUUUUG

Table S4. RNA-based fluorescent biosensor sequences used for in vitro kinetic study.

Name

Sequence (5'to 3)

Kpn J-
2,2-A

GGGGCCCGGAUAGCUCAGUCGGUAGAGCAGCGGCCGGAUGUAACUGAAUGAAAUGGUGAAG
GACGGGUCCA GCUGGCUAGGGUUCCGGUUCACCGCGGUGAACGUCUGGUCCGAGAG
CUGGCGACCUCGGCGAGGUUACACGGCGGGAUAAAAGCCCGGGAG UUGUUGAGUAG
AGUGUGAGCUCCGUAACUAGUUACAUCCGGCCGCGGGUCCAGGGUUCAAGUCCCUGUUCGGG
CGCCA

Dru J-
2,2-A

GGGGCCCGGAUAGCUCAGUCGGUAGAGCAGCGGCCGGAUGUAACUGAAUGAAAUGGUGAAG
GACGGGUCCA GUUUUCUAGGGUUCCGCGAUAAAAUUAUCGGACUGGUCCAAGAGAAA
ACACACAGCCUAGCUGUGACACGGAGGGACAAAAGCCCGGGAG UUGUUGAGUAGAG
UGUGAGCUCCGUAACUAGUUACAUCCGGCCGCGGGUCCAGGGUUCAAGUCCCUGUUCGGGCG
CCA

Dru J-
2,2-D

GGGGCCCGGAUAGCUCAGUCGGUAGAGCAGCGGCCGGAUGUAACUGAAUGAAAUGGUGAAG
GACGGGUCCA GUUUUCUAGGGUUCCGCGAUAAAAUUAUCGGACUGGUCCAAGAGAAA
ACACACAGCCUAGCUGUGACACGGAGGGACAAAAGCCCGGGAG UUGUUGAGUAGAGU
GUGAGCUCCGUAACUAGUUACAUCCGGCCGCGGGUCCAGGGUUCAAGUCCCUGUUCGGGCGC
CA
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