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SUPPLEMENTARY TABLES

Table S1. Sequences of the DNA templates used for the riboswitch ITC studies and riboswitch-
based sensors. The DNA template sequences for the Eba, Lmo, and Cce czcD riboswitches are
derived from Furukawa et al.! Spinach2 sequences are shown in red.? In the sensor constructs,
components of the appropriate truncated stem are shown in blue. Mutations present in the Eba
variants are highlighted. Px-y denotes insertion of Spinach2 into stem x retaining y base pairs.
Sensors Lmo-1, Lmo-2, and Lmo-3 are the P1-1, P1-2, and P1-3 constructs.

Name

Sequence

Eba

Eba-CG

Eba-UA

Lmo

Cce

Sensei

Spinach2

Lmo-1

Lmo-2

Lmo-3

Sensei
P1-2

Sensei
P1-3

Sensei
P1-4

5'-
ccaagTAATACGACTCACTATAgAACTGAGCAGGCAAATGACCAGAGCGGTCATGCAGCCGGGCTG
CGAAAGCGGCAACAGATGATTACACGCACATCTGTGGGACAGTT-3'

5'-
ccaagTAATACGACTCACTATAgAACTGAGCACGCAAATGACCAGAGCGGTCATGCAGCGGGGCTG
CGAAAGCGGCAACAGATGATTACACGCACATCTGTGGGACAGTT-3'

5'-
ccaagTAATACGACTCACTATAgAACTGAGCATGCAAATGACCAGAGCGGTCATGCAGCAGGGCTG
CGAAAGCGGCAACAGATGATTACACGCACATCTGTGGGACAGTT-3'

5'-
ccaagTAATACGACTCACTATAgATCTGAACAGGCGGTGAACGTAACACGAGGTTCATGCAGCTGG
GCTGCAATTATTTGCGGCAGCAGACTATGTATTCTAAGGGCATATCTGTGGGACAGTT-3'

5'-
ccaagTAATACGACTCACTATAgAACTGAGCAGGCGATGGACCTTTCATAGAGGTACATGGGGCCG
GGCCACCCAGTGAGTGGCAGCAGATTGCAATCATGCACATCTGTGGGACAGTA-3'

5'-
ccaagTAATACGACTCACTATAGGTGGACGAAGTCGGCAGAGGTCCATTAGTCGGGGCCGTAGTC
ACGGCAGCGGTTATTTTAGATCCACAACAGCCTATCCC-3'

5'-
GATGTAACTGAATGAAATGGTGAAGGACGGGTCCAGTAGGCTGCTTCGGCAGCCTACTTGTTGA
GTAGAGTGTGAGCTCCGTAACTAGTTACATC-3'

5'-
ccaagTAATACGACTCACTATAgGATGTAACTGAATGAAATGGTGAAGGACGGGTCCAgaacaggceggtg
aacgtaacacgaggttcatgcagctgggctgcaattatitgcggcagcagactatgtattctaagggcatatctgtgggacTTGTTGAGTA
GAGTGTGAGCTCCGTAACTAGTTACATC-3'

5'-
ccaagTAATACGACTCACTATAgGATGTAACTGAATGAAATGGTGAAGGACGGGTCCAtgaacaggceggt
gaacgtaacacgaggttcatgcagctgggctgcaattatttgcggcagcagactatgtattictaagggceatatctgtgggacaTTGTTGAG
TAGAGTGTGAGCTCCGTAACTAGTTACATC-3'

5'-
ccaagTAATACGACTCACTATAgGATGTAACTGAATGAAATGGTGAAGGACGGGTCCActgaacaggegg
tgaacgtaacacgaggttcatgcagctgggcetgcaattatttgcggcagcagactatgtatictaagggceatatctgtgggacagTTGTTGA
GTAGAGTGTGAGCTCCGTAACTAGTTACATC-3'

5'-
ccaagTAATACGACTCACTATAGATGTAACTGAATGAAATGGTGAAGGACGGGTCCAGGACGAAGT
CGGCAGAGGTCCATTAGTCGGGGCCGTAGTCACGGCAGCGGTTATTTTAGATCCACAACAGCCT
TTGTTGAGTAGAGTGTGAGCTCCGTAACTAGTTACATC-3'

5'-
ccaagTAATACGACTCACTATAGATGTAACTGAATGAAATGGTGAAGGACGGGTCCAIGGACGAAGT
CGGCAGAGGTCCATTAGTCGGGGCCGTAGTCACGGCAGCGGTTATTTTAGATCCACAACAGCCT
ATTGTTGAGTAGAGTGTGAGCTCCGTAACTAGTTACATC-3'

5'-
ccaagTAATACGACTCACTATAGATGTAACTGAATGAAATGGTGAAGGACGGGTCCAgtGGACGAAG
TCGGCAGAGGTCCATTAGTCGGGGCCGTAGTCACGGCAGCGGTTATTTTAGATCCACAACAGCC
TATTTGTTGAGTAGAGTGTGAGCTCCGTAACTAGTTACATC-3'
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Table S2. Primers used to generate or amplify DNA templates

Name Sequence
5'-

Eba-top CCAAGTAATACGACTCACTATAGAACTGAGCAGGCAAATGACCAGAGCGGTCATGCAGC
CGGGCTGCGAAA-3'
5'-

Eba-bottom AACTGTCCCACAGATGTGCGTGTAATCATCTGTTGCCGCTTTCGCAGCCCGGCTGCATGA
c-3
5'-

Eba-CG-top ccaagTAATACGACTCACTATAgAACTGAGCACGCAAATGACCAGAGCGGTCATGCAGCGG

Eba-CG-bottom

Eba-UA-top

Eba-UA-bottom

Lmo-top

Lmo-bottom

Cce-top
Cce-bottom

Sensei-top

Sensei-bottom

Lmo_P1-3_fwd
Lmo_P1-3_rev
Lmo_P1-2_fwd
Lmo_P1-2_rev

Lmo_P1-1_fwd

Lmo_P1-1_rev

T7_Sp2_Amp_fwd

Sp2_Amp_rev

GGCTGCGAAA-3'

5'-
AACTGTCCCACAGATGTGCGTGTAATCATCTGTTGCCGCTTTCGCAGCCCCGCTGCATGA
Cc-3

5'-
ccaagTAATACGACTCACTATAgAACTGAGCATGCAAATGACCAGAGCGGTCATGCAGCAG
GGCTGCGAAA-3'

5'-
AACTGTCCCACAGATGTGCGTGTAATCATCTGTTGCCGCTTTCGCAGCCCTGCTGCATGA
C-3

5'-
CCAAGTAATACGACTCACTATAGATCTGAACAGGCGGTGAACGTAACACGAGGTTCATGC
AGCTGGGCTGCAATT-3'

5'-
AACTGTCCCACAGATATGCCCTTAGAATACATAGTCTGCTGCCGCAAATAATTGCAGCCC
AGCTGC-3'

5'-
CCAAGTAATACGACTCACTATAGAACTGAGCAGGCGATGGACCTTTCATAGAGGTACATG
GGGCCGGGCCACCCAGTGAGT-3'

5'- TACTGTCCCACAGATGTGCATGATTGCAATCTGCTGCCACTCACTGGGTGGCCC -3'
5'-
CCAAGTAATACGACTCACTATAGGTGGACGAAGTCGGCAGAGGTCCATTAGTCGGGGCC
GTAGTCA-3'

5'-
GGGATAGGCTGTTGTGGATCTAAAATAACCGCTGCCGTGACTACGGCCCCGACTAATGG
A-3'

5-GATGTAACTGAATGAAATGGTGAAGGACGGGTCCACTGAACAGGCGGTGAACG-3'

5'-
GATGTAACTAGTTACGGAGCTCACACTCTACTCAACAACTGTCCCACAGATATGCCCTTA
G-3'

5'-GATGTAACTGAATGAAATGGTGAAGGACGGGTCCATGAACAGGCGGTGAACG-3'

5'-
GATGTAACTAGTTACGGAGCTCACACTCTACTCAACAATGTCCCACAGATATGCCCTTAG-
3!

5-GATGTAACTGAATGAAATGGTGAAGGACGGGTCCAGAACAGGCGGTGAACG-3'

5'-
GATGTAACTAGTTACGGAGCTCACACTCTACTCAACAAGTCCCACAGATATGCCCTTAG-3'
5'-CCAAGTAATACGACTCACTATAGGATGTAACTG-3'
5'-GATGTAACTAGTTACGGAGCTCACAC-3'
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Table S3. Calculated Kaqm values (effective Kq values for metal-citrate buffers) used for
determination of apparent Kgs of czcD sensors. For full details, see the Supporting Information of
Xu and Cotruvo.?

Chelator | Metal | log Km Adjusted Ka,m
Citricacid | Mn'" | 4.15 7.30 x 10°
Fe! 4.40 4.10x 105
Co' | 5.00 1.05x 105
Nit 5.40 4.10x 108
Zn! 4.98 1.08 x 106
Mg" | 3.37 4.60 x 104

Table S4. Fluorescence response of Lmo-2 to first-row transition metal ions (see Figure S1A)

Mnll Fe" COH NiH anl
Kd,app (nM) 5900 £200 27010 64+2 52+3 1969 + 60

Hill coefficient (n) 2.1 +£0.1 29+04 19+0.1 1.5+0.1 2.2+0.1
Conditions: 30 mM MOPS, 100 mM KCI, 3 mM MgCl, 1 mM citrate pH 7.2, 20 °C; 100 nM
Lmeo-3, 10 uM DFHBI-IT

Table SS. Fluorescence response of Lmo-3 to first-row transition metal ions (see Figure S1B)

MIlH Fell COH NiH anl
Kd,app (nM) N.R.¢ 2700 +200 820+100 290+ 30 N.R.
Fmax/Frin N.D.? 12.8 15.2 13.6 N.D.
Hill coefficient (n) N.D. 25+£0.2 28+05 22+£03 N.D.

“N.R.: No response detected. > N.D.: Not determined. Conditions: 30 mM MOPS, 100 mM KCl,
3 mM MgCl, 1 mM citrate pH 7.2, 20 °C; 100 nM Lmo-3, 10 uM DFHBI-1T



SUPPLEMENTARY FIGURES

Figure S1. Citrate-buffered fluorescence titrations of (A) Lmo-2 and (B) Lmo-3 with Mn'!, Fe'
Co", Ni", and Zn". For each construct, fluorescence response was evaluated by titrating metal into
100 nM sensor and 10 uM DFHBI-1T, in 30 mM MOPS, 100 mM KCI, 3 mM MgCl, and 1| mM
citrate, pH 7.2, at 20 °C. (C) Representation of the sensor constructs, illustrating the junction

between the P1 stem and Spinach2, with Lmo-1 and Lmo-2 given as examples.
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Figure S2. Representative thermograms from ITC studies of the Eba riboswitch (9.4-11uM RNA)
with Ni', Zn"|, and Mn".. The data are fitted to a model with one set of equivalent binding sites.
Experimental conditions and fitted parameters are provided in Table 2.
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Figure S3. Representative thermogram from ITC studies of the M3 variant of the Eba riboswitch
(8 uM RNA) with Co'". The data are fitted to a model with one set of equivalent binding sites.
Conditions: 30 mM MOPS, 100 mM KCl, 3 mM MgCl, pH 7.2, 20 °C.
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Figure S4. Simulated ITC thermograms for metal ion binding to the Eba riboswitch, to estimate
Kdapp for Mn''-Eba. Simulation parameters are based on the experimental parameters for other
metal ions (10 pM RNA in cell, 600 uM metal ion in syringe, 30 x 1.2 uL injections, 20 °C) and
n =3 and AH = -4.5 kcal/mol. Comparing to the experimental data in Figure S2, we suggest a
Ka,app between 0.1 and 1 mM.
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Figure S5. Representative thermograms from ITC studies of the CG and UA variants of the Eba
riboswitch (8.5-11 uM) with Co'’. The data are fitted to a model with one set of equivalent binding
sites. Experimental conditions and fitted parameters are provided in Table 2.
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Figure S6. Citrate-buffered fluorescence titrations of (A) Co'" and (B) Fe!' into Sensei sensors. For
each construct, fluorescence response was evaluated by titrating metal into 100 nM sensor and 10
uM DFHBI-IT, in 30 mM MOPS, 100 mM KCI, 3 mM MgCl,, and 1 mM citrate, pH 7.2, at 20
°C. The sensors did not show any fluorescence activation with the metals.
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Figure S7. Representative thermograms from ITC studies of the Lmo riboswitch (8-10 uM RNA)
with Ni', Zn"|, and Mn"". The data are fitted to a model with one set of equivalent binding sites.
Experimental conditions and fitted parameters are provided in Table 2.
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