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Figure S1. Plasmid map of pPCC2107 (reporter plasmid).



Full sequence of pPCC2107 (reporter plasmid): Sequences encoding the DNA-binding
domain (DBD) and the ligand-binding domain (LBD) of the ItcR regulatory protein [1]

are shown in green and purple, respectively. Additionally, the coding sequence for the
mCherry protein [2] is indicated in red:

taacaatttcacacaggagatacctaggatggagttacgtcatatacgctattttctggetgttgctgaagaacgacatttcacacgegetgecgeccggcetaggaatagggceagectectetcagte
agcaaattaaggatctggagagggaactcggtgcgttgttgttccggegggtticttatggegeagaattaactgaggeaggtattgeatttctggatgttgtcaaagagatacctgtgatggeaga
aagagcgacccaagctgegeagegggctgtcaggggagaactcggegtactcagagttggctttactgegtcatcageatttaacagegtagtgectacggegatecgtgectttagacgtgeat
atcctgatgtacgattacagctagaggaagataacacgactcgactggcetgatggattgaatgaaggcetegcetegatgtegetttectgaggecaggcetttgetggcagegaacgtttccacctcag
aatgctatctgaagagcecgatgatgattgtcatggeggaaaatcacccggeggceategtatgaagaaatttcgettagegeattcagggatgaaactttectgctatttccacgagagattggtctga
cgctttacgattcagtgattgagtcatgecgtactgegggttttgagecgactattggecaactggeaccacaaategctteggteattaatetegttgeggeagaaatgggegtttcaategttecgg
cttccatgagcecaagtgaaagttattggggttgtatatcgacacattgetgaccagacgecgacagcaaagetegegttggegtaccggegaggggatacctegecggtattaagaaactttgtee
tgaccgtgtttecttgattggtaacgaatcagacaattgacggcttgacggagtagcatagggtttgcagaatecctgeggtaccagatetgtcgactacaaggacgatgacgacaagtgaagate
gatctctcgatcgagtgagagaagacttgceatgectgeaggtegactctagaggatceeccgtactatcaacaggttgaactgeggatcttgeggecagcetttatgettgtaaacegttttgtgaaaaa
atttttaaaataaaaaaggggacctctagggtccccaattaattagtaatataatctattaaaggtcattcaaaaggtcatccaccggatcaattecectgetegegeaggetgggtgecaageteteg
ggtaacatcaaggceccgatccttggagceccttgecctcecgeacgatgategtgecgtgatcgaaatccagatecttgaccegeagttgeaaacccteactgatecggetcacggtaactgatgecg
tatttgcagtaccagegtacggcccacagaatgatgtcacgctgaaaatgecggectttgaatgggttcatgtgeagetecatcagcaaaaggggatgataagtttatcaccaccgactatttgeaa
cagtgecgttgatcgtgctatgatcgactgatgtcatcageggtggagtgcaatgtegtgcaatacgaatggegaaaagecgagcetcateggtcagcettetcaaccttggggttacccecggeggt
gtgctgcetggtecacagetecttecgtagegtecggeccctcgaagatgggcecacttggactgatcgaggecctgegtgetgegetgggtecgggagggacgcetegteatgeectegtggtcaggt
ctggacgacgagcecgttcgatectgecacgtcgeccgttacaccggaccttggagttgtctctgacacattctggegectgecaaatgtaaagegcagegeccatecatttgectttgeggeagegg
ggccacaggcagagcagatcatctctgatccattgecectgecaccteactegectgeaageccggtegeccgtgtecatgaactcgatgggeaggtacttctecteggegtgggacacgatgeca
acacgacgctgcatcttgecgagttgatggeaaaggttcectatggggtgecgagacactgceaccattettcaggatggcaagttggtacgegtegattatctcgagaatgaccactgetgtgage
getttgecttggeggacaggtggctcaaggagaagagcecttcagaaggaaggtccagteggtcatgectttgeteggttgatecgeteccgegacattgtggegacagecctgggtcaactgggce
cgagatccgttgatcttectgeatccgecagagggegggatgegaagaatgegatgecgcetegecagtegattggetgagetcatgageggagaacgagatgacgttggaggggcaaggteg
cgctgattgetgggecaacacatcattgcageactggggecagatggtaageccteecgtategtagttatctacacgacggggagtcaggceaactatggatgaacgaaatagacagategetga
gataggtgcctcactgattaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcectttttgataatctcatgacca
aaatcccttaacgtgagttttegttccactgagegtcagaccecgtagaaaagatcaaaggatcttcttgagatectttttttctgegegtaatetgetgettgcaaacaaaaaaaccaccgcetaccage
ggtggtttgtttgecggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagegceagataccaaatactgtecttctagtgtagecgtagttaggecaccacttcaagaactetgt
agcaccgcctacatacctegcetetgetaatectgttaccagtggetgetgecagtggegataagtegtgtettaccgggttggactcaagacgatagttaccggataaggegeageggtegggetg
aacggggggttcgtgcacacageccagettggagegaacgacctacaccgaactgagatacctacagegtgagetatgagaaagegecacgcttcccgaagggagaaaggeggacaggtate
cggtaagcggcagggtcggaacaggagagegcacgagggagcttccagggggaaacgectggtatcetttatagtectgtegggtttcgecacctetgacttgagegtegatttttgtgatgetegt
caggggggrggagectatggaaaaacgecageaacgeggcctttttacggttectggecttttgetggecttttgetcaacttttcatactecegecattcagagcettcatatccaaaageaattaaac
acaccggtatcatatattggataaatgataacggcegaccatagactaagcegaagttggaggaggaaccatacccgggagttgcaggataatcaaaatggtgagcaagggegaggaggataac
atggccatcatcaaggagttcatgegcttcaaggtgcacatggagggctecgtgaacggecacgagttcgagatcgagggegagggegagggecgeccctacgagggceacccagaccgeca
agctgaaggtgaccaagggtggccccctgeccttegectgggacatectgteecctcagttcatgtacggcetccaaggectacgtgaagceaccecgecgacatceccgactacttgaagetgtectt
cccecgagggcttcaagtgggagegegtgatgaacttcgaggacggeggegtggtgaccgtgacccaggactecteectgcaggacggegagttcatctacaaggtgaagetgegeggeacca
acttcecctecgacggececcgtaatgeagaagaagaccatgggetgggaggectecteecgageggatgtaccccgaggacggegecctgaagggegagatcaageagaggetgaagetgaa
ggacggceggccactacgacgctgaggtcaagaccacctacaaggcecaagaageccgtgeagetgeccggegcectacaacatcaacatcaagttggacatcaccteccacaacgaggactacac
catcgtggaacagtacgaacgcgccgagggcecgcecactecaccggeggcatggacgagcetgtacaagtaagggggatccactagttctagageggecgecaccgeggtggagcetecagetttt
gttecctttagtgaggottaattgcgcaaacacagaaaaaageccgceacctgacagtgegggcttttttttttgcaactgttgggaagggcgateggtgegggcctcttegetattacgecagetgge
gaaagggggatgtgctgcaaggegattaagttgggtaacgccagggttttcccagtcacgacgttgtaaaacgacggecagtgaatecgtaatcatggtcatagetgtttectgtgtgaaattgtta
tecgcetcacaattccacacaacatacgagecggaageataaagtgtaaagectggggtgectaatgagtgagcetaacttacattaattgegttgegetcactgecegetttccagtegggaaacctgt
cgtgecagctgcattaatgaatcggecaacgegeggggagaggeggtttgegtattgggegecagggtggtttttcttttcaccagtgagacgggcaacagcetgattgeccttcaccgectggecc
tgagagagttgcagcaagcggtccacgetggtttgecccageaggegaaaatectgtttgatggtggttaacggegggatataacatgagcetgtcttcggtategtcegtateecactaccgagatat
ccgeaccaacgegeageccggacteggtaatggegegeattgegeccagegecatetgategttggeaaccageategeagtgggaacgatgecctcattcageatttgeatggtttgttgaaaac
cggacatggcactccagtegectteecgttecgctatcggetgaatttgattgegagtgagatatttatgecagecagecagacgcagacgegecgagacagaacttaatgggeccgetaacageg
cgatttgctggtgacccaatgegaccagatgcetecacgeccagtegegtacegtettcatgggagaaaataatactgttgatgggtatetggtcagagacatcaagaaataacgecggaacattag
tgcaggcagcttccacageaatggceatectggtcatccageggatagttaatgatcageccactgacgegttgegegagaagattgtgeacegecgctttacaggcettegacgecgcettegttctac
catcgacaccaccacgctggcacccagttgatcggegcegagatttaatcgecgegacaatttgegacggegegtgeagggecagactggaggtggeaacgcecaatcagceaacgactgtttgece
gecagttgttgtgecacgeggttgggaatgtaattcagetecgecategecgcttecactttttcccgegttttcgcagaaacgtggetggectggttcaccacgegggaaacggtctgataagagac
accggcatactctgegacatcgtataacgttactggtttcacattcaccaccctgaattgactctcttccgggegctatcatgecataccgegaaaggttttgeaccattccatgggaattegetagege
ggcegegagcetgttgacaattaatcateggetegtataatgtgtggaattgtgagegga



Table S1. Primers used in this study.

Primer name Sequence (5’ to 3’)
Upper BAD tctgctaatectgttaccag
promoter-fwl
Upper BAD ctctgaatggcgggagta
promoter-rvl
ItcR-geneblock-fw1 ggataacaatttcacacagg
ItcR-geneblock-rv1 tctagagtcgacctgcag
Initial-Pccl fw tactcccgcecattcagag
Initial-Pccl rv tagcccaaaaaaacgggtat
EP-ItcR-LBD-fw1 gcgeageggectgtc
EP-ItcR-LBD-rv1

cgtcaattgtctgattcgttaccaatca

Flank-ItcR-LBD-fw1
Flank-ItcR-LBD-rv

tgattggtaacgaatcagacaattgacg

gacagcccgctgegceagcett
Upper BAD ctctagaactagtgctctgaatggcgggagta
promoter(overhang
)-rvl
Mcherry(RFP)-fw?2

acccgggagttgcaggataatcaaaatggtgagcaagggcgaggaggataa

Mcherry(RFP)-rv1l
Pccl-Mcherry-

ctagaactagtggatcccccttacttgtacagctcgtccatgec

atcctgcaactcccgggtatggttectectccaacttc

rvl(overhang)
2107-17var-Nhei- aaaggttttgcaccattccatgggaattcgctag
fwil
2107-17var-Xmni- tececttttgetgatggagetgcacatgaacc
rvl
2107-17var-V144A- cctcaggaaagcgacatcgagegagccttcattcaatccatcag
rvl
2107-17var-E127V- cagtcgagtcgtgttatcttcctctagcetgtaategtacatcaggatatgcacgtc
rvl
2107-17var-K269R- cgacagcaaagctcgegttggcgtaccggegagggoatacct
fwl




2107-17var-E127V- agctagaggaagataacacgactcgactggctgatggattga
fwl
2107-51-1b-L195I- ctcgtggaaatatcaggaaagtttcatcectgaatgegctaageg
rvl
2107-51-1b-52801T- gegtggtatceectegecggtacgcec
rvl
2107-51-1b-52801T- ggcgaggggoataccacgecggtattaagaaactttgtectgacegtg
fwl
2107-51-1b-L195I- aactttcctgatatttccacgagagattggtctgacgctttacgat
fwl
2107-17-SSM1-rv1 agcgagccttcattcaatccatcagecagtcgagtegtgttatcAHNCctctagetgtaatcgtacatcaggatatgcacgtctaaaggcea
cggat
2107-17-SSM1-fw1 tggattgaatgaaggctcgctcgatNDTgctttcctgaggecaggctttgetggcag
2107-17-SSM2-rv1 cgccatgacaatcatcatcggcetcttc
(E173K)
2107-17-SSM2-fw1 gccgatgatgattgtcatggecgNDTaatcacccggeggceategtatgaaga
(E173K)
2107-17-SSM2-rv2 ggtatccectegecggtacgec
(5280T)
2107-17-SSM2-fw2 ggcgtaccggegaggggataccNDTccggtattaagaaactttgtectgacegtgt
(5280T)
Sorting (OFF) —ﬁ
100 — 100 —
§ e0 _: B WT IteR with no inducer % I RM Library 1 negative sort population
g ] £ B0=] without MS
g 4 M RM library | with no inducer -
-] 4 - ] [ RM Library | negative sort population
g E oo with 1mM MS
= ] =
E a2 P
g ] £
‘2 o E 20 Sorting (ON)
2 2
R =
o]

0 10

RFP (a.u.)

Figure S2. Sorting histograms for the first round of screening using FACS: 30.2% of the least fluorescent
cells in the absence of MS were retained (left). Of these, 0.016% of the most fluorescent cells in the
presence of 1 mM MS were isolated (right).
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Figure S3. A comprehensive diagram of the sequential screening protocol for the selection of ItcR
mutants, encompassing stages from mutagenesis to fluorescence-based sorting and sensitivity

characterization.
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Figure S4. Change in fold induction vs. MS concentration for each variant. Change in fold induction is
defined as the fold induced RFP of each variant divided by fold induced RFP of WT-ItcR. Data points are
the average of 3 values, and error bars represent the range.
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Figure S5. Fold induced RFP vs. MS concentration for each variant. Fold induced RFP indicates the
normalized fluorescence value in the presence of the inducer divided by the normalized
fluorescence value in the absence of the inducer. Data points are the average of 3 values, and error
bars represent the range.
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Figure S6. MS-induced RFP expression in E. coli harboring the MS biosensor system. Normalized
fluorescence intensity (“y”, RFU/OD600) is plotted against MS concentration (that which was added to
the culture broth), “x”. Data were fitted to Equation 1, as shown (R2>0.99). The response of WT-ItcR to
IA is also shown.



Figure S7. A comparative overlay of itaconate (IA) positioning obtained via docking vs. its experimentally
determined location in the ligand-binding domain (LBD) of wild-type ItcR [1]. The blue residues
represent IA binding sites within the LBD of WT-ItcR. The plum-colored itaconate illustrates the
molecule's position as obtained through computational docking, while the yellow itaconate denotes the
experimentally reported position of the molecule within the ItcR structure [1].
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Figure S8. Structural analysis of ItcR and variant Var7 with the corresponding ligands. WT-ItcR is
represented in sand yellow, and Var7 in forest green. C-C bonds in IA and MS are depicted in light green
and gray, respectively. Non-neutral AA substitutions in Var7 are depicted in magenta. Yellow dashed
lines indicate distances between atoms. (a) The structure of WT-ItcR LBD with IA as the ligand. (b) A
comparison of binding sites between the WT-ItcR-IA complex [1] and the Var7-MS (S-isomer) complex.
(c) The docking pose of IA within the Var7 LBD. Residues interacting with IA that are conserved in the |A
binding of WT-ItcR (solved structure) are highlighted in olive. Non-conserved residues unique to IA-Var7
interactions and distinct from the IA binding of WT-ItcR residues are depicted in cyan. (d) The docking
pose of the MS R-isomer within the Var7 LBD. Residues interacting with MS that are conserved in IA
binding (solved structure) are highlighted in bright orange. (e) The docking pose of the MS S-isomer
within the Var7 LBD. Residues interacting with MS that are conserved in IA binding (solved structure) are
highlighted in bright orange. Non-conserved residues unique to MS interactions and distinct from IA
binding residues are depicted in cyan. (f) The IA binding site in the WT-ItcR LBD structure [1]. Residues
interacting with IA are accentuated in gray. (g) The docking pose of the IA within the WT-ItcR LBD.
Residues interacting with IA that are conserved in IA binding (solved structure) are accentuated in dark
green. (h) The docking pose of the MS S-isomer within the WT-ItcR LBD. Residues interacting with MS
that are conserved in IA binding (solved structure) are highlighted in light blue. Non-conserved residues
unique to MS interactions and distinct from IA-binding residues are depicted in cyan.
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Table S2. Fold induced RFP vs. alkylsuccinate concentration (mM) for WT-ItcR. Fold induced
RFP indicates the normalized fluorescence value in the presence of the inducer divided by the

normalized fluorescence value in the absence of the inducer. Data points are the average of 3

values.
Fold induced RFP of the WT-ItcR
toward alkylsuccinates of interest
Concentration (N=3, +SD)
(mM)
Alkylsuccinates
ES MES MPS

0 1.00+0.0 1.000.0 1.000.0

0.1 1.000.1 1.12+0.1 0.940.1

0.5 1.12+0.1 0.97+0.1 0.960.1

1 0.990.1 1.04x0.1 0.980.1

2 1.08+0.1 0.89:0.1 1.08+0.1

5 1.03£0.2 1.28+0.2 2.04+0.2

Table S3. Fold induced RFP vs. MS concentration (mM) for each variant. Fold induced RFP
indicates the normalized fluorescence value in the presence of the inducer divided by the

normalized fluorescence value in the absence of the inducer. Data points are the average of 3

values.
Fold induced RFP of the variants (N=3, +SD)
MS
concentration WT Varl Varb Var6 Var7 Var8 Var9 Varl0 Var2 Var3 Var4
(mM)

0 1 1 1 1 1 1 1 1 1 1 1
0.1 1.0+0.1 | 1.2+0.2 | 2.2+0.4 | 1.8+0.2 | 2.2+0.6 | 2.7+0.1 | 2.4+0.2 | 1.9+0.2 | 1.2+0.2 | 0.9+0.1 | 1.1+0.1
0.5 1.1+0.1 | 4.7+20.8 | 9.8+2 | 9.4+0.7 | 11.3+1 | 7.5+0.3 | 8.7+0.4 | 10.2+1 | 4.7+0.8 | 1.3+0.2 | 3.0+0.2

1 1.0£0.1 | 9.3+1 | 15.1+2 | 15.2+1 | 17.32 | 9.6x1 | 11.2+1 15+2 9.3+1 |1.8+0.2 | 6.4+1
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1.6+0.1 | 1391 | 1942 | 19.9+1 | 22.8+3 | 11.7+#1 | 13.3+1 | 18.0+3 | 13.9+1 | 3.3+0.2 | 10.9+1
2.5+0.2 | 17.4+1 | 23.1+3 | 22941 | 25.0+#3 | 12.8+1 | 14.4+1 | 20.3+2 | 17.4+1 | 5.1£0.2 | 14.1+2
Table S4. The Glide docking result parameters.
Glide docking result parameters (kcal/mol)

Recep

tor-

ligan | docking | glide_g | glide_ | glide_h | glide_re | glide_e | glide_e | glide_ | glide_ | glide_e
d _score score lipo bond wards vdw coul erotb esite model
WT-

ItcR-

IA -5.32 -5.32 -0.80 -0.72 -2.37 -3.96 -19.37 1.68 -0.004 | -44.98
WT-

ItcR-

MS-S -4.01 -4.01 -0.53 -0.67 -2.96 -17.6 -9.14 2.39 0.000 -31.31
Var7-

IA -4.90 -4.90 -0.81 -0.36 -3.00 -9.12 -12.96 1.68 0.000 -36.16
Var7-

MS-R | -5.47 -547 | -068 | -0.46 -2.91 -3.36 | -13.75 | 0.82 | 0.000 | -29.65
Var7-

MS-S -5.86 -5.86 -0.82 -0.53 -2.59 -8.54 -15.36 0.82 -0.002 | -38.05
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