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Figure S1. Sequence alignments of the eight pairs of Rsglx (A) and Siglc (B) from C.
thermocellum. The sequences of Rsgly and Siglc from Bacillus subtilis (BsRsgln and BsSiglc,
respectively) are also shown at the bottom of the alignments. Secondary structures of the Sigl1c-
Rsglln complex are indicated at the top of the sequences. Red-highlighted frames indicate residues
that are identical, while blue frames represent conserved residues. Residues involved in the
interactions between Sigl1c and Rsgl1y are indicated by filled triangles. Positively charged residues
for potential promoter binding are indicated by open circles.
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Figure S2. The 'H-'>N HSQC NMR spectrum of Rsgllx with peak assignments. Resonance
peaks for backbone and side chain amide groups were labeled with one-letter code for amino acid
residue type followed by the sequence position. Side chain NH» resonance peaks of Asn and Gln
were labeled in blue with an accompanying & and ¢, respectively, and were connected by a
horizontal line. Resonance peaks corresponding to the side chain NH, of Arg were labeled with an
accompanying € in magenta. The resonance peaks of Arg side chains were folded into the spectrum
from their original >N chemical shifts by adding a spectrum width of 30 ppm.
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Figure S3. NMR titrations of Rsglly and SigI1 domains. (A) '"H-'>N HSQC spectra of Rsgllx
titrated with different ratios of Siglln. (B) 'H-">N HSQC spectra of Siglly titrated with different
ratios of Rsglln. (C) 'H-">N HSQC spectra of Rsgl1y titrated with different ratios of Sigllc. (D)
'H-'N HSQC spectra of Sigllc titrated with different ratios of Rsgl1x. (E) 'H-""N HSQC spectra
of Rsglly in complex with Sigl1c titrated with Sigl1y. (F) 'H-'*N HSQC spectra of Sigl1y titrated
with Sigllc. (G) 'TH-""’N HSQC spectra of Sigl1c titrated with Sigl1x.
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Figure S4. Mass spectrometry results for RNAP component identification of the purified C.
thermocellum RNAP. The identified peptides in mass spectrometry are highlighted in green.
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Figure S5. The 'H-'*'N HSQC NMR spectrum of the Rsgllx-Sigllc complex with peak
assignments. Resonance peaks for backbone and side chain amide groups were labeled with one-
letter code for amino acid residue type followed by the sequence position. Side chain NH,
resonance peaks of Asn and Gln were labeled in blue with an accompanying 6 and &, respectively,
and were connected by a horizontal line. Resonance peaks corresponding to the side chain NH; of
Arg were labeled with an accompanying € in magenta. The resonance peaks of Arg side chains
were folded into the spectrum from their original '’N chemical shifts by adding a spectrum width

of 34 ppm.



Figure S6. Structure comparison of Rsgl1x in free form (light grey) and in the Rsgl1n-Sigllc
complex (blue and yellow). The C-terminal difference caused by the interaction between V49 of
Rsglln and V167/L168 of Sigllc is shown in detail.
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Figure S7. The 'H NMR spectra of Rsgl1x mutants. The proper folding of each mutant is
erified by the well-dispersed peaks in both the low field (7.0-10.2 ppm) and the high field (-0.5-

1.0 ppm) regions.
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Figure S8. NMR titrations for mutated sites that contribute to specific recognition of Rsglln
for Sigllc. The 'H-"N HSQC spectra of Sigllc (left) and Sigl2¢ (right) without and with wild-
type Rsglly, its mutants, or Rsgl2x (molar ratio 1:1) are shown in black and red, respectively. The
free Sigl2¢ and Sigl1c have similar spectra, and only a few crowded peaks can be observed in the
central region of the spectra. The addition of wild-type Rsgl2y into Sigllc resulted in a well-
dispersed spectrum, but the addition of wild-type Rsgl 1y into Sigl2¢ resulted in only a slight change
in the spectrum, thus indicating the specificity of the two Rsgl factors. By adding the single, double,
and triple mutants of Rsgl1y, the number of dispersed peaks successively increased in the spectrum
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of Sigl2¢, which indicates that the Sigl2¢-Rsglly interaction is enhanced by these mutations. In
contrast, upon the addition of these mutants, the spectrum of Sigllc displayed successively less
dispersed peaks but more crowded peaks, compared with the spectra of Sigllc and the wild-type
Rsgl1n. Therefore, the evidence supports the contention that these residues play important roles for
specific 6'/anti-c! factor recognition between the two complementary pairs of ¢'-anti-c' factors. The
triple mutants of Rsgl1n, however, still failed to abolish the interaction with Sigl1c completely, and
their interactions with Sigl2¢ were not as strong as that of the wild-type Rsgl2x,
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Table S1. Primer sequences and restriction enzymes used for protein expression constructs
in this study. The restriction enzyme sites in the primer sequences are underlined.

Recombinant plasmid Primer sequences Restriction
enzymes
pET28a-SMT3-Sigl1 F, 5’- ATTGGATCCGTGGAAGTCCGGAAAAT BamHI, Xhol
R, 5’-ATTCTCGAGTTATATAAGGTCACTTTCCCC
pET30a-Sigllx F, 5’>-TTACATATGGAAGTCCGGAAAATTAATACC Ndel, Xhol
R, 5>-TTTCTCGAGGTTATAAAAATATTCGTCATCA
pET30a-Sigllc F, 5>-TTACATATGGAAGATATTGAGGCAAGG Ndel, Xhol

R, 5-TTTCTCGAGCATAGTATAATACTCCAAATA
pET28a-SMT3-Rsglly  F, 5’-ATTGGATCCATGAACAGATTGGGAATAAT BamHI, Xhol
R, 5-ATTCTCGAGTTACTTTCCCCTGACA
pET28a-Sigl2 F,5- Neol, Xhol

ATACCATGGGCATTGATTTGTTTTCCCCTAAGG
R, 5-TTACTCGAGTTTTGTGCTCCGTTCAATGTTG

pET28a-Sigl2¢ F, 5>-TTACCATGGGCAGTGAAATTGATTTACAAA Ncol, Xhol
R, 5’-TTACTCGAGTTTTGTGCTCCGTTCAAT
pET28a-SMT3-Rsgl2n  F, 5’-ATTGGATCCATGTCACATTACACGGGAAT BamHI, Xhol

R, 5’-ATTCTCGAGTTAGGCTGAATACAAGTCGGA

12



Table S2. Specific primer sequences for plasmid mutagenesis used in this study. The
mutation sites in primer sequences are shown in red.

Mutant

Primer sequences

Plasmid template

RsglIn(YS8L)

RsglIn(Y8I)

Rsgl1n(E9K)

RsglIN(E9G)

RsglIn(V16K)

RsglIn(V16])

RsglIn(L18I)

RsglIn(L18F)

RsglIn(E21K)

Rsgl1n(E23K)

Rsgl1n(F241)

RsglIn(126E)

Rsgln(V35K)

Rsgl1n(V35])

RsglIn(E9K-E21K)

Rsgl In(E9K-E23K)

Rsgl1n(YSL-E9K)

Rsglln(YSL-V35R)

Rsgl In(E9K-E21K-E23K)

RsglIn(YSL-E9K-V35R)

Sigl1<(K209E)

Sigl1c(R217E)

Sigl1«(K209E-R217E)

F,5’-GAACAGATTGGGAATAATATTAGAAATTCAGGGCATGAAAG
R,5’-CTTTCATGCCCTGAATTTCTAATATTATTCCCAATCTGTTC
F,5-GAACAGATTGGGAATAATAATTGAAATTCAGGGCATGAAAGC
R,5’-GCTTTCATGCCCTGAATTTCAATTATTATTCCCAATCTGTTC
F,5-ACAGATTGGGAATAATATATAAAATTCAGGGCATGAAAGCT
R,5’-AGCTTTCATGCCCTGAATTTTATATATTATTCCCAATCTGT
F,5’-ACAGATTGGGAATAATATATGGAATTCAGGGCATGAAAGCT
R,5’-AGCTTTCATGCCCTGAATTCCATATATTATTCCCAATCTGT
F,5’-GAAATTCAGGGCATGAAAGCTAAAGTTCTGACAAGCGAAGGCG
R,5’-CGCCTTCGCTTGTCAGAACTTTAGCTTTCATGCCCTGAATTTC
F,5-ATTCAGGGCATGAAAGCTATTGTTCTGACAAGCGAAGGCGAATR,5’-
ATTCGCCTTCGCTTGTCAGAACAATAGCTTTCATGCCCTGAAT
F,5-GGGCATGAAAGCTGTAGTTATTACAAGCGAAGGCGAATTT
R,5’-AAATTCGCCTTCGCTTGTAATAACTACAGCTTTCATGCCC
F,5’-CAGGGCATGAAAGCTGTAGTTTTTACAAGCGAAGGCGAAT
R,5’-ATTCGCCTTCGCTTGTAAAAACTACAGCTTTCATGCCCTG
F,5’-GAAAGCTGTAGTTCTGACAAGCAAAGGCGAATTTTTGATTATTCGC
R,5’-GCGAATAATCAAAAATTCGCCTTTGCTTGTCAGAACTACAGCTTTC
F,5>-TAGTTCTGACAAGCGAAGGCAAATTTTTGATTATTCGCAG
R,5’-CTGCGAATAATCAAAAATTTGCCTTCGCTTGTCAGAACTA
F,5-GTTCTGACAAGCGAAGGCGAAATTTTGATTATTCGCAGGCGCAAAG
R,5’-CTTTGCGCCTGCGAATAATCAAAATTTCGCCTTCGCTTGTCAGAAC
F,5’-GACAAGCGAAGGCGAATTTTTGGAAATTCGCAGGCGCAAAGATATG
R,5’-CATATCTTTGCGCCTGCGAATTTCCAAAAATTCGCCTTCGCTTGTC
F,5’-GCAGGCGCAAAGATATGAAGAAAGGACAGCAGGTGAGTTTTG
R,5’-CAAAACTCACCTGCTGTCCTTTCTTCATATCTTTGCGCCTGC
F,5-ATTCGCAGGCGCAAAGATATGAAGATTGGACAGCAGGTGAGT
R,5’-ACTCACCTGCTGTCCAATCTTCATATCTTTGCGCCTGCGAAT
F,5-GAAAGCTGTAGTTCTGACAAGCAAAGGCGAATTTTTGATTATTCG
R,5’-CGAATAATCAAAAATTCGCCTTTGCTTGTCAGAACTACAGCTTTC
F,5’-TAGTTCTGACAAGCGAAGGCAAATTTTTGATTATTCGCAG
R,5’-CTGCGAATAATCAAAAATTTGCCTTCGCTTGTCAGAACTA
F,5’-GAACAGATTGGGAATAATATTAAAAATTCAGGGCATGAAAGC
R,5’-GCTTTCATGCCCTGAATTTTTAATATTATTCCCAATCTGTTC
F,5’-GCAGGCGCAAAGATATGAAGCGTGGACAGCAGGTGAGTTTTG
R,5’-CAAAACTCACCTGCTGTCCACGCTTCATATCTTTGCGCCTGC
F,5’-CTGTAGTTCTGACAAGCAAAGGCAAATTTTTGATTATTCGCAGG
R,5’-CCTGCGAATAATCAAAAATTTGCCTTTGCTTGTCAGAACTACAG
F,5’-GATTGGGAATAATATTAAAAATTCAGGGCATGAAAGCTG
R,5’-CAGCTTTCATGCCCTGAATTTTTAATATTATTCCCAATC
F,5’-CATACCCAGAAATGAATTAGAAAAGAAAGCCAAGGTTCACGG
R,5’-CCGTGAACCTTGGCTTTCTTTTCTAATTCATTTCTGGGTATG
F,5’-GAAAGCCAAGGTTCACGGGGAGACCATAGGCAATAATAG
R,5’-CTATTATTGCCTATGGTCTCCCCGTGAACCTTGGCTTTC
F,5-GAAAGCCAAGGTTCACGGGGAGACCATAGGCAATAATAG
R,5’-CTATTATTGCCTATGGTCTCCCCGTGAACCTTGGCTTTC

pET28a-SMT3-Rsglln

pET28a-SMT3-Rsglln

PET28a-SMT3-Rsgl I

pET28a-SMT3-RsglIn

pET28a-SMT3-Rsglln

pET28a-SMT3-Rsglln

PET28a-SMT3-Rsgl I

pET28a-SMT3-RsglIn

pET28a-SMT3-Rsglln

pET28a-SMT3-Rsglln

PET28a-SMT3-Rsgl I

pET28a-SMT3-RsglIn

pET28a-SMT3-Rsglln

pET28a-SMT3-Rsglln

PET28a-SMT3-RsglIn(EIK)

pET28a-SMT3-RsglIN(E9K)

pET28a-SMT3-Rsglln

PET28a-SMT3-RsglIn(YSL)

PET28a-SMT3-RsglIn(EIK)

pET28a-SMT3-RsglIn(Y8L-

V35R)
pET30a-Sigllc

pET30a-Sigllc

PET30a-Sigl1c(K209E)
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Table S3. Sequence identities among different pairs of Rsgln or Siglc.

Rsglx (%) Ct Ct Ct Ct Ct Ct Ct Ct Ct Bs

Rsgll  Rsgl2 Rsgl3 Rsgl4  Rsgl5 Rsgl6 Rsgl7 Rsgl8 Rsgl9  Rsgl
CfRsgl1 100 28.9 26.9 32.7 28.9 23.1 19.2 26.9 34.6 26.9
CfRsgl2 100 30.0 26.0 28.0 24.0 12.0 30.0 32.0 15.4
CtRsgl3 100 39.6 19.2 273 17.0 35.7 35.1 16.1
CfRsgl4 100 23.5 26.9 19.2 25.0 32.1 15.4
CtRsgl5 100 333 17.7 43.1 314 17.6
CtRsgl6 100 21.2 30.8 29.1 16.7
CtRsgl7 100 11.5 15.4 21.2
CtRsgl8 100 30.9 14.5
CfRsgl9 100 15.5
BsRsgl 100

Siglc (%) Ct Ct Ct Ct Ct Ct Ct Ct Bs

Sigll  Sigl2  SigI3  Sigl4  Sigl5  Sigl6  Sigl7  Sigl8 Sigl
CrSigll 100 36.0 42.7 39.3 33.6 453 273 40.9 36.0
CrSigl2 100 43.1 40.2 39.1 38.5 28.2 30.0 324
CrSigl3 100 52.1 40.4 44.4 33.6 34.6 35.1
CtSigl4 100 39.1 453 28.2 36.4 38.7
CrSigl5 100 37.3 30.0 25.5 35.5
CtSiglo 100 32.7 38.2 36.0
CtSigl7 100 24.6 36.9
CrSigl8 100 31.5
BsSigl 100
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Table S4. Structural statistics of Rsgl1n and the Sigl1c-Rsgl1n complex.

Parameters RsglIn Sigllc-Rsglin complex
NOE restraints
Intra-residue 591 1470
Sequential 346 864
Medium-range 184 570
Long-range 514 1012
Ambiguous 688 2356
Total 2323 6272
Number per residue 43.6 36.7
Hydrogen bond restraints 21 160
Torsion angle restraints
Phi (®) angle restraints 45 148
Psi (V) angle restraints 45 148
Chi (y) angle restraints 23 73
Violations
Max. NOE violation (A) 0.140 0.179
Max. torsion angle violation (°) 2.01 4.57
R.M.S.D from mean structure (A)
Residues in regular secondary structure
Backbone heavy atoms 0.18+0.03 0.30+0.06
All heavy atoms 0.63+0.08 0.75+0.05
All residues®
Backbone heavy atoms 1.40+0.26 0.70+0.16
All heavy atoms 1.83+0.25 1.10£0.11
Ramachandran statistics
Most favored region (%) 89.9 91.9
Additionally allowed (%) 10.0 7.4
Generously allowed (%) 0.1 0.3
Disallowed (%) 0.0 0.5¢
WHAT_CHECK Z-scores ¢
1st generation packing quality -0.477 -0.275
2nd generation packing quality 2.279 -0.292
Ramachandran plot appearance -2.622 -2.461
chi-1/chi-2 rotamer normality -2.839 -2.448
Backbone conformation -0.039 -0.240
Inside/Outside distribution 1.013 0.978

® The residues in regular secondary structure include 2-11, 14-19, 24-28, 38-42, and 43-

45 of Rsglln and 146-159, 163-167, 174-188, 191-200, 205-211, 216-221, 223-234, and

238-248 of Sigllc.

b The artificial residues at the N- and C-termini introduced by cloning are excluded.

¢ All residues in the disallowed region are in the terminal disordered loops.
4 For Z-scores, a more positive value is better.
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Table S5. Number of identical residues in the interface of the RsgIx-Siglc complexes.

Ct Ct Ct Ct Ct Ct Ct Ct Ct Bs

Rsglx Rsgll Rsgl2 Rsgl3 Rsgl4  Rsgl5 Rsgl6 Rsgl7 Rsgl8 Rsgl9  Rsgl
CfRsgl1 16 4 2 4 3 4 5 2 4 7
CrRsgl2 16 5 4 5 5 1 4 3 4
CrRsgl3 16 8 5 7 2 7 5 4
CrRsgl4 16 3 4 4 3 4 3
CrRsgl5 16 6 2 7 4 5
CrRsgl6 16 2 5 6 4
CtRsgl7 16 1 2 5
CrRsgl8 16 3 3
CfRsgl9 16 4
BsRsgl 16

S (O G a & a G G- G B

Sigll  Sigl2  Sigl3  Sigl4 Sigl5 Sigl6  Sigl7  Sigl8 Sigl
CrSigll 20 7 8 7 6 10 8 8 10
CrSigl2 20 9 11 4 5 3 9 6
CrSigl3 20 12 6 7 9 11 9
CiSigl4 20 4 8 6 9 6
CrSigl5 20 5 3 5 4
CtSigl6 20 7 6 10
CrSigl7 20 5 7
CrSigl8 20 9
BsSigl 20
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Table S6. Intermolecular interactions in the structure of the Sigl1c-Rsgl1ln complex and the
structural model of the Sigl2c-Rsgl2n complex.

RsglIn-Sigllc

Rsgl2n-Sigl2c

Hydrophobic
interactions ?

(16)...(L239)

(V16)...(F163, L164, V167)
(L18)...(L229, 1232, L244)

(F24)...(F163, L166, V167, V170, Y225,
A228, 1229, 1232)

(L25)...(V167, V170)
(126)...(L164, V167)
(V35)...(R146, 1149)
(V49)...( V167,V170)

(I7)...(L245, L246, F249)
(L9)...(1155, L169, F243, L246)
(117)...(L169)

(L19)...(L246, L250)
(L23)...(1187, F249, L250)

(F25)...(L172, F231, A234)

Hydrogen bonds ®

(Y8 O"H")...(S240 O7)
(S20 0)...(Y246 O"H")
(E21 07)...(Y247 O"H")
(G22 0)...(Y225 O"H")

(G36 0)...(E144 NH)
(Q38 0°!)...(Y243 O'HM)

(R36 0)...(S152 O'HY)
(G37 0)...(E150 NH)

Ionic bonds ©

(E9 0°)...(K153 NY)

(E21 0°)...(R177 N2Hn12)
(E23 0°)...(R177 N1 2Hn!2)

(K10 N¢)...(E159 O7)
(R15 N"2Hn12) (E170 OF)

(D24 09)...(K183 N¢)
(R36 N2Hn12)(E156 OF)

2 The listed hydrophobic interactions were determined by a 5-A distance cut-off between the hydrophobic-group carbon
atoms of two residues in more than half of the total number of structures.

® The listed hydrogen bond interactions were determined by a 2.5-A distance cut-off between the hydrogen donor and
receptor atoms in more than half of the total number of structures.
¢ The listed ionic bond interactions were determined by a 5-A distance cut-off between the charged group
nitrogen/oxygen atoms of two residues in more than half of the total number of structures.
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