Supplementary Discussion
Potential additional functions of twister-associated secondary structures
An alternative explanation for the presence of the ribozyme-associated secondary structures is a possible involvement in regulation of gene expression via the cleavage reaction. Conditional control could be achieved via interactions with proteins, metabolites or oligonucleotides.1 In our experimental conditions, Cth-1-1 did not show activity either in vitro or in vivo. Interestingly, the sequence of Cth-1-1 presents some uncommon features like a GU wobble base pair and a bulge in the stem P2 and a pseudoknot Pk2 involving two GU wobble base pairs. Although recent high-throughput mutational analysis have shown that GU wobble base pairs in the pseudoknots and single mutations in helix P2 are generally tolerated,2 this motif might not be a functional ribozyme. However, an alternative explanation is that Cth-1-1 could require an additional co-factor to exert its catalytic activity in vitro and in vivo. Previously, alterations of the catalytic core of HHR motifs were suggested to have a potential role in adaptations to different environmental conditions such as high salinity.3
Effects of ribozyme-mediated cleavage of the 5’-UTR
The effects of ribozyme-mediated cleavage in the 5’-UTR were already analyzed elsewhere.4, 5 For example, it was shown that ribozymes cleaving the 5’-UTR can work as effective insulators in artificial genetic circuits eliminating the impact of the part-junction sequences that are added by different input-promoters to the 5'-UTR.5 Moreover, the expression of a gene carrying a ribozyme in the 5’-UTR could be influenced by the presence of secondary structures in the cleaved mRNA, which affects both mRNA stability.6-8 and translation efficiency,9, 10 and by the chemical identity of the 5’-end, which can be recognized with different affinities by the cellular RNases (e.g. RNase E, RNase J, RNase Y).11, 12
E. coli as model organism
The utilization in this work of E. coli as a model organism presents the advantage that the mRNA metabolism is well known and described and allows to analyze the effects of the cleavage of the different twister motifs in the same genetic background. However, the molecular mechanisms of mRNA processing and decay may be different in the organisms in which the twister ribozymes were identified. Notably, the repertoire of RNases involved in mRNA decay can differ significantly from one bacterial species to the other.12 It is interesting to mention that RNA with structured 3’ ends were shown to be very resistant to 3’ exonucleolytic attack in Bacillus subtilis and that poly(A) and other polynucleotide tails were reported also in other bacterial species other than E. coli and B. subtilis.12, 13 B. subtilis is a Gram positive bacterium expected to have mRNA decay mechanism similar to the ones of the investigated Clostridia species hosting the twister ribozyme analyzed in this work. 
Use of the T7 polymerase
A further issue is the utilization of T7 polymerase for the in vivo transcription of the different twister motifs. The identity of the RNA polymerase can have an impact on the co-transcriptional folding of structured RNA motifs due to different elongation rates and sensitivities to pausing sites.14 The monomeric T7 RNA polymerase achieves up to 10 times higher elongation rates compared to the multimeric E. coli RNA polymerase.14 The folding of the FMN riboswitch was shown to be dependent on the polymerase elongation rate.15 Moreover, it was reported that the co-transcriptional folding of the HDV ribozyme is more efficient at lower transcription speeds.16 In other cases the different transcription speeds did not result in a variation of the RNA folding kinetics. For instance, the folding kinetics of RNase P and intron I ribozymes were shown to be very similar during transcription by either T7 or E. coli RNA polymerase.17, 18 Transcription speed and translation efficiency were also proposed to influence mRNA susceptibility to RNase E degradation.19
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	Start
	End
	Score
	Promoter sequence

	Cbo-2-1 NC_009495.1 (+ strand)

	1822981
	1823030
	1
	GAGTTTTTTAAAATGTGTCTACCTACTGGGAATATTCTTTCATTCTTATC

	1823103
	1823152
	1
	ACTCTTTGGAGTTTTAGGAGGATTTATTATATCTTTTTTATTTATTCTAG

	1823136
	1823185
	0.96
	TTTTTTATTTATTCTAGTATATGTTTTGGTAATAGATATAATTTTATTTT

	1823157
	1823206
	0.99
	TGTTTTGGTAATAGATATAATTTTATTTTTAGTATCTATATCACTAAATG

	1823263
	1823312
	0.96
	AATTTACACATAGGATTATCAACACACTTTATAAATTCTTTATACTCTTC

	1823376
	1823425
	0.98
	ATTACTATTTAAATTATAATACTTTATAGCAAAATTAAAGATTGCATTAA

	1823451
	1823500
	1
	CGTTTGTTTGTAATCTTTACTCATAAGCTTATTTTGCCATTTTCTAATAT

	1823479
	1823528
	0.98
	TTATTTTGCCATTTTCTAATATTGTTAGGTGTAATGTTATTTACATTCAT

	1823515
	1823564
	0.95
	TTATTTACATTCATATCTTTAAAATAAGGTAATATTCTTTCTTTTATAAT

	1823527
	1823576
	0.98
	ATATCTTTAAAATAAGGTAATATTCTTTCTTTTATAATTATTTCTTTAAC

	1823813
	1823862
	0.96
	TTTTTTTTCCCTTTCCTTTCTTCTTTCAATAATATTTCTAAAAGCTTTAC

	1823867
	1823916
	0.96
	TGAACTTGTAAAGCATGAGATAATTTTTTTAGTTTGCCTATTGTCATAAA

	1823889
	1823938
	0.98
	ATTTTTTTAGTTTGCCTATTGTCATAAATTCTATTTCGCCATTTTCTAAT

	1824191
	1824240
	0.99
	TAGATTTACAAAGTACTCTATTCTGTTTCTAACATTTGCAATTTTAATTT

	1824300
	1824349
	0.97
	CTTTTATTTGCCCTCTATTTATTAAACTATCTATTAACATATTTGTAGTT

	1824508
	1824557
	0.98
	TTCCTCTTGTGTCATTTCTTTCTGTTTTCTATCATTTTTCAAAATATCTT

	1824530
	1824579
	0.95
	TGTTTTCTATCATTTTTCAAAATATCTTTTAAACTCATCATTATTCCTCG

	1824539
	1824588
	1
	TCATTTTTCAAAATATCTTTTAAACTCATCATTATTCCTCGCTTTCTTTG

	1824636
	1824685
	0.97
	ATTTGGCAATAATTCTTTGAAAATAGTAGTAATATCTAGCATTATCTAGC

	1824646
	1824695
	1
	AATTCTTTGAAAATAGTAGTAATATCTAGCATTATCTAGCTAATTCATCT

	Gbo-1-1 NZ_ABGO01000052.1 (- strand)

	12910
	12959
	0.88
	ACGGCCATTGACCTTCCCCGTGTGCGTGGGAGAATGACAACGGCCGGTCG

	Sva-1-1 NZ_GG704771.1 (- strand)

	59796
	59845
	0.88
	TCCATTTACATTTCCCCCTTTATGGATTTTAGTATATCGTTTTCGCATAA

	59702
	59751
	0.96
	AACGGGTTGACAAATTCCGTTTAAGGCATTATATTGTAATAAAGAGTTCC

	59673
	59722
	0.95
	TATATTGTAATAAAGAGTTCCGTATTCGGTATTTTTGGAGGTGCTGAGAT

	59646
	59695
	1
	GGTATTTTTGGAGGTGCTGAGATGTGTTATAGATTCTTGGAAGAAAAAAT

	59461
	59510
	0.91
	GGATCTGGACAAAGACAGGCTATTTCAACAAGAATCAGCCTAATTAGTTG

	59339
	59388
	0.91
	AATCTGGATGCAAGTCTTGTATATCCTGGTAAAACGGGATTCCTGGAGCG

	58982
	59031
	0.92
	AGTGATTTTGTGACAGGTATGAAGACTGTTAAAACGGCGTTTAATCGTCC

	58407
	58456
	0.93
	GATTTTGGAAGCGTTACTGAAGGCGACGGAAGTATCGGCGCTAACAGGAA

	56774
	56823
	0.84
	GACCGTTTTCTCACGGAAGCCCCGCAGAGTAAGCTGACCGCCGGATATCT

	55380
	55429
	0.95
	GGCTTTGGGAGAAGCGGCCGCCCTGGCGGTGAAATACTGGTGCTCCCGAT

	Cas-1-1 NZ_GG657595.1 (- strand)

	127803
	127852
	0.99
	ATCCTGATTGGACTTGCAGAAATAAACAGTACACTTGCCCCGGTACATTT

	126950
	126999
	0.99
	TATTTGGTGGCGTGGGCTTAATGACTACGAAAAATCCATTATCAAGGCAA

	126620
	126669
	0.98
	GTTTGACCTGACGGACAAAAAACAGTTTGAAGAATTTCAAGGTACAGTCG

	125670
	125719
	0.97
	AAATGATTTGCCCCGGTACGGTTGAAGAAGATATTCTTCACACTTTGGAA

	125640
	125689
	0.96
	ATATTCTTCACACTTTGGAACTTAGAAAGGATTATACCGATGAATTATTC

	125542
	125591
	0.99
	GCTGATTGTGGCAGCTGTCTTTTCCCTGATAGGTTTAGGGATTGGTGTTC

	124600
	124649
	0.97
	CCTTTGAAAATGAGGATGTAAAGTTCACCTATGTTGCGGCTACAACCCGA

	124261
	124310
	0.98
	CATTTTCATTGTAGGCGAAAATCTGATGATAAGCTGTTCCAATTTTGGGC

	124117
	124166
	0.99
	AACTATTTGAAGGGCAGATCAAGAAATACTTTCATTCAGTCGGTATATAT

	123966
	124015
	0.99
	ATGTTGCGTGAATGGGGTGATGCTTGCGGTAGAAGTAAAGGCTTCCAATG

	123771
	123820
	1
	GATTGCTTTGAAAAATGCAAACGCAAGTTCAAAATGCGTTATCTTCAAGG

	123333
	123382
	0.99
	TATTTCTTTGAGAGGAACAACCCCGGAAAGAAAATTCGGAATATGTTCTT

	123058
	123107
	1
	ATATTGTGAGAAAGGAAATGATTACATGATTAAATTACCCGAAAACAAGA

	122354
	122403
	0.99
	CCCTTGATGTGAAAGCCCTGTTTGCCGTTTACGATGAAGCGAATAAAAAC

	121762
	121811
	0.97
	ACTTGGTTAAGGGTATCTTGACCGCAAAGAAAAATTAAAATCAGAAAGGT

	121719
	121768
	0.96
	GAAAGGTTAAAAAGGTGAAAAATCATGGCTAACATTTGGGATGATTTCGA

	121469
	121518
	0.97
	ATCAGGTTGTAACACAGGGCTTTCAGATTCATATTGCCAATGAGTTCATG

	121304
	121353
	0.99
	AGCTTGATTACAGAGAGAACAGCAAGGGGTACAACGAATTTGAGATCAAG

	Cpa-1-1 NZ_ACXX01000006.1 (+ strand)

	105771
	105820
	0.99
	TTTTTGTTGTACTCGAGCATATATTTAATTAATCTCAAAATCCGGCTTTG

	105792
	105841
	0.94
	TATTTAATTAATCTCAAAATCCGGCTTTGAATTATCCATAACGGCCTTTA

	105925
	105974
	0.99
	GTAATTTTGATAGCCCTTTTGGCAGTAATCATACTTTTTCCCCTTTCGGA

	106046
	106095
	0.97
	TAATTTTGAACTAAAATTCTGAACTGTTGTATCTCTATCATGCTTTTTGT

	106202
	106251
	0.97
	ATTTGATTATACGATTCAACTATCTATTTTAAAATTATTAATAATATTTT

	106223
	106272
	1
	ATCTATTTTAAAATTATTAATAATATTTTAAAAATATATTTGACAATTTA

	106242
	106291
	1
	ATAATATTTTAAAAATATATTTGACAATTTAAAGTACGTGGAATATAATT

	106256
	106305
	0.99
	ATATATTTGACAATTTAAAGTACGTGGAATATAATTCAATTATGGAGTTG

	106264
	106313
	0.98
	GACAATTTAAAGTACGTGGAATATAATTCAATTATGGAGTTGAGATTTAA

	106305
	106354
	0.98
	GAGATTTAAATTATAAACTTGAATTTAAGAAGAATGGAGGACTCAAACAT

	106528
	106577
	0.99
	ATATTGATTTTACGAATACCAGATTTAAGGAAAATTTAGGAATAGTAAGG

	106558
	106607
	0.96
	AAAATTTAGGAATAGTAAGGATTCAGTAGTATTTTAATTCCCGTAATTTG

	106601
	106650
	0.98
	TAATTTGGGAGAATGGAGGAATGAAAATGTATAAAAGCAAAAAGTTAAAT

	106661
	106710
	0.99
	AAATTTTAGAGGAAGAATTTAGGGAGCAATATGACATATGCTGTGATGCT

	106753
	106802
	1
	AGTATTGTTGAAAGTTTAGCTGACTTTGATAAATTATTATAGGAGGTGTT

	Cth-1-1 NC_009012.1 (+ strand)

	1244183
	1244232
	1
	GGTTTTTGAAATTCTTCAACAATATAGATTATATATCCCCTAAAGTATTT

	1244566
	1244615
	0.98
	TTTTCAGTTGAATTTTATAAATGTTGTAATAATGTTTTAAAGTTAACATA

	1244574
	1244623
	1
	TGAATTTTATAAATGTTGTAATAATGTTTTAAAGTTAACATACGGAGGGA

	1244764
	1244813
	0.99
	ATTTATTTGCATCAGGCTTCAATTGAGTTGACAATTTCTTTAAATCTATT

	1244779
	1244828
	0.99
	GCTTCAATTGAGTTGACAATTTCTTTAAATCTATTGCCCCTCTCTTCAAA

	1244796
	1244845
	0.99
	AATTTCTTTAAATCTATTGCCCCTCTCTTCAAAATTCTTAAACATATCAA

	1245951
	1246000
	0.98
	CAGATTGTCAAGATAACCTTCGCCCAGGCTATATTTAATATCCATTCCTT

	1246132
	1246181
	1
	TTATTTTTAATTTTCTTTTTAAAGTCATTTAATTTGGTATTCAAAATATT

	1246144
	1246193
	1
	TTCTTTTTAAAGTCATTTAATTTGGTATTCAAAATATTTCCTCCATTTTT

	1246404
	1246453
	0.98
	TTCTTGGAAAACTCTATACACTGCCTTAAAAAAATTTCTTCACTTTTTAT

	1247084
	1247133
	0.99
	TATTTTTTACGCTATGCCTAGACTTTTTTTAATTTTATAAAAAATATAAA

	1247107
	1247156
	0.98
	TTTTTTTAATTTTATAAAAAATATAAAAATTTCATCTTGCATTATTTTAT

	1247334
	1247383
	0.99
	TATTTTAATTTTCTGTTTAAAAGGGTCGTAATAATGTCCGACTCTCTTGT

	1247409
	1247458
	0.98
	GATTTTTGATGTTGACATTTAAGTTTGAATTTGATGTACTAAAATCAAGG

	1247431
	1247480
	1
	GTTTGAATTTGATGTACTAAAATCAAGGGAAGAATTAAATATAAAAACAA

	1247504
	1247553
	0.98
	ACCATTTTTACAGGGGAAAATTCACTGTATAAACTAACACATGAAGACCT



Supplementary Table 1. Putative promoters in the proximity of the six twister motifs. List of the identified promoters with the relative genome locations and assigned scores (scale from 0 to 1). The promoters were identified with the neural network promoter prediction tool (Berkeley Drosophila Genome project: www.fruitfly.org/seq_tools/promoter.html). The identified promoters that are present also in Figure 1B are highlighted in gray. 









	Start
	End
	dG (kcal/mol)
	Terminator sequence

	Cbo-2-1 NC_009495.1 (+ strand)

	1824245
	1824314
	-9.01
	TCTAACTCTAAAGAAGTCCAGATAAGTTGTTTTACTTCATCACTTATTGGGACTTCTTTTATTTGCCCTC

	Gbo-1-1 NZ_ABGO01000052.1 (- strand)

	9805
	9855
	-16.7
	ATACGCTGAGCCCCCGGCGGGAGAGATCCCGTCGGGGgcTTTTTGCGTTTA

	9534
	9575
	-12.1
	TAGTTCATCGCCTGGCGCCACAGCGCCGGcTTCTGTTTCACG

	Sva-1-1 NZ_GG704771.1 (- strand)

	53320
	53379
	-8.41
	GAATCAAGAAGTGAGTATCATTGATTGCAGAAATCAATGATACTCAcTTCTTTTTTGGGG

	Cas-1-1 NZ_GG657595.1 (- strand)

	113605
	113649
	-10.6
	ATAGTGAAAAATCAGCAAGGGAAACCTTGTTGATTTTTTATTTTC

	116458
	116504
	-10.3
	GTTGAATAGTGTGCAGCCGGGAAGAAAGGTTGCAaTGTTCTTGAAGC

	120920
	120961
	-7.4
	AGGGAAATCCCGGCTGGAAGTTCAGCAGCCTTTTCAATCAAT

	Cpa-1-1 NZ_ACXX01000006.1 (+ strand)

	108806
	108849
	-11.7
	AAATGGAAAAAGCCCTAGCAATCGCCGGGGCTTATTTTATTGCT

	Cth-1-1 NC_009012.1 (+ strand)

	1244698
	1244745
	-13.3
	CACCAAAAAAACGGTTGGAGTATGAACTCCAACCGTTTATTACATCTG 

	1247303
	1247347
	-14.5
	GGTAATTAAAATAGCCTGCAGAAATGCAGGCTATTTTAATTTTCT

	1248886
	1248924
	-8.2
	GCCGTTCTTAACCGGTTCCATACCGGgTTATCTTTCATA



Supplementary Table 2. Putative intrinsic terminators in the proximity of the six twister motifs. The genomic locations and the calculated G (kcal/mol) are reported in the table. The terminators were identified utilizing the web tool ARNold (rna.igmors.u-psud.fr/toolbox/arnold/). The stem and the loop sequences are represented in blue and red, respectively.
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