
Evidence for a second class of S-adenosylmethionine riboswitches and
other regulatory RNA motifs in alpha-proteobacteria

Keith A. Corbino*, Jeffrey E. Barrick†, Jinsoo Lim*, Rüdiger Welz*‡, Brian J. Tucker†, Izabela Puskarz*,
Maumita Mandal*§, Noam D. Rudnick*, and Ronald R. Breaker*

Addresses: *Department of Molecular, Cellular and Developmental Biology, †Department of Molecular Biophysics and
Biochemistry, and ‡Department of Chemistry, Yale University, P. O. Box 208103, New Haven, Connecticut 06520-8103, USA.

Current address: §Department of Physics, University of California, Berkeley, CA 94720-7200

Correspondence: Ronald R. Breaker. E-mail: ronald.breaker@yale.edu. Phone: 203 432-9389. Fax: 203 432-6604.

Additional Data File 1: Figures S1-S5



Figure S1
The serC Element. (a) Species Distribution. Accession numbers refer to GenBank nucleotide records. Functional assignments are provided for the
downstream genes that are likely to be regulated if the element is located in the 5′ UTR of an mRNA. (b) Sequence Alignment. Labels correspond
to abbreviations in (a). Periods represent gaps and dashes indicate the end of a sequence record. The secondary structure line (SS) shows
conserved base pairing with angle brackets and shading. The consensus line (Cons) highlights positions with >95% (uppercase) and >80%
(lowercase) sequence conservation (R = A, G; Y = C, U). Within each sequence, shaded backgrounds represent base pairing predicted for that
individual sequence. Putative elements related to transcription and translation initiation are shown in lowercase letters with shaded backgrounds:
orange, promoter -35 and -10 boxes; green, start codons. (c) Consensus Structure and In-line Probing.  Details for the consensus structure are given
in Figure 1. Spontaneous cleavage product in the in-line probing gel are mapped onto nucleotides in the experimental RNA construct probed from
A. tumefaciens with shaded circles. The boundaries of the region where this mapping was possible are demarked by filled triangles. For the in-line
probing gels, the lanes are no reaction (NR), partial RNase T1 digestion (T1), partial alkali digestion (-OH), and spontaneous cleavage during a 40
hr incubation (–). The band labeled Pre is the full-length precursor RNA.  Some G-specific RNase T1 cleavage products (G18, G20, G22, G23)
expected in the T1 lane are missing for serC, presumably due to RNA structures that preclude enzyme action.
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The speF Element. (a) Species Distribution. Accession numbers refer to GenBank nucleotide records. Functional assignments are provided for the
downstream genes that are likely to be regulated if the element is located in the 5′ UTR of an mRNA. (b) Sequence Alignment. Labels correspond
to abbreviations in (a). Periods represent gaps and dashes indicate the end of a sequence record. The secondary structure line (SS) shows
conserved base pairing with angle brackets and shading. The consensus line (Cons) highlights positions with >95% (uppercase) and >80%
(lowercase) sequence conservation (R = A, G; Y = C, U). Within each sequence, shaded backgrounds represent base pairing predicted for that
individual sequence. Putative elements related to transcription and translation initiation are shown in lowercase letters with shaded backgrounds:
orange, promoter -35 and -10 boxes; red, ribosome binding sites; green, start codons.
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The speF Element. (c) Consensus Structure and In-line Probing.  Details for the consensus structure are given in Figure 1.
Spontaneous cleavage products in the in-line probing gel are mapped onto nucleotides in the experimental RNA construct
probed from A. tumefaciens with shaded circles. The boundaries of the region where this mapping was possible are demarked
by filled triangles. One 5′ guanosyl residue (g) was added to improve in vitro transcription yields with T7 RNA polymerase.
For the in-line probing gels, the lanes are no reaction (NR), partial RNase T1 digestion (T1), partial alkali digestion (-OH),
and spontaneous cleavage during a 40 hr incubation (–). The band labeled Pre is the full-length precursor RNA.
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Figure S3 (Page 1/2)
The suhB Element. (a) Species Distribution. Accession numbers refer to GenBank nucleotide records. Relative directions and general functional
assignments according to the COG database are provided for the adjacent upstream and downstream genes. (b) Sequence Alignment. Labels
correspond to abbreviations in (a). Periods represent gaps and dashes indicate the end of a sequence record. The secondary structure line (SS)
shows conserved base pairing with angle brackets and shading. The consensus line (Cons) highlights positions with >95% (uppercase) and >80%
(lowercase) sequence conservation (R = A, G; Y = C, U). Within each sequence, shaded backgrounds represent base pairing predicted for that
individual sequence. Putative promoter -35 and -10 boxes are shown as lowercase letters with orange backgrounds.
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Figure S3 (Page 2/2)
The suhB Element. (c) Consensus Structure and In-line Probing.  Details for the consensus structure are given in Figure 1. Spontaneous
cleavage products in the in-line probing gel are mapped onto nucleotides in the experimental RNA construct probed from A. tumefaciens
(Atu2) with shaded circles. The boundaries of the region where this mapping was possible are demarked by filled triangles.  One 5′
guanosyl residue (g) was added to improve in vitro transcription yields with T7 RNA polymerase. Note that the initial stem appears to be
extended by three closing base pairs compared to the consensus structure in this particular sequence and, as is often seen in intrinsic
transcription terminators, two uridines of the final polyU run seem to pair with nucleotides directly 5' of the G-C rich stem. For the in-
line probing gels, the lanes are no reaction (NR), partial RNase T1 digestion (T1), partial alkali digestion (-OH), and spontaneous cleavage
during a 40 hr incubation (–). The band labeled Pre is the full-length precursor RNA.
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Figure S4
The ybhL Element. (a) Species Distribution. Accession numbers refer to
GenBank nucleotide records. Functional assignments are provided for the
downstream genes that are likely to be regulated if the element is located
in the 5′ UTR of an mRNA. (b) Sequence Alignment. Labels correspond
to abbreviations in (a). Periods represent gaps and dashes indicate the end
of a sequence record. The secondary structure line (SS) shows conserved
base pairing with angle brackets and shading. The consensus line (Cons)
highlights positions with >95% (uppercase) and >80% (lowercase)
sequence conservation (R = A, G; Y = C, U). Within each sequence,
sdjakfnajssjakdfnshaded backgrounds represent base pairing predicted for that individual sequence. Putative elements related to transcription and translation
initiation are shown in lowercase letters with shaded backgrounds: orange, promoter -35 and -10 boxes; red, ribosome binding sites; green, start
codons. (c) Consensus Structure and In-line Probing.  Details for the consensus structure are given in Figure 1. Spontaneous cleavage products in
the in-line probing gel are mapped onto nucleotides in the experimental RNA construct probed from A. tumefaciens with shaded circles. The
boundaries of the region where this mapping was possible are demarked by filled triangles. For the in-line probing gels, the lanes are no reaction
(NR), partial RNase T1 digestion (T1), partial alkali digestion (-OH), and spontaneous cleavage during a 40 hr incubation (–). The band labeled
Pre is the full-length precursor RNA.
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The α-Proteobacterial SAM Riboswitch. (a) Species Distribution. Accession numbers refer to GenBank nucleotide records. Functional
assignments are provided for the downstream genes that are likely to be regulated if the element is located in the 5' UTR of an mRNA. (b)
Sequence Alignment. Labels correspond to abbreviations in (a). Periods represent gaps and dashes indicate the end of a sequence record. The
secondary structure line (SS) shows conserved base pairing with angle brackets and shading. The consensus line (Cons) highlights positions with
>95% (uppercase) and >80% (lowercase) sequence conservation (R = A, G; Y = C, U). Within each sequence, shaded backgrounds represent base
pairing predicted for that individual sequence. Putative elements related to transcription and translation initiation are shown in lowercase letters
with shaded backgrounds: orange, promoter -35 and -10 boxes; green, start codons.
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The α-Proteobacterial SAM Riboswitch. (b) Sequence Alignment. Details on previous page.
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The α-Proteobacterial SAM Riboswitch. (b) Sequence Alignment (continued). Details on previous page.


