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domain of a naturally-occurring glutamine-responsive riboswitch, S-adenosylmethionine-

25 repsonsive riboswitch, S-adenosylhomocysteine-repsonsive riboswitch, glutamine
riboswitch, SAM/SAH riboswitch, g/nA riboswitch, Downstream-peptide riboswitch, crcB
riboswitch, pfI riboswitch, yjdF riboswitch, manA riboswitch, weaG riboswitch, epsC
riboswitch, ykkC-1II riboswitch, psa4 riboswitch, psbA riboswitch, PhotoRC-I riboswitch,
PhotoRC-II riboswitch, or psbNH riboswitch.

30 The aptamer domain can have the consensus structure of an aptamer domain of the
naturally-occurring riboswitch. In some forms, the aptamer domain can consist of only
base pair conservative changes of the naturally-occurring riboswitch.

In some forms, the riboswitch changes conformation when activated by the

compound of interest, wherein the change in conformation produces a signal via a
5



Figures 1A, 1B, 1C, and 1D show the SAM SAH ri boswi tches. (A) SAM SAH noti f
consensus di agram Additional base pairing interactions are discussed in
Exanpl e 3wo0Sol1dsd76l | ed circles indicate a nucl eoti de i #Cpriss@nto2@Bs3 t hat
position in 97% of the notifs; cross hatched circles indicate a nucl eotide
I's presentcoaforinffidn PgRhild¢rmaben AG¥meffotnhe thsnibok&itciBOarad dddiforniafion diheal es
indicate a nucleotide is present at that position in 75%aof the notifs; and
open ci r clastvitpgby feecompayed abinfaest, whessia dhsghagge ranfaspetion erses2 509 of
the notif : c tk OS] : prcle indicates
that 0706 o o A R o R bkt 0w e

t he nucl eatxprssibmdroclat@d dignal.hbn doedct ferms,ale sigieed i careduaed blyeatpateer pedttiar not

inside_a circle jndicat t.hat . 90% of the nucleotides at that WD
2011/ 0%80?6‘?@??@3%6&1@@%%@3@1569 ftéif’(lilrl?ofﬁ‘ﬁ\%l'sequence identity with the
nucl eoti de i ndigahed rhiynd R LBIhEPe iRAGNA ésod/&r[gciﬂﬁl%_edﬂbipélﬁ‘e%d g%%' etter
i ndi cates that 75% of the nucleotides at that position have Sequence

i dentity wixpressibe hhetdbtande a ndicrial edl. Bihetchmpoand ean. kil od adibif thy ghettheen

pai red nuclepti de indi es base pairing; triple dots (... et ween paired
el eot | aed bt bEE R og TR R biteutib Rt Eall tabiopbst® doupl b dots
() betweendpahikReng Ukl Raipodss td Nlibfat.eThd HAl cad BFRacRYiB] FBUtiAkh OB e €

observed; and a single dot i) bet ween paired nucl eotides indicates that no

mut at 1&ns Wkaren disseompoynd kiis osarfubitictie grvthob redugtesisbeshld by sgbiecicenr e of
5K209- 52 = | I ' tati deri fromt. ta in C
asteri sks T aeTiEinRLRH, oAb AR ARI PR SRBIABE M 7

yi el d. Encinogedadtfipiosibidl caspoume. CEHetcoapeand odn inhibitRNAeviblegrewtiner tioGineot | de
| i nkages undergo reduced (uppercase. letter i i . .constant (uppercase

. d d :
letter in circledditignal pdyangaigesef the é%é]roé%is@e‘lhg@talﬁ‘? g&ﬁlﬁ%ﬂﬂ%@l“@éﬁ@sﬁm as

| i gand co rafy p : J I r obi ng.
Lover case Tt o e G A T P e b e o W
| anes1§ oadiedcrwitioh, &' caB DR ¢aainel yopriitAs of thy dsdledtd heethngl andavotipositipNR) The

artial digestion with.1 se Ti, (Ti), partial.digest under alkaline pH
020 i ety R o g e F o b Btk B R An ap e By e
pr obi ng 1 eagdnk 8P theWldrie ¥4 P RIMR D bARLIRAS pOintedAM: imhk %ﬁﬁ&ﬂg@@l@gﬁ&i n the
RNase Ti partial digest |ane (products of cleavage 3' of resi dues) are

nunber ed dtsde di mgdarstoodthahbeth ¢l fodegopesganihdesicripin anlcthe énlbsavipg ecur sor
(Pre) and internucl eotide |inkages , whose cl eayvage rates are.strongly

af foct od B aApSHRYn SeriRaly WRESHLIAREY oy S A% g Rl e PR BIGE "ot ne
nor map@ zednfdndioh ia9BlaghcdRNAS wWhose cl eavage sites (linkage 23 not shown in
C) have undergone nodul ati on versus the concentrati on of SAM present during

the in-1ine probing reaBRIEN DERERIBTIQN QB IHERRAYINGRal one-t o0- one
birding i nt ! . “e 4 ‘ r
ond 26 show ot Heagfibdhy T el ncS e ih MthoRicn afPeorRl Boalraf

ykkC- 111 rspbafivationhisttata oévatdl enbodinenasofdRs diselbsd methdd gud @nhpdsiivdsi t s
description. Questian rks si.gnify base-paired. regions ("P4?" in yjdF,
"P2?" in rflﬁlfi,w%ﬁﬁfefr%@etggewapwmiS?rVFré%%plwmﬁ1@@& §s %fdb%ﬂilisalp%irrn@%og
struch4ral,,qepgebyuabion. The pseudoknot in the epsC notif was predicted by
others. T Annotations are as described in figure | A and its description.
30Fi gure 3 shovsguos i AslBf 1, hed dDvhoarttic PAMYSAHEdbeswephed €Ay BAdSBRATChes.
Annot at i ons

are as de@cr i bed | n. Figure I.A and its desc(q.i tion. tEgu‘%lEl?e% | i nes
and number BT rFANEANY B odUtioa e BUEE PR ABST RO PRI Lo
motifs. AydatlicanscRE hBSALaesIEARM i Prebdrd df Bad POsARE ih HIYASIRE MBtiEON.
cross hatched circles indicate a nucleotide is present at that position in 90% of the motifs;
30  parallel line circles indicate a nucleotide is present at that position in 75% of the motifs;
and open circles indicate a nucleotide is present at that position in 50% of the motifs. An
uppercase nucleotide letter inside an open circle indicates that 97% of the nucleotides at

that position have sequence identity with the nucleotide indicated by the letter; an

uppercase nucleotide letter not inside a circle indicates that 90% of the nucleotides at that
6



WO 2011/ 088076PCT/ US2011/ 020933 Fi gures 4A, 4B, 4C, and 4D show
cyanobacterial notifs related to photosynthesis. Annotations are as
descri bedworeofiogse7e | A and its description. Fi gur @sTAK201382093C, 5D,
5E, 5F, 5G 5H, 51, 5J, 5K, and 5M show exanpl es of other RNA notifs.

Annot at i on@siiog hase %&&{deb@dltlitylwfthgw Buclodtide thdidaseddBsthe idder;nd aTo@ercase
5Bact eroi dal es-1 notif has nore_conserved nucl eoti des than depicted (see
Fi gure 11)nucleotide leftpyindicates tah Aef oot thianyiglaetiden Hdhat Rasiden BRVeeedIcof SAM SAH

ribosw tch ént{;c\ﬁ@)lth-m@ U T e ! rgﬁlﬁtl@c{étr I\ %K‘f}%_er‘ﬁ)géeﬁ LWAEEAudItid

SK209- 52 en bi n I ng compoun ated to ructures 01‘e SAM
and SAH ariediomekede piit@gheipledont al) tasbatpdited @utiootida tivd cdtbethiiRolvaryifgAM
(B) Two previously established SAM bi nding 10RNAs (156 netA, 62 netY) and
5K209-52 RNAaiRisevegppeetasi d@lebl@qms ()Bretwivandiazeg snelcetidss indiatgsghatan

5K209-52 RNA ant, terned 48U" s al s d. The 5AMR09- .52

ot ruct r e TR e ghRe et DR e bET i et PR MR SRown ¢ he
ratios of jhifigatcOthat & Mulbes WereMERed. @) Seqidt BhdgrdpbsedRonddiyvi ded by

that in chanber A (containing SAMwith a 3H—Iabe| ed net hyl group). Error

bars refl é@vcwﬁ@feg ei?eRNé\nﬂn hsépwé)mgr@mp@twwe ey rafthaxdaghisdCl i ne
i ndi cat es

the ex ected val ue. used, or
when an R t?rhs K%fo ?Sl(ii) 3(@6 useén viro trans?—rlp Onglagﬁ% 370 and

7D shpyv gqja)@ﬁlohegmioateeﬁeatsmftlhe mASWhé’te ﬁth@rnﬁaeétﬁiétllrﬁcﬁg@umd&%o&whc@ﬂe car bon
met abolism This diagramis adapted froma previously published diagram
r egar di ng (BPR9reRse Hich Bodip@andReanstiab(rpgercase lettyin gisclek guinsirassd Grimsraase

20pr ot eObggth_lh %r}cl@) QL ?‘i'lrgegm%dc@ﬁtka%ns 5%51? @%@%H%bj%ecg&)’]ﬁtﬂn%s 2002,

38:1015-1 apparen at1on an-rpi ene was
observed ipnohsing A.avegesst |henl dgyosdareaisas d{anzn p@! Indime ghretan@pel v@énlaﬁesknovm

to bereg ed elV] in Gampositive or G.amnegative bacteria were

col lect ed 1P ‘%ﬁm%‘ﬁb@ ?b 1@5&1\1&“ S QURIRFEdR o ggachpn (el (WP Phee) digaiton Wi whh

gamaz r ot | S netics
2002, " 38: 1%‘}%?2%2@%%‘*’2@“ R P M BOT e

operon r ep:désd;mmp@ndcf ~Nat In-lheaproBog réacBors WBBSari@B: cpu&HtEdes; of fodnsen et

| . Defi bt i | | t.h
and xpt - prircsserais RS ENE0R! pitBLS s T BHhe B uR ey ot & et T ol
2003, 185 é@ﬁﬂnﬁ&@@hccoﬂlﬁg EPHNB AUAEoth R FBkitioft [rPBYURQERkapeecufof ﬁ??@)aén@d three

times in the diagram as 1ndicated 30by the | abel "sane conpound
Fi gures 8AwanutcBBCkhide hnl@@ﬁq)ahowmhea@ﬂgm@t@@arq jtroagly afqutedﬁyl&z%w& d¢fs.

Cons eﬁ(zed nsu%ﬁgf 19&ED é’r\lndt4@ %ergi?rg 0P ?i?ﬁ §§ot Q Ir{%rl%gl?zted eractlg hgf f(ﬁ%g&/hose

m ni kC no sare sha cont ai ns and GA

sequences ddatgedmrs (0gaibes neipiinde G;rha#@&iﬁleﬁgimueﬂitﬁﬁlatﬁh@efﬁumheykkc mot i f
drawing is derived froma 8 W) 2011/088076PCT/ US2011/ 020933 previ ous
depi cti on CMENHBEPHOBPAN] presepp dyyingaihs dr-Hpe BrpbingreagiongERCsYBREFPFHCRB glire | A

o SRl gy [RGB SR OO, and OF show £ 1o
descri bed in fiKjgures PA, 2BXRG, 029, AESLF | qn'dlmhshow motifs of the creB, yjdF, weaG,
25 manA, pfl, epsC and ykkC-11I riboswitches. Annotations are as described in Figure 1A and
its description. Question marks signify base-paired regions (“P4?” in yjdF, “P2?” in pfl,
and “pseudoknot?” in manA) with weaker covariation or structural conservation. The
pseudoknot in the epsC motif was predicted by others. T Annotations are as described in
figure 1A and its description.
30 Figure 3 shows motifs of the g/n4 and Downstream-peptide riboswitches.
Annotations are as described in Figure 1A and its description. Purple lines and numbers

indicate conserved sequences or structures common to the two motifs. Annotations are as

described in figure 1A and its description.



5Fi gures 10A, 10B, 10C, 10D and 10E show AdoCbl -variant, asd, atoC,

Baci | | aceae-1, and Bacillus-plasmd notifs. Annotations are as described in
figure | Avendiivassordescri pti on. Figures 11A 11BpcTaS01ibmy93and 11E
show Bact er oi dal es-1, Bacteroi des-1, Bacteroides-2, c4 antisense RNA and

c4 antisense R¥Agiras gaf4B]4d, aﬁ'ﬂ)mjﬁlow/\@ﬁmlﬁtbieﬁﬁlsm&@ﬁrrela&& t6l pBeto$ymetttsisn
figure A and its descrjptijon. gures 12A, 12B, 12C, 12D, and 12E
show Chl or%‘H}O-tailonﬁlﬂlled?}SéiﬁﬁQrﬂ?Rﬂ/lln EEIRP’&?r](ﬁ p@(}ts desciipéan: r i di al es-1, and

Col | i nsella-1 @% kS SANARL A | 'gﬁ‘?gaﬁﬁ ?3@{@95 d sfMQ e&@@@?of ts

description. Figtres 13A,° 13 OW Crc
Cyano- 2, IbeRNA otaifeaddhotaiods m\msl'esoelbad pelflguﬁbelArmd ftssdesﬁmptmnaffh@ns are

as descrihed in fi rel andlts des 0 14A,  14B, 14C,
o' 12b SR CRSEHT S Mgt e e i s depisbtre FRHRIAL | ons ar e
as descri bed 'rFléllugé‘SFg ah&‘6§r5@obvttﬁn(ﬁ§§€ﬁdr&ttéﬂﬁcs &t 9&W§Aﬂﬁ'ﬁ>osavﬁaneslé§ 15D,
15E, and 15F showf/ pD, f/ g- Rhi zobi al es, gabT , 20Gamma-cis-1, gl nA and

GUCCY- hai rBierdissotiafien conshot Eii)ores calcalates fdeSK20BEY RINA fihgu bding and its

o P Bimpgynas efettaSAMofhe R sctnsA i ane ST AR R AL ons

are as_desfkhdaathelifditatesithe Ky foRBAM.I(B) q‘%qfre\%wylest@cﬁﬁhwsgm Bihdingl 7B, 17C,
17D, 17E, and 17F show /acti s- gl asm d, Lacto-int, Lacto- Lact o- usp,

| eu/ pHe | ENAR (15%rterdn62 mwet!) pad SKAASHARMHavese @baw@etg@ﬂmthgaumrdwﬂw;&r e | A
d its deggrinti 8B 1
%t h;/l zbagt g%ﬁlrﬁ%ﬁl‘tg% 5%92?1 Sgleﬁ[%?ﬁl tgnqu}B %I A,nggﬁdwligal?%%df ?EE %%ﬁ)ﬁt at i ons

are as desursttwedrd 3 sho@m aeleftAwvithahd Al$8[3@1dﬂﬁmlhl At Fight.is shown thEirgtigses tHOA,
19B, 19C, and 19D show Ccean-V, Ccea g n, . and Pedo-repair m)tlfs

Annot at i orfSUBisENIgYtedR shambss B GCﬁm@}n@&& féle R&I vided by dhaé i ehambisr A
Fi gures 2@ n%t%g&g@%w&?? HQMIegﬂﬁetﬁylgég‘Sﬁ?)f Eﬂrgr fegure‘é‘? glﬁ;gﬂ&%%

Phot oRC- | | Annot ati ons are as
descripti mXperiM@ltﬂaﬂllb/WGI?tﬁFﬁﬁhidSﬁﬁ:hmﬂﬁﬁtﬁg83at10 of 1, whidpus €8 Epégte@dBye and

21C show PoI act er eudo tifs, Annotations are
2 deoor i oot 808 B on e R A Gt BB gAﬁlSl’rﬁF@)ures 227 238
22C, 22D, 225 @Q&e??ﬁ SBOW RAGND, shB@%@l@mgul%ted%?%ﬂm@ i9fRESntext of

Pseudonon- Rho, Pyrobac-1,” and Pyroba not i 5Annot ations are as
descri bed riuning agdipec- {:axb@mmetafoghsm s gitagram is adapted from a previously published

diagram regarding purine metabolism (Ravcheev et al. Purine regulon of gamma-

20  proteobacteria: a detailed description. Russian Journal of Genetics 2002, 38:1015-1025).
The apparent regulation by a pfl RNA of an rpiB gene was observed in more recent
homology searches (unpublished data). Genes known to be regulated by purR in Gram-
positive or Gram-negative bacteria were collected from previous reports (Ravcheev et al.
Purine regulon of gamma-proteobacteria: a detailed description. Russian Journal of

25 Genetics 2002, 38:1015-1025; Weng et al. Identification of the Bacillus subtilis pur
operon repressor. Proc Natl Acad Sci U S A 1995, 92:7455-7459; Johansen et al.
Definition of a second Bacillus subtilis pur regulon comprising the pur and xpt-pbuX
operons plus pbuG, nupG (yxjA), and pbuE (ydhL). J Bacteriol 2003, 185:5200-5209).
The compound formyltetrahydrofolate is repeated three times in the diagram, as indicated

30 by the label “same compound”.

Figures 8A and 8B show a comparison of ykkC-11I and mini-ykkC motifs.
Conserved sequences with the consensus ACGA present in the ykkC-111 or mini-ykkC
motifs are shaded blue. The ykkC-III motif contains AC and GA sequences that can

together comprise an ACGA sequence. The mini-ykkC motif drawing is derived from a
8



Figures 23A, 23B, 23C, 23D, and 23E show radC, Rhizobial es-1,

Rhi zobi al es-2, Rhodopirellula-1, and rnf notifs. Annotations are as

descri bedworeofivogsere | A and its description. Prguses 1220833 24B,
24C, 24D, and 24E show nme-h, SAM Chl orobi, and SAMI-nil 10notifs.

Annot at i ongsevoes dpidies CMcedrd &t dl.i 2007, WAnatadond Sc dedactipdd i@figure 1A and

Fi gures 25A, 25B,.  25C, 25D, 25E, and 25F show SAM SAH, sangui ni s-hairpin,
sbcD, ScRE!S dsggtiptipn. and Sol i bacter-1 notifs. Annotations are as descri bed
in figure A a i essrdPty ) i S A\, } | 126C show
STAXI, sucA-11 r}q%%r?%gc%ﬁn%cfl §gg%%gtsg?‘yg§smi dérglg&gi? %@dsb\(l:’rliggg% L%ﬁg‘fli’ gure | A
and its demdrAginbegmp motifs. ARngfeti@s a2y & d@diiheddid Ggusnidh 20ditstheperiffteonri t e- fi g,

Termte-/eu, trad-11| nd. T Y Y ifs. Ann tions are as described in
figure | A and i‘%%ufa%_%%/gi ‘gﬁﬁﬁé %an@%étﬁéé@gs&f’ﬁ%ﬁ}l&%ﬂf% d 28D show
weaG, Vmal@icﬂlaﬂcéeﬂq—l%hg%acil@t _la)élﬁf@fnbhfs. Mﬂoﬁ&ion@%%%%%&&%ﬁdﬂ{ﬁgﬁé 1deser i bed

infigure A and its description. 20Figures 29A and 29B show a” consensus
sequence amdlesggdiedary structure nodels for two riboswi tch aptamer

famlies. (A e qgl j f..}S 3- st junction .(stens,are n d P, P2
and P2y that cdrerEs Oy EH-d4b° bl BB By h et el aRTe base

pai r (dashmgdrbive)-2, {Bntifone ROV SIndeanngpté RNAMd aitsl hofiREdptatibhige

ext ended base-paired substructures wherein P1 and P2 are nearly identical
to thise ofc ehéesglibea ipdrgure 1Arned Hpeeseripon.acks P3 and E-1oop features, but
nucl eoti des in #:hi [ f P ol Ke: gl RNAR R\ e

Downst r eam pept}iEl erg?nﬁ)?i ‘fch%;ar%agg}aiaﬁgﬂggﬁpg\%nqgéé?hg’lCzlﬁf)ong-ran’ge base

pai r. The GCMoroffeki-f,Cladtadiataslr ynd deiiinkaal-1 motife dhndegioat atchs degsdedin P1L and
in the junction. These nodel s are derived using nmethods and data reported
previ ous| yigWel Aed ifs 8escaiption.cenone Bi ol 2010; 11: R31). 30Fi gures 30A, 30B,
and 30C show t he 9 0A IR\ e dnd 9k et AR gB(Cé) 69 >, and secondary
structural nodel g‘?(g)? %h’e 367 thgﬁ%NAdf r30rrs1 @Vr}ef on g?ﬁs’.@9%g0§]2’osed posi tions
i ndi chi e dPsafomwfeathenRNawnkesan-peptetcnuatifeoindetatiomskagesdasnderdgo freacuced
(uppercase | etter .in.dianmond) or constant (uppercase letter in circle)

sci ssion A ?‘gﬁ%@esﬁr&ﬁ’f‘toélntrati ons are increased when subjected to in-line
probing (data firgm.Blaa, il 1Y6, AALMIOABN BRETSMFROLLY, D093 auelgetii des
depicted in | owercase identify guanosine residues addedto the construct to
facilitatenetifhi dnaotations are by desenbadsiorfigurd b and\gs dedcsRgon.ndi cat e t he

ol eary resol vt bt S ayCy o E. BE b SR e SRk bobdRh Gt el e 67
gl nA RNA. Rreecsor, ANASInG Bre) Cweagrpliomder. oiinataBged arbapasscabé®in figueat ment

as follows: NR no reaction; Ti, partial digest with RNase Ti (cl eaves
after G redh diybisydesciipiionpar ti al  al kal i ne- nedi at ed degradation: -, RNA

subjected to inli ' ongdit ' ] it

o) ut amne: . andepes by S G RLeR Bndor i BREL R ART. By g

condi t i ongUMP{the, apd dS&nioenstreanatlicogst oot e Mnhatatiomsarofas Hesgtibédim fiygire angi ng
froml Mto 10 MM Vertical |ines designate areas where band 10intensities

decrease dh ¢ 1tEIR‘Fl$§\CIilI%tl%‘><po_sed to higher concentrations of |igand. Band
intensgties of mg&g_@ﬁ?ﬁ, 1725119051 M5 YA TE iRk, 20fs-pesdid Pa@8Sp2 galibe
| i gand~ bi f band

extent of nding. (C) Plot of 'the normalized fraction o

nmodul at i onp¢Bnlteteret, do/Ee leadactand hnomoRNASA hmtatthns arclas glastdbed er Bgeet he

| ogarit hm of t(];% %\gncent ration of ligand. Regions are as depicted in B. The
line repre<eM&! HeRHPe expected for a 1-to-1 RNA-1igand interaction

15with a KD of Iﬁg@eé UdA 18B, 18C, 18D, and 18E show mand, Methylobacterium-1, metK-
Rhodobacter, Moco-II, and msiK motifs. Annotations are as described in figure 1A and its
30  description.
Figures 19A, 19B, 19C, and 19D show Ocean-V, Ocean-VI, pan, and Pedo-repair
motifs. Annotations are as described in figure 1A and its description.
Figures 20A, 20B, 20C, 20D, and 20E show pfl, psaA, pheA, PhotoRC-1, and

PhotoRC-II motifs. Annotations are as described in figure 1A and its description.
9



Fi gures 31A and 31B show tandem gl utam ne aptaners. (A) Distribution of

gl utam ne aptaners anong single, double and triple arrangenents. Aptaners
wer e gr owedotiaged’her i f the anount of interveni ng sequentasa@s/ok@®ss t han
100 nucl eotides. (B) Consensus sequence and structure of the nobst conmon

t andem ar rangerrﬁgmregﬁlglutmﬁhmele@wa’@f@rnacleé‘bumaﬂt,' oS add es@slothesdr i bed i n
Figure | A and its description. gures 32A, 32B, and 32C show t hat
the 83 DP M, é\naﬂtaa@t%as @%P“Bqdl}fla"fﬁuﬁem@%&} itsdefgBAER and secondary
structure of t % § ifate

i nternucl eoti dgﬁ ages gtb@‘l’j%i e%% g?i%%?ldgp %@%rﬁ%ﬁgh{b?h% RNA i s
exposed tcPsbucgnmm -gloESePsearlombRihonByrabec-dsandedeobdoeldIND nkatdsir e 30A.  ( B)
In-1ing probin anaI ysis 2bof 5. 32P-1abel ed 83 DP RNA with vari ous

concem r atMHRENSs pregs deseritad i Hgyed g ?Itddtﬁd%écriﬂﬁlﬁflto 10 mM Annot ations are

as described fqgf 1'51%92'3& 2%@3,23@" 33D he Z@E%ﬁ%'rwctﬂﬂlﬁ%o@ﬁl"e&‘t’SRhﬂ%lﬁﬁﬁ9
specific bandsvmg'u were used to make the KD plot in (O

represent iRdg)dbplgelhdla -bi andli iy’ mstide fomblaednd oe aFdwrleCB@lcﬁguTh eAIalnd ets
represents the [geurve expected for a 1-to-1 interaction using a KD value 5
nm 30DETA1 BYUSESCRI PTI ON OF THE | NVENTI ON The di scl osed net hods,

conpounds, and FGQIROS4A | DIBS 2a@2 418, 4hd PAEShENG»BDT, S ANl dr¥biDYnd SARI-ERAQE tO
the follow ng detail ed descri pt| on of particul ar enbodi nments and t he

Exanpl®s imetithdAanetatiens aic andeseabadia fraugula snd e desseptionr evi ous and

foll ow ng descryiplion, 49 20414 90AEORTINSIOILLRRORR oy MESFRRTCT

RNAs are typical as pasSsrve carriers rmat i on
that are a@t:BdSctRmrSolﬂyl phoSelibactar] wowfs] ARNAtatiogudratodysciibed orfiguan dAby

ri bosones durl ng the process of translation. It was discovered that certain
MRNAs car rapdiistdGscairtight amer donmi ns and that bindi ng of specific

met abolites di r}%gﬁﬂeyzéﬁ iéﬁ?ﬁ%% )ﬂ(’ﬂmm%ﬂ' ﬁfcglslltﬁtd%%@ﬂ#cﬂffé ORn{ta

expression. Natu ri bosw’tches exhibit two surprising functions t at are
not t ¥pi calrt ys dessoloidandctumi 1A andittadescrifivds. First, the nRNA el enent can

adopt distinct truc ne .st ure serve precise
bi ndi ng pocket %‘t‘re§ %%fiiﬁgé?tc %ﬁt é’vsil cl% G?Ifé‘ ‘i?nduped

al | ost eri ey, gk eGERMY it NA RSINRAR afd atsttfétémh i$ tigﬁeswmessdac&ﬁtﬁﬁge in the
| evel of gene expression by one of several distinct 10 mechani sns.

Ri boswi t ches tprgmati P-&Ao%&B BECdaskAddd ghibw nteCt Whalksélat.ai &, dodmikA{sill one t hat
sel ecti ve ) tar et . (apt aner. do anot.her that influences
genetic c ?t}flﬁl %("8 %Ssalr %ésaﬁéfﬁ)ﬁguﬁn?A 2l‘iih ?ﬂsﬁﬁgﬁ% i nterplay between
t hese2¢ wo donai mgufetna@A a8$ DOB Shdw aBhAAS seuhep eieitbn @iy Skl enddent I ol

of gene eﬁpresm on. Distinct classes of ribosw tches have been identified
and are s tqu@b@@tlebtap%tepfatehe%:é@h?h@glz@étm%ftlﬁﬁé %@WH\?H@I@ (steref &ered to

herei n as r i t am ne
pyr ophosphl{aail%Il eeg?ﬁPﬁg%&\ﬁ%J t? ?a({/aflge%%%n agtgtaﬁ%@ﬁ%lé%)g P%vzf%/aglcglg%se Wli t ches
present i ndghoesinen@ATiOD&eysteazyppside momtétsatbﬁhectbpﬂlréereamamed bagaidivedys of
t hese corrpognds The, ap tamer domai n on each svm tch c} ass conforne _to a

hi ghly cort¥ ttt}@aﬂew%%rﬁed’ wddiretie 8y det-trca ese o374 SRRIENERS MBHDI ogy

sear ches t i tch
domai %% hgggég)gg% dq?}s%g \%t{etgg:bﬁll 't {}%Crlt&gtjig . gﬁagan%%Wﬁ% mg %%Blt)lge}?)lt a@(gg%\gaea,

and eukar yRINAs, the DoRinktoswm-pepitels naote cge petencallyefpuh atsorgje k)lngﬂmgesbasemquns ed
sol ely of BNA that d net apo es and control ge e si on nly
ot hout ¢ HEIG SHOGTHImED CBrY ROkt ForRRLdse 81 PBRasa IR R B ieEn Bt T om
anci ent  gengdtONt Hetv MR BethOdREelalh LpsGc Rt ALY SWelHber & aM GERRO!
2009; 4:771-773). Most sinple ribosw tches are conmposed of an aptaner

domai n ancBlah2(e1>Opi1eB§|1bn platform wher e the aptamer functions as a
receptor for a . speci ab at f or m ppdul at es
t he ei(gr essi on %g TS%@%T%PE&%Q‘#,&E A |$’e%ﬁ§\-%§§8§ﬁ&e$%tmtné%%( (Barrick
et al. ThesedusickiahdbéRdAgary¥BGHani sitdel fBAthe 67 glnd RNA from S. elongatus.

Enclosed positions indicate areas of the RNA where internucleotide linkages undergo

reduced (uppercase letter in diamond) or constant (uppercase letter in circle) scission as

ligand concentrations are increased when subjected to in-line probing (data from B).
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structures of netabolite-binding ribosw tches. Genonme Bi ol 2007; 8:R239;
Danmbach et al. 30Expanding roles for netabolite-sensing regul atory RNAs.
Curr Opi rwblergisgeob 2009; 12: 161-169). Ri boswi tches ar epasumsbkong/ot@and i n
the 5 untranslated regions (UTRs) of bacterial mRNAs and often control

gene expr assdledtided@iGedin baeraate idogify @vuehosife resiansadigt foahe ednstruans! at i on,
al t hough ot her requl atory nechani sns are al so. known (Roth et _al. The
st ruct ur alfegHipte ltepblﬂaW@Ff%%lPTﬂ?ﬂ o%st%kwérqafeeth%bwa}dﬁge% 9fBSwi t ches Annu

Rev WO 2%é6ﬁ9?§%7§'§’g i35 Q&%ﬂ%a'?b&ﬁ&%Q’c?eﬁﬁfresme%g%ﬁé B hIRS

cases, neta I ndi n tr| ers a structural tearrang
t he for matgrobing hndydihef 5'a” mbahedléﬂ @lnARBIA. BrecarsoaRd&HApaPre dveet basat ortbat

occl udes the, ribosone b|nd|n Sit In additi t her S xanpl e
of a 1} ansehEAPH T EEEEN BB WR- %ﬂreaﬂl%gﬂspaéei‘ll‘ﬁ%eSFWHBwﬂSEﬁcontroI s
expr essi 0f‘(cl%ﬁvetsr&@te?@'rEMli@é@?eO'H‘v‘%!ﬂtﬁI élkalﬁ{etﬁedhﬁ!teh'dé%ﬁ&étﬁ)nm@ﬁ)&tsﬂgj%@f%ﬁ Cel |
2009; 139:770-779) as well as eukaryotic riboswitc A

Ri boswi t cte nne&inapwntgcnmdmlon@wngemh@&ctﬂl@@smﬁinglumrmu%amsidb@mta@m] Bi ol

2010; 7:67s d I |
oo g dRY e Be ERO - Bp PR R Bieg SR RBHAR R P Gha i allG: e
by ri boswidf Qﬁ%ﬁtani?ﬁ@ﬁn@ﬁﬁg'froﬁ@ agNBed 10494 2\®é}ﬁeal 10ds dQTah@te2Rdab yherdbadt S

(Wachter et 10Ri boswtch control of gene expression in plants by

spliclthg dn@nsitiesedaseraps/es the RAMY ismxpewddp Righer conrpuzatiops ahligand| Bapo7;
19: 3437-3 | i ci
and gone aleru e e COEATN Bl and IR lscRlg oo M5 sFDRYRE. (5o

Conpar at i \gndiegu €N Cot afi deywirmalirdfodson aflbaddeﬁdsdldz&ml (Qpe@reﬁm asrfenceibn of
ri boswi tch 15c| ass. di scovery (Rodi onoy et_ al egul atign of 1ysine

bi osynt hedtNAZRAUAG QAR VhoR dre baarﬁa@t%?heacowétﬂtraélﬁatorﬁégamegw%gwa@cho
Nucl ei ¢ Acdgﬂr%téﬂ%ﬁ LA lm% }esp\?mgsiéﬁth Qﬂesgur\f%%[cﬂebféﬁ ?rta fho- 1m(§§éhmkéraaloﬁuggest

an expanded scope for es in terral genetic c Proc Nat |
Acad Bti UGtk 2604f 5S1DAM6421- 6426; Weinberg et al., 2007). These t echni ques

i nvol ve conput at.i onal . sea s, thro enom ¢ _and net eno c abases
201 or *sequenced EA LR Gt ohg ShORAHUR T AT i S 8t dar y
struct ur el YAheptthers AmbATRHERL AR andl (Bflel ARNEQhedil. gatbﬁrhé@%@@ut _

di scovery of cis- regul atory noncodi ng RNA i n prokaryotes. PLoS Conput Bi ol

2007; 3: elgmupeiist,%ﬁghe@nf thk ampinfidifigtervsningsdiurgcRNAs leshithen d B0 gedientles dB) e

cl usteri n J Bi oi nform ut, Bi 2009; 7:373-3 e, of. these
Sear cros. Goenium g Gt Rt we Senptertsoliadrerian st o Edid ner e
25di SQ@VEFa@darﬂld'ﬂs AtOORiIdaT Siciad dateibe® i FMguiBtagenedScegprences (Wi nberg et

al ., Genonme Biol 2010; 11:R31). Structured noncodi ng RNAs perform many
functions that Hgeceddnt2Bend ézcﬁhw&iaﬁtwlﬂgwlwp&rwé%glﬁ@ml%d

gene regul ri% gf&% % B om cs,
i n which %r}l?%@u%l % Elgcggegéﬁ%e b@%é&?g entiftied an |&r§%&6e)£?%%¥ 1¥1Eé\lis‘”\grﬁérut ations
t hat consaﬁmeatRMAeﬁlaclemk&rlmksgéuhﬁturnderngr@p@I syiskign avheﬁ) ek IS iV exgsadm Ccs-
based appro J genome and net agenome fselguences from bacteria and
ar chaea, i[gigan Other annotations are as described for Figure 30A. (B) In-line probing analysis
25 of 5’ *’P-labeled 83 DP RNA with various concentrations of L-glutamine ranging from 10
uM to 10 mM. Annotations are as described for Figure 30B, with the exception that
arrows indicate specific bands which were used to make the Kp plot in C. (C) Plot
representing ligand binding as described for Figure 30C. The line represents the curve
expected for a 1-to-1 interaction using a Kp value 5 mM.
30 DETAILED DESCRIPTION OF THE INVENTION
The disclosed methods, compounds, and compositions can be understood more
readily by reference to the following detailed description of particular embodiments and

the Examples included therein and to the Figures and their previous and following

description.
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structured RNA notifs were identified. Three netabolite-binding RNA notifs
were validated, including one that binds the coenzyne S-adenosyl net hi oni ne,
and a furwbeniwiss@enet abol it e-bi nding RNA notifs were i @#emttskoiea209Bew f ound
cis-regulatory RNA notifs 13 WD 2011/088076PCT/ US2011/ 020933 are
inplicated in pyedsosycn RNSY &c @ypidullyrtbgint oG asdiv©curtitrs ©fY govibiahiforraion

puri ne and one-carbon netabolism stomach infection by Helicobacter, and

many ot herh@Fsrebgwdly BPEEs 9§ sdall RNAsegulitoryHagtarsind by rbgseacs dpgsent ed
in both b i ; ¥ i
I n DO Al BlocBss el SftReat @%%@%J&ﬁhﬁg \;ﬁ?@ﬁrs%é{’,g%?al ﬁﬁt@%l%?s' on

from 3" untranslated regions nusua
bact eri a. ddamynsremdclod ibnglilNASspeéiait naxtdbolitestdiractdy @rtbesal RWA dewealsdchds amd

several of t noncodi ng RNA notifs are found tly or exclusively in
met age%onéﬁ%klﬁa@&ﬂ?@ﬁ% XPre§{os- %aﬁfﬂ@mﬂyﬂ%@%ﬁﬁa@xwmwﬂ ety that
hi ghly- st rachai p&lﬁﬂ%@(i’dié{gd MRS KRAVIONA G FEX%t She MR NIRELRIChAcANAoAT Chaea. A,
CGeneral Organi zation of R boswitch RNAs 10Bacterial ribosw tch are

geneti c cohstingt stelcemamtates Whereiarome stoettiescepied g progispibirdiing pdekctFor its

"-untranslated regi.on {5 ';UIR) of the in gcodin egi on of .a particular
| ot 7 deiesr mp e 85 S5 oud o et bat SEndRkR PR PSR Bhafilh: nay

ri boswi t chu@t@me Rlafesdh@sed 8 RBAMRC!iY tHeABRASE derfdf exipVRsiHR BRIOAS of Seveal Hisahct
aptaner (T. Hermann, D. J. Patel, Science 2000, 287, 820; L. Gold, et al.,
Annual0 Revineshapipmpi Betpswitehasyiyniogly cagbe disr@g] infhiro ssppiptssdagaing;ene that

| i gand- bi ndj i ' r j L, - ' ith
R ol ement SoPraf SRS et Clpr P UGRTR PR ST iR BHARERON ' (o)
el ement s; (bxmosion fitfam)t erigtiratydamsd @rsplay bawsen deetusd@nsnathat @selwn from
t he observation that aptamer domains synthesized.in vitro bind the

appr opr i atiB nstapelite-depepdrat ahosicricecogirol ¢fe2cak FYIEHHUN pl at f or m (see Exanpl es

2, 3 and 6 of Ui, ARSI HBOswARIREOh LR MO AR MR sel MR &PV ET

structural probing Investigations |nh| cate that t(ﬁe apt aner 1%%)msu n of nost
ri bosh t chresgadeprsvaingaompouhdr(rdecahddreyein antligger mokrylest Foc txmeplé,ol d
when exam ned i ndependently, that is essentially identical to the mer
St ot ur o AT REHF M ERETCORPIETBRE [ ettt HETSmonea R VIR <
i ndi cat es Jch@dte ribBswWiRh¥s FRIGR in kdRs @ﬂéo%ﬂf‘%rk Hed B RethBiilRtraHifokt t hat
fol ds i ndependently of the 25expression plafform (see Exanples 2, 3 and 6

of U.S. Agpthiveasiod theprugimpanids Al hiaptap@d 8om@dsEe8dh riboswitch cldss cordomhsyto at he

| i gand- boggdrgor unbound status of the atEltécgrrerT omain i s ,int gir?]é)rete t hr ough
the expresipbh BRSNS RRICHITDCY AALBRE B e TREr SSlEPE M AREY FeNehce
upon gene @xPease ©Rdentifie ralatedvriBdsvatchi ddaimst Rib@&sviethMBsaindhaeé Begant i s

further s;gported_SOby the fact that aptamer domains are highly conserved
anpngst vaHceverce iy sHi e gaa s bidenie errhren gadaskang. i s observed for the

TPP riboswi tch) ibSNvitcﬁlééjglreS%%Heticette ﬁLtoEy gflél?egtgggm g%d%éf&y m&qﬁattb@fd
expression plattrormvaries n seq%enc , struct urg, and 1°’n"t'he mechani sm by
whi ch expreashditesaindicoetralpean desteai@ncaneackln gvifhoanthe iis obanichobf @dtei-or

exanple, ljigand binding to the TPP riboswitch of the tenA nRNA of B.
subtilis ctja%Q@s(Bi%ke‘V@%2%%9?@@@@?GWF@BQ@1%PWB@ systeme b mpdsrg drug

term pati qhobA FRurdIRORY 2009; &1771-798) Mc%pgrgvéple]ﬁgosv&égés ard B(if)]ﬁp@s)éﬁro?§§! on

platformis~distinct 1n sequence and structu conpared to the expression
pl at f or m aiptantee doRPRIT dndesweixpodssipm ptabferrh hivhdroBNAptanam i ctioos bs a wieepter for TPP
.mechani sm (see

El(g(rjrlplng gaag%%%%ﬁig%]ek%}g}liifeg%ﬂgg% E)E;{%gqss%ogté{lﬁ%gqpqy modu a?ce? J[h%Cei;qiprne sion of one or more
genes in a ligand-dependent fashion (Barrick et al. The distributions, mechanisms, and
structures of metabolite-binding riboswitches. Genome Biol 2007; 8:R239; Dambach et al.

30  Expanding roles for metabolite-sensing regulatory RNAs. Curr Opin Microbiol 2009;
12:161-169). Riboswitches are usually found in the 5’ untranslated regions (UTRs) of
bacterial mRNAs and often control gene expression in cis either at the level of

transcription or translation, although other regulatory mechanisms are also known (Roth et

al. The structural and functional diversity of metabolite-binding riboswitches. Annu Rev
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5No. 2005-0053951). The TPP aptaner domain is easily recogni zabl e and of
near identical functional character between these two transcriptional
units, buwothe/mgeeteti c control nechani sms and the expregsirars2@hatdes ns t hat
carry themout are very different. Apt aner donmains for riboswtch
RNAs t ypi dibthent 20092 78130833340 Tt todi/éhsel, mctbbERAMiMdifEtrijiges alstruofurdl. S.
Application Publication No. 2005-005395 t)h@;(Thi s_observation 10was sonewhat
unexpect edyrapermenizhatiaftegisthofospation pignthespisrminstnr sty baseadited wi de
variety ofy r rter
in |ength éi‘ggﬂst {ﬂ}agglt:ﬁ? s%%aé;{l?%gg% biﬁﬁgﬁeér ?r%%ﬁrﬁl& . e [sad O%saéﬁglé%}:i&%ooo
287, 820; tkansotiog ribdsvatch,(Lannud! A Revis-evingf riltisodtale nogtaly exi@&sione4 the763; M

Farul ok USSR B RS SoR 0. Bdethy bt o

content ofe kheon@tivéaNitcBBS Whtér%%ﬁ&&ﬁtdh%@dlht\éé cbrdof géﬂecéx%es%h%{mr S
remains to be proven, this conplexity is believed required to form RNA

r ecept or s aukatyofearRNAdROWR AN, ﬁ16@h76aﬂfa|t niodylagmnekpseskien by wontyolling plagreattveKD

m cr omol armRNA BRI B PRI Rah NS Ak AR SR ARSI ke, °

i sol at ed friRWitbiResaPide MNEEIdA @XM ISIA0TV0T 804:007M0- 095 Riplants (W ahes c2flaf finity
for the target |ligand over that of the intact ribosw tch. (-10 to 100-fol d)

(see Hkanptidogpvitsh agniol gmsne exrpwivnpniplangsly wiicig andelismensayisny
Pr esurmabl| ypro{e?ﬁﬁgof EIR?\PAseg?aB@ %%h?of}f’% j4%753% OS@L@?{}%&&%S‘W& opct

RNA conf or ons require i'ntact

reflected ditgrrativORNA splicn@admd gahé BX}iréS&lonSiyr&IﬁaﬁybﬁC aipbaviethes Qamid 2005t serve
as a nolecular switch, this mght also add to the functional demands on
25nat ur al ‘%ﬂf‘@ﬁeﬁ‘)@)t hat m ght help rationalize their nore sophisticated

structures. B (3 hash il REEULAIN 00y ol ARSYCLRLEMER T ARE] Ofbdihch

Bacteria ria primri use of s for termnation
of trahscrdlgsidonovete (Ralionayesieb Hegukanpmoﬁlyema bisymthesag ami’transgnmagertebam is

dependent .upon t ein, (J Ri cha e hysi ca
Aot s 202,568ty atted i UG NERY NanlEc A O g0t hBpERT eIkt

t er m nat org N RN Asofifd ﬁfgg&ﬁ ah 8L d&@sdé%é Tf&}l}{ﬂo's%/ﬁcﬁéﬁﬁ‘n Bé&é}%ﬁ rgblﬂ’ético n
el ongati on conplex (I. Qusarov, | er, Mol ecul ar Cel , 495; E.

Nudl er, MCOEtrOEBtQCéﬁathhcaﬁmééSA éO@eIIDé 620094267 Waigbyre e’fl'hle ZIOQVX dheqRNA
el ements r h of 6-9
e ayt -+ ear Rl RRERetontbufon iftoRs EuefRaidyr BT meRsfR Fl bR Rer 1
genones ( Hor ¢4 hélﬁbes et @le-congkPdl boliBin Béit primanfaray S%c@ﬁ(ﬁk}ﬁﬁfdc&’uréﬁ(ﬂé@ et al.
2011/ 088076PCT/ US2011/ 020933 |l ocated at the 3"-termni genes or o erons.

| nt er est i AYCYMPEAtIPHE PESENHEPr AighpbFoughpelxbypV ey oA cs- Iﬁélilﬁ‘@%m!a@]@é

trinsic hBIURRAT BLOCEREEY: Mo Bby MM cons ot pATRIGRA.LHFRMR,

vari ety of gene ediés ehplo ere iIs a

gr owi ng CIth&ﬁgb@eﬂﬁ&#’ﬁﬂaﬁclMﬁﬁ@ mHRNAfopml@dmpxasaaolrmppﬁdﬁﬁez%)ammughnati on
5signal within the 5" n are tedfashlon M kin rrent

Opi ni on | rpnmog these Wéﬁy‘s 56@@1”/13110 !t TBPWH@TGGB}'P%H“HG 8&5‘32 lgawé%w@rpm
pol ynes as ey copkeX &}%ngbdfc?&{ae(ﬁild%{arﬁfé E?elnoﬁﬁcg{éﬁ{lénc%é E\K"@fnb&% Jegr.ceive or to
ignore the term nati‘on signa oug ranscription initiation mght
occur wit K&mnonred@ml%ﬂll%ml Rdd)]t roI over rrRNA synt hesis (and of gene

ke LRI ERRTRCE T, AT N
conf or mat is?ﬂﬁleﬁlgisﬁﬂl}\ﬁ)rd)d’ésilﬁg and gene regulatlon. Structured RNAs can be detected by
comparative genomics, in which homologous sequences are identified and inspected for
30  mutations that conserve RNA secondary structure. By applying a comparative genomics-
based approach to genome and metagenome sequences from bacteria and archaea, 104
structured RNA motifs were identified. Three metabolite-binding RNA motifs were
validated, including one that binds the coenzyme S-adenosylmethionine, and a further nine

metabolite-binding RNA motifs were identified. New-found cis-regulatory RNA motifs
13



formation or disruption of the RNA structure that signals transcription
termnation. A trans-acting factor, which in sone instances is a RNA (F. J.
G undy, ewvoabiiostireceedi ngs of the National Acadeny of Scirarse@s/oof3s he
United States of Anerica 2002, 99, 11121; T. M Henkin, C. Yanofsky,

Bi oessays a200dplicded i Rgtosyithdsiy c@hiterg®n irGgudationah ey dhobdcter, puk s ankbdiechi ves
of M crobiology 2002, 177, 433), is generally required for receiving a
par ti cul arcafionmagabalisma ptogiagh Hifediog by fdqbedien gndmany pihst PhysSHREiH t he RNA
conf or mat i ( ' j [ u

rodul at forl aRa the o kel Pt oad ErfRghed i RELIEE L IR RIS
cont rol nmRNAmMastyf.coRirble Rend cipesssionStonnd’ wapakibted ofgiaisgyEfTiRE) nhtnRMNAsgai nst

conmpoupnds related to their 20natural |iga t revent undesirabl

regul at i on"BFD tetrapy &‘Hetljé‘ﬁ@%-_. ﬁ@o@mél%éﬁﬁés ﬁ@g%qtm Gepbiigaheratecdnal ogs
that trigggl sEvRAWRCILIHMAE RAA aiifd MRifhidd REGE ARGV OV mcBSchdae been
denonstrated for riboswtches that normally respond to |ysine (Sudarsan

2003) and RNAawiwecey ridphesgharely Swdadstha vaios pf hhkestosadednencoding
conpositi 3{;@ agd ms;hods[.i Evgl Lng rihoswtches and RNA notis. 25For
exanpl e, drsoP SRRYT I BT LY B ihie K& expr essi on constructs comprisi ng,

for exanplg, GenétitlGRiganizatiéh BPREsUSWRcRIRNOAS Ng an RNA conprising a
ri boswitch operably |'inked to a coding region, wherein the riboswi tch

regul B es expr diusiaiel GhowwishMNAS aieacastie comeol ¢lpmswis thak awrecasestipmiganlgi on
are heter C{J/ﬁgﬁ) e S'I\Hl?ra{l%lgtgﬁ \D%é(ﬁr{"(i VIR X0 tflé) ﬁlaﬁ?(ncé%t geregl%n of a particular

gI ut am ne-responsi ve ri nosw adenosy onrne-repsonsi ve

30ri bosw taRNAaStrHetackd pashytdrandicy Glieuned fafso belows révichlohin ritwwitah gl ut am ne

ri boswitch, a SAM SAH rjiboswi tch, a gl nA riboswitch, a Downstreantpeptide

ri boswi t cIEICTREEY 1B 2engiBldnFerappsed opto dompyasiiaafiralapiEngt (T Heamanpch, J.a nanA

riboswtc ; [ Hteh,. T2 ri i = fdokosw t ch, a
bsan 11 bos R L ORI S DA I B B ey oo V1

ri bos¥ t cH63pthansquedsidsitid hgmdittinding Wn 20 141d088 07 GRGTIN 8200’ 0RO IBBrfaces

Al so di scl ose re, for exanple, rjbosw tches, eregjn rib itch is a
non- nat ur A THENAGEmGES g Ay e MBSO b ShRe T e
nat ur al |'y- QGRS itAdsdripAes WrkEhhtGaRerRS, TRRE AR ar@di@dlifAFh iR r esponsi ve
ri boswitch, an S-adenosyl net hi oni nerepsonsive ribosw tch, an

S- adenosy|dbservatyat thataptanegyslonginsesynihbeized inotiro binglthe appreriasy igrgadwi theh,  a

SAM SAH ri boswi t a alnA rj SW, t C a tr tide riboswitch, a
ST 1 bodttieis of e pfsllon blatBR g BxaRp R SUAF BT R USRI O o
weaG 20 bosuibliedtionaNo. €08 S005 PIW Wolcovar, kk&tutal brobiddoiawestightions ifEde that

riboswitch, a psbA riboswitch, a PhotoRC-1 riboswitch, a PhotoRC 11

ri boswi t chhe aptamendasnn of BosititasHitchgsgdopls rBalir sp@ndaryr arddsrifine, et hods
of detecti C 3| I I: S f anpl e,
bri ngi ng. 1 DRsCEE R SHOS St UG ek RS udE R R TRA S Rt Blanfl TR P,
acti vat ed sayiculrewb@ng@auiigedoh tha@nes bf theteatiad 51 ledder RN2oShid inbicpeodiaces a
signal when activated by the conpound of interest, wherein the riboswtch
produces dNENHIEFS: ISRt demay 18 rﬂglttﬂll?é%%hﬁ%md@?ﬂx *ttBfest. The

ribosws t ChGARGBE platBFm $RMafinld 295 Uh@BlREr § SERARSHNEPIHIRASM N6 Mo03D

S- adenosyl net hi onPne- repsonsi vg 15r1 boswi t ch, %ﬁp

S- adenosylW6aDEl St ei ne-repsonsi ve riboswitch, a glutam ne riboswi tch, a

Ultimately, the ligand-bound or unbound status of the aptamer domain is
interpreted through the expression platform, which is responsible for exerting an influence
upon gene expression. The view of a riboswitch as a modular element is further supported
30 by the fact that aptamer domains are highly conserved amongst various organisms (and

even between kingdoms as is observed for the TPP riboswitch), (N. Sudarsan, et al., RNA
2003, 9, 644) whereas the expression platform varies in sequence, structure, and in the

mechanism by which expression of the appended open reading frame is controlled. For

example, ligand binding to the TPP riboswitch of the tend mRNA of B. subtilis causes
14



SAM SAH ri boswitch, a gl nA riboswitch, a Downstream peptide riboswitch, a
crcB riboswitch, a pfl riboswitch, a yjdF riboswitch, a manA riboswitch, a
wcaG ri bosaizooingseas epsC ri boswitch, a ykkGC- 111 ribosw tchjusaoiposa0833
riboswitch, a psbA riboswitch, a PhotoRC-1 riboswitch, a PhotoRC 11

ri bosw t chrang¢rippiops@ihationqawst Blirond® At sb, ded OB ad1aT4y) MEtihetscRfon

i dentifying conpounds that interact with, nodul ates, inhibits, bl ocks,
deact i vat edatfoIpys distigetin pegusaceand Hyshre ermpagedte the Cxprgisipnais tianyofighawi t ch.
For exanpl-fop GhGliRA SR fiy RN RXRPE oo/ TRHBRAPTEP BRI AllscdiRfibREADR! ©
(a) testing a conpound for altering gene éxpression o gene encodi ng an
RNA conpr itsinkigtian by b 8O lbclhing wizeliamiism {see EahmpledX ofdn.Si 4ppliatibvh@ublidadiom t ch,

and (b) alterin e 25 sion by bringing into contac cel| and a
comouhd” N 0P 0855 15 REC LR RudRietforhings ety s5toRias nt phesEidenies
conpri ses @ndrRNGI GRERE: BvRRn A R%T’Rﬁﬁs%ﬁgﬁorﬁ_l [A{ROBW the Bendfi@bREA . t he
conpound i nhi bits expression of the gene by binding to the riboswitch. The
ri bosw t chmechanives afdtheexarepsion platfginug ted creryrtbeponsirgecni difswint.ch, an S-
adenosyl net hi on{ ne-repsonsi ve ri hosw . .an .

3 adenysy! nomocyrBPnEPHEL IR cho S5 R s Wiealy rarss TRmATRL UMM toh, a
SAM SAH T ilbgsMtighie 18 FINA ApHIRsubi PhblicatiEPWNASLI0SA00BOPT ). WRislobRa@sMdnCh, a
crcB riboswitch, a pfl riboswitch, a yjdF riboswitch, a manA riboswitch, a
weaG Hp boswistsemewaat wissreatedhgxol thetn varg Ryatution experimsnis iddntifigd psede

ri boswitch,, . i i . g i t. - L

i boswi o rp T SReltEte Bl R SR ki) EaRILBE g B glipnd

Al so di sclsasetirdiericaly@dBcohanndBnl.iHaysl Ng:idricb 2600, R8N0, Lheohietihudd
conprising, for_exanple, assessing in-line spontaneous cleavage of an RNA
mol ecul e I4HHRER BT @S BREChHES EHS eé4o?63a%5pﬁﬁ1@lﬂkd?uvm%@ﬂﬂlqnﬁé Spmgural
nol ecul e ig; b g j nge
" the. pattaPR opor g A R A Bk S Ol S ey ahe

i ndi cii es iaforinboswedntdnt ofthe nRhdal cpranco sprucsessaclgliut @mrtieialepronss ve
riboswitch or. a derivative of a glutam.ne-yesponsive riboswitch and the
compound. d&RA158 P iaNh s DI ihrIEKseRGE i form RNA feceptors That

S- adenosylfpamRmyetiehids aFBREOMIYRAVIRO AW hieht RY vaubefot U048 Hfbo@Ritch

S- adenosyl honocyst ei ne-repsonsi ve riboswtch and the conpound can be

S- adenosy | deombexys rasiga éro RAMedaT te brpmiigemalar. It is also worth noting that some

S adenosyla%gt hi oni ne-r epsonsi vg %Orggosw' t(f: or_a.derivative g)f't .an d

S- adenosy| ISP SRMEESH SPELRRTRES TR SGAPP R Y FAPRUCT B STk < RIRY ipigrove

S- adep@sy latRhif} PRiEarget ligandAvepthdi sahoarstt abeswitdhhed® tofl oalféiay (sag gene
expression, the nethod conprisi n%,é_ for exanple, bringing into contact a

conpound dn@mpleepf U SuddndesfianiaibtientiondNemsiiia 989530 e n Breswoakly nfcrars RNA
oy s AT S AT FRERTOLLS OHRARH KBy oy
S- adenosy|ihaoDdlys tvitich BN/ psiacs isvefl dtdabisya toshin lazagt uffatitynSince basaptdnedy, a

SAM SAH ri poswitch, a glnA ribosw tch, a Dowstre peptide riboswitch, a
creB ri boét%ﬂaérhr,nuat e 315iaHB%lﬁﬁLﬁi:WWl‘&hyﬁh&PnﬁY‘\g%‘éW‘?ﬂQ,th% ol AB8EREh, a
weaG 54 bosy g ta%'ibr?ﬁl%gn!’i%@%tﬁ'rﬁﬁ alide Yk Gndrk 'so%haﬁ%ws&nﬂu@espsa/*
ri boswtch, a psbA riboswtch, 'a PhotoRC-I riboswtch, a PhotoRC I

ri boswi t ctB. Rib@awiGhRddulationod\Wraokcription TerfimatiobasBactetiacan conpri se an
aptamer domai n and an expression platformd in, whereip the.aptaner
domai n and ¢ he 1SR BIETURIHIRKT 0T SRaoh BB By BLS IR boswi ¢ ch
can conpr '@&ta‘iﬁ/\?erﬁﬁ i®BfRrAd L AMBIinARARIAG] ARG @gpe@&é‘ﬁt oh @ RhAplotim(domai n,
wherein at | east one of the aptanmer domains and the 25 expression platform

domui n ar & RachardsiongBiushiniien & derveicalctaad00Rebsh7, 2. while pdicispnakeaise dbnai ns

exhi bit c erativ i.ndi.na., The.ribosw tch .ca rigse, for. exanple, a
el ©ARE B A (R AR otiTRA RS b @FipBRTP T 2
pfl motif clengpiichi-comaplek (1. GusmoN Brotidier, MoV aler TRIli 109983, @ps:d Mukdlér, VB E.

ykkC-111 notif, a psaA notif, a psbA notif, a PhotoRC-1 notif, a Phot oRC 11
notif, or GOHPSHRM 510 CelbTHO2r T HoSW theatéea R clestanisare gomposad of p Ger

| ecul o . : . ) g b h
o} ecul € rﬂg% e&o#@llﬁvg&ggg‘m’h %@gtcll?BP@-@%ﬁiyﬂfegfrd%@ﬁnﬁ‘YﬁSE‘ t@ffda¥GH 6L DY the

trigger no can have,
widespread throughout bacterial genomes (F. Lillo, et al., 2002, 18, 971), and are typically
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exanpl e, one of the consensus structures of Figure 1, Figure 2, Figure 3,
Figure 4, or Figure 5. WO 2011/ 088076PCT/ US2011/ 020933 In sone forns, the
ri boswi t chocan/mseoTpri se an apt aner donmai n and an expr es®Coruspdiatessn domai n
wherein the aptanmer domain is derived froma naturally-occurring

gl ut am ne-lp&8EDNSh/F -teihids bf ahls oSoRESTBORNEBR N0 Bh NerdBRgaNSibéLOf

ri boswi tch, Sadenosyl honocyst ei ne-repsonsive ribosw tch, glutam ne

ri boswi t crExagnlgs apa-Pasig pRssinct &or, INgInglg teinyBYRfst esrtedyhaty Pepti de

ri boswitch, crcB L i L ' M j ' ' j -

ri boswitch, wa I’Hll g%‘%@? Va@%&&%%@%@ %?Mysgﬁgglepgﬁl‘ﬁ;%gg%%?g%m psaA
ri boswi t chherpsbdgrombns whssodt,cxinplee RGetein Rbidspalymbras®irop@idStd b tarmiesiont ch,
or psbNH riboswi.tch, Ln me forns, the. aptaper. domain can _be the aptaner
donai 1P of wﬁm@ thy S LA P %@g@?@ééﬁﬁw_@e&ﬁéﬁgﬁ% CHiBBE QP

S- adenosy'm&%%%g%ooo}@r F@Qﬁﬁﬁﬂgacér{aﬂpe':dﬂdit?ﬁs the RNA polymerase complex is

S- adenosyl honocystei ne-repsonsive ribosw tch, glutamne ribosw tch, SAM SAH

ri boswi t chliregled Ayreitsomhisizohls elosarie perseive pe pt igdererthdswination signa BAlthough
ri boswi tc fl ribosw.tch i dF ri.poswi tch,, manA r,i bosw aG

" boowt o rarostndon PO Biett bEbe i e SR o e R LR AT HRHFL iR (gad o
ri boswi t chof gRhOEGRGsIon) ishesmhiGhdicRRatyREz1Atidn FFaBVintEHtic RFmisioNH

ri boswi tch. 15The aptamer domain can have the consensus structure of an
apt antl ddiresumabty. ohe ohzitleashivemptielly exelusive BESNG ceormations resuftvintBe t he

apt anmer d%ﬁi . g | St N e Ve of the
natural |l y-oc cﬁ%oﬁﬁﬁéi?sﬁr@%?ﬁf?%%ﬁ nsnts?%ﬁrrlge ?%J? %%él?aq%]ﬁgl{s;éﬁ%éosnv&eﬁﬁ%g%ﬁgr%es

conf or mat iteanswhigyp Bctorr,waliiekl inyondiastansep anRNGS (H. it @rfuady, et whePeceedifg ofghange
in conformation produces a_ signal via a 20confornation dez\r;endent | abel . In

some f or ne”e VREORG! Hea4ivetl EFERGeY TeoHrbedniies A/ drericad?diay 89d 18 THd-
§ tr = et e A .
conmpoun %e%ﬂ{é? %%kofs}ég,eéz%s@%}s@gé,%%oj a{hdcif,?'aél\ﬁfﬁ@%:??{ﬁﬁfﬁ%’.sﬁﬁlk@, change 1n

expression o ked t osw tch erei e change in

expr essi oMmphivdugedicaolsolggal002, 1786138 ), fingarerallylrequsiegrfat recsivmgachactahldyy a
reporter protein expressed fromthe .I'inked to e ri.boswitch. 25In sone
f or s, ;hénfé%qeilu EHepd apﬁéh‘f%eﬂve@&yag%wqeﬁﬁ%%&gf coRfBIEE Yene

expr essi oRibdQicitdhe! birsaldiRet AnlbGheth AN ACGHcturd BRIGRABL URd e @R tiidlite O
inhibit the gromh of the bacterial cell. The conpound and the cell can be

brought i reignatschatace inbgrpeethd byi the genatig cohfeoloosgboend to a subject. The cel |

can be a bacterd.al cell 1n the subjeget. wherein the compound kill r.
Cahi bi te the grbmPRTERC: RbsRcERrTE B bR Tl il EOTRa arfigot o, Bl
bact ez al daRfreididagls to PrevemOnRingh1€ fguhtiondMhRtadbRE Bchek NHOMRDEMNALE ON Wi t h
anot her antini crobial conpound. The conpound can inhibit bacterial growh
in a biof inogyible to genqrafe ppdpghatctrigsadibswitehe funsten #1d ikhibitibsgtespl grawithi t i ng

th wt ter| . i , | ti
the bact eriaurrn ErisBdie pTRLaRe L RO BIASG roleBh SRTRG Sy bR T
met hods di2X)0B paridhhetied pyropluwrsphac (Slidaedan200b)ar e met hods WO

2011/ 088076PCT/ US2011/ 020933 of killing bacteria._ The nethod can conpri se,
for exanple, cdhseedmge 9%%&&%@%%3} SlanV@Bﬁ%HbﬂﬂVlFCé‘éﬁﬁli“? RY4 BAGY-or

conf i s4red Ry Ay ef diEélSseH%}é‘&ggla%ib%cé Qs %9%113%"1&{ SnstHiGs E’érﬁ@#s‘?@%mt hods can
be pertornmed I n % variety of ys ancf using different options or
conbi nat i axsmpfe, & eatluicasidandeadeapoventesan RS Aangxiamglagibeawiteh opaskelg assay
or a chi p-linked to a coding region, wherein the riboswitch regulates expression of the RNA,
wherein the riboswitch and coding region are heterologous. The riboswitch can be, for
example, a glutamine-responsive riboswitch, an S-adenosylmethionine-repsonsive
30  riboswitch, an S-adenosylhomocysteine-repsonsive riboswitch, a glutamine riboswitch, a
SAM/SAH riboswitch, a glnA riboswitch, a Downstream-peptide riboswitch, a crcB
riboswitch, a pfl riboswitch, a yjdF riboswitch, a manA riboswitch, a weaG riboswitch, an
epsC riboswitch, a ykkC-I1I riboswitch, a psaAd riboswitch, a psbA riboswitch, a PhotoRC-I
riboswitch, a PhotoRC-II riboswitch, or a psbNH riboswitch.
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5based assay can be used to determne if the test conpound interacts wth,
nodul ates, inhibits, blocks, deactivates, and/or activates the ribosw tch,
such as awgl2otizossete ri boswitch. The test conpound can i RCEMNSCE11/02093RY
manner, such as, for exanple, via van der Waals interactions, hydrogen
bonds, el ectr osAlgd dizclosddedraciot etsnpliboophetus cwhditi@rnthActib&sndtchds a Aon-

conbi nation. The riboswitch, such as a glutamne ribosw tch, can 10conprise
an RNA cl eniiralgicrivpibe e natyplleoetysries rlgow%r d8e epuradiygeesprrpigiibggwitch

gener at ed WheQ @y £G %ﬁfa&i&@%@ﬁdtﬁl%gib% HENGRISIEABY Fh¥hichiel caved.

Mol ecul ar beacon technol ogy can be enpl oyegl to generatethe uor escent

si gnal . Thepsvastinodbodvisdl as 8chdbmrsgihonoapsttiec-capsonset whiswitsh, regglatahiigh

t hr oughput .screen. ) i.scl osed ar apposi ti ops and net hods for .

sel ect ng_r%aw;t%mﬁv?@é’eé%@b ﬁ@_zﬂﬁf HEES%CR %@Pwatreeim-a@a@?ﬂbgﬁwm

bl ock a r 'ab&émnﬁoSBNite?Hﬁ:}bﬂ%?ooéwgblﬂ?a%ﬂmﬁbéévﬁf&ﬁ}% heha ek et horgef a

ri boswtch, such as a glutamne riboswitch, refers to the change in state

of the ri bd®wivitch anppsC bibogvitgdn, epAC-{I riggevitdmh pou! Bbostvitchpopwi4 ch, such as

a glutam ne rihoswid.ch n., be tivate Q nds ot han. t.he

e Poger motseUET A ORRGALOS R » ERRRG o RSP BTG e P OGRS T e, The
termtrigger noAIRS EisElok& 4+6.8fdr SMRIIE I methSds'Fldefecting APdRFMInEDfAMereSOHROUNS
that can activate a riboswitch. This includes the natural or normal trigger

mol eclft e fraethedeomprisdrmaifercramntr, bringing ispreeniaeis: semate andrp rabasvitah.evhasein

ri boswi tchy,, H@%Mi?clh i?%ctﬂg{eﬁ% thd &&%&unﬁ%'fﬁﬁweasw%%& A bbLIAS BRI RS Y! €
for a given rrboswitch in nature or, In the case of sore RON-nat ur al

ri boswi t chégal tvhen adtivggdbytid esipcint @f insbricsthwhbein thb eibvwéwicdh pwesucdesi gned or
with which the riboswitch was. se|lected 25(as in, r exanple, in vitro

. for ¢
sel ect i on %af when thegampls ontais theermpd f ItNsH- daedibarvitch gehe. 51 ecul es
can be r?f&fﬁﬁlﬁ% Eglﬁénfﬂgl}és‘b%ﬁw@ribééix}i&ﬂ%n @B?&{b%l%?eﬂgonine-re AG{d vation of
a riboswitc efers to the change in state of the riboswtch, such as a
gl ut ahd ne nidswgwvh,taots-adenesylhdreodysicggerpsonbiee ubeswischn e glibgumd ribAswitdhoswi t ch,

such as a tam ne ribhqgsw tch,. can be deactivated b i ndi of conpounds
othor t har A HESAR Tger TP L iPEang. + HoRayS B REM ROR Y ETOO4IeRr | he

trigger mbgwien, Bl0GkdsagicRfa FaF iHBBSWC B mSUTHbRWiteh, 3 MAHPSWilcROoaW t ch,
refers to a condition or state of the riboswitch where the presence of the

trigger nodpeCuibeswivads awdtC-AE riboswigch, h@sed bbeswitabha piet iikeswiieh, @PhaoRC-1

ri boswtch, su as,.a m ne.rj bosw .can.be assessed in any suitable
manner . F&?boéy%%laihofﬁ{:&ﬁfrﬁ%o Wile i asplf%&%ar boﬁwbtfﬁt am ne riboswi tch, can be
linkeghto a repoiss elscioMNA ar¥EeRbHL 0O BRAM ¢ddPhdd B20REIacRdthex pr essi on,
expression |level, or change in expression level of the reporter RNA can be

nmeasur ed iRodukdcs iskiffe blogky dgdrdivales apfl/of Retivagasta rEkpspéehducing aglytanune

exanple, t hosw t u I i rj i . i a
conf or mat i rEoB E) S{X&et g@ n%net%]l’nggeé ﬁ{gdt% %eedaa S fg’gfﬁ%%%oerhd\}ﬁ?%# Ctgﬁlgﬁgsjlglgpfg g g%ln %’g on
the acti vah) et at@nmfunt ier dlichiag weiccdxprssioh ofis gbige @lcutliagian® NAboswi t ch.

Such a riboswitch preferably uses an aptaner. domajn fromor derived froma
nat ur al | y SEMGRImERG RS ESh Whasein she %@Fﬁtw@ 15 ¥igihe afé%s@g@ (B YR8 gCon of

a ribesw tLh a0y, Bﬁ bHﬁéiElg iits goﬂ’@a#t@ dNend %%o@%oﬁnd:@i'a{ £1Rre @¥xPession in

neasur enent “or w t hout e use of a control assay or neasurenent. Methods
f or i dent istepi (ay vdenpo theds!ltchaiprisesacgdne aheoding arbRBW ¢omprarg debgsevifchby med i n

anal ogous v, AOA se diSalened ALe e o of | LB Lbng. oy of 2 el
adm ni st erdgg@witeh tdeoS WY KetpRNa efukffihb Y&ponsive riboswitch, an S-
adenosylmethionine-repsonsive riboswitch, an S-adenosylhomocysteine-repsonsive
30 riboswitch, a glutamine riboswitch, a SAM/SAH riboswitch, a gin4 riboswitch, a
Downstream-peptide riboswitch, a creB riboswitch, a pfl riboswitch, a yjdF riboswitch, a
manA riboswitch, a weaG riboswitch, an epsC riboswitch, a ykkC-I11 riboswitch, a psaA
riboswitch, a psbA riboswitch, a PhotoRC-I riboswitch, a PhotoRC-II riboswitch, or a

psbNH riboswitch.
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anount of a conpound identified and/or confirmed in any of the nethods
descri bed herein. This can result in the conpound bei ng brought into

cont act wwohotimssael | . The subject can have, for exanpl ecTaskb@aaersal

i nfection, and the bacterial cells can be the cells 15to be inhibited by
the conpound. TAIgo bRclosdd @re @@sthdie ofiitntiBiieib@witsheh tirsméibed esrh@riding fort he
genus Bacillus or Staphyl ococcus, for exanple. Bacterial growh can al so be
i nhi bi t ed SAMAIy 2BeeN-1ins speitarops eleayags of p RNGY AWlecrlsin dheprptcace and
bacteri al ' [ 1.0f i . M pIATRE o) . The
conpoundsE%F%%%?gggoﬁkgggg“ggﬁﬂtgkg§%$%?g?%%ggggéﬁﬁggﬁ%ﬁﬁnggz Eﬁggﬁgﬁgmﬁth
any ot her coamppoudioviereic @rpagictin dhe. pafiorn Gletanppaentartches descigoséthedd¥pounds

can be_adm nistered or used in c ipation with another antim.crobial
corrpou%d_. molecule lqdﬂcafeé_%@%Bltglﬁdﬁggi‘&g&@@?@?lﬁ%a&F%%P%éﬁsp%Qlﬁi)ds and
conposi ti Qfis@fteh 8P4 ddrdvatitedrs glu%ﬁé-frésﬁo&%@émﬂ)c%%t'dﬂ LEs ﬁle%ﬁﬁ‘obﬁﬁ@ &n be
specified, and, as such, can vary. It 1S also to be understood that the

t er mi nol oglutamett. NidediMAicen tamptiseeaniiragawey lbémdestindsicnspnsmvctribosivdeh or

25enbodi nment s. onl nd, i s not. intended to be.linting. erials

b scl osed Wa AR aaﬁd%?ge&e?ﬁ%%%ffl??ygffg}e-%naonéaﬁﬁ%m@ PHarE BAP R fRa o,
can be usef S-RdHOEIHMNESYRIRINY. tThe FORA cBE coiBfsd dh $6EIDE Ao ifE-repdbnsdfee
products of the disclosed nethods and conpositions. These and ot her

mat er 1@l s réhoswitFls ef ddaivatize ef #n Sadenasymethigninerdensgpsoriribosstitchtsad the

conbi nati g t 1 [ I groups, etc. of these materials are

di scl osed C?%&Pﬁ}\}l\ﬁ?%e%s%g@%@lsgﬁ{regﬁglﬁgﬁce to each of various individual and

col | ective conmAlsatdiscloseddard npeliody béhit@inggfent bggesstmnpruneiod asmmdind) €or
explicitly disclosed, each is specifically contenplated and descri bed
herein. ForaBRIgnprRZINg fnte CoRtas SFOMPRURH a%%% ¢tk Whgtsimihs Pl campHpStefnand

di scussed . od f I I 3 . _

2011/ 088078 E%iﬁ%%goi i1§ il 8‘%{6%@%9% ToraLRIR ﬁ%ﬂ@%ﬁfﬂ%& e@?@?‘ﬁg.ﬁ%’%&l 3\/\% Boswi t ch

o][ apL fams_ratddxﬁ]n*salmethjroaindirs%mssigdribemitchaaldSgtﬁgqsy?pnmbymﬁh?mpaumﬁmr ml:J)It ation
of riboswi tch or, aptaner mai n_an i.fication ar ossible are
speci fi cal'fips 35@,&%@{1@5” Sgétﬁﬁ’sag%‘%W‘?’gglr}tﬂ?SWH@?’&a@@%”EBS‘YIFFE’ ontrary.
Thus, if ap@lRAsRaRlpdFRICHYbSatcA; a Biepalfs&itth, & 1 $6ds3RH, Aymeibbswictaacl ass
50f nolecules D, E, and F and an exanple of a 'conbination nolecule, A-Dis

di scl osed,matrenbesyeichi § weee hibbswvitadt an gebCriihsaiich, & WéCtbribasadiehi spsad
i ndi vi dual l,y a col Ll ectively cont t.ed. .Thus.,, i.n i s.examl e, each of
Lha. Conbr e ileh. fteh Gop¥iuthy § PBOBIR L HBSGwi5R Epps Rk i ZoRER. St o

speci £o calJsyNemidoswitiat ed and shoul d be considered disclosed from

di sclosure of A, B, and C, D, E, and F;, and the exanpl e conbi nati on A-D.

Li kewi se, any I0wuBwsviteh casesmmieiebapgmer femaniagd an ssprepaqn pladam v

cont enpl at i S . .t §HP of A-E, B-F,
and G E ar@g%a%ggx(r%ezgiﬂfeya%ga%%%ag{ %{éi t§§§%h§b noJl gtg co%cglirlag%e{rgreed di scl osed
from di sclirsusiegeds. AheBiboawtdcHranRontprisafelo b marwhptdigcreivanlseandanbi nat i on
A-D. This concept applies to all aspects of i s application jncluding, but
not i mit &PEession P@ﬁ‘gﬂp Hopatn yisredt atrleast aRf %ftﬁge BRIPMET f9rBaipt & Y8 ed

conposi ti CE}greis%iint'Elatfbfm U8tA6! e ALErdRogtRS T R donfd foRtAEial le‘ag'tatl)vlo%tf BRSapdiRlr can

be pertorne under st ood that each of these additional steps can be
per f or med deintansanxhitstp@opératvehidadigndht riboswitahbianabimpnsgfforrndogiaertrst of t he

O e e R S SR AT DL 2 RS SRl e
motif, a mand motif, a weaG motif, a epsC motif, a ykkC-III motif, a psad motif, a psbA
motif, a PhotoRC-I motif, a PhotoRC-II motif, or a psbNH motif.

30 The riboswitch can be activated by a trigger molecule, wherein the riboswitch
produces a signal when activated by the trigger molecule. The riboswitch can have, for
example, one of the consensus structures of Figure 1, Figure 2, Figure 3, Figure 4, or

Figure 5.

18



20Ri boswi tches are expression control elenents that are part of an RNA

nol ecul e to be expressed and that change state when bound by a trigger

nol ecul e.wBi2bngssd7zehes typically can be dissected into Pao/Use@anaioes

dormai ns: one that selectively binds the target (aptanmer donain) and anot her

that infl uenceSngemetfémlscﬂmtrmlsw(taanmﬂme h aptapknistanBiand an kkpressidohe
dynam c interpl bet ween these two donmains that results in netabolite-
25dependerfl atgﬂmb(zqrwm whegsi thsjapimeg dpmaiivip dededdiom pinawrayeePcHeg sol at ed

and reco W%%{l]et a8 Ov%%%wn&le@%[&%h etgﬁ'ﬂﬁ{e §§o sIGQ B 't SUC.h

ri bosw tches, gous sequénces oper to suc osvm t ches,
and cells aalanbslyﬂmnmgyﬂemem;g&am1mbdwnﬂoh;gln@nﬁmﬂ:ﬂnbcrsmbtmhv@AMV&&H ri boswi tch

reconbj nant, constr and rjboswi tches operably linked to.heterol ogous
sequentes. PRI Ylhﬁsdﬂ?hs]éa%ﬁﬁf‘égl Bepidb abopects b s@iCEiliences
encodi ng RHkGIBS JIF REQWIRESRAA HBESHRBL wed @ ShHEL RS, %ﬁﬁ@%&s’imﬁh%k%b”s or
peptides. Preferréd riboswtches are, or are derived from naturall

occur ri ng Wimwsswch.ghed riboswitch, pifel dbmlwheﬂlm%ﬁl\mbm\hé@l PhatoRGdlIng t he
derivati ve

t th | ] be .f
Sour ce. | RIGRIFY arCrATIy SRULAP G rrEbs ArEHE HRGEhh be e
2011/ 0880 7folifalih bIS2Rkd/A2 8@ ik BASMhIneIeHoHESE HPERVIRA, SAYShosHMEtIHbEiRe-

ri boswitches can be used in or with the disclosed methods. wever ,
di f f et@nt repjeesiveribesvisiwStadpresyhiamogEsteiagrensansdyriibosnitchgintaging t ypes can

be us ef ul %s&gtcﬁf\‘ Stﬁhgo Zoto trﬁ)ﬁgv%tch”gfnapﬁos&vgt?ﬂ %@&Ll&%&g% np%?ﬁ&é #F(%%H%hsg %e re

herein). Types ‘exanp urally occUrrlng

Sri bosw t afteswitde yifMitioswesh,apdf ribskivfitchdmfzal abootitdha v @lribyswoiceh reps(hg
ri boswi tches, chimeric ribosw tches, and reconbinant ribosw tches.

nat ur al | y TROSHHELAGEGH SDRFYEFh. PsaATPoRgShi PPH mwﬁgh,t%@t%élhewi&h a
ri boswi tc@ﬁ%ﬁ@mr%gnﬂagt&fngﬁq@ ﬁlt&?t urally occurri ng ri boswitch can be
an isol ated or ormof t

r econbi nant e naturally occurring riboswitch as it
occur §5i n nat urkhe dphateridematrhenrhiabo thel doosenbassttuneirs afan gptamardpnstr oicthar e

10but has been.i sol ated.or en eered.in a, new tic or nuclei cid
ottt ael, DES e e dnt e S Cam RIS RS of

ri boswi t chy,of zﬁf‘&’orﬁérv@ﬁv@clﬁﬁgés' df@ﬂl@ﬁat&ﬂaﬁ?%c&lmhg/ BSoQfitdhi boswi tch and part
of a dlfferenlt) ri bosw tch the sane or” of any different class or type of

ri boswi tch; parln solmeiomnSbth@\Mhosztdf clangesoronffrmatipamhice a¢tavatad tystbe or  t ype of
ri bosw tch_and (%f ? bt(E)sw iﬁ:h se enc<Ial or ﬁorrgogien N ReCﬁntéi nant

ri boswi t cH&E'PPEY lrneﬁ%%w ZHe %ﬁ]ﬁp R Boé@r% P BIPSPER doveTi 6 deered in a
new gemet i @nfirmAtel 8éendsit thbeRNin&¥ine forms, thoitReNCh ER@ScCahiBidueion whghe or
mul tiple aptanmer domains. ?t amer domains in ribosw tches having nultiple
apt amer dcyaied by HeaRRNgNE eboparshtheecipithrringeom wnfggeroneused es or can

not exhi bi ctllarcfé)e 18%5(8}6'55\{(% Qf ?HldRNg 191{1@8 % %?{bomltaﬁ %h%?en( M%acthaﬁgse’ int he
expression produces a signal. In some forms, the signal is produced by a reporter protein
expressed from the RNA linked to the riboswitch.

25 In some forms, the cell can be identified as being in need of altered gene
expression. The cell can be a bacterial cell. The compound can kill or inhibit the growth
of the bacterial cell. The compound and the cell can be brought into contact by
administering the compound to a subject. The cell can be a bacterial cell in the subject,
wherein the compound kills or inhibits the growth of the bacterial cell. The subject can

30 have a bacterial infection. The compound can be administered in combination with
another antimicrobial compound. The compound can inhibit bacterial growth in a biofilm.

Further disclosed are methods of killing or inhibiting the growth of bacteria. The
method can comprise, for example, contacting the bacteria with a compound identified

and/or confirmed by any of the methods disclosed herein. Further disclosed are methods
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20apt aners need not exhibit cooperative binding). In the latter case, the
apt aner donmmi ns can be said to be independent binders. R bosw tches having
mul ti pl e wpt2an@sgo76an have one or rnultipl e expression plratrfuseeni@eovas ns. For
exanple, a riboswitch having two aptanmer donains that exhibit cooperative
bi ndi ng ofoftkhiéihg bhdtéri @he MdtiRRldagSotphsd€orl dxakptt, tontactiigntd Backot eBishon

pl atform domai n that i.s regul ated by both aptaner donains. 25 Ri bosw tches
havi ng nulPpeEnGpsieaisdand qeaﬁ@n%%@-y YW fdhemsthodsdisglpsedrhician dheed via a
l i nker. SXRES ' i ndk NG j

nmol ecul e%{cﬁ%ﬁgﬁﬁﬁ@ggéﬁﬁﬁig a cogtﬁ%fggt&? %g%ﬂw\é %%Mﬁ@dl%%g%%%ggﬁai ns
can be saiantbonatiwhs bf featmospad @bmpendnitsdhnan ¢xfantpheyn dehbased akdaly lor e okifpf | ci ent

n bet\/\fen x and x-1, vvher(? X.1s the g%gtber of aptaner dommi ns_ (or the
r

(
nunber> 30d15%1 H¥Phgndictieed B HE I AHefS FOREPHY) A W18 BRHE anal yzed
for cooperiakibie tRbRE] dedetivhidSand/@racBXAETHNE ribBswitdMOSWhiaE R Jl@yinig two apt amer
domai ns (such as gl ycine-responsive ribosw tches) can be said to exhibit
cooper at i webdswridi.nghd festtdosponbdsan itshadh asars mhnnsoestith a9, dortexbepleeen V2nand 1.

It should pejunderstood that the valu f used depends, 0 he nunber of
apt aner - dSEHET B anu g s CE bR Tedoatiel TR b eosar 11y o
2011/ 0880 TRRELLIS?OLLLAAONEIort NPh WsTARitcRI uBPLATRRIAGRBIOS @O 1N the
ri boswitch. This nmakes sense because a riboswitch can have nmultiple aptaner
domai K& wrerwrisp by ROhelcexng bbezyarn perreaeinple. b Adetsscentrised] saebe aeneraied meri c
riboswitc co I: 0] . taper. . - i ion

pl atform on%ﬁanﬁcwg{’g f@b@%ﬁ%@%ﬁ%&}l ?%o@gm%{yclgg%g{ééraz l\ﬁg 8a§%lp%§&;pt aner
domai n fr aschaokes et be caplbyad teexdpe 2%sihe Mluptaatdnd signaloThd methodsrdclotdier
source. The heterol ogous sources can be from for exanple, different

speci fic rieHdR it bhedricipytiuging it high haQuehput SCES8wi t ches, or different

cl asses of ribogw : : - from
non-ri boswi tch %\éét) g%gfr%ge.d #Egoﬁgéﬁﬁsggg%tg%?ﬁ%?@gﬁﬁ%Flg(% ?iglrl%@g%nal ns 10can
al so tohne donpoundsthat daosvfitatd) dsauiveesar block a rildsditth,esdcloas dgluianahe ve

ri boswi tches can b roduced using.in vyitro, sel ecti,on and eyvol utjon
{ echni qued PO EEnaFaYaIon T g ribPEvERP, i 457 BWERIG RS VAED 4551 Bdhe o
ribosw t C%ﬁné&ﬁ%{aY@oﬂhQﬁBGévﬂ%h%p%ﬁ&bir\i}fﬂn%’é’ﬁd @ber hRsyk t ahesoswireh &ubRrt (s)

of the riboswitch sequence is varie ile other parts of the riboswtch
are hel d constleamincAsoswith.an bdeetotataddtyi wmmpundsetheackimgc toggenindecule
functional qr._structural criteria) .of the set of variant ribosw.ches can
then be- acoddn SV ATHH s gl R o tled e Do bR By PRI A ARET o
interept aHeeeis & REres nfodicults @n@torhpsinds khat aslgivele yIswittNThivsefwdesbase

ri boswitches for generation of variants are the specific and consensus

ri boswi t cHBaN#NEE PHRAEMahEIEEEhmocshis daistis ribpayschi andinsler camppendsdlesd e i nf or m
whi ch part Al i i i € : v, tion.
208 g0 di S buS e RAE NEfird B KB ek BolihR RS EF B RYBLE

regul at i onzigdn dbasimixos wi fidtire@ain biee @lst of eandyomepen@bliyodwittked) thearigagt anmer
domain to the@a%(?ressi on pl.atform domain gf thﬁ ri.bosw tch (which is %
% the

chi neri ¢ rMYISEHF (X RYRichrihe THhepwHeh WavdRiignce QR WA &Y el A08s Y Rt at 1ol
ribosystchyd fy %%Qaﬁlﬁfé, 85048 %e18tion! Rin S RbRrtioR tdhhRYES). TGkl tffi%gexi he
aptamer domal n. Aptaner domalins can be operably |inked to expressio

25pl at f or molocrdéensndie refebrod va 4saotv@snaturabtniggsrunolatiles. manner, i ncl udi ng, for
exanpl e, by replaci.ng.the nornal .or .natural aptaner d in of .the
C boowi b ¢+ PRk is AT er e B saRery S oG homch as

condi tion atglaﬁanﬁmi@&wi%ﬁ,_t@helﬁﬁ@ﬁigbg\éahﬁl&me% R&thJuhe. Al AWtk Rubl &M whi ch
the aptaner donmain is derived can be used to activate, deactivate or bl ock

t he chi nergletamitsoghistvéth, c30 Ak doactivetetl s dindargof qeatnouds @berthyrpdaittiggess .

R bos% te hneloslegueig aIllch ini vi;la%l%toitﬁ/e%ttﬁa% rle)Xloval of the trigger molecule. Blocking of a
riboswitch, such as a glutamine riboswitch, refers to a condition or state of the riboswitch
where the presence of the trigger molecule does not activate the riboswitch. Activation of
a riboswitch, such as a glutamine riboswitch, can be assessed in any suitable manner. For

example, the riboswitch, such as a glutamine riboswitch, can be linked to a reporter RNA
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covalently altering the riboswitch (by, for exanple, crosslinking parts of
the riboswitch or coupling a conpound to the riboswitch). Inactivation of a
ri boswi t cwoi2n1zdsse&emanner can result from for exanpl e, pam/sktignai93dn t hat
prevents the trigger nolecule for the riboswitch from binding, that
prevents tdnd c@p@Rgen,icRpibsidielcoél, bihehahgddsaaptasbion sl &ff thelkapgrtof RNAecan\Bo
2011/ 088076PCT/ US2011/ 020933 trigger nolecule, or that prevents the

expr essi orMeAsHict o MCBrrENee B AREICE ohBEY CAMPPYH. 245 WOtk §xERPIEESi on upon
bi ndi ng Ofriﬁoﬁ%itEﬁ,'sgﬁ%s ﬂgh&%ﬁh@nbﬂwﬁgh%@%&ﬁ&é’ %ﬁoﬁhﬂﬁﬁ%génd%hﬁ%é@f tches.
Bi osensor ribosw'tches are engli neered ri 0SW tches that produce a

det ect abl ghsbignadlfranmwhivh ghaegsnicpending drethe actbguiah stater afgheribéavotchosucb as

Usef ul _ bi osensor. ri.boswi tches cap be triggered at or above threshold |evels
of the5t_ri _B"ramrlﬁ‘ﬂ Té‘&‘iﬂwé@h EP%‘S%H_ Yol ‘6’6%%35’& _S%%?Ptﬁ%‘el‘d‘gg?adﬁg‘i?ﬁ Or use in
VIVO or I yeivtd Rom@ﬁat&*&ﬁ%&&mh@é A6ERERA. AsRAR BE L&hesssORBlAP Mactiv bt 0 a
reporter RNA that encodes” a protein that serves as or is involved in

pr oduci ng aribxisgnah cembe patamed with the vse dya engbhesey orgmeasgsiienper withani sm t o

har bor a cl ei ¢. aci onstruct encodij h Ori,boswi tch/repart.er RNA. An
exanp! e onguf Gelebel RrELERcRAER. (8t (PG ESTBSRR I Chau

i ncl udes ajca@nfa@s MBbdsNItcHRRE BEpAForhEeh andlbusivayal from whi ch changes
dependi ng on the activation state of the riboswi tch. Such a biosensor

ri bosWf t ch prefalsadisglosereaye aipthgdradveliibidiogwrarthrodmcel. syeh py e badgtericell,
natural ly ring.:rl | [ 4 ' .k in

vari ous sitﬁﬁtgyl{noéngs%éér’% bﬁgﬁ%\gff%tg&n%a% @gﬁﬁ%gg%@%?&%@@%%@g&; t ?1?%%%%@ ches can
be used widnfounobf de@nppadtdentifigd Andisr @indir@sd ircriyps, thsineihpds aandrivel | s.

Al so disclosed are nodifjed or derivative riboswi tches that recogni ze new
trigger molcEdR &Bis cRpigspit BobRicornandbrinsbroyely iaigrcenieswith e elcdghi ze new

trigger ”‘%58]%9415%3 ha@d) f eex%ﬁlg?é} ta%‘éctfsﬂgl’in\ggﬁ{)}ﬂ '&ﬁ&' tl{%rba%ﬁki‘e’@e‘ﬂs LAPHR 1R

ri boswi t ches. I's can 20acconpl i she or exanp producli ng a set
of aptanertovbainhabites! hynthacompaswi tlhk baessessi hgartyHmctech] swah iapbaadéria fiem

variant riposwitches, in the presence of a conpound of jnterest, .selecting
Variant riogi e RaStabilee dasanphy Do B Sramian ARGeTBBGH « ches
that were jhhgy BOFExith Wbich RkictBerdahd SEARGhINR] Ba@&hdl sadvwed)in flaRd, T epeati ng
these steps until a variant riboswitch of a desired activity, specificity,

conbi nat i dnofolms2&Eben surfagesagaa bspelobitéd i The, compoundredisdoyediharetin oam lyf
properties results. . ln.general., any tamer dpnain can be_adapted for
se wi th 2y RRisrEesiar i et grondrith Ay Rase BRI e le n o

regul 20 ed sxhiphgtHetidcBe® ¥Php&iHide BaPbaidhinmdedsi kel o BsmbiaaIrenERt ary to
the control strand of the aptaner domain. Alternatively, the sequence of

t he apt aneinotsartpicrabial somagerd. of an aptaner domain can be adapted so
30that the contql tosﬁerlﬁf&grs'tq%éiﬁ%{'{%ee ' B?eranétﬂ?c% afnkiﬁgﬁ%gﬁﬁ&%ﬁyarg %g@%ﬁ&?‘m

sequence in an expression p orm For ‘examp r can be
adapt ed t aobpecificidapiptestimigss bthethige ShucifeedDadd as fiwhsenueng elt of alentoRNA such
that, upon formation of a stemstructure between the control strand and the
SD s equené@fieﬁsrs)@dﬁﬁté%@%@el%é%%@r?lﬁa%géé@ Hireoseof dptssbBiggrtiquiass

educs g Qi REKER! g sha MRk kbRl BbE lighign. Note that the aptamer strand
WO 2011/ 088076PCT/ US2011/ 020933 woul d have correspondi ng changes in

sequence to allow formation of a Pl dMeterials t he aptaner donain. In the case
of riboswi tches_havi mul i.pleatamers exhi bitin ooper.ati ve .bi ndi.ng,
one the PL ot erRanOHHETaREIG AL FOEpRr R ARG, TR H) BPardo ¢ h
the expresgb®mh Rnflnfc@6MWAANEINDe REETh REpHLIOREDrhafe fBaittRosthe Alsslokdtrct ure
with the 5SD sequence.

methods and compositions. These and other materials are disclosed herein, and it is

30  understood that when combinations, subsets, interactions, groups, ctc. of these materials
are disclosed that while specific reference to each of various individual and collective
combinations and permutation of these compounds can not be explicitly disclosed, cach is

specifically contemplated and described herein. For example, if a riboswitch or aptamer

domain is disclosed and discussed and a number of modifications that can be made to a
21



As anot her exanple, a transcription term nator can be added to an RNA

nol ecul e (nmost conveniently in an untransl ated regi on of the RNA) where
part of twWweeH¢s88iT6e of the transcription term nator isPcorgsb@meaiasy to
the control strand of an aptanmer domain (the sequence will be the regul ated
strand) . Thinthewbf mokkchiewirdchglirgotht Hbbswigshugpentd dbmainlfapisamsed, dacteand t o
formalternative stemstructures with the aptanmer strand and the regul ated
strand, t HYSYesorHapationepd ﬁ@rr@rtatmnsqfamwclw MBS BE ni nat or st em

upon acti %%ﬁ@%ﬁ)ﬁsgﬁ Qlte' %lbl%%ré)g bitRa 35%1?%#19%(1 s e@ﬁfcal?}?nﬂ{

el enent can rou er the ontro osW tc S e5| gn
of alternab nh,eecosltrem S]fhuu,cﬂf arckss offovlctulanscBi ptd @laretchsafosedtasmllaslatctaskl ed by
nd s aC|n he ri bosw tch

;LS"Zi“%p““ S ?eétsfﬁrﬁn@&eﬁt@%?l?@aﬁfe@ a ﬂg@ﬁaaﬁ Mok b%ép 15 iSRSk |

Transcri ptth&{‘ex%ﬁ‘?%hcﬁ@@n&%cﬁdﬂdﬁﬁﬁﬁ&c@é’d em{ls xRl Ly aﬂa%ugetnglypol yner ase
pausi ng el ements (e.g., a series of uridine residues) to pause

transcri ptqoowﬂmh’deél Tlow, intbisrcxbosle cash of thef onrhizeiions éﬁEBA'tE’ lBg@eB -lyd3-Ecul es.
| d |
aci d 2omol GuceE et is® oA R AL Ry RO EE BB e iRG o

a codi ng regire YMEIBindicie, IH, ARG W idfdhths 8@t @Mﬁmﬁﬁ&ﬁALDnLﬂievxh&eaﬂ\lA
wherein the ribosw tch and codin regi on are heterol ogous. The riboswi tch

can cHbhprisybschar @mﬂ@ﬁ@tﬁormfﬁh@sm 8 wﬁc{wﬁﬂbg@n@rnpl@teétméldmcmwhu Rhuswfer ei n
the apt a”ee&a IEa{h% sﬁQ r&@ of% F BSS Hcp-iz%tré &%&&t&h aléﬁtaﬁagﬂm%qg&’t}é The
ri boswi tch aner’ omal n a an expression pla

domai n, V\mhﬁdﬁed h@cbpécaﬂfem oﬁmmufe afons, ia,ae@ D |E1a1$d Bmandwheeeiniplé he P1 stem

conprises an _aptanmer strand and a contrgl strand, wherei.n the expression
pl at f or m dombimtieBRpP; skhds eoncepfippatiesdo eflasprsts Qffibis appliqatien mefiding. Sut #atr and,
the contrq ml%%irt@ngepsq{l n@ﬁ&s%@ﬁﬁkﬁfg%d%@ ggﬂee&lls&Qsefd% %sﬁgﬁsm ”Pﬁlfs,ul?t ure.
The ribosw can conprise two or “nore aptaner donal ne an expression
pl at f ¥ m dberaiarg a wheteofhadditidnehstepscha cah b3 @bﬂfﬁ!‘ﬂ&f{lﬂtl&ﬂ'ﬁﬂldd@th misat amch dathe
expression, pl atform domai n et erol.ogous. r SWi fch can conpr.i se
two or morEos Qﬁ@?alcfzﬁ%.cm B R IRENER TEF sibs THCBbOMOIRER & N at

| east one &ﬁboﬂﬂﬁerﬁ@&ﬁt‘ﬁ@"cﬁs@fb@@d RetheARhd ﬁﬁ% cfthRhcS EGRbin¥S! BisPedifi@ipl stem
conprises an aptamer strand and a control strand, wherein the expréssion

pl at f or m \WonRopldteBsardPar hgsp0sid¢wddo8®setbmai n conpri ses a regul at ed
strand, % ﬁbn tgt%gr egul ated strand, the control strand, or both have been

oA

desi gned t em structure. Ri boswi tches can be referred to in
di ffep@nt ways. R15@§w1&9h@§f§l|e%xplfe's§3&$Mﬂtfo'ﬂ@&nﬁﬁt@ the ak bff dnERINBYmS1B&I1E to
trigger nolecule (or main or natural tri nol ecul e): gl utam ne

5ri boswi t ¥ Fpresdrasdithatichynggistashwhempo @igee melsele.cRboswHshde

| denti fi edcyﬁ&ﬁ @anrbercﬁsssg%é h];{c?ﬁ% §epg%|f ddrhdifd She FR: § (gé'étﬁre{y hindsthe target

gl ut am ne- NSIve 11 DosSw responsive ri
Ri boswi t CI‘(&ﬁtaﬂlaﬂd(hﬁalh)jﬁfdtdnfotl&dtHaYH‘IﬂTREn@BtgaJmﬁc dontrdlNexpredxiavpltddrm gl nA
ri bosw tch” Downstream peptide rj b%svm tch, or crcB rihoswitch, for

I

Exanpl es dloMibod s thhdaiapie niryalay Dete Hese o domeian gt resuliy lgmtaboﬁlte-
ribosyk t ches en&hﬂﬁlo%%'c%ﬁt t&fg@ﬁe e;@%%w EABIRR Hfafeﬂkgolaﬂeaaﬁm&s&%ﬁmnpr cB

ri bosw tcheg ri bosw tc riboswtc manA ri boswi t ches, wcaG
ri bosw t Chdx),swetpl&@, recdnnbmwmtoimasiruowm{ahmhg suddin$hqswuhhaf$ hqjsrahogoubosvm t ches,

A TR CT O NI T R
g'g\%lr ﬁ: PONRIHHRMzRAsHibENERhe R AiBo AN B ERANAAMRohIRREMACTES witkRds APt amer
operably linked to heterologous sequences. The heterologous sequences can be, for
30 example, sequences encoding proteins or peptides of interest, including reporter proteins
or peptides. Preferred riboswitches are, or are derived from, naturally occurring
riboswitches.

The disclosed riboswitches, including the derivatives and recombinant forms

thereof, generally can be from any source, including naturally occurring riboswitches and
22



Aptaners are nucleic acid segnents and structures that can bind selectively
to particul ar conmpounds and cl asses of conpounds. Ri bosw tches have aptaner
dormai ns twet2o1wnsset6bi ndi ng of a trigger nol ecul e result pco/s2achanga3 i n t he
state or structure of the riboswitch. In functional ribosw tches, the state
or struct uidseftchidielcsxnsddsican. Hmtdioh AbefvickhoBedn Bd uske th érovitiehcapt anmer

domai n changes when the trigger. nolecule binds to the aptanmer domain.
Apt aner  dohelonsd srethadso gt Hedifspnt bepce of ribesevifchentaarhy dbae¢#nd oma udi ng,
for exanpl &y -@P@A cARiAYES1 HOSR P micﬁlamée%asc@%ﬁmg}g bd §dsEligly aptamers,
engi neerecf, sel ected, evolved or eered aptamer s or aptaner éomal ns.
Apt aner s iasemibbreswirdichEBypge neribddwitches/iaclatie,| feastanphe npordliyoorctiiaiz can

interact, such.as by form ng a 25st structure, with a .port.ion of.the
li nked® ex ?@é‘é’itg}ﬂFspg{eé{VfBY% 38‘8%8 COTHTES 8 R QEFUIFRS HPPSWIAhEH SPMRSCm or
be d'SrUphﬁﬂm&ﬁ@ﬂm?&ﬂﬂk&ﬁdﬁﬁmﬁFﬁ??%hgﬂﬁfAﬂBﬁ@ﬁH@@munﬁngﬁb&@@&ﬁ@@#s apt aner

domai ns of a variety of natura )oswi tches are shown in Figure 11 of U S
Appl i cat i otboPwisth batinptheNoqueR0O8E DOBB9STChan foulddenwitere Sisheimturdihese

t donai incl udi || .of the direct ' ied therei
e used | PoaurTBGLRAY AL e el ReBisO BB hatobE M R B bR ol bt o
vari at i ongidodwRes N eecRNh RiirbC THAEs, tAPFBORVitcd ARIHRSainB PhinRIestidnlien t he

indicated variations are referred to herein as direct variants. These
apt antl  ddnhhsbasasolideherdininegredan pmewgsactiforli uckstr aid centexdnChaperimer

domai ns. i Ay i I . nge d It

nucl cor i ddmeS TN eUE OFREUL LEPE (B Gablhfs, SR o RO PRAC iy BESPARBLE O,
Moder at e \§s2 01 /o BB iB6RGIhUDE Phit/oD 2 AABI cmmthiok wireli oOhs same buisangafigrest | n
the Il ength of stens or of | oops #fqr which a length or length range is

i ndi cat ed)clas of B¥s of Hagsviche Pt # Gborygichiof ppvor ipHtisHaydass REDPSEd. Loop
and stem | I " ndi Y : S
ctruct ur e 'Shaa e, M R AR ch S e e SR B iR PROERITEC e o

| engt b | sar¢ itbosydtcbes dhephayt dden Bolvteder ahginewrdd fri cadw gorstic wc hudeicab@nges i n
the length of stens or of |oops (for which a length or length range is not
indicatedf”BFXfess.than or equal to 40%of the length range indicated.

Moder at e nodi f 'I@iﬁ&dv@%e@&eﬁﬁla!v@§in$ﬁ%r%ﬂti{3lé%%¥a‘n%ﬁbm‘éﬁ‘ﬂé! Aptan@fdoHHagResi fi ed
portions of the aptamer domain. The Pl stemand its constituent strands can
be nodi f i ethbaswiteltkahiaiimg nagtipleeptat@r domains sarf evhibis eoopetative kmderpsifdrigger

pl atforns and RNA npl ecul es.. Such difi.cations, which. c e extensive,
Do rof or MBACHEC BN ROLL TR R MRab It BB AR FETINER, B e
changes t qptdieers Bepdaide exiabit cedpet 8V himddig)t MethRYatsdr @ AeD theaptadith ABBAindOMaI N.
Apt aner domai ns of the disclosed riboswitches can al so be used for any

ot her pur p@B&¢ sgiddo bo ingsperdenidrindsnt Riboswiiehes beuns myiltipde pptasgissiad haypt aner s
can be used .t ° : her ar .sWit. . any RNA
ol coul o whsre AR LR IR dorRURE RGN dBYLL AR Y

Exanpl es aiptaapdr alomiaind ahmickbibarceopomytivefbitdieg BiNAcirotigdes nidsuidsleed bbénkeddr. For
exanpl e, gl nA wnst ream pepti de, . SAM SAH, cr f 1, yjdF, manA wcaG
epsC, yk k%Q Plsrqg?cg@@}x?sswg@,hetfmﬁdiom fhat W%&l’é@@f EY bofﬁﬁ@taa% dRMaEsi s, 202.
Expr essi orkibhatit e ihRHBiple aptarfréRIcES AR bIRIAWIRE B (B lARr&bfmea R t Of
ribos“?tchés ?ﬁat aftec exﬂ%%@%%on gf t he RNA nnleculeg?ﬁatmgonfains t he
ri bosw t cHinkBx pWhssisooh pptamtsrexhidbarmebpsatgensnding pf trazger mblocelas ttholigkopor t i on
that can interact, such]ﬁi:by formng a stemstructure, with a portion of

t he IinkeémﬁﬁﬁéﬁQPmﬁﬁﬁ§i XChis stemstructure will either formor be

di srupted 25upogltRinBdidiaifd cdnR sald @%mbmbs@h@ve HiR@ng iRt PRIV G e
generally either is, or prevents formation of, an expreSS|on(2§gulatory
4

st ruct ur e.copfficisnpndseiesn xraagut htvdreye s iy the number of aptegar demging ¢ namberns,

prevents, enhances, or inhibits expression qf.an | ecul e cont.ai.ni ng the
St r uottr e, TRREHEF Sieon i indinis GREREE B s et hmbaa R B FET BBl
tT ranscri mm@, flroe exdniisle,of Sbosidh avRE bivd Yptamer QurebesGutlDasSilgFias-Sespotiitve
rigger ecul es
99 riboswitches) can be said to exhibit cooperative binding if the riboswitch has Hill
coefficient between 2 and 1. It should be understood that the value of x used depends on

the number of aptamer domains being analyzed for cooperative binding, not necessarily
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Trigger nol ecul es are nol ecul es and conpounds that can activate a

ri boswitch. This includes the natural or normal trigger nolecule for the

ri boswi t choand/msdter conpounds that can activate the rilpa¥wiseah/o2049at ural or
normal trigger nolecules are the trigger nolecule for a given riboswitch in

nat ure or,th¢ futhb& ofapanet dsmBRs PrRemiah tHealbo¥®itd) 1Thi0 BERE6RNI¢ bisa0kld 020933
ri bosw tches, the trjigger nolecule for which the riboswitch was desi gned or

wi th whi cHIRoswItER GasRaVE amltipls aplamer demaing ¥hiss, ondyyporas iplpiecoqpsTafive r o

sel ection tﬁﬁdihg vitro evolution techniques). C. dutam ne R bosw tches

(gl nA and Downstream peptide Mtifs) 5The glnA notif and the

Downst r eam pepthiddosmtaré cl{iFFicguribo2irchas eoriainmgadppmabozowmt aptamG@omaniseoat i des

in length, conpris hree base-paired.regi ons, .and share highly sim/lar
porti ons @F‘PESH%P&%“%&%W&QTE%S’ e w@swqaﬁwg?@ REP néf)/t@m%rrp i nor
struct ur al godizfid BoRMRSotRabndhS E)&ﬁ?%io’%ﬁblﬁtﬁﬁn{ SRR HlobSanofie s@lBA TR i f

i ncl udes an E-1oop connecting the junction of stems P2 and P3 (J2/3) with
J3/1. | n duottrelagoys sohesed Gidonisem emepanle dbifesni fpetidickiboawit¢hes ogbfferznd P3

stem but ,instead for a _pseudoknot . An..addi t.ion i.fference between the
Do Ras SRRy STy e BREHER AR s iR hereRo e Pk RS Fr BEGER 'S
found exclais sbedeyfrdm nbheibeswibiReptaherS NThE howetoyRRRE Edassstin pRENTorhMASt | on
that are typically 17 to 100 anino acids in length, the glnA notif is

f requbht | yapebprepadpnypen-ribaswith squicayi ety of genes involved in nitrogen
met abol i sm 151 nGl ygi.ng, aéﬁ%ﬂ%'%@Jﬁ&%@?é%ﬁeﬁprg&l#@@%gz gz'?;% s@ie?ﬁ%aﬁone

synt het ases, and nitrogen regulatory pro et a

Bi ol 2010;evdlLitie8 i9chniques. InHraerblvin #0bidvelusibakehiiguéasapglied fotritswittlid
previ ously characterized ribosw tches, including size, conplexity, degree
of sequendBVUBNBEAVENE 8¢t of g AP wItehsH tdere PAEHAT s 1bRyWIEB SeRICHFSSS of

the genes dowg %\;h'ﬂ% gfﬂg%a&m i H@bﬁ{cihfar%héld ta?f??%:'h@étﬁﬁ, §d@fivation or

20L- gl utam ne cou e the ligan or this ribosw tch aptaner. ycl ne and
| ysi n&S ar ebléakavn(ol bthanfisicfianal oi fosmrblodrasriy) 8 der saof eiriaat ribodwiteiRiAan

structure jn bacteria that controls gene expression.by binding |ysjne.
Genes. Dev b8 wssaBunl Bayr b iAo T oA e e B 5t ch
that uses BEERSELHNE rOiHIdbPBVIIRHIGO NP RSNELENRICRSSoP PencRiBNASanA0A¢: |
306: 275-279), and establish a precedent for riboswi tch aptanmers recogni zing

am no 25acirdthe sperifihendremesnsyb ubewwitebes discasedtheract Corsensusadaswibhdsicgand

given its involvenent in nitrogen requl.ation processes. ;Nitrogen i.s.often a
it ng: ASOFR R e R R R iR Pk RERTRE s Bhsh 3G SyRid £ ng
interp@l nitrogeo HRvk& @@Mdd@ﬁﬁdaﬁﬁoxwﬁtmwﬁmltefr@&re’F\ﬁlluﬁbﬂ.CTllw&g@lraﬁan
(Goldman JC. ldentification of nitrogen as a growh-limting nutrient in

wast ewat erdd aghessoebean ke alierd byeongsaby Enking awapfamenheomain i thewkpigsdon| gal
assays. e ‘ 297-. 104 t.heugh. gl i i a
key indic 1%?0@ &SQI ggg j{%]t%%bgg ertua} é%hé%lﬁs r?&%gﬁ%f&s}%swcgf OT%O%JEC erdltoglaglﬁd
firm cut esaf Jheangediite a¢guldtiva el codbosaditck liaoagi e hatddn ahfodfexirhple, a trigger

signal -transduci ng uridylyltransferase/yridylyl-renoving enzyne (EC.
2.7.7.59) Belegde futhe pptamegiomaimgAptagaey 9@@%@%\&6 wqr@bqy H@Eﬁy 0 EPISEUPH.

Bi ochedn styiyfoRO&matds JaTiRRwitiks ParP It BRENABRETAWURARE Yo PR Re, by

replacing the normal or natural aptamer domain of the riboswitch with the new aptamer
domain. Generally, any compound or condition that can activate, deactivate or block the
riboswitch from which the aptamer domain is derived can be used to activate, deactivate or
block the chimeric riboswitch.

30 Also disclosed are inactivated riboswitches. Riboswitches can be inactivated by
covalently altering the riboswitch (by, for example, crosslinking parts of the riboswitch or
coupling a compound to the riboswitch). Inactivation of a riboswitch in this manner can
result from, for example, an alteration that prevents the trigger molecule for the riboswitch

from binding, that prevents the change in state of the riboswitch upon binding of the
24



12794; Forchhamrer K. @ utam ne signalling in bacteria. Front Biosci 2007;
12: 358-370), other conpounds are thought to control this set of pathways in
cyanobactwoi2aii(dsBe7ePast or et al . Cyanobacteri a percei vePartusegen2®sat us by
sensing intracellular 2-oxoglutarate |levels. J Biol Chem 2001;

276: 38320-t383x2GiolMade] we ZraBprovoits zheadx padssiofoplabforim SlupRlnyofanelribaswdiadlont ar at e
effects on expression of nitrate reductase and nitrogen-regul ated genes in
Synechocoddigstingexnsgssignjipprbindoeof ek welssilsl Lett 2003; 221: 155- 159;
For chhamrer K. i : : 1 S jon in
cyanobacteri a: P g%%gog%%?g 'Béogélisg?ggct%s‘ﬁ &Iﬂ%/g%llgﬂp%lrs oljb]!ll%q%%ggész%%%;{g ffid

28: 319- 333)hosWitclEsnisdt pustuse a detettable sgmdl Exhe pesénon oSihetrenogndt® Tpzedi scl osed

ri boswi tches, suc | ut am ne ribosw tches, can be used wi.th any suitable
expr es ioﬁn@ﬁgﬁ%nBS%ik@ﬂ%ﬁnﬁ%%%éwﬁ%%%ﬁe e i T JPoxEerrpiold s gdi ng a
vector, sygbuf$ePmblR8IRE dBiolBiRoVBEERVitcha cdnif! dadignd R QTSN v PRS 3R/

| inked to ribosw tch-encodi ng sequence and RNA t0 be expression (e.g.,
encodi ng dqureatrepla) bioTheorvdmiswricheampatably linket! tale rapotier R etrettnsodaesqui r ed
for transcritptitgnt and transl.ati on.. As G[15used.he ei veﬁt.or. r§f ers to any
carrier cal?EIMPAGRYSGRRTM IS HRIRTICHEA M5! SHEOUSAIE Y YRLY 't r anspor t

the exogen@gmebiind £t81 &Cdrfadisth @ Rarbél 4 nIdiOasil cop@riedaico@imgand include a
pronoter yielding expression of the nucleic acid in the ceFI s into which it

i s delQ verdwswielttapprer RAuden pigmpde ef #biostnised tikaswitsh porasairdsirrovs pal

nucl ei ¢ aci .\l iC i . ' .

i 1 oi ol R BE R B el Gl 1 B RS S Sy necs

expr essi ondepecting 6n tigiacatdtonfsaite 6fthe yibogviedhb Esish b bioste@u kidbeditdhonst ruct s
can be produced. Such expression vectors jnclude, for_ exanple, 'BET" pET3d,
pCR2. 1, pBABCrASLCISCHARY AparsT derain dfogn omdrsivge cogt snebtl iy @caseng ribeyvitshanyl e,
In a varl gy, Goi ﬁbo\ébv\(tghe%r&q 1B u¥ddt h Qatibl b @bhs Wk, "I’zltfomg.t Péﬁeﬂaﬂ@héﬂde .
adenovirus, a 8no- AsS0Ci at ed virus, herpes virus, vaccinia 25virus, polio
vi rus]5 Al Dosensarsiboseticlenain be ogpdivdathviolidsppiBirtsdhich aaptitat tieps, Ridhswnd uses,

i ncl udi ng tq@se viruses with the H'V backbone. Al so useful are any viral
famlies WhT'eh share the properti es of these viruses which make them

sui tabl e for usgs@ais¥RedPIre mddphiddVH deftlathRGIHERitc NIt r&loBnBe 86w tREgki N
Verma (1985), include Mirine Maloney Leukem a virus, MWV, and retroviruses
t hat expr esglecties. s riabsve tqhenpul/on nesv ayftarvivs thed 0cregrizy ew dngecTypilesaldsy
viral vectors contai onstructural ear enes, .structural |ate genes, an
R pol y s s SR ey P, SRIAS0 07 hith 2GR ki R RGP R DM Bntary F or
repliz@ti clcanpliBpe 8psiotatdniile, RodhcRig @t 6f Sptifeic@tah@lin b Ri®owigdhscri ption
and replication of the viral genome. When engi neered as vectors, Vviruses
typi cal | y d5spsaing He astivatisneofdhe yarmnipybpitchegigoherenosea epopeagdfear | y
genes re . . . tte S | t into the
Uiral gonigresh oar g R RRRLART L SRR 65 GABRIGTE L1

gener al | y riboseduignRakat overs ehguesht BxhBf orBhAmokiadel detine b iaotivatdigandiegeating at i vel y
fixed location in regard . to .t he,tLa?scri,pti on start site. "pronoter"”
cont ai ns SB&E!@ YRR wriepibesadich of 2 dguicd achYibr 484 ty@FOFQNA%% rase
and {sanscilibhy of IRERIS. e BBmeARta) br siBRLHiEamaleent s and response
el enents. "Enhancer” generally refers to a sequence of DNA that functions
at no fixed In general, any aptamer domain can be adapted for use with any expression

platform domain by designing or adapting a regulated strand in the expression platform
domain to be complementary to the control strand of the aptamer domain. Alternatively,
the sequence of the aptamer and control strands of an aptamer domain can be adapted so
30  that the control strand is complementary to a functionally significant sequence in an
expression platform. For example, the control strand can be adapted to be complementary
to the Shine-Dalgarno sequence of an RNA such that, upon formation of a stem structure
between the control strand and the SD sequence, the SD sequence becomes inaccessible to

ribosomes, thus reducing or preventing translation initiation. Note that the aptamer strand
25



di stance fromthe transcription start site and can be either 5 (Laimns,
1981) or 3 (Lusky et al., 1983) to the transcription unit. Furthernore,
enhancer swoaniissowt hin an i ntron 10(Banerji et al., 1988Y/us30mobio3ns
within the coding sequence itself (Osborne et al., 1984). They are usually
bet ween 1Gvand hdaQcospondipngdiahgesdn dedubrye thalletvi formdtidonaifa.PlEMANCHkS
function to increase transcription from nearby Prom)ters Enhancers, |ike
pr onot er s, 2PN dempln 18 dhg eash of @%%\ﬁ@éewgwg tipkeaptHpads s¥hibiting regul ation
of transcri,ghdofe tﬁﬂ&ﬁgc $hObt Eﬂ%np(ﬁ{tﬁé Rﬁnﬁ%%ftfn‘ﬁ%ﬁ"éé aﬂn fh@XREERRI ON-
15Expr essi on vectors u i n eukaryotic host ungl , I nsect,

pl ant, aniwith thelespmesior platfoine domeing etddse drargned ®ofocnntsainm stsmqmre mathsthe
necessiryngﬁ)r the term nation of transcription which can affect nRNA

expr essi o” THE-°% egi ons are transcribed as pol yadenyl ated segnents in the
untransl ated pofdiRm@Exihific R NhseRsQsH Renthhes b basddel tc%rPRﬁ]'A”mofE@@le
untransl ated regions also include transcription termnation sites. IS
20pr ef er r dehoshamnvementy argomipilgad wgilan ol tkoRd@ntveiane parpol thademehen ¢fo n

regi on enef.it of thi i s that s .the |ikelihood that
the transobt BaactRe frhibebs edlubdubh dd hBELTRRT S R E iR oRg
identifi Cc“(tHeQ;la @hde %l@b@fheﬂ@éﬂ@t@@@ﬁ‘é@l)l PRisSHARALS thOcontidl S&RieAdt TARSt r uct s
is well established. It is preferred that honol ogous pol yadenyl ati on

si gnal® betrsess domairhie fpira Akieraweycotms siruturss With thapjemeioitraadand el ude
nucleic a H I

led to ddF %‘#%f?%gt??}%%@g%%@éﬁﬁgﬂﬁnﬁééﬁﬁaﬁﬁ?92%%%‘:4321 of R RS °

del i ver ed dceivaidinng dexqrivessed! thPribberitehd Amyr dher @erssioatknichecdn beGabught acZ

gene whi ch encodes 13- %alact05|dase and green fluorescent protein. In sone
enbodi mentWdeHEC saptR T @ahopwiteh BetipdrngisienriaemativiEAMSIEAUSOs el ect abl e
markers are sugeesshilipliol IARHELS Ethiddied 19 MBSLIARN! tho LB LT RRRICRAREA host
cell can survive if place er selective pressure e are two w dely
used W st iandtspaatgegfthe eboofitcheindckpressioeplatfesn clEhenfsicas be cap@tpmt Yori s based
on a cell's nmetabol.i and the use of a t ich lacks the
ability td’r@ﬁ’%\ﬁpmﬁ‘&eamﬁﬁéﬁ?tl%]fsl’ﬁe‘g &?@ﬁ%ﬁ‘@gﬁ r'rg%eéam? en\gg’églrgd category is
domi nant ?fo’lFﬁﬁ Atk I@leh%fn%r@ t%s@n@s‘%ﬁﬁfdn%%e&ﬁﬂ&% pR8 tr¥¥3cription and
2011/ 0880 CT/ US 011/ 20933 inany cell type and does not require the use
of a nut arﬂllowethbrlbomtch'l’fhé@tm @tmn&strltggglmaﬂetqle&;se a drug to arrest growth
of a host cell ceI | s )(]\é%:],&(;h have a .novel E\r(t:lw-;[ne woul.d ress protein
conveyi ng drug I?lé%% aaﬁ%ﬁegglﬁl SRR VRRISE R %%F%@P]il%ﬂg %{ﬁ]ﬁlag of such
dom namt sebleatlt eicodER dnlTEN ArddefprivR@mieialwitCiSepdriisly MinRedtoBesddinkIBabn,
5nycophenolic acid, (Miulligan and Berg, 1980) or hygrorrym n (Sugden et al.
1985) . whergia e HbepHaich regkrcsRxpEian & the fSNAgwhFiemdhe fipagtcrands genet i c
mat eri al I il i l.ei c

et do. - phagdniibpR b RTabo iR ARk i CRlprkEEh ApBmel Wiug LS o,
vi a transfepresfiogehebin dmhmr mbrenmtheabiameﬁdommmrainenlse Spedssian ptaforani C

| i posones.  Such thods are wel] known in the art and readily adaptable
10f or use 4%%@”&*@%%@8%@5 dhE BOasSWETesaR compaing P pP Bt ¢aaip 3pd iy any

nucl egd i deexgllfé@gl)ﬁ gﬁ&ﬂoﬁﬂ duS&Hh, WRcs ink %Ptaﬁf’e? ﬁémhlﬁtc%n@?ﬂséssa ﬁPstQm wﬁeﬂ%hﬁs m d),

or as part neral strafegy to I ver genes
r econbi narthe Pdastrenwomnmlsm araglgaow strasd @Rhmelntrcdlstrarﬁhmdereufeéﬁ exﬁﬁ:sﬁ(%n 88,

1993)). ate neans for transfectjo udi iral ector
Crom oni OBRERLASe ToRRc RrestBOT LR FBueitiae Kbt R e SoRtal
el ectr Opors@ttah&’ dr 3@5ﬁﬂgwg 'bé&?des@n%ﬁ USoPh aQferPMuct@ice THE $BbiwRGh &)ﬁ,coﬁ%
exanpl e, Wl ff A, et al Sci ence, 247, 1465-1468, (1990) Wl f f,

J. A Nat ume, orme agmmagdgnal(lq_ggh_e)n expression platforrn domain, wherein af least one of

30  the aptamer domains and the expression platform domain are heterologous. The
riboswitch can comprise two or more aptamer domains and an expression platform
domain, wherein at least one of the aptamer domains comprises a P1 stem, wherein the P1

stem comprises an aptamer strand and a control strand, wherein the expression platform
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1. Viral Vectors Preferred viral vectors are Adenovirus,

Adeno- associ ated virus, Herpes virus, Vaccinia virus, Polio virus, AlIDS
virus, newoanalosso7ephi ¢ virus, Sindbis and ot her RNA 20vCmamses,/020983 udi ng
these viruses with the H V backbone. Al so preferred are any viral famlies
whi ch shard@nidi€cqnpies birgfilaéd §thedewherchsBs rophiacdd stake, thhesatslkdrald, or f or
use as vectors. Preferred retroviruses include Mirine Mal oney Leukem a

virus, Mbeth B begt depignedde SorpmmstedsuedEs- t he desirabl e properties of MLV
as a vector. Rat:iQul; : M. ' yl oad,
i.e., atr ansgg%lggééjlfﬁ%%sr aglrcﬁeglrgﬁeg,% H? %gﬁ&lgglteg% ﬁ/gﬁ' 5’?‘?5?‘%@% %%%%%% (%‘%gr this
reason ar écadesifitdblyytheisegguendlecule idovweviaror nhtaey) tagger noliccukef gliitanmne

non-proliferati C denovi rus. vectors are relative]y. stable and easy
to work wi't Spidyer ﬁ%\&ﬁ%ﬁt@%v%&%aﬁ%@dlgnbp%/wséﬁs e é%&dsg ed by their
fornul ati QRspoRfidet@Bid 4 t@%?&er%leelﬂ_@:' A DRSS Islve riBe¥ it s AMGE{RLSIvar €

| arge and have several sites for inserting genes, they are thernostable and

can be st ortedwith, foenanphp dhibswiechepcpr bf identelebddryibd kptemer ingth@0hosyiitcht
vector whi ch,has been engi neered sq as to., suppress..the.i ne response of
the host o7 BARPSRITDY | BPYBYTEY-portdsAPay vty PHURE HimPSiel PR Bl o of
this type Mah{plééfﬂf%bowﬂww ir_{cﬂgiecgll&aﬁlﬁ{e riHHst_[tbl@dskSANﬁSAH ﬂJSbswitches, gMMF al
vectors have higher transaction (ability to introduce genes) abilities than

do no&d chéwswirhesy Dpwysresar-pensidnsideswiechentar diitibeswjiohes pilntbeswisehoes. yjdl

Ty cal !y, inah Btndsit 2l Fipd i QOBIMERE 2O QaRAn &ODLR LI

nonst r uct ur al eareiy genes, structural Tate gehes, an pol ymerase |11

t ranscri ptribdsiwitetidsgobadaibvswithasepdatsbod@itelss aPlyotd RC-Irrihpk witetids OPhoadRIC-11
encapsi dation, ,and pronoters to control the transcription and replication
of the vi rrHosyEAksTeLsPNAETDRSHEICheSe RBERMISCRPPBYES rhoswieass. SPHEarPYsirave one
or nore of. it I 08 S g t ene or 5gene/ pronbter cassette is
i nserted ir}lt%og%% ﬁgersi/%hra geﬁ%ﬁ’eﬁgivﬁ B acec;ﬁ(e)% the renoved viral DNA.

Const tucts ol. tAptaniey@ome@inscarry up to about 8 kb of foreign genetic

material. The necessary functions of the renoved earl ene re typically
Suppl i 60 by cel \PRPRBLTRICHE Ay coRma BHGTHERN Sdn i BRKESEe Ky e
product s qfartii@areBRpYutRNAg clalsds bR BSmpbundReREvitBhes HAGE BFtEmIOdbrhahg OVi r us

is an animal virus belonging to the virus famly of Retroviridae, including
any types,thgufambindiag of gérggst moteculeapiudtng 2 cRengeduitheadtate ot stowctyreiofithgener al |
are descri hed Ver 1. M. Retrovi,ral vectors fo ene transfer. In

v cr obi of 05 tos. AR ionahfegs STheN Istagy GESRRIL ) ¥ SR FrebUa B Ghem

Washi p@t ordonfal:PBBed twiihCoptirfierl ddGRIPEaALEwRM the tresRnaRdtalcainds tExampl es of
met hods for using retroviral vectors for 15gene therapy are described in
U.S. Pat erptawss domage g \nfagendpmainosy bewitcirean ppidedynd 6078 2n0sg0r92806 and
VD 89/ 07136:1, 30 ALLLAA0.oof 6 B AB0 IRET G ATRS ki il REDI nOS O
whi ch are 1 ncorporate EreTn by Tef erence. retrovirus iI’'s

essenti al lepghmep@dkatetedneaivddas deackbehtarném ot hptamet ddmtaiaci Aptamegan The

nucl eic acid cargo carrjes with it a packaging signal, which ensures that
the repli cHRosyIogLRH~Y ﬁwaééf‘&ﬁfé&lmomo'btgaféﬁpil%tﬁ@ﬁ% Py O LGERINGi2t hi n t he

package coaty sﬂrﬁbt@r‘é%hhggohﬂmtdﬁh&ﬁ%a% I%ES&%Latféﬂﬁa&nQi'h.e Tfhis%ghe_r of

nmol ecul es Ich are needed 1n cis, for t%e replication, and packagi ng of

t he repl i catetre/willgtheTfgrmoalHeydisupted npati biallingeif dreetriggomalende.t he gag, pol
and env genes ich are involved in.the. making of .the.protein coat. It is
the gag, hor . SISERY GEHBE NTOR SFLVERY ery ol dipBhOTe S b ef gn DA
that it isip@che o298 IREAGHPHRIChiIen NB! BRN5-0081Y5 1 BRE JIQMIHHSht8iat QhSse
typically contain a packagi ng signal for incorporation into the package

coat, a seuptremsdominsiiinglugimsg &l eftfbe dirent vamdnts ereberhied thewenwmen pe jusad oni t |

el emept s necessar r reverse transcri.ption, including.a priner binding
St 1 b REe e sPEERR G B Rl e G Bp bl o A
sequences stfafur@UAptembNgorBaihé it &t Wil SileliadiBftedViri AignONG réfkAtdesShdeina

purine rich sequence 5 to the 3' LTR ) ) )
as direct variants. These aptamer domains can be modified to produce modified or variant

aptamer domains. Conservative modifications include any change in base paired

nucleotides such that the nucleotides in the pair remain complementary. Moderate
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30that serve as the primng site for the synthesis of the second strand of
DNA synt hesis, and specific sequences near the ends of the LTRs that enable
t he i nserwpDaniiafissd7he DNA state of the retrovirus to i nsect/usatia/oLdyes host
genone. The renoval of the gag, pol, and env genes allows for about 8 kb of

forei gn safodificRions iddtudertbendegdn thatlengthef stérhabr GRIBEPIforbeigole lgngues:s e
transcri bed, and upon replication be pa cka%@d into a new retroviral

particle. lqigthranee miléyce@ébqfdp@ﬁh@s@foeﬂfﬂm Ssoiths imethorngrimdispiedadoani s
suffici entanﬁ%{erﬁ f%‘ﬁ ?Iafevc%ﬁl?lggtfgg@o Qgﬁnaﬁa@’zﬁzhgﬁﬁﬁéc&‘g%ﬂg L@l SBJ)WS §' ze of

each transcript. e to Inc ositive or negative
sel ect abl estamokblop oﬁh (pa]glcvuat tengtlﬂmmlgaemesamga of tmgihnsmahﬂted @i d@pmtetdhe

replicati machi ne and a e in. nost retrovira ctors
Shave bee P%%R?éraoc{%%?&oni)@ﬁﬁlﬁs% 5 h ﬁ@g%%ﬁ%%s % l?gpa.@mfy &nerat ed
by pl aci ngeﬁéﬂﬁﬁ}leﬂgﬂ& rand3§ E@ﬁhﬂ&a{é@j éf lleésﬂﬁan&délﬁﬁ%grb%oﬁtﬁé lengthr}%n e'5 a cell
| i ne which has been transfected or transforned with a retrovirus t

cont ai ns tihdicateg| h@d@natﬂmadlﬁcma@pnlgplmemdrfem;tlonbmariaatsmuawcqcﬁadkag| ng
si gnal . V\henlthef\{ect or ca({Pyl ng the DNA of choice is transfected into
these cel IPYiodf G APTMETdOMalL Nt aining the gene of interest is replicated

10and packaged TH¥ ™ (&Wah@its e¥stilenP@fanids LAshe MYdiFiBE imBfptiREhptaeoVi ded in
cis bi(ét he hel per cell. The genonmes for the machinery are not packaged

becaub® t Hisynainsclkr niseviteemsewion natiasend RNA modassiest §P0hﬁé‘@ﬂ1cﬁt€§thfﬁg |
75 Ber kner Mg b BPGAGRNCE IS EH LR ASOBY B BRE PPERIRERI R

Cel | . Bi olinclod@&hdges28 8 {ehﬁ&ﬁ:): ;andtia} tohbthest tied P Bbtem of.anVptadled @ym5171 267 274

(1986); Davidson et al . Viral ogy 61:1226-1239 %987) Zhang " Generation
and i dentifi catMIAme} d@r%mﬁ the AtsclaarshaRasiiitshesyean jafse ds mscchionieny eher

”anSfeCt'p% ABLndGR ﬁﬂh¥§&o?1tex'§'a<§£§&ﬁ{yrsqqﬁ‘o? ckamfRBipts tﬁK@rs(c%ﬁ’Bé)lQed tghe

benefit of e use o ese viruses as vectors they are limted in
20t hel%®ext emhtrbknlwizymles totlesy nodecudgprseddhdsoarat dngrRINA| rholbwie sshei andwnghimy can

replicate within an cell, but are unable to form new

i nfect i ousSIWFIHE] cagf {eictcéuggtm'ﬁgjég?r%ﬁ%ant adenovi ruses have been shown to
achi eve high effi {8 0Gf gRARr HoRRHE %fe a%fyto%rthedkm%@nfs ReYirbed Hedelnv &foy t O

ai rway epithelium hepatocytes, vascul ai endot helium CNS parenchynma and a

nunber of eemele, gings Dewstregn- pwmds SAW/S&H;, vcBy pllegdE, A 58001886, ( 1993) ;

|K|n\r/221(:a nbaur]‘%'égﬂ aw%p%é’@ywmﬁpﬁc ﬁigﬁ@%@%@fﬁisi' 154. 1590(i1393) La

Sal | e20 Sci enge e PROforhMDéhainsonez- Foi x, J. Biol. Chem
267: 25129- 25134 (1992); Rich, Human Gene Ther apy :461-476 (1993); Zabner,

Nat ure Geneti cSE@rasiogplatioggomamsAian pattiof Bhostiiches ﬁé&@cﬁﬁceﬁxprgssm@f 1207

1993 B 1 216
(1993) . cant R e G EORRAR A b DRy 6P hin oo i
Gen. Virolhagy atléassOie pOTioh 12933y mtd?mmﬂoh aaby f(ﬁdﬁmg)a/stemmcmémem gene

ing to specific cell surface receptors, after which the

t duct by
v.r ?32 |u§ :n%?%%%ﬁi*%gak%ifpﬁaé%&pammﬁf%ﬁt@@ SomayEs vEpither form ordedisrePtidnner

as w t [ S,
Vol Say. Ay G Bk e B e B0 e TS b S B 0085 ™

Bur | i nghanfprrdatiovi qudmg@rds@;oﬁ%gu&ﬁ&y(smé’@)rc &wemsssmnangulﬁ’mmsinmurd is a
\Sfe'[ ﬁl ogy él?méﬁfﬁ)t'ha 4%&(7%1985 8y gits sS %tﬁ gégolrailnhl’blt‘sJ 'exl}{esrs?oln ofan Rﬁ_[ég moﬁecu el 984);
containing the structure. Examples include Shine-Dalgarno sequences, initiation codons,
transcription terminators, and stability and processing signals.
30 B. Trigger Molecules
Trigger molecules are molecules and compounds that can activate a riboswitch.
This includes the natural or normal trigger molecule for the riboswitch and other
compounds that can activate the riboswitch. Natural or normal trigger molecules are the

trigger molecule for a given riboswitch in nature or, in the case of some non-natural
28



1533 (1984); Varga et al., J. Virology 65:6061-6070 (1991); Wckhamet al.,
Cell 73:309-319 (1993)). H5A preferred viral vector is one based on an
adenovi r wsOwhilaissitas had t he El gene renoved and t hese wrcmarssoiangosgener at ed
in acell line such as the human 293 cell |ine. In another preferred

enbodi mentridegwvitchidiethElrigird nickcgRfes waidh therbosedtchvamdelignadanoivh wiihgenone.
Anot her type of viral vector is based on an adeno-associ ated virus (AAV)
Thi s 10deft E%ﬂbw%rwwpkee@d (@ 18, 1oF exanpledn vEEe wlcHe QL gvire cXldtiPhf ect

many cel | %ﬁ?‘f‘ %)nd i s nonpat hogenic to humans. AAV type vectors can
transport a to 5 kb and wild type AAV is known to stably insert into
chr onosoneC. 1(ElutdanheRstbwsimtches:((gﬂm&mndtDnvmsmmm pestidef Motifs)t egr ation

property are pr ferr d. An ci al referred odi nent this type of
vector’is the w&faﬁﬁwmay ) PR Gfomot ELRSUEF ALATS 8th CA, whi ch
can 15contzai, fbxhﬂ@te@%mﬁx%le%hﬁw 1ﬁ>feﬂ§tﬁ S BY ML 8 s K RS Er @RS, ankiSNark K,

and/ or a marker gene, such as the gene encoding the green fl uorescent
protein, Gkghly similar pPtwng néecrrtselti{e@efmsncremndlstrattumwﬂlomlvmomereadtreusmal |y

desi red pandopnama T SRIPLaR b Bh iR eyt s tnrelEe RPT IR AR o8 o °

DNA t hat flugstdmBctitieRe fuhctlok 6f @éhy b Ynd sz/%%lﬂpml iIARohtRask,@gArd to the
transcrl ptl on start site. A pronpter contains core elenents reqU| red for

basi cl® nt dPenstisamdreprigmesf ask-legioand Binyeni pitiimsteat derney apscageknobn
contai n_Ungl [ &AM, & SIRALR. A0RLERATIRGAETEALS pofuic YidcBInoB QPRLGRS and
nhancers Preferred rom) ers controlling trans r|p ifon fromvectors in

manmal i an Msﬁst&ahﬂ-p&pﬂﬁﬁﬂlbtlbe foﬁtwmﬁdldetwmthammms 6D$lfoctq&;lyﬂepf1d@>(ﬁnpl e,
t he genorres of viruses such as: 1{) ﬁlom Siman Virus 40 (5Vv40
L]

adenovi r usinkpewn Gyictigs ghat atgdypie 8 lxﬂoraagn%fadwslﬁngihéh%g@m rpotlf is

cyt onegal 0 :n@ffgg a actin
pronot er . qy'l%qggéta?lr yS ltaorn fh tﬁée%%lr%f?f‘og\?‘gir% : of ﬂ%ug lﬁg?/%)@%ﬁégegrrgetg%or}gg{m ently
obt ai hed ascladnng\ddﬁ}nmmﬂnrtnanmomarst glalgamne anhglotanaltsgyntdwitdsas, asd nhegbiv40 vi r al

f | t 30et 1978)). Th
?HTgijlna?e rgg P{?%SP%}%EQE I(ﬂels briEe ﬁﬁﬁﬂaﬁe ﬁ@E&PﬁQﬁH#SS( convZaZ]i ent Fy
obtai ned as a Hdblmdif Sk b%dt@@uﬁlﬁ@&%ﬂ{ &@oﬁﬁ?‘é’ﬁé&act@mﬂed fos@hitchesCeNe

18: 355-360 (1982)). O course, pronoters fromt e’ host cell or related
speci es alisduding SIZSeCmepl‘ﬁ@We egred/s RQUACOLBBEERATN, Lasﬂ@wtmg@zt

Enhancer ner ref a se enc of t hat tions at fixed
G orance RORIRHY teTEhs oh et SR Erth 0N i gl ar Y peibeefbiefi i e
L. eto@l . ,L- Qﬁl@ﬁ}mn&\%dld béerdigadg ifor tH8 ribd3HSitéhl&Bdohgr. Gllycdne a(ddll§§iﬂe a¥lkaown et

al., Mol. Cell Bio. 3: 1108 (1983)% to the transcrlptlon uni t. Furthernore,
enhancer s leandpior goeifchan(Sudersam o Bahe mRNA siructugs in dacteris that porgls gepg

i - elfpinf By WML LRE GRS PR SRR Sy WMBASLICA fh e So0 bp
in | engt h depﬁdiehhﬂbfosfmﬂchfthabnsdsmoﬁpaatlﬁ”ﬂfiﬂdlﬁgE(Scdrlﬂﬂ@tger&l’bxpﬁbsmaﬁ: rasec

transcription from nearby pronpters. cers also often contajn response
el enents t494f %%%7&%7%»?@(1&&35?%&%%0 % RELIWIERD; ApERMIBH EFBRNEEL REANG| so

cont aﬁfl FeRRR ”Pnﬁﬂ{%hﬁ%“ %l%tatntﬁﬁé 1s%?1ddt@z§c@w% WCB) V@igdllll l?éah& %lv%{l it Qﬁ\ro%’b?ﬁern't H{ ' O n.

Enhancers often determ fie the regul ation expr essi a gene. Wil
nitrogen regulation processes.

Nitrogen is often a limiting nutrient in marine environments which makes
accurately monitoring internal nitrogen levels particularly important for aquatic bacteria
(Goldman JC. Identification of nitrogen as a growth-limiting nutrient in wastewaters and

30  coastal marine waters through continuous culture algal assays. Water Res 1976; 10:97-
104). Although glutamine is known to be a key indicator of the state of nitrogen
metabolism in proteobacteria and firmicutes (Jiang et al. Enzymological characterization
of the signal-transducing uridylyltransferase/uridylyl-removing enzyme (EC 2.7.7.59) of

Escherichia coli and its interaction with the PII protein. Biochemistry 1998; 37:12782-
29



many enhancer sequences are now known from manmal i an genes (gl obin,

el astase, albumn, a-fetoprotein and insulin), typically one will use an
enhancer Wwoanizsswkar yotic cell virus. Preferred exanpl esTarseolngoss/40
enhancer on the late side of the replication origin (bp 100-270), the

cyt onegal o\i7p4tsFoRéetiHaynnisr Al lefangndhsipeling nltacroh yon: Biokd ooy, 1R5398-31g, | ate
side of the replication origin, and adenovirus enhancers. The pronoter

and/ or entdkRE spMpamndsers heaghtite gpntyol dlus st of pathwieyhigrcygyolacishie Murepeci fi ¢
cheri cal - gueRt8 #EGihobhd Aaehrt 61 hitbbBPLh @0 by HREEMERNURE LRk BLAD DY
reagents such as tetracycline and dexdnet hasone. There are also Ways to
enhance vilealls. VdibdloChae 20 1o 2[36:8831(1038 12, ¥ippsuBermodézat aliCatbamrsupplyaind as
gamma jrradiation, or._al kylating 20 h.ermth&ra dr ugs. I(Lis .

pref ort ed PRI Br SRIYBR OB RIAIRCERIG LGB N eaRTsaHtFdhesns in
eukaryoti Osg&%&ﬂocbé’dﬁ‘é‘%p. straff BE€DEs A9 RIiSHLbLRN LERB03 Y0 1158 ishe CW
promoter (650 bases). Cther preferred pronoters are 5V40 promoters,

cyt omegal dwirehhempfiarK. Glebrd tchrbpnmtrtgen rontaolbyrfdt signdl tahsdnstiomm LTF. 251t has

const ruct anpreelris OB § © RIS RUETRRUR; VAP R P Speci T

cel | typessuehstict8EVéiiortanceitsressifies@tbal fibrillary acetic protein
(GFAP% pronot er has been used to sel ectively express genes in cells of

gliall®rigin Blsrdsdessa ribesyignthss.syetay gluanioa yensiwdtchess earcld yssd Wiy
fungi, ins . i , ‘ I | ; contain
sequences Sﬁg&lg gjé@?/&s%oél?gyﬁ 1%51" t%%%ﬁllr@%? E)%pé%g]ﬁlg%é%??l t?llcgﬁl)ﬂgﬁlﬁ% ﬁ%élzl %af f ect
MRNA expr e&siodsucl hes plasagl. OfiR vac®r taminskide hetbrasiepelcyade iivkaltted segnment s
in the untranslated portion of the nRNA encoding tissue factor protein. The

3" unt r andTRRsHCh-eR09HE SSAYICE ARY BN torber@FSspen 6net BNA pREOH S anpisd). 1t i s

preferred Atk i I I {0

Pegi on. - aniltveclof Eat AR HERUBOURR ol ks TR AR R B SRR ARIERUL R DR
that 13 i ncedbsen, vimor riefoed fohngdatrivatorthieingrexngaroub &NALNThusyvtdtolsare
rocessed and transported |like nRNA. . The.jdentifjcation and use of

P v ooy ettt e HaRgl e tratep b pii it eal Fhod e Batetiridhea. 1¢ is

preferred jhhalec NPRRIAGAHS dRRlXBASHYA 8 the Rusb@NR]Sin iR 438 Ghib RvHiliRit i ansgene
constructs. In a preferred enbodi nent of the transcription 5Sunit, the

pol yadenyldelivemdr ¥getors ingludebutveeeindtrl patadte pEyridse airblynuglsioanddsnyirases.on
signal and,consi st.s of about 400 .bases. It.is, also preferred that the

Cr anecr | baiogTdiE s M EPruraAaar bish SRS RS & VB TS onbi nat i on
Wi th thhe ghoneyGRUMIRERSyHHPEDLESRRPILEDE Qitable G6R cadyinpl @ishitty-r@fulatéde
construct. 3. Markers 10The vectors can include nucleic acid sequence
encodi ng FoREFuEET caprsdrieducedhiSycihaxerig wa@et inchdadercpie trénpRE3df t he
gene has Qﬁ{% | VST to it | a del ihver i i Ng: expressed.
Preferr edq)rrar g’ﬁjggfélﬁ a’rée?ldtJt%gSt%.%&%Sr ﬁqﬂeglg%%ésecﬁé b\%h%fqg fglﬁeé{g%g[s@ i

13- gal act oaridgsd ianto gnéenvitlbyangioment protein. In some enbodi nents the

mar ker can be a sel ectabl e rker.. Exanples of 15suitable selectable
markers for na%lﬁ?rlw&ﬁ()@épﬂgggwnamwﬁ%qneraéf%wrt%fgw&lfsa YPEDHRR) VaCHY#i di ne

Ki nasgs NegiCidiio IRRNX DSV ARG hOGo A HbphIAFFRYIGHES aRNIBMRRIAY Gihfies, WiEN

such sel ectabl'e markers are successfully transferred into a mammali’an host
cel |, the ihcladigf thasedirnsswathi the g dacldeink. Adso waful axceaniyfvinpl facedesumblieh

PRIUE TR CR T e ST
Retroviral vectors, which are described in Verma (1985), include Murine Maloney
Leukemia virus, MMLYV, and retroviruses that express the desirable properties of MMLV
30 as a vector. Typically, viral vectors contain, nonstructural early genes, structural late
genes, an RNA polymerase 111 transcript, inverted terminal repeats necessary for
replication and encapsidation, and promoters to control the transcription and replication of

the viral genome. When engineered as vectors, viruses typically have one or more of the
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20cel I's netabolismand the use of a nutant cell |ine which |acks the
ability to grow i ndependent of a supplenented nedia. Two exanples are: CHO
DHFR- celwe 2andssavase LTK- cells. These cells | ack the abirhisee11t20933 ow

wi t hout the addition of such nutrients as thym di ne or hypoxant hi ne.
Because t hafle gefdslrsmbaakamcier foak br gegsoneee s8Rt fafiscied Giptirtdranucl eot i de
synt hesi s pat hway, they cannot survive unless the m ssing nucl eotides 25are
provi ded ig’?nam§éfbbllaé?1%%‘f‘%ﬂe%V&Fié’!ramNﬁ-ternati ve to supplenenting the nedia

is to introduce I et r i i 3 nective
genes, thus al tAer r?gﬂ) Eﬁe?srggrglo%\ll\li ﬁsrz qeﬁls?grrr%eﬁ%%&ﬁ%]?w%%gﬁ ﬂgcetﬁ%gwgﬁﬁ@% wer e
not t r ansfrolatredy Wixtd ldchgorDidRBead ta ik egenescripitioh staatsitbe AcCgpabier’ofonsumsyi val i n

non- suppl emrent ed nedi a. e _second cate i s .dom nant, sel ectj on which
ot or o5 Do o Bett GHoleh Srdin dd oo gﬁ%*éemlyrf%%? USSP OB Vi r e

the use 0ofgng HAHEMLinGPhtrednt BRmelRERE rSPHRTRE R cal |y use a drug to arrest
grom h of a host cell. Those cells which woul d express a protein conveying

drug resi st anceEnhanassigadesillyvéfees to hecgusihecof BNA Bxapttemsef naliséd donmi nant
sel ection et dr.ugs neonyci .Sout hern P.. and, Ber J. | ec.

aopt . Condd e g b GaT st UE3H% B s 30 0 T80 38 g o MHBRS i ¢
acid, (Mildthparyg3RoGhe adskcBefich ullt. BEHRAGEre2Otand4e an( BOBANih a@lintfOr onyci n,
(Sugden, B. et al., M. Cell. Biol. 5: 410-413 (1985)“5. The three exanpl es

enpl o}0 badBengtilct gedd83 Ligscdweell euinihipdhg eoddrmtcapence dtselé Hypricediabt E¥de to the
appropri at r i I Ci Ty caophengl i id) or
hygr onyci nﬁlegrageg%sgg@?\t}%:{vf el? %Igdr 204 %@ﬁﬁgfgb%dﬁé%prr@l ¢ igtrrl;%lal(rii{g& FEOQE%@%M

pur anyci n.fulctiodito $n&eE trihdeapibn fbmsneMtspromset Sathaatees, ke pesisaiers, also

ri boswi tches. Biosensor riboswitches are engineered ribosw tches that

produce a YENEOREH EsRANgHaleMehts thad medpdethe aCratinatirapygintpa Ephaygeass
nol ecul e. l#&ﬁf ’éjtenmn%itgyﬁg{ﬂaﬁblp8§¥¥4ptr%§1%§l. can be triggered at or above
S O t t no

t hreshol d % eve rigger ecul es. Bi osensor ribosw tches can be
desi ghed for udgpressonwectors usad ui ¢ukaryoEo hoshalipl(yeastbiuogie nsect, plaftosvimab hes

operably linked to a rep er t hat encodes a protein that serves as or
7571 ol valH S OHGHrPREoL) PN R SR eV dObYC SHGIHUER Phg & cel
or organi $PntQiftRhRaliciicuttcel MRAA SxHORRI UtesERERAL B tdiScribed as _
riboswitch/reporter RNA. An exanple of a biosensor riboswitch for use in

vitro i s aolBdemdsiai segmanitsain thevahtrpdekated pootidnoefithe indiN Al epesdaignisshafistor t he

i | f whi : di h i vati . i
71 bosvi t el e D IRRERLARRRERER? Bt PEribh Fud iR aftarndl® dorrmi n
frompy dejrefeadd tHa0MearaRgdriptiah it @6 Wohiatta pdlbaf fatibn regitih @ise Bonef &

glutam ne riboswitch. F. Reporter Proteins and Peptides 20For assessing
act i vat i orfhigfregion isgbahit metsasasthe ieelihped s be tiapsssdad uatiagll be prasgesed epd

protein or | de: qqmq u . - . i . pept j de _can be
encoded b)}r%&k@&ﬂ%he e%przgégﬁdg%_@%%aﬁl\%ﬁ%%ﬁ%es&{ %&ﬁfigﬁ%}lﬂﬁﬁé‘ﬁ% Ti boswi t ch.
The exanplegreddse codautioes welecaiblShar Bpemtfened tiepaomelogpiopdiadknylhtien use

of reporter proteins. and peptides is well known and can be adapted easily
for use wisNats s icthe fansgqae FIBEHEEr proteins can be

25 The vector can include nucleic acid sequence encoding a marker product. This
marker product is used to determine if the gene has been delivered to the cell and once
delivered is being expressed. Preferred marker genes are the E. Coli lacZ gene which
encodes B-galactosidase and green fluorescent protein.

In some embodiments the marker can be a selectable marker. When such

30 selectable markers are successfully transferred into a host cell, the transformed host cell
can survive if placed under selective pressure. There are two widely used distinct
categories of selective regimes. The first category is based on a cell's metabolism and the
use of a mutant cell line which lacks the ability to grow independent of a supplemented

media. The second category is dominant selection which refers to a selection scheme used
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25any protein or peptide that can be detected or that produces a detectable
signal. Preferably, the presence of the protein or peptide can be detected
usi ng st amdand/asewhni ques (e.g., radi oi munoassay, radi ecraisediiing93s
i mmunoassay, assay for enzymatic activity, absorbance, fluorescence,
| um nescerigany a¢ltityyé ah@doeshlodtoquirbBiceusplo€ b enadteell tihe Teselsciaimdshgpicaor t er
protein is easily quantifiable usi nq standard techni ques even at | ow

| evel s. 308 &fde toeisispt P WHY ftliars cslh cThege celiscrhigh h%\@sa nQyebgHerTY escent
proteins aé}grets@%fotélﬁ gﬁéﬁap n[%g(ﬁ?%gélg 'Ehn@é aﬁ% %jlld%uhﬁ{? ﬂ‘h@f %@clcﬁlﬂﬁxfagflp‘r?né@sof

Photi nus pyralis erase from Reni I a reni
2011/ 0880 AaEICTo1B20M0DLILH6D B tle dﬁ‘xgafnemmachn,o(ﬁoﬁhpmmﬁdrﬂerg,a%&z)s

Conf ormati on dependent bels re I | abel s t hat produce change in
f1 uor eﬁ&%cqpﬁg@r'@.w it fisset %iﬁ oagr Eﬁgram(yﬁl&{gagf% T A 155k o

conf or mati on OfGéH%%ra'i’Iﬁ’ﬁe‘f?GéH‘t?e &Jtalﬁ&{%%’g‘&iré& HaR @S fchdtROSNE LS B/Mthbt whi ch
the | abel is associated. 5Exanples of conformati on dependent [ abels used in

t he cont eximigdd tor plbsidandrapreatenssvirah ol die amdlsaﬂuganuca@a@@ds phagest i f | uors,

FRET probes, c]eavabl.e .FRET probes, TagMan r scorp

{1 wor escont PR p T e gD mroRERIER e Bl et dt e g SR SRS TR a
beacons orsyth h@éa@ﬁénﬁ%’Bs&ﬁ@&JeSucH thBBb@SHE Mlel MGbeh-if et #demdiHgRkfEble

pol ymers, PNA probes and QPNA probes. Such |abels, and, in particular, the

princi®l esfowsemtthpemfsthpdud@&crlb | hergin. HeanstRipcelars an b@@é}’\ml@lﬁo&debosw t ches.

Soveral {yagsnRlio NI GNSRRIIEN ol E0EbR.ALE KX LaHRd, mage! (zer

and Ki ngsnore &em guenched | abel s,
a form of swargptadtliven gd&p,emglempalnedfebmmtaneﬁltfrétmms oeadenbaibed Rapoaial.i oned
on a nucleic acid suc en a stemstructure forns a_quenching

15noi ety i&6¢TokhD3 8%18§ 698%%%9@@@% ere fon tppsiestihdielydipavitle | abel is
quenched. JeR, thenRbe @ns&cgh&r&garﬁ&cgmﬂaﬁéalmﬂoﬁ sﬁblp9§é’1’eétpdgoféﬁeﬁa' ni ng
the label is aétivate he que ng nolety is no |onger roximty to
t he flluor emdelnect chffeilomuﬂDNIAu@ree@senﬂm bynGreasmple, Wodffpl. &s, ahl.t $uisncef f ect

ol coul ar BoabBie e HioPly SRRERTR bk SRR BPSLt R’ bper et onal
20pri nci pl esqofyiphl ¢éetg@n be adapted for use with ribosw tches. Stem

activated |l abels, a formof conformation dependent |abels, are |abels or
pairs of | abel sl’mf@meéVﬁakmcwgszane“eiehwmmém@sswatadwwsdiebBGSfmﬁati on of

R

proxi oty imkey) idchelinpihkad virided with DS ba&kBbad. NARE pFédal drabey sirflor m a
stem structur e) fl uorescence resonance energy transfer fromthe donor to

the acceptiamiligandueh thee taé@@meﬁr%%theﬁ%ww iohtragkedben paitabde foébléff 8 are
typically pajfs 8 fe%@ ?étfqnvﬁ’r%és ihd 41&{& Lae%kgln ﬁ{é W Heh as

ri boswi t ches) suc accep Por and onor are br OXI mty
when a st epirstirused thaeexipsesh drerfssdlratﬂe propeniss beEMMBYi armbtecuﬂ?e;trobfralt he donor
noi ety of a stem actl vated | abel is itself a fluorescent 1e<1bel it can

30r el ease YEREFLYC ABIertP GuFes lsgg ecpstisay afiyl %{aféa%gmeé}ré%r HeaFBE-ERF h t han
the fhyor eReER%SI AlctdNnaFGARKIEIoMIR, Fhr SO 110w BRrAREERCOT

(that 1s, when a stem’structure is not orrred he stem'structure
forms, t heno@umfa]l ih nefifpediferatiog deltsh e%dehevmsr\@dms aromclativedipstable ahdiozsgtcence

and an i ncvrvoe} 3 eth rﬁave hig I?ttl?errs f l (c):arme gerhveredﬁrll? Eg-rogol%b ula goei\l aaind can transfect
non-dividing cells. Pox viral vectors are large and have several sites for inserting genes,
they are thermostable and can be stored at room temperature. A preferred embodiment is
30 a viral vector which has been engineered so as to suppress the immune response of the
host organism, elicited by the viral antigens. Preferred vectors of this type will carry
coding regions for Interleukin 8 or 10.
Viral vectors have higher transaction (ability to introduce genes) abilities than do

most chemical or physical methods to introduce genes into cells. Typically, viral vectors
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WD 2011/ 088076PCT/ US2011/ 020933 exanpl e of the use of stem activated

| abel s, the operational principles of which can be adapted for use with

ri boswi t chexn11H8sdet ecti on Label s To aid i n detection amrdTgisaotiot@ss on of

ri boswitch activation, deactivation or 5 blocking, or expression of nucleic

aci ds or pjoatadi, opstaduesitatlp@onacitincalraldate gdeac tn RAA polyticradt O¢ kiangripf,
riboswi tches, detection |abels can be jncorporated into detection probes or
det ect | on IFBirEsdiFaEny rreRﬁaFSék?@walerewa%@e&nii REGPEdpiNs Sid PHIMBPISISIO aci ds

or protei \I,l\}rgﬁhnuc @{1&5 i Iaepﬂ@a&l%ﬁtoar% Irg%%dl@e.or Iaggl}%?g%tk@y%mk 39@

associ ate acl protein
results i mmsmatapmalzh;bhafe ahe toe atoabbEths ngrh;agcneeird:ﬂmedhﬁdiargenet by or

indirectly ny such | abels are knoE/n olthose of ski |nth )
Exanpl &s o%@n BYRRQETrRsIelf &1 Wstrdcintg the yigy! ggagme i plaes t%Feé%‘bV& ﬁzérf‘ od are

radi oact i ieNAS ARG Sots Mt‘ﬂfért%&@dﬁtca%'l@% B Sut SHMHB&'@%%&%C matesar B%
enzymes, antibodies, and |igands. Exanples of suitable fluorescent |abels

i ncl ude f |Iwomwé‘umuos@taﬁih@cr«yfan‘estdeea(lﬁlgwlit)s argtypicatly seppfied biryekll fineowbisbei n,
Texas red, robenz-2- gxa-1, 3-dj azol oumarin, dansyl

chiori de. TPROEEM TEmeG S by B pd i RB RS SR E: b os1 n,

BCDI PY(r), CasgadreBlovial Vecto¥gon Green(r), pyrene, |issam ne, Xanthenes,
acridi nes, oxazi nes, phycoerythrin, macrocyclic chelates of |anthanide ions
such 5% quantuﬁa@@vwsmmm@léﬂltuwﬁl@nwgtt@ thestiess feypidy of Refedviadact hi azol e

orange- et &%%Qg%gp%g S[Iﬁfa Bl é%ér{ﬁg lls?r?s P& 11% %lgv ot i gen%éeﬁ, arY 2 S

and Cy7. ‘her orescen S I'nc

3- Hydr oxy pies@ited Dy8y kb Tr M. Svdtlfo@nameafnrsifor@eﬂwmim ThrMptrebivlogy(1985T) , Acid
Fuchsin, Alizarin Conplexon, Alizarin Red Al | ophycocyani n, Am nocoumari n,

Ant hr oy ﬁ@ﬁﬂ%@ocm fos MhisTabiqlpey. PRt 24%0¢P % & ashingiory HIO8&). A R Ast r azon
Red 6B, | t :

Aur ophosphi éndgﬁ&gtegi 8%[ %llcge-{énﬁelrllfg %QM)P F‘é%xoaf?&gt% g?“ %%{I%Bg%g E}Bgrgfsnfgr

Sul phéi e, gzﬁBﬂEebaquzaaerd@kenbeBi mr[éSphaientEﬁ@ £8baitl i @and BOENS R HREIT @nllcaadispy
FIl, Brilliant I E n. Bl u cof | uor
Sol uti on, %@fﬂ@g Q\W{)gm/ @ﬁga u]\]/W"i1 %@ceg&%zﬁz?ogﬁgq&?%ﬁ) oRor Wi te
Standard S$gidtd va)@?dh@?@hﬁé&ﬂorat&ﬁ[%&@ﬂ \f@fek&l‘éle Cat echol ami ne, Ch' hacri ne,
Cor i phosphi ne (%9 Coumar i n- Phal | oi di n, ¥ 8, CY¥5.1 8, CY7, Dans

(1- Di net hyl Ani nd\ Naphiabs la@mn&llmmk@gem’hldbl hafpacked eré tbinacrlieh:cacmhcpaqul

Sul phoni ¢ Aci d), .Dansyl NH CH3, .Di.am n

o1 ot hy! a ROBIeE TR i u B bR E et peatlo BRI PRt Faslistietly
Brill2@nt dahgmen@oibtriks wnop@sﬁm&nﬂgwéﬁag@@wnhinﬁﬁe p&kahE Yt nIn &ddition to

( For mal dehgde | nduced Fl uorescence Flazo Orange, Fluo 3, Fluorescam ne,
Fura-2, Gdhapiokrednenadlithere arpanBnbaad aeelgqularvich aismesdqd i wist fthe Genacr vl

Pink 3G @%&?c%ﬁéﬂl, a alpla%gﬁgzdf the replicated virus. Typically a retroviral genome, contains
the gag, pol, and env genes which are involved in the making of the protein coat. It is the
gag, pol, and env genes which are typically replaced by the foreign DNA that it is to be

25 transferred to the target cell. Retrovirus vectors typically contain a packaging signal for
incorporation into the package coat, a sequence which signals the start of the gag
transcription unit, elements necessary for reverse transcription, including a primer binding
site to bind the tRNA primer of reverse transcription, terminal repeat sequences that guide
the switch of RNA strands during DNA synthesis, a purine rich sequence 5' to the 3' LTR

30 that serve as the priming site for the synthesis of the second strand of DNA synthesis, and
specific sequences near the ends of the LTRs that enable the insertion of the DNA state of
the retrovirus to insert into the host genome. The removal of the gag, pol, and env genes
allows for about 8 kb of foreign sequence to be inserted into the viral genome, become

reverse transcribed , and upon replication be packaged into a new retroviral particle. This
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Haemat opor phyrin, Indo-1, Intrawhite Cf Liquid, Leucophor PAF, Leucophor
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GFF,  Maxi lapioulBe of hicddit aditl dvdufifi@ekeior thiRSidve bhy bnéIoaginyRyonend¢nding lohene) ,
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Bl ue, Par gpgsaRidy %v( G50 hotu ke AR Sol ution, Phorw te BKL,
Phorwi te Rev, ﬁor ! Lﬂ Esblsnp ?r?e R, Pht hal ocyani ne, Phycoeryt hrin R

Pol yazai n dacen eSﬂmmho cetprhom@thurénrﬁlrﬁmkd pi&kaghg pratgingm mudtiretegvifat oadtas
Yel | ow,

B, | Brilliant 10F 7
R M L R IR 4 TR S T L Rt o T 4
Rhodani ne BR¢fo a'ﬂa@l@'a%‘fﬂgn&ll%ﬁxwgﬁegkggﬁg%‘ﬂ e BB ceﬁhﬁg@&ﬁlaﬁhﬁgeeBhOdam ne

W, Serotonin, Sevron Brilliant Sevron Brilliant Red 4G Sevron
Brilliant tmdfeaedswamfor@eain@@a@mwms thet ¢antring theirdidicapn and pagkdging| TS

Stil bene |sothiosu ni ¢ acjd narf 1, su od ne B Can
G sul pho "SRR PR SRSk s bt e, RIS Red RO NP BTG,
Thi of | avi ns ffidfectét @id @eidted, linkhithd Yéctor cBhtaﬁﬁ@g thp@NE 6 interéL@ %l@%d True
Blue, Utralite, Uranine B, Witex SFC, %/I ene Orange, and XRI

Usef ul0 f | e @gelged Inip ey refrevim| pastielss dyrihe machinery provided in cis by the helper

(5. 6-1 ot r st RyF Sr R o 5 HRHER, B R ER BB A kea SRR T Me pecorgpey 5.5

and Cy7. THigasébsorption and em ssion nmaxi ma, respectively, for these fluors
are: FITC (490 nm 520 nm., Cy3 (554 nm 568 nm, Cy3.5 (581 nm 588 nm,
Cy5 (652 nm 672 MENOdE et®@82 nm 703 nm) and Cy7 (755 nm 778 nm), thus

al | owi ng thel T BTl AREBH S AHERI 0o GhOgerXIRL a8, Blorfdbangsoei n dyes

i ncl ude 6- carboxyfl uorescein tetrachl orofl uorescein
(TET) 15 2" ,(Begkmer at'al.]l JAVirdblgevddBll 1820 (IORE s Adassic(ctrl) MaR' CAl. Bdolné@ﬁ%&y 4'

ooyl -1, A0 LGP E- S RO+ ot Bblogs 7 CKEDY | (i pIRidioh o 1,719

chl oro- 7' -phegy 61'L1ﬁ261u@:td @be7 5 Zaa Q}%ﬁfe}aﬁgﬁﬁﬁﬁ‘deﬁtlﬁé&t@h of Fdégibapaent
| abel s can be Obtained froma vari conmer ci al sources, including
@méytlo

Amer sham Pidaneracis &y Biposaehmepiagagldt mind ROR esallysis” ﬁmhnlqﬁm eMEO8-OR;

el uge tnoed PRl FResmaft FoPC e Tab & ry Giteh b OhR b BRET b ER T hey

ar e asEocitht etentSo SR tht ¢ adn spréaqua dtteO cdl typEQSincdBlc@Clh foplivhte thsi&h
| abel s include: "nol ecul ar beacons” as described in Tyagi & Kramer, Nature
Bi ot echnoliBig! nfoesh cellqbwase wiblep formpnoy ggsctpius vaphpirti¢lan dRecosoinant er est

071 17076, iU ST FopubERCH CRUp LG R déne YRFALIAREN B, o

a useful fdetimmgfto detzve;z bplﬁrehhﬁlb hd:paftcmytadl veaCilai ¢iclothetiial CdIS pardnchexpaessed
nucl ei ¢ acids du g synth eaé/g | es _of detection I@bel S th t can be

i ncor por at/B¥beRP Otﬁ%tFSéP?:Slﬁ'él OIﬁth L?d%l Fyeptedt il ek0-Ar0 dge)s B %{g’aWdUrd
(5- bﬁfnnqe@lﬁ){%kz%t@ 32!103/8 @CR'OE@%%T Mt it iR lstR§§fi@8§hO§§993§r)7 230

(1993) 5am noal 'yl deoxy ur Henegariu et a ture B of eéhnol ogy
18: 345- 34&4@@0@0)Nam&Gmtlm/4 ¢§46§9 ﬁk99(3)3dmcﬂaélb SblenceBIiSbﬁPﬁSrq%(Hle@h)ys Act a

951: 157- 16 ), ri Cel
157 265 208 FGBA) o] Qe ot P D2 RishoTHERR Gttty a
Proc. Natl4.4é\car gﬁ%) 7657 RiafRSGchdiRE 1) 15-0F g\%hﬁ Cﬁﬁhiaﬁbb%c{iﬁ%@ns such as
di goxygeni n (Kerk Anal . Bi ochem 205: 359- 364 1992? Sui tabl e
f | uor escerfasecarch 73: 1201-1207 (1993) Bout, Human Gene Therapy 5:3-10 (1994); Zabner, Cell
30 75:207-216 (1993); Caillaud, Eur. J. Neuroscience 5:1287-1291 (1993); and Ragot, J.
Gen. Virology 74:501-507 (1993)). Recombinant adenoviruses achieve gene transduction
by binding to specific cell surface receptors, after which the virus is internalized by

receptor-mediated endocytosis, in the same manner as wild type or replication-defective

adenovirus (Chardonnet and Dales, Virology 40:462-477 (1970); Brown and
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10l abel ed nucl eoti des are Fl uorescein-isothi ocyanat e-dUTP, Cyani ne-3-dUTP
and Cyanine- 5-dUTP (Yu et al., Nucleic Acids Res., 22:3226-3232 (1994)). A
pr ef er r edwouroliesgizde anal og detection | abel for DNA i s Brcalirsdo11/020933
(bromodeoxyuridine, BrdUrd, BrdU, BUR Sigma-Aldrich Co). O her useful

nucl eot i deBwatiagiegs Jf irologe AL 386896 G N 73, Si%hmhlaﬁd Pbﬁb@i J Mml@%saém-

AA- dUTP (am noal | yl - deoxyuridine tri Bhosp ate, Sigma-Al

155- met hy H3ETBYRERS /B dciredr Siits T@é](é%ﬁ"s})seﬂ}é« e(5|§beP1 t‘?@@l Bt?tll ﬁé5%§fal og
for incorpgy ti | ¢ <l. i P

(51 ot me 16 00 by e B L RS ot leR B L P WP el

Fl uor escei’3;300y3,9 @AMB)Ly5 can be linked to dUTP for direct |abeling. Cy3.5
and Cy7 are avaj Ia | e vidin or anti o] eni n_conj ugat for
secondary dete e%?da‘ﬁfaif’f:ﬁo“éronﬁlf"@%ﬂfﬁ ﬁ ﬁg‘?oé’b‘é‘?@’ Cﬁﬂ'}ﬁgg'ﬁga‘?ﬁ%&e@étl on
| abel s thatmgi&y éﬂ%l%ééé%l%h?gre' JAhQaftlGh 8l AR Qllch%@‘%ﬁ’b Rindy AL d‘éll 1&@N e
subsequent|ly detected using sensitive nethods well-known in the art. For
exanpl e, tanothenpmmeld@ndz@ﬂemté@ou@hﬁ@lgnd &Pteanésdira randatifroen fleadpiatas e
conjugateﬁ%Trog Inc.), which is bound to the biotin and subsequently
det ect ed & | uni nescence of suitable substrates (for exanple,

chem | um nescemndihhisy s B itabbidtords 52U WiMan 3dérb-TROAOKY sﬁug @A) 2This

25di oxet ane-3-2'-(5'-chloro)tricyclo g‘ 3.1.13" 7] decane] - 4-y1) phenyl
phospHat e;defacsipe Rarvpyigus)is a patienred vestprdicersp e cam #ifpgt gnangiseh tﬂ@sanmﬂ i ne
phosphat a d r es

t hat can %%hagﬁé%%ﬂmo o%ﬁéxgigi@?g&?ﬁé%gﬁgﬁ?ggpﬂgﬁgﬁg Kﬁﬂ%?l QEE%% or by
usi ng a subAvVriakeowntd figble idsyEntalth@iingomd ueesvdctoghm(ch@bntamamlsﬁe a

chem | um nescent 1, 2-di oxetane substrate) or fluorescent signal
30Mbl ecul e8°EHGINBBAURTRIOPH BF PFﬁf?Iée‘bfA]E ﬁ@@@aaéwé@rr%%ﬁm@&@mgnt&f digl so

consi dere I e used
with the g?zg@{, ose??pro lgg;lsggégs}?{r Thté‘%glbés a%ﬁ%?ﬁ%dgg&é%? Ifla‘?ga det ect
act i vhi ed contadethe thexpas sichpd ¢xbaswi thyhelsn cdrinasg glere, dHRGtld aod/opamaelxem gon@duced

in the disclosed net hods.. Met hods for detectin d measuring signals
boner ot od W6 AU ST ot Sren Hies ehouairt Tose or skt 1 O Ehe art.

WO 2011/ 088076 PGl iki32Rd 1tA20933a 00 r@mh Bsual §LbRABET fr¥Biote?Q P8BS Can be
detected by scintillation counting or direct visualization; fluorescent
nol ecul es eshandses tddickpotontiolyhe hxpmmre@fdbﬁﬂessrpé@@m)}pmdwnét progIoter is

phosphor escent ,,nol ecul es can ectraQ

G ot Ly donal Fediinfhoautir S8 @Ry Rudubdich BRGE SRR P& oot on o
Vi suapg zatlb&hioffin rmqﬁwans@ﬁptaon‘igtﬁﬁ@ﬁd OR pErh by REhiiycdr & €lcRBAN ME;

anti bodi es can be detected by detecting a secondary detection | abel coupled
to the antP@stRd. fopbasicsiaterastionioh RNfepelytictnse Al Banscapticy @etepy, aedif®s whi ch

i nt eract be detected and to which one or
nor e deteg%%%ﬁﬁwglng%ggg%%b %ﬁB%%h%gagg&ﬁ%nce Simlarities 10It is

under st ood t BatViasal Eht(ﬁmnssedlmwmetme use of the terns horml ogy and
identity nmean the sane thing as si.mlarity. Thus, for exanp if the use

of the word horBFEEydPLMREY CHRTRLRR P TEERR ERRSS ORI fﬂ%ﬁl@ﬁ%@ hosedlsces,
for exanplg) buobtaﬁew}fb?ﬁ SafBes {didles Bl SxdnTpl8he PEHARSBF Lir¥sck BiCAL i ng an

evol utionary relationship between these t 'seqUences, but rather is
| ooki ng atpoiyvenas iSomiaarVitus 4@r(SNéD)ataédwemus betroveiscy, hepatltlmB:iflﬂumn&ianmj;t

cval ut | ondF Ey LT BT BT S AU A T AT DTyt Bub U ror e

nucl ei ¢ agjrdoRf. Pﬁ@&ﬁb&%dﬁ&%phﬁ&ﬁ@ﬁ&ﬂ@&ﬁSVﬂOO&@ﬁ#&b&ﬁwﬁ%ﬂﬂ?@ﬁﬁn&ﬁ%khﬁr'ty
regardl ess of whether they are evol utionari I% related or no ener al

it is undeérétlossirichen fragraciahictoalsie¢antanathy rasllalrlglamf serasatiao(Fiers

d h hat 9yl hs, ib h
apt amils, StbrsttRon b TV RD). §hBEafireshly B RRFd PR i ough

defini ng tdyeorvedaloaus 1s&i&>€lv@iﬁéﬂtly&ftitadﬁ§d Ay HRINS Eq%sth@mi @@mm (EResiwalyC
known sequences. This identity of particul ar sequences disclosed herein is

al so di scUbbedablGaaHs: 85h80BI(H820h Qesourss promeisraifom Be hestiseld @ redted

apt aners, sﬁéagseeﬁ?d%u%fﬁfﬁeq&ﬁs genes and proteins herein disclosed
t ypi caIIy ave a '
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25| east, about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84,
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99 percent
honol ogy wo 2a11#088i76d sequence or a native sequence. Tho®eTafS2&lHiokd933 n t he
art readily understand how to determ ne the honol ogy of two proteins or
nucl ei ¢ aci ds, Eihahcaagegeilgsrefdroto £Xpha,of DA hidhegynsamolfixcdaligaicat ed
after ali ninaﬁ;he two. sequences so that the homplogy is at its highest

| evel . 30 trwgnmonééﬂrwe&mﬁgn h%%heééy (eiminse p%trafl oFtasaNBY- At i shed
algorith ti u es\ I nduct ed
by the Iggsa qElgorm oé%élg?%mi yéﬁ%m%?ﬁ tg?r?n lsigg(%&%tﬁith. 2:

482 (1981ﬁnmbyqﬁhﬁuhanﬁhﬁgmnahw@nhantmahgbemnmﬂlmanbedBanmmJdnwtwunsch J.

g/tr)] Ia E: %lmarée%ﬁ 44’?29&;?%3% %\é{éﬂ %g&n L%Q%In?éges(fugll%f!ﬁai{sleff%Og]begmg dl" 19f et 3 ar son
2011/ 0880 M EICH S0 14L/ %@%@%8@4%@3&?@&%119%%%9% &hli 366bH Wieﬁ@fﬁ”érﬁit I ons

of these algorithns (GAP, FI T, "FASTA, and TFASTA in the Wsconsin
Genet i cs 3béyt areorPackag Enh@@n@tﬁlmglommme @mpptwvﬁogmeenb@@rmmers

Madi son, |on The sane t onol cap be obtai ned
for ot el tinanie s SREPEEIAR Kol i e MG e P Reic aRTRERATFR Dokor. M
Sci ence 244ind&igidn. PRRAotebaqn @lso@bnt@in refiodse elé«l%ﬁts t1RE afbdiaBCihe réfution of

86: 7706- 7710, 989 Jaeger et al. Methods Enzynol. 183;281-306, 1989 which
are h&d ej rranserintiosr Enbencsys afienaletommincrthe rogplation of cxpiessionalf argsnait Behileo

nucleic a t t typical |
can be usghgg%%hgﬁgﬁg&%w%%??%?ﬁggﬁéigﬁgggnﬁﬂénﬁgx% %mggﬁ @ﬁéggg%gfygus Y
net hods caibuhihf @r-fetdpbteinddSkdulihgdypedliyssnd windee st ams cérffrokl b dardriydtic 1 S
found with at |east one of these nethods, the sequences woul d be said to
have the scHtvaws Besfrrradyexamples arqtpe S&%Q@ph@cela@l the date Ride of the rgplécatioence
recited as, fers
o sequendaet] (A R AhE U BlncRALTER sl IBER R b A B b SUSHERCEE

more of tha thalaabias bfnrhemqﬂia@@ksn@i@@ﬁranldaderah@meenmlcexexarrpl e, a 15first
sequence has 80Q percent honnlo%r as defined herein, to.a second sequence
if the first sebfifeliemoics apapcainaresy capbhgngeitigally astivated HBFHNOERN OB t he
second sequenne chshiel hafs A rbBloHbRkIRAoAC AU L d belifiEd bl T St
sequence does not have per cen ogy t'6 the second guence as
caIcuIatedenynanmcbaskhanmhheamtékaquBMﬂm ﬁﬁmhnmsab@&m&m@i@émn&m@n@le a
first sequence has 80 ent honol a as defined herei 1o a ond
20sequence’SFIT A PPFS 10% @éj&éﬁ%‘rq Q1 %gﬂhéﬁﬂ%tﬂé@ BRI RHE H Y Yﬁ%%?&l ogy
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Pear son and Li pman~cal cul ati on nmethod even if the first sequence does not
have 80 per centlt sgmefcugy thadthelpeorsetcnardl/ sreaphentse reggoncld astivaired! GkatyesicSni t h

d WA | h Need| nd Wi |
hed o el sER oA Blerd bl R ot A Be B FER M g omte e R BASLL M 2, s on
Tet hods. Ascfttd BRAIIES aXSVR) fronfbdrt cSlorkaSAGe ({1A%erith pRRtR. el 0gy,

as defined herein, to a second sequence if the first sequence is calcul ated
to have sgcieyitbnectiokbFogy to the second sequence using each of
cal cubation net; | f )
netho%? wil | Pg%ﬁ%%gu(?%¥%ﬁﬁ?'gggenﬁ%%ﬁﬁbﬁhg%n%hgcg{ @Ebﬁﬁtﬁgbngggﬁs)

30J. Hybr ic@hztaldt oxpragstbnSekcred thuearklybledtiichadipogssed in specifie célbtypedyiohiagi zat i on
typically neans a sequence, drjven interaction between at |east two nucleic

aci d nol ecttl@wmaerh. akheglipt fihglargaceicalsy G R RPBESH#ChEeBrse Gene.
Sequence Q£k%ﬁaﬂ Qi&%&%%h&ﬂnQ%ﬁ§§f Mb % raction that occurs between two
i r nu

nucl eoti des or c eotide anal ogs eotide derivatives in a nucleotide
specific rrannerEpre:smoewaqtpfsmsed in eukaryotic host cells (yeast, fungi, insect, plant, animal,

30  human or nucleated cells) can also contain sequences necessary for the termination of
transcription which can affect mRNA expression. These regions are transcribed as
polyadenylated segments in the untranslated portion of the mRNA encoding tissue factor
protein. The 3' untranslated regions also include transcription termination sites. It is

preferred that the transcription unit also contain a polyadenylation region. One benefit of
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WO 2011/ 088076PCT/ US2011/ 020933 G interacting with C or Ainteracting with
T are sequence driven interactions. Typically sequence driven interactions
occur on wbeolMssoiR- Cri ck face or Hoogsteen face of thepowmalSeatiiogd®33 The
hybridi zati on of two nucleic acids is affected by a nunber of conditions

and par anehBrsgismvhattiointiass tied lilgdihbbd that theeradsdribefFanit @ARBPpoceidhe asdl t
concentrations, 5pH, and tenperature of the reaction all affect whether two

nucl ei ¢ aéfaﬂlSIPﬂiTeéidﬂﬂeé%RW | The/Wentfiicagion and use gipobrdewationgignaly idct i ve
hybri di zatd gfbsQSﬁ %‘@%‘E}uh‘é"?s &}F'I? L&hfishcd dit %@%Weﬁ?ha@% W%g %ﬁ@%&%ﬁ&?se of

skill int art or exanple, In sone e I ments se I zation
conditi onssign‘ats Heansdé fri the transzest comsgects. hybpictirratandrodooend iof ﬂm:rtmnsd%qxtlon

10exa stringen f hybridization_.s co 1 ed ture
2ng ool t - che SR BRAUR ORI ERB G BOER e By POI2AT R IELEH g
steps. Forgoa%aaBk Shouk h@o padedi ;oS0 ﬁeféﬂ’é&&hﬁ'tﬁ@ﬁh&@r&&l @aRiceNRis&h&ct i ve
hybri di zation can involve hybridization in high ionic strength solution (6X

SSC or 6X ssSrmEd Sﬁtquanqee Avar at ur @nhagtionsvidbhaba®- REEiset toprovecxprestione
melting t enper at frbﬁ V\?I ch half of the nolecul es dissociate from 15their
hybri di zatf&ﬂ Park QYSf 115 ‘t“} by washing at a conbination of tenperature
and salt congemiagtdren chosen so that the washing tenperature is about 5C
to 20C below the Tm The tenperature and salt conditions are readily

det er M ned enpithecgrioys Gan ipelads macleie geidwpamenemenceding aipirker pyadyst.e Shisf

reference r?%‘?e S{%mglgdé %1]7%5%81 to &et%ljnla}lu h@é&len‘ép E)«l—:eqll aze?g?tte tc;Jl he%gﬁ laﬁcgof?éjed eic

acid of in €n was er con fons o

st ri ngencidesiver2d Byuinglépasssan Rrefeped atakegendseart mlE:airallzylam merwtﬁlolﬁ DNA- RNA
and RNA- RNA hybri di zati ons. The conditions can be used as descri bed above
to achi evense quﬁg@%@WI%ﬁea@d RISCK HBOTSGeAt PIRECIAr t  ( Sambr ook et aI

Labor at or y, ol 8 &g eRSFR! e NEPKGison 804 sefbeaty ol B o o
Enzynod . Jsaﬁ%la.weé%ﬁﬂe nikets Mtingirhslidhesetts Brel dilgyalProtand ﬁducttyser(ﬂfﬁ?le)[lce for

25material at | east related to hybridization of nucleic acids).
pr ef er abl éD¥NIIREFEARSCYINBEIT2 a‘e?rame aniPe O 8 s yidramysia: aemquﬂm Waenon

can be at r fipl | owed by
washi ng atsatglg%ﬂe%t %%{Sg‘ﬁg@ﬁgg H‘%y%(rﬁlh!}iﬁ ﬂ%%{g%%%ne'aéﬁ% avvagﬁ?lﬁlé%&gglsﬁréed can be
reduced actmnsﬁblrmgdl maasnetliae hdstgred ean fureorpf @aemitendet selatase pedsurs teae exsed,
and further upon the. G r A-T 30richpess of an rea, wherein
vari abi | i t§Y°|V%13§'é! %fﬂ%a ‘E%Fate%‘?rié‘é\ﬁ? §§le°thterrF$1‘5’§Frc€ﬂ%?“Sﬁ%F$ Fbasehonig
vwashi 7@, ididesddiRtismean theudRFLeAREH REHAE Wh‘ﬂgﬂ McldshdoRyogYrélesired is

i ncreased, and further, depending upon the GC or AT richness of any area

wher ei n hllﬁﬁbﬂéﬁd@ﬂt oy sm@laﬂ@té@ﬂedlal TwaSexkmpWl atd? ¢HO PMFR- ¥R and mouse
2011/ 088076PCT/ US2011/ 020933 Anot her way to define selective

hybri di zatl'Bir a@lsbgfhé@@:lellmgtchthetdbdltym grotv ¢ phow ¢t a@iﬁ)omrff socignmhemtlsa @s

nucl ei ¢ acj ds. boun t he ot ?}EEIC f ﬁ Far exanp i n sone

enbodi ment!8YBEIRELT @Om}@%. %ﬁalu% ilp fa5 §G%H|g8nq§éleﬁﬁéﬂy PT % east
about, 60, cofpletd Quclgc;tlde7 nchs?ts pdiftwa 337,51216 1&nndthourvi 3@ uIYlgss tﬁ@mlﬁﬂn Rllcofides 84,
85, 86 87, 88, 89, 1, 92, 593, 91, 95, 96, fOO percent of

the | 2511 t |amgpm(deé|u¢ a a@ppjemglttrbmndliat A\nt dermapime to supplernentlng the media 1s to
introduce an intact DHFR or TK gene into cells lacking the respective genes, thus altering
their growth requirements. Individual cells which were not transformed with the DHFR or
TK gene will not be capable of survival in non-supplemented media.
The second category is dominant selection which refers to a selection scheme used

30 in any cell type and does not require the use of a mutant cell line. These schemes typically
use a drug to arrest growth of a host cell. Those cells which would express a protein
conveying drug resistance and would survive the selection. Examples of such dominant

selection use the drugs neomycin, (Southern P. and Berg, P., J. Molec. Appl. Genet. 1:
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limting nucleic acid. Typically, the non-limting nucleic acid is in for
exanpl e, 10 or 100 or 1000 fold excess. This type of assay can be perforned
at under wonditdisgits where both the limting and non-|i mpCrnag20amk@ss aci ds
are for exanple, 10 fold or 100 fold or 1000 fold below their kd, or where
only one @R27t(hes))ehyophanolid asid) @uligsn, RSC 1éhdfBdrg, BIScikdde 20Y:d14Qqn 98090
fold or where one or both nucleic acid nol are above their kd.

ecul es
Anot her wejf hygrogeicim éSugsicncd | o el nVipt @tz Bialon 419-h\3 (188X -nghathrene
per cent ag i j i i : r
conditi ongex\%%ggg%h@%@i ]%lgtze?iiltalf%ér'i]\1 fgﬁarezce]w r %éc?%gjroioéréocgg%yﬁ%h eis??erﬂgzginzyrmti C
mani pul at iappropEote dex@ gl & pr neonsyeme(gendtadn regitgnyedheno eadid)lan ihggoatyicon
conditjons woul.d. be g@en. t |east about, 60, 6%, 70, 1571, 72, 73, 74, 75,
76, 77 78°Sppelivady Ogiers igsludggic negmygin angle (47 ¥ agg pugenycdy, o1, 92, 93, 94,
95, 96, 9. BRseddr Rilfswiedesnt of the nucleic acid is enzymatically
mani pul at ed under conditions which pronote the enzymatic mani pul ation, for
exanpl e i f the Alsedivalobad arahigsensat ribeswithBNBiesensamsiilnywitchesrarg e g@ederade
hybri di zat i,on _condi tions, woul . d be. when at | east abo 60, 6 70, 71, 72,
73, 74, 7§}b°?%’}t8hﬁ,thafé’f°d}‘§? @ gtecighle Ségélf‘ﬁé‘él}e %rf,se“g%,og@’é}r %%?gég}ggfbsg, 90,
91, 92, 93n018dule.9sefABbioLhsordhosWBchek@an PE tréREedalt of MsbvRUklgidtd RGEM of
mol ecul es are extended. Preferred conditions also include those suggested
by t h&0 marih¢ ttacar @elesples. nBiosenserribesvwitehesgan beglepighedyfos ppe wptivoa@ten pEro-t he
enzyme perd Qr.pi t .Ul at.ion. : i t.h S
cndor ot bod T Rat GRS bt Sl Bongrably 1SR S loh BRI 0l o
det er m ni n@otchethhieyeples af ohig bivodvedah ipesdubiigwesgnal vam rudedicviaebgd nol ecul es.
251t is understood that these nethods and conditions can provide different
per cent agegEeengh? rell OARYHB R Dirber & tislsinatidicensiviceneefdgdies, but unl ess

ot herw se tihdi HF@ﬁjlg I ul d be
sufficienfﬂﬂ)%ﬁagg%ﬁp e |5"é%ggﬁﬁﬂﬂ?gfé2%?%§BV§@%F@%B??gﬁggﬁﬂggzs ong as
hybr i th zatribmswdcle thasinelutlbs o cdrifermamuidepehdear labes the signal faory wdneh dfangdsese

met hods it,is considered disclose he%ein. 3Q) t i%.unders ood that those of
ki satftR SO rEturian ctds of e B%Yﬁlifé‘si%{%ﬁ BSCREE B s any one
of these ghifeRiblPude@tn SRLAEAIGHAL YD dirdal R £hithally eetdaas HYE Wit
singly it is a conposition or nethod that is disclosed herein. WO

2011/ 0880 R8FCHY lusRGugnEIDE3bAswWittuc] ei ¢ Aci ds There are a variety of
nnlecules]?igglo%ed herein t tfﬁre nucl ei ¢ acid based, including, for
exanpl e, ri'b Rfﬁ&%gg?egﬁﬁﬁ "% hd nucl ei ¢ acids that encode riboswitches

and apg aners. The a@tieggiﬂég)mambm Bb@WIiIEE, &FPr biosdmeteribiRwathdsos répoaepl e,
nucl eoti des, 5nucl eoti de anal ogs, or nucl eotide substitutes. Non-limting
exanpl es dfoteHed@cahde Gurhsruspd| Eeancaarteirsotginsiupspiade ¢rartsioncoded bygthe

under st oo . r. .| ed at the
expr essed g rtie AT st Bk ehh Al s U EPREAYA & rle A0 1
under st oodist baitomnd spcifisatgoirtr aeoteinioTRC e firgdrtet pthitethd prpada iselell or

cell environnment through for exanple expgenous delivery, it is. advantageous
that the rhOME; a@dfe%g? ad%def‘@auhéfoaéww&g TE’BS%FCIW&CFB‘E)’EQPBEG%{H%GB&SCWP Rat

reduces t hedtn%%t@ﬂ%i Rt thhften BUGLREE BF ?R)Pﬁ&ééla?deitéatahotbesi 1Bt RFably,

envi ronment : o long as their relevan unction 1I's malntained,
ri boswi t chbspreaptcawéthe, pretepregspode @gindtefdetaredanthgamndatdiechnaduies6mgicl eot i des

and nucl ei c,acids can be m up of or include di fi ed.nucl eoti des
(nucl eot i oradlaﬁa%@%afsawﬁwﬁﬁalﬂlf& SRR At Iof TR N e an

absorbance, fluorescence, luminescence, and Western blot). More preferably, the level of
the reporter protein is easily quantifiable using standard techniques even at low levels.

30  Useful reporter proteins include luciferases, green fluorescent proteins and their
derivatives, such as firefly luciferase (FL) from Photinus pyralis, and Renilla luciferase

(RL) from Renilla reniformis.
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15be used in oligonucl eotides and nucleic acids. A nucleotide analog is a
nucl eoti de which contains sone type of nodification to either the base,
sugar, orwphospissize noi eties. Mdifications to the basePpomiustylewsssl

i nclude natural and synthetic nodifications of A, C, G and T/U as well as
di fferent @uOOﬂﬁ)rﬁfatmyirmépeddaﬁtbﬂm such as uracil-5-yl, hypoxanthin-9-y1
(1), and 2-am noadeni n-9-yl i ed base includes but is not limted

20t 0 5- met hyl cy¢B¥PHtion dﬁ%@@ynt lsbq%wf%@ aBdabpls thetnsduce a chaacHne,
hypoxant hi

adeni ne an g%sg?lrl?cn@é&g ;H 5py egﬁ W&%Eg{eﬁ@égﬁﬁ&g gﬁ?ﬂg{hgnd
guani ne, chbllafctdejoammpouﬁdt(mmtabymbnmmiﬂ \@tlt\hhlohyhedsbeies as@echabahuraml and

Chym o diaPonCpubieanaEne) ons PR S it g prob e I Eot i of |
25 8-t hi 0ghkyde rn%re'aﬁﬁf Qé%)ébnsa%%ﬁiﬂ?l%{rs %R%qq%bés%@&'vaﬁmﬁm%@@ TAHRMEhNeS,

5-hal o particularly 5-bromo, 5-trifl Goronethyl and other 5-substituted
uracils armolwt @grme@prlmemﬂWBwamlmmm@ommbtdmg tadeai lnm1te<8toet21a@uam ne
and 8-azaad 2 Egﬁ q? eazaadenl ne ang -dea uani ne and
3- deazaadéh? ﬁ%“ a&’c?&??ﬁs&ﬁ B d? 35 e A RS T AHC Y Eﬁ%PJ’rl% xarrpl ein
U S. Pat. Jdoymes WA%%es&ﬂ@ s @%eﬁ'Such%&@é’V@Mﬁﬂ?pQﬁ@iﬂhﬁ thd pirRigled sonal
30Edition, 1991, 30, 613, an Sanghw Y. S., Chapter 15, Antisense
Reseal&h dheir Amstipmzen bﬁgdamdg@é useggitgiposvardekeSeveral ypea aficandeimation.  ed.

oyri m ai e Attn BEEL Bl PR RRL GG SOR RS N T ORRTBIIATR AL

i ncl udi ng Zl(aﬁﬁ)nopropyl adeni ne, 5-propynyluraci | and 5- propynyl cyt 03| ne.
5-met hyl cytosine can increase the stability of duplex formtio

2011/ 088076PCT/ USRI DO FBSIsct HEM Hfs@nforedtipheesnesnd latbﬁlﬁs@etﬂvaf%f:%ct i on

as uni ver i [MelnlVAQD

5-nitroi n?‘%elsb&%m vg?gg%q%g%esﬁg%&%llt%kggﬁ o Eet norr%a%a?g% ut have no
bi as 15 baseictyas braught ifitvaprokisyityusuick dras ﬁhohaemse fram thabbebaiquenwhtd ®iynot her
base. Base nodi f.i cati ons often can Ie a. sugar
mod T i at bmaci b ARBSr e SRRy cogaintis B LG Sra A Tae L Yo

such as ing %ﬁaﬁﬁgm%%} %o%gg& i ioxirTiReIcAh @ FIRoRMIERF AYSI dﬁalfrdéisks&@%es
patents such as 845, 205; 130, 302; 5, 134,066; 5,175,273; 5, 367, 066;

5, 432, 272:InGc#4BY., Emnplss d%tbis’m&ct @nzt@iomn r501§¢:)Izauf1bwcon&’sa B@Beszmt trlplex

5, 552, 540; .5 5 69: .5 121 5 614 5,681, 941, which
5. 552, 54005, 547,40 ol Bedt, BRI heaBrsohid OBGA ABPey HREDeRipal T £
her ei p0 i NGRImRPIAtEFHIdh ¢ tRN &l tedmnﬁewlﬁlrﬁi@tswnam, and speci fi cal ly for

their description of base nodifications, their synthesis, their use, and
t hei r i ncor por altPBriciiyates labﬁ:l@mmm@ép%f@@ﬂ%tm dep@ndentlahelp.gae labels or pairs

Nucl eot i de,qna !soxgt[?eﬁg ﬁﬂof%kée%cé ﬁ%{l&ga?seﬁ‘@%ﬂérg Fithall bn Bfa?st%@gsﬁ{xcﬁ?é & ¥m

Modi ficati ons e na ura i'ons of

t he ri bosectdnsdcdndxly rcarbﬁﬁ:ﬁldaanwectdptaiﬂwyeabmmﬁl amih domoahiodts sudBubat;

nodi fi cati ons | ncl ude bucs:dare not 151.im teg % the foll ow ng nodi fj cati ons
at the 2' ‘pydithe agrepioangdongr aregn prosimigy AWReH theguiclers acigtrands fe#HpINeg 0- | S-

or N-a4 Ky jan@fs ffndh kikhr Qrugluky! ﬂuc‘ﬁ’@%reﬁ&é%ek&ﬁn@é (%%k y @ EI on?e Bhésvigy|

can be substituted or unsubstituted to Cl10 or C to Cl10 al kenyl
and al kynythe a@eptwugarsenibdiat¢opatrito Aisombso Stero Iauuﬂ\atebijabds ercrippicdllypamsadft o

oD and BT o R AT tabls s taHru hoyiaheR S1h gy 1R bout

10. agd%ﬁorrﬁ?g bfd %ﬁtt inRNSroRimityeheh a RS stAuOMrd B EorAea iRle AIcRINRd

limted to: ower al kyl,” substituted |ower alkyl, alkaryl,
aral kyl , Gn@lleml@ yIf tbﬁr denog ity fof a Sjam wamMated GoRl isdiself BfluoGNenckdel, OGRS,

SOCH3,, SC2 oal et er ocycl oal karyl
am ol ky PSRRI D ASHR 6O PECE €t s ey PR SR REp T
the acceptor) when not in proximity to an acceptor (that is, when a stem structure is not

formed). When the stem structure forms, the overall effect would then be a reduction of

donor fluorescence and an increase in acceptor fluorescence. FRET probes are an
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25group, a reporter group, an intercalator, a group for inproving the

phar macoki netic properties of an oligonucleotide, or a group for inproving
t he phar msioadymasi’e properti es of an oligonucl eoti de, amdTatshen /020933
substituents having simlar properties. Simlar nodifications can al so be
nmade at otdxempRasithd RfGRNt fRivatedddbelsp tictdpetitiandlyprinbiples'of pdsdh daarbeof t he
sugar on the 3' termnal nucleotide or in 2'-5" linked oligonucleotides and
the 5 30p6apies &1 use wath fhosyitelas nucl eoti de. Modifi ed sugars woul d al so

i ncl ude t sBehQﬁPnigﬂggln nodi fications at the bridging ring oxygen, such
as CH2 an eot1 de sugar anal ogs can al so have sugar m netics such as
cycl obut yl nnléﬁ]adhiddphamemdhuMHQMpﬁnﬁhﬂmmwndsmﬁn@ﬂgﬁﬂzwﬁh@h@nane

numer ous ited States nts t hat, teach the preparati on of such nodified
sugar Str bg;f? s O N n tggglegmpidser Pi‘éelgcb’éo‘ﬁ’ﬁe@&@%w@% gacyation

5, 393, 878;, ‘1’&1{3‘%@1‘%@\9%@? Cld 2204 1{RRQAAR Be %Cﬂ) ré’c’écf mt@ d@t@&mﬁ%ﬁobes or
5,514, 785 5 519,134; 5,567,811; 5,576,427, 5,

5, 610, 300:deBcBY TR lCS 06§@¢c81373nccgp<&4®d2@5 exsress's@ 11871310 4B 70 PEBENS.aAd

5, 700, 920, erel or t ed reference in its
ont ety rigeder Arieirrytheds fReRpRoUEER BR B RSe el Rai bl o

st ruct ur esyrofelif dire@iriRsircetly t dhiwhists fosul@nid ol h@dstirabRe @ét@@ﬁlﬁé siRalDbiticd
nucl eoti des, oligonucl eotides and nucl ei c aci ds. Nucl eot i de anal ogs can

al so K& notiiceilpar wdiregily. PHiersprsh dabelsi ase knowmte thpsscpfiskiblsipibg ert.nBramples
include b 1;f d%{egtl(gp fab%lh gl}ntta ? %)e ugé"?ﬁ Iil?@lbse%q“ﬁetﬁg g}%q%%bgchvé ?sottﬂ)%g the

| i nkage between S con alns a pho oro I 0a I'ra
phosphor otfhiodatent nﬁﬂ”l@@ﬂ)d%@pl&iﬁ;ph@bﬁ&hﬂnohbﬂsm hﬁtym@s tugtibodies, and ligands.

am noal kyl phosphotriester, nethyl and other alk 10phosphonat es |nclud|ng
3' -al kyl ene phdspRb Rt S&ﬁ@l%ﬂwraqiceﬁhl@%hawatd@ uomﬁ%briﬁt)ﬁa@@@nate( O,

phOSphor a”§ ﬁg%gﬁxﬁﬂ&h%@ldbges%mﬁaﬂ%g ﬁ&h ﬂﬁ%@ﬁﬁg‘o%tl% -813%1-4-yl (NBD),

am noal kylp or am dat es i onophosphor am dat es
t hi onbal kydopimesphdansyled|ortdaj hn d:ahﬂny phiosphabylicesieris (AR HhEpsinp p h o s phat es.

bet;Zeﬁn?a%iﬁ%Od g¥$§g§9§3%*%®‘iﬂ g%8%m1%§¥éﬁgﬁ5&§§£%$ﬁ§ %ﬁn nSllnkage
and the |ifaka@gs, oxazines, phycoerythrin, macrocyclic chelates of lanthanide ions such as
quantum dye ™, fluorescent energy transfer dyes, such as thiazole orange-ethidium
heterodimer, and the cyanine dyes Cy3, Cy3.5, Cy5, Cy5.5 and Cy7. Examples of other
20 specific fluorescent labels include 3-Hydroxypyrene 5,8,10-Tri Sulfonic acid, 5-Hydroxy
Tryptamine (5-HT), Acid Fuchsin, Alizarin Complexon, Alizarin Red, Allophycocyanin,
Aminocoumarin, Anthroyl Stearate, Astrazon Brilliant Red 4G, Astrazon Orange R,
Astrazon Red 6B, Astrazon Yellow 7 GLL, Atabrine, Auramine, Aurophosphine,
Aurophosphine G, BAO 9 (Bisaminophenyloxadiazole), BCECF, Berberine Sulphate,
25 Bisbenzamide, Blancophor FFG Solution, Blancophor SV, Bodipy F1, Brilliant
Sulphoflavin FF, Calcien Blue, Calcium Green, Calcofluor RW Solution, Calcofluor
White, Calcophor White ABT Solution, Calcophor White Standard Solution, Carbostyryl,
Cascade Yellow, Catecholamine, Chinacrine, Coriphosphine O, Coumarin-Phalloidin,
CY3.18,CY5.18,CY7, Dans (1-Dimethyl Amino Naphaline 5 Sulphonic Acid), Dansa
30 (Diamino Naphtyl Sulphonic Acid), Dansyl NH-CH3, Diamino Phenyl Oxydiazole
(DAO), Dimethylamino-5-Sulphonic acid, Dipyrrometheneboron Difluoride, Diphenyl
Brilliant Flavine 7GFF, Dopamine, Erythrosin ITC, Euchrysin, FIF (Formaldehyde
Induced Fluorescence), Flazo Orange, Fluo 3, Fluorescamine, Fura-2, Genacryl Brilliant

Red B, Genacryl Brilliant Yellow 10GF, Genacryl Pink 3G, Genacryl Yellow 5GF,
40



15can contain inverted polarity such as 3 -5 to 5 -3 or 2'-5 to 5 -2".
Various salts, mxed salts and free acid forns are al so i ncluded. Nunerous
Uni ted Stwbesiipmsent s teach how to nake and use nucl eot iPdediSe@niai98s ng
nodi fi ed phosphates and include but are not limted to, 3,687, 808;

4, 469, 863;Glx4lioA3A1Granu 2 Blkd BlachatbpdsphPhin, 1ndd-88Ingavhitd C264qAL3; 20
5,587, 361; and 5, 625, 050, each of which iIs herein incorporat ed@és/ ref erence
its entir dtSpconrion Pékebrusophen SF.fercenher Weiddwseming Rhpdsminga? g &P200

Phosphat e dBelEISY RUNTSLFer YR V49 B1aoBNd RlOUEih BRIPOLANbBr dl&ttnﬁat

nucl eoti de i gonucl éoti des and nuc acl I's understoo
nucl eot i déFlanall O g&FH&eckilon Byilcon tFéavin & GHFnyIRS (wethfli Gatn Bmonﬁﬁ:lﬁlﬂbm)] al so

cont ai |tiple nodifications wthin o t he i eti

differ n%b%{qy@gl %Iﬁﬁﬁ\&& E@“&%@H@@%&%‘E}% Beuiie eﬁi‘rwﬁg i mi | ar
functi onalNRiQRS! eﬁlb@zSN&R)sMBhﬁfhh{ F‘ﬁ%m E’&G Do ROPASic BARL PidrRamhiRSPhat e
moi ety, such as peptidé nucleic acid (PNA). Nucleotide substitutes are

mol ecul es (Fhagewy Phorpte dgh Selatiamdhoyit¢ BKie Phorwitsahoe, Bogratite RRY),
I t d but
i o ar o ARG b Sanbl By BB GG TSR TR ot

Nucl eot i deBla&i) PoiphytiasPingliad Peodich COIMwIFréiing PIedHIhEB NBYrbXal MBaIﬁt ructure
when |nteract|n%§vv|th t he appropriate target nucl ei ¢ aci

2011/ 6880 Adpar//UE2 Quinagnupiiystar RhNd@n@@tl deRkadggring D, mdmmpé&udes or

nucl eoti d that g/ ieties
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5,539,082; 5,714, 331, ad 19, 262teaq ?lwto make and use PNA
nol ecul es, cagbgéﬁ qrewe,}nc e%”él h4,-tetrachlorofluorescein (TET), 2',4.5',7',1,4-

25 hexachlorofluorescein (HEX), 2", 7'-dimethoxy-4', 5'-dichloro-6-carboxyrhodamine (JOE),
2'-chloro-5'-fluoro-7',8'-fused phenyl-1,4-dichloro-6-carboxyfluorescein (NED), and 2'-
chloro-7'-phenyl-1,4-dichloro-6-carboxyfluorescein (VIC). Fluorescent labels can be
obtained from a variety of commercial sources, including Amersham Pharmacia Biotech,
Piscataway, NJ; Molecular Probes, Eugene, OR; and Research Organics, Cleveland, Ohio.

30 Additional labels of interest include those that provide for signal only when the
probe with which they are associated is specifically bound to a target molecule, where
such labels include: "molecular beacons" as described in Tyagi & Kramer, Nature
Biotechnology (1996) 14:303 and EP 0 070 685 B1. Other labels of interest include those

described in U.S. Pat. No. 5,563,037, WO 97/17471 and WO 97/17076.
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signal amplification or by using a substrate to the enzyme which produces light (for

example, a chemiluminescent 1,2-dioxetane substrate) or fluorescent signal.

30 Molecules that combine two or more of these detection labels are also considered

detection labels. Any of the known detection labels can be used with the disclosed probes,

tags, molecules and methods to label and detect activated or deactivated riboswitches or

nucleic acid or protein produced in the disclosed methods. Methods for detecting and

measuring signals generated by detection labels are also known to those of skill in the art.
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mul tiple types of conponents can be immobilized in the same predefined
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gi ven componentmso’dhe spatial separation of different ceoparsent®2oasthe
solid support allows separate detection and identification. WO
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| east 100, 00Q different conponents immbilized on the solid support, or
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useful if the kit conponents in a given kit ﬁre-designgd and
aptamers, expression platforms, genes and proteins herein disclosed typically have at

25 least, about 70, 71, 72, 73, 74, 75, 76,77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,
91, 92,93, 94, 95, 96, 97, 98, or 99 percent homology to a stated sequence or a native
sequence. Those of skill in the art readily understand how to determine the homology of
two proteins or nucleic acids, such as genes. For example, the homology can be calculated
after aligning the two sequences so that the homology is at its highest level.

30 Another way of calculating homology can be performed by published algorithms.
Optimal alignment of sequences for comparison can be conducted by the local homology
algorithm of Smith and Waterman Adv. Appl. Math. 2: 482 (1981), by the homology
alignment algorithm of Needleman and Wunsch, J. MoL Biol. 48: 443 (1970), by the

search for similarity method of Pearson and Lipman, Proc. Natl. Acad. Sci. U.S.A. 85:
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conpri si ng bi og&nsRimplicbaascd ahres, a de@ehickesitgipariaviagd mrtsiuiigkrdeaadi ng
device. P. Data Structures and Conputer Control Disclosed are data

st r uct ur e ORAAREY; 1R angBREIqERCHTCISIP SBsasesttB hevothe redisd hgmolegyssed
nmet hod. ; i nf.o j nd/ or
DectaFCélgd:téedaW Conede r@b%bﬁe%glf%u%ﬂgl} %%E@ggggsfégg@d abdVE OFBRLL Ahle, &

obj ects col organi zed, store In a conposition or
medi uhd  Rifostssstjtaite by 8@ parcas hamdlogyt aswdxtfinod herems tor sveon & scsuomcedf tha first

electronic form .such as,in RAM.or on.a stora disk,.is a type of data
St ruct ur e, CHRECH IR BENOR0 PP IOINEY P phs epihicanriss b Te

therefor, zaRr BACANSAHLERDY 86hn MBRATSeqMncO D&Y Wt BEVAESPHSEEH hoMoRRYRYT er
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process orthersgchod sequanceus salgndfedrbygpayer ghecothiertcalcstation matlewls. Asdinothar use a
Comuter RLH5R. 13S0 ATPHA S SO0 R SRITMERAGONLER L S4CRI S°5°
under 3¢ 00diclenbe ifdhs fitsPs&fhch@iStalculated to have 80 percent homology to the second
sequence using both the Zuker calculation method and the Pearson and Lipman calculation
method even if the first sequence does not have 80 percent homology to the second
sequence as calculated by the Smith and Waterman calculation method, the Needleman
and Wunsch calculation method, the Jaeger calculation methods, or any of the other
25 calculation methods. As yet another example, a first sequence has 80 percent homology,
as defined herein, to a second sequence if the first sequence is calculated to have 80
percent homology to the second sequence using each of calculation methods (although, in
practice, the different calculation methods will often result in different calculated
homology percentages).
30 J. Hybridization and Selective Hybridization
The term hybridization typically means a sequence driven interaction between at
least two nucleic acid molecules, such as a primer or a probe and a riboswitch or a gene.
Sequence driven interaction means an interaction that occurs between two nucleotides or

nucleotide analogs or nucleotide derivatives in a nucleotide specific manner. For example,
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in the pr es ggeél %%g?&gﬁ%teﬂsé{) 8%‘%0%%%61%1%'1{%?5%%@%a?ila\g%s'h}én Sgeé)tg'c? P{/%%\#’ittg@not
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used to d i i i £ I j ozymne
aasays. us g oaT B o B el BB BT
probi hyy agbaybybridiggtion ipaoughpiotlotved by ngsloag ated sonlpeatamodighpshed oy saki ng,
for exanple, fluarescent detection nethods. For exanpl.e, .1he. natural

cat al yi | & QUETRIPN IOV g (b0 HANEITE- RO HEL S s BuRer hglo b SRRE e i
control s gaRAcAERLRSShRNsaoRGitibNSdrk Réh itk BRKH REpTHRAS Y Brchiafindg used.
This ribozyme can be reconfigured to cl eave separate subStrate nolecul es

Wi t h nul t iggberimentsovehickisamplcs of refdrencsflINA, immdbilizsd @addiers 8o dyouipzéteiod i n

proximty to.a quenchi.n roup ¢ be uncpup] ed nd therefore beconme nore
Pl bor escort R RAERIB R B R g MeR sy S RleF EnfeRis ot QB SRl o
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fluorescence if a cogpound grevents t he beacon from docking to the

ri boswi t chyRNdizaEishdihe sppdisartragds usW b9 Bge0vePOTCSYO NGy dve
‘;‘ff;'t ggi tegs gﬁ%\xét?lr%%lg %ﬁ&?%ﬁﬁ%k Gl C SRR iohiBE "R RO S0Y MEST M Ed.,
Cold Spring Harbor Laboratory, Cold Spring Harbor, New York, 1989; Kunkel et al.
Methods Enzymol. 1987:154:367, 1987 which is herein incorporated by reference for
25 material at least related to hybridization of nucleic acids). A preferable stringent
hybridization condition for a DNA:DNA hybridization can be at about 68°C (in aqueous
solution) in 6X SSC or 6X SSPE followed by washing at 68°C. Stringency of
hybridization and washing, if desired, can be reduced accordingly as the degree of
complementarity desired is decreased, and further, depending upon the G-C or A-T
30  richness of any area wherein variability is searched for. Likewise, stringency of
hybridization and washing, if desired, can be increased accordingly as homology desired is

increased, and further, depending upon the G-C or A-T richness of any area wherein high

homology is desired, all as known in the art.
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met hods asfolli isgdw iR 16| sevhat 8nemeiofl thd dudlieidi@ e dctles liﬁimlfo?&éwdorfﬁ_ld he
checked conpounds. For exanpl e, conpounds can be nade by 20bringing into

cont at a ard9P0 édappwhercamg oabethuwelgia aod malpsules piggpbare thglitkiion of the ribo
switch, and, if rj | LS ' S o)

manuf act uri ng t%%aﬁgﬂgggﬁp%%%%%lé‘%g? %gﬂ():%{(lﬁ\%% SQXP%EO%}( %@oag\ﬁet@&g% er?é
conmpound. rubkikicid)thaogme timyatiodllyt fehipulatedluntyr doad@iohs wate, hybadehtiotalse or
bl ock a riboswitch refers to both identificatjon of compounds previously
unknown t degiitsdjaPEmefe shadesaedensymstip Saniputations kPt SHMMY B 80PSassessi ng

th bilit fy: : : ' s ' ' L ch
€ abl 1 tfniRddirferdt O SRR ngré@&fgloYlactoﬁdltlgﬁé&thM%%vl%@ Pl Q&KbBu, 65’,‘5@({)“3{1& he

where the conpound was a nown to activate, activate or
ri bosw t ctil, 72, 73, 7€615 @61V 7d8.619, 80,81, 8230 8hdS, 86,788, &9, 80,1, ahd3, 94,

conponent s, di.scl.o h in can_.he obtained. cormercially or readi

cynthes 204 ook Qi GG AR BRAREl SO PE T HGLDY ST it he ar
For exanpl @ndfibes ShRh oo RAEE At RAnRAGHBA! Sr BSBEDIE ¥ tRE BRFMAg 30t he
di scl osed conpounds and conpositions are either available from conmmercial

suppl i er s mugpulaigonals di 4 lex@hsion.ghén @ectivé My brihzation condisons wadd ds vdregahi cs

Lou 5. o Febioa 80,5 20 2078, Prafbodburioi 5 0nteszdty Mo iR PhBsGrt

fol | 028 ng g 0g.edupeH3sed, I5006,D7, DY reX e0Ep&eant D et msich fKs@motRdickhRser ' s
Reagents for Organic Synthesis, Volunmes 1-17 (John Wley and Sons, 1991);
WO 2011/ O%GPPQP%W 19674 rrodigossalyiglude tnspivegacytcd by thabonm faswisbonds,

React | ons, TG ChRLRL A0 Poah R biPp I AR SRS SR AR Fronhfin, o %" ©
Organi ¢ Cheni stiuy,as(Withionlbgy iandn&amsod diahthEg dre anhrictand nlottios kiosin

Conpr ehensjve Organjc Transformati ons (VCH Publishers Inc., 1989). 5lt
shoul d be Glawiwéga torpiing dyels Pgﬂywma&ey ctivegn twe 8\4&81@@ HQleeiles. as

hydr ogen kl@fﬂm?ﬁt@fﬁoh%t Wes@ARARIUS LR LoRBRAs IR FrV &It iftereRY pE XHRRALD S

Interacting w
hybridization between two nucleic acid molecules, but unless otherwise indicated meeting

the parameters of any of the methods would be sufficient. For example if 80%
hybridization was required and as long as hybridization occurs within the required
parameters in any one of these methods it is considered disclosed herein.

30 It is understood that those of skill in the art understand that if a composition or
method meets any one of these criteria for determining hybridization either collectively or

singly it is a composition or method that is disclosed herein.
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ri boswitches are preferred but are not essential for interaction of a
conpound with a riboswitch. For exanple, conpounds can interact with

ri boswi t chexowaskorbess affinity and/ or specificity thanpPcomgseun®dz9Bavi ng

t he di scl osed contacts and interactions. Further, 10different or additional
f unct i onalKgNaRic Atids he conmpounds can i ntroduce new, different and/or
conpensating contacts with the ribosw.tches, For exanple, for glutam ne

ri boswi t ches, |Higearse varglylofmplequlcsiitclosed hiersincthpt %nwé@a acidhpeck unct i onal
groups ca : t S

G 0UPS Canbfe 7S A MERURNERy o0 ERTLAFH M A AR LN
conpensat emﬁcaptam dﬂt@dlmkﬁked nuelcRctids man bé mbB¢ hp of fqrgganplﬁpﬂuesd:&dtidss and

core ructu func al rou be. attached, .for e

the al %ha %[@88 Qﬁs ?rafm%@tlg SARFER: -l%lneﬁéa@méomaﬁ%anﬁéﬁ%oxy
group, pr 'rH@lEéhl@srﬂrgglsgus@b'dpher@fn Qtﬁ%ﬂﬁé@t@wﬁﬁt f&fex%ﬂfea%&?a G&lolig used or
avoi ded. Al so di scl osed are net hods of I1ing or inhibiting the

growt h of dxaussdiina cvﬂdhmhh@d)rwnd oA ivg B tmcmllafdtemgietuwfb’acﬁ driaad\M.th a

can” conpr 9Bkt dEt e 08 M U R P PRAH ) S Bl sl "

di scl osed éﬂ@fr@hrﬁerﬁmﬁlroﬁﬁrnfo&%khrﬁﬁleteﬁﬁgé?@ﬁé g&lhvaryiti aa\kma%@d)@%@tdh@@maund
Al so di sclosed are nethods of 1 nhibiting gene expression. The nmethod can

conpri&e pridgplsgule he srade np o nuelcetisiepoalegs tutireduesth degipdatisinpfthrnustipound
is identi flc%pmgl)écag& ec%ﬁ@la%xﬁ@oﬁ%%ﬂ met hods. Al so discl osed are net hods
of |nh|b|t|ng gene expressi on et hod can conprise bringing into
contact a conp(ﬂmldn@asithalr@ellebant féretien is mhiatabapoberdviiched, dptatncts, e;cbrbgsloanny of

t he di scl osed met hods. The nmethod can conprise selecting a conp
i denti fi ed®l#{oramyngany ﬁ‘é‘%%‘ﬂ%?@&%le‘eﬁl%eé [BBS BECIFiS 2E1dA Cabe BRdh ﬁfgor 1H?18d?:ont act

t he conpo i sting
a conpou n:jﬂﬂ %g%}n@iﬁ §/(I§Jﬁ§8t§gé %?‘hétgﬁgdlg?s C F{)Hsaefg:(anet %gggésfa?)ér EI?O\# %%d[ §agln of
gene &Xpr éssisedinodligangdpatiden endlnmdeia laciRNAAamln‘m:otidé agleg iglamvakebtide which

ri boswitch, wherein the inhihition is, vi he ri boswitch: a
i nhi bi ti ngOgEHs S@%rt&%?fdﬂocbgcaawpﬁaﬁﬁbﬂ tﬁ% s owEd: Pr Bhasehyte awae(ﬂgg compound

that inhi biibgdcaen8 t@ﬁf%r‘tﬁ§§in9fé \Rb@zo%t%ﬁclﬁ@a natUfCarkByhtHe 88 nfoRRAGtiSS & Aene
encodi ng an RNA conpri si ng 2011/ 088076PCT/ US2011/ 020933 t ar get

ri bosw t cHC, GWwraddi/W as N\@lltaardgcé@remtlmmwt pyrimgline bses, awdhres uradpleswil.t ch,

ther i S RIRNOEM L SR ERLD, RSN Pl By s

deact pyat it8g-mEthhlcoekind @5 anetcp Gshyidk e cBug ty 1Bin BOds tHEad) hiypos@hitenc, f or
exanpl e, bringing into contact a riboswitch and a SCorrpound or trigger

nol ecul e thanineadenara, pvaetby! and sthar gleybdgivagyescd adpeing prbgygniney 2-propy
Ri boswi t cheg oftl%?%flégpaeﬁ\%tl%)%]&fr a%%%lﬁg D&d gMEI?e%'tRBu}ano%ﬁﬁoth{ﬂ&xB' Ading or

renoval of a tr can-be us 0 activate,
deacti vat e- miodymﬁie S-haiohesiahd hytoa'llne 3-proggeyl wﬂmllemulo@td‘smre Garé hasiy tch (as
wel | as other activating conps nd% can _be used t| vate a ribosw tch.

Conpounds Bt AR TIRE YH1ag e et &%ﬁgﬁ%f |8yh F-Heingsthialpt o
deactjyat & ﬂ?ﬁo n}gcé(hﬁdrﬁkﬁ%ﬁ‘otﬂfe? 8- sﬁb%%ﬁﬁﬁé’?r el scéﬁﬂ Luﬁﬁ)esbg Iﬁﬁﬁﬁaﬂlé{ﬂrﬁﬂ by,

for exanpl e, ving trigger nolecu esence of
ri boswitchh bfﬁhwsj tnﬂeordmediyd)amﬂomett hsdosﬁfutdbmmilwemtdlqygasmes |79m$thylgu|anman

i nvol ve, for, exa V|n a trigger nol.ec or at her tiva
compound) P IHERE GuRE AR g A e T hd LA PR AJF RS e
can be bl oglgdidi¥agubRine a¥@BRIc8zaaBEMEE. NEdATioRHD baRah& fiedtionb @art bd BHRA for

nol ecul e 15t hat does not activate the riboswitch. The nethod can conprise

sel ecti ng @sam@lvpoﬁha Rat. Wo.i Jofeh 8 (e I lnglibeh athht Avgawaadtd Gizana, ldeaetionalt e or

bl ock ri d i nt rlbos itch, and t he

cet eciBa” AR AST LR PR S RO o~ Bk Sl 3R
Applications, pages 289-302, Crooke, S. T. and Lebleu, B. ed., CRC Press, 1993. Certain
nucleotide analogs, such as 5-substituted pyrimidines, 6-azapyrimidines and N-2, N-6 and
O-6 substituted purines, including 2-aminopropyladenine, 5-propynyluracil and

5-propynylcytosine. 5-methylcytosine can increase the stability of duplex formation.
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conprise selecting a conpound identified by any of the disclosed nethods
that can activate, deactivate or block a riboswtch and bringing into

cont act twe 2nilssowst ch and t he 20sel ect ed compound. PCAIUGSe01dios®BDHSsed are
met hods for altering expression of an RNA nol ecule, or of a gene encodi ng

an RNA nol @bt @odiffae besck e tRHIA thml faseton dsmalveelabbaed. | boiswishidasediyclpdé ngi ng
a conpound into contact with the RNA np] ecule. Ri boswitches function to

control gehBlieRpFRIS SPdANikPIBtRIR UneyoBiahbasiySestighioy the normal baspypyehave
mol ecul e. Thys, ingog?t i | ﬂgatt%‘ u%sgpt%a%%#éa% ke fgeﬂ% ®ith3hy B{}%% Rés@.c pydes a

riboswitch to co ons™t activate, deactivate or bloc e riboswtch
can be usedodificalone pftex pangtsesiombindd witle fdRNAam pbeprgsi modifiantidne swwhtas2e@-as a
result_of, for exanple, term.nation af transcripti r bl agki of

(i bosotre BRAPRGIDG AEN RIGAIN B RIP RGBT sughi W@%?e‘ﬁ‘ﬁwi?ﬁﬂ@lﬁ n GER i ng
on the nather@fs TARJIIRESWIERDsuch@dUdR5D05PE 8YE D62, 8XIueRsl 9n79D73.he RNA
mol ecul e or 30prompte or increase expression of the RNA mol ecul’e.” The

met hod carb, &ohN6; §43821ect.# 1l &/ CaPAaAD . #8$rhP0% Ab 0277V 2623, 7 Hedeciivdle or

bl ock a ri i 1-C n rd noi N nt ac NA I le c rising the
ri bosw tctﬁ%@hgﬁgéﬂ%& eg%c@é'pg&hg’.&?haél ré?ﬂg%ﬁcgﬁ@o% ad (%g‘}%g’c?tai ng a
conmpound i8&sH dfftagdmbiifiRBYorRf Habieoflihssd s@fs NBtRAmcbipdtat&BBy ref¥bnce in

2011/ 088076PCT/ US2011/ 020933 activate, deactivate or block a riboswitch and

bri nglthg iltstenticcintaad speetliRAX femiheis dessriptem pf Bisagnadifécatipbo Shdit ypthgpid. t he
sel ected n " -dj scl e .Qr .regul ating

expr essi oﬁtﬁé(;‘?ﬁ%’ %% t&lre gll?cf%oigtﬁog{r]?ﬁog&g@%}aﬁg(rﬁugﬁlkg?ﬂ%ilélgS%Itd g‘i ns a ribosw tch
by activating, Nedaitid¢éahalogs en dNodakludgmblicatihaofiticdugabmbicthe gene i s
essential for survival of a cell or organjsmthat harbors it, activating,
deact i vat iMadifieatians éx fhegugdaneiptyouauld &fsludsmatusynedifipatigag phthe sibgss andyy

debi | i tat i B AfhdD8s GEH hs YniQ I ELariohE. MRlcRifid gf;[lsvi?lElianbgt aﬁ‘é‘h{;’{ ?L' y

occurring i bOSW ECh I n a natura y OCCUrTi gene tﬁ is essentia
survi Val dfmigedtochofmllgamgsmodifinatiasal thei2hpabeairh Odf; K; e, $4, or dDealg@nOsB-( i f

rvi val pehobilga t f : Dsif-(|
Soone basiw N-akeRrEO0SE kil & Pulud b iEh SR M ST e i * ' ®
ant i mi cr ohjjalnyRBh BNl Gr ﬁﬁ%&%tﬁtedm chm?@ntg}pér thaf ChawiReANGRE

Ct
antim crobial "effects are considered to be bact efiostatic or bacteriocidal.
The net hodliganyl.cBwpgarseodidagions algo inchsiepotiang nohbimitedte 4U{CHan&)IndeHet-i vat e

Che r 1 bosa LI Cdrat I BiestoR s ot 38 A e oo | oo sel ecti ng
a 15 2@ awTiH,)eeN}(CH, RICHY) | 2mheRin ittemdiksab@sied abBithi@ds that can activate,

deacti vate or gl ock a riboswitch and bringing into contact a ?ene or RNA
that contains tQermpdifigptians ahihg X pesitiqn inelude betowpaeiremited to: CT 4p €40

di scl osed h - PN ' t oy can
act i vat o eg-TRY RIS IS8 PAR M BLEAR IR, DLl O SRRt en
refers to O6ON, Ch@BrgEN20FN GCR 8OGH;! $©, CHROWOL RO PN NbI, Nebtergcydloaktly | gger
nol ecul e. A riboswitch can be activated by conpounds other than the trigger
mol ecul e e{W&FT?“ﬁ’CE&?gb@UQt Hemoplk ¥, @PW@%#%@,rsiugﬁéﬁlteaéﬂﬁé‘c%ﬂ BNAr¢lgaving m
(110988 MOlsGH koo SRAPNGT Bidlcdifof, 8128urf r IRDSEHLER: AAmGAIRRUAAS t hat
can activate a riboswitch. This 1ncludes the natural or normal trigger
nol ecul e foopdrties ofianadigbtwthecdidd, atahgroue mpopredsg thaphaancatynamat e t he
riboswitc hpropNe?’%iéJsroa}Jan oligonucleotide, and other substituents having similar properties. Similar

modifications can also be made at other positions on the sugar, particularly the 3' position

of the sugar on the 3' terminal nucleotide or in 2'-5' linked oligonucleotides and the 5'

30  position of 5' terminal nucleotide. Modified sugars would also include those that contain
modifications at the bridging ring oxygen, such as CH; and S. Nucleotide sugar analogs
can also have sugar mimetics such as cyclobutyl moieties in place of the pentofuranosyl

sugar. There are numerous United States patents that teach the preparation of such

modified sugar structures such as 4,981,957; 5,118,800; 5,319,080; 5,359,044; 5,393,878;
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250r normal trigger nolecules are the trigger nolecule for a given
riboswitch in nature or, in the case of sone non-natural ribosw tches, the
trigger mebeoulmssd’er whi ch the riboswitch was desi gned ecTwistéiixwkiosh t he

ri boswitch was selected (as in, for exanple, in vitro selection or in vitro
evol uti on 36M)87g886H,78509)5 NRTLR: 8|51011B3ggRF6TB] ESLH768120 a8\ 5DE 72856397609t 0 as
non-natural trigger nolecules. 30Al so disclosed are nmethods of Kkilling or

i nhi biti ngs’@é)c’ﬁ@l% PR26:05% 1O LY GaniGRe o Ot P 51 ReP 70 agtd hf0G.#d). Badtdr i a
or mcroor i N | SC . i  d i £y by the

met hods di \gl??% gsg% ré?%a E%PEP&#E%%%%g&?ggﬁggﬁ%ﬁ giéalg e Cclafii:%?g g&fat hié:ig npound

i denti fi edlebgtipaioy ob inddifeedapinodisicairasc thesagnthesigitinciam, ord thgir hgpoipurationont act

bacterja ar m croarganjsns and. the sel ected conpound. The nethod can
comprise PG ?716%8&7%% ﬁ@%fﬁ?ﬂ@%‘@@é‘%"éi ecting a conpound identified
by any of the reidiQfRicdhastosad b ehdiRdafthi E%@Hatb%&et‘}@ﬂl(ﬁﬁﬁe@aﬂ eria
or mcroorganisns and the sel ected conpound. The nethod can conpri se

sel ect i ng rhosppownitichiatludahutst notlinitediedboscvhdteanbe bloddledsorthdidlsni t ch
comound. tabhhtERT bR udhs ShR AR RRAT R Dra SR FhEakDy any
of the di shbgsRediid¥Rdphbsphbirieaidr, aalihdsty@phoipRGtibya Metiyl BAD6keralkyl

ri boswitch and bringing into contact bacteria or m croorganisns and the
sel ect@d dbephwndtes Mekuding huedkydens rboshonate agé ckicaliphgsphosdap dhosbhiteias. can
activate, fiva Kyrd L] i | NQi i

boct ori o TSI Arlihe BRMhGdati: d NE RS ARG AORATkes, |
conpound. tlieaopieispiadadadates Oifumosiky pabghbhatgs, shidtedigshosphotelesérs fandd by any
of the disclosed nethods that can actjvate, deactivate or bl ock a

ri boswi t cHPOSHEPBPSPREEhgItiTHRsIcERRdBet thexemBpiphatsor madidit honplaie linlges ]
contai n t Ag [l AR ERLARE LiGe ?ﬁ%ﬁ%ﬁ @9-539{{?%%%‘?3 2-5' hnka?ée,%gg%{lgléﬁgg are

nmet hods of 1dentifying conmpound activate, deactiva
ri bosth t chranEontaexangtedpolavypohrdS'-bhats'-Aatri2atte 5&2'r iVbomws sadfs, maedbe

identified 15b ringi i nt o .cont acgt test c ound and a ribosw tch and
hss0ssi ng AL PYBFT O b IO AT 1 SO ek NFCIONS G0 SR aHISTS SRR €.t he
test compayigd d4nd usdamdibdtiRd céiRaitineANRAHEIp A Bhatd&CiddMAtIBE: biterd A asikddich.
Activation of a riboswitch can be assessed in any suitable manner. For

exanmpl e, tthe3. 63 hYBUMHAOR.86Art. 10,80 NIl 31283 5.1 8P dP¢:er 1 SR Tahdoe4pH:essi on,

mensur od 117 THD %2007 SaURcE hil Aneeina or tREt S0 pban Be Hhothor

exanpb@, t346d,671795w76 005 CRM 9, Y, s 6 B2¢ 05501, BEY; isysodapengentsi; abeli,79ohe
signal from which changes dependi ngipon the activation state of the
ri boswi t ch-58utH: and p 583 MP Q. cactpeler kich iy Rereis drcompprated Arerfegpemitheitvelin or

derived fr Il ' ' n S nt

of acti varforepsitit B R DR o g spr AR Ry B AERE AN

assay or 2bsaeasumper®ioh it notlebidds, dlinusleotides and andleiolac@ssay or

measurenment. Methods for identifying conpounds that deacti vatag,a {i)i boswi tch
RGeS

can be perf or meldiSiHRdgioed deth Suelgdiidcanalogs neqql oy PR snalhEo
dirscl osed eh SRYNGS Eodh flipib 4RI AHER! v ARindhnc 6P IRAHEC dier Rl A Tdont

ri boswtch can be acconplished in any sul manner. For exanple, an
moieties.

Nucleotide substitutes are molecules having similar functional properties to
nucleotides, but which do not contain a phosphate moiety, such as peptide nucleic acid
(PNA). Nucleotide substitutes are molecules that will recognize and hybridize to (base

30 pair to) complementary nucleic acids in a Watson-Crick or Hoogsteen manner, but which
are linked together through a moiety other than a phosphate moiety. Nucleotide
substitutes are able to conform to a double helix type structure when interacting with the

appropriate target nucleic acid.
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assay can be perforned for assessing activation or deactivation of a
riboswitch in the 30 presence of a conpound known to activate or deactivate
t he ri boswibt2eti/@salei n the presence of a test conmpound. PCTASRINARISH OF
deactivation is not observed as would be observed in the absence of the

test conpound, NigotidosubstisiteLaopatlostides ot d@dl&dtfdie%dalags thaCiivpddthet hat
bl ocks activation or deactivation of the ribosw tch

2011/ 0880 7PErHR{IIPEILty Bl 3ggar moictios rgpaghds éﬁ%@@ldaﬁwﬁmtmn%maém@ct i ng
conpounds Jsj4RQ oSS tof! gﬁé’ﬂtﬁt%é‘ﬁo?theg?o ﬁ%%@%h &ﬂﬁg %%kal&lg%ht}ft'cﬁ&hng

into contact a test sanple an I 0Senso SW t ssessing the
acti vat i onllofl ot hﬁcldnalbﬂemtsnmcreomds Whkages, ndictd kettioatonoéind dkylhir cgenglbyl

ri boswitch indi at s.t e presence of the nol ecul. e for Ihe bi osensor
ri boswi t cHMCHUS eﬁ ag§§»rﬁ§ [0BS OBMALRHOHC 1“8%? altelﬁécsorahﬁ&er%‘ﬁ’é fieer ed

riboswitc hﬁt%rﬂda%sﬁé ﬁgléé‘g%s 2TASL SRIAR B0 A herphOPH ARG G0 ed iR Bl

cognate trigger nolecule. Useful biosensor riboswtches can be triggered at
or above tfhmedeoiugal mredsoiof nudenside).giexanedlaelidhoness sulBidoswhionide pnd oslidnec hes

can be desi gned f use itro. For bj osensor
Cboswi + csegfer darEih Radinfodhacelo B Sngoner B AT Sonsh R B ot ei ¢ ha
serves as tRiofdrfnad&tyNyRk¥&Es] NkdHeQdHGIMEE Backb&NA! sutRMaRebAeRBshek,n Vi vo by
engi neering a cell or organismto harbor a nucleic acid construct encodi ng

the riboswnetbnenaipana and mphylepehyerezing kackhongsisubigesie ard sullspsmidech for use
in vitro i @ gl ta%ﬁléér;ﬁ V&’l#)@%e V‘%&dc&hér*s‘gﬁv1hg§l&'e‘%€ﬁ 8 8%?& epgg&%p%n&% {l?e”t

| abel , the signha anges depending oh t e ac e of

t he ri boswWiratrouSUahedStaico petRans I’dlS’CidS@ﬁkM’vttG ae ah@uabthyseuges cdphagphaer
dormain 15from or derived froma naturally occurrlg?égl utam ne ribosw tch.

Al 'so di sclT6Rl8ernans aenipeuftiButiaeeettimitddhoi3¢i08: Abound 444t acti vates,
deacti vat ejs%]p‘rlﬁl Q0K§ 1814 PPSYI3L gg%ﬂ%@bn?%’i 364, l5r40@g)3%n€,434j§517t it A8k 77:

conpound. Thi $ 'can” be’ acconpl’i sh by, for éxarnpl e, i ni’ng ‘conpound
i dentifi cat4Oavet 4885735, M s oSe5b 1 2RSewher, e8hSred2r240i §,h 1028 dcks)2230;

made by br AT B kb 8 B B R SN R P E 8T AR P eSossi ng

act i vat i ors.6f7 40e cidhRasWitieR ,hef%wmcblfpoisa!a@d By RASWGR dnfiredf tahy @]%e%‘gﬁ&l/lyt he

test conpound, manufacturing the test conpound that activates '
ri boswi tcrfoa‘életrrd@scwnp@uﬁuhosp\h@t@rejﬂ@@hm@dthaxr@ymbmmmlsusm@ thgir checki ng

d 25b Ki h b d d
manut act o HORORLE R Rt auRaN A 8 B WRHORD Mnea byr or

exanpb@, combi Nt RGIGANACHDIAL bindalbdEt subgatie tvatbofthekuddraekiteg assessnent
met hods as discl osed el sewhere herein with nmethods for manufacturing the

checked caotgshsismorses ehthpprdcotidsepnbnaplacan Ryeforepenmly abpmis e | Rt 0
Sor bo. swil [ abe GATRRMRER APl RO bu EORRARE SH30MENEDId 00 o,

manuf act uri, N, lﬂieteztcﬂasﬁowcmrmﬂwmhdtulgaPNacmbLeaﬁleg ehhﬁoﬂ‘\ivhmlsw Hegdinas t he
conpound. Checkin ounds for their ability to activate eactivate or

bl ock a rllﬁ%ﬁ?ﬁa@% bﬁ’éF Feace o(Sss efoiNighien ?tl‘ffatg?lé’?Feo?fS“c]é‘%t}é%g 195 &vi ousl y

unknoyn to actiy, %ﬁucl@@@&%'aﬁ@hﬁcl@l C PldQCkn Be EdROSMI bF Ru@BHide® andCn be
2011/ 088076PCT/ US2011/ 020933

made up of different types of nucleotides or the same type of nucleotides. For example,
one or more of the nucleotides in an oligonucleotide can be ribonucleotides, 2'-O-methyl
ribonucleotides, or a mixture of ribonucleotides and 2'-O-methyl ribonucleotides; about
10% to about 50% of the nucleotides can be ribonucleotides, 2'-O-methyl ribonucleotides,
30 or a mixture of ribonucleotides and 2'-O-methyl ribonucleotides; about 50% or more of the
nucleotides can be ribonucleotides, 2'-O-methyl ribonucleotides, or a mixture of
ribonucleotides and 2'-O-methyl ribonucleotides; or all of the nucleotides are

ribonucleotides, 2'-O-methyl ribonucleotides, or a mixture of ribonucleotides and 2'-O-
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assessing the ability of a conmpound to activate, deactivate or block a

ri bosw tch where the conpound was al ready known to activate, deactivate or
bl ock thewoizbomssizeh. Di scl osed is a nmethod of detecti ngCa/usenpoyds of
interest, the nethod conprising bringing into contact a sanple and a

gl ut am ne méthgisonabicotidier Such dlinitlbosdds lagl nideidacids ¢ad Belrdfytrdde asonpound
of interest, wherein the riboswtch produces a signal when activated by the
conpound dhimeficeeligonuclgpidesiapd eaneric ByeifictaKispr oduces a signal when the

sanpl e corﬁoaggﬁdgng sqipound of interest. The ribosw tch can change
conformation en ]():ti vated by the conpound of interest, wherein the change
i n confornati orSghidedpees ac silghshte sulst@tes onfugpoets moth vde ple mobdaetilek &dmeh as The
ri boswi tch .can c(ﬂar{ﬁe cogf. rmat i on when 1l0acti vated, by the conpound of
interedt, HRETNHTHS) an ’HB%WYIW B0 SMREPBACICAded Un BHBIRGRCS yeﬂ’ﬁr essi on

of an RNA {ijJued rﬂe%&ﬁ@)?ca!hi HROIWCh . I!‘I‘B%vgiitdheﬁ B 6HaNGSIctNcSERNRSST on

produces a signal. The signal can be produced by a reporter protein

expr essed dsamteccheitRhlid supkeds diocctiyer indussihy .t Eor. cxBngls, esadyies &.@, tmgérod
conprisin a) ,lesting a c ound.for inhibition.of ne l5expressjqn of a
Gene. encodratulic R uRuirarag B ob sl SiFGReR s Mpedt GRRBERGH i o via
the ri boswitiefapt@ddgdl (d. ) ddMgduis San6lcex B Bashifd ak indyte NEhAgbiliRddorcont act
a cell and a conpound that inhibited gene expression in stte)fp (a), wherein
the cHl| cehfsipnestsa Aganethenesaiphy rikasvrghes sirpbe beung te the weigod efchsolidher ei n
t he conpo Lnhi hi g I . indin e rh:nosw tch.
20A. | dentklﬂEPét:rg{)]]% %ﬁécg?tga;%@ﬁé:bﬁég6@1510%@%3%%%%@/@%@%% %&%ﬁ%}g tz}rae‘{ozllallacl ass of

st r uct ur eduppisto hkich haieple viobssaethbqmprétee op uthpomelcaiilchhiai bvgn assatiatedrigani ¢
nol ecul es. The natural binding pocket of riboswitches can be targeted with
met abol i t ENFHRY oféd, OF othgT egAPEEhPIhat i nic the shape- space of the

nat ural net ab0|g0t11§;5§éé[9§ub%ff§4ek fcml!sg G fidls| g@g‘giaﬁﬁnﬂﬁ&%ﬁy%ﬁ@ﬁﬁteﬂ’af)%‘itgﬁt on

useful sites for erivitization to pro rug can ates. Distri

of soh® rivwoshcérpesnissas bowssocntciabirertly opinditeStly. Al itccdides maRerbild wabhi on
No. 2005- 00539?1.. Once a cl gss of .rib @WI tc hasldgeen i denti fli eg and its
potenti al ALYpide aeamgetcciuloss altpecluors: glasy gold palys e RBIRFICh,

candi dat e mleae&_h@,s%(iqgﬁo{aﬁehg%er;iniétﬁéééyléﬁe,epcﬁ%@ﬁﬁ% BoREihg g kR St ant

stains of bacteria Ights the need for the '30identification of new
cl asses ofpodysilidsiest padgcarbimatestehos dluotdeathongytap sidisemtubhe ol agfydaides, -

bacterial action,that, i f..considerable interest for, the follow ng
Ponsons. ADELRRLEARE. RawEFT AT Bl MeSurS FhiRaligd IA%: or eocr i tical for
f undap@nt glolypRbARAINEatD) RUBSSE §lycdLaaiifd Dy @nBRML PYlyakifNa@ds. tdigiRastgene
control elements with drugs yields new antibiotics. These antim crobial
agent s carfubraiesren darenytwehe forgrinekudingtthin fim, sienPsgice betées. dishes, fipgrs,

nave ovol vad D4 SEr SEPLS BTy 5! i e arar QUepiRE R SRR, S

recept or s siakeutgoads aidiglidanpgirs cas bd poue behon-poDysea daipdis hecapiguls .or
Furthernore, it h s,beerf’g shown th?t t agq[qi n‘ic({jobi al . conpounds édi scussed
above) ki IMuysstet iPiecepf Auieial-vRicf et dipansier solidottpte subsbfcs pEHAE HSener ge

through my.a4d 8PcmPS. ARCARNArHEbOELolid-state substrate is a microtiter dish. In some

embodiments, a multiwell glass slide can be employed.

An array can include a plurality of riboswitches, trigger molecules, other
molecules, compounds or probes immobilized at identified or predefined locations on the
solid support. Each predefined location on the solid support generally has one type of

30 component (that is, all the components at that location are the same). Alternatively,
multiple types of components can be immobilized in the same predefined location on a
solid support. Each location will have multiple copies of the given components. The
spatial separation of different components on the solid support allows separate detection

and identification.
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B. Methods of Using Antim crobial Conpounds Di scl osed herein are in
vivo and in vitro anti-bacterial nethods. By "anti-bacterial" is neant

i nhi bi ti ryoani1psewzent i ng bacterial growth, killing bact ecirais2an/oe@dzci ng
t he nunber of bacteria. Thus, disclosed is a nmethod of inhibiting or
preventing bactA&lthicugh gsel, it id Aottt thg ttOssIRIubpEt Be Hai@dpRninitorwi th an
ef fecti ve anount of one_or nore conpounds discl osed herein. Additional

st r uct ur eSSBS Ha Sefi o e1besidchespgeridrolas e PHGT BetFchss. EPRPOPISANGSE

her el ”r' Z pr?hb;b“;eg 5%? gFtd gﬁu?éd J%P'al?} ﬁﬁtﬂ&r%‘f@%‘ﬁ L@Eoﬁ%cl%r exgﬁgféhataoﬁle%xaérﬁg,eri al

cell o i's 1n a su conprising
admi ni st erdanlgcanp@fehembeenmmmlulmztedom aaepamatpmmdorambdlos comsiack, heoei n to the

subject. This cg)g esult int e 15conpound bei ng brought into contact with
the cell. SPRE2EHEREAT RISIPPAUIES £ or exanpl e, a bacterial infection, and the

bacterial cellsve@pddr hrﬁﬂl’o@ﬂ&@t‘i’orpd/f 61%%19&&8%{21%‘% sohil&tRAGIRIThRs %Wvé?le any
bacteria, such as cyanobacteria or bacteria fromthe genus Bacillus or

St aphyl oc astbbshefloOligrangdtaideBantleding hd@sm/ptrhbasand dbtsotidneprohés, bintled i n any

TPu b TeghPtefilo SR MBE G eling R PR HRS bl as

di scl osed Jugtighéht @RI ardddsBiliSddesyerbadd /4B S Brdd) NafMERRSEO S (1] 1313922t her
conmpound or coqy05|t|on For exanple, the disclosed conpounds can be

adm ni&t er’¥®3d6ét %wdlﬁhf@@??bﬁfﬂét ohBigl (MOdﬁéyﬁ@@) It 48P By Awefodnd.
The bacterg, Fx?rﬁgbl § t?o% #ﬁ{e o%g&ﬁ %Bu‘%g 91?8&5 ied%Wg ?dgs%’ﬂ"déd Faci 1 us,
c us ridiu

25Aci net oba I no aC| erium
Ent er OCOC(SlﬁnpsEﬁWtdiVi aDmEsNdiewaJm&; LBA @ZJG?OHX—JG}%SI (&WS)F@S@d&aﬁtr@dthchH@f
Geobaci | | us, Haenpp Kl ebsiella, |ldionarina, Lactobacil] us,

Lact ococciétachipg ebw@eﬁdeé tg tﬂ@lﬂ statenybitetas4s dpagtibesht GHe ghy! Nicleic

Oceanobacqcl R Q8QLE t eurel |l a, Pedi ococcus, Pseudonbnas,
Shewanel | a, : hlegsg?}:{1 ‘T@Sb(a r, Staphyl ococcus, Streptococcus,

Ther mbanaer obadiaeh of ﬂfhae:ronmongas (f80aradnple, htrhoswltém teiggerpheleculés obathter i a can

St | CABL e BEPTRST S PSSR R B PR b A
l'i cheni f orgggign oBﬁfélsb i Jﬁjéptt 'T'He%hff@@ﬁt' Ibédtdnt B BUIFBRSI RactidnOdhfibeisum
acetobutylicum Costridiumdificil Cl ostridiumperfringens, Costridium

tetani, Cllshof dlelmff@ﬂqetrmd@iﬂed mgl®I§Slﬂhfbﬁ pbipsictlorscparaied fromeeash other of the

Ent er ococc f aecal 8076PCTLUS2011/ 020933 r ot ovor a,
Eochor | omdiashticBieh? T R valredtthe LRl Sr e R &l Ao B onact 11 s
kaust ophi lsup ort%ﬂMmIeﬂﬁxéw&r@mbleHa@mmﬁwsn b htrAS REEESf thieesmpdichtis
somus, Idlonarlna | oi hi ensi s, Lactobacil|us acidophilus, Lactobacillus

casei, Lacweb tba@rmmgfsi s Ered deeres, ram sechisler) whde gRIBR@ICts ‘apspetaiRsaeith | us

j ohnsoni i, eczsf&/ﬁ rﬂﬁ e lid'F ARRY gﬁl&lﬁf et 5&9%0& noc@lira& Se o#@ggﬁgﬁoﬁ%gﬁc

mesent er oi 0 eria inno Cer enes

t her noacetsupport ﬁmesa(ﬁcrthaambleumunttlﬁybmwllﬁemﬂcmmable@mtanc%st eurella
mul t oci da, Pedi ococcus pent osaceus, Shewa onei densi s, Shigella
flexneri, Soli BeRpRANCHESCAY e.gssogta%?smra@@g(@ aupe S@P&ﬁﬁ%‘&’c‘%‘@é@é

epi des4r d' Components can be immobilized to the solid support at a density exceeding 400 different
components per cubic centimeter. Arrays of components can have any number of
components. For example, an array can have at least 1,000 different components
immobilized on the solid support, at least 10,000 different components immobilized on the
solid support, at least 100,000 different components immobilized on the solid support, or
30 at least 1,000,000 different components immobilized on the solid support.

M. Kits

The materials described above as well as other materials can be packaged together
in any suitable combination as a kit useful for performing, or aiding in the performance of,

the disclosed method. It is useful if the kit components in a given kit are designed and
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Ther noanaer obact er tengcongensis, Thernotoga maritinma, Vibrio cholerae,

Vi brio 10fischeri, Vibrio parahaenol yticus, or Vibrio vulnificus.

Parti cul awbyousssark are cyanobacteria. For exanple, thePbhaaSeriimean be any
bacteria, such as bacteria fromthe genus Acaryochloris, Adrianensg,

Al bri ghti adapibt €srmastdgathcAlmat disdescd MokhbacRas; cxAnphadisapsidsre kiph@dni zonenon,
Aphanocapsa Aphanot hece, Arthronema, Arthrospira, Asterocapsa, Aulosira,
Bacul ari a,dcB&tiagrampoundsshe ki 6PMPTIXng go 94 laoreéw%pmﬁﬁvosw%ﬁyif pe KK a,
Brachytri psosira,
Chanmaecal ;%:é 5%%%@:%%%4& %%Qeﬁoggg&&@% %?ggg)tﬁ%ﬂe(gggﬁ ésl&awh rocystis,
Chondr ogl c¢aMi€hmeococci di opsi s, Chroococm di um Chroococcopsi s,

Chr oocpccus, Cg{).oolgl oeocysti s, C astidiu .CoccoPedl a, Coe#om) Q

Coel osphaer i ops?§CIOWIeroELHUER RFHCddy REEERIRE P EaT RS R L g disclosed

Col t er onerfethe Fdrahyd d@l@%@%ﬁﬁres%&@ﬁﬁh@%osv@f@ﬁh dd BloXr
Cyanoaggr egat um Cyanoar bor, Cyanobacterium Cyanobi um Cyanobotrys
Cyanocat emagle@jemocat enul a, QIanocorrperl a, QIanocystl s, Cyanoder nma,

ganodﬁr mat i um\gﬁ%anodl Ctﬂ}/ﬁ%ﬂgﬁ%% g{ql%,r ano C,\ég?r}&goe Porn(g N
anophanon, a

Cyanotetr &s‘émp@riéiﬂ@bmag@ﬁs S¥feidtlhf ecemethyd bﬂéﬁlﬂ’e% ﬁ@ﬁlﬂ@fﬂ&l dfferent mixtures.
25Cyl i ndrosper mum Dal mat eIpI a, Dasygl oea, Dernocarpella, Desnosiphon,

Di chotthri xor psamplacé earmethed msiudse étﬂéfilnﬁ stopg.chist aachm@@éﬁyéwt%s a unique
Epi gl oeos Si

Fi scher el Bﬁ%ﬁrgm Rh{xli %afglll %&ggg&;ﬁrﬁ{e Selﬁ@?&a I &%&: ?él’l Hr@ns formed at

Gei t| eri neh@corelBlio oAl dfithe Gepinegaididsof Kdvo erbsagt evere @rﬁ&ﬁ&&p%e present
d oeocaps (§5| s, d oeothece, doeotri Chl a, Gonmontiella, Gor%hosphaerl a,

30Hal oni criysdire saafanigeithespmadyics obiingddhyhe srpigmncHakidsdfsclosed

Her pyzone ter

ombeot b | R R A By g ) Bl e e ERPPRO B E 3f omponent,
Hydr ot®! eufor exdygrigaiaciosed hédgel | a, Hyphonor pha, | sactl s, |socystis,

| yengari eiba Jaa i nema, Johannesbaptistia, Katagnynmene, Komvophoron,
Kyrtut hri BESBM3i ni a, Lermer manni el | a, Lept ol yngbya, WO

2011/ 088076PCT/H1SAGY H2QR R BRNR RIGRMorth LS L T L ABARALE R the
Li mot hri x, Lithococcus, 'Lithonyxa, Loefgrenia, Loriel %mg bya,
Lyngbyopsi dssclcwrad n@;&pveir fysienvizenahlly mmnmqociﬁmla@dusof avashes goohrufegsics,

Mast i gocol e acol & I\/att 2 Merisnmopedi.a, M croch et e,

M or ocor e i apsiPEe PSR RS A3t PR TS e PRRP O Ry e 1 o,
S5M/x03@r Cifiaeridie Mt o) AeA, sdbﬁlabﬁleﬁﬁﬁﬁmhaﬂ‘d@a isalobad oregta@Capphiest B6MORAST S,
Onkonena, qOhl othrix, Oscillatoria, Palikiella, Pannus, Par acapsa,

Par enchy nstishesurarae copismplatad dor axamplsielossd gad corerapBiditic SYSKOMM desni s,
Phor m di o hor i P VA0 t ol yngbya,

Pl ankt ot hrg{&%@)ﬁ‘ﬁt@% (&efﬂ gn%?%r%(h%g n;%’h {ﬁ@b@ﬁ@] o%géa?éngp %%E%C apsa,

Pol ychl anyﬂumatmrpbw%amh@nmpmﬁf@mmmr ococcus, Pr ochl oron,

Prochl orot hri x, Proterendot hri x, Pseudanabaen ﬁ%t Pseudoca

Pseudoncobyr sa, Dipdetrdapn e A diwes pgf‘éiuao%eepllar Pagemgaé??d@%y&hsnena
Pul vi sl ard@olos%@%mdammh%ﬁg;[ %e?l’era!ﬂ%pal?% $inf dB&XInfornd308R dAd &) M.

Rhabdogl oea, Rhodostichus, R c a, Rrvularia, Romeria, Rubidibacter,
Sacconema,obfehi @ictied )orgdatud stbesidnaniégr eﬁdy)timderm coﬁ@ymnmennmgqhsns

Seguenzae Si nai,el |l a, Siphono rra 15Si honos er Si r qcol eu Snowel | a,
Softol ov1 a it eieyS B SHOGORT MSIAEREA G SEsEPEE P &

Spi rirestigaAMSRH g dted e@g@r{ggrth%of%tae&rgfﬂu@mr@t aur omat onena, Sfl chosi phon,
Stigonema, Streptostenmdn, Synphyonema, Sy hyonenopsi s, Synpl oca,

Synpl ocast rum Byrishoed owthod, Syamadheichetptor prapirstsnthénforTalbsophi | a,

Ther n?(? y nec%rq rgﬁeo nian;lrgeldogrho EerW1seTaPS|51 [ Tb?lrcloélpu‘;g{r IcoCn ro(foguéh ¢omputer control

can be accomplished by a computer controlled process or method, can use and/or generate
data structures, and can use a computer program. Such computer control, computer
controlled processes, data structures, and computer programs are contemplated and should

be understood to be disclosed herein.
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20Tri chodesm um Trichormus, Tryponema, Tubiella, Tychonema, Unezaki a,
Vouki el la, Westiella, Wesfiellopsis, Wllea, Wl skyella, Wbronichinia,
Xenococcus0 2Xemssirel os, and Yonedael | a. Bact eri al pgrastéiio2093al so be
inhibited in any context in which bacteria are found. For exanple,

bacterial growh in fluids, biofil s, Meaisbhdan surfaces can be inhibited. The
25conpounds di scl osed hereln can, be adnlnlstered or used in conbination

with any ot her Idsapedridc methodnpbisicrtifyimg qoapoundsipriactivye depeiivagseidlock
conpounds ﬁ?tfbs%cﬁldﬁbpéx%ﬁﬁﬂeﬁg%ﬁ{mlﬂﬁﬁ%dtgc éﬂﬁééwﬂ h\Wah Be ﬁ%ﬁhﬁ@

antim crob ound bacteri a romﬁ I's define
reduci ng thrmgaly 1htotqonmfct atest aftgrhm)ubaan@a mhmwmchchnvlladﬁssmg a)ctd/atlgﬂnbétrhecel | s,
or reducin he ab [t ul ati on of bacteria 30to.form dau

cel | s.> TheéToosMf Pl%y fghe g ky‘Pf@%zéﬂ ?qtlaa&ee the frsbeRrerevad is Yentiiicd AséFoBp %HB ut

10% about, £40%ivAROME n%Qs@zltc%b AtivA00R o PPAMS svRNH0ca R BO Wsc 88 an ﬁtag 0%
about 80% about 90% or 100% or nore. WO 2011/088076PCT/ US2011/ 020933

Al so pr ovirdathei.sFer erxemhbdﬂmfrluos‘l’vitcfngﬁndoedadqeé td &mportcpRNA ?mdleapre@ﬁomact eria
conpri sing _cont.actin e bacteriumw.th. o or f the conpound

Pl boba AREtaE 1P oh OraoRE i St oyt 8P B RinaRL RN el TR Bisusi ng
the death ﬁ&seﬁce%ﬂ&i@ﬂb@e&@%&”ﬁ{el té'ﬂ’ﬂco@lboéf@%&péﬂwletr *éﬁarﬁp'l@b% ri®bsvaitdl dahal i ty of
bacteria, such as those in a col on Wien the bacteria are referred to in

the plQr alingladeny corfermation|dengndent lbelt the signal; fsory éﬁhl@he@laag%cc@pendq%@mtmf a
gt ven pop cﬁ%tf’o‘ﬁﬁgq}/e Oft%%: ?ﬁ)logwf% NIV b%é&}tcl}lg ?Lbl% Gg s%%?agka%egg&ng Of[%hce)f

the popul ation popu I'on,

popul at i orfrorﬁaP/miaiveﬁrfﬁ)npamuﬂuadliymcuﬁﬁ%r@bsxmﬁl. p@pcdnaid $26n, aSQ%erméntolie
popul ati on, 90% of_ the populatlon or 10l ess than or equal to 100% of the
popul at i orfctivation of prtbogweiberiche RERrEehPERithe Bl dicoRId®IEr ei n have

ant i - bact 6f LAl AER Y indl okl 1 87 QLohbI0 or A1 GRS NSR By cON unct i on

wi t h ot her conpounds or conpositions, which can acteriocl as well.
By t h&s t eridedtifthiepg apepourchithar deddtivatei avrdomwuu]m tén lof paformep auadlesupmways.ded

herein 15is nmeant nont oxi ¢ but suyfficient. amount of the c o nd to

provi de the desfipnstfichroR, et sBrpatads fat PC%PBOWF&%H%@ aggOmI Wi nt ed
out bel ow,qfthfle BARLr. FPLRUmMAE, Jnhﬁsﬁlm%@%@r%ﬁﬂéﬂ ﬂ’o?gss&slnl AR Yid @m subj ect
to subject, depending on the species, age, and general condltlon of the

subj ect, tdvectsatien pf y ribéswikod iul ithseprssenthaf a ccsnmlndgnowem edivatete deagtiviatsul ar
COTTpOUﬂd I’atl on 1S not

poser bre 25t Boeptnrpd T M s RO Boah of SEivaE oe AueEietangs Bpl o e

ef f ecto ve IBIVEd adR¥uldDedBER T mﬁie awse@&%mﬁe t%ﬁﬂ!oﬂﬁfo)ﬁn@ khéd the fest he art
using only routine experinentatio conposi tions and conpounds

di scl osed deamerpd sdAcidicd @p ﬁp@peméhthﬁtrblwkﬁ@ctwt@n@ﬁ degpdivation efdhe y
acceptabl% g&{P§r By "pharmaceutically acceptable” is nmeant a naterial
that is no%(%lo ogically or otherw se undesirable, i.e., the material may
be adm ni st er edMtlip& different approaches can be used to detect binding RNAs, including, for

example, allosteric ribozyme assays using gel-based and chip-based detection methods,

25 and in-line probing assays. High throughput testing can also be accomplished by using,
for example, fluorescent detection methods. For example, the natural catalytic activity of
a glucosamine-6-phosphate sensing riboswitch that controls gene expression by activating
RNA-cleaving ribozyme can be used. This ribozyme can be reconfigured to cleave
separate substrate molecules with multiple turnover kinetics. Therefore, a fluorescent

30 group held in proximity to a quenching group can be uncoupled (and therefore become
more fluorescent) if a compound triggers ribozyme function. Second, molecular beacon
technology can be employed. This creates a system that suppresses fluorescence if a

compound prevents the beacon from docking to the riboswitch RNA. Either approach can
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25subj ect wi thout causing any undesirabl e biological effects or interacting
in a deleterious manner with any of the other conponents of the

phar macewocal/msserposition in which it is contai ned. Thectarseéienzessl d
naturally be selected to mnimze any degradation of the active ingredient
and to m ricrippBeddyand @Y @icsitbasiviteh efaf 26 bg ubig IRINA shiiheging sdatcplen ldeschibedve! |
known to gne of skill in the art. 30The conpositions or conpounds disclosed
herei n calfdtadni ni stered oral | y, parenterally (e.g., intravenously), by

i ntranmuscul ar i i PISlae@é i Iy,

ext racor por eal |f$", ﬁtq%ﬂgﬁghaq*gcrgghftigpﬁdli I r?gltﬁdﬁev%l e?gfo.%fé?g?ﬂﬁ“g%asar

admi ni st r acafdeldothabdso hmdttm abbsmtdhyRNAhajtlamt\mthﬁsandsaﬁoﬂrmnestanddtd apidcal

i ntranasal ni strati on" ns de | of the c osj tions t he nose
and n 055%@3 IeGRENBI9TY AHEEDR @@fﬁ%%@%%"ﬂ%ﬁ%ﬁgiﬁ eaheefagolﬂst h of

the nar es @mngﬁm&sorﬁemdﬁﬁg afolsrevl@&%o%@as%wﬁﬁrﬂggg&%ﬁmryna%@tbagé@pI et
mechani sm or through aerosolization of the nucleic acid or vector.

Admi ni st r atciasHonfethvds codpodine pmbsngoa,ssaysh dllsmdisdasedisec cdmpughs made hpse or

A T S R T e T

i nt ubat i oMmanlif&t@XActhe aldaAEd éﬁmﬁ&ﬁdcmhtb'e%@onﬁlﬁﬁﬁédﬁﬂ 9 ddampdd,y from
subj ect to subject, depending on the specie ght and gener al

condi 1§ on cembiitiag seBpeind, ideridicaerempthpde s dlrrémgleéswh@redxe%mw ntiféhqdj
treated, af?FmBRﬁf‘agﬁﬂhg{qe’]g&hﬁiFﬁSg&b&%&{s Y5F {:Qa%n(pg%?cgplgo{ﬁds%g%e

adm ni str I on an I'S no 0 specl ?@ an exact

anount f orbrigig@rg)inoipest 4 teenconkj@uey end aalrooapmhopxrsb@i@ ajcﬁaﬁmnrﬁftnem be
determ ned_by one of agrdinary skill .in using only routin
exper i nentra%qswﬁclguavéﬂf fh?él@é‘ér&ﬁlr w&tlwrebhthe test Compalr@nfrerlaracfér&ﬁg thesettat i on

of the corgggﬁ); hh&’ Lot R swithh 4S8 co g og&nerally characterized by

i njection ect es can be prepared in conventional forms, either as
| i qui t sol ut i onslsodisslesgeans compoursls nade by rehecksng dcilyhgorf, deaczmhmnnmn of

ovr soa amrinsSbaRRsh Bl i manli it i tisiing B Bl sompoua i oY
rel ease Orc,§ys Taé‘édﬁ?lﬂlsﬁ@d BA6: é&ﬁfpmeﬁrsﬁlﬂg@m@uﬁ@ 954fbn AREARILS or

mai nt ai ned. See, e.g., U’'S. Patent No i’'s I ncorporated by
reference hi@qimgwassmmenmbgd&asml%n@ eb@wpm hd@lmlwgh mﬁmlsrﬁm ein can be

used t herapeu conbi nati.on_w t h har maceut i c accept abl e
carrior. anntsi@inglpt PueRCE TS Pl tlndi SPGB b ST

Remi ngg on: brmrgmgsﬁtoarmecamsﬂowduﬁ@ afd a Abagwisy adsdQidy KRdvtidbf the R
Gennaro, Mack Publishing Conpany, Easton, PA 1995. Typi call

appr opr i at/éosyiehangfif Hleprrb&ﬁwﬂélwﬁc&‘aatwbh&@éﬁt &ameow mangt}éefsleag ithe tese
formul ati O&&gﬁﬁ%}lﬁf ﬂlq? crtctl‘t-VQ%F ftl?ertjf%pls%litpl? {hﬁ%fa&ﬁb&ndbl‘:(? n%sco&fpp Eﬁtfgat eir

phar maceut acce e carrler are°no

sal i ne, Riabgéay t(SacSﬂ'htﬂ:t teustieatd oclBbotk @meomltchtnefms toTBmh meln@ﬂ‘icatnbﬁ o$ol utr on is
preferably fromabout. 5 to about 8, .and ref y fro ut 7 to
about 7. 5.COPpRHREY PIEPY§lE paknoyd) "Gd‘é“%‘ﬁ%tdgo ﬁe& | r;blr%sp nfatarl s such as

sem pes ”Eaalgwlkq siffBbifd aﬁb‘ﬁﬁ Qf a 26 Pgurﬂiytgr ?M@'&a&@a%%o&%@ds%t@ﬂ wrh'ee th

anti body, |chrrar|csare n the form'of shaped articles, e.g., 6F‘ms,
| i posonmes empoucd epanléady dsowh o wétivatch dcaappae enblotl tiRGiltdseseh. per sons

KoL e e el Bak B SaL oS0, B IR SBESLECAR ydepen
conposi ti g3 Jyelindl @HthéteRli§oefbadily synthesized using techniques generally known to
those of skill in the art. For example, the starting materials and reagents used in preparing
30  the disclosed compounds and compositions are either available from commercial suppliers
such as Aldrich Chemical Co., (Milwaukee, Wis.), Acros Organics (Morris Plains, N.J.),
Fisher Scientific (Pittsburgh, Pa.), or Sigma (St. Louis, Mo.) or are prepared by methods
known to those skilled in the art following procedures set forth in references such as Fieser

and Fieser’s Reagents for Organic Synthesis, Volumes 1-17 (John Wiley and Sons, 1991);
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Phar maceutical carriers are known to those skilled in the art. These nost

typically woul d be standard carriers for adm nistration of drugs to humans,
i ncl udi ngveabutdssets such WO 2011/ 088076PCT/ US2011/ 0209¢8TAS 261t A209BE wat er ,
saline, and buffered solutions at physiol ogical pH The conpositions can be

adm ni st erfasid’ NChanyse ot @atbyn Wongionady, Mobatks] 5 akll B@ﬂipl@lﬁﬁi’ﬁ@l@ E8ewvikd | be
adm ni stered accordlng t o standard procedures use y those skilled in the

art. Phar met@ge Pebl Shé@nb%%t@’fﬁ%lcr%?)ﬁc‘il%b Ma@%ﬂﬁ%@ghn Wileyiead spas.
di | uents, 1%“111%% &ﬁ&?‘@ﬁhﬂl@%heﬁﬁt&angchﬁw& na%%'ﬂk %tﬁﬂﬁnfoﬂﬁahhke in

addition to t ol ce. eutlc mposi tions y al so
i ncl ude oﬂﬁnmdgmﬁoemaﬁmmmeaOqgnadﬁemﬁmm&mmhsé%CHdh%hﬂﬁf@bmaﬂ9&@ents

antiinflammuatory agents, nesth tics, and the like. The p i cal
corrpos% tion rraﬂﬂ@%ﬁcﬂlm indepioaddhatpazs gptaglp a ra@tp@ﬁg a&ﬁY@sﬂ%%er
| ocal or 9&6’%&1%Bh@tlotnr&%é’%%ncé)sdeg@i%eﬁ%relﬁﬂg c@ﬂlpbﬁrﬁisqﬁt‘%@achﬁg Rgnt r eat ed.
10Adm ni stration may be topically (including ophthal mcally, vaginally,

rectal |y, rihoswitpsard yreferisddut gre noyessertal &ritmaraction pha ecrmmlmldlvgith § or

exanpl e by i ntravepous dr | subc taneoy eritoneal t ranuscul ar
i et + on oA SR Sableb ot SRR Ghe il ARSHEHEE Pl B AMbUETy,
I ntraperi taaeakpdtifidiftthaltisapdudts Naviseide WiRNLOASditactd Md idfRattibis. Rirther,
transder nal | 15Preparations for parenteral adm nistration include sterile

aqueol§ ordi @rﬁntaswééﬁ@néldnmmmﬁ%grogmﬁh@ icompoungls ¢ar mlodhemeew. difderpites of
non- aquUeous 7 'c&%g&?saﬁ\ﬁgec&éé’ &’\kﬁﬂﬁleqlﬂt}’o%%che%o 'F%FEM@Q,%Q%M&%@ veget abl e

oil s such as ol I'njectable organi C esters ’suc hyl ol eate.

Agueous caibos®itehdsniatdedse smtle“nnctﬁhalogmhpsa/aﬁ@aa@m Sich fincdinsal ggoapsshons or
suspensi ons, |nclud|n3 sal ine and buffered nedia. Parenteral vehicles
20i ncl ude e¥eHaMhean Pe Arsirncd §p ity RONtEgthad nierapsiops with othespert € 1cand sodi um

chloride, k%@&vﬂ&ﬁd&@h fifactand intbla @6115%1*1 %ornb&{sﬁfé\gﬁ?me}c\sfse%ﬂgf}%ﬁﬁgg%%]OSe

fluid and nutrient rep enlshers ectro yte rep
basedl®n Hmﬂ93§¢BHMExuhmmm)qnas@wﬁhe [Uskful firrcaseal gaduips esn baattashérb for

additi ves ma Iso be res as, r..ex | e, ant,i mj crobi.al s,

o ot g et komR SR Cadah ok Bl YA GEEEE Griad Db Thearariony

25For mul at r@mﬁ ghﬁ{a %{&agm@im Q'c@ﬂlf)ﬁ‘ltah@tp dﬂ’%yutarﬁﬁk @Q@bé)hwdm% R{Sided.Ot i ONS,
creans, gels rops, suppositories, sprays, |iquids and powders.

Convent i onal ph"almﬂtsekrsfr ait megrads ef kﬂlll@q@raohubltln;gdh@lglromln obbaojerizasihs,

thlckeners d,the S desira o Co sitions
forCorar anfiRR bitFeqpintRe PRinctihe ERRIA wPh 4 PEREPEL! Senritiod hy kTR R

sol uta@ns méthmtcﬁgcl@sred RORAJLIROHShI® GArBcorkm s YbIestingSacdeicund ddentifibd BY S

Thi ckeners, 30fl avorings, diluents, enulsifiers, dispersing aids or |nders

may be deginyabthe methods disdessd beramendeeomirssng therheciesy wdtibassleated, be
admi ni st ered, ?Pn@ RR%{ RSl h&%éti»{ocﬁcg%ﬂh&?hg g8 éh&&)ré)sé Pa%ﬁe n?e%éitdaﬁn sal t,

formed by rTe I norgani C aci ds suc oric ac

hydr obr omcmnqmsdbnp@hg htocoa@ai ddmpoutd ied @cdlt yvhhfﬁuoﬂmemn@omcd d,idsutiffedr i c

acid, and phosp acid, and ogggnlc aci ds SU%P as _formc acid, acetic
0

acid, pr omy(%‘b’ 1sqdqsef geatleptls pAtya tisglesed gppargthods of inhibiting gene

25 expression. The method can comprise bringing into contact a compound and a cell,
wherein the compound is identified by any of the disclosed methods. The method can
comprise selecting a compound identified by any of the methods disclosed herein and
bringing into contact the compound and a cell.

Also disclosed are methods comprising: (a) testing a compound identified by any

30  of the disclosed methods for inhibition of gene expression of a gene encoding an RNA
comprising a glutamine riboswitch, wherein the inhibition is via the riboswitch; and (b)
inhibiting gene expression by bringing into contact a cell and a compound that inhibited

gene expression in step (a). The cell can comprise a gene encoding an RNA comprising a
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acid, glycolic acid, lactic acid, pyruvic acid, oxalic acid, nalonic acid,
succinic acid, nmaleic acid, and fumaric acid, or by reaction with an

i nor gani cwbasa/@sswh as sodi um hydr oxi de, anmoni um hydr oPCaalS2@ana®3s um

hydr oxi de, and organi c bases such as nono-, di-, trialkyl and aryl am nes
and subst ithigbedb@hh@holentinase tabbh ebapatshiic a ghnpoBik ribonsitds whicttd tsed
herein may al so be delivered by _the use of nonocl onal antibodi es as

i ndi vi dual OBRPRPPG dilits expiceton ﬁ%thé SppoRhbINdBRdR thedarest @besyiished. The

t herapeutic co I ed with
sol ubl e poIyne?ggggkkggggﬁgg%ﬁﬁggSg%ggﬁgl§§8&Q§U&ﬁgqg¥$%%ﬁ%E@?%%ﬁﬁgfude,

but are ndiuchinmitheld chionvpbieyfor rydmplyr brodgiping cqyacaa ribopeitghnaid, a

pol yhydr ox nmet hacryl - 10am dephenol , : : :

pol y hyﬁ oXPER %grpfé&ggsr aléﬁﬁs R CaACTae, SR T e ARRIR S STOPPY Eihe

substi t ut ggp¥dvifthe@buRctiovio Joﬁ%bﬂ%’&% exfﬂé§§1$l?fh?@fg% thd BRdnB&r @&ﬁWaﬂ 6fa
conpositions of the present disclosure may be coupled t0o a class of

bi odegr ad abggerpmlsrcmkr sCQmmunds ican h@meé\w aq1mﬂ¢mtllvetd or bloghgeibofwHchdr ug,

;8{ dexgglpl e tﬁgg% gcu %gq%f, 5@@? téé{he aﬁ 8\[6 Cﬁslg? :rgllct%gcgﬁlgg gmeouIYds}/cda{n%eyusgél tyric
15p0|ycyaﬁ@@@ﬁ%ﬁ@éﬁEo@MQmCKﬁﬁﬁmhh&KﬁHmthﬁﬂ@hhgg&ﬂkﬁaﬂkﬂ@%mﬁﬂ@@hﬂﬁ@ﬁ&ﬁof
hydrogfls Preferably at | east about 3% nore preferably about 10%

nmore PY ef dp dbrgjivatse fol@b%rlb%wéclpr Ribepuiithes appaso Bodgactivrted py.dpeexpinic.about
50% nore r 9 r o] % e

bac(% eri al B ? Ll% %@ eirgéo rfgeguce ﬁlgrﬁ?&%{lﬁ gtﬁ%ﬁﬁé%\fl?cgt :Dtt(l)lﬁggﬁ %]%élo%:egrrpound A
reducti on rhé’thtb(h@f dlda’ctewtllngra ritbswatiecdn 1ﬁ€@lv@,}foﬁmhlp2@@aﬁaﬂﬁgal’[ﬁg@$ reduced

white blood cell count, reduced fever, reduced inflammtion, reduced nunber
of bact er iBOICgHC fr@iarppfivating semapund) dioanths pscsercanscrriarawith HredthoswHeh - To

i ncrease t

nr oase toTPRSVRSITRYE IABEES Hot Slaniile Bildiflef SEUEIRNThd ABERBRRNESD |
As ustd thhMUig»hsDMt acﬁsﬂb,t@aiboswetﬂer”ﬁhd me‘dnndlcaldcompiumlssleé’m@ eca@abpgundtone

subject is .a such as a npn- or .a te, and, nore
ok or sl yriced e g et sl AR G e e B¢ B N6 L oh o
cats, dogSonfikfthd rlbbé\%/i%‘cﬂ Dekhé Sol&bted é‘d’i‘ﬁﬁduﬁd om?{g%%smofé'cﬁ’l% TRSEMod 99RL S,
etc.), | aboratory animals (e.g., nouse, rabbit, rat, guinea pig, etc.) and
fish. comprispselgeiimgardoaipound ateniibed by snydeffthe éﬁclasedtm@thpdsetbetrr@e of

b
Rt e LR s R R R (R L
to t heo i NwakkRA cBmpauddr ei gn organi sm The conpounds di scl osed herein can

be used in the same nmanner as antibiotics. Uses of antibiotics are well
est abl i shed i n Alse diselosedane methads fer abfering expressiqn frieIRNIe nalpwee. wEAt 2 of

w0 2011/ ogarehe ot TRoRBSIe AR TR R EAR, BEAAT FbShALATLEG o

wat er, ususlingihond ¢dmpiduad pitotestactanial thg tRMzamﬁeamie aRﬂbeivatthﬁfunaﬁomfo
nutritionist. They are dellverﬁg to ani mal s e| r indivi uaII or in

groups, de&PBHB #RC SHPTERPTLIFAUS h%‘?f&é@g%é%ﬂ% a s bigger wairskict yhihd ani mal
speci e5. TLERLMERYn RRA ﬁ@fe@ul@ of hﬂ@reﬁ@ﬁdt LRk d rﬁfos&zlt&?% dRYitRAs Hgeessary if
all animals are of simlar 1mmune 5status and all are exposed to the sane
di sease- cagtvatg, derctnatr gariocknthe Abotvhierh cex dapkal tofaltar erpecskon of e RSApounds

i ncl udes reducin cr obi al L -
Eexpressmg can lE)ne altere(li as a result of, for example, termination of transcription or

blocking of ribosome binding to the RNA. Binding of a trigger molecule can, depending
on the nature of the riboswitch, reduce or prevent expression of the RNA molecule or

30  promote or increase expression of the RNA molecule. The method can comprise selecting
a compound that can activate, deactivate or block a riboswitch and bringing into contact an
RNA molecule comprising the riboswitch and the selected compound. The method can

comprise selecting a compound identified by any of the disclosed methods that can
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infection of an aquatic animal, conprising the steps of selecting an
aquatic animal having a mcrobial infection, providing an antim crobi al

sol uti on worepriyessetg a conpound as di scl osed, chel ati ng agentsgoigwedysns EDTA,
TRI ENE, adding a pH buffering agent to the 10solution and adjusting the pH

t her eof t acivatal deactdfatdaibieskna dbswlitck afld arifligial itd cOntlct anMIEA Sholgeuldre
aquatic animal in the solution and | eaving the aquatic animal therein for a
peri od t haompsispertheribeavitch apd fircslocisd cRim@PBl-al bur den of the ani mal,

removing the agugy h&cﬁgéﬁkﬁr&m%&%ﬁgalhﬁ%r r &R0 o84 W Rk c;c.laﬁrrﬁl%:gqr}g% itg

wat er not containing the solution. ion of the aquatic a
t he sol ut ioRNAtiaicontags bboERTd byaacionahog) ddacisatidgdoskd bdsedthe arbdsWwiRlHENE and

pH bufferi agent may be repeated.until the.m crobial hurden of the aninal
is elit né? gﬁ.g_%(lﬁé qﬁé%lnélﬁffoé ,S‘grir’g’,ag%f ?etlf or O_Tganéi%gpt B%fggrsd‘r’ AHEIEBrpounds
di scl osed d%@étﬁ:caﬂng BPBl'dglt@ng }Eﬂétrilﬁfs_@fit@l?%aﬂ feQhit ﬁlddetaﬂli, &0 bRl @A NBthS cand

purification of water (thrs can include nunicipal water, sewage treatnent
syst ens, putoaginsstandorrtaamplst adiivetingt eatusaliypicowsing avbdswidthcineriaggally or

exanpl e). 20Exanpl es A . Exanpl.e 1. Bacterial aptaners that .selectjyely bind
gl ut am e Scur BEReRE iy is SR St AT EL ioraP R R e\l 4% Sodi o 8

Downst r earhRfrbA@snifF héthaBb@obthe Wibbskiadh tiddsi ANGiSrePlessts BOMBYsicH)t FRRIis Cl ass
responsive to glutam ne, providing the first evidence that this am no acid

i s anl@ npomedasis &rgharieny thodisdosed compphedsraag umethodsdoipgntpg ajobrad g

met abol i sm_i.p: ¢ ri .S ven i r ari.stics
reveal ed br%l/1 'tlgllogllxnﬁgggh hI%CdSO ,ﬁiplogl n%ﬁ?ﬁ%&%#ﬁ& ?I%tﬁ%oﬁ% 1 Iegft%%t(rg Q%ecﬁgél%gﬂﬁg t hat

gl nA not i fbcRNAgriastetid @faeteidtidhl. VER méthéd ceveohqizd s¢ledimgvii doddpoapd drmer

cl ass. Because these RNAs are encqded upstream of several genes involved in
ni trogen JORBEAYEi83RtVates blask syt HdbrnEne nfQeqiact a RENGRIR Y §that

related tcbohfé"iet% ttﬁﬁﬁb%i%ﬁtaﬁﬁglré s“el&%@*&%ﬁuﬂ@%ﬁ@ﬁ%ﬁgd .cé@éd&ﬁ?se%éf%@ﬂirﬂgga

assays revea at a 67 nu eot | repr esentative from YyNecmococcus
el ongad us, cotmpomed!idetifiécisy £15i afithedi3Oycd héthods thotstan b, yicamivitegir blawki ne

2011/ 0880 BROTMIEDBIA OIS ST ELNAY AIEGDY B U, 1 GDE T HHIEE Shipe Brant e

bi ndi ng cugMeciRbAPSEnd hat expected for a one-to-one interaction between
the RNA and its |igand. Wth the exception of D-glutamne, which is
bound by the 67Algd disclaptdaare mopliads fermslosiingratceidgntify in@tdonploendsfthatriany of its

apt amor eviHvap ot o BN AR TR B BRI M b

i ncl ugle t he shad ofthé riBedwithaofl bhrdass adicp&. mélbeul gl Mirpdkwacianal rgues
L-glutam ne t-butyl ester, L-theanine, O-acetyl-L-serine, L-honoglutam ne,
L- 13- honogictivaied b commungs ogyer Hgn sheoikigeeranelaeile apdingways other than binding of

o2 10 S CHIPUAAIE B LSRR AR IR0
compounds that can activate a riboswitch. This includes the natural or normal trigger
molecule for the riboswitch and other compounds that can activate the riboswitch. Natural

25 or normal trigger molecules are the trigger molecule for a given riboswitch in nature or, in
the case of some non-natural riboswitches, the trigger molecule for which the riboswitch
was designed or with which the riboswitch was selected (as in, for example, in vitro
selection or in vitro evolution techniques). Non-natural trigger molecules can be referred
to as non-natural trigger molecules.

30 Also disclosed are methods of killing or inhibiting bacteria or microorganisms,
comprising contacting the bacteria or microorganisms with a compound disclosed herein
or identified by the methods disclosed herein. The method can comprise selecting a

compound identified by any of the methods disclosed herein and bringing into contact

bacteria or microorganisms and the selected compound. The method can comprise
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10from a mari ne netagenonm ¢ sequence. This RNA binds to L-glutamne with a
KD of approximately 150 ILLM whereas putrescine, L-lysine, 2-oxoglutarate,
y-am nobuworoti/msi’d (GABA), glutaric acid, succinate, SBCTIUS2@I1/020933

sem al dehyde, agnmatine, pyridoxal phosphate, and glutamate are all rejected
at 1 nmM (dateatinoi cahpovmd.iddaigiet bg ahhef thewssthdkds diﬁld!;ed @tretrhdr®l FRN@ingfifot her
experiments were conducted with the 67 gl nA RNA due to nore 15pronounced

posi ti ons C@fltaﬁbmr%{alOﬁ@neqoeéaﬁa@alslaﬁfiéhfsﬁeieytqdwoampu% Thevacthipd sihePBRES sy .
To ensure lﬁ%ﬁfé

interacti O%%@t %Q\g%tﬁb&ﬂ‘lgq%ﬁ%\ggﬁﬁm%utﬁg%nngg& %?EC%%%PY%‘{V%%% éﬂ% 0 S{nll(’ uct s
ML and M doRiagubaetc3dA)y ntombegianisng ahddlmtes@dlmmpeunﬂ sTlnfpnnetshednm admEns i n

either_the P2 or P3 stens, I ctivel r epar ected no
modul a § otk CamEt ot Ry Pﬁﬁsw%a&&e%éﬂﬂ%aﬂ} 5 of

gl utam ne deQctivard 6r'1ﬂod?<r @%J&Qzlﬁcﬁ%ﬁ& bAASIn hrﬂ@c&%ét@ﬂct&ﬂ%r ﬁlﬁ&o&%m&rﬂga&ﬁt tern
changes seen with the wld-type RNA wi % gl utam ne are caused by sel ective
i nteracti chs selwmsctqmmusd lvffhamdtthwi c(aﬁlcgmpese:a@k)ctmgl awhmphurtdihatmas ratam:d’q@d
base pairs Jer e, res%l fﬁﬁ n&g ‘ﬁ t QNS el t hen t ﬁ}

These RNASPEHAITTS ?%chat ‘a‘?%ﬁWl b ‘EIP%}Hgﬂ Orey Es%r]i’%‘é G‘E%Ob’i“b“tr%?%ﬁ%‘éls% i on,

and exhi bidonti tahibeswitddahe tQect&d fsthpdind! Mae Bnétidldran Bprise selectinper e are
several reasons why gl utamate, rather than or in addition to glutam ne,

coul dibe taempenndidsnirfied bbwni efehe figelasedrmaethedsihatrasn japtivate. dpegtyaterr black t he
chem cal st side chain
am no or %Eg?%é%%&%%g I}t%%a&&g& @ﬂ%{% g%ﬁ‘%ﬁ%@ an?%nﬂ‘ll ni mum coul d
serve as altmswgbmaﬂiwmé@gectedbmdp(aﬁlddonor source. Second, sone
representatives of the g|nA if are found upstream of genes directly

i nvol ved in gl u‘%la%ﬂtselow#ﬁrﬁ @fsqﬂsodS?ﬁMeaﬂfYﬂrrEeCWﬁ% that %C@ﬁsteoqlea%we or’
Gl T o ok SRS FBf ExHRELYARTnY bl Bivald PAGALRoul B SRR o 2
appr okd rrathyl tymgmg\mtwmmas tdsh«a)mpﬁundtaedi b uibaswit@vald asfesghy betmation bSthe

appr oxi mat 100 enn et al. solute netabolite.concentrati WO
3081/ 0880 78Rt 8ol s BIDBSh Ite R BE CEHOYMP ALY Vet SrGeRuiaHeS | n
Escheri Ch'tﬁat%@hbateﬂﬁ& riha Mk %ct&@@@n o AEAWRRR kan 5OhssBssbd ROSW dufthblk O be
selective for glutamne, it would need to discrimnate agai nst gl utamate by
nor e t han @wnep| kigr egameh: tﬁ@élb@mém amnl llryceﬂﬁcghrapoﬁclewﬁaandcﬂxpmfsswml S
conpeting anmin above, n amate was assessed in
The’ assay< Hsaapf Fagh e ulgit Rl oot h ey PR e B O R A3 L BRS
concepg r atjresencdieibeence b thetv @ sbingaliel. gh i exhpld] the riBbswikdhsdagl ogi cal 'y
rel evant concentrations, in-line praobing assays usi nq@t he 67 gl nA RNA and

100 nM gl ubhelner @caﬁomwgﬁeﬁﬁ}dynﬁwq elhp signalderin ag@u@p@@mwm #6ugh no
t ructural

S 2 DAL B MERBRSRIN Sk AL smlghs%s%% B dgman | o

probi ng asEay ot derivaidIfrong a hBQrdiY @hurtmgaivespitcid usedn bb eeqnahdsessmeaf ofRNA

cl eavage praqducts expected for, gl ufam ne ding.. Interestingly, over half
of the gl MAIFHRE of adibosyHelye l?erpezf%ﬁa@ﬁirw&#bﬂ ’t‘S&tq fercentrohassay dtwo or

SOmet H4Tes rh&][sﬁl%ni%m SFitroudtife Js@‘d?gcgﬁt&gl%ﬁ to?@rf‘e*aklﬁém%‘ﬁtt rM%lﬂé fsrel |

15segnents of 1 ntervening sequence In ween (Frgure 31A t he doubl e
gl nA apt andentdying cg@pemtds thadeactivalefa rsivawétclacai bd paformad eér meihigogs segience

and an addi ti Or}n%&riit[ilog Ec]o ‘81fe methods disclosed elsewhere herein, identification of compounds

that block a riboswitch can be accomplished in any suitable manner. For example, an
assay can be performed for assessing activation or deactivation of a riboswitch in the

30  presence of a compound known to activate or deactivate the riboswitch and in the presence
of a test compound. If activation or deactivation is not observed as would be observed in
the absence of the test compound, then the test compound is identified as a compound that

blocks activation or deactivation of the riboswitch.
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conserved nucl eotides 3' of the aptaners that has the potential to
base-pair with the intervening sequence (Figure 31B). Miltiple aptaners

ar r angenewoo0hizo8807been observed previously and can servecrarscaus208d| ogi cal
pur poses. For exanple, two aptaners sensitive 20to different |igands can

i nfluence the exigs @ssiosdt] 4t nidieds afdetg&iig, cohpoahdsouninpobisidibdraitogwitches.

t wo-i nput Bool ean | ogic gates (Sudarsan et al. Tandem_ ri boswitch |

ar chi t ect ukheanehed gan melag?)b@&gle% HEO Q7Kg gitest steple 3Rd a bigsprses slbogypigsh and

314: 300- BOd%QGSSiE/? Itﬁe' a{%kiﬁat?oqltcﬁ"qﬁé ﬁogéﬁg& ﬁ%%%@h.zgcﬁmioﬁ%mecﬂ%ﬂkﬁ}d can be

utilized to achreve sharper, nore digital responses to changing |igand
concent r atritmswitel tridératds yhaysiesegceruf thie pitigzetr erohdécnbt for thetbessen{ondiboswettchain.

25Li gand bj ndi ng and gene control. characteristjcs of tandemriboswi tches in
Baci | I{]s éh? F‘Fr“a%frg).le_-dgb&s%ér??bof?’:”@g%ﬁ-%%?l}g”a‘?er%‘lo‘@‘boéf”vét_tcf‘% Y RHHEA et al. A
gl yci ne- d%%%[@sigﬂa@ﬁﬁﬁﬂbtp%eﬁ&aéf tl&b?ﬁé‘ogﬁ%@ﬁ@?érW&eé&ﬂ@%i&@ulttﬁos%ﬁiﬂrr ol gene

expression. Science 2004; 306:275-279; Kwon et al. Chem cal basis of

gl yci ne ritdwswittleds cenbp&rgectodiat pr alRNA tRO®]d Iexcl3 5L 8)trigger mdlecudesse of gl nA
RNAs, the anount q{ inttﬁrveniklng seclﬁ ce between.th? 3%&1 tamers i.S often
appar ent | y> PSS SnAIP MG AITORT PO e OULE "8 i ¢ Bi'&: QBF’«%@R P PiBY or s,
t her ef or e dddRWitElRR opbiablyl kel fo @ répRRPERRA thet dndsddsAprotth theSdervclagor SeVeEr al
t andem gl nA constructs were nmade and tested via in-line probing. These

const Huct snyelEedigadoducine esgrg cambe usedria ngye by eng@aering ¢ edr@sganasi (e from

e 91 oub 2 PYARRASU L1 L 840, AP RAER, KL 8B AN L P v
probi ng artdbyasd rivbswhesfor usnuain-c onsglutaatise dbabwirh thaewedhdeany evi dence of

cooperative hinding (data not shown), such as a steeper dose-response curve
than t hat SRfrpRtipdeRende labsh fas sigial fom whishichansss depmrdingonsheipdiyation rul e

out coopergpl M?trl]lfe(‘r')fﬁb‘é%f'?&r. Sﬁjcﬁ%%icys%ﬁéo?lr'ﬁ)ogﬁffélf)ﬁé%?%ﬁ?}hu?e% ahrag@ggya&

construct | engt non- physi ol ogli cal assay conditions 5co conf%lgnd t he
assay$y Ddspnbedtredffant anhatallyhecgengtghgamortréboswitdf. gl nA noti f and
Downstream peptjde notif, RNAs are distinct, it was specul ated that the
Downst eanpept i deSHEPFIOSELHC SPRBOBIRHF Waﬁm@vla%a CP%png%ﬁtcaé 4HES

st ruct ur al jegétfat@lor biRRs #FibbHiGitRina MnubRNIrno8Be 1R8I dodiddul8 PhRRLAY on a
representative nmenber of the Downstream peptide notif from Synechococcus

sp. CC990de(ageormplisRNApy was cxpsede, anthbitingeempeindedentificateeh mphods ée RNA bi nds
glutam ne w th an, apparent . KD. of roximately 5 (Figure 32). Unlike

% th-he- ebtere R R RRaR B8 iR e SRR S Rt ot Tne b ARG oo Bbouaity. g

D- gl ut@ni nevrakarbpiBCamigoahiOnm Bemmide byOoriddingdel ddn@dah kast cdrigouRblAndaes not

appreciably bind to any of the other conpounds tested with the 67 gl nA RNA
at 10 mMv dahweerelhasiconag adbrien pr bairbpeitgs aud okihe ribpawiteals petarasd byythe
exam ni ng - i.0g: C ; ory
it at 1 one. CEgeirpPARE p LA HIEHG B Rin Gl RS RIS RIREIGAL BLY s
with two dioafpephd.ve mutations in the pseudoknot. As with the 67 gl nA
di sruption nutatjon. constructs, Mb oe ot bind.to glutam ne. By
contrast, a corfs®? @Plowdt%eem@m%%mﬁ%@@wm&m Aeatiypidondse pairing
W thifsth i ] A u imlar
s %IWQRNA@%S@&%' BN Bhﬁ@%&ﬂaﬁ%ﬁﬁ%@t@%e%é&e@ C&Qp%ﬁﬁléi. €rmtd

to that of the . scussi on not1 f and
Downst r eamapéptcaenpished by Har exampla combiningf costpouod actatatibeateactestiandr ar e

able to bibrfgck%llguags%ensisrrrllgntvr\@lietilgdssgsrd?sncgols\e/d gfsgvgﬁeirreﬁhgraegni vrx}lqh %%?ﬂorgig ora variety of
manufacturing the checked compounds. For example, compounds can be made by
bringing into contact a test compound and a riboswitch, assessing activation of the
30  riboswitch, and, if the riboswitch is activated by the test compound, manufacturing the test
compound that activates the riboswitch as the compound. Checking compounds for their
ability to activate, deactivate or block a riboswitch refers to both identification of

compounds previously unknown to activate, deactivate or block a riboswitch and to
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structurally related anal ogues. Mutational studies indicated the

i nteractions between 25gl utam ne and the RNAs exanmined in this study are
speci fi c,wbeonumsego7smal | di sruptions of various base-pai Pet/usegiloo®3af f ect
the ability of the RNAs to bind |igand. Additionally, these experinents
support t hgsasiagtacbilerd, of Beosmpoaitdaraytigdie, Wiehdthate osrbtisdks: diggaitse whbe: the
conpensatory nutations used in constructs M3, M4, and M6 indicate that the
struct ur e SoHIRERd PR&ATTGATR kpPwe ite activatsy dercEVeta of hlesk theuibosritehst ens i s
inportant. Al & di 565t RRLI R i ndi % e
subtypes of a nlglécelf)&gllg%%%tne ri%%gthﬁg%:g&?F%@g.&%t@rewﬁegrh gé(g%ns rs\}e

nucl eot i ddsingmg iotwpentactia banhige sndia glupdnhien ribngivicat, whereaf thp odboswieisisessent i al
for formng.ribosw.tch aptameg. bi ndi ockets. Sever resi.dues in the
Lhree St erfHEHES POMCHOTIRIGP HAIS - AHETTA AR ARAPESBRLOWES & TEHL WDt he

Downst r eamgcpeRtd Qﬁﬂﬁ%ﬂ{i&%ﬁn& Qf'iln%r%k?, \izl{b\f%‘ﬂ?éjriﬂ)d%wlit'aﬁ J])f&ﬁe@std 9P wheRehe

apt aner bi ndi ng pocket. Additionally, 2011/ 088076PCT/ US2011/ 020933 t he

hi gh degr eempte ot thatompowid dfhetereyic | Betritdewiten carhehaRge gandonniatidh edice s
that sonme of. these residues.directly participate in |igand binding as well.
Nor ther or el HCE L EoREonR ShiRt i Btk i dahe kep aRREe TRE R e

tested in gidiRl iid-al doRforaOSh B&pcA8EAYbel. TIASHRRSEICN 34d SHhngt BorFofhdtivatvwin W th
t he hi(ﬁh sequence 5simlarity between the two rel ated RﬁlAs, i ndi cates that

t he bithdi rgtipgekby thegbmpotrd alibtojeresvhpren shaghagge ineafaraetion paset hese RNAs
reject gl te, |- t & - 2-am nQ- 5= - ic acid

i ndi cat es%tth%ﬁe 1? heébraep g@ngit%l %rqﬂéq I}kgeﬁ%th(seﬁbsol ?%%ﬁ?ﬁ@%%%&ﬁgand

conposi ti axpaksibiproaitaia Agiall Theldgadiabmbe phidacddsbyaarcdponarprafein expressed
characteristic for a receptor _that nust be responsive to a single am no

aci d, gi v g RNAdIked fethgaiboswiteler 10natural amino acids in all cells.

Because t he apts tiestaeh BV : f e am no
group in the si%gaé <'§11i1§,§ thedﬁgaﬁ%\quﬁﬁglgﬁlmngi&egsa (S;Or?t1 é‘?laﬁ%lﬁgﬂﬁwﬁlo‘g ﬁﬁ onds
with the ldxgemslombdf § pere quosdihg em RNS\ nothpiiding a ribooviaih, ehetehethammboitign oup
attached to the.a-carbon also causes a | oss.of hinding, as is, evident by
the i n-1 i ng® PraBcRgrbenf (v Wﬁﬁlﬂ@ﬂ@%@f?ﬁaﬁm Oy W HEHYE 1BLO05PBHChT sbiet %ei d.
The | oss Qbnipdh®aRNIMAANRAES clRaBGQEioh e () #haei A8 Sclf Mgt §gpRNSI bl e
for this conpound's inability to serve as an aptaner |igand. ~ Large
chemi cal gmoedsg emR&NA pempridieg Nribpsvitchewhengin thé compownd inbibis exbregsenalfso not
tol erat edt ecause .nej.t hgqr AI%-GIQ nor L-glutam ne t-butyl ester are bound
by the apt feY's. y‘lkH% 88 1ihle(5 08‘?”% ky chem cal groups to glutam ne likely
resul 2@ i nASIdnitificatios BEAntiniitrobitd Cddipnaghi ch may indicate that the
aptaners form a highly-encl osed ESCKEt as_do many other riboswitch
aptaners. |n tHabesiEches areaqlaps afdtaectyrcd BNAs thathave cyqlvedsfos thepysprssioh) e
that the r - jv.e fir: T can
causes a Ibgéﬁsﬁ{%%mgﬁ P %glrcgﬁ(?géq%shi@%?%gl e?la%ﬁﬁ%%pgcllﬂ%é%mgsw&h%gggn bi nd

D- gl ut am nesget bdth meabdiita angoghabyadohipounds thinanindb cleoghapespdco of the nor e

bi ol ogi cal | reval ent L-isoner. This.can indicate that .the reversal
d na urgl rnetabohr‘]ce. The smaﬁ? molecule ligands of 11 osw%tches provi eusefu% sites f%r

25 derivitization to produce drug candidates. Distribution of some riboswitches is shown in
Table 1 of U.S. Application Publication No. 2005-0053951. Once a class of riboswitch has
been identified and its potential as a drug target assessed, such as the glutamine
riboswitch, candidate molecules can be identified.

The emergence of drug-resistant stains of bacteria highlights the need for the

30 identification of new classes of antibiotics. Anti-riboswitch drugs represent a mode of anti-
bacterial action that is of considerable interest for the following reasons. Riboswitches
control the expression of genes that are critical for fundamental metabolic processes.
Therefore manipulation of these gene control elements with drugs yields new antibiotics.

These antimicrobial agents can be considered to be bacteriostatic, or bacteriocidal.
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of two groups bonded to the a-carbon of the |ligand causes the | oss of only
weak contacts between the conpound and the RNA. Alternatively, if inportant
bonds ar ewbnokieisgo7shi s coul d be partially mtigated by wrhe/uUSerimaeisen of

other fortuitous interactions when the chirality of the ligand is reversed.

30No bi ndiRigowaschdetles taty RBIAW AR tIrOEthBIhaRNAvEIned 10-glcatiaety bird nidthisolftésndi ng
can seem ngly contradict the claimthat the binding pockets of the gl nA and
t he Downst¥ndabsrpiept thaw YA recopiars make ggoddiwg taects ppdeprycin gapausanthe 67

gl nA RNA bj o] ' o f i, O - am ne,
Tt s posarienEriRebATIHE, b Apn TRl b3 o TR B 33 i 20033
t han 10 nMbovdekithbadiest by deacewitinatthomtibéotios s¢sedincanw baetye tiveogsmatayioh o
detect_an inte ti on between the 83 DP RNA and the D-isomner. The

hi gh 3 equiASRO Rstiem gl nA RNA arrangenments coul d nean that these

aptaners aeMfch6ds AMNIRY 88 tibRc ADMIVdnfodism Of 1i boswi t ch- nedi ated gene
control not 5feasible with a single aptaner. For exanples, cooperative

bi ndi ng by two Ristlaseerheramareyii ehd aad mpvigrodingi hagterigemethodn Byolantitbeateriel”
(Mandal et. al. A ci ne-dependent . ri boswi tch . that uses copperative binding
Lo cont rol's e R DESF oi Rl riab B dulin g Bhe 38 Sydr DR Wit " =e
Li gand bi ndibageandri@ieBsteiet iPd methdt JE iibishs 65pelertmpdastefihln@swi ches in
Bacillus anthracis. RNA 2007; 13:573- 582}%. Al t hough no evi dence of

10cooper atGouiprigingeenigpideg ¥ bartering wethjan-cficatévomaning gf ersserysorechmppdiiem gl nA
RNAs can f i 1.0 this. r [ Ik L Ons..Qf: ce
el ement s 1O Relsy PR Bkl 3P Rk R m L BBy aREBHFREY .
factors or condbik¢losesl Hetdin pradgped method oif @thibiting growthef KEeljalictess 4 nuctdriae

different gl utam ne aptaners tested are all relatively high in conparison

to those dFllERametoal sely that hoidii LEIFch Hieamenog FARBRYNS MBS ITHIRG from
about 1510@ﬂ%Mi$é){)m§;gﬁ O?X%ﬁlgowxgi_d'(ﬂ%é\c}:gs@@ é}%ﬁlrto(ﬂ%@uﬁo BLTRL ca h%ﬁaa@}é}u%g' 2005.

basi s of |igand bi ng by - ribosw tch. t Struct
16: 1218- 1228jpotind being btdught ib@0conMct eithghads!l iHesybest daivhakd, dor etmale, a

Control of gene expr.essi nat ur al t abal i, te-responsi ve, ri bozyne.
Natur e 200A0CRSgTER OS] e TesRbo tan BF Wdisd 1 4hS SROP B PHEET o 1 or
gl ucosam ngn G RRESRNAEL s N abteAs bl ¥akdRNeath tdeendl BE- 4 pezy me.

20Bi ochemi stry 2009; 48:3239-3246). Considering the high concentrations of

gl ut ami ne Stepiglocootus, fandxdmmel Bactariabgravdb car dlsd be pbdiied in pny ¢antext in

surprising t.hat nenmbers of i.s_aptaner, class exhibi. 0 affinity.

Regar di eo s/ hih b TSR T FOF SRS s CE R i, B Vons of

| i gangy neademcds@ah bt g@Ebitadi TBS WokpBuids dielosB@E&ieh nWe tabimidst¥redidpass ihches
because kinetically-driven ribosw tches do not reach thernodynam c

25equi | i broombinagion Wiy BheiEprmgony eGosmosision g For i, tea disdosse | | gand
T P G v . g . . AR
2a- 13004 SRR el BBl gk AR i B LR bl lnicrobial

met abol i t eochipodhdig ki netics operate an FWN riboswitch. Ml Cell 2005;

18:49-60; Gl bert et al. Thernodynam ¢ and kinetic characterization of
li gand bi ndi ng Tfk?ktaﬁf@ﬂa&ﬁlilgf‘eaw%&maf %Ur?ﬁé‘ﬁtbé%%‘ila B fhgenysﬁgpﬁ S0l 2006;

355 784 7O inci R TR ARG HuP N OURIY Delil BRBYAGHRSERP oY, £GIMar & an

/i % dﬂ'gltOC
apt aner but an expression platformto translate I'igan inding of t
apt aner i Misohaidbvadgéziobagenenekpoeesean:, Ghwbueillas, dloaspsilvh&ldsidie, gl nA

anG dounst e Rep] 9, 8 TP PP 150 1058 10 BB
ri boswi t cho&@%REERENRNOPRLEQNBastEIPVRY, FHedidTBENRP N BorhHas NS LREI APt aner s
Shigella, Solibacter, Staphylococcus, Streptococcus, Thermoanaerobacter, Thermotoga,
30 and Vibrio, for example. The bacteria can be, for example, Actinobacillus
pleuropneumoniae, Bacillus anthracis, Bacillus cereus, Bacillus clausii, Bacillus
halodurans, Bacillus licheniformis, Bacillus subtilis, Bacillus thuringiensis, Clostridium
acetobutylicum, Clostridium dificile, Clostridium perfringens, Clostridium tetani,

Clostridium thermocellum, Desulfitobacterium hafniense, Enterococcus faecalis, Erwinia
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WO 2011/ 088076PCT/ US2011/ 020933 interact with these portions of the
sequence are not obvious. It is not unconmmon for expression platforns to be
hard to iweriifogso7and nevert hel ess the gl nA and Downst r eamrseqtlioc®3iRkNAs ar e
suspected to be conponents of full riboswitches. Disclosed herein, it is

shown t hatcak-bvev@unBscabeciio vkt Eeamvbpeptiifiep nolbditcrRi@nbnaldnat| y occurring
aptaners that selectively bind L-glutam ne. These elenents are often

posi t i oned"®bagilus bystoi e ks mORlibIS A G rerioph Biei/Tnarcan dTqegtoniis
cyanobact %fo}n%ﬁs,W)o%rz'ng%z%f%@}iﬁSLa%}o%@z%PScz'%p@l&s,'E&?Jb%@ﬁhs §¢59:E‘a' I'ng

nol ecul e in the pathways of these organisns.” The presence o

gl ut am ne-haespanidiy elbidrokiilactvdscilangexpl, didatobayilkihphgbatiahdteb&ENSI ng

regul atory proteins responsible for nitrogen regulation .in other bacterial
10t axa ar &/ 4Rt _Qiaﬁm_é?/%%?f’é(ff’elﬁuéa’(gﬁwé’m%%f_%%.Laléﬁeﬁflé’?ﬁ%éal YHAL | i ng in
bacteria. FEbioBbRsCiiodR0d thdvriodeBicd [OdeandheiBlsSEONRLY, OSnobhRe§ oEMAS

expands the scope of netabolites that are recogni zéd by natural aptaners,

i nt r oduci ngpsedunt! avinmeocads:, Padiotdricrepentosaoeiac Sikwanebe oscddasd, Bhigelat ur al RNAs
along with,glycine,and |ysine t he anmpunt vai | abl e .genoni ¢ sequence
dat & cont PHaedt BTGt st e i Shal il Pfgp

15met abol i t/RrHEeMleRhaRRY RESHQMIL, TR RbSEOWRF BFha, VIIFIoUhoNGad 1958At er
diversity of classes that sense amino acids. 3. Materials and Methods i.

Cheni t&l s farberDNEOe pgshacnesticdesr ko calmiféusds L- gl ut ami ne, D-gl ut ani ne,
Ala-dn, L-glutamne, | '@‘éhﬁ!areeéytagébac{e}' 2 BP&@%T@ 'th %a%?e?fayéaﬁgéaﬁil ne,
8’, ﬁysme, e, dl it , S

asparagi ne, putrescin -oxoglutara utaric acl cci nat e,
succi ni ¢ daoicahdrbly debadtdBAromaditegdnne Acpybimoxalddplanaphatibrichng gl ut amat e
were all obtained from Si gma-Al drich. L-honmpgl utam ne and

(S) - 2- ani nBLaBIEKY- HEREHTe depprser & BIdensty. fPOTaIant o Hes e sh
Chem cal s Aﬁﬁnorﬁé%?ﬁlm%%ﬂ Q%%{J%SAﬂ%%égﬁ,dAJtlﬁﬁm, %@uﬁ?ﬁm dlaia,
and 5- 25from

Cor por ati on, am no- 5- oxopent anoi ¢ aci'd was purchase
ChenBi$ dgeBlennothrix, Boezif, Bdronemg BNAetitigonBreickaticegsivwdtresilomdmned from
Si gma- Ge

5 - TMTA%@%%M%%&&WWM@W%% CHoRg R pri mer
o mer 3, R AT A A e D S AT AL AT GG (550 1D
NO. 3):;  prifrepcokcosis, CARTROGEACTIOACTINTAGSET AKTOENTGECTIGTIT APERAGBTGGEAA
CCTTOATANA (LTS ROl VIR, Qe R oA AR T AT
égi\gr%gg E%Wig%g@ﬁ%&r@id,\l@u@bidollhhbc,@ﬁan%ag@eg&%%%rﬁ&, VO
Cyanobacterium, Cyanobium, Cyanobotrys, Cyanocatena, Cyanocatenula,
Cyanocomperia, Cyanocystis, Cyanoderma, Cyanodermatium, Cyanodictyon,
Cyanogranis, Cyanokybus, Cyanonephron, Cyanophanon, Cyanosaccus, Cyanosarcina,
Cyanospira, Cyanostylon, Cyanotetras, Cyanothamnos, Cyanothece, Cylindrospermopsis,
25 Cylindrospermum, Dalmatella, Dasygloea, Dermocarpella, Desmosiphon, Dichothrix,
Dolichospermum, Doliocatella, Dzensia, Entophysalis, Epigloeosphaera, Epilithia,
Ercegovicia, Eucapsis, Fischerella, Fischerellopsis, Fortiea, Gardnerula, Geitleria,
Geitleribactron, Geitlerinema, Geminocystis, Glaucospira, Gloeobacter, Gloeocapsa,
Gloeocapsopsis, Gloeothece, Gloeotrichia, Gomontiella, Gomphosphaeria,
30  Halomicronema, Halothece, Handeliella, Hapalosiphon, Hassallia, Herpyzonema,
Heterocyanococcus, Heteroleibleinia, Homoeoptyche, Homoeothrix, Hormathonema,
Hormoscilla, Hormothece, Hydrococcus, Hydrocoleum, Hydrocoryne, Hyella,
Hyphomorpha, Isactis, Isocystis, Iyengariella, Jaaginema, Johannesbaptistia,

Katagnymene, Komvophoron, Kyrtuthrix, Leibleinia, Lemmermanniella, Leptolyngbya,
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CGTTGCTTCAGCTCAAAGTGCTTACTTCCACCCAGATAAA (SEQ ID NO :7); priner 8,

5' - TAATACGACTCACTATAGGGTATTCTTGGTCCACGT TGAGCTTCC AATCGAAGCTGCA (SEQ I D

NO 8); prwoen1198sd@e- TCCTTCATTGCCCACGCCCCCG PCT/US2011/020933
TTGCTTGGCATGGGTCTGACTGCAGCTTCGATTGGA (SEQ ID NG 9); priner 10, 5

S' - TCCTTCAlepfapoled i Bt kil IS, I X BT GRSt ks, IGRIoHFRAACCT ( SEQ | D
NO 10); priner 11, 5'-TCCTTCATTGCCCTAGCC ,

CCCGT TGCT TOSEr WaaarritaciusRes e rrasdacrspespeayny faaesiyny Mastidocladus,
Transcri pty0n; -1 i i '« BYAS j : Oy ti des were
used in prdl/lgrr%g%g%fl nsAJi’ %a%? %C%t?elog%% to %E@J({Jﬁ{ﬂefag%e?ﬁ%%%ﬁ?est randed DNA
(dsDNA) pridituetigeteoMirsecdsust dfipbatoes, Microcystiy, Mojaviay dysalfdkponoyxehaelia, ons.
Primers 1 and 2 were used, for 67 glnA, nd 3 for M, 4 and 5 for M3, 1
and 6 ? or i Céﬁ?d%‘?mfi(ﬁ?_l‘f%, N@Uhéi%i?c_émf g\lro?l%gr f ,0%0%\%”?62“?[6@ W?OW’ 8 and
11 for MB.o#kidM0ix) Bs @Mkl MPuIgRMAPB NG, BOY Py ﬁ@re%h{;%ﬂ?hq?“ mer, 50 mM
Tris-HC1L (pH 8.3 at 1523C), 75 nM KC1, 3 nM MgCl2, 10I'LLM di't hi ot hrei t ol
(DTT), 1 rMrdfaseadticlbt Pahéefivamnaddosiynecd, dhordalesmispRosphidivesie(@NTPs) , and

8 U gl of Super Scri | verse Transcrj.ptase (lnvitr n s heated for

> hour s at Bl PGS LSRR G AR i BB e oot Aqui ok

PCR Pur i fijahhtomrii PlebihHUEPledObd /30 Mﬂiotcﬁﬁaﬂpﬂly@lﬂﬁﬁzyw&ﬁ,'I%rﬁﬁﬁbﬁ{éﬁﬂn, and was

eluted in a volunme of 50 {Bﬁl 2020 | A of dsDNA was used as a tenplate in a
@]

100 | Wi n Rivekloracoemschiostiosm. Feediirom éo Rrelerinderhen RanippesendpH 7.5 at
23C), 40 T, 24 i. oli . t
bonucl edeetlun PN PONRRE MBS b S AT R Rl DB O 1

RNA pol ynerdsieuiabanRh&ssiner &lineshe Rabhitliops M aRexs:, RhaBdddeand Rnibibgleeh, vi a

denaturing (8M urea) 6% polyacrylam de %el el ectrgphoresis (PAGE). A band
25cont ai nifHeHE NRIGhedacRivilorgnfiome g diubifiondgaRegorena SSBEHdn of 10 mM

Tris-HCl (S%E%r?dle:’in%a,%% oneﬁg%&yg%%pgg%'e%% 2 gp—g‘ﬁztﬂgegﬂ gip??%é C) . The

RNAs were then concentrate mes of col et hanol ,
cent r 1§ ugiSighdnospr@ranShat @surat Srbwe80Sogoloviae Svlesnd, Spelgeqeigbet was dri ed,
resuspended i n water, Emd stored at, -20C upt. | ,us&. 30ij 11& I.n-1ine probing
assays DhaghEQy Uil SBAGSTOSPS BNOINGS, SPEBETEOHHEMeuNPBET e @ n- | i ne probi ng

anal yses, 9hohRaveaPSEMSBRS, ISRBShdY, 98EAbYeMbR PR dhelmoukup et al .
Rel ati onshi p between 1 nternucl eotide |inkage eomsfvry and the stability of

RNA. RNA 19897 &1er@D8s 192@ o RefulgriasErn, Syreak@wc®R, Stnechaanetispr obi ng

| i al i ) hods ©Mbl Bi ol WO, 201 88076PCT/ US2011/ 020933
D008, 430 e R TniRE Dyid THOMR ok E Rl TRICHI SAGRNPE THRE i

usi ng2@! katidmed@hasphBtiasentRaehiheAaCPIKIENG ThehdnbR Bt WoskieRa,
protocol. The dephosphoryl ated RNAs were 5'-32P radi ol abel ed by incubation
with [y- 3 eyieg PV asig/lamsis N afieaclebtradle. RionaseripikedermsgandX @odhodss ynd

fol |l owi ng %&gd&@/ﬁuf acturer's directions. Denaturing 5PAGE (6% was
subsequently enployed to purify the RNAs as described above. The

radi ol abel ed RNBWtant grolhiepan glsaibaindibigt 236y ¢ontext Sowhich dacteaat@ifoumy 75 nM
Tris-HCL (pH 8.3 at. 23C), 20 nM 12, 100 mM KC1, and various, different
potent i al ﬁ%rgéﬁagle(@@aeﬂﬁbg@w% 1%@%&%@@%8}5, g1 qn qurfaegs 0&{1%8 FHuRiRd: difcons

rangi 59 fromdobhdd di1dld MMeicdMRtadministered or used in combination with any other

compound or composition. For example, the disclosed compounds can be administered or
used in combination with another antimicrobial compound.
“Inhibiting bacterial growth” is defined as reducing the ability of a single
bacterium to divide into daughter cells, or reducing the ability of a population of bacteria
30  to form daughter cells. The ability of the bacteria to reproduce can be reduced by about
10%, about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 80%,

about 90%, or 100% or more.
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cases. Wien RNAs were subjected to in-line probing with 100 mM L- gl utamate,
the am no 10acid replaced the Tris-HClL as the buffering agent. HCL and NaCH
wer e usedwoaondjsses this nodified in-l1ine probing sol utiPpam/useoipio®33.

After incubating for approximately 40 hours, the products of in-line

probi ng reacti oNiso pRyvidedapanatied dikildegatbustbiign b YoAtlon diftacgahs were then
dried and i maged using.a Storm 820 Phosphorl mager (CE Healthcare). The

rel ative iSRPBRSIngjcestagting the b@%fﬂil%év@s%gqrm‘e PBWGFPPBE’GE@%S W@ea aathti fi ed
usi ng SAFA gc'lnbled:hg{etnyvare (Das et al. SAFA: Sem - automated footprinting
anal ysi s software hi gh-t hroughput quantification of nucleic acid
footprinting eX‘;B@lrlmlgmrhastenEhdA1s?ﬁ)ﬁﬁxed]a&c8ﬁsmgaﬁd)ieatﬂ'béa kiaplddavteriotm, oodul at ed

the nost in en ely were e KD est] mates. ses. where the
concen r at'FHHEIGHC pY ff?s@a aﬁ?ﬁf‘ﬁ“&t’ anthoye ‘r’i’lag‘FPtl?IB’ Grihte RNA

bi ndi ng, tfHercHabt MBRScBW Bk Zpﬁﬁialtferrg QKD vialnest Uaﬂ%ﬁa’bﬁ%l’éﬁﬁ&pisadeﬂ%aﬂlhe

data assum ng a standard one-to-one interaction. A Exanple 2: Conparative
genomni cs radweare mopalatian df becteriasit thectateradd ORNAGthE populbtaa, é0Yenf the chaea and

Funct i ons TOREURT-o0ae EhE AN 4Py b By RReS s P aCrr BRRA T P
gene regultat hepulatRn! ML Wreet @}Jﬁ&n@ared%oﬂmre?@p@ﬁnm VONPRRS blylﬁatﬁﬁin@fn cs,

in whi ch honol ogous sequences are identified and i nspected mut at i ons
t hat tonsdespahaangs eslé@ldﬂdQQ% @?tth%mmlﬂeélon By applying a corrpar ative
genom cs- based C I - eria
e aa e ARAAREl ORI D0 TSR, REGLBRSRa AL RSP

30net abol I\Izleo bi mchiing altiNéarind uided imesrguncaibh cithastheri coalpadndygprabmpbsieidond)i nds
t he coenzyne S- adenosy| net hi onine, and a further nine netabolite-binding
RNAs wer e Wiieh et bepctategidak asumell i s- regul atory RNAs are inplicated in

phot osynt hest s 18f IdHPIRGR SELRL LR\ DaFUAAOBRSLBE b P BRI Erc

one-carbon neta o ism sto fection Hel'i co ter nd many ot her
physi of ognsaiea]ptralmmsesbut/sufﬁdmﬂ\amuht dfeheresnprund to provefertesdeired i n bot h

WO 2011/ 088 PCT/ US2011/ 020933 bac i.a and archae Anot her tif
Voni ol s demetiay o sasoon sgmppm s wiChEpaaeh Sl Eav (DS ao i,

which is %H&@é&ﬁﬁo&ngrre@ﬁféﬂ%ﬂlafa sﬁ%@@tqg'sﬁlgeal\@@eﬁﬁiﬁé oﬁ(ftﬁe dﬁécfeg ags, are
al so reveal ed, and several of t'he noncodin NA notifs are found nostly or

excl usi vel ayldlgnncrrelt agdiione! DNsubpqu &mgem?mfﬁlwmdasegﬁhems Ibyingtysatedsthe he
v et oY PRAEChR P PR Be e S SR gl o

20  to specify an exact “effective amount.” However, an appropriate effective amount may be
determined by one of ordinary skill in the art using only routine experimentation.

The compositions and compounds disclosed herein can be administered in vivo in a
pharmaceutically acceptable carrier. By "pharmaceutically acceptable” is meant a material
that is not biologically or otherwise undesirable, i.e., the material may be administered to a

25 subject without causing any undesirable biological effects or interacting in a deleterious
manner with any of the other components of the pharmaceutical composition in which it is
contained. The carrier would naturally be selected to minimize any degradation of the
active ingredient and to minimize any adverse side effects in the subject, as would be well
known to one of skill in the art.

30 The compositions or compounds disclosed herein can be administered orally,
parenterally (e.g., intravenously), by intramuscular injection, by intraperitoneal injection,
transdermally, extracorporeally, topically or the like, including topical intranasal
administration or administration by inhalant. As used herein, "topical intranasal

administration" means delivery of the compositions into the nose and nasal passages
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Promi sing RNA notifs predicted by the autonmated bioi nformatics procedure
wer e subsequently eval uated manual ly (see Materials & Methods). As

previ ouslwonepnassed 10( Wi nberg et al. 2007), prom si ngPODItLSke& 1020983
identified by seeking RNAs that exhibit both regions of conserved

nucl eot i dah®aghene ér il ofiticdans and tas eaomikardelisdéry botapeayirfindenasnf @ t he
| atter characteristic involved the identification of nucleotide variation

bet ween r epPRISEREARNFES ObfrepaRreraolFAon 05 HEdRGIE aeIgPR ¥Rt ruct ure. For
exanpl e, o fn?é’tmi%rfl oF@%%hlgBéi%hs! B;Niﬁhé’l%ﬁ c'&H“oéftﬁrBingn 8 nbWo G R QL des that
I ck base 15 : c e

preserve a Watson- pai Assessnent o ovariation can b
conpl i cat eft]iveriyrbye, sptoingaahpplet msghanisousDdiviedecanenl sof becdiveatly & amgnaresof

sonet i pres consequence of sequence .msalig nts. Therefore, final
covariati &ﬁe %E@@%MXF@“\A&S&%MW%@%%VXW amount?&l? EYUPRHY RNAS

in bact eriaqafd wi¥iRasbd dubfeat §dubjacOdediRg oHAMEYREies N EEhRIon start
sites for nost genes ‘have not been experlnengally est abl i shed.” 20

Ther ef or e,genkrehcandstmi of teosnipstk, yhe sycdoitipstteegmdobrdsodeing treatlgid.chs, it can
be assunmed_that it resides in 5' Rs nd.i s a.cis-requlatory. RNA. .

Add 1 onaiPetiarahielefRcS: siop usida S moRE O idtnfistifot bR REY TR i

descri bed fof pbxaiPtespeify hn eRicPABYt EhaS e RPFUsHDAE $WRIEN afbp@bpridibe
Structural and Functional Diversity of Metabolite- 25Bi nding. Fi?bosvvl t ches.
Annu Hev Bingseheeamgoteterpwrasiby ae odjordimey skl isthe shmgng anlyaestari a.  Cel |

2009, 136: - e t.al . hoswi t ches: energing thenes in RNA
P uet ur o SpERERadDOLANGE & lé@g%}lg%ﬁ‘ys 2008, 37:117-133) are RNAs t hat

sense net abol i tResent@athdn@igistraticn ¢frhe caxpositsdi @rtonpotrdpimsed, ivgakadiges in
net abolite concentrations. Typically, they formdomains within 5 UTRs of
MRNAs,  ancPhEREICFIZ] bratieconi HUpaP ey g gamseraraddn gPpenERBH demishatharsdiul at es
expr essi on; : 81?5‘@' eng: - : o | for

ri boswi tcrrlheq(said[ %dg%%(glgw?ﬁﬁs? g T%ég&lﬁbfg{}ﬁi%@nﬁlﬁrf%%osl%ﬁtnc e{sléﬂrelel%lg]ﬁl I}Igg 5{irpl ex
secontfar y mavd td myjdctian,yorst cowtsionss A mofeorecentlyghtisanpphiagh for medngartli ve

bi ndi n ockets for .netabolite |jgands. Therefore, notifs that have conpl ex
W0 2015/ DaSE RN ISP TN 196 954 SoBas ¢ S RE et Skt B o

hi ghly_consatadioBiedieaifieinansidd 008 128 pdilieaior8. 705, whith Rasvrbhre: A

total of 12 RNA notifs were identified that exhibited these
char act er itstietsgencRépsit.ed herein is the validation of a new SAM SAH bi ndi ng

riboswitch cla o Cand 05 nal %ﬁfes ofouoéhﬁ%r i cég teief. i Ced ri bogw’{et créegc Det ails
descri bi ng addi ofal’ élxlﬁgsf _ IR Rt éﬁ;l\ﬁ ( ot %ealf’isa éa_‘ﬁ 8 a\}\}iyt B ot her
ri bospg t chesbaiagiop MageNbiREmbfeub¥aRPd@etablt chrricSAMItEAL chirResatditedir The
coenzynme SAM and its reaction by-product SAH are frequentl 2/ targeted
formulations are described in Remington: The Science and Practice of Pharmacy (19th
ed.) ed. A.R. Gennaro, Mack Publishing Company, Easton, PA 1995. Typically, an
appropriate amount of a pharmaceutically-acceptable salt is used in the formulation to
render the formulation isotonic. Examples of the pharmaceutically-acceptable carrier
25 include, but are not limited to, saline, Ringer's solution and dextrose solution. The pH of
the solution is preferably from about 5 to about 8, and more preferably from about 7 to
about 7.5. Further carriers include sustained release preparations such as semipermeable
matrices of solid hydrophobic polymers containing the antibody, which matrices are in the
form of shaped articles, e.g., films, liposomes or microparticles. It will be apparent to
30  those persons skilled in the art that certain carriers may be more preferable depending
upon, for instance, the route of administration and concentration of composition being
administered.

Pharmaceutical carriers are known to those skilled in the art. These most typically

would be standard carriers for administration of drugs to humans, including solutions such
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| igands for riboswitches. Three distinct superfam|lies of SAM bi nding

ri bosw tches 10(Wang et al. Riboswitches that sense S-adenosyl nethi onine
and S-adewoxylimsgweyst ei ne. Bi ochem Cel | Bi ol 2008, 86: PETABS@A)I/020%d3 one
SAH bi nding ri boswitch class (Wang et al. Ri boswi tches that sense

S- adenosy| RIQmmity whier, Relid) dndbiffarad solgunssit pMydvgidalipH. Cﬂmli@s{tmy cdd ng.
Mol Cell 2008, 29:691- 702) have been val i dated previously. di scrim nate
agai nst SAM aémugAﬁqr@éyntﬁ%ra@%cgla&w %ﬁ@bﬁuma@uslxde@&ef @or{lmmfi&@ftﬂ bﬁat SAM

15di ffers dﬁﬁmﬁ%@d a%@(l)rﬁl Yo @taﬁhﬁg 6) ﬁﬂayhsegﬁ{ﬁ?érhggrﬁrﬁgg fjcafed positive

char ge. e current” searc ced a AIVI'SAH (Figure
1A), that is fdihadnexcticasconspogsitions g ummﬂelcarﬁlemdthluﬂtenm aglilesntgfufters,
a-protgeobacteria. The.RNA notif is consiste mredi upstream
of metk gdRESTVakScHTRATHIRT SA ALt o ki o TR Rt ng

ri bosw t chegarafubidabOEMYsltonYRBY HREMAfdc FRE &ﬁ@ﬁ%n@%@&d@h&%@@ﬂ as
Ri boswi tches that sense S-adenoSyl methionine and S-adenosyl honpcyst ei ne.

Bi ochem CelntimBirobial2Qegs, :86inflemnke8Y agdnitre amstitees sl thehke.associ at i on

indicates it functi i SAM sensi oswi tch cl ass.
N A o T O A e St S g bt 4 AN
SUbJ ected de@eﬂdlihg éﬂ@h@ﬁ&%d&%x(@@t@ﬂﬁm&tm@it is dReir&d, hﬁtﬂ&hﬂh@ aﬁ@&d\s@ﬂeated

i nternucl eoti de 25l i nkage geonetry and the stabi i ty of RNA. RNA 1999,

5: 13080 1325Iminstratien maybeiepwally (inevdingephtemimicatly.argiaakdy. sectaxvnganasally),

(Figure 1 S t t| on

const ant ?’f%@ b%m%?ﬁéﬁwgﬁgﬂ f0§%n¥|%g% l?lpr \%318@'%@3 Eﬁﬂ%cg‘?j‘ﬁgd Simlar
resul ts wdhteapehtitoatdl@d inttatrins SAVIiHAHioRNAhe drssto@w:zhﬁlbbdﬁmm llsreztdrﬁmwras (dat a
not shown). However, because SAM under goes spont aneous, denet hyl ati on, 30SAM
sanpl es cdRtAICHOWY.lipEAcriEsa Db ntranasey a tefpcoutly s INEAAVItYIRis, appar ent
affinity for. Lgoul d result from binding only of contam nating SAH (Wang
et al. Ri bOSWI tches that sense S-adenosyl honpcysteine and activate genes

i nvol V&d in C0d?rzpmrmomcﬁytcparafrgera]\mimlﬁ‘strhtl(ﬁﬂlﬁl&udé QteﬁE:laqﬁ&ﬁ)s or lﬁomquo,us

bi ndi ng assays based an WO 2011/088076PCT/ US2011/ 02093 ui libri

dial ysis aRGUOBYSBINCAPOM ARG RREISIRS e ksUPP ﬂ o ?f’dﬁet}‘é%sé) ‘EePi‘ ar%ﬁ’f\‘?rpg RNAs

do bi nd SAM xRS 1k glycol, vegbableDilk BE@F RivEBill shdBfcBtablRatro /b At
apt aners, i ch ar e@yt hee gs}r,rcralol IVeegt of tlhe SAM aln 1SAH ap{ear?er g asses,

pr esumabl yuclaanehyldileate.i Hivenue caricengtlydagaicnsdcoBakt/a@Ehissdletedasof

di scri m nati SSOC ith.this ar e

our poset UTPTHaBT AP aa Hy o EP e A SR el s P s e abundant
in cebds tihandSAHdidriehiaride E&mtlﬁh&iﬁﬁgﬁ'@h@gt@aldeaﬂds&@@bam ellodgpect s of
Sadenosyl hormcgst ei ne and S-adenos hormcyst ei ne hydrol ase. Pharnmacol Rev

1982, 34: Jdadatpd Ryngerhiog fixgd pils. c@&akuwﬂnc lenimchude dlyihandydeitat i on of the

RNA ot i f %lte{;'lsﬁ'éﬁg létlejc%g% Hid s‘ﬁxltsg a§@M §@%E%ln é}g 'd%}@tlir(?sbgj sa\%&ttth ! he' r _

bi ol ogi cal on as res o sive ri
crcB noti flike. Preservatives and other additives may also be present such as, for example,

antimicrobials, anti-oxidants, chelating agents, and inert gases and the like.

25 Formulations for topical administration may include ointments, lotions, creams, gels,
drops, suppositories, sprays, liquids and powders. Conventional pharmaceutical carriers,
aqueous, powder or oily bases, thickeners and the like may be necessary or desirable.

Compositions for oral administration include powders or granules, suspensions or
solutions in water or non-aqueous media, capsules, sachets, or tablets. Thickeners,

30 flavorings, diluents, emulsifiers, dispersing aids or binders may be desirable.

Some of the compositions may potentially be administered as a pharmaceutically
acceptable acid- or base- addition salt, formed by reaction with inorganic acids such as
hydrochloric acid, hydrobromic acid, perchloric acid, nitric acid, thiocyanic acid, sulfuric

acid, and phosphoric acid, and organic acids such as formic acid, acetic acid, propionic
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The crcB notif (Figure 2) is detected in a wide variety of phyla in
bacteria and archaea. Thus crcB RNAs join only one known ribo swtch cl ass
(TPP) (Swstarsnrssizéal . 15Met abol it e-bi ndi ng RNA dorai ns paTAISpei@®2m83 i n t he
genes of eukaryotes. RNA 2003, 9:644-647), and few other RNAs of any Kkind,
that are picksehicolitadidriectichaid, ppeivitodsid, dxalic 4did,enaldiie acidcscomid deid,
consistently resides in the potential 5 UTRs. of genes, including those

i nvol ved i"RlpRacideprd funagigiasid, of by gractegn with am gjesganic base geshers seABYi ng

formate h . . | C: r cri Rtd l.pat ors
over | np 1 HYURAER LR urh Ry SRR ES inPh AL AUE il oRFC bREL Gith LERENDS

ri boswi t chiit, hatlk@taabialyl 2e8ndshed cobssiarteddhaialaroinas.e at hi gher |1 gand
concentrations can inhibit term nator, stemfornation a i NGrease gene
expr_es_ii on. Thel KFPBUHOEGTPASHIPTS dY HISClOa giiais nay #S@Qﬁéﬁﬁgﬂﬁﬁ%ﬁ% 0?_
condi t i On%n&r{&lonﬁﬁ{l}t%ﬁﬁgﬁs TR il Ela BB s fvdh%ﬂtﬁ@ c%pbﬁﬁrﬁ@l%?ﬂe@%@r essi on of

ot her genes controlled by the RNAs (Exanple 3). 2 p not | f ~The
pfl notif cEBplgdrEhcxheriagetisipathpositibaouef thapresert aisclpisyicanaysdsoba ¢puptadBviRNAS

di d i pti i 3 ' f fl RNAs,
Phus gene ‘ShBTSELY B AR B RS e o PR ot b oG By k"
concent r atlirpifg toIﬁ@yﬁﬁﬂeﬁyrmﬁbn&Wﬂo}bo@ﬁ&@@o@l@drdéﬁg?fhppfdletﬁﬂ%ﬂ- are
or

related to purine bi os%/nt hesis, or to synthesis of nyl t et rahydr of ol at e
(f or mA - THE)derbnelhpelshydexytisdaspartamideplhicnel ot helypihyl-amreslepeliibsinencl ude
purH, fits . R . ihg formyl - THF as
t he donor .Su O{t%e?%a@ﬁﬂo%&é%@uﬁg h%{gr#ﬂzee S{%Jhtg %lﬁe?%@gg‘é%rﬂgé ! nsS%lggl%/eng

f or mat e angesthidisadosibaiay &t esupl&dtonmdless df biddegiadabls pplyatducedfiil in t he
reaction catalyzed by Pfl. The upregulation of Pfl to create fornmate for
the synt heshisvise cauirplirdaclrase fisstrg-dar pranlo pelyactiparidepglxersilon\zp

2011/ 08807 (0] - Prot i { C

her nophi 158 ieoas, T R lric S8 RAIRUBETSE A RLaR, pRRURGIGSHTans,

upr egid at goblyuyetaicrylatéppld dEosstlinded bt emphipathic 2068k copdlydixdy of BGDEIC]S.
Fornyl - THF can al so be produced_ from THF .and serine, t he combi ned action
of G yA and" FollBeRRBE PRI &4 BIES PBSFO K GRHSIDy MAE P SOOI Ao
have a rolgpop ﬂl&e?t’&eﬁwl@t%@ﬁ 090 mP N EeRb BRI athff $00 - thblle- prMesib 1yt e angenes
apparently regul ated by pfl RNAs encode enZynes that perform other steps in
purine syrvhesioss pusferadpvbout 108Yomddhe udrerpyt ifecsion-igradbend dagdadtes at | east
as a side effect..e.qg., nmetH lLe . 3).. vi. YjdF motif Th j dE notif

(Fi qure. 2y amifistich dhine SigadunitAp Geithiin e iR dmi g i o 10 1
oSt B@SeSardrhctérg b eRIBcédwRRs BIobd 8¢l Sount/TRsucedl fheretagsd aiflahhieatitindF gene,
whose function is unknown. However, in Streptococcus thernophilus, a yjdF
RNA roti f Pducsd sueibst elcdbagicrin, eifcdiséionin olesiadisroreeibapicaalistostieynichesi ze

ni coti nam. i i nuc i . ' 0,1t b b ihus yjdF
RNA | acks @%ﬁ%ﬁﬁé ﬁ%&%{t%ﬁﬁg%ﬁ@éﬁ%ﬁ@% eap o0 thetdiSooR cah IREIROI htt> Y1 ng

the P4 st anost Effudivetiel Shat tdneding mmphiokicto HaeRNBccan sense a di stinct
conpound that structurally resenbles the |igand b(i)und by ot her yjdF RNAs.

Al ternatively, Ahese trpghashy SURIFFArefenr (e et ohrf 32ty the AURPGHI &r

bi ndi g Sihgnmabsdch aRS8A-YEHalnidh AA T a%ﬁﬁa&é,%ﬁ&,%&%_*b?éfeﬁaﬁ‘(él, nhergnet al.
The aptaner core of SAMIV riboswtches mmcs the ligand-binding site of
SAM | ri bdSwbjects@san IRblAd2 A0B¢esticdte8 2RMBRB]sucl? Bvdats, dopn Atcanbivestals (ept,i f s

The nmanA an aG noti f Figure 2 re found al nost exclusively in marine
ot agonondedisna o Bt he e e R R pR i OB R SO rh et et

cyanobact gfij atc fhOfisht W0 manA RNAs are found in y-proteobacteria.
Remar kabl y, man}g/ hages of cyanobacteria have incorporated genes invol ved
in netabolism 4n aqt;ﬁmahglf@s@%pﬁdleﬁsla@@&ﬂapipaj@emecﬂﬁb@@tmmnamw%mv@pbwmlhesi S

Foar ude. s BuerBbrache TR BT BER T BB B S0OT™ o M e,

Thur ber Réamyld; bs&m ebdiicpy tiatigvishen ¢far foRggreanghimigmment . Nature 2009,
459: 207-212; Lindell et al. Genone-w de expression dynam cs of a narine

virus and host Thewegipoped dirdescdhcrcs epdicutsrdin thrsame 1apeg2s aaiiyoBs: g6)
and some gh B?E&yﬁé{ %%P@@Qﬁﬁt?&iésﬁé& ¥ BRA She YEARIEW i T HERABL NS

t
corresponding to the manA no
treatment of animals. When needed, the disclosed compounds can be administered to the
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commonly |l ocated in potential 5 UTRs of genes involved in mannose or
fructose netabolism nucleotide synthesis, ibpA chaperones, and

phot osyntwetnti/mgeites. Di stinctively, wcaG RNAs typi cal | yCramgadiaeosgenes
related to production of exopolysaccharides or genes that are induced by
hi gh | i ghtangaa#diid inggtsion Bethians feadhéy windr, 1ROl &8@@&6@%a1@ﬂ@&&é@29933
wcaG RNAs are used by phages to nodify their hosts' metabolism (Lindell et
al . GenoneCteRingERRFEEEOHH- HhGyHE é@llwedatommﬁé cifihgr grdigidual o in LEsPad

feat ur €s Q{)g unﬁ%ggll\e{'htel mN@ﬁMs%u&loéydlse%@s %gnn}g%%i ahﬂlgﬂgﬂectl&efrmetﬁll so be

expl oi ted cted bacteria: Vil onmal ns

correspon chndgaltemftt]meemms ti.‘erﬂmir iffock Fiag e eleaasseay éf flloarmaals nrgaoft semtlaminnmineUTRs

of ge 5es rel ate 0 ex sa charlg EPS&S.%%M hesi s such as epsC (Lenpn

et al.> Bi ofdtd learri—}ﬁ b SHA® ash MEARYRMUS M subtilis. Curr Top

M crobi ol | m_’l&’ﬂotﬁ’&%am?l%?ofja w8 ¥or th@ccﬁnpcﬁﬁﬁ@& {dclRcoRAuEiRL atidrobRECi €s.
Different species use different chem cal subunits in therr EPS (Leoff et

al. Cell w felcti@aoﬁm*@q@lam mlwhpomptlsmmhecﬂter@torf a¢lpgtingrapraqufec am@abthmE
cereus grou Les correlate w netic r.el atedness

et ori o SBisioriaBERHES IR EnEhT sty sSBREE subeliSul e RORERILM | m

formati on,digancd! Behying BESitSsuchRS EDAN, WREENT) ad dif: QﬁrpHeBumeg@géﬂt toVEHel
car bo&idrate conpositions of strains fromthe Bacillus cereus group of

speci 88 coptusiograd adiuptinspe phdherpictoraialiteadhstyscen absatch ‘éﬁmcbﬂlbO@O@Q; 190: 112-
121; Nak h I h d
pr od uctio n%.%!g% g# r%u?t(g)%r/ %ﬁ#?%lﬂltﬁ%utgogg%l éi Z}E% O?%Bﬁte a ea{e/( &l att){ ptﬁe&ﬁ?&%%ﬁsfc r ia(r)I ©

vul ni fi cusperibgiat Esbffercwe i redwdeithd m2@0Gial Md&ﬂ&&h&&ﬁﬁ}al , Tanoeing Gahampatic et
al . Control  of extracellul ar polysaccharjde synthesis in Erwinia stewartii
and Escherd#Rild{rampthe slufion apd sepingne the g & Yatenpeticosiining Bigephition) Theog7,

169: 4525- 4531). nt hesi s
that is cémmnsmﬁ)gﬁﬁ %%%élég%asﬁﬁpﬁg ngtsahﬁﬁ {hgﬁ%ﬂ%’%gédﬁ]ﬁﬁg%%ol ecul es

al so teguldtcdosE@IndyIRIEAE sdipH buffeidpepeet may PdNedpbaed hitkd th¢ madrobial
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1. Results

Given its characteristics revealed by bioinformatics, it was hypothesized and later
determined that g/n4 motif RNAs are representatives of a new-found riboswitch aptamer
class. Because these RNAs are encoded upstream of several genes involved in nitrogen

30  metabolism, a collection of potential ligands and analogs related to this set of metabolic
pathways was tested. In-line probing assays revealed that a 67 nucleotide glnA
representative from Synechococcus elongatus, termed 67 glnA (Figure 30A), binds most

tightly to L-glutamine with an apparent dissociation constant (Kp) of approximately 575
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There are several reasons why glutamate, rather than or in addition to glutamine,
could be the natural metabolite ligand for g/nA motif aptamers. First, the chemical
structures of glutamine and glutamate differ only by a side chain amino or hydroxyl group,
respectively. Both these groups at a minimum could serve as a single hydrogen bond

30  donor source. Second, some representatives of the g/ln4 motif are found upstream of genes
directly involved in glutamate synthesis. Third, the concentrations of both glutamine and
glutamate are exceptionally high in bacteria. In Escherichia coli, glutamine is present in
the bacteria at a concentration of approximately 4 mM, whereas the intracellular level of

glutamate is approximately 100 mM (Bennett et al. Absolute metabolite concentrations
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25 Ligand binding and gene control characteristics of tandem riboswitches in Bacillus
anthracis. RNA 2007; 13:573-582) or cooperativity (Mandal et al. A glycine-dependent
riboswitch that uses cooperative binding to control gene expression. Science 2004;
306:275-279; Kwon et al. Chemical basis of glycine riboswitch cooperativity. RNA 2008;
14:25-34). In the case of g/ln4 RNAs, the amount of intervening sequence between the

30 aptamers is often apparently too small to allow for the use of multiple expression
platforms, therefore they can function in a cooperative fashion. To test this, several
tandem g/nA constructs were made and tested via in-line probing. These constructs
included a three aptamer arrangement and a representative from the group of RNAs shown

in Figure 31B, both with and without the conserved portion of 3’ sequence. The in-line
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(Figure 4) are associated with genes belonging to the photosynthetic

reacti on wervewosgasi | y of proteins that can be psbA PheCoRG201182433 ar e
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2. Discussion

The g/n4 motif and the Downstream-peptide motif share a variety of structural
features and are able to bind glutamine while strongly discriminating against a variety of
structurally related analogues. Mutational studies indicated the interactions between

25 glutamine and the RNAs examined in this study are specific, because small disruptions of
various base-paired regions affect the ability of the RNAs to bind ligand. Additionally,
these experiments support the accuracy of the secondary structural models because the
compensatory mutations used in constructs M3, M4, and M6 indicate that the structure
rather than the precise sequence in these putative stems is important. All of the disclosed

30  findings indicate that these RNAs are subtypes of a novel glutamine riboswitch class.

Highly conserved nucleotides in loops and bulges are often indicative of positions
essential for forming riboswitch aptamer binding pockets. Several residues in the three
stem junction of the g/n4 aptamer and analogous positions on the Downstream-peptide

aptamer could be involved in the formation of the aptamer binding pocket. Additionally,
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Schl osser et alpardhéhentiés &&fﬁ%ﬁ%uﬁ&%@w'm&nﬁmpﬂﬁ%lﬁ@hé’fda&sals%&tl n
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25 compared to the more biologically prevalent L-isomer. This can indicate that the reversal

of two groups bonded to the a-carbon of the ligand causes the loss of only weak contacts
between the compound and the RNA. Alternatively, if important bonds are broken, this
could be partially mitigated by the formation of other fortuitous interactions when the
chirality of the ligand is reversed.

30 No binding was detected between the DP RNA and D-glutamine. This finding can
seemingly contradict the claim that the binding pockets of the g/n4 and the Downstream-
peptide motif are likely similar. However, because the 67 glnA RNA binds to L-glutamine

10-fold more tightly compared to D-glutamine, it is possible that concentrations higher
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adenine-sensing riboswitch. Biochemistry 2005; 44:13404-13414; Wickiser et al. The
speed of RNA transcription and metabolite binding kinetics operate an FMN riboswitch.
Mol Cell 2005; 18:49-60; Gilbert et al. Thermodynamic and kinetic characterization of
ligand binding to the purine riboswitch aptamer domain. J Mol Biol 2006; 359:754-768).

30 As mentioned previously, riboswitches not only require an aptamer but an
expression platform to translate ligand binding of the aptamer into a change in gene
expression. There are cases where the g/n4 and downstream-peptide aptamers are

positioned close to predicted terminator stems and ribosomal binding sites, which can be

part of riboswitch expression platforms. However, mechanisms for how the aptamers
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positioned 5’ of several genes involved with nitrogen metabolism in cyanobacteria, which
implicates glutamine as an important signaling molecule in the pathways of these
organisms. The presence of glutamine-responsive riboswitches can explain why the
glutamine-sensing regulatory proteins responsible for nitrogen regulation in other bacterial
10 taxa are absent in cyanobacteria (Forchhammer K. Glutamine signalling in bacteria. Front
Biosci 2007; 12:358-370). The discovery of these RNAs expands the scope of metabolites
that are recognized by natural aptamers, introducing glutamine as the third amino acid to
be sensed by natural RNAs along with glycine and lysine. As the amount of available
genomic sequence data continues to expand, it is expected that many additional
15 metabolite-sensing aptamers will be discovered, including a greater diversity of classes
that sense amino acids.
3. Materials and Methods
i. Chemicals and DNA oligonucleotides
The compounds L-glutamine, D-glutamine, Ala-Gln, L-glutamine t-butyl ester, L-
20  theanine, O-acetyl-L-serine, asparagine, putrescine, lysine, 2-oxoglutarate, glutaric acid,
succinate, succinic semialdehyde, GABA, agmatine, pyridoxal phosphate, and glutamate
were all obtained from Sigma-Aldrich. L-homoglutamine and (S)-2-amino-5-oxo-hexanoic
acid were ordered from Toronto Research Chemicals Inc. L-B-homoglutamine was
obtained from the PepTech Corporation, and 5-amino-5-oxopentanoic acid was purchased
25 from ChemBridge.
The following DNA oligonucleotides were ordered from Sigma-Genosys: primer
1, 5'-TAATACGACTCACTATAGGGTAATCGTTGGCCCAGTTTATCTGGGTGGAA
(SEQ ID NO:1); primer 2, 5'-TGAGAGGCGCGTTGCTTCAGGCCAAAGACCTTACTT
CCACCCAGATAAA (SEQ ID NO:2); primer 3, 5'-TAATACGACTCACTATAGGGT
30 AATCGTTGGCCCAGTTTATCAAGGTGGAA (SEQ ID NO:3):; primer 4, 5'-TAATA
CGACTCACTATAGGGTAATCGTTGGCCTTGTTTATCAAGGTGGAA (SEQ ID
NO:4) ; primer 5, 5'-TGAGAGGCGCGTTGCTTCAGGCCAAAGACCTTACTTCCA
CCTTGATAAA (SEQ ID NO:5); primer 6, 5'-TGAGAGGCGCGTTGCTTCAGCCC

AAAGTCCTTACTTCCACCCAGATAAA (SEQ ID NO:6); primer 7, 5'-TGAGAGGCG
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CGTTGCTTCAGCTCAAAGTGCTTACTTCCACCCAGATAAA (SEQ ID NO:7);
primer 8, 5'-TAATACGACTCACTATAGGGTATTCTTGGTCCACGTTGAGCTTCC
AATCGAAGCTGCA (SEQ ID NO:8); primer 9, 5'-TCCTTCATTGCCCACGCCCCCG
TTGCTTGGCATGGGTCTGACTGCAGCTTCGATTGGA (SEQ ID NO:9); primer 10,
5 5'-TCCTTCATTGCCCTCGCCCCCGTTGCTTGGCCTGGGTCTGACTGCAGCTTC
GATTGGAAGCT (SEQ ID NO:10); primer 11, 5-TCCTTCATTGCCCTAGCC
CCCGTTGCTTGGCCAGGGTCTGACTGCAGCTTCGATTGGAAGCT (SEQ ID
NO:11).
il. Transcription and purification of RNAs

10 Pairs of oligonucleotides were used in primer extension reactions to make full-
length double-stranded DNA (dsDNA) products to use as templates for irn vitro
transcription reactions. Primers 1 and 2 were used for 67 glnA, 2 and 3 for M1, 4 and 5 for
M3, 1 and 6 for M2, 1 and 7 for M4, 8 and 9 for 83 DP, 8 and 10 for M5, and & and 11 for
M6. A 100 ul solution containing 300 pmoles of each primer, 50 mM Tris-HCI (pH 8.3 at

15 23°C), 75 mM KCI, 3 mM MgCl,, 10 uM dithiothreitol (DTT), 1 mM of each of the four
deoxynucleoside triphosphates (ANTPs), and 8 U/ul of SuperScript I Reverse
Transcriptase (Invitrogen) was heated for 2 hours at 42°C. The full length dSDNA was
then purified using the QIAquick PCR Purification Kit (QIAgen) following the
manufacturer’s protocol and was eluted in a volume of 50 ul.

20 20 ul of dsDNA was used as a template in a 100 ul in vitro transcription reaction
containing 80 mM HEPES (pH 7.5 at 23°C), 40 mM DTT, 24 mM MgCl,, 2 mM
spermidine, 2.5 mM each of the four ribonucleoside 5’ triphosphates (NTPs), and 10
units/ul bacteriophage T7 RNA polymerase. Samples were heated for 2 hours at 37°C and
purified via denaturing (8M urea) 6% polyacrylamide gel electrophoresis (PAGE). A band

25 containing the RNA was cut from the gel and soaked in a solution of 10 mM Tris-HCI (pH
7.5 at 23°C), 200 mM NaCl and 1 mM EDTA (pH 8.0 at 23°C). The RNAs were then
concentrated by adding 2.5 volumes of cold (-20°C) ethanol, centrifuging for 20 minutes
at 17,900 g. The resulting pellet was dried, resuspended in water, and stored at -20°C until
use.

30 iii. In-line probing assays

RNAs were 5'-**P radiolabeled and subjected to in-line probing analyses, which
have been described in detail previously (Soukup et al. Relationship between
internucleotide linkage geometry and the stability of RNA. RNA 1999; 5:1308-1325;

Regulski EE, Breaker RR. In-line probing analysis of riboswitches. Methods Mol Biol
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2008; 419:53-67). Briefly, 5’ triphosphates were removed from the RNAs using alkaline
phosphatase (Roche) according to the manufacturer’s protocol. The dephosphorylated
RNAs were 5'-*P radiolabeled by incubation with [y->*P] ATP and T4 polynucleotide
kinase (New England Biolabs), following the manufacturer’s directions. Denaturing
5 PAGE (6%) was subsequently employed to purify the RNAs as described above. The

radiolabeled RNAs were then incubated at 23°C in a solution containing 75 mM Tris-HCl
(pH 8.3 at 23°C), 20 mM MgCl,, 100 mM KCl, and various different potential ligands
(see results section for full list) at concentrations ranging from 1 uM to 10 mM in most
cases. When RNAs were subjected to in-line probing with 100 mM L-glutamate, the amino

10 acid replaced the Tris-HCI as the buffering agent. HCl and NaOH were used to adjust this
modified in-line probing solution to pH 8.3.

After incubating for approximately 40 hours, the products of in-line probing
reactions were separated by denaturing 10% PAGE. The gels were then dried and imaged
using a Storm 820 Phosphorlmager (GE Healthcare). The relative intensities of the various

15 degradation products were quantified using SAFA v1.1 software (Das et al. SAFA: Semi-
automated footprinting analysis software for high-throughput quantification of nucleic
acid footprinting experiments. RNA 2005; 11:344-354). The bands which modulated the
most intensely were used to make Kp estimates. In the cases where the concentrations of
ligand used were insufficiently high to saturate RNA binding, the data was normalized to

20  Kpvalues that best explained the data assuming a standard one-to-one interaction.

A. Example 2: Comparative genomics reveals 104 candidate structured RNAs from
bacteria, archaea and their metagenomes
1. Introduction

Structured noncoding RNAs perform many functions that are essential for protein

25 synthesis, RNA processing, and gene regulation. Structured RNAs can be detected by
comparative genomics, in which homologous sequences are identified and inspected for
mutations that conserve RNA secondary structure.

By applying a comparative genomics-based approach to genome and metagenome
sequences from bacteria and archaea, 104 structured RNAs were identified. Three

30 metabolite-binding RNA motifs were validated, including one that binds the coenzyme S-
adenosylmethionine, and a further nine metabolite-binding RNAs were identified. New-
found cis-regulatory RNAs are implicated in photosynthesis or nitrogen regulation in
cyanobacteria, purine and one-carbon metabolism, stomach infection by Helicobacter, and

many other physiological processes. A riboswitch termed creB is represented in both
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bacteria and archaca. Another RNA motif controls gene expression from 3’ untranslated
regions (UTRs) of mRNAs, which is unusual for bacteria. Many noncoding RNAs that act
in trans are also revealed, and several of the noncoding RNA motifs are found mostly or
exclusively in metagenome DNA sequences. This work greatly expands the variety of
highly-structured noncoding RNAs known to exist in bacteria and archaea.

2. Results

i. Identification and analysis of RNA structures

Promising RNA motifs predicted by the automated bioinformatics procedure were
subsequently evaluated manually (see Materials & Methods). As previously reported
(Weinberg et al. 2007), promising motifs were identified by seeking RNAs that exhibit
both regions of conserved nucleotide sequence and evidence of secondary structure.
Evidence for the latter characteristic involved the identification of nucleotide variation
between representatives of a motif that conserves a given structure. For example, one form
of covariation involves mutations to two nucleotides that preserve a Watson-Crick base
pair. Assessment of covariation can be complicated, since, for example, spurious evidence
of covariation is sometimes a consequence of sequence misalignments. Therefore, final
covariation assessments were performed manually.

Cis-regulatory RNAs in bacteria are typically located in 5" UTRs. However,
transcription start sites for most genes have not been experimentally established.
Therefore, when a motif commonly resides upstream of coding regions, it can be assumed
that it resides in 5’ UTRs, and is a cis-regulatory RNA. Additional analysis of the system
and the scheme for naming motifs is described in Example 3.

ii. Riboswitches

Riboswitches (Roth et al. The Structural and Functional Diversity of Metabolite-
Binding Riboswitches. Annu Rev Biochem 2009; Waters et al. Regulatory RNAs in
bacteria. Cell 2009, 136:615-628; Montange ct al. Riboswitches: emerging themes in RNA
structure and function. Annu Rev Biophys 2008, 37:117-133) are RNAs that sense
metabolites, and regulate gene expression in response to changes in metabolite
concentrations. Typically, they form domains within 5’ UTRs of mRNAs, and their ligand
binding triggers a folding change that modulates expression of the downstream gene.
Therefore, it is useful to look for riboswitches located in 5" UTRs. Most known
riboswitches require complex secondary and tertiary structures to form tight and highly

selective binding pockets for metabolite ligands. Therefore, motifs that have complex
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secondary structures and stretches of highly conserved nucleotide positions are indicative
of a riboswitches.

A total of 12 RNA motifs were identified that exhibited these characteristics.
Reported herein is the validation of a new SAM/SAH-binding riboswitch class, and

5 analysis of other identified riboswitches. Details describing additional experimental
validation and ligands tested with other riboswitches are presented in Example 3.

iii. SAM/SAH riboswitch

The coenzyme SAM and its reaction by-product SAH are frequently targeted
ligands for riboswitches. Three distinct superfamilies of SAM-binding riboswitches

10 (Wang et al. Riboswitches that sense S-adenosylmethionine and S-adenosylhomocysteine.
Biochem Cell Biol 2008, 86:157-168) and one SAH-binding riboswitch class (Wang et al.
Riboswitches that sense S-adenosylhomocysteine and activate genes involved in
coenzyme recycling. Mol Cell 2008, 29:691-702) have been validated previously. All
discriminate against SAM or SAH by orders of magnitude, despite the fact that SAM

15 differs from SAH only by a single methyl group and associated positive charge.

The current search produced a motif, termed SAM/SAH (Figure 1A), that is found
exclusively in the order Rhodobacterales of a-proteobacteria. The RNA motif is
consistently found immediately upstream of metK genes, which encode SAM synthetase.
Since known SAM-binding riboswitches are frequently upstream of metK genes (Wang et

20 al. Riboswitches that sense S-adenosylmethionine and S-adenosylhomocysteine. Biochem
Cell Biol 2008, 86:157-168), the element’s gene association indicates it may function as
part of a novel SAM-sensing riboswitch class.

A SAM/SAH RNA from Roseobacter sp. SK209-2-6, called “SK209-52 RNA”,
was subjected to in-line probing (Soukup et al. Relationship between internucleotide

25 linkage geometry and the stability of RNA. RNA 1999, 5:1308-1325) in the presence of
various concentrations of SAM or SAH (Figure 1B, C). SK209-52 RNA binds SAH with
an apparent dissociation constant (KD) of ~4.3 uM and SAM with a Kp of ~8.6 uM
(Figure 1D). Similar results were obtained with SAM/SAH RNA constructs from other
species (data not shown). However, because SAM undergoes spontaneous demethylation,

30 SAM samples contain at least some of the breakdown product SAH. Thus, apparent
affinity for SAM could result from binding only of contaminating SAH (Wang et al.
Riboswitches that sense S-adenosylhomocysteine and activate genes involved in

coenzyme recycling. Mol Cell 2008, 29:691-702). However, binding assays based on
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equilibrium dialysis and molecular recognition experiments indicate that SAM/SAH
RNAs do bind SAM (Example 3).

It is interesting to note that SAM/SAH aptamers, which are the smallest of the
SAM and SAH aptamer classes, presumably cannot discriminate strongly against SAH.

5 This lack of discrimination may mean that genes associated with this RNA are

purposefully regulated by either SAM or SAH. However, SAM is more abundant in cells
than SAH (Ueland PM: Pharmacological and biochemical aspects of S-
adenosylhomocysteine and S-adenosylhomocysteine hydrolase. Pharmacol Rev 1982,
34:223-253). This fact, coupled with the frequent association of the RNA motif with metK

10 gene contexts of SAM/SAH RNAs, indicates that their biological role is to function as part

of a SAM-responsive riboswitch.

iv. crcB motif

The creB motif (Figure 2) is detected in a wide variety of phyla in bacteria and
archaca. Thus crcB RNAs join only one known riboswitch class (TPP) (Sudarsan et al.

15 Metabolite-binding RNA domains are present in the genes of eukaryotes. RNA 2003,
9:644-647), and few other RNAs of any kind, that are present in more than one domain of
life. The creB motif consistently resides in the potential 5 UTRs of genes, including those
involved in DNA repair (mutS), K or CI” transport, or genes encoding formate hydrogen
lyase. In many cases, predicted transcription terminators overlap the conserved crcB motif.

20  Therefore, ligand-binding of the riboswitch that stabilizes the conserved structure at higher
ligand concentrations can inhibit terminator stem formation and increase gene expression.
The creB motif can regulate genes in response to stress conditions that can damage DNA,
and be mitigated by increased expression of other genes controlled by the RNAs (Example
3).

25 v. pfl motif

The pfl motif (Figure 2) is found in four bacterial phyla. As with crcB RNAs,
predicted transcription terminators overlap the 3’ region of many pfl RNAs, thus gene
expression can be increased in response to higher ligand concentrations. The genes most
commonly associated with pfl RNAs are related to purine biosynthesis, or to synthesis of

30  formyltetrahydrofolate (formyl-THF), which is used for purine biosynthesis. These genes
include purH, fhs, pfl, glvA and folD. PurH formylates AICAR using formyl-THF as the
donor. Formyl-THF can be synthesized by the product of fzs using formate and THF as
substrates. Formate, in turn, is produced in the reaction catalyzed by Pfl. The upregulation

of Pfl to create formate for the synthesis of purines was observed previously (Derzelle et
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al. Proteome analysis of Streptococcus thermophilus grown in milk reveals pyruvate
formate-lyase as the major upregulated protein. Appl Environ Microbiol 2005, 71:8597-
8605). Formyl-THF can also be produced from THF and serine by the combined action of
GlyA and FolD. Thus, the five genes most commonly regulated by pfl RNAs have a role
5 in the synthesis of purines or formyl-THF. Most other genes apparently regulated by pf7
RNAs encode enzymes that perform other steps in purine synthesis, or convert between
THEF or its 1-carbon adducts at least as a side effect, e.g., metH (Example 3).
vi. yjdF motif
The yjdF motif (Figure 2) is found in many Firmicutes, including Bacillus subtilis.
10 In most cases, it resides in potential 5' UTRs of homologs of the yjdF gene, whose
function is unknown. However, in Streptococcus thermophilus, a yjdFF RNA motif is
associated with an operon whose protein products synthesize nicotinamide adenine
dinucleotide (NAD"). Also, the S. thermophilus yjdF RNA lacks typical yjdF motif
consensus features downstream of and including the P4 stem. Thus, the S. thermophilus
15 RNAs can sense a distinct compound that structurally resembles the ligand bound by other
yjdF RNAs. Alternatively, these RNAs have an alternate solution to form a similar binding
site, as is observed with some SAM riboswitches (Weinberg et al. The aptamer core of
SAM-IV riboswitches mimics the ligand-binding site of SAM-I riboswitches. RNA 2008,
14:822-828).
20 vii. manA and wcaG motifs
The manA4 and wcaG motifs (Figure 2) are found almost exclusively in marine
metagenome sequences, but are each detected in T4-like phages that infect cyanobacteria.
Also, two manA RNAs are found in y-proteobacteria. Remarkably, many phages of
cyanobacteria have incorporated genes involved in metabolism, including
25 exopolysaccharide production and photosynthesis (Sullivan et al. Three Prochlorococcus
cyanophage genomes: signature features and ecological interpretations. PLoS Biol 2005,
3:¢144; Rohwer F, Thurber RV: Viruses manipulate the marine environment. Nature 2009,
459:207-212; Lindell et al. Genome-wide expression dynamics of a marine virus and host
reveal features of co-evolution. Nature 2007, 449:83-86), and some of these cyanophages
30  carry manA or wcaG RNAs. RNA domains corresponding to the manAd motif are
commonly located in potential 5" UTRs of genes involved in mannose or fructose
metabolism, nucleotide synthesis, ibp4 chaperones, and photosynthetic genes.
Distinctively, weaG RNAs typically regulate genes related to production of

exopolysaccharides or genes that are induced by high light conditions. Perhaps manA and
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wecaG RNAs are used by phages to modify their hosts’ metabolism (Lindell et al. Genome-
wide expression dynamics of a marine virus and host reveal features of co-evolution.
Nature 2007, 449:83-86), though they may also be exploited by uninfected bacteria.

viil.  epsC motif

RNA domains corresponding to the epsC motif (Figure 2) are found in potential 5’
UTRs of genes related to exopolysaccharide (EPS) synthesis such as epsC (Lemon et al.
Biofilm development with an emphasis on Bacillus subtilis. Curr Top Microbiol Immunol
2008, 322:1-16), in B. subtilis and related species. Different species use different chemical
subunits in their EPS (Leoff et al. Cell wall carbohydrate compositions of strains from the
Bacillus cereus group of species correlate with phylogenetic relatedness. J Bacteriol 2008,
190:112-121), which acts in processes such as biofilm formation, capsule synthesis, and
sporulation (Leoff et al. Cell wall carbohydrate compositions of strains from the Bacillus
cereus group of species correlate with phylogenetic relatedness. J Bacteriol 2008, 190:112-
121; Nakhamchik et al. Cyclic-di-GMP regulates extracellular polysaccharide production,
biofilm formation, and rugose colony development by Vibrio vulnificus. Appl Environ
Microbiol 2008, 74:4199-4209; Torres-Cabassa et al. Control of extracellular
polysaccharide synthesis in Erwinia stewartii and Escherichia coli K-12: a common
regulatory function. J Bacteriol 1987, 169:4525-4531). epsC RNA motifs can sense an
intermediate in EPS synthesis that is common to all bacteria containing epsC RNAs.
Signalling molecules also regulate EPS synthesis in some bacteria (Nakhamchik et al.
Cyclic-di-GMP regulates extracellular polysaccharide production, biofilm formation, and
rugose colony development by Vibrio vulnificus. Appl Environ Microbiol 2008, 74:4199-
4209; Liang et al. The cyclic AMP receptor protein modulates colonial morphology in
Vibrio cholerae. Appl Environ Microbiol 2007, 73:7482-7487), and are therefore also
identified as riboswitch ligands.

The epsC motif was discovered independently by another group and named EAR.
This motif has been shown to exhibit transcription antitermination activity likely by
directly interacting with protein components of the transcription elongation complex, and
therefore this RNA motif may not also function as a metabolite-binding RNA.
Intriguingly, the JUMPstart sequence motif (Hobbs et al. The JUMPstart sequence: a 39
bp element common to several polysaccharide gene clusters. Mol Microbiol 1994, 12:855-
856) is found in the 5" UTRs of genes related to polysaccharide synthesis and also is
associated with modification of transcriptional elongation (Marolda et al. Promoter region

of the Escherichia coli O7-specific lipopolysaccharide gene cluster: structural and
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functional characterization of an upstream untranslated mRNA sequence. J Bacteriol 1998,
180:3070-3079; Nieto et al. Suppression of transcription polarity in the Escherichia coli
haemolysin operon by a short upstream element shared by polysaccharide and DNA
transfer determinants. Mol Microbiol 1996, 19:705-713; Leeds et al. Enhancing
transcription through the Escherichia coli hemolysin operon, hlyCABD: RfaH and
upstream JUMPStart DNA sequences function together via a postinitiation mechanism. J
Bacteriol 1997, 179:3519-3527; Wang et al. Expression of the O antigen gene cluster is
regulated by RfaH through the JUMPstart sequence. FEMS Microbiol Lett 1998, 165:201-
206). A conserved stem-loop structure among JUMPstart elements was detected (Example
3).

ix. ykkC-111 motif

The previously identified ykkC (Barrick et al. New RNA motifs suggest an
expanded scope for riboswitches in bacterial genetic control. Proc Natl Acad Sci U S A
2004, 101:6421-6426) and mini-ykkC (Weinberg et al., 2007) motifs are associated with
genes related to those associated with ykkC-III, but these RNAs have distinct conserved
sequence and structural features. The new-found ykkC-III motif (Figure 2) is in potential
5" UTRs of emrE and speB genes. emrE is the most common gene family associated with
mini-ykkC and the second most common to be associated with ykkC, while speB is also
associated with ykkC RNAs in many cases. Although a perfectly conserved ACGA
sequence in ykkC-I11 is similar to the less rigidly conserved ACGR terminal loops of mini-
vkkC RNAs, the structural contexts are different (Example 3). All three RNA motifs have
characteristics of gene control elements that regulate similar genes, and can respond to
changing concentrations of the same metabolite. However, unlike mini-ykkC whose small
and repetitive hairpin architecture is suggestive of protein binding, both ykkC and ykkC-111
exhibit more complex structural features that are indicative of direct metabolite binding.

X. ginA and Downstream-peptide motifs

The g/nA4 and Downstream peptide motifs carry similar sequence and structural
features (Figure 3; Example 1), although the genes they are associated with are very
different. Many genes presumably regulated by g/nd RNAs are clearly involved in
nitrogen metabolism, and include nitrogen regulatory protein Py, glutamine synthetase,
glutamate synthase and ammonium transporters. Another associated gene is PMT1479,
which was the most repressed gene when Prochlorococcus marinus was starved for
nitrogen (Tolonen et al. Global gene expression of Prochlorococcus ecotypes in response

to changes in nitrogen availability. Mol Syst Biol 2006, 2:53). Some glnA RNA motifs
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occur in tandem, which is an arrangement previously associated with more-digital gene
regulation (Mandal et al. A glycine-dependent riboswitch that uses cooperative binding to
control gene expression. Science 2004, 306:275-279; Welz et al. Ligand binding and gene
control characteristics of tandem riboswitches in Bacillus anthracis. Rna 2007, 13:573-
582).

The Downstream-peptide motif is found in potential 5" UTRs of cyanobacterial
ORFs whose products are typically 17-100 amino acids long, and are predicted not to
belong to a known protein family. A pattern of synonymous mutations and insertions or
deletions was observed in multiples of three nucleotides, supporting the prediction of a
short conserved coding sequence. A previously predicted noncoding RNA called “yfr6”
(Axmann et al. Identification of cyanobacterial non-coding RNAs by comparative genome
analysis. Genome Biology 2005, 6:R73) is ~250 nucleotides in length and contains a short
ORF. The 5" UTRs of these ORFs correspond to Downstream-peptide RNAs. While only
two full-length yfr6 RNAs were found, 634 Downstream-peptide RNAs are detected,
indicating that only the 5" UTR is conserved. Experiments on yfr6 showed that
transcription starts ~20 nucleotides 5’ to the proposed Downstream-peptide motif
(Axmann et al. Identification of cyanobacterial non-coding RNAs by comparative genome
analysis. Genome Biology 2005, 6:R73). Also, a Downstream-peptide RNA resides in the
potential 5" UTR of a gene that appears to be down-regulated in response to nitrogen
starvation (Axmann et al. Identification of cyanobacterial non-coding RNAs by
comparative genome analysis. Genome Biology 2005, 6:R73). A conserved amino acid
sequence in predicted proteins associated with Downstream-peptide RNAs indicates a
regulatory mechanism (Example 3). The structural resemblance between g/n4 and
Downstream-peptide RNA motifs makes sense because both sense glutamine. Both
elements down-regulate genes in response to nitrogen depletion.

xi. Cyanobacterial photosystem regulatory motifs

a. psaA motif

Representatives of the psa4 motif (Figure 4) occur in the potential 5" UTRs of
Photosystem-I psaAB operons in certain cyanobacteria. The motif includes three hairpins
that often include UNCG tetraloops (Pace et al. Probing RNA structure, function, and
history by comparative analysis. In: The RNA World, 2nd edition Edited by Gesteland RF,
Cech TR, Atkins JF. Cold Spring Harbor, New York: Cold Spring Harbor Laboratory
Press; 1999). While the regulation of psaAB genes in species with psaA RNAs has not

been studied, multiple psa genes in Synechocystis sp. PCC 6803 are regulated in response
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to light via DNA elements that are presumably transcription factor binding sites
(Muramatsu et al. Coordinated high-light response of genes encoding subunits of
photosystem I is achieved by AT-rich upstream sequences in the cyanobacterium
Synechocystis sp. strain PCC 6803. J Bacteriol 2007, 189:2750-2758). Photosynthetic
5 organisms up-regulate photosystem-I (psa) genes under low light conditions to maximize
energy output, but must reduce their expression under sustained high light conditions, to
avoid damage from free radicals (Muramatsu et al. Characterization of high-light-
responsive promoters of the psaAB genes in Synechocystis sp. PCC 6803. Plant Cell
Physiol 2006, 47:878-890). psaA RNAs could be involved in this regulation, although this
10 RNA element has not been found upstream of psa genes other than psaAB.
b. PhotoRC-I, PhotoRC-II and psbNH motifs
Two distinct RNA structures (Figure 4) are associated with genes belonging to the
photosynthetic reaction center family of proteins that can be psb4. PhotoRC-I1 RNAs are
present in known cyanobacteria and in marine environmental samples, while PhotoRC-11
15 RNAs are detected only in marine samples and a cyanophage. These motifs and psbNH are
further described in Example 3.
xii. Other motifs
a. L17 downstream element
The L17 downstream element (Figure 16) is located downstream (within the
20  potential 3" UTRs) of genes that encode ribosomal protein L17. In many cases, there are
no annotated genes located immediately downstream of the element. Although the motif
can actually be transcribed in the opposite orientation, the structure as shown is more
stable because it carries many G-U base pairs and GNRA tetraloops (Pace et al. Probing
RNA structure, function, and history by comparative analysis. In: The RNA World, 2nd
25 edition Edited by Gesteland RF, Cech TR, Atkins JF. Cold Spring Harbor, New York:
Cold Spring Harbor Laboratory Press; 1999). These structures would be far less stable in
the corresponding RNA transcribed from the complementary DNA template. The
expression of ribosomal proteins is frequently regulated by a feedback mechanism where
the protein binds an RNA structure in the 5" UTR of its mRNA (Zengel et al. Diverse
30  mechanisms for regulating ribosomal protein synthesis in \taxonEscherichia coli. Prog
Nucleic Acid Res Mol Biol 1994, 47:331-370). Thus, the L17 downstream element could
function in the 3’ UTR and be part of a feedback regulation system for L17 production.
Regulation of a gene by a structured RNA domain located in the 3’ UTR is highly unusual

in bacteria. However, precedents include an element in a ribosomal protein operon that
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regulates both upstream and downstream genes (Mattheakis et al. Retroregulation of the
synthesis of ribosomal proteins L14 and L24 by feedback repressor S8 in Escherichia coli.
Proc Natl Acad Sci U S A 1989, 86:448-452), and regulation of upstream genes is
observed in a phage (Guarneros et al. Posttranscriptional control of bacteriophage lambda
5 gene expression from a site distal to the gene. Proc Natl Acad Sci U S A 1982, 79:238-
242) and proposed in Listeria (Toledo-Arana et al. The Listeria transcriptional landscape
from saprophytism to virulence. Nature 2009, 459:950-956).
b. hopC motif
The hopC motif (Figure 16) is found in Helicobacter species in the potential 5
10 UTRs of hopC/alpA gene and co-transcribed hopB/alpB genes. Previous studies
established that expression of the hopCB operon is increased in response to low pH
(McGowan et al. Promoter analysis of Helicobacter pylori genes with enhanced expression
at low pH. Mol Microbiol 2003, 48:1225-1239). The experimentally determined 5’ UTRs
of a hopCB operon mRNA (McGowan et al. Promoter analysis of Helicobacter pylori
15 genes with enhanced expression at low pH. Mol Microbiol 2003, 48:1225-1239) contains
a hopC motif RNA. HopCB is needed for optimal binding to human epithelial cells
(Odenbreit et al. Role of the alpAB proteins and lipopolysaccharide in adhesion of
Helicobacter pylori to human gastric tissue. Int J Med Microbiol 2002, 292:247-256), and
is presumably involved in infection of the human stomach.
20 c. msiK motif
The msiK motif is always found in the potential 5’ UTRs of msiK genes (Hurtubise
et al. A cellulase/xylanase-negative mutant of Streptomyces lividans 1326 defective in
cellobiose and xylobiose uptake is mutated in a gene encoding a protein homologous to
ATP-binding proteins. Mol Microbiol 1995, 17:367-377, Parche et al. Sugar transport
25 systems of Bifidobacterium longum NCC2705. J Mol Microbiol Biotechnol 2007, 12:9-
19), which encode the ATPase subunit for ABC-type transporters of at least two complex
sugars (Schldsser et al. The Streptomyces ATP-binding component MsiK assists in
cellobiose and maltose transport. J Bacteriol 1997, 179:2092-2095), and probably many
more (Bertram et al. In silico and transcriptional analysis of carbohydrate uptake systems
30 of Streptomyces coelicolor A3(2). J Bacteriol 2004, 186:1362-1373). The motif is
comprised of an 11-nucleotide bulge within a long hairpin. The 3’ side of the basal pairing
region includes a predicted ribosome binding site, which may be part of the regulatory
mechanism. Existing data indicate that msiK genes are not regulated in response to

changing levels of glucose (Hurtubise et al. A cellulase/xylanase-negative mutant of
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Streptomyces lividans 1326 defective in cellobiose and xylobiose uptake is mutated in a
gene encoding a protein homologous to ATP-binding proteins. Mol Microbiol 1995,
17:367-377; Schldsser et al. The Streptomyces ATP-binding component MsiK assists in
cellobiose and maltose transport. J Bacteriol 1997, 179:2092-2095), so perhaps the RNA
participates in a feedback inhibition loop by binding MsiK proteins (Example 3).
d. pan motif
The pan motif (Figure 19) is found in three phyla, and is present in the genetically
tractable organism B. subtilis. Each pan RNA consists of a stem interrupted by two highly
conserved bulged A residues. Most pan RNAs occur in tandem, and their simple structure
and dimeric arrangement is suggestive of a dimeric protein binding motif. The RNAs are
located upstream of operons containing panB, panC or aspartate decarboxylase genes,
which are involved in synthesizing pantothenate (vitamin Bs).
e. rmf motif
The rmf motif is found in the potential 5' UTRs of rmf genes in Pseudomonas
species. These genes encode ribosome modulation factor, which acts in the stringent
response to depletion of nutrients and other stressors (Niven et al. Ribosome modulation
factor. In: Bacterial physiology: a molecular approach Edited by El-Sharoud WM. Berlin:
Springer-Verlag; 2008). Since Rmf interacts with rRNA, the protein Rmf can bind to the
5" UTR of its mRNA. Alternately, since the RNA is relatively far from the rmf start codon,
rmf RNAs can be non-coding RNAs that are expressed separately from the adjacent
coding region.
f. SAM-Chlorobi motif
The SAM-Chlorobi motif is found in the potential 5' UTRs of operons containing
all predicted metK and ahcY genes within the phylum Chlorobi. As noted above, metK
encodes SAM synthetase, and in most other organisms metK homologs are controlled by
changing SAM concentrations that are detected by SAM-responsive riboswitches. In
contrast, ahcY encodes S-adenosylhomocysteine (SAH) hydrolase, and this gene is known
to be controlled by SAH-responsive riboswitches in some organisms (Wang et al.
Riboswitches that sense S-adenosylhomocysteine and activate genes involved in
coenzyme recycling. Mol Cell 2008, 29:691-702). Sequences conforming to a strong
promoter sequences (Bayley et al. Analysis of cepA and other Bacteroides fragilis genes
reveals a unique promoter structure. FEMS Microbiol Lett 2000, 193:149-154; Chen et al.
Characterization of strong promoters from an environmental Flavobacterium hibernum

strain by using a green fluorescent protein-based reporter system. Appl Environ Microbiol
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2007, 73:1089-1100) imply that SAM-Chlorobi RNAs are transcribed (Example 3).
However, preliminary analysis of several SAM-Chlorobi RNA constructs using in-line
probing did not reveal binding to SAM or SAH (Example 3).
g. STAXI motif
5 The Ssbp, Topoisomerase, Antirestriction, XerDC Integrase (STAXI) motif is
composed mainly of a pseudoknot structure repeated at least two and usually three times
(Figure 5). Tandem STAXI motifs are frequently nearby to genes that encode proteins that
bind or manipulate DNA, including single-stranded DNA binding proteins (Ssbp),
integrases and topoisomerases, or antirestriction proteins. Also, they are occasionally
10 located nearby c4 antisense RNAs (Citron et al. The ¢4 repressors of bacteriophages P1
and P7 are antisense RNAs. Cell 1990, 62:591-598) (Example 3). Since genes proximal to
STAXI representatives encode DNA manipulation proteins, it was possible that the
STAXI motif represented a single-stranded DNA that adopted a local structure when
duplex DNA is separated, as occurs during DNA replication, repair, or when bound by
15 some proteins. However, the UUCG tetraloops that frequently occur within the STAXI
motif repeats are known to stabilize RNA, whereas the corresponding TTCG are not
particularly stabilizing for DNA structures (Antao et al. Thermodynamic parameters for
loop formation in RNA and DNA hairpin tetraloops. Nucleic Acids Res 1992, 20:819-824).
This indicates that the motif serves its function as an RNA structure.
20 xiii. Noncoding RNAs
Several motifs that are likely expressed as noncoding RNAs unaffiliated with
mRNAs also were identified (Figure 5, Table 1). Gut-1 and whalefall-1 RNAs are found
only in environmental sequences and Bacteroides-2 is found in only one sequenced
organism (Example 3). Thus, bacteria from multiple environmental samples express
25 noncoding RNAs that are not represented in any cultivated organisms whose genomes
have been sequenced (Weinberg et al. Extraordinary structured noncoding RNAs revealed
by bacterial metagenome analysis. Nature 2009; Shi et al. Metatranscriptomics reveals
unique microbial small RNAs in the ocean's water column. Nature 2009, 459:266-269).
Similarly, Acido-1 and Dictyoglomi-1 RNAs are found in phyla in which few genome
30  sequences are available. Further observations regarding all noncoding RNA motifs can be
found in Example 3.

Table 1: List of Motifs

Motif RNA?|cis-reg?|Switch?|Taxa
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Y Y Y several phyla pheA ? Y n Actinobacteria PhotoRCG-I y y n
Cyanobacteria, marine PhotoRC-11 Y Y n marine, cyanophage
Pol ynucl ewbaotiaissdze Y PCT/US2011/020933
6S-flavo Y N N Bacteroidetes
acek ? \4 ? y-proteobacteria
Acido-1 y n n Acidobacteria
Acido-Lenti-1 y n n Acidobacteria, Lentisphacrae
Actino-pnp Y Y N Actinomycetales
AdoCbl-variant Y Y Y marine
asd Y ? ? Lactobacillales
atoC M vy ? O-proteobacteria
Bacillaceae- 1 Y n n Bacillaceae
Bacillus-plasmid M ? n \Bacillus
Bacteroid-trp vy y n Bacteroidetes
Bacteroidales-1 Y ? Bacteroidales
Bacteroides-1 M ? n \Bacteroides
Bacteroides-2 ? n n \Bacteroides
Burkholderiales-1 ? ? n Burkholderiales
c4 antisense RNA Y N N Proteobacteria, phages
c4-albl Y N IN y-proteobacteria, phages
Chlorobi-1 Y n n Chlorobi
Chlorobi-RRM v y n Chlorobi
Chloroflexi-1 M ? n Chloroflexus aggregans
Clostridiales-1 y n n Clostridiales, human gut
C0OG2252 ? vy n Pseudomonadales
Collinsella-1 v n n Actinobacteria, human gut
crcB Y Y Y Widespread, bacteria and archaeca
Cyano-1 y n n Cyanobacteria, marine
Cyano-2 Y n n Cyanobacteria, marine
Desulfotalea-1 ? n n Proteobacteria
Dictyoglomi-1 y ? ? Dictyoglomi
Downstream-peptide Y y y Cyanobacteria, marine
epsC Y \4 y Bacillales
fixA ? vy n \Pseudomonas
Flavo-1 vy n n Bacteroidetes
flg-Rhizobiales y \4 n Rhizobiales
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y ? Burkhol deriales, fresh water/estuary potCy y ? marine only psaAYy ?
Cyanobacteria psbNH y y n Cyanobacteria, marine Pseudonon-1 Y n n

Ps eudonosioah 85088076 PCT/US2011/020933
fipD M ? n Euroarchacota
gabT Y vy ? \Pseudomonas
Gamma-cis-1 ? \4 n y-proteobacteria
gind Y Y \4 Cyanobacteria, marine
GUCCY -hairpin ? ? n Bacteroidetes, Proteobacteria
Gut-1 Y n n human gut only
avrA v y n \Pseudomonas
hopC M Y ? \Helicobacter
icd ? vy n \Pseudomonas
JUMPstart y Y n y-proteobacteria
L17 downstream element]y y n Lactobacillales, Listeria
lactis-plasmid v ? n Lactobacillales
Lacto-int ? ? n Lactobacillales, phages
Lacto-rpoB Y \4 n Lactobacillales
Lacto-usp Y ? ? Lactobacillales
Leu/phe leader Y Y Y Lactococcus lactis
livkK M vy ? Pseudomonadales
Lnt v y ? Chlorobi
manA Y Y \4 marine, y-proteobacteria, cyanophage
Methylobacterium-1 Y n n \Methylobacterium, marine
Moco-11 y Y ? Proteobacteria
mraW y \4 ? Actinomycetales
msiK Y ? Actinobacteria
(Nitrosococcus-1 ? n n WNitrosococcus, Clostridia
nuoG v y ? Enterobacteriales (incl. E. coli K12)
Ocean-V y n n marine only
Ocean-VI ? ? ? marine only
pan Y Y ? Chloroflexi, Firmicutes, d-proteobacteria
Pedo-repair y ? n \Pedobacter
pfl Y Y Y several phyla
phed ? y n Actinobacteria
PhotoRC-1 M \4 n Cyanobacteria, marine
PhotoRC-11 Y \4 n marine, cyanophage
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Pseudonmon-2 ? n n Pseudonon-GGEDEF ? y ? Pseudononas Pseudonon-groES Y y ?
Pseudononas Pseudonon-Rho Y Y n Pseudononas Pyrobac-1 Y n
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Polynucleobacter-1 y y ? Burkholderiales, fresh water/estuary
potC y \4 ? marine only
psaA Y \4 ? Cyanobacteria
psbNH y y n Cyanobacteria, marine
Pseudomon-1 M n n Pseudomonadales
Pseudomon-2 ? n n
Pseudomon-GGDEF ? vy ? \Pseudomonas
Pseudomon-grokES M vy ? \Pseudomonas
Pseudomon-Rho y Y n \Pseudomonas
Pyrobac-1 v n n \Pyrobaculum
Pyrobac-HINT ? y n
radC Y y ? Proteobacteria
Rhizobiales- 1 ? n IN Rhizobiales
Rhizobiales-2 v ? n Rhizobiales
Rhodopirellula-1 y ? Proteobacteria, Planctomycetes
rmf Y y ? Pseudomonadales
rne-11 Y y IN Pseudomonadales
SAM-Chlorobi v Y ? Chlorobi
SAM-I-IV-variant Y Y Y several phyla, marine
SAM-II long loops Y Y Y Bacteroidetes, marine
SAM/SAH Y Y Y Rhodobacterales
sanguinis-hairpin ? n n Streptococcus
sbcD M ? n Burkholderiales
ScRE ? y n Streptococcus
Soil-1 ? n n soil only
Solibacter-1 ? n n Solibacter usitatus
STAXI v ? n Enterobacteriales
sucA-11 M vy ? Pseudomonadales
sucC Y Y ? y-proteobacteria
Termite-fIg Y \4 n termite hind gut only
Termite-leu v ? termite hind gut only
traJ-11 Y Y n Proteobacteria, Enterococcus faecium
Transposase-resistance |? \4 n several phyla
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TwoAYGGAY M n n human gut, y-proteobacteria, Clostridiales
weaG Y \4 y marine, cyanophage
‘Whalefall-1 Y n n whalefall only
yjdF Y Y Y Firmicutes
ykkC-111 y Y \4 Actinobacteria, d-proteobacteria

Columns are as follows. Column “RNA?”: is this motif likely to represent a biological
RNA? Column “cis-reg”: is the motif cis-regulatory? Column “switch?”: is the motif a
riboswitch? Column “Taxa”: common taxon/taxa carrying this motif. Notation meaning:
“Y” = certainly, “y” = probably, “?” = ambiguous, “n” = probably not, “N” =no. Many of
the motifs are discussed in Example 3.

xiv.  Expansion of representatives of previously characterized structured

RNAs

Existing homology search methods for RNAs frequently fail to detect
representatives of known RNA classes whose sequences have diverged extensively.
However, the computational pipeline occasionally reveals examples of such RNAs.
Details regarding RNA representatives that expand the collection of 6S RNAs, AdoCbl
riboswitches, SAM-II riboswitches, and SAM-I/SAM-IV riboswitches are provided in
Example 3. The RNAs that expand the collection of the superfamily of SAM-I (Winkler et
al. An mRNA structure that controls gene expression by binding S-adenosylmethionine.
Nat. Struct. Biol. 2003, 10:701-707) and SAM-IV (Weinberg et al. The aptamer core of
SAM-IV riboswitches mimics the ligand-binding site of SAM-I riboswitches. Rna 2008,
14:822-828) riboswitches (Figure 24) are typically found in metagenome sequences. These
variant SAM-I/SAM-IV riboswitches share many of the structural features of both families
(Figure 24), but lack an internal loop in the P2 stem, which is present in SAM-I/SAM-IV
riboswitches (Example 3).

3. Conclusions

Numerous structured RNA motifs have been identified in the genomic and
metagenomic DNA sequence data from bacteria and archaca. The RNA motifs exhibit a
great diversity of conserved sequences and structural features, and their genomic locations
are indicative of a wide variety of mechanisms of action (e.g., cis vs. trans) and expected
biological roles. The disclosed findings indicate that the bacterial and archacal domains of
life will continue to be a rich source of novel structured RNAs.

Although some of the RNAs identified perform the same function as previously

validated RNA classes (e.g. 6S-Flavo RNA, SAM/SAH riboswitches), the vast majority of
92
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the identified RNA motifs perform novel functions. Given that many of these RNAs are

specific to certain lineages or uncultivated environmental samples, technologies that more

rapidly make available DNA sequence information from additional lineages of bacteria

and archaca are likely to accelerate the discovery of more classes of structured RNAs. This
5 discovery rate can also be increased by improvements in computational analysis methods.

These findings should yield a diverse collection of structured noncoding RNAs that will

reveal a more complete understanding of the roles that RNAs perform in microbial cells.

4. Materials and methods
i. DNA sequence sources and gene annotations

10 The microbial subsets of RefSeq (Pruitt et al. NCBI Reference Sequence (RefSeq):
a curated non-redundant sequence database of genomes, transcripts and proteins. Nucleic
Acids Res. 2005, 33:501-504) version 25 or 32 were searched, along with metagenome
sequences from acid mine drainage (Tyson et al. Community structure and metabolism
through reconstruction of microbial genomes from the environment. Nature 2004, 428:37-

15 43), soil and whale fall (Tringe et al. Comparative metagenomics of microbial
communities. Science 2005, 308:554-557), human gut (Gill et al. Metagenomic analysis of
the human distal gut microbiome. Science 2006, 312:1355-1359; Kurokawa et al.
Comparative metagenomics revealed commonly enriched gene sets in human gut
microbiomes. DNA Res. 2007, 14:169-181), mouse gut (Turnbaugh et al. An obesity-

20 associated gut microbiome with increased capacity for energy harvest. Nature 2006,
444:1027-1031), gutless sea worms (Woyke et al. Symbiosis insights through
metagenomic analysis of a microbial consortium. Nature 2006, 443:950-955), sludge
(Garcia et al. Metagenomic analysis of two enhanced biological phosphorus removal
(EBPR) sludge communities. Nat Biotechnol 2006, 24:1263-1269), Global Ocean Survey

25 scaffolds (Rusch et al.: The Sorcerer II Global Ocean Sampling expedition: northwest
Atlantic through eastern tropical Pacific. PLoS Biol 2007, 5:¢77; Venter et al.
Environmental genome shotgun sequencing of the Sargasso Sea. Science 2004, 304:66-
74), other marine sequences (DeLong et al. Community genomics among stratified
microbial assemblages in the ocean's interior. Science 2006, 311:496-503) and termite

30 hindgut (Warnecke et al. Metagenomic and functional analysis of hindgut microbiota of a
wood-feeding higher termite. Nature 2007, 450:560-565). Locations and identities of
protein-coding genes were derived from RefSeq or IMG/M (Markowitz et al. IMG/M: a
data management and analysis system for metagenomes. Nucleic Acids Res 2008,

36:D534-538) annotations, or from “predicted proteins” (Yooseph et al. The Sorcerer 11
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Global Ocean Sampling expedition: expanding the universe of protein families. PLoS Biol
2007, 5:¢16) in Global Ocean Survey sequences. However, genes in some sequences
(Kurokawa et al. Comparative metagenomics revealed commonly enriched gene sets in
human gut microbiomes. DNA Res. 2007, 14:169-181; DeLong et al. Community
genomics among stratified microbial assemblages in the ocean's interior. Science 2006,
311:496-503; Warnecke et al. Metagenomic and functional analysis of hindgut microbiota
of a wood-feeding higher termite. Nature 2007, 450:560-565) were predicted using
MetaGene (dated Oct. 12, 2006) with default parameters (Noguchi et al. MetaGene:
prokaryotic gene finding from environmental genome shotgun sequences. Nucleic Acids
Res 2006, 34:5623-5630). Conserved protein domains were annotated using the
Conserved Domain Database version 2.08 (Marchler-Bauer et al. CDD: a Conserved
Domain Database for protein classification. Nucleic Acids Research 2005, 33:192-196).

Annotations for tRNAs and rRNAs were derived from the sources noted above, or
were predicted using tRNAscan-SE (Lowe et al. tRNAscan-SE: a program for improved
detection of transfer RNA genes in genomic sequence. Nucleic Acids Research 1997,
25:955-964) run in bacterial mode. To detect additional rRNAs, annotated rRNAs whose
descriptions read “ribosomal RNA” or “#S rRNA” (# represents any number) were used in
WU-BLAST queries with command-line flags -hspsepQmax=4000 -E 1e-20 -W 8 (Yao et
al. A computational pipeline for high-throughput discovery of cis-regulatory noncoding
RNA in prokaryotes. PLoS Comput. Biol. 2007, 3:¢126). Other RNAs were detected with
Rfam (Gardner et al. Rfam: updates to the RNA families database. Nucleic Acids Res
2009, 37:D136-140), and WU-BLAST as described previously (Yao et al. A
computational pipeline for high-throughput discovery of cis-regulatory noncoding RNA in
prokaryotes. PLoS Comput. Biol. 2007, 3:¢126). Published alignments of riboswitches
were also used (Barrick et al. The distributions, mechanisms, and structures of metabolite-
binding riboswitches. Genome Biol. 2007, 8:R239) as queries with RaveNnA global-mode
searches (Weinberg et al. Sequence-based heuristics for faster annotation of non-coding
RNA families. Bioinformatics 2006, 22:35-39; Eddy et al. RNA Sequence Analysis Using
Covariance Models. Nucleic Acids Research 1994, 22:2079-2088), selecting hits manually
based primarily on E-values.

iil. Automated motif identification

To reduce false positives in sequence comparisons, the pipeline was run separately

on related taxa or metagenome sources (data not shown). For each run, InterGenic Regions

94



y n Streptococcus Soil-1 ? n n soil only Solibacter-1 ? n n Solibacter
usitatus STAXI y ? n Enterobacteriales sucA-Il y y ? Pseudonobnadal es

10

15

20

25

30

WO 2011/088076 PCT/US2011/020933

(IGRs) of at least 30 nucleotides were extracted between protein-coding, tRNA and rRNA
genes.

To generate clusters, an early version of a recently described algorithm was used
(Tseng et al. Finding non-coding RNAs through genome-scale clustering. J Bioinform
Comput Biol 2009, 7:373-388). Specifically, IGRs were compared using nucleotide NCBI
BLAST (Altschul et al. Gapped BLAST and PSI-BLAST: a new generation of protein
database search programs. Nucleic Acids Research 1997, 25:3389-3402) version 2.2.17
and parameters -W 7 -G 2 -E 2 -q -2 -m 8. Self matches were ignored. BLAST scores
below a parameter S (see below) were considered insignificant and ignored. Each BLAST
match defines two “nodes”, corresponding to the matching sequences. Nodes that overlap
by at least five nucleotides are merged, along with their BLAST homologies. A cluster
consists of all nodes that have direct or indirect (transitive) BLAST matches. Closely
related sequences that span multiple distinct elements in an entire IGR can lead to spurious
node merges. Therefore, homologies with BLAST scores above 100 are ignored.

If a node’s length in nucleotides is L, and L<500, then the node is extended on
either side by (500-L)/2 nucleotides, but is constrained to remain within the original IGR.
CMfinder can easily tolerate nodes of 500 nucleotides. When L>1000, nodes are shrunk
by (L-1000)/2 nucleotides around the center. The L>1000 case is extremely rare. Only
clusters with at least three members were reported.

For each pipeline run, a range of values was tried for the parameter S=35, 40, ...,
85, and determined how many known RNAs were detected with each value. Based on
these data, a set of S values was selected manually, and the union of clusters arising from
cach S was used as input to CMfinder (Yao et al. CMfinder--a covariance model based
RNA motif finding algorithm. Bioinformatics 2006, 22:445-452). CMfinder was used to
predict motifs exactly as before (Yao et al. A computational pipeline for high-throughput
discovery of cis-regulatory noncoding RNA in prokaryotes. PLoS Comput. Biol. 2007,
3:¢126). Automated homology searches were then performed as described (Yao et al. A
computational pipeline for high-throughput discovery of cis-regulatory noncoding RNA in
prokaryotes. PLoS Comput. Biol. 2007, 3:¢126), except that covariance model scores used
the null3 model (Nawrocki et al. Infernal 1.0: inference of RNA alignments.
Bioinformatics 2009, 25:1335-1337). Motifs were scored using a previously established
method (Yao et al. A computational pipeline for high-throughput discovery of cis-
regulatory noncoding RNA in prokaryotes. PLoS Comput. Biol. 2007, 3:¢126), and by

using tools comprising Pfold (Knudsen et al. Pfold: RNA secondary structure prediction
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using stochastic context-free grammars. Nucleic Acids Res 2003, 31:3423-3428) to infer a
phylogenetic tree, then running pscore (Yao Z: Genome scale search of noncoding RNAs:
bacteria to vertebrates. Seattle, WA: University of Washington; 2008. Dissertation).
Motifs that had no covarying base pair positions, that had an average G+C content less
than 24%, that had representatives whose nucleotide coordinates overlapped the reverse-
complements of other representatives on average by 30% or more of their nucleotides, or
that had fewer than six positions that were at least 97% conserved (when sequences were
weighted with the GSC algorithm) were automatically eliminated.

ili. Manual analysis of motifs

The manual analysis of each RNA motif proceeded essentially as described
previously (Weinberg et al., 2007). For motifs that were likely to be cis-regulatory, papers
referencing the locus tags of apparently regulated genes were routinely searched for using
Google Scholar (http://scholar.google.com). Mutual information analysis (Barrick et al.
The distributions, mechanisms, and structures of metabolite-binding riboswitches.
Genome Biol. 2007, 8:R239) was also used to predict additional base pairing interactions.
Motifs less likely to represent structured RNAs were rejected using previously established
criteria (Weinberg et al., 2007). In motif consensus diagrams, covariation and levels of
conservation were calculated using earlier protocols (Weinberg et al., 2007), but up to
10% non-canonical pairs were tolerated in alignment columns that correspond to
conserved base-pairs.

iv. Assessing the novelty of motifs

To determine if the RNA structures were reported previously, the Rfam database
(Gardner et al. Rfam: updates to the RNA families database. Nucleic Acids Res 2009,
37:D136-140), and various papers not yet incorporated into Rfam that performed detailed
analysis or experiments on new-found candidate RNAs (Marchais et al. Single-pass
classification of all noncoding sequences in a bacterial genome using phylogenetic
profiles. Genome Res 2009, 19:1084-1092; Axmann et al. Identification of cyanobacterial
non-coding RNAs by comparative genome analysis. Genome Biology 2005, 6:R73; Liu et
al. Experimental discovery of sSRNAs in Vibrio cholerae by direct cloning, SS/tRNA
depletion and parallel sequencing. Nucleic Acids Res 2009, 37:¢46; Livny et al.
Identification of 17 Pseudomonas aeruginosa sSRNAs and prediction of SRNA-encoding
genes in 10 diverse pathogens using the bioinformatic tool SRNAPredict2. Nucleic Acids
Res 2006, 34:3484-3493; Sonnleitner et al. Detection of small RNAs in Pseudomonas

acruginosa by RNomics and structure-based bioinformatic tools. Microbiology 2008,
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154:3175-3187; Gonzalez et al. Genome-wide search reveals a novel GacA-regulated
small RNA in Pseudomonas species. BMC Genomics 2008, 9:167; Steglich et al. The
challenge of regulation in a minimal photoautotroph: non-coding RNAs in
Prochlorococcus. PLoS Genet 2008, 4:¢1000173; Ulve et al. Identification of
5 chromosomal alpha-proteobacterial small RNAs by comparative genome analysis and

detection in Sinorhizobium meliloti strain 1021. BMC Genomics 2007, 8:467; Valverde et
al. Prediction of Sinorhizobium meliloti SRNA genes and experimental detection in strain
2011. BMC Genomics 2008, 9:416; del Val et al. Identification of differentially expressed
small non-coding RNAs in the legume endosymbiont Sinorhizobium meliloti by

10 comparative genomics. Mol Microbiol 2007, 66:1080-1091; Saito et al. Novel small RNA-
encoding genes in the intergenic regions of Bacillus subtilis. Gene 2009, 428:2-8;
Padalon-Brauch et al. Small RNAs encoded within genetic islands of Salmonella
typhimurium show host-induced expression and role in virulence. Nucleic Acids Res
2008, 36:1913-1927; Pichon et al. Small RNA genes expressed from Staphylococcus

15 aureus genomic and pathogenicity islands with specific expression among pathogenic
strains. Proc Natl Acad Sci U S A 2005, 102:14249-14254; Swiercz et al. Small non-
coding RNAs in Streptomyces coelicolor. Nucleic Acids Res 2008, 36:7240-7251;
Rasmussen et al. The Transcriptionally Active Regions in the Genome of Bacillus subtilis.
Mol Microbiol 2009; Perkins et al. A strand-specific RNA-Seq analysis of the

20  transcriptome of the typhoid bacillus Salmonella typhi. PLoS Genet 2009, 5:¢1000569;
Tezuka et al. Identification and gene disruption of small noncoding RNAs in Streptomyces
griseus. J Bacteriol 2009, 191:4896-4904; Yoder-Himes et al. Mapping the Burkholderia
cenocepacia niche response via high-throughput sequencing. Proc Natl Acad SciU S A
2009, 106:3976-3981; Geissmann et al. A search for small noncoding RNAs in

25 Staphylococcus aureus reveals a conserved sequence motif for regulation. Nucleic Acids
Res 2009; Arnvig et al. Identification of small RNAs in Mycobacterium tuberculosis. Mol
Microbiol 2009, 73:397-408; Georg et al. Evidence for a major role of antisense RNAs in
cyanobacterial gene regulation. Mol Syst Biol 2009, 5:305) were searched. Although some
raw predictions of a previous report (Livny et al. High-throughput, kingdom-wide

30  prediction and annotation of bacterial non-coding RNAs. PLoS One 2008, 3:¢3197)
overlap some of the RNA motifs, these raw predictions have never been subjected to
detailed evaluation. Additionally, extensive Google searches for genes associated with
crcB RNAs revealed that one of the 358 raw predictions of conserved elements on the

RibEx web server (Abreu-Goodger et al. RibEx: a web server for locating riboswitches
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SAM | / SAM- | V ri\pOMiheli}?%iﬂ?%Xﬁ&%E%d in Exanple 3. The RNAs that expand
the collection of the superfamly of SAMI (Wnkler et al. An nRNA
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found in metagenone sequences. These variant SAM|/SAM IV ribosw t ches
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20ri boswi t°¢ eag%l(1 ﬁl@?}%eie&%%%&&%&gﬁgﬁgmgs %Téjélﬁﬁﬁglﬁo%{shege%ct ured RNA
mot i fs hawkphephotyitesd udingdkalinetghesgrnseted snddichbalge nath [¢-3DRPuseguence
data from bacteria and archaea. The RNA notjfs exhibit a great diversity of
conser ved Behedsieratediyedpyshe f ang ctradibpewitchsn that @s¢ Syenoni ¢ | ocat i ons
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65- Fl avo RiPoswitMesitak §dnBOSWHELRSBbmot NeiM@aitd JRivateigkNesdhv&led in
coenzyme recycling. Mol Cell 2008, 29:691-702).
vi. Equilibrium dialysis experiments
20 Equilibrium dialysis experiments were conducted in a Dispo-Equilibrium
Biodialyzer (The Nest Group, Inc., Southboro, MA, USA), which is comprised of two
chambers (A and B) separated by a 5,000 kDa MW cut-off membrane. Chamber A was
loaded with 20 ul solution of 500 nM *H-SAM, and Chamber B was loaded with 20 uM of
the specified RNA in a buffer containing 50 mM MOPS (pH 7.2 at 20°C), 20 mM MgCl,,
25 and 500 mM KCI. The chambers were equilibrated at 25°C for 10 hours before a 3 ul
aliquot was removed from each chamber. Radioactivity of the aliquots was measured by a
liquid scintillation counter. Each experiment was repeated three times, and average B/A
values and standard deviations were calculated.
B. Example 3: Discovery of 104 structured RNAs from bacterial and archaeal
30 genomes and metagenomes using comparative genomics
1. Background
i. Applicability of the computational pipeline to find cis-regulatory RNAs
A previous report aligned the potential 5" UTRs of homologous protein-coding

genes (Yao et al. A computational pipeline for high-throughput discovery of cis-regulatory
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Bi ot echnol 2006, %t%g gagfz}gégyﬁhéﬁg;% "Ccean Survey 25scaffolds (Rusch et
al .: The Sor cerkar ckdm@epthalzsC et Batepived ffoexpedy tompellingnbipwestt At antic

t hrough eastern ﬁ?ro i cal Pacil.fi C. PLoﬁ Bi ol . 2007, ..5:e77; \enter et. al.
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stratified mcrobial assenblages in the ocean's interior. Science 2006,
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managenent and anal ysi s system for net ggenorres. Nucl ei ¢ Aci ds Res 2008,
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(Kurokawa et al. Conparative netagenonjcs reveal ed commonly enriched gene
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Conmupi ty HESHATHE SteARAGuR A Mrinad. The pRRIiAL nds SR ARtS AMLIIIhe ocean’s
interior. Science 2006,

riboswitches because many genome sequences are now available that carry SAM-III

riboswitches containing short loops.
b. In some instances, too many UTRs of a given gene family are available
and only a few of these carry the motif.

30 For example, the previous pipeline originally identified SAM-1V riboswitches
(Weinberg et al. The aptamer core of SAM-IV riboswitches mimics the ligand-binding site
of SAM-I riboswitches. Rna 2008, 14:822-828) based on 3 UTRs out of 54 UTRSs of the
COGO0520 family sequenced from in Actinobacteria at the time of our analysis. Thus, most

input data in this sequence cluster did not contain the motif. In contrast, the sequence
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al . Gapped®®BEAST and PSI - BLAST: a new generation of protein database search
prograns. Nucl ?lcﬁglﬂ%@%ﬁﬁft gl 1997, 25:3389-3402) version 2.2.17 and
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i's extendega@Rroidales-1 motif”. Cis-regulatory RNA motifs that appear to regulate a variety of
heterologous gene families, are named after a single example gene, e.g., “crcB motif”.
30  When the precise biological roles of these RNAs are better understood, it is recommended
that the class be renamed to more accurately reflect their functions. For example, the
SAM/SAH riboswitch identified in this work was originally named the metK-Rhodobacter
motif, before its binding to ligands was confirmed and its riboswitch function was inferred

by its gene association and its proximity to expression platforms.
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al ., 2907)oha YlrsWak LB H%M%eqaﬁlgﬁi\%?f S@s%%%nd{\ﬁg,%uf Qilleﬁ(ﬁttr@ﬂjec!t QA(H I gnment

colums that correspond to 20conserved base-palrs. 1v. Assessing the
novel ty ofbimbhg because the SRd1 oethsrexperemerft i het rRldagtve uss postsva@neolseport ed

Pt 1 os. Haohb e AR ORe RS Re Hss B bCSibinorst 36 FMBTC: B ot IGHS® paper s
not yet i NFSLRRha%IMhNPhRiRTW0Rs RECHRE PRI AsE FN RS AFENALIYSEI-S O

experiments on newfound candi date RNAs (Marchai S et al. Single-pass
cl assi fi cawpigabasteral Genpne Bail P08 eqrRd At e 6Znmatotlipiass EaMcegemdivh Aséng

phyl ogenet.} rofiles., Genone, Res. 200 19;1084-1092; Axmann.et al . .
AR e oS B e NN R T RS e s L e
anal ysi s. rfgieecBiial Rey209055:264R7%56) b dde @dcdaFinalfx RafchEididimdhssovery of
SRNAs in Vibrio cholerae by direct cloning, 55/tRNA . )

called “A48U” was applied to SK209-52 RNA, the mutated RNA exhibited a drastically

reduced ability to bind SAM when compared to the wild-type RNA.
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30depl etion and parall el sequencing. Nucleic Acids Res 2009, 37:e46; Livny
et al. ldentification of 17 Pseudonobnas aerugi nosa sRNAs and prediction of
SRNA- encoatongiigsses i n 10 di verse pat hogens usi ng the bipornfSesimmeisss t ool
SRNAPredi ct 2. Nucl eic Acids Res 2006, 34:3484-3493; Sonnleitner et al.

Det ection of srEldreRINGShdW tHRS eigdTTvaids maey tadioaoddtylly pRNeiTi€ sShaafistr B
structure-based bioinformatic tools. M crobiolo

2008, WO
2011/ 0880 7eEOTthe ey pHMbO g ineiNAS ?5W§$18$K2@%ﬁ%1‘éé 193pphird tadRehst i de

h t.eq. Si BMC
o'oY BRL PR THEN Rre, SOl LONNAL BT 11 SN AL EaetidaTanGRne RARLSS:

m ni mal phnmtamms apprlmdho chmmbarddithtgarﬁwﬁns oﬁra&’ﬂoaﬁmmyrmdmhaﬁbeﬁ a@enet
2008, 4:el00 e et ?1\ I dentificati or]iyof 5¢c sonal

al pha- f’pr o UB0H Clrlowa atAIT Nt aRA SRt ENEOARIRAS AMand

det ecti on i n3Si A@difoR A isWsE6h of RINA Rfoitidd N 1021. BIVC Genomi cs 2007, 8:467,
Val verde et al. Prediction of Sinorhizobiumneliloti sRNA genes and

experi ment al déf@d@xtdnlqvnp@wrdas RoIROIENts oBMaciGat fridestif2gDi®, th@cutldt study. Val et

al. ldentigfi |fferet|al ressed smal Jfon-co RNAs in the
egune. endseifb EBte et HESER bbb S it PRl GO s e, Mo

M crobi ol R60dd bpfictdBR-hB9dis oBtetBsRiated gen%@ié%ﬂres‘éﬁﬁh'AB%ﬂf@Bﬁ&ﬁh@g genes
in the intergenic regions of Bacillus subtilis. Gene 2009, 428: 2-8;

Padal &h- BriaagameereaghowsimFigurNAs2%ncoded within genetic islands of

Sal nonel | a typa ié(%@o%gow host-i nduced expression and role in virul ence.
Nucl eic Acids Re , 36:1913-1927; Pichon et al. Small RNA genes
expressed fromTHeapby nandd¢civand Tethe @otng el NI TR saufdcpl ghag émPedddynioshands
with specific expression anong pathogenic strains. Proc Natl Acad Sci US A
2005, 102: sraeae@azs&ﬁ 21 CBF Sé’b’maYlae@ﬁfﬁthg%ﬁe’d’ﬁﬂ?lh‘@nmywa@tt?eptorryces
coel i col org The
Transcri ptY ANy FaeThe S EE et RcpRs Bs LRSI GRNER A

M crobj ol @8@Fnoshen knarsotet carditidhsstittamidtits peticfsble dRiiéroSedcapiallyasis so hiwdr he

5 010005600 PSR4 EERDipOT dIAE P FONTGHE G lse it Pt G SoP SR
noncodi ng JRhASrel e dSbtRPEIIY &S o @il d §eta~ﬂ BaebAid, HicrdBR8y, ahd LicASAR: 4904,
Yoder-Hi mes et al. Mapping the Burkhol deria cenocepaci a ni che response via
hi gh-t hr ouggwdtrmsegﬁmemamjyseppﬁmamtbhc E@adorS@maSLae@ngm@@H 606liBdy6- 3981;
Gei ssmann et al St a coccus

aur ous 1 ovebieening sHERIS i Saed Shlie TRBRRATRGY Safliol B RBLIUR et s res
2009; 20Ar nvign: 27891758 Hedd ddt hatd radiefcd el RNANABN the dheoiRae! eXprésfion of
tubercul osis. Ml M crobiol 2009, 73:397-408; Ceorg et al. Evidence for a
maj or rol eCel iHnP] aEpeBORNAGIN; lﬁplétyéﬁreaa%wﬁiczﬁbrw@tlﬁefgbffaltericfwm mar Ofsyst

or evi ous. et i PR bk BH STl MBI HRARMIRR R, o0
and annot atgdatedin thaciast (Sriramohraall IHﬂ@eMSnalﬂwﬁV@eann&f 63197)

overl ap sane qp%lﬂthe RNA notifs, these raw predictions have never_ been

subj ect ed Fssudpsponar agrugipgra Rithoaystiadilrasisgnag pyviroameah £irqteomyss g5 sear ches
for genes agpacipygd with crcB RNAs reveal ed that one of the 358 raw

predi ctions of conServed elenments on the R bEx web server ( Abr eu- Goodger et
al. RibEx: a wdb aAeidoel nfodif | ocating ri bosw tches

L R U S SR A
crcB RNAs |giksb@w86h fhe heirpins, Bl $n ARNSAIINAdo&] SMBaL’ it dil @itRLEOHB8, and
was not previously subjected to detailed evaluation. It has not yet been
det er m nedspdciatioa rvetlege@e@ttllrmmo@fﬂnp@m it getpn gdnetAlthesgbanly{per seaicnses arer

Pﬁ??r Hp%gc? %tggi gg(@ VPItﬁ%%P?V?II P % ?helrg 1sa51g can‘r['l govra%gtq abl"[%ef Ortﬁﬁ%ppears to
be restricted to Acidobacteria.
iii. Acido-Lenti-1 motif
The Acido-Lenti-1 motif is found in the phyla Acidobacteria and Lentisphaerae. In

Lentisphacrae, it is sometimes located near group Il introns.
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RNA constructs were prepared by in vitro RNA transcription RNA using T7 RNA
pol ynerase and the appropriate DNA tenpl ates that were created by overl ap
ext ensi orwof20slyassdret i ¢ DNA ol i gonucl eoti des usi ng Super Bcmigstoilo2eeser se
transcri ptase (Invitrogen) as 10instructed by the manufacturer. RNA
transcripts werie. petindipag mging denaturing (8 M urea) pol yacryl am de gel

el ectrophoresis (PACGE). RNAs were eluted fromthe ge dephosphoryl at ed

usi ng al kal i ne SHBOpHRAE Taprgsetativay pigIPasskieted oR iR A[ctﬂn@@f@pauyil%/garaet hods

reported prLaviians! h t(lé!?@%nt‘?al satTRRIOP géﬂ(@staﬁﬂ@cﬁ cll Q?Enc%‘a & 3'-5

SadenosylhonDc stel ne activate nes |nvo in coenzynme recycling.
Mol Cel | 2608borisRAsH %h?ﬁa))olytﬁcleaﬁ&b Iblaisplhcedlaﬁar aghﬁaﬂesPH d@ﬂtAtleadgr from

in-line probin reac i ons were subj ec t o, denat i maged and
anal yrod” ACUB GRS Do TdRRR Tt TR DS SO BBSRBHES SPHEIT Sans
S‘adenOSYR%ﬂﬁ&&%ﬁ%ﬁ%ﬁélﬁﬂﬁc%%RM%ﬁéﬁw??&RéeQ&%Ripﬁgmbﬂvﬁﬁﬁ@ﬁ%ﬂﬁakgﬂyﬁkﬂng
Mol Cell 2008, 29:691-702 vi. EquiTibriumdialysis experirnents

20Equil i b rhlghT(JdIrQGy% hls Péb?p@r duteongolsets exprssrdercbedegrading DidepldeBtyandeidbr i um

B|od|alyz The. t ch.is.c ri sed
of *two cha e RS oy T PG BB 208 Bt Rinsins e ek @R
Chanber Slea{d%iim Wods Mo2bpeht tosRl sttubtarhl 9fre A 16 M3kt tROMyr ah ducmttber B
was Ioade with 20 uMof the specified RNA in a buffer contalnlng 50 mM

MOPS {HH ﬁhwgat thapthy ActpomvpNycdBtingsirefushsolripKEIceathe cxhwrier ef ther e
eqU|I|brat & 25C for 10 hours before a 3 nl aliquot was renoved from
each chanbe adi oactivity of the aliquots was neasured by a liquid
scintillation oounicmotiEach experinent was repeated three tines, and

aver age B/ A val ues and standard devi ations were cal cul at ed. B. Exanpl e

3. Discovery ofEgud $qtiids ot bringed aFvaym 1B peteatiply’ %O(frgéﬂ%athl@ogenorres
and [Tt a0GRGRES, Y51 NG AATRAGH. HUR OGN Peales, RAEKGRBINAG corfORll CAPITI LY

of the conputational pipeline'to find cis-regulatory previ ous report
al i gnéd thbwpm&anmoﬁmlEkiangnnmehuongomﬁnmmopdbtémm@®®dihgmghﬂe§”UTR& et

al. Aco tat onaI l.i ne for _high-throu ut di scov of. .
o ool Ao Ao iraBn B a6 st L0 EL) GS00B% hOHREaTT RGP ian

pr okar yot ecérrmﬁzlrt@lsf@%%ﬁtb BitRing P00k FaP A28 M RORRIA 151(pBhct ocB007) . Thi s

pi pel i ne was t hus deS|gned to detect RNA notifs that are frequently in the
pot ent i al (Qardmag cbhl. N@ﬁbb@@ﬂ@gug@neﬁthe‘HSégena/@eréerwae@S 'hyBares- asSoCi at ed
notifs t he new pi eot i de BLAST).
sequences Gr Ao bR Eape B T REnGy BebPuPhiks Ruieng getiat "

resi ddng neas@ibturdN@nBENBRY DREKNSST 26283848368 1S lrahd, disiffdA mot i f s
that are not gene-associated, i.e., are "gene-inde endent” ot fs. Usi ng

this new pnedilatips m\génfdwrt%@@éwsmbw%wetj@ﬁ&eto g loels b eming, acist  we

ddi t | t 1
rmy seom <o) RO afRIL I8 BETRAARSIAL PO picPuink; g midionlIR) (EMhbstet o
by the 10 qmrtewlmﬁlepecp&hcm@fthgaubgbnb ImﬁStrélbtecqm&s/mﬁtaas [ddgelificagomathdesi gned

to find such notifs. The f Ilo&; 8 factors can contribute to the jncrease
in notifs MPREGYEERR By qviienpeigr altpuiaiard ikeisgycnagsmycosd e the SBustuekerfot i f s:

25  J Biol Chem 1987, 262:3344-3353). In Streptococcus pneumoniae D39, a CodY binding
site was predicted in between an asd RNA and the downstream asd gene (Hendriksen et
al. CodY of Streptococcus pneumoniae: link between nutritional gene regulation and
colonization. J Bacteriol 2008, 190:590-601). CodY binds double-stranded DNA when
there are high concentrations of branched-chain amino acids (BCAAs, i.e., leucine,

30  isoleucine or valine). This binding event typically represses genes involved in synthesizing
BCAAs, and repression was demonstrated using microarrays, protein expression and DNA
binding. Thus, this asd gene is regulated in response to BCAAs, in a manner unrelated to
the upstream asd RNA. If asd RNAs are cis-regulatory elements, they presumably sense a

signal other than high BCAA concentrations.
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a. Newy rel eased genone sequence data facilitates the discovery of notifs
that are relatively uncomon. 15For exanple, the nsiK notif is derived from
a very cownpebliosgozal i gnnent produced by our newer pi pel iPo®/USadiene®@s3t he
previ ous pipeline produced an unprom sing prediction. This is nost likely
due to the factGivhatheseseraterRddd, thoondm@tmanesrepordtd Nedneddid RNa & now
avai |l abl e, which provided nore nsiK notjif representatives and resulted in a

more convilfSt HpPoRbHBEARIS By venpestapiavidetisriad iat sharabralransariin,
20Si mi | ar |t¥r’mihﬁ‘3r Msg%ﬁroqwr aﬂ@]%dtgntﬁ?f Bhﬁ@ i }{Qtrdagtsétgg al %Xnt%’iﬁ%ﬂnétgﬁ 11
e. t was 0 0OUS the ol de

Chl or obi genones now avai |l ab a erved that r
pi pel i ne fthatlveslld cespatdetotm@Addlitd bindingas wiltee kigsal§ Buthsbetrval. Intdaging(vK) box

is a new SAM bi ndi ng RNA for, transl ational. regu] ati on,.of SAM sy t ase.
Nat. Structenesygstresn of .a%%ﬁs\,s Al 9 %%fflb%@géﬁ%@%@%ﬂw 5%@&%&&% ten

cont ai n | qpgJRRL YRR Bolel}BiBarh QORS ahB e SRENAdentiald Gahinobopf 2d0he
25surrounding stemdifficult for i nder. The pipeline now easily finds

SAM 1 || rithospéitse hldmulghb dtas set deanyhgéeo Has slsguatiorss biologivelly tolaiahbl e t hat
carry SAM I | I1 ri boswitches containing short |oops. b. In sone instances,
too many UTREVEEA"YIVER gene fanily are available and only a few of these
carry the noti fyi, 30RgsCaxaitpl €, the previous pipeline originally identified
SAM IV riboswitches (Winberg et al. The aptamer core of SAMIV

ri bosW t ches niMpeékrepresentatyygh dreon matentjalsi’ Ll Rsfofganesi enepding dpmete avithrna
2008, 14:8 .on f - fi. 0 iy
sequenced r%O%&ﬁ)r?taE%? (fe[%(lj a%e? %Orlrgg?%%%?{g C?]?[%%lg(%f%lgg’r blgﬁlgllg f/dg %E%T%IL@H(ND st

i nput dat gfolactshnthessgquence cluster did not contain the notif In contrast,
t he sequence W) 2011/ 088076PCT/ US2011/020933 clustering nethod in the
current pipelindi-wi IBaqillaceps,1metifi tion the three SAMIV RNAs into a

different cl ustag, RROMiEdP rdNGL DRA0 HIfng OGN LAUUGRR.SPILOUS

sequences in the cluster.” It s e note t hat one ack to
BLAST! has edssasjadacat o asbasoimRNS oftacn. tlhe taocual daops of itBhASHaigeay bdtk s

accuracy elimte frequent .5deci sion.in the present work to

G oup. bact By Hegonpiis RYEL TS mdipat R of iy o HAORHETRT R Dhy! um or
class, also canifel BiLeHdGRIERGEFOUS sequences in clusters. c. The use
of environnmental sequences helped to find RNAs that are not well

represent ed i n Bregusilgreplainod enagid voenss irhspeeichwethinf the kynese uefieeehd For
exanpl e, representatives of .SAM L.il.y ri.bosw tches ar resent in Ref.Seq,
but 50t heddri s e ER Ses Aty e i BT ico e PP SE &R amy e FRHER g
t hei r2@li scwRl Ypsushm@f SRITRRE athd/ia 5B eHbINCEThamatiy soriistdfl kehgle hiiggih unat el y,
SAM i ly riboswi tches are conmon in environnental sequences. A pipeline

i ndependerithasg therdoerd H-regannef the framinad lqep|ass highkygionsaecds FAp yyprdorgrart of

e on el SRR oA SRS ANMBLAOR LRI INLY
poor |y annisatie®NAntisoare tystLiyi upgtredm of genes annotated as repA or mobilization
element genes, although the gene is typically 200-300 nucleotides 3’ of the RNA structure.
25 Nonetheless, this arrangement is indicative of a cis-antisense RNA that can regulate
plasmid copy number (Kim et al. Copy-number of broad host-range plasmid R1162 is
regulated by a small RNA. Nucleic Acids Res 1986, 14:8027-8046), even though the motif
does not resemble a known RNA of this type.
ix. Bacteroid-#rp leader motif
30 This motif apparently controls #rpB and #rpE genes in Bacteroidetes, which are
involved in tryptophan synthesis. The motif contains a region of two or more conserved
tryptophan codons (UGG), and therefore is presumably a peptide leader that detects low

levels of tryptophan by attenuation (Vitreschak et al. Attenuation regulation of amino acid

biosynthetic operons in proteobacteria: comparative genomics analysis. FEMS Microbiol
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| GRs based on gene honol ogy is hindered. For exanple, the yjdF notif
is al nost always upstream of honvol ogous yj dF genes, but these poorly

annot at edwgenassi7é not presented as a conserved donai nPCm/USk@1/0zser ved
Donai n Dat abase. Therefore, in the context of the previous pipeline, nost
yj dF 20not/idy 200p) EBIEIR7a3 10y esltiesigh dryp@iphavtecndetoh cadand aicik@dwasn r esi di ng

upstream of honol ogous genes. ii. Nam ng RNA notifs Rel atively little
is known dbiBispbafEte. Beng iy c hes ot wdtdctesoideigs. 4 eonssnyyariagiasyot st it is
useful togi 1 | [ ur-rent know edge of
t he 25RNA,&Hé§m§gﬁ%gepg%gﬁgs&%%%P%¥2§ %lgé%?é%%?gﬁoﬁl?s present only

i n metagenone data dateraidadesaf mwitift he environnent from which they were
identified, e.g., "whale fall-1 notif'. Simlarly, so tifs, ar anmed

af ter the T exdybra Ssqueaﬁ%%?ﬁ%amtafa?ﬁen%%sg%rgm@fs&é%gEg?ta@%@asﬂs%i £
G s-regul akqr, An@%s@fcbﬁ& ahD8thcABRA&DIdeO fila S 'g@ﬁ& révAadyd ﬁié{ue%roﬁﬁe@r ol ogous
gene famlies, are naned after a single exanpl'e gene, e.g., "crcB notif'.

30When t hetipeioed. §EM Miagbivhl e 20Hs 193:14hd §4) digasioapeedingionef amnder st ood, it
IS recom‘rended.thta t he. fl ass be[ rer)[ﬁ o nore accurately reflect their

f unct i ons.*PROY "BKENBIEP TR SRR %&?—ri P itch identified in this work was
originally namgg, t heBdgésiddaadabact er notif, before its binding to |igands
was confirmed and its riboswitch function was inferred by its gene

assocl@ti on andhetBucgaroideml myoti anayxast BxsisnHeway rolt astypicyity downstream of

2011/ 08807 - ri t Y S f I adi ng. by
SAM SALt 11 BB cheaolaRe Wity RS BEMO R ARALAR, Tnfero R MR ARY
regar di ng GAMduladeqgedsionagittbarepssrebnglend t80acting Mtithyn thicird’ BARs. Si nce SAM can
under go spont aneous denet hyl ation, all SAM sanples will contain at |east
some SAH, and tHks deantereidestd metiby- product will increase 5with aging of

the sample. Thepgl Rigy isliigndPimb&GRAERSHChGh nEAkh eatbAld Al dahindeeidieg: dhine

bi ndi ng of contam nati ng ress IS 1ssue, two experinents
wer e per f gheredk spvaies Baderada duhdlos: SANT SER 7DD olhei geobras seimehdenal tAspedidsr st ,
t he binding of sever | ose anal ogs qf  SAM wer e exam ned (Fiqure 1A), and
BT bt onEesgFIeRdch e eos SRR St ey B 4O R e O DKOUal res

wi thin 10 gighthrRbtitd\ApeiiRasured for SAH. This indicates that SAM SAH RNAs

cannot strongly discrimnate agai nst conpounds |ike SAMthat carry

addi ti onal chemiidal Budnoklesialeshlemobif oet her |inkage of SAH. Therefore,

t hese data i ndi.gat t, SAM SAH.. bind SAMw t.h .an affinity that is
bi of ogt car 1y BVAHKTOHHHINEE OB BT HERL M ieaY SAed BCaSybhsed on
equi | 2@r i uBArkhaltysdlss. ithako@indsqRERMI BUBANY PRk ithetsemt enanaleys] 3 of SAH

ri boswitches (Wang et al. Ri boswitches that sense S-adenosyl honocysteine
and act i vaoeicyahBelaremeiiassn. 1S5R0bd he gares idgrdiatdly downstroas ¢f 2008,

29: 691- 70%urkﬁﬁaerﬁﬂ§s§Fqu{shwglr§ oricht¥ e %B{a&hﬁé%%e%&nh Thﬁqah%ﬁgéﬂlé/n% SHin
would be expected if the Burkholderiales-1 motif were the reverse complement of a rho-
independent transcription terminator. However, the motif’s reverse complement lacks the

25 expected polyuridine stretch.
xiv. ¢4 antisense RNA motif
The c4 antisense RNA was previously identified in P1 and P7 phages of E. coli
(Citron et al. The c4 repressors of bacteriophages P1 and P7 are antisense RNAs. Cell
1990, 62:591-598). A motif was identified within Pseudomonadales, and established many
30  homologs in other Proteobacteria, as well as several phages, including phage P1. The
predicted structure is supported by covariation, and is consistent with the structure that
was proposed based on the RNA present in P1 phage (Citron et al. The c4 repressors of
bacteriophages P1 and P7 are antisense RNAs. Cell 1990, 62:591-598). The alignment

indicates that c4 antisense RNA is found in the genomes of many bacteria, presumably
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its nethyl group. Wen this 3H SAM degrades spontaneously, it will |ose the
met hyl group, resulting in non-radioactive SAH In these experinents, two

chanber s wal2badsssé 20and "B" are separated by a nenbrameTwistén1a2®3900 kDa
nol ecul ar wei ght cutoff. Small nolecules Iike SAM and SAH can pass through

thi s menbrfagie hdigetmﬁgmlﬁn ket %w@@ensmbbseﬁidrt&&%é ®ripinaCledp bNPZ xstaarthd,
whi | e 5K209-52 is placed in chanber B. |f 5K209-52 RNA hi nds SAM nore
3H SAM wi |srfabﬂ)%tefr61@ﬁa GNRRNENG&F oV HSH ophof P2 imeque 4 Hesaris &N P2t s

associ ati % an tl?fteﬁ:}!ﬁvate NGNRAAEY @ﬁ@@# in@%i182¢hd gﬂh&yseﬂﬁ%ﬁ’g%?”

250hanbers hus e 1 ndicative of SAM bi ndi hg
reflect S,Qdfbdenrnmthegtehamhbeptolﬁéz Sm-lahsm havu laglexqablﬂltyrém‘seweml oades,rthelB'dattt | ve.

As po tiv rols RNAs cal l.ed 156 netA. blno et
o PRol dert e B SEmiier o oy Sob b radeh Sérﬂp%%wﬂ%rﬁﬂﬁl@aﬁqr@agm f&s and
ot her r eg oA Bl Yh A aHRie'nﬁéRN?\ RInRIRRYS %I?c‘i’ﬂéﬁﬁsea[ &z@re@ﬁ%ﬂ@r%l&h&{t alBdsh

6: R70) and 62 metY (Poiata E, Meyer MM Anes 30TD, Breakér RR A variant

ri boswi t cHhesotpacrdieted tramssripioen Sratetasyhyrsintyilp Ainsgore oomsttutivalymar i ne
bacteria. Rna 2009, 046- ed. Finally, when a point nutation
cal l ed "A48U" V3 ap%lﬂ laelfs(‘}?lg‘ﬁg@éﬂg (ﬁm the nmutated RNA exhibited a
drastical |y reduged abbdisé RNAogd%moe%Ubw)e@b&@v&afoq@gﬁlgtemegaﬁek agtype RNA.
WO 2011/ 088076PCT/ US2011/ 02093 The results show that significantly

nore Hdi daeding fa sprpepea RNAsiteh arb ef wBiclsaarlame natovial Spodosicridndige RNAs
wh 2
oA, PR R, R PBL B SRR () s TRRLRLOE R PO

chanber A 1990e62250IU98). afamladtseamA\hhst twd Il&gidﬁe, dalled £hadhe ilsat aaebde gaghl y
equal, showi ng that this nutant has a greatly reduced ability to bind SAM

3. Additi oW&l Sl&ﬁsgéﬂg%qt%aloﬂol RIGA 27t 11 Ee Fhd 2tk 28 MPeHiFas: oliha e8! 29r3BAt s on
each noti fdo'w%%ﬁ&drﬂ bEhelch KNI B {188 sﬁésl%ﬁ‘%/ e%maabdﬁh&mﬁ&%@g @A‘f@el@'ef i ved

by exani ning the sequence and structural tures, or deri l1terature
anal y§% s df wahpropesdaha#tteda jdhaeged sanmpoepettveith thélal, bibsiick fmdnschng u$ RNA,
r.es .9-28. aceE no aceE is found

di f
RS peCy pa s R GEE e SR 2o e L g i Rt Theted hoor

gene enCO%ﬁe%E%@teﬁ@@&%@ﬁﬁﬂﬁ‘&ﬂ aNMHnEbeﬁ@RN&eCEMrIW@t& 308yt hesi ze
coenzynme A that then par ates in the citric acid cycle. Gowh of P.

15aer ugi nosa i A aredid mab ifeunddhatiencamiasedstthe al sitd, tred mgmnipdiatof'do ehedlelt sign

accept or ads t o) s.of aceE express thi,s condition
S0l eads Rge Hiken iR br LELFiFPiSt v BT T BAaE e B onu i o B e o
cycl e2q Pl ahird sfemaik sombthePMBuAd tHit E6RER aYegiam Sevell Natlbstates 5a@Fe0with a

nmut agenesi s anal yses of anaerobi c Pseudononas aeruginosa at pH 6.5, likely

r epr esent iSRGUKE BYrkapringttee dnagof Bidnpishpvp} dthough thiastemenbibits ons. J
Bacteri ol (ﬁ rgatlo%%?e% 'i€i6 %8111%1? 79 bR 18R AL SBAKG R il G Ana%aR DRKs: On
ana, expression o

t he ot her
isolated from purified phage particles. No conserved secondary structure was previously

proposed for the al, bl sites, but conserved structures are known for other targets of
25 antisense RNAs, such as the #7aJ-1 RNA mentioned below (see traJ-11 motif).
xvi.  Chlorobi-1 motif
Chlorobi-1 RNAs are found only in the phylum Chlorobi and consist of two
hairpins, with most nucleotide conservation found in their terminal loops. All known
Chlorobi-1 RNAs have predicted transcription terminators downstream.
30 xvil. Chlorobi-RRM motif
The Chlorobi-RRM motif is consistently in the potential 5' UTRs of genes
predicted to encode an RNA-binding protein, which indicates that it serves an auto-

regulatory role for the gene.
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aceE in a P. aeruginosa strain isolated froma cystic fibrosis patient
differed fromthat of a strain isolated froma burn victim yet other
citric acwo0uaisgr7genes were not differently regul at ed POTIUSRG 1020983
(Sriramulu et al. Proteome anal ysis reveal s adaptation of Pseudononas
aerugi nosa to tdii.cyGlilogofléxiManetsf | ung envi ronnment. Proteonics 2005,
255:3712-3721). ii. Acido-1 notif The Acido-1 notif consists of two
hai rpi ns, with Hedrhlewdasink 086 isgueseat mdhrepﬁomﬁm WR@W@W%@?W&@

hai r pi ns, cheé tﬁ@ﬁhglﬁ%rq]mgﬂoﬂleﬁoﬂlt% e%llﬂﬁet% 18 g@dcf d%!inatﬁnV \;J%e({l}?eﬁgonl y

associatio e notif app in trané tho
f our s eq uewaéablanmkéiﬁplnféidukt tedhstss tlhmmgmﬁbmcé\@lf dm:—cbvmtma:tloh Thehﬁct—;thatsthe
signif canf'lli covari ati.on. tif pear s stricted

Aci do ct dffes FeRTpyentanye e Eoéﬁt nfarrFBtOinF hointony 80 mpsoe it 1031“&%1“ thej s

found in theimaylhe AoAelacies t@eand 4entiisphaerae. In Lentisphaerae, it is
sonetines | ocated near group Il ‘introns. WO 2011/088076PCT/ US2011/ 020933

iv. Actino-pnp xioti fClostrldlalAsrﬂllIMprnp notif representatives are predicted

only in Actinobgcteri nsi ten n.th otential 5 of
genes annot at egﬁlﬁ ¢ ?{518‘& eﬁ éﬁs% AER Y WE?&%%8%%?3%%650%“&9%8}09%0I eoti de
phosphor yl@msa s@qudﬁlbl@ssmﬁlfhlcwses IneBel BHmBS Lt AT PPesBRMa sBRSA bablefll irtthe

upst ream of pol ynucl eoti de phosphoryl ase genes in enterobacteria such as E.

coli Vher eordéidylostedigles. BW@%@ gesgisdn badirsh censeipied Whep raliciedhemelagt @ar ri ge

et al. PNR p t randed
St uct ur e T PR R de PR S Th RG F e SEE R e
ent er obactmeémedy- q{fﬁmehﬁg&}lemld?{wégﬂtﬁﬁﬁlng atgoappe dor dpoinfatalsgrinuait uf abdguenel tat ed
to the Actino-pnp notif, it is 10thought that the Actino-pnp is a distinct

struct ur a|ansPeNﬁtSF%m1dﬁfcy SragiratMeie HCHE042n &: 18h Pphevenywithis gheppt  f

The asd Rs of genes,
whi ch i n(rjr:)s %gteggésatﬂ%%aggﬁlggﬁ ggéey&lroo éﬁh?—%quse%/?g&ﬁ@édt%\\;\%aggges )

non- hofrol ogous genesCﬁihnse]Edbmoufr eam of an asd RNA, in the wong

orientation for_the intheir str of the
T i St oot BESHE oAt S st i desvis ot P sl M ks i

foll oned hyys eﬁxtflfd?ﬂﬂganpc{l @mﬁ%g of fh@thuindn g'uf‘ aﬁ&fﬁa,reﬁl&hh%%&w ih @zzz%gzhgene
(Cardineau et al. Nucl eotide sequence of the asd gene of Streptococcus

mutans. | dentfiieeadTER 25086 hehedt ovtonas welk giportad dy sovatatior, Hogrever the Pl
attenuat or - l.i ke sequ nees egedi ng 20t he structural gene. J Biol Chem
1987, 262: aﬁéﬂ? %%%qlf? @D tans, no significant

20 xxi.  crcB motif
The structural characteristics and genetic distribution of this motif are strongly

indicative of riboswitch aptamer function. When considering ligands, two stress conditions
were considered under which cells up-regulate some of the genes presumably controlled
by creB RNAs. However, these conditions do not appear to account for all genes

25 associated with the riboswitch. Acidic pH stress typically induces K+ or Na+ transporters
(Leaphart et al. Transcriptome profiling of Shewanella oneidensis gene expression
following exposure to acidic and alkaline pH. J Bacteriol 2006, 188:1633-1642), though
unfortunately also many other genes not associated with crcB RNAs. The response to
oxidative stress involves upregulating two genes associated with crcB RNAs, iscU and

30 GTP cyclohydrolase (Storz et al. Oxidative stress. In: Bacterial stress responses Edited by
Storz G, Hengge-Aronis R. Washington, DC: ASM Press; 2000), but again others not
relevant to crcB RNAs.

107



nodul ati on in gene expression was observed in response to changing | evels
of am no acids for whose synthesis Asd participates (i.e., |lysine,

t hr eoni newoand/osed7hi oni ne) (Cardi neau et al. Nucl eoti depPseqisenia®2®B83t he asd
gene of Streptococcus nutans. ldentification of the pronoter region and

evi dence for atdxgéinuatwimoli k@ti§equences precedi ng the structural gene. 25J
Bi ol Chem 1987, 262;3344-3353). In Streptococcus pneunpni ae D39, a CodY

bi ndi ng site waxOns C¥Rner bBNAS b &Y deddpr osrrcHs WaRKss 1 RefrRanesess©8m asd
gene (Hendyd . St .36 )i ween

mut 11 onal oag Peaey o AoRyE SR ACRRENPrRGLT HoAg) g ekl

190: 590- 6Gtyondandktrubtuncl s asiproipbeedsbr thnshad goh\(Mhdithtch el dhackallenghof

concentrations.of. branched-chai n am no acids / i.e., leucine, 30
i sol e in_ere%tﬂa%a in gy ninpg Rbofa mﬁﬁgﬁrmodmﬁpﬁ %F@P@@B#O&cge@sg%ﬂ%_%

i nvol ved '(G‘en%i’@@dl%‘?;ﬁ!e%(‘ﬂﬂﬁ%%@iﬁ@&l , YEPI0SS SHPA: NREniR FROSLdat ad2 Usd gt

m croarrays, protein expression and DNA binding. Thus, this asd gene is

r egul at ed distantas pohsawset Bir BEARASO rit distantremerercashiaed at(odne-d R¥é ovpdansedth asd

RNA. |If as ,ar i S-requl ator ments, they presumably sense a
si gnal ot ngl‘r@f;"ne f%ﬁtlh%&%g o‘?gcoé]ﬁﬁ@”ons. WO
2011/ 088076 PCT/ 4§20 13y 400D didtif G ven these characteristics, the asd

notif can correspond to a non-coding RNA at |east in sone instances. This
is coldistent whetCxane-2RYA qonsistsoh&re structered Feghensrseprrpted by en iitemebr

downst r eam, 1f0n 'tlia}t' g?ﬁg% %ﬁ)é?e% E&lseﬁ/@? gtrgncg'{nrei '?%: %e@ﬁ%&cﬁﬁ?}%ﬁ&%ﬁﬁﬁ%rﬁfﬂml

antiterm nator respon abo or other signals is
not obser Vieébs ik bbrafmes} dndghyy fobReGNR Aupsilbepsinalic addetRiNAYans-2 Rl Adins

transcribed in the sane direction as the RNA and the djstance between
these upst¥idghihsehies mmgditrellapkingnucliqosidgs beth epsireem Mddosmstremobise pairs,

al t hough it.i ] 1S r j I i i | evant,
or o o'y erdiGerOhn Bl 80 MEEREL Lick phin SR B8 HEE hibhl =

pot entd al @®nsdiidsbudge. Jhmasdieates thahtpe dortHiresesentshwoxiidmeeductumssethaictre vi t y,
response regul ators cantainin - bi ndi domai ns, or.Fol K (folate
CynEhos; o) i iomal s s An- R NAR usaal oo R4S PRI Sbns i n

trans and defie QUODAL ForTROYp GRS ICRALGHES is U0 BBl AhonkAGBRARN &s.ad] acent to
a ribosomal RNA operon. The termnal |oops of its two hairpins both have

t he consensus RUOCU,Desmifetaléasl mmdifcati ve of binding to a honodineric
protein. viii. Backllus-plasm d.notif The Baci.llus-plasmd .motif occurs in
Bbectes w thi n TRGuHERRasEhAr T8 st rSnte oo ATk NaTR, jn RFE

usual py f abgighdes) iPlorstdt dsar rRNAAop@b@pl e exception, the notif is 20found
upstream of the ydcS gene in B. subtilis. The notif consists of a single

hai rpi n where t¥&. 5'Digiy@glomirkgiogifs of the terninal |oop are highly

conserved. The 4nter. ri _ of. r.m.nal . i i .conserved
and can be as I%ﬂr%gﬁlgégg@%ﬂhlc?lg% %Sg’gess% g%‘??fﬂélg%)glsé%%%gg%ﬁ%ngp 4) Cée%ar e
typi cal | y supsdncedfromfthg pdsmadiogiogload. Blsc REPAs eonginditlyi inalid gncrelagfent

genes, although the gene is typically 200-300 nucl eotides 3' of the RNA
st ruct ur e.UbBRBhgse| é‘%%lPC@c%isz%émgP% eHErt 1?%“1“(%’(?%‘3%?@@ IHFCPESERE 24Kt i sense

RNA t hat %@ulﬁt@ﬂ%l@&@nt. The downstream genes are annotated as enzymes that hydrolyze
glycosidic bonds. Dictyoglomi-1 RNAs conserve four E-loops, which are often associated
with intermolecular interactions (Lee JC: Structural studies of ribosomal RNA based on
cross-analysis of comparative models and three-dimensional crystal structures. Austin,
Texas: University of Texas; 2003. Dissertation). The structure of the Dictyoglomi-1 motif

30  is compromised by the lack of availability of diverged homologs. Detection of diverged
homologs may reveal covariation within a longer structure.
xxvi. Downstream-peptide motif
The gene P9301 07111 in Prochlorococcus marinus str. MIT 9301 is apparently

regulated by a Downstream-peptide RNA and is among the 20 most highly expressed
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pl asm d copy nunber (Kimet al. Copy-nunber of broad host-range plasmd
R1162 is regulated by a small RNA. Nucleic Acids Res 1986, 14:8027-8046),
even t howyb 20hiessarti f does not resenbl e a known RNA of PRITAISLYIPA2098X.
Bacteroid-trp leader notif 30This notif apparently controls trpB and trpE
genes i n Baatehahdet@sismyaltbbughrgtrogenatydaionwid yptapddan tisy oddeBtiss- The
notif contains a region of two or nore conserved tryptophan codons (UGG,
and t her eflgngz pisal pbabsamEu BHEGNG EXPEsTY INqeaEn dHitase Petarnrpedel’s of

trypt Ophagalc%l S2F WahH© ﬁ0§¥%6§-§§%}%e$t§8@ées eﬁEé&B%&JgpQ@ea‘h‘?Qf’l’)@&zh&féaﬁf—

am no acid brosynthetic’operons | n prot acteria: c arati1ve genom cs
anal ysi s. repiie RNesaine difficilBo 201,/ 08 80ig BRET AUSZ Diddvo02098 3Hdvetver, 200df 429

234: 357- 37 Al t hough tryptophan attenuation | eaders are known .in
Pr ot eo%act %&hah‘aﬁféqiﬂav@% Y BRESEEnF e peads agedise poRtidp mattribe s

di agr am ofyntiig abiaGhRIroH thaﬁ@zbﬁﬁ&%"thMgQPETYR@@tIﬁgYﬂ(‘?ﬁfotiﬂvak fhddcat@osel y
conserved hairpin. x. Bacteroidales-1 notif 5Upstream sequences that

conf or m t dyouesewnsuslyssafiiR saspapiatBhwith thx YieG moBa (A eyaret ctal. Idgntidicytsirs of
cepA and otfher act er oi des fra@%ig genes tr.eveal s a ulni.cs]u@ pr on%t ir

st ruct ur e. O FERASCRFEHHIOBTOPME 200 0Y SYBI 4G SRRl GrEIl®on of
an appr oxiJoes e6:R17a)) shidhior@Bpciidakd a piebRubl9prédittsd Rbivodilg RIBAGhAREAGSR- 1
notif 10The Bacteroides-1 notif may act in trans. However, it is typically

downst® earP@Fnsgepaspeptide RA¥s. Haskrdver Gat Bl proteiph {ahesqatledInB) contain a
| ' R | i f th
Gt eam coNGeVAFPROKRTISER R NORRbIRh o O SO B RaFIPEERELOT O

Thi s RNA iStréguuntetaboiiat (Fexdhhuaiiee Ky Glebah varbon/gittogbacoraral & Piedgeinces,
except for 15the one species Bacteroides capillosus ATCC 29799. The genone

sequence dfansdicsion preyapebagidia BpEpdently te t2iget, FiaMe MicrehieliRin 290404t A has
essenti al | ¥y i -BLOl { i \

Bur khol de r%%g?g g @J %ﬂﬁr%ii %?%F%\gﬁ%%ﬁﬁﬁpg E%IQ%oneagrE {ﬁgngtﬁl%fi Q:YE@E r gs eﬁ?'%dg some
speci &$ i mrtahgeroerdeln R@Bbadkttrd, der ScadrekY 18 tridydatsdkougies (ynestenteriana many

copies in the sane no e.g., .33 . copies in.Polaro as. sp. JS666). The
P e® mmestings BRUadfRR s B rrieiiSr dER par il p AR RS Poy PR as: | ant ed
I n the oppRpiitErNAsQeH G tiod M $way HHP SSRRAL Wan shdBh&YRESH LR hrotdiss,

Bur khol deriales-1 notif were the reverse conpl enent of " a rho-i ndependent
t ranscri pticoreps es aileesyor . However, the notif's reverse conpl enent |acks the

25expected pol YA IEﬁs‘fjllnglcenc IS Eeﬁré'd y)ﬁ;l% 'Wa(:s%e%@%eicﬁﬁa So%erlﬁal}l)é tlrlrel)}ei\%rse complement
20 of yfr6 (Steglich et al. The challenge of regulation in a minimal photoautotroph: non-
coding RNAs in Prochlorococcus. PLoS Genet 2008, 4:¢1000173). Therefore, these yfr14
RNAs in turn also overlap Downstream-peptide RNAs.
xxvii. Flavo-1 motif
All but a few Flavo-1 RNASs are found in Flavobacteria, with others found in the
25 same phylum, Bacteroidetes, or the related Spirochactes.
xxviil. fixA motif
The fix4 motif is consistently located in potential 5' UTRSs of fix4 genes in certain
Pseudomonas species. The fix4 gene and the downstream fixB gene encode an enzyme
required for carnitine reduction under anaerobic conditions (Walt A, Kahn ML: The fixA
30 and fixB genes are necessary for anacrobic carnitine reduction in Escherichia coli. J
Bacteriol 2002, 184:4044-4047).
xxix. gabT motif
The gabT motif is found in the potential 5’ UTRs of gabT genes in the genus

Pseudomonas. The motif is located downstream of gabD genes. Thus, the gene
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The c4 antisense RNA was previously identified in P1 and P7 phages of E.
coli (GCtron et al. The c4 repressors of bacteriophages P1 and P7 are

ant i sensewBNAsL/088E61 1990, 62:591-598). A notif was i demrCirfused 1xa983 n
Pseudononadal es, and established nmany 30 honol ogs in other Proteobacteria,

as wel | asrg@ngitioh ipilagesgaimchsdha@Nohaien 27, Tiheipoeehiycix@erimeiitidt ure is
supported by covariation, and is consistent with the structure that was
proposed BAEEHS BreudpaomaPgies 8abDiaRd pab haengs thatpicrastpcaatedawith gral RNAs

r epr essor s, 9k #@g@l ﬁ%eﬁgeﬁgttgﬂﬁ,x (#nﬁ‘ﬂﬁ% thﬁ@sfcﬁleaﬂh'a%(;éelﬁge%w Tr&%k+pt81% 0,

62: 591-598) . cates that c4 anti RNA 1's found in the
genomes ofanakyniy otﬁaglheniﬂ@andmuagsmmayabo!d@nmPﬁdﬁBﬂﬁﬁﬁ%@ﬂgﬁﬁ@Pﬂ@QOQ% from

Phege SR O T agd b s RS B g ST o ooP S 2

anti sense ]ﬂﬂfes@%n%@g%%&on&@ﬁutﬁcﬁraﬂlﬂ@t}a{%sfe'?asgﬂ%lve%ﬁﬁ 1%%&&8%0#}% 9 in

CUUG The other sequences present in the termnal loop © can al so have
hi gh st abllhduoyd in ﬁlesblxzes'mnlerecégehEn‘tlm Micr¢i:ablr2®éf6% ﬁnél9Pi22éh) emd over| aps the

5 hal f of a r tlonterm tor ossi.bl e
Chat o alPSBRE OB R RRERB SREEE o Bt FBaGienli FePiar
al t hough tm&(ﬁm&m@ h&lughobd: B FfittonQT nbeEIPyBadraing bidkynthkdPbynek UMt i on
constitutively. xv. c4 antisense RNA albl nmotif The c4 antisense RNA

(desct? bed‘/lb?mﬁ}@l)mOg #5126y B8 70 dn ell gascat both geb g ené gab earss picriindgcaddy
| t Y
Site (G troneaPies hesmafoll MG ONELAEP R ARAER Boliedfpg™s, o " ™0

anti sense dghsine Ged putd38ie, the rdpir gRdPam of g@ﬁD#Sﬁﬁ&ed(@NAOhaﬁltélmd RyAoNS,

called a' and b', that can base pair with sites designated al and a2,
b2. The aznotbfﬂfa% fsedioen gpg FsPeKRS. 3nd yistded sppige Haataly hﬂ%ﬁmﬁslpii@awp&ﬁ thehe c4

RNA. - The enesbls a?égug{tﬁn‘fﬁ?és{a@&%‘t&fheta!%v&ﬁle?a%h §Bafh séofl%%f e};lerﬁéﬂtt was

proposed t tes can conpete e a2,
bi ndi hy c4nE1Mﬂr,egmnohp‘stlmned»{ygdbﬂae the a2, b2 sites, in turn aI I owi ng ant

expression (Ct et a 4 repressors bac i.ophages P1 and P7 are
onbT cense Rias Gt ongeed B0 BantEBRRe D dTh o FRER et isha

enconpass %@ ptd¥80 BherdteloR mﬁﬂﬂle' sabdtARRdh atltiple ph@wale IRthSatBolidher mot i f

consi sts of two hairpins whose structure i's well Supported by covariation.

A 20t hi r d agimatiné.pugresmend anslothayumealidhisgs, Cebheettkyzes thegamns@at@nazlf gamma-

nucl eoti des .5' . to uence over ar.t f P2 not
Shown) . reBeiTe AT RSP el S SRR BTy B o hedstpd
absento f r apsti@MatSBEGEPDFherk Mcteedhi iR® théeisee Adid BMe (Gluak ed Tfrmamaumlef I ed
phage particles. No conserved secondari/ structure was previously proposed

for the alanabypisgf %@atnmﬁnddwﬁ%?ﬁw@o igratiy Peydamengesinginesa Patther t ar get s
R L i M G R R N L e e Ve
Chl or obi ammo czmd%ﬂi gem%s inaGndeed pi A BAY thh sulshiterof c(}aMT Hde/ee@nﬁle rg%ﬁésl on
o e Tn b SO etua i e Boisto sy oo b
Cnl or 901 - REMIRbies iSItEOARPAEA, Yitlidh § RERRRS SMbleko Blutdr Dy e HRBETed
GabD. In support of this proposed activity, the combined proteins catalyze the expected
two-step reaction in vitro (Yamanishi et al. Prediction of missing enzyme genes in a
bacterial metabolic network. Reconstruction of the lysine-degradation pathway of
Pseudomonas acruginosa. Febs J 2007, 274:2262-2273), and both are induced by delta-
30 aminovalerate (Espinosa-Urgel M, Ramos JL: Expression of a Pseudomonas putida
aminotransferase involved in lysine catabolism is induced in the rhizosphere. App/
Environ Microbiol 2001, 67:5219-5224), their starting metabolite.
If gabT RNAsS are cis-regulatory elements, they are presumably regulating gabT in

a manner independent of gabD. In most gabT RNAs, a second hairpin is located 3’ of the
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predi cted to encode an RNA-bi nding protein, which indicates that it serves
an auto-regulatory role for the gene. WO 2011/088076PCT/ US2011/ 020933
Xviii. Chworoflmssi7el noti f The Chl oroflexi-1 noti PCraspeie®20963 i n
three copies in Chlorofl exus aggregans, a species in the phylum

Chl or of | exgrimaA hhiopigThib et dppego asloeaiiprihashios-Daldaend @yuargoenres
available make it difficult to assess the significance of the covariation.

The fact tdexmstern get sancs.abthauginihiy nayieaf the @tem&@a% Baveriefal ow-@HaNiSHot her on
the chr O"ﬁﬁtﬂ%&dﬁ% &ﬁh@tﬁeg Htwd QESGE[H‘&S secco‘fﬁg hgﬁ‘%"?\o§ Ql%feﬁ’{, afid We aB Sehepet itive

el ement ostridiales-1 not stri Fotif is a
| arge f ourSIaﬂeeBa@’anmcs’eqlmeace dbcdted sienycleandms i’ mﬁth@pﬁnmaqhmpueérhis om

m crobes in the hum nd. i s ,present in everal bacteria.in the

100r d oaa@flg?ra?rgﬂ%ﬁcaq @@Pﬁ%&?éﬁg@bﬁ?ﬁ o7 genq Qudeapmlard dotgAgal
predicted 'T‘?il@&§ ard u%st'réh‘%r%ﬂ”@i’b@tg%ﬁeél $b B&h%@?'ﬁNX@wﬁh%@kwthHﬁﬂﬁe SQYEd iance
nodel searches ( Eddy menor y- ef fi ci ent” dynami ¢ progranmm ng al gorithm

for opti melairain @nuﬁmffe@f geale%pmmemttbe smnﬂimeogen Gurdiar dovat) nodensirgilarBMC
Bi oi nformatics 200 nces that are simlar

Do one anatgges ¢ Rl cordiight mas o b i Pe ST Bt eR ol e 3 ot 11

There are rds¥m8 bindifiR eV tnaisty &snckateiiont besh éfictdrholcalld itRseldTaRIGARDL |
Five are fromenvironnmental sanples of the human and the renainder is

f oundl® n degkingdelspepnd debpiacherd apcomebosscquebier 1%3 riboseme bindinig)sits upgesT t ed

by covarl ver the P1 and P2 stens is | ess supported. 20xxi. crcB
%&%%néﬂﬁpﬁsct ural characteristics and genetic distribution of this

m)tlf are strongky indi caGameaefis1ihesiM t ch aptanmer function. Wen

consi dering Ilgﬁnds two stress.conditions were considered_under which

cel I's up-regul athe GapBaws-t peti§sfeungingsyarishl 9 cBiofGo8rtedr- dyie Mats 2RNAS .

However , &g&%dﬁﬁ%ée ﬁﬂlﬁa%}eé‘ gtfﬁnﬁﬁ{glﬁg{ b& tﬁ&?QHH if @& P@'s't fb?%n weak

25a5500| ate osw t ¢ pH stress typi ca uces K+ or
Na+ t tanspovarat, sithdegpharcts @d:\zlde'hcanﬁccrvapatmearpomg Ghnnng (m‘ 1 geAmntek| a

onei densi s ion follown osure to ic and al kaline pH J
Bact eri ol @86@“‘1@%{1 E%Sef%%’f}lcestcﬁgg ﬁ? BW%WSQEW%I so many ot her genes
not associ ated Wixf.h crcB (YT Y RBgphiesmBaARse to oxidative stress involves

upregul ati ng two genes associ at ed vvlth crcB RNAs, iscU and 30GIP
cycl ohydr ol ase (t8t@W& Cat hatpin G Sdiattlhae’pmtﬂaelksd by the CBa@lnelm siuanceeed/C

responses Edi orz e- Ar VWashi.n SM Pr ess;
2000), but® gffﬂ)%%/tﬁé{%m}%& Zregﬁ‘s&gﬁf‘ g PR Nyt ho otog) SMrcHe
2011/ 9880 7RISR W O 2RSS ativd in-ad@h@nots bs H@ﬁnbfogs. Also, the difficulty in

confidently assigning homologs makes it more difficult to conclude that the motif
represents a conserved RNA. It was observed that there is an overrepresentation of genes
that are classified as COG2827 nearby. COG2827 genes encode endonucleases containing
a URI domain.
25 XXXil. Gut-1 motif
The Gut-1 motif is detected only in environmental sequences from the human gut,
and not in any sequenced organism.
xxxiii. gyrA motif
The gyrA motif consists of two hairpins that are generally supported by
30 covariation, and is present in the order Pseudomonadales. The motif is always found in the
potential 5" UTRs of gyrA genes, and therefore it is presumed that it is a regulator of these
genes. However, gyrA has been regarded as a housekeeping gene whose expression is
constant in many conditions (Vencato et al. Bioinformatics-enabled identification of the

HrpL regulon and type III secretion system effector proteins of Pseudomonas syringae pv.
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Some Cyano-1 RNAs in Prochl orococcus mari nus MED4 (Ref Seq accessi on NC
005072) are near to noncodi ng RNAs detected previously, though no conserved
secondar ywetzouaisse7e was proposed for these regi ons (Steglirals2@ti/oa1933 The
chal |l enge of 5regulation in a mninmal photoautotroph: non-coding RNAs in
Prochl or ogmhasdésicollladR Aemet PROODScrébe M dTBD6, Bperi3tixoah | The ofA §bhd s 200
nt distant in one case, Yfrl2 is 80 nt distant in one case, Yfrl8 is 170 nt
di stant i rEnepes daybunibefcDN ARG - MURUANS (PethS458¢ asoRMestly pssacigtedayith of t he
roughly z%gérggo;gcﬁtgésis?%&é in PN ts r@oth&%IF‘leNf&ﬁéﬂﬁs' Sh GRAR sts of
two structured regions separated by an internal region that has nmo apparent
conser ved rstistandeun é\ cinkbasteq signes aCEeudbtnbhas dcergmasal ClimbygsctiDss 200fmdh, and

may form tral oops in the_subset of. Cyano-2 RNAs in ich the three
i medi at e%%hﬁﬁ%—%ﬁh%@fzﬁa@ﬂﬁbﬂtaﬁsw&eﬁwﬁmaﬂ%@mw BedHgiecfanhich
tetral oop saedd @apr¥idson-Crick base pairs. The second structured region

has a highly 15 conserved bulge. This indicates that the notif represents
two di stinct stwwdtures thvgC mptf f unctionally associ ated. Cyano-2 RNAs

usual | y occur if1 regio i t hout redicte enes or. RNAs for the.
ipst ream 1 Kb, (heraAned By blshsh B mSn sBi R g el R P il 1
not i f was s eculatg@ﬂlapﬁﬁbkhﬁﬁﬁlgﬂn@ﬁc EasreifilB thasidaRacACbEmvslvt€ eMeGodan
trans-acting RNA and, in man Oi nstances, is |ocated near rRNA operons.

xxv. ¥ ctybgl Sramateigralysis of Helicgbrstaipyiogognenivith cpbaniced pxprpysoseidow abt wo

: . e ' ) ; h e -
The Rua 1 <T2GREPLBT R By RRE) 58 SAAVERGESop AL pRR BN TR O -
far from tshet genesd dids nosovwenlap elar ropkierbef. it represents a cis- 25regul atory

el enent. The downstream genes are annotated as enzynes that hydrol yze
gl ycosi di ¢ bondXXVDi ct yodfdMo RNAs conserve four E-1oops, which are often

associ ated wi t hrﬂeﬂgﬁﬁﬁﬁk?s%hﬁc{ inl PYCGIARIAIAMS, ik HREpataitiaPs T @fkk’BPJgd%%ﬁ%l es of

ri bosomal RNA based on cross-anal ysis of conparative nodels an

t hr eeldi nemsclonadode ispsitate dthydoponss. Thustingemteikiadicatehmihaeit 9 4 yisof Texas;
2003. Dissertation). The structure of the.Dict |l om -1 notif 30js

conpr ont sdBEHFORRAtET B Kol SO BRI Ged HUHBHTEES TRPRRTT on of
di ver ged hpempl/O8siMRY tQNsaRN@ovari ation within a | onger structure. XXxvi.
Downst r eam pepti de rmtgif The gene P930107111 in Prochl orococcus

marinus str. MXKx9B01 i s HpY&seunt seguenepungtibd by a Downstream pepti de RNA

and is anong t 2 t highly .expresse 8 VO

3011/ 0880 760CTT I TONTP S s S S B R Y T PSRRI g,
regul 20 i onprv@ odudiest et dlvediifitise $agRsis bf palgbRBRAEIRE (AbbbsM &I ThE al
corrrrunlty]gﬁge expression in ocean surface waters. Proc Natl Acad Sci USA
2008, 105:J3BdBstas s@eieea 38 hpictiarcnt prpeed tQlosmset Pekysacsharmsiovgese clisiorpept i de

RNAs are djffi«¢ : | § ' I | ogo ., out
of 420 Sorte IRLebic R, L0855 350, Pl iRt ol (ORI RAM Toe FRUENA, D
a pepti de oslitdr7-sfeeifanipppobsicdhadd denYRGsendotivhelahva thidh@nkangeFUMPYREG  The
YRG notif was indicated bf(RBrgﬁ{éi ous a@{ysi s of ORFs associ gt ed wth the

yfr6 moti Seqysesamrindie yU iR A (M5oldp ct3lahiompierdpeian ohHis-Eselsrieg1arRNAS

D COEB SNSRI S e 8 R SRl hsion
of an upstream untranslated mRNA sequence. J Bacteriol 1998, 180:3070-3079). A stem-
loop structure was found that is conserved in many JUMPstart sequences (Figure 16). No
conserved RNA structures were previously reported in JUMPstart sequences.

A major feature of the JUMPstart sequence is the ops (operon polarity suppressor)

30  element, which has the consensus GGCGGUAG (Nieto et al. Suppression of transcription

polarity in the Escherichia coli haemolysin operon by a short upstream element shared by
polysaccharide and DNA transfer determinants. Mol Microbiol 1996, 19:705-713). The

ops element enhances transcription of downstream genes—especially distal genes of the

operon—when the protein factor RfaH is present (Marolda et al. Promoter region of the
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10Downstream peptide RNAs. It is known that PIl proteins (also called d nB)
contain a conserved YR&xY (SEQ ID NO 30) notif and are involved in

regul at i yogena@ssi7a ni t rogen net abol i sm (For chhanmer K. PGraisad11/020933
carbon/ nitrogen control by PIl signal transduction in cyanobacteria: from

si gnal s t EschéritdiascolFEMspddifid Diipolyskeshad@Ddenc28is&l HstrudBid)l.and Fnodighalof 429
Downst ream peptides contain this YR&xxY ( SEghs&D NO 30) 15arrangenent. In
nost bact ehpRCtefipgiaef gRAPYIGadn witrataeddgRNAsausncen) B8ssisbde®®eria, a

serine r 951'8@%79 C?b?%I\I&"séf‘o &al. f%u Eé‘%ﬂ&%yﬂr@&s%@no}ﬂfggaﬁﬁgﬁﬂr gﬁ%%sa?dé{egiataéﬁgd W th

Downst r eam pept | tron In a ate
phosphor yllatimotysof opetdnpryod momisups‘preerrhah:mwsﬂmmﬂdgogolys&cdiasiﬂé acd DINVRNA cal | ed

b al S Tnatenat Pergengts MGUMERRRL [9500] b BF-ALH Lpon Dk GURBEHE non- codi ng
RNAs in Prt%gérﬁ{tf%ﬁ@%uéh tflﬁ%ﬁl&%ﬂ%tco%%ﬁlolﬁklﬁéﬁ@&%ﬁ CABDER@fiPE&) these

yfr14 RNAs in turn also overlap Downstreant peptid . Xxvii. Flavo-1
not i f upstream JUAMP Spart DA sagueticay ﬁnmtlmemeevm@mtlmnaMIalm@amsm Va,

Spi rochact B HRIYT 1T9E SR RETE PG AT RBROTR RO paepeia b EREY §°

| ocat ed i nepahedbl Rlfald throligsthe TUMALGER[EeAdR. EEMSANIRLr&lsSUCANTINRS | PEFI-€S.
Thefi xA gene and the downstreanfi xB gene encode an enzyne requi red for

car ni 19 ne 206 Fonco/ MRetait repiesenebves hegpan eddHeny vartial aps skawancpa Fhigpatiph x A

Bocheri cnir Safiend! s TR RREIts G5 R03GH PRLA B, b U e Bl
The gabT rdletion & ditheinspsisaqudnec patent thaR f-mdiRsedirargakifti@endandemehhe genus

Pseudononas. The notif is |ocated downstream of gabD. genes. Thus, .the gene
VO 2011/ oddbrreesy UePomotgzeg9s obihgdnrhatchrroliO hrresific lipopplys#asBaridhe RNA,

then gabT. eh@ cfﬁ'stﬁf QeLEdal %?chﬁ{n'cHSr{d‘ﬁ %hdrﬁcté’ﬁ%lhBH 3 &%@@Hﬁ%&aﬁﬂﬁ%{l} RN gabD

and gabT enes that are assocl at shown to be I nduced
by aghdti mequqnat.rid3aianm] 1BBAL( @aw3@19)a| Transcriptonme anal yS| s of

agmati ne and putrescin ab n Pseudononas.ae I No J

SRact er of 200811156 15669 bora MY T st LA AR USRS opap Sctire

(Espi nosa- 111’616@1'11 g @losBbtudiB PUSARILNcQhcRCIRMAQEDARSRYEL dalcaMhRot r ansf er ase
i nvol ved in yS| ne catabolismis induced in thé r h| zosphere. pl Environ

M crobi ol (BH 525%05@119»95\2@@141)1teé@ps Fleownd@iangt ¢teh Hxpuhisineof te Qihntigeene Chi p
expressi on G%Q g‘fu tse{r R regulateg by R %hrouéﬁl I cGOMBRRP snealelence FEMS Microbiol Lett

20 1998, 165:201-206), but lacks stems in the most typical location (Figure 16). There is
more flexibility in the sequence and structural features that define the motif than presently
shown, for example by allowing more distance between the stem and the major ops
element. Alternately, the stem-loop structure can function independently of RfaH-
mediated transcription enhancement.

25 XXXVii. Lacto-int motif

The Lacto-int motif is found upstream of phage integrase genes, though not always
in their potential 5" UTRs. It is present in purified phages and in bacterial genomes, where
it is presumably associated with prophage sequences. The motif consists of two hairpins,
of which the first is supported by covariation while the second is ambiguous. It is possible

30 that the motif forms an inverted repeat in DNA to facilitate integration or excision.

xxxviii. Lacto-plasmid motif

Lacto-plasmid RNAs are typically, but not always, located on plasmids, and are
apparently restricted to Lactobacillales. In addition to their location on plasmids, they are

sometimes present in apparent prophages.
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Pseudononas aerugi nosa: identification of novel pyoverdi ne biosynthesis
genes. Mol 10M crobi ol 2002, 45:1277-1287). In all cases, both gabD and
gabT genesowerigsserduced by approxi mately the sane anountCTiusdéiaakions t hat
they forman operon. In the case of agmatine and putrescine, the region
upstream of gablxihi ch daesctexspoB aivitidi N the RNA notif-was fused to a lacZ
reporter, and yi el ded approximately the sape induction as the genes. So,

the regul ation 11§ lrastqiredenetf is gdaipiavethe ighbl goned vedlpop downsja dee gdleran
I t 15i i . t 0 ' i t .
el enen %&t&?ﬁ&ﬁ%ﬁ'l?ﬁ it B I{ﬁﬁ@g% gé[’%fgf%f, &gﬁtﬁeﬁsé%fb% A& @8 pRubunit of

t ransam nase, bD as a ‘de y appear to operate on
mul ti pl e RiAtpodgtresrasen nmul ti pl e pat hways. In the catabolismof agmatine,
put resgci ne andﬁat her nebib0| iﬁit es,..GbT catal yzes the transam nati on of

ganmaati nobut antat e {(¢AENPS m8}ify succi nat e seni al dehyde, which is then

dehydrogenat ed 2050 ke RBESANHIERRR [0W8d 6n plashRRAS bhdea hNBe Gidef | ¢ aci d
cycle (Chou et al. ‘?ranscrl ptonme anal ysis of agmatine and putrescine

cat abol i srhéctobreidaldemertly Laetoagiane dectiPAlE. RN ABaetife picolypizald8located nearby

190: 1966-1975 GabD, was shown to..catal yz e.expected reaction-in,vitro,
and both JRALS EFE MRTRE By uesighy ™ eSS iy BB b b SRS e
genes al sqipit@dsize dfah&plafnldiSieps g@ﬁ@raaélﬁivlo%d i ﬂletrbplﬁ:aﬁaﬂ Bﬂ\@}ismﬁiﬁ_@Liﬁ@De
product annotated as Cng 25t ransani nat es del ta-am noval erate, which is

dehydt®gerthe Bdciflvs-plasmik metef, feriséasevth BRNdtsen edbite plisighenpymugtocet Hlisn

pr oposed I H LY, I [ .cat -step
reaction %gtd{/pto&)}é n{l @ﬁ%%é&@%tg{n%%%'}%ﬁ}@gl2{5}2’%& eéhn gtgﬁ?ﬁgggﬁl?gr;@%enes in a
bact eri al Mumilebalcids Rust1d86,kl4: RR2FBidbY. IHtweatr, @bcordiag ky/Rfane (Gaghadani. on

pat hway of Pseudononas aerugi ngsa. Febs J2007, 274:2262-2273), and both are

i nduced byRiger vadatagohy Ridafaayligselatabass Nosksiafgids Reg 28934 DIBO- 180Ny essi on
of a Pseu L ] : i V, i VS lLismis
“nduced 1 Re e B B S S PI RS TRy

t hei r 15t artNIDR4RNAL R faneaccession RFH023&h(DwAINAS aklevodvesaame gfidraisonsg RN Ament s,
they are presumably r l.atin ahT in. ri endent of bD. In
sy gabT TEREnoR el B e piasgudp ST iSRRG Lt 1598

2011/ 08807GAGTHUSRY LY/ R20%A3, rh MBEM AD ek Bcor Rhsthst @Rk ARPear s to overlap
t he Shi ne-Dal garno” sequence of the downsfream gabT genes, although this

part of the st el dodsewiphesleadéreotibn- canoni cal pairs in sone sequences. In

two cases, thi econd ‘hai rpin i.s absent nd. t he , apparent Shi ne- Dal gar no
Sequonce i s I oddtEdebn it RisBeq G aRa B dadisy I LAPERHEMo RS o

Sarr aﬂ@en'%ﬂfolladrwdi BaduBStanes BevirBiten, by d Whiledes bth O R ogBige shiaht pegﬁdeegul ated.
Note that all gabT RNAs are upstream of gabT genes, so both gabT RNAs with
and wi t hodtcuie-lgden RANAtadre sopisHbly |10 tl@rﬁ%@ttlagéﬂéT%mﬁ%ﬁ-aﬁ ¢rrihe genasigne

direction 0 | C ' Jula it . Thus,
For - oxampl/eE pF eyt belSholBo P tARRE T Ped B s SR AR A RES o
gi ven hi ghecalenbasndlrecatly bexs idéntdiedeh ekt gy, whetelowl @ncémetigaddt IRMNAse [E8d acki ng
the second hairpin should al sp sonehow _sequester the riboso bi nding site
under t hesséa%% I}I}g&F?él.SJa%?& an IR affqet r?i%WOFlptlona}q attwtle%gﬁak ¢is-1 noti f
i's fopnd ifg@ideighit &L??éssﬂéhl%hgteﬁ&lﬁﬁﬁﬁ&ﬁdlﬁ-r.e%ﬁlgt_eﬁr%%ﬁé(s iRfcHE R bedekif ure
15) is a three-stemjunction, but the parring in"the P2 stemis often weak.

Antonie Van Leeuwenhoek 1996, 70:129-145). Other leucine peptide leaders were

previously identified upstream of a predicted amino acid transporter. Two additional

homologous RNAs were detected that had a run of three phenylalanine residues instead of

the leucine residues. While one of these is upstream of a hypothetical protein, the other is

30  upstream of aroH, which is predicted to encode 3-deoxy-7-phosphoheptulonate synthase,
which catalyzes an early step in the synthesis of phenylalanine, tyrosine and tryptophan.
This step can be regulated via phenylalanine levels. All leu/phe-leader RNAs identified

have predicted transcription terminators where the 5’ part of the terminator stem overlaps

the 3’ part of the P4 stem in the leader motif.
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15Cveral |, although there is sone evidence of covariation anong Ganma-cis-1
RNAs, it is not clear whether these sequences correspond to structured
RNAs. xxXWO 2@1@8%7kai rpi n noti f The GUCCY hai r pi nPC3/is2@hoed93hai r pi n
fl anked by the consensus sequences GUC and CY. Due to its small size, there
is a high risk xfi. f d.manpasi tives in honol ogy searches. 20Therefore, we
were conservative in addi n1g hits as honol ogs.. Also, the difficulty in

confident!ly assiiiHg§HdmD %@@il}rﬁk]@@hi’t"vlﬁ?@iﬂinftﬁlFEQ‘leﬂﬁ%lé'Ejgﬁélqﬁcgénetshat t he

notif repr : I

overrepre e%?gt{e;&gﬁmgc? Hgg‘%"\é@’g{”ﬁg&ﬁ Q}réecy@?azgfsél g%g%g%gﬂé%@feﬁcgg@gggf&@w?
genes encoielesiddputdne tues modestdy sippgrtad bRcodomtom. TH2Sxmxhal. 1@yt fot thot i f

The Guf-1 nmotif is detected nlg in.enyi rori]irrent al . sequences from the human
gut, ahd fBE™ iSTOANY SCBH%FéYF‘éiegut& HEHUM A MRV ICA Y ICE FNSGYARODL | f

consi sts Qhyd MBrl@HtARIBT thd 1Bkt RS 1S AL-8 hake PHPRAIEREN B BAGQVAALLhan. and
is present in the order Pseudononadal es. The notif is always found in the

pot enti al vBoulbRé-6f Gely wabhemass asrmdotcpaergtoeadlyi favarablpranduhedforhiblpi t is a
regul at or

o oo R 0 B B T R s

Bi oi nf or mat hiese RRAPIEBE prdeidtddfonaRd EstecObtrdndeHERer! S9the@Bvaattitad@8hé | |
secretion systemeffector proteins of Pseudonobnas syringae pv. WO

2011/ 6880 mBEETS YSIFIae O r3Bedittad sieiticegomotfipgnochipioppy At sawesr obe | nt er act
2006, 19:1193- J’alqp) an R NAR WO I ﬁﬁf&olﬂgﬁf a subunit of DNA gyrase.
‘g nmonl'y

Mutations in this'gene are co assocClated with ciprofloxacin

resi stance in PHeusotiDizds gtBdbombinaharitle. mdeghmadnicsaguadtedyuliidughugis aBsi st ance
i n Aci net obacter species and Pseudonpnas aeruginosa. Cin Infect Dis 2006,
43 5Suppl Pressabinsdsthyphectgyasingr #4. kdndplypidsabertads TiedaiHicopysts pbam of
dnald geneghre\gkﬁgﬁ@ngncode chaperones. xxxiv. hopC notif The met hod by
whi ch hopCB transcri pt abundance is regulated is unknown, but it was
speculat ed t hatxliv. hdviopellymmetif c tract of 13 thym di nes can be invol ved

McGowan 10et . Pramoter,. anal ysis o |.i cobact e lqri genes wth
Ehhoead onor colicgioap iAol ORt BN eB g8 TogBlHGubatls Sepcite's
tract is |\9i@l§‘g&fés ﬂ%ls?e@@ﬂbfbfsyﬂtﬁ@sist aﬁrrfg{l?{}lfzhﬂ%ﬂ &ﬂ’m&%ﬂénuﬁi écﬁ’acté’tr(@/ldi%%nd‘ ot

overlap the hopC noti XXXV, icd

tungsten cofactor (Weinberg et al., 2007; Regulski et al. A widespread riboswitch
candidate that controls bacterial genes involved in molybdenum cofactor and tungsten

20  cofactor metabolism. Mol Microbiol 2008, 68:918-932). The newly found Moco-II motif
is also associated with Moco-related genes, including a molybdenum-binding domain
(MocA) and nitrate reductase. However, only 8 representatives of the Moco-II motif are
known. Seven representatives are in 6-proteobacteria, with one diverged example in the p-
proteobacteria division. The Moco-II motif consists of a hairpin with a conserved internal

25 loop, and the hairpin is typically adjacent to a transcription terminator, indicating an
expression platform. The structure is supported by modest covariation, and by the motif’s
presence upstream of genes that are not homologous, but are functionally related via
Moco.

xlv.  mraW motif

30 The mraW motif is found in a wide variety of Actinobacteria such as
Mycobacterium. It is a hairpin with three moderately conserved stems, and poorly
conserved internal loops. The terminal loop has a highly conserved CUUCCCC sequence.
Motif representatives are always in front of a predicted mraW gene, and appear to control

an operon with a highly conserved series of genes: mral, a hypothetical membrane
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The icd notif is found in Pseudonondal es, in the potential 5 UTRs of icd
genes, 15whi ch encode isocitrate dehydrogenase. This arrangenent indicates
that it iwoaotvmsso7segul atory el enent. However, the node®CTase@nioaiosdn nakes
it anbiguous as to whether the icd notif is a genuine RNA. xxxvi. JUWPstart
sequence rpebtiefn abligrisd, \Wsdlar follsRad Bnoge bSmareaansgnee disBShdpuesarente upst ream
of operons whose_ 20protein products are involved in the sy ntheS|s of

pol ysacchamoaado brighissvedtin aeptidpgly caumméhosist(Vigayaetive: et al- éﬁ@ Iahion off digbat

common to

12 855- B00) e T R e RS CoRP e R LRk landR: Ay
07- speci flMlclro‘tpolpB)ibmhmde?aﬁl e @én@oolmqtrmunmbkyfﬁle meeWM inatif i evotwedser ved
JUMPst [2 gce |? n the 5° UTR of the nRNA (Marolda et al. Pronoter
regio f ERRPT Y oSS col i 07-speci fic |ipopol ysacchari de gene

cl uster. struct,m,al A0 he@etional characterization of an upstream
untransl at ed nRNA sequence. J Bacteriol 1998, 180:3070-3079). A stem| oop
structure was fhumdik mdt mutntwas slevtelcd %&rﬁm&iaﬂméﬁﬁfﬂurgétﬂmabs\ (Figure

sequences T S Ra b b e O Sl ARt B2 YRR B R on

polarity sipRERDIAEpAREIeBRied iMbigehe HRDIINEER HORELIIILS 0 LFdC@IAB-|illiap0 et
al . Suppression of transcr|$t| on polarity in the Escherichia coli

haermol{si rprefgaw oMob)lierobieb 9%é§t3ﬁééﬁl7blséfﬁ’éln]t0 Lhthgrew s pgoidn Py seliabiesei de and
DNA transfgr, det ef {J%”Iaﬁlgﬁrs DB M &8 R eé}luéo%g% 51&1%aﬁ7t|%§m Odltzr%) I8 %¢ ?f ement
enhances transcription downstT eam genes-especi al I'y di a genes of "t he

oper on- wherhetSiesppinofoes A TiPalsihding iRbmbbnahit Msils @amdist{ Mbdetibbiaseindahaltddeonot er
region of the WD 2011/ 088076PCT/ US2011/ 020933 Escherichia _coli 07-specific
| i popol ysdEamRaT ddBagierel £99st &1 20829 Uf also aRpetsHE¢ass AaNildfuiederds:i zat i on

of an upstyeg y&ﬁﬁ@e’&?a!bﬁhg?o{ﬁﬂ%étﬁ &r% H&Ttﬁﬁ% &1 oA ¢ %ﬁﬁ% x?gfga“ s 170-3079;

Nieto et a uppr essi on transcrlpt on polarity int ia coli
haenolysi megpmreanuﬂayt(tf &nptdmympshmdama h?lzémiefﬁctlsmmrmwmsqamdys&dnb@rl de and

DNA 5transfer, determ pants M cr obi ol 1996 19: 7 Leeds | .
Enhanct oy ks R N e baiodies polmPYRRbEo BaP i T ABina TS e e

hl y CABD: %&'fbtﬁ&ldl%BSIT ?@ﬂBﬂ’B’Wm&MM Ttyﬂ@"é“\h%ﬁﬁﬁ?@ﬁ@%ﬁ&ﬂ%ﬂ@fboh@éh%ﬂ@ﬁs Hpaa
postinitiation nmechanism J Bacteriol 1997, 179:3519-3527; \Wang et al

Expr essi onh@)MsnIﬁ @rgeiantrd lgehesg when c¢lisstre groman aregpliphiose lmyerﬁbamh@ma@h t he
JUMPst art sg ce IIP: { obi ol clgﬁt 1 980 16?:?,2%)1- 101%0g%4 Sonme
Juwpstart F‘é‘/s8¥.vt‘§ *?I\/C%Sﬁ%wf-’éo‘é{ﬂ OREH LI OARFOPERE Pal TdHE LetteROE ni s
parti 20 onﬂs&eaweﬂclﬁglﬂa@etshsr apapansestedANGiaR dluoyRr(Basssehe «3BM 5' - si de
and the | oop. Deletion of either ops sequence reduced the RfaH nedi ated
transcri ptyteoptamiean Adiehipdipgseapenene MsHf asymity gted pbipagyansimalfose gnsport. J

Escheri chi popol ysacchari de gene cluster: structural
and funct |B§aﬁgﬁ9dé%g§%§?g?@%?0% of an upstream untransl ated nRNA

15sequence. J BagK®NAIMdBIBn dikr8E1y3i0dia}A9 kense glucoscTlzetle. Hos tlais,dhyer sity of
JUWP start sequencgs cont ai ni ng t he ﬂ em | qop struct ure i ncl udl ng nost
studi ed JUNRSHeEeft tal pegpsyenld Ipdg gk Hiedmpart og atheppygarypngt 5. 2) »

cont ahs a siyel tigen
gone o ustSy e fééﬁ@ﬁ%?eth@sﬁéﬁ‘éaﬁ@%‘%?%ﬁé‘ﬁ%"%ﬁpst L OE

M crobi ol streint 1(2040O&8ls, Wi dod0dot 2G63ss NsiK dxpodssiost BrsindicatdhehatwstK RNAscal
t he se ugnce and

St Ut ur al oo S S Il ER OR[GO o S ISP PYFar: Dol WhOSe
concentrations are not increased by glucose. Alternatively, when MsiK protein levels are
sufficient to supply an ATPase domain to the various ABC sugar importers, excess MsiK

30  binds the msiK RNA in its 5" UTR and thereby represses further MsiK expression. In this
model, the mutated MsiK in strain 10-164 is unable to bind to the RNA, leading to
constitutive expression. It has been hypothesized for a different ATPase that it can repress

its expression only in the ATP-bound state, as this state is most likely when no substrate is

being transported (Panagiotidis et al. The ATP-binding cassette subunit of the maltose
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shown, for exanple by allow ng nore distance between the stem and the mgjor
ops elenent. Alternately, the stem|oop structure can function

i ndependewol2g110i88®s aHMedi at ed transcri pti on enhancenent PCZAMSZOMIOROIBRCE O- 1 Nt
not i f The Lacto-int nmotif is found upstream of phage integrase genes,
t hough nottraakpays MK taheigonipes BatT, alhe zfctivthRsfthb EstlferighRsehtmal Regulen. Med
phages and in hacteri al where it is presumably associated with

pr ophage é\é&{@%@b@&%ﬁ%éi‘@ ROl Célfl@XblrnntW WailOphtgnutaonhipeers bR fir st
i s suppor t gfp Ly fa&gxgranatthgﬁrn@/gre'd (}memﬁcﬁﬁgﬁﬂmr[ﬁmmlg ﬁ%deﬂlg tHa$ VRPSSI bl €

30t hat the noti rted repeat Itate 1 ntegration
or exci si d:nndsxt;& xuother, balatosvnppraenn, dvindt infturn binds th alot sl RIS AL Th&RRIAA moaf

typically, not .al wa | ocat ed on asm ds nd are arently

restri %t edm‘l‘y 1%1 %ﬁ&éﬂtﬁ%ﬂ EECentef Péﬂ@i”tpﬁlh?fr?efl%?sta furgq 1868@‘198‘?1 %Hlt‘&né)sm ds,
they are sonmetiyigs RLL¥EMbtikn apparent prophages. WO

2011/ 088076PCT/ US2011/ 020933 xxxi X. Lacto-rpoB notif The Lact o-rpoB
motif is a hai riiinmafif iy fauid glenerelsnteinwpsirdaoopl fuodngenics wiheh ercdde a

Lact obaci | |

the 0 subuHPe e v fele ikl BRI aupim S Gefios R FBUAR orfthl,ch encode

Lacti s- pl asbyéle bEPHREGNIEY bYIBhg & BelsOBabpetoRBiRtABR S ig VPRGN tRerk fis t he
order Lactobacillales, nostly Lactococcus lactis. The RNA notifs are

typicllly a%&b@dme&qur@n@@iﬁwgt WeHe uytsabet theseedeeil yoti n t he 5'
UTR) ., al t hoyah tnis h%gé(}h é’caneifabg‘ﬁ{ %%ﬁ?cah V%lﬁlgs o‘?mﬂB@F Pe%b({%h?sr‘ﬂeds

repB genes are |hvo v e replrca on o asm

Baci | | us- phatsfiis grdmttmﬁ mo/st&&‘quatcbdl a@tmo@acﬂédﬁesmeardmgetgu bats Atasian, bopyot
nunber (Kimet al. Copy-nunber of broad host-range plasmd RL162 is
regul at ed thyclasdyaglate morqe%tr &V Benihp aegigteupsiigay of fzpr@a%? sm@genqmever

accordin
dat abase. ICPLPE GEREPEL 192 By ATy sHROTh Seh R A TeC AT e e
cont al hi ngha lbasetyi matph dsmud GRRINAahsOf wortfaumi, puteiubt ed foit] RN thérﬁmmm RNAs

Rf am accessi on 00238) (.Duan e | nvol venent. of .anti sense
repl i cati o*ﬁ“&tBFﬁ VCEFT fHEDL S&EF&E%@BHPSFY@‘:}YSW%F piNBYBgcar %S%"r“&ﬁ?eol Lett

1998, 164:41PnARA)s inSRhbRIbasd élémﬁkﬁﬁmt‘ijs N8 RN tH@S&Mo%W@qH&{ce is
function. xl7.Leu/ phe-leader notif Detected only in the species Lactococcus

lactis, thar¢letad m@elneaﬁenotrfollﬁgardlssszwfhpvbﬁ redG ANA missifasonaderaldear i at i on,

and includes_a ding a short ide. Le are
consi ot enctyefiop et Sp o Qg PR, Ehau Bl S §HeTE) SUB o
I euC, 26 he ﬁb@ﬂbih@}eof dpetivaesasapeiripNTIafs, it i sbibesisi i@ $heh@® mbiif euci ne
pepti de | eader has al ready been 1| dentified in L. lactis, where |ow
concent r at'FRyissengY an RYA sf@ictusdd to stal ling during transl ation and
ultimately affe;ﬁ;,mt r@%ﬁrYQIH fhal attenuation (Kok J: 251 nduci bl e gene
expressi on and envi ronmen y regul ated genes in lactic acid bacteri a.
Ant oni e Van LeeThsaddvasky &d86is fE0ndliaSnlythree yiaiced froumi marineeplirdemégalder s

were previously ide ie upst eam of dicted am.no acid transporter
Two addi t iBNAl Saﬂ@fﬁé B@wﬂ {iep b iendidP Bl e HASIERGY 2bf ST
phenypal amigg ERs aﬂ’rb%? thdds ttlﬁ@éj s&fueﬁ&@ tﬂe‘? fi' sBﬁle Ie8ediiea: TMOL&n O et id hese

is upstream of a hypothetical protein, her is
not detected in any sequenced organism.

xlix. Ocean-VI motif
The Ocean-VI motif is found frequently in marine environmental sequences, but is
not detected in any known sequenced organism. The putative stems are highly conserved,
30  and as a result there is only modest covariation. Ocean-VI RNAs are sometimes located
downstream of non-homologous genes involved in methionine metabolism (metA, metK),
but the upstream gene is often in the opposite orientation, so it is not clear that there is any

functional association with methionine.
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30 upstream of aroH, which is predicted to encode
3-deoxy- 7- phosphohept ul onat e synt hase, which catal yzes an early step in the
synt hesi swof2opbmssykal ani ne, tyrosi ne and tryptophan. ThiPETASe@10293be

regul ated via phenylalanine levels. Al |eu/phe-leader RNAs identified have
predi cted tranderi ptgsgnmbd&f m nators where the 5 part of the term nator
stemoverlaps the 3" part of the P4 stemin the |eader notif WO

2011/ 088076 PCT/AJ8rygh mpsbogaRYpsioccyrip tapgemepairs, thosed-nratcoprstsR i s f ound

in Chloro g}f?ig%fgf&%u} §in:%ll_§/ ég{/{F 'thgfsshggffg?. %&@kha@hhg%%ﬁi bgfa 9818 BlaSHH £86C4 ©

encode ap oteln rans ases. T tructure consists of a
si ngl e si xabRMNAecomthaingitso hootpiss.| syncs wipgyart eabidryto Ciod & haholopy sckinehes.er m na
| oop for this stemjs not well conserved, but the region 3 to it has

si gni f1 cant sec51|henc @6?@8?\%’[“?%‘?1. One representative of the Lnt notif has

a G U base pai rengibishefiir bB8f KEYGISH RRMNERRI N MOMbE-Besp BRI 3G, Mdyabbl e
pairs are nore energetically favorable, and therefore help identify the

proper or itemthdriayailfbde squuertei Ve Rpde-repeir frotif T thrdeastem gungties thahét t he Lnt
nmotif is e |likel .be.pr.edi cted on fhe.correct ,strand.. However, on the
ever se stpiued e sbftary REERL QG P FuReROSEhed LB wlBIT  Coton of
bact er i ocht@fiapby Mheh HeBES iond kietns tRChY bopaatiskdow vkt Ind®vedin ~ This
notif is largely found in nmarine netagenone sequences, although it is also

presel i rilErmstelteesel heimosipis welhgipparted bidcaofariation. breidbp deat diat §.1s The noti f
consi sts e LI plNs | - tif.: i I
discoveregﬁﬁ%gggﬂﬂgﬂg%gﬁgﬁFs%gﬁghyﬁﬁ%gﬁﬁ?éﬁmgﬁa%kﬁgﬂg£g3§?§{§ga&#@ﬁﬁaénes

i nvol ved idechirothynit basttainan de atsirbétaaidiRINA 0Thembii bidéim the poedngial STUTRDeO) and
tungsten cofactor (Wi _nber% et al., 2007; Regul ski_et al. A w despread

ri boswi t cHPPEERithpA fRNtEin adG ey vighisaanptaicd g8 Ad N A ARIIMAEECIh ORB FEdenum

cof act or t r LS crobi ol 2008,

68: 918- QS%ége"Pﬁgqﬁtea gﬁ%ghﬁ%&@ggﬁp@%@ﬁ@@@%@s@gﬂ associated with

Moco- t®el at ed gdiies, pfhmlotifli ng a nol ybdenum bi ndi ng domai n ( MoeA) and
nitrate reductas However, only 8 represeptatives of the Mcop-II tif are
known. Seven r dt BNAaY i Eet Ay FrogRis St busaet P Re i PR SHENA Yer ged
exanpl e i ytiAgs G thR QiRPRAShEIsiBn b4 PTHF hhE itYBAQchboMldfctsCORhst s of a
hairpin with a conserved internal 25l oop, and the hairpin is typically

adj acent thasia of p reveauispt pubhishesimetabalsm dipgrdindReaivelpeant dxPuressicgwlopbat f or m
The structure is_su rt.ed . est. covali atiqn n th tid

o esence. (bipiEreBRIRIES Rl drRhnEoY TSk a8 A hsh 2R 10

rel ateg vi@2bResost ¥énés asgoaiieantitt HBRRNG widra Wuratth be isvolvdnfl thdde enctibeBe

vari ety of Actinobacteria such as Mycobacterium It is a hairpin with three

noder at el Wf@@ﬁ%eér@"@&lfesl)erm, and poorly conserved internal |oops. The

term nal | oop N . 8. i
Fepr esent at | ves g Miin RTREL IRk Rh I SERNENTE: o MBIk of compomndsa: ¢
control andBpasehbslbivh bat thic@hdsy podsiag Vigehdseiresd ©fbegeItesR and BKPP aA

hypot heti cal. nenbrane WO 11/ 088076PCT/ US2011/ 020933
yp 2R A8 R Y A A

indicate insufficient levels of formyl-THF, without which

25 formylation of AICAR cannot proceed. Many genes regulated by pff RNAs could help to
synthesize formyl-THF. High AICAR concentrations were a consequence of formyl-THF
starvation in Salmonella typhimurium (Bochner et al. ZTP (5-amino 4-imidazole
carboxamide riboside 5'-triphosphate): a proposed alarmone for 10-formyl-
tetrahydrofolate deficiency. Cell 1982, 29:929-937), although this phenomenon was not

30  observed in E. coli (Rohlman et al. Role of purine biosynthetic intermediates in response
to folate stress in Escherichia coli. J Bacteriol 1990, 172:7200-7210). Since pfl RNAs are
often present in an organism that is closely related to an organism lacking pfl RNAs, this

RNA distribution could be consistent with a scenario in which closely related organisms

differ in whether they produce high levels of AICAR in response to folate stress.
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protein andfts/, typically followed by one or nore nur genes.fts/ and nur
genes are known to be involved in peptidoglycan synthesis (W] ayarathna et
al . |sol avoaniiafssd7ssl and rur E genes invol ved i n pepti degryusanisymshesi s
from Corynebact eri um gl utam cum Appl M crobiol Biotechnol 2001,
55:466-470), soAlrestlypligh 1dvie sNPRMPNB bpparbrily aviaticedr bfpbimeatdregionat i on of
this process. xlvi. msiK notif An nsi K null mutant, was identified as

S. i vi darféncgdberBasupiir-HpsiPaeER stpressor detessy Puiingdeyoly/hatrasios REER (Wit ant
of Strept Wﬁ&ﬁlﬂc'ai{br?@ﬂ‘ﬁe ?%&%9 SRS ‘d?o%ég%% Fégk&pétoﬂ%czﬁ%%l_ Aéfda‘éﬂh 95§ AUPt ake

is nutate a gene enco pr ot ous to
10pr ot ei nsl995/b92 MiﬁFMﬁ%lNo’lt@%t tth 361731&7‘[31))6 Pﬁ‘itR basrn diﬁtiﬁbﬁmeghammsn pobisl y on

cel | obj ose, se and o u its growh o ucoe|SS|mIar
to wil tﬂ?é tap RSP profieToge & Sbb oifc o n'atgl?@l%l SiEht  Msi K
assi sts imnnGR %b&bﬁtov@@s BpethRELL Pt PKI@“@&QP&% g&odﬁﬁ&tc%ir Blcap%kcess adenine
179: 2092- 2095 It also inports glucose at wld-type |levels, but has a

reduced abb thsPholtylatmmdtPlﬁTR]wnt@@an@nmh@md bpiAdP, v hagh lewels of adenine

Got ot tve TRUBIRRER IR BSERE FRIB e € bt TP e BYRE SLAEE B ot ng

a_prot ei n dyerodl regebkdr tiro AR i cadiSPOUBr 1895092 7485 7M oy HBW@berlz%Qﬁ)ted
17:367-377). In wild-type S. lividans or S. reticuli cells, concentrations

of th&0 Nsitklgy: dh@ﬁwean@nﬁuvgﬁb@@swmﬁd&éwl@t rvealgvislencoef kiedingbi ose, | ower
for other sugarlﬁi 8‘% }ow when cells are grown on glucose. In
contrast, S. livrI dar{’s ‘f %4 expresses 20Msi K at very high levels for all
sugars tested Theghudimgifds uaabe ldcaedlupsisaim ef p/ald. gehts whidhegicody ces
ATP- bi ndi ng conponent Msi K aSSI sts in cellobiose and mal tose transport. J
Bact eri ol ggmtwgl%glzl eze@sy erﬁﬁ? ROFRNp{CHBG S esns Prics@tiif {F nossiblediatect | y

sense gl uqﬁé 51@ ontd &Ee%%@dg%ﬁs@d this fundanmental sugar
woul d i npl y "%5

sugars I's not 25necessary. However,
t he abdbve experhwentl%ﬂotok@u‘l ztmi PhquB(I-Hahogfsucose is inmported into strain

10- 164 cell s, t does not. es his indi cates that
K R o M RE st BT MR AR S e docy Seerdh &%l o of
sSonme sugargg ]IchBI anMRRS& &PI6L %Eﬁe%t Tﬁ@ﬁsbﬁlrg%ngﬂssb&&té@m%&% PHbIRESRNA

Al ternative when Msi K protein levels are sufficient to supply an ATPase

domain to mwefs\havq mjsbesth@u@la@émt pripbganes & rebkasepscivg hacdBbin sadict higornsi K RNA
inits 5 UTR

the mit ot doneTc MHISE P PEBO RS Ta Sl B BRI B e sl g g o

const 20 ut itks@iRioasisy &t pdst- trb@s‘énbﬁ&fhll?}(]ﬂﬁihﬁ@ﬂl@@l dar. Expelistibeoent ATPase
that it can repress its expression on in the ATP-bound state, as this

state is rissedqmaoap qu?e%mlﬁetrwﬁeg@sea@@IV%d Bdyee eatehekisors Bduerbindes ot i di s

2011/ 0830 SR o0 PoT BEOBAS I Fo A PR SR SR el e e
acti vat or dbkevbdinksaheshaghs @latodtial. Pabteor@By hicroatv®), al sipodtieltad S8,

30: 535-546), so this can fx pl ai.n Wny the 10-164 nutatign hi nders bot.h
ATPase actiyipgsnesiadnilies of spiseeic RIABMARSHGTIEinRse FoRH OR. hsplyreresrating | s

B A S R AT e R R e
senses a' FeigRC-INRNA i Pgied upstnetin Df)znps)bA gelngiiit a cyano@hagst Pfesumably the

phage gene is regulated in the same way as for host-encoded psbA genes in this case.

Indeed, since PhotoRC-II RNAs were found only in metagenome or phage sequences, it is

possible that all PhotoRC-II RNAs detected were derived from phages or prophages.

30 Iv. Polynucleobacter-1 motif
The Polynucleobacter-1 motif is found in marine environmental samples, but is
also detected in Polynucleobacter sp. QLW-PIDMWA-1. The 3’ half of the motif is not

always detected, but the 5’ part is well conserved among the examples found. Most

Polynucleobacter-1 RNA motifs are downstream of genes classified into the family
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This nmotif is found in enterobacteria upstream of nuoG genes, which encode
a subunit of ubiquinone reductase. The downstream genes al so encode

subuni t s wb 20hiyss@azyne and presumably bel ong to the samreTase010/020983 nce t he
nmotif is very small, there is 10a risk that honol ogs were not detected that
woul d reve@aDSt sy (Yiaescphreuglt TheShizeR1l Globsledsan Saaplihf esrdiaot-aeadagn
have insignificant E-values in honpl Qq%y sear ches. e notif is present in

Th
nost sequéheBYVene af pekdn Bnibes. Fépd didiF 00 ke g dpeigheessibif Romelagy ot t he

closely r ﬁ\k:he% g egl p adi cted nuoG
gene in sﬂ’%ﬁ‘éﬁ?@ﬁ% hﬂaﬁo m %@%. grbg,i@\t]érfé?c?{)g&g%ﬁqéocb?ggpgr gani sn) was
i nspect ed,represpngatives witst deatctddoo sey yequetaid pubniéicdpbdgeRNA noti f were found,

but could not fo]d int{;} thef consensus structure. However, again, since the
motif 1s very d¥hl| Pof¢ M, el ear whet her sequence-only matches in

Sal monel | a ar e S infits lobdted f MOPSIRNA 5 tyqflasto*fr%eﬁ:e%gmawa) Segyence is
unrel ated to the nuoG notif Regardless, within the nuoG RNA notifs,

consi der aldtaaspateas drateranradexise e ndeidps tefcgfedjinemernamdtagenomeaseqoensts ai nt s
that woul d reduce the 20possibility of spurious base pairing. Thus, it is
anbi guous et her the nuoG notif represents an RNA structure. xlviii.
Ccean-V motif Ivii. pkhg vhs@@n-V notif is found in only three sequences from
mari ne environnental DNA sanples. Although it is difficult to confidently
assestVits assinastdighlysonsesied noelgptedys zsgams,m@wéﬁ argripygvedhiadese prides. In
sequences } ' variati on. ean: (S N t ] in
any sequencg gﬁgsg’r%lgsﬁi%g%&rﬁaipx > ft@%@mkﬂgaﬁg%fa%moyr%&ﬁﬁé e@g@eﬁ_%ﬁh@ﬁ ff% i's
found freduesnbphiyed stiruomirésnBNeWort3pomtitgto the glogificashe batndits Nwh, detedshed in
any known sequenced organism The putative stens are highly conserved,
30and as dnyEgd in nitheged reaulyianthairds etsopdvag 1oit IngmotasytipsisASurak ar e

sonet i mes < . fIENE T obaVvRk: +n net hi oni ne
met abol i sn¢ %ﬁn@%t %%n%&?[%?&ﬂc%ﬂa{ﬁh 1(:% &%&ﬁg%‘?@emg%@%g’@ IS o?rt0 %ér%l aﬁ%ll\ﬁti:qﬁ‘gbgpposi te
ori entat i ongulstory tetwerkniotcyadabactetitmatSyhbaroeodcss amyWHUORI Nnabicakébdrat i on

wi th et higning, 1/ 088076PCT/ US2011/ 020933 1. pan noti f
Al t hough n@@p :g“ahosﬁ%%iccur in tandem pairs, those in 6-proteobacteria
typically occunyii ngJsyNtdmbarnot shown). Note that there can be a technical

bias in favor of pan RNAs contai ni ng two hairpins, since they are easier to
find i n honol oghhiswatityeonsiGentlyPedod beaicn prioY afd psbH genThSiRedhbe mephi r

notif is faognd i\pe gei ve i1 Nstances [ ﬂ E@dolglaect er, Scﬁ B%Lc?l% ; nd i n. no ot her
avai | abl e % dﬁé?‘lcé: C’PHE’ P _—F e?ﬁlélﬁ y _ PHIpIc IS uGlRe & é_ erfn ‘?ﬁi}ﬁgﬁﬁl o that is
fol | oyeed bygancadttht hofals hai-beiny repfilb©by RAA be a rho-i ndependent
transcription
lix. Pseudomon-1 motif
The Pseudomon-1 motif is present in most species of Pseudomonas. It is
consistently downstream of DNA polymerase I genes, and conceivably in their 3’ UTRs. It
is usually, but not always, upstream of genes predicted to encode GTPases. However,
25  these genes are in the opposite orientation to the Pseudomon-1 RNAs.
Ix. Pseudomon-2 motif
The Pseudomon-2 motif has no apparent gene associations, so it can correspond to
a trans-acting non-coding RNA. Although the alignment is supported by some covariation,
the structure is not overall strongly conserved and therefore may not represent a structured
30  RNA.
Ixi.  Pseudomon-GGDEF motif
The Pseudomon-GGDEF motif is confined to Pseudomonas syringae, where it

resides 5’ of genes predicted to encode cyclic di-GMP synthases. The previously identified

cyclic di-GMP riboswitch is sometimes present upstream of cyclic di-GMP synthases.
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term nator. There are additional stens that can be pseudoknots or stens
involved in l1l0alternate structures. The notif is well supported by

covari at iwp,20twissizhe fact that it is present in only onecsuaseéies2@asi only
five sequences are avail able provides reluctantance to declare that it is

certain t Hbeewar,shé sjubiiced cbiting i PRAuHImbSGADENopidhelésaly olatdd]Bsd of
operons that contain a radC gene, which is annotated as a DNA repair
protein, of ibisgiffieulynevalysig e@f’nsgr‘ﬁp@apEﬂWtﬁéMﬁQ%ﬁ%W@éWeeSr @g@ BB i on

system 15% klgjé)glf'tled Hgt:b\tarlatl bupiﬂqﬁi}'@‘aﬁgta'fgv? it CH§HPM cABRRLI RS aﬁ@ th

genes invo e synt €sis of purines or that catal yze converSions
bet ween THF andxiits one- Mhdmad@mESm(ﬂ]f the basis of a previously
[ t al. Puri ul on .of

publ i shed neta Ravcheev
gamma-pr ot eobagﬁ@rgrﬁ gan %’f ‘&’&r%‘éé&‘}" ‘fqddﬁtheét?ég%gﬁﬂﬁ 0PH4I0 B Eenet i cs

2002, 38: ¥)lRria A8182R00m RS e AR MRS, AP QGhAIE gld%etdhhﬁftfangﬂ}%oﬂ%rf ﬁ11§ ound to
be |nvolved in these netabolic processes (Figure 7).

ri boswi t cloperm shatsrat bes D%TdVOf stes, | teryeadd’ linddiZnuiatatch ak Tmmb@pthmfofdbﬂmou nds

e soussed Beteth ool eilfoftoh BTN BRI BSETRE AP0 SR s

wi t hout whi4oh MSE aiced at thers’ ehd & th@RsGRIBMBh- # 6108 RETA, WHIRYP20iS Matddaadiliat ed
by pfl RNAs coul d heI to sglnt hesi ze fornyl - THF. Hi gh Al CAR concentrations

wer eth coﬁh@&h@he@ﬂﬁf goe Ay ) -Frascepta sipsingon PlmndELmoneoth anargased atuengity
B
5™t r1 phosph i Y4 UAAAThaRsHicTLRE%, 8, SRRk PRl AR Spapnin,

def i ci encyPseha@inhonk® 8eugi28s:OHPAOI SFEMSQMIdﬂ@ilgldetﬂ”ﬂ %)8[)1"@1@3%@42”) Vescfoad, 10

observed in E. coli (Rohlman et al. Role Fﬁ; urine biosynthetic
i nt er medi dHE4 liksl Yr%ﬁ@ﬁ%@@‘éﬁ% inthis @g‘#lé%%n iHpeyeh &4 rlema%?dé@mﬁcrlms Bact eri ol

< of osel y rel g RRPRRA R FLRRERSD L AIEERY B | on

coul dlbe dNAi stent with a scenario in which closely rel ated organi sns
differ in whethey. they produce hi Ieve}s of AICAR in response to folate
stress. WO 201¥igg076PdTY N Alternately, high |evels of

PRPP is appar enteyp@ddinsi-RRd ﬁ{otl@torﬁw’td 6‘tecw%th%ir16ﬁfs'v@ﬂr sodld\egudnde B.
subtilis-type PurR repressor detects purine |levels by sensing PRPP (Weng et

al . 1dent idonsavdton thét arheonBatsintly upsteaab ¢fl the gwreno@bn@ﬁlerlﬁp)rmgm ThplRde Nat |

o sty el R i R AR s AR B kA bR e P g B RG>

col i ,2@|th;@ﬂégf’dtdHﬁhﬁalblaﬂbrﬁgﬂl&@ﬂevrewcﬁ’?eh@lkﬁopﬂb&ilﬂgous It was hypot hesi zed
that PRPP can be a good indicator because excess adenine is phosphorylated
and PRPP synt hd&lse is |r¥I’:W’M¢tCehHW1fADP so hi gh | evel s of adeni ne shoul d

lead to low |l e [ t

subtilis pur o\r;lgdr orﬁ Ir)beCPrlz{ieaglso()lr\flsr\[glrl ln%a%qae%ﬁp% %&?S é&gba%%@b%gggﬁ%%a%459)
However, asf anghe dssﬂ:&b’&d)m\l\t, cahlterresppad itore mzss-mttﬂg RNASAltho@ndalychmhlh ot

reveal evidepce of bi liii.pheA mpti The pheA motif is usually
| ocat ed up¥iclcalrRoY ﬁ*ﬂw@ fAekh aVﬁﬁF@hﬁé%ffb%nW%m@aﬁm%@és dofot ases
uherexsio anngtgbied NG aad 2/DHETERHYALK bok RBRRIAY € that the smal | ORF

correspondi ng to pheA genes was m ssed. 15l1v. PhotoRC- I and Phot oRC-1 1
notifs THevgenes aslgmabta;t-HIi\I"\mmdmlt he PhotoRC-1 motif in Synechococcus

species are ty a b The gene t ed
W th these Phot T ishE Gy Tn RS SnaEni e ae Beb R ganea T
rel ated spgel RFuilR¥es (%@%g S tHedicRts PyFr%a&mnDA@ fodrsbprbRhatiRePhcpar al ogs are
found S. el ongat us PCC 7942 and are€ regul ated

immediately upstream of a HINT protein (domain “cd01277”), which contains a histidine

30  triad motif (Seraphin B: The HIT protein family: a new family of proteins present in
prokaryotes, yeast and mammals. DNA Seq 1992, 3:177-179).
Ixvi. radC motif

The radC motif is consistently in the potential 5 UTRs of genes encoding proteins

that operate on DNA, such as radC DNA repair proteins, integrases, methyltransferases
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20transcriptionally and post-transcriptionally (Espinosa-Urgel et al.
Expression of a Pseudonobnas putida am notransferase involved in |lysine

cat abol i swoi2e1t/assar6ed i n t he rhi zosphere. Appl Environ bcTruskeialo2@e91,
67:5219-5224). Just as psbA genes are observed in cyanophages (Platt et al.

Pr ot eoni c,thificah 0psHiRYon PINA eﬁqidgllﬁaihtifrestﬁaggﬁﬁofﬂﬁ JYenest coramah yemsis of
anaer obi ¢ Pseudononas_aer ugi nosa at i kely representing 25chronic,

| at e- st agengg@ted@s s @esmé? r&ﬁ}éfilwé%)‘ﬁi’éﬂ%”inh%ughﬁ toe%f‘cméﬁ?hveql 1112@5@ repair, but
190: 2739- %ﬁéﬁéy mﬁta?gﬁwgﬁitér sﬁ&%‘ﬁ‘t& Be o%%g iRt Q'E]gglfle @hoﬂﬁgﬁioq&'a? ina
Presuma ep e

cyanophage. age gene I s regul at e same way as for
host - encodedC hﬁbﬁ Eg;e}mmhmcdihs 8n ahde of taelhe & Bactstiolc) 0P HR206AB7 L629IRNE$nnMr e

booror ) bl RTS8 S8R Se G Kb b o P B A

301 v. Pol ynuigleabaaicbn & ARIC 1fs currently 1m'ﬁo§ﬁ| BRUCIpLP ?s%r@idl%r%%& fo#ns found
in marine environnental sanples, but is al so detected ol ynucl eobact er

sp. QLW Pidthandurictiolh ess@eiated WithofadCHRSN AmtA lthough thst R Avwaresassetisged wath but t he

5" part is _well conse exampl es Pol ynucl eobacter-1
SRR Ll e ARtk U R T e T R A
2011/ 088076PCT/1%82011/ 0200330 ¥afes-10R34tif Yooseph et al. The Sorcerer |1

d obal GOcean Sanpling expedition: expanding the universe of protein
fam | 1@s. PLoS Hicdthizgoaies-bmoti)s praseat i mmpweiebpeammmh@gvrlwspe&@lkv PSSVR

\ié?el ge fg?p&%qﬂg{% rdér%mm\é\?\ﬁelrs ’co 31%1 p[%t%&% ﬁ)sllfﬁ gd(’?te(]% ﬂ’e?g&f&&n l;dg?lt i ves

'n any. seqaenced pur| age

pot C not i fmars dsmahe\dtrbmcwrdzammgmmbﬂa bMﬂIEsCopfesgseme@lqar ewhedrethd o encode
transporters. or peroxiredoxins. The notif is detected in marine netagenone
sequences TBefifyconigisiof a haigpn vt omeenssrved spapscederiicted nucl eoti des i n

this structure g 1 nvol vighhd 1Qﬂﬁﬁu diifng. In contrast, nost conserved
positions in rlgﬁsmntches . res?g1 1n ext ended Wt son-Cri ck

base- pai red st rTlmtRhoe’epzrﬂMa{lamtefspehdnrmg with ¢chamctonisiié balges, bed bouodteby
Nt cA, a protein involved.in.n en reﬁ\ai ation.that, can al so pl ay a roI e

i n phot osyfPHESHONEEIORRdIRg It lopp Ve Ede Y ] SESOf SHER

val i dati on,ghnd fa%sﬂﬂhw&gl%} aBp&I W h@Jel OablOSRAIAI PSR AT KxHibits
cyanobact eri um Synechococcus sp. WH 8102. Nucl ei ¢ Acids Res 2006,

34: 1050- 1065 {icany tevariapeb it hastsofne non-canonigd ibgsenstitisf Sinee mems pEthesst degmf ound
petveen DN aH AR A50S  HSSR bheBC g Sl ORI 71
nmotif20S anetifsaldlugh thdt ogbhtati @ Msd A sebérxl AR$ emomwo}gimwafl RNAs are
generally in 5’ regulatory configurations to genes that are often short and hypothetical. In
many cases where the motif appears not to be located 5’ of a coding region, it is possible
that an undetected short hypothetical gene is actually present. The motif occurs in a few
phyla, but is overwhelmingly the most dominant in Planctomycetes. Its name derives from
25  the fact that it has 36 predicted instances in Rhodopirellula baltica SH 1. These
occurrences tend to cluster together in the genome, although they are located at least ~500
nucleotides apart. Rhodopirellula-1 RNAs are also present in other species of
Planctomycetes, some Proteobacteria and other assorted bacteria.
Ixix. rmf motif
30 NCBI GEO queries (Barrett et al. NCBI GEO: archive for high-throughput
functional genomic data. Nucleic Acids Res 2009, 37:D885-890) revealed that the rmf
gene in Pseudomonas acruginosa (locus PA3049) is differentially regulated by
azithromycin exposure (Nalca et al. Quorum-sensing antagonistic activities of

azithromycin in Pseudomonas acruginosa PAO1: a global approach. Antimicrob Agents
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The Pseudonon-1 notif is present in nost species of Pseudononas. It is
consi stently downstream of DNA pol ynerase | genes, and conceivably in their
3" UTRs. wOD?2011/088078 usual |y, but not always, upstream ofPCgarsesiipe@ds cted to
encode GIPases. However, 25these genes are in the opposite orientation to

t he Pseudarimothdri¥066, 0168088 paIby2covailiuling ke thRngkhodiBny Zpid@tlidl cblds no
apparent gene assom ations, so it can correspond to a trans-acting

non- codi nd ChNgent &f 3l hbhgymilpsrecaf hymas msmrgtoz&)uﬁwﬁh%an Bycusdamanasaragiadston,

t he struct I I t r

reprosent S eerTeR i P AR T B S F K AR A BBl R O
Pseudonon-tiiGbEgalatati f i s confined to Pseudononas syringae, where it resides
5' of genes preidl cted to encode ycI ic di-Q@W synthases. The previously
identitied cycl'tt di- ”l”‘f”ég ch is sometines present upstream of cyclic

di - GW synt hasege Wi %@ﬁ#ﬁ%ﬁ&%@rﬁ@ﬁn%ﬁ@ﬁ&%ﬁt@ﬁ@%‘%R‘s“%ﬁ%&e Eg@ﬁes.s_ﬁqéj_ences

exhi biting the Pseudonmon- GGDEF are closely rel ated so it is
di fficul t nrescevialspedies afithe ﬁa@nbeli’wadcpm@nadﬁ0®t rAictsenegylaory Bélq’uerk@ewn that

| net ances i o CaRoRT RN gas pa raCRi R el i (BRsENA “arhe

gr oES and gbRigen£i§coRsehvied RNAIskeslidop fuh@ioneas a séREKthhESRRASBedbACKENY
bacteria. In Pseudononas aerugi nosa, experinments showed that transcription

of thi& opegdaianefRNassE gwe capressign. $ionesDey 8P0Rd 4A24rdoMTheujita et al .

M orobi of Tare bl mIKES3 oS 0RnI by REH PP SRR R R e i
Pseudonon-ths BES. BNANavhE ll@dPD iedutcdaghe dxprosiche ThO el RNAifroah pérﬁﬁﬂﬁi gure

22). Transcripts starting at Pl and P2 are both increased at 1t;l(ghly t he
same | evelS¥mitirfupgidrelo Ssrﬂlé%ﬂéy (ERAMERECY SERCturpta SR OIYR Kt?ptlfl PgRIS)

operon in gll}@]

163: 237- 24‘%%%%%& e relgt%wﬁ{e r%ﬁ@raf&%%fv oesa %1%’%1 %{p}gﬁufe(k: ?%%et égl?}ﬁmlﬁl s

regul & i on. Hovexier, P1- |S)4M|—€hlmlob1rmuﬁf:r| pts, which contain full-| engt h
RNA, can under addi ti o regulation that is_.nediated b

i Pseudonaiamenbetpming g nﬁg@a@%ﬁfmg ot SEALSARE o ¢ wo
hai r pi ns V@m&o%pm&ﬁguﬁnﬁﬁl&aﬂgﬁfava«l%lmAﬁ RRltraS&ite@NBisS BRfnhoferPSt r eam of
the gene encoding the m‘{)roteln Rho protein interacts wth RNA

i ndi cat i ngequrates Were meatcémmldetepéBayl@f ctah Zmalysisefideptang other
Bacteroides fragilis genes reveals a unique promoter structure. FEMS Microbiol Lett

20 2000, 193:149-154; Chen et al. Characterization of strong promoters from an
environmental Flavobacterium hibernum strain by using a green fluorescent protein-based
reporter system. Appl Environ Microbiol 2007, 73:1089-1100), which is a phylum that is
related to the phylum Chlorobi (Gupta RS: The phylogeny and signature sequences
characteristics of Fibrobacteres, Chlorobi, and Bacteroidetes. Crit Rev Microbiol 2004,

25 30:123-143), in which SAM-Chlorobi RNAs are found. Therefore, these conserved
promoter sequences can, in fact, facilitate transcription of SAM-Chlorobi RNAs. These
putative promoter sequences are marked in the SAM-Chlorobi motif sequence alignment
(data not shown).

Ixxii. SAM-I/SAM-1V variant riboswitch motif

30 SAM-I and SAM-IV riboswitches share features in their ligand-binding core,
although they have several distinctions in their overall architecture (Weinberg et al. The
aptamer core of SAM-IV riboswitches mimics the ligand-binding site of SAM-I
riboswitches. Rna 2008, 14:822-828). One commonality is a pseudoknot formed by the tip

of P2 binding to the junction 3’ to P3. SAM-I riboswitches have a kink turn that facilitates
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20circuit to maintain appropriate levels of the Rho protein. |xiv.
Pyrobac-1 notif The Pyrobac-1 notif is found in archaea in the genus

Pyr obaculwm20Giosertei ts | ack of a gene association, it caoTaszeiespossl to a
trans-acting RNA. Al though many small nucl eol ar RNAs (snoRNAs) have been

i denti fi edoirmatRncTala psdidolia ¢MbniNAs etdaQ S’tﬁichﬂ@%hﬁfees ﬁdemb@;&hleifhec&ﬁw es of
either C/ D_box.or H ACA box sSnoRNAs. | xv F%/ - H NT _no The
Pyr obac- HTPSYrEEh ¥egﬁ¥f§0%ﬂm‘f*§éﬁm%ﬁ6ﬂﬁmﬁ@&0 st ]alt7|2v]e1§5) Wflyr each of the

four sequenced:SREHaES arl Hltﬁ%rnaq lgﬁ‘\#ﬁh fQRBC gh'éﬂce'ﬁ{a't c%géii%%ér,%?t%% V\E]?lf:ﬁtl VES

are immediately upstreamo rotein (donmaln
cont ai ns @Zhitewicseneno30tfrthadewridurfd ﬁUSMr H&AM?I‘Bvaﬂ'm R AS qmtinelgilackfaan‘i ly: a

new fam |y of ot ei esent r okar e nd | s. DNA Seq
1992, 17“7te‘f‘?g;001°|1§ Za%i%fnnMPFefoeer aps “F‘ﬁ n‘?té‘é@? a‘? "11%0 WREPEht 1y in
the pot entéx?slt aa s%ﬁ?caﬁf bARNRRIRRIIHADISRLAS AR hat operate on DNA, such
as radC DNA repair proteins, iIntegrases, nethyltransferases WO

2011/ 088076 PCT/lwgho11/ OZC&SM/SMHtrlb,@Wl@perate on DNA and an

ThHC oo was TR BRI R o TSR R G FR ik R B G O i e ey

mut ati on V@&snd- Bbl%ﬁm‘é)fh@@[\dibnt@ Mwés@@&ﬁ&gld dhlyﬂoﬂé hlekieAbbgeneal ickegbardo et al .
radCl02 of Escherichia coli is an allele of recG J Bacteriol 2000,

182: 6¥87- eauencs, And Bis watatioptismpte Wakon-Gikds na@fm& Nulgotéesancosh siNgrcofei ¢
Aci ds Res i B@tatn:;e psgﬁé kn%? &3 Sholdp M&SL[ fl$ % %%J'% ih e [ro‘t;l Cis

currently un roa the ot nctions
associ at ecbprrﬁrlneﬂitadﬁJSRNAQ SzAmhou@llan tlhfs MS&BEIG@I&E@@E&I@HNM b
integrases, no radC RNA was detected in any sequenced purified phage

| xvii. Rhi's®pyeddgend-mediated sivsErqRpddsion lééloﬁg?*?ﬁ‘f"lefl Tiys prsuls é@rﬁonﬁlﬁt%ny

speci es oty POLAORRR AL ARSEIAIN iARRolllod AisaREger BNl zobiales. It

is comonl sent I n nmany coples per genone, as nmany as 92 in Nitrobacter
hanbutigen& S ijxlvbut 40 sangumss—hmrlantmmtal nunber. The notif consists of
a hairpin vvith@rrecons rved se Rhodopire] | ul a-1

e. features. | xviii.
mot 1 15The. oGPGO ARG F SCAP AT B Eh AP e TaeT Eibul ges,
and sequeng@ S. thermophilus. In S. sanguinis, there are four repeats in one part of the genome, and
three repeats in a nearby region. These repeat regions include short spacers whose
sequences are not conserved.
20 Ixxv. sbeD motif
The sbeD motif is in the potential 5" UTRs of apparent operons that can include
sbeD genes, and other DNA repair genes. Since the sbeD genes are not the immediately
downstream gene, and since all shcD RNA motifs are located in apparently syntenic
regions, it is difficult to ascertain whether the sheD motif is truly associated with sbeD
25 genes. If it is, SbeD is thought to be involved in removal of palindromic DNA sequences,
which can be problematic during replication (Connelly et al. The sbcC and sbeD genes of
Escherichia coli encode a nuclease involved in palindrome inviability and genetic
recombination. Genes Cells 1996, 1:285-291). Therefore, sbcD RNAs can operate as DNA
mimics, perhaps as a feedback system of regulation for SbeD, or they can operate as
30 ssDNA structures. sbcD RNAs are usually, but not always, located in plasmids.
Ixxvi. ScRE (Streptococcus Regulatory Element) motif
The ScRE motif has only modest covariation, and some non-canonical nucleotides.

Therefore its assignment as a structured RNA is tenuous. However, it is consistently
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conservation surrounding its base. The term nal |oop varies widely in size,
and sone |long variants exist that do not appear to have a stable structure.
The st emwO=el1fosgorhi bits significant covariation, but h®eTAs2®1/020933

non- canoni cal base pairs. Since many of these seemto be A-C pairs, it is
possi bl e tibaited iyBtrtdn & f RNArdraynhembohgoueviassseotpioplieo®dihg génckhehi2k noti f,

al though that orientation also has several A-C pairs. Rhodopirellula-1 RNAs
are gener dnfigatehit 6o be afuckew yisosRelpQY dEMSRs to genes that are often short
and hypot heti cglyvil.n mMNKGRPapeiphere the notif appears not to be l|ocated
5" of a coding region, it Is possible that an undetected short hypotheti cal
gene i s act ual |'Shefiagls bntotif Beumbonlf iooetagsnamicdD N Avsqdtyd fromuoeil samples.
overwhel mngly the nost .dom nant in_ Planct cetes. Its derives from
25t he T act! IHHRI SRS o8BV RegRs AdtbpHah BdEe T kgt PRRAFE AP Tcca  SH
1. These QGChIRAGESVIHENITROscebMP{t&h kRBAL Pelodbfitd NBo@RBPBBvardlib@ugh t hey
are located at |east -500 nucl eotides apart. Rhodopirellula-1 RNAs are al so
present i relsstdasnesgpoaiaegniofl bRbeapretsonycet es, sone Prot eobacteria and ot her
assorted bacterjia....| xi x. rnf titff 30NCBI GEO queries (Barrett et al. NCBI
GEO archive fdFHigh-t hr8EdHP MY uncti onal genomic data. Nucleic Acids Res
2009, 37: D885- 8ffd)suk2NErbafistthald fhke ?&Entﬂﬁ’ﬂeUiTRs Bs QuACRBaR sPEsitgIMAS A

(locus PA3049) is differentially regulated by azithronycin exposure (Nalca
et al 10 Quatcuws Beadpmegnasnbatfois patti of aaeneyme inethe eftriggqid iy dehet H rpsponsible

Pseudonon 3[el] a. PAQL: 0 1L t

2011/ 0880 GFLH LB a1 1508 55 e ke e A3Bbe e pr FE s M BEE ARG s

co- cul t ur igegesnintdarthiurpaprogioba@ytiev tihbdrpat alc@0D®). (Chugani et al. The

i nfluence of human respiratory epithelia on Pseudononas aerugi nosa gene
expressi on. M dX¥B- Pat hod#96d#0tif42: 29-35). The rnfRNA notif can play a role
in this regul aty | xx-coe=1 1 I e = bk ik i.stently
in the potenti aT&gyC%Tn%Ifg%a ¢ %&Ngﬂs@%@cé%rﬁetgt 1% {ﬁqPésB%reﬂétgael%U:rﬁssogg%? slro t he
fam | ¥5 PseudCbompatace dseuddnongs. rfepettatia syc(RRNA ;1 Mnowbdchatspi BLBH wvhe 5'

UTRs of E.. In.enter. teri .Q,,.E. i). (D t..al.. A
Vol ut i ongiia yedtder et i GRERR Gui srePieohe g dishast Hefeie B oot s
f eedback Js@glj@&u& atd 96k RImDEIR 1Fs GRRREHRLGRTADin FEPERNEAY 28R .of a

14:1249-1260). The enterobacterial notif is a conplex structure that is a
subst r at e rfredictRipskypEosplhte dimge Rfwavias vARNA thy surKEmetifppeard to caraspenscied gene

expression.. The, rne- tif . can rfarma simlar function. No.simlarity
T sequendh-SRiei T EN -t baot FERSTE A RiE ki elOEh bR ehr Ut heedct ot
ot her2¢ han,tbp @ang imlicadhs ey &d RaditkahoRoldyy Thi BE b Wi&Spdiake. TROV:EL es.
151 xxi . SAM Chl or obi _notif ) Sequences conform ng to strong pronoters
are found rogisftip eapeiomuliiplc mpgiisiha cambe mvalviedin fegulatingtheiinisgctdacietine RNAs
are transclgsje%;g .On'lc'llpese pronot er sequences were validated in Bacteroidetes
(Bayl ey et "al.  Analysis of cepA and other Bacteroides fragilis genes
reveal s a uni quexyr onot erSaibaueidrmotiFEMS M crobi ol Lett 202000,
193: 149- 154; Chen et al. Chari%(i:%%ri ation of strong prompters from an

[

envi ronment al P EceEi1 (at HAGH BERRFIPIEHIN (RS SRECISS o /sl bt s cent
pr ot eb§1- bagRdnSENREILEL SHRLE Loyt 1@ HOPbPbnl dv#iRn1100) ,
whi ch i?s gﬁ%hy{)um ﬂllg{S [ s%eggl%a?tl @gﬁ £0 ?) \r(fe tpﬂ@%?n %gé%%?l%zd&tpct%g RS:%nThe
phyl ogeny aaddas sgnaturetsle gpaenthesare mat sotetly shengstically Faardidadh erersof this

Chl orobi, and Bacteroidetes. Crit Rev.Mcrobial 2004, 2530:123-143), in
whi ch SAM%%?IB?%%’ aﬁﬁ@%“rtzh%t SuRaSTHAR BRBY 89P1F§1’é‘s°éleé’6%@é%%é€e ‘ES’PB%%“er
sequences &aRspond th a¢épetifidCtiebat € transcription of SAM Chl orobi RNAs.
These putative pronoter sequences are nmarked in the SAM Chl orobi notif

sequence al i gnrisxxi. (dat a Feymitdygumotif
30 The Termite-fIg motif is found only in environmental sequences from a termite
hindgut metagenome, and is not detected in any genome from a known species. It is in the

potential 5" UTRs of flagellar genes.
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| xxii.SAM 1/ SAM IV variant riboswitch nmotif 30SAMI and SAM IV ribosw tches
share features in their |igand-binding core, although they have several

di stinctiwooiwnssitei r overal | architecture (Wi nberg et par/uSTdg/oapsaner
core of SAMIV riboswitches mmcs the |igand-binding site of SAMI

ri boswi tches. RrexiR008, IHerBnte-RBaMotifOne commonal ity is a pseudoknot forned

by the tip of P2 bhindi ng to t‘h‘\eﬁé)uncti on 3' to P3. SAMI _ ribosw tches have
a kink turn thatherkgemitedeys wetif wdpushonly se0vEeepmIsPoPlosdsea 83Mitsr mat i on of

this pseu | SE et 0f - t J3.Qni.
i bosu t ot anty SHEAARER Fhp Buirph KR iy bg JRAGOS VTR MRS,
ri boswi t chddedvancerchuted genes: nalA, lodpandi iHid, duidh fshi the tosegreemaent ah tian al so

create_ a turn.in P2, Ho r, nost of the new-found SAM |/ SAM |V, vari ant
RNAs ehti r@w951?e£wnaaﬁlogivﬁ¥§? Ayne Pﬁ@ﬁsq genehaielikely Tapsanpotalions dyeto the

pseudoknotchh AMRLY ifhGrehhB dnhBtafhy RRtIBYoROfra@NEmS, soRR afe BdENbEdEADknown
base-pairing potential is not observed. [xxiii.SAM SAH ri bosW tch

pseudoknotgepaifaniitigs.i s possi bl e between the tip of the hairpin (CUUC) and

t he Shi ne- Dal gar no sequence. ver, fthere is.only, one tion observed
i hase 10060 N SRR RS renlid e &S SRl AR re

Nucl eot i degg@tid0d frunsihél88id BhostABeidtib@irdnin Peeshakiah: donRkawe RAGSIcs
reduction in cleavage in in-line probing experinments on 5K209-52 RNA. \Wen

t he 310 pogmaklysisytEMetMigsebiok Lot 094R3H: &r o3 B nsbish contagandhord R B thad
structure |.at i I t . . Thi P S| ith a
pseudoknoterﬁlg% 5% §§ ?%énﬁ%}ﬂ%tsoggzagﬂ{l%{(?g%g' gn LGSI(Q: ggﬁ%%@% na\go(fa\e/rgtcljp.v\\}\’lI

151 xxi v. sait@ybmal ssalligg Iepidrorméredsed expressldieoftha dowiNtamaichpl Therppddifct bf a
hairpin that is found in Streptococcus sanguinis and S. ther m%hi lus, In S.
sangui ni s,hisKEPEstEGE EGrs PdFalY scquires fesyhahasizs the glaeyanmrecida Agmpits-«4
repeats i ragj T - r.egi i I S
whose seq l%lﬁéggﬁ%%mn%?&%%%%del?‘?e%ﬂegg?%l(l\l} .as (b:%'l%%lt P?ﬁlg&iigteﬁh$ﬁ(tét sbcD noti f

i s i nlihe lpopenhatak rich il Addenofor dppeheahthanp emowsacidsd BCAaks) (ne) lade@ns be D

genes, and qt her .epal enes., .Since the sbcD genes are not the

e at ol AR OA e hEe PG L REERRY PROBUDRNA Hotd FSTa St led | n
appar ent | yh S¥REIBRHGnfiROAQES Mdrbove?, tHdelsh6M IOR HsQxBBHROIRIRutisiishBdt chiigyesbcD
motif is truly associated with sbcD 25genes. If it is, SbcDis thought to

be i nvol vedcadan fermmeBCAM tpalcpdelr il td¥gdidne phgnowteineh thetimdiates that

pr obl emat i i Ng. i cat,i Connel | t . The cC..and enes of
Becher i onithe BAASih R R ORabERAE radortle Hovsor At REA I 2
genet2g reagperiiniof i B RO EScsERY havelP9MmiladORES- 291) . Therefore, shcD RNAs
can operate as DNA m m cs, perhaps as a feedback system of regulation for

SbcD, or they d&ibper at @r@sIIIDEDNA structures. sbcD RNAs are usual Iy, but
not al ways, |ocgled jfi @Sy HRan X0k irdREphahEP U PROES R, Regul a ory

El ement) notif
previously identified motif, which is called #raJ-1 (Rfam accession RF00243), was

identified in E. coli, and the closely related genus Salmonella (Arthur et al. FinO is an

25 RNA chaperone that facilitates sense-antisense RNA interactions. Embo J 2003, 22:6346-
6355). The traJ-11 motif has no apparent similarities in sequence or structure to the earlier
motif. It is present in a-, B- and y-Proteobacteria, although in each bacterial class it is only
present in a few species. This distribution can be the result of horizontal transfer via
conjugation, the process in which #raJ functions. Since #raJ-1 RNAs are targets for FinP

30 antisense RNAg, it is natural to speculate that #raJ-11 RNAs are also targets of an antisense
RNA. The traJ-11 motif has no obvious expression platform, though annotated start codons
are often 20-30 nucleotides 3’ to the traJ-11 RNA. The RNA can be expressed as the

reverse complement, as there are fewer A-C mismatches in the reverse complementary
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The ScRE notif has only nodest covariation, and sone non-canoni cal

nucl eotides. Therefore its assignnent as a structured RNA is tenuous.
However, WO 2081/088076i stently WO 2011/ 088076PCT/ US2011/ 020933201002198%!
upstream of several non-honol ogous cl asses of protein-codi ng genes, which

i ndi cat es getjudnoedisf B fNRNAQRAY thel B i@ wWoal dhigvcel sefatallyl stabld CULEDI | - 1
notif The Soil-1 notif is found only in nmetagenom c DNA isolated from soil
sanpl es. SYRENHHPPR- consists of two hairpins. Although the first often ends
in a GNRA tetrglkogp, no %%E%%E@pesiﬁﬁa&\éilgm' The second stemexhibits a
noderate amount of covariation, but also carries non-canonical base pairs.

| XxXviii. sucA-|Theribtndpoddse-redistdack matdtis fypically émmd in thet foeempiat #ATTRY o6’ UTRs

of sucA genes in gspecies of the 10 genus Pseudononas..SucA is p of an
enzyme’ | n #A- ard e %f‘eliea%w%nfjﬁﬁgt S0 ofls8 SRGT BRI Ip s oo o nat e.
A di sti ncty, RNARW tandBssoRt £3d i‘ﬂ%%ka)éeé,@?é?% hﬁe'r%%g?@ﬁlt\f}&ﬁ&b%xﬁéé% genes 1n

certain | 3-proteobacteria (Winberg et al., ). Ixxix. sucC motif The
sucC not i fchpsceaRhsibtapicrgeses arct amré (iivdudei dsug pxpomerpotusteotidylthsferiRs of an

Var | nobaci G G KEasy M EReY BBl ey R Ao E AN EP ) or der of

y- pr ot eobafihRirbgteroBtétsyhthateS(td104t oFls@@nainfidd Miugs)S BRYENRE V0063 dorhdiHEinbRIAB] 0F.
In this species, sucCCRNAis in the potential 5 UTRs of a predicted
pol yphds pHasanydimepsstanep oayaies). kot lactpmesed perariiot iepisgpeagsinpglyeeridespond

to a cis-r it . | Ly, i .shoul d
be co-reg Lﬁ%g%ﬁge}%ttr\%ﬁ%?ﬁ%%dua%g%lgg%é& a:sc%{ }t%feg%etlﬁgf&%?ogfl gé&@%gpsﬁgmﬂ ogy
can be a frltaRecRsishossse-rebiveanstl®REIATitadiactst tongend involvied i eynitdsizirg: thbat can
be involved in regul ati %g the citric _acid cycle in Pseudomppas. | xxX.
Sol i bact ert@mgRyppthemenatin; Hsapetitis oftgh preserd 14 plaprgids nThpamgticHpisegation ¢ he
speci es Saqli : | ; T i = ] tion,
a1t 1 s e G e e AR AR G
pai r s1i hatrepatgivaetenratsyplabmids me phetes CHid haifpavonahire of tha nwitdwaofeptdsest
observation,.and the fact that it is. present in man opi es in one
or gani sm [PhERed FPEUR Tebi QB ALOE IR W EDEHI PP Per el SRR ISR
Term te-figomidfm3ATOprelanTh b vidd Carl} bf bdcrfaobds SRUYminAn@PMi r onnent al
sequences froma termte

Enterobacteria such as E. coli.

Ixxxv. TwoAYGGAY motif
20 The TwoAYGGAY motif is named after its two terminal loops that have an
AYGGAY subsequence. The motif is present in some Clostridia and y-proteobacteria, but
1S more common in a human gut metagenome. The P1 stem that normally closes the
structure is often very large (e.g., 24 base pairs with only 2 non-canonical/mismatching
pairs). However, some representatives have very small P1 stems.
25 Ixxxvi. wcaG motif
In two places weaG RNAs carry a conserved UGGY G motif. Such duplicate short
sequences are sometimes binding sites for a dimeric protein.
Ixxxvii. Whalefall-1 motif
The Whalefall-1 motif is found only in metagenome sequences from whale fall (a
30  whale carcass that has settled on the ocean floor). It consists of two hairpins, followed by a
purine-rich sequence. Although this purine-rich sequence resembles a Shine-Dalgarno
sequence, there is no strong evidence of a conserved gene immediately downstream of the

motif. The terminal loop of the second loop often has a CUUG tetraloop.
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hi ndgut mnet agenone, and is not detected in any genone froma known species.
It is in the potential 5 UTRs of flagellar genes. WO

2011/ 0880w6RaTi/0882011/ 020933 | xxxii. Termte-/eu notif TPaoe/UBRITIOL@®33 eu
notif is found only in netagenone sanples fromtermte hindguts, and

consi sts of twixkwiiiipi ns.yjdF mdaifsoneti nes in the potential 5 UTRs of a
variety of |eucine-related %enes | euA, | euB and i/vC, but _often the

downst r eam genep¥ profli¢tpd /g5 ssBes taatah p st R INAAN thali anpasshe UFRilRese genes
are |ikel yg,p ?o%BE‘cQ[s%ér%’B%Ez%eh(’i\QeJep% 329147 k&{éqgﬁrédm?&{ &b &zﬂuf&%@h@k‘ ng

nmet agenome fragnments af e honol ogous~to khown gene
Some ci s- rlﬁﬁﬁl-wq«mlyerMS @assafpeptd d@ll%ﬁdansalﬁdfcdmldsﬁtﬁkf adbacadrial Att enuati on

Compart | JEUETE ETRl g0 1O PRV ChaBett (Bt Fusgoa ok 6 RNYO)
whi ch contaaurﬂh@@h%eﬁe £%s %ﬁfre%ﬁ%gﬁ oatua%gﬂr% Béfeh AlltRoSEN & pREsiBR aci d.
When | evels of This amno acid are bosonmal "stalling | eads to

i ncreased levghy efsthé gidFafent Appadotanist medmiﬂg @meiulaTetdelnp]nQ)dmdtthm‘s taskidsthifownst r eam

gene is ty requi.red to esi ven no Cld Termte-/eu
e upst e AN D o8 YERAER B i ool b fihedfer ) & Fo
their fi rsslmhéh lv{zlﬁHnrlB tsBdilid &llk lafawgrbwn@m&ﬁlslei afedRm@ng %in@ga%kﬁbrﬁmﬂw aci ds
(BCAAs) (i. euci n i sol euci ne and valine). The Teuh and i/vC gene

produtd s an@catﬁ\f/lmt mnsﬁe%mmagﬁﬁtgﬁ@%s age rnschbedatrsamiardavalsiorthe xidfds .

Mo don. f
oreouer AURTEEIRE I SRE Sy QERIRLLANS, HE) GPSRASAE009R. | o
t he BCAA- rTraiscEpfforedly Axeivek Regidn® Iflﬁihle)(}dnﬂmrdfm‘cﬂluklmmerMOB.M[ﬁbbiol e-/eu RNA

that is 20upstream of a . leuB gene does not. have a simlar ORF. | xxxiili.
tral-11 moid0p). Howeverpduring growith ipinimal mediypy, themanProgeids prs tamecriliseat ent 5

UTRs of tr ad- |
(Rf am accetgglhgﬁ{;/% (%%4%’ fi tﬂg?}ldge%t I ?[?ReﬁdA ?ﬁal@%{c%l aib%&% aéﬁ ,@,g %sgﬁt%/{

rel at 89 genuplSahednel (Rasrdystin Blﬂ’aleTheaTranﬁrilp(i))nalbl Activ2IRNos ha e r(&rmentehat
faC|I|tate ntis tions. o 2003,..22: 3 6355) .
The 11 o 10 Bt shatinglen sponint 2000 Chg ity eneugn. B CAR or o 1 o
the earli E‘Jonfﬁ%h% thelyjdfr éeﬂér(ﬁﬁﬁﬁﬁssbﬁ‘etaa'l TR Tﬁﬂgrqsfls’ﬁa@@%a%tl&rg@s ifHechough
in each bacterial class it is only present in a few Species. This

di st ri but i @enoowrofiacille sulgdisl MQleh@lbIOi@ﬁ@%)IlS predivtddeto begia fosnmjualgatidesn, t he
Sin RNAs are targets for FinP

h -
g{)gﬁfie'ngé’ i 0%{th|r%dJﬂ3(i%}glglsof hgyé 8]8 g#]e}]%t hat traJ-11 RNAs are al so

target@ of an arttigense RBWAC-IThfokiral-11 notif has no obvi ous expression
platform though annotated start codons are often 20-30 nucleotides 3" to

the trad-1| hepheCRNMmeHexhbits RpmewBadners A-Ranisecheeindberpivelent , as
there are Jrféﬂ%o@th%n%%é*ﬁ& Pe@gl%e c&n{)ﬂﬁle'ﬁ? YW et a{g)drf\e%?l%ﬁ rprlcted herein is

biological given the apparent cis-regulatory locations of the motif in the given orientation,
and the fact that it is generally very close to predicted Shine-Dalgarno sequences.

25 vkkC-1I1 RNAs carry ACGA (SEQ ID NO:36) sequences that resemble conserved
sequences in the mini-ykkC motif (Figure 8). This could indicate a structural relationship
between the motifs. In addition to a contiguous ACGA (SEQ ID NO:36) sequence, the
ykkC-11I motif has a possible split occurrence of ACGA (Figure 8) that can fold into a
similar conformation. However, some observations indicate that the common ACGA

30 (SEQ ID NO:36) sequences might not be related. First, the structural contexts of the two
ACGA (SEQ ID NO:36) occurrences within ykkC-I11 differ from the structure contexts
within the mini-ykkC motif. Moreover the repetitive hairpin structure of mini-ykkC RNASs
provides fewer opportunities for intricate binding sites than the pseudoknotted structure of

vkkC-111. Thus, the ACGA (SEQ ID NO:36) sequences in mini-ykkC have a diminished
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WD 2011/ 088076PCT/ US2011/ 020933 sequences of traJd-I1 RNAs, and the P2 stem
woul d have a structurally stable CUUG term nal | oop. | xxxiv.
Transposawe-20agissi’ance noti f The Transposase-resi st ancepobtuskolii®2dagpi cal |y
found in the potential 5 UTRs of 5genes, and these genes or surrounding
genes of t emiltond frmagdiniphéxofeitisy mesh&ioan s thAAHTONDACGre(SEQIEB N@B6)
transposons and i ntegrases, there are nore than woul d be expected by
chance. RE§\WNSP@NgRte8ddF was ebsepycdithat repescatatiyesesd il de gyrC-111 and the

nucl ot i dyl it ARG ARG (AT KRRATME ek 88 pRLIANGRLn 1 ARRSSOS
transporters ?&f\écﬁg gs teeﬁuugiltegexlpo terg), gﬁﬁ%@io'&?@%ate synt hase
(target ofopputtityaioidiecrgs isgsdsuntably qobearaddl @3s doteeorthy ilactheddeSGAQSERQeomyci n
resi stanc yhes), beta-|actanase eni.ci]lin. resistance), . am nogl ycoside
phosphdt r RSROT ég%aceéﬁr%f‘gfﬁyﬂgwépv_ggé? y)r@-ﬂhgqp_éqssgtéﬁqunwsrﬁ%@%ﬁnas
canpestri ?oon?er%{foﬁtihﬁﬁnﬂk@c@%@ﬁ@%@hﬁ&ﬁl‘o@§&.W@%£&BG'AS(I_@@ ASR:360 a gene

i nvol ved in synthesizing the pignment xanthononadin. The notif i's often
present i reeplicased ssve sfindamssitvicfura rakss,atisamtcloar wiy sp sueh tere/eariability of

resi stance _genes.can .b ult of these genes being carried by
15r epet i tiwgﬁgﬁegﬁ%ml@f%ﬁmﬁs or phages. The hairpin structure of the

motif can repr esdditiohd® prevRukBLhaeReatised RRIA @i®edf t en associated with
transposases. The Transposasere3| stance notif is present in a wide vari ety

of bat@eria, bdt PSRNAdomi nantly in Enterobacteria such as E. coli. |xxxv.
. TWOAYGGAY not i (3| ft i i nal
| oops t hat haveésaﬁnﬁ&g&wfg\g S rﬁgre%:t:ien. allﬁ%l)tsa rr]tr)‘?a%e%lasa%%rr eél Zar%%s\,\é)eﬁl&g

Cl ostri di aiadifg o RNA! gopaciasy (Bruridkudt al HSTRINA i€ amitspioad acdulitarofgut
nmet agenone. . The Pl _stemthat nor mall)() closes the structure is often very
).

| arge (e. Fubagdorigh&eA palvimerase it speiies as ePempomotel K Mt dhi7ity 7§l rs) .
However, spue, e ﬁ’dij&&isn%fggﬁégeﬁn Bﬁ%ggﬁﬁ%rsmgﬁg'c%-ﬁ%vé £ ré(b %ﬁf*lﬁ%@ébmﬂ& aG not i f

In two places wcaG R rry a conserve YG not | upl i cat’e short
sequehtes waneh bokptavimeslyopradicted 6SiRMNeAs fliilomalogy serdhes pritht6Skrlavo detect a few

| xxxvii.Walefall]-1 notjf The VWal efall-1 tif is fo n i N et agenone
sequences PG ATANACT SR (il @ et AR R SeNgr dfe st ocean
floor). 1tc,a@RPhiiad aQborh¥Bailidl pBicAal if ObdcRWRTNAYNy R PEEREME hefpin FHIRRCE.

Al t hough this purine-rich sequence resenbl es a Shine-Dal garno sequence,

there is rfonske arrgorswsindidarde 66fRMA dengdlesr ved gene i medi at el y downstr eam of
the notif. The term nal |oop..of. the second | oop poften has .a et ral oop.
W0 2011/ 08807 ePHIesbE) B3B8 T ndTn FFF PRt 720 LAToheldlds h

20 consistently in the potential 5" UTRs of operons containing a hypothetical gene and usp

(Universal Stress Protein). Although these data indicate that Lacto-usp is a cis-regulatory
RNA, three observations imply that it can correspond to 6S RNA. First, the four
Lactobacillus species with Lacto-usp entirely lack a predicted 6S RNA. Second, the
Lacto-usp motif conforms to the general structure of 6S RNA, a hairpin with large internal
25 loops. Finally, 6S RNAs are already known that appear to be in the potential 5" UTRs of
operons containing usp genes in other Lactobacillales species. However, the Lacto-usp
motif is noticeably shorter than most 6S RNAs, and obvious potential to extend the
alignment is not observed.
ii. AdoCbl and SAM-II riboswitches
30 A motif was found that resembles a previously identified class of riboswitches for
adenosylcobalamin (AdoCbl) (Nahvi et al. Genetic control by a metabolite binding
mRNA. Chem Biol 2002, 9:1043). The main differences are a P6 hairpin that is even
shorter than previously found (Nahvi et al. Coenzyme B12 riboswitches are widespread

genetic control elements in prokaryotes. Nucleic Acids Res. 2004, 32:143-150), and a
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Most predicted yjdF genes contain a yjdF RNA in their apparent 5 UTR In
Streptococcus thernophilus, however, no yjdF gene is predicted. In Bacillus
ant hr aci swoRbi/seay6experi nents (Passal acqua et al. StrueCms2@and2@enpl exity
of a bacterial 5transcriptone. J Bacteriol 2009, 191:3203-3211) indicate

that transedoh pihioh wefcs]l ¢ 3 NGt Antks talpseydottotgOter abtiarsof Adsullendbhiteiegh of
t he upstream gene. Although expression | evels of the yjdF gene appear to be
modest |y rRSdERkP BEc oPsers @Eﬁ‘(éﬁlls [yokex ebdlt wlﬂnl%pgstfamsﬁwteqwl rulkigyY essi on

seens t Osﬁﬁt ! dhghidhn€ B‘ﬁ\qtﬁéi' t& BEntRf RIGRSLRAhe Q{tﬂl{z@t‘?o %ﬂt&@ﬁcﬂﬁ@ﬁecﬁs%}d@r ly,

when B. Is C S are grown I n conplex rre ium tiling array
exper i mentNarl@¢adkilSc &t £ A2A089, I(l6e44|3ﬁs4t4|4@)am nmanPA genes are transcribed at

iml | | t h f l et t
2et veS regh on' (TR PoNSLBROSY G (b hHe EF BTieoar Py oRE e REgT ons
in the Gerh‘ﬂ@ﬁ‘os?fm&ﬁféhinle Q%o%@éﬂek 'aﬁd oMet reMIGIRP RN A 2B in dfgever, during

gromh in mniml nmedium the manPA genes are transcri bed at much | ower
| eveI S, Whirbtgobdeeeripj GﬁanlqﬂMSI &RADeyral dkat ddmgnidsantionssare pessibde grtbwt h i n

5 conpl ex_ne m snussen..et a Tr.anscri.ption IIy Active Regions in
b S e LRSS ks S BB B R L) ve et ons 1
condi tions, sheig &ﬂi@mulﬁ%@mlmaﬁsmﬁglmlﬁﬁbﬁ@ussen et al. The
Transcriptionally Active Regions in the Genonme of Bacillus subtilis. Mol

M crob? ol 2009)Sdme rpwmlf@h@sdwr@t%&ghfmmﬁtﬂbolmt@@@@mg@ﬁé@gmplgrter@abméf t he
di ct ed t Th
et i L e T e P

ori ent at i OOB/¥IY:3B06%F). RINAsItestat wereanimpdriba it virtdoven @ NAhenplaicanimt RINA

depicted herein is_biological given the apparent cis-regulatory |ocations
of the motholymerasenk/-dp @@rﬁxa?ﬁl@ﬁmafimﬁbe%hﬂo‘fvh@ madvlationin gol PRUECTRRRY aI | y

X‘é{}{ ‘(3 'S‘éé eolb%)&vN%ﬁ gﬂg Gbed infldle nl%%b%ﬁ{erlﬂnc‘ﬁ U&l@& GPis rp%?%ﬂﬂ% Chidt '11% anl R GRY

sequences t hat rese e conse sequefices in t
m ni - Yk k C strntfufal (ieidglation 8jd nokhesiltan nbtcdabidichatges an gierspaitencas clehatgeons h| p

between the motifs. In addition to a con ous ,ACGA (SEQ | D NO: 36)
sequence, &° wﬁe@wa?otﬁﬁgﬁag?aéh% af?o%@i%?%&’ %P.lwe@&%hﬁ% BiE of ACGA
(Figure 8) thatj _Cﬁﬂliil@{p@olbiﬂ%Qxﬁeﬁﬁlﬂhﬂs%ltﬁﬁﬁﬁq{mt' on. However, some
observations indicate that the common ACGA 30(SEQ I D NO 36) sequences mi ght

not be rel at ed.Experigientsivipae penferotedvath thomelbowting 8NA pecoded bACEAH(EED | D

NO 36) occurrences w,thi (kC-111 differ fromthe structure contexts
within thé™ ﬁ’{%i’&ém(ﬁd{mreover the repetitive hairpin structure of

m ni - y&kkC RNAs MAQ&A@A@G&@WMUG@SACUGG@GGA@@&@G@AGEU@A@@ es
than the pseudoknotted structure of ykkC-111. Thus e ACGA (SE%I D NO 36)
sequences AHARGHA W@éWMHMMéMQQQCWCUGGGUAAAUU A-3

2011/ 08807%@&;&#}@ /020933 ability to formconplex tertiary interactions,
as the ykk( (SEQ I D NO 36) sequences can. Second, it was observed

that represent aﬂievfeﬂo@fngbméthbdlﬂﬂ@ witl €estddlat amaMt dxeeptiwhierg/kde€d: OICARS ar e
a. Gven that their opport

f d I f
d?\lfgr glenl gﬂqsﬂ's@gugﬁ%@ r@eﬁ%%a Eé\?% icfAﬁlspymaéwwme £W§tu1\fl}aéwwthef$été 51 D
\Mmr eas tﬁ%r EHLES f&hﬁteo?meafhwm@aat% i\f%ﬂ# Ke=fbih yILPRE %&ﬂ%@%gﬁ;w

conservation’in m ni - S rruch ooser
(SEQ | D N@n&b§nyd-ddlie m@léﬁi@éﬁd@hﬂ @utsmauacglutaahner elyese, bdrinesaspagdtear why

;(r) e\r/T}J SBSI ﬂ@ﬂgaléqlfﬁ(gclry:s‘r%% W I?& téngdIR %OKI acet%kéC:A %%%ne %\IADA\dlgAbPPnS to
NADP, NADPH, dCMP, histidine, D-ribose 5’-phosphate, adenine, D-ribose, NADH,
SAICAR, CAIR, glycine, PRPR, ppGpp, cAMP, HMP, ATP (600 uM), CTP (600 uM),
30 GTP (600 uM), UTP (600 uM), AMP, ADP, GMP, GDP, UMP, UDP, uridine, and
tryptophan.
Due to the instability of PRPP, it was also tested in an RNase protection assay with
RNase T1 and V1. The use of an RNase permits a shorter incubation time than used for in-

line probing. However, no change in degradation patterns was detected with either RNase.
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10i. 6S RNA 6S RNA is known to be present in alnost all bacteria and
regul at es genes by binding to RNA polynerase (Barrick et al. 6S RNAis a

wi despr eamloreguissi’er of eubacterial RNA pol ynerase that pcedasedali®go9an open
pronoter. Rna 2005, 11:774-784). Two new notifs can represent diverged 6S

RNAs. 65- Fl avo ii.sIi-tiue probingleapatmensieh y#F RWACh | ack previously
predi cted 6S RNAs. Honol ogy searches with 65-Fl avo detect a few kr]own 6S
RNAs, which is Rodrimcaiarcreneidumed onrhg followingpthgecd Y8 s cceded by Fsi/tsi gnent

can be parg WASCISINE dBRdEitRgcpRt ential is observed that would extend the
hai rpin furtﬁw tco matkeﬁ;?élr rmrg simlar to 6S RNA | engths. The Lacto-usp

motif is found FEGUAAAGSARIGEESANAAGACEAISY COMTG66 AGHICEGGAUGGE

ypot net 1 car Cgafido bR BEETRU ElaAG DB R IRE LR G AU b B r sy Wiat a
i ndi cat e thakUAGEOTHAPAUS ACGASTEIMIRIQUY-FRNAEQ 1 R®): phser vat i ons inply
that it can correspond to 6S RNA. First, the four Lactobacillus species

with Lacto- usp B6iGUAMAGASKGAHASHIAEAE ST RNGGIISEERIAGURE GRBUEWS p

Mt er nar - 257 Dop oRLRREET QL RRAGILR A GG B iR LA LTS,

t he pot entUgjuﬁgU@fﬁ@ (gfg({g;eN@qm)cont ai ning usp genes in other
Lactobaci |l | al es eC| es wever, the Lacto-usp notif is noticeably shorter

than hdst 68 R AMWMCACQMQWG@%@UM not

?2:2%?28 a pr evi OU'Sq g%r?%(lﬁ %WI éOSV\A LZSE@%DfIQBnl%)t hat

adenosyl cobal arite fbl@d@iﬁlglﬁetéthéaﬂm&w@é tated vagneich®Aant t aelMbYAD, RARHOI i t e
bi ndi ng mRNA. _Chem Bi ol 2002, 9:1043). The main differences are a P6
hai rpin t HADPsNOEHI. HOPrbese, ﬁaﬁarﬁmvﬁn&waw%mﬂwﬁm ghytangate, befanzy ne

B12 ri bos RS ® 5 It B{Hs c€lenents in prokaryotes.
Nucl ei c A\éi‘%l%fﬁ F{eéfer Hﬁn%%g lﬁ 585 29 WO
2011/ 088076PCT/iliSP@lihé PLOIBG expmimén\ﬂmmth ﬁAM:—&]HloriBbBRNAlat flanks a

pseudoknot. Qher variants of Ado W.t ches ve al observed
previ ously (FoxE@CTRENS\WArE Poifin}y gbﬂlttfl%%i@wuiﬁ$ Oa?q)%}%é”ﬂéﬁf”sns
part ner tqég,gg),;quqjs eihhanehaimeedtz bigat i on i n Ent erococcus faecalis. Proc
Nat | Acad US A 2009, 106:4435-4440). 5Variants of SAMII| ribosw tches

(Corbino et al .5BehUBACECCEIGBANESEHIAUASCBAUSCAGSREKIUGEOH HAAGEU

Bi ol - 2008 U6 ot g e B R A R R D e ST

al t hoa@h lwwugercdMseCGERACAENEr ALY UOAJGAT OA A ATEBE R (RIGGCAWACCECC
Li gand- bi nd| ng eerrl ment s USIGIgCI n-1ine probing 10Sone ribosw tches were

tested forG VEE QA RY GlSE Y UEGA EOB YA SIS MBHEC AR W ski

et al. In-)im al ysis of ribosw tches. Methods Mol Biol 2008,
419: 53- 67)A3 méﬁgslggdl%é\lere transcribed in vitro froma DNA tenpl ate using

RNA pol yner ase 3I- égAWW@O@(F@AUEﬂﬂ(SAUUM@IDA@CHMOWCG@UM&AA@C i n gel
patterns was obserye di cate netabalite bindi ng Also, it is

possi bl e tHat" W@%Qq%@@i@gFFE&%@QP%@W@:%@GW% G e,
not i ceabl e ohngescin (she 1$PRBt Aeous cl eavage

5'-ggAUUUUCCGGCAUCCCCAUUACCUAUGGACACGGUGCCAAAAGC
UCUCUUGCGGGAGUUGUCCCCGGAGCUUGCCGAAAGGUUUCC-3' (SEQID
NO:18);
5'-ggAUUUUCCGGCAUCCCCAUUACCUAUGGACACGGUGCCAAAAGC
30 UCUCUUGCGGGAGUU-3'" (SEQ ID NO:19).
Lowercase letters represent G nucleotides that were added to improve transcription
yield. The following metabolites were tested at 1 mM: SAM, SAH, methionine, and

homocysteine.
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rates of internucleotide |inkages that are visualized in in-line probing
assays. i. In-line probing experinents with a pfl RNA Experinents
wer e per fworred/o88d76 t he fol |l owi ng RNA encoded by C ostripdirmuse@ameabsit yl i cum
ATCC 824: 205" - GGUAAAAUAAGAAAAUCAUGCAACUGGECGGAAAUGGAGUUCACC
AUAGGGAGCAUGAUUMHAUAA@W@@AWAA&MUM— 3" (SEQ ID NG 12). The
follow ng netabolites were tested at mVl exce wher e noted: Al CAR

ri bosi de, Al CAFE%ﬂeEmen@éNersmr@xmed@A@e owing Ag@aﬁii?debY( Feebartay) |

hypoxant hi 4 515! MP, formate, THF, di hydrofol ate, 5-fornyl-THF,
10- f or my Wl de‘%%’kf%%es‘rw met henyl - THF, net hyl - THF, SAI CAR gl ut amat e,

gl ut anin ne gl y&§' @gcAmwaAmﬁmﬁm@GG@mmGWM%Gmmmw\, CAl R,

CoR S LSPGO R MBS P Vi LIS B
CAMP, HWP C@GEU&Q@GIALM bst“EE’H()@\QSlzb)tM 30GTP (600 [tM, UTP (600 [tM,

AVP, ADP, GWP, DP, uridine, and tryptophan. Due to the
instability of WaSEﬂetWeaﬂeswtfemmtﬂm that W@édmbtlmpm\@rtraasmow th

RNase Ti an use of .an RNase ter bat on tinme than
e tor R mhe KIEsRE rlabflio NSOGB L i P st PR Bl Bt Mo
det ect ed vulglhn@l t her RNase. WO 2011/088076PCT/ US2011/020933 ii. In-line

probing experinents with yjdF RNA Experi ments were perforned on the
foll oW ng three- Rmne@n@l@}ag@xwlea%ﬁswmlsmg%RNAs whi ch have different 3'

ends: 5'-GGU X
AUGAUUGAGAA Ty S N ’;gnc%ded by Streptomyces

UAAUAUCUUJAGIGAGCARIBEAAUCGUU- 3 (SEQ | D NO: 13);
5' - GRLAAAGAAUGAAAAAACADCALLIGGBLUGEUAGLICOCCALIGS
AUGAUUGAGAAUGUCAGA HASSIECAS @@@&W%@M%Q@é@q D

2
0 1) O RO MRS
AUGAUUGAGAA CCUCC ( I'D NO 1 ). The foll ow ng

nmet abbtdites merﬁletfeﬂbwhhgmletthboémshwﬁbwesmd at 1mM: ﬁlAE)psd\lgE]IalptoBM@mcoMDPH,

ADP-ri bose, gluta i.cotinam de, .nicotinic a
Dot ani oot ot e esMoate Halsgriel sk b0es st Hhirb 8T Rosphate,
glucose-6-phosphate, fructose-6-phosphate, and fructose-1,6-bisphophate.

vi. In-line probing experiments with gabT RNA
Experiments were performed with the following two RNAs, encoded by
20  Pseudomonas syringae pv. tomato str. DC3000, which have different 3’ ends (lowercase
letters represent G nucleotides that were added to improve transcription yield):

5'- ggUCUUGGCGGCCUGAAGGCUGCAGCAGUCGAUCAUCGUAUGCU
GUUGCAGUUGAUCCAGCCCGCUUGAUCC-3" (SEQ ID NO:22)

5'-ggUCUUGGCGGCCUGAAGGCUGCAGCAGUCGAUCAUCGUAUGC

25  UGUUGCAGUUGAUCCAGCCCGCUUGAUCCUUGAACCACGCCGACCGAUGAG
CGGCGAAUGAGGAAUACA-3' (SEQ ID NO:23)

The following metabolites were tested at 1 mM except where noted: cAMP,
cGMP, cyclic di-GMP, agmatine, putrescine, GABA, L-glutamine, L-glutamate, L-lysine,
2-oxoglutarate (200 uM), glutaric acid (200 uM), succinate (200 uM), and succinic

30  semialdehyde (200 uM).
vii. In-line probing experiments with rmf RNA
Experiments were performed with the following four RNAs, encoded by

Pseudomonas syringae pv. tomato str. DC3000, which have different 5" and /or 3’ ends:
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15iii. In-line probing experinments with SAM Chl or obi RNA Experinments

were performed on the follow ng four RNAs, encoded by Chl orobi umtepi dum

TLS whi clhohauessi7hf erent 3' ends: PCT/US2011/020933
ggAUUUUCCGGCAUCCCCAUUACCUAUGGACACGGUGCCAAAAGCU

%&A&%@é&%@u 3' (SEQ

I D NG 19) AGGUCA@QW@@@&AWG@U%{H@GC%WAA@G@@@G@UAE@’@CCG@CM@C@@ddEd
to inprove transcription yield. The followng netabolites were tested at 1

mvt SAM SM;QCE&A@@GE@@A&@@\G{@@H@@I@GA@CCWCACGGGGUCUCAGGGAUA
2011/ 0880 33, probi ng experinents with pan RNA
Experi mnt@%&%gﬁﬁﬁg @l}r?‘n%h?&l[dl)g% ng RNA encoded by Geobact er

met al | i r educens’ GHEGCURTUGGOAMRGNEA Y

CAAUAGOCGCAACGACAAGGAAAUAGEDUULLCLCUUGEUCUUGRUACALG. GOCCLICCGAA. 3" @gSEQ I D
NO: 20)0 Lovie 0a5EGE UG AGHES st (G (e CER G EeS GUHA CAal&Gdabd A prrpr ove

transcri pt[t;@{}@&c%@Ac?&g%% EAPUASCTRY ARG MR A CRBI R REA,

pant ot hen ani ne I'ne "probi ng experinen s vmth
msi K RNA  GGCAUBXRECOTRXIIGAGX AGPe3 T BBGRID Wa:h6Y he fol | owi ng RNA encoded by
Streptonyces coelicol or A3(2): 5' -

GGACUACACCACCACCEBGEAEAY €9V BEEEAUAGMEEAaSIEEBUUCAC- 3"

(SEQ 1D N%éﬁbAG@UE‘%d@AA%%}J%E%@@@éﬁcﬁ%%&?@é&%‘éﬁcéﬂGéG% 0S€,

gal act ose ucose mannose, , , act ose mal t ose SucCr ose,
t r ehal bse, CGLGAGGCPLSAHEACE CGLECERA 6CAPPHACEGGG UCURYES6GMbAPhat e,

and fruct 45RehCARRMERBER G ATIALRE PLOBNYA RERSS! TERL IO A2PT RNA
Lowercase letters represent G nucleotides that were added to improve transcription
yield. The metabolite ppGpp was tested at 1 mM.
viii.  In-line probing experiments with Downstream peptide RNA

20 Experiments were performed with the following two RNAs, encoded by Syrechococcus
sp. CC9605, which have different 5’ and 3’ ends (lowercase letters represent G nucleotides
that were added to improve transcription yield):

5'- gGCGACCACGUUCACCUCGUCUUCGGCGAGGCGCAGUUCGACUC
AGGCCAUGGAACGGGGACCUGAGCUUG-3" (SEQ ID NO:28);

25 5'- gGCUACGCGACCACGUUCACCUCGUCUUCGGCGAGGCGCAGUUCG
ACUCAGGCCAUGGAACGGGGACCUGAGCUUGCUUCGAGGAACU -3" (SEQID
NO:29).

The following metabolites were tested at 1 mM except where noted: cAMP,
cGMP, cyclic di-GMP, agmatine, putrescine, GABA, L-glutamine, L-glutamate, L-lysine,

30  2-oxoglutarate (200 uM), glutaric acid (200 uM), succinate (200 uM), and succinic
semialdehyde (200 uM).

It is understood that the disclosed method and compositions are not limited to the

particular methodology, protocols, and reagents described as these may vary. It is also to
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Experinments were perfornmed with the follow ng two RNAs, encoded by
20Pseudononas syringae pv. tomato str. DC3000, which have different 3' ends
(1 ower caswolzetvmsaer epresent G nucl eotides that were ad@eu/useolivpieye
transcription y| el d): 5'-
99 UCUUGCCHEA OB SETAIARIIOIoAGA X RITAWGE IIr the purpose of describing particular
GUUGCAGJUGAUCCAGCCCGCUUGAUCC 3' (SEQ I D NG 22)

5 - whadny Ay agthe gegpoef the present invention which

U@U&A@M@W CCGAUGAG CGGCGAAUGAGGAAUACA- 3
(SEQ I D The fol1ow ng t abo |tes were tested at 1 nM except where
noted: cAWMP, c thﬁiustdg,ecddt@i it SMBed baypmmtanden theutppesicd mhumm%mgulgd ﬁotrasn ne,

L- gl ut amat,e,, I-| ne, ,2- gl ,ut r (2 | ut cid (200 | M,
sugci rat 6 (300M 100 HenanQkan L rokdety %?ﬁé%&@%@b% $10 1 DGRV he
probi ng expRki f&?@iaﬁnﬂl’b tfebdicc RINA EBRKACIERERIIVES EluPeﬁ‘fty or sird riﬂb&x@téﬂ%@
follow ng four RNAs, encoded by Pseudononas syringae pv. tomato str.

DC3000, whktskenisate"thé fibesvareh" B a wiadericsrto 8he enmigre riby@witches and equivalents

2011/ 088076PCT/.,US2011/ 0209
o RCARGAR ]T é@ﬁ&k&m&é%c%w@é

UUAUGGCAUCAA NIEEFA LA IR described event,
GGGAUAUUACAGJCAACAGA\- 3" (SEQ I D NO 24)
CAPIITANTRID

resent, and that the description

4 AR -3 ( sEQ
| D NO 25) 1n§ancelWUP&bﬁAbﬁQ&&MﬁdCAUUUCCGCAAU&3 10
UUAUGGCAUCAAGGCCCGCCACGCCGGCAGCGGGCCCCAACGGCA GAC .

UCUGCCCGACCCCAAEE ey e IcHy @h@@@@@c&%@&@h@%@@%@@%@%&

SEQ I D NG, )
( SEQ UU %@t" gth T a
HAPATRICIIECT %@GMW%MAUHG particular value and/or to
UACAGUCAA! GGCGECAUU rcase
letters rgﬁ? 8@ ar@f%fc‘fai Iﬁ%@e%%%ﬁwﬁ% 1&%C%tw%wser §H§'€? 3bt i on
yi el d. The,@taRRk htEecpREPRI WP ptRhbma! bylustMf the antecedent “about,” it will be

understood that the particular value forms another, specifically contemplated embodiment

that should be considered disclosed unless the context specifically indicates otherwise. It

20  will be further understood that the endpoints of each of the ranges are significant both in
relation to the other endpoint, and independently of the other endpoint unless the context
specifically indicates otherwise. Finally, it should be understood that all of the individual
values and sub-ranges of values contained within an explicitly disclosed range are also
specifically contemplated and should be considered disclosed unless the context

25 specifically indicates otherwise. The foregoing applies regardless of whether in particular
cases some or all of these embodiments are explicitly disclosed.

Unless defined otherwise, all technical and scientific terms used herein have the
same meanings as commonly understood by one of skill in the art to which the disclosed
method and compositions belong. Although any methods and materials similar or

30  equivalent to those described herein can be used in the practice or testing of the present
method and compositions, the particularly useful methods, devices, and materials are as
described. Publications cited herein and the material for which they are cited are hereby
specifically incorporated by reference. Nothing herein is to be construed as an admission

that the present invention is not entitled to antedate such disclosure by virtue of prior
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viii. In-line probing experinents with Downstream peptide RNA 20
Experinents were perfornmed with the follow ng two RNAs, encoded by
Synechocowous1198807€C9605, whi ch have different 5 and 3'PCE&ru$g01(looosss case
|l etters represent G nucleotides that were added to inprove transcription
yield): invention - N@G3AEHAGSHNIGATKAVAIII R ICHZ I SoAHBIISCALIEATR Hiscussion
AGGCCAUGGAACGEEGACCUGAGCUUG- 31 (SEQ I D NGO 28) ;. 255" -

g GOUACGCGAEtpiersneryattpostthemtetsaertamdapplicants reserve the right to challenge
ACUCAGECCH EQH%%?WH%%B%%&H “ 1 wift BEQdaHy NRgbod Jilke
followi ng netaboliftes ' were tested at 1 nM e>s<'ce|c¥¥1 where ot e%:% ¢ MP,” cGWP,

cyclic di -aBhPyuglagnanhberef ppblicagions are refGABMo Horghiduahrreferente ddewnatmat e,

L-1ysipe, 302-oxoglutarate (200 .M, glutaric . acid (2 | M, succinate (200
i 1M, Aand Spiiipiviog dmindh of %@e gmu.ments formy Paff o tgﬁag%gwa@an?rﬂt t he

di scl osed ygLMegcandeGenpositions are not limted to the particular
met hodol ogy, protocols, and reagents described as these may vary. It is
also to WO 201hhrog80uGRCTL4SPO0 ABROOBS dfghismpieniBtadiod, thhatord Feompersay nol ogy

used herein,is.for t ur pose, of .. descr i bi,n articul ar _enbadi hent nly,
i o ot Ry of SRRASERE SEERER TR Bbb e N mG R s el " |
be |im techo@NhitcBYo,t Bfd RRRE NG kdbiBhude! for BRshpleCothelt RIdithvBatcoRPonsife

herein and in the appended clains, the singular forns 5 "a ", "an", and

"t he" 19 nclingectplouptaps.r ef er ence unl ess the context clearly dictates

ot herw se. Thusy. f . t Q" i i ".incl

Bl ural ity of sorisef EBEELEue o SRR &t bsBla BIU BT b G

r ef er ence rbatimn&perimedtaton, inkdsWqlishRatsao theaotivialembbdinidnes dahe Kathod ahd
those skilled in the art, and sg forth. "Optiognal” or_ "optionally" peans
that the <eBYOstant fgpcrbadhicrygadSudestuivaientyire dyfpadedrie be cogonpeswdibyithemy or
may not O%Héwfﬁ[gcli)ﬁmgr esent, and that the description includes instances
where the event,” circunstance, or material occurs or is present and

i nstahtes where it does not occur or Referaotespr esent. Ranges nay be

expressed herei s f "abgut " _one rticular value, and{or to "about"
anot her - pa HFEIRRAE.f - deri e bR 4 35S e s et g T cal 1 y
15cont enpl at ed RAgkreQNSIHSRLER Hlaffr| eRAR-nisS NLNIBiTAABERL 003 tew8De-692.
particular value and/or to the other particular val ue unl ess the context

speci f i calAlschnldfiic Maklcnilhe Sohadtsr ASi, mhang I,y hanp&nMilénWs Lipneandhi(epped as

appr oxi mati ons, se 1t ecedent about " i il1 be_.understood
That the part; diiAs T35 BaBEASE A REFIERruBER hotelt Mo it DB
enbodpgrent t hatyahauldidbResons tEreds dssrbamed unl ess the context
specifically indicates otherwise. It 20will be further understood that the

endpoi nt s AftaeYEh Tepoce hedri Ahgawdypanisingrmatera fer Iper fermatipeingRINSrnd PNAe

ot her endpoi nt, i y e <8N i nt unless the context
specifically i nhc?lf"@g}%@%?ﬁ;g@mp%}ec.A@Sn% Ilf,@Eir}g'%ﬁ{;g?ﬁ be understood that all
of the i ndimvidiaB, YalinebBahtdnsfilrtioandesaldRNad nedyabattatitedubdritlogis. do/
explicitly disclosed %r(l)ge are al so specifically contenpl ated and shoul d be

consi dered di sdYE&de s& 3P ont ext
25 Arthur DC, Ghetu AF, Gubbins MJ, Edwards RA, Frost LS, Glover JN: FinO is an RNA

chaperone that facilitates sense-antisense RNA interactions. Embo J 2003,
22:6346-6355.
Axmann IM, Kensche P, Vogel J, Kohl S, Herzel H, Hess WR: Identification of
cyanobacterial non-coding RNAs by comparative genome analysis. Genome
30 Biology 2005, 6:R73.
Axmann IM, Kensche P, Vogel J, Kohl S, Herzel H, Hess WR: Identification of
cyanobacterial non-coding RNAs by comparative genome analysis. Genome

Biology 2005, 6:R73.
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25specifically indicates otherwi se. The foregoing applies regardl ess of
whet her in particular cases sone or all of these enbodi nents are explicitly
di scl osedwo 2011/08801dal ess defi ned ot herwi se, all techni calPcanm$2eiaioenyss fi c
ternms used herein have the sanme neani ngs as commonly understood by one of
skill in thereT, Troup\DiBs Willie Sii, S cioser, RiRinbo o, &R @080 @S IKinolFs Soied1eng .

Al t hough any nethods and materials sim/lar or 30 equivalent to those

descri bed her eify taprsBevshgdd YiarshybKey Bbillipny IoH. Satppn §MMusigeiR¥sent

met hod and conggﬁg RO J 1 3 I i , and
materials are as 3%5&??)éghﬁgggp%ggg#gﬁgy%ltgﬁﬂﬁggg#gﬂgﬁﬁmgﬁgiﬁg?eriaI for
whi ch t hey are MidledAaide RaeR@ddy 33msBdfd9%0al | y i ncor porated by reference.
Not hi ng herei.n i o be construed as an adm.ssion . that the_present

nventT on BETHoIEEHEE B 15 SRTEHA0RS s iR SRECFS of PEBORE- pr i or
WO 2011/ 088076 REdikSABdM QA9 IR nb A ENbI W7, JIR2gdm ssion is made that any
reference constitutes prior art. The discussion of references states what

t hei r aut Hargcladls dircakeaRAR: dibp ldistrainttions, esehem smpand istyhetutes o€ higtabehige t he
accuracy and perti.nen of ,the.cited,. t It will be clearly

under st ood thaﬁ?n P%H@éﬁﬁk?ﬁ%gﬁﬁswe§?g§%@ﬁ§§£§?8ns are referred to herein,
such ref erffex MOSorbRAb KL OWHIKIdrul e, Rah A Maildn M, [tfllimy 1.6 M, ResieA,
docunents forns part of the comon general knomﬁedge in the art.

Thr oubfhout t he Selgisen pt Jone lagfichl ANew N Apmotify 8128p% en xR dpcope it wor d
“conprise" and vari ati - c y § SR : )
"conpri ses, " néﬁ%g%%?%§Fﬁggﬁa&ﬁgf%%%ngﬁﬁkFg%%g%fgg%%%ﬁis n% f%péﬁ %h to
exclude, for exampl e, other additives, conponents, 10integers or steps.

Those skilled in the art wll reco%nize, e to ascertain using no

b bl
mor e t han HGUeK o @XpBPIKAY G iy e gElE M Collinschbee o dorh &-
embodi ments of ¢ he HRNI96hANYEQMRIRI, B oS %sggeevbrg%mﬁh BugeotiGh

equi valents are intendéd to’ be enconpasse ol I ow ng ai ns.
15Ref &F ences Alxpardedadaerfoibddsviiches iR baRich ExgenaticvamtoérRrec MidrdchdSat U/ng

ri boswitches a r.. served bacterial regulatory el ements.
Nucl ei ¢ Aci ds %gégéggé91§§2V@g%@692. Al tschul SF, Madden TL, Schaffer AA,
Zhang J, Zhane 7, Mahiset N\Mv ARz, Rzz0CRRPBEEBEAST: GNANRS-BliShre New

generation of protein database search prograns. 20Nucl ei c Acids Research
1997, 25: 3389- 34gdatopaf abasprial RNS polyimerdse. that Tessmbbehyamaopce ppametaeRees f or

| oop formation 4 A ENA hai rpin tetral oops. Nucleic Acids Res 1992,
20: 819- 824. ArﬁgﬁaﬁugTﬁQ%% g DB: ldentification of small RNAs in
Mycobzgt erpaimeyt DRER Sdbbh TR, Smitdod]: Mranyahi sflccgQRAd otf3i BIdterdtizs firdpiNstdatiés DC,

Ghetu AF, Gubbins M), Edwards RA, Frost LS, G over JN Finig I's an RNA
chaper one t hat TP¥R8Y 4 enflesPoBwis SERtte AEY R phipekdc008n£93: Eb 5492003,

22:6346-6 C P I - VR

[donti {1 catiisy o SokRi STIREE Anahiifoct ARt Pa bR AR s

anal ysi s. Genomrevali oliqeyprdfd%er sudtdd. FAMBMItrbiNb! Kenxpioe193:1A%y84. J, Kohl

S, Herzel H Hess WR IGentification of cyanobacteri al. non-codigg RNAs by
p

conpar at | Vgt S kel &5 GagdYdrecloyt BgyamBirs, SleRpbigowitz JD. Absolute

25 metabolite concentrations and implied enzyme active site occupancy in Escherichia
coli. Nat Chem Biol 2009; 5:593-599.
Bertram R, Schlicht M, Mahr K, Nothaft H, Saier MH, Jr., Titgemeyer F: In silico and
transcriptional analysis of carbohydrate uptake systems of Streptomyces coelicolor
A3(2). J Bacteriol 2004, 186:1362-1373.
30 Bochner BR, Ames BN: ZTP (5-amino 4-imidazole carboxamide riboside 5'-triphosphate):
a proposed alarmone for 10-formyl-tetrahydrofolate deficiency. Cell 1982, 29:929-
937.
Bonomo RA, Szabo D: Mechanisms of multidrug resistance in Acinetobacter species and

Pseudomonas acruginosa. Clin Infect Dis 2006, 43 Suppl 2:S49-56.
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WO 2011/ 088076PCT/ US2011/ 020933 Barrett T, Troup DB, WIlhite SE, Ledoux P,
Rudnev D, Evangelista C, KimIF, Soboleva A Tomashevsky M Marshall KA,
Phi | | i ppyw&Bp118ise076en PM Muertter RN, Edgar R NCBlI GEECTAISedilpe09Bor

hi gh-t hroughput functional genom c data. Nucleic Acids Res 2009,
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structures of metabolite- bindi n? ri boswi tches. Genone Biol 2007; 8:R239.
Barrick JE, Brdaiwe Mirobi2089:4:7715d{3-ons, nechani sns, and structures of

net abol it indi ri it Lol : ick JE,
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RNA notifs suggest an 15expanded scope for riboswitches in bacteria
geneti c cont r olgenPexpredsan byspdkdrystic ridosntchggNatae 2084.2M76W76500Bar ri ck JE,

Sud i Z WL : S RNA . i d
o aror hens ngidefun Rt RGBT el A e B GRS
Rna 2005, 11! 77ord 8 cnaRBaney FRobRaahan ERerSi 4thiCly udiabysis of cepA and

ot her Bacteroides fragilis genes reveals a unique pronoter structure. FEMS
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2004, 13.86: 1362-11803. 30Bochner BR, Anes BN. ZTP (5-am no 4-im dazol e

T0- or myl -eeridfyih 6r DI 0 SeBer VERariay: TrealrDRganBe T GRne sidhnomo RA
Szabo D Mec har‘iju%{g&h(pé‘ cadtolik N @sdRBhDdh A ULy diRo AP AT OB STH/ 20661 es and
Pseudononas aeruginosa. Cin Infect Dis 2006, 43 Suppl 2:S49-56.
190:1966-1975.
Chugani S, Greenberg EP: The influence of human respiratory epithelia on Pseudomonas
20 aeruginosa gene expression. Microb Pathog 2007, 42:29-35.
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1. A regqgul at abl e gene expression construct conpri sing a nucleic acid

nol ecul e encoding an RNA conprising a riboswitch operably linked to a

codi ng region, wherein the riboswi tch regul ates expression of the RNA,
wherein the riboswitch and codi ng region are heterol ogous, wherein the

ri boswitch is a gl utam ne-responsive riboswitch, an

S- adenosyl et hi oni ne-repsonsi ve riboswi tch, an

S- adenosyl honocyst ei nerepsonsi ve riboswitch, a glutamne riboswitch, a
SAM SAH ri boswitch, a glnA riboswitch, a Downstream peptide riboswitch, a
crcB riboswitch, a pfl riboswitch, a yjdF riboswitch, a nmanA riboswitch, a

wcaG ri boswitch, an epsC riboswitch, a ykkGC- 111l riboswitch, a psaA
ri boswitch, a psbA riboswitch, a PhotoRC-1 riboswi tch, a PhotoRC 11
ri boswitch, or a psbNH ribosw tch. 2. The construct of claim1l

wherein the riboswitch conprises an aptanmer donain and an expression

pl at f orm domai n, wherein the aptanmer domain and the expression platform
dormai n are heterol ogous. 3. The construct of claim11, wherein the
ribo switch conprises two or nore aptaner domai ns and an expression

pl at f orm domai n, wherein at |east one of the aptaner donmmi ns and the
expressi on platformdomain are heterol ogous. 4. The construct of
claim3, wherein at |least two of the aptaner donmains exhibit cooperative
bi ndi ng.
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ri boswi t ch, 3pfTherdonetswit bE blainy j| dFhereinabavribedwitareoprisdsasil draimre wptatder

ri boswi fch, epsC riboswitch KkC-111 riboswitch, ps ri boswitch, psbA

Fi boswidoBHIn AR IR BHPYE AOM Bt BRI At I§ KT R P ERCTaRgifs 4nd

ri boswithgBypression plddormfEn iR BRtHMGS1006usC! @i m 10, wherein the aptanmer donain
is the aptamer domain of a naturally-occurring glutam ne-responsive

ri boswi t ch, 4-Huevostyuaref blaomB neberems hspttavorafitiasaitarogr, domains exhibit

S adenos§l r}gtr.m .Isla.ei ne-repsonsive riboswitch, glutamne ribosw tch, SAM SAH
ri bosw P8R, éYen Boswi t ch, Downstream peptide riboswitch, crcB
riboswitch, A ribbHeiseM, tWhibreinyihd ribokWREIs taGlbn -THRRA derROSW dfBhateid

ri boswitch, epsC riboswitch, ykkC 111l riboswi tch, psaA ribosw tch, psbA

ri boswiQceWINRRBOsREED, whickds tictnafiralbheeco R mbasiviel i & glitanype-fRspaive

ri boswi - [ 0, \wh ' er domain
nas 1 nd e ens Tena e RR LB lorRly Tl an SR o AR BT L ng
ri boswirtgdonsive riboswlig&ch, 7 gRitanins tibootitdi, a SKANBAHD ribvdvetch] @ ghieitagivitoira donmai n
consists of only base pair conservative changes of the naturally-occurring
ri boswiRnstream=peptige ri %Wﬁo%icré# ‘éftt?huﬁgﬂfgﬂ‘wweﬁ,r?cwg? ru%ﬁ%w%w magide

et 100 QRTRAIEIRINGaG riboswilich e HBCH R RONLARKCHIIRIBL AR B4 HHBASHEL N
wherein the Fiboswi trélﬁosi S Ca’ctié\;)gt égjog\fll tHe%%orrpoun of Inter est, Wher ei n

t he ri hosdirtbobwitehodPhe®wRAE -Eribortitohhe RhatoR Cvidribdsviiycht hea padifFduhdsvafch.

interest, wherein.the.riboswitch produces, a sjgnal when the sanpl e. contai ns
the conpound-ofs TROSHEER OF GAGR 1 HIGTRE Py BB B OmENS N PR OPEL s  ve
I i bos Wi dnClpred¥loPRREIBAR bAR I WBBicNEhE APRATRS UYBainl AAINY &:GhessidA platform

S- adenosyl Bom)cyst ei ne-repsonsi ve riboswitch, a glutamne riboswitch, a
SAM SAHonayoargihctshologougl nA ri boswi t ch, a Downstream peptide riboswitch, a

crcB ribosw fl riposwiitch, a yjdFE riboswitch a A riboswitch, a
wcac ri bosw tohte DRk b Phorfinth GRS Bid 7 MotsoSa

ri boswibehast@amsgeptidd RS Mat SAM/SA RMSTRCe /e B &S Woll Glbtifea PIBTRIRE 4 nand

ri boswitch, or a psbNH riboswitch, WD 2011/088076PCT/ US2011/ 020933

15. Thenofh hogegmetiiad apstamohenskGr I moti; bpwd metl. e wabh§awtis srthoiohilon
when a%ﬁ’f%?ﬂot%%dﬁ?n&moa NS mbfi erest, wherein the change in
conformati on produces a sigral via a conformation dependent | abel.

16. The method of claim 14, wherein the ribosw tch changes conformation
when activated by the conpound of inkgrest, wherein the change in
conformati on causes a change in expression of an RNA |inked to the

ri bosw tch, wherein the change in expression produces a signal. 17.
The net hod of claim 16, wherein the signal is produced by a reporter
protein expressed fromthe RNA [inked to the riboswitch. 18. A nethod
conpri sing (a) testing a conpound for altering gene expression of a

- o I T - o



assessing in-line spontaneous cleavage of an RNA nolecule in the presence
and absence of a conpound, wherein the RNA nolecule is encoded by a gene
r egul at edwbyotimssazenpound, wherein a change in thecpatst@n2m83in-1ine
spont aneous cl eavage of the RNA nol ecule indicates a riboswi tch, wherein

(a) the RNA g ommritessiteh of tthiaid hehdreimphaigbaavitchhosuivhel bra tigg@moladilye of
a gl utam ne-responsive ripboswi tch and the conpound . is gl utam ne, (b) t he

RNA conphqreiadh ealﬁbogwafeh PEIE Hont el tdicR acth eirdonsthe diggepaslctton or
d t
erivative qf ﬂ%enos;ﬁpg%ymmc\)&ﬁ&@mge %@W@h\éﬁ&ﬁé QPr'ﬁ@'!c&?sQn&Mtrh&ﬁres

conmpound is S onocyst el ne conpri ses an
S- adenax\Higrert h) E)ugu]nae2 F@s@&,sﬁ"lgereﬂ bnEi\ghtecfh or a derivative of an

S- adenosyl et hi_ gni ne-repsonsi ve rij bos ch and t he conpound is .
S- adenosy! metthi BiiRBSITYS Fusbor el HERETOR (4 ey High GBI SRLMSH JOPRR 47t hod

conpri sinNGprdGor Bﬂa@ﬂo% B4R q\%&é%Qﬂ@-éﬁ%Q&S&mam is debivbd GbRth AH@11G0 n}qﬁ&t a

compound and a cell, wherein the cell conprises a gene encoding an
conpri s]cng‘rmg@lhumamefrespogspg nibosvatahi S@gwu(tsghnetbmmne -repsonsive riboswitch, S-
ioni ere sonsi.ve .ri

S adendei RO REg R e R R L b MR Bt e oo syiigbSAMS A isbsartigh,

SAM SAHb 7kt ﬁ@@é/wlt&lhDo@ngtkéhﬁl f)éﬂmi%\f'dbb@b}tclﬁ cﬁl%/ﬂ@dsﬁ@t%mﬁﬁﬁbds@@tchl Pgswitch, a
crcB riboswi tch, pfl ribosw tch, édFrlbosvvltch rranArlbosvvltch a

weaG r |rm9§wt@lewanalrrﬂ@1§sve¢,u m@\nb@sﬁvlw gpleaiboswiteh, s/l ethoswiteds aped

ri bosw ol e P I

ri bosw Eb QWlté‘h %Pfr%kﬁ%’?éﬂb%g%o]ﬁgﬁfmosm, Pilfwﬁ\g %@%W h, 4} aﬁiﬁf claim
20, V\h&[‘tﬁismtbme ceII has been identified as being in need of altered gene

expressi on. 22 he net hod of .claim 20, wherein the cell is a
bacterial cellt The Construczef clai | Gravlicarin die aptamen domaingsdhetniamefedamyineing

kills q{atdrﬁ‘lw V\%&u?ﬂﬁ%&luﬁtﬁﬂﬁ@ Fbs SnshR& 91 tEh 'Sa%l ?18&}’1 cthioni e-r{psonsme met hod

of claim 20, erel e conp und an e ce are rought rnto contact by
adm ni SIﬂE]SW[‘tgh tthadenosmhmmtysmm Ispin]newb riboswitch, gRfamiiib ebowtibuhd SAM/BAR m 24,

wherein.the.cell |s,a bacteria ect, .wherej 1e conpound
T o SR ThEaRS, B Brrppeis SPFat b fres rbowitch g s s hod

of clai Wﬁﬁbom%einﬂnﬂ ﬁ%o%lﬂihe%ab%oé’wﬁé}fﬁeﬁfd ﬁboévmcﬁcj;lék@ﬂl[l riboswitch27. The
met hod "of claim 20, wherein the compound i's adm ni stered i n conbi nation

with armtzﬂéfooam¢hmdr43bb<aﬂw1‘®bnlblmmc -I riboswitcl @hoiR& - Hetheswitdlf, oc pshi/ M 20,

wher ei r}lgorg\evtclgrrpound inhibits bacterial growh in a biofilm

12. The construct of claim 10, wherein the aptamer domain has the consensus structure
of an aptamer domain of the naturally-occurring riboswitch.

13. The construct of claim 10, wherein the aptamer domain consists of only base pair
conservative changes of the naturally-occurring riboswitch.

14. A method of detecting a compound of interest, the method comprising

bringing into contact a sample and a riboswitch, wherein the riboswitch is activated by
the compound of interest, wherein the riboswitch produces a signal when activated by the
compound of interest, wherein the riboswitch produces a signal when the sample contains the
compound of interest, wherein the riboswitch is a glutamine-responsive riboswitch, an S-
adenosylmethionine-repsonsive riboswitch, an S-adenosylhomocysteine-repsonsive riboswitch,
a glutamine riboswitch, a SAM/SAH riboswitch, a gin4 riboswitch, a Downstream-peptide
riboswitch, a creB riboswitch, a pfl riboswitch, a yjdF riboswitch, a manA riboswitch, a weaG
riboswitch, an epsC riboswitch, a ykkC-II1 riboswitch, a psaA4 riboswitch, a psbA riboswitch, a
PhotoRC-I riboswitch, a PhotoRC-II riboswitch, or a psbNH riboswitch.
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15. The method of claim 14, wherein the riboswitch changes conformation when
activated by the compound of interest, wherein the change in conformation produces a signal
via a conformation dependent label.

16. The method of claim 14, wherein the riboswitch changes conformation when
activated by the compound of interest, wherein the change in conformation causes a change in
expression of an RNA linked to the riboswitch, wherein the change in expression produces a
signal.

17. The method of claim 16, wherein the signal is produced by a reporter protein
expressed from the RNA linked to the riboswitch.

18. A method comprising

(a) testing a compound for altering gene expression of a gene encoding an RNA
comprising a riboswitch, wherein the alteration is via the riboswitch, wherein the riboswitch is
a glutamine-responsive riboswitch, an S-adenosylmethionine-repsonsive riboswitch, an S-
adenosylhomocysteine-repsonsive riboswitch, a glutamine riboswitch, a SAM/SAH riboswitch,
a glnA riboswitch, a Downstream-peptide riboswitch, a creB riboswitch, a pfl riboswitch, a
yjdF riboswitch, a manA riboswitch, a weaG riboswitch, an epsC riboswitch, a ykkC-I1I1
riboswitch, a psaA riboswitch, a psbA riboswitch, a PhotoRC-I riboswitch, a PhotoRC-I1
riboswitch, or a psbNH riboswitch,

(b) altering gene expression by bringing into contact a cell and a compound that altered
gene expression in step (a),

wherein the cell comprises a gene encoding an RNA comprising a riboswitch, wherein
the compound inhibits expression of the gene by binding to the riboswitch.

19. A method of identifying riboswitches, the method comprising

assessing in-line spontancous cleavage of an RNA molecule in the presence and
absence of a compound, wherein the RNA molecule is encoded by a gene regulated by the
compound,

wherein a change in the pattern of in-line spontancous cleavage of the RNA molecule
indicates a riboswitch, wherein (a) the RNA comprises a glutamine-responsive riboswitch or a
derivative of a glutamine-responsive riboswitch and the compound is glutamine, (b) the RNA
comprises an S-adenosylhomocysteine-repsonsive riboswitch or a derivative of an S-
adenosylhomocysteine-repsonsive riboswitch and the compound is S-adenosylhomocysteine,
or (c¢) the RNA comprises an S-adenosylmethionine-repsonsive riboswitch or a derivative of an
S-adenosylmethionine-repsonsive riboswitch and the compound is S-adenosylmethionine.

20. A method of altering gene expression, the method comprising
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bringing into contact a compound and a cell, wherein the cell comprises a gene
encoding an RNA comprising a glutamine-responsive riboswitch, an S-adenosylmethionine-
repsonsive riboswitch, an S-adenosylhomocysteine-repsonsive riboswitch, a glutamine
riboswitch, a SAM/SAH riboswitch, a g/n4 riboswitch, a Downstream-peptide riboswitch, a
creB riboswitch, a pfl riboswitch, a yjdF riboswitch, a manA riboswitch, a weaG riboswitch, an
epsC riboswitch, a ykkC-I1I riboswitch, a psaAd riboswitch, a psbA riboswitch, a PhotoRC-I
riboswitch, a PhotoRC-II riboswitch, or a psbNH riboswitch.

21. The method of any of claim 20, wherein the cell has been identified as being in
need of altered gene expression.

22. The method of claim 20, wherein the cell is a bacterial cell.

23. The method of claim 22, wherein the compound kills or inhibits the growth of the
bacterial cell.

24. The method of claim 20, wherein the compound and the cell are brought into
contact by administering the compound to a subject.

25. The method of claim 24, wherein the cell is a bacterial cell in the subject, wherein
the compound kills or inhibits the growth of the bacterial cell.

26. The method of claim 25, wherein the subject has a bacterial infection.

27. The method of claim 20, wherein the compound is administered in combination
with another antimicrobial compound.

28. The method of claim 20, wherein the compound inhibits bacterial growth in a

biofilm.
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