METHODS FOR SCREENI NG AND | DENTI FYI NG COVPOUNDS Thi s application clains the
benefit of United States Provisional Application No. 61/183, 166, filed June
2, 2009, wbeonomimsats of which are incorporated herein lpgTreste@osomer Fl ELD
OF THE | NVENTI ON [0001] The field relates to the biochem stry, nolecul ar

bi ol ogy, and bi ochem cal pharnmacol ogy of ribosw tch-based genetic control

el enments. The field also relates to nethods and conpositions for eval uating
ri boswi tch-nedi ated transcription processes. The field also relates to the
screening and identifying of compounds that may be used for the treatnent
of bacterial, fungal, and other human and veterinary infectious diseases,
as well for other research and devel opnent, agricultural, and industrial
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15 BACKGROUND OF THE INVENTION
[0002] The identification of small molecules that target and affect crucial steps in cellular
pathways is a first step in the process of drug discovery. To accomplish this goal, assays may be
developed and configured to reflect the biological activity of a prospective drug target that is
critical for a given pathway. In addition, these assays should be reliable and give a robust signal
20  of the biological activity. When such assays are amenable to high throughput screening (HTS),
the effort to find novel chemical matter that can serve as a starting point for drug development
may be greatly accelerated.
| [0003] In many bacteria, RNA structures termed riboswitches regulate the expression of various
genes crucial for survival or virulence. Typically located within the 5’-untranslated region (5°-
25  UTR) of certain mRNAs, members of each known class of riboswitch can fold into a distinct,
three-dimensionally structured receptor that recognizes a specific organic metabolite. When the
cognate metabolite is present at sufficiently high concentrations during transcription of the

mRNA, the riboswitch receptor binds to the metabolite and induces a structural change in the



frominitiating translation of the ORF. In the absence of the cognate
nmetabolite, the riboswtch folds into a structure that does not interfere
wi th the wopnesmiass of the ORF. [0004] Seventeen differ entr/usk@sses10f

ri boswi tches have been reported. Menbers of each class of ribosw tches bind
to the sane netabolite and share a highly conserved sequence and secondary
structure. R boswitch notifs have been identified that bind to thiam ne
pyrophosphate (TPP), flavin nononucl eotide (FMN), glycine, adenine,

guanine, 3'-5-cyclic diguanylic acid (c-di- GW), nolybdenum cof act or,

gl ucosam ne- 6- phosphate (G cN6P), |ysine, adeni ne, and adenosyl cobal am n
(AdoCbl) riboswitches. Additionally, four distinct riboswitch notifs have
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natgr alribgBviedhes id disdriMinate against most intimately related analogues of ligands. For instance,
the receptor of a guanine-binding riboswitch from Bacillus subtilis forms a three-dimensional
structure such that the ligand is almost completely enveloped. The guanine is positioned between
two aromatic bases and each polar functional group of the guanine forms hydrogen bonds with
four additional riboswitch nucleotides surrounding it. This level of specificity allows the
20 riboswitch to discriminate against most closely related purine analogs. Similarly, studies of the
SAM-binding riboswitches reveal that nearly every functional group of SAM is critical for the
binding interaction, allowing the riboswitch to differentiate highly similar compounds such as S-
adenosylhomocysteine (SAH) and S-adenosylmethionine (SAM), which differ by a single
methyl group. Likewise, TPP riboswitches comprise one subdomain that recognizes every polar
25  functional group of the 4-amino-5-hydroxymethyl-2-methylpyrimidine (HMP) moiety, albeit not
the thiazole moiety, and another subdomain that coordinates two metal ions and several water

molecules to bind the negatively charged pyrophosphate moiety of the ligand. Similar to TPP,



[ 0006] The highly specific interaction that riboswi tches have with their
cognate |igands presents an opportunity for the design of highly-selective
smal | nolwoubsgid#tdsat could, in principle, lead to the repras3tionomil
specific genes. Indeed, several antibacterial antinetabolite |igands have
al ready been identified that bind to known ribosw tch cl asses, including
pyrithiam ne pyrophosphate (PTPP) which binds TPP ribosw tches,

X-am noet hyl cystei ne (AEC) and DL-4-oxal ysine which bind to |ysine

ri boswitches and roseofl avin which binds to FMN ri boswi tches. In each case,
the netabolite mmcs triggers ribosw tch-nedi ated repression of a gene or
genes inportant to bacterial survival and thereby prevents bacteri al

growt h. [Q007] For instance, roseoflayvin, a natural ana ue of riboflavin
ori gi n&MPRING, 2p¢ §A rlF?%Yﬁ ei,@M@Weé\gltﬁa%&reﬁﬁr@toaﬁaueﬁwﬁwaremagléy

antln]@E?ﬁﬁ@%wﬁﬁﬁhﬁh&jn&y&ﬂﬁyFNnK Wang, H, Hrota, T., Mtsukawa, H
Kasai a Y d Gani, S., 1982 Agric. Brol Chem 46,
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cells (Lee, and Breaker, 009 RNA Bi ol ogy 6, 187-
194) . %s%méﬁ'&éR aﬁ%%tygrdsm&rlowpéwmwlrsa%mcrlrlﬁére fyriisigwing moptaephae
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many of the resistance nutations nma riboswtch that regul ates

t he ri bEApTysBaitoawitehes gad soseqﬂavmvm‘;hrbendsmfw vibgswitdhes. By bachrease, the,

Hugenh Envi ron. ology 70,
5760- 5 3ol A Bl ARG melorea BB  as 1% iRl
467046 Dactdiidl squ‘dl and\&é@bpprevh/nthlbactﬁﬁxﬂ Igﬁ(hd/th ., Kreneva, R A, and

Per uno t. 233, 483-486).. Mreqv ngi neering
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Vitro andpeayenassessishad SKaveeHan aﬁ’tﬁm@beFdY@ct‘ith‘dt&rﬁ he I, §@pgaiied
reporter gene inside B. subtilis (Lee, E.R, Blount, F., “and Breaker

R R, 200k knMupukaygyHe KasgyS 1§hy1aga[\m68]anri Ptanis$. ni%ZrAm@poleCh@me%
S oaAeEal Ak i, NS, PR D PLE AT g, oo
py i éphdasphat @ bbmﬂhvmgpnobwmntmhe&n@w Lbeereibydermopstessd thgt tokeflaxjr essi on of
thiam rr]eei\)rc?siseosstxg gxr}a?gslsﬁmgo?gg %MN-Ir-ibiogwitch-regulated B-galactosidase reporter gene in wild-
type B. subtilis cells (Lee, E.R., Blount, K.F., and Breaker, R.R., 2009 RNA Biology 6, 187-
194). Sequence analysis of previously identified B. subtilis and Lactococcus lactis mutants that
are resistant to roseoflavin indicated that many of the resistance mutations map to the FMN
20 riboswitch that regulates the ribDEAHT operon (Burgess, C., O’Connel-Motherway, M.,
Sybesma, W., Hugenholtz, J., and van Sinderen, D., 2004, Appl. Environ. Microbiology 70,
5769-5777, Kreneva, R.A. and Perumov, D.A. 1990 Mol. Gen. Genet. 222, 467-469, Kil, Y.V.,
Mironov, V.N., Gorishin, 1., Kreneva, R.A., and Perumov, D.A. 1992, Mol. Gen. Genet. 233,
483-486). Moreover, engineering of these mutations into riboswitch sequences disrupts ligand
25 binding in vitro and derepresses the expression of an FMN riboswitch-regulated reporter gene
inside B. subtilis (Lee, E.R., Blount, K.F., and Breaker, R.R., 2009 RNA Biology 6, 187-194).
[0008] In a similar example, the antibacterial and antifungal thiamine analog pyrithiamine (PT)

has been shown to exert its growth inhibitory effect by targeting thiamine pyrophosphate-binding
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phosphoryl ated in cells to pyrithiam ne pyrophosphate (PTPP) (Iwashi man,

A., Wakbabayashi, Y., and Nose, Y., 1976 J . Biochem (Tokyo) 79, 845-847,
El nageh, WolbioarzdosZi a- ur - Rahman, N. A. 2001 Int. J. AricPCBUusko108016178- 180) .
PTPP binds in vitro to several TPP riboswitches with binding affinities
nearly identical to that of TPP, and thiam ne and PT added to the cultures
are each able to reduce expression of a TPP ri bosw tch-regul at ed

b- gal act osi dase expression in transgenic B. subtilis and E. coli (Sudarsan,
N., Cohen-Chal am sh, C, Nakamura, S., Emlsson, GM, and Breaker, RR,
2005 Chem stry and Biology 12, 1325-1335). This suggests that PTPP conpetes
with TPP for binding to TPP riboswitch in the cells and may i nhibit
bacterial or fungal growth by interfering with TPP-regul ated gene
expr es $ibgpitc Fﬁergletberebwpéersmagé@ @eresion of haming siosyaihess ewes-&1TNS mut at i ons
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bi osynthesis (Blount, K F., Wan Lim J., Sudarsan, N., and Breaker,
R R 268°h abkgo redyse gxpressenn of 2 T ubos“swaaﬁgéﬁed Regalagiosidassgxpreysimn in

e SMnogenic SR i MyiP i cADMYIRRRK K, B onafin S REIN,  TemiARGR 2097,
23.27) GlF/D,QthBréI’dker sﬁ*;nggamfdcmmggitme@gﬁl?gy 182233%%359 ':‘H(i)li:@‘gbﬁsﬂ?te BTPR
D ro. sompses SIiA TPl o ana e LE AP SbAbH e P T it B Ry RaRFBaf L Bpdlls "

andoBr AN by fhtEH: %?Ppﬁe%]&%e@ % 39 Indiced\Vbakte 62 EelecledFor PV NKI er,
%reake? ‘ erm?gognd Crothers Bene 8&%05 I\/blee Cel | 18664% g(r)) In this

assay, rgsistagice ﬁwtmn&m&aﬁmm ihéhdlﬁfé‘aéwtbfffpe‘@ﬂé PABPtoirdiRg by i ncubati ng
B 11 0Bt h R TREASEREle RSN s ook iR Sl IR AL RRRARRE, 1Tee
a pr orrmuelmt gnolwth of ¢ertaini (ﬁ@nt-pmtm:rbapte'ria r@ShibianEeEblk dJ.a, anchJsm: tieH9apracter
g]?rrgl ggidgcﬁd apt] BY]S% % W&fc%sorgnl‘ péavei inner, ?Lh angrghgv%l, %V:[ f@s@sﬁdsot 'on
15 79, 5693- 5696) at least in part through targeting lysine riboswitches that regulate lysine
precursor biosynthesis (Blount, K.F., Wang, X.J., Lim, J., Sudarsan, N., and Breaker, R.R. 2007,
Nat. Chem. Bio. 3, 44-49, Sudarsan, N., Wickiser, J.K., Nakamura, S., Ebert M.S., and Breaker,
R.R., 2003 Genes Dev. 17, 2688-2697, Lu, Y, Shevtcheniko, T., and Paulus, H. 1992 FEMS
Microbiol. Lett. 71, 23-27).
20  [0010) The standard methodology for assessing the effects of a potential ligand on riboswitch-

mediated transcription processes uses an in vitro polyacrylamide gel-based method (Winkler,
W.C., Cohn-Chalamish, S., and Breaker, R.R., 2002 PNAS USA 99, 15908-15913, Wickiser,
JK., Winkler, W.C., Breaker, R.R., and Crothers, D.M., 2005 Mol. Cell 18, 49-60). In this assay,
in vitro transcription reactions are performed by incubating purified RNA polymerases from £.
25  coli or B. subtilis in the presence of Mg®" and ribonucleoside triphosphates (rNTPs) with the
DNA sequence that carries a promoter for initiating transcription, linked to a riboswitch aptamer
domain, and a riboswitch expression platform, which controls transcription of a coding region

encoding a downstream nucleotide domain. [a-32P] ATP is added to the transcription reaction to
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encodi ng a downstream nucl eoti de domain. [a- 2P] ATP is added to the
transcription reaction toradiolabel the transcription product. A potenti al
| i gand i swaddexi4iasst he reaction mx and transcription i #caliseswwaotsnl occur .
After a suitable anmount of tinme, the reaction is stopped and the
full-length and truncated transcripts are separated using polyacryl am de
gel el ectrophoresis (PAGE). Relative anpbunts of the transcripts are
guantitated by autoradi ography. In the case of the FMN ribosw tch, anong
others, an active ligand will increase the proportion of truncated
transcript. This is manifested by an increase in the relative anount of a
shorter, faster-mgrating band on the gel. This nethod suffers fromthe

| abor intensive process of settin runm@npg, and anal yzing the gels.
Thr ougFadiplatebtheitianscription pradycty dygo ‘mt'ﬁ{ kigand anefidgd to @lew@epma@xe% testing of

hundreqﬁnsef.ﬂﬁgﬁgaﬂméd facP et § UROMMLnoubEdink, Sh@riBidn RoBpUPLT S U9

di scovery y desi rabl e wou e an assay format | ncorporating
m cr ot fitlelengthané sun@tefdamdscmas erctshparated esng pgyadrylaanide g wizouog®résis

parall el - L0Q11]. A pl at e- d assa has n, des ed f assessin
Dot evi AcER ReblivGaBo e pbR trnd R i ard SRenERBLA R i ol RIS
r i bpsWHeHMN Biboakiedh, aﬁol?g othBirthmﬁotvihEhnd Whbitatedse thed pmp@ﬂﬂ)n\ﬂ‘f@ﬂﬁhﬁeﬁéd J. K.,
WO 2007/ 100412, Bl ount,, ., Puskarz, |., Penchovsky, R, and Breaker, R,

2006 RNAnsgriph Thisds manifested byapdpcreese "afm relatve moweéaé*@w npter-mesieing 1,
602- 60434 ohhthe F@ls?ﬁﬁf n{e@llnddes%fffegr fr(gﬁtﬂﬁcl%&r?nt@ﬁ'sﬂ;é Eéég%f ?&ﬁﬁg’ Yol ahd

specific to thi's particul ar boswi t ch (t eter I's defived

f rom r pipbyning the gelachdowmyhﬁ)r thns a%sny memmeedm@ Whlald pcmlladeylz@wstalgﬂfem cal
reacti sethe h dro .of . a bond

Feaul t Roapted of MelofA3 BrhVen YD oPilh s BR TSR AL EoineP Y 8B, g
ri b@swdésirabis woatd lﬁehzﬁl adyhemasintdrboratih@mi@oessRs Whﬁ'bﬁlﬂte tHe se@kniag bf gand
i nduces transcription termnation. In addition, a fluorescent-I|igand

di spl a&’é%ﬁ?m%’é‘%‘%&‘ gféen di scl osed by Breaker et al (Breaker, RR

Bl Ount [00faf A d)leRU—%KS%G%ss #/ ‘s beé'ﬁrkﬁscw&h 'féteissesgméaetlm ;%@&Zéeﬁ%@“{am"’ov‘ev‘ér

this I gand | acenmen assay l[imted inTts uSe since i't onl Yy neasures
bi ndi ngtyemelmlzpswheh tepmgd ﬂ@tglmém@eswtqhdﬁmk@n& R aBiquw,tKyFoPusm ddbadi t ch.

Thus, W@E ﬁrﬁﬁa:\ﬁ@ 2605‘/?88'4120531& 1) ﬁ%k%%slaﬁ%n&fodsg? AP LN §r€5{ h KA gl €

conmpoun to a ribosw Ch an Ctiva
t r 8 SCRINt Bivh, predcsss Mayad €. ahth Famolok2006 ChehihBior Cherawd, t&t)n 60T dihés aka0o
" en n?elles oer}%gtezt?orn (?nsrsllgj‘ zgfrr}eha%'%lw%r t%at 1s s;l)elcc? cbtoef\hlts %axrtrl%alsar rlEOSWltCh A ribozyme
(the term is derived from ribonucleic acid enzyme) is an RNA molecule that catalyzes a
chemical reaction, in this case the hydrolysis of a phosphodiester bond. As a result, this assay is
not applicable to other known naturally occurring riboswitches, as the method is not able to
20  assess whether or not a ligand induces transcription termination. In addition, a fluorescent-ligand
displacement assay has been disclosed by Breaker et al (Breaker, R.R., Blount, K.F., Puskarz,
L., and Wickiser, J.K., WO 2007/100412). However, this ligand displacement assay is limited
in its use since it only measures binding events that may not cause a functional activity of the
riboswitch. Thus, there remains a need for improved assays to identify small molecule
25  compounds that bind to a riboswitch and deactivate or prevent the transcription process under the
control of the riboswitch. There also remains a need for assays that are applicable to measure

activity for a wider variety of riboswitches as well as to evaluate riboswitch function in a high

throughput manner.



activity for a wider variety of riboswitches as well as to evaluate

ri boswitch function in a high throughput manner. SUMVARY OF THE | NVENTI ON
[0012] | rnwoneledaospl e, a nmethod for measuring the effectcofusacimsteiconpound
on induction of riboswi tch-nmediated transcription term nation conprises:
provi ding a DNA sequence having a pronoter operably linked to a ribosw tch
apt aner donmain, and a riboswitch expression platform which controls
transcription of a coding region encoding a signaling sequence; incubating,
in the presence or absence of a test conpound, the DNA sequence with an RNA
pol ynerase and a plurality of ribonucleotides, at |east sone of which are

| abel ed, to express a RNA product; capturing the RNA product having a
signalin uence, usin capture el ement which specifically recogni zes
at lea FEHT%EINH&5 ling sequence, wherein the capture el enent

S Doung iz ifoRtBakiph, & mdtRAPI AkaHREBRALLIRE BF PRUCoRipoBRMlof BidREHATE ! e

si gnal S|gnaI|ng sequence, el n a decrease absence of signa
of the rmgw@dhl-mgdnstequenwptlnn tdmuptlesempnm a test corrpound relative to
t he signal

d d
e oon t onPismifing s PR ilehte vt P REREPPenb I HhE 6% O ARA%R BBRNEE . pua

seqyen@emany hita AbgywatRteRpreefier platfyrmh, iwHittcdnrols tfanb@swomlﬁ a@pdiagedgictomai n,
and a ribosw tch expressi on platformdomain, which controls transcription

of a cEBFIHNEEYEMINESEBYNERS a signal i ng sequence is incubated with an RNA
pol ymer ase ; alighithgPinth@plesdhcBlor EBQQMaqgﬁ'cgﬁ:pBﬁdd)hﬁslmhﬁts%ﬁuen‘é@%tﬁ'aﬂ one of

the plurality of rlbon cl eoside triphosphates is radiol abel ed, an exanple
of | abélegolyhnraSﬂenéxamléy of hbomhopwsyntelmsgom@%wmti iafej labeled, ga-rich E

i RNA B
cequender R KR Tt aPBRoR AR bl BoRRE A b Blr BEHGRTS iR Sibiee
t haoc aréldn{dnn@h&h epecxmuyrrwighlmzadeast a pomiohiof theabdnalic@pdquetcepivhereint the

conprising sol el y of deoxythym dylates (oligo (dT)) hybridizes to the
ful |l -1 SARENS W“{Sl‘soltﬂ‘x‘& “h%‘l‘ 5'35 pol yA sequence vi a base-pairing between

the deoxyt péﬁt;@\;;ilyé @,{cgpﬁygji prb8ucdany! ate. The capture el ement, in one
exanple, is tag
detectmg the signal of the signaling sequence, wherein a decrease or absence of signal of

the signaling sequence in the presence of a test compound relative to the signal in the absence of

15  atest compound indicates ligand-induced riboswitch-mediated transcription termination.
[0013] In one example, a DNA sequence having a promoter operably linked to a riboswitch
aptamer domain, and a riboswitch expression platform domain, which controls transcription of a
coding region encoding a signaling sequence is incubated with an RNA polymerase and a
plurality of ribonucleoside triphosphates, wherein one of the plurality of ribonucleoside

20 triphosphates is radiolabeled, an example of labeling. In one example, the RNA polymerase is a
purified sigma-rich E. coli RNA polymerase. In one example, the signaling sequence is a polyA
sequence and the capture element is a deoxythymidylate oligonucleotide. In the capturing step,
an immobilized or immobilizable capture element comprising solely of deoxythymidylates (oligo
(dT)) hybridizes to the full-length RNA product having a polyA sequence via base-pairing

25  between the deoxythymidylate and the adenylate. The capture element, in one example, is tagged
with biotin. In another example, the capture element is an antibody.
[0014] If a capture element is a biotinylated oligonucleotide, the biotinylated capture element

may subsequently be immobilized by binding to a streptavidin-coated plate via biotin-
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with biotin. In another exanple, the capture element is an antibody. [0014]
If a capture elenent is a biotinylated oligonucleotide, the biotinylated
capture everrerii4nmy subsequently be inmobilized by bi ndiPag/useoi@/001611
streptavidin-coated plate via biotinstreptavidin interaction, for exanple.
In the presence of a riboswi tch binding conmpound such as FMN, a truncated
RNA transcript |acking a pol yA sequence is produced. Thus, this truncated
RNA transcript would not be captured by a correspondi ng capture el ement
that normally woul d hybridize to the pol yA sequence-contai ni ng RNA product.
In the detecting step, a decrease in signal of the polyA sequence woul d be
noticed in the presence of conpounds that bind to a riboswitch, as |esser
anounts of ful Mength RNA transcript would be generatedn Thus, the nethods

may redtplayidinparagtionsion example deheriesnge ahdbemdich binding empqupd sediasch and
deact i Mtéfgﬁa%n&ft RRM R aRiGid p@am sPERAESR 7 i@éd.tﬂﬁs GRRYAALatef the

ri bosw [ 0015] The nethods and the assays a sclosed may al so be
appl i eRNAdranseiptseubf nat bstcrpptedbiydi soersspoadingeapturselementidbat matreally wiowdr t han

t he usg,of.a stre Vi di n- coat ed .pl . 016 he .hods and 1 he .assays
a1 5o uireriod S HETPLAY S oRb e Bk piodfidtate SRR Sen ectedie i o
Thes SPhgh aflthe poBy ASSeqhérick vasilld bépstRed at e perattetdfabmpsirds thdt bhid talaen a
substance bound to the bead experiences a radioifotope decaﬁgevent. The use

of sucHbeEWiEBPs IRsserrmaunts of v ldrlangth RNAJrangsrirmtanicly 4976radalBUS &' enpve
uni ncop,BALAS Ky F@Qﬂf;&ﬂﬁ%aurm&leage EothPordD HEIPERA SO FibBsWith andidactivate

increasing the sinplicity and speed of execution of the assay. [0017] The
met hoder paenent the tragsraiptiomprasessoindet the gentepl of thepibaswidéha- coat ed Fl ashPl ate as

a subsir The, Fl ashP|l at e contai ns._an .| npregn i niLi el .S
ot hoalBEs Ehep b e b EhSAFOR Bloie@ Rl TRO BOABHRA (& sk o s ko dlie? |
r ath oi catedpead ADD&Dktrats, rathet than tewopl e streptadihadatkdplaseasuri ng the ef f ect

of a test conpound on induction of riboswi tch-nediat trgnscription

Cer mi ni0DA G PP ST Hon R SR ARl AT AP ARG Bhr abl y

| i nkedg jh@rfte "THGPA b&l i@@%@ﬁ@lﬂan@%ﬁﬂe@t?atmag_tﬁdt RRRMERNWENPL &BStafist Pl at form
0

domai n, which control transcription a codi ng regi on encoding a signaling
sequenbainditntheibged experiprres Baadipiceiopcdecay cuintchieaise pf guchadiead yigpldund, t he

DNA 's e&%ﬁﬁ&%ﬁ% a5k RNRIRAhY PRIAS SRR dhillordthibd Yadflisdib RO Rk Igahis des. to

express a
15 homogeneous assay, and increasing the simplicity and speed of execution of the assay.

[0017] The methods and the assay may also utilize a streptavidin-coated FlashPlate as a

substrate. The FlashPlate contains an impregnated scinitillant. This method would eliminate the

need to wash plates to remove unincorporated radioisotope.

[0018] In another example, a method for measuring the effect of a test compound on induction of
20  riboswitch-mediated transcription termination, comprises:

providing a DNA sequence having a promoter operably linked to a riboswitch aptamer domain,

and a riboswitch expression platform domain, which control transcription of a coding region

encoding a signaling sequence; incubating, in the presence or absence of a test compound, the

DNA sequence with an RNA polymerase and a plurality of ribonucleotides, to express an RNA
25  product;

capturing the RNA product having a signaling sequence, using a capture element which

specifically recognizes at least a portion of the signaling sequence, wherein the capture element

is bound to a substrate;



product; capturing the RNA product having a signaling sequence, using a
capture el enent which specifically recognizes at |east a portion of the

si gnal i ngveequent®s wherein the capture el enent i s boun@&cCrasaoiswbstir at e;
attaching a detection elenent to the captured RNA product wherein the
detection elenent specifically recognizes at |east a portion of the

non- captured portion of the RNA product; renoving uncaptured products; and
detecting the signal generated by the detection elenent, wherein a decrease
or absence of signal of the signaling sequence, in the presence of a test
conpound relative to the signal in the absence of a test conpound i ndicates
| i gand-1i nduced ri bosw tch-nedi ated transcription termnation. [0019] In one
exanple, following the capture of the full-length transcript, a detection

el enentttediig edfsrtian glemsnbtoghe earsyred RN rodpelherip thertgtecting sletReat i n t he
capt ur g, iEa| dega iileg!a@régsttag)ohm SraRd mrﬁehpmrﬁ&w&&ioa_e#m@d/xfp%dua;gnal

gener ation a ication. For exanple, the portion of the transcript
not i nieolovedq unnaptiwed papluatse andy be any sequence regi on excl udi ng the pol yA

sequen sugh as the rib tch sequence.. 1f the detectio [(S

radi ol g‘%@‘i"@é?hef S&"*‘L%‘é{ﬁbﬁt%é,)g%g Agiesto agwe?thgk%fgi"eac%cﬁe%&e rea%é%l[cggf E‘ g‘(‘:ﬂed to
t hes capt e atknMy spgaehee] inthy prleSendtl 8N4 tesBdodtboyd redatbiertod g sigal i vity. In
anot her exanple, if the detectign SLenent,gs a fluorescently-| abel ed probe,
t he andhearcedt afest corapind;ipdicapeigasd-inducse ABesWItsh Rediaty fra'ﬂS@épﬁw\ product s

may be. fuaatiéd at ed by neasuring fluorescence signal intensity. [0020] If
the detection elenment is tagged with biotin, then the amount of this
bi ot i nja0a8kdh ot exatmipt falcavieg therraptutreofibe il length dransedipt. tagletdcompelema i f i ed

by usin trept avi di n-conj ted hqr ?. . i %#i? Egd th
per oxi anggéergﬁrggrty rQfe ?“*08 rdfg% gtrrr?ﬂ%%r.l&ﬁ%f@g fé’?i? Hf) tﬁg g%ﬁ%gﬁ%}(e Igﬁ% | ngps o the
bi ot i nydpairedip@deatc ahd asedefoesipndl gahdration adainpifioatibrt Got énampde) trther mooiti GANAY
product via streptavidin-biotin interaction. After, uanqﬂd
st r ept HFt@NSFTIPLRGIGLA W IRES FAPUITE FBY &8 2BY STMSHHETGS ORRI WBE IR s t hen
added fofedckSsubtihs hRIBbYWREh £QNMRE SIf @Rk defecBolREIRAYEAL is rddidlaloied)Bbrexadple,
non-fl uorescent HRP substrate is used and nay be converted by HRP to a
f | uor ethea@mount of the detection element attached to the captured RNA product may bé quantitated by
measuring radioactivity. In another example, if the detection element is a fluorescently-labeled
15  probe, the amount of the detection element attached to the captured RNA products may be
quantitated by measuring fluorescence signal intensity.
[0020] If the detection element is tagged with biotin, then the amount of this biotinylated
detection element may be quantitated and its signal amplified by using streptavidin-conjugated
horseradish peroxidase (HRP) and a peroxidase substrate, for example. Streptavidin-conjugated
20  HRP binds to the biotinylated detection element which is attached to the captured RNA product
via streptavidin-biotin interaction. After unbound streptavidin-conjugated HRP is removed by
washing, HRP substrate is then added for its HRP-catalyzed conversion to a product. For
example, a non-fluorescent HRP substrate is used and may be converted by HRP to a fluorescent
product. Alternatively, a fluorescent HRP substrate is used and may be converted by HRP to a
25  non-fluorescent product.
{0021] Other examples of quantification and signal amplification may be used for the detection
element. For example, a detection element is an oligonucleotide that comprises FRET

(fluorescence energy transfer) pairs consisting of donor and acceptor molecules.This detection
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product. Alternatively, a fluorescent HRP substrate is used and nay be
converted by HRP to a non-fluorescent product. [0021] Qher exanples of
quant i fi caoi2o/@ansssi gnal anplification may be used for pciasdenmcteinpn

el enent. For exanple, a detection elenment is an oligonucleotide that
conprises FRET (fluorescence energy transfer) pairs consisting of donor and
acceptor nol ecul es. This detectionel enent may be designed to hybridize to a
portion of the RNA transcript not involved in the capture. The portion of
the RNA transcript not involved in the capture nmay be any sequence region
excluding the pol yA sequence. In addition, this FRET-pair-containing

ol igonucl eotide is designed to forma hairpin structure to al | ow
fluorescence energy transfer between donor and acceptor ? when it

i s fr edenienomay e designadrte dybiidize loshpartion phAe BN%franSeﬁahn%y%w Yﬁ%z‘ﬁf on of
this FREtTreD%bé oGl B IR d00HESAhI¢|0ed 1 thllEaphtP s ol RMAcqieReiict s, ¢ he

FRET- pAPTcon ning ol 1 gonucleotide I s designed | osé t he hal rpin
st ructrggion eid’h&tﬂn@&qaqm&m segjuttie. beaidjstooy thaaiERElbmxr cmaeumg eligoapeleetiders nat i ng

t he FRETs | ] Alternativel
ol enoriesigass B0 Jagh o ol oSt PR R BIREF ARG AT,
el emenfocdhd xP(ﬂe@Jl'eszlheQﬂﬂ Wtk the dapturedfaliirgth Fharescrpt &pbn (hmbmxlnmtnentoﬂ s

designed to bind to the portion of RNA tran cr| t not inv th
capt urtbis FRET-paiueenspniveeliggnusieqtide i mwrw@ﬁ QEP‘ﬁuFﬁjh?‘e %#}f‘rgd?alégm t ieng

em ssi %ﬂta}iﬁ é‘%)%ﬂ WLEHot: @Qegﬁeja 10 %s@kﬂﬂauﬁﬂ)dstﬁ@ful?@ 'ﬂlqlsCsH AhtifOtha btz p@dr

filter y tunbl i ng uor ophore unbound) wll rotate during the
f1 uor emdeloaer motballesrmldaerhmmdltu@ tbthBREElSQnﬂlfl cant em ssion in the

per pen r chanpel | ec

macr Oﬂ@pgﬁlﬁﬁ Rty §ing: ﬂ)“OWNBf’regﬁ %eﬁog? %Rtt'ﬁef %?nmggla%%@#e{g%me arall el
Chﬁﬂne;tolar%u&a brdBe. f"lfm@délékhmh%ld‘m@ed]agi%e@bhgzmueleemt&)lfod‘qxlampth ’z"hmg to the
portion of the RNA product not involved in the capture wl

si gni f desection elemesy ‘éﬁf’?‘&ne{dﬁé bk tg theaporiieny AFRerEy opt 'é‘tvf)ld’ ﬁgg]ftwf he

f I uor op| gﬁlrte "[Wetfﬁo%@{e' d;§ @gm{eﬁg’mh poﬁ%ﬁz@@ NEkhia2The rédMBiap Bhidslonds oaphereeuiing ed
det ecti on €l enent show signi ficant "em ssion in the perpendicul ar
channeboth bﬂﬁua]anarpe@wmudmepqlmed|ﬁrhtstSn@ repidly tymhling ﬂwr@emré( AHRpHhY and

its eff ‘?g,tofag ndllg?nd ﬁ%hggrﬁ%cfence PREWe LG8 tlﬁE%%‘/ Q%D%Qﬁt &SRNGS R AP, the

concent't ound ray be var
15  perpendicular channel. A molecule attached to a slowly rotating macromolecule (“bound”) will

show almost all the emission in the parallel channel. Thus,the fluorophore-fused detection
element hybridizing to the portion of the RNA product not involved in the capture will show
significant emission in the parallel channel upon excitation of the fluorophore with polarized
light. By contrast, unbound fluorophore-fused detection element would show significant

20  emission in the perpendicular channel.
[0023] To evaluate the binding of a small molecule compound and its effect on induction of
riboswitch-mediated gene expression, the concentration of the compound may be varied among a
number of parallel in vifro transcription reactions.
[0024] In another example, a screening assay for drug candidates targeting riboswitches

25  comprises: any of the methods described.
[0025] The methods and the assays may be applied to any riboswitch that modulates the balance
between full-length and truncated transcription. A DNA sequence carrying a riboswitch motif

and additional nucleotide sequence that encompasses the putative terminator and antiterminator
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nunber of parallel in vitro transcription reactions. [0024] In another
exanpl e, a screening assay for drug candi dates targeting ribosw tches
conpri seswoanw/@iosshe met hods descri bed. [0025] The net ircttarsand/iovisel assays
may be applied to any riboswitch that nodul ates the bal ance between
full-length and truncated transcription. A DNA sequence carrying a
riboswitch notif and additional nucl eotide sequence that enconpasses the
putative term nator and antiterm natorel ements and contains a segnment that
may be captured is incubated in a reaction mxture with a RNA pol ynerase
and rNTPs. Only the full length transcript would be captured and test
conpounds that significantly alter the anount of full-length transcript
woul d be identified as "hits." [0026] These nethods and the assays

i dent i eﬂynqmjarml. confaing i sSEMSHethat ) RectapRiredbigpRstREed tm%xfeaﬁ‘i'%“t’%“faxﬂﬁ iht?osw. tch

and  degGh il forl Bl ENEPL. (P uly ANSGIhPIhAHRAGSE Be UpfEd btPiegONt r ol of

the r conp S|t|ons are anenable to h%g

t hr ougdumpousdsrtearsignifiqahfiBpiteruhé akeunted julklengthitragsaript o ldds identifigd@s may be
appliedg.cyrrently to the testing of conpound libraries for conpounds that
product‘@ely bind to riboswi tches. [0027] The methods and the assays may be

used t Pomemehé MeGRIPAINES adsays maY ideadfyemidalistiagdisiashall ummhlecdme'rpoumtsr apy,
as well for other research and devel opnent, and agri cuIturF{ and |(gr? stri al

appl i cthet kindtogyihaswitely anchdgagtvase Ob%fﬁée'\éklt?rtéaé‘é‘frmﬁlo PR thg cpp s is
desi r afl DescRsenmpsS ar e

si npl Z‘trﬂ g’ﬁ?&?% egégthggér@umm gdsglogj?én% a&%ﬁa%ﬁd&??ﬁérl@ 0259] Aﬁﬁgt her
advant G4Es)j mlikhatany legisting teolisologids, ahé may baysplwd@uaﬁ@hawl the testing ofh

t hr ough eni ng and nma use ound libraries.

[ 0030] ¢ ‘%&‘-ﬁ %h@ﬁ‘é‘?s %&\93’5‘{)2\ %%atlpﬁ()d?wtt' e);g%{i é&g\]ﬁ%ﬂ%e assays measure the
fupgeti ?]02’7] W@&H@dﬁndhhé}@d@ﬁysbhi}dbm@eﬂm Idhetlﬁylcbmmundsffor avibagtedal aad bi ndi ng
event that may may not cause a change unct i naI CtIVI y of the

ri boswentifengaj smfhegmﬂ ps Welb f M ithes 4es5RH 25@%‘51 f‘%vef%’ ent, ﬁB 8?‘ a4t he
assays; n'aﬁéfrlﬂ%pgﬁ LigReRnde ngﬁ'ﬂf‘a'hbﬁ %k Fé’ne%iﬁ*e‘ésnéx@b?ﬂbosfvh&ﬂﬂi@ahms dbddable.

modul at'es t ance bet ween ful ength and truncated

[0028] One advantage is that the methods and the assays are simpler and thus less consuming of
time and materials.

15  [0029] Another advantage is that the methods and the assays are amenable to high throughput
screening and may be used to test large compound libraries.
[0030] Yet another advantage is that the methods and the assays measure the functional outcome
of ligand binding to the riboswitch, not just a binding event that may or may not cause a change
in the functional activity of the riboswitch.

20  [0031) Still another advantage is that the methods and the assays may be designed to generically
apply to any riboswitch that modulates the balance between full-length and truncated

transcription.

BRIEF DESCRIPTION OF THE FIGURES
25  [0032] Figure 1 shows a schematic diagram of ligand-induced riboswitch-mediated transcription

regulation using rib leader sequence derived from the ribDEAHT operon of B subtilis, responsive

to FMN.
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transcription. BRI EF DESCRI PTION OF THE FI GURES [0032] Figure 1 shows a
schemati c di agram of |igand-induced riboswi tch-nedi ated transcription
regul ati omousiogiossb | eader sequence derived fromthe HeDEAISI0l0percon of B
subtilis, responsive to FMN.[0033] Figure 2 shows a schematic diagram of

| i gand-i nduced ri bosw tch-nedi ated transcription regul ati on, responsive to
TPP. [0034] Figure 3 shows a schematic diagram of |igand-induced

ri boswi tch-nediated transcription regul ation, responsive to SAM [0035]
Figure 4 depicts a schematic di agram of one enbodi mrent of the nethod.

[ 0036] Figure 5A shows a detection of in vitro transcription product,
measured in cpm Black colum representing full length transcript in

absence of FMN, grey columm js in presence of FMN. Col ums, | eft. show
experi [f933] Engvrﬁ@ %B‘QW?A sehgmaticdiperam of B&a'\drlﬁﬁ‘fcefié‘bas‘?f’éﬂ‘(?‘ﬁa'a@gﬁr@P?cﬁ’BHP“ usi ng

a pol y L,#%ABT?‘S%BQ t Hpgure 5B depicts signal dependence on biotinylated
oli go ums are absence of FMN, grey are in presence of 100

m cr onfloas) F@Ne 3A$10wmacsehrﬁma1tcldmgra)ﬁ oﬁingandwyumeédnboswg@ ordietegd tianscriplienent
i ncreases, Lncr s, then levels off at saturation. [0038] Figure 6
shows EFgﬁlraE\?)rh %slpogﬁ' Elsalgslffer ences with and without FMN at varying

congentgoasy Hgﬁreﬂlf depagesdhematic) diag RISt onle@ABOHinkdng uf the meshalis a graph of

signals in absence (black) and presence (100 m cronolar F re W th
fixed H936hkiswe %aﬁé%f’%a EPtEFHOR O 4R IRPAFARSHIPLIOB REANET Meagise F“%Nﬂﬂ\)éé%c uence.

[ 0040] 5, @H%&r x | il tl%ﬁﬁmhﬁt iafabsenké bf AVINDBredfcolih RAh YrBERS DF

concentrati o course experinent in the absence of FMN. [0041]
Fl gur eFBB. deginmns omteft show expariprat usingapolyA radlt iGoturons mNigtds yptRse in a
time course experine the presence of FWMN. [0042] Figure 9 shows a
graph &fPeHEFE '% g?'ft%‘tll vity versus pH [0043] Figure 10 depicts a graph
of 10 nhi¢astj Dllgu&fSEdep@cai sigpalldy pandase aciiotinytistedyliga axpBiack columns are

absence of FMN, grey are in presence of 100 micromolar FMN. As concentration of
biotinylated oligo dT capture element increases, signal increases, then levels off at saturation.
[0038] Figure 6 shows a graph of signal differences with and without FMN at varying
concentrations of magnesium and rNTPs. ‘

15  [0039] Figure 7 shows a graph of signals in absence (black) and presence (100 micromolar
FMN, grey), with fixed amount of capture element and varying concentration of DNA sequence.
[0040] Figure 8A shows an example of a titration of RNA polymerase concentrations in one time
course experiment in the absence of FMN.

[0041] Figure 8B depicts another example of a titration of RNA polymerase in a time course

20  experiment in the presence of FMN.

[0042] Figure 9 shows a graph of percentage of activity versus pH.
[0043] Figure 10 depicts a graph of inhibition of E. coli polymerase activity by rifampin.
[0044] Figure 11 demonstrates screening results for FMN and FMN analogs.
[0045] Figure 12 demonstrates screening results for TPP and TPP analogs.
25  [0046] Figure 13 demonstrates screening results for TPP and TPP analogs.
[0047] Figure 14 demonstrates screening results for FMN and FMN analogs.
[0048] Figure 15 demonstrates screening results for TPP and TPP analogs.
[0049] Figure 16 demonstrates screening results for TPP and TPP analogs.
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[0044] Figure 11 denonstrates screening results for FWMN and FMN anal ogs.

[ 0045] Figure 12 denobnstrates screening results for TPP and TPP anal ogs.

[ 0046] FiworelolB1aenonstrates screening results for TPPPamdSTHB/oarsal 0gs.
[0047] Figure 14 denonstrates screening results for FMN and FMWN anal ogs.
[0048] Figure 15 denonstrates screening results for TPP and TPP anal ogs.
[0049] Figure 16 denonstrates screening results for TPP and TPP

anal ogs. DETAI LED DESCRI PTI ON [ 0050] The exanpl es and draw ngs provided in
the detail ed description are nmerely exanples, which should not be used to
limt the scope of the clains in any claimconstruction or interpretation.
[ 0051] In one exanple, Method I neasures the effect of a test conpound on
i nduction of riboswitch-nmediated transcription term nation, conprising:
provi ding a DNA sequence having a pronoter operably linked to a riboswi tch

apt anepeaek . DESERPTiGROSW t ch expression platform which controls
transcription of a cog}ng regi on encodi ng a signaling sequence; i ncubati ng,

i Nt he[0p5elsEircexanplealasd duavings provided indberpeaited, deserépt DNArs BRIEHOEMIIESh an RNA
PoLITERRR RO Falb G o B RSB o RS EShRaTe o ch o
si gnal inkgpeebuence, using a capture el ement which specifically recognizes
S bouteSTlo TROR Pl MCTHEh PRI ARGl St aaTePsd ShITU LT ng t he.
si gnal ri9(§s“titlaﬁ-_n§é-dgd?@d iri3cIRUHABGERinatIC EGhpridnglecr ease or absence of signal
of the signaling sequence in the presence of a test conpound relative to
t he si proaidiige PN\ shuensebaving a premetecengsailn inkeddp e atbeswitehyanioenfiomaiy
o R AT S bbbt
i si@n gkhgippyequeatd;de conpl ementary to the signaling sequence. A defined
incubating, in the presence or absence of a test compound, the DNA sequence with an RNA
polymerase and a plurality of ribonucleotides, at least some of which are labeled, to express an
RNA product;
capturing the RNA product having a signaling sequence, using a capture element which
15  specifically recognizes at least a portion of the signaling sequence; wherein the capture element
is bound to a substrate;
removing uncaptured products; and detecting the signal of the signaling sequence, wherein a
decrease or absence of signal of the signaling sequence in the presence of a test compound
relative to the signal in the absence of a test compound indicates ligand-induced riboswitch-
20  mediated transcription termination.
1.1 Method I, wherein the signaling sequence is a defined nucleotide sequence and the
capture element is an oligonucleotide complementary to the signaling sequence. A defined
nucleotides is one known to a person of ordinary skill in the art that may be used as a
signaling sequence. An example of a defined nucleotide sequence is a polyA sequence, for
25 example.

1.2 Method 1 or 1.1, wherein the signaling sequence is a polyA sequence and the capture

element is a deoxythymidylate oligonucleotide.
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nucl eotides is one known to a person of ordinary skill in the art that may
be used as a signaling sequence. An exanple of a defined nucl eotide
sequence We 2a1paiosd sequence, for exanple. 1.2 Method | por/us2dip/ondser ei n t he
signal ing sequence is a pol yA sequence and the capture elenent is a
deoxyt hym dyl ate ol i gonucl eotide. 1.3 Method of Method I, or 1.1 or 1.2,
wherein at | east one of the plurality of ribonucleotides is radiol abel ed.
1.4 Method of Method I, or 1.1, 1.2, or 1.3, wherein at |east one of the
plurality of ribonucleotides is |abeled by having a radi ol abel ed

ri bonucl eosi de tri phosphate. 1.5 Method of Methods 1.3, or 1.4, wherein the
step of detecting the signal of the signaling sequence includes neasuring

radi oactivity, wherein a decre in the signal or a bsence of .the signa
i ndi cat eb3Mgherhofi Matied & ari lb]o%r\/\if’c‘%heﬁﬂﬂ RLERY opf Bﬁ@ﬁ‘ rp?"ﬁg]i'% ﬁ’?f ‘E??Hchegf'ﬁ%sn. For
exanpl e, ;;a, fGhLiditd.| ation counter may be used to neasure radioactivity. 1.6
Met hod of Method |, or 1.1 or 1.2, wherein at |east one of the plurality of
ri bonucl bdtMethad ofsMethad lewdehtllds of hBewbereintt feaptangsd therplwalingrf 1.6, wherein

the step of, detecti i I | i i ncl udes
measur ' ‘ﬂ‘%‘eﬁ%ﬁaeéé%leaﬁglga ?ﬁp e‘ﬁ@?? ;5?(8{’/\1,{%%%]%(} ﬁ&g{agﬂgégg%ggﬂ?ﬁﬁt% ﬁé signal or an
absgnce pf Mathodiof Mithdd’ddi 3 at ¢, vheeintthe sdp ofdetedtingshe $igine! wé thieaignaling
transcription termnation. 1.8 thhoﬁ of a of h@%hod l,, or &@thqﬁi
11 1. Fecisrsinsyes measrig rafioRsitiys Vhrimdiehra BBV ENg" PheEag e

el emen; \hiifdicars 1igaRd-MdudaNHE9Rich Fee AP ATBM  RIMelnfinktlid. SoOB@PRY a
sequencg and the step includes hybridizing the RNA product to the

ol i gonsrintdatipel eounjerauapphecyred fampatyesiadioastivityy. 1.9 Met hod of any of Met hod
I, Me 3O i . i . -wi.t h
O ane LB MR by Mlh T LEL M o1 SERyPh: (ERPLATIARG. PR BT RS AdLIEb s

the captu enent utilrzes arfinit 1. od of Method 1.9,
whe ei 3 fluoeescaplyusitele. ement is an antibody. 1.1 1 Method of any of Method

oo NEE.Q?\(/?gthg'd (:)Lf- I\:I/Iét:l:lg’d lyg,]e\':vrh%ireri]n tef]ecs?e%to"flrdgtegtlm%qﬁg tsigiw?l ot%itl?et sllgg alli%tg Es'\e(:jq'uence
includes measuring fluorescence intensity, wherein a decrease in the signal or an absence of the
signal indicates ligand-induced riboswitch-mediated transcription termination.

1.8 Method of any of Method I, or Methods 1.1-1.7, wherein the step of capturing includes
15  providing the capture element which is the oligonucleotide complementary to the signaling
sequence and the step includes hybridizing the RNA product to the oligonucleotide by
complementary base pairing.
1.9 Method of any of Method I, or Methods 1.3-1.7 wherein the step of capturing the RNA
product with the capture element utilizes affinity binding.
20 1.10 Method of Method 1.9, wherein the capture element is an antibody.
1.11 Method of any of Method I, or Methods 1.1-1.10, wherein a capture element is
biotinylated.
1.12 Method of Method 1.11, wherein the captﬁre element is immobilized by binding to a
streptavidin-coated plate.
25 1.13 Method of Method 1.11, wherein the capture element is immobilized using a
streptavidin-coated Flash plate that includes an impregnated scintillant.
1.14 Method of Method 1.11, wherein the capture element is immobilized using a

streptavidin-coated bead.
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1.12 Method of Method 1.1 1, wherein the capture elenment is imobilized by
binding to a streptavidin-coated plate. 1.13 Method of Method 1.1 1,
wher ei n twe 20mpi4wss el ement is i mobilized using a streptaxisdinicwat ed

Fl ash plate that includes an inpregnated scintillant. 1.14 Method of Method
1.1 1, wherein the capture elenent is imobilized using a
streptavi di n-coated bead. 1. 15 Method of Method 1.1 1, wherein the capture
el enent is inmobilized by using a Streptavidi n-coated SPA bead. 1.16 Mt hod
of Method I, or Methods 1.1-1.15, wherein the test conpound is FMN or an
anal ogue thereof. 1.17 Method of Method I, or Methods 1.1-1.16, wherein a
conpound is being tested agai nst any of the disclosed riboswi tches. The

di scl osed ri boswitches herein are any disclosed.in the specification. 1.18

Met hod ofl- INEYipbad pf Msthogl. bl gdhenein the, cmmur%%@mt is inHBobHZEERY YRHRE De
perforne t manner. 1.19 Method of Method I, or Methods
1.1-1. 18%u%ﬁa%§?%&?«%h¥?gggg? i ncubati ng the DNA sequence |ncludes
provi di nd. &Methpd ofMettod Icomdethivdad il oinl Sofwhemimissitestreropemndus EMN ohan speed
of t he rlbgsmntﬁ diated transcription reactions. 1.20 Method of Met hod

. or MetfdgEuet 19, wherein the step of incubating the DNA sequence
I ncs udes 1a) Metho 8f MefHddi Inolomd@lbdi 0.1 008) nile i & b@ﬁmanahs b&ifg aised against
transcription reactions, 21 Met hod of Method | thodsé} h)l 20,
wherei n t3RE Ofﬁ‘éélfﬁloﬁ%ﬂwl@h?ﬁ ur@eéiﬂsé&eda’r‘%osévéﬁcf‘?séﬁr%ﬁ?“i Wy £i5519sedifge fr om
6-10. 1. %@3 &hgﬁﬁﬁﬁ Met hod |, or Methods 1.1-1.21, wherein the step of
i ncubati ng the sequence |s optim zed by a precedlng step of varying a
concent r dtifon of Methed DRMatleagtle ncMethodn d). 1al . bl. whgrdin thegnethed miay &F perorgiedr o
transcrlptl ; actlon 1, 23 Met hod of Method I, or Methods 1.1-1,42,
wherei n tHha F@s LRIt HRNE® s an anti-bacteri al '

10 Method of Method I, or Methods 1.1-1.18, wherein the step of incubating the DNA sequence

elF

includes providing an appropriate concentration of magnesium to modulate the speed of the
riboswitch-mediated transcription reactions.
1.20 Method of Method I, or Methods 1.1-1.19, wherein the step of incubating the DNA
sequence includes adjusting a pH in order to modulate riboswitch-mediated transcription
15 reactions.
1.21 Method of Method I, or Methods 1.1-1.20, wherein the incubation and capture steps are
carried out in a pH range from 6-10.
1.22 Method of Method I, or Methods 1.1-1.21, wherein the step of incubating the DNA
sequence is optimized by a preceding step of varying a concentration of the DNA sequence
20 among a plurality of parallel in vitro transcription reactions.
1.23 Method of Method I, or Methods 1.1-1.22, wherein the test candidate is an anti-bacterial
drug candidate.
1.24 Method of Method 1, or Methods 1.1-1.23, wherein the test candidate is a gene

expression regulator.
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drug candi date. 1.24 Method of Method I, or Methods 1.1-1.23, wherein the
test candidate is a gene expression regulator.1.25 Method of Method I, or
any of Mawbade/ii@Bsl. 24, wherein the incubation step isPconseewadisin a pH
range depending on the type of RNA polynerase utilized. 1.26 Method of
Method | or any of Methods 1.1-1.25, wherein the riboswi tch sequence is a
naturally occurring riboswi tch sequence. 1.27 Method of Method I, or any of
Met hods 1.1-1.26, wherein the riboswitch sequence is an engi neered

ri boswtch sequence. 1.28 Method of Method 1.1-1.25, wherein the ribosw tch
aptanmer domain is engi neered aptamer domain and the ribosw tch expression
platformis an engi neered expression platformdomain, which controls

transcription of a codin r%%gon encodi ng a signal i ng. sequence, [0052] High
t hr oughput25scr eeMeihgd &Q&J@ or y fVethegseld! 1 #Awhelinthe gcubatigpngem may
be used to |- i ol o ' 5 ] reption
terninationi eggdé%gggﬂﬁgépﬁgfg%égPggﬁggﬁ?%?%S%g%ﬁqg%?fﬁﬁ§m?g bind to a

ri boswitch and thereby be able to induce ribosw tchnedi ated transcription
t ermi natila26, [ 00MBihodieé Mathdddvirmgy @& Mathads dris1-28.eviprev ithpadbashigh sequencgt ed

application, WO 2004/ 027035... the disclosure of which is hereby incorporated
by referencd ? FOYE4Y O%ur%?%%és(‘ﬁmqisg&e%e-

Stgenéral ly a sequence or sequences of
DNA that function when in a relatively fixed location with regard to the
trapscri ptiion stistethodiof dMetifodol; onaiyest Methods h-126r whedeantbatribosvaitphi r ed f or
basic interaction of RNA geg[?%ggr ase,and transcription factors and can

contai n upstFESATS NERg'8 BN SEIUSP SSrent s. [ 0055] " Ri boswi t ch apt amer

dormai ns" are nucleic acid segnents and structures that can bind selectively
to particuigr compoedds Muikbdc]. 2sSES whkretoihip eibosisitchRiprosesidootagsishave apt anmer

domai ns that, upon binding of a {rigger | ecul e copfer a change in the
state or st repgnegred %ﬂta'f‘ﬁ‘édqor“?%’béﬂ)é thept OF‘NMQSB‘H&PP*’?G%H&WW ,ereghe state
or struct ur gypfsdiEpIEXRREEThAR, Whith tOKtBISRMREAption of a coding region encoding a

10 signaling sequence.

[0052] High throughput screening assays may be developed in which a test compound may be
used to show a ligand-induced riboswitch-mediated transcription termination. Test compounds
may be tested for their ability to bind to a riboswitch and thereby be able to induce riboswitch-
15  mediated transcription termination.
[0053) The following definitions are provided from a related application, WO 2004/027035, the
disclosure of which is hereby incorporated by reference.
[0054] A “promoter” is generally a sequence or sequences of DNA that function when in a
relatively fixed location with regard to the transcription start site. A promoter contains core
20  elements required for basic interaction of RNA polymerase and transcription factors and can
contain upstream elements and response elements.
[0055] “Riboswitch aptamer domains” are nucleic acid segments and structures that can bind
selectively to particular compounds and classes of compounds. Riboswitches have aptamer
domains that, upon binding of a trigger molecule confer a change in the state or structure of the
25  riboswitch. In functional riboswitches, the state or structure of the expression platform domain

linked to the aptamer domain changes when the trigger molecule binds to the aptamer domain.
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| i nked to the aptaner domai n changes when the trigger nolecule binds to the
apt aner donmi n. Apt aner donmai ns of riboswi tches can be derived from any

sour ce, iwoldvrmssf or exanpl e, natural aptanmer donmai nsPofi/useosnisiches,
artificial aptanmers, engineered, selected, evolved or derived aptamers or
aptanmer domains. Aptaners in riboswi tches generally have at | east one
portion that can interact, such as by formng a stemstructure, with a
portion of the linked expression platformdomain. This stem structure w ||
either formor be disrupted upon binding of the trigger nolecule. [0056]
"Expression platformdomains” are a part of the riboswitch that affects
expression of the RNA nolecule that contains the ribosw tch. . Expression

pl at f orm domai ns general |y have at | east one portion Epat can interact,
such aépisyner dempingobrikasaitchesqan bgderives frem é“b?ﬂ“cr?e@ tncgiding, o §XAWRLE: apt aner

domai np..[1) téﬁ@rrqoﬁal#cc;f‘”b%smtéﬂes Srfi &4 dpPintBre rengi‘ﬁegbé rsHEEt@GI ¥BRRd Bt ndi ng

of the trigder ecu he Stemstructure génefal Iy either is, or
pr eventaivied taptamlemmr(abl_;amn dmpm&s%pt@mexrseg ubaivotoyles;gmmdlu tave ftrleask piessi on

regul at or. uct.u st,ru ure t hat all ) es or

i nhi bi P¥Y éS‘(BV«L%aé‘l '8 rac? 3 % TEER Sée'%gtﬁ'fcé‘frﬁi VH'élp ﬁxg%%rdtg(t: e{}p%@ 8Exarrpl es
i ncd udexpabiision pRafolRdomase TURNERS stridhirk ivill ieNRerdomobSbe disaptdripph bmding of
term nators, transcrl ption antiterm nators, and stability and processing
si gnal ﬁlet{lwquo 9cHleone exanpl e, Method Il provides a nethod for measuring
the effect of a test conmpound on induction of ribosw tch-nedi ated

t ranscygogp| %pfr@sgﬂaih risﬁﬁétiro?ﬂﬂ doffAIRP i I 1hrt &ftﬁé/h%éﬂ@tcﬂ thNAffe@s agne@dnasfitm a
pronoter operably linked to a ribosw tch aptaner donain, a riboswtch

expr es BNgnmpleault thratrcomsains the ribeswiichs dxpression plaHfeun dpmpias gémer%!%‘ef’dﬁ Abler¥gi on
encodi nx?&)@or? dgtrﬂ?{]éag%mzﬁagy S0 Eas Hy%ﬁ'ﬁiﬂg a@%ﬂ}l\ﬁtﬂlcw;ﬁze\pﬁt?§ E&"E n%rf th%tml%‘&e of a

test coO séquence-"w rase lurality of
ri p@nuapteati dbemin. tihiesten essctan vRN/kltper(ﬁitmbr be distuptddngpon rbéndm@ofhh@t!lﬁg?r

havi ng a,si | i ng sequence, using a. ure e C|f|cally
r ecognfr&’&“g?ﬁ? suGRregeR ‘?l?f’é %0 Bﬁrgi"?'ﬁﬁ oég'&ﬁ%’h%ean \%\%rgs M the
capt ur geof|affif Brudtdre DAK @Qpr'&:ﬁl(ﬂa repklatorpétRictudé Isacdiive@irathdeilRels, prevaltgnent to
t he captiured RNA product; wherein the detection el enent
enhances or inhibits expression of an RNA molecule containing the structure. Examples include
Shine-Dalgarno sequences, initiation codons, transcription terminators, transcription

15  antiterminators, and stability and processing signals.

[0057) In one example, Method II provides a method for measuring the effect of a test

compound on induction of riboswitch-mediated transcription termination, comprising:

providing a DNA sequence having a promoter operably linked to a riboswitch aptamer domain,

and a riboswitch expression platform domain, which control transcription of a coding region
20  encoding a signaling sequence;

incubating, in the presence or absence of a test compound, the DNA sequence with an RNA

polymerase and a plurality of ribonucleotides, to express an RNA product;

capturing the RNA product having a signaling sequence, using a capture element which

specifically recognizes at least a portion of the signaling sequence, wherein the capture element
25  is bound to a substrate;

attaching a detection element to the captured RNA product; wherein the detection element

specifically recognizes at least a portion of the non-captured portion of the RNA product;
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specifically recogni zes at | east a portion of the non-captured portion of
t he RNA product;renoving uncaptured products; and detecting the signal
gener at edwbyotoi@st ecti on el enent, wherein a decrease @ecTalss@eoelcaf signa
of the signaling sequence, in the presence of a test conpound relative to
the signal in the absence of a test conmpound indicates |igand-induced

ri bosw tch-nedi ated transcription termnation. 2.1 Method of Method 1|1
wherein the signaling sequence is a defined nucleotide and the capture

el enent is a conplenentary oligonucl eotide. A defined nucleotide is one
known to a person of ordinary skill in the art that may be used as a
signal i ng sequence. For exanple, one exanple of a defined nucleotide is a
poly A sequence. 2.% Met hod of Method Il or 2. 1, wherein the signaling
sequenESVINEHNGHYIL §€ﬁﬁ@ﬁé@’ nd the capture el ement is a deoxythynidylate

ol i gonygl &Rk iklesigral deddpdibPBly Bfe dMRIhOfelbhentOWhdRINOAR redsd or Mserkedf sithar ei n

the step of "hybridiZing the RNA product to the capture el enment relies on
conpl enkthe sigyalingseqyrace.iinthe @esenpefroigstepmppuntbiglative ithibe signak Indhesabspncsf

attachi t.h re. ) . el il 04y bi ndi ng.
2. 5 NePHEE P HRR % chleS TR Rutf oG B RMRleg i erBn ek, B 2.0
antsbody. 2.6 Method of Method I, or Methods 2.1-2.5, wherein the step of
attaching the, detecti | enent to t.he captured product utilize

af fini ?ﬂé?tﬂ%ﬁ ?x@‘.’fe%.oe}?f/@ﬁ‘ﬁf?&‘ st fipgefens? ‘%\?e‘ﬂ??g@é “’28‘?‘-"2‘?"‘5%“" SEBRHE ¢ he
det ect L RReRt ;§FRShplefeARrPbli ANBICLER WAR G PEBIAE & dhelkhovnROhipeRdn 6f t he
non- captured portion of the RNA product. For exanple, the non-captured

por t i oardinaryskilbin the artdhatmiry trNseH poYsiERaliNgsEqYCHCH FOT PXAPMNIGOME exaiple Obase

o1 eronfettBt YE0RuG: ERIR nOhe30E e ' The Step of attaching the

detection elenment to the captured RNA product relies on conplenentary base
pail® i ng.2Mehddofddthofl IMthbdvhdreindre Sigtalingiseqrenceds 8 polydeseghencelaad 8%pt ur e

elenent is g%pti thod thod Il or Method of Method 2.9,

ylated. 2. 10 M f
wher of Ferie SeRsp LR P Lair DLt RABE Pl by bi natng o o
streptavidin-coated plate. 2.1 1Method of Method Il or Method of Method
2.9, wherx} Nethod of adthacel] coraviethbds 2.1, or 2.2, wherein the step of hybridizing the RNA

product to the capture element relies on complementary base pairing.

2.4 Method of Method 11, wherein the step of attaching the capture element to the RNA

15 product utilizes affinity binding.
2.5 Method of Method II, or Method 2.4, wherein the capture element is an antibody.

2.6 Method of Method I, or Methods 2.1-2.5, wherein the step of attaching the detection
element to the captured RNA product utilizes affinity binding.

2.7 Method of Method II or Methods 2.1-2.5, wherein the detection element is an
20 oligonucleotide complementary to a portion of the non-captured portion of the RNA product.
For example, the non-captured portion is a portion of the RNA product that is not involved in

the base pairing between the signaling sequence of the RNA product and the capture element.

2.8 Method of Method 2.7, wherein the step of attaching the detection element to the

captured RNA product relies on complementary base pairing.

17



i mmobi |i zed using a streptavidin-coated Flash plate that includes an

i npregnated scintillant. 2.12 Method of Method Il or Method of Method 2.9,
wherei n twe 2ospi4wse el enment is imMmobilized using a strepCanisdimsocwat ed
bead. 2.13 Method of Method Il or Method of Method 2.9, wherein the capture
el enment is immobilized by using a streptavidin-coated SPA bead. 2.14 Mt hod
of Method Il, or Methods 2.1-2.13, wherein the detection element is a

| abel ed probe. 2.15 Method of Method Il, or Methods 2.1-2.14, wherein the
detection elenent is a radiol abel ed probe. 2.16 Method of Method Il or

Met hods 2. 15, wherein the step of detecting the signal of the signaling
sequence includes neasuring radioactivity, wherein a decrease in the signal
or an absence of the signal indicates a |igand-induced ribosw tch- nfdi at ed
transcri pt9 Method ofMeghaddh, orMathodasd- rdeB, aheroit the gantyre elgmeptijaunyated.o 14,
wherein the detection elenent is a fluorescently |abel ed probe. 2.18 Method

of Met hOdﬁ. 1o yeﬂf?d'\ﬁtl\ﬂ&ﬂfd B-ob Methdt OF M2thdd 2. 9MIBERIHthE BEprSleRfenidnt dlet ecti ng
al ol the si agn

t he sign gnaling sequence includes neasuring fluorescence
i nt ensi t ymmahdized by dindégrteastreptavidinecastegmlsteor an absence of the signal
i ndi cates a |igand-induced ribosw tchnedi ated transcription

term nati t VR idthd canthrerel MGk & N t he
detecti on?'g} gﬁehﬁ%dl\@é\q%g%dégl e o{m%? %%Aﬁgggggé%g%gﬁedc ro%ee. 2.20 Method of
Met frod | lijmnobilived bsidg a Rtrdpt2vidid-aated Flh pldtethet inclubes ateigeegretedestiotidant. i s
capabl e of binding to a radiol abel ed probe. 2.21 Method of Method 11, or

abl e of ¢ 0 . Method .
the ‘st gnat AUTECREAREnG, By AREERERO ARy 2E Bl L B AR 270, Pease

in the siignwbilRed asinghseansvioin-ddarddeghal indi cates a |igand-induced
ri boswi tch-nedi ated transcription term nation.

2.13 Method of Method 11 or Method of Method 2.9, wherein the capture element is

immobilized by using a streptavidin-coated SPA bead.

10 2.14 Method of Method II, or Methods 2.1-2.13, wherein the detection element is a labeled
probe.

2.15 Method of Method II, or Methods 2.1-2.14, wherein the detection element is a
radiolabeled probe.

2.16 Method of Method I or Methods 2.15, wherein the step of detecting the signal of the
15 signaling sequence includes measuring radioactivity, wherein a decrease in the signal or an
absence of the signal indicates a ligand-induced riboswitch-mediated transcription

termination.

2.17 Method of Method 11, or Methods 2.1-2.14, wherein the detection element is a

fluorescently labeled probe.

20 2.18 Method of Method 11, or Methods 2.1-2.14 or 2.17, wherein the step of detecting the
signal of the signaling sequence includes measuring fluorescence intensity, wherein a
decrease in the signal or an absence of the signal indicates a ligand-induced riboswitch-

mediated transcription termination.
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2.22 Method of Method II, or Methods 2.1-2.13, wherein the detection

el enment is capable of binding to a fluorescently | abel ed probe. 2.23 Mt hod
of Met hodwOI20100141088t hod 2. 22, wherein the step of detectcmgistée/osisgnal of

t he signaling sequence includes nmeasuring fluorescence intensity, wherein a
decrease in the signal or an absence of the signal indicates a

| i gand-i nduced ribosw tch-nedi ated transcription term nation. 2.24 Method

of Method Il, or Methods 2.1-2.13, wherein the detecting the signal
utilizes streptavidin-conjugated horseradi sh peroxide (HRP). 2.25 Method of
Method 11, or Methods 2.1-2.13, or 2.24, wherein the detecting the signal

utiIizes a horseradi sh peroxidase (HRP) substrate. 2.26 Method of Method

or t S 2 he P strate jis non-fl uorescent HRP
subst r at ‘%ﬂ?‘h fs%‘stheﬁdle; P}ée&hq@al-iffgow%eeme ?fﬁfeféraeterenzenw cRpablRRf of
Met hod |bnﬂﬂ@t&ﬁﬂﬁﬁ@ﬁ;ﬁo&5 wherein the HRP substrate is a fluorescent HRP

substrate that may be converted to a non fluorescent product. 2.28 Mthod
of Met ho t hods 2.1-2 rein the detection el ement

conpr i segf M?tg%% th@ﬁé’r@yMerﬂw%ﬂelﬂ papr 3. 18onkareinithgydesection slamenhis

accept or cé’ﬂ%b%%f'b%mgzto?agra!}'{%i%@fi fodethod 11, or any of Methods 2.1-2.13 or
2.28, wherein a flurophore- fuseg |gonucleotide is the detection el enent.

2.30 Method of Method Il or Method 2.29, wherein detecting the signal
i ol ves 22t dYiethedyok Methpd i op Meshasis % It k3 pio?. £9- Qiédwhﬂghtthe stelagﬁdqtmmemhessu on,

and the ol [ r g ne t hod
o et nodter ot B Einaly SochlBRU 08! B/ el Bl PRI Flesrsth P "rn
or an anaigogwe ab lameecn‘ of tRe SigndBhdicatesod liddntHindhckd rlbOS'WlwhYmedlaﬂV&t hods
2.1-2.31, wherein a conpound is being tested agai nst any of the disclosed
ri boswi t SARETPHYLCHPOAYSed riboswit ches are those herein provided in this
specification. 2.33 Method of Method I, or any of Methods 2. 1-2. 32,

wher ei n 212 M&h&wef Methold €], or Methods 2.1-2.13, wherein the detection element is capable of
10 binding to a fluorescently labeled probe.

2.23 Method of Method I1, or Method 2.22, wherein the step of detecting the signal of the
signaling sequence includes measuring fluorescence intensity, wherein a decrease in the
signal or an absence of the signal indicates a ligand-induced riboswitch-mediated

transcription termination.

15 2.24 Method of Method I1, or Methods 2.1-2.13, wherein the detecting the signal utilizes
streptavidin-conjugated horseradish peroxide (HRP).

2.25 Method of Method II, or Methods 2.1-2.13, or 2.24, wherein the detecting the signal

utilizes a horseradish peroxidase (HRP) substrate.

2.26 Method of Method 11, or Methods 2.25, wherein the HRP substrate is a non-fluorescent
20 HRP substrate that may be converted to a fluorescent product.

2.27 Method of Method II, or Methods 2.25, wherein the HRP substrate is a fluorescent HRP

substrate that may be converted to a non-fluorescent product.

2.28 Method of Method I1, or Methods 2.1-2.13, wherein the detection element comprises
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performed in a high throughput manner. 2.34 Method of Method II, or any of
Met hods 2.1-2.33, wherein the step of incubating the DNA sequence i ncl udes
provi di ngvarompigiaspr i at e concentrati on of nmagnesi umto mroaaisatie/ovtsel speed
of the riboswi tch-nmedi ated transcription reactions. 2.35 Method of Met hod
1, or any of Methods 2.1-2.34, wherein the step of incubating the DNA
sequence includes adjusting a pHin order to nodul ate ribosw tch-nedi at ed
transcription reactions. 2.36 Method of Method I, or any of Methods
2.1-2.35, wherein the step of incubating the DNA sequence is optim zed by a
precedi ng step of varying a concentration of the DNA sequence anong a
plurality of parallel in vitro transcription reactions. 2.37 Mthod of

Met hod 11, or any of Methads 2.1-2,36, wherein the incugeat' on and

capturi né@PEeﬁ%enﬁ‘? gneEgy FARSETiPAirs cgistigs gEdenog andsaccaptopmetecieb hod of Met hod
1, or any of Methods 2.1-2.37, wherein the test candidate is an anti

bact eri aly g pehedBEMIRI0R 11,2 38y YeMRBRDdOD. 1M1 DeD b8, witkeid BluaiphiYRL fugets
2.1-2.38, wherein the test candidate is a gene expression regulator. 2.40
Met hod ofoligenusipgtide is the dejespiopfelappanhods 2. 1- 2. 39, wherein the test candi date
is a gene switch regulator. 2.41 Method of Method II, or any of Methods
2. 1- 2. 40 el ' ' H
dependi na o b B M R o g b Sy es |
or any offluvktphoctsvith delarized, light ereasurirtgwenisdigro sod thelRNNApoedvsewilkshevwnat ural | 'y

occurri ng r.i boswi tch lstreq%en e. 2.43 Method of Method Il, or any of Methods
2. 1-2. 41 AN A PAFECEN888¢Y t ch sequence is an engi neered riboswitch
sequence 2.44 Method of Method 11, or any of nethods 2.1-2.41, wherein the

ri bsow t QB 1ayethoe bf NMetridriLics aan oENGihode 2 el . 2 tvdrerain dertedt compourtdhie FMN
ri boswi tch expression tJ atformdomain is an engi neered pl atform domai n,
whi ch corff PBPRIRFUEHRYIES i i on of a coding region encoding a

2.32 Method of Method II, or any of Methods 2.1-2.31, wherein a compound is being tested

10 against any of the disclosed riboswitches.
The disclosed riboswitches are those herein provided in this specification.

2.33 Method of Method 11, or any of Methods 2.1-2.32, wherein the method may be

performed in a high throughput manner.

2.34 Method of Method 11, or any of Methods 2.1-2.33, wherein the step of incubating the
15 DNA sequence includes providing an appropriate concentration of magnesium to modulate

the speed of the riboswitch-mediated transcription reactions.

2.35 Method of Method II, or any of Methods 2.1-2.34, wherein the step of incubating the
DNA sequence includes adjusting a pH in order to modulate riboswitch-mediated

transcription reactions.

20 2.36 Method of Method 11, or any of Methods 2.1-2.35, wherein the step of incubating the
DNA sequence is optimized by a preceding step of varying a concentration of the DNA

sequence among a plurality of parallel ir vitro transcription reactions.

2.37 Method of Method I, or any of Methods 2.1-2.36, wherein the incubation and capturing
20



si gnal i ng sequence. Thus, for exanple, the invention provides 1. A nethod
for nmeasuring the effect of a test conmpound on induction of

ri boswi t choedicat4eadst r anscri ption term nati on, conpri si ng@CTaSeMi0@TI6g1 a DNA
sequence having a pronoter operably linked to a ribosw tch aptaner donain,
and a riboswtch expression platform which controls transcription of a
codi ng regi on encoding a signaling sequence; incubating, in the presence or
absence of a test conmpound, the DNA sequence with anRNA pol ynerase and a
plurality of ribonucleotides, e.g., conprising | abel ed ribonucl eotides, to
express an RNA product; capturing the RNA product having a signaling
sequence, using a capture elenent which specifically recognizes at |east a
portion of the signaling sequence; wherein the capture elenent is bound to
a substréfe@,saﬁeét%%ﬁdd@a@gﬁré‘ﬂ%geﬂspll%ducts; and detecting the captured RNA
product (e.g., by detecting |abeled captured RNA product or contacting the

RNA producis MethBd 3 MeaR)dad, steh@ et Mihdas 2NENS7, Wieedin s chididdie iscapintir ed
RNA product), wherein a decrease or absence of captured RNA product in the

pr esence hatteralidrag candidgtund rel ative to the signal in the absence of a test
conpound i ndi cates |igand-induced ribosw tch-nediated transcription

term nat ;o6 dM%thoﬁ'a?ME@{M, Han§ BP%J{BEEQ.ﬂst&&H e testehidiad i g@auence

is a defined nucleotide sequence an e capture elenment is an
ol i §onucleaptessien cgngtoenent ary to t he signaling sequence. 3. The net hod of
enbodi mrent 2, wherein the signaling sequence is a pol yA sequence and the

capture e)ﬁﬁ@l@%hf'gi %F &&%ﬁo@éﬁ,ﬁ&%ﬁ} ?Y k/PeEl'ﬁ)dg b' 18?.5‘9' %}?eg%lh 92&1 tleé} ;a%_cpgatg?stahégle of any

of enbodifrents east one t’he
ri bonucl estiichlesguisort adi ol abel ed. 5. The met hod of any of enbodinents 1-4,
wherein at | east one of the plurality of

2.41 Method of Method 11, or any of Methods 2.1-2.40,wherein the incubation and capture
steps are conducted in a pH depending on the type of RNA polymerase utilized.

10 2.42 Method of Method II or any of Methods 2.1-2.41, wherein the riboswitch sequence is a

naturally occurring riboswitch sequence.

2.43  Method of Method II, or any of Methods 2.1-2.41, wherein the riboswitch sequence is an

engineered riboswitch sequence

2.44 Method of Method II, or any of methods 2.1-2.41, wherein the ribsowitch aptamer
15  domain is an engineered aptamer domain and the riboswitch expression platform domain is an
engineered platform domain, which controls transcription of a coding region encoding a

signaling sequence.

Thus, for example, the invention provides
1. A method for measuring the effect of a test compound on induction of riboswitch-
20 mediated transcription termination, comprising:

providing a DNA sequence having a promoter operably linked to a riboswitch aptamer
domain, and a riboswitch expression platform, which controls transcription of a coding
region encoding a signaling sequence,

incubating, in the presence or absence of a test compound, the DNA sequence with an
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ri bonucl eotides is |abeled by having a radiol abel ed ri bonucl eosi de

tri phosphate. 6. The nethod of enbodinents 4 or 5, wherein the step of
det ect i ngwohe1osi4gsal of the signaling sequence incl udesPOEASRITI0OYI6TT

radi oactivity, and a decrease in the signal or an absence of the signal

i ndi cates a |igand-induced ribosw tch-nedi ated transcription termnation.
7. The nethod of any of enbodinments 1-3, wherein at | east one of the
plurality of ribonucleotides is fluorescently |abeled. 8. The nethod of
enbodi nent 7, wherein the step of detecting the signal of the signaling
sequence i ncludes nmeasuring fluorescence intensity, wherein a decrease in
thg signaL oran absence of the signal indicates a |igand-induced

ri boswi tch-nedi ated transcription termnation. 9. The pethod of any of
enbodi ment sSRAgolyiprspss) wdtaﬁéur@il@wfdfboe%%qs&dﬁﬁg-&-,ﬁ@m'ég‘gd?bfgﬁddi ng %/he

capture el eﬁﬂhcl\g@ﬁ&g Lio%xprg_ssoglj ﬁﬂ%%h&&tt;i de conplenmentary to the signaling
n u

sequence a e step I nciudes hybridizing the RNA product to the

ol i gonucl eodaptieingyhecRNP et Aaying asignpling segeencd,QisinBlrecappireioldment wlmigh of
enbodi ments 1 .ar 4-8 wherejn the step of capt.uring the RNA. wWth a
capture el eWEft eg|p; rlef;%gé‘ézeéﬁ* {éﬁ?ttafoﬁti'Wa‘?fﬁlbe. St '%Tlmﬁ’ﬁee rer’%%c‘)@@%f"pg’%g 'Nent 10,
whey ein t heelgA@it i BouddesBRubst@tean anti body. 12. The nethod of any of

enbodi ments 1-1 1, wherein the capture elenent is biotinylated. 13. The

met hod of eKpBOHingaweaptored prrdugishatiche capt ure el ement is i nmobilized by

bi nding to astiheRiehbili-dy RRA! SR .8 byl detecting 1881 dAE pRke PRRAMrEBULE ol 2,
g P ?lzed

wherein the capttre elenent Is i mobi using a streptavidin-coated
Fl ash pl at ecankeating thelRMA preduct wiph edateleddietastion ¢lemgnt whigh binfipéo the capsaredf

oot e, 41D SRS TR G ROA B e,
capj ure el effatesticemipbumbieldtizet thye sipmalig tiee @bsencetof apésavordpouncdadieateSPA bead.
ligand-induced riboswitch-mediated transcription termination.

2. The method of embodiment 1, wherein the signaling sequence is a defined nucleotide
sequence and the capture element is an oligonucleotide complementary to the signaling
sequence.

15 3. The method of embodiment 2, wherein the signaling sequence is a polyA sequence and
the capture element is a deoxythymidylate oligonucleotide.

4, The method of any of embodiments 1-3, wherein at least one of the plurality of
ribonucleotides is radiolabeled.

5. The method of any of embodiments 1-4, wherein at least one of the plurality of

20 ribonucleotides is labeled by having a radiolabeled ribonucleoside triphosphate.

6. The method of embodiments 4 or 5, wherein the step of detecting the signal of the
signaling sequence includes measuring radioactivity, and a decrease in the signal or an
absence of the signal indicates a ligand-induced riboswitch-mediated transcription
termination.

25 7. The method of any of embodiments 1-3, wherein at least one of the plurality of
ribonucleotides is fluorescently labeled.

8. The method of embodiment 7, wherein the step of detecting the signal of the signaling

sequence includes measuring fluorescence intensity, wherein a decrease in the signal or
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17. The method of any of the preceding enbodi nents, wherein the test
conpound is FMN or an anal ogue thereof. 18. The nethod of any of the

pr ecedi ngvertboxi4mesat s, wherein a conmpound i s bei ng testedTagainsvicany of

t he di sclosed riboswitches. 19. The nethod of any of the preceding

enbodi nents, wherein the nethod may be perforned in a high throughput
manner. 20. The nethod of any of the precedi ng enbodi nents, wherein the
step of incubating the DNA sequence includes providing an appropriate
concentration of magnesiumto nodul ate the speed of the ribosw tch-nedi ated
transcription reactions.21. The nethod of any of the precedi ng enbodi nents,
wherein the step of incubating the DNA sequence includes adjusting a pHin

order to nodul ate rihosw tch-medi ated transcyiption reactions. 22, The

met hod of aﬁyaba?ncpﬁéam%@ﬁm&a@ﬁﬁd@?ﬂ% ced ot R At Ese I inand
capture stepgnh@iforcarried out in a pHrange from®6-10. 23. The nethod of
any of the precedi ng enbodi nents, wherein the step of incubating the DNA
sequence 9 sThpmethpg eflarhyofenhodineedith iy 8s whereinfthe step pheppturngrisdndesaroadingf  t he

DNA sequencg anmn Lit. f..parall i i I, crinti
reactions. %ﬁ.c g}%ﬁe e%en?%?g% 6‘?‘ %ﬁ§Oggﬁ}ugigogéee‘%:ogqoﬁ{ér{ééng%%égﬁiees}é@?lhggee PEIS the
t esy candi daidah¢ sepihchites habiidizingl theRNG pradulit dathe. olRpnudibaidediynod of any of

t he preceding einbodi mw}ts, Wherein the test candidate is a gene expression
regul at or . YPWPGREIERFIPBI &GNy of the preceding enbodi ments, wherein the

test candipdahe njethod FARE 0P WhbEdimeREU! RUOE, wherein tHatdpRIfRAstuAhg BIRIRIA t he
precedi ng enbodi nents, Wherein the incubation step is conducted in a pH

range depenptodest avithtaeaptupp eleaeniRNiizedaffiniy Aindingt i | i zed. 28. The met hod of
any of 1he PEReHba gr STBAHIRNGE whellf] BERS0R didhaR W drclhdbgayence is a
y ‘occurring ribosw tch sequence.
10 12. The method of any of embodiments 1-11, wherein the capture element is biotinylated.
13. The method of embodiment 12, wherein the capture element is immobilized by binding to
a streptavidin-coated plate.
14. The method of embodiment 12, wherein the capture element is immobilized using a
streptavidin-coated Flash plate that includes an impregnated scintillant.
15 15. The method of embodiment 12, wherein the capture element is immobilized using a
streptavidin-coated bead.
16. The method of embodiment 12, wherein the capture element is immobilized by using a
a. streptavidin-coated SPA bead. |
17. The method of any of the preceding embodiments, wherein the test compound is FMN or
20 an analogue thereof.
18. The method of any of the preceding embodiments, wherein a compound is being tested
against any of the disclosed riboswitches.
19. The method of any of the preceding embodiments, wherein the method may be performed
in a high throughput manner.
25 20. The method of any of the preceding embodiments, wherein the step of incubating the
DNA sequence includes providing an appropriate concentration of magnesium to

modulate the speed of the riboswitch-mediated transcription reactions.
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29. The nethod of any of the precedi ng enbodi nents, wherein the ribosw tch
sequence is an engi neered ri boswitch sequence. 30. The nethod of any of the
pr ecedi ngvertbodi4nmat s, wherein the riboswi tch aptanmer decmius2018/0eas11

engi neered aptaner domain and the riboswitch expression platformdomain is
an engi neered expression platformdomain, which controls transcription of a
codi ng region encoding a signaling sequence. 31. A nethod for neasuring the
effect of a test conpound on induction of ribosw tchnediated transcription
term nation, conprising: providing a DNA sequence having a pronoter
operably linked to a riboswi tch aptanerdomain, and a riboswitch expression
pl at f orm domai n, which control transcription of a coding region encoding a
signal i ng sequence; a. incubating, in the presence or absgence qf t est
corrpound,%ltﬁée oéegwr&féhmeﬁecg% ﬂRWJS@F{l}w%@"mt%p i aI'E‘%gﬁf

ri bonucl eot hASseqlichc8 HRIRRS adjlstiiY s P ASHGLs oGARIUMHLE RBodNRh I REQUCE
having a signaling sequence, "using a capture el enment which specifically

recogni zes wWwanstrpimm raaghions.i on of the signaling sequence, wherein the

capture %%&”@e@@ﬁ%ﬁoﬁﬁq Br\ggééﬁr?xzé %ﬁ@(ﬁdgmgrgf,gglﬁe{fl&nitﬂl%n@ub%%? Ghd E’aplluﬁk ement

to the capture 1on el enent specrrically
rec®gni zes aépsladacdrried parih b @B @hgd fremréohd.capt ured portion of the RNA
product; _¢..renoying.unc ured products; and d. detecting the signal

Gener at ed by MENAROEET Qe pEriehte pepurfavifeh drterrtatderestr si gnal
of the si gnBNIANGqSEREEGRimizEl BE pREEHLNAED 8f vayih8alcorQMRatidoftRE BINA/e tO
the signal in the absence of a test conpound indicates |igand-induced

ri boswi t ch-seauenee emong ambealityof paratlelriniviiee transerigon rasdionet hod of enbodi ment

31, wher i‘lth&J}?e&xL@B%ﬂéﬁ%‘ltgg sém@ %@b@diﬂsﬁt%,mrgg%eeegticqf?diaag%%ca%and the

capture el ene IS acC ntar I gonucleot |
10 bacterial drug candidate.

25. The method of any of the preceding embodiments, wherein the test candidate is a gene
expression regulator.

26. The method of any of the preceding embodiments, wherein the test candidate is a gene
switch regulator.

15 27. The method of any of the preceding embodiments, wherein the incubation step is
conducted in a pH range depending on the type of RNA polymerase utilized.

28. The method of any of the preceding embodiments, wherein the riboswitch sequence is a
naturally occurring riboswitch sequence.

29. The method of any of the preceding embodiments, wherein the riboswitch sequence is an

20 engineered riboswitch sequence.

30. The method of any of the preceding embodiments, wherein the riboswitch aptamer
domain is an engineered aptamer domain and the riboswitch expression platform domain
is an engineered expression platform domain, which controls transcription of a coding
region encoding a signaling sequence.

25 31. A method for measuring the effect of a test compound on induction of riboswitch-
mediated transcription termination, comprising:

providing a DNA sequence having a promoter operably linked to a riboswitch aptamer
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33. The nethod of enbodi nent 32, wherein the signaling sequence is a pol yA
sequence and the capture elenent is a deoxythym dyl ate ol igonucl eotide. 34.
The net howloahioeibsdi nrents 3 1- 33 wherein the step of hylpcirdiszemgotshe RNA
product to the capture element relies on conplementary base pairing. 35.
The net hod of enbodi nent 31, wherein the step of attaching the capture

el enment to the RNA product utilizes affinity binding. 36. The nethod of
enbodi ment 35, wherein the capture elenent is an anti body. 37. The net hod
of enbodi ments 31-36, wherein the step of attaching the detection el enent
to the captured RNA product utilizes affinity binding.38. The nmet hod of
enbodi nents 31-36, wherein the detection elenent is an oligonucl eotide
conplementary to a portion of the non-captured rtion of the.RNA product.
39. The netdrpinfand 3Etesyvieh e)ﬁ%?SSWﬁé%‘?éfOﬁmtdﬁ@ag‘e g*%'%‘rcoa{ft) EHSAPHRLT 2

det ection egogrp%% bR ch&RifPPLiBh A eakoduct relies on conplenentary base
pairing. 40. The %etﬁod 6f aﬁg ofge odi ments 31-39, wherein the capture

el ement is bi etiingubatieg.in 4 pr3sesceren absehco of e asbeimpamnd Abe DMe sequanehe
capture element is, I ilize bi ndi ng: L avi di n- | at e.
42. The met hod O\Vﬁ‘é%%"‘é@f’*&ﬂ?%?%%?&“%%@f @a"%ﬁ‘%‘?gﬁ‘gﬁ\é’eﬁﬁ%&?@fﬁ% ilized
usifng a streptavprdductcoated Fl ash plate that includes an inpregnated

scintillant. 43. The net hod of enbodi.nent, 40, wherein the capture el enent
is i nmobilized USPRENG t'%ftR@ﬁt%W&%ﬁtﬁ?‘eaéﬁé@“ﬁ'é%ﬁeqﬂ%‘.ceﬁé’grf’e‘iaﬁwe ment

enbodi ment 40, WygkBis cifiit%u‘;@wogﬁi%eseét%m pdriioh ngisiginam%&gpé«iﬁk,ﬂgh@eiﬂ-
strept avi di n- coat ed A bead. 45. The nethod of any of enbodi nents 31-44,

wherein the det etbe capiursielemeent is kound e substrate;  The net hod of embodi ment 45
uher el n t he det g, AR, LnEATb RS F6h 4K oL iTERDRM BE dBERR on

46, wherein thée step etecting the sig I ng sequence
i ngd udes neasur i gigméeadpanfitallyiregognidaeatdeast a poion eége rion-dahrirsi gomadn off  an
absence of the Si%ﬁﬁﬂain icates a |igand-induced ribosw tch-nedi ated
transcription tPRRAY} prduct;

C

. removing uncaptured products; and
d. detecting the signal generated by the detection element, wherein a decrease or
absence of signal of the signaling sequence, in the presence of a test compound
15 relative to the signal in the absence of a test compound indicates ligand-induced
riboswitch-mediated transcription termination.
32. The method of embodiment 31, wherein the signaling sequence is a defined nucleotide
sequence and the capture element is a complementary oligonucleotide.
33. The method of embodiment 32, wherein the signaling sequence is a polyA sequence and
20 the capture element is a deoxythymidylate oligonucleotide.
34. The method of embodiments 31-33 wherein the step of hybridizing the RNA product to
the capture element relies on complementary base pairing.
35. The method of embodiment 31, wherein the step of attaching the capture element to the
RNA product utilizes affinity binding.
25 36. The method of embodiment 35, wherein the capture element is an antibody.
37. The method of embodiments 31-36, wherein the step of attaching the detection element to

the captured RNA product utilizes affinity binding.
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48. The nethod of any of enbodi nents 45, wherein the detection elenent is
fluorescently | abel ed. 49. The nethod of enbodi nent 48, wherein the step of
det ect i ngwohe1gi4gsal of the signaling sequence incl udesPOEASR00001611
fluorescence intensity, wherein a decrease in the signal or an absence of
the signal indicates a |igand-induced riboswi tch-nmedi ated transcription
termnation. 50. The nethod of any of enbodinents 3 1-44, wherein the
detection elenent is capable of binding to a | abel ed probe. 51. The net hod
of enbodi ment 50, wherein the detection elenent is capable of binding to a
radi ol abel ed probe.52. The nethod of enbodi nent 51, wherein the step of
detecting the signal of the signaling sequence includes neasuring

radi oactivity, wherein a decrease in the signal or an absence of the signal

i ndi cat e38alliegethed piemkadimentp 4wt WhersBdhadertion giarent HranlisPRYGNLE T on.
53. Th j i i i
e mé&%ﬁﬁgy?@agﬁ.ﬁog%?ggg@ﬁmw&r@&% §thé RNApRABAL 1S capabl e

of binding to esc robe. 54. The nethod of enbodi nent
53, wher 8PriTheheetbbodpf onbaiimentI8nwhedein the staplof attaching thé dgiedtionglemeegtitoribe

i ncl udes neasuyur.i fl uorescence intensit wherein a decrease in the signal
or an absen@g&éﬁdﬁﬁé %P%%zfeieﬁap 88T8fém§n?éf)§%aﬁapf%ﬁ'3§bed ri boswi t ch- medi atged
transcri ghi THe he&hsd 88drywT.enfbodintdngs M%) acheddin teycapluredtbmertiebiosin@atbd 44,
wherein the detection elenent is biotinylated. 56. The thoa of,%gggdinent
55, wher &l nTheaethied alembrglimpat 49, yhetenihf Fapes eéq"?e@bt%mﬂgq?hﬁ'e?& by firding to
horseradisnaﬁg%g%hggcgt Dlate2 /- The method of any of enbodi ments 55-56,

e de

wherein th ecting the signal utilizes a horseradish peroxidase (HRP)
subst r at d2. B& mathed pf¢rhiodlimentady whetsindthereantere BEnE:nt isvifnerabilized ysingRP

RN I G e AL
HRR) subsuBatie méthad 60¢mbddimeasi@ewherein the capture element is immobilized using a
streptavidin-coated bead.

44. The method of embodiment 40, wherein the capture element is immobilized by using a

a. streptavidin-coated SPA bead.
45. The method of any of embodiments 31-44, wherein the detection element is labeled.
15 46. The method of embodiment 45, wherein the detection element is radiolabeled.

47. The method of embodiment 46, wherein the step of detecting the signal of the signaling
sequence includes measuring radioactivity, wherein a decrease in the signal or an absence
of the signal indicates a ligand-induced riboswitch-mediated transcription termination.

48. The method of any of embodiments 45, wherein the detection element is fluorescently

20 labeled.

49. The method of embodiment 48, wherein the step of detecting the signal of the signaling
sequence includes measuring fluorescence intensity, wherein a decrease in the signal or
an absence of the signal indicates a ligand-induced riboswitch-mediated transcription
termination.

25 50. The method of any of embodiments 31-44, wherein the detection element is capable of
binding to a labeled probe.

51. The method of embodiment 50, wherein the detection element is capable of binding to a

radiolabeled probe.
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HRP substrate that may be converted to a non-fluorescent product. 60. The
nmet hod of any of enbodi nents 31-44, wherein the detection el enment conprises
fl uorescewoeosnai@gy transfer pairs consisting of donor aou/useaepdwnl

nol ecul es. 61. The method of any of enbodi nents 31-44, wherein a

fl urophore-fused oligonucleotide is the detection element. 62. The net hod
of enbodi nent 61, wherein detecting the signal involves exciting the

fl uorophore with polarized |ight, nmeasuring em ssion, and the RNA product
will show em ssion in a parallel channel. 63. The nmet hod of any of

enbodi nents 31-62, wherein the test conpound is FMN or an anal ogue

t hereof.64. The nethod of any of enbodi nents 31-63, wherein a conpound is

bei ng tested agai nst any of the ribosw tches _disc|osed. 65. The. nef.hod of
any of erBotheraethed afiersbodipgahd; Whewin thesiipaf ﬁwtwg tb%%lseﬂﬁ Sbthe sienaling gh
t hr oughput 8L incfftes %ﬁ%\sﬁﬁ%b&ﬂo&ﬁiyﬁﬁh@miﬁﬁ%%%% $heXtofdPor Mhayseice t he

step of incubating the sequence includes providing an appropriate

concent r at | dithosigned drdbieatesr ligandoediicad sbedvatchpeesiated trapseripiigibsuningtiomedi at ed
transcri ptiQn reactipns. 7. The 0, f i .

wherein Itgﬁeﬂéet'ggﬁ?ﬁi ‘) ?{P:B%dg???\tggbf ng %ﬁ&ﬂg gatﬁ(%%ee?%nﬁc QE%%Q g@%}bﬁg%ﬁl q%apH in
order to nogudréscently labslvd pobe.medi at ed transcription reactions. 68. The

met hod of any of enbodi its 31-67, wherein e step, of. incuhating,.t he DNA
sequence s isgpsthed 8&”}3 ‘Qm_ﬁ’i“e%e&;‘ﬁ’ﬁ"b'gﬁﬁtelif% gﬁf?i"ﬁéh%S‘EBQQ@gﬂlersﬁquﬁg of the
DNA sequencg aimBthchudel Hedbiring fRiord3adiE ifténsitd, Whdrbial ol dedRa&d infhd Qfhal or
reactions. 69. The nethod of any of enbodi nents 31-68, wherein the

i ncubat i on arabsewpwofitiersignal indicates @ ligand-indycqdribospich-apdiatgd tsapseripton 70. The
nmet hod of agx?ﬁfhgpbodinents 31-69, wherein the test candidate is an
anti-bacteria grug candi dat e.

10 55. The method of any of embodiments 31-44, wherein the detection element is biotinylated.

56. The method of embodiment 55, wherein the detecting the signal utilizes streptavidin-
conjugated horseradish peroxide (HRP).
57. The method of any of embodiments 55-56, wherein the detecting the signal utilizes a
horseradish peroxidase (HRP) substrate.
15 58. The method of any embodiments 55-57, wherein the HRP substrate is a non-fluorescent
HRP substrate that can be converted to a fluorescent product.
59. The method of any embodiments 55-57, wherein the HRP substrate is a non-fluorescent
HRP substrate that may be converted to a non-fluorescent product.
60. The method of any of embodiments 31-44, wherein the detection element comprises
20 fluorescence energy transfer pairs consisting of donor and acceptor molecules.
61. The method of any of embodiments 31-44, wherein a flurophore-fused oligonucleotide is
the detection element. '
62. The method of embodiment 61,wherein detecting the signal involves exciting the
fluorophore with polarized light, measuring emission, and the RNA product will show
25 emission in a parallel channel.
63. The method of any of embodiments 31-62, wherein the test compound is FMN or an

analogue thereof.
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71. The nethod of any of enbodi ments 31-70 wherein the test candidate is a
gene expression regulator. 72. The nethod of any of enbodi nents 31-71,
wher ei n twe 2vses41a8andi date is a gene switch regul at or. P8T/Ush@onetshod of
any of enbodi nents 31-72, wherein the incubation step is conducted in a pH
depending on the type of RNA polynerase utilized. 74. The nmethod of any of
enbodi nents 31-73, wherein the riboswitch sequence is a naturally occurring
ri boswitch sequence. 75. The nethod of any of enbodi ments 31-73, wherein
the riboswitch sequence is an engineered riboswi tch sequence. 76. The mnet hod
of any of enbodiments 3 1-73, wherein the riboswtch aptaner donmain is an
engi neered aptaner domain and the riboswitch expression platformis an

engi neered pl atform domai n, which controls transcriptjon of a coding regon
encodi ng Gf*hﬁhesmsthaqi Phaysf dimenss 3163 Syesein ?ﬁamag%c{,'wswgtt%%eﬁ %@'"gbr

anti - bact er j&lof (R ibosWidchds AQgose@t i - fungal drug candidates, conprising the
net hod of enbodi ment 1. 78. A screening assay for testing for

ant i - bact6ér Thd metand of aniyr ofl enshodiments 3 I-ehgehergnthti methed may dapeifeingy inle
et hod o R R 0 S5 ST PO S o 2 T
ands a ri lussvhd mbthed pf &8s6famtpldahéms Bi-6S\hiiedein it stef of iheubadeg thetDA of a
codi ng region encoding a signaling sequence; b.. RNA pol ynerase d
ol ur al i ty - oRIHTTISE HRALIES PIEEnE an aBpropic ReEREIgR O BIRARF B (et s o
whi ch speci {jeedbt the FiB6QGRIZASdiaed h@AKkipRoPRAtHAR. Of a signaling sequence of
an RNA transcript corresponding to the DNA sequence; d. and optionally
i nst r uct i6dnEhe methgd ef any of embodiments 31-66, wherein the step of incubating the DNA
sequence includes adjusting a pH in order to modulate riboswitch-mediated transcription
10 reacttons.
68. The method of any of embodiments 31-67, wherein the step of incubating the DNA
sequence is optimized by a preceding step of varying a concentration of the DNA
sequence among a plurality of parallel in vitro transcription reactions.
69. The method of any of embodiments 31-68,wherein the incubation and capturing steps are
15 carried in a pH range from 6-10.
70. The method of any of embodiments 31-69, wherein the test candidate is an anti-bacterial
drug candidate.
71. The method of any of embodiments 31-70 wherein the test candidate is a gene expression
regulator.
20 72. The method of any of embodiments 31-71, wherein the test candidate is a gene switch
regulator.
73. The method of any of embodiments 31-72, wherein the incubation step is conducted in a
pH depending on the type of RNA polymerase utilized.
74. The method of any of embodiments 31-73, wherein the riboswitch sequence is a naturally
25 occurring riboswitch sequence.
75. The method of any of embodiments 31-73, wherein the riboswitch sequence is an

engineered riboswitch sequence.
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80. A screening assay kit providing elenents in accordance wth any of the
foregoi ng net hods. [0058] Drug candi dates capable of binding to a

ri bosw t cworray/faeosscr eened in a high throughput assay. ARctasc@aselcin si gna
of the signaling sequence nmay be indicative of a drug candidate's ability
to bind productively to a riboswitch and thereby show that the drug
candidate is a good inhibitor of bacterial or other pathogenic
transcription. If the riboswitch is bound by a drug candi date, | esser
anounts of a full-length RNA products will be produced; instead, for
exanple, a truncated RNA product |acking the pol yA sequence woul d be
produced. [0059] In one exanple, a screening assay for testing conpounds

for anti - teri.al nti viral,. and ant]-fungal candi dates, copprises the
met hod of7(b’meﬁ8%f§°q Ofgqny IqfeBﬁb_OSB‘EWFSFfIB%)%NWeEeﬁ%Q‘eéﬁ@sg’ttahﬁﬁtﬂf‘%‘ RPN B1%Bnent s
found in 5'engfifebradap@iRedsm8inQAG ;wriﬁda@iteﬁmg}ﬁsioﬁqﬂétﬁir& i98f ERfihédred UNTI , OF
pl ants that regul ate the expression of the i n"which they Teside.

Ri boswi t chedatf@praomain, el sandrolssteanserintiontede coding cedonengoding heisignelingni t h a
specific rr%%mlzé_te, and in so doing causing alteration in the structure of
the adjoining MRNA in a manner that affects the expression of the operon or
opén r eadV nyséreemmg askay fomestivg fersintitbiagtanial, iitivdiraignd ant-firi gabdrwvg icaddidaese pt or

i nduces the 01;norirrlati on o% ﬁ tergi(?at or, hai rpin that prevents transcription
of the nRNACBIPISIPEHhs methed gLembodimeRtl. o i oi ni ng operon or open readi ng

frame. |18 baeeni@ssay for gatifg BrRdiingctAaldarti-bies \whd Ghti-TaEaPEmdidaduces
di sruption of a termnator halrpin, thereby increasing the expression of

the adj oi niRG'PEpiae i Bethgdhehernbedimest 3 ane. [0060] I n one exanpl e, the

di scl osedg ethedsnida) he.AagdNg; ™y be used for testing conpounds and
gquantitatively neasuri'ng the extent to which any |igand anong t hem may

i nduce ri boswht @PNAdEqueade havamg g proptdtenppemblyi livdeed ema ribosvaitvh apsaangpl e, a DNA

sequence, an R gl yner as a suitabl.e b er for transcription, and

ri bonucl eosi deNQP Flf)i}%glb %f‘ggs"('FcﬁﬁQSes%{?‘épﬁ%%éﬂB&h f‘?{‘%‘to etraﬁlrs%ré%}ﬁ’é‘é)?é‘f a
test conpound. ThéinPhgiseenteding a sigraligy fe@ere; t o i ncl ude a pronoter for
initiating transgriptjon, a sequence that encode for a specific riboswi tch
region, a seqbe PRYMEEATE SR A PLElIY RENBORUStsOlEes; er i nat or  and

antiterninat o @lapRAL demdfibodndio LADsERAUMNGEsLLRRED tdaFebesM b €
adljsacent adenyl at gls n( Ft)”gls%/ﬁ)al'in Beecause |ft E(?\ISA Sles downstr ea%dn_ of he DNA
portion o g g sequence of an ranscript corresponding to the
sequence;
d. and optionally instructions for use.
80. A screening assay kit providing elements in accordance with any of the foregoing
methods.
20
[0058] Drug candidates capable of binding to a riboswitch may be screened in a high
throughput assay. A decrease in signal of the signaling sequence may be indicative of a drug
candidate’s ability to bind productively to a riboswitch and thereby show that the drug candidate
is a good inhibitor of bacterial or other pathogenic transcription. If the riboswitch is bound by a
25  drug candidate, lesser amounts of a full-length RNA products will be produced; instead, for
example, a truncated RNA product lacking the polyA sequence would be produced.

[0059] In one example, a screening assay for testing compounds for anti-bacterial, anti-

viral and anti-fungal candidates, comprises the method of Methods I or II or both.
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the intrinsic term nator sequence that is under the control of the

ri bosw tch, the pol yA sequence will only be expressed when

ri bosw t cworret/iatesd t er mi nati on does not occur. Subsequent/useoiielsil
transcription reaction, a solid substrate that is coated with inmobilized
ol i godeoxyt hym dyl ates may sel ectively capture pol yA sequence-contai ni ng
full-length transcripts but not truncated transcripts. Quantitation of the
anounts of pol yA sequence-containing full-length transcripts captured on
t he substrate under various conditions is acconplished through the

i nclusion of [a- 33P]-Iabel ed adenosi ne triphosphate (ATP) in the
transcription reaction mxture, which |eads to the incorporation of a
radi ol abel in all transcripts. Thus, in _one exanple, the nethods and

|
conposRitiosyiiches gesl sryerqsr RV Acderaensy fovadin ¥ t{n&av%mre;zioamf EgdnRYA of
di sti ngelil{aﬁpba'la?eﬁ'i A @H%it EF ks ltl'xf p%%t%g e&{;}n‘é&‘?&ﬂ &hd RAPS & WRER tl{eg(;’&]ﬁ]e. I'n one
a aced R a

exanpl €] pl at ex ssay een constructed to measure the extent to
whi ch Riboswactes fieyn a stchotieed remeystor thpt sebactivaly assaeinies withya spaeifje tmetapolites

cognate ribosw tch. .The exanpl iven is.the.targeti of  EMN-r esponsi ve
ri bosmP‘f“L‘ﬁég. Oing CAPANE &?tfan\e‘g?lhegsértugﬁﬁr%?féwjf’ 5‘%’&3’33?\%'“& %Srér\‘/ﬁr?" caﬁes
CONg I Ol AEh 8 ¥ RPreSFInQT thd ofeién SEF8WRN iréhdipl fedind. M@Ihah @ Sasie, ligand bigding tomchani sm

that induces premature transcrigti on termnation in the presenc,e_of%an
act i veribpsyatsh recepios indycesthe fRsmaderal Hiprnpatos BRIFRIR fhab pravaits HIASSFPBYEM t ch t o

assune anes Qh ptn\w tﬂﬁ&{(e@i@%?l&%ﬁ&ﬁiﬂg%g%ﬁ oPBpénr}@édiﬁé S afle CindtRd chyst he | evel

of an active I'l gand. tensive tonp tive genomcs studies (Gelfand, MS.,
M r onoligand. inding) mranslbaasyitch receptor Indugesigrupticarnd apenminasor hdixpin, therg®9 Tr ends

CGenet. .15, .439-442, Vitreschak, .A. G, Rodionov,..D A . Mronov, A A, and
Gel f anlicreppieg thesprrsypn Pgﬁ?‘ls ag&??'ﬂ%g PRsgon oPey fﬂlrﬁ%e'and X-ray crystal
st (gIct wosh] det er W diRtek mple SHe daddéed Aetholitiarighe bssaysamdy Patsdd, foDestinz009

Nat ure 458, 233-237) reveal that in the presence gf a, saturati

. ng .
concenfPRPqUAAS atd quaRtitatNmly magsaine: the @tentdp $hichany disand amens Fﬁ‘c‘g@f jgduce

consi S}ii)@&vigh-r?eoqﬁwﬁﬁﬁ’s@ﬁ?@&fjteﬂﬁiin%ri. Y ofOSX aRPRE a TR A Q6 RES ah RO Whi ch
five hairpins (paired hellcal elenents) radiate; these are desu&nat ed Pl,
P2, P3polptheraanc sRBallEbyfierdfod fransThiptidng enchtibamictspsidiriphesphates (METRF) arel i gand
bi ndi ng e ane t he nascen NA | f.at 9 fheiipegwitch to
P! T SRRRL Gt PEPREET) DT Bl SR AR Lo |
r e$s dugfomotérfusinitREng trag@schipaos arse@idnoe tHaeentodafdr anpedific sibtxrdtchiregipma | i gand
concentration , . . . ,
sequence that encompasses the putative terminator and antiterminator elements, and a 3’-end
sequence consisting of multiple adjacent adenylates (polyA). Because it resides downstream of
the intrinsic terminator sequence that is under the control of the riboswitch, the polyA sequence
will only be expressed when riboswitch-mediated termination does not occur. Subsequent to the
20 transcription reaction, a solid substrate that is coated with immobilized oligodeoxythymidylates
may selectively capture polyA sequence-containing full-length transcripts but not truncated
transcripts. Quantitation of the amounts of polyA sequence-containing full-length transcripts
captured on the substrate under various conditions is accomplished through the inclusion of [a-~
33p]-labeled adenosine triphosphate (ATP) in the transcription reaction mixture, which leads to
25  the incorporation of a radiolabel in all transcripts. Thus, in one example, the methods and
compositions disclosed provide a procedure to rapidly and easily distinguish between the full-

length and truncated transcripts.
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however, an alternate structure domnates in which nucleotides in the J 1/2
region stably forma hairpin structure together with the 5 proxinal

nucl eot i dwe 2emwiempondi ng to the first half of a term nacorush@ionpiont ( Fi gure
1). This hairpin, terned an antiterm nator, prevents the formation of a
term nator hairpin, thereby allowng transcription of the entire nRNA. The
ri bDEAHThas an 5" -untransl ated regul atory | eader regi on of approximtely
300 base pairs. The conserved regul atory elenment referred to as the FWN
riboswitch is responsible for transcription attenuation of the operon. At

| ower FMN concentrations, for exanple, nascent nmRNA transcript forns the
anti-termnator stemand transcription of the entire nRNA proceeds (Figure
1). In contrast, at higher FMN concentrations, the FMN rlbosmnhch forms a

tight &Pl ex wi Ipwnpwmwata platechasedassat hastberrheanstrasted i MEASHESHNC SHPY Q) | ows
f Or mat wﬁ{&h Qfi; tart\l?mraﬁ fdﬁu@?*r%scﬁ%i%ﬂ teFrﬁﬁHﬂléd Esgtal"g%tlﬁé ﬁgle' dafrigdswitch ARt ed

tlperret ection of the anmounts offull-length
tr anscexapt;zke given ialtheomegsting of RMdheespouzsingsl réboswitehga, Iyéifﬁéhmsltl\@ baptgrimeer ed to

and & FYBBERATRh CirP Ry ot P Aol YR R SRR i ) PR BT T

of a C@ﬂieﬂ@hnisﬂﬁth@nneﬁ&@@'rdmgatm tﬂhscgqmm keemiriaden nmmprpreshmg dflah'rai:tﬁ)\}edi@dji.acent
adenyl ates at the 3 -end o E’g?t ranscri pt, downstream o ggtsri boswi t ch

r ecept dRisagascempléshgst H&t"l?ratlﬁ'éﬁ’ réboﬂ‘d!&"%@cﬁﬁ%‘ﬁ%%o'?eso F8§ in the
pr esenge, ranthisRSSNng o8 dittat@Ny thOTRRLETn AMitdlignd INAe RN /i sfivand a

plural ity of ribonucl eoside triphosphates, wherein one of the pIurallty of
ri bonug¢r®03¢5dseudl¢8| (@ﬂferph M 8s Misomayd Ao‘halb(él‘lws ¢ Kezloy.nels and Barumgy.P-A-

tr ansc r Vit

transc ?Jpz)t r8'ﬁ hﬂ%iﬁ%ﬁ?m% E%d%o i’go eo%i’?’ﬁ;?m ge?g\?és}\(’o ?go (dT))

ar o hyﬂl’elfmdz&ﬂst QO(IZNu@&b)A&xdaﬂtmem,é}Ni-élﬁ:t)mpdéﬁmytcmys}albaseupm rings. The
resulting hybridized RNA products are th e i, ndi tg.a,.
o T apt AP FAoDAS SR A TR by 258 Faith DmaDt NhES AT o [ Bril it i
contragfe, résa?cetorfld@%}aﬁﬁl tcbﬁm&aum &f EMSKFRIN AbawidthesSPULRACLusigee Not
capabl e (g)f hybri di zi ng o olig é‘dT and are not captured. All uncaptured

pr oducsmucatrrewrérsﬁvgéf pednseeved ap@ arioaebyrnon bassraised vere fron ‘”ﬂ‘é‘ihf BYshaPnPher e
& Do R AR e s S .08 ko bl anycnen
trapsc fdrﬁltaﬁomaﬁ/tﬁlsb&eﬂu&a{mhgar&tbxadldg qnm)rlﬁﬂ thamsdelmRNA immediately downstream
of the riboswitch to form a terminator hairpin (a stable hairpin followed by a stretch of U
residues), thus inducing transcription termination. At subsaturating ligand concentration,
however, an alternate structure dominates in which nucleotides in the J1/2 region stably form a
hairpin structure together with the 5’ proximal nucleotides corresponding to the first half of a
20  terminator hairpin (Figure 1). This hairpin, termed an antiterminator, prevents the formation of a
terminator hairpin, thereby allowing transcription of the entire mRNA.
The ribDEAHT has an 5’-untranslated regulatory leader region of approximately 300 base pairs.
The conserved regulatory element referred to as the FMN riboswitch is responsible for
transcription attenuation of the operon. At lower FMN concentrations, for example, nascent
25  mRNA transcript forms the anti-terminator stem and transcription of the entire mRNA proceeds
(Figure 1). In contrast, at higher FMN concentrations, the FMN riboswitch forms a tight complex

with FMN that prevents anti-terminator formation. This allows formation of the terminator stem,

resulting in production of truncated mRNA. Multiple methods for detection of the amounts of
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pol yacryl am de gel electrophoresis (PAGE). This nmethod suffers fromthe

| abor intensive process of setting up, running, and then anal yzing the gel
i mges. Suohom/meisiod i s space- and tine- consum ng andPChus2mowowsrenabl e
to screeni ng hundreds or thousands of compounds in a high throughput
manner. An HTS-conpati ble assay to assess activity of the glnS riboswtch
has al so been described. Since this assay relies for detection on

| i gand-i nduced ri bozynme activity, it is not applicable to other known
natural ly occurring ribosw tches. Mreover, this previously disclosed

met hod does not all ow whether or not a ligand induces transcription
termnation. It has been well docunented that different classes of

ri boswitches in saone bacteri al th | ate the. i,on.
or . TSR P ERE e o Sl I s SREPIe, GG sedutnCe A negied gy ifudRan

has begintBp&asiytiiRbd &Mk FMIOLBEHYi&H ApBFicd A6fain0akt NEbsiRAlkpRLHicH
ri bosw tches shouyd be able to nodul ate ribosw tch-nedi at ed processes with

del et eplatfiorsn dgmaint whigh cenieolpiaenseriptinn qfia codingaegipn gaeoding anigenyglepiidece |
cycle arres r kel | 1 S)¢ &ﬁ%ﬁ 1.0 1:

Cl oni ngon&?rlshgb%g@f %cﬁldn?a gﬁ%ﬂg@%@g@g&@g%@pﬁé }[E% ?@é%)%%‘?\% ItHr?ei boswi t ch:
Thes FMibsswiak véceptor iid diienminamr heipiar Tlsie N sejuericetib écBbated) b tHei pyesORGEHT
operon anplified by PCR from subtilis strain 8 aci|llus,Genetic
S ock. enabsinet ofie esrrtaidy ith an Boys BetvipetsSe S p it W et EAET ot on

i's per {rhBHMates, iviterdth dhé bRt 8[&%9% EbomReRloyide traghosptiagh ifiad@)lateledt Aasn

I nvi trogen scatalog # 11304-01 1) and the sense PCR and the antisense pol yA

PCR pr thedult-lengtharanseriptichaving @ polyAdgeqwmes ao gengated by @nan virgdpmesiRiony | as
shown | n table.. . i i 1
overhah%gké’@@85@3@@%&?gggmgggﬁgggggfRgg%é §E§§H{_ @k%gg)g@§?92%§ghgﬁfow
t heo | i giatcompleafen@NAbasaipairings. THEREsultnglhybORed RN ptagiucty sraterm capore T

Cloning(r) kit (Invitrogen, catal og # K4500-01). Fol | ow tr fa i on,
col ont Blingde & sbrtanidibdared STaf et s el healp @t AR CHIBN,

over ni gfatirun€REd @adscrifts Bickin@m polgA eéquendeaire Ast capatRCHY ipyteidiusig @ratig@iT)f i ed by
restriction analysis and sequenci ng. PCR of the resultin%,clone is used to
gener atrd Ippotcapivessc Adl ynsaptured areducks aye femoved BefSrs 3 RIS S MERHEITSY 1S

assays . .fsmnaqnegative control, the sense PCR prinmer (SEQID: NO) is used
with tR& ant) sense pol yT PCR _
15 There are published methods to assess the effects of a potential ligand on riboswitch functions.

Most frequently, full-length and truncated transcripts have been separated and quantitated by
polyacrylamide gel electrophoresis (PAGE). This method suffers from the labor intensive
process of setting up, running, and then analyzing the gel images. Such a method is space- and
time- consuming and thus not amenable to screening hundreds or thousands of compounds in a
20  high throughput manner. An HTS-compatible assay to assess activity of the g/mS riboswitch has
also been described. Since this assay relies for detection on ligand-induced ribozyme activity, it
is not applicable to other known naturally occurring riboswitches. Moreover, this previously
disclosed method does not allow whether or not a ligand induces transcription termination. It has
been well documented that different classes of riboswitches in some bacterial pathogens regulate
25  the expression of a gene or a cluster of genes essential for cell growth, survival, or virulence. It
has been proposed that small molecules designed to bind to particular riboswitches should be
able to modulate riboswitch-mediated processes with deleterious effects on the pathogens (i.e.,

cell growth inhibition, cell cycle arrest, and drug-induced apoptosis).
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primer (SEQ ID: NO4). [0064] Exanple |IB: TPP-responsive riboswi tch: The TPP
riboswtch within the | eader sequence of the B. subtilis tenA operon is
anpl i fi edwbyofddRidssom B. subtilis strain 168 (Bacillus @ematsc@oBvmek Center
- designation IAl). PCR of a B. subtilis genom c preparation was perforned
using Platinum (r) Taq DNA Pol ynerase Hi gh Fidelity fromlnvitrogen
(catalog # 11304-01 1) and the sense PCR and the anti sense pol yA PCR
prinmers (SEQ ID: NO 6 and 7, respectively). PCR using Taq pol ynerase
resulted in a single overhangi ng deoxyadenyl ate resi due at each 3'-end.
These overhangs allow the ligation of DNA into the pCR(r)2.1-TOPO (r)
vector using a TOPO TA Coning(r) kit (lInvitrogen catal og # K4500-01).
Fol l owi ng transformati on, col onies that contained di srupted b-gal actosi dase
were pE PEES grown overnight. Correct insertion and orientation of PCR

pr OdUCFOOﬁ@fe Ver pldnafle BY CiGahg bLibRWidhabsshs and sequencing. PCR of the
resulting clone was used to generate DNA sequences for use inin vitro

tr gnsc_[ﬂ()ﬁf]] 0 _rll_ ht elgm”m ié@.n FAGK zepmonsorasioseitapThe KN Sroawiteh patikn the
ri boswtcgh; e ri,bosw .t c i thin the | I B. ;subtil
o orolfdbsed BEecitihd pramn Pl AT RO b RARInAARIER Sl s Pelip) (' ©

Gengt i Girabh M(Haenmesenet&gsdognaem?— idNignatiBICRA 0f. PERBof ssBibublilisgememari C
preparation was perforned using Rlati r)y Ta 20l rase High

Fi del i PFPRAEAA IS Wif?rﬁ‘?fgi_e‘ﬁ"(gc%?%% %ﬁ@g&éﬁgmiﬁagaﬁw‘t‘ﬁgdéé a %&F&‘O%ﬁﬂ t he
anti sensg IR Y3oRGTR1 PAAIRE SedsOPOR AAdMRE arftisaind pdly A PER§Rinkere(SHQ IRe]olit i ng

PCR product™ is used as tenplate in in vitro transcription assays. [0066]
Pri mer angey0e SEQIDAND §land, teppectiecly asishowe iroiable Selosd. PR usingrkdfls and

anti sen [ VA i rS.are . f ifi i | e.
A 1 P Rgmead fsRldd TR B CorDRMG R RN liehy S FIRlClal Bty SRnB5TIRR CVSTP O
asl@n exahgrge alldw prerlationbf DNN iméo ﬂle?,)m@IZ.li-’hOPog vactor iz 2 AOPIOYTADdI fy t he

B R T e

disrupted B-galactosidase are picked and grown overnight. Correct insertion and orientation of
PCR product are verified by restriction analysis and sequencing. PCR of the resulting clone is
used to generate DNA sequences for use in in vitro transcription termination assays. As a

15 negative control, the sense PCR primer (SEQ ID: NO1) is used with the antisense polyT PCR
primer (SEQ ID: NO4).
[0064] Example 1B: TPP-responsive riboswitch: The TPP riboswitch within the leader
sequence of the B. subtilis ten4 operon is amplified by PCR from B. subtilis strain 168 (Bacillus
Genetic Stock Center — designation 1A1). PCR of a B. subtilis genomic preparation was

20  performed using Platinum® Taq DNA Polymerase High Fidelity from Invitrogen (catalog #
11304-011) and the sense PCR and the antisense polyA PCR primers (SEQ ID: NO 6 and 7,
respectively). PCR using Taq polymerase resulted in a single overhanging deoxyadenylate
residue at each 3’-end. These overhangs allow the ligation of DNA into the pCR®2.1-TOPO®
vector using a TOPO TA Cloning® kit (Invitrogen catalog # K4500-01). Following

25 transformation, colonies that contained disrupted f3-galactosidase were picked and grown
overnight. Correct insertion and orientation of PCR product were verified by restriction analysis
and sequencing. PCR of the resulting clone was used to generate DNA sequences for use in in

vitro transcription termination assays.
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IDNO 1) Antisense TTTTTTTTTTTTTTTTTTTTTI TACTCTTCCATTTGITTCCC 42ner pol yA
PCR primer (SEQ ID NO 2) Antisense TTTTTTTTTTTITri TTTTTTr TTTTTTTTTTAN 58ner
pol yA PCRvG 2pro/meess( SEQ | D NO 3) Antisense 42ner pol yTPPTRS2010/001611
AAAAAAAAAAAAAAAAAAAAAATACTCTTCCATTTGITTCCC primer (SEQ ID NGO 4) digo (dT)
biotinylated-TTTTTTTTTTTTTTTTTTTITTTTTT 25mer (SEQ I D NO 5) Sense PCR
CTGAATTCGGGT ACGTAACGGATCT 25 ner prinmer (Seql D NO 6)Anti sense
TTTTTTTTTTTTTTTITTTTTTTT ACTGCGGCATTCTTCTG 40 ner pol yA PCR prinmer (SEQ ID
NO 7) Sense PCR CTGAATTCCTTTAAACGGTTCGGCACACG 29ner priner (Seql D NO 8)
Antisense TTTTTTTTTTTTTTTTGITTTTTCGTGCTGTGACATATACGCTG 43 ner

[0065] Example 1C: SAM-responsive riboswitch: The SAM riboswitch within the
leader sequence of B. subtilis yicl operon was amplified by PCR from B. subtilis strain 168
(Bacillus Genetic Stock Center — designation 1A1). PCR of a B. subtilis genomic preparation
was performed using Platinum® Taq DNA Polymerase High Fidelity from Invitrogen (catalog #
5  11304-011) and the sense PCR and the antisense polyA PCR primers (SEQ ID NO: 8 and 9,
respectively). Resulting PCR product is used as template in in vitro transcription assays.
[0066] Primer sequences are shown in the table below. Sense PCR primers and antisense
polyA primers are shown below for exemplification as an example. Similarly, a biotinylated
oligo (dT) shown in the table below is shown here as an example. A person of ordinary skill in

10  the art may easily modify the length and composition of any oligonucleotides.

Oligonucleotid Sequence (5" to 37) Lengt
€ h
Sense PCR CTGAATTCTTTCGGATCGAAGGGTG 25mer
primer (SEQ

ID NO: 1)

Antisense TTTTTTTTTTTTTTTITTTTTTTTACTCTTCCATTTGTTTCCC 42mer
polyA PCR

primer (SEQ

ID NO: 2)

Antisense TTTTTTTTITTTTTTTITITTITITTTITTITTITITITTITTTTACTCTTCCATTTGTTTCC  58mer
polyA PCR C

primer (SEQ

ID NO: 3)

Antisense 42mer
polyT PCR AAAAAAAAAAAAAAAAAAAAAATACTCTTCCATTTGTTTCCC

primer (SEQ

ID NO: 4)

Oligo (dT) biotinylated-TTTTTTTTTTTITTITTTTTTTTTTT 25mer
(SEQ ID NO:

5)

Sense PCR CTGAATTCGGGTACGTAACGGATCT 25 mer

primer (SeqlD
NO: 6)
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pol yA PCR primer (SEQ ID NO 9) [0067] Exanple 2: Pol yA-sequence contai ni ng
transcription product of FMN ribosw tch-nedi ated transcription reactions
are capt uweaosndiesst ai nedf or detection. [0068] To denongCratseomivaician RNA
transcript with a pol yA sequence is able to bind to biotinylated oligo
(dT), allowing capture and retention of the RNA transcript within the well,
two DNA sequences are conpared. These two DNA sequences encode the sane
full-length transcripts but differ only at the 3' end. One DNA sequence is
engi neered to generate a pol yA sequence consi sting of 23 adenyl ate

nucl eotides at the 3'-end, and the other DNA sequence is designed to
generate a polyT sequence conprising 22 thym dyl ate nucl eoti des. As shown
in Figure 5A, the two DNA sequences are used in in vitro transcription

reacti ons in th tqqiglqu gf %’F’Pxeﬁg [ 0069] Syntheti
pri mer § a ol'igo ( %%c&?mg ob Jgﬂ‘\éﬁled fromthe Kecl?g meh A
Founda ot echnol ogy Resource Center at Yale University. Flavin

m)nonu 1@@ e (FMN) may be purchased from Fl uka Bi oChem ka (cat al og
#83810) . [a 33P] | abel ed Adenosine 5 triphosphate was acquired from

Aner i cadgmseRadi ol abiked A TCAEMAYAGGGTTAREGCACAE@I og # ARPOL31)./" vitro 29mer

pl at e- brixge@edlPanscri pti on assay: In vitro transcription reactions are

carri edOdlit at 25 0Cin a total reaction volune of 50 nL. Reactions are
performed in Reacti-Bi nd(t m Streptavidin H gh Binding Capacity Coated

96- Vel l, Pl ates (f §9§QT¢%@§§yA@@féer at a finalssmer
concenﬁg, f,l. n of S at pH 8.0, , 0.1 nM EDTA, and0. 005%
BSA. Teridk ggar e pl ates, vvel |'s are washed three t| mes with successive
addi ti opwed aspiration of wash buffer containing 25 nM Tris-HO at pH 7.4
and 150 mM NaCl . Each well is then given assay buffer, followed by addition
of FMN into control wells or DMBO into test wells, FD?\/n?e_m—xt-ur—e—-—————-
cont ai ning signma-saturated E. coli polynmerase (Epicentre Biotechnol ogi es,
catolo 0250 h ARG initiated
by the?wga]s ion %?amausles% %lﬂp ge%g%';nct? ac?lrll)lmng% ﬁosﬁa@ﬁ%’fﬁ%g;éés’%r onega, Catal og
# Pl 391@))sw1bh0hédwbcatreﬁkcﬁzlungm reactions are captured and retained for detection.

[0068] To demonstrate that an RNA transcript with a polyA sequence is able to bind to

5  biotinylated oligo (dT), allowing capture and retention of the RNA transcript within the well, two
DNA sequences are compared. These two DNA sequences encode the same full-length
transcripts but differ only at the 3> end. One DNA sequence is engineered to generate a polyA
sequence consisting of 23 adenylate nucleotides at the 3’-end, and the other DNA sequence is
designed to generate a polyT sequence comprising 22 thymidylate nucleotides. As shown in

10 Figure 5A, the two DNA sequences are used in in vitro transcription reactions in the absence or
presence of 100 uM FMN.
[0069] Synthetic DNA primers and a biotinylated oligo (dT) may be obtained from the
Keck Foundation Biotechnology Resource Center at Yale University. Flavin mononucleotide
(FMN) may be purchased from Fluka BioChemika (catalog #83810). [@->’P] labeled Adenosine

15 5 triphosphate was acquired from American Radiolabeled Chemicals, Inc. (catalog #
ARPO0131).In vitro plate-based transcription assay: In vitro transcription reactions are carried
out at 25 °C in a total reaction volume of 50 pL. Reactions are performed in Reacti-Bind™
Streptavidin High Binding Capacity Coated 96-Well Plates (Pierce, catalog # 15502) in assay
buffer at a final concentration of 20 mM HEPES at pH 8.0, 60 mM KCl, 0.1 mM EDTA, and
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(dT) 25, magnesium [a-33P]-|abeled ATP and DNA sequence. The final
concentrations of FMN, RNA pol ynerase, ribonucl eotides (rNTPs),

bi oti nyl awedooli4gss(dT), M2+, [a-33P]-Iabel ed ATP, andpDiASs@quersce in the
reaction mxtures all varied according to the particular experinent and are
shown in the figure | egends and exanpl es. The ampunt of DNA sequence used
in transcription reactions is reported as units of nL of PCR reaction
product. Concentrations of rNTPs are listed as the concentration of each of
four ribonucleotides (rATP, rCTP, rGIP, and rUTP), respectively. After
reaction is initiated, plates are sealed and reactions are incubated for 3
hours, unl ess ot herw se stated. An addition of 13 nlL of stop solution

cont ai ni.n M NaCl and 0.24 M EDTA quenched the reaction,  The quenched
reacU%ﬁO%{ ﬁ% d o psenage plates avelisgire &’ﬁ?heﬂéfﬁre%?)m%w SUecessivg adsiiion anghe ye| | s

are t E%Bw%%&s%uﬁk%té%ﬁ%?g mmlSSﬁttaﬂf@'ﬁ‘h“ BHE 1 $6 AP Nae a8 wefl igM

Tris- H 8.0 and 5 During the wash step, any renaining
uni ncothpo gazbmdssaﬁduﬁd:raﬁéloe@dATI%!ddlttles of EMpimerntrohwells ol thte tesinscri pt s

are reno .50 M t(t # 601363

Chen SRR ErE et s BHERE [Bng ke Bl RSt (BBAMRE oy o 2
m C{j OpBﬂi&ldxﬁélbgiteit, chtaldgoms%omo} was thes aédedao ag wellerTHeReadtion RVagtxi)iate by dre
readers and counters e a ) 07

| act | SHUT A B A By bopuatdss e caaarialage t Dy A s 20ns
12.5 g@ﬁ%&r Qﬁf&sx‘bw Exl\-lA%] PN artPDRADIG el @He%a@&&ﬂ:e%dtﬂﬁs ofifMN, 1 nCi

[C-3 Sequence, and 0.25 Unit si h, pol yner ase.
The daRkJAqmyntfaises rlhmthlfmldbs @GNTPg); biptingated jokige( A[qt ﬂ)’ﬂ'é%i@?%i A?actl ons

m nus an L Us f

transcf dd]_t)ﬁ 59“%“8%%%%?%%{'&?ﬁl[%uregd g%ﬂc‘)&@%&&ldﬂ% tg thet %% I ncor%or at on of

[ a?)(33pire Isﬁdm’n gdhaﬁgh:edégedes ahd éxagnplas. Vid arvount aﬁENA squentesatini on and
subsequent radionetric maas r ement nscr.i T seguence
gener alt@cliRiion repelions trgpory é’él“@‘r‘i%l?f @e%éﬁé??cfi???‘ﬁ’g“ﬁl\ﬁo?q%a{ﬁ WL with a
pol YA S@rReRE Bstd the Rafcthtratidh SMHAcIP6ERENGSorAEIHIMs (BATIBGCTFRSEGTM aBd gnal  of
t he pol yA sequence is shown. Lesser anounts of full-length RNA transcri pt

havi ngrlmé respbaptiveli qhiBeroeadiion ininitiases plates atreseplsd EMArasF RS e tneubatediopdt
007 e 20 P LRGP B Bl e
t r yncaped M EBRITSCHicAthedthP FACLE. ﬂhaqkeﬁb@e(ﬂreaaicyﬁmxture is incubated for another
60-90 minutes at 25 °C. The wells are then washed two times with a high salt wash buffer
containing 20 mM Tris-HCI, pH 8.0 and 500 mM NaCl. During the wash step, any remaining
unincorporated radiolabeled ATP, test compounds, and truncated transcripts are removed. 50 pl
of Microscint™PS (PerkinElmer, catalog # 6013631) are then added to wells and the plate is
20 read in a TopCount®NXTT™ microplate scintillation and luminescence counter (PerkinElmer).
Other readers and counters may be also be used.
[0070] In vitro transcription reactions for this Example are carried out under the
following conditions: 12.5 pM of each INTP, 2.5mM Mg?*, 20 pmoles biotinylated oligo (dT), 1
puCi [0->*P]-ATP, 1 pl DNA sequence, and 0.25 Unit sigma-rich RNA polymerase. The dark grey
25  bars and the light grey bars in Figure 5A represent reactions minus and plus FMN, respectively.
Quantitatation of the amount of RNA transcript captured on the plate is accomplished by the

incorporation of [a-*3P]-labeled nucleotide during in vitro transcription reaction and subsequent

radiometric measurement. RNA transcript with a polyT sequence generated less than 1% of the

36



sequence. The truncated product does not interact with the oligo (dT) and
is therefore not captured. The truncated product instead is elimnated
during t wowash4siseps. The addition of FMN to the transeciatseaw/owsacti on
wi th DNA sequence encodi ng a pol yA sequence resulted in a significant
decrease in signal ("polyA" dark vs. light grey bar). [0072] In order for a
RNA transcript with a pol yA sequence to be captured and retained within a
streptavidin-coated well, biotinylated oligo (dT) is first hybridized to
the RNA transcript having the pol yA sequence via base-pairing between the
deoxyt hym dyl ate and the adenylate and i mobilized by binding to
streptavidin. In Figure 5B, oligo (dT) is titrated plus and mnus FMN. In
vitro transcription,r ions are.carried out as descri above under the
ol | ouiae egrirmiey BRetcTSAPRerl St fa sSendi g Fary T InE Richot O

[ OF 33PEMAT R debredse iffkigPNATIRABRINA BeqineédisdRbwn. RGP @l Uts 3% €ull-RAGhFEN AT Ng
concentrations of biotinylated oligo (dT) as indicated. The dark grey bars

and t heranscipithayingyhepa!¥A seqeaseare exprgssed.otis o VN bindinggp gdangginiboswitch.
respectd y. 1 i SPPﬁ@ | SQFHMY i t ed
by a gpgﬁggl iﬁﬁég%@gugﬁggﬁgﬁh rgﬁ@ggg%groun3g§$ﬁ89§€§ﬁgﬁﬁgggﬂﬁgéééghn

si ghal teahinapqi, esuitiigah yhefopmatiansofal trupoftdd jrajsteptiorgpregudidacking aplyAesul ts in

a decrease in_.signal gt each,oligo(dT) concentrati due .t o decreased

B oo feEnes T TH s prsacl ddts BT Bt PP Lt R bR e oy v,
dark geshurb@rik truRasPpRddét iRitEHAS el flintdadiuahg thel Wastisteps. THeaiddition i on
reactions degendent on magnesi um and ri bonucl eotides. [0073] It has been

denonsFMAY tdhe HanscEpmeN 1epG R WithDhyseqpenreepeading 2 pely drreawancetesplied iR

relatiye, : Holiit el 3 | ynerase reaction (W ckiser,
J. K., %@ﬂﬁggﬁf&e%%{gﬁ gggégéeﬁlp% g{mg,gﬁig_@‘ E:?g? hbgg's D. M, Ml ecular Cell
2005, 18, 49-6). Wen RNAgggiénerase transcribes too quickly ﬁﬁN and FMN
and® ogl®I2Ho not Inpader fera RINA Barscrpinwith s ppld seauense 19 bogeredand g or to

form a,cqmnl &éﬁgbﬁﬁn-wé@wwﬂ% ng}t}nytgga@d SI¥Jat) g_rﬁrafhybheiz]g@rme@m trhdcFipi N.

Under these cohditions, ave no significant effect on induction of

r i boswhs\dhg tire pobdestqueran yir hase-peming detwasa thedeox e rmitl véase ansf the mdenylate and
concentr at

B Tl R N L
t o det @ firoeraht@iptiofdaeGdnsaie Eviied binas desceibedratstivauadertthafidloming ¢omditions:
15 12.5 uM each INTP, 2.5 mM Mg?*, 0.125 pCi [o**P]-ATP, 0.25 uL. DNA sequence, 0.25 Unit
RNA polymerase, and varying concentrations of biotinylated oligo (dT) as indicated. The dark
grey bars and the light grey bars represent reactions minus and plus FMN, respectively. Data in
Figure 5B show oligo(dT) dependence as demonstrated by a gradual increase in signal from
background at 0 pmole to a maximum signal at approximately 3 pmoles oligo(dT) (dark grey

20  bars). FMN results in a decrease in signal at each oligo(dT) concentration due to decreased

production of full-length transcript with a polyA sequence (light grey vs. dark grey bars).

Example 2: Riboswitch-mediated in vitro transcription reactions dependent on magnesium and
ribonucleotides.

25  [0073] It has been demonstrated that FMN riboswitch-mediated transcription relies on
the relative speed of metabolite binding and RNA polymerase reaction (Wickiser, J.K., Winkler,
W.C., Breaker, R.R., and Crothers D. M., Molecular Cell 2005, 18, 49-6). When RNA

polymerase transcribes too quickly, FMN and FMN analogues do not have sufficient time to
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termnation. Figure 6 shows that rNTPs are titrated at nultiple My2+
concentrations plus and m nus 100 nM FWN. The cal cul ated w ndows, as

defi ned byothw/didsser ence in radi onetric neasurenents ofCradRjroloatsel ed
transcript with and without FMN, are plotted at all M2+ and r NTPs
conbinations. In vitro transcription reactions are carried out as descri bed
above under the followi ng conditions: 3 pnoles biotinylated oligo (dT),
0.125 nCi [a-33P]-ATP, 0.25 nmlL DNA sequence, 0.1 Unit RNA pol ynerase,
varying Mg2+, and varying rNIPs as indicated in Figure 6. Wndow, as
defined by the difference in signal (cpm wth and without FMN, is plotted.
RNA pol ymerase is a nucleotidyl transferase that requires magnesiumto

pol yrrerl nucl eoti des at the 3' end of RNA transcrjpt. The data in
P o cbind Fou AP ARt qeRion 56 Ry S Poghe Vel d et s JagvAicB T 1

nMagnesietimA0FhdiIUndEPtheSlenAR A s 'F'MNFWHQQ§@BU §ignicafticdRcCRIREMHoRFON Of
rNTPs is due to a conpetition of excess unlabeled ATP with the fixed anount

of r adilsisyiieh-gediated trapserintioniersunasiondegardinss, of itswenceRiatian: Besanst fhes ar e

radi ol &)l?lg%n?lqtlgrllIGfé\PrfaS JrWBB‘FB&B'tﬁr}PﬁﬁH{E\&cEYM EX tra?ﬁsc to% re E%h medi at ed
in vitro transcription reacti ons a gequence’ dependent and signal is
pr Icspo rMigbraatl INGP @féﬁmsaaemmm&:mmwhar effdt gn FID:]N knbgsw“tcaxnmledna@ti mnscnlahléh

pol yner ase ass e nucl eotj de t s.conpl enentayy t
sequen&%"m?tﬁmr: Feg%°%@§&gﬁﬁ@é‘tfﬁe4qtﬂﬁ?@8 Mg ueone 'i‘tﬁaﬁ’c"“@P{%? ﬁ‘gr s) and
m nus HaRE KOGLEYFION, The t00u1at Fihiow ) ay ddiinRd B&%&ffhﬁ%@m rh&dfmeirRNS are

carried out as descrl bed above under "the folldow ng conditions: _12.5 nM each
r NTP, meduremems2E ][’ PBlapeted gndgript witly hied wdhmlqudi\I(aﬁ’))lotttd aCall Mg?(” ar@3p] - ATP,

0.25 U yeras and v ue ted in the

i qur 2GR RaE AP B R RN R A ER RGN AP ERE el e
delmendienbwmghencaugrmts pamﬂes\/undstdgxmemclr@a(ﬂe) WL 123 umc{aéaqwgp s slepnence and
| evel off at afﬁr oxi.mately 0. 25 nce, For nrgjl i.n_the

pr esentBFe-4- F VBB &NA Bﬂlymefﬂ:?F’n‘@“)‘fB&Mﬁm&“ S TERRS ngiced B Eigte 6 gnal

i's obs@inRd, afdefmlawh tﬁéﬂlﬁb&%@ln?mgn@(&%b ith-anBRivRERM EIOM, RECLbAELRNA Vitro
transcri ption reactions are enzyne dependent and tine dependent [0074] The

anmount pad¥merpssdsie nudleetidyd transferasy that requisesmagoesiwace povimerize vborwslenfides at i me
the 3' end of an RNA transcript. The data in Figure 6 reveals that the polymerase reaction is
15  dependent on both magnesium and rNTPs. The decrease in cpm observed at high concentration
of INTPs is due to a competition of excess unlabeled ATP with the fixed amount of radiolabeled
ATP. Under these conditions, fewer RNA transcripts are radiolabeled due to a low specific

activity.

20 Example 3: Riboswitch-mediated in vitro transcription reactions are DNA sequence dependent
and signal is proportional to DNA sequence concentration
During transcription, RNA polymerase assembles an RNA polynucleotide that is complementary
to a DNA sequence. In Figure 7, DNA sequence is titrated plus (light grey bars) and minus (dark
grey bars) 100 pM FMN. In vitro transcription reactions are carried out as described above under

25  the following conditions: 12.5 uM each rNTP, 2.5 mM Mg**, 20 pmoles biotinylated oligo (dT),
1 uCi [a-**P]-ATP, 0.25 Unit RNA polymerase, and varying DNA sequence as indicated in the
figure. Figure 7 shows that both signal and window are DNA sequence dependent. The signal

and window increase with increasing DNA sequence and level off at approximately 0.25 pLL
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until substrate is consunmed, and is proportional to enzyne concentration.
To denonstrate this, RNA polynerase is titrated in tinme course reactions in
t he abserwe 20foiigwse 8A) and presence (Figure 8B) of 100PaiusSkNo/obIS1VItrO
transcription reactions are carried out as descri bed above under the
follow ng conditions: 12.5 mM each rNIP, 2.5 nM My2+, 3 pnol es biotinyl ated
oligo (dT), 0.125 nCi [a-33P]-ATP, and 0.25 nlL DNA sequence. [0075] Stop
solution is added to the appropriate wells at each tinme point. Enzyne
concentrations in Figures 8A and 8B are |abeled as follows: 0.2 Unit (D),
0.15 Unit (o), 0.1 Unit (T), 0.05 Unit (), 0.025 Unit (), 0.0125 Unit ().
Figure 8A reveals that signal is tinme dependent and is proportional to

enzynme_concentration. The.sane is true in the presence of FM (Fi e 8B)
T hoRUVA Fenghcea i ExRats & OB GefSGaRs Shdaltbs  HND P e ampotnd St d s

Lr ans Gl Bisk@OghdlTbRHeAks Kbfnsh Bliake 7.5 | near for at least 3.5 hours and
the wi ndow i néreases with tine. [0076] Figure 8A shows that as the
concerdixprpledn RibosmichRrdiqied immira sanidniptien seastipns anaenaiigedependst! eNiméor e
full -Iagngztdhn RNA products having the pol yA sequence are produced. Thus, an

i ncredse Tn si gnal of the pol yA sequence is showmn. In Figure 8B, there is
st 51 | [e0M@Ependefheamourithd peidgoeforraéd durengpal epdymaiiuead®ndncredses witbuimie of t he

RNA pol ase,. but the signal is.reduced in the presence of i.bosw tch
bi ndi @Xﬂﬁhﬁ-ma copTIess? P“[R?&?"ﬂap'@f&m%"%‘.“ BB ¢ ?ﬁ‘!‘%sg‘iagettgﬁ’ in
vitro KN@B&I?HeFHs:é ANitFRACHiItANSckr R BattidePRNHE MsenddP ke TA) Shiopresthce
dependence for ribosw tch-nediated transcription using E. coli RNA

pol ynéFigue 88) of V9@ 1M KFVRh de virertranscrintian reasHansAre cyeed grtasdesgiibed abeieyi ng pH
of th ' o N2 ; j iitd at ed

i nu (o A2 BB LB TR i nff DN N B e o g bkt 2

cdori €dTp0i25aCipsCP]-Ad®, alab¥.25 uhd¥NAtsbguehed.| owi ng condi tions: 12. 5 nM each

r NTP, ni M +, pnol e iotinylated ol jgo (dr).. 0.1 i

[ a- BB#Q%fP, Owg%ﬁpﬁ‘t'ﬁm ?@P?ﬁ%&ﬁ?ﬁ?rogﬂ e&eyga%cmespeohnﬁ'e 2" Phosphat e
buf f ercohd@ntigffs IOFihteisA dldegBlasilatitdpikl folldvas: bi2nesit (M), pUUgit Gop0d Waiawn t 0.
connect s&pnbol s. Data in Figure 9 denpnstrate that both t hq total signal

and wi(YdohOakaits), d088 hirdtm), 0 e Weh(r F ighegi Siareyedlk that sigpalihdme ¢ ray
easi | %eé@:ﬂ?%%n& NEorBhb BRI S EiYhe doREen®i Ao The sONE isTRK iHIKe FrsidéoPRUNTEr ase

obt ai ne
15  (Figure 8B) although lower signals are observed due to FMN riboswitch-mediated transcription

termination. The signal is linear for at least 3.5 hours and the window increases with time.
[0076] Figure 8A shows that as the concentration of the RNA polymerase increases in
the absence of FMN, more full-length RNA products having the polyA sequence are produced.
Thus, an increase in signal of the polyA sequence is shown. In Figure 8B, there is still a

20  dependence on the signal of the polyA sequence on the amount of the RNA polymerase, but the

signal is reduced in the presence of a riboswitch binding compound such as FMN.

[0077] Example 5: Riboswitch-mediated in vitro transcription reactions are pH
dependent.
25 [0078] To show pH dependence for riboswitch-mediated transcription using £. coli RNA

polymerase, in vitro transcription reactions are performed while varying pH of the reaction
buffer from 3 to 11. As shown in Figure 9, pH is titrated minus (e) and plus (o) 100 pM FMN.

In vitro transcription reactions are carried out as described above under the following conditions:
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aci dophilic bacteria. Alternatively, one may use an RNA pol ynerase derived
from al kal ophilic bacteria. Thus, the pH range profile may vary dependi ng
on the tywe 20fo/#N85pol ynerase used. Exanple 6: Rifanpi npPCcmhiskemosoiaNA

pol ynerase activity. [0079] The antibacterial rifanpin is an RNA pol ynerase
inhibitor (Liu, J., Feldman, P.A., Lippy, J.S., Bobkova, K, Kurilla, MG
and Chung, T.D.Y., 2001 Anal ytical Biochem stry, 289, 239-245, Fujii, K
Saito, H, Tom oka, H, Mae, and T., Hosoe, K., 1995 Antim crobial Agents
and Chenot herapy, 39, 1489-1492, Mrris, A B., Brown, RB., and Sands, M,
1993 Antim crobial Agents and Chenot herapy 37, 1-7). Rifanpin is titrated
to inhibit in vitro transcription reaction and its inhibitory IC50 value is

det i d (Fi 10 | A t t ti . i d t
dosor | b4 Hbeisd rides Swnd BT} bRmelsS eorn oo 1805 s i R 1508
M2+, nﬂ'mﬁﬁoghf}}ds@yajn@t(% @l D3 §é11m:nce0Pﬂt%§hzﬁ§bufff@l’lé”ﬁ?dd't@@ﬁ’ﬁalrpthé Unit RNA

pol yner ase, sequence. [0080] The | Cooval ue for inhibition
of t hedesiredpHr he limasse Figord ® arerdsawn faogpnbgetsymholsi laatpgn Bigveerhdeveenstratem t he
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Sai to, PHLL KR I-Hr RofileRdy ¥ Sffing &h the LR IANA FoBfhisalusdgent s
and Chgﬁ%?herapy amﬁyg 11492)y Eyéﬁgle %E Hi Sh throughggt e

screeni ng. [ 0081] To denonstrate the utility of this assay for identifying

conpou s th?tlﬂp p%?%?ozﬁgbid aﬁ%%ggp jated transcription, the assay,

in one I's“pertorired density mcrotiter plates under
si mol at[(lm'9]-|'l'8 cOTikk ztnt(baaendlmfampmos bt RNFCpolptemse mbédtor Oois, bykeldraan,i ed out

as descrlbed above ndl NTP, 2.5
o Voo A L BREISY BRREr it akutile Ny ang i O 290 Rndiiisat fihehiffiny %,

DNA Seqym@@a@% i@ K, Slmd HR\ForRioky el BRE, anlilE, RéREOK Q199 ahtisiesobikie

follomﬁng stg£€h i addi tion of 30 ni of assay buffer 32) addltlgn of 5 nL

of DNVBOgents oapy 303148dtH%i Mwm, AsB yBroywn.fig . 38f paedsale

Antimicrobial Agents and Chemotherapy 37, 1-7). Rifampin is titrated to inhibit in vitro

15  transcription reaction and its inhibitory ICso value is determined (Figure 10). In vitro
transcription reactions are carried out as described above under the following conditions: 12.5
uM each rNTP, 2.5 mM Mg?*, 3 pmoles biotinylated oligo (dT), 0.125 uCi [a-*’P]-ATP, 0.1 Unit
RNA polymerase, and 0.25 uL. DNA sequence.
[0080] The ICso value for inhibition of the in vitro transcription reaction by rifampin is

20  determined from the data shown in Figure 10. Data are fit with KaleidaGraph software using a
three parameter non-linear logistic model. The ICsq value of 8.2 nM from Figure 10 is in close
agreement with ICsq values reported in literature. (Liu, J., Feldman, P.A., Lippy, J.S., Bobkova,
K., Kurilla, M.G, and Chung, T.D.Y., 2001 Analytical Biochemistry, 289, 239-245, Fujii, K.,
Saito, H., Tomioka, H., Mae, and T., Hosoe, K., 1995 Antimicrobial Agents and Chemotherapy,

25 39, 1489-1492).

Example 7: High throughput screening.

40



(4) addition of 10 nL of start mx followed by sealing of a plate (5)
i ncubation for 3 hours at 25 0C (6) addition of 13 nL of quench/bi ndi ng
sol ut i on,wbabloomessby sealing of a plate (7) incubationpComusd@ondrsut es (8)
aspiration of reaction mx fromwells, followed by two washes (9) addition
of 50 mL of scintillation cocktail, followed by sealing of a plate (10)
plate read in a TopCount (r)NXT(tm mcroplate counter. Qther counters nay
be used. [0082] A DMSO (dimethyl sulfoxide) plate is tested to evaluate the
assay quality under the HTS conditions described above. The 96-wel| DVSO
pl ate consists of negative control wells treated with O mM FMN, positive
((:on'ﬁ’r)ro:c wel | s Lreated with 100 M FMN, and DMSO treated wells. Signals

cp romeach well of the 96-well DMSO plate are plotted  and l.ude 0 n
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reagti Mgzw;ﬁ_ Spn?ok(:jsf&b@yl\ttédlol@gdémgﬂmmpCllil[Ev:‘ﬁQQ‘\"ﬁmm 25Tjile DA ajuencegendd. 1t hi s
assay in mode i s assesse t 2 t
S R T TN R R T
Scr eenbﬁ'@er %)' ad@ftiohdrs -th@f lgMSf(}'j‘&tt@ﬁ cb E@uﬁcﬁ('?@ﬁdd{ﬁorf@% HL &f RNWZﬂ@fasé he

separati on between the negative and positive (100
popul at4)edditips oftGpL gf btortiniy fghlcgmdrbmnhng offeeplate (@)anu@a@an éqx|3ahoels|s atd3one

ety 1C el Shia o SRRl P i PUSFP g B MBS (T nscr it on

ass@y ieubioh 36mME0mihueks (8 sasplrhtadnest rbﬂé‘ﬁonmm étmt Welﬂseﬁtlloaveddxypwu rvekshéstPar y
erf.ormed at

pl ate under the conditions descrip i IS

the fi Addtiemfcontly ok ey l@porlgoc&ﬁ@ ]eg‘ﬂ&? ys? '“\gl éﬂ@)&l?tﬁ%agd Peacti ons
are canbheddyiix e ARs6hRAuALOVOUNdRINRal B h@w ng conditions: 12.5 mM
each r mM My2+, 3 pnol es biotinylated oligo (dT), 0.125 nC

[ & 33P[008IP, 0. A RMSO EiwethyispHexidekplataitteged® eraluaieths agay AR PRdari gur e
O e e
0. 15 UnireatBNAith 0 uM FMN, positive control wells treated with 100 uM FMN, and DMSO treated
wells. Signals (cpm) from each well of the 96-well DMSO plate are plotted and include 0 pM
FMN added, 100 pM FMN added, and DMSO added. Percent inhibition is calculated based on
the window between in vitro transcription reactions treated with and without 100 uM FMN
where 100% inhibition is defined as signal observed at 100 pM FMN. The value halfway
20  between the negative and positive controls is labeled as “50% threshold”. The signal-to-
background of the assay under current conditions in a 3 hr in vitro transcription reaction is ~7-
fold with a window of ~19,000 cpm. The performance of this assay in HTS mode is assessed by
calculating the Z’ factor from the DMSO plate (Zhang, J., Chung, T.D.Y , and Oldenburg, K.,
1999 J of Biomolecular Screening, 4, 67-73). The Z’ factor is a relative measure of whether the
25  separation between the negative (0 pM FMN) and positive (100 pM FMN) populations is

statistically significant. The Z’ value calculated in one experiment is 0.57. In general, a value of

Z’ > 0.5 indicates that the assay is of high quality and suitable for HTS.
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polynerase in wells C-FI (IX), 0.2 Unit RNA polynerase in wells d-H

(2X), 40 nMFMN in wells A2-D2 (40 nM FW), 100 MM FMN in wells E2-H2 (100
MM FMN), wodotestossonpounds in well A3-H12 (plate |X). Perasatioiontsibition
is calculated based on the differences in signals (cpm) between no FWN and
100 mM FMN. Test conmpounds that significantly alter the amount of
full-length transcript are identified as "hits."” Ht identification is
based on statistical analysis of screening data and determ nation of an
appropriate threshold for a particular screening canpai gn. Conpounds t hat
woul d neet the criteria will then be identified as hits. For exanple, wells
contai ning test conpounds that show greater than 50%inhibition are deemed
to be "hits" under current, conditions. nct nal effects of FMN

and FM@083kI oguel éfro transeription pssan sarerf BEWW"QF%S'@\VQ ma[“ﬁﬁféﬁ] eSERN has
been Sl@&muhanmqiyEﬁ&&ﬁ%@b@%ﬂbﬁ&&%%@&t frh@@&@éd:@% isQRrfbfindd 4Ose

dependent " manner and proprietary FMWN anal ogues are titrated in in
vitro finadreoeenpetiamofrldadvicompound. distverarirarscligsm readtigas afegarrésslcnt @bnpound.

I n tro t. t

the 't o PSP AGEE sh AT STy et af Toryl o8 EESM RS, 3t des ncer

bi 0§ i nyiotih@eted blig®(L19,10. 125);1@2@ Hoj-Alre; ijmmmx foly2berade, awﬂossquema and

0.1 Unit RNA 1ool yner ase, gure, 11 descyi bes o(ie response curves of three

conpoufkseersscinfigg lﬁW}\e)rOWFZRN’ umpgypleamoveshead, KigWrqiNae AMRYRE PG 0 ¢ h
| G50 valhued AQf] aftd IE‘M r&BedtiVelya B8 RRAZDPo 9 Meras € mPR& s ABBY -(0XWics! Unit®NLxanpl e

of an induction of in vitro ri bosw tchiredi at ed transcrlbﬁtlon term natlon by

FMN angolpiviraas il wejlseS1 -F D& %), QrQeUMT RNA polymatass aag! fhl -5 1% ndiF

52 SRARAE TS PO LR BB S LA

t hggt acagpdunds Rf wdlPR3IIEEP@NEE \m) rnet-ueawnhtblnﬁm is FAleulated bhationnhodiffehinags ne
genes in Grampositive bacteria has been well characterl zed, . I n_general,

t hi ani fresigirads (TPR) beswaerene FYN and | Qi M b Eest gpmpuwids tha B@alf@gnﬂml& the ’
o aBelro L e VR BET ity oRn St ot 5,
Arch. bhalysiéfabreeding dad28d d6@rminatien séem, apbro@rlaanblreshold fora partlcular
screening campaign. Compounds that would meet the criteria will then be identified as hits. For
15 example, wells containing test compounds that show greater than 50% inhibition are deemed to
be “hits” under current conditions.
Example 8: Functional effects of FMN and FMN analogues on in vitro transcription are
evaluated.
[0084] FMN has been shown to modulate FMN-riboswitch mediated transcription in a
20  dose dependent manner. FMN and proprietary FMN analogues are titrated in in vitro
transcription reactions to determine ICso values for each compound. In vitro transcription
reactions are carried out as described above under the following conditions: 12.5 uM each rNTP,
2.5 mM Mg**, 3 pmoles biotinylated oligo (dT), 0.125 pCi [a-’P]-ATP, 0.25 pL DNA sequence,
and 0.1 Unit RNA polymerase. Figure 11 describes dose response curves of three compounds
25  including FMN (e), FMN analogue 1 (m), and FMN analogue 2 (¢) with [Cso values of 45 nM,
60 nM, and 2200 nM, respectively. This is an example of an induction of in vitro riboswitch-

mediated transcription termination by FMN and FMN analogues. Data are fit with KaleidaGraph

software using a three parameter non-linear logistic model.
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Downs, D.M, 1997, J. Bacteriol. 179, 6887-6893). Simlar to FM\ reponsive
ri bosw tches, as descri bed above, TPP-responsive riboswitches in

G am posiwoOweloaeiseri a, control the expression of the nRE#vusgoa/omsehani sm
that i nduces premature transcription termnation in the presence of an
active ligand. This is acconplished by the ability of the TPP riboswitch to
assune one of two alternate conformations that are dictated by the | evel of
an active ligand (Wnkler, W, Nahvi, A, and Breaker, R R 2002 Nature
419, 953-956, Mronov, A S., CGusarov, |., Rafikov, R, Lopez, L.E.,
Shatalin, K, Kreneva, R A, Perunov, D. A ,and Nudler, E. 2002, Cell 111,
747-756). TPP riboswi tches conprise one subdomain that recogni zes the pol ar
functional group of the_ 4-am no-5-hydroxynet hyl - 2-net hyl pyri m di ne (HWP)

moi et yExgeplé Roviney w8 rfarsiPemite v WHF%%&’@'égefvm metal ions and several
wat er ripksCul es ARothbGaiBR d1eGAhdr¥iRliyihe RREARG dTIPPRRGHALRE iboBViesh¥s.of the
| i gand” ( Serganov, A., Polonskaia, A, Phan, A'T., Breaker, R R and Patel,
D.J. 20b6remmlatioreofithinming genes im Gram-posikiyaleacteriafhas ber Wl eharaotesizgd-eln A R
2006 Struc e 14 5 . i i u i k gand
bi ndi néengﬁa;’t){f"grsm?%@%ﬁ@cibﬁ?gmgt?%@nat bé;& g%/\ﬁ%%? r(%g%%%?ﬁ fhie)% ﬁﬁ Eggvll\v}ll tch to
f or $n aEhgIk(S Ea M€ affedty, [H. W.,(\arsi.édol, &.haTayom ST, dalmpebadsdWN.aChiur Htich of U

residues), thus_inducing transcriptio rm, natj.an Lgure 2). At

sat ur abiegn -c@ﬁiﬂgé%iign@%m#ﬁp&rabﬁ'ﬁfﬂb@i {17&02%:' Bg@\ﬁefeé Bsﬁf%ﬁﬁdi nto a.
uni quepbeAEAS. M., BI9TUE BACRHEPTPY, 6389-68D3) Bl ed FRES refinshairagwitdtie}, dsoi ned
by three stret ches of pri mary unpaired nucl eotides (J2/3, J2/4 and J4/5).
The f oderatibesiabere, (TRR-tsspansivairibesvisehes i Gram-peitive bacterip, ¢aptrabithe ieRpesHiet hes
al | oves : ; e . . . e :

fr ansc?| B PSRy RmARhh Ugend REhrohe o CebfBid IR PRRAEL | e
syno hesf an ativé higarfd. TR iaaccongpliFRER bysthbabiidy ¢ fithe AEP FbPswitdoowissuniresne afhe

nucl eotides in Pl are freely available tq form ananti.term.nnator hairpin
(Fi gur Sv%ﬁq?e’ﬁar‘ﬁ conformatipps &ﬁéarfﬁg&tﬁﬁéhme?%vﬁﬁ?{%}% tve gaéwg(w '§L@ﬁe\9f’or mat i on
of a t RLAINAL Qhd Badak&l, R.R 12060 dlurs 4 9WsRD 56! BIMSE6V, K89 Gusdrot hE, Raikove MRNA.

[0086] Synthetic DNA prinmers and_a biotinylated oligo (dT% maé be obtai ned
f r om t Re Licpek LiouBhpialing K- BXispenan Rt o Berumey od e andaiydier, bt 2002 belldi bersity.

Thi am %ﬁﬁé@g g@n@l;ﬁmcﬂég%%ﬁlggéé %Q&bﬂg‘éﬁg@t ’[rec:ng%F} {f‘.g SBEP RS atsip( TMP,

catal og # be purchased from a el ed Adenosi ne 5'
t r il phospihatteanminy-Skeydemayuiettad-2E methy layemidian(HMP) moiety and another subdomain that

coordinates two metal ions and several water molecules to bind the negatively charged

pyrophosphate moiety of the ligand (Serganov, A., Polonskaia, A., Phan, A.T., Breaker, R.R. and
Patel, D.J. 2006 Nature 441, 1167-1171, Edwards, T.E. and Ferre-D’ Amare, A.R. 2006 Structure
14, 1459-1468). The formation of this structure via ligand binding enables the nascent RNA

20  immediately downstream of the riboswitch to form a terminator hairpin (a stable hairpin
followed by a stretch of U residues), thus inducing transcription termination (Figure 2). At
saturating concentrations of TPP, for example, TPP riboswitches fold into a unique receptor
structure comprised of five helices (P1 through P5) joined by three stretches of primary unpaired
nucleotides (J2/3, J2/4 and J4/5). The formation of the base-paired structure (P1) in TPP-bound

25  riboswitches allows a terminator hairpin to form. This results in the induction of transcription
termination. Alternatively, if TPP is not present during the synthesis of the 5’UTR and no TPP

is bound to the TPP riboswitches, the nucleotides in P1 are freely available to form an

43



Radi ol abel ed Chem cals, Inc. (catalog # ARPO131). R boGeen (r) RNA
quantitation reagent may be purchased from I nvitrogen/ Ml ecul ar Probes
(cat al og woReto/144@%) . Figure 12 shows an assay usi ng TPPcan$20ieBowsmal 0gs.
Exanpl e 10: Assay targeting SAM responsive ribosw tches [0087] Yet another
exanpl e given herein is the targeting of SAMresponsive riboswitches. In
Gram positive bacteria, a variety of bacteria species present an

evol utionary conserved regul atory | eader sequence (S-box |eader) that are
i nvolved in sul fur netabolism amno acid netabolism (Cys and Met

bi osynt hesi s) and SAM bi osynthesis (Gundy, F.J. and Henkin, T.M, 1998
Mol. M crobiol. 30, 737-749, Grundy FJ. and Henkin, T.M, 2003 Front.

Bi osci. 8, d20-d3]1,. Epshtejn M ronov, A S and Nudl er, 2003, PNAS
USA. 108ntitémasatorsgishin GNEKS o T'wséalrpluwwed 90 antitgrEpRALefnPreKpNits E‘&r fprmagion; £

and Br eak@fmiRalr hAHRS hNabby ﬁw\&lﬁ% traﬁﬂcﬁbtlor{]@f thd Okiré ANAThe | eader Sequence

of SAM responsive ribosw tch con genes include an intrinsic
t ransc[ﬂ0§6]| on t epymithesic GINA poimset @rrdgi lantlmxletcdrphm @) aragr begrobgitmefram gite can

functi alisoungglo%3510teeg 018 %ls%ﬁﬁc%gﬁ.f ¥ %!99[9%1\%?51!: MM n TPP ho%?l?at ive

ri bosw escri esponsive ri YhodW rol the
exp§ esCirPcablog ﬁesnﬂ%ﬂhmnvim mhnbﬂs‘re)yprra&s(TMP tdatadnmgﬁzmamhgme punchivad

i nduce r emat i on ion in the presence of an active
i gand?m hilgm3- “acpéd%ﬁf‘?ds‘}ﬁ 08965 B?H ?'tey“%ﬁ%etar‘féu‘%ﬁsf?‘f’tﬁﬁgwc@&h to assume
one of RENBIBUIELERGhRAIS Olrr\f: %%@F%&RP@@H) FHiBodiechBRRA E’L\’anfutheloh 238kntGhaydn

active |ligand (I\/bDanle FJ., Artsinmovitch, |., ‘and Henkin,
T.M 2bopirehased fromtnvitragepdMofgshlar &@eﬁ(oa@m# Beold491)3dagure leb@Mft@ assayy. |

M rono er, E. 2003 Proc Natl Acad Sci USA 100, 5052- 5056,
W nkl eﬁrfﬁnﬁ%’anq\gﬂdaull’% Sudar san, N., Barrick J.E., and Breaker R R 2003

Nat0 Struct.Biol. 10 701-707). X-ray crystal structural determ nation
(Mont ange, R and Bate 006 ture 441, 1172-1 175) reveal s that
in thegg‘f”é‘é%rllg Agey g, étt’%;gr%ﬁ’lr{ésf’c%’ﬁ?f%ﬁ PRYICBE of SAM SAM ri boswi t ches fol d
into apgesyue stydtGhbther SARPISEivEIh&EInas ARASGENRCfRXMPEsgomkivey non base
paired core. The formation of this structure via |igand binding enables the

nasce ntlbﬁl\wchqﬁrﬁtﬁ}mpwmﬁ iBadyarfety plebaciena SpRCiasPres§nt ay HORItoOBRY nat or
hai r pi Qong &d @:ghﬁto? leraQ nL:QY?gm% a@erﬁh‘é%r@ ?ﬂ\@ivgy ih SREAUHERAbolisAYS

i nduci ng ans nat ron
15  amino acid metabohsm (Cys and Met biosynthesis) and SAM biosynthesis (Grundy, F.J. and

Henkin, T.M., 1998 Mol. Microbiol. 30, 737-749, Grundy, F.J. and Henkin, T.M., 2003 Front.
Biosci. 8, d20-d31, Epshtein, V., Mironov, A.S., and Nudler, E. 2003 PNAS USA 100, 5052~
5056. Winkler, W.C., Nahvi, A., Sudarsan, N., Barrick, J.E., and Breaker R.R. 2003 Nat. Struct.
Biol. 10, 701-707). The leader sequence of SAM-responsive riboswitch controlled genes include
20  an intrinsic transcription terminator, competing antiterminator and an S-box that can function as
the anti-antiterminator. Analogous to FMN- and TPP-reponsive riboswitches, as described
above, SAM-responsive riboswitches control the expression of the mRNA in which they reside
through a mechanism that induces premature transcription termination in the presence of an
active ligand. This is accomplished by the ability of the SAM riboswitch to assume one of two
25  alternate conformations that are dictated by the level of an active ligand (McDaniel, B.A.M.,
Grundy, F.J., Artsimovitch, L., and Henkin, T.M. 2003 Proc. Natl. Acad. Sci. U.S.A. 100, 3083-
3088, , Epshtein, V., Mironov, A.S.,, and Nudler, E. 2003 Proc Natl Acad Sci USA 100, 5052—
5056, Winkler, W.C., Nahvi, A., Sudarsan, N., Barrick J.E., and Breaker R.R. 2003 Nat. Struct.
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saturating concentration of SAMis present during the synthesis of the
5'UTR and thus SAMis bound to the SAMribosw tches, SAMribosw tches fold
into a urwquelwwemspt or structure conprised of four heli ees/usPhiowbreough P4) .
The formation of the base-paired structure (Pl) in SAM bound ri bosw tches
results in the formation of an anti-anti-term nator hairpin, thus producing
a termnator hairpin. This results in the induction of transcription
termnation. Alternatively, at subsaturating |igand concentration of SAM
however, an alternate structure dom nates and forman anti-term nator

hai rpin structure (Figure 3). As a result, this hairpin prevents the
formation of a termnator hairpin, thereby allow ng transcription of the
entire mMRNA [&088] Reagent s can be obtaj ned from sources as._des bed
above. B&I(H) TakdABs pf-ras srisstal e iver] dpicapingaon @hgntangs: %ﬂ‘o@nﬂt%m%t

S-(5' - eﬁ@@?ﬁ'ﬁ) ad, h@*f@@yﬁ)%%@s(ﬁﬁm a{ez;r@éee& é%%%%&@udg%n%t@uaﬁbﬁﬁﬂ fr qm

Si gna. An dssay using SAM and SAM anal ogs is depicted in figure 13
Exanpl 8AM rnbma:gzem&)ﬂmgxtcaa unifjhestersture eorcsaﬂtmg of ecenserved iagd primiati b noafbese

FMN\-ri boswi tch ate nscrl ion. te t utility of
this a8l cof ﬁE e PR TPl T e dgbnéd‘{‘gﬁgaebg??qgé%% n ‘ﬁ?"‘

i dept i ﬁlﬁmeﬁia{émﬂdéarﬂﬁoffhed[tfoﬁﬁft&nto foeq b éamindtoratinpit (Ta)Steiblbﬂtampshdul ate
FMN\ri boswi tch nmedi ated transcription, .the assay was perfo {s asure
G50 vAnlawedya strieh of Lo dReshu il g o sGBPUpHoranadon esie bt Aon

reage”fsatg}é Eéhcdtt nomfmtmsgremﬁﬁﬁr@ttheayrﬁﬁe%%tdfms ATRCarfthlid sﬁlmgt as
describ ve under the |'om ng conditions: 10 mM each rNTP, 3 mM My2+,

1.5 pmbbesl tb|tlmft BYLY lalnqsdfltohftSQSA(\’tlm))OSVOtCm& fold imp@ra g@qmwe@tomﬁtmstum t RNA

pol ymer ase . a n were
titrat SQVRESE pﬁ’g?o‘\f Ceﬁ r osr%u I?]I}%{jl ﬁg&égﬁh evai ua%@éﬁggghﬁ Eﬂgﬁ ects on
FMYgri Iseaxnibbedd riesdivtcled redudos $ic theffointation pf an dmsentd&pmnmmrtharrpmnéms Fol | owi ng
a 4-hour reaction, the reactr ons ched wells were then

ue
washed PEHEENGR {HMINAPIRied) ¢ §W\1\Bu‘?f rnducypp 8%%1‘555}10‘{%@%8?% "on of 70 niL
of Ri b%@eﬁ{%ﬂvélg\?&%%ﬁﬁg [i@drnldQOnERAAEHN of SAM E&%\%@ Nan(alleria®agRbturd S an

exanpl e of bi ndi ng dyé whi ch becones hig g f1uorescent upon bi ndi ng
t o RNAdominates and form an antl—termmator hairpin structure (Flgure ). As a result, this hairpin
prevents the formation of a terminator hairpin, thereby allowing transcription of the entire
15 mRNA.
[0088] Reagents can be obtained from sources as described above. S-(5'-Adenosyl)-L-
methionine chloride (SAM, catalog #A7007) and S-(5'-Adenosyl)-L-homocysteine (SAH,
catalog #A9384) may be purchased from Sigma.
[0089] An assay using SAM and SAM analogs is depicted in figure 13.
20
Example 13: Assay using a different detection element is evaluated for FMN-riboswitch
mediated transcription.
[0090] To demonstrate the utility of this assay, using a different detection element as an
example, for identifying compounds with different degrees of activity that modulate FMN-
25  riboswitch mediated transcription, the assay was performed to measure ICsq values for FMN
using an RNA binding fluorophore as the detection reagent (Figure 14). In vitro transcription
reactions were carried out as described above under the following conditions: 10 uM each

tNTP, 3 mM Mg, 1.5 pmoles biotinylated oligo (dT), 0.15 pL DNA sequence, 0.05 Unit
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the reactions were incubated for 30 m nute, reaction mxtures in the wells
were excited at 480 nmand the resulting em ssion at 520 nm was read by
Spect r aMawOr2p1ok4hidss- Mode M cropl ate reader. Ot her fl uor estarse@onewder s nay
be used as well. Figure 14 describes dose response curves of FWMN () and
roseoflavine () with I C50val ues of 116 nM and > 100,000 nM respectively.
This is an exanple of an induction of in vitro ribosw tch-nedi ated
transcription term nation by FMN and roseoflavin, using a different
detection elenent. This is also an exanple of the use of the assay to
differentiate conmpounds with a different degree of functional activities,
using a different detection elenent. Data are fit w th Kal ei daG aph

software using a thre er ngn-1linear gi.stj.c del , Exanpl e 14:

ros ay< ROV Relvertss i GABCSTRCELRPomI0I EBRe BYSY I anf ayser i SR trated

SAM i bQsWiat EINE B5RMatind0EFbé MNalifed P ARiklefTas 48 PMISLIRERIE N Redibieli ty of
this assay, using a different detection elenent as an exanple, for identify

conpoutrdsscriptidn idiaf dose-dppendenfrreannent Fallowing 2 §-hopmreactingu thgtreactipes Wet§oswi t ch
medi at ed_t KL for
Top anguerkp I EETA" Rl y BRI WaRoIRACOMIEp| M RAGME Bl BikAISS

( Fi gur ehelddifitioh pf V0 Lo RibeGeen PRNANquaatation reageve s eRimGread reagentis adescr i bed

above under, the follow .ng conditions: : ach r NTP M My 2 6 | es
b1 ot | ngraREobin BYA Y 54 whhiRRoraefen S0GsE bht iRRAE SR e B8 and
0. 0005%ataclivRENer’OnéudRlcd GhimD Bivfite, FEACHSNMiIxHMEs WRthe wellit WRteekcited atu80i t 1o
transcription reactions to determne their effect on TPP-ribosw tch

medi at am and shesieryliing emission at SRem yeasaerddnt Snealradax® phyltigvipdgyMicraplasur

reacti t i TA: : washed
once. i EHet, Ciner R B L G B WERT B B e e o
Ri oG eanvENA RNI(w) tiad iosenftavagd ) withflCervatuee of kctMomd >@PH00 ndlabat ed f or

Cesul t FirgaitFEar b st Sani el abdh PG o) PelER FPEREITTRe et Hongetor e
M cr oph@inthatie@d¢ FMIPah®fostdRiE SRR aali ffeastaletectliBy clo@etts €hiaR awelan. [ 0092]

Figure 15 describes a dose response curve of TPP (). .and TMP () _wth |IC50
val ues esimply of thrusnef thogssapte differantigiscempownds witha diffeens degrgepifiactignal

I nduct i,gn o4 bs!?réé’ %Hfgrerdt Q%t‘éﬁ&n‘%’é:ﬂﬁg' MaBhrl FARRA KA ape STt LRg BY TPP

and TI\/IS, usi hg erent detection
15 three parameter non-linear logistic model.

Example 14: Assays using a different detection element evaluated for TPP- and SAM-
riboswitch mediated transcription.
[0091] To demonstrate the utility of this assay, using a different detection element as an
20  example, for identify compounds with different degrees of activity that modulate TPP-riboswitch
mediated transcription, the assay was performed to measure ICsg values for TPP and TMP using
a RNA binding fluorophore as the detection reagent (Figure 15). In vitro transcription reactions
were carried out as described above under the following conditions: 5 uM each INTP, 2 mM
Mg2+, 6 pmoles biotinylated oligo (dT), 0.1 pL DNA sequence, 0.04 Unit RNA polymerase
25  and 0.0005% of Tween-20 replacing BSA. TPP and TMP were titrated in in vitro transcription
reactions to determine their effect on TPP-riboswitch mediated transcription in a dose-dependent
manner. Following a 3-hour reaction, the reactions were quenched by EDTA. The wells were

then washed once with a high salt wash buffer, Followed by the addition of 70 ul of RiboGreen®
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el ement, as shown by consistency with Figure 12. This is also an exanpl e of
the use of the assay to differentiate conpounds with a different degree of
functi onavoaotomidsses, using a different detection el eneotr/usPamaowie fit

wi th Kal ei daGraph software using a three paranmeter non-linear |ogistic
nodel . [0093] Figure 16 describes a dose response curve of SAM () and SAM
anal ogues. This is an exanple of an induction of in vitro

ri boswi tch-nedi ated transcription termnation by TPP and TMP, using a
different detection elenment, as shown by consistency with Figure 13. This
is also an exanple of the use of the assay to differentiate conpounds with
a different degree of functional activities, using a different detection
elenent. Data are fit with Kal eidaG aph software using a three paraneter

non- | i RBMY ayagtjiation eeagentel AftgroborpclipnsersiaicyRalehion P A AP YR VAIKIUETS ons
of 't Ne;EHaTRILRRIRUAELH 480 kin BROAERSARIA LRILiRAE S5 AR Wdlireadlhpclosure. |t

is not possible to provide specific exanples for all of the many possible

combi n&pécoadlaa®dMultirMatle dfisroptate ieadasnbivletir Fuatescenes maidre thaythgtusediatwell.
conbi ngti,oNs and..vari.ations my, be cl ai h t ugl i at is
cl ai rrem . A rre?ﬁ%ﬁ 1%odrescrsoaeg Grdlolslegre %O%Ség?‘frg%? %Eﬁygb 24 TlMP . ‘”ﬁﬁl I%%

e test’ conpound
[ nd.fchI v&l0esaff 170 lﬂMSbM'dt:SImﬁflﬁ N e@spacander Thisiiom mg}ﬂm(laﬁdndngéumiomf i‘;s\itr)ing: )
provi ding a DNA sequence .having a prono 0 i to a riboswitc
apt aneFibeRhimedider GanscHBRAU FERna%est @éiﬁ)ﬁ"‘gf&&f B%/‘P@ aah?%?f‘t%??f’?% s
transcejepkhoR Howd HAhSSteh&OWRR FRGOMH. NbhidisSil SNl éx%%g&&ﬁﬂ%@&;oﬂtmb@t i ng,

in the presence or absence of a test conpound, the DNA sequence wi th an RNA
pol y e tediergnidate corpounids withar diffetsohdreresotfifercsiond aptivitiph gsing @ deifprewr oduct

ra 000, E BT A AP L P pd0el
capo ur gistienmidel.i s bound to a substrate; removing uncaptured products; and
gg;? ﬁ? bglgﬁj\lze Calpitggrreel% J:élgléi&rs %d o(s:eg r’es%%g glllree gf gﬁﬂ (eo 2Rd %rAI\?grslaeiggu%s.Ofl‘his
is an example of an induction of in vitro riboswitch-mediated transcription termination by TPP
and TMP, using a different detection element, as shown by consistency with Figure 13. This is
also an example of the use of the assay to differentiate compounds with a different degree of
15  functional activities, using a different detection element. Data are fit with KaleidaGraph
software using a three parameter non-linear logistic model.
[0094] Alternative combinations and variations of the examples provided will become
apparent based on this disclosure. It is not possible to provide specific examples for all of the

many possible combinations and variations of the embodiments described, but such

20  combinations and variations may be claims that eventually issued.
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product in the presence of a test conpound relative to anmount of captured
RNA product in the absence of a test conpound indicates |igand-induced

ri boswi t choedicat4easst r anscri ption term nation. 2. The netrhodsedioobwim |5
wherein the signaling sequence is a defined nucl eoti de sequence and the
capture elenent is an oligonucl eotide conplenentary to the signaling
sequence. 3. The nethod of claim2, wherein the signaling sequence is a
pol yA sequence and the capture elenent is a deoxythym dyl ate

ol i gonucl eotide. 4. The nethod of any of clains 1-3, wherein at |east one
of the plurality of ribonucleotides is radiol abel ed or fluorescence

| abel ed. 5. The nethod of any of clains 1-4 wherein the captured RNA
product is contacted with a | abel ed detection el enent that binds

speci f VU@t isFlaigedine capt ured RNA product. 6. The method of any of the

precedi ng; chah&Bod Mﬁ’ge%%;:dl\?/i’\nlfghﬁgr éifFf)éBP%M 13 ARGRNE bn GRMRIdh bErisoslvieked from

the aptanmer domains o W-", TPP- or SAMresponsive ribosw tches.7. The

met hod of any mdiatérbtransedritintgrneinations compisieg:n t he ri boswi tch apt amer
domain is an engi. I TR i i ion
platforn1donaﬂﬁ ﬂ@g ﬁ%gﬁggﬁggﬁé%e§§@$%@??%ﬁggﬁgﬁkgﬁﬁﬁ%%ﬁg?ﬁﬁ&ﬁﬁﬁgh controls
trapscri pti on apfanfer dowhingarrdegiiboswéteh etpressian datdorad, whichsegtrels¢ens@iptidn
screeni ng kitéﬁonpnisinq a DNA-segyenfe havi ng a pronoter operably |inked
to a ribosw t A 35pHIAEEFEIYLIAECAINS FenRIIRg BRIUGRFTh expression platform which

control s tranggiubRlin®ih Bk preseRcd PFAbSERBE 8Na RECRHIPdEnd thé DN icqGerfte GHENME;
RNA pol ynerase and a plurality of ribonucleotides; a capture el enent bound

to a substrat Npobmespeend polirality obcibgiclessides; | east a portion of a

S L 00 S USRRE AR P RLSEIHES LT alcgthog o0, on

anyoof cl ai ns whidh specifically recognizes at least a portion of the signaling sequence; wherein the
capture element is bound to a substrate;
removing uncaptured products; and
detecting the captured RNA product, wherein a decrease or absence of captured RNA
product in the presence of a test compound relative to amount of captured RNA

15 product in the absence of a test compound indicates ligand-induced riboswitch-

mediated transcription termination.

2. The method of claim 1, wherein the signaling sequence is a defined nucleotide sequence
and the capture element is an oligonucleotide complementary to the signaling
sequence.

20 3. The method of claim 2, wherein the signaling sequence is a polyA sequence and the
capture element is a deoxythymidylate oligonucleotide.

4. The method of any of claims 1-3, wherein at least one of the plurality of ribonucleotides
is radiolabeled or fluorescence labeled.

5. The method of any of claims 1-4 wherein the captured RNA product is contacted with a

25 labeled detection element that binds specifically to the captured RNA product.
6. The method of any of the preceding claims, wherein the riboswitch aptamer domain is

selected from the aptamer domains of FMN-, TPP- or SAM-responsive riboswitches.
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7. The method of any of the preceding claims, wherein the riboswitch aptamer domain is an
engineered aptamer domain and the riboswitch expression platform domain is an
engineered expression platform domain, which controls transcription of a coding
region encoding a signaling sequence.

8. A screening kit comprising
a DNA sequence having a promoter operably linked to a riboswitch aptamer domain,
and a riboswitch expression platform, which controls transcription of a coding region
encoding a signaling sequence;

RNA polymerase and a plurality of ribonucleotides;

a capture element bound to a substrate, which specifically recognizes at least a
portion of a signaling sequence of an RNA transcript transcribed from the coding
region.

9. Use of the screening kit according to claim 8 in a method according to any of claims 1-7.
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