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In addition to the widespread participation of protein factors in genetic control, it

is also known that RNA can take an active role in genetic regulation. Recent studies have
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expression strategies of complex organisms.
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activated. The riboswitch can be activated by a trigger molecule, such as thiamine
3



is activated. The alternative splice junction can be
active when the riboswitch is not activated. The
WO p@8avi2ech can be activated by a trigger nol eRCi/852008/058045
such as thi am nepyrophosphate (TPP). The ribosw tch
- ; ; r can
pyiSBRospEe® (APPLTRSPROSHIS bR ik spdisficenaR b Hhe
ribbepitchsan at tietaatdrveive pplidng glhe Tiheswittlosani replescateradtiver
splicing. of the RNA The RNA _can_hav ranched
splacing, (g Fikos q&mlterawiﬁ@g@féh%m&fh@@%é@wﬁvw byapghed
tradR! Nihcapelrd-BRIER M RO e ofoRlb Rk 4 &lith §fifci trol
° exanp ee,wl\ln thee 4 and P5 st g%’] The ré’gﬁéﬁ of tlﬁ{gmgcon °
caralpt lmoEed, Vibt ¢kasplé, ¢n g RdomidrRS steanl ted regioh ofi ek, aptapner with

exanpl e, .in loop 5. The region of t aptanmer. wth .
spIEIR GG A RO Bk LG R GRiPOP ot e S Bt AP@pgh it
splfdéng dd1 cdrlisEIRAP) 1B c:@hpt B Siesi 120 TRULAS &M PMRA N

can interact with the P4 and P5 sequences, the'loop 5
exespirafamudenain ken Prersa quitnibe £4 agd &h sagiteanesy the loop 5

seq?&gﬁ%e L eosr élgepel?% éeg:u%%ce%.lag?cﬁjgﬁpﬁlrﬁ%lﬁgﬁ?%e%éﬁo%%n\%ﬁ lpeq rcgr(l: Ele g\l;]ailable

fortihfeEi@86n Hith €hd/é:résSion PlathRribniin bME vﬁ&h@ﬁﬁg%&mbéhle is not
The splice sites and/or branch sites can be [ocated,
boynsk todkeppitracr damaip siheisphee Bies wadiar brgnghpsitey ga be lpcpted, for
] L. h_ . Pl i .
ox i 05y DA TSP Ok n e oie
sitdsscan folRiwidor dxample g fyidge SWACI ng of RNA conpri sing

introducing into t a construct cQnprisin

he RNA ! g a . i
ri bédsg dizgiosedpes melodHer regwating sniisneof A sompgping introducing
intd FRURRA! NnShde %fﬁ?ri%ﬁ g%osvﬁg& WHRRIMHE HboSRich is capable of
conprise an aptane ofrai nand” &n expr essi on pf attorm
regiitating splicihg o ERN AL ibe aipbawirh clomamprissnzh $ftenexdomess axxhan
| at f orm_dormai n .ar e, het er ol ogous, The r'&g{svﬁ tch can
exif5E1Gn RIFLEGTA SORAIBr VRHENAGPIFRE Jma apd T SXBiesgen Platform

doRginl ¥@h&EoRYeods. [THeIHREWITRH EMHen a8 Ythorst t(RERNA Me riboswitch
riboswitch can be a TPPresponsive ribosw tch. The

cary bdratwited by @dngger moledude, ah¢heasiERR. Ude siboswitelgcanbieer TPP-

ri boswi.t ch.c repress alternative splicing. T i .
resp R e U VIR P 40 VB A RGP DS i Epgsyriceh
cari?@?re@§ Sl AtRR-sPBéiHE A HeribosWRcK 841 Afer SlidikEoBRE ’RNX The splicing

with alternative splicing control can be found, for
caneqeerphen-nityrallyo pharegpne ! thapnsametwithal tapatiygspliing pontrol can

| terpatjv plicin 0] n 0.1t s
be By PRSP ETLIAAD THRIMER) of 8 Pl N her ol liine
coritfv] caxx aleP Fend pfor pRghple OnStepEPIERHR sphicd sites 24n beloahted efor

to the 5 end of the aptamer. The splice sites can .
eXIE.FRPOFIBPISBEAMPANEO 1 hid 1ekadiye i e GUand af the apiaprernidie splice

: IS¢l ' A bt f ungal
s1té§|r<%§wfﬂ?o%§r{§§8n%{r %’Z% @%é(')g% ?‘Tq{séf %UA ?}Sgﬁtaﬂ%&ﬁg a subj ect
wi t Als disoigsell is afrettod @i inhabinhg fistgel grogtit, ohd inethed bpwmptising:

.,an_effective apount qf COo und that iphihits a )
idepBfned e’ Wét%?% Sbedlieriion RemEsyerrhs ftﬂ@%ﬁ ahgpetive
am@GRWR- cohipBifd iHaf‘El]pri't@ qﬁpfgfegﬁmiv%%og@ﬁa{, iRty thAMiRg

nore reduction in funga
fungal growth. Inhibiting fungal growth can comprise a 10% or more reduction in fungal

biomass.
Additional advantages of the disclosed method and compositions will be set forth

in part in the description which follows, and in part will be understood from the
4



bi omass. Additional advantages of the disclosed nethod

and conpositions wll be set forth in part in the
waemsniqee on which follows, and in part w || bRCT/US2008/058045

understood from thedescription, or can be | earned by

desggegér# &8 be% 1%%19& 8¢ i’&\%os X ho 8% %E&i 5OMBEShA ERASositidh8. The

( ages and conposli tions
adWMntalge:b@f thedistioedl mottiod ahdcorepbsitionsmal be ofalizhdaml dtapreddy

gl IR HeBYR RB] chabiaiens TEc Bt BERoPHA R aims.
It i%fg l%?l?i d&gQEét"’yot}{jﬁé G5rePbihg %eﬁﬁ‘ﬂ de &ftﬁwaﬁ&ﬂtﬁlﬁollowmg

cription are exéenplary and expl anatory
detaikdd/deaoniptamere etengatyrand ekplenasbrytdndy andvarn mpbwsialstwe of the
cl ai med. .BRI.EF DESCRI PTI ON OF THE DRAW NGS The
m"&’&%‘&]ﬁaﬁwmﬁﬂ drawi ngs, which are incorporated in and

constitute gRAE DESARIFTIEONCO TREIDRAWINGSSt rat e
several enbodi nents of the disclosed net hod and

conjibs ia¢d0mp@nlain§ drayg‘egsa shicki arp inchepotiated i gnd; constityierapart of

to e f th d
o R SR EARL 5 e DR
corapéditionkRARd &éWlﬁhﬁ@ désdriptior, Bérve RS explain Biegsriticiies df the

R (1-1) and alternatlvely spliced products (1-2 and
disgloggd method ped seVIPOSIHRMS. Exons and introns are dark

gr a @?‘91 glqdpﬁgsatﬁfe%g 'cg!ﬂ{sa EARE. c'éﬁ PRI Wit RIAE @t jnthy 2,

S|te putative start
Pr@aﬂ,«aﬂs UTR (am;dammﬂtmwesjmndemoﬂmmamanddm)pfooﬂhud\fMTJ

K S T L 8 SR
> OBHE S0P 8 B e Greh e R IR Kethondine
tragﬂalwml prodidtefrainsbacORE- a)ng tlre Ipmgs]‘f%" & ORE) arefdegioted\b and ¢, 5°
t hi ne. I1.-3
R BRI NAS §5 ﬁle{“rﬁehﬁasmﬁ R o REAET R o0
re g&?vegf dr goed détgmon JYRAIKRR PN oAdfrodh &, blisdPDEoRASE the

air i'ncrements. Figure 2 shovvs alternatlves ['1Tcing
absence (9 we presertcedt) @30 i thiuineT Brndd Benand dh3b £pr TEHA rﬁ@;@esent

in. N ns t lic RT-.PCR odu
e RlE R 5 S W pRReaR HEepbonaigys GES Bl EObT tprker
DNASEMRa@RW0 bikelpairafiira@eihts ee medl um b, Reporter
constructs of wild-type (W) or various nutant NMII

b
lr Iu C??;g{;ﬁggﬂ;s%?ﬁkuglte&gﬁwgﬁcMﬁ%df eﬁ@éioﬂﬂm tag q@mém] ZPP

riboelviehi. weChangh in M EistrdnReript spicng (HﬁEPWR nm@u@tg)rﬁfﬁ a@dltlon of 30
arnmal i ze sus various,mutant.

N eRTeE S R o SR P AR R M g Reporter

coRStRR ATV {ORBE (W &k @8doRimden N rh hBB%vVhﬁ;heé/@Mﬂl el&oagrem 0)
the averages fromthree i ndependent assay_ repeats and

fused upstream of a luciferase (LUC) ORF (SEQ ID NOS: 1 and 2). ¢, Top: relative light

units (RLU) from the WT-LUC construct (normalized RLU = 1) versus various mutant

NMTI-LUC constructs grown in the absence (filled circles) or presence (open circles) of

30 pM thiamine. Values are the averages from three independent assay repeats and

standard deviation error bars are smaller than the diameter of the symbols. Bottom: RT-

PCR analyses of the 5° UTRs from the LUC fusions (upper panel) and the native NMT1

RNA (lower panel) for each transformant. Details are described in Fig. 1.

5



standard devi ation error bars are smaller than the
di aneter of the synbols. Bottom RTPCR anal yses of the
wW®G2008/TRe2d r om t he LUC fusi ons (upper panel) anpiCT/0i82008/058045
native NMIl RNA (|l ower panel) for each transformant.
Det @iduse ?5@0»@@&1@)&'1}@% diH uﬁ e}ﬁrce&- afid Ql%rﬁatgzem%e&BRNAs cause
UORFsS I n unspliced and alternatively spliced
NMBluspresivih. a; ¥pitetpe end aqutank cohstiypie fased tora LAkt reporter to simulate

o] R R P ab 5 AR P AR s n e
abfncd (LOR 1e<¥55?s)a&‘ﬁr¥éehé/e 0 ogaﬁbﬁ SANO8IN thiaidelif %etiﬁé(ﬁﬁm

or presence (+, open bars) of 30 mMMthiamne in the

Exn@d&lwa@mmﬁlms tthervaliexd dhe wildityped-3Rocertstruct without
t.he | d-t 3R construct t t additi

sadfoq R GiamaS Gt BE e prE-CORP A ndPbintl s Hebdilana
stah®3€ REVIGETH erfsiIAYs 4r6 BIRAYS (B I&Tﬁt‘ﬂorﬁ} RIGATH aARY4i Qb1 tBE LEIJ Rkion

bars are shown. X@TO“O PCR anal ysis of the LUC
(urpgspansl)ang petiveomEl!)(larr pargl) Yenssmts fqn M \gegssp gFeyn without ()
or m}ﬁ??%ﬁﬁa@ﬁlﬁe f(?t&rl\}lotﬁ{ %?%?e a%rcf%w‘rb\@dtul? ﬁlgtlg%enzl {71%%5 h

am ne her no 1ons are as n th

+ DB 2 hortim Fisghartih e APy R e S e SR AR s ocing of

mRWVA if Nag2Rsa. 8, THPhdudedm@dulaRenbidthRiur&f nedt thdGEabndS " splice
near the second 5 splice §)?7bbﬂm|?ont aneous cl eava

sitg rs@amrgn@ugfclesvagmmmﬁeqféd 7 RNA (/RS A- (g -78 through
hr oug n I f t
19$)ewee a(r)% a‘% b%ﬁsA%}gfaJ%& %&ﬁ%gg% %% o%a 0 %gﬁ’g{e) I\}I%P Rediated

ch&igesit dfetubs. bS8o®e P4-Fonutlotiged drd e5mpreﬁ1eﬁtm§atoermwoaﬂ@s near
to nucl eoti des near the second 5' EDQ ce site that are

thesserndat’ saliessiteshatagpmofdaddy PASEQID Nt drfsnMeghanism
forr ﬁ RV &grtrfo(l) Bk MY ]oexyMngoﬁ Kl %&Bg%g ﬁﬁtl ﬁn?%ﬁgn&s are activated

I'cl ng rmnants-are acti
or dﬂﬁbrfeg dlirfnzeli Ferento@ec upaicy ytagds af s aptarhdre apt aner .
Figure 5 shows sequence alignnments for three bacteri al

and Fi’g%lré 51 Blgsls sEfierice RASMMERE feiRb@EBAGeriaP R DD fiMdal TPP
5- 30) hl|%1ted regl ons corresltoond to stem partners

nbpﬁfdutcélaap@an@y( Q & NP -0 Bighlightedrpgjomsecagrespriigo stem
par%?e%‘ﬁf&?c% &@%@ta%w dlggﬁahp{tqu TPP ri bosw tches f r om N.

main start codon;

ol g5, LSS lant o0 (oBE 0 P puc
rep'iwehr@ %&h&ﬁ%taf&fdoﬁamﬁl@ﬁmﬁéshﬁteﬁﬁﬁde ctant lé@h(ﬁ@t(h&ﬁﬁ main
an he dark aded re ion of the

I Nntron
OR ﬂmdcﬁtdeﬁngé@te &h éplrppfslt@ﬁp @ggar "Npkee stes 3y each
f
s EReROR PN Bl iy SRS Rl od rggion el gpe ieom

identifiedthe ITPP%WI(SEQSIQ NOSO3 PBONWAT sdentiiés 4 plediciedide Spléce site
codon in 977.1 that would termnate

fortN(éﬁQI%W. obrest @s@eéatab%seﬁ@até%eﬂr@ed Pasgth PB STAUSAEHRg Spliced
prc;r(flﬁg%‘.gﬂjﬂ%} ﬁg@m%@tof%%ﬂ SENCUGBY Y § R Wttt efRindRRranslation

unless splicing occurs.

Figure 7 shows thiamine dependent changes in splicing require TPP riboswitches.
RT-PCR analyses of alternatively spliced 5" regions of a, FREQUENCY (FRQ) and b,

NMT1 transcripts from Neurospora grown in minimal medium in the absence (—) or
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RT- PCR anal yses of alternatively spliced 5 regions of

a, FREQUENCY(FRQ andb, NMIl transcripts from
wokwsoser a grown in mnimal nediumin the abseCES009/058045

orpresence (+) of 30 mMthiam ne. Two replicates for

pre%éﬁ:lg (W(ﬁﬁﬁ eRitd a%o r-gpﬁcagésfffneéa%ﬁtmﬁﬁw £€ 14003 10fe

b and c) as repor previously, do not change
dlffemem upltwrform:% of FR@ (8,0 mm) aetdwerte@pteerowm dorietechange n

t P t f F t
HEEAETRT Inreh BRI St Staspatr R G RBRES i Frg ere
ger?eﬂﬁe@usmé—ﬁm@—ng@GMA@me@m (S5 1D NO:34) and 5

Products were separated usin agarose ge el

(2%
TGO IHor KRG STOAT GV QNG TheProityes W&ﬁ@@parated using

cont ai 10 has incre nts
e PR PR O r SR osf o vn e Bitsnt MeF FERG: Sonyhink BRAS of
100 bhdeParahdrementki INAES “&rehlmlzw’ﬁ’y etuitdumgarblmdwumlﬁg&m uv
a, Sequence, secondary structure, and TPP-induced

illymgiaetion i on of the NMT riboswi tch aptamer (SEQ ID NO
36, representing the 115 NMIl aptaner). The nodel was
nmodiFigued® shave TR bimdpiggs éﬂtfﬁdmﬁﬁ‘&\u pOsiuente seemdanytstructure,

an Y81 S RloRlafieh bR ek B mPo b bimE ToBoaP MRbidcs
rep%&eﬂﬁrﬁg @k 11 hivarBL Saaes. TR BT wab nfRANEdd fsih tHok® Mﬂted
Sites of structural npdul ati on were established h&{ﬁNMTZ

pravipusiyife reflasbivaglable aﬂlslcmmlutmpm@@@aal idatap Coshist

mc e§§‘l %ﬁtﬁ?@%%&%ﬁ?@%%g ‘%H%f?e %g ﬁ%ég%lgse ghli él;lreg'(g’eletéif1 in c%%struct
115 o . Sites ofstiuetikal siuladioh ver? é’sta‘tﬁﬁhedﬂrﬂy ﬁﬁllneﬁﬁroblﬁg Df 115
65, 69, 77-81, 86 and 87 of SEgof@ . lIncrease
NGRS dgaiassd et ClopmiAb F1551oR 0T SOIOdBE TeBkoTES e 1385t 54, 56
I
7SRO OR1e NG U I B i 1 0,20
49581 &5 63, an @927 W81 BousedB 7t of SIRGAHD NQ:36.1 brrasaf deissiohywasfound

foriglepass nie) MGEE 6 SERTPING e beBring prog it eRaURzoR 1S NMTT
rev(ea_lls )TP‘Prm@Jmte@ RNPA rs%rh&hre%&ﬁﬁ&tidﬁ@ o‘f“wth'fbhasjltgéh bnd 2 v&gfg usef to

G change was nmade to facilitate preparation by in
quanttfy bgandaadBuity i nm |L@nescnnclaﬂ©predepomRNAg lodded afienmml ieadhn
gus t he

NRh et EiosTion SERIBTRRN T of Repparte] gPid Sitpfati €

OH). AUZIE Bh4ilg8 Wvds Mndlle t&EAUTtE e Pr&APMBnBFGH SRLLIrAREkiption. ¢, Plot
in-line probing results for the extended P3 stem of

depiefirg thg gprmalizediimptionSHRNSY sporthesoublyedeayepyasesihe logarithm of
thepq%%héntr%ﬁé%%ﬁﬁb ?or W%s B'\ﬁi bk, “\5&9& LgQ spontaneous

eavage pSefide presence of up to 1nM

TPP EQ.I1.D NO 3 0, sh
ana §e1rq9al? o Rea e - e oBmer ot T ErBr g i em of
corsstiubiCIor i/ TE hsraes n@dledtfdl@s Qm&eﬁt poksftRndwithiX#ie RNA that

separation of spontaneous
undergo spontaneous cleavage both in the absence and presence of up to 1 mM TPP (SEQ

ID NO: 37).

Figure 10 shows in-line probing analysis of the 261 NMT1 RNA construct reveals
modest structural changes at the branch site. a, PAGE separation of spontaneous RNA
cleavage products from an in-line probing assay conducted using 5" **P-labeled 261

NMTI RNA (nts 11 through 270 plus an additional 5" G to facilitate in vitro
7



cl eavage products froman in-line probing assay
conducted using 5 32P-labeled 261 NMIl RNA (nts 11

wo oosag22270 plus an additional 5 G to faciliPEr/ES1008/058045
vitrotranscription). Band intensities were quantified

tra%ﬁﬁ%fr%ahaﬁcpﬁi §R@§ wife cﬂrﬂnﬂ%dﬂ% ReRdi ﬁk@ﬁ’orﬁhﬁﬂgw r1"11’P-

ructure ee t he ends to Fig. 4 and
mellztedaddhgdsan RIN Al etraitirs. Sd§| theitegends tg W@g/vé and-Hig. r§5ef%r additional
probi ng analysis of the 273 NMIl w ld-type (W) and M
CRIMFI RNA constructs in the absence of TPP reveal
differences at the second 5 splice site

sepdiars bhskswsdpdie pEeing ar@MlSdeég@ %&NM@ d‘i‘i‘&‘t1 W (&) and
M%&M Jr}a%ﬁ"&ecggwﬂ tﬁ%é%%é‘ew&geﬂ inf?%er?%sg attt}hl? soelj:é)nd 5
spl(ljcgt&étf fneﬁ rf}ﬂgjm% g@?ﬂgg Iof Ei&inﬂin:egms RNAcleavhegnpiotiigs fiwar an in-line

wdgiermines o goveel Lpsations.of, sgueiinal, Renggs o

th:ég%}W‘]?Sg 28 %Ocﬁ&\?e BIRAISyd thnk '1&ens§t16'§rlger8 dEt‘éﬁnﬁ@&i id teQBAlNocations

te that nucl eotide -14, and -12
of etxindtiniat clenpest canseddjy the Umtodn@uumfaméamen M9 Wlm esmi'T. See

can be be. u pair lat v ,
niespia e Fisol a0 S el Bt BN i TRPRIILG A B2
exRBR]NESaral yo%tangb&%&vage whewe ad @hﬂﬁtbe\tﬁpb@éiﬁelatlve to the

pai ring between the f ing region of the second 5'

W§pbhgteics iwheraendy nhdeatizp - é@wempcteql to\panpgER 1 the ghsence of
Tpg)arl ous fungal species (SEQ I D NOS: 38-43 and 96-101).

, Schematic representation of the NMIl gene from

Neur Qsp

The .t ! t Ll
o1 t dSsn daa s afematin o e el Veon e HanBBk iffon of the
se&ﬁ‘xdast d\é{F s‘?te%ﬁ@ tROPPE hftfeidt NME! EERsaRind i&ioud Fehdalepecies

Nucl eot i des 'shaded orange identify base
(SEQI In N@Spa;watan@%ﬁeim;a‘ﬁphm@tls éQP;ﬂ@ﬁ@tétl@m aiffor A9/ T hgene from

secon nd a

Ve ot oDy R RN h FREA 5, gl st are
sh&Wh M 18 GhPpdsatidng O f the THHE Apft@n&d dndshd@Xin G)RFIIklecleotldes

aptanmer and parts of the aptamer for NMIl gepes from

sheleidfasangetid¢nivy hiseqgiririzaptentigbbategerbihe @f:qlteﬁ%e Hggvipgethe second 5°
sp}M((j %{eaa&td%rh%%ollc\)/ %eoug ?éc'%?rp ?‘htﬁé %%aﬁglt %g{% dg'i’f‘dr? Eé’quences of the

one I N sone
re€ioh SGrreaidial Hlatboet 5 RplidesiteOngxt Fo ﬂfedlpm&maﬂi’.paﬂ'shzf the aptamer for

utative alternative 5 splice S|tes re |ocate &nag
1@ 4 genasieom ditisan forgal specss, Therragioy Of fts 2K it Aliepative
batsQ%ﬁﬂ%@%ﬁnaﬂ?ﬁaﬂﬁﬁo@&e& E}?oﬁens%&@ittﬁg P§ Ehdl o8 sehd, %ﬁt inSome

transcript data for genes from
cabisWwan ajs0 reate(ld éeldep . and stean B2 Aﬁmmgativlemhema‘y\zea% spbee sites are

AB226284). For sone ge sever.al _.potentia
logglecGal POBOBRPFHY S BorbBILE 'S U a0 S0 gRbialhes it i of the
inlifdatel 1&%@&%@&%@5@&%& ROk MRerift ity Br 3 BNINEeL Tdm
activation by the TPP riboswitch in the N crassa
Neurospora (see Fig. 1) and Aspergillus oryzae (b, AB226284). For some genes, several
potential 5 splice sites following the consensus sequence “GUA” are found in the

complementary region.

Figure 13 shows gene activation by the TPP riboswitch in the N. crassa
NCU01977.1 mRNA. LUC activity (a) and RT-PCR analysis of the riboswitch regions of

native NCU01977.1 and NMT] transcripts (b) in the absence or presence of 30 pM
8



NCUA 977.1 nRNA. LUC activity (a) and RT-PCR anal ysi s

of the riboswitch regions of native NCUd 977.1 and
WORMB/11622nscri pts (b) in the absence or presenkP€r/v§2088058045

mvihiamne in N. crassa growh nedium N. crassa was

thi%r?ﬁ'l@ $h 8F %gsd"gr{)aft@m%@lﬂﬁi NGt s§PRh S MR nielSvith a Ektrh&@n

77.17including the start codon fused in frane
conmmingtthes LidCtiom pﬁNCé/iOJ §eh imhiflingibe gravaedoy Ersed ghframne with

nce t hi am ne.. un tiss .t hen
tney N R Pt S e et tish R R oo oy SERiahE, Fype
tisdiMvi R ItRN (R s RRYd 95t \WRsh Riedfud] $/iBSut26 hior \SQHBO @3/ WR4rRine and
taken at several tine points fromthe culture grown in

gravrefoa figther 84 bf Sa:rhplawwn@ taken a3 aevepd tlmfamfv@tns frgerdiheicgurgfgrown

in o aBiBco b amin AR st BRURGLIBEE0S LD, LDE sl

noﬁﬁﬁlzg@id the vhiue Mfakirpd 8t t M hNRT IR andliigs ®hgSerfoiinke on dlie
100 bp increments with the bottom band representing

nati\gOTaseripth M prdiesdercibe sire g1t aht YAPP diesiinings with s hogiem band
re cgsgrqtlilr(gtg[;t 1d01 ‘th)a t hf’ %éetsgx? e%tﬁ@%‘fa%tlgf ?T?glﬂﬁ90€ J})'h@gﬂ }%\‘Bdﬁ@t §1L) in the

I'clent "quantities o
absEREE oifudided tHigtime @aighti ihdiomns thad th‘amlllmaliels sg@efent quantities of TPP
ri bosw t ch-induced spI|C|n éﬁg S 14 sFoms sequences
undgr tgea cppditisdo mugstly W&qée ndugsd-FRY§IES)

DESCRI PTI ON OF THE | NVENTI ON The di scl osed net hods and
conmpémire 14 shpvesessqerncemeld?N Aduimerd (XER dRAVOS: 4y95)-

reference to the follow ng detail ed description of
parti cul arDEFAIHERERESCRIBTION @K A BEJNVENTIONJ

For NG Cober R ol ERsiRfe R ERI A By by

refblRAOL thOfol RSviRAEShiVR d‘e@éﬂpti%h%f@ﬁrti@ﬁﬁﬁ tinBodiffeatsnmd iten
that are acted upon by protein- or snmall

Examles anplded dherethand de ﬁlezmilrbg/am theis pravioud apd frjlopres
%r O}iﬁés of translation. It was discovered that certain
carry natural aptanmer domai ns and that binding
of  amasdgeERNRsaoOlyplcaly didught dijas tp@ssii\medRNéf gkmad: ns
| eads to nodul ati on of gene expression.
infprpasion; thatmess adschpant byt migtedly op siall B@%ﬁ%ﬂ%}t%%fa?tﬂﬁtang oy

nbﬁ%@sﬁﬁgﬁg rt]l#cy %rgg‘%ggg g{lﬁgﬁtf’(’%}t e PR (HE(Q)IVGI%N%?M cEitdin MRV RS carry

I nct structur st at es
natifet apiathe® démaink dad thaebindinges spesific me‘abo]stes irevtliynig these RNA

pocket for its targ nmet abol it
dofpains ieads fcempﬁelats@a@qnsgmﬁf/%on ﬁﬂ@ Hg%SrV%‘ngﬁs HERiE B

u@?lgﬂgtfﬁﬁc"ﬁloniﬁﬁ¥ e n%?ﬂ??c%ll? a&B8ARE With Adt6ral RX@s. BikstIBBRNA

Xpressi on y one O everal distinct nmechani sns.
eleﬁndnbsan adohedistingp st:mtmyll gatas hbeirseEotdturnSavas\es a precise

DGRl AP BT ot PR Gl A PRRresaegsric

1nt91%6§\térﬁoﬁ: 88 Weeh s&@ﬁﬂﬁ?ﬁ&b@&u@é@d EhBY in the 1dvel éf@ne expression
dynam c interplay between these two donains that

byroas of seyerah distinetiia¢dhaeisme pBiwewitckas| tricalb canbgdissettedito two

se}gar:ﬂe domains: one that selectively binds the target (aptamer domain) and another that
influences genetic control (expression platform). It is the dynamic interplay between
these two domains that results in metabolite-dependent allosteric control of gene

expression.



expression. D stinct classes of ribosw tches have been
identified and are shown to selectively recogni ze

wa@edsaa2eing conpounds (referred to herein as tPCTYS2008/058045
nol ecul es). For exanple, coenzyme Bi 2, glycine,

t hi gid;p &%%W&&e& 15R) beeﬁﬁ'%enftilﬁ_@bf 'afri]’d are shown to selectively

mononucl eot activate riboswi tches present in
recq@niBsactinatiy cognpoaydemzigmed td eremtaabidgec motectlean dfsgiekample,
pat hways of .t hese .conpounds, T taner .domain of .
codbume Brpabiinecinon S8 SRCBRT DR (TBER o5 Bhvig phBadtatige
(Fl\gm] §<Fiﬂ%té%ib°c%9«%ﬂé&' Srédefh iitdeHE dhcBdind Rep enZ3RRY @E€tabolic or
ono

ogy searches can be used to identify related.
transphio pathtvals dbimeseompRiuhds Wihe eptatisheemain oa gechiyghogwitch class

i scovered .in variqus organisms fro ri
corprRARdag M EHel HREY on e S St et Bk sy segpenece
hothb B8 Yidk GHRE Sl BY Bscl @6 MchBROflats fitbs@itordb@aing. Ritakswitch
sense 10 different netabolites (Mandal 2004, W nkl er
dora@0$ hawgrhsaRk discoGB! NPiIEAES CEEESMRGR) backerigyiabacar g cukarya.
ribgswitch sel egtive '
Con R G Mg ent USSR Schiih
senSt 110 @ifferddd met&obites (VARAA)2004W inklers006 sBehke2006 da8bs 2006;
are currently being characterized. The agtaner omai n

Ro@p. & gebactarisb 5 tveehissleaties fon fifi BIRBLPIRPIPESHPET @otonifens an
B PR 007 A i P67 e
claSes geravre20PHBeinybhdrangezed 006 apFroered @016 of Seh giknewitch is

. 2006 ds 2006) which remain high d
2005, RO08) LD GSIEL, DN MR BRI
20%32 Uah M dbdshiidGe akatft ROES BALy Rioat Séi*gﬁﬂciv'ﬁf%%ﬂ’ta@%ﬁ%%;

ne expression in response t'o metabolite binding
Thotee 0861 Sarpanova00hoihardx PRSI sihaeh 1shmairf weghly conseraidrevan

e SR Yok SRR Al e SR Bresin plattrm
thaf H¥AETaYAR bR :§aR] BSn kdiBonkeao Aetdbolita Hindiig by @ dptamer,
identify simlar riboswtch representatives in diverse

altioughekpressiotCplatfering san dsfferexsangiyshciasequeace, SBREtBenRdGcontrol
the.TPP ri boswi tch aptamer consensus have been
MECHNTf i ed in organisms fromall three domains of life

T G R e e I S
ideglglgygsim@ar APSEWRLCARE e RlB v WIS Sthd st ERCUrRddRr sy

Yamauchi ), the precise nechani sns by which i . )
sequetedsdhaticenformdp thy TRFhtibeswgtchaptamex pprssasus Aaveheen identified in

Kk . lp.f i .IP ' i1 hj
oD <l S o SR P uBR AR R Wi bleaRed
eul?e[r?ét&i: TPE gsthimgrs/fegh @ihgd {Suarsaide3;iGatgan 2905 (@ig. SRAAI plants

splicing is controlled by netabolite binding (Sudaﬁsan.
WepOUBWIKABSRILFEP £981y5am, 20X BIChy R RFESIETes hepisms by which

RDAihe R eloflssibh ARSNIGRWR £ HEMEIE Sptame
SR P Pop LA g s Grame
resides within an intron in the 5" untranslated region (UTR) or the protein coding region

of an mRNA, implying that mRNA splicing is controlled by metabolite binding (Sudarsan
2003; Kubodera 2003).
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within the 5 -untranslated region (5 -UTR) of the main
coding region of a particular nmRNA. Structural probing
warmditer2q di scussed further bel ow) reveal thatPCT/US2008/058045
ri boswitch elenents are generally conposed of two
I NS¢ ] SR AcHermann, D. J. Patel,
A ﬁ%ﬁ@?ﬁ%&%@@“@% L.hﬁelglAé, et al., Annual Review
of BhaehsmbtetwitclREBs abelgerp68 ponth telesrantsethatapse togated primarily

1 i gand- bi ndi Ri n,, ' ' | at .
witp e bR s e RO (a8 Bhiterih ARG Peghort ety
mESER ES RSB RbORg CRidtks (FRERGsdIRH B Biov)IB) e HIRIEBoSWitch

transcription termnator stenms). These concl usions are
eledreatsrard gawrallyesovipossduitivorotitaits: apetarab ept@wsh| Indlermann, D. J.

Paghacipen: o Enl e b ERAL RBFHP pEEl Bk} Bos. o4
763y that sePls Bs B Lidai-bMNaRlg doRidi®Rnfubl éxpadssion pNaform’ that
005- 0053951). 'Moreover, structural probin

intenfaces M@&wabengqmgegﬂ;g& arg ﬁmolvpﬁén gﬁeaqqe@fesgg%ﬁq. & Pingyhalgarmo
(S]{)ng@é\ﬁt&'ct%]ﬁ%lﬁpﬂfo@ttg%@a:ﬁ?\{%ﬁrﬁg). %fles%ecgﬁ{ﬂﬂﬂfﬂs' ar@8fhwn from the

: xam ne ependently,
obididtioh Sh SpRkiek dbinyink pnhéstall ik virtdignd fiteappropsibteligind & the

NCEICIE A T R TS
PuE ol Noo 260%6’5%"9@'1}. Whbleol Biakini @hdPpioBigRERLAESHHoNs Qlggest that
pl-at Ex 2, 3 and 6 of

e expression orm (see anpl es , .
thd hptamdaiohiaiabf mostPibokwitcites adoptpa p20i0slar 06@EEY-)and tertiary-

Utimately, the. ligand-bound or unbou st.atus, of . th
AR o T v A
strHcl:tﬁxltefv%erfﬂ xR ih $hed @RRA0ST BE @nfiRrs” 26@et RNG. Ris indicates that, in

I'ntfluence upon gene expression. The view of

maniylasas the ap@mea domeinlias meidelae noit that falds méﬁpegggﬁbrqféhe
by the fact th t dongi i gh|
CxERFONER A e A RDRT &b AR s Dpde i BREREHMES. 2005-

OO§§9§1?. observed for the TPP ribosw tch), (N Sudarsan,
et al.,

RNA 2003, 9, 644) whereas the expression .
pl atilimateln thekgand-bosnd envehousd sigtusipf éhe aptamerlomagn 1s

._mechani.sm whi ch expr i on ]

in R P R PR PURTET Velth D p GO L BRAR an

infhiddé Bfort Eerleh@prERRon. iMhesiivi 6ha ibogwiehtas nAncdulk eteimeBt is further
subtilis causes transcription termnation é@ S

suppartsddy, the fachthat aptamer degesns arg pighiygqnserypd amanest ¥ALqYsy,

latfo [ [ SLLOGE: . i :

orafinaf el pEer b link oSSR BB AN To B B H LR switeh, (.

SudaRes Wt hIC RN 20085 9t 644)Iwitehis fticoerpEessioalplatfonnergenineguence,
bi ndi ng_causes jnhibitiqn of translation b SD :

SUBFESCRI BB FERPSHIT a o stormareonc g ABpeisf opetspgipe frame

is ?@Mdl&atm%xm 1e,29§%|-d%§§19 1) the TPP (T3BWARK SMMBE (GHABRNA of B,

easl 'y recogni zabl e and of near identical .
subtilictdusesatansérirtmottenmibaioneddn St Nermovas al., Cell 2002, 111, 747). This

transcrjptionalunits, but the netic contr :
xRN P AT s g and S ERgiGR Hig pression
plhtREA Stthe PP bBEWiteH fftRE Bl mRNA from E. coli, wherein TPP binding
causes inhibition of translation by a SD blocking mechanism (see Example 2 of U.S.

Application Publication No. 2005-0053951). The TPP aptamer domain is easily

recognizable and of near identical functional character between these two transcriptional
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Apt amer domains for riboswtch RNAs typically range
from-70 to 170 nt in length (Figure 11 of U S
wWaR@Biloaed on Publication No. 2005-0053951). ThPGI/US2008/058045
observation was sonewhat unexpected given that in
unité, uPtHe\6ehdtld QR 1rEXREEHANRAE Sindl @R\xpEdsSiln 31a0ofRs MAL E&Ythem
of smal |” nol ecul e-bi ndi ng aptaners, which are
outgnyedetifibtent.shorter in length and structural

intrjcac T. . Her mann, . Patel .. Science 2 287,
B0 AT foaigd b bR N8 Bty Fse Qe T Oy /0 1 in
lenk@O@Fig6é 11 688:.S. M pptid it ok blichii SrERb. 200508893 1. This observation
tructural Biology 1999, 9, 324). Although the reasons
wap gpmevibatgupxpestedigayen; thetrie sk dvelwivmpsixpsimentg igntified a wide
I.nf or Lon.content. of the natural aptaner.sequence
valily S Fat PR PRk G o Rt R s B S B BE ERneth and
stridii®l Bonglc@XT {Nerhtinhab i e Pe@], rserutd 2o, 087, 8201 RNAvld, et al.,
receptors that function with high affinity and

h
Angeldeaviap AhBiogispastiankdoR, QAal70dsMt Bamulqk, Current Opinion in
i e g gh fr s .

sohE AP DO S0 GO5h A LA AR
compleaite andl ifeinsion whietenti (fohedataral smameheqagpengdedive to artificial

expr essi on atform exhibit inproved affinjty for the
apiagxe&erﬁma}rﬁé‘ﬁ Ee BlPYFtthigcomplexiy iy hrligred reapigediotierm RNA o

] ( _ . ; .

i b S SSRGS AR s
ligamkeribeswitcheosiplaxas sapp fiomgowhannmlotar pd Bwdingtromakar. RNA also

confarmations required by a . fully infact. ribos ch .
oA A i i PRI fape sy e dselatpd) FPT g B RT<:Fdyession
plationfi Cexthiit RISravRI af RPN tHBkGEceE B %é!rﬁ ARr thal Bt BE Ht&t riboswitch.

switch, this mght al'so add to the functional demands

(~KntorlQfeldd) (sepExample 2 ofdd Snidghlication Pubhicationd¥d. 2803-A853951).

[ ophi sticated structures,. B, The TPP.Ri b i,t ch
el RS Rtsnt o6 iR ReroR SRR ups thee Ciipls iR IAL v
coit fofativns Yéduaell By Blfull piht£$ 5i86¢wiedh BISAL ivhichadicflebtedBHY loss in
. protein-catal ysed reactions. Organisns fromall three.
liggnshaffiniy.otings t%@ aptamer damain DHRESEYS 25 2 poleseler swidehs thigymight
- J i i | . e 3 . .
oS8 TR IA0A00 BB SRS L0 F0RLER n ORER, g i

mairé sophistispbdetyhairesl deri vatives, making this ribosw tch
class the nost widely distributed nenber of the

B. itk pBPiRiBositeh ng RNA regul atory system The _
strygL Hs&zﬁé%k&i& Jg%ﬁ%%ﬂé&{c\éﬁgﬁ) ﬁéen%ﬁ% CorttOERARIA B1, an

fornms an | rcal ati"on "poc
esséntaatipadictpahyigdirmoanymedteid-calalyseet ragdtions.i Ongetiismes froimedllthede

TPP rea naot her. subdomain f orns wi der cket
ozt of il g Tayricht g BIFTS GG Mgl gt BP - SpT e Hpevitehes to
contRH @emsi rggioﬁﬁblé%lt Afotid Lol HRMRYE PRIPERNA £ dTRIfRbYpHREylated

the Tigand. The two pockets are positioned to function
derzatiyesrmnakong this riwawiieh elgssdbe imost wiisly distoibyteil neesnbePpf the

o SR PG S0 R e B8 SRR i
one subdomain forms an intercalation pocket for the 4-amino-5-hydroxymethyl-2-
methylpyrimidine moiety of TPP, whereas another subdomain forms a wider pocket that
uses bivalent metal ions and water molecules to make bridging contacts to the
pyrophosphate moiety of the ligand. The two pockets are positioned to function as a

molecular measuring device that recognizes TPP in an extended conformation. The
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anti m crobi al conpound pyrithiam ne pyrophosphate

targets this riboswitch and downregul ates the
wezpseseeon of thiam ne nmetabolic genes. Both PEEUS2008/058045

natural ligand and its drug-Ilike anal ogue stabilize

f I I

oo S RIAAnBIAY il I Rbni R o PR FRER RSN TR
anmfnldrdstﬁalm’omlj@und; pymmwlbypylbphm;mme tdrgetathﬂs tibawitchhaind

struc rovrdes | Si i nt.o_how fold d RNAs .
doNBIE B hL PO SR Ag Dt BR S iensss Balt thh Gl Jeptend it

r\%hl&f é}{a?d e I6BAIE %e(,foﬁgﬁ lafd témﬁr?/%traaﬁré 41098 a8 harnessed

re exam ned I n ament ous fungus Neurospora
bythasaswiah do rrtodukase tho srynﬂhctsrsaif thaeroteins aodtéby thednRIVA. In

o B R R B FLRR AT B8 bicing
po@l@e?seﬂlﬁtarwdlﬂ%ss?&ﬂ&ﬁ% PsteR ge%tr@faubes spl l ci ng control
was el uci dated for precursor NMIT  nmRNAs, whi ch code

f or Thrger DRRi1hoswitcbes/ wercicnamprd metmtfdmrnsrrm@@amtﬁ Memmpom

C”fggi? Zagxglr e\?f%' %uﬂcgﬁﬁgnﬁ ! 1tvi?t8§ hr(le gterogliégrr Otclan% e?cﬁressﬁm? B‘P cc?r%rolhng
mENANpScinfPAdeaNEd feEhdniken HRBIVILY ribdswheH- Iﬁédikﬁ?dﬁﬁseqiamng
processes. TPP riboswitches are al so described in U.S.

chimges ard alsnativgspbsingaentiod @hlcrd@tedLﬁSt m@%sqrd% @5 mRNAs,
Wﬁ%ﬂ &Qie Bt :5 {)]r%?é'lﬁ) a3t V%g ut] ¢pp nﬁkt@blﬂsﬁl zﬁﬂgglrét@gﬁso

I'h particular Is I ncorpoarated by re
deﬂﬁﬁafat@tlﬂaoﬂlk@fyoTE Rells dmysloy hteltab@llteuhmdnmg RNAmtotre gulataRINA

use. It is specifically conte la ed.t at an
solicipg St RO a&aégﬁrrlpﬂ%g% isehegmisal pae . TPP oswitches
ar BB i& b&ﬂn%‘gl p&édt Ao %ﬁ@%ﬁé@@é%ﬁ@@ﬁ%l which is

particul ar any description of TTP ribosw tch
mc;ﬂporaﬂedr heteirf mritstentretyamd alsein partitudar 1PHtcerpDa1qudlby0‘aferrm¢e for

.. Publ t 005- 0053951. b fi.cal
ts AR plER OB TERIoRNEG TR ARG IoRand i, Bos RTealy
cofleffpl RSEBah By Mhe dubjdcB mhRerRd WREEIpHbARE UL & atatenh Ap%)hcatlon

di scl osed nefhod and conpositions are not |imted
PubfieationiNo. SR Gas-0Q5 3ﬁét,hmdsn partieelef any desexiptioncd[TTP riboswitch

strtg%ghenh%gggﬁ %cguseég Qf%?ﬁﬁ %Pp 8&% ril;ut%hcaglon%i Q{§§{))(yg §653951

cah! Bel§pezifally inthide e ek @hddded ghe d;tﬁ&dsub Eehhttdrelidcitsed herein.
purpose of describing particular embodi nents only and

i s Abis tp he vpdrsgioedthgbthe disclasedmethied apd a@@p@%@w%@ot limited
%See%b ﬁgséfﬁgﬂg?%: ﬁ%eé}?]o%g:gs%g&slgé gﬂflytlé’)an E’ecﬁﬂlﬁﬂé’s“ 81% amtlar(f%%ents

conjunction wt
unbisedtherwips gieaifietl) @, fosuch aranatagy. pit chilat to befuntiérstood that the
di.scl osed nethods and conposi.tions. These a

nd. o
terpinQlpgy peed dieeeinisder beaymoss af describigs particulay, ﬁl&B?@lfn&B@ only and
is B&%te&@e@lo%@qfﬁhﬁﬁ%' ons, subsets, interactions, groups,

etc.

hese nmat rials are di scl osed t hat V\,hile
specific reference to eacMabrialsri ous i ndi vi dual and

Disclosed are materials, compositions, and components that can be used for, can
be used in conjunction with, can be used in preparation for, or are products of the
disclosed methods and compositions. These and other materials are disclosed herein, and
it is understood that when combinations, subsets, interactions, groups, etc. of these
materials are disclosed that while specific reference to each of various individual and

collective combinations and permutation of these compounds can not be explicitly
13



col l ective conbi nati ons and pernutation of these
conpounds can not be explicitlydisclosed, each is
wapasitidzeml | y contenpl ated and descri bed her ei PCT/B82008/058045
exanple, if a riboswitch or aptaner domain is
dlsglo§§d Qs&fs @B&lﬁiéﬁl?légﬁt%glpﬁﬁ‘&i &hd Hé@&ﬁied‘?lfereﬂp Oy e‘k@fnbfénﬁ" a
that can be nmade to a nunber of nolecul es including
ribbsweitehi dyepwiniar Idomalraxptdmhmcﬂmthdwpuased adil sousedof madifications

nd every conbi er nuf.atjon..of riboswtc
e, s ot i of s R RGP 16 MRl & ket nain
arAdiScuSRACEIch Gl Ieyer‘}QBfn%[H&h@ﬁ ﬁﬁ’d P RSFi0RRE ﬁbf)é\ﬁ@dh' of aptamer
indicated to the contrary. Thus, if a class of

dopgineand| the madifRatiensdhat ase eosmbéft:are seedifipallypspntenplatedcurdess

soQyfidts S0 B e B AR B i Techilea . B, ape Cpare

diseRBEd hAsSwélDhs 4 E‘l@ésVdfd]hkﬂladlﬂesﬂB(E ta8d F ®AGA ekdmpRG dicdbdidayion
and col |l ectively contenplated Thus, in this exanple,

malggse, d¢ Dripiselontsh, fenicups 1L sagh ismofindiyidyallg reciteg, @ch s D,
I | d
indigua i harcolleAh Lo RRRMIRRL Ol BIRaRSH QA AN

cofabin@Xiofs A-d)A-F; BanB-ENB-E)@mp CE comt-Rakd secifichlly contemplated
leemnse gy subset or conblnatlon of these |s al.s

and ghawild becansidersdhissiosed fom disclonne ef Hs Bt E.ad ¥ and the
exApIER ﬁlblr{arign AUB- @Ji a%eg n Lgxsetﬁ)r cogx@gﬁtlgn gfﬁlr § is éﬂso

specifically contenp e consi ere
sp@nﬁaaﬂlgseniteﬁlptaﬁecﬁémloilmé WhusAfor&xamptt e sDb-gkguparfdA-E, B-F,

and {0 e S Bl PRS0 B oL g oSBTy
disklofhle@F AL B, afd EPD, ENaklER; %ﬂ&h@éxaﬂ@fé OSnBRsoRSA S THi§ concept

di scl osed conpositions. Thus, if there are a variety
appifesa@i dil esnentslof thie ppplich@en wahding, petrrfop limatgd ite, steps in methods of

R St e e e N L
ste9£ tRIERHd RiMotmed itlidendited PhgckabE bhddse ad@nd)nb dpsebaﬁ Be

such conbination is specifically contenpl ated an
peerangddavitie ansospsridie cathodingit o5 eembination Qf@ewosiuh@gs of the disclosed

S 4t X

meﬁko%? a\llx\ffd tﬁg{ L%%l;%elgl%fnsaﬁ?g 1sbs§8<g ‘ﬁﬁ@i A Oerﬁgﬂ’i%t%il %Q(?gho%ﬁdebe
co@ﬂ@@@fd@ﬂaﬁﬁ_mhen bound by a trigger nolecule.

Ri boswi tches typically can be dissected into two
A.Ribgswitehetonmi ns: one that sel ectively binds the

tar [ [Nl

goniesos AR ofATRIN ol ARALIE ol AR pakileal RIEE Tolecule o
be ehlﬁestyd amd that cltaagpbtate wiehvieend bl essggenmadem. r&bbhzaﬂtches

olite-de end nt .all os en

ul t
YR <8R pF SR 0l 8 SR Pk Gi9ety binds T targe
(aptBEG BN ank [ ROHY ﬂlgﬂﬁﬁueﬂc%§ ggﬂ%e %&Strcq G ésdfohplatform

cont al ni ng such ribosw tch es, het er ol ogous sequences
dompi aBI1§/th|e|dyhetdlqlotegd@hbﬂwb@sthesamwonmm thef resultsni
ni sns_h such.ri

me:tqbgﬁg mgﬁdeiné ?%?q?aﬁ?P%ng?{s%ePg gfRIessign, 1scygse8 A%Ssolated and

recombinant riboswitches, recombinant constructs containing such riboswitches,
heterologous sequences operably linked to such riboswitches, and cells and transgenic
organisms harboring such riboswitches, riboswitch recombinant constructs, and
riboswitches operably linked to heterologous sequences. The heterologous sequences can

be, for example, sequences encoding proteins or peptides of interest, including reporter
14



ri boswi tches operably Iinked to heterol ogous
sequences. The heterol ogous sequences can be, for
We@2@sple20 sequences encodi ng proteins or peptiPEBUST008/058045
interest, including reporterproteins or peptides.
proeifid & ﬂe?Fidés'. sttt e RBSsvtdies Ak, e BTV, fAfrally occurring
naturally occurring riboswitches. For exanple, the
ribaptitoines. Foo medneple,dhe famor ddyeain ean b @r be denivedifeomathe aptamer

doam.n o natural | y occurring.riboswitch., The .
Ao G B o e B G ERPT IO SR tigde . optiontly,
exc@idd, hitiFicad] a PRES: exaftipl € XAHTIRIA ap@hdetd inEluaé apudah e tsat are

i ncl ude apataners that are designed or selected via in
designed @r eslotted Vienn aiy eolutionyangdiop s elfreseleefton. The riboswtiches can

riboswtiches can conprd se the consensus ue
colbt it PGREReE PR T R P EL PR T IS C s
sequeficed foed Veieyy Sffriidsshdstagh@sscab@l ilas sr Apsikation BuBlication No.

éf |ication Publication No. 2005-0053951, such as in
20 '&Wﬁ@5lmﬂwhﬁ%6ﬂﬂg@ﬁ1Herein is a regul atabl e gene

exp St I / ' o I :

ol Drros S n ek YE TP R OB Rl SR Altbrising a nucleie
acid peoiedule/ercoding @n RN A comgiisigg hetoowitchnbyerahly linkeel to a coding

ri boswitch regul ates splicing of .the RNA  wherein the
Tegiqny AR theathswieh rguioisg Foheing af ﬁﬁ?@%é\[fgf WhyBes. therposwitch and
coﬁékgfbcg‘_%ﬂ &b h&@fblé@%&l Pe&itstvRER8ld fégul%fé' AR sfibifig of the

e riboswtch can conprise an aptanmer dormai n and
RNt Thepibeswitcncgul ainipoiseaul eptaimer dehaineind an kepragsianplatform

domai n and.t he expression. platformdomain are .
doRaePBHE SPHTe SRRAR AR i PREFB R S8 ST HEr on,
hetdhEsRub. THEERIGXRAS FFtiR cHpifR amMitesh 'Wlhefé@d"ﬂfe'e%?&sﬂéh platform

alternative splice junction in the intron or at the .
domaig compriges anralieoratiye baliceijanctiondn gie infson et jthmend; afthamtron

(o, B SRR B s T IR R bR o

intfoRAMWhéeRStht BLprossediCplatSoraddaih RémbbdsAle briheh site in the intron.
alternative splice junction can be active when the

The pligrseliesplipe uaetion candg, achye when Hitribpawieh isppiévated, or not
oS g ) | .
o SR AR LU PY el ST S e
pyophosplate (TPP). Tas pibosiive dahbe I RRctespdlséverridoewitei.ch can
alter splicing of the RNA. For_exanple, activation %f
t he Th¢ GBS itchrrap aHersplisRe o thsr Rirbt & 05 exanRstdotiation of the

rib§§)llii(tj<g1ir%§% al 10 of ?ﬂ}m(ﬁé alt&HHER s?)lﬂkfn%,' BEv&t of Rluce splicing or the

pre ate spficing, prevent or reduce alternative o
presipmimatagplicong, pievew oo reduce aitdreatsyel splicing, arallpiveor promote splicing

r edoy nat e l.icipg.,As other exanple : [ .
or PR BT S 5o e A A PER T oon & Sl o BHEHE G eaf feion of
thediboRWRERES AldwesAbMYE: Akl dfivB SplidiE peVentr re@FEGBlicing or the
splicing or the predom nate splicing, prevent or

predenhinse siilicegnpieivens os peduce algrnativesspliong.or alpwmstpgomote splicing

el he predoni Li ¢i.ng. ] .
or P ekl P GHRPATE R S8 BB TERRRRY fp tfrermined
by twystysiabl reRkishsHNSHthe ri®bswifh toithkoOSNct flhctiong, BReramivetplice

_junctions, alterantive splice junctions and branch . .
junstiprssandibraned spegainthe R moleeple. &onpyample, activation/deactivation of

rib%ik&ﬁ%& ké}{yrﬁﬁﬁi‘ﬁ%lvgst fo?rﬂat%n and/or disruption of alternative secondary

structures (for exmaple, base paried stems) in RNA and this change in strucutre can be

used to hide or expose functional RNA sequences. The expression platform domain of a
15



ri boswi rches generally involves formation and/or

di sruption of alternative secondary structures (for
wewaple20 base paried stens) in RNA and this cPERys20081058045

strucutre can be used to hide or expose functional RNA
I Phus, for example, b
r G B e e Pl " e ™
inchgiinensies JurIEItmﬁ or & branel aitginghe bypressmmmtﬁgnad@naln efa

juncti.on a branch te in the e 0 I
colainan e ErghSPE e frtleh SEoRi0r ik SRR Bimn o
exﬂc}ég& hd 13@ rﬁBBS\QiE@HIQ Qctﬁ}a&% dr¥leddtivaredaselive Ve eplicig of the RNA

exposed as the riboswitch is activated or deact i vat ed,
carolbeneguleted@mﬁfﬁctscpl icing of the RNA can be regul ated or

aff te oswitch can a
spl i g\ ﬁ‘g %. c&alaiste/vgn[teeor rﬁpgeﬁ D cmig %t%vrafﬁ?{g?a?lﬁ is meant
tha'i il?:q{sd@s&ﬁ@h Gﬁfblﬁbf edct] ?'o‘i ﬁﬂlﬂe)itlﬁ) hctiupeih R&TA toyalked spljeing to take
NA to allow splicing to take place. This can incl ude,
plaﬁ:cerfexampheludelfbrcﬁmaﬁ@lfa allowig a@b’ plicing tojRlke ﬂ?%@“‘(@%ﬁ&\smgle

soliera B @i Bpt BfomoE e aR PLbEE fike Bldcl Ul can increace

splidilllgﬁjé 111,9121*6;)%)/4157 627, 83,9 40 4, 15,,21137145 gs g% 1]7228]19 20,21, 23,23, 24,
25226, 2282’8 29, 3331, 3@1333324 3§336 37,3880, 454142, 4%844 ég 46, 47, 48,
494§) 52152 éé 54@%5 1{;6‘7"57 gﬁéo ‘é‘sg 62%”1?53 %%652%5 651?8 58,70, 71, 72,
736ﬁ4 76776,68, 7599, SKD81782, 83284,B3, 86,87, ¥%5 3979, 91792, 9& 94, 95, 96,

97 9%8 9ggor ]3)%}% génorg%ong)gredgg thegtglm%z oiggiﬁl%? év 9}5 éheg would have

tﬂﬁg?yﬁt@gﬁt&gtﬁqjg%bgm of splicing events that woul d

ace wthout the riboswitch. By "repress
spl By ‘frgpresssph'aag’f isttheant tHae theirfhoswitelctancaatheredirgedly or indirectly

di tl di t. t
aclSOPOYN 1O THRREESS ST o ey e oR RO rngny
sp?&}i% SPleiting slﬂfc1ﬁg9fi{é’191't£l§n§ Blaké (saeh he RoryglRl Iveﬁuph giggle splice)
as no splice versus a single splice)
or pravertimg orgeducingalteriatiye aplicing fom/akiag plase n'éjhlfs [C@pflecrease
altsxsfég?eqstxﬁfcgfg%l g §,64F %”6d*§% ARe d?' hg 1‘24 ‘{%1563 izcigig9 20,21,

2%@3 21%25 3{2%; 2193, 2@ 30231 32233251 39,416 25, 38269 D7 41,22, 43, 44, 45,

46447, 48349 454),512552 73 54455 5@857,@ 5@,(50 g;l 625§3 65436536% 67, 68, 69,

g B 3l 6158 1534 846, G 1m0

948 95 %297 BB 984r 186% Epaled, todhs mBHher ©F alt@hativ@Xpligidg events that
97 98, 99, or 100% conpared to the nunber

W@fldhﬂ‘feeﬁa\ﬁf‘d’tl?lﬁ@ withque thegiRasWHER t hat woul d have t aken

p| acﬂlevi‘lﬁdeIHEh Eﬁleacrﬁ'vgt@%\ﬁ”réﬁébs a-EQI%aﬁ‘i/ebéiﬁM'lrIgCBy Cadtivate alternative

activate or repress alternative Sp I CI ng. y 'acti vate
spitingy rsaheanet}&pthembngwnclscamﬁntr direetlyton énditepidy oftuppn BRAH\ to
ei ther direct act u
allgpt liermitive EVsiG @t Rt This oa Sest B A EhRipRkinglly 1. 2.3, 4,
53l vey @?'N) qu spliscinasbye 7, 28, 19, 2621522, 623 74, 25 29,,27108 29,
11, 12 147157716, 17, 18, 19, 20,
331, 327533,2134; 35736, 38, 38289, 40, 41, 42, 43, 44, 45, 46 4’7 48 49, sd 51, 52, 53,
54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77,

78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or
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30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,
wWh 31085762208, 59 60, 61, 62, 63, 64 65, 66, 6FCT/682008/058045
69, 70, 71, 3, 74, 75, 78, 80, 81,
L0 or ggre %%np%%* wé@e nor%%@a%?%ﬁ%%%pé%ﬂ* g?éms ity it have
taként eéwftﬁomltlt@mmwlmb splicing events that woul d have
taken place w thout the ribosw tch "I eqress. .
al t BY nERPTSPe akgipatpyesghicing” fsaaeant ﬁ%&@%‘%@s‘?’ﬁ‘ﬁb&% sithr digggtly or
|
1ndfr|3(%t dct ?4) STRA ﬁyto%ﬁﬁfngg zﬂ%ﬁ{altﬁe MlcitP ThisR deGesepRERGEVe

i Ci I's can decrease alternative

spl&piglhy ha, By4]5 627, 839 W), 15, 15 13714, 85, 195 11018, 19, 20121, 223 23, 24,

25,35, 2528, 3930581, 3393339, 35,36, 5538580, 401,32, 4524, 8546, 47,48,
4 4 7l 9

4925% 5@152 42, 54525 %757% 56‘%0 6% 626§3 641265 %, 6’73168 5£2 70, 71, 72,

73,68, 7876, 68 78699, 8POS1, L, 837;84 $3 86787, 88589, 79@,917792 9@, 94, 95, 96,

97 &% 9§§r 1@&" () cg)zgip %‘é toglgré 18‘%661‘ Qg hlt 87ativ%%$}cl)1<,8 g%ﬁg%é%gij‘“ would

havetSkdPTRE witoudiHefUdawitMe splicing events that woul d
have taken place w thout the riboswi tch. The

r i hdbawibetwitchrean pffecttexpreptien af Hprogn angeded B}’ thediR 8o &r

e

o PRI APl ARy B
be trakx@attd anst tt eelding kdgidn, bhelterah Banstatioh amitiation G temmingtive.

translatlonlnltlatlon or termnation rpagive .
Altgpiafize Rjicéngrcant (o C¥AIBREI GUSTHTIER OBSop ﬁP‘EOYb(f% E?%‘k)toc@(%?f m
the! p(%ceg?etd@ants RBE X ndt B %EﬁtsP& iRhBREARAH ol ds A s Bipts. hﬁ‘é another

prese t I N nor proces d transcri pts.
exﬁiﬂplél?ﬁemaﬁmlﬁln@m&anmthw sos] startrog stopreodentoebet nqmoved from
tart

B ot or SLoncoden osbe g emued Lioh e o
reg‘h J?@é)ﬁgrésgbnroqgwr&%ﬁldem%@&édod% RIQANS BHindbuRdXiES/iteR in an

otei n encoded is to introduce a
mtrdnbn $ivd §' eintramslaed regtoumf thenR Near incinde ermmaleg usg of 8 glagirodon in

o S TR e S SE B e AT g

alt&‘nhﬁve@y? splied RN}@ LAt tusSRPRABAE Portubidg Eﬂbb@xfzﬁ!@i’ te\gala]aed splicing
spliced RNA. Anot her useful node for using

to ragbkammsme ofi am@@n@wd@d@g anleégmoafl@O@seﬁ gihesyiich in an

mtfchbIB g{%{? {rfnhs?aa dorn(t;ééC tfﬁ‘@n Rﬁ%ﬂu{gﬁn&lﬁ r oL Ih ?lgét'l%% ofa short open

readding figmEMNAha ﬂﬂrdnrb@blu tiat tie remiues fisae ofill apsdaofitst upthﬁ
reading frame in the intron such that the reading

alternaiieclyippliced BN%r first in the alternatively spliced
VAT RIS IR LG £ ABr NG Grldf %?Gxéhﬂile GhYRETPP
OSW t C

For “exanpl e, Exanpl e
nbliRPitao(ereﬂipteat)L ®hen @PP owncehiratioreiallgw tthanswlyi ttwdcrrhaﬂlmRNA

wSSELE B RS oL ccLudse e SR, wRRHiR s
avﬁﬂbﬁec{ g%lscp IE% Pg%&i“? !s%%hﬂ@ bR FiRe st §g1RE she 1684 {06 oduction
of the 1-3 form of mRNA and expression of the NMT1 protein. When TPP concentration
is high, ligand binding to the TPP aptamer causes allosteric changes in RNA folding to
increase the structural flexibility near the second 5~ splice site and to occlude nucleotides

near the branch site.
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of the 1-3 form of nMRNA and expression of the NMII
protein. Wien TPP concentration is high, Iigand

whrmwdiing2¢ o the TPP aptamer causes all osteric PCEOHESS/058045
in RNA folding to increase the structural flexibility

neag,, { %%gé%ﬁ%%fggﬁgﬁﬁr@oﬂggl d HEQSéa‘ﬂ&ﬁn forr] example, the

nucl eo e. The region of
P4 a:pd BfretemwiThé rexpdn @fi thejamtemtr with ebBernitevel spbiaingdontngl choplso

npl the P4 d P5 st f. th
fougile sfanénlﬁitl o S04 81 A danT Fom G 08 b SR 1oy
exaﬁgﬂ 51ﬂ1«5hsebgg)pee'ﬁ 63804 Ielaﬁb@fﬁ tBe 5" dliofSthé | hﬁtﬁm@f tI‘hﬁs for

ocat for exanple, at positions between -
exam:ple M elxpieastwlvplatfonm IdeInEfn aan dnterfactt wigh é}@t%r@ld P5'I'S’r¢9§,ences the

r examp ress

loop RERABEL AR DB PA RS SBqUBHEb S IoEHE® Egpely can be
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strdtfird G HHeQEcdnkl 94pBeeldrk, éF%n Ba)Y F @h1etemord R rv%sfdbgéi‘lv&i that 12

structure at the secon splice S|te(F|g 4a) .
nuﬂewttd@e ofithed4 and Ricedernbrdeel/ibd aptaner a2 complesaaniang so wpost of the

4 d P5 el t f
oS aERE sropnfl s e Si ok A o BT 8L Restered whenligam s
absent mi’é 46§, Hictret dnaats élélﬁelﬁ§ kteGEatiakd fyr eesuassesBtle when
ligand i s absent The P4 and P5 el enents ar
pyrophesphaig mejetyrod Jé’&rﬁng; klslﬂreéqrestﬂ’ep pipdingtesd ghaklice e é?%luslon are

TPP e, TPP binding and 5 splice site
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us&ANinRE with particular methods (generally as described elsewhere herein). Types of
riboswitches include, for example, naturally occurring riboswitches, derivatives and
modified forms of naturally occurring riboswitches, chimeric riboswitches, and
recombinant riboswitches. A naturally occurring riboswitch is a riboswitch having the

sequence of a riboswitch as found in nature. Such a naturally occurring riboswitch can be
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useful in or with particular nethods (generally as
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befruBs AbpBRIED A TEHE PRI P AT aeT SR B T o
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Th| PDisdlsed ageclgmeric riboswitches containing heterologous aptamer domains

and expression platform domains. That is, chimeric riboswitches are made up an aptamer
domain from one source and an expression platform domain from another source. The

heterologous sources can be from, for example, different specific riboswitches, different
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l‘iq%g‘gga‘y\ﬁ‘g@#%il Igg?, ﬁﬁé%ﬁ%&#ﬁ%ﬁﬂ% iél}?lngg %r} sitz\llt%toif Al rﬁIos@fitch upon binding

of the trigger molecule, or that prevents the expression platform domain of the riboswitch

from affecting expression upon binding of the trigger molecule.
Also disclosed are biosensor riboswitches. Biosensor riboswitches are engineered
riboswitches that produce a detectable signal in the presence of their cognate trigger

molecule. Useful biosensor riboswitches can be triggered at or above threshold levels of
20
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different RNA molecules, different transcripts, RNA or transcripts from different genes,
RNA or transcripts from different cells, RNA or transcripts from different organisms,

RNA or transcripts from different species, natural sequences and artificial or engineered
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expression platform D sclosed are RNA nol ecul es
conprising heterol ogous riboswitch and codi ng regions.
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in ebaesswitcbese Theroonsensus sequences and structures indicate variations in sequence

and structure. Aptamer domains that are within the indicated variations are referred to
herein as direct variants. These aptamer domains can be modified to produce modified or
variant aptamer domains. Conservative modifications include any change in base paired
nucleotides such that the nucleotides in the pair remain complementary. Moderate
modifications include changes in the length of stems or of loops (for which a length or

length range is indicated) of less than or equal to 20% of the length range indicated. Loop
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coﬁﬁ&ﬁiﬁ R @A1Y activate the riboswitch. Natural or normal trigger molecules are the
trigger molecule for a given riboswitch in nature or, in the case of some non-natural
riboswitches, the trigger molecule for which the riboswitch was designed or with which
the riboswitch was selected (as in, for example, in vitro selection or in vitro evolution

techniques).
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stab® be aeliRtation oPthe el BN 6re@micAdi Ng an RNA nol ecule. Al so
di scl osed are conpounds for regul ati ng expression of a

nat é¥sgl digclosed are angpoyadefos requigtingtexpresypn af #isiselated, engineered
or fecgﬁﬁma}nc&ng%r ﬁﬁ\}A Hat l:cﬂgams a riboswitch by activating, deactivating or

blocking the riboswitch. Since the riboswitches disclosed herein control alternative
splicing, activating, deactivating, or blocking the riboswitch can regulate expression of a
gene. An advantage of riboswitches as the primary control for such regulation is that

riboswitch trigger molecules can be small, non-antigenic molecules.
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Also disclosed are compounds made by checking activation, deactivation or
blocking of a riboswitch by a compound and manufacturing the checked compound. This
can be accomplished by, for example, combining compound activation, deactivation or

blocking assessment methods as disclosed elsewhere herein with methods for
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from use or included in or excluded from a list of compounds. For example, as one

option, a group of compounds is contemplated where each compound is as defined above
but is not TPP, TP or thiamine. As another example, a group of compounds is
contemplated where each compound is as defined above and is able to activate a TPP-
responsive riboswitch. Thiamine pyrophosphate (TPP) is the trigger molecule for TPP-

responsive riboswitches and can active TPP-responsive riboswitches. Pyrithiamine
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A “promoter” is generally a sequence or sequences of DNA that function when in

arelatively fixed location in regard to the transcription start site. A “promoter” contains
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would express a protein conveying drug resistance and would survive the selection.
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most chemical or physical methods to introduce genes into cells. Typically, viral vectors
contain, nonstructural early genes, structural late genes, an RNA polymerase 111

transcript, inverted terminal repeats necessary for replication and encapsidation, and
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non-dividing cells. Pox viral vectors are |arge and
have several sites for inserting genes, they are
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thepDNA s%ate %f the retrovirus to insert into the host genome. The removal of the gag,

pol, and env genes allows for about 8 kb of foreign sequence to be inserted into the viral

genome, become reverse transcribed , and upon replication be packaged into a new

retroviral particle. This amount of nucleic acid is sufficient for the delivery of a one to
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Cel|. Biol. 6:2872- 2883 (1986): Haj-Ahmad et  al .
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at1on O reconmni nan 1 rus
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o b BB bR T RS iy 5.

10 U@ﬂﬁf&bné&f @1 . 2®CL16 (199Y), CilB8HT HEL Y. Nanaédiée@x 5:1287-1291
g el ium hepatocytes, vascul ar ‘endot helium CNS

(1993); and Ragot, J. Gen Virology 74:501-507 (1993)). Recombinant adenoviruses

achieve gene transduction by binding to specific cell surface receptors, after which the

virus is internalized by receptor-mediated endocytosis, in the same manner as wild type or

replication-defective adenovirus (Chardonnet and Dales, Virology 40:462-477 (1970);
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parenchyma and a nunber of other tissue sites (Morsy,

J. din. Invest. 92:1580-1586 (1993); Kirshenbaum J.
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[ nvest. 92:1085-1092 (1993); Moullier, Nature Cenetics
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protein, P. The inserted genes in viral and
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SV40 restriction fragment which also contains the SV40 viral origin of replication (Fiers
et al., Nature, 273: 113 (1978)). The immediate early promoter of the human
cytomegalovirus is conveniently obtained as a HindIII E restriction fragment (Greenway,
P.J. et al., Gene 18: 355-360 (1982)). Of course, promoters from the host cell or related

species also are useful herein.
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contain upstream el ements and response el enents. 2.
Viral Pronoters and Enhancers Preferred pronoters
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Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant,

animal, human or nucleated cells) can also contain sequences necessary for the
termination of transcription which can affect mRNA expression. These regions are

transcribed as polyadenylated segments in the untranslated portion of the mRNA
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It is preferred that the pronoter and/or enhancer
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media is to introduce an intact DHFR or TK gene into cells lacking the respective genes,

thus altering their growth requirements. Individual cells which were not transformed with
the DHFR or TK gene will not be capable of survival in non-supplemented media.
The second category is dominant selection which refers to a selection scheme used

in any cell type and does not require the use of a mutant cell line. These schemes
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There are two widely used distinct categories of
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E. 859 ofﬁhﬁg%ﬁﬁhéss dom nant sel ection which refers to

a selection schene used in any cell type and does not

r equilgoadisdiesed are libseasoruttantitdeks! Bidsarsor fibesweitches are engineered

. Schenestypically use drug .to_ arrest gr .h of a host
rlbe«%wcheér%&roeléqq aséjmt%%e sigthl e ﬁs?mr%sggceaof%%f &pgpate trigger
moFRME Xideeh1 ${debndof fibSHARKEs &MtheWRYEG e W oF 2¥6vd heeshold levels of

sel'ection. Exanples of such dom nant sel ection use the
thedriggrs nnelemwjesi BiogeBsartrihoswitehes gan/bBdesggnep for Ge in Myb ot in vitro.

Fol Ririnicy o tdies Hiaiedstiad ot giicia ans be S55%y it =
repBfte WH %W@n@@de(s%}ltﬂ@l@fh thi seBles a4 or is MBlolvedah proddcidle.a shenal

410-413 (1985)). The three exanples enpl oy bacteri al
carglemessd irndiee b gRgingasitige esdrar opgantssn wdriviesy armaisleiq apid eonsguct

t he r.opri.ate dru 18- or. ne ' iCin).. .
e DR BRI LS i OB L e o
rib&3vihhatI6IUEES al ddAfIEAAME dépenddt belHHcSsi gindl ot @hchichanges

E. Biosensor Ri boswi tches Al so disclosed are bi osensor
depengdingantthe eciivappsaisss thetibnseiich c heeh abiesasg pasiagh

' i.t che t | ' i . :

el AP RAIOREATHOS F BLEEH ARGl MPpclifdosicn
F. [IR@sortes@rotdibosnd Peftedescan be triggered at or above

threshold | evel s of the tri 8“' er Hgl ecul es.. Bi osensor

ri bEQUAPEE acHAtion ddadibgmy biosepsag ripgspiiches; a reporter
proY%ih ()Pﬁea[?ﬁ’i% chrf Blg'ﬁéeﬁz TrHeki‘ﬂ;Gg{e&e} gfb@én Bpﬁépltfﬂ‘é Eﬁlg 8L encoded by the

al ter Ive splicing ca perably linked to a .
RN/eferexpresiididof whichénegulktddyghotiboswitcha Ths exarepleadesgribe the

o RSl B-CEPRR? Tl OB Sl v
kn&\eh SnE O ddapte BEFHH BHudRBitH HPQWMChE) - THY etk &eial can be

a biosensor riboswitch for use in vitrois a
any priotesmort peptidh dhat cachedriected erchitarediicedn defegablgsignal.
label , .the signal, from which .changes.depend,. e
Proffaratt e Srd o P! U RURS S EREL S el
techhig@&NeleC RadibRAR Ak yUSE - APl BARINEIREB), Bsshy GoN cBbymatic
derived froma naturally occurring._riboswtch.
activity, absorbance, fluorescence, luminescence, and Western blot). More preferably, the
level of the reporter protein is easily quantifiable using standard techniques even at low

levels. Useful reporter proteins include luciferases, green fluorescent proteins and their
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F. Reporter Proteins and Peptides For assessing
activation of a riboswitch, or for biosensor
WO p@8avi2eches, a reporter protein or peptide CRCI/D82008/058045
used. The reporter protein or peptide can be encoded
derNatilBe SRt Ien PRRIBSSE (—T‘I&%orﬂ‘@h&tthds $yfafie Uratreshi by lut if&ase
ribosw tch. The exanpl es describe the use of sone
(RpanfRepillagpuaifererns.pr ot ei ns. The use of reporter

pLotei ns .an eptfides.is well known and can be adapted
G. ¢ %‘ff?’ymflﬁ?“ §§Ee'§éet“ﬁi1"PB switches. The reporter

Pr oC8hfdtmeféh Bpeddint Ribelsebr & alPEBElS Bt plddlicEathddge in

detected or that produces a detectable signal. ]
flupresdeneaintansity pewpradenstle bassfl onlachprastiaithe form e senfgemaiion of

be detected usi st anday, ni-ques: : :
the PG i) P r SRl Gich B s apsalgred
Exiples BZ ¥orlbrintatiof depdndynt 18B806RaAME the coher €59eb&and primers

| um nescence, and Western blot). Mre preferably, the

incjusgenolequlartheagang opmphilperss IRRT probeagiqaya]e ARE rirabise TagMan
' t ' t. 1 f.ul

e

moldcutai ®saens opiriplexi FRE B prbbed) dlunekscdnt stateraslubkuoijgsted

AR Rk i o
of fﬁggﬁﬁﬁaﬁh' QR b@%ﬁg;?\lg@ Rr s8Rt iRt TR EARIAGPE&NAHR B formation

el's refer to [ abel s that produce a change in
deffendentdatetswre révikverisintSghweitzeaaed Kngsmolba Saur. Opira Bidtacigd 2:21-
27i tge formor conformation of the nol ecule or
égq‘pﬂ und (such as a riboswitch) with which the | abel

IS 8a3PGhbRSl 1aFNRMbAA of torBhAloNRIch &l cHERBAS RS fluorescent
| abel s used in the context of probes and priners

labelslositionetbdres nicleic lbeidsoets thapwbeén 4 stersérucREPMA 8 lguenching

cl eavabl e FRET prohes, T n_probe SCOorRi gn
mefe§ Feitgn e it puBLHY Soo BRLAMSRGRE o ARG S apenshs
When'thé S:8mti8 dishipddesudPdseghtingd rilRasten Sothinidg tht BbeFRadtivated),
probes, fluorescent water-sol uble conjugated pol yners,

thepanglind @iyt TOPRASS i Broximity; ionthe Alyefesceng jalel ang fluorescence

. [ 2t PLIEAGI hej ' .
bt e R R EE bR IBHRfs G8RSD vl
oligsy) friplerainb Rouldepanoles) triplabERE T i ébes eande®idAiprobes, the

Schwei t zer, and_Ki ngsnore, Cury, Opin, Bjotech. 12:21-
opergtiqrabpryciples eﬁw&wg 78k 88 afapted for use With bgFvitches.

conk Bt ARdIaRENd ¢ ARSI SmARBR d éﬁemg@eﬁg atARBdS or pairs

positioned on a nucleic acid such that a stem
of kbels sthereefldarestena® is|uenazechor aleretby fosmigrauaftit stémstyucture.
roxi mty such that fluorescepce fromthe label is .
St ot RS oG CRTGTeEs! sl and Adonpufoigty such
thak, AR:WhE SdtefBR i Mg atdif préiflityl(Whasine YatR®) acid ffinds
quenching noiety is no longer in proximty to the
corthintrzethe bbels|faine k senustiuctioe e Suensscsné qssenses cndEgairpisées from

the?(ioa%lf g)gtgg %{c%{%{oir %?ugs)e(:sb ﬁlefagge%gori to ﬂggrleggeg | Hm %%ﬁ‘\gﬁends tabels are
typically pairs of labels positioned on nucleic acid molecules (such as riboswitches) such
that the acceptor and donor are brought into proximity when a stem structure is formed in
the nucleic acid molecule. If the donor moiety of a stem activated label is itself a
fluorescent label, it can release energy as fluorescence (typically at a different wavelength

than the fluorescence of the acceptor) when not in proximity to an acceptor (that is, when
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oligos, triplex nolecular beacons, triplex FRET
probes, and QPNA probes, the operational principles of
waokishieam be adapted for use with ribosw t cheBCT/B5108/058045
activated |l abels, a formof conformation dependent
a s{eﬁpﬁﬁtur@fseholt ?&ﬁ’leﬁ OWheR St str@dld@e FoMREHR overall effect would
| uorescence is |ncreased or altered by formation of a
thestb@mrstﬂmotl of éon($tfh1maactmcv améa!n Inatrebsingeaeptorcilusdescence.

cept tor quores | abel r
PRI 0D et TR Bt S8 AV e e drehilfa
pnﬁ&ﬁré@ o} BRicRWah BE GdpEddfos L1EARHES ri6OMWihed.ng the | abel s
forma stem structure), fluorescence resonance energy
H. tDetpeticar Labedsn t he donor to the accept or causes the
acc % cf V %&eo& § L& r]% z%ltlftn%rrln o?%%) N %c 19810|ns dc% ﬁvatio or

typi SOpSs PP oned Gh' huct e

blodRINGCAH R Prekssibe B Ascléit BV Fots) podadedtupah abﬂil\eltlon deactlvatlon
acceptor and donor are brought into proximty when a

or Bloeking pf ibeiritchps detgptigaulapels ﬁwebmemptate&cm@ detcien peobes or
dete{tlogﬁr}ﬁolgap?% %@}seg{é% %rﬁ%g%e%&? mtt@&fr(\!s%&?g%éshgp g%g% 3r rotelns As
usdd hepdigsodanatiof label Baink yndecude taf cfaﬁﬂaembscxmm_ weitly hinclelb acid or
protgqlglg,)ééﬁ%? {// g? gle g%gtgygg%%yvgkc%(rp t:s?rli a mwc\ﬁ%,fe}gﬁlgg,téi(eléqq:{able signal, either
d1r§ét1l'>pcﬁ't1ﬁ'c[1 clis. sﬁéﬂrﬁgéls a}évl&ﬁwtnns 1156 O Siil1 4 tela®t. Examples

e overa effect would then be a reduction of
of deteasionflihety sistalela (fer wadn e disetosed sethiod ae celpraotive isotopes,

fluorescence. FRE f.th f
Mgt RO e P TSRS o o e T A, PP Fad s

whi gRaGaRs BEsB@BRIRdréLéntUR1NhEINdE ﬂb&%yuehpf@@tﬁmyhnate (FITC),

Detection Labels To aid in detection and quantitation

5,6efarbaxyoilivi élnomctmmﬁqxwredd@ér@bfmzﬁ P 1 Grdipgabdkyl @er

e

ErfBio8f B@DIPar@etssca@@Bh@@l OO O)T@dn@dpyreﬁé? lideindsd, Ix@ﬂthenes
probes or det ecti on nol ecul es or direct | |ncorporated

actidines, exgzineshycerirthainemaerogycligechplaies ef Hathapidegensguch as
e e G

heterodirh&¢ bd/the ay@hm&dﬁﬁ C8sUlyB .3, Cys,aCytehmid @il.eExamples of other
det ect abl e signal,_ either dlrectly or indirectly. N%H
14, S-Hydroxy

spesifiilyorererat 1abeds 1B 3ridydrAee oI Sotkd f-11TH SpLiome a6
T |§H-oseéﬁﬁegﬁhgﬁ%?gﬁrég?%gct ékggt?%&géngégdéré%ggﬁ?mnn
Ammnbecuagin, Apthosy) ISoraesic.ohitrazoh Balllans Ree A@yﬁstsazon Orange R,
ti d |j ds. t :
ARl hiade vERED o i BbRE AuritineoRiroatgwhisee
Aueﬁihsgahme’ie%m 9 (B(M&ﬁfnwheﬁyhda@aﬁw BCE(S Berbefhe Sulphate,
nitrobenz- 2-oxa- |, 3-di azol - 4-yl D), counarin,

Bighanzapiide i lamdoghor EFr@ Sahmtlne,, Blang om%Ythdlpb BiBrifiant
Su%ﬁng\%‘h EF eéﬁlﬂ,e}) %1%%1 Céum (]}rggrg §a§&ﬁubgﬁ@ﬁ gﬁlglglon (';'Ja%of?ubr

Wided, Cdicofigor Wm@ABQSSomM Qalshhér WhitéB&negy Solion, Carbostyryl,
chel ates of |anthanide ions such as
Cascade Yellow, Catecholamine, Chinacrine, Coriphosphine O, Coumarin-Phalloidin,

CY3.18,CY5.18, CY7, Dans (1-Dimethyl Amino Naphaline 5 Sulphonic Acid), Dansa
(Diamino Naphtyl Sulphonic Acid), Dansyl NH-CH3, Diamino Phenyl Oxydiazole

(DAO), Dimethylamino-5-Sulphonic acid, Dipyrrometheneboron Difluoride, Diphenyl
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quantum dye(tm, fluorescent energy transfer dyes,

such as thiazol e orange-ethidi um heterodi ner, and the
weyaniine2@dyes Cy3, Cy3.5, Cy5, Cy5.5 and Cy7. BEXHDP1068058045

of other specific fluorescent |abels include

BridiidnY 820 P AN ©03aRintOE M ihrosH ITONEGcrRdidl FIP (FieHfehyde
Tryptam ne (5-HT), Acid Fuchsin, Alizarin Conplexon,
Indakedz BlubresRads), Blazo Phigngscflanidn Fluardseansioentiurid, Gamachyld3rilliant

S L AT s e
G118 N Gra i1 SIBIQE P st o s IR0 BIBL N entawBRE ALiquid,

( Bi sam nophenyl oxadi azol eleiﬂ’ CECF, Berberine Sul phate,
LewiophenbAl laaicomioa S obeunopraVSolissdnsine Rpdrning 00 §D200),

Bodi Fl i 1L L ohof | avi g
L P ehheiik e Mgt R Spec b G itian
FlaWl 1 EGFEAVaQRdioBriliaht Ela@B B GBF,UMPS Mclal Cogdnaryrdiiné Stilbene),

Standard Sol ution, Carbostyryl, Cascade Yell ow,

Mithsereitin) MRPrsminenNitebensrxadidgle; Mitlprialiae, dfuclear Fast Red,

i n-R ivcli . ) ; o
NP N NORboe st st FAo Sk e, Pl BT arosanitine
(FeuRieaiPhorwNapARYS ol Bidnp Rhorwdte/RKH) Phobaits Rlev,NMkoDBkRe RPA,

D am no Phenyl Oxydi_azol e (DA )
Ph@ﬁ_pﬁgxeﬁﬁ, é’hﬁﬁﬁcsa ’Iﬁ’%gifﬁe&t 34 PelypraindernRenesirgRe Blue
Bldek! Pﬁ?ﬁyﬁﬁ PrituRREMbBloh B PHoaieNByréiHiE B, BAHiant
Erythrosin | TC, Euchrysin, FIF (For ma?]rdehyde nduced
FlaFintGEsQenamine Misiad, Khalagene F23)&hadarking dr@kRakhedemine 6G,

Fur a- 2 nacryl (4 LLant .Re acryl | IJ,0 ant.
RO, BB OTER BA ) RPTRIBEE ita g A iy HgRinine BG,
RhGIRE VT Aerétonie 98:bR BriflidAe Red12BMBERER BRIMYAnk Red 4G, Sevron

Indo-1, Intrawhite C Liquid, Leucophor PAF, Leucophor

Brigliant Red 8o Sroen WBange; Sewan YellRdd i1 » ePrBroiine) (8335 tilbene

uci fer Yell Luci f.er | 1.ow VS, la R .
tsoffeleopiEe nadbemse St 1) sl i R S Rppdamine
G Bttd, Meidycihd@ ihiazéhe@tdd R MASofldvkih By Thicrledn TN, Ortiéfavin 5,

Stilbene), Mthranycin, NBD Am ne, N trobenzoxadi dol e
ThidytedFhaersl Orangenbmopal CRaSErurBie, NiieddarUraaine diyUvitex SFC,
I Brid kk#pe Flavin E8G Oxadiazole, Pacific
X@ﬁﬁg,ﬁ%&@ef gﬂrl(!)sanl ine (Feul gen), Phorwite AR Solution,
PhoiUsefub flitescehiabsls b fRevescén @5 -vhibex RRAredcbimsidhi ne

3R, Pht hal ocyani ne, Phycoerythrin R, . Pol yazai ndacene
hygsgryyerinBmge piteie: rgpml,ne EoPpsiAmgthyl psh?c}%mm eandohg cyHiine dyes
A [ OffH Rvr, - Br gl L i
CoLELY3 OBy O OINO g Bty B b, g
forGudde fRoscaed FIECAEH0 Rimp A20mm, @3 (Rhédenyi>H nid) 20¢8.5 (581 nm; 588

dayyi B Extra, ' , i
g OGP 2 ST Ians WSOy T 80 R 78 ), thus
allPME Wi Bl thdohs Beectifa. BT &BmBlds ol abtessl dfs include 6-
Sevron Orange, Sevron Yellow L, SITS (Prinuli ne), SITS

carpgx yflugessecin $oF N5 gl PHohitetragbloggflucsescripd ET).SHAFY, 711.4-
oSBT Ran (R A e sy s SR rbinifmine 00m)
2'-diidto- STHiuefd-2\8' fused phenyl-1,4-dichloro-6-carboxyfluorescein (NED), and 2'-
chloro-7'-phenyl-1,4-dichloro-6-carboxyfluorescein (VIC). Fluorescent labels can be
obtained from a variety of commercial sources, including Amersham Pharmacia Biotech,
Piscataway, NJ; Molecular Probes, Eugene, OR; and Research Organics, Cleveland,

Ohio.
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Thi ol yte, Thiozol Orange, Tinopol CBS, True Bl ue,
Utralite, Uanine B, Witex SFC, Xylene Orange, and

WXRIsC1625ef ul fl uorescent | abel s are fl uor escRCTIUS2008/058045
(5- car boxyf | uor escei n- Nnydr oxysucci ni m de ester),

r homt%af fabas BFI&&Q&QM\M&H&@&HM[})@&VM@M stdh@l SHANhBE the
dyes Cy3, Cy3. Cy5 . C,})/ . The absorption
pr«amdzvlelnwhf;hcﬂrnemx ammateéspmlfmelﬂby oynglrto atarget mpk%wlg where

su&@bgl':l 1A 4'90 lrgu ar 1%%90 '%s %egé%be%%n/l%r?gl &ﬁ?r%m%qgure

B16t@§l%1o‘f6§y (?%)ﬂm%@%d@kﬁo 07EE83W1. Ottfer Mbkls df itsrest include those

| owi ng thei'r sinultaneous detection. O her exanples

des:frlbbd iobes Pat. Nody $63i0821 WEROB17474rapd 1 6 8€ei n
4{*3 led J}ucliotifilés I,a]n‘e 2{1? efu r%H){)P(Ielté&oﬁ%&?L&Qﬁ%pmcomoraﬁon

exacnl o uor escel

1nt% ex res@dﬁﬁbféﬁ?@éld% during sghtBEs O rocathptear df@ew‘chm:l bl ¢hat can be
2' -chloro-5'-fluoro-7',8 -fused

méornor)aﬁeé e macliccaids a5 pda Bieisolide ﬁﬂa(lwsjlch sfh%fdﬁfd Ch
oS5 BRSO, ol SR CALEn G RagPopashiagr st )
anMAsd1BdeoRfurikiimn @ cnic gdrivsa ul. CN8Luré Baﬂt@ﬁndggy\h&[’iéﬁém (2000)) 5-
ok huioroa b il b o et o B W Smouriine
v%sfekggng ti egﬂlz;zézageifz 3. :mt@%)s ahdEhAERideh AR i flddatith

provi or signal when robe with which thei/1
b1mre(1asgﬂcat af. ,eﬂrocsN@qb e‘tnaﬁ i $ral USA B&éﬁ%ﬁ €198&)toa Mgﬂéltsultable aptens

Supa RR et KL bl T A 2 Rr AR U R Suiable

ﬂlfélré%*c&fcféfl%e@avndcie%%és dré FRQ3ese8id- 1§Rhi609aMte6<ﬁ5TlB| Cyaﬁrﬁa dUTP

| abel s of interest include those described in
an@eﬁyanmc -5-8UTBEY 037 ¢l N clri¢ A7idy ResndP: 3/23693723@7(@9%4)) A preferred

ed id f 0
o BB SBL DS TSRS B sl Sh Pt
Bra¢, %dw Sighga-BYdHIMES)S Ottex asaphlaticlebtide irextd dscfor in&dil@b&tlon of
that can be i ncorporated into nucleic acids inc

detretipe irbebiateaR N Aoty s %@HTgs(agpw}lul—cé@xyundlne tmphospliqate Sigma-

0] I
BGEFESOBUL s SEIL o gy, R
an@logabr inbedpuragioBiof tietettival 1@@1 1rﬂt8 RIS 153 Btirf - ZG{IM D (bi&in-16-uridine-

nmet hyl cyt osi ne_( Sano et

M ITE NG SR SN LTI P
hﬁég lt? &Ugi’ fle%tzlaggl%lg(z Q?’y3(§-§r§i'30\,§/7 Q{@C&vgﬂ%l@ﬁg :Ni'(ﬁﬁ or anti-

ot1nLanger et” al Proc. Natl. Acad.
diSotygelsa cﬁﬂju@ﬁﬁsfc(r]s%h)i)rydetmmm oéluptmmredlmwems -lahedasl probes.

Ker khof 205: 35
(10053l et e ot RRL ip BUOP AL B DI S
su%ké@%ﬁ%ﬁgét&técﬁﬁi I QaviaRa bRt Riell RpdiinNa 1k AHTRraR@mple, biotin
Cyani ne-5-dUTP (Yu et al, Nucleic Acids Res.

can.:besiz@@tesmmg(smm‘yl}hn dkglinstrbosphatase epriugate 6 rani Big), which is
det ?Cg'l rllotknag)n su sequen y &e%ec?erddb%rr &eﬁﬁfuﬂﬂggs%gﬁ(cw{)rf'sﬁ'tﬂ)?e

substrates (for example, chemiluminescent substrate CSPD: disodium, 3-(4-
methoxyspiro-[1,2,-dioxetane-3-2'-(5'-chloro)tricyclo {3.3.1.1 37|decane]-4-yl) phenyl
phosphate; Tropix, Inc.). Labels can also be enzymes, such as alkaline phosphatase,
soybean peroxidase, horseradish peroxidase and polymerases, that can be detected, for

example, with chemical signal amplification or by using a substrate to the enzyme which
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BrdU, BUJR, Sigma-Aldrich Co). O her useful nucleotide
anal ogs for incorporation of detection |abel into DNA
W@e@SAR2JTP (am noal | yl - deoxyuri di ne tri phospPet/&$2008/058045
Sigma- Aldrich Co.), and 5-nethyl-dCTP (Roche
prodat&aibhd foPbRedRa kb mllunhddegh 42 -NHL e Julr AN Forescent
~for incorporation of detection [abel into RNA i's
sightlot i n- 16- UTP (biotin- 16-uridine- 5 -triphosphate,

Roc Mol ecul.ar Bi ochem cal s Fl uor escei. n, 3,,.and .

&y 5 VAR S B R VBT b i BB aftlshe 8 Bpsidered
detesribrQyelar &nRYdhk &b n AStedidriaBel® Earthy hsdl §AMEE BisBlosed

conj ugates for secondary detection of biotin- or

profegy dagpgaalesuies ped mgtherds fnalgbel pad detestmstivaibdpsdaaptvated e

2 NG A nt. ' Lo . Ssych as hiotin b
iobRUBCEA R B8 PHEA A BT ot B, S o
detegtig-dndandasiing $ignald gonelHdd BX@1EdtON 140els drd a8 Rnd®n to those of
Skiﬂetected usi ng streptavidin-al kali ne phosphat ase

ShfFgat &' FrEpRls, raEW@‘;t)'V,e i§HPRas cPR bp deisered by seiatilation n
co i g?\)g Pﬁ‘@cq Léfgsgtaiii’atigﬁ,t W&r@&eﬂym&lgaﬁég %W%%%&%&ﬁ%viﬂf uorescent

e substrates or exanpl e, cnem ['um nescen
spestrbptiatarhetefSSpnsphors st tumpleduled eantet detecysipivitia pectrophotometer

,2,-di.oxetane-3-2'-(5 '"-chloro)tricyclo }
or ‘{}1 oy pisyalizad by 8%@%%@)2%% besirHbedetertigp %,
vishflfzation bAIAE pfodtdibo B S9ctRB GRTYAE %K (t)l?eg‘glr} dlé’s %Jtiﬁ@hi'eg €an be

phosghatase, soybean per oxi dase,
detpetedRy detseingricsepoidanedetsdion latied toupderl foghel etibotigd Asfused

exangl wi t-h chenm cal, signal. .anplification or by
nerG 8 Gon hpe e BRsel et Manec i Pt G
cothpéxitichxabeldetecd @he d WHIth RS 6L MHordldete@iof NSl e coupled.

substrate) or fluorescent signal. Ml ecul es that

L c%’ﬂﬂ??&ﬂ Yimdlagitiesror e of these detection labels are also
¢ onﬁ'i?&ﬁd%gﬁtg & t?xgtt 4sQ 1sc}l51§4%§21§{f11ﬁ1h¥ ﬁl(s)% ﬁ%étli]lg ité;r%%g{gglglogy and

detection label's can
ideptighiren thagsne ik esuimBarand THES, Hadsatpld, #aBE ua st the word
detect activated or deactivated ribosw tches or o
homplogkiscusge PEEWSEN HY @ BEIuUANGSS dricraiuahseqhencgs.der exgaple) it is

t: t.ect | i .S
e
thesd tvakdetyhierices, beragtet is looking ueilp snilaradbpstdtedness o eqpetheir

he detected by scintillagtion counting or, difect
o pel Sieninn. MAIoH GEBifihoRb 8 dleBB s eolagy beipeen bvo
evoMtidhafilyURT8RIGRBlecBIPESE &&Rﬁﬁlfdﬁii@& # a RS GBdatic racids or

nol ecul’es can be detected w'th a spectrophotoneter o
progiiinselot the purpnse lof medsuminglsequenegrsimalarineyadescafwhether they are

qtectgg Fy dete?tion or visualization of the product
evolytionaplyrelaled 0T 0L 2 yzed by the enzyme; antibodies can

be Deieeiagdt BYindet@6d i@ ofe H8F RGN afekB6WH QRridrAbSld

coupled to the antibody. As used herein, detection .
derfyigties Ar dkosg that myplicarisesofithe dikclpsedaiteswitohias haptaneeraprpredsion

plafin S8 PRES ohi By kifs Pl flfin O B0 Ay G EREE o
terms of homology to specific known sequences. This identity of particular sequences
disclosed herein is also discussed elsewhere herein. In general, variants of riboswitches,
aptamers, expression platforms, genes and proteins herein disclosed typically have at
least, about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,

91, 92, 93, 94, 95, 96, 97, 98, or 99 percent homology to a stated sequence or a native
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It is understood that as discussed herein the use of

the ternms honol ogy and identity nmean the sane thing as
waewshanedy. Thus, for exanple, if the use of P¢EUSZINGI058045

honol ogy is used between two sequences (non-natura
seqRBRE 58S of Ril1 ﬁl"tﬁ@'@h 8dadill uh8erstaf@nSW @0 detbd@he tHRidmology of

not necessarily indicating an evol utionary
twe moa&lmmsmpblmdﬁe suchtals gseest \Bor sxguaadbs! hObeﬂlOgY aarhieg

at edness

cap e S tosgh b7 Fguiceo o Ton§ HEREIS et RuE Ryt

det anBihei Way BOERE QA IRIVRER, éa%e@é@foﬂhé@ﬂﬁpmﬂlﬁhed algorithms.
rel ated nolecules are routinely applied to an£ two or

Optinvabaltenoicst ef seahensesfor spapaiises orp em@wﬁtﬂﬂﬁw e lpeal homology

BTSSP Sy A e G Mo

aligrimdhf IR 606 Nbatlerpftandal uhahd e Vol Basly4 nm/rq1970) by the
variants and derivatives or those that m ght arise

searqhefor pigtlaperrettion 96 Reareereand lepmapirec. Nath 4i%h US.A 'ss:
24134 @b@é’)& ofFhER- A1) ﬁgﬂé ‘%eg{b%s Befeldalobidt (GWPESTFIT

e vart an errvatives®in ter
FAECF 9] hﬁngFASTApﬁGhé Mﬁsdonmm@memsémﬂmare Faikege, demeii¢syCafputer
particul ar sequen closed herein is al so
Gr%h‘psé&% g%‘&n“& lg’évMé 3*’3, oF. bYj lﬁ%eéﬂ%‘? al, variants of

ri b?ﬁ%éﬁ@ﬁﬁes é‘ﬂ{oﬁ’ﬁ@{) ca R Dedh QI oP hﬁ@l&@ faBRls b? €1&Xample the
and proteins herein di'sclosed typically have at |east,

algabthms digtloséd in Zgker,/8!, S(?'z4z;tce7’514 48652,1989, jsegeygt alg@ocg]ﬁ{atl

el D 8% a0 % Mol e S, 50

whk@UHERAGRINAhcdtpSrated WSS RHAIRE Cor af HASEMAEri Skttlateditd ntidigic acid
art readily understand how to determ ne the hom:loawt
mn

aligfmenholtps wndsrsieodthanany ditiee methads typiceHy san brovsed angt
Celf%lé r}{s)&%ées tg% eﬁglnsoofqggstec anmtl%mgtﬁo&éj +a%g(§%?tgggtﬁh? géh&{] ér@igan

undvrghestif idenety is Auat Reth adsasodnetdltiidst aiedtigls hasdqugces arould
be perforned by bl i shed al gorithns. Optinal
be&ﬂﬂ@hﬂéﬁﬂh%ﬂm§éq5@ﬁ8és for conparison can be conducted

%QFe)!agﬁﬁANap E?&’izl%g%g%l %ggéé{fg RHea §E}é£\ﬂo§0ﬁ%}é}$£ﬁf PBBent

homblolgy I‘l’(ﬁﬁﬁotl@érged[udlbmdférs Ne&qha{mm tlﬂnHa\W.thS cdejted horvblbgy as
Bi ol .. 48: 443 (197 e sea for simlarit

calgelated &y gpy PE%\P%@HI%‘?‘fdh"L?%?FQWOHPP Fnbeﬁ' gve- Jegr example,
a f%&_ﬁe en@éhas%ﬁ%réeﬁgﬁé)mlogy a%‘?l@'ﬁﬂé@ﬁérélﬁdto a second segf_uence if the

ment ati ons of these-algorithnms (GAP,
ﬁrd?ﬁ@]'[b&ncm daltalasdAo hava $ikparést hqmplmg@em dtei scw@@qweusmg the

ac -kggﬁa’tioee ! t 5{189 %igsg ts%]%ng%o s g Calv?&é%gp%fﬂ homology to
thefk@E@ldQQh{u&@E‘ abealohbi B§An{ OF the et e balc@aiifis mBtholi©r As another
exanpl e 'the al gorithns disclosed in Zuker, M Science

example 4Bfi5DsequOBS hag §@ geicertthoatologys avdefingd herems sela seend
squggceglg ,th‘gt s?a(_ﬁ%fge 1 90%?(%11319(? Have 530% maﬁﬁ%@r?o%gﬁ%@f@?écond

are hereéinrrmeor
sedueh@ BRIt thedukee ed tul SRirehEthbd Bbed afe@éaltsan anttL@lman

aci d
calculation method even if the first sequence does not have 80 percent homology to the
second sequence as calculated by the Smith and Waterman calculation method, the
Needleman and Wunsch calculation method, the Jaeger calculation methods, or any of the

other calculation methods. As yet another example, a first sequence has 80 percent
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alignment. It is understood that any of the nethods
typically can be used and that in certain instances
wo bh@sneged t s of these various nethods can di f fBCT/UR2DS/058045
the skilled artisan understands if identity is found
el
hoﬂoﬁ&a/a%se&eggﬁg h?lgﬁlh g{/ eEf{EEE@ gétﬁgl%llﬁ%q§ gje nfi}lgtt s%&t?éﬁ%@ f&31culated to
haex &Pptregnt hemodmy thdresienondssegeapee nsmg read dzfexdlcakitlbawnanlg)ds

t.i cul er t ho l.ogy to,a r.se nce
(ifRgh o perc B, o G E e AT ST Rl gy e
callatdd bR ¥ e@&\bte%@@ or nore of the cal cul ation

nmet hods descrlbed above. For exanple, a first sequence

J. hHybsidizativn end Setectivollypridizatieni ned herein, to a
cand . se n r st sequence cal cul ated to
v R0 BRIl i erh & B Duf sty oy en o
ledstevolillciic Sad eldl@tuledsudB b PriféEBr 4 hrobBand h ki®bswitch or a gene.

sequence does not have 80 percent honology to the
Sequanep drivenjntanesionsnesas e umré@lowh@trwcm bﬁwe@t\ﬁ@ pucleotides or

nugl%l)t%g a@lta Spgtgfgoq%e dﬁsi %%%%F’me ,@feg)gﬁ & ecaﬁ mﬁnner For

Seq uence |ned ere

extuﬁpb Ge@tefadunzgwuﬁ 1ér Afintetactingd ‘Wﬁh TS 6 b&@fuescd driven 1nteract10ns.
cal cul ated to, have 80 percent honplogy to the second
Tygicglis sravencs diiy ep sutprachens AR ondthe Watsan-erckics epHapgsteen face

of;ﬂ%% PR3 nn@ewy IHdARBn Sﬂiave %g)élpam&se{s@@%c@éf ﬁgaynﬁj?{g'aﬁof

ITst sequence oes not per cent
cohditosendpdraneders koewa o thakcef skilboh thy atthEoSerantpla tick salt

WAt er man I cul ati on net t he n_and VWn
CORSAPEHIGIE: D1 TR ST RHES DRE ik b SR FORURECHO B S ppcid
m(ﬁ&yﬂégfwﬂll’]@bﬁaﬂgr cal cul ati on nethods. As yet anot her

exanple, a first sequence has 80 percenthonol ogy, as

def iPaendters &TWCIGC@VQil}‘Eb@dmeISbWemE’VO fudi¢ie afid medtlecules are
have ercent h

nol t
wel SRS ke SRt b er ol B, B SPEE OO e ve
hyﬁﬁdllkitﬁiﬁ%ndlklﬁnﬁéeﬁ\ﬂid defined Bestehddn® h%ﬁdlﬁaﬂio%%ﬁ&h@ﬁ‘s For

met hods will often result in different cal cul ated

ex#1oPis| $gysepey ethrtatgéssyion s copqyb}lifcbb)zb«nthéwnmwtuseané@altv e
coﬁ%g{rat%rg c?ft 1@191‘ or%%tl% SFL ?A%b %At{z ﬁnaats 1?1 eps gre e%gr‘?lp% the

uence dari Interac

coﬁtliﬁblﬁd of I@Bﬁdﬁzﬁtﬁrﬂ@%ﬁ&ve éidllédﬁvaﬁylﬁ‘xcﬁﬁzitf&rcaﬁ inv@d 1 lﬁﬂbﬁdlzatlon in
and a riboswitch or a &ene 3§ence driven

highripaic st enash solater (GAnSPhie 6&&3 af piampsEtiiedhads ehoah 12-25°C
beloWothE lﬂﬂ &Hé fngﬁ‘ﬁlgq ]g#eot%'xﬂﬁctﬁﬂﬁ 88%e ﬁ{ol&lﬂlﬁslsg?strsbg&e from

erivatives in e specl
thedndaytypildezatiGh partrers doliovged/idst \hamn(gr atA dontberraaloh ioffi g:nwdetdtur€ and

are sequence driven interactions pic sequ nce
saIHF(?I\?SW tlﬁpét a9%en;ss tél&ec\{ﬁls tFW@eW% %QF%/ % (é Col?elow the
t o ug@&aﬁﬁe gn®balt Jb%dﬂ}é‘ﬁh Q&trbgﬁ}y dg%nméarénghﬁ @aiqu n of

eic acids is affected y a nunb
pradiondaryiesperinagnds plawlaunbtsamsleknﬁw&rtrwetm@éemufobslided lon fiiters are

nrafi ] il P B gl tuieond BRpaRish G pofffiot St
diffed&it 8irfhgasdigh. Hybridization temperatures are typically higher for DNA-RNA
and RNA-RNA hybridizations. The conditions can be used as described above to achieve
stringency, or as is known in the art (Sambrook et al., Molecular Cloning: A Laboratory
Manual, 2nd Ed., Cold Spring Harbor Laboratory, Cold Spring Harbor, New York, 1989;

Kunkel et al. Methods Enzymol. 1987:154:367, 1987 which is herein incorporated by
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nol ecul es will hybridize. Paraneters for selective

hybri di zati on between two nucleic acid nolecules are
wowrdos/1kazemn to those of skill in the art. For BPXEDF1088/058045

in sonme enbodi nents sel ective hybrldlzatlon condi tions

ref%@ﬁbe%r ﬁjﬁ{ehgﬁg 183t Iseﬁz[téd@)qg&)ﬂi %}"fjbizxﬁfcle@@a& dNﬁr@ﬁ?able

e, stringency zation Is ontr ol
strilgerty hybrldleammrc@hdmtlen dorch BNIAtDNGnh:}e’mtdnHtlom narobe i abhetr68°C (in

sa@Rurgion O SN 11 6 SEBE MBI NIRRT 5 Rer piePeney of

hyb?‘ﬁil%toh\éﬁd abih gz adsi el GABe 'réHﬁ@led/ QCC'BYCQﬁ%lg('aE ﬁfe'dé@re'e Df
high ionic streagth solution (6X SSC or SSPE) "at a

corhplementatityr desirbdts desreaﬁduandlmrtﬁﬁodmndwgtulpen The Qi(fh@r A-T

el ti t f
riclest e R B G Ao HBP SrORA B PV vt 6T 8
hyﬂ}}ﬁlﬂﬁ%ﬁ lah@ v@tshlﬁ% GPARRAdafBe Hicrt R8P @cfc@?diﬁ?y abHomaloly desired
concentrati on chosen so that the washin erature

is ingreasdandFwthay, dapending open the G orphd m@m@r fany areayeherein
h‘%ﬁl@ﬂ%"a?ﬁ%tgés&% &l & r%%‘v%'ll Yoo determined enmpirically in

erl SR T e n sanpl es of reference

DNAAnBTHeDvhY &Lk sfallebtﬁ\%r 18/baid 2atiyibisitdila6kdng ot the biabehted
nucleic acid of interest and then washed under

(pessnttice) Wrpneof tha ruckieaidshaund ge Hisiaser npgleici agid, diar grample, in
sor&{&ﬂﬁé\ﬁfnﬁﬁ% Et?vetﬁ%hﬁﬁlaq e&in% nsWulcPNéAw t%‘agt about, 60,

|zat|ons condi tions can used as
65 d?é)sdh?de% aMQVE, 760 TACH, 29,6805 81,i 329 8BB4, 8ﬁ),r86a87|% R?uﬁ(\)n% 92,

93,I 9%1;8? 2%62%/, S}%ﬁﬁ%&%ﬁ%ﬁ@ the @l\g/qti)tlg"?g%gmlc eﬁ%a |1 nd to the non-

Y4 k
ik HERRA G oV e M A 0t b

10her EH0Q fphioemcpasr &ﬂmctym/ofeefsmé)emrform@@uuaﬂeractondlélagt where

t I
vofsd hiSiendiionm GufRe rir e ar B BlecT BRIz, 19 foldgr 190 fold or
10@%%@%@& 6ﬁ$vh€¥é o‘?a &a)faﬁe ARIIE 268 KolédulesasI USRI or
solution) in SSC or SSPE foll owed by washi ng at

10@80¢or B0 fngbwoyhem one/@rbomlil nualéio ncidrolpgidés ang abave their kq.

ConprEmErTaY i SersSPREa A Rapagh 1 5 k]y AR BiroBltage of

nuéleipabidithgt géﬁ%‘liiiz?rhﬁtlcﬁll@n%qﬁ-léfed inideh esisdi@bnsarber@hi@iidization is
wherein variability is searched for. Likew sg,

requireq ieraBIptethe Howred gnzvnatsmanBulaien By expmplee i some,
emﬁg&n}%gts sgfé{:t%?eZl%g)n%ﬁ%ﬁ&q E(ﬁ'gilt:{o %vchﬁ)&@é %X gteléés&ggodt 560 65, 70,

I NCr ease upon

7117295!31631575#7636!? mea, Smetdm831,|8glh851cﬁﬁ;l8@,g‘§8 89, 9!)3@11921;193 94,
Anot her. wa glffl ge

05 g aest 88’h13919:r9%6‘ie?%\?§8ﬁ npgeigpcidds gy WRBlgH under
cor(cf?ﬁ o %g?g)ongjte ﬁﬁ%n%ﬁtﬁ%&ﬂ?ﬁlﬁﬁ&l 361 SanpRURehe éﬂz%xh@tlc

aci d exa in sonme enbodi nen
maggludation veDNoextelistat, then sel@ctd\reth}tbnsllzaqu cdorfglitionls evpudd be when at

leay GOt B, 11T Bo. e, T8uT0. 35, 7D W) ¥ 5. 86,56, 87. 88
89,9910, 99,292, 93,94, 95, 96, 97, 98, 99, 100 percent of the nucleic a01d molecules are
extended. Preferred conditions also include those suggested by the manufacturer or
indicated in the art as being appropriate for the enzyme performing the manipulation.
Just as with homology, it is understood that there are a variety of methods herein

disclosed for determining the level of hybridization between two nucleic acid molecules.
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93, 94, 95, 96, 97, 98, 99, 100 percent of the

l[imting nucleic acid is bound to the nonlimting
woemBei2@ci d. Typically, the non-limting nucP@r/TSHO$/a58045

is in for exanple, 10 or 100 or 1000 fold excess. This
It it YiR&er@bod@ BatheSe et dPEIS QniRGnatarftdelde Gﬁf@éﬁt!p@f&nt_ages of
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e RO Somp el St ¥o RifeRhe g08 PR Eher o
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i ncl ude those suggested by the manufacturer or

G, iapd| e dikseivise it isamnderstogd thasifrrgnugigie agid melesulegs intrpguced into a
f or i i pul ation. Just AN
co B 8L H8 TR b hur BHec R oy e

themaiched scidd @lotdcnlccbesahdrsigro k] ed il € il dsNat rédick eheadegidation of
hybri di zati on between two nucleic acid nolecules.It is

the fslaic pad molacate ippbaeelivlar gBHEoR@t condi t i ons can
r ow | f ] of - el i [0 en
oo o irets bl RbvB PR AR AR R Rl Mo fiha b BT
expreshi aapledoresetndragy biter phg@anelcetidesaind anylerfacidseambt hads up of
woul d be sufficient. For exanple if 80% hyhri dizati on
or waﬁidfélam@%c{jm&i@tﬁgs {ryRigodds Wlﬁ%ﬁhi MRy BRUBIE gPgleotides are
kn¥%vh Bhd A (LAM bESHRBIARIL SN nbfleRM%IRNA lgi;ctleto:ﬁgé fnalog is a

met hods i1t 1s considered disclosed herein.
nuclpotatesvinold contains sdros typefof slodification tdhether thelpaske segaamat

that if .a.coqposition or t hod neets any.one of these
phogpPpte TS, HRRHFHOR iy bR PBT P Y o St natural ah
sytRétlceabdiviehtion8 'of &, 0YGY ahd T/ adwel0 P @iFetdn® Pudie FyRias dine

that is disclosed herein. K Nucleic Acids There are a
basgarjugh gs wackdHdchiypozsagthinic)-sEEH ahé 2eanpinedsigningd-ul. ndyenasiifzed

Ci .1 nel udi f ribosw t.ch .

oS QBB A AR sy BRI B SISt cvoine
xaﬂﬁﬂleam;p@mtﬁme,T hamilicaaties ¢-memleind akdrdskyt dorivativeBefadenine

up of for exanple, o ) ) ) ]
and guanine, 2-propyl and other alkyl derivatives of adenine and guanine, 2-thiouracil,

2-thiothymine and 2-thiocytosine, 5-halouracil and cytosine, S-propynyl uracil and
cytosine, 6-azo uracil, cytosine and thymine, S-uracil (pseudouracil), 4-thiouracil, 8-halo,

8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl and other 8-substituted adenines and guanines,
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nucl eoti des, nucl eoti de anal ogs, or nucl eotide

substitutes. Non-limting exanples of these and ot her
worpdoeau2ees are di scussed herein. It i s understpodUsivas/058045
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deoga{fgibmmlﬁs?yhmetut n‘té)drfwau‘i)m:? aﬂug?rsjﬂnbﬁlﬁnzj;ttlol@ ddclu®thut are not
: . and. Sanghvi, . .Y. S. apter. .15, _Antisense .
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gt anyiept BPatce e hPR8E AL i Rfed o -or(CHn Om c1
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3-n 'd:tﬁe(%l?lbfd’d’iﬁéa?ioﬁggt {Re B ptorsﬁfoﬂql%h?de Bl a¥E 0t Bhited to: C1 to C10

lower alkyl, substituted lower alkyl, alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH, SCH3,

OCN, Cl, Br, CN, CF3, OCF;, SOCH3, SO, CH;, ONO,, NO,, N3, NH;, heterocycloalkyl,
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bases substitute for the normal bases but have no bias

in base pairing. That is, universal bases can base
w@2008/1vd2eth any ot her base. Base nodifi cati ons PET/E8200&058045

be conbined with for exanple a sugar nodification,
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d 5,681, 941, which detail and describé a range

mokis&mtmmjczahlammeon@le aEathiar pésitidrnssn tbaswt@artstuhelb@hm? position

of LR SRFRREaN 5 (PGP o B gt d ket ©BidireliOides and the 5

poﬁﬁ&ﬂ bf 2 h NS nutiBRide. MEHINES biszard WEMIE alkdSncldditnbdiehit contain
I ncorporation into oligonucleotides and nucleic acids.

monliftdationy %éheabmdgywlwwme@{suph s e and di Nuelsotidnsugsr analogs

car 5 B belanFlcion B0 ansap PRI RO R DG DR fgosy

sughe OX fére ResRunaG o UhiteisStaien phrehts ‘tihdffmiblﬁ t}@qirepmalonsifgacrh
nodi fi cati ons i nclude but ar

modgqdgH s tisiresisueh ah8heSh erlnlﬁ 8080%?’%? 8%9 5é—?9 qﬁ4 B393.878;
5,4%_6,&?23/ ﬁ%@ £ |58197'8555 5l H(Ns%éﬁ%ﬁxl 5.5% 42F75 %“1 722; 5.597,909;

al kyl~’ wheréin t’he 'a
5,64D)800y3, 6%])0153@5!6)89;@73;:5&,6463263 l5k;(§t8l,8.‘7|3t 8470,633; and 5 700 920, each

unsubstituted ao aIk C2to dO | ..
of Wlihay RSFHYPInCORPOTaiSg Y THSETES Pt GHcti B PRUAED their
de_&(f%%;fn Ihkl{li-@é- Te& _gu a%gflzr)gar']tﬁrgb_,lét?l&f CI-eI%_St’rglth-el(r]\l “gﬁ,gﬁg%%bl%. Gporation
int@@biﬁc)th@][(ﬂwl)qieciﬁdss ] nwobee ecids.and mare from1 to
b d t t th t
o Eifies 798 +sp B pio e & e s e T Modifed

ph&sphste ndibed 1!1(91\1\% buil |a1‘eyﬁot hﬂh{é@rtél |thosé‘ﬂﬁtlt kal be IQ)&EK@ By that the
or O aral kyl CN, OCF3

lm@g@%tw@@:w@mgclem com@ms amom@rothloate ch1ra1 phosphorothloate

o SR Ao G iy P RS e

phéb’pﬂbhﬁhtesﬂnél@@fﬁ@@eﬁlkgreﬁél ho@ﬁoﬂlaﬂié @ﬂid?@lhﬁ‘l pliospﬁo@lt&yﬂlcfsphmates
E

rg)Browngt eparmacometlc pr erties
phesphgiariddtesont yding Gr-aming R@spl %@mlcﬁfﬁ%’@l ng the

PSRRIk

thlﬁmniﬂllfylpiﬁfsplmtﬁestam aatd mrhephmﬂhated Imishmdemmﬂttha‘.l tisese phosphate

o S GBS L e . P90, O LS AP
a 20k 1?‘@(@%'& gg@mquﬁcfag@%n dGitamn mQ/@ﬁé& b&ﬂm‘}fsuél ast §f5mor‘5113' or 2'-5' to

nuc sugars woul d al s6 i nclude those
5'-2'h Marioonsadiispmired iséliscandi ﬁmsacai forthe atsral@ginelgded. Mgumerous United

u as an c eptide su S
St PRt AL S e oGRS s8R apuRShofBRs Bsphates and
indiRie®uk 8 rlof hﬁht@a@o @fesbfs@z;p@ Bb9RES ANPRYI01S 5928, 245’ rsem 196;
are nunerous United States patent’s that feach t
5 1;889_8,95;%@643{412301‘5 X061 9; 5,278,302; 5,286,717, 5,321,131, 5, 399 676 5,405,939,
5,453,496, 5,455,233, 5,466,677, 5,476,925, 5,519,126; 5,536,821, 5,541,306; 5,550,111;
5,563,253; 5,571,799; 5,587,361; and 5,625,050, each of which is herein incorporated by

reference its entirety, and specifically for their description of modified phosphates, their
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nodi fi ed sugar structures such as 4,981, 957;

5,118, 800; 5, 319, 080; 5, 359,044; 5,6393,878; 5, 446, 137;
wW®20086816286; 5, 514, 785; 5,519, 134; 5,567,81 1; PCT/US2008/058045

5,576, 427; 5,591, 722; 5,597,909; 5,610, 300; 5,627, 053;

39,,873: . 265" . . 70, 633 d i

e e TR
acideference in its entirety, and specifically for their

descr.iption of nodified sugar structures, their : )

it Brder oL deleoT e 81 s ect AEBICHBRR § Bl dpeglification
but Wih 1 88tcbABH mAlpeonUGEealdd S ttANEnd WGhehidel I8between

Nucl eoti de anal ogs can al so be nodified at the

diffeheos ploa¢teesnoi ety. Modi fi ed phosphate noi eties include
but _are not limted to thqgse that .can 1odi fied
* hatriales mbsiuts i Bel o wGiRnREc TR bR o
nudBRRREYue lRi@aiothot eMithidla pHoGSHRIROMmELeRY, @@dteas peptide nucleic acid

phosphor odi t hi oate, phosphotTiester, _ o
(PN ¢ 1kgtidstsubyitiaes aresnadeculesghaiywillapebsnizeand hyaydize to (base

paif 3D Bt A E <O B A e DO RBRE Py bur whicn

arel 1kEd &5 g'éﬂleigﬂ'rr@j%' ?ﬂﬁn@i& hertam gph&spamd moiety. Nucleotide
am noal kyl phosp oraniggfes, t hi onophosphor ani dat es,

substiusescs REIP heraieramier adoubleh b dupasiTusHBS pher Hiteagtalgvith the
Emﬁg&k&g&@%g%ﬁg%& %Fps. It is understood that these
phospha

or nodi i ed phosphate |inkages between two
nuc Naolebtiéssubatitutes atdmeilsbides & mibleotidkmipers dliat ha?e hdst the

phésbggfggxgdigtgggd}o? guglglr _glgvlae ig§ %e%url]@cg ? tgl%g}régti' eYs%tg}etﬁ@g glo %{)‘i éc};ltain a

staﬁ@e{rfl glao h¥&d aiih. { %@ﬂ%tésrﬁﬁtlﬁ?hgsﬂh‘afe'@n BE ?01%)(%91}11)16, short chain
e e

I nc . Nunerous United States patents teach howto
alkybirec yalvdlkys enteruedlewsideddkagesn trik aui eteroasdinfand @lkyl or cycloalkyl

. phosphates .and i nclude but are not |limted t )

int g o A Eohs O ST oK PO R betsiogosmg of Betgrppyciise

intemi&Bo SR linkagdd 4 1téSincRidé fifsE iigifing n%é%xdﬁgg linRagt8 gfo?ﬁazd in
5,321, 131; 5,399,676; 5, 405, 939; b, 453, 496; 5,455, 233;

par’ fid6:6th6 3Tgar Portiod, F25uckoFde); sikeans bsdbosa1sulfds 4ulfeode and

550,.111: 563 3; 71, 799;.5,.587, 361.. and
sulBg RekgBes: R ] B D RIS PRBs? by Fg fggnacerytand
thibRHAARHA Datltboned) ik YontARthgHakhdnks;ahlf¥mhtebatkiRhés;

description of nodified phosphates, theirsynthesis,
mefthd¢neimige and methyleichydraziop baskbones: splfangteand|sulfpnaraide
1.gon t |G aC] [
oAU S 55 UL bR 0 ol b then
parti® dViirmerdus UnitedBtates pateatsstiscioss haivto mike iapd ase these types of

nmodi fications within one of the noieties or b en
phesphts replecemsnisiand dnclndrcui ats I&%igmgﬁ? é&?ééoé;rﬁg& 15
5,1850488U8 8f4 riw '5[%16%%{1@0%9%566%%2264%2; PHORSEA. BFSLIBS: 5,434,257;

nucl eot’| des, bu ndt “contai n” a phdsphate
5,460j687 y3,4 3RV ; aAPHITi $64 hBRT; S, 0 122i5d5,6PNOF6; e, 220t b 60,289;

s oanat S0P o Bas e BT A B e REER MR B os s 77,407
and@§ 668 480 AcHf $hRh W htéin HicdHRRFRE B R ORADET s eftitbtyWiidch
specifically for their description of phosphate replacements, their synthesis, their use, and
their incorporation into nucleotides, oligonucleotides and nucleic acids.

It is also understood in a nucleotide substitute that both the sugar and the

phosphate moieties of the nucleotide can be replaced, by for example an amide type
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are linked together through a noiety other than a
phosphate noiety. Nucl eotide substitutes are able to
w@ooBotared 0 a doubl e heli x type structure whenPCT/US2008/058045
i nteracting with the appropriate target nucleic acid.
I e c [
i o B (AT e e B O R T P and
5,7$91067 teath Bdw &S miak hiawsd. PN elodatiied ceashi bEWihtahtleherdim not

T N T I N
Cycbggé&%élleo'nﬁgse I{JH‘R{ Ee‘i)féc%:s Aah%%gxglg MCfé@ﬁ@és%H‘é% be

and or cyc I nt er nucl ' nkages, or
mad#ep of duﬁier@t s;lpes of mtcanomdlmtrah@ aazrm‘riype of nimd¢agides ylodri example,

o T TBGIGH 46 TIHRUGE G GT BRSPS P PR oL gap-O-methy!
I‘lb&ﬁ{ ;éoﬂﬁesogr AnlietEgsitdghcledide@%ANe - @@ﬁé@@ﬂmnué’l%tfdegeabout

oxi dé and sul fone backbones: fornmacet
10%lo abaurtFatesfithe badedvieesan bremlhyiuehetlcﬂesr h‘éﬁ@neyhyl atbgnucleotides,

or L BBt B RSDEee BLGGLanL LB BESHPOR R o

theFRIERBL @R BE dbbRRIEAKY QNESmethy] fijdtatRoBdE, or a mixture of
sul f onam de backbones; am de backbones; and ot hers

rlbhlamlwgdm and? HQ-methySribernctaatidess op ath ehithe paeleatideraifer ous
St af gs S "0-
oG5, 2P LSRRG DN T Bty -0
metHye rib6hudldotides iSiich ohgbdstldafides mdlibf]edd aidsocah®b réfded to as
5,214,134; 5,216, 141; 5,235,033;..5,264,562; 5,264, 564;
chigengmligagicleptideansrhimeriqpilgy 26ids’ 470, 967: 5, 489, 677:
L. S&Jgﬁés 7’rt5 561, 225; 5,596, 086; 5,602, 240; 5,610, 289;
5 608, 046; 5,610, 289; 5,618, 704; 5,623, 070;
5, 66313 1@po&s 62300681t SsubZTtdSar suapattsSy Bl Fhikhanoleauts (such as
of which is herein |ncorl|p‘g}[1at ed by reference i

riggot LA oS TSR FIEAP P oTRBPTeS RS Grrosfhogy by, he
dlseﬁg&pﬁ@ﬁlgﬁ )*Rh BE EBBLEd. RiSstvithé a{?ﬁ%’ﬂ%r md1EullesWsE be

eir rncorporation into nucleotid
assoblla@dmadi edidi suportsrtireaty beindireatlyd $or bxarngleaﬂr@b'tes (e g., trigger

stoodlna ucI 0 bst ute.that, both t
malfiy t&ﬁtcPOPWé’“ S ¢ boind R HRSL e Fasthi Pl S sogiated
w1@19caf>ﬁ1|i’é 9%6% o 8RR nfolél AMh&l Didd/sedrank@dmobilized on
(am noet Ig yC| n (PNA). United States patents

solil §3PoUs 2As snother e3amplearibossvitzhes crgbethoradh @wsvréam @ solid

d
ST B Bl TR e o
SUPPOre0 GehidbAu iy riB&eAtchds) Blobks odtheranoieted havebeansssociated

nucl ei ¢ aci ds can be conPrised of nucl eoti des and can
in pamyy @ridporgrtheiorgasizeadpatisiBes of nucl eotides or the

S a”%oile%&tféug'@éﬂ&ks%& 'ug@?l sofi@’su cxﬁ%ot | incRidE aﬁ§ s Safetial with

t he "nucl e I'n an ol igonu e can
whi¢thamysdnents icaebe as%oelﬁ)eﬂ;echfe;ztly ot bairactlye oThlstmludos materials such

AT Y W R N —
V1r§}1l %%eﬁ%%{ rg)gfprgﬁﬁe&e pBI&QQMEJﬁQE I RefthylereCaBERYlene oxide,
polysilicates, polycarbonates, teflon, fluorocarbons, nylon, silicon rubber,
polyanhydrides, polyglycolic acid, polylactic acid, polyorthoesters, functionalized silane,
polypropylfumerate, collagen, glycosaminoglycans, and polyamino acids. Solid-state

substrates can have any useful form including thin film, membrane, bottles, dishes, fibers,
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or a mxture of ribonucleotides and 2' -0 net hyl

ri bonucl eoti des; about 50% or npbre of the nucleotides
w@28h&2e0 bonucl eoti des, 2'-O nethyl ribonucl ePCT/USR08/058045

or a mxture of ribonucleotides and 2' -0 net hyl

ri benucl i des. . L jde o .
wolp RS B Tm g, Bialfy b, BEOERLUEACS: RESnbingtion. Solid
stat¥ sibstfaesQind sbhd fuppoas tardiesp@anas & nodrirdysl A chip is a rectangular

ri bonucl eoti des. Such_ol i gonucl eqti des and cleic .
or ypEFSTRANPIERE Rlandsiad Pff‘éerg%d fgﬁrrlﬁr@}rgseh‘iﬁa&oﬂh'ggtraéé grgn films,
beazlgg%cclﬂﬁﬂg? A ﬁse@lﬂ%lgx‘_l %r%%'oﬂa:sbalte suBSirhtd iSURRSSr FQh.! h some

orts are solid-state substrates or supports wth
embbdiatentsph emildived] glasscdhidasart bé ggployed| ecul es) and

ri boswi tches, (or. other..co nents used in, or .produced

by, ADHETACER insbidg %@WBH@@T@& WHehess Siggrrahglgeules, other
mo@cﬁ&ﬁ,\’\éoﬁﬁd‘iﬁﬁd rOb A&t 85eH |28 RichRfle D& RERTREAIREtions on the

wth soli'd supp I I For

rts directly or indirectly.
soleksuppbrt, Eacteprgdefme( doagtion bn ithpopetid sopreciugensrally digs one type of
conpounds). ¢ be bound to,.t surface of a solid...
coigt (s SR b et ch el R £ BietanfyBlatively
muSASTB QRE 81 EmpBleBE heBe ihmbbidizedlinthe 84kaé pe@¢fined location on a
i mobilized on solid supports. As another exanple,
solid yppeit: Enedslogatipnbeilldwye uldple kepisuefthe given campeppangg. The
upport ..or ' ' i Ll i.d ..
spafif BpteuBh s SRR E bl AL PR B s Obbilion
anddehfifdionl bosw t ches, probes or other nol ecul es have
been associated in an array, gri or ot her Qrganized

: id,.
pat Adthquststefi. i isnot required that e solif syrport be agpglg unit or
or.t o . . ) .

sS40 SPELLAFLCE A BEH 0 AL, s o
probles sari ecdislibatetwiver inyl minthec bf sididesnpydresnife exzuple o ene
ex%%é&?@?@&%ﬁ%ﬁlb%gl o éhz%lgglﬁg Ec?;%%g 13 t?cl)ry t%tbg or (r:]oeﬁtainer, or
on@%’éﬂﬁ%%ﬁw 'nﬂ&%garﬁeie)(.et hyl ene, pol yet hyl ene oxi de,

p

ysilicates, polycarbonates, teflon, fluorocarbons,
ny| dcthedsl focmmmobibibaion oqf oligamiviadtiderete, soldistatyl spbetrites are well

e S s LA R AT 000 28k
coSPIYE RSRBLRAG %ﬁ@gﬁeﬁtabﬁmd%h?mg Methaad. dfor cRApR; siRbr
substrates can have any useful formincluding thin

attéghinrent methods aes, debeyibel &y Pedsestiad, Pracoled. Agededris Ubbr s,

org 1335 B TR0 bRk o B SP Ra DEEPRrg 85%0
(1BUPPArth&h6@ for MRNRBIIMAf o bf BQiiAe bgtHuciBotidds@ni casdn-coated
rectangul ar or square snall &I ece of materia

|,
sliggsds descabied by fémpenn & gf-i drast Hed Adstqat/ed 9208794383 (1995).
i . i ful. § . .
A BT P ln Uy Bt BB S s v
Guerd aflj Neditis Acalsiies 1 2208456-H1644$9%1)i de can be enpl oyed.

An array_can include a plurality of ribasw tches
11 Gk UG CompaRSTTA Nt B cHet ) Bef o gtes. o other
mcfiéé%ﬁ’%_ imﬁi‘zkigﬁﬁlea&liﬂ Aot daf Bhe PcaliagH & (iR Ent predefined
ocatlons on the
region of the solid support. The different locations can be different reaction chambers.
Each of the different predefined regions can be physically separated from each other of
the different regions. The distance between the different predefined regions of the solid

support can be either fixed or variable. For example, in an array, each of the components
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solid support. Each predefined |ocation on the solid
support generally has one type of conponent (that is,

wa@bkdostihe2c¢onponents at that |ocation are the SEEEVS2008/058045
Alternatively, nultiple types of conponents can be

canl M‘palnltgédz %ch d dﬁ@ﬁlcémm&{aﬁq ﬁﬂ‘h'eﬂ %&qnl:eQ:Bﬁ‘i bRdhtO8Ls8eiSBd With
support. Each location w avé nultiple copies of

beddb &viljinvete inanpadapitil rdlitonshiat ilaparsieplar, altd we ofnultiple solid

di fferent conponents on t solid suppor | | ows
SUPPER HE EOg a%ﬁ?wlgﬂlahe P gl ﬁgﬂé&ﬁ% o
usethlmohdntd SinlasEdefiited SAnthdHilitdanSdolid sapRROAstland Berbity.

single unit or structure. A set of ribosw tches, _
Cotmpboges camilesomiabslizedttd tre sobitl suppostsat aclenpiuaxdecdargid @y different

robes can .be distributed oyer an unber of soli.d
corBRRSBINRE T CRERTe AT GhEoBReTE RS Bar e sieC Af
cofiféhelR. IFAFBRINIE & arfyRa® BRAY Al&st EBOS Hi®Rrdnt BEémPonents
container, or on separate beads or mcroparticles.
imiebitisesor the sohdralripoitzattipash 1@H0G Hiffpormt eprapencatssmmepbilized on

sol.id-state ,su .are. well established, .
e T B PR 00 PO iy nby BRLTrh b g the solid suppor
or AlatLE1 000,000 al¥RFont GaMpHRNGAUPheHlized chuhs bolit @ppoisi ng

est abl i shed coupling nethods. For exanple, suitable
M.Eitschnent met hods are described by Pease et al, Proc.

Nat - ) -

o R A RS SE tdasd oe
in 4nyXRithble Aombinatich fd kit ol foi pafironngfor Bidirgnmmiee performance
ol i gonucl eotjdes on c etj -coated slides i.s descri bed
of, e EpslnsdREURAd. 2 15 UsF B 1 KN COMBRRPNISS b SR kit are deSigned and
adag)%édaf%zgée%ge?théfiﬁ%@dis 8 ehdthodret padampieaidoibd B kits for

't gonucl edtides to solid-state substrates is

detdetigr dobgdubys, Gedkietongirising mieair enoke bubserResriboswitches. The kits

22:5456-5465 (1994). Fach.of th . ts.(f
S15g GA P (ARG AN bglS 1T dciis i ApGRa AL egihogy ghes
N. 'Wigakdses) inmmobilized on the solid support can be

located in a different predefined region of the solid
suppusclosed hrs mixtvres fonmed by aeifomyng anpigpardigf to @egfprm the

.reactio hanbers. ,Each, of , t he .djfferent. pr fi
aish B nehoin PRES Pl BRI L g Syt o Bla bl figits gpa
tﬁg(gapn@qgcﬁgg‘ent regi ons. The di st ance bet ween t he

I fferent predefined regions of the solid support can
be dhaneverfthsmgthed inyplyesmnigingry briagigpnie copfelaemposiyipns or
f t ant i .

ol e RARALAERS oA RGeS e
Fowbxdinpie afithe widthodniatlubies 3 mixing stepd afipdachlone of these steps a unique

S o A S LR AP e
at thE Y leitigla\sgélil I@ﬁ%lrlg glfdz:p? g%gﬁﬁéss oFROVIACHLSS &8 pBGormed. The

assocrl at e on a solid support at any
pradentsiidclosuCormptengridtes thase oetimemwbidinaldy the pefiemsoté df the
.suppprt at a density exceeding 400 different .
aiS B mEREEs Bor LB mteen Eoatthe Sk s nsed ket sommppsiion, or
comPOndhMEr SAYnpa! MR os&d herein.

0. Systems

Disclosed are systems useful for performing, or aiding in the performance of], the
disclosed method. Systems generally comprise combinations of articles of manufacture

such as structures, machines, devices, and the like, and compositions, compounds,
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conmponents. For exanple, an array can have at | east

1,000 different conponents immobilized on the solid
WwWGEappord220 at | east 10, 000 di fferent conponent SPCT/US2008/058045

i mobi lized on the solid support, at |east 100, 000
mafibiseliihe FREPERE By RRL Lol 8 okl die SHRRRI biom the
dis€lBsuré eresohiethpdatgh drdr.exAp k| discldsee amd tcentemphtaieae sydteaus

above as well _as ot her gﬁterlals C

COmERRHPSPROT IR bt BB E b B0 oA B
p. | t he performance of, the
ﬁ%ﬁ&%ﬁ%?ﬁdﬁn@tﬁeggg&bl if the kit corrponent S
i n Bisgloseharkidatastrectdesivgedbih, gerraicthby, od geusrated fom, the

t oget he t he di scl osed t hod. For
diselpddimslhet aPeRIrbe RS 2Rt DEtTP AGY EURATNR MIpFRRten, andlor
obj E&@Glﬂ&teﬂgo&gﬁzéﬁ STHREE akd/BS &RB&Tied inROoMPoR RS or Mtdium.

ts al so can contain reagents and | abels for
Ritoswich stngtieres andaaciumtlcmfmcaserqmemwﬁ@rp@ Hedectreniqiogmysush as in
RA&(SCl osed are xt ur es é t 2 perform ng or
Bpar A 9T2s fsoa\’tpﬁ’?ﬂ 4t ENSYEd et hod. For
exanpé Biscldb&iGhes6d o hfy fark tHekdT of prparatiomherefor, can be

ri boswi tches and trigger nol ecul es. \Wenever the
contesiled.cmanaged. e otherxise gssiteddy eRITRHIES G9RBO SYCh gpmputer control
Qsi ti r r
e RAR A0 19 SRR o o SRIET otpBE SL A

dat@X@ign@s, dnld cah @se@édmshtemrbgeas Silcl‘ncﬁmpgtestmm,l cafrtpster
each one of these steps a unique mxture is f

e or
conTTAled PESESSST. AT RSN S OBt S SiscoplGhplaigg and
shdﬁ{ld(f)éj{lﬁde'rs%og orﬁ%‘i{h&kﬁE@ﬁeﬁﬁfml etion of all of the
eps regardl ess of how the steps were performed. The
present discl osure cont enpeatheds t hese m xtures,
obt ai.n t he performnce qf .the. discl hods
O e P S SR el 3ok 4368 FERSHE
1ntfqogﬁaﬁg ikt %%NA LIBRAE Rbmpfisihg @Ik Reh, ‘i’d&fén@ﬁﬁ‘}lboswnch is

erei stens Discl osed are systens useful for
cablef afireguigfingopliaingiof @NA} Thegibpewiteh m é@ %MPEh@gubate

BT N T S p—

plafof GoHfafs wheRGAHR @ptantte YbMaF andnikk &)ﬁ)@eésioh@.latﬁmih domain are
conposi tions, conpounds, materials, and the |ike, Such
hetermiegovas Themsbaswiteh aansbedingal ingemiolthe RIVA- Thedbosyifelapan be

he, d
actmagg; l}&/SaZt&l glgﬁr(c::irlnglsegI ’rr‘p%fﬁ {@& zﬁf) eﬁPé x%o%gv‘ltc}!):%n @@Qﬁi’ %esponswe

coO n are syste
nbbév@i&ﬂﬂ 988 ribbHAsN dafi he@vat@almhatd/espmﬁg tT}Iemboawnch can repress

gnal -readi ng device. P. Data Structures and uter .
alt AR Y iping B HC BB 2 Qp T dOP alish s The é%gl?thngggPtamer with

alt SN AL RTinBYon 81 If BE TR fdr 'R piel ' loop 5. The region of the

aptamer with alternative splicing control can also found, for example, in stem P2. The

splice sites can be located, for example, at positions between -6 to -24 relative to the 5°
end of the aptamer. The splice sites can follow, for example, the sequence GUA in the
aptamer.

By “regulating splicing of RNA” is meant a riboswitch that can control splicing of
RNA, thereby causing a different mRNA molecule to be formed, and potentially (though
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FroF} 5 BTSN O PP S AL Ao AE SP AR GGDY: for
exadiPiL, Hing 4 4RSI ER GBI mbRBIIE $1%at AbssHI @btivaee the

splicing. The splicing can occur non-naturally. The

ribps¥gtcbn of the aptamer with alternative splicing
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mol ecul e that can activate, deactivate or
splicing that occurs, reduce or prevent expression of the RNA molecule or promote or

increase expression of the RNA molecule.

Also disclosed are methods for regulating expression of a naturally occurring gene
or RNA that contains a riboswitch that regulates splicing by activating, deactivating or
blocking the riboswitch. The riboswitch can regulate, for example, alternative spicing of
the RNA. If the gene is essential for survival of a cell or organism that harbors it,

activating, deactivating or blocking the riboswitch can result in death, stasis or
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the gene product, or measuring the differential level of the protein expressed as a result of

the splicing event. If the riboswitch is activated, the test compound is identified as a
compound that activates the riboswitch. Activation of a riboswitch can be assessed in any

suitable manner. For example, the riboswitch can be linked to a reporter RNA and
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signabfiigregvhich changes depending on the activation state of the riboswitch. Such a

biosensor riboswitch preferably uses an aptamer domain from or derived from a naturally

occurring TPP riboswitch.
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dependi ng on the activation state of the ribosw tch.
Such a riboswitch preferably uses an aptaner domain
wo ewsnon2deri ved froma naturally occurring riPOBUS10081058045
As can be seen, assessnent of activation of a
M DRAW di&ibsC@ Are OB LAY B B(/)y BB US®nourd BRDAMRAes,
assay or mneasurenent or wthout the use of a control
deaatisays @rblonkaauibeseiith aldenodsctmong thd édentifipd agmpound. This can

conpounds .t hat deactivate a riboswi fch can.b
be HEPRBLIE B AP BRIy G2 CPRPAMN FFRFRHO Fisthods as
disPBLdais e R0l PSE Vil RENDE Br hRh@fafrurih & efetitiéntFREicompoiinds.

conpounds that block a riboswitch that regul ates
Forsplampiey gormpeuride caicbomptlé b bnging inig centhetabes campaerd and a

., For. anpl e, an assay.,.can be.perfqrned f.or ks
rib GRS AR O 14 PSSk i TR R P 1 ed by
theRER SEMPSurRE mAnECRABRAHE thektBQ \WBmbouRLhhiati®ates thdeiobwitel & the

the riboswitch and in the presence of a test compound.
compoundt i vati on or deactivation is not observed as woul d

be served Ln the abs . . o) ok

¢ he MRt B AR DR hE A AR AR B
blobkiag lo$ a aibbéwiadh M eFmptmdtahyl aianofacuiinghiee chieblosidongiound. This

Al so discl osed are nethods of detecting conpounds. .
canfaq 3r§oBPBEEA &¥r foF FRUBME« CREENIPR PP RIS 2{IXAA% drastivsting or
blo%ﬁi{ng Cc\%srégsme-q? ﬁle'éﬁ%g@ g gi%@iesédrlﬁéegﬁﬁﬁeq{e'raﬂ hWith th&h8dLePt act

a test sanple and a birosensor riboswtch and assessing
mahbfcaeing dat dheckedfcotripeutidso Son sxample boswiouods cadieinadeibyn

.of the biosensor riboswtch indicates the presence.pof
bripgjag 11p GRREACt AP COMBOYRS and N RSYUENASTEST NG BRUNAIER of fhe

ribb&Gitdne 2id, $EPLBosvRASE BSRatddi BYABM SCRTHRNE, BALIMEETRhe
riboswtches that produce a détectable signal in the

tespeasmprind thuft activekes thogbesvatch s typerompoliad uCheckirggompounds for

bi osensor ri posw t.ches be.triggered at. or. .
thetDUGH 3 B YRR EeBTAE REC P o BT aetre, i iRl Gpion of
cotip ORRVpESMRR1YCAINER N U6 8étBARI déRTivats 8r bIdcK b ¥idoSWitdhand to

vitro. For exanple, biosensor ribosw tches that

assessig the ebidiky eff meampaungite etivgte denchiEate peblask ¢ ribppkiéeh yhere the
copS R TR RN o BB el BESYES, 22,

ucimng a sl

A. i HeMtifiGation sINWAtiRGEANTomp6@hds Or organismto harbor a
nucl ei ¢ aci d construct encodin

Lruc g the . :
r i bésSATERE £ppbe ientpd asmetiEstiies bastvitgh oF saEhfsdtermined to
. - - |- o I A 8 . - .
vl AR B S, kBl ARSI st n
prdseevm afthcdonguand bs atiepsridiohiy 2doldt héld,ot foldts fokd, S0%t 85%,

f th i b itch, bj [ itch
103t} E3401 3 VoS 30T 2560 BT PO B P GPPesedtq g spme
ﬁb@s@ﬁéﬂs@a{g}uﬁﬂ &H&%Eﬁée"& tﬂ—ég &nﬁﬁ(ﬁﬁa \MhhEeR; Angsard t%fuﬂhdgytﬁﬁgl assay).

are conmpounds nade by identifying a conpound

Tha ciboswit@sassaeeotbiewpetfosnedt usthparkssudtable mibosw itehcansiguct.

R R 1% Db e TRE W R s e
ded®RY efsbwRdrt ABreB I TRAGeFication of a compound as activating a riboswitch
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convenience, compounds identified as activating a riboswitch that controls alternative

splicing can be so identified for particular riboswitches.
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l'ilacinus, Paecilonyces variotii, Penicilliumfreii,
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paktedind compouskasen) ies mbdngf adyinistritior afd thedike. Bihos, i igpot
and on surfaces can_be inhibitge The con}éoundst ffective
pagrible to serf i eActc SHEBE S AMAUAL s VY Cb AR gRRIGPIRe ettec
arRIHR 33 o Brchnfr2a %m0 bR GHeiERTRAH A 1 arCMROSY tiitine
or exanple, the scl osed conpounds can be
expériinentatier.ed or used in conbination with another

antifungal compound. "1 nhi.biting fungal owt h' . i N
def | s Ompos ot Plﬁfgc‘%fﬁ%o‘lé‘ﬂf f“is?‘ﬁgeéirheéqu f%f%ﬁ%%ﬁl&b%@% g rvem
a gﬂa\hingéeuitieélfy gasghbiecasrt. By "Sliarf@ckigically ddaeptabiet istoyeanf 2
popul ati on of fungus to form daughter cells. The
matorihli thyt ishott ielogisalivier etbemdp widgsicabie i e Eherragigaadnagybe

a@%gﬁier%g%;a sglggeg{ Wﬁgg/ot cggsgliflé arggm%deg %ﬁ biég)%cag%)@éf%soéggf;eracﬁng
ind Bt nidrRvt WaH ah$ oftha@tiive domponenty dfithé pigarmhesutical
St ) 1 K09 B SRS o RO LSR8 o iz
anrgloc{eegra%gtiért] &t the qpt%niggredient and to minimize any adverse side effects in the
subject, as would be well known to one of skill in the art.

The compositions or compounds disclosed herein can be administered orally,

parenterally (e.g., intravenously), by intramuscular injection, by intraperitoneal injection,
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di scl osed and described herein. "Killing a fungus” is
defined as causing the death of a single fungi, or
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i ntrana adm nistration or adm nistration by,
rdnﬂbxalha fermubsionsedotier Ekamples ofhe ahainiacegiraliyiacceptable carrier

include, but are not limited to, saline, Ringer's solution and dextrose solution. The pH of
the solution is preferably from about 5 to about 8, and more preferably from about 7 to
about 7.5. Further carriers include sustained release preparations such as semipermeable
matrices of solid hydrophobic polymers containing the antibody, which matrices are in
the form of shaped articles, e.g., films, liposomes or microparticles. It will be apparent to

those persons skilled in the art that certain carriers may be more preferable depending
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adm nistration and concentration _of composjtion bei n
drops, suppositories, sprays, liquids and powders. Conventional pharmaceutical carriers,

aqueous, powder or oily bases, thickeners and the like may be necessary or desirable.
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adm ni stered. Pharnmaceutical carriers are known to
those skilled in the art. These nobst typically woul d
wheoostianemrd carriers for admnistrati on of drRQEUSI08/058045
humans, i ncl udi ng solutlons such as sterile water,
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TR R R

sulsi@itibd QA paBidy? FARicd FustH eSS, tRE ﬁmerdp’éﬁﬂldlé‘ﬂdi}ﬂ)sﬁiﬂnh BEthe
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ased on Ringer's dextrose), .and the |ike
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or olly bases, thickeners and the ke n;%a
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ni s t Qon . ncl . ra
re 080 BRbB Y i G tieTiol o kS Giea BT R NEEY infsgtion. To increase
thé Bt éhta e R TN AP infEAON b ductiOn, thaldakS canfiRbiek®N6 tife most effective
level that remains non-toxic to the subject.
As used throughout, “subject” refers to an individual. Preferably, the subject is a

mammal such as a non-human mammal or a primate, and, more preferably, a human.

“Subjects” can include domesticated animals (such as cats, dogs, etc.), livestock (e.g.,
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flavorings, diluents, emulsifiers, dispersing aids or
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subject” refers to an individual. Preferably, e
when . eotssé wasgrosyminlthsahsbngor presoncemfivbiamirentineg. 1) (Joning and

rimate d re preferabl a hunman. " Subjects: c
sedeniTnb G B ReLiT bt R e ettt e s 2R EESthaliflched
thefdeGudnce lof HRSIAEHKid BNG,, akd@bt dtRer J8QUicHESs thR 36 corisibda with the

oats, etc.), laboratory animals (e.g., nouse, rabbit,
Rl\%&splicgd@g preducts depicted in Fig. 1. The results confirm that thiamine causes
alternative splicing of the NMT1 and THI4 precursor mRNAs, and causes an increase in
splicing of the NCU01977.1 precursor mRNA. Thiamine does not affect splicing of an

RNA that does not carry the TPP riboswitch (Figure 7).
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pig, etc.) and fish. A "fungal infection" is defined
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Although the extended portion of P3 is disrupted in M5, this change occurs outside the
TPP-binding core of the aptamer and has little effect on gene control. In addition, the
majority of the extended P3 stem can be deleted (M 10, analogous to 115 NMT1 RNA in
Figure 8) without complete loss of function. Mutations in M1 cause a dramatic decrease

of LUC activity and the typical mRNA products are not detected (Fig. 2¢), indicating that
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expression.
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The data is consistent with a mechanism for TPP riboswitch-mediated splicing

regulation wherein metabolite binding alters the availability of alternative splice site and
branch site components of the intron (Fig. 4c). When TPP concentration is low, the newly
transcribed mRNA adopts a structure that occludes the second 5” splice site, while leaving

the branch site available for splicing. Pre-mRNA splicing from the first 5" splice site
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methods as described in Supplementary Information. All splicing products were

confirmed by cloning and sequencing.
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natural P3a stem. These two fragments were used as a template in a subsequent PCR with
the outer primers DNAS5 and DNAG6. The resulting fragment was digested with EcoRI and
Xbal and cloned into pLUC. Preparation of the [-2R and I-3R constructs and variants of
NMT1 was achieved by RT-PCR amplification of these two alternatively spliced products
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Strains, plasmds and nedia. N crassa 87-74 (bd; frqg+

a; his-3) (Froehlich et al. (2003)) was used as a host
wa@reaitm2eor transformati on. The plasm d pLLO7 ¥&I/n81098/058045

provided by the |aboratory of J.C. Dunlap) (Mhra et

with é)‘rm(e%g) BRIA5 athRR6CRAL 4 fe@ﬁtlﬁg porgitbudidetle@laRa abd Hakated as

ter gene, was used for Feporter gene
desﬁ:ﬁbsdnhmfbj on. The start codon for the LUC reporter
gene in pLLO7 was renpved by Qi kChange (Stratagene)
si t §odien@ate@dNOUD BIENES| Bgioa-1dbE adportehspina§ig. d3)pRI408.

R T ST
amg/glﬁlgd?n 8 é%@%&?@% AN, &ARBRith lﬁi’ﬁ%er@ﬂﬁg‘%f 11 8 ]jN@@ and cloned

_ using priners
int@ MebR I/Keall sikiof plagiestiewaibed bgest Eae midght)MSfeqll qmgtructs was

EcoRI__and inserted i CORI_sit
conmpensomed MUK FeForagtocs isTedhey R Center a
Ya%eﬁﬂfv@& PR 14 HifMnsRek, (hounsahl Qi &&hw@%@@wm (NMTI or

source’Center at Yale University). E. coli Top 10
N0 1957 (1)) mab fused énjrame mathitbe B U srepotteysequines-ng
mani pul ati on of plasm ds. Cloning of the 5 UIR of the

NMT ISt gelaet l(cft@ctﬁﬁslmnused fdregroWNOS M6.6:13ssaveentaiobd %eglugpge, 0.5%
PCR anplification . of

L- @raén%ﬁnﬁai Yoae L PaiSEr e ant 3 s ey Piorhy ST Befn leed for v
res I T %Slf&ﬁﬁqg§ﬁame&m )@V‘o%@"sﬁn%@l A8 uANAG, sudftBe and 1.5%

type ( was first cloned
agars Meglivan T€id@oi gelertion |oﬁg1 massa(trmnefoum@:ge ayntainpd 1 KNfpgel’s

fragneng ree d f JNECLOr b
ml%%ﬂq nﬂeélé‘f 28 g[y @E)S s ‘bﬁucé?% oneﬁ rgh.@géje For
hofHAR lﬁrgfl i liRiodl §.8X Wesfékéd@rd Epledpanedntdihiap 10§ IANevas used.
apta r nutants M through M@ and the splice site

o n ; tc?‘ﬁ%@ &WW&%nﬂﬁd &P UE A€ T8l sPortRBoR 8F NOERERM was

contal ning  TOPO vetctor (see primer
cohdhﬁ:ﬁéd ushig electmpofatiomaf froshlp suspendedenassoconisija Hpxeviously

e (Saar 0DE LB &w &lrg%?orﬁnﬁél%?ﬁ} TaREh dethrarget
geﬁgk’v%g b&?ﬁ&%&%@ﬂ%lﬂﬂl%é@ spMﬂzl Dﬁﬁ%’f‘erﬁﬁﬂﬂn eh@ﬂhd ]DN‘AWO

ragnents wi'th prinmers and
Hatholchnydthvestming rw@a@pphgedra@gnmom @qse@qu@hb@lﬁ & ﬁéChS (1990))
natural P3a stem These two fragments were used as a

t enmil:aiferdsaraposrabgeguastys. FMRce/hat frorh ANe cmss%ﬁrarpfqrm@d gvith LUC

re%\rfmqg c%%wp%m%e ;rgg%terdgwd% agg% r{)gg)é%?y g? elﬁl X i?llss&lﬁ: was
gr&fmdtlja %ﬁgﬁ%ﬁ Aﬁe?’ Bd&lﬁﬁﬁ bF UGH f1 BIRUPASGKE @2§1§ BaffeNWtbmega),

was ac anplflcatlono ese two

thalsdmpslasmewevhgore]mly m:gbdmnddmtmton iggr forr8P snimiplipvegslby

T R R e
re§B8h P8 rpetlatne AR e fudsicRBe (AEéag Sylt%)n (Paordh) and a plate-reading

luminometer (Wallac). Luciferase activity was normalized over total protein

concentration of the extract as determined by Bradford Protein Assay (BioRad) and
finally expressed relative to a reference construct. Luciferase background activity
(untransformed N. crassa) was 0.05% relative to the wild-type NMT1 construct in cells

grown without added thiamine.
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nucl eoti de fragnment starting 94 nucl eoti des upstream

of the predicted start codon was anplified from
w@emwsi@2@NA of N. crassa with priners DNA4Ll apci/Ddadf058045

and cloned into EcoRI/ Xbal sites of pLUC as descri bed

aboyey ., dNe i tisak: L )60 fnefhde HONSLEMBHIRIBCIEODIsBR G otal
% l'{ | ogy

by sequenci ng ck Foundat 1 on Bi ot ech
RNRewas 'rsobte(deﬁum lm}a;t:ha(aﬁleg DRil20d®diS rgpgent (Ingittogen) according to the

co stru;:t i.ngl, start codon a e ' F
[P Rischiity S e il RN ates R B T Nere !
(Prﬁﬁﬁgi)tf@f 3G R SIRC, @ﬁﬁ%&@g&bﬁ%d@y@%r%%@%ﬁ&f with a polyT
of N. crassa contai ned 2% glucose

pnmeafogulriumeﬂmsvm@%mpessmmﬂvﬂaﬂl Reediehtanseript&o (hmtmgen)

secpifih Pup St b TS o et R Redb i Spptsicaton

prody€tk @siginafifl foRéoABMinathadi b etatlc DNA S8he6l eddtionb ubing
crassa transformants contai ned | X Vogel's m ni nal

RNfenienaations bedere R Dyete-pesforpedand sl e reysise arigher spanning
an %00 5&&%%9%%% theg?od%%@oé?ﬁ YAy %ol ation, 0.1 X

Y er gaar ai ni ng 1% | AA was used. N.

T R BiREE T or R < ugal FEER S TRRE T e aivision of

theSR&¥SEq amwa@é (R & 14 rﬁ@mxummn@ﬁ@%vmw gk MearcBss with
previously described (Davis (2000), Loros. & Dunlap

mapugbiqurated peed (eOTBYY ahgrme@tq adented fronhlknaver GRP n@e%ltq}oas

el .
rnf Sl Rt P RS BTN o] BB
sofpr e patiely (vdeser 0.68d (Ebbol e & Sachs (1990)).

Luci f erase_reporter gene assays. I\/ycel ia fromN
cr adexeripahatigoNBahISHECR srauersss Mees belpmEscpyred thefigal results

we eségrﬂ;a?é%i @Y% it bE T h%gsv?ll e@@&ﬁm@gdqﬂf'&?l% att gghdgﬂlgtl&j comparative

e was ground ne po r addition o
gerikiﬁﬁic:ntnalyélanfaBuadeylsuaBolBuge‘nes Thiry appegeh suddessfelgyniestified

usly m xed and i at ed nlcefo 30.mn
every i awgc?b@a@éﬁtbm RIGHIOUSRY fp WFP ipgnigrobipl sRecigs. ffeadéétpngTPP
ribbdéitdnBE A36ciAel Withios Mes §§ﬁqur§£@ﬁgs Sfﬁla&gﬁtowﬁﬂl‘gi Wei
supernatant using the Luciferase Assay System

idepffiedr@iga)S)and a pl at e-readi ng | um noneter (Wallac).

conCeER AT Bt e e PR Bt Ben Ehl indih o B SaptyPaeh are

knGWREDNndSINAY ir B8 A netdelifrh NBdskd of MR £5i516 dcid8b@ldn¥&of their
to a reference construct. Luciferase background

respeative (QREs tintas alﬁgff@mnf’eféiatr\lm@rpaes@@)slmh@ra%%@ctag@w inethis list
areglg)g%gc? §50 tJ tﬁaltn},r% nghc cr)]fge Ufﬁe ’er g&g&%{s%&wm%g al%n

I am ne. ver e ran Cri nerase C

mok8Rtdehfdnl (dihref CRdactdrRil 168610 giambh Bl%nmnu with &iretlonal
fromnnycelia using TRl zol (r) LS reagent (lnvitrogen)

congepghon dtpweyer ke fragel HdR %nt@persreﬂqeﬁe@&tw(% havegwg dagtinct

o iy PP 480 AR B PRSE G 1, DRSS s
cubaeteeirbeptasanstoves ptit 8 mownddassarypfolr TPP binding by the aptamer. The
second is the considerable heterogeneity in the length of the P3 stem in filamentous fungi,
which ranges from 4 to 83 base pairs. The locations of the three TPP riboswitches in N.

crassa are depicted in Figure 6.
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primer for 1 hr at 42C using SuperScriptTMI1l Reverse
Transcriptase (lnvitrogen) according to the

worsfiaeeurer' s directions. To excl ude the posBCDUB1008/058045
of anplification products originating from

C Onm InBeideld o918 PR EaPNANIERR ITNQAS %ﬁ?ﬂdr&ﬁéed from the
usi ng preparati ons before RT were perforned and,

HHMF KhMrFqumah@vBros@hp@lng Respaeai engeraan Y@i@ﬁdmermﬁy TFP,

border .in the codi reqi . ed. B

iR crod it ieondrRga DR AR pEREE poRBREs BRbSR Aldricn
[-UPYABP Qs Blirchited RehSAehefdhab@RembdLr si on 13) was
exam ned using covariance nodel searches with manually

cur &t Wtrodeedcraripre ROGA emmdateewers paedised By PEnmplifigation from
el e PSS FlL B BB o AR b o e

co@akiaTBe (84RESIeANC KabalidedTtd tNetehipyaté KtedndKri@¥dtiption start site to
ri boswi tch sequences were_ bei ng recovered, the final

profn@@g pf@%r@t@@ fgBscE@ton, thug producing RNPstha sauy GG aktheir 5°

an yS| S B{U?ﬁﬁg%@ﬁgﬁﬁ gﬁgng gg%?g@ﬁﬁﬁog, 3 ggrgﬁlgg@ﬁdccordmg

to the eea fHctitrérys dicketibnd. ROUA ewere\puritibd bwidewdturintol yaecdylmegte gel

previ ousl found n, gn' ropial species. Jn additjon,
elegtEpphorg5t5sii 53 Floeled bl Biamots b grsthagathan 2001)

S pe%—gﬁ %{Ob];’ﬁj WOQ%WE% K N[ Belcd RMAS Wed 1ﬁgib9ted%} 23°C

Sever sw t ch-associ at ed genes identif
fori40 Hoursgin SOymMHT ss-HOD (A8 26°Rn2dmN Vel iand cbOQ/mM lKrCl in the

t hi am n th d
PSP REAPSePER oLk SRATERRL. P AR A B Tur ER R D pgpturing
10%@%{@9 Uﬁleah'é&PbﬁPH&stpﬁéﬂﬁﬁ erQ@EeHedlﬂhcir@) Snd hﬁintﬂfe& using
honol ogs of thiam ne netabol |c€£rote| ns. The T

ImwﬁQamst @fﬂmen &Kni valgagrigsire determiped by plottngithe aomna_hZ% Epetion of

RO RERY o AR e rsP AP B e s for n-tne
prodigErErD7NEATe 2001 25 NMFT1 Bavdpict idiRdire Stand Fidues Qrtﬁe&:sults
The first is the consi stent absence of P3a stem whi ch

fori 261 NWdH mm@epgﬂt@t@rﬁl& W adhe respitsior 2pNdbenara derigted in Fig.
1 I%ﬁeﬁlaﬂ% sggzﬁﬁﬁé th}ilafr o thI }g%ngé %ga{nggecp% th@?g/’aaWnstruct 18

e Secon consi dera rogenei
obdegvigtih ottfer filizaPBPB tiboswirchks loaned ﬁmNM TIunBNAsWRi g: b2).

ranges from4 to 83 hase pairs, cati th
thr gainspp! f’f”%’%ﬂ; @ﬁ@g Nng’NSS"cff7 aﬁéaaefgf < dfvwesed asa
ho Hﬁﬁfoﬁr%rﬂhﬁ&? tﬁgﬂ@‘?‘ @Fr%@lﬂ&@hcz@bﬁ ), whiEH OflidsC

were purc ase HHM™ Keck Foundat i on
fir@lyolueiddrasd (AGIC) Reswier genec:was aseddbr M@bﬂeltgunv eomtltuytloﬂ Ae start

Coﬁémﬂﬁﬁ’éﬁégg@b% %%%%?é AIW& re(m Ve é,}-_ljjgé‘ gﬁ}é t?atagene) site
dlrwé&ﬂﬁ&%enés[sqmoﬁﬁm ﬁllawsi%ﬁ@wﬁm a. | n vitro

transcription. enpl ates were produced by PCR
anpllhe proadtemfof t}m’neta-tubuhn gene in N. crassa ranging from positions 1 to

355 (accession number M13630) was amplified from genomic DNA by PCR using
primers DNA3 and DNA4. The amplified DNA fragment was digested with Mfel and
EcoRI and inserted into the EcoRI site of pLL09 to obtain pLUC. The sequence of pLUC
was confirmed by sequencing (HHMI Keck Foundation Biotechnology Resource Center
at Yale University). E. coli Top 10 cells (Invitrogen) were used as a host during

manipulation of plasmids.
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genom ¢ DNA of N. crassa using priners designed to

introduce a T7 pronoter into the construct. The
wG@e@seneeo CC was added to the tenplate strand PCT/US2008/058045

transcription start site to pronote efficient in vitro

tr agt%ﬁ@eirﬁ §ilg 01 mddids ﬁé@%\?\g&ﬁh RNAS ci et cidihdd % dcose, 0.5%
therr term nus. RNAs re prepared using a R boMax
L-afigimins ck Xpfagstis Kiitin{aPredaga )and $6 agtnngotin Sohd medium used for N.
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craghp ] HETSSEYSENS b JReem B Ba RERHG S L PR 5%
agd W edum3AEa fRele86oRSt Mes64sh s BREMItOHSItMned 1X Vogel’s

(Seet haranman 2001). In-line probing of RNA constructs.

mifSmaBaRdiuat 8leazaRNAs Lvwerkose it OFatingtase and G 0p Yy gluespdinrs

in 50 mM Tr.is- H 8.3 .at 25C), 20. M and. 1Q0
homRkaRe™ PrlenE 0ok Sot R R Sadiih csroinbes M8 Tad PRtwtd
(Wgt%g@fgqmypducts wer e separated by denaturing 10%

PAGE, visualized by Phosphorl mager (CGE Heal t hcare),
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coRi e ISh BRSPS B DB by

deseABERMval 1000; U6 19T 6/ 4hasybs s fsertionroflthdtarget phienvgasoferified

197 NMIl and 115 NMIl are depicted in Figure 8 and
by PCRuwih gisert precifiosprirpers figm gapnNg/ PN Ay oraekaryqtictiapms were

isoELitegl: asjlo%v‘ﬁi‘%%p; ﬁ‘e%cfil?e?i“(ll%ﬁolfquQ@)?s NMTI are depicted in

ernative base pairing simlar to that
bei ognaxanbneds i UTRrep#%3 gt blagmidst Cloaingicd thebs d VR of the

Gy e RSRSaESEr Pk e OOP 7

bp %ngl%ént((Pg%lflﬁlﬁ Witk the Bhrtddd {inddBSHS&EH 8i%e) FrdhP 8énomic DNA of
strain tor t r%nsf ormation. The plasm d pLLO7

N. ¢fessyetith pHm2B0ANASwenid N A6r Thegssudting wafiitypd (YT RCBIENA was

LUC) . repor , d.f
frst G1o0bd Bibg BTOPHLSAGIAMEE KT BRitant AR M, Bifens as released
froBPMRE vEQoPh-BloRIaS d PP B Hici¥n Ghiiyinid\@B&tioh 2hd aloase el
site directed nutagenesis to obtain the plasm d pLLO09.

appFbprighe eitestod LIS t he beta-tubulin gene in N crassa

ing_ f it 1 3 i
08P Sk SR e s SR BARAP AR AIPAL Ao mutans
M I thigRigE MONAP CROGhufabiéibsis AR F%@ﬁmhhéd SUthONKT TN /g restitainasg TOPO

digested with Mel and Eco and inserted into the
veqtersee mimer list). Hflepoonfsmstiomphimgiagenesisthy RNASARAICHR, cach

: ) ( :
m BRSPS M SIS R S50 Epagan e s
delgﬁd)ﬂ chQﬁudtQM:llé)b Na17 W?tsi zh}ipi@iaad) inWweo éragmgts lamsit}qarims's
uring nmani pul ation _of plasn ds. St andar lgqui d medi um
DNAYIN A BIA2BINES R adich ey esseign deiste much o the
<RROIrh |y &e D 238 bl -

vl Yk 50T LAy MRl 5 Lo A0y i
the(sitamtris)erc DA areldD WA 6VBhetesslting filagmentmeas diggste@with £coRI and

o R et T e BB PR AR S5O Rlrbso
NMTI was achieved by RT-PCR amplification of these two alternatively spliced products
with primers DNAS and DNAG6. The resulting PCR products were cloned and mutated as
described above.

To generate a NCU01977.1 5 region-LUC reporter fusion (Fig. 12), a 478

nucleotide fragment starting 94 nucleotides upstream of the predicted start codon was
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m ni mal medi um 2% agar, 2% L-sorbose, 0.05% fructose
and 0. 05% gl ucose. For honokaryon isolation, 0.1 X
woesBaigaar d' s medi um contai ni ng 1% | AA was UusBCI/US2008/058045
(Westergaard 1947). N. crassa transformati ons and
am@ﬁﬁ@& k6 Oﬁe’ﬁ%ﬁYéDNK ST QLB pRherDINARS &1 HRA42 and cloned
onducted using el ectroporation of freshly suspended
intordico RUFhiIdhitas aﬁplpiﬂ@\as desstipedigwoei Bedinfepaty of AD@Dstructs was

r 1991; Van sertlo he target gene
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cont ai ni ng "TOPO vector (see pri
coﬂldestr)tionﬂcfﬁthe extonef asrdﬂednmmaddfy Bnaﬂﬁagé Restein Aks}a)DI‘BioRad) and
guenci (9 1each mut NMT | g]g vv%s cl on '.n.%o
fing HRPIEEFE RS 1R f IYP ‘l‘?}&ce %Ptr%‘it H“iﬁ%’f clivity
(ufih8botAsd FOAGLIN Gas 0M56) reMit ¥R vty E']\@@lT ] BordsWict in cells
fragnments with prinmers DNA5/ DNA25 and DNA6, in

grQanttholtt@ddﬁ:ﬁbthlaapm ng regi on del etes nuch of the

CenfeRre i s cqnbme e ar ool BTacRER g Tow
RN?NQQS aathtdINNSm nl; jbb@hﬁ asiHE TR IR BNt ‘(‘Eﬁltﬂdg@ﬁﬁdo@é‘rdmg to the

with EcoRl and and cloned into pLUC. Preparation
magffachger]s girrctorp. b 4BRItfALRNACY s tmépdmth BMase Gec Rivpse 1

C
iRl Sy B R R R s DB o po
pn%ﬁ)r ﬂi’ﬁreat 4@‘1{11{151111@ SufRERript DU R s eive ﬂ@alfsbﬂpted: @mdtrogen)
nmut at ed as descri bed above. To generate a

aceordipg &9 s manefacBer ¢ directigas. &9 e(xp_‘uge thepossibilify gt amphtl cation
prdgf#@és%?l"ghﬁﬁg% h3E &Rt ansihAidd Weh 94 s arr‘p B ,e%)‘ﬁ ol RAL AR Wing

cted start codon rom genom c
RI\DNArapﬁraNonxzbezfmd{"D\mbfe Erfoneed ano\ASIN A, DidkdiBe aricher spanning

cl oned |nt sites of descr.i bed
o SR SROT ST D GO0 eg RGN Mo et P GREISKises odicted
frofY cISRAURR Gﬂaﬂﬂ b(yl'ftMVn}ﬁedCﬂ%lfp pRARE ibabtuBhOiReBNR B8 fic primers

Resour ce Cent er
for RT gave identical results Also using a reverse primer for RT-PCR that bound to a

downstream exon of the coding region of NMT/ did not result in any difference (data not
shown). This indicates that all transcript forms are polyadenylated and splicing of introns
downstream of the riboswitch containing intron is not affected. For sequence
identification all amplification products were cloned and confirmed by sequencing several
independent clones. Moreover a general effect on splicing control by the addition of

thiamine to the growth medium (Fig. 7) was not observed. In addition, RT-PCR was used
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Yale University). In all constructs, the original
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analysis of NCU01977.1 mRNAs (Fig. 1b) shows that the ratio of spliced relative to
unspliced mRNAs increases when thiamine is present, revealing that its TPP riboswitch

functions as a genetic ‘ON’ switch that increases splicing and gene expression upon
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Unless defined otherwise, all technical and scientific terms used herein have the

same meanings as commonly understood by one of skill in the art to which the disclosed
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operably linked to a coding region, wherein the
adqnjingo gfl geINiRESRSAEERRY S @?qfrg %@l- {hel-RNRO0her ei n t he
ri boswitch and codi ng region are heterol ogous. 2. The
construct of claim11, wherein the regul ates
MattirgeRIK V& Beodyc RnT. StuctiefclonShdermtylafetidbaineniboswitch,
wherein the ribosw tch conprises an tamer domain and
regiitery RN dempttab Feraft o1 | (HE080h the apt amer
domai n and the expression platformdomain are
het er ol ogous. 4. The construct of any of clainms 1-3,
Thodee8 g LaibuhdguBNA. BuBarh&. Struotprs sfebe awkarynticdhiamikeepyaophosphate

.t he expression platfor omai [ .C i ses
ribGIsTERS Yorenlers ieanl seane 12 ey 2 Fo808. e
construct of any of clainms 1-4, wherein the RNA

further conprises an intron, wherein the expression )
Serganey, ¢x.nP domskiia, Aombein.sesT.aBepgkércB. RuddtatdnDdt Stawrterabbasis

of the intron. 6. The construct of.claima4 or
forggeap Eqe Pk Do Bmin RAEORRPES s fisie et eB e 44 hio™
11Yhgookhoswi tch is activated. 7. The construct of claim

4 or 5, wherein the alternative splice junction is

active when the riboswitch is not activated. 8. The

const t , | @i - j g Ao
BdREL T BB Ao f SOl G SAC P b RSl
bo@id 1ol thiafik pytbsiospiaté Atalddsirggal adaptiec RINA-small Ridldlle

The, construct of any of clainms 1-9, wherein the

recoRRHen Aeueiyre 14, E- 1408 (g v e

Sudarsan N., Barrick J. E. & Breaker R. R. Metabolite-binding RNA domains are present
in the genes of eukaryotes. RNA 9, 644-647 (2003).
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ri boswitch. 11. The construct of any of clains 1-10,

wherein the riboswitch activates alternative splicing.
wda2e8The2const ruct of any of clains 1-10, wher BCTUS1008/058045

ri boswitch represses alternative splicing. 13. The

construct of any of claingrAjdls Wherein RNA has a

branched structure. 14. The construct of any of clains
Weleldi®y: wherein the RNA is pre-nRNA. 15. The construct

of any of clains 3-13, wherein the region of the

aptanmer domain with splicing control is located in the

1. RAreanidiabR gehe@kpré&ionldtRsedsbmpasing®f cl ai m 15, wherein
the region of the aptanmer domain with splicing contro

i s ahgdeicaeishmolepie prending: amRNATempsisingta ikaswaieh eperpbhy

. A5 or 1 wherein the region. h r | .
inkgt e RGO Romea o PR st PP SF gy heren
the%_sﬁﬁ@@hﬁdlé‘ddi@regﬁ)ﬁ 284 h&tbrdlogpus- 17, wherein the

splice sites are located at positions between -6 to

-24 relative to the 5 end of the aptaner domain. 19.

2. J0F SRR A | el o E B TRe e MR o P 1o

regul ating splicing of RNA conprising introducing into
the RNA a construct_caonprising a riposw tch, wherei .
3. ke consyystphidam Lok eisren gie ‘mltaﬁ FPRYPESSS AR ARG™MGF domain

an%)gpl'essi g:lﬁ%%ngin Gl dTh 28 ap\ﬁﬁﬁér%oﬂla'irh;@nd' thb Qggi‘lfe!zs%h

conprises an aptamer domain and an expression pl or m
platformidomaihare deterdlégouapt anmer dormai n and the expression

pl at f orm domai n are heterol ogous. 22. The net hod of

claim?20 or 21, wherein the riboswitch is in an intron

4. Ghe ORI ef F-of TRENFTEBNAMeRin MBRMA ferkiRl B8mpHsed An intron,

wherein the riboswitch is activated by a trigger .
whersirethglegpression Hatfome domainspmprigesmampdternghiae spliretpection in the
.ttrigger nol ecule is TPP. 25. The nethod of any of
050 ms 20- 24, wherein the riboswitch is a
TPP-responsive riboswi tch. 26. The nmethod of any of
clains 20-25, wherein the riboswitch activates

5. dihe epmrauict el anylaf elairgs 127 wheeen the RN festhes somprises |agiipgon,
wh%%n? él’e e%%@ﬁbrppfaﬁgnﬁ h@&%ﬂ’{' ctoﬁﬂ)rirsgsog ﬁzﬁﬁg ?urﬂi&r? b dn¥i%f the

intron.

6. The construct of claim 4 or 5, wherein the alternative splice junction is active when the

riboswitch is activated.

7. The construct of claim 4 or 5, wherein the alternative splice junction is active when the

riboswitch is not activated.

8. The construct of any of claims 1-7, wherein the riboswitch is activated by a trigger

molecule.

9. The construct of claim 8, wherein the trigger molecule is TPP.
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splicing. 28. The nmethod of any of clains 20-27,

wherein said splicing does not occur naturally. 29.
wabh@sire2bod of any of clains 21-28, wherein theCT/E§10081058045

of the aptamer domain with splicing control is |ocated

10. 'Thel BRANRt oBkhy Jfr@alfﬁ@tltm‘iv&felﬁ‘mé Hoswhteh 8 Bdp-2&ponsive

wherein the reglon of the aptaner domain with splicing
ribgomitahol is located in stem P2. 31. The nethod of any
of clains 21-30, wherein the splice sites are |ocated
at positions between -6 to -24 relative to the 5 end

11.0fhel do@stARK BRIy SRUIRIR 1 - B2 whEhen fRtrHewREh adtivaRt akérahtive
21- 30, mhereln t he spllce sites foll ow the sequence

spl@ime. i n the aptaner dommin.33. A method of inhibiting
fungal growth, the nethod conprising: (a) identifying
a subject with a fungal infection; (b) adm nistering

12 Thet doastButb b £y Gitiginkacto, Memuﬁtnmﬁwacmwfmmcmtemwe
inhibits a TPP-responS|ve ri boswi tch, thereby

splicg- bi ti ng fungal growth. 34. The method of claim 33,
wherein inhibiting fungal growth conprises a 10% or
nore reduction in fungal biomass.

13. The construct of any of claims 1-12, wherein RNA has a branched structure.

14. The construct of any of claims 1-13, wherein the RNA is pre-mRNA.

15. The construct of any of claims 3-13, wherein the region of the aptamer domain with

splicing control is located in the P4 and PS5 stem.

16. The construct of claim 15, wherein the region of the aptamer domain with splicing

control is also located in loop 5.

17. The construct of claim 15 or 16, wherein the region of the aptamer domain with

splicing control is also located in stem P2.

18. The construct of any of claims 3-17, wherein the splice sites are located at positions

between -6 to -24 relative to the 5” end of the aptamer domain.

19. The construct of any of claims 3-17, wherein the splice sites follow the sequence

GUA.
20. A method for regulating splicing of RNA comprising introducing into the RNA a

construct comprising a riboswitch, wherein the riboswitch is capable of regulating

splicing of RNA.
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21. The method of claim 20, wherein the riboswitch comprises an aptamer domain and
an expression platform domain, wherein the aptamer domain and the expression platform
domain are heterologous.

22. The method of claim 20 or 21, wherein the riboswitch is in an intron of the RNA.

23. The method of any of claims 20-22, wherein the riboswitch is activated by a trigger

molecule.

24. The method of claim 23, wherein the trigger molecule is TPP.

25. The method of any of claims 20-24, wherein the riboswitch is a TPP-responsive

riboswitch.

26. The method of any of claims 20-25, wherein the riboswitch activates alternative

splicing.

27. The method of any of claims 20-25, wherein the riboswitch represses alternative

splicing.

28. The method of any of claims 20-27, wherein said splicing does not occur naturally.

29. The method of any of claims 21-28, wherein the region of the aptamer domain with

splicing control is located in loop 5.

30. The method of any of claims 21-28, wherein the region of the aptamer domain with

splicing control is located in stem P2.

31. The method of any of claims 21-30, wherein the splice sites are located at positions

between -6 to -24 relative to the 5" end of the aptamer domain.

32. The method of any of claims 21-30, wherein the splice sites follow the sequence GUA

in the aptamer domain.
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33. A method of inhibiting fungal growth, the method comprising:
(a) identifying a subject with a fungal infection;
(b) administering to the subject an effective amount of a compound that inhibits a

TPP-responsive riboswitch, thereby inhibiting fungal growth.

34. The method of claim 33, wherein inhibiting fungal growth comprises a 10% or more

reduction in fungal biomass.
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