WD 2012/ 028606PCT/ EP2011/ 064884 USE OF A HSPC117 MOLECULE AS RNA LI GASE The
present invention relates to the field of cell and nol ecul ar biol ogy tools,
in parti cwbanids@blA | i gases, and net hods for us- ing ardTHEPRENASSEHNY an
RNA |igase for analysis and therapeutics. Natural enzymes that |igate RNA
or DNA. generally | oi nuseaonucliercligcueLErole el BvhaveasE a. phosphoryl group
at the 5 position to a second nucleic acid nol ecul e having a hydroxyl group
at the 3' position_ The phosphate on the 5 end is usually provided by ATP
in an energy transferring step. Transfer RNAs (tRNA $) are essenti al

adapt ory H@g@ﬂ% f:0r,dhe &t anslatdon Of: jessenger, RNA 1GMRNA) (il u1ar
proteins imlar to other RNA nol ecul es precursor tRNA transcripts
(pre- t PIAHESULEEted o FedendiVve postiPansdaiitiondle BroCess g hefor e
t hey aried aurfduldfudpdcheiimdizal agircali Jasmcticonsindiny saddiatricon Hea drfee oriermyval
of 5 -l1eader and 3' -trailer sequences, extensive base and sugar
modi fications and tenpl at e-i ndependent addi tion of nucl eotides, sonme tRNAs
have t & nnuex‘g@rm@iesi omedt larwatw éfemngNis eqrence. L yRemovala ofa tRNA
i ntrongdisy acemlished by a spJ 4@% pr op%sRﬁlAtahatqu fefrerg, firam:canoni cal
spli ceosorredependent processi ng' TRNA splicing rat her requires a
speci ali&Z&d et e e ’eib%s“% ﬁ@“lntqr on ha‘(r’YdL 0 SR 69 diNF the exon
hal ves g(dkiig.1dbA) ”fﬁh@fﬂ@ﬂﬁﬁﬂ 087884 A2 descrishessungtihods otva cser ésn Af1ar
smal | argani ¢ mol ecul es | \ﬁeg 1t RNA processing. Pascal et al., Current
Opi nion in Structural Bio ogy T (J;L) ‘(2008): 96-105, relates to differences
in PNA and RNA |igases. Kato et al., Journal of Mol ecular Biology 239 (5)
(2003) -TYQQ%#%”LRI\@&SC«H@QQ c;mést@ad estmtaqt wrﬁy&fmaw%\l,nga;sakﬁf rHer mus
t her nophi | u al ., \(mgo 966- 975 perfornmed a
St r Ut T 00 Endly e B JRRS (TR, PYGES 6 R et L= PROTEI NS 63
(4) (Zaﬁﬁ)m Iﬂ\ﬂ?g-mblzzL_QI{)VIKd@Cal_(H’QﬂiSt&q\MStU“M‘Im&m,fQ a RtecB Fhior)| awous
protein, br éﬁ{ qQcoceus. horjkashid., a2 VA Gycl ase. . Al thaugh the presence of
introns in genes seems to be comon to all démains of qite, evolution
of the SHY c3|~ﬁg %‘Pacﬁﬂﬂeﬂy s tapparentiap divérgedat- the 3I¢i~ga¥t+éh Step. Two
mej or ldrgatdednn v M0 2012/-028606PCGH EP20L1/ 064884 il rrecpat meta)é& Jaxe been
descrl ed Whl ch can be a jETtrl byt.ed to djstinct Ki ngdorr§ o{ (Abel son et
al ., ) Fiidal " %hd ‘Picant” 1%ades dsd e Eemo FHgAS 5n "?‘?ecﬁaﬁ) sm
cat al yZBd rby&cﬂglc@ nulsilrfcurm?t\iﬁcmaia woltypeptdedes tehxati sarcer hdneirogous:1t-o
bacteri, gph aJ [ g[as@\ 1 Thi gF&at huay, Jequis es. e actlon of cyclic
phospho esterase an nuc eotl e ki nase actlvitles to pr epar e the exon
t er m niSHoC S SERFERS "g“ét i LA & Cohsequercea §W@%ﬁ@éf%@s phosphat e
ori gi natddig: cfrfrﬁmpa JAG @.OSJ de trrmpshosgm; e);( Nidtinodanamdrs dadrganper at ed into
the mature .t RNA ( % v epper branch. ). .ln.contrast,, the ani mal_and
archaeﬁﬁct‘ércd ﬁ aé? s“r?’a 154t EYRNATE ohs by diTedt1Y § oi NG tiHve
- gyl ciphesptatre lard SihydrigXyl (5'-OH) termini left after the

endonucl ease reaction (Laski et al., 1983). This | dgase reaction (Fi g.. 1A
I ower branch) is dependent on 2',3'-cycli c-phosphate t erm nat ed : (RNA>p)
and resl% $'G i GHc/Srpordt i%on G THE ST AEHSEIS. dér IERS? DL Syl or-
(phoisphatseuimtr@)djduﬁ&% i1Gerdiunct iien mg prrathw&adﬁl\d@ ag: aam’élf %t phasphadi-est er

Filipow. cz a\nﬂS\at in,, 1983 1.0G ca ects Qi t, S RNA>p
l'i gase Teactiton ave been el u‘crlfdlat ed \Ag\r;}er“ de‘s/gll 538 many EJ:L)chpem cal,
bi oi nf dratets ¢ ahd fgeretdics dafff otitds am;o B tlablss<RNA Hetgase Rds beemr -

i dentifi.ed s nge dhe . @CIRM,S_pHK/CIzl’lQ} fat hways 3 was; d-nidii-al I%gqqstﬁg ated. It
is therefore a goal of the present invention to provide an RNA liaase that

is at |€ast-2al O é’épaﬁ” e Bf ity 12,939 GfcliNe PGS pRatd F8Y nidfat EGTNA as
substrat:ea( RNAzp: lidgase") (2 0Th)s: goad- 975 a@nwedzcbya tshesithjrect matter of
t he cl JIB. p,a\rtlcular,t e resent |nvet| I@testotﬁ se. of a
HSPC117 ol ecrﬁ & as 'RNA 19 aars}e as Z%E{RD I"ecil’ gr BI' jI(omgy 't Gol” ande} e

t her apeut i &s. HSPCL1:7 has’ bder s airenckd i exqy.s tGenFarrk ACCNOE NP RIB5121 or
CAR33456)nc :andidiecated At cirpmsame 220 i 28 o e220R2& ). HSRELLY is the
human honol og of the bacterial/archaeal RtcB gene famly characterised by a
hi ghly conserved domai n of unknown function. (UPF0027) and a uni que

prot ei 1 tfraludih WPEOQZA prrateeiats ifrarmara clrustrerd ofererd hﬁicmgnu“s; genesmn-
(KOG3833),, Wit h . ;no ge[t G;Lctoablie FERr esent-ati \{§§ Ai.n Lhe %@lr%r fungal, | Yrrpdel

or gani Sis. This ‘phyl'etic distribution is rem niscent. of the

excl usihis @W@ﬁc@ ot "RNASYS! |4igdse ach{qd\ilJ{\ 1 'on Sdni rfelSs Tand rarlcliEda.on
HSPC117 is also referred herein as HSPCl117/ C220RF28 or WO

2012/ 028606PCT/ EP2011/ 064884 - 3 - RtcB/ HSPC117. As used herein the
expressi on "HSPC117 nol ecul e" refers to any honol ogous or orthol ogous

rml ecule in this cluster whi ch has now been identified to catal yze an RNA
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The inventive HSPCl117 nol ecul e may be of anyone of SE- 1D NO 1, SEO ID NO
2, SEQIDNGC 3, SEQ IDNO 4, SEQID NO 5, SEQ ID NG 6, SEQID NG 7,
SEQ | D NOwo291288€30bD NO. 9, SE I D NO 10, SEQ I D NO 11PCThP261a6HSREeS
provi de exanpl e HSPC117 nol ecul es of H., sapiens, M nusculus, X |eavis,

S. pur puratus, D.nel ahogaster, C. el eganf C.reinhardtii, Mel annaschi ', ,

P. hori koshi i ,WT ther mophi | ar, li, respectively., Fur her 4SPCL17
sequené)ezL or seduence Sarlgn psL‘eirné |%s01 oséd: %’( %EC) DN 127 %0 23,
provi dimgdfdprtshert nudieei @radisbramd: ari-no ladid sé“d[u:ericesrciﬂr @m*hm@api ens,
C. el egangjed LIJSOIDnh'J&Imwnllapfteﬂdrpm&%\é'rﬂ%m muse B Jum@d Rventive
HSPC117 ol ecul e may be oh- WO 2012/ 028606PCT/ EP2011/ 064884 - - tanmed
from arly' o 4thexe %ﬁﬁdﬁi%ﬁﬁl*Ic préferiiéd Nebodiarent &4 h@citﬁ\}‘enﬂ A\PEHSPC117
nol ecult® irgizofl msanrrralrrrm ar=chaes; denpjardd clearacofi o memelclisuch as a

pri mat | n, rode,nt par tj.cul ar use .or, rat, The

i nvent :%ve E{if%ﬁ%?‘ffﬁ)%g%ul e mfy be urtcﬁ e d‘Td”e’d q}% one: or mor e am no
aci d sulssts tidts erraor tdelretriion.o Fu’rltlhe?krrﬁtfe Itigg tipventisve HSPCEDRafsicecul e
nmay be gxpresged.as Paldorft & FHUsi ot prptaidh aqndttrm)éo%ortw ise Jrwd-her

addi ti onal am no acjds or, _pol y-pe t| de seq uenc%de articular_ pref erred
the i nvehti% e " HSBCL 7 On‘ol*ebcu‘I & WL & 1 $equende Sfe Mt Sof-aY | ast:

50% 55%p<60%r66%) .70% 5% 80% tﬂﬁ%drﬁ(a%o ro.l'ﬁ}t dredste f%%dto aany cﬂm of

"D N0 "6 SEGTB NG 7 SEE 1B NGB SEQ TG, 9 SE0 1 bNG 107 RES 1D

NO 11 M@E@ 1D NS’ “JE‘&’JVSEQA U“I\'Iogmlﬁ SE@4 DﬁﬁG ulf'ff‘“ SEQH YN@“‘JPQO"SEQ | D
NO. 21,5 s%E A« NC?mZ&LJn ipreef err ed ereodi mentss | thﬁmseqlé%nea drdentiity is
related to SE-, 1D NO 1. Seguence |dent|t|es,, are usually calcul ated_over
[ he vihots Ieigih HalieHods GRTSESAT NG 4 REG A OB reR00 b e 3, SEQ
| D NO %t eSEQHD NOAS;) SEQ IR NQt$,i SEQAD NG t7,0rSEQ nmarxrcpws&ur%fw D
NO 9, . L0, J DN L Qd 3,f SEQ.| D SEQ 1D
NO 17, %SQGEDNEO 1§f$§8 I'D NO%f E\ [P lgo Jj A Of(a cboJrque éﬁc
HSPCL17 WSl édtilfe afard arft: TaistoAs swthé?tRNA \Ilrlgds)ev“ééﬁ ATy SAs et oned
above asyxpn be.easidandetenm:-ned. ’Q}A strand;ar«d FASSAY S iaS showd din drhe
exanpl e sectlon her ei.n In partlcu ar i.nmportanc |s that the HSPC117

mol eculd it al s Catdl yi cal 1 ipor eefﬁ't" Fedifdued SUGH '4€ ey st'éie 122
of SEQADMNOLck Nar m:nts m‘ e rdinventd \ﬁe«uﬁsmrlmmleemses heprse b@:gt
descr beddit 8 20040204352 Mo esnect ald ya FEQY DO, 45,1 116089,
71, 72, 73, 74 5, 76, 77, 78 thereof) |ncorporated herein by reference
as SEQA%W@ 12 to 23, and can be used for the inventive purposes. In the
case of amno acid substitution, in preferred enbodi nents at | east 50% at
| east 60% atHJ eastO 70% at I eafstHBO% at i eastm%()% or at | I east 95% of the
subst i tt i'ohs Tare “Cors ér ved ‘ami nd Hcitd st it Ut ons’ nse
subst i U4 gnsyeace thitatiisons: widtshitn sdr camiegelde i greoup 2Am rrd -acicds car e

usual |y, gr.ouped. according 4 apdheis pejarity. 0'?@4"29% GIHQ{CQJQ §i Z&y, ;the

foll ow ng groups are noteworthy: basi ¢ am no aci ds: rginine, histidine,

| ysi ne:Z°ARD 120 BX/0Z8606 PCT/ B2 G 664884 &G Tdic &rﬁ\nd ‘acids: aspartic acid,
glutam c acid; polar amno acids: asparagine, glutanmne; small am no acids:
al anine, serine, [thr eanene et hianine, .glycine;, aromatic am.no acids:
phenyi al ani ne"' 1 rypt ‘ophan,” tyrosi ne, hr stidine; hydr ophobr ¢ “amino “aci ds:

| euci neéiSHEG! e uei irees,u Malash &NACyiSitosi ae aiss ca“ts)d@ctl dlacdselay itoampngsual |y
be conser vald.vely, Subst i wte_rd iR, sfr%rdrnegcane R, other, pRlan unchar ged

si dechai n and vice versa, be used as substr t uent for any, am no

e
aci d. ASciV-dan e s?jfbsiﬁth%/e“d usrfaII VBV & S el 19T e EEISh Suéh fag by
al ani ne{" @ nef,&"t hr emcrie.7 Rraaldie nmebeé u&uaIgI o 1S ust |Ha¢t:eﬁ1 -Or used as
sub-sti. Auent r,9lyci rt &Gl L I es Jnvent i el ates
to the r%ethod gt 7 |%at};i1r?é\ngtaﬁ“§gﬁth%rv}\baﬁ erc%ﬁ Jgs -@ S lr!g degcqr{“gjed
above -Aogonpy icsi nglusivig farkSRCL 7 rglléeul e oarsi deseridyed r@rtwfeﬂ Herlsi-n, the
exXpr essjlns 2 U oreirdtS RV Id gasetand £ methed Rfodd cgatdcnd@%m;ecul es”
are used i.nter changeably In preferred enmbodiments t he |nvent|ve use or
met hod “fry’ dohpi '$e caom*acfﬁ“n& A4St wo' BNA Apiedulés Wi 1t HE9S8PC117
ol eculeergamiasncel IThiEhehyventd ah saivsch,u*ejrvat eés trodriie useiofi scecantimant
HSPCLLZ,, Reconbinant HHPCILE () nel uding, any, homol ags, or, art hol 008 45,1
ment i oned above) can b readrIy obtain expr essi on“of geneti ¢
const r GG aEenprisiilg 'odé orl “ﬁbrféﬂHSF”&‘l'Pw I's @fueicés: dderfe?lﬂpéﬂ’ﬁ WKed to
regul at ory DNA sequences (which may be heterol oguaus regul atory sequences),
such as pronoters or enhancers, in host cells. Exanple host cells are
bacterial, archaea, fungal (including yeast), plant or animal (including
|nsect or nannalran) ceIIs In such constructs, the desrgn of which is



St abl e expressi on of the exogenously expressed. HSPCl117 nol ecule is

achi eved by inserting a HSPC117 DNA, under the control of a pronoter,
pref er ablyoan12meawei bl e pronoter, into the cell. In cer PairEreoibogissENnt s
this DNA can be inserted in the genone .of the cell, which can be achi eved
by conventional nethods such as comer ¢i 4l | y avai l abI e systens |ike the
tetracycli n uubles stemsuch as the t-REx St.e (IerItI’O en) » Such
cells arebnuxs?ie“f“mq N conb?lna’t ion Wi th Cthat )claor?y IP| gat ed”e%pe*c’l ally.
RNA wi tdefZrs 3o eyol inerphospheat & roroB1oH agyds gattewtﬁe* RNA tiglseculves.erThe
present,; nvent;lconwf uriher relates 40 ethaed of 4 educing 1RNA JJ gase -
activity, in particular RNA>p |igase activity, in a cell corrprl si ng'

i nhi bi tttlr‘ntj1 -a HSBELE7 SFIEEWE 9 avdel | p’r*“e’f]erabty"hby? KNG GUtV<Or 1RNA
RNA>p |Fltgﬁsew act isAd YLD a® :mentdcorseth abo\?\m riel.atzes taerRNA 1 ingase uieact i ons

using 2, 3%-cycldc phas at ed _RNA .as rat Such. t hod.
can be Used.” %o rfedﬁge%%%%gci?% 0615*C'I3/‘EP210’11C/}4% eL pr ocfucrt]:%on or
pr ocessiawgdimasdicd (el .“iAffFeljud“tlhh df- HSPC117 can be achl eved by

adm nisterng a ligand to HSPC117 that binds, segr egat es or generally
inactivates HSPCL17 in said cell or by inhi b|t| ng HSPO117 expr. ssjion. Such
a bi ndig S BIH 64 €% 449 £9BPELEF ATl which Sts € Sa T iESrerci al |y
avai | abd.e;. Arl' HSRCIIEY -Zaniti Aoy 3 Son @ ludess eyt fiunctdtgnalDd e :valZentis ,and
deri vatd yes, hereof-. i ncl uding -anti-hody, fr ntﬁa uch a -+ E(ah Fv,
or singl e chotal n dnt’ |‘50d|Jés (s’cAb tih}’gt b7|f ngrg) \&?Q} Sipr}%ther red " D2
enbodi SR TEHE dnkihiticon five rdchice ved oy T étjulcﬁ rz?gtb “rZéésﬁben A9f r&T 5555117
ol tecg: %t&{] etfrﬁraathM.e@ﬂttg.t,dqg&n%gi?%%lnw il epulre,mh/rs%salﬂ Iglil,%:l Idolo ST
sui t abl e i nhi o0 reduce expresslon is a Si. m eo eto
i nduce A" F#@f B et frods 6F IRy HSPCL17' eX’p’r@S“s)l on “ar'e 52
knock- @ut roroRNAis, HRarkoa demot krouthe acgenomddﬁ@@kl? s modilfuted ity
present. expressi. ol Mgl ¢ ans(cdrllp,t |q%r1 ol g rans atT Qo of. a functi %%t 5555117
mol ecul €. Such Todi ficati ons may | aci uée | arge stretch deletion of e. g. up
t o 200 Tt hrst & hddlcedticdes: torl & nedtdrve Jﬁbdi”ﬁ cad “Gﬁs“g(ﬂ@fetﬁ 61§87 drunc-
subst i trutdons) tmdhergatalytic centde. E.g. a nodification in the

catal ytic 5122 according to the hunman HSPCl117 sequence of SEQ ID 50:1 is
sufficient to prevent expression of a functional nolecule. O course the
ski | | ed'trannvertthercardVZcan geeadiday sel ectedalttce ravata lwer enodiief itostnisgres; odhi ch
are Wi Lhin e souting abidddy o 2 ) Sl A 0O DIBLOTLAE 1o s her
preferred method 1s RNA interference). For ant agoni zi ng cellul ar
HSPC117 Céxtﬂdeéﬁl éﬁlcprwé’ﬁeﬁfabl y}sﬂch\E@“fﬁﬂ%dtﬂ%sloaw Yadmithicstéred 6 rétiice
the expreessicon @and: fameidron: RNAdaH erdrer encardess: adechran . smr @ -supphess
gene expressi on a sequence sepem fic, Janner. RNA i_nt etrfer ence |sf hlqghl y
ef f ect i'Ve ‘net hodol ody f or §uppre33| on O SPECiTi ¢ gérie Fietion i n

eukaryoti & ¢elsl 7 \M@ioqopmvect”tﬁcoelct"s» a;rtvds oridgen sy, RNAILIem & 155 e

degr adatd,qn Qf; t anget, iR Saliisl dJ.ansf efou on.af, shrt, it enf.er ing RNA
(si RNA) ollgos or short - hai rp RNA. (sh RNA) encodi ng vectors. Various

met hod PZ5t¢ ‘RivAia thdive Wediy &escrl%e&eaﬁﬂ “at'e ‘gerfer@ kGt F6r dl (e ng
gene expressiion: igsmli@ant realds,i«drosophil a and human nel anona cells as is
described for exanple in US 2002/ 0162126 and US 2002/ 0173478. The si RNA for
use in the nethods and conpositions of the invention are selected to target
WO 2012/1028636RCT/ EPZO RIVA064884 i-or Fan HeHSPCEIT avol eculig.ttar stthieg:dhanner
they ar eyiﬁﬁgﬁat ed S0 M4 Qus: RNAS ar-POTL iONS Jhereofe4Qrd espanding to the
HSPC117 gene. i's un erstood by one of ski 1T in the art that the si RNA as
her ei n 8désct | p‘e&l e SRS r‘?ctfudé"ﬂ”aﬂrt”é}r"érdj%lfRNA} PRt 3 28 HyBricd BiaRNA
const r ucitorgr @Ry Fquinval Entertcherfeafne double-istrnandads RNAedti=er. oRNA

(m RNA), as well as siRNA fornms such as si RNA duplications, small hairpin
RNA (shRNA) in viral and non-viral vectors and si RNA or shRNA in carriers.
In a. fiir ehérdisodiammd e i mierfticomieslsattes Ve rd I9SPCHE? itock- situctel |
or cel Iyt Jeduced o Jnhiikidied endegenous HSRCLLY edyesshon meUCh cell
lines can be further used.in RNA i gati_on ar, splicing studies, i.:

e.
study tHe F et ion 8t TRNANS garien” "Isted?uqétu o of &hﬂ (d8EEros Cﬂé?t@éll?
expr essilen dtasiralesd deher ienefd tic Matl tyheroeitils 0 rhackgt eund: laetinattiyeof t he
i nventi e HSPG117, Jlﬁaa h tes, . the. n rsiq ofD 12 o0 B o clic
phosphate oh?‘togj{B - i'%SNA ol ecqllacv el“I n fcol |\r{1tgct| on@lvm th a trarh@sﬁgem c cell
wher ei - HMSPCL EP VS uttdétt@ idort d1heofo ‘ark Srdueishlcd prénstiérer ks “ald-ows
specific on/off studies of the RNA |ligase and is a useful tool to control
the ligase activity, be it only for splicing studies or as a cellular
bi ochem cal engineering. tool. Therefore, in a preferred enbodi nent, the
|nvent| on. relates to a HSPCll? knockout ceII that does not express

N 1 o 1T 1NN ~NA A = 1| a1 I DY R - B Y T Y L T T o




WO 2012/ 028606PCT/ EP2011/ 064884 - 14 - firnmed by Western Blot. Fig. 2.
Affinity purification of c-nyc-HSPCL17 from stably transfected HeLa cell

i nes yi eWo0mv02806>p | i gase conplex. k 72, | Ps of WI oPCTEP2041/064884
c-myc- HSPC117 were incubated with [u-32P]-GIPradiol abel ed t RNA exon hal ves.
An | P prepared froma non-expressing clone were used as negative control
(B) Sperfrcrty of  the affrnrt |cat|on and Jpresence f egual, anmounts
of WI a(r%td“ futant ¢ n“‘ SPC1 7 |Cpl}%\(§3’rrpar S 1 BS Was Confi- ﬂngé) by st ern

bl ot . (ECQ)rarRAl efon hat v e e d dubddte RNA i rCiggis cobeT4 Pk ein presence

or absence QfATR., RNA twas, recovered and sused; asA-Substy-ate 1in 4 noypati ons
Wi th inmunopur i fied c- myc- HSPC117. (D) Scherre illustrating the course of

pr ocediés USEdFor neal’Est>aieé] g’rfb(?r FalySits 6 5$pl itCE runCt‘ido/h)sI i“n mat ure
tRNA andhded,r cidiar iater omr(ri\trttatueﬂﬁqmeﬁar\& inepephosphatien pN,v nucl=gosi de

- nonQ, Mat g (B), RNAs agmnt erl ved from,[
UTP- rale61 a“be‘1 e? nat ure t géanler’at ecT e er byq‘F %ﬂi %n ”“_a]f*fr nity

6- mer s, ql rgwcsoramt\r\& nrt%r rwarﬁe: i sol @t @%ffr{a(%mvtehe aflss a@ ge»s;eectabw I%Mse T2
and anal yzed l‘%dTLC in sol vent D. (F) Circular, [a-7]-A7P-radi ol abeled

i ntron e Pnet“ By 94 Pnk/Rnl |l or affinity purified c-nmyc-HSPC117
was i sol at ed from gels, digested with RNAse P1 and anal yzed by TLC in

sol vent; C._ Fi.g. Act e > 8ase ¢ X _Ga-pyri f.i t};t SF3B

conpl exesm 5 &T nﬁ'bty prl%cglqlgestg%i Oﬁgd ki ‘%"“p%r |LJf| cgt%r on of
SF3B—cet?é1ex1es r‘fCHsﬂmbHet_aLLfnuréilﬁtadar—Qz}xtﬁ*ka*t:tesO iAfiger- deplagt iR 6f Uz iy

i nmobi l;ized: inpnog! qrratmaﬂtaequym% RGEGRIZING Jhe thideiiy-guanasime
01132-2-7G MRNA cap tructure PC117-_and SEBﬁBc npl exes were bound by

i mobi |9 Zed 4o éﬂ Y SESBIEY diTect el antiBody 13EFFFB) Yoo Bt i on
fromt rretantuupSESB]tﬁﬁ I3EEZ icol um,arSE3B rand rRNA»p- dxcgas e coprplex e wer e
separ at Y e an. ; er.os Fracti < l.yzed

SDS- PAGE\%aﬁd eEér(ot@er )n&g%tsrlarob ed wﬂiﬁ Qiojrir\rtaitssr e bl T%D%élge a%?%ons%eblyg)t%ed
from t FE'BuFer ose 6 1colUm? Were SadSayEd T S eRASE HEgase Actdndty usi ng

t RNA exon hal ves as substrate. RNA recovered fromreactions was anaI yzed by

denat ur,J g | el ect rophoresr >p .| i gase pea

ol y 2 o0 B SR A P T baE e o BudlS S By SCH RIS

Coorms sice elriuie:, avarked harrds: were dadent isfrived oy tias § xspedier Gt ry J(rE)° Loss
of i nt efstr and 309 2012/0286AEPCY ER2011/.064884, - A | hgatdon and tRNA
mat uration activities upon silenci ng of  HSPCI117 but not 't he ot her
corrponéﬁtbshéfm%p 4a5gdse sdofpifext G199 $amre! tPdatey Wt FieRNAs D 1,

t ar aet ing L220RFR28/4HSPCLEr, DXL, CHORREL66/:CA3099,4 (FAMBSB,5 0C2RE49/CASW and
EG-P as, a control Extracts were pr ar ed fromthese cell.s and Assa d for
i nter-strand I gé{h &n oF 1l SPEd S Falhé Ed TS RNA o “CE)? Prodessi ng
of [ o- I2PRr=GiPaladical abelae:bblprlemt R’M&: €(t@), Effe ditént cdaplest itdre gfirst
C220RF28{:HSRCLAT, ., DDXlyz CL40RF166/,CA 199, FAVDER and ;G2ORFAY/ASW.IRNAS viass

confirned by uantitative FOR Fée,_su\lts represent nean an standar

devi at i‘otY ‘of A¥4pli%at & For T8actins. 2 4% Wt &Y bl iSt0 «f cﬁﬂ’H§Iﬁle79J “PDX1,
FAMD8B and: ¢l 3-0Actidl eas: iald0adi ng: <Q0rttah(1i cenfigrreref fi ci ent depl eti on of

i ndi vi dual RNAS>p conpl ex menbers. Fig. 4. Silencing of HSPCL17 abolishes
inter-strand ligation in living Heia cells and partially inpairs tRNA

pr ocessihyg dinveyindoe (HAPCLIS - 3RPar-uladirclvalyel ed dsRNAawverfe dlanst ééted (i nt o
HeLa cejdcs 0 erd.r ansfect edh wid:h $i RMs tranget ing EGFRMAsia eonty=@] gene,
HSPC117 or RTCD1l. Transfections were st opped at in cat ed tinme por nts. RNA
was i sol%t éd avd dralVZed by Edenat G¥ ing (gelt el ect]\rpophor esis .t B ‘Triéat ment
schene aksed [f 010t ridnsfleet isenyeicdRiAswEnt reportler HmMStiruets cand es

i nductian pf, tagged t transcription,. (O \ti.C representation of

el enent’s pfr)’é?é“n“tgg\r 1 tgggded“t rxgpor Qelr cc?n?t }r}%c e (D) Tet-repressor

expr essi-my Helwacdldrs  werse ssstrsan st -ectied awith: isi N\Jﬂsﬂt”air*ge“th ing the control
gene EGFFR MH&P@ME orr TSENZ and it h drher repart efe genstiruat, peletH.e
expressr n agged re-tRNA. Ile. After i nduction, RNA was jsol ated at

i ndi cat'ed “ti CE G and VEEd Dy Norther G151 6tL° B SCuant iFiccdti on of
mul ti pItEsNorttAqerm 2l otrexperigrentrshelr ansfiectd e iof =sicRNAs randaiepert-er
const r u 1rd. ates. RNA was r r e fro c;\lls,,n ture

t RNA detCLFecnt(’ecT by%Rto erne L(g\tCh “dnd’ quantoi%?at e?f%% ) JPP%osphg}rr ‘ra‘rLagr na%tjs’r ng

| mage QAL SRy FisY 9d‘ardél@r gprtesdnite slt”artﬁarld’%défﬁ“atﬂone”‘ R R ORERUE e T e
rescue of the in vitro RNA ligation defect in extracts depleted of HSPCl117
by RNAi. (10 Stabl e nobuse-BAG transgenic HelLa cell pools or wild type HelLa
cells were transfected with si RNA targeting the non-conserved 3' -UTR of
human HSPC117 or control Si RNAs Extracts prepared fromthese cells were

________ 1" r D I I b1 r 7~ N1 e



WO 2012/ 028606PCT/ EP2011/ 064884 - 19 - Rt cB/ HSPCl117 proteins have
previously been predicted to have a function in RNA processing or

nodi fi catworzo(2@Bg@er i n and Kooni n, 2004). Second, UPFOOPRZTmPRMII0sS884 Or m a
cluster of orthol ogous genes (KOGS833) W th no det ectabl e representatives
in the plant and fungal nodel organi sne Ar abi dopsis thaliana, Saccharonvces
cerevisiae a drvS,\cyhl zosaccnar onyces oqbe Thl S phyl etic distribution

hi ghl y%rem ni scent ‘of the excﬂnyum VEToeCUrT ence’ &*‘ﬁmﬁ% Ti”gjaoge “ACt V|hty in
ani mal s-rard: tarchasd (CAbelrsoreceticalis of9e8) arExanplae 2ir dHSREL1Z N $arequi red
for inter-strand |J gatien and HRNA ’mtfuffﬂ:'@ Therefare i..was tested.

whet her HSPC117 is indeed i nvol ved ininter-strand l'igation and t RNA
processiy HELECHIS Wigr 8 nsfedt®™ed with small interfering. RNAs

(si RNAs) targeting. HSPCl17 or EGFP as a. control. Extracts were prepared

fromthgse .cells .and er- s;r@.noLJ \l a:he ably,. .
depl et i %n o‘% JHSPC1%7 %;E%aR)lélA At ércf er encé‘ (RNAI )Il g%%ffeg{bedﬁ*ﬁr st%(an
| i gat i oW 4EFiag i ED,aClohpare Uidnds - Hmided dtames 5az)thegmopedsRhe NAs wer e
ner el y wsed as sidiogate, 1suhstd ates rand RNAxR 4 gat ion-d s rassuned 0 be
required for, splicing of tRNAs Next , the mpact of silencing HSPCL17 on
t RnA mEtutatito i ad Sex &mthed 5 WA S&Hlamoé%lm&“prec‘&r}é T Cpre-tiRNA)
t r anscrdegtis. dar escpriecessed 1o pratiuree: t:RNA riat ehleleal ,c ytrepliasmre iext r act s
(Laski etpal- 198 refore, 6-332 P—radlqla |.ed jpre- t-RNA
transcripts lwerrg,: |ﬁ% udg W|th Xt T act ;l](%feg (E,*tt*e (‘51174 by RNAI® (Fig.
1E) . Reduced d%vdls of "HSPCEL7 8Wpal Béd f GtTatirort of Sidtiure ® RNA2ERd led to
? concd acrrlt ageumy aia ogsz\qum h@JE¥]9§, kr;@mvstci@m gl ts*TfﬁHTgJPg?EM: cal |
unction,.in ligation exons, |Q|ent reduction o ' evel s
in extratts wWd® veri f‘1 *By \Ké’si%er i ot aival ys'l S’ﬂ(u‘i: . J‘iLF)”’ §péf<:|}f]1 city
of si RNAvedi.atse depligt:i o, ofSEHSRTL IV :wasl ;¢ o3ifd rifediom t1Hs ,a Sdicf fier ent: set of
si RNAs -and By, rgsGue gfy the RNAL phenat ypg,( RirgyR) Ay expressien ofs an

RNAi - r esi‘stant form of HSF*Cl 7 froma Bacterial artificial chrormsorre (BAG)
deri ved ™ romhifsuSe! GERGIACONE BearfslBIeRCHIPEIIE His lithe adattaicythicc SEL
&%E‘é‘i??’m af: nta.mmltdﬁﬂu%{\lﬁs%*igas% Next s ;tutavvasv icdvest iﬁ?iﬁdv metrh%r

i s associated w .act.i vij e ore,o
transf 6614 dE ¢l dhjaﬁ Hel s WO I% (fflé%%g &t EF’ZOl“l/*bggg Snes
expr essinGis: nyciagdged 97l ilne NISPCL1 ZREieri® ést:alsl,i siied.T ;BasJed 7on Jml tiple
sequencs, a4 .gnents, ofy QH:O%Z? #r?t*% ne . (Fig. §) and gui ded by 4 Re o,

publ i shed crystal” structure of from Pyrococcus hori koshii (kada et

al ., 2006) FStidbINP t ransfédt ed é\lﬁndﬂfceﬂ* ' Hithé %Ex pries ity tthé poisntr

mut ant kmgrvoj-lSPsz?? CL22 A snass geneiratedis eta ,d7€tﬁ(lte dRNA<ld-gase actind ty

i ndepe ent k 1 .and t RNA endanuc] Lase, . gmon hal ves were _pr.epar ed
by cl eavihg a. leSU| Tabl ‘&3P SGTP ‘radi 61%abel ed “hfbrl et RNAT EhglSért

2005) wixt Wateconbiearamty splanciay errdenuc lcease: dfiromoAltétch anocal ldocectus n

j annasehi,ic (M TSEN), - Afd i - Y PULS A Gat x;n iQf 1 Grapy G HSPGEL7 1y e&ﬁ!@sd Al
i mmnopreC| pitate (IP) t at was able to igate tRNA exon hal ves.

cont r ast?* e Poi Gt et et U’rryé‘“ﬂ-%ﬁ@iﬁf? TEF2PA Sfas SHrActivé iéskar‘i‘@RNK/

l'i gase (Figgo 2,0 Q\amspar e anes & and thaMilnvdrane «8)Hs réanpanicsen: wafe e gual
armount s, of | d-t.y v A Jrut-an my.c- HSPCL17 v fJyred by
West er v Bl o}tMQ Pﬂ% 1 qlrg a?r”e /Iz’éJnes ﬁ} gl “HY W ]“t \ﬁgr%e?gjrqe “¢oncluded

t hat HSF@(leﬂ%l s/ Ot he/ 10at*7ad;yt'|30 ch rient 6of /éht RNA thgpreas le. iExamslce 4:
HSPCL17 .galalyzes 1 he, didgeots Jdgatd omofr 2 nedi - cyclde phosphate and 5 -

RNA term nj RNA>p | i dase is pred| cted to require a 5'- OH at the terninus of
its subStSated. ConditstRHtINE B HSSFase activity coul d be detected in
c-nmyc-HSPC117 | Ps when t RNA exon hal ves Were pre-incubated wi th reconbi nant
5'-CH Kkinase CLP1 i resence, convert t \ the .

3 -exoﬁl}lﬁl hto B ﬂ(::l?a: FQYPJ ° glofrpél?e anetsl( q ﬁlc?%*a”dld%}li“dgjlt%’ﬁt”s

5' - OH RNA lgasds & Jaot |o\f tﬁdﬂﬂ Prik i Kot t7c§3 hardt?or sk % cyd ileast
phosphagisesf.erase and 53 ophospﬁa,.atvaﬁ%laqwl\aﬂy AS xpaGted: o RWA=p
l'igase, we could not detect an |g@§ act|V| ty “when we used tRNA exon

hal ves ‘pt élicubated Wit h “PATHK G5 abSende (38 émdvé e ‘& i'e PHdsphat e)
or presenceaniofo ARR J tooaugnovenitrie 2113 -oovazlascdph(}s@:atﬂmahdadmm no

addi tiqnal .y .cony 9’ Oyt D),-as substrat g

c- wc-ﬁSPCifT(il ?frg”"z : anqgsslz{1 “and 5) Thushao E\ﬂl gat “on L’b;’%ftﬂt)he deisfd’rl bed
RNA>p INQaseqts o a&oﬁrlabldeww GCigg (S’éé iglise Fug"‘fm "gnd 128 i3%icyclic
phosphate. The nost characteristic feature of |igation. of tRNA exon hal ves
by RNA>p ligase is the generation of mature tRNAs that contain the
precursor-derived splice junction phosphate in a canoni cal

5', 3 - phosphodi ester bond (Fig. 1A Iower branch) To test WO
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In a further embodiment the RNA molecules may be contacted with
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ccording to the present invention it was found t
the catalytically active protein that may naturally also be con-
tained in a complex in vivo. Therefore, according to a further

‘nvention the inventi

embodiment of the present i
cule 1s also provided in such a complex. The complex may be
T

iceosomal particles such as SFZIR
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e 1sclated from nuclear Hela cell extracts. Cther comnplex mem-
ers, in particular with regard to other HSPCI11
r\amisms or variants thereof may bhe izolated from cellu-

o
lar extracts of the respective organisms.
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molecule, ASW or any combination thereof, in particular pre-

be comprised in the mplex of HSPCL117

n
es may be any one of tables 1 and 2 shown in example 5.

provided per se. Alternative

provided as a component of & kit.

Thus, in a further aspect the invention relates to a kit that

contains HSPC117 molecule. The kit may further comprise a reac-
er for the RNA ligase comprising buffer components or
e metal ions selected from Mg’, Mn“, .

therecf. In preferred embodiments the metal ions are
1

Besides the above-mentioned metal ions, the buffer of the kit
may contain the usual buffer components that are well known

the art. 3Such buffers mav e.g. include phosphate, Hepes, Tris-
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- 8 -
HC1 components. Preferably the buffer is in the range of physio-
logical pH values of e.g. pH ¢ to pH 9, preferably pH 7-8, espe-
cially preferred about pH 7.4. The buffer may comprise tonic
substances o¢r salts ranging from about 10-200mM KC1 or NacCl.
Furthermore, the buffer may contain non-ionic tonicity substanc-
es such as glycerol.
In the form of a test kit, the kit may further comprise an RNA
molecule that is a substrate of the inventive HSPCL17 molecule,
a ENA molecule with a 2%, 3% cyc! rhosphate., This

RNA molecule may e.g. further comprise a label such as a radio-
active label to detect the RNA molecule before orxr after the RNA
ligase reaction. Such a kit is useful for all types ¢of reactions
and to monitor RNA processing or hybridisation. The inventive
HSPCI17 molecule or kit may be especially used for RNA ligation
vy splicing studies.
The present invention in a further aspect relates Lo a transgen-
ic cell comprising an exogenously expressed HSPCL17 molecule.
The cell may be a cell line or comprised in an animal model, in

the cel
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LRNA producticon or processing in said cell. A reduction of
HSPCL17 can be achieved by administering a ligand to HSPCL17
that binds, segregates or generally inactivates HSPCL17 in said
cell or by Inhibiting HSPC117 expression. Such a binding inhibi-
tor is e.g. a HSPC117 antibedy, which is e.g. commercially
available, A "HSPCil7-antibody” includes any functional equiva-
lents and derivatives thereof, including antibody fragments such
as Fab, Fllab),, Fv, ©r single chain antibodies {scAb} that binds
HSPCI17. In preferred embodiments the inhibi n is achieved by
reducing expression of

enoug HSPC117 molecule

reduce HSPC117 expression 1s a HSPC siRNA molecule to induce
RNA1 .

Preferred methods of inhibiting HSPC117 expression are knock-out
>y RNAL. For a knock-out, a genomic HSPCLl17 is medified to pre-
sent expression, transcription or translation of a functional
HSPCL17 molecule. Such modifications may include large stretch
deletion of e.g. up te 200 or more nucleotides or selective mod-
ifications (deletions or substitutions) in the catalytic centre.
F.g. a modification in the catalytic Cl22 according to the human
HSPC117 sequence of SEQ ID NO:1 is sufficient to prevent expres-
sion of a functional molecule., Cf course the skilled man in the
art can read select alternative medifications, which are
within the rout ability of a molecular cell biologist.
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or HSPCLl17 inhibitor for use as medicament. A HSPC117 inhibitor
is any molecule that reduces HSPCL17 activity or expression as

1
described above, preferably a HSPCl17 antibody or HSPC117 =siRNA,

HSPC117 molecule inhikition may have therapeutic effec
1 diseases. Such diseases include proliferative disesases, in

educing tRNA processi the proliferative
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activity can be greatly decreased resulting in reduced

C
growth. Therefore the present invention provides a method ¢f re-
P

ia growth comprising administering
molecule inhikitor to said ceil. It is known that tumor cells
have abnormally high rates of Polymerase (Pol}) III transcrip-
arshall & White, 2008). Since Pol TIII synthesizes tLRNAs,
targeting the tRNA ligase will turn {(high} tRNA prcduction rate-
1

iting in cancer c¢ells. The importance of tERNA splicing compo-

nents for proliferation is e.g. disclosed in the WO2004/087884

In a further aspect the present invention provides the treatment
of or a disease or infection dependent on host p

rirus infection comprising administering an

|mt

V
HSPC117 molecule inhibitor to said cell. The human hepatitis

genome using a host poly lved in the
replication of the virus are elusive. A ligase-host factor in

circularizing the viral genome during replication is implicated
{(Reid & Lazinski, 2000). In a moined proteomic~-RNAL screen
identified more than 100 proteins associated to the hepatit:
delta antigens. A portion of the identified proteins has roles
in RNA metaigolism, and one of those is HSPCL17. Combined this
shows that H3PCLl17 is a decilsive target for t

delta virus infection.

Furthermore the present invention relates to a method of treat-

rebellar hypoplasia, comp
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tosomal recessive discorders with prenatal onset, atrophy or hy-
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poplasia of the cerebellum and other motor impairments. Mecha-
lated with aberrant removal
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lescribed above., Pharmaceutical compositions or formulatic
fTherapeutic or prophyvlactic use may comprise a pharmaceutically

acceptable diluent, carrier, solubkilizer, emulsifier and/or pre-

sitions comprising
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istration, The composition
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ers) having various pH values and lonic strenoths, sclubilizer

such as Tween or Polysorbate, carriers such as human serum albu-

pharmacokinetic parameters de-

tion may be administered by injection, either subcutaneous, in-
travenous or intramuscular, or by oral, nasal, pulmonary or rec-

tal administraticon. The route of administration eventually cho-
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will depend upon a number of factors and may be ascertained
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led in the art.
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The present invention will be now explained more in detail with
reference to the figures and exampl 1

thereto,

ks position of =«

and annealed to RNA strands (depicted in black) incubated with
- X

were used as subsitrates for inter-strand ligation in Hela cell

extracts. Aligquots of ligation reactions were withdrawn at indi-

cated time points and
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sig., (C} Fracticnation scheme established for partial p fica-
ftion of RNA>»p ligase from Hela extracts. Throughout the purifi-

37 -2 dsRNA was used to monitor RNA>»p ligase activity. {D) Dilu-

a
tion series of protein extracts prepared from HSPClL17-siRNA-
C

)

transfected cells and control-siRNA-transfected cells were as-

sayved for inter-strand ligation. Numbers above lanes indicate

extract dilution. (E} The same extracts were assaved for pro-
: - 32, p— T4t e T e P

cessing of [a=""P]-GTP-radiolabeled pre-tRI

periments. (F} Reduction of HSPC117 levels in extracts was con-



12 RPL4 .7) RPL6 3 66
H\TRNPI-11  RPL10
WO 2012/028606

firmed by Western Blot.

FAMD 8A 0 10 RP1, 13

PCT/EP2011/064884

N

ot

Fig. 2., Affinity purification of c-myc-H3PC117 from stably
transfected Hela cell lines yields an RNA>p ligase conplex, (A}
IPs of WT or CL22A c-myc—HEPC1l17 were incubated with iawaijTP~
radiolabeled tRNA exon halves. An IP prepared from a non-
expressing clone were used as negative control. (B) Specificity
of the affinity purification and presence of egual amounts of WT
and mutant c-myc-HSPC117 in compared IPs was confirmed by West-
ern blot. (C} tRNA exon halves were incubated with Clpl or T4
Pnk in presence or absence of ATP., RNA was recovered and used as
a substrate in incubations with immunopurified c-myc-HSPCLI17,

(D} Scheme illustrating the course of procedures used for near-
est neighbor analysis of splice junctions in mature tRNA and
circular intron {Np, nucleoside 37 -monophosphate; pN, nucleoside
57 -monophosphate) . (E} RNAse Tl fragments derived from [o="P] -
UTP-radiolabeled mature tRNA generated either by T4 Pnk/Rnll or
affinity purified c-myc-HSPCL17 were resclved by denaturing gel
electrophoresis. 6-mers, 7-mers and 8-mers were isclated from
the gel, digested by RNAse T2 and analyzed by TLC in sclvent D,
{(F) Circular, EU—QPE—ATP—xadiJLdbeled intron generated either by
T4 Pnk/Rnll or affinity purified Cmnyc"dSP 117 was isolated from

igested
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b

ligation and tRNA maturation activities upon silencing of
A>p ligase complex.

-~

Cells were treated with siRNAs 1 ing CZZ0RFZ23/HSPC117, DDX1,
a

s a control. Ex-

o
C20RF45%/ASW mRNAs was confirmed by quantitative PCR. Results
represent mean and standard deviation of triplicate PCR reac-

o] FAMS8EB and P-Actin as

1
a loading control confirms efficient depleticn of individual

i s

RNA>p complex members.

cells pre-transfected with siRNAs tarcgeting EGFP as a control

gene, HSPCL17 or RTCDL. Transfections were stopped at indicated

isolated and ana
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N
D
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d
oy
~
Q
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o
h
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1
electrophoresis. (B) Treatment scheme used for transfection of
As and reporter constructs and induction of tagged TRNA
r n of elements present
d LRNA reporter constructs. (D) Tet-repressor expressing
C a T

h siRNAs targeting the control

La—«

o~ T QT 17 e TN -y s o 4 - ~ ~ ~ P SN ot A
gene REGFP, HSPCL17 or TSENZ and with the reporter construct

pSTet-Ile expressing tagged pre-tRNA Ile. After induction, RNA

was isolated at indicated time points and analyzed by Northern
blot. (E) Quantification of multiple Northern blot experiments.

Transfection of sikNAs and reporte
C

Fig. 5. Genetic rescue of the in vitro RNA ligation defect

extracts depleted of HSPC117 by RNAi. (A} Stable mouse-BA(
s oy wild type Hella cells were Lrans-

g
fected with siRNA targeting the non-conserved 37 -UTR of human
1 R

RNAs ., Extracts prepared from these cells

. R ~p 3254 ~
were assayed for inter-strand ligation with [5°-7P]-pCp-
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e -
terminal 27,37 -cyclic phosphate into the sp
37,5 -phosphodiester. {(B) The depicted pre-t

: 32 AT ~ ; -
with [oa-""P]-ATP. Cleavage of this precursor

tron with a radiolabeled terminal 2’,5’~cyc_

ftion of this linear intron with c-myc-HSPCIL!:

ized intron containing the radiolabeled tern

ing ligation of linear intron with T4 Pnk a
phate 1z removed and an exongenous phosphate

side triphosphate is deposited at the 57 ~CH of

ucleotide of the linear intron. Circularized
by preparative denaturing gel electrophoresis. During ligation
with c¢-myc—~HSPC117 the radiclabeled 27,3’ ~cyclic phosphate be-
comes the 57 -phosphate of the first Uridine nucleotide of the
linear intron. Digestion of circularized intron with RNAse P1
therefore releases the Junction phosphate as Uridine 57 -
monophosphate (pU). Therefore, detection of radiclabeled pU in-
dicates incorporation of the radiolabeled terminal 27,37 -cyclic
phosphate of the linear intron into circular intron as a 37,5 -
phosphodiester.

Fig. 8. Biochemical rescue of the in vitro RNA ligation defect
in extracts depleted of HSPC117 by RNALI. Extracts of cells de-
pleted of HSPCI17 by RNAL were complemsented by Superose 6 frac-
tions of HSPCll7-complex copurified with SF3R particles. Frac-
tions were assaved for processing of [o-*’P]~GTP~-radiolabeled
pre-tRNA.

Fig. 9. Interfering with RNA>p ligase by specific inhibition
with cruciform DNA. (A) {f’*”P]—ng—radl labeled dsRNA was 1lncu-
bated with Hela cell extracts in presence ¢f a 2000~-fold molar
excess of cruciform {ScraPal) or control DNA (ScraPalhd) duplexes
over dsRNA substrate. Aliguots of reactions were withdrawn at
indicated time points and analyzed by denaturing gel electropho-
resis. (B} Hela extracts were assayed for processing of (=P -
GTP-radiolabeled pre-tRNA in presence of a 2000-fold molar ex-
cegs of cruciform or control DNA duplexes cver RNA substrate.
Aliquots of reactions were withdrawn at indicated time pointe
and analvzed by denaturing gel electrophoresis.

Fig. 10. Deszsign of tagged LRNA Tle and wvalidation of RNAIL
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RECB/HSPC117 proteinsg have previcusly been predicted to have a

function in RNA processing or modification (Galperin and Koonin,
2004y . Second, UPFO027 proteins form a cluster of corthologous
genes {(KOG3E33) with no detectable representatives in the plant
and fungal model organisms Arabidopsis thaliana, Saccharomyces
cerevisiae and Schizosaccharomyces pombe. This phyletic distri-
bution is highly reminiscent of the exclusive occurrence of

-
1
Al

RNaA>p ligase activity in animals and archaea (Abe
1988y .

Example 2: HSPCLL7 is required for inter-strand ligation and
tRWA maturation

a
tion of H3SPCL1l7 by RNA interference (RNAL) affected inter-strand
ligation (Fig. 1D, compare lanes 2-4 with lanes 5-7). 37-P dsR-

i

O
u

5%
A
=

tion

-

NAs were merely used as surrogate substrates and RNA>p

is assumed to be required for splicing of tRNAs. Next, the im-

fa
3

pact of silencing HSPC117 on tRNA maturation was examined

T
[
o

f

0}
ot

o
al., 1983)y. Therefore, [w- -LtRNA tran-—

scripts were included with extracts depleted of HSPCL17 by RNAL
r

{(Fig. 1E). Reduced levels of HBPC117 impairea ke n of ma-
n halves,

consistent with a biochemical function in ligation of LRNA ex-

fied by Western blot analysis (Fig.

pression of an ENAi-res from a bacterial

h:
artificial chromosome (BAC) derived from mouse gencmic DNA.

Example 3: HSPCL17 is the catalytic compeonent of mammalian RNA>D
ligase

Next it was investligated whether HSPCL17 is associated with
RNA>p ligase activity. Therelfore, stably transfected clonal Helsa
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cell lines expressing c-myc~tagged murine HSPCL17 were estab-
1

lished. Rased on multiple sequence alignments of UPFO027 pro-

-

teins (Fig. 6} and guided by the published crystal structure of
L

~G

al., 2006} a stably

{OCkada et

able [a-""P]-GTP radiclabeled hybrid
endonuclease

GiEy pu

Yy puri

from Methanocaldococcus jannaschii (MJTSEN) .

tion ¢of c-myc~HSPC11l7 yielded an immunoprecipi
0o ligate tRNA exon halves. In contrast,

c-myc-HSPC117 C1l22A was inactive as an RNA ligase (Fig. 24, com-

HSPC1l17 was confi

1
Western blot (Fig. 2B, compare lanes 2 and 3). It was therefore
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is the catalytic component o

Example 4: HSPCLl7 catalyzes the direct ligation of 27,3 -cyclic
phosphate and 5 -0H RNA termini

RNA>p ligase 1s predicted to regquire a 5°~-0H at the terminus of
o 1

incubated with recombinant 57 ~0H RNA kinase CLP1 in presence of
ATP to convert the 5’~-0H of the 3 -exon into 5’ -P (Fig. 2C, com-
pare lanes 2 and 3). In addition to its 57 -CH RNA k

ty, T4 Pnk is known to harbor a 27,3"-cyclic phosphodiesterase
and a 37 -phosphatase activity. As expected for RNA>p ligase, we

ctivity when we used LRNA exon
e

cyclic phosphate) or presence of ATP (to remove the 27,37 ~-cyclic
phosphate and to additionally convert 57-0OH into 57 -P} as sub-
strates for ligation with c-myc~-HEPC117 IP (Fig. 2ZC, lanes 4 and
5). Thus, ribed RNA>»p ligase iz favourable

e
27,3"~-cyclic phosphate.
A

e
the precursor-derived splice Junction phosphate in a canconical
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whether this i1s true for RNA ligation catalyzed by c-myc-HSPCL117
IP a nearest neighbor analysis was performed of the splice Junc-
tion phosphate (Fig. 2D). tRNA exon halves with radiolabeled
2%,37~cyeclic phosphate at the terminus of the 27 -exon half were
prepared by cleaving #p]-UTP-radiolabeled pre-tRNA with re-
combinant splicing endonuclease (Fig. 7). These exon halves were
ligated either by incubation with c-myc-HSPCL17 IP or with a
mixture of T4 Pnk and bacteriophage T4 RNA ligase 1 (T4 Rnll}) as
a negative control. Mature LRNA was isclated from these reac-
tions and digested by RNAse Tl which cleaves RNA 37 of every
guancsine nucleotide and processes 1its substrates into fragments
terminated by guanosine 37 -monophosphate (Gp). Fragments ranging
from 6-8 nucleotides in length were isclated, digested by RNAse
T2 and resulting nucliesotide 27 -moncphosphates resolved by thin
laver chromatography. Following this procedure, radiclabeled Gp
was only detected in RNA T-mers derived from mature tRNA gener-
ated by c-myc-HSPC117, indicating retention of the precursor-
derived splice junction phosphate (Fig. 2E, lane 3). As ex-
pected, the splice junction phosphate was exchanged in control
ligations performed with T4 Pnk and T4 Rnlil {(Fig. 2ZE, lane 4).
Since no radiclabeled NTP was added to any ligation reactions,
no radiclabeled Gp could ke detected in RNAse T2 digests of
RiNAse Tl~7-mers derived from mature, T4 Rnll-ligated tRNA (Fig.
2E, lane 4). A similar nearest neighborhcod analysis was also

carried out with 27,37 -cyclic
linear intron after its conver
myc-HSPC117 IP. Detection of r
monophosphate {(pU) in Pl nucle
by ¢c-myc-HSPC1l17 but not by T4
the splice Jjunction phosphate

It was concluded that the iden
on halves by 1mcorp3rating the

phosphate ure tRNA

phosphodieste

Example 5: HSPCLLl7 resides in
plex

Strikingly, in parallel to our
stable and highly homogenous H
far unknown function was found

phosphate terminalily radiolabeled
sion to circularized intron by c-
adiolabeled Uridine 57 -
ase digests of intron c¢ircularized
Pnk/Rnll suppcrted retention of
{Fig. 2F, compare lanes 1 and 2}.
tified RNA>p ligase joins tRNA ex-
precursor-derived splice junction

a canonical

a stable heteromeric protein com-

For R R = B T3y o ~
efforts to purify RNA>p ligase, a
T ] \ 4 : oy ~ N T - ~F @
5PCl17~containing complex of so

to copurify with spliceocscomal
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SF3B particles prepared from nuclear Hela cell extracts. There-
fore, a SF3B-assoclated and highly purified HSPCll7-complex was
tegsted to exhibit RNA>p ligase activity. SF3B-associated
HSPCl1l7~complex was obtained by dissococilaticon of SF3B and U2

1 let

m the
3
a4 spe-
A ftraor
el

sepa-

ment with the initial data obtained with c-myc-HSPC117 IPs,
fractions containing the HSPCll7-complex but not the SF3R
spliceosomal complex converted tRNA exon halves and linear in-
tron into mature tRNA and circularized intron, respectively
{(Fig. 2C}. In addition, the same fractions could biochemically
rescue the tRNA splicing defect of extracts RNAi-depleted of
HSPCI17 (Fig. 8). Proteins identified in this HSFCli7-containing
complex were analyzed by tryptic digest of single bhands isclated
from Coomassie blue stalined gels followed by MS analysis. In ad-
dition to C220RFZ8/HSPCL17 identified proteins comprised the
JEAD box helicase DDX1 an he ninein interacting protein

Cl40RF166/CGI-%9 in addition to FAMIBB and substoichiometric
amounts of ASW/C20RF49 (Fig. 3D}. This set of proteins overlaps
with the results of the MS analysis of immunoprecipitates cof c-
myc-HSPC117 from stable cell clones (Tab. 2) and the proteins
identified in the MonoQ RNA>»p ligase fraction (Fig. 1C and Tab.

Proteins Identified in Enriched RNA Ligase MonoQ Fraction.

Gene Sym Number of Gene Sym— |Number of Gene Sym- Number of

bol Unigue Pep- |bol Unigque Pep- |bol Unigque Pep-
tides tides tides

EEE 34 Ipal 11 WDR4 5

MSN 34 BASP1L 10 ATE]L 4

ELACZ2 28 FAM129B 10 CMPEL 4

CCT2 23 FKBP4 10 Cp31 4




2 EHBPl1L1 19 26 BUS 7 | GHA 1 3 HS PA8 11 15 UTP14A 13 | g G light
chain 2 + K PNA2 6 P
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CCT8 272 GMPS i¢ EEFIAL 4
HSPASB 22 BLVRA 9 ERPZ2 4

C220xrf28 o MATZA 4

!
fit
=
5
N
[N
<

SYNCRIP 20 LRRC40 9 NMEL1-NMEZ 4
NARS 19 METTLI1 9 PPWD1 4
PUSTL L7 PAPSS2 9 RNASEHZC 4
SND1 1€ TSEM 9 UBEZN 4
CCTs L5 CCTY 8 CHMPZA 3
HSPALB 15 SERBPI 8 Us2L 3

EDX 15 SLCY9A3RI 8 FaM%8B 3

CACYBP 14 PRPS1 7 HNRNPK 3
CCTeA 14 SHMT2 7 HSPA14 3
DUS3L 14 CWE12L1 & LRPAPIL 3
GoPD 14 DDX1 6 PEKM 3
GLTZ5D1 14 NAMPT 6 PUS7 3
NMT1L 14 PRPSAPZ 6 RNASEHZA 3

CCT3 13 TWEL 6 TRMT112 3
FARSE 13 ANKZF1 5 WESCRZZ 3

MTHFDI 13 CALDI 5 AKRTAZ 2

ACLY 12 EIF4B 5 Cléorfles 2

EIF4A3 12 EIF4H 5 PAWR 2

GARS 12 FARSA 5 RAN 2
LGTN 12 GART 5 RANBPI1 2

588 12 PAPSSI1 5 RDEP 2
TCP1 12 RNASEHZB 5 UBEZV] 2

ABCEL 11 RPRD1EB 5

HSPAS 11 RRM1

[@xi

Tab. 1. Proteins identified by in solution tryptic digest and M3

analysis of MonoQ fraction enriched for RNA>p ligase,

Proteins Tdentified in c-myc-HSPCL17 Immunopurifications sorted by
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In addition, RNA ligases have been proposed to be involved in
viral replication in humans. For example, a host-encoded ligase
has previously been postulated to c¢ircularize the RNA genome of
Hepatitis Delita virus (HDV) during rolling cycle replication in
humans. It appears that the HSPCll7-containing ligase complex
described here participates in host-mediated wviral genome circu-
larization. Recently, both HSPC117 and DDX1 have been reported
to be reguired for replication of HDV in human cells. Further-
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interactors of HSPCL17 did not have an.,effect on intersti-nd Jgation. (Fig.
3E) or tRNA maturation (Fig. 3F), despite the efficient reduction of nRNA

|l evel s (Fi.g. 3G). stern, bl.ot .anal ysi.s of, pratein .extracts, depl eted either
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| ed to gecreased protein |evels of the other conplex menbers DDX1 and
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depl etion of DDX1 and FAMB8B. Interestingly, HSPCL17 contai ning conpl exes
wer e r epdrdead rt,0 vexhi,bidnafddanity, frary .cr@eiofagr.m DNA s sstelc thires: Hebr-ewet t
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and 5' -iQ3 1t NS Y v 410,290 TTeXtSdmvest i gated. the role of HSPCL17 in
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occur in lLiving cells transfection of [5'-32P1-pCpradiol abel ed dsRNA
into Hels ‘Tel I"'s°,‘b“'RNﬁii*-rd%pl‘é’t“€d gefajlﬂ'\b&f“‘f il ‘dy@l*ﬁ%%*fﬁ?@ -A°HSPC117 or
EGFP as{la&tcont rolamgene (iFag.i AT ItFollatimer e rasgl yisiis:oofirt atzalmaRNA DY
gel el eCtLophay esirs, demmnaly ajed, hat, the radialane) od 3 R AsRisere
taken up by the cells and subsequently Tiaated. 1 n-vivo, inter-strand

| i gati on was dependent on HSPCl117 (Fig. 4A, conpare lanes 4 and 7 with

| anes 3anth 6,c r.espectdwsl y). ,andid,018 | essi prenounced ex00M0 Crystal
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(Fig. 4B), were transfected into HeLa cells stably. expressing
Tet-repressor. After induction at selected tinme points (Fig. 40, RNA was
extract edweandi2ansdogzed by Northern bl ot. Probing of thePoiraiP2610/06488¢
5'-exon of the tagged. tRNA || eTAT (probe 15E, Fig 413) revealed a clear
delay in the formation of mature t RNA upon RNA - nedi ated depl eti on of
HSPC117, ainlqw‘[SENZ but not upon EGFP control siRNA treatnent (Fig. 4D,
conpar e"Jfan‘er" 1-3 with lanes 4-6 or 7-9, respectively and Fig. 4E). Taken
together, these data establish a. role for HSPC117 as an RNA |ligase with
broad subst rate specisf iCidapcand wihh & funct ien i1n LRNA pracessing. Exanpl e
7: Potential functions of HSPCll7 as the first RNA'ligase to be discovered
i n human¥ HSPELIFL £% Ke fddttdl ytife Sibdm & o @Humal RNAY| i'gadé 'dormlex.
The known: AtRase rand wawaidi nheadtingtt \yerof dwelbircases ssuggesiosapatent i al
role faqr DDX1.i.n, ATR-dependent. confornational changes to support t
splicifg. i ?gaf“a‘cyt - DDXI?Qi s-the Co(rﬁ%yo°5)61dy”ﬁép%ngg%gggébféﬁendL{\%PE t ﬁ”ct“ﬁ)e@%NAm

| i gase-<depearrdants LRNA spliCd g petthway. that has been shown to require ATP
for its action. as a DEAD-box helicase. This could explain the supportive
but di spensable role of ATP in the endonucl ease-RNA>p |igase reaction
cascade?D whi ¢RE WEEh&TT §thiedd) Iy Todoed Hidt Péquitre 2any “addi tiidhal* “éner gy.
Little is known about the potential functions of CGL-99, FAMB8B and ASW
The dat’\a her':'e\.iczn cQaS,\ ) % I\IA:‘I o1 I ,’.'\.ezz ;::d. pl e\.tcl r:“]1; ug ;S.“. .?%---Q:Q‘ Fa z ntial
role for the Iigati oﬁdég Sl ?egl(%g% J?B“a%a”‘cz)siﬁ R ‘“ngp* %?‘g‘ase
and T4 Pnk/Rnil-like ligation nmechani sns can be detected in human cells
(Fili pawi cz tapd Shatki Biny1983) o fHere,i e thave 3 dent ichizedoanponent s of an
RNA>p 1i gase pathway. Pro- WO 2012/ 028606PCT/ EP2011/ 064884 - 28 - teins
catalyzing the 5 -0OH ki nase and 2',3'-cyclic phosphodi esterase healing
reacti ans agnseldscas it hef iomal oghaesphotsr ansfeedasecsteem (Uhequtired sfer this
pat hway, -have been.identified in humans. In addition, it has recently been
denmonst rat ed by het'er oconpl ementati on studies in yeast that these proteins
can indeed function as tRNA splicing enzynes in vivo. Earlier studies show

that the RNA»p Lisgase pathway o5 theprevalents tRNALIirgatiompatinway tion

mammel s, (Filipow ¢z and ,\S_;h%:t_\kj n, .1983). The RNA>p |igase conplex described
here is the FiTstOi'dent iti ed RYA11gase protei'n that is capable of directly

joining the 2',3 -cyclic phosphate, 5" -0OH displaying products of the tRNA
end. onucl ease . @act i.ans, W thout, 4 he necessity Of,.prian "healing: of KA
termini. This inplies a nore general role of R >)2 Iige}sef‘ia_tn RNA repair

pat hwayis v iensits gt ive exdnplies ot IRNAG egai P8y Steh® ‘are KIFGIMT L

S Pom 3
pr okar yotces.p Recent,| ysed he nal:e of JRYA mepai.r 4,n sgukany etoes hassaecel ved

increasjng attention. RNA>p Jigase is involyed il C{E)urm, A epair. routes
and non.Cargni'al SpliEi g SUents hedi dted By Hepé e e R alneg

cl eavage ,artd (s Ubs éfuent> s plHL €05 dite- ilndepéndeit NG :gatid.omEef IRNA :durli;ng t he
unf ol deg:pr:at ejn. sesponse (1=) exenpljfies such a non-canonical splicing
event requiring an RNA |igase. The pathway has been extensively
investigated in S. cerevisiae and has inplicated the yeast tRNA |igase
Trlip i thedd raltdddggati aigastiep. aA Sigudtar AdPRipatday tikat dcelires ion;

stress-jndyced .ngp-conventd onal _splicing of, the KBPL IRNA exists jn human

cel I's. ‘Howevér, the r'esponsible 15 gase "Was prévi ousl y unknown. “Previ'dus

wor k.  suggestes tvhatontrhe sphios phiotteartsfrer ade FRTLeashi dhva U@ potlestilas
conponent; 1ofstihe dkbBnk: ke RNA 1igat iQn jpathway.d 2 hwmens,o s idi;sRensi bl e
for stress-induced splicing of the XBP1 nRNA. HSPC117 acts as an RNA>p

| i gase G 4 HFan < UPR patdiday-"9 Al dddicticon ! sNA iy asest havé beedol ™
proposedtdle he: involoed ri maditrialu reepldreatd-ored mhumans .cdrerrexanpl e, a
host - encoded, .| i  has, previousl y -heen postul at ed Gircul-arize.the RNA
genone %fo \Hgiﬁé%??ft ?qs’ D‘é%tk?a* Nit Lﬁis*%((x dur ﬁ'gowi‘%%’ng}é’jc ré"l%’r%’{)I‘A‘l*g%‘fti onin
humans .sHitl cgsFedresl gt tche HSPCEEEeotvaiviiarng 1 gase ccompgleex daseristsed
here par tirgirpalss Han shoste medinated duial, aenom® ¢ heulariizat iomgRecent |y,
both HSPCL17 and DDX1 have been report ecj_,t 0 be required for replication. of
EDI T i #iiraht Seeli%] Burtheri° ™ WH22012) 0286G6PCT/ EP2011/ 064884 - 29 - nore,
all nmenbers of the described RNA>p |igase conpl ex have been shown to
interact w th,kinesi.n-associated RNA .transport granyles jn muse brain
extracts. |t riguingly RICOT S e e BTt f hese
RNA t r anspotd! Igr &sulsesiist-her eby establishing a potential functional |ink
bet ween. RNA term nal phosphate cyclization and RNA |igation. The high
degree of conservation of HSPCl17/RtcB proteins in organisns as distantly
rel ated as humans and E. coli shows the universal and inportant roles for
this protein famly. Initial work indeed established an essential function
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WO 2012/ 028606PCT/ EP2011/ 064884 31 - Cdains: 1. The use of a HSPCl117

nol ecule as RNA |ig: Else, preferably for the transfer of a first RNA end to
a second WNaoedgeobn particul ar preferred wherein the fPCIIEPRINA/OG38Pri Ses a
3 phosphate, preferably a 2',3'-cycILcQ9hgsphate, and/ or wherein the second
end conprises a-Cu5 termnus. 2. The uSe of claim1 for inter- or

i ntra-st rvaepd digation.. 3. The e of claimil dfzfﬁ_vyhe‘r ein the RNA js

: r
cL INA 2 1Ease Saction bufrtal combrlslng = C OO SIS Arid
doubl e-stranded.” ‘8The et hod “of | gétl ng zi]t,,ﬂ gast t“vm,w ol écul es

conpr i sinty wsing ca MHSPCEL 12 ol sechd cd caic dorcdi My t o Mmy - olé” ofcrclwintgirkst o 7,

pr ef er abjp-Lonprd sl NG Lant actdng 1t he pts Jeast; Jnwe RNA i ecules wid hysai d
HSPC117 ol ecule in a cell, or preferably conprising. contacting the at

| east tRES RNASO! et 881 wilth Rédi td MEPEL PFSTSIEEN & -h Wirt 8- iR Sddrt i cul ar
pr ef er ried-tfrnt hempeanpricsiangypy ovildicng « kel tHSPCL L7 +1wlcacd eHasparacepl ex,
preferabl y- with splj sonml._.particles, preferably wherein the conpl ex
conpri "gls(“‘ae% derccﬁ%ﬁ:l é‘a‘svéﬁp )(I‘%r%ﬂ ‘ecul e, a FAMP8B nol ecul e, a CG -99
nol ecul e, ASP or any conbination. thereof. 9. A kit suitable for perform ng
2012/ 038600PCT CoBOLL/ 004584 35 a TN I gase T eactton Borfer “Sorpri s

+ QA B - +004 oc - a KWA 11gase reaction bulter conprising
buf f er ‘COoNe M St 2+ Fdife g hor & mét &7 18R Sl e e 1Y Sh-My, N or
m xtures thereof, for use in a final concentration range of ca 0.1-20 nM
pr ef era ly T \r.g(\d 'iir_'n p@mjc,?ul ar;“- r?ef r;“- ?2_'\,\, o thJQI’l lﬁl i f- rtfhe:rﬂ
conpri sﬁqn°g é‘. Jf‘%Nﬁlrfu/l_é?‘(:“tflué‘ Wt _“f'a ,‘3'0-%::y%ﬁtl_c gﬁo@gﬂﬁﬁé‘f‘é’,c”p?é o a‘t)ﬁleyi further
wi t h adcassicus HEFPA 'y &iga@fisc el | conpri sina an exoaenously expressed
HSPC117 nol ecul e, preferably with an inducible pronmoter. 11. A HSPCl17
knock-qut cell or cell wth reduced.inhibited en-dogenous HSPC117
expressi‘on. “C12. 2E&A4¢Cordi figtd cllaith 10 §F P Beilwd & néfital” cel |, 13.
A nmethod of reducing RNA |igase activity, in particular RNA>p |iaase
activity, I Gelly comurisingJ rhizbiting a HSPCL17 mol ecul.e.inqa cell,
prefer a}ﬁ y %y%l?%()‘él?— %G{T.ngﬁuﬁl’\‘l%ﬁ. @Qﬁ lTﬁgkﬁtﬁogl(j)rﬁ (r:TB al mdlg "c“ﬁfar}?aqt erized
i n t hatfN'ntii Bilthde® 126 By Yéducilng ©&preSSIHBH 16 "ah FASPELIZ b cediEs, 1 17
pr ef er abl e can cendogeneus, HPRGELL 4ol ecul &nddk-saitd geldnai 15. The method of
claim13 or 14 for reducing tRNA production or processing in said cell.
16. The use of a cell according to any one of clains 10 to 12 for RNA
| i gati art.or Tl neithg dstoudicés, i nprlef, ecéblng dte rmodyl dte tthicRNA rdmbunitison nsa
cell. b]y7 ré‘%lpfmrn\o%@r@r s%qy_ﬁf G taWS ;qu 1' 7 Q{o‘%}@cﬂl 1Qf ; %r@"‘%qacﬁ;e *YD ard Q;fne—Ct' on
dependent on host” pol'ymerases, such as hepatitis delta virus infection,
conpr i SIMFT&d Aissteri h@ e HESPCLE? wolist e i-nhibitor to said cell, or of
treating a disease in a subject associated with dysfunctional tRNA,
splicing, preferably panto-cerebellar hypoplasia, .conprising adm . nistering
a HSPCT%? n&%@b&F&‘fﬁi§ﬁid“§ﬁ8jgé%f”7lm %CB hed%c1“in%RN%_b%ouqulgn or

processing in said cell,

16, The use of a cell according to any one of claims 10 to 12
for RNA ligation or splicing studies, preferably to modulate
LiRNA amounts in a cell.
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A method of reducing tumcr cell growth or a disease or in-

fection dependent on host polymeraseszs, such as hepatitis delta

[EfaRulal

virus Iinfection, comprising administering an HSPC117 molecule
inhibitor to said cell, or of treating a disease in a subject
associated with dysfuncticonal tRNA splicing, preferably ponto-
cerebellar hypoprlasia, comprising administering a HSPC1l17 mole-

cule to said subject.



