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MANUFACTURING 

TechnicalFieldoftheInvention 

[1] ThepresentinventionrelatestomethodsfordsRNAreductionduringinvitro 

transcnptionthroughstepwiseadditionofnucleotides.Thepresentinventionfurtherrelates 

tonucleicacidsproducedbyamethodoftheinventionandtotheuseofsuchnucleicacids 

inmethodsoftreatingasubjectinneedthereof 

Background 
121 InvitroproductionofRNAhasbecomeincreasinglyimportantinthebiotechnology 

andpharmaceutical S 

industries.Improvementstomanufacturingprocessesparticularlythose 
thatcanproducehigh-qualityRNA(e.g.,mRNA)atlargescaleincludingspecifically 

therapeutic-gradeRNA(e.g.,mRNA),areimportantandvaluable.  

Summary 

131 RNAtranscribedinvitro(e.g.,byT7RNAPolymerase(RNAP))cancontain 

aberrantproductsS atsignificantlevels.Withoutwishingtobeboundbytheoryit 

isproposedthatsomeorallsuchproductscanbegeneratedbyunconventionalactivityofa 

utilizedRNAP.OnesuchaberrantproductisdsRNAwhichcanproveparticularly 

problematicforexampleinlightofitspropensitytoinduceinflammatorycytokinesand/or 

toactivateimmuno-effectorproteinswhichamongotherthingscanleadtoinhibitionof 
S 

proteinsynthesis.dsRNAistypicallythemajorcontaminantofinvitroRNAtranscription 

S 

[4j CommonlyaberrantproductsandparticularlydsRNAareremoved.frominvitro
transcribedRNApreparationsbypurification;avarietyofpurificationtechnologiesare 

available(erg.,viaLiCIand/oralcohol-basedprecipitationsizeexclusionand/orion

exchangechromatographysilicamatrixpurificationion-pairreversed-phasehigh 

performanceliquidchromatography[HPLC), cellulose-basedseparationetc.). However 

mostorallofsuchpurificationstrategiesmaybeimpracticaland/orotherwisenotideal, 

particularlyforcommercialscaleand/orpharmaceutical-gradeproductionamongother 

thingsbecausetheyoftenremovethedesiredRNAproducttogetherwiththeaberrant 

product(and/orothercontaminant),resultinginundesirablyhighlossofRNAproduct.  

[5j Amongotherthingsthepresentdisclosureprovidesaninsightthatsurprisingly, 

limitingtheamountofUTPorafunctionalanalogthereofwhensynthesizingRNAby 

1 

reactions.
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transcriptionreactionsandsupplementingthereactionmixwithUTPorafunctionalanalog 

thereofduringthecourseofthetranscriptionreactionyieldsRNAofincreasedpurity, 

reducedimmunogenicityandfavorablestability.  

[6j Furthermorethepresentdisclosureprovidesaninsightthatbenefitscouldbegained 

byreducingproductionofaberrantproducts(and/orothercontaminants)inthefirstinstance.  
9 Thepresentdisclosureprovidestechnologiesforperforminginvitrotranscriptionthatcan 

generateproductRNApreparationswithreducedlevelsofcertaincontaminants(e.gb, 

aberrantproducts),andparticularlyofdsRNA.Advantagesofprovidedtechnologies 
* 

includebutarenotlimitedtomoreefficientmanufacturingincludinghigheryieldof 
productRNA(e.g.,lessproductlossduringprocessing),fewerprocessingsteps(whichmay 

contributetoreducedproductloss),lowerproductioncostshorterproductiontirnelinesetc.  
S Moreoverthepresentdisclosureteachesthatprovidedimprovedproductiontechnologies 

I (e.g..,improvedtranscriptionreactionconditions)havevariousadvantages(includingthe 

foregoing)evenrelativetoimprovedpurificationtechnologies.  

171 inoneaspecttheinventionrelatestoamethodofproducinganRNAcomprising 
C transcribingRNAfromaDNAtemplateusingareactionmixwhichcomprisesadenosine 

triphosphate(ATP),guanosinetriphosphate(GTP),cytidinetriphosphate(CTP)anduridirie 

triphosphate(UTP),orfunctionalanalogsthereo4whereinthestartingconcentrationof 

UTPorafunctionalanalogthereofislowerthanthestatingconcentrationofCTPand/or 

ATPorafunctionalanalogthereofwhereinthemethodcomprisessupplementingthe 

reactionmixduringthecourseofthetranscriptionreactionwithacompositionwhich 

functionalanalogthereof 

[8] InoneaspecttheinventionrelatestoamethodofproducinganRNAcomprising 
'I transcribingRNAfromaDNAtemplateusingareactionmixwhichcompnsesadenosine 

triphosphate(ATP),guanosinetriphosphate(GTP),cytidinetriphosphate(CTP)anduridine 

triphosphate(UTP),orfhnctionalanalogsthereofwhereinthestaffingconcentrationof 

CTPorafunctionalanalogthereofisequaltothestartingconcentrationofATPora 

fUnctionalanalogthereofandwhereinthestartingconcentrationofUTPorafunctional 

analogthereofislowerthanthestartingconcentrationofCTPorATPorafunctional 

analogthereofwhereinthemethodcomprisessupplementingthereactionmixwithIJTPor 

afunctionalanalogthereotduringthecourseofthetranscriptionreaction.  

2 

comprisesUTPorafunctionalanalogthereofandissubstantiallyfreeofCTPorATPora
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[9J Inoneaspecttheinventionrelatestoamethodofproducingacomposition 

comprisingRNAhavingareduceddouble-stranded(ds)RNAcontentwhereinthemethod 

comprisestranscribingRNAfromaDNAtemplateusingareactionmixwhichcomprises 

adenosinetriphosphate(ATP),guanosinetriphosphate(GTP),cytidinetriphosphate(CTP) 

anduridinetriphosphate(UTP),orfunctionalanalogsthereo4whereinthestarting 

concentrationofUTPorafunctionalanalogthereofislowerthanthestartingconcentration 

ofCTPand/orATPorafunctionalanalogthereofwhereinthemethodcomprises 

supplementingthereactionmixduringthecourseofthetranscriptionreactionwitha 

compositionwhichcomprisesUTPorafunctionalanalogthereofandissubstantiallyfree 

ofCTPorATPorafunctionalanalogthereof 

110] Inoneaspecttheinventionrelatestoamethodofproducingacomposition 

compnsingRNAhavingareduceddouble-stranded(ds)RNAcontentwhereinthemethod 

comprisestranscribingRNAfromaDNAtemplateusingareactionmixwhichcomprises 
adenosinetriphosphate(ATP),guanosinetriphosphate(GTP),cytidine S 

tnphosphate(CTP) 

anduridinetriphosphate(UTP),orfunctionalanalogsthereofwhereinthestarting 

concentrationofCTPorafunctionalanalogthereofisequaltothestaffingconcentrationof 

ATPorafunctionalanalogthereofandwhereinthestartingconcentrationofUTPora 

functionalanalogthereofislowerthanthestartingconcentrationofCTPorATPora 
a functionalanalogthereofwhereinthemethodcompnsessupplementingthereactionmix 

withUTPorafunctionalanalogthereofduringthecourseofthetranscriptionreaction.  

1111 Insomeembodimentsthedouble-stranded(ds)RNAcontentofthecomposition 

RNAtranscribedfromthesameDNAtemplateusingequimolaramountsofadenosine 

triphosphate(ATP),guanosinetriphosphate(GTP),cytidinetriphosphate(CTP)anduridine 

triphosphate(UTP),orfunctionalanalogsthereof 
S [12] InsomeembodimentstheimmunogenicityoffliecompositioncomprisingRNAis 

reducedcomparedtotheimniunogenicityofacompositioncomprisingRNAtranscribed 

fromthesameDNAtemplateusingequimolaramountsofadenosinetriphosphate(ATP), 
U guanosinetriphosphate(GTP),cytidinetnphosphate(CTP)anduridinetriphosphate(UTP), 

orfunctionalanalogsthereof 

[13J Insomeembodimentsuridinetriphosphate(UTP),orafunctionalanalogthereotis 

presentinastartingconcentrationthatlimitstherateoftranscription.  

3 

comprisingRNAisreducedcomparedtothedsRNAcontentofacompositioncomprising
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[14J Insomeembodimentstheratioofthestartingconcentrationofuridinetriphosphate 
S (UTP),orafunctionalanalogthereoftothestartingconcentrationofcytidinetriphosphate 

(CIP)oradenosinetriphosphate(AlP),orafunctionalanalogthereofisbetweenabout 

1:1.5andabout1:15.  

[15j Insomeembodimentsthereactionmixissupplementedwithuridinetriphosphate 

(UTP),orafunctionalanalogthereofwhentheconcentrationofUTPorafunctionalanalog 

thereofnearsdepletion.  

[16] Insomeembodimentsthereactionmixissupplementedatleastoncewithuridine 

triphosphate(UTP),orafunctionalanalogthereofduringthecourseofthetranscription 

reaction.  

[17J Insomeembodimentsthereactionmixissupplementedcontinuouslywithuridine 

triphosphate(UTP),orafunctionalanalogthereofduringthecourseofthetranscription 

reaction.  

1181 Insomeembodimentsthereactionmixissupplementedperiodicallywithuridine 

triphosphate(UTP),orafunctionalanalogthereofduringthecourseofthetranscription 

reaction.  

[19j Insomeembodimentssupplementingthereactionmixwithuridinetriphosphate 

(UTP),orafunctionalanalogthereofmaintainsorrestorestheinitialratioofthe 

concentrationofUTPorafunctionalanalogthereoftotheconcentrationofcytidine 

triphosphate(CTP)oradenosinetriphosphate(ATP),orafunctionalanalogthereof 

[20J Insomeembodimentsthereactionmixissupplementedwithuridinetriphosphate 

[21J Insomeembodimentsthestartingconcentrationofguanosinetriphosphate(GTP), 

orafunctionalanalogthereofislowerthanthestartingconcentrationofcytidine 

triphosphate(CTP)oradenosinetriphosphate(ATP),orafunctionalanalogthereofInsome 
S I embodimentsguanosinetriphosphate(GTP),orafunctionalanalogthereofpreferablyis 

presentinastartingconcentrationthatlimitstherateoftranscription.  

[22J Insomeembodimentstheratioofthestaffingconcentrationofguanosine 

triphosphate(GTP),orafunctionalanalogthereoftothestartingconcentrationofcytidine 
S 

triphosphate(CTP)oradenosinetnphosphate(ATP),orafunctionalanalogthereofis 

betweenabout1:1.5andabout1:15.  

[23J Insomeembodimentsthereactionmixissupplementedwithguanosinetriphosphate 

(GTP),orafunctionalanalogthereofduringthecourseofthetranscriptionreaction.  

4 

(UTP),orafunctionalanalogthereofuntiltheendofthetranscriptionreaction.
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[24j Insomeembodimentsthereactionmixissupplementedwithguanosinetriphosphate 

(GTP),orafunctionalanalogthereofwhentheconcentrationofGTPorafunctionalanalog 

thereofnearsdepletion.  

[25J Insomeembodimentsthereactionmixissupplementedatleastoncewithguanosine 

triphosphate(GTP),orafunctionalanalogthereofduringthecourseofthetranscription 

reactions 

[26j Insomeembodimentsthereactionmixissupplementedcontinuouslywith 
S 

guanosinetriphosphate(GTP),orafunctionalanalogthereofdunngthecourseofthe 
transcriptionreaction.  

[27J Insomeembodimentsthereactionmixissupplementedperiodicallywithguanosine 

triphosphate(GTP),orafunctionalanalogthereofduringthecourseofthetranscription 

reaction.  

[28j insomeembodimentssupplementingthereactionmixwithguanosinetriphosphate 

(GTP),orafunctionalanalogthereofmaintainsorrestorestheinitialratioofthe 
*1 concentrationofGTPorafunctionalanalogthereoftotheconcentrationofcytidine 

triphosphate(CTP)oradenosinetriphosphate(ATP),orafunctionalanalogthereof 

1291 Insomeembodimentsthereactionmixissupplementedwithguanosinetriphosphate 

(GTP),orafunctionalanalogthereofuntiltheendofthetranscriptionreaction.  

i3~N Insomeembodimentsaprovidedmethoddoesnotcomprisesupplementingthe 
t transcriptionmixwithcytidinetriphosphate(CTP)and/oradenosinetnphosphate(ATP),or 

afunctionalanalogthereofduringthecourseofthetranscriptionreaction.  

tothefirstnucleotideintheRNAmolecule.  

[32j insomeembodimentsthestartnucleotideisanucleosidemonophosphatea 

nucleosidediphosphateanucleoside tnphosphateoradinucleosidetriphosphate.  

[33J Insomeembodimentsthestartnucleotideisa5capora5'capanalog.  

[34J Insomeembodimentsthe5'capor5'capanalogisselectedfromthegroup 

consistingofG[5']ppp[5'JGm7G[5']ppp[57JGm322' 7 GE5')ppp[5'JGm273'd~ 

0 G~5']ppp[5']G(3-ARCA),m2 7 ~>OGpppG(2'-ARCA),m2 7 2 %~ 0 GppspGDl(~-S-ARCA 

Dl),m27 '2 0 GppSpGD2(13-S-ARCAD2)andm2 7 '3 ~ 0 Gppp(m2'-O)ApG(CC413).  

[35J Insomeembodimentsthe5' capor5' capanaloginthereactionmixispresentin 

excesscomparedtoguanosinetriphosphate(GTP),orafunctionalanalogthereof 

5 
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[36] Insomeembodimentstheratioofthestartingconcentrationof5capor5'cap 

analogtothestartingconcentrationofguanosinetriphosphate(GTP),orafunctionalanalog 

thereofisbetweenabout2:1andabout20:1.  
I, 

[37J Insomeembodimentstheratioofthestartingconcentrationof5capor5' cap 
analogtothestaffingconcentrationofguanosinetriphosphate(GTP),orafunctionalanalog 

thereofisabout4:1.  

1381 InsomeembodimentsthereactionmixfurthercomprisesanRNApolyrnerasea 

bufferandatleastonemonovalentordivalentcation.  

1391 InsomeembodimentsthecationisLi~,NCK~,NH 4 ~ , 
fris(hydroxymethyl)aminomethanecationMg~~, Ba2±orMn2 ~ 

U 

1401 insomeembodimentstheRNApolymeraseisselectedfromthegroupconsistingof 
T7RNApolymeraseT3RNApolymeraseandSP6RNApolymerase.  

[41J Insomeembodimentsthefunctionalanalogofuridinetriphosphate(UTP)is 

selectedfromthegroupconsistingofPseudo-UTPNI-Methylpseudo-UTP,2-Thio-UTP 

and4-Thio-UTP.  

[42j Insomeembodimentsthefunctionalanalogofguanosinetriphosphate(GTP)is 

selectedfromthegroupconsistingof7-Deaza-GTPNIsMethylaGTPand06-Methyl-GTP.  

[43J InsomeembodimentstheDNAtemplateencodesoneormoreofa5'untranslated 

region(UTR),a3' UTRanopenreadingframeandapoly(A)-tail.  

1441 InsomeembodimentstheRNAcomprisesoneormoreofa5'untranslatedregion 
(UTR),a3' UTRanopenreadingframeandapoly(A$ail.  

[46J InsomeembodimentstheRNAismRNA.  

[47J InsomeembodimentstheRNAisaself-replicatingRNA.  

[481 InsomeembodimentsRNAproducedbyamethodoftheinventionhasalengthof 

between200to20000nucleotidesbetween200to12000nucleotidesbetween200to8000 

nucleotidesbetween500to5000nucleotidesbetween500to2500nucleotidesin 

particularbetween600to2500nucleotidesorbetween800to2000nucleotides.  

17491 InsomeembodimentsthepHvalueofthereactionmixiskeptsubstantiallyconstant 

duringthecourseofthetranscriptionreaction.  

[50J Insomeembodimentstheprogressofthetranscriptionreactionismonitoredinreal 

time.  

[511 Insomeembodimentsthemethodisperformedusingabioreactor.  

6 
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[52J InoneaspecttheinventionrelatestoanRNAproducedbyamethodofthe 

a 

1153] InoneaspecttheinventionrelatestoacompositioncomprisingRNAproducedby 

themethodoftheinvention.  

[54] Inoneaspecttheinventionrelatestoamethodoftreatingasubjectcomprisingthe 

stepsof:(i)obtainingRNAproducedbythemethodoftheinventionorobtaininga 

compositioncomprisingRNAproducedbythemethodoftheinventionand(ii) 

administeringtheRNAorthecompositioncomprisingRNAtothesubject.  

[55J inoneaspecttheinventionrelatestoamethodofproducinganRNAbyinvitro 

transcriptionwhereinthemethodcomprisesrestrictingconcentrationofUTPorfunctional 
a 

analogsthereofduringtheinvitrotranscnptionreaction.  
S j756J inoneaspecttheinventionrelatestoaninvitrotranscnptionreactioncomprisingan 

RNAtemplatecomprisingapromoterthatdirectstranscriptionofatemplatetogeneratea 

transcriptoptionallywithapolyAsequenceelement;anRNApolymerasethatactsonthe 
a promoterandadenosinetriphosphate(A.TP),guanosinetnphosphate(GTP),cytidine 

triphosphate(CTP)and.uridinetriphosphate(UTP),orfunctionalanalogsthereofwherein 

thestartingconcentrationofUTPorfunctionalanalogthereofislowerthanthe 

concentrationofCTPand/orATPorfunctionalanalogsthereof 
S 

1571 Inoneaspecttheinventionrelatestoamethodoftreatingasubjectbyadnilnistenng 

theRNAproducedbyamethodoftheinventionorthecompositioncomprisingRNA 

producedbyamethodoftheinventiontothesubject.  

strandedRNAresultingfrominvitro transcnptionofRNAthemethodcomprisinginvitro 

transcribingRNAfromatemplateundertranscriptionconditionsinwhichtheamountor 

concentrationofUTPorafunctionalanalogthereofisalimitingamountorconcentration 

forthetranscribingoftheRNAincomparisontotheamountorconcentrationofoneor 

moreofATPCTPand/orGTPorarespectiveanalogthereof 

[59J Inoneaspecttheinventionrelatestoamethodforreducingtheamountofdouble

strandedRNAinacompositioncomprisingRNAresultingfrominvitrotranscriptionof 

RNAthemethodcomprisinginvitrotranscribingRNAfromatemplateundertranscription 

conditionsinwhichtheamountorconcentrationofUTPorafunctionalanalogthereofisa 

limitingamountorconcentrationforthetranscribingoftheRNAincomparisontothe 

7 
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amountorconcentrationofoneormoreofATPCTPand/orGTPorarespectiveanalog 

thereof 

[60j Inoneaspecttheinventionrelatestoamethod.forreducingtheimmunogenicityofa 

compositioncomprisingRNAresultingfrominvitrotranscriptionofRNAthemethod 

comprisinginvitrotranscribingRNAfromatemplateundertranscriptionconditionsin 

whichtheamountorconcentrationofUTPorafunctionalanalogthereofisalimiting 

amountorconcentrationforthetranscribingoftheRNAB 
incomparisontotheamountor 

concentrationofoneormoreofATPCTPand/orGTPorarespectiveanalogthereof 

[61J Inanembodimentthedouble-strandedRNAistheresultofatleasttwodistinct 

RNAmoleculesannealingtoeachotheri.e.,theresultofinter-molecularbinding.Inan 
C 

embodimentthedoubie~strandedRNAistheresultofintrammolecularbindingi.e.,partsof 
.3 

anRNAmoleculeannealingtoitselfe.g.,ineaseswherethetranscriptbackfoldsonitself 

BriefDescriptionoftheDrawing 

[62J Figure1demonstratesexemplaryresultsfordsRNAcontentgeneratedbyanIVT 

reactiontranscribingunmodifiedRNAwithstep-wiseadditionofNTP.RNAwasInvitro 

transcribedwithreducedstaffingconcentration(limited)ofindicatedNTP.0 GTPA

ATPU-UTPA/U-ATP+UTP.ThelimitedNTPwerefedstep-wisetotheJVTreaction 

untilthefinalconcentrationNTPwasreachedforallNTPs.AllRNAwereco 

transcriptionallycappedusingCC413capanalog.AsacontrolthelimitationofGTPwas 

used.A.RNAyieldwasunaffectedcomparedtocontrolbythetypeofNTPthatwasfed 

overthecourseofthereaction.B.RNAintegritywasunaffectedcomparedtocontrolbythe 

typeofNTPthatwasfedoverthecourseofthereaction.C.dsRNAcontentwasincreased 

comparedtocontrolwhenATPwasfedandreducedwhenUTPwasfed.FeedingbothATP 

andUTPabrogatedeachother'seffectresultinginadsRNAcontentcomparabletothatof 

control(GTPfed).itCappingefficiencywasreducedcomparedtocontrolwhenGTPwas 

noted.  

[63J Figure2demonstratesexemplaryresultsfordsRNAcontentgeneratedbyanIVT 

reactionofunmodifiedRNAwithstep-wiseadditionofUTPorGTPandUTPwhich 

rescuescappingefficiency.RNAwasinvitrotranscribedwithreducedstarting 

concentration(limited)ofindicatedNTP.G GTPU-UTPG/U-GTP+UTP.Thelimited.  

NTPwerestepwisefedtotheIVTreactionuntilthefinalconcentrationNTPwasreached 

forallNTPs.AsacontrolthelimitationofGTPwasused.AllRNAwereco 

8 
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transcriptionallycappedusingDI43-SIARCAcapanalog.A.RNAyieldwasincreased 

comparedtocontrolwhenUTPorUTPandGTPincombinationwerefedunderthese 

reactionconditions.B. IntegntyofpurifiedRNAwasreducedwhenUTPorGTPandUTP 
S werefed.WhenGTPandUTPwerefedincombinationRNAintegntywasrescuedtothe 

levelofthatwhentheLVTreactionwasGTPfed(control).C.dsRNAcontentwasreduced 

byfeedingUTPcomparedtothecontrolGTPfed.FeedingbothGTPundUTPreducesthe 

dsRNAcontentaswellbuttoalesserextentthantheUTPfedalone.D.Cappingefficiency 

wasreducedcomparedtocontrolwhenfeedingUTPalonebutwasrescuedbyfeedingGTP 

andUTPincombination.  

[64] Figure3demonstratesexemplaryresultsfordsRNAcontentgeneratedbyJVT 
'U reactiontranscribingNI-methylpsueoduridine(m1'FTP)containingRNAwithstep-wise 

additionofrni'FTPorml~vTPandGTP.RNAwasinvitrotranscribedwithreducedstarting 

concentration(Limited)ofindicatedNTP.G GTPmit- m1WTPG/ml'P-GTP+ 

mINPTP.ThelimitedNTPwerefedstepwisetotheLVTreactionuntilthefinal 

concentrationNTPwasreachedforallNTPs.AsacontrolthelimitationofGTPwasused.  

AllRNAwerecotranscriptionallycappedusingCC413GAGcapanalog.A.RNAyield 

wasunaffectedcomparedtocontrolbythetypeofNTPthatwasfedoverthecourseofthe 

reaction.B.RNAIntegritywasreducedcomparedtocontrolwhenml'PTPwasfed.When 

GTPandmIYTPwerefedincombinationRNAintegritywasrescuedtothelevelofthe 

GTPfedcontrol.C.dsRNAcontentwasreducedbyfeedingrnIWTPcomparedtothe 

standardGTPfedcontrol.FeedingofbothGTPuridm1TTPreduceddsRNAcontent 

comparedtocontrolwhenml'PTPfedbutwererescuedbyfeedingbothGTPandml'PTP.  

[65J Figure4demonstratesexemplaryresultsofhigherorderstructureforRNAproduct 

usingcirculardichroism.  

CertainDefinitions 

[66J Certaintermsusedhereinmaybeunderstoodtobedefinedasdescribedin"A 

multilingualglossaryofbiotecimologicalterms:(JUPACRecommendations)",H.G.W.  

LeuenbergerB.NagelandH.KdlblEds.,HelveticaChimicaActaCHa4O1OBasel, 

Switzerland,(1995).  

S [67] Alsoindicationsofrelativeamountsofacomponentcharactenzedbyagenericterm 

aretypicallymeanttorefertothetotalamountofallspecificvariantsormemberscovered 

9 

comparablytothosefromam1'FTP-onlyfedreaction.D.Cappingefficiencywasreduced
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bysaidgenericterm.Ifacertaincomponentdefinedbyagenerictermisspecifiedtobe 

presentinacertainrelativeamountandifthiscomponentisfurthercharacterizedtobea 
I specificvariantormembercoveredbythegenenetermitismeantthatnoothervariantsor 

memberscoveredbythegenerictermareadditionallypresentsuchthatthetotalrelative 

amountofcomponentscoveredbythegenerictermexceedsthespecifiedrelativeamount 

morepreferablynoothervariantsormemberscoveredbythegenerictermarepresentatall.  
" ~ 

[68] A:Termsaand"anand"the"andsimilarreferenceusedinthecontextof 
S describingtheinvention(especiallyinthecontextoftheclaims)aretobeconstruedtocover 

boththe4 andthepluralunlessotherwiseindicatedhereinorclearlycontradictedby 

context.Recitationofrangesofvalueshereinismerelyintendedtoserveasashorthand 

methodofreferringindividuallytoeachseparatevaluefallingwithintherange.Unless 

otherwiseindicatedhereineachindividualvalueisincorporatedintothespecificationasif 

itwasindividuallyrecitedherein.Allmethodsdescribedhereincanbeperformedinany 

suitableorderunlessotherwiseindicatedhereinorotherwiseclearlycontradictedbycontext.  

Theuseofanyandallexamplesorexemplarylanguage(e.g.,r suchas"),providedhereinis 

intendedmerelytobetterillustratetheinventionanddoesnotposealimitationonthescope 

oftheinventionotherwiseclaimed.Nolanguageinthespecificationshouldbeconstruedas 

indicatinganynon-claimedelementessentialtothepracticeoftheinvention.  

[69J AboutorApproximately:Theterm"about"orapproximately'~,whenusedhereinin 

referencetoavaluereferstoavaluethatissimilarincontexttoastatedreferencevalue.In 

generalthoseskilledintheartfamiliarwiththecontextwillappreciatetherelevantdegree 

art:willappreciatethatinmanyembodiments(aswillbeunderstoodfromcontext),theterm 

"about"meansapproximatelyornearlyandinthecontextofanumericalvalueorrangeset 

forthhereinpreferablymeans+KI0%ofthenumericalvalueorrange.Forexamplein 

someembodimentsthetermabout"or4'approximately"mayencompassarangeofvalues 

thatarewithin25%,20%,19%,18%,17%,16%,15%,14%,13%,12%,11%,10%,9%, 

8%,7%,6%,5%,4%,3%,2%,1%,orlessofthereferredvalue.  
p [70] Administration:Asusedhereintheterm"administration"typicallyreferstothe 

administrationofacompositiontoasubjectorsystem.Thoseofordinaryskillintheartwill 

beawareofavarietyofroutesthatmayinappropriatecircumstancesbeutilizedfor 

administrationtoasubjectforexampleahuman.Forexampleinsomeembodiments, 

administrationmayheocularoralparenteraltopicaletc.Insomeparticularembodiments, 

10 

ofvananceencompassedby"about"orapproximately"inthatcontext.Thoseskilledinthe
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administrationmaybebronchial(e.g.,bybronchialinstillation),buccaldermal(whichmay 
S beorcompnseforexampleoneormoreoftopicaltothedermisintradermalintradennal, 

transdermal, ete.), enteral, intramarterial, intradermal, intragastricintramedullary, 

I. intranasalintraperitonealintrathecalintravenousintraventricularwithina 

specificorgan(e.g.intrahepatic),mucosalnasaloralrectalsubcutaneoussublingual 

topicaltracheal(e.g.,byintratrachealinstillation),vaginalvitrealetc.Insome 

embodimentsadministrationmaybeintramuscular.Insomeembodimentsadministration 

mayinvolvedosingthatisintermittent(e.g., apluralityofdosesseparatedintime)and/or 

periodic(e.g., individualdosesseparatedbyacommonperiodoftime)dosing.Insome 

embodimentsadministrationmayinvolvecontinuousdosing(e.g.,perfusion)foratleasta 

selectedperiodoftime.  

[711 Agent:Ingeneralthetermagent"asusedhereinisusedtorefertoanentity(e.g., 

forexamplealipidmetalnucleicacidpolypeptidepolysaccharidesmallmolecule, 
I, 

orcomplexcombinationmixtureorsystem[e.g., celltissueorganism)thereof),or 

phenomenon(e.g.,heatelectriccurrentorfieldmagneticforceorfieldetc.).Inappropriate 

circumstancesaswillbeclearfromcontexttothoseskilledintheartthetermmaybe 

utilizedtorefertoanentitythatisor compnsesacellororganismorafractionextractor 

componentthereofAlternativelyoradditionallyascontextwillmakeclearthetermmay 

beusedtorefertoanaturalproductinthatitisfoundinand/orisobtainedfromnature.In 

someinstancesagainaswillbeclearfromcontextthetermmaybeusedtorefertooneor 

moreentitiesthatisman-madeinthatitisdesignedengineeredand/orproduced.through 

beutilizedinisolatedorpureform;insomeembodimentsanagentmaybeutilizedincrude 

form.Insomeembodimentspotentialagentsmaybeprovidedas .3 or 6 

lb examplethatmaybescreenedtoidentifyorcharactenzeactiveagentswithinthem.Insome 

casesthetermagent"mayrefertoacompoundorentitythatisorcomprisesapolymer;in 

somecasesthetermmayrefertoacompoundorentitythatcomprisesoneormore 

polymericmoieties.Insomeembodimentsthetermagent"mayrefertoacompoundor 

entitythatisnotapolymerand/orissubstantiallyfreeofanypolymerand/orofoneormore 

particularpolymericmoieties.Insomeembodimentsthetermmayrefertoacompoundor 

entitythatlacksorissubstantiallyfreeofanypolymericmoiety.  

[72J Analog:Asusedhereinthetermanalog"referstoasubstancethatsharesoneor 

moreparticularstructuralfeatureselementscomponentsormoietieswithareference 

11 

actionofthehandofmanand/orisnotfoundinnature.Insomeembodimentsanagentmay
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substance.Typicallyan4'analog"showssignificantstructuralsimilaritywiththereference 

substanceforexamplesharingacoreorconsensusstructurebutalsodiffersincertain 

discreteways.Insomeembodimentsananalogisasubstancethatcanbegeneratedfrom 

thereferencesubstancee.g.,bychemicalmanipulationofthereferencesubstance.Insome 

embodimentsananalogisasubstancethatcanbegeneratedthroughperformanceofa 

syntheticprocesssubstantiallysimilarto(e.g., sharingapluralityofstepswith)onethat 

generatesthereferencesubstance.Insomeembodimentsananalogisorcanbegenerated 

throughperformanceofasyntheticprocessdifferentfromthatusedtogeneratethereference 

substance.  

[731 Antibodyagent:Asusedhereintheterm"antibodyagentreferstoanagentthat 

specificallybindstoaparticularantigen.Insomeembodimentsthetenencompassesany 

polypeptideorpolypeptidecomplexthatincludesimmunoglobulinstructuralelements 

sufficienttoconferspecificbinding.Exemplaryantibodyagentsincludebutarenotlimited 

tomonoclonalantibodiesorpolyclonalantibodies.Insomeembodimentsanantibodyagent 

mayincludeoneormoreconstantregionsequencesthatarecharacteristicofmouserabbit, 

primateorhumanantibodies.Insomeembodimentsanantibodyagentmayincludeoneor 

moresequenceelementsarehumanizedprimatizedchimericetca, asisknowne theart.In 

manyembodimentsthetermantibodyagent'isusedtorefertooneormoreoftheart

knownordevelopedconstructsorformatsforutilizingantibodystructuralandfunctional 

featuresinalternativepresentation.Forexampleembodimentsanantibodyagentutilizedin 

accordancewiththepresentdisclosureisinaformatselectedfrombutnotlimitedtoaintact 

antibodyfragmentssuchasFabfragmentsFab'fragmentsF(ab')2fragmentsFd' 

fragmentsRIfragmentsandisolatedcomplementaritydeterminingregions(CDRs)orsets 

thereoftsinglechainFvs;polypeptide-Fcfusions;singledomainantibodies(e.g., shark 

singledomainantibodiessuchasIgNARorfragmentsthereof);cameloidantibodies; 

maskedantibodies(e.g., Probodies®);SmallModularImmunoPharmaceuticals 

a 

("SMIPsTM")&singlechainorTandemdiabodies(TandAb®)~VHHs;Anticalins® 
Nanobodies®minibodies;BiTE®s;ankyrinrepeatproteinsorDARPINs®;Avimers® 

DARTs;TCR-likeantibodies;Adnectins®;Affihins®&Transabodies®;Affibodies®; 

ThmerX®MicroProteins;Fynomers®Centtns~;andKALBLTORcI~s.insome 

embodimentsanantibodymaylackacovalentmodification(e.g., attachmentofaglycan) 

thatitwouldhaveifproducednaturally.Insomeembodimentsanantibodymaycontaina 

12 

IgAIgG,1gBor1gMantibodies;bi-ormulti~specificantibodies(e.g., Zybodies®,etc.);



WO20221122689 PCT/EP2021/084488 

covalentmodification(e.g.,attachmentofaglycanapayload[e.g., adetectablemoietya 

therapeuticmoietyacatalyticmoietyetc.],orotherpendantgroupEe.g.,poly-ethylene 

glycoletc.].IAmanyembodimentsanantibodyagentisorcomprisesapolypeptidewhose 

aminoacidsequenceincludesoneormorestructuralelementsrecognizedbythoseskilledin 

theartasacomplementaritydeterminingregion(CDR);insomeembodimentsanantibody 

agentisorcomprisesapolypeptidewhoseaminoacidsequenceincludesatleastoneCDR 

(e.g., atleastoneheavychainCDRand/oratleastonelightchainCDR)thatissubstantially 

identicaltoonefoundinareferenceantibody.Insorn.eembodimentsanincludedCDRis 

substantiallyidenticaltoareferenceCDRinthatitiseitheridenticalinsequenceorcontains 

betweenI-5aminoacidsubstitutionsascomparedwiththereferenceCDR.Insome 

embodimentsanincludedCDRissubstantiallyidenticaltoareferenceCDRinthatitshows 

atleast85%,86%,87%,88%,89%,90%,91%,92%,93%,94%,95%,96%,97%,98%, 

99%,orI00%sequenceidentitywiththereferenceCDR.Insomeembodimentsanincluded 

CDRissubstantiallyidenticaltoareferenceCDRinthatitshowsatleast95%,96%,97%, 

98%,99%,or100%sequenceidentitywiththereferenceCDR.Insomeembodimentsan 

includedCDRissubstantiallyidenticaltoareferenceCDRinthatatleastoneaminoacid 

withintheincludedCDRisdeletedaddedorsubstitutedascomparedwiththereference 

identicalwiththat 
CDRbuttheincludedCDRhasanaminoacidsequencethatisotherwise a 

ofthereferenceCDR.InsomeembodimentsanincludedCDRissubstantiallyidenticaltoa 

referenceCDRinthatI-5aminoacidswithintheincludedCDRaredeletedaddedor 

substitutedascomparedwiththereferenceCDRbuttheincludedCDRhasanaminoacid 

CDRissubstantiallyidenticaltoareferenceCDRinthatatleastoneaminoacidwithinthe 

includedCDRissubstitutedascomparedwiththereferenceCDRbuttheincludedCDRhas 

anaminoacidsequencethatisotherwiseidenticalwiththatofthereferenceCDR.Insome 

embodimentsanincludedCDRissubstantiallyidenticaltoareferenceCDRinthatI-5 

aminoacidswithin.theincludedCDRaredeletedaddedorsubstitutedascomparedwiththe 

referenceCDRbuttheincludedCDRhasanaminoacidsequencethatisotherwiseidentical 

tothereferenceCDR.IAsomeembodimentsanantibodyagentisorcomprisesa 

polypeptidewhoseaminoacidsequenceincludesstructuralelementsrecognizedbythose 

skilledintheartasanimmunoglobulinvariabledomain.Insomeembodimentsanantibody 

agentisapolypeptideproteinhavingabindingdomainwhichishomologousorlargely 

homologoustoanimmunoglobulin~bindingdomain.  

13 

sequencethatisotherwiseidenticaltothereferenceCDR.Insomeembodimentsanincluded
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[74J Antibodyagentscanbemadebytheskilledpersonusingmethodsandcommercially 

availableservicesandkitsknownintheafl.Forexamplemethodsofpreparationof 

monoclonalantibodiesarewellknownintheartandincludehybridomatechnologyand 

phagedisplaytechnology.Furtherantibodiessuitableforuseinthepresentdisclosureare 

describedforexampleinthefollowingpublications:AntibodiesALaboratoryManual 

Secondedition.EdwardA. 4 Greenfleid.ColdSpringHarborLaboratoryPress(September30, 

2013);MakingandUsingAntibodies:APracticalHandbookSecondEdition.Eds.GaryC.  

HowardandMatthewItKaser.CRCPress(July29,2013),AntibodyEngineering:Methods 

andProtocolsSecondEdition(MethodsinMolecularBiology).PatrickChames.Rumana 

Press(August21, 2012);MonoclonalAntibodies:MethodsandProtocols(Methodsin 

MolecularBiology).Eds.VincentOssipowandNicolasFischer.HumanaPress(February12 

2014):andHumanMonoclonalAntibodies:MethodsandProtocols(MethodsinMolecular 

Biology).MichaelSteinitz.HumanaPress(September30,2013)).  

[75j Antibodiesmaybeproducedbystandardtechniquesforexamplebyimmunization 

withtheappropriatepolypeptideorportion(s)thereoforby 9 

usingaphagedisplaylibrary.If 
polyclonalantibodiesaredesiredaselectedmammal(e.g., mouserabbitgoathorseetc.) 
isimmunizedwithanimmunogenicpolypeptide S 

beanngadesiredepitope(s),optionally 
a 

haptenizedtoanotherpolypeptide.Dependingonthehostspeciesvanousadjuvantsmaybe 
usedtoincreaseS 

response.Suchadjuvantsincludebutarenotlimitedto 

Freund'smineralgelssuchasaluminumhydroxideandsurface-activesubstancessuchas 

lysolecithinpluronicpolyolspolyanionspeptidesoilemulsionskeyholelimpet 

accordingtoknownprocedures.Ifserumcontainingpolyclonalantibodiestothedesired 

epitopecontainsantibodiestootherantigensthepolyclonalantibodiescanbepurifiedby 

immunoaffinitychromatographyoranyothermethodknownintheart.Techniquesfor 

producingandprocessingpolyclonalantiseraarewellknownintheart.  

1761 Antigen:Thetermantigen, asusedhereinreferstoanagentthatelicitsan 

immuneresponse:and/or(ii)anagentthatbindstoaTcellreceptor(e.g.,whenpresentedby 

anMHCmolecule)ortoanantibody.Insomeembodimentsanantigenelicitsahumoral 

response(e.g., includingproductionofantigen-specificantibodies);insomeembodiments, 

anantigenelicitsacellularresponse(e.g., involvingT-ceilswhosereceptorsspecifically 

interactwiththeantigen).Insomeembodimentsanantigenbindstoanantibodyandmayor 

maynotinduceaparticularphysiologicalresponseinanorganism.Ingeneralanantigen 

14 

hemocyaninanddinitrophenol.Serum fromtheimmunizedanimaliscollectedaridtreated
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maybeorincludeanychemicalentitysuchasforexampleasmallmoleculeanucleic 

acidapolypeptideacarbohydratealipidapolymer(insomeembodimentsotherthana 

biologicpolymer[e.g., otherthananucleicacidoraminoacidpolymer)etc.Insome 

embodimentsanantigenisorcomprisesapolypeptide.insomeembodimentsanantigenis 

orcomprisesaglycan.Thoseofordinaryskillintheartwillappreciatethat, Ugeneralan 

antigenmaybeprovidedinisolatedorpureformoralternativelymaybeprovidedincrude 

form(e.g.,togetherwithothermaterialsforexampleinanextractsuchasacellularextract 

orotherrelativelycrudepreparationofanantigen-containingsource).Insome 

embodimentsantigensutilizedinaccordancewiththepresentinventionareprovidedina 

crudeform.InsomeembodimentsanantigenSisarecombinantantigen.  
a 

17711 Autologous:Theterm"autologousisusedtodescribeanythingthatisdenvedfrom 

thesamesubject.Forexample,' autologouscell"referstoacellderivedfromthesame 

subject.Introductionofautologouscellsintoasubjectisadvantageousbecausethesecells 

overcometheimmunologicalbafflerwhichotherwiseresultsinrejection.  
S 

[78] Aiogeneic:Thetermallogeneicisusedtodescribeanythingthatisderivedfrom 

differentindividualsofthesamespecies.Twoormoreindividualsaresaidtobeallogeneic 

tooneanotherwhenthegenesatoneormorelociarenotidentical.  
a 

[791 Basepair:Asisunderstoodinthearta"basepairisastructuralmotifofa 

secondarystructurewhereintwonucleotidebasesassociatewitheachotherthrough 

hydrogenbondsbetweendonorandacceptorsitesonthebases.ComplementarybasesA:U 

andG:Careunderstoodtobeabletoformstablebasepairsthroughhydrogenbonds 

Watson-Crickbasepairs.Aweakerbasepair(calledWobblebasepair)isformedbythe 

basesGandU(G:U).BasepairsA:UandG:Cmaybereferredtoascanonical"basepairs.  

OtherbasepairssuchasG:U(whichoccursfairlyofieninRNA)andotherrelatively 
S 

uncommonbase-pairs(e.g.A:C;U:U)maybereferredtoasnon~canonicalbasepairs.  

[80J Batch:Asusedhereintheterm"batch"or"batchreaction"orsimilartermsrefersto 

atleastonediscretesupplementationeventforatleastonecomponent(e.g.,insome 

embodiments)specificallyatleastoneforUTPoranalogthereofoptionallyatleastonefor 

othercomponent(s),optionallymultiplecomponentssupplementedinsamediscrete 

supplementationevent.  

[81] Binding:Itwillbeunderstoodthattheterm"binding, asusedhereintypically 

referstoanon-covalentassociationbetweenoramongtwoormoreentities."Direct" 
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betweendonorandacceptorsitesonthebases~theA:UandELCbasepairsarecalled
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bindinginvolvesphysicalcontactbetweenentitiesormoietiesindirectbindinginvolves 

physicalinteractionbywayofphysicalcontactwithoneormoreintermediateentities.  

Bindingbetweentwoormoreentitiescantypicallybeassessedinanyofavarietyof 

contexts includingwhereinteractingentitiesormoietiesarestudiedinisolationorinthe 

contextofmorecomplexsystems(e.g., whilecovalentlyorotherwiseassociatedwitha 

carrierentityand/orinabiologicalsystemorcell).  

[82] Bioreactor:Theterm"bioreactorasusedhereinreferstoavesselusedforinvitro 

transcriptiondescribedherein.Abioreactorcanbeofanysizesolongasitisusefulforin 

vitro transcription.Forexampleinsomeembodimentsabioreactorcanbeatleast0.5liter, 

including1,2,3,4,5,6,7,8,9,10,15,20,25,30,35,40,45,50litersormoreorany 

volumeinbetween.Theinternalconditionsofthebioreactorp butnotlimitedto 
lb pHandtemperaturearetypicallycontrolleddunnginvitrotranscription..Thebioreactorcan 

becomposedofanymaterialthatissuitablefora a 

Invitrotranscnptionundertheconditionsas 
described S 

hereinincludingglassplasticormetal.Oneofordinaryskillintheartwillbe 

awareofandwillbeabletochoosesuitablebioreactorvolumeforuseinpracticinginvitro 

transcription.  
" 

[83j Cap:Asused.hereinthetermcapreferstoastructurecomprisingoressentially 
p consistingofanucleoside-5'~tnphosphatethatistypicallyjoinedtoa5'-endofanuncapped 

RNA(e.g.,anuncappedRNAhavinga55 diphosphate).Insomeembodimentsacapisor 

comprisesaguaninenucleotide.Insomeembodimentsacapisorcomprisesanaturally
~ 6 occurringRNA5~capincludinge 5 g.,butnotlimitedtoaN7-methylguanosinecapwhich 

syntheticcapanalogthatresemblesanRNAcapstructureandpossessestheabilityto 

stabilizeRNAifattachedtheretoincludinge.g., butnotlimitedtoanti-reversecapanalogs 

(ARCAs)knownintheart).Thoseskilledintheartwillappreciatethatmethodsforjoining 

acaptoa5' endofanRNAareknownintheart.Forexampleinsomeembodimentsa 

cappedRNAmaybeobtainedbyinvitrocappingofRNAthathasa5'triphosphategroup 

orRNAthathasa5'diphosphategroupwithacappingenzymesystem.(includinge.g.,but 

notlimitedtovacciniacappingenzymesystemorSaceharomycescerevisiaecapping 

enzymesystem).AlternativelyacappedRNAcanbeobtainedbyinvitrotranscription 

(IVT)ofaDNAtemplatewhereininadditiontotheGTPanJVTsystemalsocontainsa 

capanaloge.g., asknownintheart.Non-limitingexamplesofacapanalogincludea 

m7GpppGcapanalogoranN7-methyl,2'-O-methyl-GpppGARCAcapanalogoranN7

16 

hasastructuredesignatedasm7G~"Insomeembodimentsacapisorcomprisesa
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methyl-,3'~O~methy1~GpppGARCAcapanalogoranycommerciallyavailablecap 
S.  analogsincludinge.g., CleanCap(Trilink),EZCapetc.. Insomeembodimentsacap 

analogisorcomprisesatrinucleotidecapanalog.Variouscapanalogsaredescribedherein 

andknowninthearte.g.,commerciallyavailable.  

184i Codon:Asisunderstoodintheartthetermcodon"referstoabasetripletina 

codingnucleicacidthatspecifieswhichaminoacidwillbeaddednextduringprotein 

synthesisattheribosome.  

1851 &mparable:Asusedhereinthetermcomparable"referstotwoormoreagents, 

entitiessituationssetsofconditionsetc.,thatmaynotbeidenticaltooneanotherbutthat 

aresufficientlysimilartopermitcomparisontherebetweensothatoneskilledintheartwill 

appreciatethatconclusionsmayreasonablybedrawnbasedondifferencesorsimilarities 

observed.insomeembodimentscomparablesetsofconditionscircumstancesindividuals, 

orpopulationsarecharacterizedbyapluralityofsubstantiallyidenticalfeaturesandoneora 

smallnumberofvariedfeatures.Thoseofordinaryskillintheartwillunderstandin 

contextwhatdegreeofidentityisrequired.inanygivencircumstancefortwoormoresuch 

agentsentitiessituationssetsofconditionsetc.tobeconsideredcomparable.Forexample, 

thoseofordinaryskillintheartwillappreciatethatsetsofcircumstancesindividualsor 

populationsarecomparabletooneanotherwhencharacterizedbyasufficientnumberand 

typeofsubstantiallyidenticalfeaturestowarrantareasonableconclusionthatdifferencesin 

resultsobtainedorphenomenaobservedunderorwithdifferentsetsofcircumstances, 

individualsorpopulationsarecausedbyorindicativeofthevariationinthosefeaturesthat 

'4 

[861 Complementary:Asusedhereinthetermcomplementaryisusedinreferenceto 
oligonucleotidehybridizationrelatedbybase-pairingrules.Forexamplethesequence"C

iscomplementarytothesequence'4G-T-C-A."Complementaritycanbepartialor 

total.Thusanydegreeofpartialcomplernentarityisintendedtobeincludedwithinthe 

scopeoftheterm'4complementary,,providedthatthepartial p 

oligonucleotidehybridization.Partialcomplementarityiswhereoneormorenucleicacid 

basesisnotmatchedaccordingtothebasepairingrules.Totalorcomplete 
S 

betweennucleicacidsiswhereeachandeverynucleicacidbaseismatchedwithanother 

baseunderthebasepairingrules.Asisunderstoodintheartpercentcomplernentarity 

indicatesthepercentageofcontiguousresiduesinanucleicacidmoleculethatcanform 

hydrogenbonds(e.g.,Watson-Crickbasepairing)withasecondnucleicacidsequence(e.g., 

17 
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5,6,7,8,9,10outof10being50%,60%,70%,80%,90%,and100%complementary).  

,, "Perfectlycomplementaryor'fullycomplementarymeansthatallthecontiguousresidues 

ofanucleicacidsequencewillhydrogenbondwiththesamenumberofcontiguousresidues 

inasecondnucleicacidsequence.Inmanyembodimentsdegreeofcomplementarity 

accordingtotheinventionisatleast70%,preferablyatleast75%,preferablyatleast80%, 

morepreferablyatleast85%,evenmorepreferablyatleast90%ormostpreferablyatleast 

95%,96%,97%,98%or99%.Incertainemodimentsthedegreeofcomplernentarity 

accordingtotheinventionisI00%.  

'I' 

1871 Comprising:Unlessexpresslyspecifiedotherwisetheterm.comprising"isusedin 
thecontextofth.epresentdocumenttoindicatethatfurthermembersmayoptionallybe 

presentinadditiontothemembersofthelistintroducedby"comprising".itishowever, 
4p qi contemplatedasaspecificembodimentofthepresentinventionthatthetermcomprising 

encompassesthepossibilityofnofurthermembersbeingpresenti.e.forthepurposeofthis 

'4 embodimentcomprising"istobeunderstoodashavingthemeaningof"consistingof' 
a a [88j Decreasingreducinginhibiting:Asisunderstoodinthearttennssuchas 

, ~1~ "decreasing', reducing"orinhibitingmaybeusedhereintorefertoanabilitytocausean 

overalland/orrelativedecreasee.g.,inanentityeventfrequencyactivityetc.Insome 

embodimentsadecreaseforexamplemaybe5%orgreater,10%orgreater,20%or 

a 

greater,25%orgreater,30%orgreater,35%orgreater,40%orgreater,45%orgreaterin 
someembodimentsof50%orgreater60%orgreater,70%orgreaterandinsome 

embodiments75%orgreater.Insomeembodimentsadecreasemaybe2foldorgreater,3 

orgreater,9foldorgreaterI0foldorgreaterI5foldorgreater,20foldorgreater25fold 

orgreater,30foldorgreater,40foldorgreater50foldorgreaterI00foldorgreateretc.  

Insomeembodimentsadecreaseisassessedrelativetoanappropriatereference.Insome 

'0' 

embodimentsinhibitionmaybecompleteor essentiallycompleteforexampletoan 
undetectablelevele.g 1 ,tozerooressentiallytozero.  

[89] Derivative:Asusedhereintheterm"derivative"referstoastructuralanalogueofa 

referencesubstance.Thatisa'derivative"isasubstancethatshowssignificantstructural 

srnmlilantywiththereferencesubstanceforexamplesharingacoreorconsensusstructure, 

butalsodiffersincertaindiscreteways.Insomeembodimentsaderivativeisasubstance 

thatcanbegeneratedfromthereferencesubstancebychemicalmanipulation.Insome 

embodimetsaderivativeisasubstancethatcanbegeneratedthroughperformanceofa 
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U syntheticprocesssubstantiallysimilarto(e~g~,shanngapluralityofstepswith)onethat 

generatesthereferencesubstance.Forexampleinsomeembodimentsa"derivativeofa 

nucleicacidresiduemaybeorcompriseadifferenceonanucleotidebaseonthesugaror 

onthephosphate.Insomeembodimentsa'derivative"ofanucleicacidmaybeanucleic 

acidthat U 

containsoneormorenucleotidesand/ornucleotideanalogsnotoccurringnaturally.  
Insom.eembodimentsaderivativeofanucleicacidismorestablethanacomparable 

nucleicacidlackingtherelevantderivatization.Insomeembodimentstheterm 

"derivative"isusedtorefertoanucleicacidsequencethat~V.Isavariantwithrespecttoa 
S 

particularreferencesequence'insomesuchembodimentssuchderived(i.evariant) 
0~ 

sequenceshowscomparableorimprovedstabilityand/ortranslationefficiencyrelativetoits 

parentreferencesequenceforexamplewhenitreplacessuchparentreferencesequencein 

anRNAmolecule.  

[90j Detecting:Theterm"detecting"isusedbroadlyhereintoincludeappropriatemeans 

ofdeterminingthepresenceorabsenceofanentityofinterestoranyformofmeasurement 

*0 q 

ofanentityofinterestinasample.Thus,"detecting"mayincludedetenrnningmeasuring, 
assessingorassayingthepresenceorabsencelevelamountand/orlocationofanentityof 

interest.Quantitativeandqualitativedeterminationsmeasurementsorassessmentsare 

includedincludingsemi~quantitative.Suchdeterminationsmeasurementsorassessments 

mayberelativeforexamplewhenanentityofinterestisbeingdetectedrelativetoacontrol 

referenceorabsolute.Assuchthetermquantifying"whenusedinthecontextof 

quantifyinganentityofinterestcanrefertoabsoluteortorelativequantification.Absolute 

knowncontrolstandards(e.g.,throughgenerationofastandardcurve).Alternatively, 

relativequantificationcanbeaccomplishedbycomparisonofdetectedlevelsoramounts 

betweentwoormoredifferententitiesofinteresttoprovidearelativequantificationofeach 

ofthetwoormoredifferententitiesofinteresta 
I.e.,relativetoeachother.  

1911 Determine:Thoseofordinaryskillintheartreadingthepresentspecificationwill 

appreciatethatastepof"determining"canutilizeorbeaccomplishedthroughuseofanyof 

avanetyoftechniquesavailabletothoseskilledintheartincludingforexamplespecific 
p techniquesexplicitlyreferredtoherein.Insomeembodimentsdetennininginvolves 

manipulationofaphysicalsample.Insomeembodimentsdetermininginvolves 

considerationand/ormanipulationofdataorinformationforexampleutilizingacomputer 
I orotherprocessingunitadaptedtoperformarelevantanalysis.insomeembodiments, 

19 

quantificationmaybeaccomplishedbycorrelatingadetectedlevelofanentityofinterestto
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determininginvolvesreceivingrelevantinformationand/ormaterialsfromasource.Insome 

embodimentsdetermininginvolvescomparingoneormorefeaturesofasampleorentityto 

acomparablereference.  

[92j Dosagefbrmorunitdosageform:Thoseskilledintheartwillappreciatethatthe 

term"dosageform~ maybeusedtorefertoaphysicallydiscreteunitofanactiveagent 

(e.g., atherapeuticordiagnosticagent)foradministrationtoasubject.Typicallyeachsuch 

unitcontainsapredeterminedquantityofactiveagent.Insomeembodimentssuchquantity 

isaunitdosageamount(orawholefractionthereof)appropriateforadministrationin 

accordancewithadosing S I. a 

beneficialoutcomewhenadministeredtoarelevantpopulation(i.e., withatherapeutic 

dosingregimen).Thoseofordinaryskillintheartappreciatethatthetotalamountofa 

therapeuticcompositionoragentadministeredtoaparticularsubjectisdeterminedbyoneor 

moreattendingphysiciansandmayinvolveadministrationofmultipledosageforms.  

'4 

19311 Encapsuilne:Thetermencapsulate"orencapsulation"isusedhereintorefertoat 
leastaportionofacomponentisenclosedorsurroundedbyanothermaterialoranother 

componentinacomposition.Insomeembodimentsacomponentcanbefullyenclosedor 

suffoundedbyanother matenaloranothercomponentinacomposition.  
4' 11941 Excipient:Asusedhereinthetermexcipienf'referstoanondherapeuticagentthat 

maybeincludedinapharmaceuticalcompositionforexampletoprovideorcontributetoa 

desiredpropertyoreffect(e.g., desiredconsistencydeliveryand/orstabilizingeffectetc.).  

Insomeembodimentstheterm'4excipienf'isintendedtoindicatesubstance(s)whichmay 

V e.g~,carnersbinderslubricantsthickenerssurfaceactiveagentspreservatives 

emulsifiersbuffersflavoringagentsorcolorants.insomeembodimentssuitable 

pharmaceuticalexcipientstobeaddedtoaLNPcompositionmayincludeforexample 

saltsstarchglucoselactosesucrosegelatinsodiumchlorideglycerolpropyleneglycol, 

waterethanolandthelike.  
'4 '4 

[95] Encode:Asusedhereinthetermencode"orencoding"referstosequence 
informationofafirstmoleculethatguidesproductionofasecondmoleculehavingadefined 

sequenceofnucleotides(e.g.,mRNA.)oradefinedsequenceofaminoacids.Forexamplea 

DNAmoleculecanencod.eanRNAmolecule(e.g.,byatranscriptionprocessthatincludesa 

DNA-dependentRNApolymeraseenzyme).AnRNAmoleculecanencodeapolypeptide 

(e.g.,byatranslationprocess).ThusageneaeDNAorasingle-strandedRNA(e.g., an 
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mRNA)encodesapolypeptideiftranscriptionandtranslationofinRNAcorrespondingto 

thatgeneproducesthepolypeptideinacellorotherbiologicalsystem.Insome 

embodimentsacodingregionofasingle-strandedRNAencodingatargetpolypeptideagent 

referstoacodingstrandthenucleotidesequenceofwhichisidenticaltothemRNA 

sequenceofsuchatargetpolypeptideagent.Insomeembodimentsacodingregionofa 

single-strandedRNAencodingatargetpolypeptideagentreferstoanon-codingstrandof 

suchatargetpolypeptideagentwhichmaybeusedasatemplatefortranscriptionofagene 

oreDNA.Asisunderstoodintheartthephrase4'nucleicacidencodingapeptideor 
p proteinmeansthatthenucleicacidifpresentintheappropriateenvironmentforexample 

withinacelland/orinacell-freetranslationsystemcandirecttheassemblyofaminoacids 

toproducethepeptideorproteinviaaprocessoftranslation.Insomeembodimentsa 
C codingisabletointeractwithcellulartranslationmachineryallowingtranslationofsuch 

S codingRNAtoyieldtheencodedpeptideorprotein.  
S [96] Endogenous:Asusedherein"endogenousreferstomatenalfromorproduced 

insideanorganismcelltissueorsysteminwhichitisfound.  

'4 JAr 

1971 Exogenous:Asusedhereinthetermexogenousreferstoamaterialintroduced 
intoorproducedoutsideofanorganismcelltissueorsystem inwhichitislocated.  

4' 

1981 Expression:Asisunderstoodintheartthetermexpression"isusedtoreferto 
productionofatemplatednucleicacid(typicallyanRNAtemplate)and/orofapolypeptide 

encodedthereby.Thusinsomeembodimentsthetermmaybeusedtorefertoproduction 

ofRNAofpolypeptideofRNAandpolypeptide;alternativelyoradditionallyinsome 

expressionmaybetransientorstableorcontinuous.Asusedherein, S "ofa 

nucleicacidsequencereferstooneormoreofthefollowingevents:(I)productionofan 

RNAtemplatefromaDNAsequence(e.g.,bytranscription);(2)processingofanRNA 

transcript(e.g.,bysplicingediting,5'capformationand/or3' endformation)~(3) 

translationofanRNAintoapolypeptideorprotein;and/or(4)post-translational 

modificationofapolypeptideorprotein.Thoseskilledintheartwillappreciatethatthe 

term"Iexpressionor'translation",whenappliedtoanRNAtypicallyreferstoaprocessby 

whicharibosome(e.g.,* 
inacell)readsastrandofcodingRNA(e.g.messengerRNA)and 

directstheassemblyofasequenceofaminoacidstomakeanencodedpeptideorprotein.  

[99J Expressioncontrolsequence:Aswillbeappreciatedbythoseskilledintheart 

'I' 

readingthepresentdisclosurethetermexpressioncontrolsequence",asusedhereinrefers 
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embodimentsitmayrefertocomprisespartialexpressionofnucleicacids.Furthermore,
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toasequenceelementwhosepresenceand/oridentityinfluencesoneormorefeaturesof 

p expressionofanothersequence.Oftenanexpressioncontrolsequenceisanucleicacid 
*1 sequenceelementandoftenitactsincis.Thusinsomeembodimentsanexpression 

controlsequencemaybeforexampleapromoteranenhancerarepressingelementa 

loopingsiteaterminationsitearibosome-bindingsequenceatranslationpausesignal, 

and/oranothercontrolelement(s)whichforexamplemaycontrolorregulatetranscription 

ofageneand/orortranslationofatranscribedRNA.Inparticularembodimentsofthe 

inventiontheexpressioncontrolsequencescanberegulated.Theprecisestructureof 

expressioncontrolsequencespresentinand/orotherwiseassociatedwithaparticular 

expressableconstructmayvaryforexampledependingonspeciesorcelltypeofrelevant 
S expressionmachinery(e.g.,RNA.polyrnerasesplicosomenbosomeetc)butinmany 

embodimentsmayinclude5'-untranscribedand5'- arid3'-untranslatedsequencesinvolved.  
* ininitiatingtranscriptionandtranslationrespectively.Morespecificallyinsome 

embodiments,5'-untranscribedexpressioncontrolsequencesmayincludeapromoterregion 

whichencompassesapromotersequencefortranscriptioncontrolofafunctionallylinked 

gene.insomeembodimentsexpressioncontrolsequencesmayalsoincludeenhancer 

sequencesorupstreamactivatorsequences.Inmanyembodimentsanexpressioncontrol 

sequenceofaDNAmoleculemayincludeS'-untranscribedand5'- and3'-untranslated 

sequencessuchasTATAboxcappingsequenceCAATsequenceandthelike.  

'I, 

[1001Fed-batchprocess:Theterm"fed-batchprocessasusedhereinreferstoaprocess 
inwhichoneormorecomponentsareintroducedintoavessele.g., abioreactoratsome 

timesubsequenttothe p 

componentsareintroducedbyafed-batchprocesstomaintainitsconcentration.lowduringa 

reaction.insomeembodimentsoneormorecomponentsareintroducedbyafed-batch 

processtoreplenishwhatisdepletedduringareaction.  

'4 

11011Fiveprimeuntranslatedregion:Asusedhereinthetermsfiveprimeuntranslated 
region"or"5' UTR"refertoasequenceofanmRNAmoleculethatbeginsatthe 

transcriptionstartsiteandendsonenucleotide(nt)beforethestartcodon(usuallyAUG)of 

thecodingregionofanRNA.  

[102J Fragment:'Fragment"withreferencetoanucleicacidsequencerelatestoapartof 

anucleicacidsequencee.g.,asequencewhichrepresentslessthantheparentalsequence 

fromwhichthefragmentisderivede.g.,anucleicacidsequenceshortenedatthe5'-and/or 

3,-end(s),and/orbyremovalofoneormoreinternalresidues.Insomeembodimentsa 
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fragmentofanucleicacidsequencecomprisesatleast80%,orinsomeembodimentsat 

least90%,95%,96%,97%,98%,or99%ofthecorrespondingnucleotideresiduesfrom 

suchparentalnucleicacidsequence.inmanyembodimentsafragmentretainsoneormore 

propertiesorattributesofitsparentalsequence.Forexampleinsomeembodimentsa 

fragmentofatranslatableRNAischaracterizedbystabilityand/ortranslationalefficiency 

thatisatleastreasonablycomparabletothatofitsparent.Insomeembodimentsanucleic 

acidwhosenucleicacidsequencerepresentsatwoormorediscontinuoussequencesderived 

fromthesameparentalnucleicacidfusedtogetherisconsideredtobeafragmentofthat 

parentalnucleicacid.  

[103J "Fragment"withreferencetoanaminoacidsequence(peptideorprotein),relatesto 

apartofanaminoacidsequencee.g.asequencewhichrepresentstheaminoacidsequence 

shortenedattheN-terminusand/orC-terminusand/ormissingoneormoreinternalresidues.  

InsomeembodimentsafragmentshortenedattheC-tenninus(N~terrnina1fragment)is 

obtainablee.g.bytranslationofatruncatedopenreadingframethatlacksthe3'-endofthe 

openreadingframe.Insorn.eembodimentsafragmentshortenedattheN-terminus(C

terminalfragment)isobtainablee.g.bytranslationofatruncatedopenreadingframethat 

lacksthe5'-endoftheopenreadingframeaslongasthetruncatedopenreadingframe 

comprisesastartcodonthatservestoinitiatetranslation.Inmanyembodimentsafragment 

ofanaminoacidsequencecomprisese.g.atleastIatleast2%,atleast3%,atleast4%, 

atleast5%,atleastI0%,atleast20%,atleast30%,atleast40%,atleast50%,atleast 

60%,atleast70%,atleast80%,atleast90%oftheaminoacidresiduesfromanamino 

13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31.,32,33,34,35,36, 

37,38,39,40,41,42,43,44,45,46,47,48,49,50,55,60,65,70,75,8085,9095,100or 

moreaminoacidsInmanyembodimentsafragmentretainsoneormorepropertiesor 

attributesofitsparentalsequence.. Insomeembodimentsapolypeptidewhosenucleic 

acidsequencerepresentsatwoormorediscontinuoussequencesderivedfromthesame 

parentalpolypeptidefusedtogetherisconsideredtobeafragmentofthatparental 

polypeptide.  

[1041 Functional:Asusedhereina'functional"biologicalmoleculeisabiological 

moleculeinaforminwhichitexhibitsapropertyand/oractivitybywhichitis 

characterized.InsomeembodimentsabiologicalmoleculemayhaveonefunctionU 

monofunctional),twofunctions(i.e.,biftinctional)ormanyfunctions(i.e.,multifunctional).  

23 

acidsequence.inmanyembodimentsafragmentincludesatleast5,6,7,8,9,10,11,12,
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[105] Functionalanalog:Incertainembodimentsananalog"isa"functionalanalog".  

Theterm'functionalanalog"referstoananalogofasubstancewhichcomprisesorshares 

oneormorefunctionswiththereferencesubstance.Forexampleafunctionalanalogofa 

nucleosidetriphosphate(NTP)sharesoneormorefunctionswiththereferenceNTP.For 

exampleafunctionalanalogofGTPsharesoneormorefunctionswithGTP.Forexample, 

afunctionalanalogofCTPsharesoneormorefunctionswithCTP.Forexamplea 

functionalanalogofATPsharesoneormorefunctionswithATP.Forexampleafunctional 

analogofUTPsharesoneormorefunctionswithUTP.Incertainembodimentsafunctional 

analogofanNTPistranslatable.IncertainembodimentsafunctionalanalogofanNTPcan 

beincorporatedintoaproductmoleculee.g.,intoanRNAinsteado4i.e 5 ,replacingthe 

referenceNTP.In.certaineiribodimentsthefunctionalanalogofanNTPwhenincorporated 

inanRNAmoleculeallowstranslationoftheRNAmoleculewhereinthefunctionalanalog 

functionsasthereferenceNTPduringtranslation.Insomeembodimentsafunctional 

analogofanNTPhasfurthercharacteristicsnotsharedwiththereferenceNTP;forexample, 

itisknownthatincorporationofPseudo-LTTPand/orNI-Methylpseudo-UTPinsteadofi.e.  

replacingLTTPmayresultinRNAwithreducedimmunogenicitycomparedtoRNA 

transcribedfromthesametemplateusingnon-modifiedUTP.Insomeembodimentsa 

functionalanalogofUTPcanbeincorporatedintoanRNAmoleculeinsteadofUTPand/or 

istranslatablee.g.,asorinsteadofUTP.SimilarlyafunctionalanalogofGTPcanbe 

incorporatedintoanRNAmoleculeinsteadofGTPand/oristranslatablee.g.,asorinstead 

ofGTP.ThesameappliestoCTPandATP.Incertainembodimentsafunctionalanalogof 

wheretherespectiveNTPisexpectedorpredictede.g.,bythematrixusedsuchasDNA 

fromwhichtheRNAistranscribed.  

[106] Functionallinkage.Asusedherein"functionallinkageor'functionallylinked" 

relatestoaconnectionwithinafunctionalrelationship.Anucleicacidis"functionally 

linked"ifitisfunctionallyrelatedtoanothernucleicacidsequence.Forexamplea 
a 

promoterisfunctionallylinkedtoacodingsequenceifitinfluencestranscriptionofsaid 

codingsequence.Functionallylinkednucleicacidsaretypicallyadjacenttooneanother 

whereappropriateseparatedbyfurthernucleicacidsequencesandinparticular 

embodimentsaretranscribedbyRNApolymerasetogiveasingleRNAmolecule(common 

transcript).Inparticularembodimentsanucleicacidisfunctionallylinkedaccordingtothe 

24 

anNTPcanbeincorporatedduringsynthesisofanRNAmoleculeatanygivenposition
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inventiontoexpressioncontrolsequenceswhichmaybehomologousorheterologouswith 

respecttothenucleicacid.  
" 

[107J Gene:AsusedhereinthetermgenereferstoaDNAsequenceinachromosome 
thatcodesforaproduct(e.g., anRNAproductand/orapolypeptideproduct).Insome 

embodimentsageneincludescodingsequence(i.&, sequencethatencodesaparticular 

product)~insomeembodimentsageneincludesnon-codingsequence.Insomeparticular 

embodimentsagenemayincludebothcoding(e.g., exonic)andnon-coding(e.g., intronic) 

sequences.Insomeembodimentsagenemayincludeoneormoreregulatoryelementsthat, 

forexamplemaycontrolorimpactoneormoreaspectsofgeneexpression(e.g., cell-type
e 

specificexpressioninducibleexpressionetc.).  

j7108J GeneproductorexpressionproductAsusedhereinthetermgeneproductor 
"I 

expressionproduct'generallyreferstoanRNAtranscribedfromthegene(pm-and/or 
post-processing)orapolypeptide(pre-and/orpost-modification)encodedbyanRNA 

I fromthegene.  
sis 

S [1091 Heterologous:Theterm "heterologousisusedhereintodescribeanentityrelative 

toareferenceandtospecifythattheentityoriginatedinasourcethatisdifferentand/orin 

associationwithoneormorecomponentsthataredifferentfromtherelevantreference.As 

anexampletheintroductionofoneindividual'scellintoadifferentindividualconstitutesa 

heterologoustransplant.Aheterologousgeneisagenederivedfromasourceotherthanthe 

subject.  

III101 S ,, 

Homology.Asusedhereintheterm"homologyor'homologreferstotheoverall 

molecules)and/orbetweenpolypeptidemolecules.Insomeembodimentspolynucleotide 

molecules(e.g., DNAmoleculesand/orRNAmolecules)and/orpolypeptidemoleculesare 

consideredtobe"homologoustooneanotheriftheirsequencesareatleastI5%,20%, 

25%,30%,35%,40%,45%,50%,55%,60%,65%,70%,75%,80%,85%,90%,95%,or 

99%identical.insomeembodimentspolynucleotidemolecules(e.g., DNAmolecules 

and/orRNAmolecules)and/orpolypeptidemoleculesareconsideredtobe"homologousa,,, to 

oneanotheriftheirsequencesareatleast25%,30%,35%,40%,45%,50%,55%,60%, 

65%,70%,75%,80%,85%,90%,95%,or99%similar(e.g., containingresidueswith 

relatedchemicalpropertiesatcorrespondingpositions).Forexampleasiswellknownby 

thoseofordinaryskillintheartcertainaminoacidsare I, 

typicallyclassifiedassimilartoone 
anotheras"hydrophobic"or"hydrophilic"aminoacidsand/orashaving"polar"or'If. non
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relatednessbetweenpolynucleotidemolecules(e.g., DNAmoleculesand/orRNA
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polar"sidechains.Substitutionofoneaminoacidforanotherofthesametypemayoftenbe 

considereda''homologoussubstitution.  

[111j Hostcell:Asusedhereinreferstoacellintowhichexogenousmaterial(e.g., DNA 

suchasrecombinantorotherwise)hasbeenintroduced.Personsofskilluponreadingthis 

disclosurewillunderstandthatsuchtermsrefernotonlytotheparticularsubjectcellbut 

alsototheprogenyofsuchacell.Becausecertainmodificationsmayoccurinsucceeding 

generationsduetoeithermutationorenvironmentalinfluencessuchprogenymaynotin 

factbeidenticaltotheparentcellbutarestillincludedwithinthescopeoftheterm"host 

cell"asusedherein.insomeembodimentshostcellsincludeprokaryoticandeukaryotic 

cellsselectedfromanyoftheKingdomsoflifethataresuitableforexpressinganexogenous 

DNA(e.g., arecombinantnucleicacidsequence).Exemplarycellsincludethoseof 

prokaryotesandeukaryotes(single-cellormultiple-cell),bacterialcells(e 9 g., strainsofF.  
C 

co/iBacillusspp9 ,Streptornycesspp.,etc.),mycobacteriacellsfungalcellsyeastcells(e.g., 
SicerevisiaeS.pombeP.pastorisP.methanolicaetc.),plantcellsinsectcells(e.g., SF

9,SF-21, baculovirus-infectedinsectcellsTrichoplusianietc.),non-humananimalcells, 

humancellsorcellfusionssuchasforexamplehybridomasorquadromas.Insome 

embodimentsahostcellisahumanmonkeyapehamsterratormousecell.insome 
p embodimentsahostcelliseukaryotic.ForexampleaneukaryotichostcellmaybeCHO 

(e.g.,CHOJODXB-1ICHOVeggie-CHO),COS(e.g.,CO%7),retinalcellVeroCVI, 

kidney(egg.,HEK293,293EBNAMSR293,MDCKHaKI3HK),HeLaHepG2W138 
, 

MRC5,Colo2O5,HB8065,HL~6O,(e.g., BHK21),JurkatDaudiA43I(epidermal),CV-I, 

HTI080cellmyelomacelltumorcelloracelllinederivedfromanaforementionedcell.  

[112J Hybridizing:Anucleicacidis"capableofhybridizing"or"hybridizes"toanother 

nucleicacidifthetwosequencesarecomplementarywithoneanother.Anucleicacidis 
'4 

complementary' toanothernucleicacidifthetwosequencesarecapableofforminga 
stableduplexwithoneanothere.g.,hybridizetooneanothertoformadouble-stranded 

molecule.Complementaritycanbetotalorpartial.Thoseskilledintheartareawarethat 

abilityoftwosequencestohybridizewithoneanothermaydependonconditions(e.g., 

temperaturepH)and/orpresenceofotherpotentiallycompetingsequences.Insome 

embodimentshybridizationiscarriedoutunderstringentconditionssothatonlyhighly 

complementarysequencesformstablehybrids.Exemplarysuchstringentconditionsare 

describedforexampleinMolecularCloning:ALaboratoryManualASambrooket ., 
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Editors,2ndEditionColdSpringHarborLaboratorypressColdSpringHarborNewYork 

1989orCurrentProtocolsinMolecularBiologyF.M.AusubeletalEditorsJohnWiley& 

SonsInc.,NewYork.Forexampleinsomeembodimentsstnngenthybridizationmay 

involveincubationofahybridizingnucleicacidwithamembranecontaininga 

complementarynucleicacidat65 0 Cinhybridizationbuffer(3.5xSSC0.02%FicolL0.02% 

polyvinylpyrrolidone0.02%bovineserumalbumin,2.5mMNaH2PO4(pH7),0.5%SDS, 

2mMEDTA).SSCis0.15Msodiumchloride/O.I5MsodiumcitratepH7;aftersuch 

incubationthemembranetowhichtheDNAhasbeentransferrediswashedforexamplein 

2x~atroomtemperatureandthenin0.1-0.5xSSC/O,1xSDSattemperaturesofupto 

680C.  

Iii13] Identity:Asusedhereintheterm'C referstotheoverallrelatednessbetween 

polymericmoleculese.g.,betweennucleicacidmolecules(e.g., DNAmoleculesand/or 

RNAmolecules)and/orbetweenpolypeptidemolecules.Insomeembodimentspolymeric 

moleculesareconsideredtobe"substantiallyidentical"tooneanotheriftheirsequencesare 

atleast25%,30%,35%,40%,45%,50%,55%,60%,65%,70%,75%,80%,85%,90%, 

95%,or99%identical.Calculationofthepercentidentityoftwonucleicacidorpolypeptide 

sequencesforexamplecanbeperformedbyaligningthetwosequencesforoptimal 

comparisonpurposes(e.g., gapscanbeintroducedinoneorbothofafirstandasecond 
a sequencesforoptimalalignmentan.dnon~identicalsequencescanbedisregardedfor 

I comparisonpurposes).incertainembodimentsthelengthofasequencealignedfor 
S comparisonpurposesisatleast30%,atleast40%,atleast50%,atleast60%,atleast70%, 

sequence.Thenucleotidesatcorrespondingpositionsarethencompared.Whenapositionin 

thefirstsequenceisoccupiedbythesameresidue(e.g., nucleotideoraminoacid)asthe 

correspondingpositioninthesecondsequencethenthemoleculesareidenticalatthat 

position.Thepercentidentitybetweenthetwosequencesisafunctionofthenumberof 

identicalpositionssharedbythesequencestakingintoaccountthenumberofgapsandthe 

lengthofeachgapwhichneedstobeintroducedforoptimalalignmentofthetwo 
9 sequences.Thecomparisonofsequencesanddeterminationofpercentidentitybetweentwo 

sequencescanbeaccomplishedusingamathematicalalgorithm.Forexamplethepercent 

identitybetweentwonucleotidesequencescanbedeterminedusingthealgorithmofMeyers 

andMiller(CABIOSI989,4:11- I7),whichhasbeenincorporatedintotheALIGN 

program(version2.0).Insomeexemplaryembodimentsnucleicacidsequencecomparisons 
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madewiththeALIGNprogramuseaPAMI20weightresiduetableagaplengthpenaltyof 

12andagappenaltyof4.Thepercentidentitybetweentwonucleotidesequencescan, 

alternativelybedeterminedusingtheGAPprogramintheGCGsoftwarepackageusingan 

NWSgapdna.CMPmatrix.  

[114] Improvedincreasedorreduced:Asusedhereinthesetermsorgrammatically 

comparablecomparativetermsindicatevaluesthatarerelativetoacomparablereference 

measurement.Forexampleinsomeembodimentsanassessedvalueachievedwithanagent 

ofinterestmaybe"improved"relativetothatobtainedwithacomparablereferenceagent.  

Alternativelyoradditionallyinsomeembodimentsanassessedvalueachievedinasubject 

orsystemofinterestmaybe"improved"relativetothatobtainedinthesamesubjector 

systemunderdifferentconditions(e.g., priortoorafteraneventsuchasadministrationofan 

agentofinterest),orinadifferentcomparablesubject(e.g., inacomparablesubjector 

systemthatdiffersfromthesubjectorsystemofinterestinpresenceofoneormore 

indicatorsofaparticulardiseasedisorderorconditionofinterestorinpriorexposuretoa 

conditionoragentetc.).Insomeembodimentscomparativetermsrefertostatistically 

relevantdifferences(e.g., thatareofaprevalenceand/ormagnitudesufficienttoachieve 

statisticalrelevance).Thoseskilledintheartwillbeawareorwillreadilybeableto 
S determineinagivencontextadegreeand/orprevalenceofdifferencethatisrequiredor 

sufficienttoachievesuchstatisticalsignificance.  

II15J Increaseenhance:Asisunderstoodinthearttermssuchas 4 ~ increasedor 

e~ance2 ~ ~ maybeusedhereintorefertoanoveralland/orrelativeincreaseorenhancement 
U 

a C examplemaybebyaboutatleastI0%,insomeembodimentsatLeast20%,insome 

embodimentsatleast30%,insomeembodimentsatleast40%,insomeembodimentsat 

least50%,55%,65%,70%,75%,insomeembodimentsatleast80%,85%,90%,95%and 

insomeembodimentsatleastI00%ormore.InsomeembodimentsanS 
increaseor 

enhancementcanbe2~f6Id,3-fold,4-fold,5-fold,6-fold,7-fold,8-fold,9-foldI0-foldor 

more.  
"S 

[116j Invitro:Theterminvitro"asusedhereinreferstoeventsthatoccurinanartificial 
* environmente.g.,inatesttubeorreactionvessel(e.g., abioreactor),incellcultureetca, 

ratherthanwithinamulti-cellularorganism.  

11171 InvitrotranscriptionTranseri~tion:Asisknowninthearttheterms 
S "transcnption"and"transcribing"relatetoaprocessduringwhichanucleicacidmolecule 
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withaparticularnucleicacidsequence(the"nucleicacidtemplate")isreadbyanRNA 

polymerasesothattheRNApolymerasesynthesizesitscomplementarysingleestranded 

RNAmolecule.Duringtranscriptionthegeneticinformationinthenucleicacidtemplateis 
transcribedInsomeembodimentsthenucleicacidtemplateisor a 

compnsesDNAthowever 

insomeembodimentse.g.inthecaseoftranscriptionfromanaiphaviralnucleicacid 

templatethenucleicacidtemplatemaybeorcompriseRNA.Insomeembodimentsa 

nucleicacidtemplatemayincludeoneormoreresiduesthatisneitherDNAnorRNAand/or 

thatisaDNAorRNAanalog(e.g.,thatcontainsoneormoremodifications...... e.g.,a 

backbonemodificationorabasemodification)relativetocanonicalDNAorRNA.Inmany 

embodimentsatranscribedRNAmaybetranslatedintoprotein.Inmanyembodimentsas 
willbeclearfromcontexttheterm * ~4, 4 

"transcnption"usedhereinreferstoinvitro 
"I C 9, transcription. A.susedhereintheterminvitrotranscriptionor"IVT"referstothe 

processwherebytranscriptionoccursinvitroa(i.e4~ outsideofan *0 

organism andtypicallyina 

non-cellularsystem)toproduceasyntheticRNAproduct;inmanyembodimentsthepresent 

disclosuredescribesIVTtogenerateandRNAproductforuseincertainapplications 

includinge.g.,productionofproteinorpolypeptides.Insomeembodimentsanproduced 

RNAproductcanbetranslatedinvitroorcanbeintroduceddirectlyintocellswherein 

someembodimentsitcanbecanbetranslated.Incertainparticularembodimentsa 

producedRNAproductisofsufficientscaleand/orqualityforadministrationtoan 

organismandinsomeembodimentsahuman(e.g.,asapharmaceuticallyactiveRNA).In 

someembodimentsanRNAproductmaybeselectedfrome.g.,butnotlimitedto 

ribozymesaptarnersguideRNAs(e.g.,forCRTSPR),ribosomal 
= 5,smallnuclear 

KNAssmallnucleolarRNAsandthelike.AnJVTreactiontypicallyutilizesaDNA 

template(e.g., alinearDNAtemplate)asdescribedand/orutilizedhereinribonucleotides 

(e.g., non-modifledribonucieotidetriphospliatesormodifiedribonucieotidetriphosphates), 

appropnateRNApolymerase.Insomeembodimentscloningvectorsareappliedfor 
thegenerationof 4 

transcnpts.Insomesuchembodimentscloningvectorsaredesignatedas 

"transcriptionvectors"(whichareaccordingtothepresentinventionencompassedbythe 

term'4vector").Insomeembodimentscloningvectorsmaybeplasmids.insome 

embodimentsanRNAisinvitrotranscribedRNA(IVT-RNA)andmaybeobtainedbyin 

vitrotranscriptionofanappropriateDNAtemplate.Thoseskilledintheartareawareofa 
a vanetyofpromotersequencesthatcanappropriatelybeusedforcontrollingtranscriptionby 
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arelevantRNApolymerase.InsomeembodimentsaDNAtemplateforinvitro 

transcriptionmaybeobtainedbycloningofanucleicacidsuchasforexampleacDNA, 

andintroducingitintoanappropriatevectorforinvitrotranscription.Insomeembodiments 

aeDNAmaybeobtainedbyreversetranscriptionofRNA.  

"U [118J Invitrotranscr4ptionRNAcomposition:Asusedhereintheterminvitro 
4 

4 transcriptionRNAcompositionreferstoacompositioncomprisingRNAsynthesizedbyin 

vitrotranscription.Insomeembodimentssuchacompositioncancompriseexcessinvitro 

transcriptionreagents(includinge.g., ribonucleotidesand/orcappin.gagents),nucleicacids 

orfragmentsthereofsuchasDNAtemplatesorfragmentsthereofpolypeptidesorfragments 

thereofsuchasrecombinantenzymesorhostcellproteinsorfragmentsthereofand/orother 
I impurities.InsomeembodimentsaninvitrotranscnptionRNAcompositionmayhavebeen 

treatedand/orprocessed pnortoapurificationprocessesthatultimatelyproducesanRNA 

transcriptpreparationcomprisingRNAtranscriptatadesiredconcentrationinan 
p. 4 appropnatebufferforformulationand/orfurthermanufactunngand/orprocessing.For 

exampleinsomeembodimentsaninvitrotranscriptionRNAcompositionmayhavebeen 

treatedtoremoveordigestDNAtemplate(e.g., usingaDNase).insomeembodimentsan 
U 

ZnvitrotranscriptionRNAcompositionmayhavebeentreatedtoremoveordigest 
II polypeptides(e.g., enzymessuchasRNApolymerasesRNaseinhibitorsetc.)presentinan 

a a Znvitrotranscnptionreaction(e.g.,usingaprotease).Thusinsomeembodimentsfollowing 
RNA I 

transcnptionaDNAtemplatecanberemovedorseparatedfromacomposition 

comprisingRNA;thoseskilledintheartareawareofavarietyofmethodse.g.,DNA 

inhibitormaybeadded 'p 

dunngDNAremovalordigestiontoprotectRNAfrompotential 

degradation.insomeembodimentsaninvitrotranscriptionRNAcompositionmayhave 

beentreatedtoremoveordigestpeptides(e.g.,enzymessuchasRNApolymerasesRNase 
a inhibitorsetc~)presentinaninvitrotranscnptionreaction(e.g.,usingaprotease).  

Ill191 Invivo:Asusedhereintheterm'a InVIVOreferstoeventsthatoccurwithinamulti

cellularorganismsuchasahumanandanon-humananimal.  
"S 

[120j Isolated:Thetermisolated"asusedhereintypicallyreferstoamoleculeorother 
entitywhichissubstantiallyfreeofothercomponentssuchasothercellularmaterial;in 

someembodiments.an"isolated"entityissubstantiallyfreeofcomponentswithwhichit 

waspreviouslyassociated(e.g.,wheninitiallygenerated).Incertainembodimentstheterm 

"isolatednucleicacid"asusedhereinreferstoanucleicacidthathasbeen(i)amplifiedin 

30 

hydrolysisbywhichsuchremovalmaybeaccomplished.insomeembodimentsanRNase
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vitroforexamplebypolymerasechainreaction(PeR),(ii)recombinantlyproducedby 

cloning,(iii)purifiedforexamplebycleavageandge1~e1ectrophoreticfractionationor(iv) 
S synthesizedforexamplebychemicalsynthesisorIVT.Insomeembodimentsanisolated 

nucleicacidisanucleicacidavailabletomanipulationbyrecombinanttechniques.  

[121J Linkedfusedfusion:Asusedhereintheterms"linked" "fused",or'Tusion"are 

usedinterchangeably.Thesetermsrefertothejoiningtogether(e.g.,bycovalentlinkage)of 

twoormoreelementsorcomponentsordomainse.g.,domainsfromtwodifferentproteins 

ornucleicacidmolecules.  

[122] Messenger-RNAmRJVA:AccordingtotheinventionthetermmRNA"means 

messengeraRNA"andrelatestoatranscriptwhichistypicallygeneratedfromatemplate 

(e.g.,aDNAtemplate)andencodesapeptideorprotein.TypicallyanmRNAcomprisesa 

5, UTRaproteincodingregiona3' UTRandapoly(A)sequence.Insomeembodiments, 

mRNAmaybegeneratedbyinvitrotranscriptionfromaDNA.templateasdescribedherein.  

InsomeembodimentsrnRNAmaybemodifiedforexamplebystabilizingmodifications 

and/orcapping.InsomeembodimentsanucleicacidsuchasRNAe.g.mRNAmay 

encodeapeptideorprotein.Accordinglyinsomeembodimentsatranscribablenucleicacid 

sequenceoratranscriptthereofmaycontainanopenreadingframe(ORE)encodinga 

peptideorprotein.  
'4 

[123J Nanoparticle:Asusedhereinthetermnanoparticle"referstoaparticlehavinga 
diameteroflessthanI000nanometers(nm).Insomeembodimentsananoparticlehasa 

diameteroflessthan300nrnasdefinedbytheNationalScienceFoundation.Insome 

InstitutesofHealth.Insomeembodimentsananoparticlehasadiameteroflessthan80nm 

asdefinedbytheNationalInstitutesofHealth.Insomeembodimentsananoparticle 

comprisesoneormoreenclosedcompartmentsseparatedfromthebulksolutionbya 

membranewhichsurroundsandenclosesaspaceorcompartment.  

[124J Nucleicacid/Polynucleotide:Thetermnucleicacid"asusedhereinreferstoa 

polymercomprisingtwoormorenucleotideornucleotideanalogresidues.ittsome 

embodimentsanucleicacidmayincludeoneormoreresidesorlinkagesthatismodified 

relativetoanaturaliy~occurringDNAorRNAresidue.Forexampleinsomeembodiments, 

anucleicacidmayhaveoneormoremodificationsofabasesugarorbackbone(e.g., 

phosphate)relativetoanaturally-occurringDNAorR.NAreside.Insomeembodimentsa 

nucleicacidmoleculereferstoanucleicacidwhichisorcomprisesdeoxyribonucleicacid 
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(DNA)orribonucleicacid(RNA).Insomeembodimentsnucleicacidsmaybeor 

compriseormayhavesequencesfoundingenomicDNAeDNAmRNAviralRNA, 

siRNAmiRNAsliRNArecombinantlyprepared.andchemicallysynthesizedmolecules.In 

someembodimentthetermnucleicacid"referstoapolymerofatleast2residuesormore, 

includinge.g.,atleast3residuesatleast4residuesatleast5residuesatleast6residues, 

atleast7residuesatleast8residuesatleast9residuesatleastI0residuesormore.In 

someembodimentsanucleicacidisorcomprisesDNA.Insomeembodimentsanucleic 

acidisorcomprisesRNA.Insomeembodimentsanucleicacidisorcomprisespeptide 

nucleicacid(PNA).Insomeembodimentsanucleicacidisorcomprisesasinglestranded 

nucleicacid.Insomeembodimentsanucleicacidisorcomprisesadouble-strandednucleic 

acid.insomeembodimentsanucleicacidcomprisesbothsingleanddouble-stranded 

portions.Insomeembodimentsanucleicacidcomprisesabackbonethatcomprisesoneor 

morephosphodiesterlinkages.Insomeembodimentsanucleicacidcomprisesabackbone 

thatcomprisesbothphosphodiesterandnon-phosphodiesterlinkages.Forexampleinsome 

embodimentsanucleicacidmaycompriseabackbonethatcomprisesoneormore 

phosphorothioateor5'~Nephosphoramiditelinkagesand/oroneormorepeptidebondse.g., 
a asinapeptidenucleicacid".insomeembodimentsanucleicacid.comprisesoneormore, 

orallnaturalresidues(e.g., adeninecytosinedeoxyadenosinedeoxycytidine 

deoxyguanosinedeoxythyrnidineguaninethymineuracil).Insomeembodimentsa 

nucleicacidcomprisesonormoreorallnon-naturalresidues.insomeembodimentsa 

non-naturalresiduecomprisesanucleosideanalog(e.g., 2-aminoadenosine,2

propynyl-cytidineI-methyl-pseudouridineC-Spropynyl-uridine,2-aminoadenosineCS

bromouridineC5-fluorouridineC5-iodouridineC5-propynyl-uridineC5-propynyl

cytidineC5-methylcytidine,2-aminoadenosine,7-deazaadenosine7-deazaguanosine,8

oxoadenosine,8-oxoguanosine,6-0-methylguanine2-thiocytidinemethylatedbases, 

intercalatedbasesandcombinationsthereof).Insomeembodimentsanon-naturalresidue 

comprisesoneormoremodifiedsugars(e.g., 2'-fluororiboseribose,2'-deoxyribose 

arabinoseandhexose)ascomparedtothoseinnaturalresidues.Insomeembodimentsa 

nucleicacidhasanucleotidesequencethatencodesafunctionalgeneproductsuchasan 

RNAorpolypeptide.Insomeembodimentsanucleicacidhasanucleotidesequencethat 

comprisesoneormoreintrons.Ittsomeembodimentsanucleicacidmaybepreparedby 

isolationfromanaturalsourceenzymaticsynthesis(egg., bypolymerizationbasedona 
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complementarytemplatee.g., invivoorinvitroreproductioninarecombinantcellor 

systemorchemicalsynthesis.Insomeembodimentsanucleicacidisatleast3,4,5,6,7,8, 

9,10,15,20,25,30,35,40,45,50,55,60,65,70,75,80,85,90,95,100,110,120,130, 

140,150,160,170,180,190,20,225,250,275,300,325,350,375,400,425,450,475 

500,600,700,800,900,1000,1500,2000,2500,3000,3500,4000,4500,5000,5500, 

6000,6500,7000,7500,8000,8500,9000,9500,10,000,10,500,11,000,11,500,12,000 

12,500,13,000,13,500,14,000,14,500,15,000,15,500,16,000,16,500,17,000,17,500, 

I8,000,18,500,19,000,19,500,or20,000ormoreresiduesornucleotideslong.  

11251 Nucleicacidsequence:Accordingtotheinvention"nucleicacidsequencerefersto 

thesequenceofresiduesinanucleicacide.g.aribonucleicacid(RNA)ora 

deoxyribonucleicacid(DNA).Insomeembodimentsthetermisusedinreferencetothe 

sequenceofanentirenucleicacidmolecule(suchastothesinglestrandofanentirenucleic 

acidmolecule)&insomeembodimentthetermisused.torefertoasequencethatrepresentsa 

part(e.g.afragment)thereof 
" 

[126J Nucleotide:Thetermnucleotidei.susedhereinascommonlyunderstoodintheart 
andcanrefertonucleosidemonophosphatenucleosidediphosphateandnucleoside 

a 

tnphosphate.  
4' 

11271 Pharmaceudealgrade:Thetermpharmaceuticalgrade"asusedhereinrefersto 
standardsforchemicalandbiologicaldrugsubstancesdrugproductsdosageforms 

compoundedpreparationsexcipientsmedicaldevicesanddietarysupplementsestablished 

byarecognizednationalorregionalpharmacopeia(e.g., TheUnitedStatesPharmacopeia 

'4 

[128j Polypeptide:Thetermpolypeptide"asusedhereintypicallyhasitsart-recognized 
meaningofapolymerofatleastthreeaminoacidsormore.Thoseofordinaryskillintheart 

willappreciatethattheterm 4 'po1~eptide"isintendedtobesufficientlygeneralasto 

encompassnotonlypolypeptideshavingacompletesequencerecitedhereinbutalsoto 
. S 

encompasspolypeptidesthatrepresentfunctionalbiologicallyactiveorcharacteristic 
fragmentsportionsordomains(e.g., fragmentsportionsordomainsretainingatleastone 

activity)ofsuchcompletepolypeptides.InsomeembodimentspolypeptidesmaycontainL

aminoacidsD-aminoacidsorbothand/ormaycontainanyofavarietyofaminoacid 

modificationsoranalogsknownintheart.Usefulmodificationsincludee.g.,terminal 

acetylationamidafioninethylationetc.Insomeembodimentspolypeptidesmaycomprise 

naturalaminoacidsnon-naturalaminoacidssyntheticaminoacidsandcombinations 
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thereof(e.g.,maybeorcomprisepeptidomimetics).insomeembodimentsapolypeptide 

maybeorcompriseanenzyme.insomeembodimentsapolypeptidemaybeorcomprisea 

polypeptideantigen.Insomeembodimentsapolypeptidemaybeorcompriseanantibody 

agent.Insomeembodimentsapolypeptidemaybeorcompriseacytokine.  

[129j Primarystructure:Thetermprimarystructure asusedhereinwithreferencetoa 

nucleicacidmoleculereferstothelinearsequenceofmonomerresidues.  
4' 

11301 Promoterpromoterregion:Thetermpromoter"orpromoterregion"referstoa 
nucleicacidsequencewhichdirectssynthesisofatranscripte.g.atranscriptcomprisinga 

codingsequenceforexamplebyprovidingarecognitionandbindingsiteforRNA 

polymerase.Insomeembodimentsapromoterregionmayincludefurtherrecognitionor 

bindingsitesforfurtherfactorsinvolvedinregulatingtranscriptionofsaidgene.Insome 

embodimentspromotermaycontroltranscriptionofaprokaryoticoreukaryoticgene.In 

someembodimentsapromotermaybe"inducible"andinitiatetranscriptioninresponseto 
U.  

aninducer;insomeembodimentsapromotermaybe"constitutive"iftranscnptionisnot 

controlledbyaninducerorcell-typc~specificpromoter.Insomeembodimentsaninducible 

promoterisexpressedonlytoaverysmallextentornotatallifaninducerisabsent;when 

theinducerispresentpromoteris"switchedon"ortheleveloftranscriptionisincreased, 

typicallymediatedbybindingofaspecifictranscriptionfactor.  
I, [131J PureorPurified:Asusedhereinanagentorentityis"pure"orpurified"ifitis 

substantiallyfreeofothercomponents.Forexampleapreparationthatcontainsmorethan 

about90%ofaparticularagentorentityistypicallyconsideredtobeapurepreparation.in 

94%,atleast95%,atleast96%,atleast97%,atleast98%,oratleast99%pureina 

preparation.  
4' [132] Ribonucleotide:Asusedhereinthetermribonucleotide"encompassesunmodified 

ribonucleotidesandmodifledribonucieotides. Forexampieunmodifiedribonucleotides 

includethepunnebasesadenine(A)andguanine(G),andthe S 

pyrimidinebasescytosine(C) 
anduracil(U).Modifiedribonucleotides(analogs)mayincludeoneormoremodifications 

includingbutnotlimitedtoforexample,(a)endmodificationse 1 g.,5'endmodifications 

(e.g.,phosphorylationdephosphorylationconjugationinvertedlinkagesetc.),3' end 

S modifications 
modifications(e.g.,conjugationinvertedlinkagesetc),(b)base . ,eg., 
replacementwithmodifiedbasesstabilizingbasesdestabilizingbasesorbasesthatbase 

pairwithanexpandedrepertoireofpartnersorconjugatedbases,(c)sugarmodifications 
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(e.g., atthe2'positionor4'position)orreplacementofthesugarand(d)intemucleoside 

linkagemodificationsincludingmodificationorreplacementofthephosphodiester 

linkages.Insomeembodimentsamodifiedribonucleotidemaintainsatleastonefunctionof 

thecorrespondingnonmodifiedribonucleotide.Theterm"ribonucleotide"canencompass 

ribonucleotidetriphosphatesincludingmodifiedandnonemodifledribonucleotide 

triphosphates.  

[133J Ribonucleicacid(RNA):Asusedhereintheterm"RNA"referstoapolymerof 

ribonucleotidesgthetenn"RNAor"RNAmolecule"relatestoamoleculewhichcomprises 

ribonucleotideresidues.insomeembodimentsan"RNA"isentirelyorsubstantially 

composedofribonucleotideresidues.Asthoseskilledintheartareawareacanonical 
" S 

nbonucleotide"isanucleotidewithahyciroxylgroupatthe2'-positionofaj3aDn 
ribof!uranosylgroup.ThetermRNA"cancomprisedouble-strandedRNAsinglestranded 

h 

RNAisolatedRNAsuchaspartiallyorcompletelypurifiedRNAessentiallypureRNA, 
syntheticRNAandrecombinantlygeneratedRNAsuchasmodifiedRNAwhichdiffers 

fromnaturallyoccurringRNAbyadditiondeletionsubstitutionand/oralterationofoneor 

morenucleotides.InsomeembodimentsanRNAmaybemodifiedrelativetoareference 

(e.g.,anaturallyoccurringRNA),forexamplebyadditionofnon-nucleotidematerialsuch 

astotheend(s)ofanRNA.orinternallyforexampleatoneormorenucleotidesofthe 

RNA.InsomeembodimentsoneormoreresiduesorlinkagesinanKNAmoleculemaybe 
4 a orcompriseanon-standardresidueorlinkagesuchasanon-naturallyoccumngnucleotide 

orachemicallysynthesizednucleotideoradeoxynuc1eotide~insomeembodimentssuchan 

embodimentsanRNAissinglestranded.InsomeembodimentsanRNAisdouble 

stranded.InsomeembodimentsanRNAcomprisesbothsingleanddoublestranded 

portions.InsomeembodimentsanRNA.cancompriseabackbonestructureasdescribedin 

thedefinitionof"Nucleicacid/Polynucleotide"above.AnRNAcanbearegulatoryRNA 

(e.g.,siRNAmicroRNAetc.),oramessengerRNA(mRNA).Insomeembodimentswhere 

anRNAisamRNA.InsomeembodimentswhereanRNAisamRNAaRNAtypically 

comprisesatits3endapoly(A)region.InsomeembodimentswhereanRNAisamRNA, 
I anRNAtypicallycompnsesatits5'endanart-recognizedcapstructuree.g., for 

recognizingandattachmentofamRNAtoaribosometoinitiatetranslation.Insome 

embodimentsanRNAisasyntheticRNA.SyntheticRNAsincludeRNAsthatare 

synthesizedinvitro(e.g.,byenzymaticsynthesismethodsand/orbychemicalsynthesis 
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methods).InsomeembodimentsanRNAisasingle-strandedRNA.insomeembodiments, 

asingle-strandedRNAmaycompriseself-complementaryelementsand/ormayestablisha 

secondaryand/ortertiarystructure.Thoseskilledintheartwillappreciatethattheterm 
" 4 

single-strandedRNA"generallyreferstoanRNAmoleculetowhichnocomplementary 
nucleicacidmolecule(typicallynocomplementaryRNAmolecule)isassociated.Insome 

embodimentsasingle-strandedRNAmaycontainself-complementarysequencesthatallow 

partsoftheRNAtofoldbackandtoformsecondarystructuremotifsincludingwithout 

limitationbasepairsstemsstemloopsand/orbulgesasisknownintheart.Thoseskilledin 

isreferredtoas theartwillunderstandfromcontextwhenasingle-strandedR.NAp 
'4 encodingwhetherthereferenceistoacodingstrandsequenceoritscomplement.Insome 

.4 embodimentsasingle~strandedRNAcanbeaself-amplifyingRNA(alsoreferredtoasself

replicatingRNA).  
4' [134j Recombinant:asusedhereinthetermrecombinant~whenusedtorefertoa 

-p.  

polypeptideisintendedtorefertopolypeptidesthataredesignedengineeredprepared 

expressedcreatedmanufacturedand/ororisolatedbyrecombinantmeanssuchas 

polypeptidesexpressedusingarecombinantexpressionvectortransfectedintoahostcel1~ 

polypeptidesisolatedfromarecombinantcombinatorialhumanpolypeptidelibrary; 

polypeptidesisolatedfromananimal(e.g., amouserabbitsheepfishetc.)thatis 

transgenicfororotherwisehasbeenmanipulatedtoexpressageneorgenesorgene 

componentsthatencodeand/ordirectexpressionofthepolypeptideoroneormore 

component(s),portion(s),element(s),ordomain(s)thereof;and/orpolypeptidesprepared, 

nucleicacidsequenceelementstooneanotherchemicallysynthesizingselectedsequence 

elementsand/orotherwisegeneratinganucleicacidthatencodesand/ordirectsexpression 

ofthepolypeptideoroneormorecomponent(s),portion(s),element(s),ordomain(s) 

thereofInsomeembodimentsoneormoreofsuchselectedsequenceelementsisfoundin 

nature.Insomeembodimentsoneormoreofsuchselectedsequenceelementsisdesigned 
a 

Insi/leo.insomeembodimentsoneormoresuchselectedsequenceelementsresultsfrom 
mutagenesis(e.g.,invivoorinvitro)ofaknownsequenceelemente.g.,fromanaturalor 

syntheticsourcesuchasforexampleinthegermlineofasourceorganismofinterest(e.g., 
S ofahumanamouseetc.).Insomeembodimentsnucleicacidsdescribedhereinmaybe 

recombinantand/orisolatedmolecules.  
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4' [135] Reference:Asusedhereinthetermreferencedescribesastandardorcontrol 

relativetowhichacomparisonisperformed.Forexampleinsomeembodimentsanagent, 

animalindividualpopulationsamplesequenceorvalueofinterestiscomparedwitha 

referenceorcontrol.agentanimalindividualpopulationsamplesequenceorvalue.in 

someembodimentsareferenceorcontrolistestedand/ordeterminedsubstantially 

simultaneouslywiththetestingordeterminationofinterest.Insomeembodimentsa 

referenceorcontrolisahistoricalreferenceorcontroloptionallyembodiedinatangible 

medium.Typicallyaswouldbeunderstoodbythoseskilledintheartareferenceorcontrol 

isdetenninedorcharacterizedundercomparableconditionsorcircumstancestothoseunder 

assessment.Thoseskilledintheartwillappreciatewhensufficientsimilaritiesarepresentto 
6 justifyrelianceonand/orcomparisontoaparticularpossiblereferenceorcontrol.  

[136] RNApolyrnerase:Asusedhereintheterm"RNApolymerasereferstoanenzyme 

thatcatalyzespolyribonucleotidesynthesisbyadditionofribonucleotideunitstoa 

nucleotidechainusingDNAorRNAasatemplate.Aswillbeclearfromcontexttheterm 

referstoeitheracompleteenzymeasitoccursinnatureoranisolatedactivecatalyticor 

functionaldomainorfragmentthereofInsomeembodimentsanRNApolymeraseenzyme 

initiatessynthesisatthe3'mendofaprimeroranucleicacidstrandoratapromoter 

sequenceandproceedsinthe5'-directionalongthetargetnucleicacidtosynthesizea 

strandcomplementarytothetargetnucleicaciduntilsynthesisterminates.  

11371 RNAtranscr4npreparation:Theterm"RNAtranscriptpreparationasusedherein 

referstoapreparationcomprisingRNAtranscriptthatispurified.fromaninvitro 

transcnptionRNAcompositiondescribedherein.InsomeembodimentsanRNAtranscript 
preparationisapreparationcompnsingpharmaceutical-gradeRNAtranscript.insome 

embodimentsanRNAtranscriptpreparationisapreparationcomprisingRNAtranscript, 

whichitsoneormoreproductqualityattributesarecharacterizedanddeterminedtomeeta 

releaseand/oracceptancecriteria(e.g., asdescribedherein).Examplesofsuchproduct 

qualityattributesincludebutarenotlimitedtoappearanceRNAlengthidentityofdrug 

substanceasRNARNAintegrityRNAsequenceRNAconcentrationpHosmolality, 

residualDNAtemplateresidualdoublestrandedRNAbacterialendotoxinsbioburdenand 

combinationsthereof 
~1~ [138J Roomtemperature:Asusedhereinthetermroomtemperaturereferstoan 

ambienttemperature.JnsomeembodimentsaroomtemperatureisaboutI5 0 CI60 CI70 C, 

180 C,190 C,200 C,210 C,220 C,230 C240 C,250 C,260 C,270 C,280 C,290 C,300 C, 
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preferablyabout18 0 C-300 Ce.g.,about18 0 C-250 Corabout200 C-250 Corabout20-30 0 C, 

orabout23-27 0 Corabout250 C.  
'4 

11391Sample:Asusedhereinthetermsample"typicallyreferstoanaliquotofmaterial 
4 obtainedorderivedfromasourceofintereste.g., asdescribedherein.Insome 

embodimentsasourceofinterestisabiologicalorenvironmentalsource.Insome 

embodimentsasourceofinterestmaybeorcompriseacelloranorganismsuchasa 

microbeaplantorananimal(e.g., amouse).Insomeembodimentsasourceofinterestis 

orcomprisesbiologicaltissueorfluid.Insomeembodimentsabiologicalfluidmaybeor 

compriseanintracellularfluidanextracellularfluidanintravascularfluid(bloodplasma), 

aninterstitialfluidalymphaticfluidand/oratranscellularfluid.Insomeembodimentsa 

biologicaltissueorsamplemaybeobtainedforexamplebyaspiratebiopsy(e.g., fine 

needleortissuebiopsy),swab(e.g.,oralnasalskinorvaginalswab),scrapingsurgery, 

washingorlavage(e.g., brocheoalvealarductalnasalocularoraluterinevaginalorother 

washingorlavagejInsomeembodimentsasampleisorcomprisescellsobtainedfroma 
S subject.Insomeembodimentsasampleisa"primarysample"obtaineddirectlyfroma 

sourceofinterestbyanyappropriatemeans.Insomeembodimentsaswillbeclearfrom 
'4 

contextthetermsample"referstoapreparationthatisobtainedbyprocessing(e.g.,by 
removingoneormorecomponentsofand/orbyaddingoneormoreagentsto)aprimary 

* 

sample.Forexampleaprocessedsample"maycompnseforexamplenucleicacidsor 
S proteinsextractedfromasampleorobtainedbysubjectingapnmarysampletooneormore 

techniquessuchasamplificationorreversetranscriptionofnucleicacidisolationand/or 

5.  

[140j Secondarystructure:Asisunderstoodintheartthetermsecondarystructure'is 
usedtorefertointeractionsbetweenbasesinnucleicacidmolecules.Thussecondary 

structurecanbedescribedasatwo-dimensionalrepresentationofanucleicacidmolecule 

thatreflectsbasepairings.Thetermisoftenusedinreferencetointra-molecularbase 

pairinginteractionsinasingle-strandedmoleculee.g.,asingle-strandedRNA.Indeed, 

manysinglestrandednucleicacidmoleculesandparticularlysinglestrandedRNA 

moleculesarecharacterizedbyregionsof(intramolecular)basepairs.Accordingtothe 

5, I.  

inventionthetermsecondarystructurecomprisesstructuralmotifsincludingwithout 
limitationbasepairsstemsstemloopsbulgesloopssuchasinteriorloopsand 

S 

branchloops.Thesecondarystructureofanucleicacidmoleculecanberepresentedbya 

two~dimensionaldrawing(planargraph),showingbasepairings(forfurtherdetailson 
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secondarystructureofRNAmoleculesseeAuberetal.,(2006),J.GraphAlgorithmsAppL, 

10:329=151).AsdescribedhereinthesecondarystructureofcertainRNAmoleculesIs 

relevantinthecontextofthepresentinvention.Secondarystructureofanucleicacid 

moleculeparticularlyofasingle-strandedRNAmoleculemaybedeterminedbyprediction 

S 

usingthewebserverforRNAsecondarystructureprediction 
(http:I/ma.urine.rochester.edu/RNAstructureWeb/Senters/PredietI/PredietI.html).  

1141i Stable:Theterm"stable" whenappliedtonucleicacidsand/orcompositions 

comprisingnucleicacidse.g., encapsulatedinlipidnanoparticlesmeansthatsuchnucleic 

acidsand/orcompositionsmaintainoneormoreaspectsoftheircharacteristics(e.g., 

a 

physicaland/orstructuralcharacteristicsfunctionand/oractivity)overapenodoftim.e 
underadesignatedsetofconditions(e.g.,pI-Ltemperaturelightrelativehumidityetc.).In 

someembodimentssuchstabilityismaintainedoveraperiodoftimeofatleastaboutone 

hour:insomeembodimentssuchstabilityismaintainedoveraperiodoftimeofabout5 

hoursaboutI0hoursaboutone(I)dayaboutone(I)weekabouttwo(2)weeksabout 

one(I)monthabouttwo(2)monthsaboutthree(3)monthsaboutfour(4)monthsabout 

five(5)monthsaboutsix(6)monthsabouteight(8)monthsaboutten(I0)monthsabout 

twelve(12)monthsabouttwenty-four(24)monthsaboutthirty-six(36)monthsorlonger.  

Insomeembodimentssuchstabilityismaintainedoveraperiodoftimewithintherangeof 

aboutone(1)daytoabouttwenty-four(24)monthsabouttwo(2)weekstoabouttwelve 

(I2)monthsabouttwo(2)monthstoaboutfive(5)monthsetc.Insomeembodimentssuch 
stabilityismaintainedunderanambientcondition(e.g., atroomtemperatureandambient 

condition(e.g.,invivooratabout37 0 Cforexampleinserumorinphosphatebuffered 

saline).Insomeembodimentssuchstabilityismaintainedundercoldstorage(e.g., ator 

belowabout40 CS e.g., -200 Cor-700 C).Insomeembodimentssuchstabilityis 

maintainedwhennucleicacidsand/orcompositionscomprisingthesameareprotectedfrom 

light(e.g.,maintaininginthedark).  

[142J Asanexampleinsomeembodimentstheterm"stable"isusedinreferencetoa 

nanoparticlecomposition(e.g., alipidnanoparticlecomposition).Insuchembodimentsa 

stablenanoparticlecomposition(e.g., astablenanoparticlecomposition)and/or 

component(s)thereofmaintainoneormoreaspectsofitscharacteristics(e.g.,physical 
and/orstructuralcharacteristicsfunction(s),and/oractivity)overa S 

penodoftimeundera 

designatedsetofconditions.Forexampleinsomeembodimentsastablenanoparticle 

39 

pressure).Insomeembodimentssuchstabilityismaintainedunderaphysiological



WO20221122689 PCT/EP2021/084488 

composition(e.g., alipidnanoparticlecomposition)ischaracterizedinthataverageparticle 

sizeparticlesizedistributionand/orpolydispersityofnanoparticlesissubstantially 
maintained(e.g., withinI0%orlessascomparedtotheinitial U 

characteristic(s))overa 
S periodoftime(e.g., asdescribedherein)underadesignatedsetofconditions(e.g., as 

describedherein).Insomeembodimentsastablenanoparticlecomposition(e.g., alipid 

nanoparticlecomposition)ischaracterizedinthatnodetectableamountofdegradation 

products(e.g., associatedwithhydrolysisand/orenzymaticdigestion)ispresentafteritis 

maintainedunderadesignatedsetofconditions(e.g.,asdescribedherein)overa S 

penodof 
time.  

[143j StabilityoJRNA:ThetermstabilityofRNA"iscommonlyusedhereininreference 

tothe"half-life"ofRNA."Half4ife"relatestotheperiodoftimewhichisneededto 

eliminatehalfoftheactivityamountornumberofmolecules.Inmanyembodimentsthe 

half-lifeofanRNAisindicativeofitsstability.Thoseskilledintheartwillappreciatethat 

half-lifeofRNAmayofteninfluencethe"durationofexpression"oftheRNA;typicallyan 

RNAhavingalonghalf-lifewillbeexpressedforanextendedtimeperiodrelativetoan 

RNAwithashorterhalflife.  
11.441Swmloop, . 'I' or'hairpin 

hairpin:Asusedhereinthetermsstemloop"orhairpin" 

looprefertoaparticularsecondarystructureofanucleicacidmoleculetypicallyasingle

strandednucleicacidmoleculesuchasasingle-strandedRNA.Theparticularsecondary 

structurerepresentedbythestemloopconsistsofaconsecutivenucleicacidsequence 

comprisingastemandaloop(e.g.,aterminalloop),alsocalledhairpinloopwhereinthe 

whichareseparatedbyashortsequence(e.g.3-10nucleotides),whichformstheloopofthe 

stem-loopstructure.Thetwoneighboredentirelyorpartiallycomplementarysequencesmay 

bedefinedase.g.stemloopelementsstemIandstem2.Thestemioopisformedwhen 

thesetwoneighboredentirelyorpartiallyreversecomplementarysequencese.g.stemloop 

elementsstemIandstem2formbase-pairswitheachotherleadingtoadouble-stranded 

nucleicacidsequencecomprisinganunpairedloopatitsterminalendingformedbythe 

shortsequencelocatedbetweenstemloopelementsstemIandstem2.Thusastemloop 

comprisestwostems(stemIandstem2),which atthelevelofsecondarystructureofthe 

nucleicacidmolecule formbasepairswitheachotherandwhich atthelevelofthe 

primarystructureofthenucleicacidmolecule areseparatedbyashortsequencethatisnot 

partofstemIorstem2.Forillustrationatwo-dimensionalrepresentationofthestemloop 
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resemblesalollipop-shapedstructure.Theformationofastern.~1oopstructureinvolvesa 

sequencethatcanfoldbackonitselftoformapaireddoublestrand;thepaireddoublestrand 

isformedbystemIandstern2.Thestabilityofpairedstemioopelementsistypically 

determinedbythelengththenumberofnucleotidesofstem1thatarecapableofforming 

basepairs(preferablycanonicalbasepairsmorepreferablyWatson-Crickbasepairs)with 

nucleotidesofstem2,versusthenumberofnucleotidesofstemIthatarenotcapableof 

fonriingsuchbasepairswithnucleotidesofstem2(mismatchesorbulges).Ifagiven 

nucleicacidsequenceischaracterizedbyastemlooptherespectivecomplementarynucleic 

acidsequenceistypicallyalsocharacterizedbyastemloop.Astemloopistypicallyformed 

bysingle-strandedRNAmolecules.  

[145J Synthetic:Asusedhereinthetermsynthetic"referstoanentitythatisartificialor 

thatismadewithhumaninterventionorthatresultsfromsynthesisratherthannaturally 

occurring.Forexampleinsomeembodimentsasyntheticnucleicacidorpolynucleotide 

referstoanucleicacidmoleculethatischemicallysynthesizede.g.,insomeembodiments 
0 bysolid-phasesynthesis.insomeembodimentsthetermsyntheticreferstoanentitythat 

ismadeoutsideofbiologicalcells.Forexampleinsomeembodimentsasyntheticnucleic 

acidorpolynucleotidereferstoanucleicacidmolecule(e.g., anRNA)thatisproducedby 

invitro a usingatemplate.  
ma 

[146J Template:Asusedhereintheterms"template~~ornucleicacidtemplateor 
"templatenucleicacid"generallyrefertoanucleicacidsequencethatmaybereplicatedor 

transcribed.InsomeembodimentsatemplateisDNA.InsomeembodimentsaDNA 

DNAmolecule.DNAcanbeobtainedorgeneratedusingmethodsknownintheart 

includinge1 g.,genesynthesisrecombinantDNAtechnologyoracombinationthereofIn 
S 

someembodimentsaDNAtemplatecomprisesanucleotidesequencecodingfora 

transcribedregionofinterest(e.g.,codingforaRNAdescribedherein)andapromoter 

sequencethatisrecognizedbyanRNApolymeraseselectedforuseininvitrotranscription 

suchastheRNApolymerasesdescribedherein.IttsomeembodimentstheDNAtemplate 

encodesoneormoreelementsofaproductsuchasanRNAe.g.,5'UTR3' UTRopen 

readingframe(e.g.,codingforapeptideorproteinofinterestsuchasanantigen),poly(A> 

tailetc.InsomeembodimentsaDNAtemplateencodesallelementsofaproductRNA.In 

someembodimentsaDNAtemplatedoesnotencodeallelementsoftheproductRNAe.g., 
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templateisalinearDNAmolecule.InsomeembodimentsaDNAtemplateisacircular
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theDNAtemplatemaynotencodeapoly(A)-tailandsuchpoly(A)-taiimaybeadded 

enzyrnaticallytotheRNAaftertranscnptionasdescribedherein.  
4~~ 

[147] Tertiarystructure:Asusedhereintheterm"tertiarystructure withreferencetoa 
nucleicacidmoleculereferstothethree-dimensionalstructureofanucleicacidmolecule 

asdefinedbytheatomiccoordinates.  

[148J Threeprimeuntranslatedregion:Asusedhereintheterms"threeprime 

3, UTR~~refertothesequenceofanmRNAmoleculethatbegins untranslatedregion"or S 

followingthestopcodonofthecodingregionofanopenreadingframesequence.Insome 

embodimentsthe3' UTRbeginsimmediatelyafterthestopcodonofthecodingregionof 

anopenreadingframesequence.Inotherembodimentsthe3' UTRdoesnotbegin 

immediatelyafterstopcodonofthecodingregionofanopenreadingframesequence 

[149J Thresholdlevel(e.g.,acceptancecriteria):Asusedhereintheterm"threshold 

level"referstoalevelthatisusedasareferencetoattaininformationonand/orclassifythe 

resultsofameasurementforexampletheresultsofameasurementattainedinanassay.For 

exampleinsomeembodimentsathresholdlevelmeansavaluemeasuredinanassaythat 

definesthedividinglinebetweentwosubsetsofapopulation(e.g.abatchthatsatisfy 
U 

qualitycontrolenterlavs.abatchthatdoesnotsatisfyqualitycontrolcriteria).Thusavalue 

thatisequaltoorhigherthanthethresholdleveldefinesonesubsetofthepopulationanda 

valuethatislowerthanthethresholdleveldefinestheothersubsetofthepopulation.A 

thresholdlevelcanbedeterminedbasedononeormorecontrolsamplesoracrossa 

populationofcontrolsamples.Athresholdlevelcanbedeterminedpriortoconcurrently 

canbearangeofvalues.  
I,. e 

11501 Transcriptionalefficiency:Theterm"transcriptionefficiencyrelatestotheamount 

oftranscriptionproductproducedfromatemplatemoleculewithinaparticularperiodof 

time.  
'I, 

11511 Translationefficency:Theterm"translationefficiencyrelatestotheamountof 
translationproductprovidedbyanRNAmoleculewithinaparticularperiodoftime.  

t 

11152J Variant:Thetermvariant"whenusedwithrespecttoforexamplenucleicacid 
andaminoacidsequencesincludesanyvariants, inparticularmutantsviralstrainvariants, 

S 

splicevariantsconformationsisoformsallelicvanantsspeciesvariantsandspecies 
hornologsinparticularthosewhicharenaturallypresent.Anallelicvariantrelatestoan 

alterationinthenormalsequenceofagenethesignificanceofwhichisoftenunclear.  
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Completegenesequencingoftenidentifiesnumerousallelicvariantsforagivengene.With 
" .~ S respecttonucleicacidmoleculesthetermvarianCincludesdegeneratenucleicacid 

sequenceswhereinadegeneratenucleicacidaccordingtotheinventionisanucleicacid 

thatdiffersfromareferencenucleicacidincodon.sequenceduetothedegeneracyofthe 

geneticcode.Aspecieshornologisanucleicacidoraminoacidsequencewithadifferent 

speciesoforiginfromthatofagivennucleicacidoraminoacidsequence.Avirushomolog 

isanucleicacidoraminoacidsequencewithadifferent Svirusoforiginfromthatofagiven 

nucleicacidoraminoacidsequence.Insomeembodimentsnucleicacidvariantsmay 

includ.esingleormultiplenucleotidedeletionsadditionsmutationssubstitutionsand/or 

insertionsincompansonwiththereferencenucleicacid.Deletionsincluderemovalofone 
S S 

ormorenucleotidesfromthereferencenucleicacid.Additionvanantscomprise5'-and/or 

3'teflflinalfusionsofoneormorenucleotidessuchas1,2,3,5,10,20,30,50,ormore 

nucleotides.Inthecaseofsubstitutionsatleastonenucleotideinthesequenceisremoved 

andatleastoneothernucleotideisinsertedinitsplace(suchastransversionsand 

transitions).Mutationsmayincludeabasicsitescrosslinkedsitesandchemicallyalteredor 
a 

modifiedbases.Insertionsincludetheadditionofatleastonenucleotideintothereference 

nucleicacid.  
" 

[153J Vector:Asusedhereinthetermvectorreferstoanucleicacidmoleculecapable 
a 

oftransportinganothernucleicacidtowhichithasbeenlinked.Vectorscompriseplasmids, 

cosmidvectorsphagemidssuchaslambdaphagevirusgenomesincludingretroviral, 

adenoviralorbaculoviralvectorsartificialchromosomevectorssuchasbacterialartificial 

(PAC)andfunctionalportionsthereofOnetypeofvectorisa'jplasmi&,whichreferstoa 

circulardoublestrandedDNAintowhichadditionalDNAsegmentsmaybeligated.Another 

typeofvectorisaviralvectorwhereinadditionalDNAsegmentsmaybeligatedintothe 

viralgenorne.Certainvectorsarecapableofautonomousreplicationinahostcellintowhich 

theyareintroduced(e.g.,bacterialvectorshavingabacterialonginofreplicationand 

episomalmammalianvectors).Othervectors(e.g.,non-episomalmammalianvectors)can 

beintegratedintothegenoncieofahostcelluponintroductionintothehostcellandthereby 

arereplicatedalongwiththehostgenome.Moreovercertainvectorsarecapableofdirecting 

theexpressionofgenestowhichtheyareoperativelylinked.Suchvectorsarereferredto 

hereinas'I'expressionvectors."Expressionvectorscompriseplasmidsaswellasviral 

vectorsand.generallycontainadesiredcodingsequenceandappropriatenon-coding 
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chromosomes(BAC),yeastartificialchromosomes(YAC),orP1artificialchromosomes
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sequencesnecessaryfortheexpressionoftheoperablylinkedcodingsequenceina 

particularhostorganism(e.g.,bacteriayeastplantinsectormammal)orininvitro 

expressionsystems.Cloningvectorsaregenerallyusedtoengineerandamplifyacertain 

desiredDNAfragmentandmaylackfunctionalsequencesneededforexpressionofthe 

desiredDNAfragments.  

DetailedDescriptionofCertainEmbodiments 

[154] Althoughcertainembodimentsofthepresentinventionaredescribedindetailbelow, 

itistobeunderstoodthatthis U isnotlimitedtotheparticularmethodologies, 

protocolsandreagentsdescribedhereinasthesemayvary.Itisalsotobeunderstoodthat 

terminologyusedhereinisforthepurposeofdescribingparticularembodimentsonlyandis 

notintendedtolimitthescopeofthepresentinventionwhichwillbedefinedbythe 

appendedclaims.Unlessdefinedotherwisealltechnicalandscientifictermsusedherein 

havethesamemeaningsascommonlyunderstoodbyoneofordinaryskillintheart.  

11551Insomeembodimentspracticeofthepresentinventionwillemployunless 
S otherwiseindicatedconventionalmethodsofchemistrybiochemistrycellbiology, 

immunologyandrecombinantDNAtechniqueswhichareexplainedintheliteratureinthe 

field(cf.,e.g~,MolecularCloning:ALaboratoryManual,2ndEditionISambrooketal.  

ecis.,ColdSpringHarborLaboratoryPressColdSpnngHarborI989).Indeedinmany 

embodimentsstandardtechniquesmaybeusedforexampleforrecombinantDNA 

productionand/ormanipulationoligonucleotidesynthesistissuecultureandtransformation 

disclosurewillappreciatewhereenzymaticreactionsand/orpurificationtechniquesmaybe 

performedaccordingtomanufacturer'sspecificationsorascommonlyaccomplishedinthe 

artorasdescribedherein.Theforegoingtechniquesandproceduresmaybegenerally 

performedaccordingtoconventionalmethodswellknownintheartand/orasdescribedin 

variousgeneralandmorespecificreferencesthatarecitedanddiscussedthroughoutthe 

presentspecification.Seee.g., GreenandSambrookMolecularCloning:ALaboratory 

Manual(4thed.,ColdSpringHarborLaboratoryPressColdSpringHarborN.Y.(2012)), 

whichisincorporated hereinbyreferenceforanypurpose.  

[156J Inthefollowingdescriptioncertainelementsofthepresentinventionwillbe 

described.Theseelementsmaybediscussedwithspecificembodimentshoweveritshould 

beunderstoodthattheymaybecombinedinanymannerandinanynumbertocreate 
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(e.g., electroporationlipofection),etc.. Thoseskilledintheartreadingthepresent
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additionalembodiments.Thevariouslydescribedexamplesandparticularembodiments 

shouldnotbeconstruedtolimitthepresentinventiontoonlytheexplicitlydescribed 

embodiments.Thisdescriptionshouldbeunderstoodtodiscloseandencompass 

embodimentswhichcombinetheexplicitlydescribedembodimentswithanynumberofthe 

disclosedand/orpreferredelements.Furthermoreanypermutationsandcombinationsofall 

describedelementsinthisapplicationshouldbeconsidereddisclosedbythisdescription 

unlessthecontextindicatesotherwise.  

[157J Severaldocumentsarecitedthroughoutthetextofthisspecification.Eachofthe 

documentscitedherein(includingallpatentspatentapplicationsscientificpublications, 

manufacturer'sspecificationsinstructionsetc.),whethersupraorinfraarehereby 
4 e incorporatedbyreferenceintheirentirety.Nothinghereinistobeconstruedasanadmission 

thatthepresentinventionwasnotentitledtoantedatesuchdisclosure.  

Batch Fed-batch 

[158j ThepresentdisclosureprovidescertaintechnologiesforproducingRNAmolecules, 

andparticularlyforproducingthemviainvitrotranscription(JVT)usinga"batch"reaction.  

Thoseskilledintheartwillappreciatethattheterm"batch"or"batchreaction",orsimilar 

4 

termisusedtorefertoareactionsuchasatranscriptionreactionwhereinatleastone 
discretesupplementationeventtakesplaceforatleastonecomponente.g.,foratleastone 

NTPsuchasUTPand/orGTPorafunctionalanalogthereofandoptionallyforoneor 

multiplecomponentssupplementedinthesamediscretesupplementationevent.Insome 

embodimentssupplementingthereactionmixcomprisessupplementingUTPorafunctional 

S 

analogthereofinsomeembodimentssupplementingthereactionmixcomprises 
supplementingIJTPorafunctionalanalogthereofandGTPorafunctionalanalogthereof 

Insomeembodimentssupplementingthereactionmixcomprisessupplementingfurther 

componentssuchasATPorafunctionalanalogthereofand/orCTPorafunctionalanalog 

thereofand/oroneormoresaltsand/oroneormoreenzymessuchasapolymeraseand/or 

oneormore5' capnucleotidesand/oroneormoreothercomponentsofareactionmix 

describedhereinsuchas trariscnptionbufferRNaseinhibitorDNAtemplate,5'capand/or 

5'capanalogetc.Insomeembodimentsthereactionmixissupplementedmorethanonce 

duringthecourseofthetranscriptionand/orcappingreaction.  
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moreothercomponent(s)(e.g.,componentsofthereactionmixdiscussedherein),optionally
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[159] Incertainembodimentsafed-batchprocessisusedinamethodofproducingan 

RNAoracompositioncomprisingRNA.Theterm"fed-batchprocess"or'fed-batch 

reaction"orsimilartermsrefertoaprocessorreactionwhereinastaffingreactionmixin 

whichpartorallofthecomponentsarepresent(batchreaction)andwhereinthereactionis 

occasionallysupplementedwithoneormorecomponentsduringth.ecourseofthereaction.  

InsomeembodimentsoneormorecomponentssuchasUTPorafunctionalanalogthereof 

and/orGTPorafunctionalanalogthereofaresupplementede.g.,introducedbyafed-batch 

processtomaintaintheirconcentrationslowduringareactionortorestoretherationof 

theirinitialconcentrationtotheinitialconcentrationofCTPand/orATPorafunctional 

* analogthereofInsomeembodimentsoneormorecomponentssuchasUTPorafunctional 
I analogthereofand/orGTPorafunctionalanalogthereofaresupplementede.gintroduced 

a byafed-batchprocesstoreplenishwhatisdepleteddunngareaction."Supplementingthe 

reactionmix"referstothesupplementationofacomponentindiscreteamountstothe 

reactionafterthereactionhascommenced.Howeversupplementingafed-batchreactione 

notlimitedtosupplementationwithdiscreteamounts.insomeembodimentssupplementing 
a 

comprisessupplementingbycontinuousflowi.econtinuoussupplementationofoneor 
* morecomponentsofthereactionmixdunngthecourseofthetranscriptionand/orcapping 

reaction.  
Y 

[160J Insomeembodimentsafed-batchprocessinvolvesusingastartingreactionmix 
t allnucleotide U 

tnphosphateswhicharepartoftheRNAtobesynthesizedare 
S present;inotherembodimentsafed-batchprocessinvolvesusingastaffingreactionmix 

p 

[161] InsomeembodimentsastartingreactionmixcontainsATPGTPCTPandIJTPor 

functionalanalogsthereofInsomeembodimentsastaffingreactionmixusedis 

substantiallyfreeofATPorfunctionalanalogsthereofInsomeembodimetnsastaffing 

reactionmixissubstantiallyfreeofGTPorfunctionalanalogsthereofInsome 

embodimentsastartingreactionmixissubstantiallyfreeofCTPorfunctionalanalogs 

thereofInsomeembodimentsastartingreactionmixissubstantiallyfreeofUTPor 

functionalanalogsthereofItisunderstoodthatwhentheRNAtobesynthesizedis 

predicted(e.g.,accordingtothetemplateused)tocompriseacomponentwhichisnot 
E presentinthestartingreactionmixthiscomponenthastobesupplementedinorderto 

synthesizesaidRNA.  
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a 

11621 Inacappingandtranscnptionreactionforexamplethereactioncommenceswhen 

anRNApolymerasemediatestheformationofacovalentbondbetweenanucleotideanda 

capanalog.Itwillbeunderstoodthatonedifferencebetweenacappingandtranscription 

transcriptionreactionwithoutcappingisthepresenceofacomponentthat 
S ml providesthecapstructuretothe5endofatranscnptsuchasa5' capor5capanalog 

ft describedherein.  

[163J Thepresentdisclosureprovidestechnologiesinvolvingafed-batchprocesses 
e wherei.natleastonecomponentofareactionmixispresentinalimitingamount."Limiting 

amount"meansthatthelimitingreactioncomponentispresentinanamounte.g.,a 
Ina 

startingconcentration.,thatlimitsoneormoreofthetimeuntilthereactionstopstheamount 

ofproductgeneratedbytheprocessuntilthereactionstopsandtherateoftranscription.For 

exampleinsomeembodimentstheamountofthelimitingreactioncomponente.g.,UTP, 

orafunctionalanalogthereotand/orGTPorafunctionalanalogthereoflimitsoneor 

moreofthetimeuntilatranscriptionand/orcappingreactionstopstheamountofproduct, 

e.g.,RNAproduceduntilthetranscriptionand/orcappingreactionstopsand/ortherateof 

thetranscriptionand/orcappingreactione 9 g.,therateatwhichthereactantsareconverted 

intoproduct.  

j7164J Insomeembodimentsoneormorereactioncomponentsareaddedcontinuouslyto 

thereactionandoneormorecomponentssuchasoneormorelimitingcomponentsare 

addedperiodicallytothereactionsuchasbyafed~batchprocess.Incertainembodimentsa 

componentsuchasalimitingcomponente.g.,alimitingnucleotideissupplementedtothe 

*occumngatintervals"thatcanbe"regularmeaning"fixed"withrespectto 
C 

suchastimeand/orconcentrationlevelinthe t Thetermintermittently"means 
44 S 

occurringatintervals"."intervals"refersbothtoregularandirregularintervals.Itwillbe 
understoodthat"intermittenf'supplementationofacomponentcartalsobe"periodic".It 

willfurtherbeunderstoodthatintermittentintroductionorsupplementationofacomponent 

toareactionmeansatleastonetimewhile"periodic"introductionorsupplementationofa 

componentisatleasttwotimes(todefinethe"regularinterval").Insomeembodimentsa 

componentsuchasalimitingcomponente.g.,UTPand/orGTPorafunctionalanalog 

thereofmaybesupplementedsupplementedatleastorsupplementedatmostI, 2,3,4,5, 

6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,25,30,35,40,45,50,60,70,80,90,100 

ormoretimesoranyrangederivablethereinduringthecourseofatranscriptionand/or 
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U 

cappingreaction.insomeembodimentsUTPorafunctionalanalogthereofissupplemented 

atleastonce.InsomeembodimentsUTPorafunctionalanalogthereofissupplementedat 

leasttwice.InfurtherembodimentsUTPorafunctionalanalogthereofisintroduced 
*6 intermittentlyorperiodicallyintothereactionbetweenthreetimesand50times.Insome 

embodimentssuchperiodicsupplementationmaybeperformedasoneormorebolusor 

batchaddition(s),includinge.g.,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15ormorebolus 

orbatchaddition(s).insomeembodimentssuchperiodicsupplementationmaybe 

performedbyafed-batchprocess.Supplementingmayalsocomprisesupplementinga 

compositioncomprisingUTPorafunctionalanalogthereofandcomprisingfurther 

componentssuchasbufferpolymeraseCTPorafunctionalanalogthereofGTPora 
9 functionalanalogthereofATPorafunctionalanalogthereoforothercomponentsthatmay 

bepresentinatranscnptionreactionmixasdescribedherein.insomeembodimentsa 

compositionforsupplementingisessentiallyfreeofCTPand/orATPorfunctionalanalogs 

thereof 

DS RNA Contaminants 
S 11651 AsknownintheartduringsynthesisofmRNAbyatranscnptionreactione.g.,in 

transcnption(IVT),erg.,usingT7RNApolymeraseoranotherRNAPsignificant 

amountsofaberrantproductsincludingdoub1e~strandedRNA(dsRNA)(e.g.,a 
Y hybridizationofdistinctRNAmolecules)areproducedduetounconventionalactivityofthe 

enzyme.dsRNAhasbeenshowntoinduceinflammatorycytokinesandactivateseffector 

11661 AsnotedhereindsRNA.contaminationofinvitrotranscriptionreactionscanbe 
S problematic.AtleasttwodifferenttypesofdsRNAcontaminantshavebeendescribed:(i) 

shortdsRNAsinwhichantisensefragmentsbasepairwiththeRNAtranscriptofinterest 

(e.g.,anmRNAproduct)and(ii)nearlyfull-lengthdsRNAs.Bothcanbegeneratedby 
S prornotordependentorpromotor-independentRNAP(e.g.,T7)activity;somemaybe 

influencedbyterminationsiteswithinthetemplate.  

[167j Withoutwishingtobeboundbytheorywenotethatvariousmechanismshavebeen 
'5 

proposedforproductionofdsRNAduringinvitrotranscription.Forexampleinsome 

instancesshortRNAtranscripts(e.g.,about5toaboutIIntlong)maybegeneratedwhen 

anenzymethathasinitiatedsynthesisabortsbeforecompletingthetranscriptandmaythen 

primetranscriptionofacomplementarystrand.AlternativelyoradditionallyRNA 
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enzymesleadingtoproteinsynthesisinhibition.
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* backfoldingmightleadtoprolongedtranscriptionevengeneratingextra-long(potentially 

twicethesizeorevenmore)transcripts.Stillfurtheralternativelyoradditionallyre

initiationoftranscriptionatcertainopentemplatestructuresmightleadtotranscriptionto 

generateanantisensestrand.Reportshavealsosuggestedthattemplateterminationsites 

mayinfluenceproductionofdsRNA.  

11681 ThepresentdisclosureprovidesamongotherthingstechnologieswherebydsRNA.  

isreducedinRNApreparations.ForexampleinsomeembodimentsdsR.NApresentinan 

RNApreparationpreparedaccordingtothepresentdisclosureisreducedrelativetothat 

presentinanRNApreparationpreparedforexampleusingequirnolaramountsofATP 

GTPCTPandUTP.  
a 

[169J LevelofdsRNA.,andthusofitsreductioncanbedeterminedusinganyofavariety 

oftechnologiesincludingwithoutlimitationthosediscussedherein.ForexampleRNAcan 

bespottedonamembranesuchasanylonmembraneblockedinappropriatebufferand 

detectedusinganantibody-basedassayusingantibodiesspecificfordsRNAsuchastheJ2 
4 

antibody(SCICONSEnglishandScientificConsulting),followedbystainingwitha 

secondaryantibodyanti~mouseHRPantibody(JacksonImrnunoResearch)(seeEPI8717 

580.7).Antibody-baseddetectionmethodsarewell-known.RNAconcentrationcanalsobe 

assessedusingUV(e 6 g.,Nanodrop)whichmayalsoindicatewhetherdsRNAconcentration 

ispresent.RNA integntycanbeassessedusingaBioanalyzer(Agilent).  
"U [1701 Thetermimmunogenicity"referstotheabilityofaparticularsubstancein 

particularRNAtoprovokeanimmuneresponseinthebodyofananimalsuchasahuman, 

wordsimmunogenicityistheabilitytoinduceahumoraland/orcellmediatedimmune 

response.Unwantedimmunogenicityincludesanimmuneresponsebyanorganismagainsta 

therapeuticsubstancesuchasadrug.Thisreactionmayinactivatethetherapeuticeffectsof 

thetreatmentandmayinduceadverseeffects.Withoutwishingtobeboundbyany 

particulartheoryitisbelievedthatimmunogenicityofmanyRNApreparationsand 

particularlyofthoseproducedbyconventionalinvitrotranscriptionreactionsisatleastin 
S 

partduetothecontentofdsRNAtherein.  

j171j InsomeembodimentsRNApreparationsdescribedherein(e.g.,whichareproduced 

byamethodprovidedherein)aresignificantlylessimmunogenicthanRNAsand 

compositionscomprisingRNAtranscribedfromthesameDNAtemplateusingpreviously 

knownmethodssuchasusingequiinolaramountsofadenosinetriphosphate(ATP), 
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C guanosinetnphosphate(GTP),cytidinetriphosphate(CTP)anduridinetriphosphate(UTP), 

orfunctionalanalogsthereofInsomeembodimentstheRNAorcompositioncomprising 

RNAoftheinvention(i.e.,aprovidedRNApreparation)isatleast5%lessimmunogenic 

thananRNAorcomposition compnsingRNAtranscribedusingequimolaramountsofATP 

GIPCTPandUTPorfunctionalanalogsthereofInsomeembodimentsimmunogenicity 
S e ~reducedbyatleastI0%.Insomeembodimentsimmunogenicityisreducedbyatleast 

20%.Insomeembodimentsimmunogenicityisreducedbyatleast30%.insome 

embodimentsI isreducedbyatleast40%.Insomeembodiments, 

immunogenicityisreducedbyatleast50%.Insomeembodimentsimmunogenicityis 

reducedbyatleast60%.Insomeembodimentsimmunogenicityisreducedbyatleast70%.  

InsomeembodimentsS isreducedbyatleast80%.Insomeembodiments 

ilnmunogenicityisreducedbyatleast90%.Insomeembodimentsimrnunogenicityis 

removedoressentiallyremovedit.reducedbyaboutI00%.  

[172] InsomeembodimentsrelativeimmunogenicityofRNAoracomposition 

comprisingRNAtranscribedaccordingtotheinvention(i.e.,immunogenicityofaprovided 

RNApreparation)andRNAoracompositioncomprisingRNAtranscribedusingrelevant 

controlmethodknownintheartsuchasusingequimolaramountsofATPGTPCTPand 
U UTPorfunctionalanalogsthereofmaybedetenninedbydetenriiningthequantityofthe 

providedRNApreparationtoelicitthesameresulttothesamedegree(e.g.expressionofthe 

sameamountofprotein)asagivenquantityoftheRNAorcompositioncomprisingRNA 

transcnbedusingthecontrolmethod, e9 g.,usingequimolaramountsofATPGTPCTPand 

providedRNApreparationanditsrespectivecounterparttranscribedusingarelevant 

controlmethodmaybedeterminedbydeterminingthequantityofcytokine(e.g.IL-.12,JFN

aTNF-uRANTESMJP-lctorj3,IL-6,IFN-j3,orIL-8)secretedinresponseto 

administrationoftheRNAorcompositioncomprisingRNAtranscribedaccordingtothe 

inventionrelativetothesamequantityoftheRNAorcompositioncomprisingRNA 

transcribedusingthecontrolmethod.Forexampleifone-halfasmuchcytokineissecreted, 

thentheRNAorcompositioncomprisingRNAtranscribedaccordingtotheinventionis 
50%lessimmunogeniethantheRNAorcompositioncomprisingRNA a 

transcribedusingthe 
U 

appropnatecontrolmethod.  
U [173j "Significantlylessimmunogenic"referstoadetectabledecreaseinimmunogenicity.  

InanembodimentthetermreferstoadecreasesuchthataneffectiveamountoftheRNAor 
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UTPorfunctionalanalogsthereofInanembodimenttherelativeimmunogenicityofthe
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RNAcomprisingcompositioncanbeadministeredorrepeatedlyadministeredwithout 

triggeringadetectableimmuneresponse.Insomeembodimentsthetermreferstoa 

decreasesuchthattheRNAorRNAcomprisingcompositioncanberepeatedlyadministered 

withoutelicitinganimmuneresponsesufficienttodetectablyreduceexpressionofthe 

peptideorproteinencodedbytheRNAebg.,comprisedinthecompositioncomprising 

RNA.InsomeembodimentsthedecreaseissuchthattheRNA.orcompositioncomprising 

RNAcanberepeatedlyadministeredwithoutelicitinganimmuneresponsesufficientto 

eliminateexpressionofthepeptideorproteinencodedbytheRNA.  

[174J AsdemonstratedhereinimmunogenicityofanRNAoracompositioncomprising 

RNA(i.e.,ofanRNApreparation)canbedecreasedbytranscribingtheRNAusinga 
methodaccordingtotheinventionas b 4' 

describedherein.insomeembodimentsinsuch 
methodsthestartingconcentrationofUTPorafunctionalanalogthereofinthereaction I' 

mix 

usedfortranscribingtheRNAfromatemplateislowerthanthestartingconcentrationof 

CTPand/orATPorfunctionalanalogsthereofInsomeembodimentsamethodcomprising 

transcribingRNAusingastartingconcentrationofUTPorafunctionalanalogthereofthatis 

lowerthanthestartingconcentrationofCTPand/orATPorafunctionalanalogthereofand 

supplementingth.etranscriptionreactionmixduringthecourseofthetranscriptionreaction 

withacompositioncomprisingUTPorafunctionalanalogthereotresultsinreduced 
formationofdsRNA 

S.  

dunngtranscriptionascomparedtoanappropriatecontroltranscription 

reactionsuchascarryingoutthemethodusingequirnolaramountsofATPGTPCTPand 

UTPorfunctionalanalogsthereof.ThusinsomeembodimentstranscribingRNA 

toRNAtranscribedusingequiinolaramountsofATPGTPCTPandIJTPorfunctional 

analogsthereofasdescribedherein.InsomeembodimentstranscribingRNAaccordingtoa 

methodoftheinventionresultsinincreasedRNAyieldascomparedtoRNA 4' 

usingequ~rnolaramountsofATPGTPCTPandUTPorfunctionalanalogsthereo4as 

describedherein.  

Reaction 

In vitro Transcription .ns 

[179 AsdescribedhereinRNAcanbesynthesizedinvitro.Amongotherthingsinvitro 

transcriptionpermitsuseofeap-analogs(e.g.,non-naturallyoccurringcapanalogs)which 

mayforexamplebeaddedtotheinvitrotranscriptionreaction.Thoseskilledintheartwill 
a appreciatethatinmanyentodimentsapoly(A)-4ailofanRNAmoleculeifpresentis 

51 

accordingtoamethodoftheinventionresultsinRNAbeinglessimmunogenicascompared



WO20221122689 PCT/EP2021/084488 

encodedbyacomplementarysequenceonthetranscribedtemplate(.e.gbyapoly-(dT) 

sequenceinaDNAtemplate).Alternativelyoradditionallyinsomeembodimentscapping 

and/orpoly(A)-tailadditioncanbeachievedenzymaticallyaftertranscriptionasisknown 

intheart.  

[176J Thoseskilledintheartwillappreciatethataninvitrotranscriptionreactiontypically 

includes:(1)atemplate(oftenDNAtypicallylinear)thatcomprisesapromoterdirecting 

transcriptionofasequenceofinterest(2)ribonucleotidetriphosphates(whichmaybe 

naturalcompoundsoranalogs):(3)abuffersystem(typicallyincludingmagnesiumions); 

and(4)anRNApolymerase.ThusaccordingtotheinventionanRNAtranscription 
U reactiontypicallycomprises:(1)atemplate(e.g.,DNAtypicallylinear)thatmaycomprise 

apromoterdirectingtranscriptionofasequenceofinterest;(2)ribonucleotidetriphosphates 

(naturalorfunctionalanalogsthereof);(3)abuffersystemsuchasthebuffersdescribed 

hereine.gbselectedaccordingtheRNApolymeraseutilized;and(4)anRNApolymerase.  

Insomeembodimentsa C 

transcnptionreactionmixmayfurthercompriseanRnaseinhibitor.  
Insomeembodimentsa a a F 

transcriptionreactionmixmayfurthercomposeapyrophosphatase 
(e.g.,aninorganicpyrophosphatase).Insomeembodimentsatranscriptionreactionmix 

mayfurthercompriseoneormoresalts(e~g~,monovalentsaltsand/ordivalentsaltssuchas 
salts .4 2+ 

comprisingLieNa~K~NH 4 ~ tris(hyclroxymethyl)aminomethanecationMg>,Ba 

orMn2 ~ ),areducingagent(e.g.,dithithreitoi,2-mercaptoethanoletc.),spermidineor 
9 

combinationsthereofInsomeembodimentscertainreactioncomponentsareaddedina 
specificorder(e 9 g~,pyrophosphataseandpolymeraseaddedlast).Insomeembodiments, 

pyrophosphatasepolyrnerase).  

[177J Thoseskilledintheartwillbeawarethatparticularlyforlargescale(e.g.,that 

generategreaterthanabout50ugormorecommonlygreaterthanaboutI00ugRNAper 

reactionorthatgeneratewithinarangeofaboutI20ugtoaboutI80ugperugoftemplate), 

itisdesirabletoreduce 4 intheinvitrotranscriptionreaction.Forexampleinmany 

embodimentsitmaybedesirabletocontroltheconcentrationofmonovalentordivalent 

cationsand/orthereactiontemperature.insomeembodimentsthecationinareactionmix 

accordingtotheinventionisLitNatKSNH 4 ~ tris(hydroxymethyl)aminomethanecation, 

Mg>,Ba2+orMn>.Forexampleinmanyembodimentsitmaybedesirabletocontrol 
concentrationofMg>and/orreactiontemperature.InsomeembodimentsMg>isreduced 

and/ortemperatureisincreased(seee.g.,MuetatNucAcidsRes.10:5239).  
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[1781 Insomeembodimentsthepresentdisclosureamongotherthingsprovides 

technologiesforlarge~sca1emanufacturingapharmaceutical-gradecompositionor 

preparationcomprisingRNAforexampleatamassbatchthroughputofatleast10gRNA 

(includinge.g.,atleastI5gRNAatleast20gRNAatleast25gRNAatleast30gRNA, 

atleast35gRNAatleast40gRNAatleast45gRNAatleast50gRNAatleast55g 

RNAatleast60gRNAatleast70gRNAatleast80gRNAatleast90gRNAatleast 

I00gRNAatleastI50gRNAatleast200gRNAormore).Insomeembodimentssuch 

amethoddescribedhereincanbeusedtoproduceamassbatchthroughputofaboutI0gto 

about300gRNAaboutI0gtoabout200gRNAaboutI0gtoabout100gRNAabout 

30gtoabout60gRNAorabout50gRNAto300gRNA.Insomeembodimentssucha 

methoddescribedhereinisusefulforlargescalemanufacturingthatproducesamassbatch 

throughputofatleast1gRNAperhourormoresuchasatleast1.5gRNAperhour 

(includinge~g., atleast2gRNAperhouratleast2.5gRNAperhouratleast3gRNAper 

houratleast3.5gR.NA.perhouratleast4gRNAperhouratleast45gRNAperhourat 

least5gRNAperhouratleast5~5gRNAperhouratleast6gKNAperhouratleast6.5g 

RNAperhouratleast7gRNAperhouratleast7.5gRNAperhouratleastSgRNAper 

houratLeast8.5gRNAperhouratleast9gRNAperhouratleast10gRNAperhouror 

higher).Insomeembodimentslargescalemanufacturemethodsdescribedhereincanreach 

acapacityofI5gRNAperhourto20gRNA.perhour(e.g 1 ,about17gperhour).  

1179i Thoseskilledintheartwillappreciatethatthetermpolyrnerasegenerallyrefersto 

amolecularentitycapableofcatalyzingthesynthesisofapolymericmoleculefrom 

Y 

catalyzingthesynthesisofaRNAmoleculefromribonucleotidebuildingblocks.A"RNAa 

dependentRNApolymeraseor"RdRP"isanenzymethatcatalyzesthetranscriptionof 

RNAfromanRNAtemplate.A"DNApo1~erasea~~S 
Isamolecularentitycapableof 

catalyzingthesynthesisofaDNAmoleculefromdeoxyribonucleotidebuildingblocks.For 

thecaseofDNApolymerasesandRNApolymerasesthemolecularentityistypicallya 

proteinoranassemblyorcomplexofmultipleproteins.TypicallyaDNApolymerase 

synthesizesaDNAmoleculebasedonatemplatenucleicacidwhichistypicallyaDNA 

molecule.TypicallyaRNApolymerasesynthesizesaRNAmoleculebasedonatemplate 

nucleicacidwhichiseitheraDNAmolecule(inthatcasetheRNApolymeraseisaDNA

dependentRNApolymeraseDdRP),orisaRNAmolecule(inthatcasetheRNA 

polymeraseisaRNA-dependentRNApolymeraseRdRP).  
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11180J VariousRNApolymerasesthataresuitablefortranscnptionreactionsareknownin 

theartincludingbutnotlimitedtoDNAdependentRNApolymerases(e.g.,T7RNA 

polyineraseT3RNApolymeraseSP6RNApolymeraseN4virionKNApolyrneraseora 

variantorfunctionaldomainthereof).NaturallycatalysedRNA-dependentRNA 

polymerasesaretypicallyencodedbyallRNAvirusesexceptretroviruses.Typical 

representativesofvirusesencodingaRNA-dependentRNApolymeraseareaiphaviruses.A 

skilledpersonwillunderstandthatanRNApolymeraseutilizedhereinmaybea 

recombinantR.NApolymeraseand/orapurifiedRNApolymerasea 0~ notaspartofacell 

extractwhichcontainsothercomponentsinadditiontotheRNApolymerases.Insome 

embodimentsanRNApolymerasethatisusefulforcommercial-scaletranscriptionisaT7 
RNApolymerase.Insomeembodimentsan a 

inorganicpyrphosphatasemaybeaddedto 

improvetheyieldoftranscriptionreaction(e.g.,insomeembodimentscatalysedbyT7RNA 

polymerase).  

11811 Amongotherthingsthepresentdisclosureestablishesthatlimitingnucleotidescan 

reduceformationofdsRNAine vitroreactions.Thepresentdisclosurespecifically 

demonstratesthatlimitationofUTPinvitrotranscription.reactionscanreduceformationof 

dsRNAandcanbeparticularlyusefulforproductionoftranscriptsthatmayincludeapolyA 

sequencesuchasforexampleapolyAtail.Withoutwishingtobeboundbytheorywe 

proposethattheobservedreductionindsRNAproductionmaybeattributablereductionof 

backwardstranscription(e.g~,initiateduponhybridizationwithapolyAsequencesuchas 

thepolyAtail).  

restrictiononlevelofnucleotidethatfunctionallypairswithanAresidueinatemplatesuch 

thati.tisutilizedintemplatedsynthesis(i.e.,intheinvitrotranscriptionreaction)and 

incorporatedintotheproducedstrand;suchanucleotideisreferredtohereinas"IJTPora 

functionalanalogthereof').Insomeembodimentsafunctionalanalogisalsotranslatable 

typicallyasa"U".  

[183] Thusamongotherthingsthepresentdisclosureprovidescertaininvitro 
S transcnptiontechnologiesinwhichconcentrationofUTP(and/orfunctionalanalog(s) 

S thereof)islimitede.g., islowerthantheconcentrationofCTPand/orATPorfunctional 

analogsthereofInsomeembodimentsUTPislimitedatinitiationofthereaction.insome 

embodimentsUTPislimitedthroughoutthereaction.  
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[184J Forexamplethepresentdisclosureprovidesinvitrotranscriptionreactionsinwhich 

UTPislimited(e.g.,concentrationofUTPandfunctionalanalogsthereofislowerthanthat 

ofoneormoreoftheothernucleotkles(i.e., adenosinetriphosphate(ATP)andfunctional 

analogsthereotguanosinetriphosphate(GTP)andfunctionalanalogsthereotandcytidine 

triphosphate(CTP)andfunctionalanalogsthereof).  

1185J Moreoverthepresentdisclosureamongotherthingsprovidestechnologiesin 

whichUTPislimitedasdescribedhereinattheinitialinvitro p 

transcriptionreaction.insome 
embodimentsthepresentdisclosureamongotherthingsprovidestechnologiesinwhichan 

initialinvitrotranscriptionreactionwithlimitationofUTPissupplementedwithUTPor 

functionalanalogthereofovertirne~insomesuchembodimentssuchsupplementingisby 

oneormorediscretefeedingevents.Insomeembodimentssuchsupplementingmaybe 

performedbyacontinuousprocessforexampleinsomeembodimentsinwhichtherateof 

UTPsupplementationiscomparabletotherateofUTPconsumptiondunngthetranscription 
reaction.InsomeembodimentsUTPislimited * p 

dunngsupplementation(e.g.,is 

supplementedataconcentrationsothataftersuchsupplementationUTPorfunctional 

analogthereofispresentinthereactionataconcentrationlowerthanthatofoneormore, 

andinsomeembodimentsallofAlPorfunctionalanalogthereofGTPorfunctional 

analogthereofand/orCTPorfunctionalanalogthereof 

[186j Insomeembodimentsaninvitrotranscnptionreactionissupplementedwitha 

pluralityofnucleotides(e.g.,withUTPorfunctionalanalogthereofandalsowithoneor 

moreothernucleotides- e.g.,ATPorfunctionalanalogthereofGTPorfunctionalanalog 

[1871 InsomeembodimentsbothUTPandGTParelimitedintheinitialreactionand/or 

duringsupplementation.  

RNA Products 

[188j ThepresentdisclosureprovidestechnologiesusefulforproductionofRNAproducts 

(i.e.,formanufacturingpreparationsofparticularRNA.products).  

[189] IncertainembodimentsofthepresentdisclosuretheproducedRNAisamessenger 

RNA(mRNA),e.g.,thatrelatestoanRNAtranscriptwhichencodesapeptideorprotein.As 

knownintheartinmanyinstancesmRNAmaycontaina5'untranslatedregion(5'UTR), 

apeptidecodingregionanda3'untranslatedregion(3'IJTR).  
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[190] InsomeembodimentsanRNAproductisproducedbyinvitrotranscription.In 

someembodimentsanmRNAproductisproducedbyinvitrotranscriptionforexample 

usingaDNAtemplate(whereDNAreferstoanucleicacidthatcontains 

deoxyribonucleotides).InsomeembodimentsRNAsynthesiscanalsotakeplacewithin 

cellsorothersystems.  

[191J InsomeembodimentsanRNAproductisinvitrotranscribedRNA(JVTeRNA)and 

maybeobtained.byinvitrotranscriptionofanappropriateDNAtemplate.  
I 

[192j IncertainembodimentsaDNAtemplateisalinearmolecule.Incertain 

embodimentsaDNAtemplateisaS molecule.GenerallyDNAcanbeobtainedor 
a 

generatedusingmethodsknownintheartincludinge.g.,genesynthesisrecombinantDNA 

technologyoracombinationthereofInsomeembodimentsaDNAtemplatecomprisesa 

nucleotidesequencecodingforatranscribedregionofinterest(e.g.,codingforaRNAsuch 

asanRNAdescribedherein)andapromotersequencethatisrecognizedbyanRNA 

polymeraseselectedforuseininvitrotranscription.Apromoterforcontrollingtranscription 

canbeanypromoterforanyRNApolyrnerase.VariousRNApolymerasesareknowninthe 

artandexemplarypolymerasesaredisclosedherein.Askilledartisanreadingthepresent 

disclosurewillreadilyunderstandthatanRNApolyrneraseutilizedhereinmaybea 

recombinantRNApolymeraseand/orapurifiedRNApolymerasei.e.,notaspartofacell 

extractwhichcontainsothercomponentsinadditiontotheRNApolymerases.Oneskilled 

intheartwillrecognizeanappropriatepromotersequencefortheselectedRNApolymerase.  

compnseapromotersequenceforaT7RNA 

polymerase.ADNAtemplateforinvitrotranscriptionmaybeobtainedbycloningofa 

nucleicacidsuchaseDNAandintroducingitintoanappropriatevectorforinvitro 

transcription.Techniquesforintroducingnucleicacidsequencesintovectorsiswellknown 

inthearte.g.,coldfusioncloningandothers.ThecDNAmaybeobtainedbyreverse 

transcriptionofRNA.  

[193j insomeembodimentsanRNAamenabletotechnologiesdescribedhereinisa 

single-strandedRNA(e.g.,mRNAasdescribedherein).Insomeembodimentsasingle

strandedRNAisanon~codingRNAinthatitsnucleotidesequencedoesnotincludeanopen 

readingframe(orcomplementthereofl.Insomeembodimentsasingle-strandedRNAhasa 

nucleotidesequencethatencodes(oristhecomplementofasequencethatencodes)a 

polypeptideasdescribedherein.  
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[194J Insomeembodimentstechnologiesdescribedhereinmaybeparticularlyusefulfor 

synthesizingasingle-strandedRNAhavingalengthofatleast500ribonucleotides(suchas 

e.g.,atleast600ribonucleotidesatleast700ribonucleotidesatleast800ribonucleotidesat 

least900ribonucleotidesatleastI000ribonucleotidesatleastI250ribonucleotidesat 

least1500ribonucleotidesatleastI750ribonucleotidesatleast2000ribonucleotidesat 

least2500ribonucleotidesatleast3000ribonucleotidesatleast3500ribonucleotidesat 

least4000ribonucleotidesatleast4500ribonucleotidesatleast5000ribonucleotidesat 

least6000ribonucleotidesatleast7000ribonucleotidesatleast8000ribonucleotidesat 

least9000ribonucleotidesatleastI0000ribonucleotidesatleastII000ribonucleotidesat 

least12000ribonucleotidesorlonger).Insomeembodimentstechnologiesdescribedherein 

maybeparticularlyusefulforsynthesizingasingle-strandedRNAhavingalengthofabout 

I000ribonucleotidesto5000ribonucleotides.  

[195j insomeembodimentsarelevantRNAincludesapolypeptide-encodingportion.In 

someparticularembodimentssuchaportionmayencodeapolypeptidethatisorcomprises 

anantigen(oranepitopethereof),acytokineanenzymeetc.Insomecmbodim.entsan 

encodedpolypeptidemaybeorincludeoneormoreneoantigensorneoepitopesassociated 

withatumor.Insomeembodimentsanencodedpolypeptidemaybeorincludeanantigen 

(orepitopethereof)ofaninfectiousagent(e.g~,abacteriumfungusvirusetc.).Incertain 
embodimentsanencodedpolypeptidemaybeavariantofawildtypepolypeptide.  

11961 ThepresentdisclosurespecificallyexemplifiesmanufactureofRNAsencodingviral 

antigen(s)(and/orepitope(s)thereof),forexamplecoronavirusantigen(s)and/orepitope(s).  

a 

single-strandedRNAwhosenucleotidesequenceencodesacoronaviruspolypeptideora 
variantthereof.Insomeembodimentsasingle-strandedRNAcomprisesanucleotide 

sequencethatencodesaprefusioncoronavirusspikeproteine.g., asdescribedinWO 

2018081318, theentirecontentsofwhichareincorporatedhereinbyreferenceforpurposes 

describedherein.  
S [197j Insomeembodimentsasingle-strandedRNAcompnsesanucleotidesequencethat 

encodesaSARS-CoV-2polypeptide(includinge.g., aspike(S)proteinanucleocapsid(N) 

proteinenvelope(E)proteinandamembrane(M)protein)oranimmunogenicfragment 

thereofInsomeembodimentsasingleastrandedRNAcomprisesanucleotidesequencethat 

encodesaSARS-CoV-2Spolypeptideoranimmunogenicfragmentthereof(e.g.,areceptor 

bindingdomainofaSprotein).InsomeembodimentssuchaSARS-CoV-2Spolypeptide 
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oranimmunogenicfragmentthereofmaybeamutant 
.3 

protein.Insomeembodimentsan 

RNAforuseinaccordancewiththepresentdisclosureencodesaSARS-CoV-2spike 

proteinwithK986PandV978Pmutations.  

I [198J Insomeembodimentsasingle-strandedRNA(e.g.,mRNAasdescribedherein)may 

S compriseasecretionsignal-encodingregion(e.g., asecretionsignal-encodingregionthat 
*0 allowsanencodedtargetentitytobesecretedupontranslationbycells).Insome 

U embodimentssuchasecretionsignal-encodingregionmaybeorcompnseanon~human 

secretionsignal.InsomeembodimentssuchasecretionF regionmaybeor 

compriseahumansecretionsignal.  

[199j Insomeembodimentsasingle-strandedRNA(e.g., rnRNAasdescribedherein)may 

compriseatleastonenon~codingsequenceelement(e.g., toenhanceRNAstabilityand/or 

translationefficiency).Examplesofnon-codingsequenceelementsS butarenot 
6 

limitedtoa3' untranslatedregion(UTR),a5' UTRacapstructureforco-transcriptional 
cappingofmRNAapoiyadenine(polyA)tailandanycombinationsthereof 

[200J UTRs(5'UTRsand/or3'UTRs):Insomeembodimentsasingle-strandedRNAcan 

compriseanucleotidesequencethatencodesa5'LTTRofinterestand/ora3' UTRof 

interest.Oneofskillintheartwillappreciatethatuntranslatedregions(e.g., 3' UTRand/or 

5'UTR)ofarnRNAsequencecancontributetomRNAstabilitymRNAlocalizationand/or 

translationalefficiency.Insomeembodimentsanuntranslatedregion(UTR)canbepresent 

5, (upstream)ofanopenreadingframe(5' IJTR)and/or3' (downstream)ofanopenreading 

frame(3'UTR).  

sequenceand/ora3' UTRnucleotidesequence.Insomeembodimentssucha5' UTR 

sequencecanbeoperablylinkedtoa3' ofacodingsequence(e.g., encompassingoneor 

morecodingregions).Additionallyoralternativelyinsomeembodimentsa3' UTR 

sequencecanbeoperablylinkedto5'ofacodingsequence(e.g., encompassingoneormore 

codingregions).Insomeembodiments,5'a and/or3'-untranslatedregionsmayaccordingto 

theinventionbefunctionallylinkedtoanopenreadingframesoasfortheseregionstobe 

associatedwiththeopenreadingframeinsuchawaythatthestabilityand/ortranslation 

efficiencyoftheRNAcomprisingsaidopenreadingframeareincreased.  

* [202J Insomeembodiments,5' and3' UTRsequencesincludedinasingle-strandedRNA 

canconsistoforcomprisenaturallyoccurringorendogenous5' and3' UTRsequencesfor 

anopenreadingframeofageneofinterest.Alternativelyinsomeembodiments,5' and/or 
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3, UTRsequencesincludedinasingle-strandedRNAarenotendogenoustoacoding 

sequence(e.g., encompassingoneormorecodingregions);insomesuchembodimentssuch 

5, and/or3' UTRsequencescanbeusefulformodifyingthestabilityand/ortranslation 

efficiencyofanRNAsequencetranscribed.Forexampleaskilledartisanwillappreciate 

thatAU-richelementsin3' IJTRsequencescandecreasethestabilityofmRNA.Therefore, 

aswillbeunderstoodbyaskilledartisan,3' and/or5'UTRscanbeselectedordesignedto 

increasethestabilityofthetranscribedR.NAbasedonpropertiesofIJTRsthatarewell 

knownintheart.  

[203] Forexampleoneskilledintheartwillappreciatethatinsomeembodimentsa 

nucleotidesequence S 

consistingoforcomprisingaKozaksequenceofanopenreadingframe 
sequenceofageneornucleotidesequenceofinterestcanbeselectedandusedasa 

nucleotidesequenceencodinga5'UTR 4 AswillbeunderstoodbyaskilledartisanKozak 

sequencesareknowntoincreasetheefficiencyoftranslationofsomeRNAtranscriptsbut 

arenotnecessarilyrequiredforallRNAstoenableefficienttranslation.Insome 

embodimentsasingle-strandedRNAcancompriseanucleotidesequencethatencodesa5' 

UTRderivedfromartRNAviruswhoseRNAgenomeisstableincells.Insome 

embodimentsvariousmodifiedribonucleotides(e.g., asdescribedherein)canbeusedinthe 

3~and/or5'UTRsforexampletoimpedeexonucleasedegradationofthe 
S 

Sequence.  

[204J AsthoseskilledintheartareawaretheKozaksequenceisasequenceinitially 

describedbyKozak,(I987),NucleicAcidsRes.,15:81254148.TheKozaksequenceonan 

translationalstart.site.TypicallytheKozaksequencecomprisesanAUGstartcodon, 

immediatelyfollowedbyahighlyconservedGnucleotide:AUGG.inparticularitwas 

describedthataKozaksequencemaybeidentifiedby(gcc)gccRccAUGGasfollows:(i) 

lowercaselettersdenotethemostcommonbaseatapositionwherethebasecan 

neverthelessvary;(ii)uppercaselettersindicatehighlyconservedbases(e.g.'AUGG');(iii) 

'R'indicatesapurine(adenineorguanine);(iv)thesequenceinbrackets((gee))isof 

uncertainsignificance;(v)theunderlinedAUGbasetripletrepresentsthestartcodon.  

[205J InsomeembodimentsanRNAproducedaccordingtothepresentinvention 
p 

composes 

(1)a5'UTR 

(2)anopenreadingframee.g.,encodingapeptideorproteinofinterestand/or 
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(3)a3'UTR.  

1206i Insomeembodimentssucha5' UTRsequencecanbeoperablylinkedtoa3' ofa 
codingsequence(e.g.,encompassingoneormorecodingregions).Additionallyor 

alternativelyinsomeembodimentsa3' UTRsequencecanbeoperablylinkedto5' ofa 

codingsequence(e.g.,encompassingoneormorecodingregions).  

[207J Insomeembodimentsa5'LTTRincludedinasingle-strandedRNAmaybederived 

fromhumanct-globinmRNAcombinedwithKozakregion.  

12081 Insomeembodimentsasingle-strandedRNAmaycompriseoneormore3'UTRs.  

Forexampleinsomeembodimentsasingle-strandedRNAmaycomprisetwocopiesof3'

UTRs denvedfromaglobinmRNAsuchase.g., alpha2-globinaiphal-globinbeta-globin 

(e.g., ahumanbeta-globin)mRNA.Insomeembodimentstwocopiesof3'UTRdenved 

fromahumanbeta-globinmRNAmaybeusede.g.,SInsomeembodimentswhichmaybe 

placedbetweenacodingsequenceofasingle-strandedRNAandapoly(A)-tailtoimprove 
p proteinexpressionlevelsand/orprolongedpersistenceofanmRNA.In.someembodiments, 

a3' UTRincludedinasingle-strandedRNAmaybeorcompriseoneormore(e.g., 1, 2,3, 

ormore)ofthe3'UTRsequencesdisclosedinWO2017/060314,theentirecontentofwhich 

isincorporatedhereinbyreferenceforthepurposesdescribedherein.Insomeembodiments, 

a3'-UTRmaybeacombinationofatleasttwosequenceelements(FLelement)derived 

fromthe"aminoterminalenhancerofsplit"(AES)mRNA(calledF)andthemitochondrial 

encodedI2SribosomalRNA(called1>Thesewereidentifiedbyancxvivoselection 

processforsequencesthatconferRNAstabilityandaugmenttotalproteinexpression(see 

[209j Thehumanbeta-globin3' UTRparticularlytwoconsecutiveidenticalcopiesofthe 

humanbeta-globin3' UTRcontributestohightranscriptstabilityandtranslational 
a efficiency(Holtkampetab,(2006),Blood,108:40094017).Thusinsomeembodiments, 

thereplicaseconstructaccordingtothepresentinventioncomprisestwoconsecutive 

identicalcopiesofthehumanbeta-globin3' UTR.Thusitcomprisesinthe5' -93' 

direction:(a)optionallya5' UTR;(b)anopenreadingframe~(c)a3' UTR;said3' UTR 

compnsingtwoconsecutiveidenticalcopiesofthehumanbeta-globin3' UTRafragment 

thereoforavariantofthehumanbeta-globin3' UTR.orfragmentthereof 

[210J InsomeembodimentstheRNAaccordingtothepresentinventioncomprisesa3' 

UTRwhichisactiveinordertoincreasetranslationefficiencyand/orstabilitybutwhichis 
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notthehumanbeta-globin3' UTRafragmentthereoforavariantofthehumanbeta-globin 

3, UTRorfragmentthereof 

1211] PoIyAtall:lbsomeembodimentsasingle-strandedRNAcancompriseapolyAtail.  

ApolyAtailisanucleotidesequencecomprisingaseriesofadenosinenucleotideswhich 

canvaryinlength(e.g., atleastSadeninenucleotides)an.dcanbeuptoseveralhundred 

adenosinenucleotides.ApolyAtailmaybetranscribedfromatemplatee.g.,aDNA 

templateormaybeaddedenzymaticallyafterthetranscriptionreaction.Insome 

embodimentsapolyAtailisanucleotidesequencecomprisingatleast30adenosine 

nucleotidesormoreS e.g., atleast35atleast40atleast45,atleast50,atleast55, 

atleast60,atleast65,atleast70,atleast75,atleast80,atleast85,atleast90,atleast95,at 

leastI00,ormoreadenosinenucleotides.InsomeembodimentsapolyAtailisorcomprises 

apoiyAhomopolymerictail.InsomeembodimentsapolyAtailmaycompriseoneormore 

modified a nucleosidesincludingbutnotlimitedtocordycepinand8

azaadenosine.InsomeembodimentsapolyAtailmaycompriseoneormorenon-adenosine 

nucleotides.InsomeembodimentsapolyA.tailmaybeorcompriseadisruptedormodified 

polyAtailasdescribedinWO2016/005324,theentirecontentofwhichisincorporated 

hereinbyreferenceforthepurposedescribedherein.Forexampleinsomeembodimentsa 

a 

polyAtailincludedinasingie~strandedRNAdescribedhereinmaybeorcompnsea 
modifiedpolyAsequencecomprising:alinkersequence;afirstsequenceofatleast20 

consecutiveAnucleotideswhichis5~ofthelinker a andasecondsequenceofat 

least20consecutiveAnucleotideswhichis3~ofthelinkersequence.Insome 

leasttennucleotides(e 4 g., UGand/orCnucleotides);afirstsequenceofatleast30 

consecutiveAnucleotideswhichis5' ofthelinkersequence;andasecondsequenceofat 

least70consecutiveAnucleotideswhichis3' ofthelinkersequence.  

* 

[212J Insomeembodimentsapoly(A)-tailcomprisesoressentiallyconsistsoforconsists 
ofatleast20insomeembodimentsatleast26,insomeembodimentsatleast40,S 

Income 
embodimentsatleast80,insomeembodimentsatleastI00andinsomeembodimentsupto 

a 

500,insomeembodimentsupto400,insomeembodimentsupto300,insome 
embodimentsupto200,insomeembodimentsuptoI50andinparticularabout120A 

nucleotides.Insomeembodimentsapoly(A)-tailisanucleotidesequencecomprisingat 

least30adenosinenucleotidesormoreincludinge.g.,atleast35,atleast40,atleast45,at 

least50,atleast55,atleast60,atleast65,atleast70,atleast75,atleast80,atleast85,at 
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'4 least90,atleast95,atleastI00,ormoreadenosinenucleotides.inthiscontextessentially 

consistsof'meansthatmostnucleotidesinthepoly(A)-tailtypicallyatleast50%,andin 

someembodimentsatleast75%bynumberofnucleotidesinthe"poly(A)-tail",areA 

nucleotides(adenylate),butpermitsthatremainingnucleotidesarenucleotidesotherthanA 

nucleotidessuchasUnucleotides(uridylate),Gnucleotides(guanylate),Cnucleotides 

(cytidylate).Inthiscontext"consistsof'meansthatallnucleotidesinthepoly(A)-taili.e.  

100%bynumberofnucleotidesinthepoly(A)-tailareAnucleotides.Theterm4'A 

nucleotide"or"A"referstoadenylate.  

[213] Indeedithasbeendemonstratedthata3' poly(AfrtailofaboutI20Anucleotides 

hasabeneficialinfluenceonthelevelsofRNAintransfectedeukaryoticcellsaswellason 

thelevelsofproteinthatistranslatedfromanopenreadingframethatispresentupstream 

(5')ofthe3'poly(A)etail(Holtkamp'AaL,(2006),Blood,1O8:4009-4017).  

[214j Accordingtothepresentinventioninsomeembodiments,,a3' poly(Afrtailis 
attachedduringRNA 

transcriptioni.e.,dunngpreparationofinvitrotranscribedRNA 

basedonaDNAtemplatecomprisingrepeateddTnucleotides(deoxythymidylate)inthe 

strandcomplementarytothecodingstrand.TheDNAsequenceencodingapoly(A)-.tail 

(codingstrand)isreferredtoaspoly(A)cassette.  

1215] 5'cap:InsomeembodimentsanRNAproduct(e.g.,asingle~strandedRNA) 

preparedasdescribedhereinmaycomprisea5'capwhichmaybeincorporatedintosucha 

single-strandedRNAduringtranscriptionorjoinedtosuchRNApost-transcription.Insome 

mRNA.Examplesofacapstructureforco-transcriptionalcappingareknownintheart 

includinge.g.,asdescribedinWO2017/053297,theentirecontentofwhichisincorporated 

hereinbyreferenceforthepurposesdescribedherein.Insomeembodimentsa5'cap 

includedinanRNAproductdescribedhereinisorcomprisesacapistructure.Forexample, 

insomeembodimentsacapistructuremaybeorcomprisem.7G(5')ppp(5')(2'OMeA)pG, 

alsoknownasm2 7 ~ 3 OGppp(m?~flApG.  

[216J InsomeembodimentsanRNAproduct(e.g.,asingle-strandedRNA)producedas 

describedhereinmaycompriseatleastonemodifiedribonucleotideforexampleinsome 

embodimentstoincreasethestabilityofsuchaRNAproductand/ortodecreasecytotoxicity 

ofsuchRNAproduct.ForexampleinsomeembodimentsatleastoneofAUCandEl 

ribonucleotideofasingle~strandedRNAmaybereplacedbyamodifiedribonucleotide.For 

exampleinsomeembodimentssomeorallofcytidineresiduespresentinasingle-stranded 
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RNAmaybereplacedbyamodifiedcytidinewhichinsomeembodimentsmaybee.g., 5

methylcytidine.Alternativelyoradditionallyinsomeembodimentssomeorallofuridine 

residuespresentinasingle-strandedRNAmaybereplacedbyamodifieduridinewhichin 

someembodimentsmaybee.g.,pseudouridinesuchase.g., I-methyipseudouridine.In 

someembodimentsalluridineresiduespresentinasing1e~strandedRNAisreplacedby 

pseudouridinee.g., I-methyipseudouridine.  

DNA Templates 

[217j OneofordinaryskillintheartwillunderstandthataDNAtemplateistypicallyused 

todirectsynthesisofRNA(egg., single-strandedRNA).InsomeembodimentsaDNA 

templateisalinearDNAmolecule.InsomeembodimentsaDNAtemplateisacircular 

DNAmolecule.DNAcanbeobtainedorgeneratedusingmethodsknownintheart, 

includinge.g., genesynthesisrecombinantDNAtechnologyoracombinationthereofin 

someembodimentsaDNAtemplatecomprisesanucleotidesequencecodingfora 

transcribedregionofinterest(e.g., codingforaRNAdescribedherein)andapromoter 

sequencethatISrecognizedbyanRNApolyrneraseselectedforuseinin 
4 transcription.  

VariousRNApolymerasesareknownintheartincludinge.g.,DNAdependentRNA 

polyrnerases(e.g., aT7RNApolymeraseaT3RNApolymeraseaSP6RNApolymerasea 

N4virionRNApolymeraseoravariantorfunctionaldomainthereof).Askilledartisanwill 

readilyunderstandthatanRNApolymeraseutilizedhereinmaybearecombinantRNA 

C 

polymeraseand/orapurifiedRNApolymerasei.enotaspartofacellextractwhich 

recognizeanappropriatepromotersequencefortheselectedRNApolymerase.Insome 

embodimentsaDNAtemplatecancompriseapromotersequenceforaT7RNA 

polymerase.  

[218j InsomeembodimentsaDNAtemplatecomprisesanucleotidesequencecodingfor 

anRNAdescribedherein(e.g., comprisinganucleotidesequencecodingforanantigenof 

interestandoptionallycomprisingoneormorenucleotidesequencescodingfor 

characteristicelementsofanRNAdescribedhereinincludinge.g., polyAtail,3' UTR, 

and/or5'UTRetc.).Insomeembodimentssuchacodingsequencemaybegeneratedby 

genesynthesis.Insomeembodimentssuchacodingsequencemaybeinsertedintoavector 

bycoldfusioncloning.  
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[219J InsomeembodimentsaDNAtemplatemayfurthercompriseoneormoreofa 

S recognitionsequenceforanappropnaterestrictionendonuclease(e.g.,utilizedfor 

linearization),anappropriateresistancegeneand/oranappropriateoriginofreplication.In 

someembodimentsaDNAtemplatemayfurthercomprisearecognitionsequenceforan 

appropriaterestrictionendonuclease(e.g.,utilizedforlinearizationsuchase.g., butnot 

LimitedtoaClassIIrestrictionendonuclease),anappropriateresistancegene(e.g., butnot 

limitedtoakanamycinresistancegene),andanappropriateoriginofreplication.  

[220J InsomeembodimentsaDNAtemplatemaybeorhavebeenamplifiedforexample 

viapolyrnerasechainreaction(PCR)fromaplasmidDNA.Insomeembodimentsa 
S plasmid 

DNAmaybeobtainede.g., frombacterialcells(e.g., Eseherichiaccli(15.coIl))followedby 

anendotoxin-andanimalproductafreeplasmidisolationprocedure.  

Ribonucieotides 
a [22171 Ribonucleotidesforusein.invitrotranscriptionmayincludeatleasttwoormore 

S (e.g., atleastthreeormoreatleastfourormoreatleastfiveormoreatleastsixormore) 

differenttypesofribonucleotideseachtypehavingadifferentnucleoside.Ribonucleotides 

foruseininvitrotranscriptioncanincludeunmodifiedand/ormodifiedribonucleotides.  

Unmodifiedribonucleotidesincludethe punnebasesadenine(A)andguanine(G),andthe 
a pynmidinebasescytosine(C)anduracil(U).Insomeembodimentsallfourtypesof 

unmodifiedribonucleotidesmaybeusedforinvitrotranscription.  

S 

[222j Insomeembodimentsatleastonetypeofribonucleotideincludedinrnvitro 

moremodificationsincludingbutnotlimitedtoforexample,(a)endmodificationse.g., 5' 
endmodifications(e.g.,phosphorylationdephosphorylation, 

t 

conjugationinvertedlinkages 

etc.),3' endmodifications 5 conjugationinvertedlinkagesetc.),(b)basemodifications, 

e~g.,replacementwithmodifiedbasesstabilizingbasesdestabilizingbasesorbasesthat 

basepairwithanexpandedrepertoireofpartnersorconjugatedbases,(c)sugar 

a 

modifications(e.g., attheIpositionor4'position)orreplacementofthesugarand(d) 
intemucleosidelinkagemodificationsincludingmodificationorreplacementofthe 

phosphodiesterlinkages.Totheextentthatsuchmodificationsinterferewithtranslation 

(e.g1 ,resultsinareductionof50%ormoreSintranslationrelativetotheabsenceofthe 

modification- e.g., ascharacterizedusingarabbitreticulocyteinvitrotranslationassay), 
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suchmodifiedribonucleotidesinsomeembodimentsarenotdesirableforusein 

technologiesdescribedherein.  

[223j insomeembodimentsoneormoremodifiednucleosidesmaybeutilizedsuchas 

oneormorefunctionalanalogsofoneormoreofadenosinetriphosphate(ATP),guanosine 

S 

triphosphate(GTP),cytidinetriphosphate(CTP)anduridinetnphosphate(UTP).When 
functionalanalogsofanyoneofATPGTPCTPorUTPareusedinthemethodsaccording 

totheinventiontheresultingRNAmoleculewillcomprisethesefunctionalanalogsinplace 

ofATPGTPCTPorUTPrespectively.  

[224J insomeembodimentsamodifiedribonucleotidemayhaveatleastonenucleoside 

~4~ 

("base~)modificationorsubstitution.Variousnucleosidemodificationsorsubstitutionsare 
knownintheatoneofskillintheartwillappreciatethatmodifiednucleosidesincludefor 

examplebutnotlimitedtosyntheticandnaturalnucleobasessuchasinosinexanthine, 

hypoxanthinenubularineisoguanisinetubercidine,2-(halo)adenine,2-(alkyL)adenine,2

* 

(propyl)adenine2-(arnino)adenine2-{aminoalkyll)adenine,2-(aminopropyl)adenine,2
(mcthylthio)-N6-(isopentenyl)adenine,6-(alkyl)adenine,6-(methyl)adenine,7

(deaza)adenine,8-{alkenyl)adenineS-{alkyl)adenine,8- (alkynyl)adenineS

(arnino)adenine,8-(haio)adenine,8-(hyctroxyl)adenine8-(thioalkyl)adenine,8

(thiol)adenineN6-(isopentyl)adenineN6-{methyl)adenineN6,N6.-(dimethyl)adenine,2

(alkyl)guanine,2-(propyl)guanine,6-jaIkyl)guanine,6-(rnethyl)guanine,7-(alkyl)guanine, 

7-(methyl)guanine74deaza)guanine,8-{alkyl)guanine,8e(alkenyl)guanine,8~ 

(alkynyl)guanine,%{amino)gu.anine,8-(halo)guanine,8-(hydroxyl)guanine,8

C 

(aza)cytosine,3-(alkyl)cytosine,3-(metliyl)cytosine,5-(alkyl)cytosine,5-(alkynyl)cyrosine 

5-(halo)cytosine,5-(methyl)cytosine,5~{propynyl)cytosine,5-(jwopynyl)cytosine,5

(trifluoromethyl)eytosine6-(azo)cytosineN4-(acetyl)cytosine,343amino-3 

carboxypropyl)uracil2-(thio)uracil5-(methyl)a2a (thio)uracil5~(methylaminomethyl)-2 

(thio)uracil4-(thio)uraciI, 5-(methyl)-4(thio)uraciI, 5-(methylaminomethyl)~4(thio)uracil, 

5n(methyl)-2,4-(dithio)uraciI, 5- (rnethylaminomethyl)-2,4(dithio)uracil, 5-(2

aminopropyl)uracil5-(alkyl)uraci1, 5-(alkynyl)uracil,5-(allylamino)uraciI, S

(aminoallyl)uracil, 5-(aminoalkyl)uracil,5- (guanidiniumalkyl)uracil,5-(1,3-diazole-I

alkyl)uracil5- (cyanoalkyl)uracil, 5- (dialkylaminoalkyl)uracil, 5

(dimethylarninoalkyl)uraciI, S.4halo)uracil5- (methoxy)uracil, uracil-5-oxyaceticacid,5a 

(methoxycarbonylmethyl)-2(thio)uracil5..(methoxycarbonyl-methyl)uracil,5
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(propynyl)uracilS-(propynyl)uracil, 5-(trifluoromethyl)uracil, 6- (azo)uraciIdihydrouraciI, 

N3-(methyl)uracil5~uraciI(i.e.,pseudouracil),2-(thio)pseudouracil4-(thio)pseudouracil, 

2,4-(dithio)psuedouracilS-(alkyl)pseudouracil, 5- (methyl)pseudouracil,5-(alkyl)- 2

(thio)pseudouracil,5-(methyl)-24thio)pseudouracil,5-(alkyl)-4(thio)pseudouracil,5

(methyl)-4(thio)pseudouracil,5-(alkyl)-2,4(d.ithio)pseudouracil, 5-(methyl)-2,4 

(dithio)pseudouracilI-substitutedpseudouracil(e.g., I-methyl-pseudouridine),C-S 

propynyl-.uridine,2-aminoadenosineC5-bromouridineCS-fluorouridineCS-jodouridine, 

C5-propynyl~uridineI-substituteda2(thio)-pseudouraciI, I- substituted4(thio)pseudouracil 

1-substituted2,4-{dithio)pseudouracil, I-(aminocarbonylethylenyl)~pseudouracil, 1

(aminocarbonylethylenyl)-2(thio)-pseudouracil, I(aminocarbonylethylenylfr4 

(thio)pseudouracil,1- (aminocarbonylethylenyl)-2,4-(dithio)pseudouracilI

(arninoalkylaminocarbonylethylenyl)-pseudouracilI(aminoalkylamino
a 

carbonylethylenyl>2(thio)-pseudouraci1, I~(aminoalkylarninocarbonylethylenyl)A 

(thio)pseudouracilI- (arninoalkylaminocarbonylethylenyi)-2,4-{dithio)pseudouracil,1,3

(diaza)-2-(oxo)-phenoxazin-hyl,1a(aza)e2~(thio)m34aza)-phenoxazin-Lyl,1,3-(diaza)-2

(oxo)-phenthiazin-l-yl,1-(aza)-2-(thio)-3-(aza)-phenthiazin-l-yl,7-substitutedI,3- (diaza)a2a 

(oxo)-phenoxazin-i- yl, 7asubstitutedl-{aza)KZ-(thio)-3-(aza)-phenoxazin4~yl,7-substituted 

I,3m(diaza)a2-(oxo)-phenthiazin-l-yl, 7-substitutedI4azafr2m(thio)~3-(aza)-phenthiazin-1-yI, 

7~(aminoalkyihydroxy)-1,3a(diazafrm2m(oxo)mphenoxazinalayl,-(aminoalkylhydroxy)-1-(aza)-.  

2-(thio)-3- (aza)-phenoxazin-l-yl,7-(aminoalkylhydroxy)4,3m(diaza)a2a(oxo)mph.enthiazinn1~.  

yl,7-(arninoalkylhydroxy)-l-(aza)-2-{thio)-3-(aza)~phenthiazin-l-yl,7
* 

(guanidiniumalkylhydroxy)al-(aza)-2-(thio)-3-(aza)~phenoxazin~I-yl,7-{guanidiniumalkyl

hydroxy>1,34diaza)-2-(oxo)-phenthiazin-I-yi,7-.(guanidiniumalkylhydroxy)-1-(aza)-2

(thio)-3-(aza)-phenthiazin-1-yII,3,5-(triaza)-2,6-(dioxajnaphthaleneinosinexanthine 
U hypoxanthinenubularinetubercidineisoguanisineinosinyl,2-aza-inosinyl,7-deaza

mosinylnitroirnidazoIyi, nitropyrazolylnitrobenzimidazolylnitroindazolyl, aminoindolyl, 

pyrrolopyrimidinyl,3-(methyl)isocarbostyrilyl, 5-(rnethyl)isocarbostyrilyl,3-(methyl)-7

(propynyl)isocarbostyrilyl,7-(aza)indolyl,6-(methyl)-7-(aza)indolylimidizopyridinyl,9

(methyl)-imidizopyridinylpyrrolopyrizinylisocarbostyrilyl,7-~ropyny1)isocarbostyrilyl, 
* propynyla7a (aza)indolyl, 2,4,5-{tnrnethyl)phenyl, 4-(methyl)indolyl, 4,6-(dimethyl)indolyl, 

phenylnapthalenylanthracenylphenanthracenylpyrenylstilbenyltetracenylpentacenyl, 

difluorotolyl,4-(fluoro>6-(methyl)benzimidazole,4-(inethyl)benzimidazole,6
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U 

(azo)thymine,2-pyridinone,5nitroindole,3nitropyrrole,6.-(aza)pyrimidine,2 

(amino)purine,2,6-(diamino)purine,5substituted.pyrimidinesN2-substitutedpurinesN6

substituted punnes, 06-substitutedpurines, substitutedI,2,4-triazolespyrrolo-pyrimidin-2

on-Imy', 6-phenyl-pyrrolo-pyrimidin-2-on-3-ylpara-substituted-6-phenyl-pyrrolo
U.  

pynmidin-2-on-3-ylortho~substitutedw6nphenyLnpyrroio~pynmidin~2~onm3a~Lbj&iMthO

substituted-6-phenyl-pyrrolo-pyrimidin-2-on-3-yl, para-(aminoalkylhydroxy)a6-phenyl
U 

pyrrolo-pyrimidin-2-on-3-yl, ortho-(aminoalkylhydroxy)-6-phenyl-.pyrrolo-pynrnidin-2

on-3my1 , bis~ortho4aminoaIky1hydroxy)m6mpheny1mpyrro1ospyrimidinm2-on-3my', 

pyridopyrimidin-3-yl,2-oxo-7-arnino-pyridopyrimidin-3-yl,2-oxo-pyridopyrirnidine-3-yl, 

orany0-ailcylatedorN-alkylatedderivativesthereof 

[225J InsomeembodimentsamodifiednucleotideutilizedinJVTsystemsand/or 

methodsdescribedhereinmaydisruptbindingofanRNAtooneormoremammalian(e.g., 
B 

human)endogenousRNAsensors. .g., innateinmrnneRNAsensors),includinge.g., but 
notlimitedtotoll-likereceptor(TLR)3,TLR7,TLRSretinoicacid-induciblegeneI(RIG

I),melanomadifferentiation-associatedgene5(MDA5),proteinkinaseR(PKR),2'-5' 

oligoadenylatesynthetase(QAS),andlaboratoryofgeneticsandphysiology2(LGP2),and 

combinationsthereofInsomeembodimentssuchmodifiedribonucleotidesmayinclude 

modificationsasdescribedinUS9,334,328,thecontentsofwhichareincorporatedherein 

byreferenceintheirentiretiesforthepurposesdescribedherein.Modifiednucleosidesare 

typicallydesirabletobetranslatableinahostcell(e.g.,presenceofamodifiednucleoside 

doesnotpreventtranslationofanRNAsequenceintoarespectiveproteinsequence).Effects 

usingforexamplearabbitreticulocytelysatetranslationassay.  

1226i insomeembodimentsamodifiedribonucleotidemayincludeamodified 

internucleosidelinkage.Varioussuchmodifiedinternucleosidelinkagesareknowninthe 

art;oneofskillintheartwillappreciatethatnon-limitingexamplesofmodified 

intenmcleosidelinkagesthatmaybeusedintechnologiesprovidedhereininclude 

phosphorothioateschiralphosphorothioatesphosphorodithioatesphospliotriesters, 

aminoalkyiphosphotriestersmethylandotheralkylphosphonatesincluding3'-alkylene 

phosphonatesandchiralphosphonatesphosphinatesphosphoramidatesincluding3'-amino 

phosph0ranridateandaminoalkylphosplioramidates,±1onophosphoramidates 

lzhionoalkyiphosphonatesthionoalkyiphospliotriesters, andboranophosphateshavingnormal 

3,-5, linkages,2'-5' linkedanalogsoftheseandthose)havinginvertedpolaritywhereinthe 
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adjacentpairsofnucleosideunitsarelinked3'-5'to5'-3'or2'-5'to5'-2'.Varioussalts 

mixedsaltsandfreeacidformsarealsoincluded.Modifiedintemucleosidelinkagesthatdo 

notincludeaphosphorusatomthereinmayhaveinternucleosidelinkagesthatareformedby 

shortchainalkylorcycloalkylintemucleosidelinkagesmixedheteroatomsandalkylor 

cycloalkylinternucleosidelinkagesoroneormoreshortchainheteroatomicorheterocyclic 

intemucleosidelinkages.Theseincludethosehavingmorpholinolinkages(formedinpart 

fromthesugarportionofanucleoside)~siloxanebackbones~sulfidesulfoxideandsulfone 

backbones;formacetylandthioformacetylbackbones&methyleneformacetyland 

thioformacetylbackbones;alkenecontainingbackbones;sulfamatebackbones; 
a 4 

Inethyleneimmoandmethylenehydrazinobackbones;sulfonateandsulfonamidebackbones; 

amidebackbones;andothershavingmixedN,0,SandCH2componentparts.  

[227J Insomeembodimentsamodifiedribonucleotidemayincludeoneormore 

substitutedsugarmoieties.Varioussuchmodifiedsugarmoietiesareknowne theartone 

ofskillintheartwillappreciatethatinsomeembodimentsasugarmoietyofa 

ribonucleotidemayincludeoneofthefollowingatthe2'position:H(deoxyribose)~OH 

(ribose);K, 0-S-,orN-alkyl;OS~morNaalkenyl;0,5-orN-alkynyl;orO-alkyl-O-alkyl, 

unsubstituted.Insome 
whereinthealkylalkenylandalkynylcanbesubstitutedor S 

embodimentsasugarmoietyofaribonucleotidemayincludea2'methoxyethoxy(2'-O

CH2CH2OCH3,alsoknownas2'-O-(2-methoxyethyl)or2'-MOE),2'
a dirnethylaminooxyethoxyi.e.,aO(CH2)20N(CH3)2groupalsoknownas2'-DMAOE, 

and2'adimethylaminoethoxyethoxy(alsoknownintheartas2'O
S 

U, 

(2'-OCH3),2'saminopropoxy(2'-OCH 2 CH2CH2 NH2)and2'-fluoro(2'4). Similar 

modificationscanalsobemadeatotherpositionsforexampleatthe3' positionofthe 

sugaronthe3' terminalnucleotideorin2'-5' linkednucleotidesandthe5' positionof5' 

terminalnucleotide.  

[228j insomeembodimentsamixtureofribonueleotidesthatareusefulforaninvitro 

transcriptionreactionmaycompriseUTPorafunctionalthereofincombinationwithatleast 

oneorallofATPorafunctionalanalogthereotCTPorafunctionalanalogthereofand 

GTPorafunctionalanalogthereofInsomeembodimentsafunctionalanalogofUTPisor 

comprisesNI-methyipseudouridine-5' triphosphate(mI'1/TP). Asdescribedhereinthe 

presentdisclosureamongotherthingsprovidestechnologiesinwhichUTPislimitedas 

describedhereinattheinitialinvitrotranscriptionreaction(e.g.,ataconcentrationlower 
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thanthatofoneormoreandinsomeembodimentsallofATPorfunctionalanalogthereof, 

GTPorfunctionalanalogthereotand/orCTPorfunctionalanalogthereofInsome 
a embodimentsthepresentdisclosureamongotherthingsprovidestechnologiesinwhichan 

initialinvitrotranscriptionreactionwith S ofUTPissupplementedwithUTPor 

functionalanalogthereofovertime;insomesuchembodimentssuchsupplementingisby 

oneormorediscretefeedingevents.Insomeembodimentssuchsupplementingmaybe 

performedbyacontinuousprocessforexampleinsomeembodimentsinwhichtherateof 

UTPsupplementationiscomparabletotherateofUTPconsumption 
S 

duringthetranscription 
reaction.insomeembodimentsUTPislimitedduringsupplementation(e.g.,is 

supplementedataconcentrationsothataftersuchsupplementationUTPorfunctional 

analogthereofispresentinthereactionataconcentrationlowerthanthatofoneormore, 

andinsomeembodimentsallofATPorfunctionalanalogthereofGTPorfunctional 

analogthereofand/orCTPorfunctionalanalogthereof 

12291 Insomeembodimentsafunctionalanalogofanucleosidetriphosphate(NTP) 

comprisesamodifiednucleoside.insomeembodimentsamodifiednucleosideisa 

modifieduridine.Incertainembodimentsreplacinguridinebyamodifiednucleosideis 

donebyreplacingUTPwithafunctionalanalogthereofinsom.eembodimentsafunctional 

analogofaUTPisatriphosphateofamodifieduridinenucleoside.  

[230J Insomeembodimentsamodifieduridinenucleosideisindependentlyselectedfrom 

pseudouridine(y),NI-methyl-pseudouridine(miw),and5-methyl-uridine(m5U).Insome 

embodimentsthemodifiednucleosidecomprisespseudouridine(y).Insomeembodiments, 

S amodifiednucleosidecompnses5-methyl-uridine(m5U).  

f231J InsomeembodimentsRNAmaycomprisemorethanonetypeofmodifieduridine 

nucleoside.InsomeembodimentsRNAcomprisesmorethanonetypeofmodifieduridine 

nucleosideindependentlyselectedfrompseudouridine(w)~Ni-methyl-pseudouridine 

(miw),and5~methy1-uridine(mM]).Insomeembodimentsthemodifiednucleosides 

comprisepseudouridine(~)andNI~methyl~pseudouridine(mlpjInsomeembodiments, 

themodifiednucleosidescomprisepseudouridine(xe)and5-methyl-uridine(m5U).Insome 

embodimentsthemodifiednucleosidescompriseNI-methyl-pseudouridine(mIxi)and5

methyl-uridine(m5U).Insomeembodimentsthemodifiednucleosidescomprise 

pseudouridine(xjflNI-methyl-pseudouridine(ml¾~arid5-methyl-uridine(m5Uj 
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[232j Insomeembodimentsamodifiednucleosideisanyoneormoreselectedfromthe 

groupconsistingof3-methyl-uridine(m3JJ),5-methoxy-uridine(mo5U),5-aza-uridine,6

aza-uridine,2-thio-5-aza-uridine,2-thio-uridine(s2U),4-thio~uridine(s4U),3

methyiisridine,4-thio-pseudouridine,2-thio-pseudouridine,5-hydroxy-uridine(hoSU),5

aminoallyl-uridine,5-halo-uridine(e.g.,5-iodo-uridineor5-brorno-uridine),uridine5

oxyaceticacid(cmo5U),uridine5eoxyaceticacidmethylester(mcmo5u),5

carboxymethyl-uridine(cm5U),I-carboxymethyl-pseudouridineSacarboxyhydroxymethyls 

uridine(chm5U),5-carboxyhydroxymethyl-uridinemethylester(mchm5U),5

methoxycarbonylmethyl-uridine(mcm5U), 5-methoxycarbonylmethyl-2-thio~uridine 
B (mcm5s2U),5~.aminomethyl-2-thio-uridine(nm5s2U),5-methylaminomethyl-uridine 

(mnm5U),I-ethyl-pseudouridine,5emethylarninomethy[2~thioauridine(mnm5s2U),5

methylaminomethyla2Seleno-uPdine(rnnm5se2U), 5-carbamoylmethyl~UPdine(ncm5U), 5

carboxymethylaminomethyl-uridine(cmnrn5U), 5-carboxymethylaminomethyl-2-thio

uridine(cmnm5s2U), 5-propynyl-uridineI-propynyl-pseudouridine,5-taurinomethyl

uridine(vmSU),1.M~taurinomethy1-pseudouridine,5-taurinomethyl-2-thiomuridineQrm5s2U), 

I-taurinomethylas4Ahioapseudouridine), 5-methyl-2-thio-uridine(inSs2U), I-methyl-4-thio

pseudouridine(mls4w),4-thio-I-methyl-pseudouridine,3-methyl-pseudouridine(m3p),2

thio-I-methyl-pseudouridineI-methyl-Iedeaza.pseudouridine,2-thio-I-methyLI-deaza

pseudouridinedihydrouridine(D), dihydropseudouridine,5,6-dihydrouridine,5-methyl

dihydrouridine(m.5D), 2-thio-dihydrouridine,2Ahio-dihydropseudouridine,2-methoxy

uridine,2-rnethoxyA-thio-uridine,4-methoxy-.pseudouridine,4-methoxy-2-thio
B 

methyl-3-(3-amino-3-carboxypropyl)pseudouridine(acp3w), 5

(isopentenylaminomethyl)uridine(inm5U), 5~(isopentenylarninomethyl)~2-thio-uridine 

(inm5s2LT\amthioauridine,2'-O-methyl-uridine(Urn),5,2'-O-dimethyl-uridine(m5Um),2'

0-methyl-pseudouridine(win),2-thio-2'-O-methyl-uridine(s2Um),5

methoxycarbonylmethyl-2~0-methyl-uridine(mcm5Urn), 5-carbamoylmethy1~2'-0-methyl

uridine(ncm5Urn),5-carboxymethylaminomethyla2reO~rnethy1-uridine(cmnm5Urn), 3,2'

0-dimethyl-uridine(m3Urn), 5-(isopentenylaminomethyl)-2'-0-methyl-uridine(inm5Urn), 

I S deoxythymidine,2'-F-ara~uridine,2'-F-uridine,2'-OH-ara-uridine,5-(2

carbomethoxyvinyl)uridine,543{bE~propeny1amino)uridineoranyothermodified 

uridineknownintheart.  
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[2331 InsomeembodimentsafunctionalanalogofanNTPcomprisesamodified 

nucleoside.Insomeembodimentsthemodifiednucleosideisamodifiedadenosine.In 

certainembodimentsreplacingadenosinebyamodifiednucleosideisdonebyreplacing 

ATPwithafunctionalanalogthereofInsomeembodimentsafunctionalanalogofanATP 

isatriphosphateofamodifiedadenosinenucleoside.  

12341 Insomeembodimentsamodifiednucleosideisanyoneormoreselectedfromthe 
4 V groupconsistingof2-aminopunne,2,6-diaminopurine,7~deaza-adenine,7-deaza-8-aza

S 

adenine,7-deaza-2-aminopunne,7-deaza-S-aza-2-aminopurine,7-deaza-2,6-diaminopurine 

7edeaza~8~aza-2,6-diaminopurineI-methyladenosineNI-inethyl-adenosineN6

a 

methyladenosineN6-isopentenyladenosineN6-(cis~hydroxyisopentenyl)adenosine,2
S.  methylthio-N6-{cis-hydroxyisopentenyl)adenosineN&glycinylcarbamoyiadenosineN6

threonylcarbamoyladenosine,2arnethyi.thio-~N6~threony1carbamoyladenosineN6,N6

dimethyladenosine~,u-thio-adenosine,8-azido-adenosine,7-deaza-adenosine,7~ 

methyladenine,2- methylthio-adenineand2amethoxy-adenine.  

[235] InsomeembodimentsafunctionalanalogofanNTPcomprisesamodified 

nucleoside.Insorn.eembodimentsthemodifiednucleosideisamodifiedguanosine.In 

certainembodimentsreplacingguanosinebyamodifiednucleosideisdonebyreplacing 

GTPwithafunctionalanalogthereofInsomeembodimentsafunctionalanalogofaGTP 

isatriphosphateofamodifiedguanosinenucleoside.  

[2361 Insomeembodimentsamodifiednucleosideisanyoneormoreselectedfromthe 
S groupconsistingofI-methyl-inosinewyosinewybutosinea-thio-guanosine,6amethyla 

guanosine6-thio-7-deaza-8-.aza-guanosine7-methyl-guanosine,6-thio~7-methyl

guanosine,7-methylinosine,6-methoxy-guanosine,06-rnethyl-guanosineNIa 

methylguanosineN2-methylguanosineN2N2dimethylguanosine,8-oxo~guanosine,7

methyl-8-oxo-guanosineI-methyb6-thio-guanosineN2-methyla6athionguanosineand 

N2,N2-dintiethyl-6-thio-guanosine.  

[237] InsomeembodimentsafunctionalanalogofanNTPcomprisesamodified 

nucleoside.Insomeembodimentsthemodifiednucleosideisamodifiedcytidine.incertain 

embodimentsreplacingcytidinebyamodifiednucleosideisdonebyreplacingCTPwitha 

functionalanalogthereofInsomeembodimentsafunctionalanalogofaCTPisa 

triphosphateofamodifiedcytidinenucleoside.  
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[238J Insomeembodimentsamodifiednucleosideisanyoneormoreselectedfrom.the 

groupconsistingof5-aza-cytidine,6-azacytidinect4hio-cytidinepseudoisocytidine,3

methyl-cytidineN4-acetylcytidine5-formylcytidineN4-methyleytidine,5

hydroxymethylcytidineI-methyl-pseudoisocytidinepyrrolo-cytidinepyrrolo

pseudoisocytidine,2-thio-cytidine,2~-methyI~cytidine4-thio-pseudoisocytidine4

thio-1-methylpseudoisocytidine,4-thio-I~methy1-I-deaza-pseudoisocytidine,1amethyLIa 

deaza-pseudotsocytidinezebulanne,5-azazebulanne,5-rnethyl-zebularine,5-aza-2-thio
I zebulanne,2ethioszebularine,2-.rnethoxy-cytidine,2~methoxya5amethylcytidine,4-methoxy

pseudoisocytidineand4-rnethoxy-1-Inethyl-pseudoisocytidine.  

5' Cap 

[239j1 InsomeembodimentsanRNAproducedbytechnologiesdescribedhereinmay 

compriseacapatits5'end.  

[2401 Thetermnon-extendingnucleotide"or"startnucleotide"orsimilartermsmeana 

nucleotidethatdoesnothaveaS' triphosphateorhasa5' triphosphatethathasbeen 

modifiedsuchthatthenucleotidecanbeincorporatedonlyatthe5'endofatranscriptand 

thathasa3' hydroxysoitcanbeextendedatthe3' position.A.startnucleotideisa 

nucleotidewhichcorrespondstothefirstnucleotideofanRNA.Insomeembodiments, 

additionofthestartnucleotideincreasestheinitiationrateofanRNA.polymerase.incertain 

embodimentsthestartnucleotideisorcomprisesanucleosidemonophosphateanucleoside 

diphosphateanucleosidetriphosphateoradinucleosidetriphosphate.Incasethefirst 

thereofasdescribed herein.Insomeembodimentsastartnucleotideisadinucleotideora 

trinucleotide.Insomeembodimentsastartnucleotideisanucleoside-5'driphosphate.In 

someembodimentsthefirstnucleotideoftheRNAisGthestartnucleotideisacapanalog 

ofGandthecorrespondingribonucleosidetriphosphateisGTP.Insomeembodimentsa 

startnucleotideisanaturallyoccurring5'capor5'capanalogsuchasacapanalog 
describedhereinInsomeembodimentsacapisor a 

comprisesaguaninenucleotide.These 

nucleotidesmayormaynothavecapfunctionality.Startnucleotidesinclude5'capsand5' 

capanalogssuchasthosedescribedherein.  

12411 InsomeembodimentsanRNAproducedaccordingtotechnologiesprovidedherein 
* (i.eanRNAaccordingtotheinvention)hasaninitialnucleotide(startnucleotide)thatis 

notGTP.InsomeembodimentsanRNAaccordingtotheinventionhasastartnucleotide 
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thatcompeteswithGTPorafunctionalanalogthereofforincorporationintotheRNA.In 

someembodimentsastartnucleotideisincorporatedintotheRNAasreadilyasanyother 

nucleotide.InsomeembodimentsastartnucleotideisincorporatedintotheRNAmore 

efficientlythananyothernucleotideinparticularmoreefficientlythanGTPorafunctional 

analogthereofinsomeembodimentsastartnucleotideisincorporatedintotheRNAless 

efficientlytananyothernucleotideinparticularlessefficientlythanGTPorafunctional 

analogthereofInsomeembodimentsastartnucleotideissupplementedduringthecourse 

transcnption.Insomeembodimentsastartnucleotideisaddedtothereactionmixbefore 
U thestartofthetranscnptionreaction.  

[242J Insomeembodimentsinthereactionmixusedaccordingtotheinventionthestart 

nucleotidecorrespondingtothefirstnucleotideofanRNAmoleculetobeproducedis 

addedinexcesscomparedtothefractionofthenucleotidepredictedtobefoundorfoundat 

thefirstpositionoftheRNAmolecule.Insomeembodimentsinthereactionmixthestart 

nucleotidecorrespondingtothefirstnucleotideofanRNAmoleculetobeproducedis 

addedinexcesscomparedtothefractionofthenucleotidewithwhichitcompetesfor 

incorporationintotheRNAmolecule.Forexampleinsomeembodimentsthefirst 

nucleotideisGanda5'capor5'capanalogispresentinexcessoverGTPintheinitial 

reactionmix;Illsomeembodimentsthestartnucleotideisaddedwithaninitial 
concentrationintherangeofaboutIto20 

I, 

mMIto17.5mMIto15mM,1to12.5mM,1 

to10mMIto7.5mMIto5mMorIto2.5mM.Insomeembodimentsthestart 

nucleotideisaddedcomparedtothenucleotidewithwhichitcompetesforincorporation 

13:1,14:1,15:1,16:1,17:1,18:1,19120:1orevenmore.Forexampleinsome 

embodimentsthestartingconcentrationofa5' capor5' capanalogtothestarting 

concentrationofGTPisbetweenabout2:1andabout20:1, suchasabout2:1, 3:I, income 

embodiments4:~aInsomeembodiments5:Iinsomeemoimens6:1,moreinsome 
embodiments7:1, a, 

8719:1,10:1orevenhigher.  
,, [243J Theterms"5' cap","cap, "5' capstructure capstructure capnucleotide"and 

"5, capnucleotideareusedsynonymouslytorefertoadinucleotidethatisfoundonthe5' 

endofsomenucleicacidssuchasmRNA.A5capisastructurewhereina(optionally 

modified)guanosineisbondedtothefirstnucleotideofanmRNAmoleculeviaa5'to5' 

triphosphatelinkage(ormodifiedtriphosphatelinkageinthecaseofcertaincapanalogs).In 

someembodimentsthisguanosineismethylatedatthe7aposition(e.g.,naturallyoccurring 
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rn7Gcap).Theterm4'conventional5'capreferstoanaturallyoccurringRNA5'capin 

someembodimentstothe7-methylguanosinecap(m76).ProvidinganRNAwitha5' cap 

orS' capanalogmaybeachievedbyinvitrotranscriptioninwhichthe5' capisco

transcriptionallyincorporatedintotheRNAstrand(transcriptionandcappingreaction),or 

maybeattachedtoRNApost-transcriptionallye.g.,afterinvitrotranscribingtheRNA 
S usingcappingenzymessuchascappingenzymesfromvacciniavirusorSaccharomyces 

cerevisiaecappingenzymesystem.AlternativelyacappedRNAcanbeobtainedbyinvitro 

transcription(JVT)ofaDNAtemplatewhereininadditiontotheGTPan.JVTsystemalso 

herein.Methodsto 
containsa5'capor5'capanaloge.g.,asknownintheartanddescribed 4 

provideanRNAwitha5' caparewellknownintheart.IncappedRNAthe3' positionof 

thefirstbaseofa(capped)RNAmoleculeislinkedtothe5' positionofthesubsequentbase 

oftheRNAmolecule("secondbase")viaaphosphodiesterbond.  

[244] Thoseskilledintheartwillappreciatethatinsomeembodimentsadditionofa5' 

captoanRNA(e.g.,rnRNA)canfacilitaterecognitionandattachmentoftheRNAtoa 

ribosometoS U translationandenhancestranslationefficiency.Thoseskilledintheart 

willalsoappreciatethata5capcanalsoprotectanRNAproductfrom5exonuclease 

mediateddegradationandthusincreaseshalf-life.  

12451 AsnotedaboveinsomeembodimentsanRNAproducedbytecimologiesdescribed 

hereinmaycompriseacapatits5end.InsomeembodimentstheRNAdoesnothave 

uncapped5'-triphosphates.InsomeembodimentstheRNAmaybemodifiedbya5'cap 
S analog.Insomeembodimentsa5capisorcompnsesasynthetic5capanalogthat 

theretoincludinge.g.,butnotlimitedtoanti-reversecapanalogs(ARCAs)whichare 

knownintheartandaredescribed p 

herein.Thoseskilledintheartwillappreciatethat 
additionofa5' captoanRNA(e.g.,rnRNA)canfacilitaterecognitionandattachmentofthe 

RNAtoaribosometoinitiatetranslationandenhancestranslationefficiency.Thoseskilled 

intheartwillalsoappreciatethata5~capcanalsoprotectanRNAproductfrom5 

exonucleasemediateddegradationandthusincreaseshalf-life.Methodsforcappingare 

knownintheart'oneofordinaryskillintheartwillappreciatethatinsomeembodiments, 

cappingmaybeperformedafterinvitrotranscriptioninthepresenceofacappingsystem 

(e.g., anenzyme-basedcappingsystemsuchase.g., cappingenzymesofyacciniavirus).In 

someembodimentsacappedRNAmaybeobtainedbyinvitrocappingofRNAthathasa 

5'triphospliategrouporRNAthathasa5'diphosphategroupwithacappingenzyme 

74 
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S S 

system(includinge.g.,butnotlimitedtovacciniacappingenzymesystemor 

Saceharomycescerevisiaecappingenzymesystem).insomeembodimentsacappingagent 

maybeintroducedintoaninvitrotranscnptionreactionmixture(e.g., onesasdescribed 

herein),alongwithapluralityofribonucleotidessuchtatacapisincorporatedintoanRNA 

duringtranscription(alsoknownasco-transcnptionalcapping).Whileitmaybedesirableto 

include, insorn.eembodimentsa5'capinanRNAanRNAft 
Insomeembodimentsmay 

nothavea5'cap.  

[246J ThemostfrequentlyusedmethodtomakecappedRNAsinvitroisbytranscribinga 

DNAtemplatewithanRNAPsuchasabacterialorbacteriophageKNApolymeraseinthe 

presenceofallfourribonucleosidetriphosphatesanda5' capor5' capanalogsuchas 
S 

m7G(5')i'~~(5 ')G(alsocalledm7GpppG).TheRNApolymeraseinitiatestranscriptionwith 

anucleophilicattackbythe3'-OH.oftheguanosinemoietyofm7GpppGonthea-phosphate 

ofthenexttemplatednucleosidetriphosphate(pppN),resultingintheintermediate 

m7GpppGpN(whereinNisthesecondbaseoftheRNAmolecule).Theformationofthe 

competingGTPlnitiatedproductpppGpNissuppressedbyaddingthe5capor5'cap 

analoginexcessoverGTPasdescribedherein.  

[247J Insomeembodimentsa5'cappingagentcanbeaddedtoaninvitrotranscription 

reactionmixture.Insomeembodimentsa5cappingagentmaycompriseamodified 

nucleotideforexampleamodifiedguaninenucleotide.insomeembodimentsa5'capping 

agentmaycompriseforexampleamethylgrouporgroupsglycerylinverteddeoxyabasic 

moiety,4'5' methylenenucleotidel4beta-D-erythrofuranosyl)nucleotide,4'thio 

nucleotidemodifiedbasenucleotidetbreo-pentofuranosylnucleotideacyclie3' 4'a seco 

nucieotideacyclic3,4-dihydroxybutylnucieotideacyclic3,5dihydroxypentylnucleotide,3 

'-3'-invertednucleotidemoiety,3'-3'-invertedabasicmoiety,3'a2'-invertednucleotide 

moiety,3'-2'-invertedabasicmoietyI,4-butanediolphosphate,3'-phosphorarnidate, 

hexyiphosphateaminohexylphosphate,3'aphosphate,3'phospliorothioate, 

phosphorodithioateorbridgingornon-bridgingmethylphosphonatemoietyinosineNI

methyl-guanosine2'-fluoro-guanosine,7'deaza-guanosine,8-oxo-guanosine,2-amino

guanosineLNA-guanosine,2-azido-guanosine.Insomeembodiments, a5cappingagent 

maybeorcompnseadinucleotidecapanalog(includinge.g., am7GpppGcapanalogoran 

N7-methyl,2'-~O-methyl-GpppGanti-reversecapanalog(ARCA)capanalogoranN7~ 

methyl,3'~Oemethyl~GpppGARCAcapanalog).insomeembodimentsa5'cappingagent 
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comprisesa5'N7~Methy1-3'-0-Methylguanosinestructuree.g., CleanCap®Reagents 

(TrilinkBioTechnologies).Insomeembodimentsa5'capmaybeorcomprisea 

dinucleotidecapanalogsuchasG[5']ppp[5']Gm7G[5']ppp[5'JGm3 2 '2 '7 G[5']ppp[5']G, 

m27 '3 0 G[5]ppp[5)G(3'-ARCA),m272'- 0 GpppG(2'-ARCA),m2 7 '2 ~ 0 GppSpG(Dl)(fI~S

ARCA(Dl)),and , 0 GppSpG(D2)(jbS-ARCA(D2))and 3'"tippp(m2~~O)ApG 

(CC4I3).Insomeembodimentsa5'-cappingagentisaddedinexcesstoaparticular 

ribonucleotideorribonucleotides(e.g.,GTPATPUTPCTPormodified S 

versionthereof) 
toenableincorporationofthe5'-capasthefirstadditiontotheRNAtranscript.Insome 

embodimentsthe5'capusedinthepresentinventionisam2 7 '3 '0 Gppp(m2'eO)APG5'cap.  

[2481 inthecontextofthepresentinventiontheterm"5' capanalog"referstoamolecular 

structurethatresemblesaconventional5'capbutismodifiedtopossesstheabilityto 

stabilizeRNAifattachedtheretoinsomeembodimentsin .9 and/orinacell.Acap 

analogisnotaconventional5'cap.  

[249J The5'caphasbeengenerallydescribedtobeinvolvedinefficienttranslationof 

mRNA:ingeneralineukaryotestranslationisinitiatedonlyatthe5' endofamessenger 

RNA(mRNA)moleculeunlessaninternalribosomalentrysite(IRES)ispresent.  
I 

EukaryoticcellsarecapableofprovidinganRNAwitha5capduringtranscriptioninthe 

nucleus:newlysynthesizedmRNAsareusuallymodifiedwitha5scapstructuree.g.,when 

thetranscriptreachesalengthof20to30nucleotides.Firstthe5'terminalnucleotidepppN 

(ppprepresentingtriphosphate~Nrepresentinganynucleoside)isconvertedinthecellto5' 

GpppNbyacappingenzymehavingRNA5'-triphosphataseandguanylyltransferase 

(guanine-7)-methyltransferaseactivitytoformthemono-methylatedm 7 GpppNcap.Insome 
S 

embodimentsthe5capusedinthepresentinventionisanatural5'cap.  

[250J PresenceofacaponanRNAmoleculeisstronglypreferrediftranslationofa 

nucleicacidsequenceencodingaproteinafterintroductionoftherespectiveRNAintohost 

cellsorintoahostorganismisdesiredespeciallyiftranslationisdesiredwithinthefirstI 

hourorwithinthefirsttwohoursorwithinthefirstthreehoursafterintroductionofthe 

RNA.  

[2511 Inthepresentinventionanatural5'capdinucleotideistypicallyselectedfromthe 

groupconsistingofanon-.methylatedcapdinucleotide(G(5')ppp(5')N;alsotermedGpppN) 

andamethylatedcapdinucleotide((in7G(5~)ppp(5)Nalsotermedm7GpppN).m7GpppN 

(whereinNisG)isrepresentedbythefollowingformula: 
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mTGpppG 

0 0 0 
II II II 

OaPeOmP~Qab~P dx I a 

[252J Incertainembodimentsofthepresentinventionthe5'capisa5capanalog.5cap 

analogshavebeeninitiallydescribedtofacilitatelargescalesynthesisofRNAtranscriptsby 

meansofinvitrotranscription.  

[253J ForRNAsuchasmRNAsome5capanalogs(syntheticcaps)havebeengenerally 

describedtodateandtheycanallbeusedinthecontextofthepresentinvention.Ideallya 

5, capanalogisselectedthatisassociatedwithhighertranslationefficiencyand/orincreased 

resistancetoin 4VIVOdegradationand/orincreasedresistancetoinvitrodegradation.  

4~ [254j Insomeembodimentsa5capanalogisusedthatcanonlybeincorporatedintoan 

RNAchaininoneorientation.Pasquinellietat.,(~995),RNAII:957a967demonstrated 

thatduringinvitrotranscriptionbacteriophageRNApolymerasesusethe7

methylguanosineunitforinitiationoftranscriptionwherebyaround40-50%ofthe 

transcriptswithcappossessthecapdinucleotideinareverseorientation(i.e.,theinitial 

reactionproductisGpppm 7 GpNwhenm7Gisused).ComparedtotheRNAswithacorrect 

5, capRNAswithareverse5' caparenotfunctionalwithrespecttotranslationofanucleic 

acidsequenceinto I p 

orientationi.e.,resultinginanRNAwithastructureessentiallycorrespondingto 
7 

mGpppGpNetc.Ithasbeenshownthatthereverseintegrationofthecap-dinucleotideis 
inhibitedbythesubstitutionofeitherthe2'- orthe3'-OHgroupofthemethylated 

guanosineunit(Stepinskietal.,(2001),RNAI,7:1486-1495;Pengetab,(2002),Org.  

Lett,24:161- 164).RNAswhicharesynthesizedinpresenceofsuch"antireversecap 
a 

analogsor'ARCAs"aretranslatedmoreefficientlythanRNAswhichareinvitro 
transcribedinpresenceoftheconventional5'capm7GpppG.Tothatendonecapanalogin 

whichthe3' OHgroupoftheinethylatedguanosineunitisreplacedbyOCH 3 isdescribed 

e.g.byHoltkampetaL,(2006),BloodI08:4009-4017(7-methyl(3'-O-methyl)GpppG, 
S 

anti-reversecapanalog(ARCA)).7-methyl(3'-O-methyl)GpppG(sometimesalsocalled3'

ARCA)isasuitablecapdinucleotideaccordingtothepresentinvention.  
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7.3~Q (ARCA> 

H 

000 
II II H 

HN I NH~ a a 

[255J InsomeembodimentsofthepresentinventiontheRNAofthepresentinventionis 

essentiallynotsusceptibletodecapping.Thisisimportantbecauseingeneraltheamountof 

proteinproducedfromsyntheticmRNAsintroducedintoculturedmammaliancellsis 

limitedbythenaturaldegradationofmRNA.OneinvivopathwayformRNAdegradation 
Y 

beginswiththeremovalofthemRNAcap.Thisremovaliscatalyzedbyaheterodirnene 
*1 pyrophosphatasewhichcontainsaregulatorysubunit(Dcpl)andacatalyticsubunit(Dcp2).  

Thecatalyticsubunitcleavesbetweentheaandf3phosphategroupsofthetriphosphate 
I.  bridge.Inthepresentinventionacapanalogmaybeselectedorpresentthatisnot 

susceptibleorlesssusceptibletothattypeofcleavage.Asuitablecapanalogforthis 

purposemaybeselectedfromacapdinucleotideaccordingtoformula(1): 

R2 R3  0 
N 

R6 
II II II NH2 

N K - aQ 0 
L K.  0 0 0 

FIN N7 formula(1) n 
0 14 OHOH 

R 

Isselectedfromthegroupconsistingofoptionallysubstitutedalkyl, 

optionallysubstitutedalkenyloptionallysubstitutedalkynyloptionallysubstituted 

. cycloalkyloptionallysubstitutedheterocyclyloptionallysubstitutedarylandoptionally 

substitutedheteroaryl, 

R2 andBareindependentlyselectedfromthegroupconsistingofHhaloOHand 

optionallysubstitutedalkoxyorP3andR 3 togetherformO-X-OwhereinXisselected 

fromthegroupconsistingofoptionallysubstitutedCH2,CH2CH 2 ,CH2 CH2 CH2 , 

CH2 CH(CH3),and 

C(CH3)2,orBiscombinedwiththehydrogenatom.atposition4'oftheringtowhich 

R2 isattachedtoform-0-CR 2 -or-CH2 -Oa 

R5 isselectedfromthegroupconsistingofSSeandBH 3 , 
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PAandR6 areindependentlyselectedfromthegroupconsistingof0,SSeandBH3.  

nis1,2,or3.  

[256J CertainembodimentsforR'B],R3,RiRiR 6 aredisclosedinWO2011/015347 

Alandmaybeselectedaccordinglyinthepresentinvention.  

[257j Forexampleinsomeembodimentsofthepresentinventionthe5' capisor 

comprisesaphosphorothioate-cap-anaiog.Phosphorothioate-cap-analogsarespecificcap 

analogsinwhichoneofthethreenon-bridging0atomsinthetriphosphatechainisreplaced 

withanSatomiwe.,oneofR 4 or inFormula(I)isS.Phosphorothioate~capaanalogs 

havebeendescribedbyKowaiskaetal.,(2008),RNAI4:17119+1131, asasolutiontothe 

undesireddecappingprocessandthustoincreasethestabilityofRNAinvivo.Inparticular, 

thesubstitutionofanoxygenatomforasulphuratomatthebeta-phosphategroupofthe5'

capresultsinstabilizationagainstDcp2.Inthaternbodiirientwhichispreferredinthe 

presentinventionR5. Formula(I)is&andR 4 andR6 are0.  

12581 InsomeembodimentsofthepresentinventiontheRNAofthepresentinvention 
S compnsesaphosphorothioat&cap-analogwhereinthephosphorothioatemodificationofthe 

RNA5'-capiscombinedwithan'4anti-reversecapanalog"(ARCA)modification.  

RespectiveARCA-phosphorothioate-cap-analogsaredescribedinWO2008/157688A2, 

andtheycanallbeusedintheRNAofthepresentinvention.Inthatembodimentatleast 

oneofR2 or inFormula(1)isnotOH5 insomeembodimentsoneamongR2andR3.  

methoxy(OCH 3 ),andtheotheroneamongR 2 andPAisinsomeembodimentsOH.Insome 

embodimentsanoxygenatomissubstitutedforasulphuratomatthebeta-phosphategroup 

modificationoftheARCAensuresthattheaftandyphosphorothioategroupsare S 

S positionedwithintheactivesitesofcap-bindingproteinsinboththetranslationaland 

decappingmachinery.Atleastsomeoftheseanalogsareessentiallyresistantto 

pyrophosphataseDepi/Dcp2.Phosphorothioate-modifiedARCAsweredescribedtohavea 

muchhigheraffinityforeJF4EthanthecorrespondingARCASlackingaphosphorothioate 

group.  
p a.  [2591 Arespective5'capanalogthatisparticularlypreferredinthepresentinventioni.e., 

m27 ~ 0 Gpp~pGistermedf3-S-ARCA(WO2008/157688A2;KuhnetaLGeneTher 
S (2010),17:961~971).ThusinsomeembodimentsofthepresentinventiontheRNAofthe 

presentinventionismodifiedwithbeta-S-ARCA(or~-S-ARCA).~-S-ARCAisrepresented 

bythefollowingstructure: 
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(sothatR5 inFormula(1)isS:andR4andR.6are0).Itisbelievedthatthephosphorothioate
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712aOGppPG(beta~S-ARCA) 0 

0 S 0 
II II II 

HN ____ 0-P-0-p-a--P NH~ I I I cx a 

31-ICQ OH 
OH 

[260J Ingeneralthereplacementofanoxygenatomforasulphuratomatabridging 

phosphateresultsinphosphorothioatediastereornerswhicharedesignatedDIandD2,based 

ontheirelutionpatterninHPLC.Brieflythe"Dldiastereomeroff3~SeARCA"or"jbS
4' 

ARCA(D1)"orm2? 2 moGppspG(DI)"isthediastereomeroff3-S-ARCAwhichelutesfirst 
onanHPLCcolumncomparedtotheD2diastereomerofj3-S-ARCA(f3-S-ARCA(D2)or 

1m7 '2 0 GppspG(D2))andthusexhibitsashorterretentiontime.Determinationofthe 

stereochemicalconfigurationbyHPLCisdescribedinWO2011/015347Al.  

[261J IncertainembodimentsofthepresentinventionRNAofthepresentinventionis 

modifiedwiththeJ3-S-ARCA(D2)diastereomer.Thetwodiastereomersoff3-S-ARCAdiffer 

insensitivityagainstnucleases.IthasbeenshownthatR'NAcarryingtheD2diastereomerof 

j3-S-ARCAisalmostfullyresistantagainstDcp2cleavage(only6%cleavagecomparedto 

RNAwhichhasbeensynthesizedinpresenceoftheunmodifiedARCA5'acap),whereas 

RNAwiththeJ3-S-ARCA(DI)5'-capexhibitsanintermediarysensitivitytoDcp2cleavage 

(71%cleavage).IthasfurtherbeenshownthattheincreasedstabilityagainstDcp2cleavage 

shownthatRNAscanyingthef3eSeARCA(D2)caparemoreefficientlytranslatedin 

mammaliancellsthanRNAscarryingthej3eS~ARCA(D1)cap.Thereforeinsome 

embodimentsofthepresentinventiona5'capusedinthepresentinventionisa5 cap 

analogaccordingtoFormula(I),characterizedbyastereochemicalconfigurationattheP 
atomcomprisingthesubstituent S.  

Rt~Formula(I)thatcorrespondstothatattheP~atomof 

theD2diastereomerofj3mSaARCA.InthatembodimentR56 Formula(1)isS;andR 4 and 

R6 are0.AdditionallyinsomeembodimentsatleastoneofR 2 orR3 inFormula(I)isnot 

OHand/oroneamong andR3 ismethoxy(OCR 3 ),and/ortheotheroneamongR2andR 3 

isOf-PinsomeembodimentseachofR 2 orR3 inFormula(I)isnotOH;insomesuch 

embodimentsoneamong andR3 ismethoxy(OCH3),andtheotheroneamongR2andR 3 

isOH.  
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correlateswithincreasedproteinexpressioninmammaliancells.Inparticularithasbeen
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I 

[262J Incertainotherembodimentsa5'capusediiithepresentinventionisthef3-S
a 

ARCA(DI)diastereomer.Thisembodimentisparticularlysuitablefortransferofcapped 

RNAintoimmatureantigenpresentingcellssuchasforvaccinationpurposes.Ithasbeen 

demonstratedthatthef3-S-ARCA(DI)diastereoinerupontransferofrespectivelycapped 

RNAintoimmatureantigenpresentingcellsisparticularlysuitableforincreasingthe 
I 

stabilityoftheRNAincreasingtranslationefficiencyoftheRNAprolongingtranslationof 

theRNAincreasingtotalproteinexpressionoftheRNAand/orincreasingtheimmune 

responseagainstanantigenorantigenpeptideencodedbysaidRNA(Kuhnetal.,(2010), 

GeneTher.,17:961-971).ThereforeinsomeembodimentsofthepresentinventionRNA 

ofthepresentinventionismodifiedwithacapanalogaccordingtoFormula(1), 

characterizedbyastereochemicalconfigurationatthePatomcomprisingthesubstituentR 5 

inFormula(I)thatcorrespondstothatatthePpatomoftheDIdiastereomerofg4-ARCA.  

RespectivecapanalogsandembodimentsthereofaredescribedinWO2011/015347Aland 

Kuhneta14 ,(2010),GeneTher.,I7:961-971. AnycapanalogdescribedinWO 

2011/015347AllwhereinthestereochemicalconfigurationatthePatomcomprisingthe 

substituentR5 correspondstothatattheP~atomoftheDIdiastereomeroff3-S-ARCAmay 

beusedinthepresentinvention 9 InsomeembodimentsR5, Fonnula(I)isSandR 4 and 

are0.AdditionallyinsomeembodimentsatleastoneofR. 2 orR3, Formula(I)isnot 

OHand/oroneamong andR3 ismethoxy(OCH 3 ),and/ortheotheroneamongR2andR 3 

isOH:insomeembodimentseachofBorR 3 inFormula(I)isnotOH;insomesuch 

embodimentsoneamongK 2 andR3 ismethoxy(OCH 3 ),andtheotheroneamongR2andR 3 

%ApG(alsosometimesreferredtoasm273% 0 G(5')ppp(5')rn2 '~0 ApGT12' 

I "3~~Gppp(m2 

%ApGCC413orCleanCap). InaparticularlypreferredembodimentRNAofthepresent 

inventionismodifiedwiththeCleanCap.  

[263j 5'capswhichareusefulinthepresentinventionfurtherincludewithoutlimitation 

m32 '2 '7 G[5']ppp[5']Gm27 2 '0 GpppG(2'-ARCA),rn7Gp3m 2 '0Gin7Gp3m7Crn2 7 '2 >0 Gp3G, 

m27 '2 0 GpppSG(Dl),m2~ 0 GpppSG(D2),m2 7 2 '~GppspG(Dl),m27¶1 2 eOGppspG(D2), 

m27 '2 'NJpsppG(D1),rn27 2 '~"0 GpsppG(D2).A5' capusefulinthepresentinventioncanalso 

triphosphate5'capanalogsuchasmklip 4 Gwhichisthe 
beatetraphosphatederivativeofa U 

derivativeofm 7 Gp3Gb7 Gp4Gwhichisthederivativeofm2 7 ~>OGp3Gb7m 3 '0 Gp4Gwhich 

isthederivativeofb 7 Gp3Gm22 '7 Gp4Gwhichisthedenvativeofe7Gp3Gm3 2 '2 '7 Gp4G 

whichisthederivativeofm2 2 '7 Gp3Gb7 m2 Gp4Gwhichisthedenvativeofm32 
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isOH~Xhsomeembodimentsthe5'capusedinthepresentinventionism273'inoGppp(mi*
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7 7 mGp4mGwhichisthederivativeofm 7 Gp32'dG.Furtheruseful5'capanalogshavebeen 

describedinUS7074596,W02008/016473,W02008/157688,W02009/149253 

W02011/015347,andW02013/059475.  

[264j Insomeembodimentsa5' capusedintheinventionisa5' capstructureaccording 

toFormula(I)whereinanyonephosphategroupisreplacedbyaboranophosphategroupor 

aphosphoroselenoategroup.Such5'capshaveincreasedstabilitybothinvitroandinvivo.  

Optionallytherespectivecompoundhasa2'-0-or3'-0-alkylgroup(whereinalkylin 

someembodimentsismethyl);respectivecapanalogsaretermedBH 3 -ARCASorSe
cappingofmRNAincludethef3-BH3

ARCAs.Compoundsthatareparticularlysuitablefor U 

ARCAsandf3-Se-.ARCAsasdescribedamWO2009/I49253.Forthesecompoundsa 
* configurationatthePatomcomprisingthesubstituentR 5 inFormula(I)that 

correspondstothatatthePpatomoftheDIdiastereomerofbeta-S-ARCAispreferred.  

Exemplary in vitro Transcription Reactions 
4 

[265J Oneofordinaryskillintheartwillunderstandmaterialsandreagentsforatypicalin 

vitrotranscription.Insomeembodimentsanindividualreactioncomponentorcomponents 

arethawedpriortotheiradditiontoaninvitrotranscriptionreactionmixture.Forexample, 

aninvitrotranscriptionreactionmixturetypicallyincludesaDNAtemplate(e.g., as 

describedherein),S (e.g.asdescribedherein),aRNApolymerase(e.g.DNA 
S 

dependentRNApolymerases),andanappropnatereactionbufferforaselectedRNA 

compriseanRNaseinhibitor.Insomeembodimentsaninvitrotranscriptionreaction 

mixturemayfurthercompriseapyrophosphatase(ag.,anS pyrophosphatase).In 

someembodimentsaninvitrotranscriptionreactionmixturemayfurthercompriseoneor 

moresalts(e.g.,monovalentsaltsand/ordivalentsaltssuchasMg2+),areducingagent 

(e.g.,dithitlireitol,2-mercaptoethanoletc.),spermidineorcombinationsthereofInsome 
embodimentscertainreactioncomponentsareaddedinaspecificorder(e.g., 

pyrophosphataseandpolymeraseaddedlast).Insomeembodimentsagitationrateis 

increasedfollowingtheadditionofspecificreactioncomponents(e.g.,pyrophosphatase, 

polymerase).  

12661 VariousRNApolymerasesthataresuitableforinvitrotranscriptionareknowninthe 

artincludinge.g.,butnotlimitedtoDNAdependentRNApolymerases(e.g., aT7RNA 

polymeraseaT3RNApolymeraseaSP6RNApolymeraseaN4virionRNApolymerase, 
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polymerase.Insomeembodimentsaninvitrotranscriptionreactionmixturemayfurther
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oravariantorfunctionaldomainthereof).AskilledartisanwillunderstandthatanRNA 

polymeraseutilizedhereinmaybearecombinantRNApolymeraseand/orapurifiedRNA 
U.  polymerasei.e.,notaspartofacellextractwhichcontainsothercomponentsinadditionto 

theRNApolymerases.InsomeembodimentsanRNApolyrnerasethatisusefulfor 

commercial-scaleinvitrotranscriptionisaT7RNApolymerase.Insomeembodimentsan 
4 inorganicpyrphosphatasemaybeaddedtoimprovetheyieldofinvitrotranscription 

reaction(e.g., insomeembodimentscatalyzedbyT7RNApolymerase).  
S I [267J Insomeembodimentsabufferusedinatranscriptionreaction(transcriptionbuffer) 

isoptimizedforaselectedRNApolymerase. I 

Transcnptionbufferistypicallyoptimizedfor 

aselectedRNApolymerase.Forexampleinsomeembodimentsatranscriptionbuffermay 
a compriseTris-RCIHEPESorotherappropriatebuffer.Insomeembodimentsa 

transcriptionbuffercancomprise20-60mMHEPES,2O~6OmMdivalentsalt(e.g., 

magnesiumsaltssuchasmagnesiumchloridemagnesiumacetateLi~Na t~ K~,NH4 ~ , 

tris(hydroxymethyl)aminomethanecationMg7~,Ba>orMn 2 ~ etc.),5-15mMreducing 
5 

agent(e.g.,dithiothreitol,2-mercaptoethanoletc.)and0.5 3mMspennidine.  

[268j InsomeembodimentsatranscriptionreactionisconductedatapHofabout6,6~5 

7,7.5,8,or9.InsomeembodimentsatranscriptionbufferhasapHof7-9(e 9 g.,about7.1, 

7.2,73,7.4,745,7.67.7,7.8,7.9,8.0,8.18.2,8.3,8.4,8.5,8.6,8.7,8.8,8.Q9.0).Insome 

embodimentsatranscriptionbufferhasapHof6-9.InsomeembodimentsthepHvalueis 

about6.0,6.1,6.2,6.3,6.4,6.5,6.6,6.7,6.86.9,7.0,7.1,7.2,7.37.4,7.5,7.672,7.8,7.9 

8.0,8.1,8.2,8.3,8.4,8.5,8.6,8.7,8.8,8.9,9.0.insomeembodimentsatranscriptionbuffer 

to8.5,fromabout6.5to8.0,fromabout7.0to7.5,insomeembodimentsabout7~5.Insome 
a embodimentsasuitablepHvalueforatranscriptionreactionmaybeapproximately7~5-8.5.  

InsomeembodimentsthepHvalueisabout6.0,6.1,6.2,6.3,6.4,6.5,6.6,6.7,6.8,6.9,7.0, 

7.1,7.2,7.3,7.4,7.5,7.67.7,7.8,7.9,8.08.1,8.2,8.3,8.4,8.58.68.7,KS,8.9,9.0.In 
, S 

someembodimentsthepHvalueisabout6-8.5.InsomeembodimentsthepHvalueisfrom 

6to8.5,from6.5to8.0,from7.0to~insomeembodimentsthepHvalueis7.5.  

j7269J InsomeembodimentsthepHvalueofthereactionmixiskeptessentiallyconstant 
9 

overthecourseofthetranscriptionreactione.g.,byusingasuitablebuffer.Bufferssuitable 
foradjustingpHvalueareknownintheartanddescribedhereinandincludewithout 

limitationNaOHbufferKOHbufferorHCIbuffer.  

83 

hasapHvalueofabout6-8.5.InsomeembodimentsthebufferhasapHvaluefrom about
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[270J InsomeembodimentsthepHvalueofthereactionmixiskeptsubstantiallyconstant 

duringthecourseofthetranscriptionreactione.g~,bysupplementingbufferwithapHvalue 

similarorequaltothepHvalueofthestaffingreactionmixand/orbysupplementingbuffer 

withapHvaluedifferenttothepHvalueofthestaffingreactionmixifrequired.  

[271J Insomeembodimentsabufferisselectedfromthegroupconsistingof80mM 

HEPES/KOHpH7.5and40mMTris/HCIpH7.5.  

Exemplary in vitr ______________________ 

--...... p.Transcfption Reaction Conditions 
a S [272J Insomeembodimentsaninvitrotranscnptionreactionisconductede.g., ina 

bioreactordescribedherein(selectedforacertaininvitrotranscriptionreactionvolumee.g., 

asdescribedherein)foraperiodoftime.Insomeembodimentsthepenodoftimeisatleast 

20minutesincludinge.g., atleast25minutesatleast30minutesatleast40minutesat 

least55minutesatleast60 p 

minutesatleast75minutesatleast90minutesatleastI05 
minutesatleastI20minutesatleastI35minutesatleast150minutesatleast165 

A 

minutesoratleastI80minutes.Insomeembodimentsthepenodoftimeis20,25,30,35, 

40,45,50,55,60,65,70,75,80,85,90,95,100,105,110,115,120,125,130,135,140, 

145,150,155,160,165,170,175,or180minutes.Insomeembodimentstheperiodoftime 

isaboutI.5-3hours.Insomeembodimentstheperiodoftimeisabout25-35minutes.  
a S S [273J Insomeembodimentsaninvitrotranscriptionreactionisconductede.g., ina 

bioreactordescribedhereinforaperiodoftime(e.g., asdescribedherein)atatemperatureat 

whichaselectedRNApolyrneraseisfunctionallyactive.WhiletypicalphageRNA 

notactiveatelevatedtemperatures(e 4 g.,above45W),thermostableRNApolymerases(e.g., 

therruostablevariantsofT7RNApolyrnerasessuchasonesasdescribedinUSI0519431, 

thecontentsofwhichareincorporatedbyreferenceforpurposesdescribedherein)canshow 

increasedstabilityatelevatedtemperatures.Insomeembodimentsa p 

Invitrotranscnptionis 
performedatatemperatureofapproximately25 0 Corhigherincludinge.g.,26 0 C,270 C, 

280 C,290 C,300 C,310 C,320 C,330 C,340 C,35CC,360 C*,370 C,380 C,390 C,400 C,410 C*, 
6 4 420 C,430 C,440 Cor450 C.insomeembodimentsinvitrotranscnptionisperformedata 

temperatureofapproximately45 0 Corhigherincludinge.g., 460 C,470 C480 C,490 C, 

500 C,510 C,520 C,530 C,540 C,550 Corhigher.  
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polymerases(eag.,T7polymerases)thatcarryoutinvitrotranscriptionreactionsareusually
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S 

12741 Insomeembodimentsaninvitrotranscnptionisconductede.g.,inabioreactor 

describedhereinatapHofabout6,6.5,7,7.5,8,or9.InsomeembodimentsasuitablepH 

foraninvitro S 

transcnptionmaybeapproximately7.5-8.5.  
[275J Insomeembodimentsinvitrotranscriptionreactionsperformedinaccordancewith 

thepresentdisclosure(e.g., inabioreactorasdescribedherein)maybeperformedas 

continuousfeedreactions;insomeembodimentstheymaybeperformedasbatch-fed 

reactions.Insomeembodimentsoneormorenucleotidesmaybeaddedtoanin 
Svitro 

transcriptionreactioninastep-wisemanner(e.g.atleast5,6,7,8,9,10,11,12,13,14,15, 

ormorebolusfeeds).Insomeembodimentsanagitationrateisselectedsuchthata 
a particularblendtimetoenablerapidmixingofbolusadditionstoensureoptimalavailability 

ofmodifiednucleotidesolutionandoneormoreothernucleotidesolutionsduringRNA 
p 

synthesisi.sachieved.  

[276j Limitationofreactioncomponents:Incertainembodimentsalimitingcomponent 

ispresentinastartingconcentrationthatislowerthanthestartingconcentrationofanon

limitingcomponent.insomeembodimentsalimitingcomponentisanucleotidesuchas 

ATPGTPCTPUTPorfunctionalanalogsthereofInsomeembodimentsanon-limiting 

componentisanucleotidesuchasATPGTPCTPUTPorfunctionalanalogsthereofA 

limitingornonelimitingcomponentcanalsobea5' capor5' capanalog.Insome 

embodimentstheratioofalimitingcomponenttoanon-limitingcomponentsuchasthe 

ratioofUTPorafunctionalanalogthereoftoATPand/orCTPorafunctionalanalog 

thereofortheratioofGTPorafunctionalanalogthereoftoATPand/orCTPora 

aboutI:80,betweenI:I.2andaboutI:60,betweenI:I.3andaboutI:40,insome 

embodimentsbetweenI:I.4andaboutI:30,insomeembodimentsbetween1:I.5andabout 

1:20,insomeembodimentsbetween1:1.5andaboutI:15,betweenI:I.6andaboutI:I0, 

between1:1~7andabout1:9,between1:1.8andabout1:8,between1:1~9andabout1:7, 

betweenI:2andabout1:6.Insomeembodimentsthestartingconcentrationofoneormore 

limitingcomponentssuchasUTPorafunctionalanalogthereoforGTPorafunctional 

analogthereofis1/2,1/3,1/4,1/5,1/6,1/7,1/8,1.19,1/10,1/11,1/12,1/13,1/14,1/15,1/16 

1/17,1/18,1/19,1/20,1/21,1/22,1/23,1/24,1/25,1/26,1/27,1/28,1/29,1/30,1/31,1/32 

1/33,1/34,1/35,1/36,1/37,1/38,1/39,1/40,1/50,1/60,1/70,1/80,1/90or1/100when 

comparedtothestartingconcentrationofoneormorenon-limitingcomponentssuchas 

ATPand/orCTPorafunctionalanalogthereof 
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functionalanalogthereofisbetweenaboutI:IandaboutI:I00,suchasbetweenI:I.Iand



WO20221122689 PCT/EP2021/084488 

[277j UTPilmitationand/orsupplementation:Insomeembodimentsaninvitro 

transcriptionreactioncomprisesUTPorafunctionalthereofatalimitingconcentrationin 

combinationwithatleastoneorallofATPoraffinctionalanalogthereofCTPora 

functionalanalogthereofandoptionallyGTPorafunctionalanalogthereof.Insome 

embodimentsafunctionalanalogofUTPisorcomprisesNI-methylpseudouridine-5' 

triphosphate(mINPTP).InsomeembodimentsUTPorafunctionalanalogthereofispresent 

transcriptionreactionatastaffingconcentrationthatlimitstherateof 

transcription.InsomeembodimentsUTPorafunctionalanalogthereofispresentinanin 

vitrotranscriptionreactionatastartingconcentrationthatislowerthanthestarting 

concentrationofatleastoneorallofATPorafunctionalanalogthereofCTPora 

functionalanalogthereotandoptionallyGTPorafunctionalanalogthereofInsome 

embodimentsthestartingconcentrationofUTPorafunctionalanalogthereofisatleast 

30%lower(includingegg.,atleast40%,atleast50%,atleast60%,atleast70%,atleast 

80%,atleast90%lower)thanthestaffingconcentrationofatleastoneorallofATPora 

functionalanalogthereofCTPorafunctionalanalogthereofandoptionallyGTPora 

functionalanalogthereofInsomeembodimentstheratioofthestartingconcentrationof 
UTPorafunctionalanalogthereoftothe *6 

startingconcentrationofatleastoneorallofATP 

orafunctionalanalogthereofCTPorafunctionalanalogthereonandoptionallyGTPora 

ffinctionalanalogthereofisabout1:1.3orlowerincludinge.g.,I:l.4tI:1.5,1:2,1:2.5; ¶ 

1:3.5;l:4a1:4.5;1:5"1:6;1:7;1:8,P91:10;1:11;1:12;1:13;1:14;1:15;1:16'1:17;1:18 
1:I9;1:20,orlower.Insomeembodimentsthe t 

ratioofthestartingconcentrationofUTPor 

S analogthereofCTPorafunctionalanalogthereofandoptionallyGTPora 

functionalanalogthereofisaboutI:I.3toaboutI:20,oraboutI:I.5toaboutI:I5,orabout 

I:5toaboutI:I5, oraboutI:StoaboutI:I2. Insomesuchembodimentsthestarting 

concentrationofATPorafunctionalanalogthereofCTPorafunctionalanalogthereotand 

optionallyGTPorafunctionalanalogthereofmaybethesame.  
S [278J Insomeembodimentsaninvitrotranscnptionreactionissupplementedatleastonce 

withUTPorafunctionalanalogthereofoverthecourseofthereaction.Insome 

embodimentsaninvitrotranscriptionreactionissupplementedmultipletimes(e.g.,atleast 

2ormoreincludinge.g.,2,3,4,5,6,7,8,9,10,11,12,13,14,15ormore)withUTPora 

functionalanalogthereofoverthecourseofthetranscriptionreaction.Insome 

embodimentssupplementationofUTPorafunctionalanalogthereofisperfonnedwhenits 
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afunctionalanalogthereoftothestartingconcentrationofatleastoneorallofATPora
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concentrationinthereactionmixtureisneardepletion.Insomeembodiments 

supplementationofUTPorafunctionalanalogthereofisperformedwhenitsconcentration 

intersection mixtureislessthan100uM,90uM,80uM,70uM60iaM,50uM,40uM 

30uM,20uM,10uM,5uM,3uM,2,uMIuM500nM,250nM,200nM,100nM,50 
nM,25nMorlower.InsomeembodimentssupplementingUTPorafunctionalanalog 

thereofm.aycomprisesupplementingUTPorafunctionalanalogthereofandsupplementing 

GTPorafunctionalanalogthereofe.g 4 ,asacompositionoptionallycomprisingfurther 

reactioncomponentsasdescribed I 

herein.InotherembodimentssupplementingUTPdoes 
notrefertosupplementingotherreactioncomponents.Likewiseinsomeembodiments, 

supplementingGTPdoesnotrefertosupplementingotherreactioncomponents.  

12791InsomeembodimentsUTP(orafunctionalanalogthereof)supplementationmaybe 
a U.  performedcontinuouslyduringthecourseofthetranscnptionreaction.Forexamplein 

someembodimentsIJTP(orafunctionalanalogthereof)supplementationmaybe 

performedinacontinuousmannerataratethatiscomparableto(e.g.,withinI0%orlower) 

ofitsconsumptionrate.InsomeembodimentsIJTP(orafunctionalanalogthereof) 

supplementationmaybeperformedataratesuchthataftersuchsupplementationUTPora 

functionalanalogthereofispresentinthereactionataconcentrationlowerthanthatofone 

ormoreandinsomeembodimentsallofATPorafunctionalanalogthereofGTPora 

functionalanalogthereofand/orCTPorafunctionalanalogthereof 

[280] InsomeembodimentsUTP(orafunctionalanalogthereof)supplementationmaybe 

performedperiodicallydunngthecourseofthetranscriptionreaction.Insome 

periodicmannersuchthataftereachadditionUTPorfunctionalanalogthereofispresentin 

thereactionataconcentrationlowerthanthatofoneormoreandinsomeembodimentsall 

ofATPorfunctionalanalogthereofGTPorfunctionalanalogthereofand/orCTPor 

functionalanalogthereof.Insomeembodimentssuchperiodicsupplementationmaybe 

performedasoneormorebolusorbatchaddition(s),includinge 4 g.,1, 2,3,4,5,6,7,8,9, 

I0,11, I2,13,14,15ormorebolusorbatchaddition(s).Insomeembodimentssuch 

periodicsupplementationmaybeperforrn.edbyafed-batchprocess.insomeembodiments, 
* F supplementingmaycomprisesupplementingacompositioncomprisingUTPorafunctional 

analogthereofandcomprisingfurthercomponentssuchasbufferpolymeraseCTPora 

functionalanalogthereotGTPorafunctionalanalogthereonATPorafunctionalanalog 
.3 thereoforothercomponentsthatmaybepresentinatranscnptionreactionmixasdescribed 
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embodimentsUTP(orafunctionalanalogthereof)supplementationmaybeperformedina
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herein.InsomeembodimentssupplementingUTPorafunctionalanalogthereofdoesnot 

comprisesupplementingCTPorATPorfunctionalanalogsthereof 

[281j insomeembodimentstheconcentrationofUTPorafrmnctionalanalogthereofadded 

duringsupplementationissameasthestaffingconcentrationofUTPorafunctionalanalog 

thereofInsomeembodimentstheconcentrationofUTPorafunctionalanalogthereof 

added dunngsupplementationislowerthanthestartingconcentrationofUTPora 

functionalanalogthereofe.g.,atleast10%lower(includinge.g.,atleast20%,atleast 

30%,atleast40%,atleast50%,atleast60%,atleast70%,atleast80%,atleast90%lower) 

thanthestarting a ofUTPorafunctionalanalogthereof 

[282J InsomeembodimentsUTP(orafunctionalanalogthereof)supplementationis 

performedataconcentrationand/oratarateormannersuchthattheratioofthe 

concentrationofUTPorafunctionalanalogthereoftotheconcentrationofatleastoneorall 

ofATPorafunctionalanalogthereofCTPorafunctionalanalogthereofandoptionally 

GTPorafunctionalanalogthereof(duringthecourseofthereaction)ismaintained 

substantiallythesame(e.g.,within10%orless)astheinitialratiooftheconcentrationof 

UTPorafunctionalanalogthereoftothestartingconcentrationofatleastoneorallofATP 

orafunctionalanalogthereofCTPorafunctionalanalogthereofandoptionallyGTPora 
functionalanalogthereof(atthe *1 

beginningofthereaction).  

[283j InsomeembodimentsUTPorafunctionalanalogthereofissupplementeduntilthe 

endofthetranscriptionreaction.  

[284j InsomeembodimentsUTPorafunctionalanalogthereofispresentinaninitial 

mMor0.5to2mMorIto2mM.InsomeembodimentsUTPorafunctionalanalog 

thereofismaintainedduringthecourseofaninvitrotranscriptionreactionata 

concentrationofO.lto2mMorO.1to1.5mMorO.1tolmMorO.Sto2mMorlto2 

mM.  

[285J Optionaladditionalnon-UTPilmitationand/orsupplementation:Insome 

embodimentsatleastoneofnon-IJTP(orfunctionalanalogthereof)isprovidedata 

limitingconcentration(inadditiontolimitedUTPorafunctionalanalogthereof)atthe 

initialinvitrotranscriptionreaction(erg.,thebeginningoftheinvitrotranscnption 

reaction).ForexampleinsomeembodimentsatleastoneofATPorafunctionalanalog 

thereofCTPorafunctionalanalogthereoforGTPorafunctionalanalogthereofis 

providedatalimitingconcentration(inadditiontolimitedUTPorafunctionalanalog 
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thereof)attheinitialinvitrotranscriptionreaction(e.g.,thebeginningoftheinvitro 

transcriptionreaction).InsomeembodimentsGTPorafunctionalanalogthereofis 

providedatalimitingconcentration(inadditiontolimitedUTPorafunctionalanalog 

thereof)attheinitialinvitrotranscription(e.g.,thebeginningoftheinvitrotranscription 
a 

reaction).  

[286] Incertainembodimentsoftheinventionmethodsinvolvesupplementinga 

transcriptionandcappingreactionwithGTPorafunctionalanalogthereofbecauseit 

competeswithacapanalogincertainreactionssuchaswhenT7,SP6orT3polymeraseis 

usedtocatalyzethereaction.Itwillbeunderstoodhoweverthattheinventionisnotlimited 

toGTPorafunctionalanalogthereofInsteadtheinventioncanbeimplementedwith 

respecttoanyreactioninvolvinganucleotidethatcompeteswithacapanalogora 

nonextendingmono-ordi~nucleotidethatcanbeincorporatedatthe5'endofthetranscript.  
a 

ThusitisspecificallycontemplatedthatanyembodimentinvolvingGTPorafunctional 

analogthereofasthecompetingnucleotidecanbeimplementedwithrespecttoadifferent 

nucleotideornucleotideanalog.ThemethoddoesnotdependonwhetherGTPand/ora 

functionalanalogthereofareusedsolongastheanalogisincorporatedataratesimilarto 

GTPbythepolymeraseintotheelongatedtranscript.Theterm"functionalanalogofGTP" 

asusedhereinreferstoextendingnucleotidesandthusexcludesanycapanalogsas 

definedbelow.  

[287j InsomeembodimentsastaffingconcentrationofGTPorafunctionalanalogthereof 

limitstherateoftranscription. S 

UsingastartingconcentrationofGTPorafunctionalanalog 

supplementingthereactionwithGTPorafunctionalanalogthereofispreferredbecause 

GTPcompeteswitha5'capor5'capanalogincertainreactionssuchasreactions e usingT7 
SP6orT3polymerase.Itwillbeunderstoodhoweverthattheinventionisnotlimitedto 

GTPoraGTPanalog.IncertainembodimentsUTPorafunctionalanalogthereofispresent 
U 

inastartingamountthatislimitingtothereactionandamethodaccordingtotheinvention 

compnsessupplementingthereactionmixwithUTPorafunctionalanalogthereof.In 

certainembodimentsUTPorafunctionalanalogthereofandGTPorafunctionalanalog 

thereofarepresentinastartingamountthatislimitingtothereactionandamethod 

accordingtotheinventioncomprisessupplementingthereactionmixwithUTPora 

functionalanalogthereofandGTPorafunctionalanalogthereof 
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I 

12881 In.someembodimentsGTPorafunctionalanalogthereofispresentinaninvitro 

transcriptionreactionatastartingconcentrationthatlimitstherateoftranscription.Insome 

embodimentsGTPorafunctionalanalogthereofispresentinaninvitrotranscription 

reactionatastarting .3 

concentrationthatislowerthanthestartingconcentrationofatleast 
oneorallofATPorafunctionalanalogthereofand/orCTPorafunctionalanalogthereof 

InsomeembodimentsthestartingconcentrationofGTPorafunctionalanalogthereofisat 

least30%lower(includinge.g.,atleast40%,atleast50%,atleast60%,atleast70%,at 

least80%,atleast90%lower)thanthestaffingconcentrationofatleastoneorallofATPor 

afunctionalanalogthereofand/orCTPorafunctionalanalogthereofInsome 
* embodimentstheratioofthestartingconcentrationofGTPorafunctionalanalogthereofto 

thestartingconcentrationofatleastoneorallofATPorafunctionalanalogthereofand/or 

CTPorafunctionalanalogthereofisabout1:1.3orlowerincludinge.g.,I:1.4~I:I.5;1:2, 
1:2.5'13'1:3.5;1:4;1:4.5;1:5;1'6"~1:7;1:8,1:9;1:10;1:11'1:12;1:13;1:14;l:I5~1:16 

, a U 

I:I7;1:I8;1:I9;1:20,orlower.Insomeembodimentstheratioofthestaffingconcentration 

ofGTPorafunctionalanalogthereoftothestaffingconcentrationofatleastoneorallof 

ATPorafunctionalanalogthereofand/orCTPorafunctionalanalogthereofisaboutI:I.3 

toabout1:20,orabout1:1.5toabout1:15,orabout1:5toabout1:15,orabout1:8toabout 

I:I2.insomesuchembodimentsthestartingconcentrationofATPorafunctionalanalog 

thereofand/orCTPorafunctionalanalogthereof 
S [289] Insomeembodimentsaninvitrotranscnptionreactionissupplementedatleastonce 

withGTPorafanctionalanalogthereofoverthecourseofthereaction.Insome 

2ormoreincludinge.g.,2,3,4,5,6,7,8,9,10,11,12,13,14,15ormore)withGTPora 

functionalanalogthereofoverthecourseofthetranscriptionreaction.Insome 

embodimentssupplementationofGTPorafunctionalanalogthereofisperformedwhenits 
e concentrationinthereactionmixtureisneardepletion.Insomeembodiments 

supplementationofGTPorafunctionalanalogthereofisperformedwhenitsconcentration 

inthereactionmixtureislessthan100uM,90uM,80uM,70uM60uM,50uM,40uM, 

30uM,20tiM,10uMSuM,3uM,2,uMIuM,500nM,250nM,200nM,100nM,50 

nM25nMorlower.  

17290JInsomeembodimentsGTP(orafunctionalanalogthereof)supplementationmaybe 
a performedcontinuouslyduringthecourseofthetranscnptionreaction.Forexamplein 

someembodimentsGTP(orafunctionalanalogthereoflsupplementationmaybe 
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performedinacontinuousmannerataratethatiscomparableto(e.g.,within10%orlower) 

ofitsconsumptionrate.InsomeembodimentsGTP(orafunctionalanalogthereof) 

supplementationmaybeperformedataratesuchthataftersuchsupplementationGTPor 

functionalanalogthereofispresentinthereactionataconcentrationlowerthanthatofATP 

orfunctionalanalogthereofaM/orCTPorfunctionalanalogthereof 

[291j InsomeembodimentsGTP(orafunctionalanalogthereof)supplementationmaybe 
a performedperiodicallyduringthecourseofthetranscriptionreaction.Insome 

embodimentsGTP(orafunctionalanalogthereof)supplementationmaybeperformedina 

periodicmannersuchthataftereachaddition@TPorfunctionalanalogthereofispresentin 

thereactionataconcentrationlowerthanthatofoneormoreandinsomeembodimentsall 

ofATPorfunctionalanalogthereofand/orCTPorfunctionalanalogthereofinsome 

embodimentssuchperiodicsupplementationmaybeperformedasoneormorebolusor 

batchaddition(s),includinge.g.,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15ormorebolus 

orbatchaddition(s).Insomeembodimentssuchperiodicsupplementationmaybe 

performedbyafed-batchprocess.Insomeembodimentssupplementingmaycompnse 

supplementingacompositioncomprisingGTPorafunctionalanalogthereofandcomprising 

furthercomponentssuchasbufferpolymeraseCTPorafunctionalanalogthereotUTPor 

afunctionalanalogthereofATPorafunctional.analogthereoforothercomponentsthat 
'p maybepresentinatranscriptionreactionmixasdescribedherein.Insomeembodiments, 

supplementingGTPorafunctionalanalogthereofdoesnotcomprisesupplementingATPor 

CTPorfunctionalanalogsthereof 

duringsupplementationissameasthestaffingconcentrationofGTPorafunctionalanalog 

thereofInsomeembodimentstheconcentrationofGTPorafunctionalanalogthereof 

addedduringsupplementationislowerthanthestaffingconcentrationofGTPora 

functionalanalogthereofe.g.,atleastI0%lower(includinge.g.,atleast20%,atleast 

30%,atleast40%,atleast50%,atleast60%,atleast70%,atleast80%,atleast90%lower) 

thanthestartingconcentrationofGTPorafunctionalanalogthereof 

[2931 InsomeembodimentsGTP(orafunctionalanalogthereof)supplementationis 

performedataconcentrationand/oratarateormannersuchthattheratioofthe 

concentrationofGTPorafunctionalanalogthereoftotheconcentrationofATPora 

functionalanalogthereofand/orCTPorafunctionalanalogthereof U 

(dunngthecourseof 
thereaction)ismaintainedsubstantiallythesame(e.g.,within10%orless)astheinitial 
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ratiooftheconcentrationofGTPorafunctionalanalogthereoftothestartingconcentration 

ofATPorafunctionalanalogthereofand/orCTPorafunctionalanalogthereof(atthe 

beginningofthereaction).  

[294J InsomeembodimentsGTPorafunctionalanalogthereofissupplementeduntilthe 

endofthetranscriptionreaction.  

[295J InsomeembodimentsGTPorafunctionalanalogthereofispresentinaninitial 

transcriptionreactionatastartingconcentrationof0.1to2mMor0.1toI.5mMor0.1toI 

mMor0.5to2mMorIto2mM.InsomeembodimentsGTPorafunctionalanalog 

thereofismaintainedduringth.ecourseofaninvitrotranscriptionreactionata 

concentrationofO.1to2mMorO.itol.5mMorO.ltolmMorO.Sto2rnMorito2 

mM.  

[296j Insomeembodimentsnon-UTPsupplementationdoesnotincludesupplementation 

ofCTPorfunctionalanalogthereoforATPorfunctionalanalogthereof 

[297J Insomeembodimentswherenon-UTPsupplementationisperformedsuchnon-UTP 

supplementationcanbeperformedconcurrentlywithUTPsupplementationoverthecourse 

ofthereaction.Insomeembodimentsnon-UTPorfunctionalanalogthereofandUTPor 

functionalanalogthereofcanbeaddedtoareactionmixtureasasinglecomposition.In 

someembodimentsnon-UTPorfunctionalanalogthereofandUTPorfunctionalanalog 

thereofcanbeaddedtoareactionmixtureasseparatecompositionsforexampleeachatthe 

sameordifferentconcentrationsand/oreachintroducedatthesameordifferentflowratesto 

areactionmixture).insomeembodimentssuchnon-UTPsupplementationandUTP 

(e.g 4 ,asdescribedherein)whileanotherisperformedperiodically(e.g.,asdescribedherein).  

[298J InsomeembodimentssupplementinganucleotidesuchasUTPand/orGTPora 

functionalanalogthereofincludessupplementingmorethanonetypeofnucleotidee.g., 

supplementingmorethanonefunctionalanalogofUTPand/orGTP.Forexampleinsome 

embodimentssupplementingthereactionmixduringthetranscriptionreactioncomprises 

supplementin.gUTPandpseudo-IJTP.Insomeembodimentssupplementingthereaction 

transcnptionreactioncorn.pnsessupplementingUTPpseudo-UTPandGTP.  
reaction Insomeembodimentssupplementingthereactionmixduringthetranscription a 

comprisessupplementingpseudo-UTPand/orImmethylpseudoaUTPandGTP.Insome 

embodimentssupplementingmorethantypeofnucleotideresultsinsupplementingamounts 

ofUTPand/orGTPorfunctionalanalogsthereofthatresultinexcessofUTPand/orGTPor 
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functionalanalogsthereofinthereactionmix.Insomeembodimentssupplementingmore 

thanonefunctionalanalogofUTPand/orGTPdoesnotresultinsupplementingamountsof 

UTPand/orGTPorfunctionalanalogsthereofthatwouldresultinexcessofUTPand/or 

GTPorfunctionalanalogsthereofinthereactionmix.  

[299j InsomeembodimentsamethodforincreasingtheyieldofcappedRNAtranscript 

and/orfordecreasingdsRNA compnse:incubatingcomponentsforatranscriptionand 

cappingreactionunderconditionstopromotepolymerizationofthetranscriptwhereinthe 

concentrationofa5'capanalogismaintainedinthereactionataratioofbetweenaboutI:1 

andabout50:1relativetotheconcentrationofacompetingnucleotidecomponentby 

multipleadministrationofthecompetingnucleotidecomponent.inspecificembodiments 

thecompetingnucleotideisGTPorafunctionalanalogthereofInreactionsinvolvingT7 

T3,orSP6RNApolymerasethecompetingnucleotideistypicallyGTPorafunctional 

analogthereofitisspecificallycontemplatedthatanyembodimentinvolvingtheuseof 

GTPorafunctionalanalogthereofinaybesubstitutedwithanothernucleotidetriphosphate 

orfunctionalanalogthereofwhenusinganRNApolymerasethatemploysthatparticular 

nucleotideatthe+Iposition.Thepresentinventionalsorelatestomethodsforincreasing 

theyieldofcappedtranscriptsand/orfordecreasingdsRNAinaninvitrotranscriptionand 

cappingreactioncomprising:incubatingreactioncomponentsunderconditionsthatenable 
S transcriptionwhereintheconcentrationofGTPorafunctionalanalogthereofinthe 

reactionismaintainedataconcentrationbetweenabout0.2mMandabout2.0mMandthe 

concentrationofothernucleotidesisatleastabout0.2mMforatleast30minutesduringthe 

[300] MoreoverthepresentinventionrelatestomethodsofproducingRNAwitha 

nonextendingnucleotideatthe5'endcomprisingintroducinganucleotidethatcompetes 

withthenon-extendingnucleotidebyafed-batchprocesstoatranscriptionreaction 

comprisingRNApolymeraseandthenon-extendingnucleotide.Inparticularembodiments, 

thenon-extendingnucleotideisnotafunctionalcapanalog.Itisspecificallycontemplated 

thatanyembodimentdiscussedwithrespecttoGTPoraGTPanalogmaybeimplemented 

withrespecttoanothernucleotidesolongasthatnucleotidecompeteswithanon-extending 

nucleotideatthe5' endandviceversa.Furtherm.oreitwillalsobeunderstoodthatany 

embodimentdiscussedwithrespecttoa5caporScapanalogcanbeimplementedwith 

respecttoanonextendingnucleotidecapableofbeingaddedonlytothe5'endofthe 

transcnptandviceversa.  
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[301] Incertainembodimentsthereactioncanbesupplementedwitha5'capora5'cap 
t analogduringthecourseofthetranscriptionand/orcappingreaction.Incertain 

embodimentsthereactionisnotsupplementedwitha5'capora5'capanalogduringthe 

courseofthetranscriptionand/orcappingreaction.  

[302] Insomeembodimentsoneofthecomponentssupplementedtothereactione.g.,by 

afed-batchprocessisanucleotide.Insomecasesmorethanonenucleotideisintroducedby 

thefed-batchprocess.ForexamplebothUTPandGTPnucleotidesorfunctionalanalogs 

thereofmaybesupplementedbyafed-batchprocessorUTPandafunctionalanalogthereof 

maybesupplementedbyafed-batchprocessand/orGTPandafunctionalanalogthereof 

maybesupplementedbyafed-batchprocess.Infurtherembodimentsallofthenucleotides 

aresupplementedbyafed-batchprocess.Oneormoreofthenucleotidesinthereactionmay 
beamodifiednucleotidesuchasafunctionalanalogofanucleoside II 

tnphosphatedescribed 

herein.Non~capnucleotktesmaybemodifiedbutstillbefunctionalinthattheymaybe 
9 incorporatedatthe3' endontoapolymenzedtranscflpt~thatisthesenon-capmodified 

nucleotidesareextendablebecausetheyhavea5'triphosphate.  

[303] insomeembodimentsaprogrammablepumpmaybeusedforsupplementation.In 

someembodimentsaprogrammablesyringepumpmaybeusedforexampleto 

automaticallyperformstep-wiseadditionofoneormorereactioncomponents.Alternatively 

oradditionallyinsom.eembodimentsamonitor(e.g.,asensor)maybeutilizedtodetect 

level(s)ofoneormorecomponents;insomesuchembodimentsamonitormay 

communicateautomaticallywithapumpforexamplesothatadditionalfeedsmaybe 

component(.  
[3041 InsomeembodimentsfollowingRNAtranscriptionaDNAtemplatecanbe 

removedorseparatedfromaninvitrotranscriptionRNAcompositionforexampleusing 

methodsknowninthearte.g.,DNA S 

hydrolysis.  
[3051 InsomeembodimentsanRNaseinhibitormaybeaddedduringDNAremovalor 

digestiontoprotectRNAfrompotentialdegradation.Insomeembodimentsachelating 

agentmaybeaddedtoaDNase-treatedtranscriptionmixturestocomplexwithdivalentions 

thatmaybeadded a 

duringinvitrotranscriptionreaction.Anexemplarychelatingagentmay 
beorcompriseethylenediaminetetraaceticacid(EDTA).Insomeembodimentsupon 

additionofchelatingagentthetemperaturemaybeshiftedatleast1 0 C(includinge.g.at 

least20 C,30 C,40 C,50 C,60 C,70 C80 C,90 C,100 Cormore).  
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13ioreactor 

[306] Insomeembodimentsatranscriptionreactionisconductedin,(i.e.,using)a, 

bioreactordescribedherein.  

[307j AsnotedhereininsomeembodimentsatranscriptionreactionisconductedatapH 

ofabout6,6.5,7,7.5,8,or9.InsomeembodimentsasuitablepHvalueforatranscription 

reactionmaybeapproximately7.5~8.5.InsomeembodimentsthepHvalueisabout6.0, 

6.1,6.2,6.3,6.4,6.5,6.6,6.7,6.8,6.9,7.0,7.17.2,7.3,7.4,7.5,7.67.7,7.8,7.9,8.0,8.1, 

8.2,8.3,8.4,8.5,8.6,8.7,8.8,8.9,9.0.InsomeembodimentsthepHvalueisabout6-8.5.  

InsomeembodimentsthepHvalueisfrom6to8.5from6.5to8.0,from7.0to~~5:Sinsome 

embodimentsthepHvalueis7.5. insomeembodimentsthepHvalueofthereactionmixis 

keptessentiallyconstantoverthecourseofthetranscriptionreactione.g.,byusinga 

suitablebuffer.BufferssuitableforadjustingpHvalueareknownintheartanddescribed 

hereinandinclude a 

withoutlimitationNaOHbufferKOHbufferorHCIbuffer.Insome 
embodimentsthebufferhasapHvalueasdescribedhereine.g.,from6to8.5,from6.5to 

8.0,from7~Oto7.5,or75.Insomeembodimentsabufferisselectedfromthegroup 

consistingof80mMHEPES/KOHpH7.5and40mMTris/HClpH7.5~Insome 
S S 

embodimentskeepingthepHvalueconstantand/orrnoni.tonngthepHvalueoverthe 
S 

courseofatranscription.reactionisdoneini.e.,usingabioreactor.  

I3~81Insomeembodimentstheprogressofthetranscriptionreactionismonitoredinreal 
time.insomeembodimentsmonitoringtheprogressofthetranscriptionreactionis 

cellforUV260/280nmmeasurement.  
~4~ [3091 Theterm"bioreactoror"transcriptionreactorasusedhereinreferstoavesselsuch 

asachamberortesttubeorcolumnwhereinatranscriptionreactioniscriedoutunder 

specificconditionssuchasdescribedherein.Bioreactorsfortranscriptionareknowninthe 

art(seeWO1995/08626andEP3155129).Abioreactortypicallyisconfiguredsuchthat 

reactioncomponentsaredeliveredbyafeedlinetothereactorcoreandRNAproductsare 

removedbypassingthroughanultrafiltrationmembrane(seeEP3155129andvande 

Merbel,(1999),1Chromatogr.A856(1-2):55-82)totheexitstream.Abioreactorusefulin 

methodsof'thepresentinventionmaycompriseareactionmoduleforcarryingout 

transcriptionreactionsacapturemodulefortemporarilycapturingthetranscribedRNA 

moleculesandacontrolmoduleforcontrollingtheinfeedofcomponentsofthereaction 

mixintothereactionmodulewhereinthereactionmodulemaycompriseafiltration 
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membraneforseparatingnucleotidesfromthereactionmixandthecontroloftheinfeedof 

componentsofthereactionmixbythecontrolmodulemaybebasedonameasured 

concentrationofseparatednucleotides.Thebioreactormaybethermallyregulatedto 

maintainaccuratelyaspecifictemperaturesuchasthetemperatureofthetranscription 

reactionasdescribedhereine.g.,usuallybetween4 0 Cand400 C.Thebioreactormay 

compriseaninflowfeetandanexitport.Thebioreactormayallowforstirringthereaction 

mixduringthetranscriptionreactione.g.,atvariableratesofstirring.Stirringmaybe 

continuousordiscontinuoussuchasinintervals.  

(3101 Abioreactorforuseaccordingtotheinventioncanbeofanysizesolongasitis 

usefulfor transcription.ForexampleinsomeembodimentsabioreactorcanbeatleastO~2 

literormoresuchas0.2,0.3,0.4,0.5,0.6,O~7,0.8,0.9,1.0,1.1,1.21.3,14,1.5,1.6,1.7, 

1~8,1.9,2,3,4,5,6,7,8,9,10,15,20,25,30,35,40,45,50litersormoreoranyvolume 

inbetween.TheinternalconditionsofthebioreactorincludingbutnotlimitedtopHand 

temperaturearetypicallycontrolledduringatranscriptionreactionasdescribedherein.The 

bioreactorcanbecomposedofanymaterialthatissuitableforaInvitrotranscriptionunder 

theconditionsasdescribedhereinincludingglassplasticormetal.  

[31lj Insomeembodimentsabioreactormaybeequippedwithapumpforsupplementing 

thereactionmix.Insomeembodimentsaprogrammablepumpmaybeusedfor 

supplementation.insomeembodimentsaprogrammablesyringepumpmaybeusedfor 

exampletoautomaticallyperformstep-wiseadditionofoneormorereactioncomponents.  

Alternativelyoradditionallyinsomeembodimentsamonitor(e.g.,asensor)maybe 

maycommunicateautomaticallywithapumpforexamplesothatadditionalfeedsmaybe 

releasedupondetectionofareducedamountofsuchcomponent(s).  

Uses 

[312j InmanyembodimentsRNAproductproducedbymethodsdescribedhereinhasa 

reducedamountofdsRNAcontaminantascomparedtoRNAproductproducedbya 

processinwhichUTPislimitingduringinvitrotranscriptionprocess.Insome 

embodimentssuchRNAproducthasalowlevelofdsRNAcontaminantthatdoesnot 

requireapurificationprocesstoremovedsRNAcontaminant.Insomeembodimentssuch 

RNA(e.g.,nIRNA)istherapeutic.InsomeembodimentssuchRNA(e.g.,mRNA)isa 

phannaceutical-gradeproduct.  
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[313j InsomeembodimentsoneormoreRNAs(e.g., single-strandedRNAs)canbe 

formulatedwithlipidnanopartielesorcomplexedwithliposomestoproduce 

pharmaceutical-gradecompositionsorpreparationscomprisingRNA-LNPsorRNA

lipoplexes.Insomeembodimentslipidnanoparticlesarelipidnanoparticlescomprisingone 

ormorecationicorionizablelipidse.g.,asknownintheart.Insomeembodiments,. lipid 

nanoparticlesmaycompriseatleastonecatiorncorionizablelipidatleastonepolymer

conjugatedlipidandatleastonehelperlipid(e.g., atleastoneneutrallipidsuchase.g.,a 

phospholipidand/orsterol).  
a [314J InsomeembodimentssuchRNAproductdescribedhereincanbeadministeredto 

subjectinneedthereof(e.g.,whowouldbenefitfromexpressionofencodedpolypeptide 

forexampleasreplacementortostimulateorenhanceimmuneresponse),typicallyinsoirie 

embodimentsviaincorporationinLNP.  

13151 TreatmentofaconditionandVaccination:InmanyembodimentsprovidedRNA 

products(e.g.,preparationsmanufacturedthoughuseofaprocessasdescribedherein)are 

utilizedfortreatmentofaconditionand/orfor e 

1316J Theterm"4 orvaccinationgenerallyreferstoaprocessoftreatinga 

subjectfortherapeuticorprophylacticreasons.Atreatmentparticularlyaprophylactic 

treatmentisorcompnsespreferablyatreatmentaimingtoinduceorenhanceanimmune 

responseofasubjecte.g.againstoneormoreantigens.Ifaccordingtothepresent 

inventionitisdesiredtoinduceorenhanceanimmuneresponsebyusingRNAasdescribed 

hereintheimmuneresponsemaybetriggeredorenhancedbytheRNA.Insome 
4 

preferablythevaccinationofasubject.Anembodimentofthepresentinventionwhereinthe 

RNAoftheinventionencodesasaproteinofinterestapharmaceuticallyactivepeptideor 

proteinwhichisanimmunologicallyactivecompoundoranantigenisparticularlyusefulfor 

vaccination.WhenaimedattreatingaconditionRNAoftheinventionpreferablyencodesa 

peptideorproteinoranucleicacid(e.g.,therapeuticnucleicacidsincludingwithout 

limitationsiRNAsliRNAmiRNAetc.)capableorsufficienttotreatsaidcondition.  

13171 Thetermssubject"and"individual"areusedinterchangeablyandrelateto 

mammals.Forexamplemammalsinthecontextofthepresentinventionarehumansnon

humanprimatesdomesticatedanimalssuchasdogscatssheepcattlegoatspigshorses 

etc.,laboratoryanimalssuchasmiceratsrabbitsguineapigsetc.aswellasanimalsin 

captivitysuchasanimalsofzoos.Thetermanimal"asusedhereinalsoincludeshumans.  
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Thetermsubject"mayalsoincludeapatientUye.,ananimalpreferablyahumanhavinga 

disease.  
e e [318J Agents(e.g.,RNAproducts)andcompositionsdescribedhereinarepreferably 

administeredineffectiveamounts.An"effectiveamount"referstotheamountwhich 

achievesadesiredreactionoradesiredeffectaloneortogetherwithfurtherdoses.Inthe 

caseoftreatmentofaparticulardiseaseorofaparticularconditionthedesiredreaction 

preferablyrelatestoinhibitionofthecourseofthedisease.Thiscomprisesslowingdownthe 

progressofthediseaseandinparticularinterruptingorreversingtheprogressofthe 

disease.Thedesiredreactioninatreatmentofadiseaseorofaconditionmayalsobedelay 

oftheonsetorapreventionoftheonsetofsaiddiseaseorsaidcondition.  

[319J Aneffectiveamountofanagentorcompositiondescribedhereinwilldependonthe 

conditiontobetreatedtheseverityofth.ediseasetheindividualparametersofthepatient 
a includingagephysiologicalconditionsizeandweightthedurationoftreatmentthetype 

ofanaccompanyingtherapy(ifpresent),thespecificrouteofadministrationandsimilar 

factors.Accordinglythedosesadministeredoftheagentsdescribedhereinmaydependon 

severaloftheseparameters.Inthecasethatareactioninapatientisinsufficientwithan 

initialdosehigherdoses(oreffectivelyhigherdosesachievedbyadifferentmorelocalized 

routeofadministration)maybeused.  

Kits 

componentsusefulforproducinganRNAaccordingtotheinventionand/orkitscomprising 

suchasanRNAproducedbythemethodoftheinvention.Insomeembodimentsakitmay 
S compriseexcipientsdiluentsearnersetce.g.,whicharepharmaceuticallyacceptable.In 

a someembodimentsakitcompnsesapreparationofanRNAproductproducedasdescribed 

hereinandoneormorepharmaceuticallyacceptableexcipientsdiluentscarriersetc.in 

someembodimentsaprovidedkitincludesoneormoreimplementsforadministration(e.g., 

asyringeorvialorIVbag),orcomponentsthereofInsomeembodimentsaprovided 

includesoneormoreimplementsfordilution.  

[321J Insomeembodimentsvariousconstituentsofthekitarepresentasseparateentities.  

Forexampleakitthat cornpnsestwoormorenucleicacidmolecules(e.g.,twoormore 

RNAproductsasdescribedherein)mayincludetheminseparatecontainers.Alternatively 

oradditionallyakitmayincludeoneormorenucleicacidmoleculesinoneormore 
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containersandoneormoreothercomponents(e.g.,bufferscarriersdiluentsexcipients, 
S ete)inoneormorecontainersseparatefromanycontainerthatincludesanucleicacid.  

[322J Insomeembodimentsseparatecontainersmaybeopencontainersorclosed 

containers.Insomeembodimentssomeorallcontainersareclosedcontainers.  

[323j InsomeembodimentsanycontainerthatincludesanRNAoracomponent(e.g.,a 

buffercaterdiluentexcipientete)tobecombinedwithanRNAisRNAse-freeor 

essentiallyRNAse-free.  

13241 In.someembodimentsakitofthepresentinventioncomprisesRNAforinoculation 

. withacelland/orforadministrationtoahumanoranimalsubject.Insomeembodimentsan 

RNApreparationisfrozen.In.someembodimentsanRNApreparationisdry.Insome 

embodimentsanRNApreparationcompriseslipids(e.g.,LNPs).  
.3 [325] Thekitaccordingtothepresentinventionoptionallycomprisesalabelorotherform 

earner.Thelabelorinformationelement 
ofinformationelemente.g.anelectronicdata '5 

preferablycompnsesinstructionse~g.printedwritteninstructionsorinstructionsin 

electronicform.thatareoptionallyprintable.Theinstructionsmayrefertoatleastone 

suitablepossibleuseofthekit.  

RNAPre~~ati~ns and Compositions 

ifs.........-.-.---.

S [326J AsdescribedhereinthepresentdisclosureprovidesvariouspreparationsofRNA 

productsand/orothercompositionsthatcompriseRNA(e.g.,RNAproducedasdescribed 

herein).  

inventione~g.,acomparatorcompositionwhichcontainslessdouble-strandedRNA 
a comparedtoacompositionnotobtainablebyamethodoftheinvention.  

1328i Insomeembodimentsaprovidedcompositionispurified;insomeembodimentsit 

maynotbepurified.IfnotfurtherpurifiedacompositioncomprisingRNAmayfurther 

compriseotherchemicalsandmoleculese.g.,componentsofatranscriptionmixusedfor 

transcribingtheRNADNAtemplatemoleculesenzymessaltsNTPsetc.  

[329] InsomeembodimentsacompositioncomprisingRNAaccordingtothepresent 

invention.ispureenoughtobeusedforsubsequentprocesseswithouttheneedforfurther 

purification.insomeembodimentsacompositioncomprisingRNAaccordingtothepresent 

inventionispureenoughtobeusedforadministrationtocellsand/ortoasubjectinneed 
U thereofInsomeembodimentsacompositioncomprisingRNAaccordingtothepresent 
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inventionneedstobepurifiedsubsequentlytothetranscriptionreactionbeforebeingusedin 

furtherprocesses.InsomeembodimentsacompositioncomprisingRNAaccordingtothe 

presentinventionneedstobepurifiedsubsequentlytothetranscriptionreactionbeforebeing 

usedforadministrationtocellsortoasubjectinneedthereof 

[330j insomeembodimentstheamountofdsRNAproducedbyamethodoftheinvention 

isreducedcomparedtotheamountofdsRNAproducedbyamethodusingequimolar 

amountsofATPCTPGTPUTPorfunctionalanalogsthereofInsomeembodimentsthe 

amountofdsRNAproducedbyamethodoftheinventionisreducedcomparedtothe 

amountofdsRNAproducedbyamethodusingequirnolaramountsofATPCTPGTP 

UTPorfunctionalanalogsthereofbyatleastI0%,suchasatleastI5%,atleast20%,at 

least25%,atleast30%,atleast35%,atleast40%,atleast45%,preferablyatleast50%,at 

least55%,atleast60%,atleast65%,atleast70%,atleast75%,atleast80%,atleast80%, 

atLeast90%,atleast95%,orI00%.PreferablytheamountofdsRNAproducedbya 

methodoftheS isreducedcomparedtotheamountofdsRNAproducedbya 

methodusingequirnolaramountsofATPCTPGTPUTPorfunctionalanalogsthereof 

byatleastatleast40%,atleast41%,atleast42%,atleast43%,atleast44%,atleast45%, 

atleast46%,atleast57%,atleast48%,atleast49%,atleast60%,atleast51%,atleast 

52%,atleast53%,atleast54%,atleast55%,atleast56%,preferablyatleast57%,atleast 

58%,atleast59%,atleast60%ormore.  

[3311 InsomeembodimentstheyieldofRNAproducedbyamethodoftheinventionis 

increasedcomparedtotheyieldofRNAproducedbyamethodusingequimolaramountsof 

RNAproducedbyamethodoftheinventionisincreasedcomparedtotheyieldofR.NA 

producedbyamethodusingequimolaramountsofATPCTPGTPUTPorfunctional 

analogsthereotbyatleast10%suchasatleastI5%,atleast20%,atleast25%,atleast 

30%,atleast35%,atleast40%,atleast45%,preferablyatleast50%,atleast55%,atleast 

60%,atleast65%,atleast70%,atleast75%,atleast80%,atleast80%,atleast90%,at 

least95%,or100%.PreferablytheyieldofRNAproducedbyamethodoftheinventionis 

increasedcomparedtotheyieldofRNAproducedbyamethodusingequimolaramountsof 

ATPCTPGTPUTPorfunctionalanalogsthereofbyatleastatleast40%,atleast41%, 

atleast42%,atleast43%,atleast44%,atleast45%,atleast46%,atleast57%,atleast 

48%,atleast49%,atleast60%,atleast51%,atleast52%,atleast53%,atleast54%,at 
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least55%,atleast56%,preferablyatleast57%,atleast58%,atleast59%,atleast60%or 

more.  

13321 InsomeembodimentsoneormoreRNAs(e.g.,single-strandedRNAs)canbe 

formulatedwithlipidnanoparticlesorcomplexedwithliposomestoproduce 

pharmaceuticalagradecompositionsorpreparationscomprisingRNA-LNPsorRNA

lipoplexes.Insomeembodimentslipidnanoparticlesarelipidnanoparticlescomprisingone 

ormorecationicorionizablelipidse.g.,asknownintheart.Insomeembodimentslipid 

nanoparticiesmaycompriseatleastonecationicorionizablelipidatLeastone 

polymerconjugatedlipidandatleastonehelperlipid(e.g.,atleastoneneutrallipidsuchas, 

e.g.,aphospholipidand/orsterolj 

Pharmaceutical Compositions 

13331 InsomeembodimentsanRNAofthepresentinventionsuchasanRNAproduced 

bythemethodofthepresentinventionmaybepresentin.theformofapharmaceutical 

composition.Apharmaceuticalcompositionaccordingtotheinventionmaycompriseat 

leastoneRNAmoleculeaccordingtothepresentinvention.Apharmaceuticalcomposition 

accordingtotheinventionmayfurthercompriseanyoneormoreofapharmaceutically 

acceptablediluentexcipient, earnerand/orvehicle.Thechoiceofpharmaceutically 
F 

acceptableearnervehicleexcipientordiluentisnotparticularlylimited.Anysuitable 

pharmaceuticallyacceptablecatervehicleexcipientordiluentknownintheartmaybe 

[334J Theterm4' Cearner~referstoanorganicorinorganiccomponentofanaturalornon

natural(synthetic)naturewithwhichtheactivecomponentiscombinedinorderto 
4' 

facilitateenhanceorenableapplication.Accordingtotheinventionthetermcarrier"also 
includesoneormorecompatiblesolidorliquidfillersdiluentsorencapsulatingsubstances, 

whicharesuitableforadministrationtoapatient.  
S 

[339 Possibleearnersubstancesforparenteraladministrationaree.g.,sterilewater 

glucosesolutionsRingerRingerlactatesterilesodiumchloridesolutionpolyalkylene 

glycolshydrogenatednaphthalenesandinparticularbiocompatiblelactidepolymers, 

lactide/glycolidecopolyrnersorpolyoxyethylene/polyoxy-propylenecopolymers.  

[336j Pharmaceuticalcompositionsdescribedhereinmaybeadministeredviaany 

conventionalroutesuchasbyparenteraladministrationincludingbyinjectionorp 
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Administrationispreferablyparenterallye.g.intravenousiyintraarteriallysubcutaneousiy, 

inthelymphnodeintradermallyorintramuscularly.  

[3371Insomeembodimentsofthepresentinvention, apharmaceuticalcompositioncan 

furthercompriseasolventsuchasanaqueoussolventoranysolventthatmakesitpossible 

topreservetheintegrityoftheRNA.Insomeembodimentsthepharmaceuticalcomposition 

isanaqueoussolutioncomprisingRNA.Theaqueoussolutionmayoptionallycomprise 

solutese.g.salts.  

[338j Insomeembodimentsofthepresentinventionapharmaceuticalcompositionisin 

thefonnofafreeze-driedcomposition.Afreeze-driedcompositionisobtainablebyfreeze

dryingarespectiveaqueouscomposition.  

[3391 Compositionssuitableforparenteraladministrationusuallycompriseasterile 
S 

aqueousornon-aqueouspreparationoftheactivecompoundwhichispreferablyisotonicto 

thebloodoftherecipient.ExamplesofcompatiblecarriersandsolventsareRingers 

solutionandisotonicsodiumchloridesolution.Inadditionusuallysterilefixedoilsare 

usedassolutionorsuspensionmedium.  
a 

[340J Insomeembodimentsapharmaceuticalcompositioncompnsesatleastonecationic 

entity.ingeneralcationiclipidscationicpolymersandothersubstanceswithpositive 

chargesmayformcomplexeswithnegativelychargednucleicacids.Itispossibleto 

stabilizetheRNAaccordingtotheinventionbycomplexationwithcationiccompounds, 
U 

preferablypolycationiccompoundssuchasforexampleacationicorpolycationicpeptideor 
e protein.insorn.eembodimentsthepharmaceuticalcompositionaccordingtothepresent 

protaminepolyethyleneimineapoly-L-lysineapoly-L-arginineahistoneoracationic 

lipid.  

13411Insomeembodimentsacationiclipidusefulinaccordancewiththepresent 
inventionisacatiorneamphiphulicmoleculee.g.,amoleculewhich S 

comprisesatleastone 

hydrophilicandlipophulicmoiety.insomeembodimentsacationiclipidcanbe 

monocationicorpolycationic.Cationiclipidstypicallyhavealipophilicmoietysuchasa 

sterolanacylordiacylchainandhaveanoverallnetpositivecharge.Theheadgroupof 

thelipidtypicallycarnesthepositivecharge.Thecationiclipidpreferablyhasapositive 

chargeofItoI0valencesmorepreferablyapositivechargeofIto3valencesandmore 

preferablyapositivechargeof1valence.Examplesofcationiclipidsincludebutarenot 

limitedtoI,2-di-O-oetadecenyl-3-trimethylammoniumpropane(DOTMA); 
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dimethyldioetadecylammonium(DDAB);I,2-dioleoyl-3-trimethyl.ammoniurn-propane 

(DOTAP):I,2~dio1eoy1a3~dimethy1ammoniummpropane(DODAP);I,2mdiacy1oxy~3~ 

dimethylammoniumpropanes~I,2-dialkyloxy-3adimethylairurioniumpropanes; 

dioctadecyldimethylammoniumchloride(DODAC),I,2-dimyristoyloxypropyl-1,3

dimethylhydroxyethylammonium(DMMB), and2,3-dioIeoyloxy-N-[2(spermine 

carboxarnide)ethyl)~dimethyl-I-propanamiumtrifluoroacetate(DOSPA).C eonic 

lipidsalsoincludelipidswithatertiaryaminegroupincludingI,2-di1ino1eyIoxy~NN

dimethyl-3-aminopropane(DLinDMAjCationiclipidsaresuitableforformulatingRNAin 

lipidformulationsasdescribedhereinsuchasliposornesemulsionsandlipoplexes.  

Typicallypositivechargesarecontributedbyatleastonecationiclipidandnegative 

chargesarecontributedbytheRNA.Insomeembodimentsthepharmaceuticalcomposition 
a 

compnsesatleastonehelperlipidinadditiontoacationiclipid.Thehelperlipidmaybea 

neutralorananioniclipid.Thehelperlipidmaybeanaturallipidsuchasaphospholipidor 

ananalogueofanaturallipidorafullysyntheticlipidorhpid4ikemoleculewithno 

similantieswithnaturallipids.inthecasewhereapharmaceuticalcompositionincludes 

bothacationiclipidandahelperlipidthemolarratioofthecationiclipidtotheneutral 
a 

lipidcanbeappropriatelydeterminedinviewofstabilityoftheformulationandthelike.  
I 

[342J Insomeembodimentsapharmaceuticalcompositionaccordingtothepresent 
inventioncomprisesprotamine.Insomeembodimentsprotaminemaybeusefulascationic 

carrieragent.Thetermprotamine"referstoanyofvariousstronglybasicproteinsof 

relativelylowmolecularweightthatarerichinarginineandarefoundassociatedespecially 

'I; 

particularthetermprotarnine"referstoproteinsfoundinfishspermthatarestrongly 
basicaresolubleinwaterarenotcoagulatedbyheatandcomprisemultiplearginine 

monomers.Accordingtotheinventiontheterm'4protamine"asusedhereinismeantto 

compriseanyprotamineaminoacidsequenceobtainedorderivedfromnativeorbiological 

sourcesincludingfragmentsthereofaridmultimericformsofsaidaminoacidsequenceor 

fragmentthereofFurthermorethetermencompasses(synthesized)polypeptideswhichare 

artificialandspecificallydesignedforspecificpurposesandcannotbeisolatedfromnative 

orbiologicalsources.  

[3431 Insomeembodimentscompositionsprovidedbythepresentinventionmay 

compriseoneormoreadjuvants.Adjuvantsmaybeaddedtovaccinestostimulatethe 

immunesystemsresponse;adjuvantsdonottypicallyprovideU themselves.  
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Exemplaryadjuvantsincludewithoutlimitationthefollowing:Inorganiccompounds(eg.  

alumaluminumhydroxidealuminumphosphatecalciumphosphatehydroxide)~mineral 

oil(e.g.paraffinoil),cytokines(e.g.IL-I, JL-2,IL-I2);iinmunostimulatorypolynucleotide 
p 

(suchasRNAorDNAe.g.,CpGacontainingoligonucleotides);saponins(e.g.plant 
saponinsfromQuillajaSoybeanPolygalasenega);oilemulsionsorliposomes;polyoxy 

ethyleneetherandpoiyoxyethyleneesterformulations~polyphosphazene 4 muramyl 
U 

peptides~irnidazoquinolonecompounds;thiosemicarbazonecompounds~theFlt3ligand 

(WO2010/066418Al);oranyotheradjuvantthatisknownbyapersonskilledintheart.A 

preferredadjuvantforadministrationofRNAaccordingtothepresentinventionistheFlt3 

ligand(WO2010/066418Al).WhenFlt3ligandisadministeredtogetherwithRNAthat 

codesforanantigenastrongincreaseinantigen-specificCD8+Tcellsmaybeobserved.  

[344J Insomeembodimentsaphannaceuticalcompositionprovidedbytheinventioncan 

bebuffered,(e.g.,withanacetatebufferacitratebufferasuccinatebufferaTrisbuffera 

phosphatebuffer).  

Host Cells 

13451Insomeembodimentsaphannaceutical(orother)compositionisappropriately 
formulatedforintroductionintoacell;thecellintowhichoneormoreRNAmoleculescan 

beinoculatedi.e.,administeredtocanbereferredtoas"hostcell".Asusedhereinthe 

term"hostcell"referstoanycellwhichcanbetransformedortransfectedwithan 

exogenousRNAmolecule.Theterm"cell"inmanyembodimentsisanintactcelli.e.acell 

enzymesorganellesorgeneticmaterial.Anintactcellinmanyembodimentsisaviabl.e 

celli.e.alivingcellcapableofcarryingoutitsnormalmetabolicfunctions.Theterm"host 

cell"comprisesaccordingtotheinventionprokaryotic(e.g.E.coli)oreukaryoticcells(e.g.  

humanandanimalcellsplantcellsyeastcellsandinsectcells).Exemplarycellsinclude 

thoseofprokaryotesandeukaryotes(single-cellormultiple-cell),bacterialcells(e.g.,strains 

ofE.coliBacillusspp.,Streptomycesspp.,etc.),mycobacteriacellsfungalcellsyeastcells 

(e.g.,S.cerevisiaeS.pombeP. pastorisP.methanolicaetc.),plantcellsinsectcells(e.g., 
.4 SF-9,SF-21,baculovirus-infectedinsectcellsTrichopiusianietc.),non-humananimal 

cellshumancellsorcei.lfusionssuchasforexamplehybridomasorquadromas.Insome 

embodimentsahostcellisahumanmonkeyapehamsterratormousecell. income 
I embodimentsahostcelliseukaryotic.ForexampleaneukaryotichostcellmaybeCR0 
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(e.g.,CHOKIDXB-1ICHOVeggie-CIIO),COS(e.g.,COS-7),retinalcellVeroCVI, 
kidney(e.g.,HEK293,293EBNAMSR293,MDCKHaKBHK),HeLaHepG2W138 

, 

MRC5,Colo2O5HB8065,HLa6O,(e.g.,BHK2I),JurkatDaudiA431(epidennal),CV-1 

U937,3T3,LcellC127cellSP2/ONS-OMMT060562,SertolicellBRL3Acell, 

ETI080cellnayelomacelltumorcelloracelllinederivedfromanaforementionedcell.  

Ofparticularinterestaremammaliancellssuchascellsfromhumansmicehamsterspigs, 

domesticatedanimalsincludinghorsescowssheepandgoatsaswellasprimates.Thecells 

maybederivedfromamultiplicityoftissuetypesandcompriseprimarycellsandcelllines.  

Specificexamplesincludekeratinocytesperipheralbloodleukocytesbonemarrowstem 

cellsandembryonicstemcells.insomeembodimentsahostcellisanantigenspresenting 

cellinparticularadendriticcellamonocyteoramacrophage.Insomeembodimentsa 

composition(e.g.,apharmaceuticalcomposition)providedhereinmaydeliveranucleicacid 

(e.g.,anRNA)toahostcellsothatitbecomespresentinthehostcellinasingleorin 

severalcopiesandinsomeembodimentsS 
isexpressedinthehostcell.  

13461Insomeembodimentsahostcellmaybeaprokaryoticcell;insomeembodimentsa 
hostcellmaybeaeukaryoticcell.  

[347j Insomeembodimentsprokaryoticcellsareutilizedhereine.g.forpropagationof 

DNAaccordingtotheinventionandeukaryoticcellsaresuitablehereine.g.forexpression 

oftheopenreadingframeofthereplicon.  

Certain Embodiments 

F 

I. Amethodof producinganRNAcomprisingtranscribingRNAfromaDNA 

templateusingareactionmixwhichcomprisesadenosinetriphosphate(ATP), 

guanosinetriphosphate(GTP),cytidinetnphosphate(CTP)anduridinetriphosphate 

(UTP),orfunctionalanalogsthereofwhereinthestaffingconcentrationofUTPora 

functionalanalogthereofislowerthanthestartingconcentrationofCTPand/orATP, 

orafunctionalanalogthereof',whereinthemethodcomprisessupplementingthe 

reaction mixduringthecourseofthetranscriptionreactionwithacompositionwhich 

comprisesUTPorafunctionalanalogthereofandissubstantiallyfreeofCTPor 

ATPorafunctionalanalogthereof 

2. AmethodofproducinganRNAcomprisingtranscribingRNAfromaDNA 

templateusingareactionmixwhichcomprisesadenosinetriphosphate(ATP), 
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guanosinetriphosphate(GTP),cytidinetriphosphate(CTP)anduridinetriphosphate 

(UTP),orfunctionalanalogsthereofwhereinthestartingconcentrationofCTPora 

functionalanalogthereofisequaltothestartingconcentrationofATPorafunctional 

analogthereofandwhereinthestartingconcentrationofUTPorafunctionalanalog 

thereofislowerthanthestartingconcentrationofCTPorATPorafunctionalanalog 

thereofwhereinthemethodcomprisessupplementingthereactionmixwithUTPora 

functionalanalogthereof, dunngthecourseofthetranscriptionreaction.  

3* AmethodofproducingacompositioncomprisingRNAhavingareduced 

double-stranded(ds)RNAcontentwhereinthemethodcomprisestranscribingRNA 

fromaDNAtemplate usingareactionmixwhichcomprisesadenosinetriphosphate 
S (ATP),guanosinetriphosphate(GTP),cytidinetnphosphate(CTP)anduridine 

triphosphate(UTP),orfunctionalanalogsthereofwhereinth.estartingconcentration 

ofUTPorafunctionalanalogthereofislowerthanthestaffingconcentrationofCTP 

and/orATPorafunctionalanalogthereofwhereinthemethodcompnses 

supplementingthereactionmixduringthecourseofthetranscnptionreactionwitha 

compositionwhichcomprisesUTPorafunctionalanalogthereotandissubstantially 

freeofCTPorATPorafunctionalanalogthereof 

4. AmethodofproducingacompositioncomprisingRNAhavingareduced 

doublesstranded(ds)RNAcontentwhereinthemethodcomprisestranscribingRNA 

fromaDNAtemplateusingareactionmixwhichcomprisesadenosine S 

S 

triphosphate(UTP),orfunctionalanalogsthereofwhereinthestartingconcentration 

ofCTPorafunctionalanalogthereotisequaltothestartingconcentrationofATPor 

afunctionalanalogthereo4andwhereinthestartingconcentrationofUTPora 

functionalanalogthereofislowerthanthestaffingconcentrationofCTPorATPora 

functionalanalogthereofwhereinthemethodcomprisessupplementingthereaction 

mixwithUTPorafunctionalanalogthereofduringthecourseofthetranscription 
a 

reaction.  

5p Themethodofembodiment3or4,whereinthedouble-stranded(ds)RNA 

contentofthecompositioncomprisingRNAisreducedcomparedtothedsRNA 

contentofacompositioncomprisingRNAtranscribedfromthesameDNAtemplate 

usingequimolaramountsofadenosinetriphosphate(ATP),gauanosinetriphosphate 

106 

(ATP),guanosinetriphosphate(GTP),cytidinetnphosphate(CTP)anduridine



WO20221122689 PCT/EP2021/084488 

(GTP),cytidinetriphosphate(CTP)anduridinetriphosphate(UTP),orfunctional 

analogsthereof 

6. Themethodofanyoneofembodiments3to5,whereintheimmunogenicityof 

thecompositioncomprisingRNAisreducedcomparedtotheimmunogenicityofa 

compositioncompnsingRNAtranscribedfromthesameDNAtemplateusing 

equirnolaramountsofadenosinetriphosphate(ATP),guanosinetriphosphate(GTP), 

cytidinetnphosphate(CTP)anduridinetriphosphate(UTP),orfunctionalanalogs 

thereof 

7. Themethodofanyoneofembodiments1to6,whereinuridinetriphosphate 
S (UTP),orafunctionalanalogthereofispresentinastaffingconcentrationthatlimits 

therateoftranscription.  

8. ThemethodofanyoneofembodimentsIto7, S 

whereintheratioofthestaffing 
concentrationofuridinetriphosphate(UTP),orafunctionalanalogthereo4tothe 

staffingconcentrationofcytidinetriphosphate(CTP)oradenosinetriphosphate(ATP), 

orafunctionalanalogthereofisbetweenaboutI:I.5andabout1:I5.  

9. ThemethodofanyoneofembodimentsIto8,whereinthereactionmixis 

supplementedwithuridinetriphosphate(UTP),orafunctionalanalogthereo4when 

theconcentrationofUTPorafunctionalanalogthereofnearsdepletion.  

I0. ThemethodofanyoneofembodimentsIto9,whereinthereactionmixis 

supplementedatleastoncewithuridinetriphosphate(UTP),orafunctionalanalog 

II. ThemethodofanyoneofembodimentsIto10,whereinthereactionmixis 

supplementedcontinuouslywithuridinetriphosphate(UTP),orafunctionalanalog 

thereofduringthecourseofthetranscriptionreaction.  

12. ThemethodofanyoneofembodimentsItoI0,whereinthereactionmixis 
S.  supplementedperiodicallywithuridinetriphosphate(UTP),orafunctionalanalog 

thereofduringthecourseofthetranscriptionreaction.  

I3. ThemethodofanyoneofembodimentsItoI2,whereinsupplementingthe 

reactionmixwithuridinetriphosphate(UTP),orafunctionalanalogthereofmaintains 

orrestorestheinitialratiooftheconcentrationofUTPorafunctionalanalogthereof, 

totheconcentrationofcytidinetriphosphate(CTP)oradenosinetriphosphate(ATP), 

orafunctionalanalogthereof 
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14. Themethodofanyoneofembodiments1toI3whereinthereactionmixis 

supplementedwithuridinetriphosphate(UTP),orafunctionalanalogthereofuntilthe 

endofthetranscriptionreaction.  

I5. ThemethodofanyoneofembodimentsIto14whereinthestaffing 

concentrationofguanosinetriphosphate(GTP),orafunctionalanalogthereofislower 

thanthestaffingconcentrationofcytidinetriphosphate(CTP)oradenosine 

triphosphate(ATP),orafunctionalanalogthereof 

I6. Themethodofembodiment15whereinguanosinetriphosphate(GTP),ora 

functionalanalogthereofispresentinastaffingconcentrationthatlimitstherateof 

transcription.  

I7. ThemethodofembodimentI5orI6,whereintheratioofthestaffing 

concentrationof guanosinetriphosphate(GTP),orafunctionalanalogthereontothe 
9 

staffingconcentrationofcytidinetriphosphate(CTP)oradenosinetnphosphate(ATP), 

orafunctionalanalogthereotisbetweenaboutI:I.5andabout1:15.  

I8. Themethodofanyoneofembodiments15to17,whereinthereactionmixis 

supplementedwithguanosinetriphosphate(GTP),orafunctionalanalogthereof 

duringthecourseofthetranscriptionreaction.  

19. ThemethodofembodimentI8,whereinthereactionmixissupplementedwith 

guanosinetriphosphate(GTP),orafunctionalanalogthereofwhentheconcentration 

ofGTPorafunctionalanalogthereotnearsdepletion.  

20. ThemethodofanyoneofembodimentsI5toI9,whereinthereaction . S 

supplementedatleastoncewithguanosinetriphosphate(GTP),orafunctionalanalog 
S 

thereofduringthecourseofthetranscnptionreaction.  

21. ThemethodofanyoneofembodimentsI5to20,whereinthereactionmixis 

supplementedcontinuouslywithguanosirretriphosphate(GTP),orafunctionalanalog 

thereofduringthecourseofthetranscriptionreaction.  

22. ThemethodofanyoneofembodimentsI5to20,whereinthereactionmixis 
I 

supplementedperiodicallywithguanosinetriphosphate(GTP),orafunctionalanalog 

thereofduringthecourseofthetranscriptionreaction.  

23. ThemethodofanyoneofembodimentsI5to22,whereinsupplementingthe 

reactionmixwith guanosinetriphosphate(GTP),orafunctionalanalogthereof, 

maintainsorrestorestheinitialratiooftheconcentrationofGTPorafunctional 
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analogthereoftotheconcentrationofcytidinetriphosphate(CTP)oradenosine 

triphosphate(ATP),orafunctionalanalogthereof 

24. ThemethodofanyoneofembodimentsI5to23,whereinthereactionmixis 

supplementedwithguanosinetriphosphate(GTP),orafunctionalanalogthereofuntil 

theendofthetranscriptionreaction.  

25. ThemethodofanyoneofembodimentsIto24whereinthemethoddoesnot 

comprisesupplementingthetranscriptionmixwithcytidinetriphosphate(CTP)and/or 

adenosinetriphosphate(ATP),orafunctionalanalogthereofduringthecourseofthe 

transcnptionreaction 9 

26. Themethodofanyoneofembodiments1to255whereinthereactionmix 

comprisesastartnucleotidecorrespondingtothefirstnucleotideintheR.NA.  

molecule.  

27. Themethodofembodiment26,whereinthestartriucleotideisanucleoside 

inonophosphateanucleosidediphosphateanucleosidetriphosphateoradinucleoside 

triphosphate.  

28. Themethodofembodiment26or27,whereinthestartnucleotideisa5'capor 

a5'capanalog.  

29. Themethodofembodiment28,whereinthe5'capanalogisselectedfromthe 

groupconsistingofG[5']ppp[5']Gm7G[5')ppp(5']Gm3 2 '2 '7 G[5')ppp[5']Gm273%'" 

0 G[5']ppp[5'JG(3'-ARCA),rn272'mOGG(2'-ARCA),m2 7 ~ 0 GppspGDl(~~Se 

(CC4I3).  

30. Themethodofembodiment28or29,whereinthe5'capor5capanaloginthe 

reactionmixispresentinexcesscomparedtogvtanosinetriphosphate(GTP),ora 

functionalanalogthereof 

31. Themethodofembodiment30,whereintheratioofthestartingconcentration 

of5' capor5' capanalogtothestaffingconcentrationofguanosinetriphosphate 

(GTP),orafunctionalanalogthereofisbetweenabout2:1andabout20:1.  

32. Themethodofembodiment31,whereintheratioofthestartingconcentration 

of5' capor5' capanalogtothestartingconcentrationofguanosinetriphosphate 

(GTP),orafunctionalanalogthereofisabout4:1.  

109 

ARCADl),m2 7 >~kippspGD2(J3-S-ARCAD2)andrn27' 3 '~0 Gppp(rn2'flApG



WO20221122689 PCT/EP2021/084488 

33. ThemethodofanyoneofembodimentsIto32whereinthereactionmix 

furthercomprisesanRNApolymeraseabufferandatleastonemonovalentor 

divalentcation.  

, K~,NH4 ~ 

34. Themethodofembodiment33,whereinthecationisLitNa+ 
tris(hydroxymethyl)aminomethanecationMg>,Ba>orMn 2 ±~ 

35. Themethodofembodiment33or34,whereintheRNApolymeraseisselected 

fromthegroupconsistingofT7RNApolymeraseT3RNApolyrneraseandSP6RNA 

polymerase.  

36. ThemethodofanyoneofembodimentsIto35whereinthefunctionalanalog 

ofuridinetriphosphate(lJTP)isselectedfromthegroupconsistingofPseudo-UTP 

NI-Methylpseudo-UTP,2~ThioaUTPand4-Thio-UTP.  

37, Themethodofanyoneofembodiments1to36whereinthefunctionalanalog 

ofguanosinetriphosphate(GTP)isselectedfromthegroupconsistingof7-Deaza

GTPNbMethyl-GTPand06-Methyl-GTP.  

38. Themethodofanyoneofembodiments1to37whereintheDNAtemplate 

encodesoneormoreofa5untranslatedregion(UTR),a3' UTRanopenreading 

frameandapoly(A)-tail.  
4 

39. ThemethodofanyoneofembodimentsIto38,whereintheRNAcomprises 

oneormoreofa5' untranslatedregion(UTR),a3' UTRanopenreadingframeanda 

poly(A)atail.  

orprotein.  

41. ThemethodofanyoneofembodimentsIto40,whereintheRNAismRNA.  

42. ThemethodofanyoneofembodimentsIto41, whereinthepHvalueofthe 

reactionmixiskeptsubstantiallyconstantduringthecourseofthetranscription 

reaction.  

43~ ThemethodofanyoneofembodimentsIto42,whereintheprogressofthe 

transcriptionreactionismonitoredinrealtime.  

44* ThemethodofanyoneofembodimentsIto43,whereinthemethodis 

performedusingabioreactor.  

45. AnKNAproducedbythemethodofanyoneofembodimentsIto44.  

46. AcompositioncomprisingRNAproducedbythemethodofanyoneof 

embodiments3to44.  
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47, Amethodoftreatingasubjectcomprisingthestepsof: 

(i)obtainingRNAproducedbythemethodofanyoneofembodimentsIto44, 

orobtainingacompositioncomprisingRNA.producedbythemethodofanyoneof 

embodiments3to44,and 

(ii)administeringtheRNAorthecompositioncomprisingRNAtothesubject.  

48. AmethodoftreatingasubjectbyadministeringtheRNAofembodiment45or 

thecompositioncomprisingRNAofembodiment46tothesubject.  

49. InamethodofproducinganRNAbyinvitrotranscriptiontheimprovement 

thatcomprises: 

restrictingconcentrationofUTPorfunctionalanalogsthereofduringtheinvitro 

transcriptionreaction.  

50. Aninvitrotranscriptionreaction 9 

restrictingconcentrationofUTPorfunctionalanalogsthereofduringthein 

vitrotranscriptionreaction.Aninvitrotranscriptionreactioncomprising: 

anRNAtemplatecomprisingapromoterthatdirectstranscriptionofatemplate 

togenerateatranscriptwithapolyAsequenceelement' 

anRNApolymerasethatactsonthepromoter~and 

adenosinetriphosphate(ATP),guanosinetriphosphate(GTP),cytidinetriphosphate(CTP) 

anduridinetriphosphate(UTP),orfunctionalanalogsthereofwhereinthestaffing 

and/orATPorfunctionalanalogsthereof 

Exemplification 

[349] Thepresentinventionisdescribedindetailandisillustratedbythefiguresand 

exampleswhichareusedonlyforillustrationpurposesandarenotmeanttobelimiting.  

Owingtothedescriptionandtheexamplesfurtherembodimentswhicharelikewise 

includedintheinventionareaccessibletotheskilledworker.  

Example I: Exemplary JVT reactions limiting U.TP or UTP and ATP in the transcription 

reaction can reduce.ge.neration ofdsRNA content 

[350J Thepresentexampledemonstratesanexemplaryfed-batchproceduretoenhance 

cappingefficiencyand/ormanipulatetheamountofdoublestrandedRNA(dsRNA)content 
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concentrationofUTPorfunctionalanalogthereofislowerthantheconcentrationofCTP
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generatedduringaninvitrotranscription(IVT)reaction.InsomeembodimentsdsRNAis 

producedbybackwardtranscription(e.g.,3' to5'direction).Insomeembodimentslimiting 

NTPsneededfortranscriptionstartingfromthe3' endminimizesthiseffect.Thepresent 

examplespecificallydemonstratesthatlimitationofUTPinvitrotranscriptionreactionscan 

reduceformationofdsRNAandcanbeparticularlyusefulforproductionoftranscriptsthat 

mayincludeapolyAsequencesuchasforexampleapolyAtail.Withoutwishingtobe 

boundbytheoryweproposethattheobservedreductionindsRNAproductionmaybe 

attributablereductionofbackwardstranscription(e.g.,lb 
uponhybridizationwitha 

polyA.sequencesuchasthepolyAtail).  

[351J TotesttheeffectofNTPlimitationduringJVTATP(A),UTP(U),andATPin 

combinationwithUTP(A/U)werefedtothereactionincertaintimeintervals.A.standard 

GTP(G)feedwasusedascontrol.  

[352j InsomeembodimentsstaffingconcentrationsofGUAorA/Uwerereducedto 

20%oftheirrespectivestaffingconcentrations(e.g.,typicalstartingconcentrationsusedin 

IVT)andfedin4additionsoverthecourseofthetranscriptionreactionuntilthefinal 

concentrationswerereached.  

[353] ExemplaryJVTwasperfonnedinpresenceofaDNAtemplatem2 7 '3 t OGppp(m2 ~ r 

%ApG(CC4I3)capanalogforco-transcriptionalcappingandnucleosidetriphosphate 

(GTPATPUTPCTP).AnIVTreactionwasperformedforI50minuteswithmagnesium 
, 

acetatebuffer containingdithiothreitolandspermidineinthepresenceofT7RNA 

polymeraseRNAseinhibitor(Ribolock)andinorganicpyrophosphatase.  

a digestion)andRNAwaspurified(e.g.,usingMagneticbeadsforimmobilization 

(BerensrneierS.Magneticparticlesfortheseparationandpurificationofnucleicacids, 

AppLMicrobiol.Biotechnol.73,495-504;10.1007/s00253~OO6-O675-0(2006)).Insome 

embodimentsRNAwaselutedforexampleinH20.  

[3551 InadditiontoassessingdsRNAcontentyieldoftheIVTRNAIntegrityandcapping 

0 

efficiencyweredeterminedtocharacterizeRNAderivedfromthedifferenttranscnption 
conditions.  

[356J InsomeembodimentstheamountofdsRNAwasdetermined.Insome 

embodimentsIjigofRNAwasspottedin5gIaliquotsontoanylonblottingmembrane 

(NytranSuPerCharge(SPC)NylonBlottingMembrane).Themembranewasthenblocked 

forlhinbuffer(e.g.,TBST-20mMTRISpH7.4,137mMNaCI,0.1%(v/v)TWEEN.~2O) 
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[354J InsomeembodimentsafterIVTDNAtemplatewasremoved(e.g.viaDNAse
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containingskimmilkpowder(e.g.,5%(w/v)).FordetectionofdsRNAamembranewas 

incubatedforlhwithadsRNA-specificantibody(e.g.,mousemonoclonalantibody)diluted 

I:10,000inbuffer(e.g.,TBS-TbuffercontainingI%(w/v)skimmilkpowder).After 

washingwithbufferamembranewasincubatedforIliwithsecondaryantibody(cg.,HRPa 

conjugateddonkeyanti-mouseJgG)dilutedI:I0,000inbuffer(e.g.,TBS-Tcontaining1% 
S (w/v)skimmilkpowder),washedwithbuffer(e.g.,TBS-T)anddevelopedusingaWestern 

BlottingDetectionReagentandanImagingsystem.Insomeembodimentswhereindicated, 

hybridizationsignalintensitieswerequantifiedforexampolebydensitometry.  

I3~7JInsomeembodimentsRNAconcentrationwasmeasuredforexamplebyuv(e~g~, 
Nanodrop)andJVTyieldwascalculated(e.g.,producedRNAin~gIIVTreactionvolume 

ingi).  

(358] InsomeembodimentsRNAintegritywasanalyzedusingaBioanalyzer(e.g., 

Agilent).ToprepareanexemplarysampleforRNAintegntyanalysis,250ngofRNAin50 

%FormamidwasdenaturedforI0minutesat70 0 CandprocessedfurtherwiththeAgilent 

RNA6000NanoKit(5067-1511, Agilent).Insomeembodiments, U 

integntyislater 
calculatedbytherelationforthemainpeakintegralagainsttheintegralofthecomplete 

rpgr.  
S [359J InsomeembodimentsRNAcappingefficiencywasdetermined.insome 

embodimentsRNAwastreatedwithaRNARibozym.etocleaveaRNAinthe5'IJTRand 

fragmentswerepurifiedrunonadenaturinggel(e.g.,21%polyacrylamide),resolvingaInt 

differencebetweencappedanduncappedfragments.Insomeembodimentsaratiobetween 

[36t1J Insomeembodimentsfeedingofdifferentnucleotides(CAUorA/U)hasa 

slight/negligibleeffectonRNAintegrityandRNAyield(Figure1AandB).  

[361j InsomeembodimentsasurprisingreductionindsRNAcontentcomparedtocontrol 

(GTPfed)wasobservedwhenUTPwaslimited(FigureIC).Furthermoreanopposing 

effect(e.g.,anincrease)wasobservedwhenATPwaslimited(Figure1C).Withoutwishing 

tobeboundbyanyonetheorytheobservedincreaseindsRNAcontentwhenlimitingATP 

waspotentiallyduetoastallingoftheT7Polymeraseattheendofthetranscriptsincenot 

enoughATPmaynothavebeenpresenttosynthesizeapolyAtailatatypicalspeed(ag., 

whereinAlPwasnotlimited).Thisstallingmightfavorbackwardtranscriptiondueto 

longerresidencyofthePolymeraseattheendofthetranscript.Anobservedincreasein 
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cappedanduncappedfragmentswasthendetenninedbydensitometry.



WO20221122689 PCT/EP2021/084488 

dsRNAcontentwhenlimitingATPwasrescued(e.g.,dsRNAcontentwasreducedto 

controllevels)bysimultaneouslyfeedingbothATPandUTP(Figure1C).  

[362] InsomeembodimentslimitationofGTPisusedtoincreasecappingefficiency.In 
S someembodimentslimitationofotherNTPsmayhaveadifferenteffectontheratioof 

cappedRNAoligos.AlthoughtheexemplarycapanalogCC4I3,isdesignedforhigh 

cappingefficiencylimitationofGTPshowedthehighestcappingefficiencycomparedto 

limitingotherNTPs(Figure1DjInsomeembodimentslimitationofeitherUJTPorATP 

leadtodecreasedcappingefficiencycomparedtocontroLInsomeembodimentsdual 

limitationofATPandUTPonlydisplaysonlyamildreductiononcappingefficiency 

comparedtocontrol(Figure1D).  

S 

Example 2: Exemplary fed-batch addition ofUTP and/or GTP can rescue cappmg efficiency 

[363j Thepresentexampledemonstratescappingefficiencycanberestoredwhile 

reducinggenerationofdsRNAcontentbylimitingthestartingconcentrationofUTPorby 

limitingthestartingconcentrationofbothUTPandGTP(G/U).  

[364j Insomeembodimentsincorporationofacapanalogatthe5' endofaRNA 

competeswithincorporationofGTP.Insomeembodimentscappingefficiencyishighest 

whentheCapanalogueisinexcessoverGTPintheJVTreaction.Insomeembodiments, 

thiscanbeachievedbykeepingalowGTP e throughoutthedurationoftheIVT 
6 reactionbutcanreduceyieldandRNAintegrity.Withoutbeinghoundbyanyonetheory, 

reducedyieldandRNA integntymaybeduetothelowGTPconcentrationwhichlimitsthe 

reactionrateandleadstoabortive S 

m integrityareimprovedbystep-wiseadditionofGTPtothereactiontokeepoverallGTP 

concentrationlowwhilealwaysprovidingenoughGTPtomaintaintranscriptionreaction 

a 

efficiency.ThiscaninsomeembodimentsbeevenmoreimportantforusingnonTn
NuleotidecapanalogssuchasARCAorfSARCA-DIcapanalog.Forthisexamplej3-S 

ARCA-DIwasused.TorescuecappingefficiencyinaUTPfedreactionGTPwasfedin 

additiontoUTP.AstandardGTPfeedwasusedascontrol.  

[369 ForexamplestartingconcentrationsofGTPUTPandGTP/LTTPwerereducedto 

1/18ofthestartingconcentrationandfedoverthecourseofthetranscriptionreactioninI7 

additionsuntilfinalconcentrationswerereached.  
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transcnpts.InsomeembodimentsyieldandRNA
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[366j AnexemplaryIVTwasperformedinpresenceofaDNAtemplate,~3-SARCA(DI) 
I capanalogforco-transcriptionalcappingandnucleosidetriphosphates(GTPATPUTP 

CTP).  

13671 TheexemplaryreactionwasperformedforI80minuteswithmagnesiumacetate 

buffercontainingdithiothreitolandspermidineinthepresenceofaT7RNApolymerase, 

RNAseinhibitor(Ribolock)andinorganicpyrophosphatase.RNAwaspurifiedaridRNA 

concentrationIntegritydsRNAcontentandcappingefficiencyweredeterminedas 

describedinexampleI~ 

[368J insomeembodimentslimitationofUTPandduallimitationofGTPandUTP 

resultedinanincreasedyieldcomparedtocontrol(Figure2A).Insomeembodiments, 
a integritywasreducedbylimitingUTPbutwasrestoredtocontrollevelswhenGTPand 

UTPwerelimitedtogether(Figure2BjSimilarlyobservedinexampleIdsRNAcontent 

wasreducedbylimitingUTPduringIVTcomparedtolimitingonlyGTPorbothGTPand 

UTPtogether.DualGTPandUTPlimitedconditionsresultsinreduceddsRNAcontentbut 

toalesserextentthantheUTPlimitedonlycondition(Figure2C).Insomeembodimentsa 
I goalofduallimitationofwasth.erescueofthecappingefficiency.WhilelimitationofUTP 

decreasedthecappingefficiencyduallimitationofGTPandUTPrestoredcapping 

efficiencytolevelscomparabletothatofacontrolreaction(Figure2D).  

Exam.pl.e3:Exemplaryfed-batchadditi 

...........QflofmI'FTPand/orGTPcanrescuecapping 

efficiency 

pseudoeuridine(m1TTP)orbothmITTPandGTP(GA')canreducedsRNAgeneration 

duringIVTwhilelimitingstartingconcentrationofbothin1PTPandGTPcanmaintain 

reductionofdsRNAandmaintaincappingefficiencycomparedtolimitingstarting 

concentrationofGTPonly(control).  

[370j InsomeembodimentsuseofntilNPTPinsteadofUTPreducestheimmunogenicityof 

invitrotranscribedRNAandtheamountofdsRNAgeneratedintheJVTreaction.To 

determinewhetherthedsRNAlevelcouldbeftircherreducedmI'FTPwaslimitedaswas 

UTPinExamplesIand2.AstandardGTPfeedwasusedascontrol.  

[371j Insomeembodiments.startingconcentrationsofGTPml'PTPandGTP/mlWTP 

werereducedtoIIIIofthestartingconcentrationandfedoverthecourseofthe 

transcriptionreactioninI0additionsuntilthefinalconcentrationswerereached.  
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13721 ExemplaryJVTwasperformedusingaT7PolymeraseinthepresenceofaDNA 

templatem2 73woGppp(m2>flApG(CC4I3)capanalogforco-transcriptionalcappingand 

nucleosidetriphosphates(GTPATPmITTPCTP).  

13731 AnexemplaryreactionwasperformedforI80minuteswithmagnesiumacetate 

buffercontainingdithiotlireitolandspermidineinthepresenceofaT7RNApolymerase, 

RNAseinhibitor(Ribolock)andinorganicpyrophosphatase 
a 

11374J RNAwaspurifiedandRNAyieldintegrityanddsRNAcontentweredeterminedas 

describedinexample1. CappingefficiencywasdeterminedbydigestingRNA S a3' 

exonucieaseandsubjecting remainingnucleotidestomeasurementbyMassSpectrometry.  

Th.ecappingefficiencywascalculatedbytheratioofATPandGTPagainstthecapanalog.  

11375J Insomeembodimentsfeedingofdifferentnucleotidesonlyhadamodesteffecton 

RNAyield(Figure3A).InsomeembodimentsRNAintegritywasreducedbylimiting 

ml'PTPbutwasunchangedcomparedtocontrolwhenGTPandmIWTPwerelimited 

together(Figure3B).SimilartothatobservedinExample1, dsRNAcontaminationinsome 

embodimentswasreducedbylimitingthestaffingconcentrationofmIWTP(LTTPin 

Example1).InsomeembodimentslimitingthestartingconcentrationofbothGTPand 

ml'FTPmaintainedasimilarreductionofdsRNAcontaminationgeneratedcomparedthat 

observedinthemI'FTP-onlylimitedcondition(Figure3C).Similartothatobservedinthe 

UTPafCdbatchprocedure(ExampleI),cappingefficiencywasreducedcomparedtocontrol 

whenmlNPTPwaslimitedbutwasrestoredtocontrollevelsbyduallimitationofboth 

Example 4: Exemplaryin vitro transcription --- =----= -- =~-.-~-.=.....-~=.--~.--.-~.. protocol 

-a -r 

[376] Initialinvitrotranscrz~tionreaction:Componentsarecombinedinareactionvessel 

includingATPsolution(100mMadenosine5'-triphosphate),CTPsolution(lOOmM 

cytidine5-triphosphate),NI~.methy1pseudoUTPsolution(100mMNI

methyipseudoundine5'-triphospliate),GTPsolution(100mMguanosine5'-triphosphate), 

5,-capsolution(I00mM5'-cap),RNaseinhibitortranscriptionbuffer(IOxis400mM 

HEPES,400mMmagnesiumacetate,100mMDTT,20mMspermidinepH8.3)andlinear 

DNAtemplate(waterforinjection(WFI)),withagitation.  

[377J PyrophosphataseandT7polymerase(T7RNApolymerase)arethenaddedand 

agitationisincreased.Thetotalvolumeofinitialreactionistypicallyabout30Le.g.,above 

35Le.g.,betweenabout30Landabout50Lorbetweenabout35Landabout45L.  
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1378i Aftertheenzymeadditionstheincubationperiodbeginsduringwhichthereare 

GTP/NI-methyipseudoUTPbolusfeeds.  

[379J Firstincubationandbatchfeeding:Duringtheincubationperiodanequalmixof 

NI~methy1pseudoUTPandGTPisdeliveredasboRisfeeds.Multiplebolusfeedsmaybe 
S U addeddunngtheincubationpenod.Forexamplefeedsmaybeaddedatanaveragerateof, 

forexampleaboutIperevery44minutesorperevery5-10minutesorasneeded.Insome 

embodimentsthefirstincubationperiodmaylastmorethanabout30minutes,35minutes, 

40minutes,45minutes,50minutes,55minutes60minutes,65minutes,70minutes,75 

minutes,80minutes,85minutes,90minutes,95minutesetc.Insomeembodimentsthe 

firstincubationperiodisabout60toabout80minutesorabout65toabout75minutesor 

about65toabout70minutes.Insomeembodiments,1,2,3,4,5,6,7,8,9,10,11,12,13, 

14,15ormorefeedsareperform.edduringthefirstincubationperiod.  

[380J Totalvolumeafteralloftheadditionalfeedswillhaveincreased(relativetothatof 

theinitialreaction),forexamplebyafactorofaboutI~5,about2,about2.5,about3,about 

3.5,about4,about4~5,about5,about5.5,about6,about6.5,about7,about7.5,about8, 

about8.5,about9,about9.5,aboutI0ormore.Insomeembodimentstotalvolumewill 

haveincreasedabout2toabout8foldorabout3toabout7foldorabout4toabout6fold, 

orabout4toaboutSfOld.  

[381J Finalincubation.AfterallthefeedsarecompletedafinalJVTincubationtimeis 

initiated.UponcompletionofthefinalIVTincubationtimetheprocessproceeds(e.g., 

immediately)toDNaseIdigestionoperation.insomeembodimentsfinalIVTincubation 

about45minutesabout20toabout40minutesabout20toabout35minutesabout25to 

about305minutesabout25toabout35minutesetc.  

[382J DNascdigestion:DNaseIaridacalciumchloridesolution(50mMcalciumchloride) 

canbeaddedtothefinalTVTincubation:themixturecanbeagitated.Thereactioncanbe 

stoppedbyadditionofEDIA(e.g.,500inN) 

13831 ProteinaseKdigestion:ProteinaseKdigestionistypicallyperformedatamodestly 

lowertemperaturethanDNasedigestion.ProteinaseKsolutioncanbeaddeddirectlytothe 

stoppedDNasedigestionmixture.Temperatureandagitationratemaybemaintained(and 

optionallymonitored).  

[3841 AfterproteinaseKdigestiononeormorepurification(e.g., 

ultrafiltration/diafiltrationand/orfiltration)stepscanbeperformed.  
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Example 5: Exemplary process parameters and in-process controls ofRNA product 

[385j Thisexampledescribesanexemplarysetofprocessparametersandin-process 

controlsthatmaybeutilized.Insomeembodimentsprocessparametersareutilizedto 

assessand/ormonitorconsistencyofaRNAmanufacturingprocessasdescribedherein.In 

someembodimentsin-processcontrolsareutilizedtoassessand/ormonitorqualityofan 

RNAproductmanufacturedasdescribed.hereinand/ortocompareittoanappropriate 

reference.  

[3861 InsomeembodimentsprocessparametersofanIVTreactionmaybeassessed 

and/ormonitored.Insomeembodimentsoneormoreoftemperaturepost-enzymeagitation 

rateinitialNTPsolutionvolumeincubationtimeduringbolusfeedstotalNTPbolus 

volumeand/orfinalIVTincubationtimemaybeassessedand/ormonitored.Insome 

S 

embodimentsoneormoreorallofthefollowingareassessed.  

Table5-1:ExemplaryprocesscontrolsforPITreaction.  

Ace.ptable.Range _______________ _______________ 

ProcessA ProcessB ProcessC 

Parameter 
Temperature1[ 0 C] . . 34240 34.0 40.0 

(Ixicubator) 

Post-enzymeagitationrate[rpm] 20O-~-25O 60-110 90-110 

initialGTPsolutionvolume['nL/L) S 4.75 525 

InitialN1-methylpseudoUTPsolution 5 4.75-5.25 
volume(mL/L) 

InitialCTPsolutionvolum(mL/L) 9.0.~ = . 85~4-143.8 

InitialATPsolutionvolume(mL/L) 90 85.4-135.1 

IncubationtimeduringGTP/N1 75 67W70 
methyipseudoUTPbolusfeedsEminJ 

TotalGTP/N1-methylpseudoUTPBolus 170 153.2-187.3 
Volume(mL/L) 

Final.IVTnc 30 2%-35 
..ubationtime[nun] 
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p [387j InsomeembodimentsprocessparamteresofaDNase(e.g.,DNase1)digestionmay 

beassessedand/ormonitored.InsomeembodimentsoneormoreoftemperatureDNase 

(e.g.,DNaseI)volumeand/orDNase(e.g.,DNaseI)incubationtimemaybeassessed 
and/ormonitored.insomeembodimentsoneormoreorallofthefollowingareassessed: 

Table5-2:ExemplaryprocesscontrolsforDNase(e.g.,DNaseI)digestion.  

Parameter Acceptable Range _____________ 

ProcessA ProcessB ProcessC 

Temperature1[ 0 C] 3*4- 4=d 34.0- 40.0 

(S curator) 

Temperature2[ 0 CJ N/A 32~0-~~.38.O 

DNaseIvolumc[rnL/L 3.43- 11.66 7.20- 8.81 
startingIVTvolume) 

DNaseIIncubationtimeErnin] 30-.40 29~-35 

9 [3881 Insomeembodimentsprocessparametersand/orinprocesscontrolsofaprotein 
U digestionand/orfragmentationasdescribedhereinmaybeassessedand/ormonitored.In 

someembodimentsoneormoreoftemperatureproteinaseKvolumeproteinaseK 

incubationtimeRNAconcentrationbioburdenand/orendotoxinsmaybeassessedand/or 

Table5-3:Exemplaryprocessparametersandin-processcontrolsforproteindigestion 

and/orfragmentation(e.g.,ProteinaseKDigestion).  

Parainyter Acceptable Range _________________ 

ProcessA ProcessB ProcessC 

Temperature2[ 0 C) N/A 32.0-38.0 

ProteinaseKvolume[mL/L N/A 1.OO-~1.22 
startingNTvolume] 

U 

ProteinaseK.p time[mlii] N/A 1O-il5 

RNAconcentration[mg/mU N/A N/A 

Bioburden[CFU/mL.] N/A <100/10a 
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monitored.Insomeembodimentsoneormoreorallofthefollowingareassessed:
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Endotoxin[EU/mU N/A 12.5 

[389] Insomeembodimentsprocessparamtersand/orinprocesscontrolsofapurification 

(e.g.,byUF/DF)andformulationasdescribedhereinmaybeassessedand/ormonitored.In 

someembodimentsoneormoreofdiafiltrationvolumesformulationbufferpHbioburden 
q.  

endotoxinsand/orRNAconcentration(e.g., B 4 1 
dunngvanousLTFDFrecoveryoperations 

and/orattheendofaprocess)maybeassessedand/ormonitored.Insomeembodiments, 

oneormoreorallofthefollowingare 9 

Table5-4:Exemplaryprocessparametersandtn-processcontrolsforexemplarypurification 

andformulation.  

...................................... Acceptable Range 
ProcessA ProcessB ProcessC 

Parameter __________________ ______________________________ 
DiafiltrationIvolumes N/A 
[DV] 

Diaflitration2volumes N/A 1011 
[DV) _____________________ 

FormulationbufferpH (A 6.9%7.1O 

Bioburden[CFU/mLJ N/A KIGO!10 

Endotoxin[EU/mU N/A 12~5 

RNAconcentration' N/A N/A 
[fl~~mL3 ______________________________________ 
RNA.concentration N/A >2 

.- 100 

[390j insomeembodimentsprocessyieldsareassessedand/ormonitored.Insome 

embodimentsprocessyieldsareassessedand/ormonitoredforoneormoreofthefollowing 

steps:IVTpurification(e.gaUF/DF),finalfiltrationanddispense.Insomeembodiments, 

thefollowingprovideexemplaryassessment: 

Table5-5:Exemplaryprocessyieldassessmentand/or 
S 

ProcessStep Acceptable Range _____________ 

ProcessA ProcessB ProcessC 

IVT 5.36-11511 >3.38 

[grnRNA/L1VTstartingvolumej 
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.UFDF[%] N/A >68 

FinalfiltrationanddispenseEJ N/A >80 

[391j Insomeembodimentsequipmentutilizedinmanufacturingprocessesdescribed 

hereincomprisethefollowing: 

Table5-6:Exemplaryequipmentutilizedinmanufacturingprocessesdescribedherein.  

Process ProcessA: Process 9 ProcessC 
step ____________________________________________________________ 

.Incubator(Thermo 

BBD6220) 
Step1: 0 Magneticstirrer(2rnag 

IIVitro MIXIXL) 50LJacketedSingleUse BiostatSTR50L 
Transcription 0 Syringepurnp(KDab Mixer(SUM) 

ScientificLegato210 Reactor(SUM) 
P) 

.Centrifuge 
Balance(SartoriusLab 

Instruments) 

Incubator(T.her.moBBD 
6220) 

Step2:DNase 50LJacketedSingleUse BiostatSTR5OL 
Digestion agneticstirrer(2magMIX1 Mixer(SUM) Reactor(SUM) 

XL) 

Balance(SartoriusLab 
Instruments) 

ProteinaseK Mixer(SUM) Reactor(SUM) 
digestion 

200LJacketedSingleUse 200LJacketed 
Mixer(SUM) SingleUseMixer 

Step4:UFDF (SUM) 
. ssUltrafiltrationsystem 

with7i~n2 300kDmembrane * 55 Ultrafiltratioi 
200LSSretentatetank. systemwith7m 2 300kD 

a membrane 

Step5:Final O.2umfiltrationFilter 00 
....................LJacketedSingleUse 200LJacketedSingleUse 

iltration integritytester(Pallpallironic Mixer(SUM),O.2urn Mixer(SUM),O.2um 
FlowstarIV) Itration filtration4 

Example 6: ExemplaryRNA release and testing 

. ==.g..parameters.  
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Step3: S 50LJacketedSingleUse BiostatSTR50L
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13921 ThepresentexampleprovidesexemplaryRNAreleaseandtestingparameters.In 

someembodimentsanRNApreparationasdescribedhereinmeetsoneormoreorallof 

theparameterssetforthinTable16-1.  

lable6~1:Exe . aryrelease~3.*. * *. := ~>ete.rs~.  

tied A . P:rOCeSS =.=. . Process C P:roce$s D 

.r.*:pea:rance(CI.erity) *31 
_____________ :(Qi~jlJ>:(Oi.T . _______ _______________ (3f.TU) _______ . . U) ! (ONT. ) 

Appearan: * *............~.n).*...............Colorless ~ COlOrIOSS ~ Cdo:rles.s Oclorless 
_________________________________. ( BS) . ( 1=9) ___________ 

pH __________ 64:. 6.~9 __________ 
. I; kien 

. . . de. thy....................  Identity.~f..~j. aec.RN ~ ................................................... tity sequen~. by. T'PCR. ..... phes . confir~. . ed ........................ nfirmed' . confir.~ : ed 

. . nI.(RNL~ 
S...:j..6: ~.... .~ n ~................................9 4 2 .7 *!............................:8 .2 .20 a.;ncentrati'on) 21 VS by~JV =1~64..~ 22~ . 21 spectrometry;_4!... ____________ ____________ ____________ ____________ RF~JA[rate.. &tyb 

77~86:C 62~69 65 .7 

~.eIeie.ctrop:I..ore..sis_(:%) ________________________________________________ 
-----. ~t~ft~ftrfn--~ 

5 .. byLC~ .V(%) 56~69 . 8'2~84 . 84~88 . .8:9~91 
POI;A~T8!IIb. ddP 116~ 13.1 88~1O4 91~1O6 i~ 85~AO6: 

=========..~=.==~============..~(~L~ ~ ~ ~. ~ ________________________________________________ 

qPC.:1.. (ngf...~ R*... <200 . i:7~2o. . 1O~2ii . ii~.34 
ds NAby~i munoblot 120 <240 240 C40 

~pg4tgRN:A) ____________________________________________ 

Osmolality ____________ 18 ____________ V' 

At.breviabans:ddFC.. . oly;*eras*c**~chainreacbon;dsi.i:NAt.. .  strandedRNA;NT~* NotTested! .TU....... . . . .. . .ityunt~qFcR~.  Nephe~metrocturbid 
C..tiantitativePC~RP*IPLC Reversedphase111gbpe;.0<....anceliquid 
c...hrc...:m.atog:ra y;.~. .~PCR.~ 'eversetranscriptionPCR 

Thusinsomeembodimentsasdescribedelsewherehereinreleaseand/or 

testingassessmentsestablishthataprovidedRNAcompositionischaracterizedbyoneor 

moreof 

someembodimentsaboveabout400oabout500oabout600oabout700oabout 

8000,about9O 0 oormore.  

b)RNAintegrityaboveabout400oabout450oabout500oabout550oabout600 

about650oabout700oabout750oabout800oabout850oabout900oorabout 
950o 

c)residualdsRNAlevelbelowabout2000pgdsRNA/~tgRNAabout1500pg 

dsRNA/~gRNAabout1000pgdsRNA/~tgRNAabout500pgdsRNA/~gRNA, 

about250pgdsRNMjtgRNAabout100pgdsRNA/~tgRNAorlower.  

d)residualDNAlevelswithinabout0.1-1000ngDNApermgRNAabout50-1,000ng 

DNApermgRINAabout50-950ngDNApermgRNAabout50-900ngDNAper 
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a)apercentageofcappedRNAwithinarangeofaboutbetween oorhigherin
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mgRNAabout50-850ngDNApermgRNAorinsomeembodimentslessthanor 

equaltoabout500ngDNApermgRNAabout480ngDNApermgRNAabout 

450ngDNApermgRNAabout420ngDNApermgRNAabout390ngDNAper 

mgRNAabout360ngDNApermgRNAabout330ngDNApermgRNAabout 

300ngDNApermgRNAabout270ugDNApermgRNAabout240ngDNAper 

mgRNAabout210ngDNApermgRNAorlower.  

le7:Exemla assessmentofhi er-orderstructure 

[394j Thepresentexampledemonstratesassessmentofhigher-orderstructureofRNA 

product.InsomeembodimentsanRNAcompositionasprovidedhereinhashigherorder 

structurecharacterizedbyacirculardichroism(CD)spectrumcomparabletothatofa 

standardreference.InsomeembodimentsCDspectrawererecordedintriplicate.insome 

embodimentssampleswereanalyzedsidembyasidefromaIXphosphatebufferedsaline 

soIutionpInsomeembodimentsCDspectraexhibitedalternatingpeaksandtroughsandall 

samples'spectraaresimilaracrossallwavelengthsfrom200nrnto330nm.ExemplaryCD 

assessmentisdisplayedinFigure4.  

Example 8: Exemplarx characterization ofRNApro.duct 

[395j ThisExampledescribesanexemplarysetofparametersthatmaybeutilizedto 

characterizeanRNAproductmanufacturedasdescribedhereinand/ortocompareittoan 
U 

doublestrandedRNA(dsRNAjInsomeembodimentseachoftheseisconsideredacritical 

qualityattribute(CQA).Insomeembodimentsforpoly(A)tailsbothpercentageofPoly(A) 

positivemRNAmoleculesaswellasthelengthofthePoly(A)tailsareconsideredCQAs.  

[396J Insomeembodimentslevel(and/oridentity)oftruncatedRNAspeciesmayalsobe 

assessed.  

[3971 InsomeembodimentslevelofRNApolymeraseand/orproteinaseKmayalsobe 

assessed.  

[398J InsomeembodimentsprimarysequenceofanRNAproductmaybeassessedfor 

examplebyLC/MS/MSoligonucleotidemapping.  

13991Insomeembodimentshigher-orderstructureofanRNAproductmayassessede.g., 
bycirculardichroismspectroscopy.  
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appropriatereference:RNAintegnty,5'-capPoly(A)tailresidualD~NAtemplateand
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140071 Insomeembodimentsfunctionalitymaybeassessedbydeterminingforexample, 

sizeofanencodedproteinforexamplewhenexpressedbySInvitrotranslation(eag.,by 

Westernblot).  

[401j Insomeembodimentsonormoreorallofthefollowingareassessed: 

I Characteristic AnalyticalApproach Methodolo~ 
_______________________________________________________________ -.- _LE __________________________________________________________________________________________ 

Prunarvstructure ConfinnexpectedRNAsequence ReversedphaseHPLCaUW 
attheoligonucleotidelevel andtandemmass 

SIectrometry(LC~MS/MS) 
ofoligonucleotide 

fragmentsgeneratedh~ 
_______________________ RNAseTI digestion 

Con~finnexpectedRNAsequence 
4 ML.SeqNext 

attheoli2onucieotidelevel GenerationSequencmg 
Technology 

Ir 

. 5'Gap:StflJCtU~ Confirmthe5'cappingstructure ReversedphaseITPLC4YV 
andS-endprofile andmassspectrome.trv 

(LC~UVIMS)analwA~of 
Elpurified5?temrnialafter 

______________________________________________RNa*seHdigestion 
tint 

. Poly(A)-tail .  Cotifirinthepresenceand ReversedphaseHPLC-UV 
L 

S thelengthofpolv(A)4aii andmassspectrometrv 
(L*C-UWMS)analysisof 
purifiedpoiy(A)Aailafter 

S__ RiboxrncieaseTI U, ________________ 
__ __ drnestion 

Spectroscopic ~ dutroism(CD) ~Higherorder structure(HOS) thepresenceandfingerprintof spectroscopy 

Exam 

.pie 9: ExempLary specifications.for an RNA d~g substance 

[402] ThepresentexampledescribesexemplaryspecificationsforanRNAdrugsubstance 

p U 

manufacturedbyaninvitrotranscriptionprocessedasdescribedherein.  
14031Table9-1:ExemplaryspecificationsforanRNAdrugsubstance 

SAnalytical Procedure I~=~ 
QualityAttribute ____________________________ Acceptance Criteria 

.- == . CompositionandStrength___________________________ 
....Clarity Appearance (Clarity) a <6NTU 

Coloration Appearance(Coloration)a Not more intensely 
colouredthanlevel7ofthe 

_____________________________ brown(B).colourstandard 
pH Potentiometry a 7.0±05 
Content(RNA UVSpectroscopy 2.25+0.25mg/mL 
Identity 
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IdentityofEncodedRNA RT-PCRb Identityconfirmed 
Sequence 

_________________________________ 
________________________________ 

PurJ4y 
____________________________________________________ 

RNAIntegrity CapillaryGel >50%intactRNA 

__________________________________ Electrohoresis __________________________________ _____________________________ p _____________________________ 

Cap RP-HPLC >50% 
Poly(A) Tail ddPCR >70% Processrelatedim 

_____________________________ 

......................................................................... purities gPCRb 
_____________________________ ResidualDNATe __________________________________________________________ S=~=... i <iQOOn ===.......mplate ___________________________________________________________ Productrelatedim 

____________________________ 

SPu.rities_________________________________ 

dsRNA I lmmunoblotb <2000pgdsRNA/~gRNA 
Safety _____________________________________________________________ 
BacterialEndotoxin EndotoxinLAL <12.SEUmnL C) I Bioburden Bioburden ______________________________ 

.. ===~ <1CFU/lOmL.  

14041 Thusinsomeembodimentsasdescribedelsewherehereinreleaseand/or 

testingassessmentsestablishthataprovidedRNAcompositionischaracterizedbyoneor 

moreof: 

a)apercentageofcappedRNAwithinarangeofabout40-70%orhigherinsome 

embodimentsaboveabout40%,about50%,about60%,about70%,about80%, 

about90%,ormore.  

b)RNAintegrityaboveabout40%,about45%,about50%,about55%,about60%, 

about65%,about70%,about75%,about80%,about85%,about90%,orabout 

95%.  

c)residualdsRNAlevelbelowabout2000pgdsRNA/ggRNAabout1500pg 

about250pgdsRNA/ggRNAaboutI00pgdsRNA4tgRNAorlower.  

d)residualDNAlevelswithinabout0.1-I000ngDNApermgRNAabout50-1,O0Ong 

DNApermgRNAabout5O~95OngDNApermgRNAabout50-900ngDNAper 

ingRNAabout5O~85OngDNApermgRNAorinsomeembodimentslessthanor 

equaltoabout500ngDNAperrngRNAabout480ngDNApermgRNAabout 

450ngDNApermgRNAabout420ngDNApermgRNAabout390ngDNAper 

mgRNAabout360ngDNApermgRNAabout330ngDNApermgRNAabout 

300ngDNAperrngRNAabout270ngDNApermgRNAabout240ngDNAper 

mgRNAabout210ngDNApermgRNAorlower.  

Equivalents 
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[405j Thoseskilledintheartwillrecognizeorbeabletoascertainusingnomore 

thanroutineexperimentationmanyequivalentstothespecificembodimentsoftheinvention 

describedherein.Thescopeofthepresentinventionisnotintendedtobelimitedtothe 
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aboveDescriptionbutratherisassetforthinthefollowingclaims:
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Claims 

Weclaim: 

9 AmethodofproducinganRNAcomprisingtranscribingRNAfromaDNA 

templateusingareactionmixwhichcomprisesadenosinetriphosphate(ATP), 
I.  

guanosinetriphosphate(GTP),cytidinetriphosphate(CTP)anduridinetriphosphate 

(UTP),orffinctionalanalogsthereofwhereinthestartingconcentrationofUTPora 

functionalanalogthereofislowerthanthestaffingconcentrationofCTPand/orATP 

orafunctionalanalogthereofwhereinthemethodcomprisessupplementingthe 

reactionmixduringthecourseofthe S 

transcnptionreactionwithacompositionwhich 
comprisesUTPorafunctionalanalogthereofandissubstantiallyfreeofCTPor 

ATPorafunctionalanalogthereof 

2. Amethod.ofproducinganRNAcomprisingtranscribingRNAfromaDNA 

templateusingareactionmixwhichcomprisesadenosinetriphosphate(ATP), 

guanosinetriphosphate(GTP),cytidinetriphosphate(CTP)anduridinetriphosphate 

(UTP),orftrnctionalanalogsthereofwhereinthestartingconcentrationofCTPora 

functionalanalogthereofisequaltothestaffingconcentrationofATPorafunctional 

analogthereofandwhereinthestaffingconcentrationofUTPorafunctionalanalog 

thereofislowerthanthestartingconcentrationofCTPorA.TPorafunctionalanalog 

functionalanalogthereofdunngthecourseofthetranscriptionreaction.  

33 AmethodofproducingacompositioncomprisingRNAhavingareduced 

double-stranded(ds)RNAcontentwhereinthemethodcomprisestranscribingRNA 

fromaDNAtemplateusingareactionmixwhichcomprisesadenosine S 

(ATP),guanosinetriphosphate(GTP),cytidinetriphosphate(CTP)anduridine 

triphosphate(UTP),orfunctionalanalogsthereofwhereinthestartingconcentration 

ofUTPorafunctionalanalogthereofislowerthanthestartingconcentrationofCTP 

and/orATPorafunctionalanalogthereof',whereinthemethod I 

supplementingthereactionmixduringthecourseofthetranscnptionreactionwitha 

compositionwhichcomprisesUTPorafunctionalanalogthereofandissubstantially 

freeofCTPorATPorafunctionalanalogthereof 
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thereofwhereinthemethodcomprisessupplementingthereactionmixwithUTPora
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4. AmethodofproducingacompositioncomprisingRNAhavingareduced 

double-stranded(ds)RNAcontentwhereinthemethodcomprisestranscribin.gRNA 

fromaDNAtemplateusingareactionmixwhichcomprisesadenosinetriphosphate 
S (ATP),guanosinetnphosphate(GTP),cytidinetriphosphate(CTP)anduridine 

triphosphate(UTP),orfunctionalanalogsthereofwhereinthestaffingconcentration 

ofCTPorafunctionalanalogthereofisequaltothestartingconcentrationofATPor 

afunctionalanalogthereofandwhereinthestaffingconcentrationofUTPora 

functionalanalogthereofislowerthanthestartingconcentrationofCTPorATPora 

functionalanalogthereofwhereinthemethodcomprisessupplementingthereaction 

mixwithUTPorafunctionalanalogthereofduringthecourseofthetranscnption 

reaction.  

5, Themethodofclaim3or4,whereinthedouble-stranded(ds)RNAcontentof 

thecompositioncomprisingRNAisreducedcomparedtothedsRNAcontentofa 
U compositioncompnsingRNAtranscribedfromthesameDNAtemplateusing 

a equirnolaramountsofadenosinetriphosphate(ATP),guanosinetriphosphate(GTP), 

cytidinetriphosphate(CTP)anduridinetriphosphate(UTP),orfunctionalanalogs 

thereof.  

6. Themethodofanyoneofclaims3to5,whereintheimmunogenicityofthe 
I, p 

compositioncomprisingRNAtranscribedfromthesameDNAtemplateusing 
S equimolaramountsofadenosinetnphosphate(ATP),guariosinetriphosphate(GTP), 

cytidinetriphosphate(CTP)anduridinetriphosphate(UTP),orfunctionalanalogs 

thereof 

7. ThemethodofanyoneofclaimsIto6,whereinuridinetriphosphate(UTP),or 

afunctionalanalogthereofispresentinastartingconcentrationthatlimitstherateof 

tran~ S 

on.  

8. ThemethodofanyoneofclaimsIto7,whereintheratioofthestarting 

concentrationofuridinetriphosphate(UTP),orafunctionalanalogthereoftothe 
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compositioncomprisingRNAisreducedcomparedtotheimmunogenicityofa
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staffingconcentrationofcytidinetriphospliate(CTP)oradenosinetriphosphate(ATP), 

orafunctionalanalogthereofisbetweenaboutI:1.5andaboutI:I5.  

9, ThemethodofanyoneofclaimsIto8,whereinthereactionmixis 

supplementedwithuridinetripliosphate(UTP),orafunctionalanalogthereofwhen 

theconcentrationofUTPorafisnctionalanalogthereofnearsdepletion.  

I0. ThemethodofanyoneofclaimsIto9,whereinthereactionmixis 

B supplementedatleastoncewithuridinetriphosphate(UTP),orafunctionalanalog 

thereofduringthecourseofthetranscriptionreaction.  

II. ThemethodofanyoneofclaimsItoI0,whereinthereactionmixis 

supplementedcontinuouslywithuridinetriphosphate(UTP),orafunctionalanalog 

thereofduringthecourseofthetranscriptionreaction.  

I2. ThemethodofanyoneofclaimsIto10,whereinthe 
S 

reactionmixis 

supplementedperiodicallywithuridinetriphosphate(UTP),orafunctionalanalog 

thereofduringthecourseofthetranscriptionreaction.  

mixwithuridinetriphosphate(UTP),orafunctionalanalogthereofmaintainsor 

restorestheinitialratiooftheconcentrationofUTPorafunctionalanalogthereotto 

theconcentrationofcytidinetriphosphate(CTP)oradenosinetriphosphate(ATP),ora 

functionalanalogthereof 

I4. ThemethodofanyoneofclaimsItoI3, whereinthereactionmixis 

supplementedwithuridinetriphosphate(UTP),orafunctionalanalogthereofuntilthe 

endofthetranscriptionreaction.  

15. ThemethodofanyoneofclaimsIto14,whereinthestaffingconcentrationof 

guanosinetriphosphate(GTP),orafunctionalanalogthereotislowerthanthestarting 
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13. ThemethodofanyoneofclaimsIto12,whereinsupplementingthereaction
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concentrationofcytidinetriphosphate(CTP)oradenosinetriphosphate(ATP),ora 

functionalanalogthereof 

I6. Themethodofclaim15,whereinguanosinetriphosphate(GTP),orafunctional 

analogthereofispresentinastartingconcentrationthatlimitstherateoftranscription.  

17. ThemethodofclaimI5orI6,whereintheratioofthestartingconcentrationof 

guanosinetriphosphate(GTP),orafunctionalanalogthereoftothestaffing 

concentrationofcytidinetriphosphate(CTP)oradenosinetriphosphate(ATP),ora 

thereof 

functionalanalog , Sbetweenabout1:1.5andabout1:15.  

18. ThemethodofanyoneofcLaims15to17, 0 

whereinthereactionmixis 
p supplementedwithguanosinetnphosphate(GTP),orafunctionalanalogthereof, 

S duringthecourseofthetranscnptionreaction.  

I9. ThemethodofclaimI8,whereinthereactionmixissupplementedwith 

guanosinetriphosphate(GTP),orafunctionalanalogthereofwhentheconcentration 

ofGTPorafunctionalanalogthereofnearsdepletion.  

20. ThemethodofanyoneofclaimsIStoI9, 
S 

supplementedatleastoncewithguanosinetriphosphate(GTP),orafunctionalanalog 

thereo4duringthecourseofthetranscriptionreaction.  

21. Themethodofanyoneofclaims15to20,whereinthereactionmixis 

supplementedcontinuouslywithguanosinetriphosphate(GIP),orafunctionalanalog 
U thereofduringthecourseofthetranscnptionreaction.  

22. ThemethodofanyoneofclaimsI5to20,whereinthereactionmixis 
9 supplementedpenodicallywithguanosinetriphosphate(GTP),orafunctionalanalog 

a thereofduringthecourseofthetranscnptionreaction.  
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23a ThemethodofanyoneofclaimsISto22, 
9L 

whereinsupplementingthereaction 

mixwithguanosinetriphosphate(GTP),orafunctionalanalogthereofmaintainsor 

restorestheinitialratiooftheconcentrationofGTPorafunctionalanalogthereofto 

theconcentrationofcytidinetriphosphate(CTP)oradenosinetriphosphate(ATP),ora 

functionalanalogthereof.  

24. ThemethodofanyoneofclaimsI5to23,whereinthereactionmixis 

supplementedwithguanosinetriphosphate(GTP),orafunctionalanalogthereofuntil 

theendofthetranscriptionreaction.  

whereinthemethoddoesnot 

25. Themethodofanyoneofclaims1to24 .3 

9 comprisesupplementingthetranscriptionmixwithcytidinetriphosphate(CTP)and/or 

adenosinetriphosphate(ATP),orafunctionalanalogthereofduringthecourseofthe 

transcriptionreaction.  

26. ThemethodofanyoneofclaimsIto25,whereinthereactionmixcomprisesa 

startnucleotidecorrespondingtothefirstnucleotideintheRNAmolecule.  

27. Themethodofclaim26,whereinthestartnucleotideisanucleoside 

tripho 9 

28. Themethodofclaim26or27,whereinthestartnucleotideisa5'capora5' 

capanalog.  

29. Themethodofclaim28,whereinthe5'capanalogisselectedfromthegroup 
consistingofGE5]ppp[5]Gm 7 G[5']ppp[5'JGt'ii~~'~' 

96) 7G[5']ppp[5']Gm2 7 '~3 

oG.[S']ppp[S,:iG(3'-ARCA.),1n2 7 '2 t~0GpppG(2'-ARCA), 72 '~GppspGDI(a-S

ARCADl),mJ' 2 7 0 GppspGD2(~-S-ARCAD2)andm2*~ 0 Gppp(m>flApG 

(CC413j 
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30. Themethodofelaim28or29whereinthe5'capor5'capanaloginthe 
S reactionmixispresentinexcesscomparedtoguanosinetriphosphate(GTP),ora 

functionalanalogthereof 

31. Themethodofclaim30whereintheratioofthestaffingconcentrationof5' 

caporS' capanalogtothestartingconcentrationofguanosinetriphosphate(GTP),or 

afunctionalanalogthereofisbetweenabout2:1andabout20:1.  

32. Themethodofclaim31 a 

whereintheratioofthestartingconcentrationof5' 

capor5'capanabgtothestartingconcentrationofguanosinetriphosphate(GTP),or 

afunctionalanalogthereofisabout4:1.  

33. Themethodofanyoneofclaims1to32,whereinthereactionmixfurther 

comprisesanRNApolymeraseabufferandatleastonemonovalentordivalent 
a cation.  

34* Themethodofclaim33, whereinthecationisLirnNa~K',NH4~, 

+ tris(hydroxymethyl)aminomethanecationMg 2 t~Ba2 torMn2 

thegroupconsistingofT7RNApolymeraseT3RNApolymeraseandSP6RNA 

polymerase.  

36. Themethodofanyoneofclaims1to35,whereinthefunctionalanalogof 

uridinetriphosphate(UTP)isselectedfromthegroupconsistingofPseudo-UTPNI

Methylpseudo-UTP,2-Thio-UTPand4-Thio-UTP.  

37. ThemethodofanyoneofclaimsIto36,whereinthefunctionalanalogof 

guanosinetriphosphate(GTP)isselectedfromthegroupconsistingof7~Deaza~GTP, 

NI-Methyl-GTPand06Methyl .  
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35. Themethodofclaim33or34,whereintheRNApolymeraseisselectedfrom
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38. ThemethodofanyoneofclaimsIto37,whereintheDNAtemplateencodes 

oneormoreofa5' untranslatedregion(UTR),a3' UTRanopenreadingframeanda 

poly(A)-tail.  

39~ ThemethodofanyoneofclaimsIto38,whereintheRNAcomprisesoneor 

moreofa5' untranslatedregion(UTR),a3' UTRanopenreadingframeanda 

poly(Afrtail~ 

40. Themethodofclaim39,whereintheRNAencodesatleastonepeptideor 

p 

41. ThemethodofanyoneofclaimsIto40,whereintheRNAismRNA.  

42~ ThemethodofanyoneofclaimsIto41,whereinthepHvalueofthereaction 

mixiskeptsubstantiallyconstantduringthecourseofthetranscriptionreaction.  

43* ThemethodofanyoneofclaimsIto42,whereintheprogressofthe 

444 ThemethodofanyoneofclaimsIto43,whereinthemethodisperformed 

usingabioreactor.  

45. AnRNAproducedbythemethodofanyoneofclaimsIto44.  

46. AcompositioncomprisingRNAproducedbythemethodofanyoneofclaims 

3to44.  

47. Amethodoftreatingasubjectcomprisingthestepsof: 
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(i)obtainingRNAproducedbythemethodofanyoneofclaimsTIto44,or 

obtainingacompositioncomprisingRNAproducedbythemethodofanyoneof 

claims3to44,and 

(ii)administeringtheRNAorthecompositioncomprisingKNAtothesubject.  

48. Amethodoftreatingasubjectby w 

adrninistenngtheRNAofclaim45orthe 

compositioncomprisingRNAofelaim46tothesubject.  

49. AmethodofproducinganRNAbyinvitrotranscriptionthemethod 

comprising: 

S 

restrictingconcentrationofUTPorfunctionalanalogsthereofduringtheinvitro 

transcriptionreaction.  

50. Aninvitrotranscriptionreaction a 

anRNAtemplatecomprisingapromoterthatdirectstranscriptionofatemplate 

togeneratea S.  

anRNApolymerasethatactsonthepromoter:and 

adenosinetriphosphate(ATP),guanosinetriphosphate(GTP),cytidine 

triphosphate(CTP)anduridinetriphosphate(UTP),orfunctionalanalogsthereof, 

whereinthestartingconcentrationofUTPorfunctionalanalogthereofislowerthan 

theconcentrationofCTPand/orATPorfunctionalanalogsthereof 
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transcnptwithapolyAsequenceelement










	Abstract
	Description
	Claims
	Drawings

