WO 2009/ 125006PCT/ EP2009/ 054329 1 Pr oducti on of
Nucl eic Acid Field of invention The present invention
WO edoatiz®od 0 a process for the production of nuRCEER2009/054329

acid encoding a target protein and target protein
obt ai nabl e t her eby, |nclud|gg enzymes such as nucleic
aci d processing enzynes, in particular reverse
transcriptase. Background of the invention Protein
evol ution is a knokwodestivroifSficldioAcisle] ecti on and
directed evolution of proteins fromlarge libraries.

Field himvbaderc princi ple of selection is to ensure t hat

The pfeaergtné‘fe[q}lo%ﬁ%}gt:éfa e% ggc{g\é\gﬁ[g g@rﬁe%fglog? eltcyarc):ld encoding a target
proteiR NGOt P&- 91%‘?@15 YPaihhtK atﬂ@reﬁﬁ n 1rﬁﬁtd'h§‘ga|ehiﬁﬁe§ @u&h fa§®€nucleic acid

di f ferent s: coval ent |inkage such ds
proce&smpﬂnaypem inpastagndargxeaset trapherguasdi spl ay, bact eri al
di spl ay, yeast display etc., non-covalent |inkage

whi ch use affinity interaction. Exanples are ribosone

Backgibﬁﬁa oy theGhverdionp! ay, plasm d di splay etc.
npartnmental i zati on such as in vitro

Protele @W&tl@w knqventechrelognAoy selé@twglaafrtdrﬁbwpeﬂueze@tlon of proteins from
, I
large Eﬁja{]e  hE oéug% ?{gcgﬁe%}:lsﬁl%tggtﬁcg t&?ﬁ%ﬁ% H%a tttgégé %eap% ﬁlgage between a

spemfmk}ﬂteﬁotppdf ggo@ph and e eﬁX@i’m)g gemitypeo Thisehienotype-genotype linkage can
henot ype- genot ype | i nkage i s achi eved usi ng nRNA
lmrﬁ1¥§ﬁpg§ @&g8§§8PV%ed by Roberts and Szostak (1997)
c [ e
* PEUAIAipk S QPR o8 BRI el B8l SR Bl bocteril
t diapisy,atebadispiaysyant hetic MRNAs that carry pur onycin, a
pepti dyl ceptor_antibiqgtic,. at their 3" end

° N %@%ﬂnbi}pkaaenwhlgh use R BiRAGIOpp Examaleg drvtipprome display,
b di spl | b
S IR RKER D ol o™ el Ldt no- one o fore

o emmbm@naahtzatcgestuch et vivo Sngabtheatatichtion (BVIC), RodiphfiMentalized
%$ slatlon Sé&tentso as to form a non-coval ent
Veatight ek SIple Badeind scirempe. Aah thrayehpy sersepng gic.
to tRNA This array of ternary conpl exes nust be
stabilized. Accordingly, each ternary conplex forned
As indikatddnig the abover maragrapls loat iewampls @f coRAt | phekatye- gem?)tr}(ﬁé linkage is

achievgc? g%gga Rgcpse %ths,hﬁeﬁggeg{aa?}y R Qgg ?Zﬂfat ({9Lbr covalent fusions

betwe&pa@ entmtdnanthefpeﬁﬁw 85 bidRih UM enddded laen $takh&rated by in vitro
onpl ex the Iinkage between phenotype and genotype is

translappe sépyndlepticmBHAs dhdt garrs parniysit, e wsptideé rae@;otqramg iptic,\ADtheir 3’
end 2009/ 125006PCT/ EP2009/ 054329 2 protein is sel ected on
" the basis of a property of the protein whilst stil
attached to the ternary conplex. Selected ternary
conpl exes may then be di sassenbl ed and the nRNA
Non-ceupkest j litkage wetweenhshanahipet ansk 8eRatyPs samis) peliidegdpyith ribosome
I
dlsplayR-an 84&1&3@ aﬁ frg% tb?%lﬁ%o ncgtécg{?% g%es 61‘(51"\1)3%:‘6% cﬁﬁéh a%fget protein
is subjadted tal &0 vmibttmnsllaaoran;d;td?dl sE ks twfa)nn%)ﬁk&)-cmtbnp tedhay kemplex of

) ( Han and Pl uckt hun, 97 nd Taus 1997;
rlbosorp?wi@“/*etanapro tespgayple qlﬂm %RM: ABist g pF éﬁ‘.«gﬂéw qoginiaes must be
stablhz!eﬁ mgrdﬁ?%qf Seabh tdrar ? ﬁﬁ;mxefohﬁed"%lrfg' 19%93%21%1%1@)’565 mRNA

to select Tor enzymati ctivities, performng
lackingabf $TOPycsleh eatt therendf pPhotteinay whrmplesasi aiedurthethistabilised at low

temper%égﬁiééﬁgi ﬁ{lé g{glh dfonceoxg@%j%? of %gh%?gﬁ{(&@nﬂ&)g%ﬂd[he stable complex the

hnkagecsamaéd PRAbFDE & bty YEDreRRIEADT A Beaidd sﬂa?%ﬂ&@@whereby target
linkage is realized by in vitro conpartnentalization

of genes in a water-in-oil enulsion. The nunber of
genes used to prepare the enmulsion is cal cul ated such
that nost of water conpartnents contain no nore than a
singl e gene. The conpartnental i zed genes are
transcrlbed and translated The act|V|ty of the
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trans as well as in cis; 4) because of steric
hi ndrance and enzyne nobility limtations
wQbagaezioas me- DNA/ RNA conpl ex can interfere w tPCT/EP2009/054329
efficient synthesis of cDNA. The possibility of
selection for reverse transcgriptase is also nmentioned
in W0222869, which is related to the

conpartnental i zed self replication (CSRE nmet hod. CSR
protein &t hilefleshyn ihy Rsiscpltaoprontracet thh@reispnvhilss siiuatiached to the termary

[y, e ' Lcu g r
comnPQ MRLRSEBpty AAGELEYh AL, A0 M ROMIR RS iy asscied
with th¢ targe? pfin iBaapleidddy REIPICR. expressing mutants
l'ibrary of thernophilic DNA pol ynerase are suspended
in PCR m xture and enul sified yielding separate PCR
r‘. . .| .
tn gerRIAMAIRERP|R s S SEIB APYSE I 2 Rlocllph B AaALT Mattheakis o
al., 199dt Matsupranand PluekthnevZiiBedndyrdtties flesenoé Pbdckthun, 1997; He and
ba i al. RNases, Wwhich renmpin active a derate . . :
Taussige RO AT And0)1 M gHae GifFisat Griioald f97as gigs fts possible
to usétiBGsorfe PPIag At RN & QlyhBRNtisE! RefoRAinR! ABAIH selection of
DNA (rel eased frombacterial cell) as well as the
proteipy stbrauicidsf inhititoE (Aoistutz atz glned)02% br adiver ale ligant dilakahashi et al.,
20():Z)ribosomes, NTP, RNases, DNases and small nol ecul ar
wei ght nol ecul es. Summary of the Invention The present
invention ains to provide an inproved nethod of
_ protein evolution which does not suffer from drawbacks .
In in fro cpappitmertakizationgt odrhenplype prad aepofypeilinkags jsirsglized by in vitro
b r [ i O k des S.of
compt Rz oF AR In & UREHr20 CEAIAET TRUBGET ' fhes used 10
prepafelthd entlsiontis calculatep sucedhat most of waser cpmpritiEleitg cattai@roayiore than
of RNA or DNA noleculfs i ncl udi ng.one or nore enco

a sing{q]g’enpa]?l&eqo%tg@npﬁlize genes @) trs@gﬁrél?egt arn‘qéraélsltag:figgbe gclztlr‘]/%y of the
i f e _ i . . ..

oG SR AT N SELRY SRR RISRRONPLR R of gty i

results $n momplifiostadne nf IBNAr ecodimpemtivy frotend wiht desired ppdpexties. Water
c) separating.the conpl exes into cqonpartnents wherein )

dropleip ylop By B‘?Ct%hm%raf_ KM CBrti: rBIHES oy rntplifies reaction

c Y .
volunf QAT i il o R ARG RO AT PabtBpERTRREN AR dmulsion. The
first @tdsyul Yexampit of [¥Jsell&tibh Ngystent| wisc basddd oanemghtigecific DNA
t he target %rotein on.the basis of the activit

methylggionichyie (F ke FoTiIHes dORBIufisHes 1€ HasHpITesthy yagsferase were

- i mlex. i ' LS. . .

comp L Cu PRt PoMMED 1GNNS ESYRLBLe in e
presenconfad tcofeantos War aldacth methplaeex its Tiven pINeAs e Basddnuenbehgated DNA

have deyvi sed a nethod.which utjlizes .two distjnct )
(eactip) gl BB Jp ALY e HeF Pk S et adamlbee. gense gpooding
methyﬁf%!n@fa;ds@ Vel d fiim 4967 fold BREhOSD 1R DN A1 ules.

evolution within the | aboratory. The new features of

t he nethod, described further below, allow it to be

T A A S

perforinCT¥@S eGeRaGéh OfisUs® ange f | BXiAPInbiifying | NeWgiies CUliAr , particular
the present invention provides for the first tinme the .
DNA-petyitsinsierasepiles; 6F W-ng08HdColgsr ehv plng29G48- popistitar experimental
f rever.se. t ri - . .
s U S AL 0P VTR 2R OB fpuctease oo
et al.bRO0DQI Gdmbparintentdlize® DN, nezicbdiag ddiive @stpietidn tdmeonucleases, was
i nvention provides a process for the production of
nucl eic acid encoding a target protein, which

conpri ses: (a) providing an array of RNA or DNA
nol ecul es i ncluding one or nore encodi ng the target

pr ot ei n; (b) generating a target protein from
the array to form RNA-protein or DNA-protein

conpl exes; (c) separating the conplexes into

conpartnents wherein nost or all of the conpartments
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9 enbodi nent the generation step is performed w thout
separating each nenber of the array in a water-in-oi
wepuwbazem Conpartnentalisation can al so be peP¢DEP®AI/054329

by any nethod known in the art which enables the

conpl exes to be generated or separated such that al

or substantially all of the3conpartnents contain no

more than one conplex. In particular, it is preferred
digestehand aeledtehby sTBogueat incerpstat®o%l Siotit AU ERend G0 tot streptavidin
beadsconpartnents contain no nore than one conplex. For

exanpl e, conpartnentalization can be perforned by
separating nmenbers of the array or each conplex into

different wells on a mcrotitre or nanotitre plate,
A diffgyent VG sqlrraloe@rrp@gr ﬁ@ﬁ epiliedden wplytioyef DN polymerases (Ghadessy et
al., 207" tdh%&és@%'ey al 5% Qt zﬁy &), G h lel\é@tﬂrﬁleﬂl%{h%ﬁ'lg%ased on
I'nf 0 agueous drop a’wat er -i n- sion or
comp&ﬁhﬁhtahﬁe(blsbl-ﬂréplmﬁm €(D$R)s iof ngené &:nn@dlhgchouﬁlet]DNA polymerase.
resent |nvent|on conbines at |east two differ

Contr%ryﬁeélsw LY En oXhyroptobrdivotlyipersst AleFeressdeinr ey, Fggn‘ﬁ {pgeformed by

compérhﬁéntalfzgﬂ@ﬁ et badidHeR A& s ! @Jf)réég’ﬁﬂ | tﬁ@ﬁnd&ihﬂkﬂgﬁ\lﬂnﬁolymerase. Cells
npartnmentalization. In a preférred aspect of the

resuspend@nﬂn EﬁRth@ferrB(ubpidmﬂnﬂed ivitdprioenyond dNilHis,tave eofulsified yielding

t hese | i pkages., in a particularl referr
compTH by H S RERP T AR KBS Yl 8fferess FCR compartment
: {
Dusin Ot SENEER L AEANR 55 bOSBLY 485 RELANIBLIR: cxnssd
thermopielie DISA nmolymenase tarré ntsad:ncnénngogene nntt ¢ tEaction mixture, allowing

val ent/ non- cq valent lin es hetween DNA or an )
selepfigatisogs| HOPGid: ASAANEUn RN DACVGp BB s lPTBEred by  high
tempe®Ri@bl i shed in many different ways, for exanple, by
ri bosone di splay, nRNA display (Roberts and Szost ak,
1997) s dlsplay (CUergr|p et al., 2004) or coval ent

A mo%ﬁt g%tll Odgf FYé pls z% é? % (%N% {egn §1 ~it- r‘ﬁ?}fr éangug%b%s Water droplets

surroun@éd by 8loil lllayfeh Gardbs &M}&e@fan@ oot QHTKSS BV a vt 0> ARariants per
techni que, while covalent RNA-protein |inkage and

secongBerpasly a1 @nL20fhApttiobatistalet ﬁké’&@ﬂcan be established by
MRNA di spl ay and ri bosone di splay, respectively. The
present invention can be realized through a

Selectimrbf padtéian fof birmdiyg didyf elsertie pérfikagesby FUC. eé(ap’mtlem of interest
t he. present |nvent|on can be realized %hro

exprese%frrwb‘rﬁsrrnow BMPArERRGHES CarRlpt agvatangy i iehfiger and Neri, 2004) or
-cGRABRRY (BB YARELOR 1999, FHoMGNe1 CO0BY; R U ChodTRDYS) to th
nmluﬁ%SpﬁgS, s dls%?ay, or’ CAe dIS% l'ay and ék: VI? ) tothe
gene tROQEHEARSAO06PCT/ EP2009/ 054329 10 In a preferred aspect
the process for the production of nucleic acid
encoding a target protein is realized through a
Other SE¥IREAGHS SINTVES ark kROWRA Rl BRIGHEadd ChtiaPpad fnfdPcompartments are used
conmpartmental i zation. In particular such an process

as 1nt@'m¢§1a;tcg@§or proteln qrd) geneosougling Snglgr g@ys aftagheNte microbeads are

transcr(lles% & Cﬁ%&f tehd 1r} i eglredF )}&g?ﬂf%\%mkg%the %ro% tlg Ic?%ru]%ed onto the

same lﬁdabﬁﬁaﬂﬁii? réaclos h@rhpﬂﬁn&rﬁ geasesmbleioans Efdka]y 1@ﬂat&d?b€bﬂl§ Yan be used
npl exes each conprrsrn%ﬁan mMRNA, a ri bosone and
t

furthelpf%taéﬁmtyt sederdiont(8ePT ¢loth @mlsmns usually pre broken using organic
g a Y,

solvenltsn &%%grgé’ 5 %egeclgpgog@grtbéx%}?éhakﬁa t@f;é?_clle%&g% g&gﬁtg‘ Of Qertain enzymes

dlsplay@ltcar therbeadd, -hnlmtmgttlair ammahtmmmﬁ thishtiecleiotogyo $'or eelealon affcatalytic

h [ h
act1v1t{1 el?lﬁ:gq) g&;ls%q? , eas yo{;vag}f; g%g}s}%lege(ﬂ gn [T(ﬁge gtah ggqulgn buffer and

phase droplets to reaction conditions which allow
protein activity; and (e) selecting nucleic acid
encoding the target protein on the basis of the enzyne
activity associated therewith. Such a process
according to the present invention may be terned
conpartnentalrzed rrbosone drsplay (CRD) CRD 'S
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ri bosone display technique. Only a very snal
concentration of ternary conplexes is used in this
wG@@p/129006 he process. The enzyne may conpri se BCTEP10689/¢54329

acid processing enzyne, which may be an RNA processing

enzyme. The nucleic acid processing enzyne may

conprise the target protein4and may be selected froma

nucl eic acid polynerase, a nucleic acid |ligase and a
comparenmtaiia?ied de@inﬂomL$c¢cmdtdndy$iﬁcati@n§feer(@$iéﬁth$\gn® dewlibed0Bh However

Furt t her, det ai | rein ase oy
sometyfi, AU, S snsPliethd snbibfot ToBhfienst NeBOUBBARRG AR enzyme
mobllltﬁ it 680 nB0 AP cERUEISRadHoANRGLIrEh @RS ah8 thé S@livity of the

e substrate for the reverse transcriptase. Step (e)

attached egaineastnay bp lewer thaméiag oé theodenenayims- iraa@btwlprs(y@lé intpthods are

S QUPLETOR 01554 1B, R MEPOGETB e 5 LD . i s

mﬁﬂxﬂkﬁn&ﬂﬂma&gse Where the target protein is a nucleic
acid ligase, selection for RNA (DNA) |ligases able to
ligate RNA to RNA or DNA to RNA can be perforned.
The BrfiloSidR! ¥f dllsibRAGEL T CARGI &1 8%entll] 1 BULOURHRYTBE war
© nﬂﬁb{ty ?nc % a co-substrate coﬁ%&?5|n§ arnucﬁﬁﬁ%’ waret
compatmeht$ amkaticiont iadféilm tanscuipti @hofonRBkbatdrsabseqhientttiagslation of target

.conpri.ses n af and for attachpment
proteify BT SHARHGR B £ Rl B gy Bresls (A FoprospEcThme proteins and
enzyn@@ﬁ)'f itk RS 4r@ 'i‘olgﬁst REAGRSRET aAENAL b8 aBTvdhBugh tn Wifrent buffers, in
first case, the nRNA encoding the target proteln 'S
partlcmlalgm wdctian mirgures serbist PAE eHpweven dbare ARIBBOS Cphml;eated enzymes,

which R Bv<rt Y Qe b EPRT 7 eEE v Ty Pt B et tw of

in vitrBie@bluflo@ B&Yst- h%‘foh ivgRREoIRE Rhan JoP@E tsBIREiOfIRT. ITHAS means, an enzyme
streptavi The step of selecting nucleic acid

evolvegna pn@mtmé inglrapseriprontteangladompedcien mixfuse thngm\well in that
i h

partw%%ﬁ‘:?l JR&% gagnéir}g%stt lﬁ(e ﬁlu}?%%o Iﬁgﬁ%wgfsggﬁ §Lﬁ"fe? In] some cases

enzyng W(}rbjn(ga:londlltlcﬁﬁaﬁ 1nca>rﬂpat1blatw1‘[h inrvaticy tr@xﬁschp’@@ts gnd tsanslation mixture

%ranslated in vitro and purified ternary conpl exes are

used 197 PRSI REFSTATILE [ COMBATIRIS e ACPTHH STy 15yh pHcpigplchs delivery

systen} E@&Jnﬁﬂ PNV S L DKy trﬁﬁ?&@ Ulf?éiié}ﬁtsefu'tesﬁmoeémﬁ’l%foﬂg:'oﬂ%artments.
e enul si on to a tenperature of bosone ternar

Even mowpsbpkteﬂcwhdsrasmpmﬂbhms Witlyaster-wi-dil cduapartmmm terihne himploying

: '..end of t becone accessi bl e
microffyigfy ﬁewa%se?ﬁ T PO CEBSEGErIE G R orsen et al, 2001
OkusHi8@ et A10008] &4n Bt ﬂn% abedt Wo?ﬂﬁ@(ﬂﬂﬁlﬂ)m&&u}éo@cdrbfﬂ@ts(ﬁéf second.
nore active varlan s of ligase will be purified
Generathé watar e:pmelrtmlmts lsembis trangportay Hbéucaﬂﬁllndfq chgnitgs, Fﬁtrsepbcmbdmded

and sqfod QPR 6P gL G SR dhy 2000 alerticoi i SR e5aee in e

compapin@¥ng iP sEI0APrds@s. sel ecting NnRNA with attached
sequence specific tag, which can be used for selective

annealing site of primer for reverse transcription and
Rever SRS TS ot vory Ip ok Pl RIA B el | Ahileliak BOKA from
an mRONAIPArgxte s\ Rit ef dedeatchchaarbdere dothesinf orelelr toniniaed pperties of reverse
buffer _wi th DNA/R IlngFr nd/ or adaptor ?fter. .
transerptpses; FVEFE N8 MEPRSTI¥ IvArsing s¢ ﬁﬁ@rsaﬁtﬁmesue)tﬁ blgfer inj\iige gyplution of
reversd ﬁgﬁ’s@ﬁigtagé) 1218 %@%qb W\RS %‘TBB?L allLinS&ﬁ%@erﬂ\édté alRemh s ﬁﬁisﬁQtants of
and t end of the nRNA becone accessi bl e
revers¢ transadpipseotel cated @uigslegiu‘élmuglhpgaspre@mng @ad titional demgn
encoding only active (or nore active) variants of
ligase will have specific |inker sequence required for
speci fic annealing of primer used in reverse
transcription and may be efficiently anplified by
RT-PCR It is also possible to select for term nal
deoxynucl eoti dyl transferase (TdT). This enzyne works
on RNA and incorporates deoxyribonucl eoti des,
rlbonucleotldes nucleotlde analogues and S|n1lar In
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19 In conpartnentalized ribosone display selection
met hod only fully active variants of reverse
W e@nazINpt ase can perform synthesis of cDNA, IN/EP2009/054329

encodes the sane active enzyne. In 1 hr, after the

reverse transcription reaction is conpleted, enulsion

is broken, cDNA is purifiedf%nd anplified by nested

PCR Because of the selection nature of CRD only cDNA,

Neithethiibdsomecdiselsy 4BDi)veow sir iidot eongfarimeepialigation (IVC) may be used for

st B A7 5 AR R TR bobRBbDuRITIR rvosome cispay
usuallly lapdgdt &fabRoat s Heh RnijRIdS S tRGirb Db Fefoid revdiscOti AR Eriftese selection

elimnate undesirable nutations in T7 polynerase _
and app eprseetenee fnkige befwres airengypridnsggesptyge mﬁ:b)e lagid Whilst relatively

oSG, PuRBESENE  AIR AEYS, 1600000 e i v
transldthraxfradt WalkgiERE §Matsustac aine3000hah vitrd wansidted ichbase trenscriptase

) di splay construct_is restored and next, sel ection . round i
immopikigedy dO pahasamfedfid PRI b @ngeignsigpifican RS indratice during

r e Q . . » .
Sy e e A Y B RS R R Biasg SRy il actin
trans asheelhat inwig, whath dgam ipinoverpptilela ayitheproeedefodutidni drategy, because the

reparation.. Sone of proteins are faster, some - nore
Phem?ws'r%?ﬁ%%%ﬁ%kagmy n%ﬁee}&“f’%ecﬁv % MILV variants have

mut ati ons D524G or D583N, which turn off RNase H

activity of reverse transcriptase and inprove cDNA
IVC gspereHesimplays INSA| asagenetie matsstah dh Vitry tfacerigtion of nsfNA and target

.2002).. .. Many re variants. of sel ected. LV reverse .
prowcif 3ANi D {aGR sy 3 PRy GerR B E RG] Wiy oBMBARGens in he
preseri®d loRtth®@ DN A HAGAR cadd6s¥8yerdel BAdscripREOM vibd0261utibd Ol presence of

- N454K; Y64C, E69G 90R; V223M . F309S; L435P; E562K) )
codingrbAYA saeupnen gbelishey thsemamenrercquisitssph selpatn for reverse transcriptase

i AR LG Doy LTORROZBERR M o e o

transcriptasddrianpois abell 6 vesyse dbiktysorsypthasee thiirnovmcodisg cDNA from
sequence. Sane tations. repe ver requent | d
mRNAyrlevgly syBthgsipidyHP N s {a he &P %bmégﬁsﬁgﬁorgﬁi?@g Shgpld be the
only sBHIcETJraNAULARE SedESRAMDNG dokd i TV Weechidh vallakSplith Mether with
our CRD technology Is very fast and robust selection
cDNAnenbdohg basit iselegimmyscbémehi ch was confirnmed by direct
evol ution and i nprovenent of M MILV reverse
transcriptase. As proof of principle we have sel ected

More \46pHi@th@d Ofarivhi¥LdsVinr @UET @enpaftAREGIIFRIOAS SuMOAK Lfige of microbeads
better at higher tenperatures. In a further as

pect,
entrappér i1p rveasem eonparanenito (SgPo et tles2@®02 (iifishs andineeikp2883), allow

X T e e
realizd0Ga tficEibeadieyieldity b Iriid Géledtions énit ATRNR SnidRybelB protein, which, in

sel ected according to the process descrjbed herein_by
case QfpsIVeisAgraseieRtaenSULHANL PEHB GIRVEMEE Alfris| Ripdiagee and ds a result
ineffidi SIIEH t#ynﬁhesgy ef er abl y of at least 50C. In this

aspect of’ the invention, a reverse transcriptase

enzyme may be sel ected which has an

tivity-te rature_ pr.ofi which.js shif in .
Taq DN Appaldgrsatin kY SV’athgi}%F_eN\]%(ﬁon%l?‘ft_ e Aa%a@@é\ fyegs selected using
modiﬁfgsﬁfﬁgh%@ dRblaMicBRoIBRY [V MeAClukME EYall S00BYSLRNRGh thid approach

er “aspect, the I'nvention provides a'reverse
workst it s somp sharecogrizgsmd) i dhpotaipy caeke disphyed erepbagss; 2) absolute

. transcri ptase ,.am,np aci d ,sequence,.w t,h a tation at .
i NS B 875 P B R B SRR ) g b an work i
D200, D653, L603, T330, L139, @21, T287, 149, N479,
H594, F625, H126, A502, E607, K658, P130, @37, N249,
A307, Y344, 430, D449, A644, N649, L6711, E673, M9,
@1, M6, WB8B8, 1179 E302 L333 R390



@B74 and E5 Were the nutation is at D653 it is
preferred that the nutation is not D653N. Were the
woredoatizome i s at L603 it is preferred that the PCI/BEP1I0091054329

is not L603A. Further, where the nutation is at 11594
it is preferred that the nutation is not H594A. It is
preferred that the nutati ond at the above positions
are point nutations. Preferably, the reverse

trans ey weld @5 iptiase) bresussrd staricrivndsansfe andeenzyhe owibilify limitations phage-

mu i . D2QON, A .0 5 A or, .~V 603W or
enzyrf bRUUBIA spRalBleds lensef iR O, iy or¥pngl " L 0T
or Q F625S or L, H126S or R, A502V, E607K, G or A,

K658R or Q P130S, Q@37R, N249D, A307V, Y344H, 430R _
The ppesitnliyodt saleciign foy reyerse tragsgmpgasel is plisp megipaest sy WO0298889, which

s el P R S B r S s b St e s used o

select 2hermophilic DNA polymerases, in particular Taq DNA polymerase (Ghadessy et al.,

2001; Ghadessy et al., 2004; Ong et al., 2006). Bacterial cells, expressing mutants library of
thermophilic DNA polymerase are suspended in PCR mixture and emulsified yielding separate

PCR compartments for in vitro selection of more active polymerases.

Real selection for reverse transcriptase activity will be prevented by the presence of bacterial
RNases, which remain active at moderate temperatures and will degrade target mRNA. There
will also be DNA contamination from non-selected plasmid DNA (released from bacterial cell)
as well as the presence of all E.coli enzymes, structural proteins, ribosomes, NTP, RNases,

DNases and small molecular weight molecules.

Summary of the Invention

The present invention aims to provide an improved method of protein evolution which does not

suffer from drawbacks of the prior art methods.

Accordingly, in a first aspect, the present invention provides a process for the production of
nucleic acid encoding a target protein, which comprises:

(a) providing an array of RNA or DNA molecules including one or more encoding
the target protein;

(b) generating a target protein from the array to form RNA-protein or DNA-protein
complexes in which the RNA or DNA molecule is non-covalently or covalently bound to the
complex;

(c) separating the complexes into compartments wherein most or all of the
compartments contain no more than one complex;

(d) subjecting the complexes to reaction conditions which allow target protein

activity; and



Each of these nutations is found, for exanple, in
mut ant enzynmes having a higher activity at 50C as
W@ eooparwoe Wi th the corresponding wild type enzpeEEP2009/054329
Further details of these nutations are described in
t he specific exanpl es. Ig particularly preferred
aspect of the invention t'he nutant enzyne has at | east
two nmutations. In one enbodi ment the two nutations are .
(e)at Bdevingnuicleic ped Tncqbing eheatepscs Profeinnen Hie asks ofr the activity
OONﬂ§nd L603W In an alternative enbodi nent the

associated Ihefewitsns are at NA79 and H 594. For exanpl e the

wherein wiih alid edifplax és BNIR-modin-EidiRex im whidhuthe HEN Aais p@atcovalently
the invention provides a reverse transcriptase enzyne

bound, step Ry jsrigrfarmeshin, tﬁ%ﬁhssw QfiSERATE CAMPUHPLH S Fé‘ﬁa@@@e@m
wherein the activity at 50C is at |east 120% of the
activity at 37C. Preferably, the activity at 50C is at

The presentdagdntdrs Odye deviedpr siethod bihictautilizasio bdtcofypehef phenotype-

activit t 37C. In further aspect, the present .
eenotype Ty B 6y F A6Y SRR PR RS it pisiiods PRn evolution
within the ?Mﬁ@ryh g¥b ABwIBatffel bY tHeYméthod Q@sé_’f'iﬂieﬁ Hurtifer BelovE @Bbw it to be

w ce that of the corresponding wild type enzyne. In a
applied to fnrektvadedaspee of tatdet pprteise it campagisionda thy methgds ofthe prior art,

wit el 2k 58 L ARS, PES TS E0E T e RuROBL for e

first time € pESHANE | dT0evilVifly tat® EmPRANKEE thePh@beartiadloy reddd&e transcriptase
specific activity of the nutant reverse transcriptase

enzymes —eng pivehe osh impesiant enzygw, gravnsdn fiedpelbap p{matecplanbiologtt,
and particularly preferably at |east 160% of the
specific activity of the corresponding wild type

In one emisSAintemRe.of kiiis Bgectibe mvemivichrasidees procés doththe radutti@t of nucleic

) partially purified wild type enzyne specific activity
acid encodig Btarzet Brosgipr WRFHEQBPYSES00000U ny. Speci fi ¢ nut ant

(a) gmeyﬁﬁgﬁgﬁlg%ﬁ%ﬁ@ F R\ SMBNPERoRPERE NRRIdE &ea&q&%g r%ﬂso%mg

resent 1nvention are discussedn furt
the target etedi;| in the specific exanples. In a further aspect,

the present invention_ proyides t reverse .
(00t 1 AT PE T EERBY I FIAU G ¥ ReloD I XA Eip (GDNA-protein
complexest €ast 1.5 times that of the corresponding wld type
enzynme. Thernostability is nmeasured in the present
(c) apphdpesting ntha scamaexhgainte ctompartpents  yherefo|meshi ergall of the
treat nent at nutes. Preferably, the

50C for 5 mi
compartmenis ¢QUP Bp 10Ty aBPn?ﬁ%nﬁ%¥ant reverse transcriptase
(d)eNZ¥iPpecting ahe | BBPlexds 2o tredttidon doRRIORE efldcRRllywatarded gfibtein
o 2 tines, still nore preferably at least 2.5 tinmes that
activity; ansf t he corresponding wild type enzyne. Typically,
resj I | Vi 7 Wi | d - I av .
©f r afeig P 1dd Thoodtfly, Bl bRFGiK'df e XBRISTRIEE S8iviey
associated Merdwitiyt r eat ed enzyme. It is preferred that the
reverse transcr&g%g e enzynme according to

. t he
wherein in; thg &NApRoteBromAEshaRIMIY PGl g FOR PR Bind) thereto

: r | ' rovi des a
and in the %g{ﬁg'-hﬂ&?ﬁﬁ c@:ﬁggitthe HRA R c@%ﬂtl@%‘gﬁﬁ‘ tHeRM0 P

cleot such as an nR DNA, encodi ng a
reverse transcriptase as descri bed herein. The reverse
t,ranscti ptases. according to.the present inventiaon

In & secono R 3 isr 0 T8 TGRURLPATIdET GRSGYY B POdHgon of
nucleic acid $abodRss KbrFEBrdtaRTwiReRcopdes: A kit for RT-PCR may be
provided i n which the reverse transcriptase of the kit
(@)i s arowdiog se arrppas BNApeadN Aawelsedpnigcludingranesr grap encoding
the 1 tinvention. Det ai | ed Description of Invention The
¢ target Bralellat i on wi || now be described in further detail, by
way of exanple only, with reference to the
acconpanyi ng figures and appendi ces: Figure 1. The
experinmental schene of Exanple 1. Two plasm ds
pPpET _his MV _pD (encodi ng Mol oney Murine Leukem a Virus
(MMYV) reverse transcriptase fused to protein D
spacer) and pET_his_del pD (encoding inactivated (57



Figure 14. CGeneral control of nmRNA/ dsDNA conpl ex
exi stence by incorporation of dTTP (biotin-dUTP) and
WO 200P3Z00ATP. Radi oacti ve dATP shoul d be i ntr OPCIYEPR2009/054329
into dsDNA substrate subsequentialy after the
i ncorporation of initial dTTP or biotin-dUTP. A -
etidium brom de visualized ébarose gel (nRNA or
MRNA/ dsDNA bands -2.5 kb). B - the sane gel as in A
dfb)ed @endratinger taygeperoteindrovi the atray éulfomsi Ry Aayoteimer DNA-protein

hosphor. Per ki n- E Vel | es MVA) .
comp{ea e P Gl A AR S BPISR g T BT s BroR Bl bound to the
compRk€ observed. C - structure and sequence of dsDNA

counterpart in nmRNA/dsDNA conpl ex. Figure 15. The
r éul t aenaratingatheRyopoiRx s AgfAreprmapaginaniss vdiegtin pragipple all of the

4 [.CL. [ ' re 907 bp for
conmﬁﬁﬁg%ggéﬁéggogﬁggy%%Q%%%Féﬁkgél_pD cDNA. PCR products

wede apabjydied e dihpgas oseregéionl oaditigis 1Which afowPEiRget protein

..mx per well. RT-PCR sanpl es before streptavidin beads

fmu“ﬁ@?mgsponds to the ratio of active and inactive

PGy DR a5 IR okt TR IRGPRRof the activity
associpteditfidrewith,on on streptavi din beads corresponds to the

rati o of active .and inactivye polynerase nes after
wherdit e b3 PEFTQI QR o BRHGY SCPRTaHS CHPAEHPSEhioE REChr QBT

of -20 is observed in this selection. Figure 16. Sone

exanpl es of al kaline agarose gels used to determ ne
Covalpitghedeiges betpeemtDNA of RNAkbnditlee trgst kivoteDNears Patdeaerpisd by any

reaction. BPCR hine - E dar stercyele Giadient,.
technig S Rh i, TS 100 REHBRP ST ICU L wb  CC LRy CEabgispley or
yeast Ah14PL A Rartid2aDer adwalet gﬂﬁﬁié}ﬁﬂt%irﬂlin%e din. 6€, geAbraked, using the

47.8C, 50.4C, 53.1C, 55.8C, 58.1C 60.1C 62.1C size
technigpaplaRNA dipnay Fakile Reelent/DA-protein dakegeeqandistagsgrated using the

E-G i n ) - . . .
technifiChledtpRnbRuBH ARHRY (L3 RiErsedB AT 000 pertppming transiation n
comparfinédfts bolcdlenb PNL, diSflajt (Beiskthger 40d ATeri,SR@®Y), or using similar

standart - Zip Ru|ler Express adder_ 2 rment as) .
covalqpyi ol echionBTREh BP0 ATSH SRS élrm@ﬁ&i)z The :

general schene of nmutations found in initial MV RT

l'ibrary (sequence between Ncol and EcoRl restriction
Non-csivslest linkg&Q HeDvédm. DIR4) or RIS Anandll thotdrges proteiat dap ridsovsr generated by

oy S B0 19,2550 RES ANl 1 NS ST, o i
displaflih&attRifar| ML &VaR—NADIVE piofn ﬁﬁﬁ%ﬁ@ REL be Zertb@At8d irOMS absence of a
e

underlined and indicated as das li ne above the ‘
compastupné sl GISy display HOdeignio ecild 208Kk Ienlges now-ceyalenitRNA-protein

. nmutations, .1. stop,codon. and.2 frame.shifts of coding
hnkagF © 31?1%6 gengﬁat%({/lé‘?%%%le %anélf‘he %n%%s’lo S déslyg@'f itutions per
gene. Appendi x 2. The CLUSTALW al i gnnent of all 104

) ¥rotein sequences without Ntermnal H's tag in order |
As indigatethghovehwhemmie Gomiealsi oRNGFPigisih sompley dn ydhighsthe DNA is non-

u i It € e AP ne t
o 8Vl I (1 B ERRAG S, YL NS SSEHFRRS, PO e o
separase gorepaandniz fat edh sempemc &s othep mesdn tstePHY) DuNesmp@fimentalised.
10,128 based on the order i ich.they are sho : :
Specifigaflse Vel &FRMREK %8’&%@5 e 1&)&%@@%?0 geoin Fheh cRNA 1s non-
covalegg%elw)ﬁﬁ&‘,nﬂe ARALARRGHHSis RRSLE QN Sith St @bhanag ShchMehiber of the

how i nprove M MILV reverse transcriptase _
array frompee tanethen hal panticulds sy gdnethtion stépfis peréormegarighout separating each

appl.ications are marked in the.al. s _col ums, of
membZhhJieias Wodl 0P SROp R aHPRATY o ooy Pt preferred

Mut ations originating fromour selection and | ocated

in grey columms indicate that our selection procedure

precisely targeted the beneficial hot spot or even

exact am no acid nutations described el sewhere.

Sequences of analyzed proteins, activity of which at

50C was substantially better as conpared to the

f =~ o o o o o PN Y 4



33 Translation mxture for RTS HY system (25 pp: 6 p.1
- E.coli lysate (Roche); 5 pl - Reaction M x (Roche);
wW@®@2000/1250061i N0 aci ds (Roche); 0.5 pl - 100 nM MeCT/EP2009/054329
(Roche); 0.5 pl - 40 u/pl R boLock RNase i nhibitor
(Fermentas); 0.4 pi - 200 pM assrA ol igonucl eotide
(SEQ ID No: 5); 0.25 - 1 MDTT; 2.5 in reconstitution
buffer (Roche); 2.5 pl nuclease-free water and 1.5 pl _
embodin@nBthg geparatid@Niemispetfpanad Wikt vepsmitg| capipmembpoef the array in a
water_nlg_) JekMyifro translation was performed for 20 mn at
30C" a8t ation nixture for WakoPURE system (25 pl):
12.5 p1 - A solution (Wako); 5 - B solution (Wako);
0.5 jd - 40 u/i Al R boLock RNase inhibjtor . .
Compeptmieniglisation cap alsodie pertoyed Axiagy speahes) kepyyiu iy ®starigwhich enables
X . 5 - ; J gl r
the gk e Fenerited Jof boparhell il ol QP AGASERRIL! 8 of the
compdrtrb@wtddritaip Bo dedre fan (ond 20@pley) [n partioviaryioistprefestdthaoat least 70%,

wa er f ormed r mn at 37C. Both transl ations
at lea%t_éﬂgﬁmr)at\}‘%arsb 9éi’900&€g)& Wp&gmeﬁ‘a G_E)gganbinodpoqec an opg complex. For
| iSAt] % ' in@fYhdbets BF aleatr@ h
o OB LSS T L s gy r o
compl¢€] ;intd O difkdr&W T, wedls 1% ( \&/ whicrotitrej tagn nendtd® (pi@es7or- by in vitro

compGuRGTEAce B R b AR B sy 1V R P® etion o
aqueolld JoPles MASYREPREIIESM@Bioh BEa WaRr 3h-oB4R- vither2abeli¥d. V)

sucrose sol ution in WBK500+DTT+triton (50 mv
trisacetate pH 7.5 at 25C, 50 nM NaCl; 50 nM

e JBGRETY TSR TG sl T B s B

phenobyipdk ihkagel Belogtekbrfré fHer iliky tw@mrat Viimkap®! ax®soalédt bifikage and
MRNA- r i bosone-protei n(tRNA) ultracentrif ug[at i on.was
compasERenlaton In APrafersd asmBelckithn yetio b ththegyutilized no more than
inkaddsX ( bolfALR hol Mlizes th
o o e T o oGty 7S 57 sk ARRA; Sbgh i the
covaleat or-AGh-aochl&D0inReE: agptine oniy gerderpetphekatgpe Enfedge in step b). In other
trapsparent pellet. of TC at the.bottom of
words, itz CERORITTIG T ol 7P FBEPRHPSRA L8R NP B) hand! ed
with care. Initially 750 pi of solution was renoved
fromthe very top of the centrifugation tube. Then
Coval¢nténoy-cosalefitulinkapes bisweomDNA vos RN heagidethie viirotgin7 B0thg| absgnce of a

K500 0 .Iis-.acetate pH 7.5 at. 25C. 50 NaCl ; = ..
compaf oot SR ey ool il of P, Pt e display.
mRNAVRSspl 5ROBErtS bidd SLokgak], 11997)t TS despayt (omeﬁ%‘ript &eal., 2004) or covalent

centri fu%?tl on tube and pellet was dissolved in 30 pl

antibody dispaycGTAD (Reipisery ebak.f 2005Hiesodicivqovpleah DRBoprpigin linkage

cn b ATEL BB o RGP RETEERGERL R o
proteid QinkAdelRnd; ndh-doXaleit RN A-piotdih dinkxgel KeT&TdblishedSbymRNA display
As it was deternined using radioactively | abel ed nRNA
and ribgspe digplayatesPrciivelligat i on 5% - 30 % of input MRNA is
| ocated in ternary conplex pellet. Therefore it was
expected to have less than 360 ng (30% from 1200 ng
The preci ingadon wat banedliatd dnoughaz tormbinatdn ofRMany dif@ert|lingshges. For
uffer (-12 ng/lpl or 9* 109 nol ecul es/ 111 of .ternary..
examgll, st TR e P Bt 4 OO of HEP e isplay and
in vitrd oRfatBRnMBESaRINC BRHIGHuE a | BbiRHoR lof mRMAT 8861ay,00IS display, or
buffer for Reverse Transcriptase (Fernentas); 7.5 pJ -
CAD display pid RiGoLock RNase inhibitor (Fermentas); 15 - 20
| AM pD_42 oligonucleotide (SEQ ID No: 8); 1881,d
nucl ease-free water - mxture divided into two tubes
2x 135 pl and 0.9 pl of purified (<8* i09 nol ecul es)
TC (translation in Roche - RTS HY kit) or 0.9 pl of
purified (<8* i09 nolecules) TC (translation in Wako -
WAKkoPURE) wer e added. Each reaction m xture (-135 pl)
again was divided into two tubes 45 pl and 90 pl. To
the first part - 45 tl of RT mxture 51.11 of

Y o, o o o s o



1) there is no anplification (no DNA contamnmi nation) in
negati ve selection controls (w o dNTP); 2) very
wetdovarwnd anplification of del _pD cDNA (1906 pQI/ERM09/054329

fragment) is observed in positive selection controls
(external RT enzynme) and no M.V pD cDNA anplification

is visible, because initiall?atio of M.V pD to del pD
MRNA i s 1:50; 3) anplification of both cDNA

In a phidrealasp@A 7ie rpcéshlfor the gnettioranthuddic pdd E8@Rlingpa Bt protein is

. f ment) are.observed in case.of sel.ection controls: .
realizgg] PG (RIHIERRE. Qo o P ToisY 280 O G o BR engtion. In
partichlAr §28@ntodett dongiRes:anpl i fi cation, because relative
di fference between 2077 bp (MV_pD) and 1906 bp
(Gl _pDroiiingfgragrrentod mBNdst inglugingnongyler ere ¢ngoding the target
general ratios are simlar to results of nested PCR
Used for partial gene anplification. As a result of
t (H)s exruptRg\he Gany CINGRNAG lidliei contdilielg foe\ttHoSéme translation to
transcription reaction perforned in CRD format we have _
genergiey ap AHBY Y SPBaYePRIBRIEXRS w6k icomPRpiye @avBREE., a ribosome and protein

rq over the genes encoding inactive enzyne

Uanﬂ%§fg§@g%€%$&§?’50 in case of Roche translation system

ofc)by mcbaotaingahe dfray of tasey ebmphdkos imanghats @hase droplets of a

system used to synthesize enzynes in vitro.
water JRa8 o A5 NPT ORPBGS SR 8758 Bieihpiost or all géphe aqueous phase
chqﬂé%%&%ﬁﬁﬁ@nﬂﬁéﬂﬁﬁ%ﬁé§§n£&@&§ﬁkkptase’ whi ch shows

I mproved performance at” higher tenperatures In order

t 6)underbgecting, thhoaquedds phasat dippletnparreastinn a¢dnddéwns which allow

.Ri bosome Di splay (CRD) sel ection works, evolution
p“”m%QﬁB?Wh@H{ of Mbloney Mirine Leukenia Virus reverse

t (62n30§dl&¢tiﬁ§ Gl dVAKiy _eﬁﬁadiﬂgaﬁlept@fgfe@gf@@in daefh@tAkis of the enzyme

_schene of experinment is shown in FIG 6. Initia

activithasspatated| therewith. of reverse transcri ptase was
constructed by error-prone PCR using nucl eotide
anal ogues dPTP and 8- oxo-dGIP. Wol e gene (-2 kb)
Such Aup@RYERESIcOrIES tPetht opragat i ilventidbicinBy B ferhied| @ohipdamentalized

) or 1-2 amno acids nutatjons per gene. PCR fragment | ‘
ribosogigcdienlayg (hitiaht SR By apnjicable fte\ieWids rapgs 8t fargrt Jyatepspincluding

o | .
enaymEl R0 g M R AR L R RS HSEE e Br BLCRE HONA is nom
covalene dlitus afi .thel e¢antioty condipdesxesed (i Gepofd) involve a raised temperature the

MRNA- r i bosorme- MLV _pD( {. RNA re forped in translation :
temaryyt SRR e b Ol 50, bt Bt B v i Geleased. This
avoidSCRP SRIM AL ARkifbd MidTen P8 mMIit) WERriBEd d8oWas: PéH drf BBthods in

by ultracentrifugati on on sucrose cushi ons.
which Freegrizping ag mendiglivedsordd bedl ved in ice-col d buffer (50mM

My2) and used to prepare reverse transcription

reaction m x supplenmented with external dNTP set and
Emulsinl d¥BplefsGhitHibéeatdigpay doiepl &Rk st daB detsbAE 6l deldéted in step (e)

was enmul sified giving -1*1010 water in oil )
in mawy mus-t Preferably thaynarersosied dy iyareseanceractizated sell sorting (FACS) or
using trnel(';rtrt))?llllﬁitxc%J rtgchgfqrug/sl‘\@ﬁﬁ feghn'i(i&? mgl\ﬂ}f% Bittf?u&g%ggﬁ:cte lgz%Ed droplet
reverse transcriptase varrants, i chare worKing
sortind) §{dvasveR tdréplete €an koI sairphted bersides lifhted fREtive a¢ tightabsorption,

m xture (less than one TC (nMRNA + N%V RT) per . . o
dependipgnoar theapacliopLendiienhusedqing #ep (d)mndthe grgteinagetivfy dhat is being
selectddgpper at ure successful synthesis of full I|ength cDNA

was perfornmed better in conpartnents containing nore

active or thernostable MYV reverse transcriptase

vari ants. Subsequent PCR was used to anplify ful

| ength ¢cDNA and enrichnent for nore active and

t hernostabl e reverse transcri ptase genes was

performed. By PCR anplified genes were noved back to

CRD format restoring intact 5 (START fragnment - T7

pol ynmerase pronoter, SD and his-tag codi hg sequences)

and 3" (END fragnent - gs linker, protein D and second

gs linker) sequences by ligation-PCR Reconstructed

NN o T - - o o

protei



45 nmoved to 1.5 m tube, centrifuged for 10 mn at
roomtenperature and 25' 000 g. G| phase was renoved
wo eawitzgpoconcentrated (but still intact) enul SPORER1009/054329
the bottom of the tube. Enul sions were broken by
extraction with 0.9 ml water-saturated ether; 0.9 ni
wat er - sat urat ed et hyl - acet atk (in order to renove ABIL
EM 90 detergent) and again 0.9 nl water-saturated
Fluoreseéru basedspoetmgphetbedsiue prpiorally fuged wher the taraetrprotgnus an grzyme. In
. rqomtenperature and 250 pl _qgf PB.Db ery (O
this Bk PG ity s Byl e Sl 1 BHBAET. Pl orescnt
substtaRIcapaBie geiskindéchvimed folldfforesOyitphehic eittioPNBy WaSenzyme generates
furtﬂer purified with Q agen PCR purifjcation kit and
the flegrepeant nradust alpwing EACpid pepseddp gwsirbplyyeer flugresesat droplets
Kit) | . v U ve ey ) .
conafflle ol foRE e BTN or 208 RRLLLNSUDFLR LR coptain no active
enzynfngala lksscativoenayimec DNA was perforned by nested PCR
First of all small PCR anplification was perforned in
order to check negative and positive selection
In pafRdCICRIBNE ASIIRAPENG HuBleBhcilUPREEssR g@n’i‘ééc'slﬁ:ﬁ as reverse
required for efficient anplification of ¢ in
transcgiplasast arvhalbavsgbetist ddRIMdistt in witoZ90lutioh. was pr epar ed
onice: 20 M - 10X Taq buffer with KC1 (Fernentas);
20 M - 2 mM of each dNTP (Fernentas); 12 m - 25 nmM
In a fiMifet AsHeCERBRERED invéntRn-prévidédTh phdeeds BE eHEbrBAMbn DRGucleic acid
DNA Pol ynerase (Fernentas); 1 pP - 2.5Pfu DNA
encodipg) atarechpreteiceylietheasrises: pl - 100 m M RD Nde pri mer

(SEQ | :.9) . 1- 10 D [ I X

155> sgdfandan freda? RRNASr Sl B, D, of Jie ofisbiyg e tareer
proteifi] whékéi@rthe RN Ay cdmptise oy subsieand for@h eAzBhe bempiGhg the target protein

fragnment was: initial denaturation step 3 mn at 94C,

or a coenzyma therepils sec at 94C, 45 sec at 58C, and 2 nin at
728) a i-nal el i ' g -
80 B RS A AR s s, PTG Ranslation to
genergie epairag odrteinary. c@fipléxekleach tOXpiiisiag ufrhRNAniat ibd€Ghe and protein
%Fdef rrenﬁas 2P0 M - 2 nMof each dNTP (Fernentas); 30
translgted fromd 2 (Fermentas); 6.25 pl - 1 u/nm LC
({gCcompicHptakindatic BNAy R t4BHASSMPIERSTBAL dphionatyothB! co- ,
2(02 u/ m &%f u IB%A %ol ynerase (Fer rr}gf_ent ass_) ; %%510%1@ 100(()) e_nzyme
into aqugvhd\plEsp dplateel { BEE-inEoiNor a wgye,r-ug-pg—up{waier jp(mllngm/lwherem most

ripriner EQ, D No:.. 14): 5 | of first P
or al g5t uRobdhask ALy Yopbia A Hogg BaBlonlertar) SRRy 1 | ng
PIdt ocQlbidclihg 28¢ TagdPolRChhdst 2a@toBlets WAFeactibh tdodllitions which allow
denaturation step 3 mn at 94C, 22 cycles (45 sec at

enzymgActivigs agéc at 55C, and 2 nin at 72C) and fi nal

el ongay | in.at . . . .

245367 1B epRisa sl eesiiotg duneet miotsieygry b i of e enzyme
activitp@bsciatednthaawithe was agar ose-gel purified using Q agen

gel extraction kit (elution in 60 pl -50 ng/pl).

Purified PCR fragnent was digested with EcoRl and

'%%Ffo ih@ft of th aPbcrdfheARTeRYR! A MORRIECCIP PFIchd i
Inone(e u?}lﬁoér%{ ion éoa%Ic-SO ng ep. 1?. Recover ed I\/LC\I/ e\(/:ersgr{e%enzymels
a DNA degenderntidd4 epolyraragey thafmRNAldtstepalap cdn nligadadnio avdsible stranded

| jgated Wi th STA nd END fragnents (construction
DNA%‘E’%WPH@%F“L%@IW%&?%GFH Y anple) in order to get PCR

fragnent (FIG 7) suitable for 2nd round of CRD

sel ection %FI G 6). Ligation reaction (40pl) was _
CRD ¢ivepiay sd-18t-10 oonriemtsrped stlumited by IMC step.(bhe|egamptbad is much more

. buffer.for T4 DNA Li,gase (Fernentas):: AL -1 uf
eicieql RADY GREEmTRR A P adyer Aeprecd By rptduiucelihte @iTs)

library digested with Esp3l and EcoRI (-200ng or
-0.9*1011 nol ecules); 1.1 pl - 35 ng/pl START fragnent
di gested with Ncol (-35 ng or 1.5* 1011 nol ecul es);
1.76 pl - 35 ng/pl END fragnent digested with EcoRl
(-61 ng or 1.5* 1011 nol ecules); 27.2 pl. - water.
Li gation was perforned 1 hr at roomtenperature.

N Y . U |
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Al'l nodifications are given bellow transcription -
10111 - 100 ng/pl (-1000ng) of agarose-gel purified
wegRfizzagerent were taken; final concentrati on PET/RPINA9/054329

used in 4111 slection round was 1.8 pg/pl;

translation - 0.67 pl - gg/pl(-l.ZIi,g) of NMRNA

were taken; enulsified RT féacti on was perfornmed 1 hr

at 57.5C  1st PCR iFgD Nde/ / pD_55) 25 cycles were

whlclp@mfb@ mngto scrgd ~(He s@ gul)tammarl@ms Bt ;ﬁvﬁm gans)crlptagﬂ CRD diversity is

wer, erf final ntration of
abouth%r or?% 3 Oéffﬁp 1tu HE ér cogg)aﬁeéil tlgol—?f§ f#l gg}an\é jore E%fﬁbal mutants
missel By QHSI-%]belﬁablt}Cﬂil‘féa out BY cdhparitlentdldedFiosupieedibpiestlection.
PCR (on ligation mx) - <0.6* 1010 nol ecul es of
selected library were taken and 15 PCR cycl es were

o ) SRBEPLL RO, G Ry R BB i

whichsiatleddsi ane or mure meatheariiti ared; émbdlmg\nthbgaggenmbaim S®hetp the target
.0f. 1s1 sel ect.ion ro% f experi scheme with
proteid ke VRS rPRCEPlash e &ceverlé%a S‘g’rﬁfP@l fpy @yengyme comprising the
target ﬁ%@t%fd O, BIREe) AL Wi ANt tﬁenﬁﬂbseﬁﬁ@&ese%fctl@ﬁ‘ %Jtegs('eﬁ -théVnbicleic acid
fications are given bell transcription - 10 pi
encoding:lihé) tan@t pioté¢indi® %c@éd of thagaasls) Qéthg@lnzymc acﬁtweuy aBgRiated therewith.
fi.nal .concentrati.on. of

tn thig WAGTRE erBdmshtTal iy ianuge B triRRatnd I Faih e enzyme

tivith-id pRvided by knd @k &k potdin An®8he Bf whEhhe@EZPmb akigni ided b
% m%,l F 1|eedyF€T re%lépl onnv\gs %r Vgr med e1 hfmat gISp{/(\)bll e

co- enmpﬁﬂsommmwmgﬂ@mcmf thes targatpprotein. In the embodiment

requlrEnlg mg;e/ngﬁes 5%”5 gp?cioﬁ{ t%? 11% o%élf aseil\grogle%s of the water-in-oil

emulsRar §fosteped), dNeis e aftbsRoMexdauly %rﬁﬁl@ﬁesl | WheieOthe fetikym& €6iprises the
anplification was prepared on ice: 50 pl - 10X Taq

target (ppptes WY eAdikenal (eeryAieaBged tobp ﬂnCOYQOTMVFlomt(éé]%% agpgpps phase
dmplegfer mentas); 30 pl - 25 nM MgC12 (Fernentas); 6.25 tl
1 u/fil LC (reconbinant) Taq DNA Pol ynerase
(Fernmentas); 2.5 pl - 2.5 u/pl Pfu DNA PoI ymer ase

t .5t AM M SE | D No:
In steplg)(; régaa%cs) ess, tk HYLRY] qﬁr%]gﬁﬁﬁ ésst_;e%%s xﬁgﬁ) r1%) lﬁ) gsnerqujm array of
ternar? Q%m%ﬂex@g efabﬁ %Bmﬁgﬁné RbI ARKS, SEEbEBNAGY ﬁ@tﬁ)tvanﬁgc@d from the

wat er.” The cycling protocol for 2077 bp
mRNAr agime rﬂtep/vmy baipeifarmete nadarr atyi owndsmcep Suitabheafor dpical in vitro

v G5 R . A 28T P in e e e SR Bl e s o

the tethb: flex@k nw l%:f)ﬂllfﬂbds Al ugh WES iRae Rsaitide! Tl?éf'fe&'ﬁalr? @omplexes
usi n agen extraction kit (elution in 60

may bg gw ent%attu S@@Hw@Rthf anagﬁmubstm ngrefeny der thptsnbsequent enzyme

act1v1t¥ W Irclaulgo '}?1 Eg%% nergirx LilrF u% t 1ce§l7C ﬁgllﬁl%g a{g &1 qu_roil)mately 10"

water- Rﬁ@l@\l@rhp&th E@h&y@eau}rm&ga nfe&s giahiclur aff Yipgbkfat@y B to 3 pm.
sel ection round was |ligated into plasmd vector 1"
Even ppmplrelineg oim pipl in 160 yapststiosrenctipn gsnerates agpioxapatsly 107 to

0 SR Mo Wty T AL LIS e pevod e

mRNAN atkihs SEOR cvalbnd) iathowpt S0P no)dqunﬁ}ube presart (Matsaord atak, 2007).

or fast protein purification. using affi
In ordgi o R SGS PIRTACERPIRE U° R B8 7 8 ety gp more than one
ternary 8bifiplek Qe COMRANRM & RETaFPBONAERS WHlIA hhife %aqaé %cﬁic@c!‘ by about
stral n ER2566. | ndividual ‘clones were sequenced and
two origrd yﬁ grhgnibads] aptompatd eut}p cotrespprding opa¢dntragon used in a typical
i ndi vidual nmutants and primary w M MILV reverse
transcriptase in the same construction were grown in
200 M of LB to A590 -0.7 and purified via his-tag by
affinity chromatography using 2 ml of Q agen - N -NTA
Superflow resin (all purification was perfornmed under
native conditions according to suppliers
recomendations). Elution was perfornmed in 1 m of EB
(50 m\/l NaH2PO4 300 m\/l NaCI 250 mM - im dazol pH

T T ~ AN/s7 . r .



According to the frequency with which nutations are
found they can be divided into five classes: 21-31
WO epedr®p6 14- 18 repeats; 4-7 repeats; 2-3 repeBCHER2009/054329

repeat. The first group of the nost frequent mutations

conprises four am no acids D524 (31 repeats); D200 (30

repeats); D653 (23 repeats) 13nd D583 (21 repeats). Two

am no acids (D524 and D583) are known to conpl ex
ribosompydieply tachoiqee.i Pndce ivery sl qoscesfiratiph of tevhaa sempglexes is used in
this S,[donﬁtihn 0I\élJt ants D524G D583N and E562Q are used to

tRPh 6P RNase H activity of MMILV reverse

transcriptase (Gerard et al., 2002), what inproves

synthesis of cDNA. Results of our selection are
The egeymRi HEY FCOBIPHISE o NURBICaRGiS PrefesHBp AgEme Shich sayobhgn RNA

proceéssgﬁg%nl ?lﬁntglugﬁ% ?1210 %Lar(fgf{ xﬁ)g%ssf}{%ggg)kﬁé g%%ﬂl:ﬁélse the C}arget protein and
may bé nalettyd Dbdd G -nu2lZid IaﬂidSpolTimlﬂBasQua meletc tacidnlipate aml Y terminal
preci sel rgeted i np, m cids, but also.th
deossucleotEf enden s%%@tcrlgaé }rbﬁ@ale 2 hhegea. s SRletegcispolymerase
may &P‘ﬁ)ﬂ@@%trevéf‘@f‘rﬁﬂ%néﬁ% Sﬁ{rﬁnsséﬂlH@éﬂngﬂt 1% MR THEREA P e reverse

aspart at e
transcBPQSY LAFTRRCTHENRAG0DL @156432@55 3an®ppaltsed Stap @1 of Selectlng nucleic

it SR . B R RN g BP3Rob St of e
reversk kfaAdckiytasd &ahkh cBN At dndBdes ré\&@deﬁran%[ﬂfas@m no acid and
same substitution (D583N), which is known to be the

best is selected nost frequently. Commercial enzyme

Wher%ﬁ%scggggﬂn 1ﬁgir1%§ %\élft M8 e?to% S‘ﬂéﬁb %&Wﬁg g@% gﬁsges able to

ligate RNAGo RNA RaDNAIERINA cah bt perfohhdéd] PrfeablRCihd reaction conditions
substitution E562 in our selection is found only once
which@figgerzyme Egl\’ﬁI’)lnClthlﬁ gcq—@@trgtegg@@@glpg amygleicasid linker or adaptor
I ik spar t
A P
partneant mquam'edagm spamﬁeamphﬁca&bd ef pfdcmb&nﬂmiAius RABGPCR. In the first

e cial for R reactions rfo i ncreased
case, KR@ é}r\f E‘i“?é’gm(g>gééj’fgeﬁ:ﬂ’iof%‘éﬁ£ Eﬁ%? & eo‘FO -§Yisligleeg those aqueous
phase Rfr@ﬂl@ﬂs n@hl%ﬁ? QH@J}P&%teaMHN)@ Ny %nﬁlhcfléic %m’ 1igNee PRiferably, the
amno acids posttions, nutations of whi ar é
affinity digend benipnsﬁsdtlhfau apdtlentigadphindiag |partserf @nnprmps* otvepdavidin. The

sep YL NoTSE LUBBCIRL 38" LROME T LSRERLE o micua
incorpbfa®ifd the dosERB@tShY WeadBaRkhlR) a sb@@%ﬂés%)oomﬁ@ﬁr@(% liga®d binding

repeats (US7078208); E302K, N454K - eat s
partnef.\\p @ 700 PEARYS, aEHU@t [brgs pf ligase gsetq@ng in vitro and purified ternary

complpy AT NA) Ardespited, Hed o YRR ks HO By o ted SRUTRGGA tnker

and/orahdi@tdrWo Asiet @eingihgSthg uanesisnab 4 eetﬁpeirauter afl S$01C pitas&@se ternary
whi ch have combi nation of three ami no ac

complexes <tisasspmtie s Id&@@ rWlHelzf refeapsd andathgr epéo)f theypefNA will become
o0 oRSEAY RRCula FARBATHRRY, RS, miay e

mRNA caoddifig @dlmctyvew(memam adivay ivdsape sift lignss wili bé parified on the

Streptag%%‘gkﬁe% b %];:/;a hié‘%ﬁ%g&ﬁ?gﬁ) Léog\(}\( Ir\/)?p?atlg; repeats;

T330P - 15 repeats L139P - 14 repeats; QR21R - 6
repeats; T287A - 6 repeats; 149V(T) - 5 repeats; N79D
- 5 repeats; H594R(Q - 5 repeats; F625S(L) - 5
repeats; P65S - 4 repeats; H126S(R) - 4 repeats;
L333Q(P) - 4 repeats; A502V - 4 repeats; E607K(G A) -
4 repeats; K658R(Q - 4 repeats; HB8P(R) - 3 repeats;
P130S - 3 repeats; E233K - 3 repeats; QR37R - 3
repeats; N249D - 3 repeats; A283D(T) - 3 repeats;
A307V - 3 repeats; Y34411 - 3 repeats; P407S(L) - 3
repeats; Mi28L - 3 repeats; 430R - 3 repeats;
D449€(A) - 3 repeats; A644V(T) - 3 repeats; N649S - 3

oy 1 ™ 2 r~ . P o~ o~ 1 I\ o



cases RNase H activity was checked and cDNA synt hesis
reaction at different tenperatures on 1 kb or 4.5kb
wRRMzEwoper f ormed. Al l experinmental data on iPdi/EPTHOR54329

mut ants are presented in Appendix 5. Second col um

("Sel ection frequency") indicates the nunber of

sequenced nutants, which hatt exact nutation and the

nunber in the parentheses indicates total nunber of

In thepsecond udmrtharsterpoofaml@tlrrglmche@nwd cuerdlingn theefaegst ipoaiein comprises

et KA PRAON 25 A\ SRR h 381 o BRI 5 Gyt

site oftRin@dr f6324@0erBditradscApson dﬂﬂ\éﬁbé‘equéﬂt@mrl ptase specific
activity neasured at 37C is given in units per ng of

protein. Relative enzyne activity at 50C and relative
In a t%ﬁlséhld Et%lceﬁg gﬁl%lh%ﬁﬂ 1iﬁéra ?71%% tlﬁe Eralff % 1% qgtg(p%ﬁug oIfhri"i’ited ternary
complagdsi aré ﬁﬂutéd Qﬁ)&/émofmﬂeﬁ&n SMEo@hE@eTBmﬁEBNWRNAahnI&? @nd/Bsadaptor.
a._control (first line) is given VY%)[SM MuLV revﬁlgf
After Pm%%ﬁe@%%o%%temf%? 8h? 5 nitgsamg 1B P mPf§rahdisassemble.
Ligase Qﬁ&?b@feﬂ%@é&/ arfd thy Eeendsof WPLRISEH 1l Pedofife REIEBIbYLRE Qfe adaptor and
uri d In the sane way as mut ant vari ants of
subse(ﬁmﬁ‘chgatlonaea:ctmn tRNAfenotdiegeylpraciie @bowte Qﬂﬁ'eﬁ)ﬂzmamsmﬁ 11gase will

have Seeeilis tiphef ogregec. Fegiirad oy serioso OOROBCHIPHGST A n roverse
transcﬁﬁﬁ@ﬁ ANiEmEFEd é’fﬁ@ entty aRplifidd byRatpGC after 5 mn

I hcubation at 50C (conparing to activity at 37C) is
about 11% (- 22 000 u/ng). WId type enzyne has about

It is a#%oimﬁsg; u%cggtl?lﬁ ffgg%?al 4%@(}'&{11{0 e%tlgl rld%a\ll\rﬁf*er%%’}iﬂﬁw is enzyme

worksl VRNS€akd ﬁfdﬁﬁi)tdﬂésa@xyﬁbdiﬁ@lewdd%drlf)(ﬁtﬁfcﬂebﬁ&ésl;fﬁhcleotlde analogues
i nactivation dgrgthe bi ndi ng to tenpl ate- ﬁ%l mer

and sigilgs t Inathis camhpdements tieyeactiay Vﬁ@lﬁl‘éﬂsl \@@gh eHeY BstaprEivit] include
I
a co- s?@sér%{ c%?npg'fﬁ% I\F”&f%v%{c tiﬁ@]}% coﬁpe &?ﬂ afBﬁ égt%i fgﬁ attachment to a
ligand3kdidlg petidry Addith alhcfﬁucdmz yiciH ligasy, mlm:ﬁfﬁhlty Ihlgynd may be biotin and
sol ution w thout supstr Meanwhi | e rel

fiv :
the liggpd piyding peftnenirepryidas eg?lgc@ﬂﬂ}‘ﬁlélct Wi tﬁ? tayeqt ﬂ?mtem may
p
ot A Lo oo o - i
compﬂlSlﬁgTEhe tigmtdalsiading Ipartgérv &\ mutme et efiifdismsayole translated in vitro and

purifi r|1 ogeglégﬁgf@g&%p é{e%?r}%a’ h?%g 20 %Qi}ﬁg& 1’1451 axﬁlggsttle% 1n reac¥10n buffer

with Hl@tﬂp Fa.'b@l%ﬂ rRicRbtiddNuchY A BiBEA-JUMPN DY otaRA \ﬂzo&mgotrenﬂbeﬁture for
is the npbst conprehensive paraneter, which

wild ty@prwemlesmg 87T al Anshisi tGypoI‘atléﬁ Apererihasompnierasy Zomplexes will

s GERE Bl VRS2 SRR REL A S5 S AP EE B cpend

polym@fitdtidnt dadlon3 7 TdZ26hc08dg UhRIA ZEYITd&tingy bidtin lwbéled nucleot1de is
relative activity at 50C conparing to nutant activ

selectest orgthe streptoyidipshesdognd mey swsequently pg seviersed dgageribed Yabd amplified
byRIaﬁéRV'ty at 37C after 5 mmincubation at 50C conpari ng

to mﬂantemt|wty at 37C (_> .13% 11%- wt),-are

shadowed in gray and consi dered as significantly

i nproved enzy Mut ants abl e.to synt hesize ful
Ina @%t@@dw%%t%ﬁt BiRpdR SPMPHIeS 1 GHESC (1RATTL g’ée dflper enzyme
such a@lastf%ha'ﬂ@ ghﬂﬁs@y proc&Sivit ?\fﬁft&e RNA@Bﬁlﬁfﬂg r@ﬁ:% or other protein

reased specific activity (

able twﬁnr;gb)vca;t re&i‘ﬁe anaesc@pppm mjtpuorﬁl)n th@peeencpR0 OENerse 2@45(@@)@186 In this

embodysa. (RaNFIE 59 PO HUEY T SOEPESCS Age00c: PGy brase: which s
0221 (Q21R - 268' 000 u/ny), H594 (H594K - 270' 000
u/ my; H594Q -231' 000 u/ny), D449 (D449E - 224' 000
u/ ng. D449N - 221' 000 u/ng), MB9 (MBON - 349' 000
u/ng), 1V166 (MB6L - 237' 000 u/my, MBEV - 227' 000
u/ nmg; M6l - 240' 000 u/ng), H126 (HL126R - 227' 000
u/ ng), ViB88 (WBBBR - 266' 000 u/ng), 1179 (I179V -

A= A1 NN ~~ o . ..



D653 (D653N - 50.4-53.1C, D653K - 50.4-53.1C;, D653A -
50. 4C; D653V - 50.4C, D653Q - 50.4C, D653L - 50.4C,
WE®SBIHR50060. 4- 53. 1C; D653G - 50. 4C, D653W - 50PAIZEP2009/054329

0221 (@21R - 50.4C), WD 2009/ 125006PCT/ EP2009/ 054329
60 E607 (E607K - 47. 8- 50 4C), 11594 (H594K-
47.8-50. 4C, H594Q - 47. 8% 150, 4C). Sanples of 1 kb cDNA
synt hesi s anal ysis on al kal i ne agarose gels are given

the co-enzyme Fpaaru@aiad mnto Abe 6quiony phase clovnlete vé dhepwaichémdit gmubsiara In

step (e) of gqgétmg%%[eg 01:1% %géeé ﬁ%%:ogaﬁv\%?i\]c% %/gerl'l;ecltc%dg éxgatlc?hsmA is produced by
the action SyMthb &%l &satrahNeipess add tveliiple leatddee She aérseDZABcriptd&d3helper

D653, T330, 21, E607, L139, T287, N479, H594, D449,
enzyme. g prmce o8 e rg\fpi%trm‘sgqgtasqohg]@er @z_qu\gyrghe @@wus ‘phase

it 580 LR e FRUASIRSISE B T 1, AR

reverse trafiscahetforps aBd A Whicheat@les thethelpar add thisdnay bhiBUR amplified.
substrate, velocity, processivity and overall ability
to synthesize cDNA at increased tenperatures can be

In a furthef aﬁsm&leﬁmeqy@& profifEcHirfes WIRRAsd inhibbf. AlnSfis@ABYEEnent,
| nprovement by conblnatorlal approach are presented in

the nucleic/qopkprdeessiBg eSrymgd eonmprisas ars RIN260 N heerstier @0 8#/vehentiog nucleic acid

. elative activity.at 50C .84% 105% Highe .
encoding 1§ Biael yfigl! Spmpifscitnudg RN Ingfied i e m i
embodimeft3 tHeRNERUR lificotpdraietl abZROdS- eﬂz@'ﬁ%%ﬂﬁﬁlera@lhéﬁds\/ﬁlase droplets of

act|V|t{ 131% at 50C and can synt hesi ze 1 kb cDNA
the water-iggd enpylsione @ﬂ%ﬁealﬁ@CtDEO@Ndltll%ﬁ)@%VW TBZR0Fe gDUaens d@plets not

containing e!ff? ?\P\’)@\I%ﬁt&lﬁl\%ﬁoﬁg \f‘}@‘% gﬁfb@gﬁgase ﬁbi Sy%{gh\zgfezrgR}\%bwould

be degradele‘%uatmEHAS&ﬁodl@g adﬂas;e |11ﬂ11ﬁtdr&ﬁfbctﬁ%ﬂﬁ he QOB cohdidBRs used
E607K (84% at 50C, kb cDNA at 47.8-50.1C) has
would suryige.at ¥ xpacailys wmltentlizh%wf Sovasq iphibifers siy ﬁfﬂ@é@%‘e‘nl yigo and

purified I‘IE%}%E‘ %&680?%}3% iy P%%tﬁ%ﬁ@%@ﬁ%?% lhg%g%ﬁon-r%g’ﬁg’ with

approprlater RNasd. vin alca]ltetnatyvela?ﬁﬂzﬁganerﬁ KNaadac da c&im&rhéskatzreby &rbulsion

i drorf g 2 b Ay DS EDh STREL T S

andanmhﬂga%plgﬁm@mat 47.8C). Additive character of
thefnostability is also observed in case of: N479D,

H594R nut ant s (D200N L603W - 131% at 50C, | kb cDNA at

Compartm{i i B RS S RO i ek B LRACRE SRS B eofine? irin o
compartmed@B94tichoN RGP 6dle ERZON R 3¢ 8¢ BmPdtitia Malhein o 4rabslktorCialiure

synthesi s anal ysis on al kali ne agarose gels are ?lven
and substratp cppEEraign fo Qrogueh mas do be_pexioamned dadsrofirigy ceugralled reaction
sel ection for DNA dependent DNA pol ynerase activity
usi ng biotin-dUTP (proof of principle). This exanple
iIIustrates activity-based sel ection strategy of

ever se transcrlptase as pendent Iyneras
The nucleigpcich epeodi et Brach @&t%r%ﬂﬁ& Plécfelﬁat@ﬂ fgelasisnelothe
enzyme ac% 9{?&@%&9%{ ?svﬁ r@g,ebaonme bPR&LS %ea@cu%edsffér&ﬁt Iﬂle array

I's 'schemat| c ustrated in FI'G 12. Two pl asnids
may be corp/Eﬂfech osarw\ﬁdaas :ﬂxtnp DNZ ncBiAn gIan\lagﬁrﬂeld rarmangenMpl,dhegrray is

converted qr S‘]teh%%k \E{Brag ng&%&? Vél 8@&%8&\%? c{ 1asss§1bject to
one or motR Elrthkr&yeieb o Qegﬁ 28 i(E)%ol 4336 tehMett AFtHLURY &y with increasing
transcriptase; am no acids deletion in poi domain

amounts ofankiN/s eacqdare thegBxetiprotRNase H domai n, Exanpl e 1, SEQ
ID No: 2) were used as a starting naterial inthis
exanple. Initial DNA fragnents encodi ng active and
i nactive reverse transcriptases were synthesized in
two separate pol ynerase chain reactions using plasm ds
PET liis_MV _D583N pD and pET _his _del pD as a target.
Synt hesi zed PCR fragnents were used in transcription
reaction for synthesis of nmRNA, which | acks STOP codon
at the 3 end Purified nRNAs were mxed to ‘a ratlo of

A NN g e ~\ T L P———"\

conditions.



As it was expected efficient cDNA anplification is
observed only in elongation reaction with biotin-dUTP
wo/emy/12sdct bands of anplified cDNA can be det BCT/BP20091054329

el ongation reaction with dTTP and can be expl ai ned by
weak nonspecific binding of gﬂ%WA to streptavidin
beads. After purification ol s streptavi din beads DNA
encodi ng MLV_D583N _pD gene (907 bp) is enriched over

The S&Mddfofd%lbﬁgtmg 11:% a@lpﬁpus Dhate diealess IPRNACHYDRRANE RS which allow

enzyné E}CEIVIE%[ Eraotv Odjeg kﬂ%/e ?egrgg %gaar ie %&Eéo c?]%{\hélldg g{%gdmg the

targetrpréit%imr &e (sMeMe%%Naﬂ@rzﬂ@h o) Be?a'lct@ﬂ)coﬁdldoMaSﬂSﬁNﬁed in step (d) to
npl ex. Preparation of PCR fragnents for.in vitro
provider saleséipn pUESSHES. PERORS R¥URRICwRS TEreioar wedbions deeludpa temperature

above]“[gg< 05@1%1[1% {eﬁg;eﬁlgd}]r% ;fgfg:]wf g{pg?eﬂ%ﬁ%rMTég gllfactlo% BMaRons may be

used ﬁ()l%efememhﬂrsa)nt efifyngd whidBNE@rO8ETBostal3e girem) wild tyde enzgme or which
pl LC (r ECO i hant Ta DNA Pol yner as Fer nent as) ;

has a :gr%ter re n 1ve tpsraé t pgpﬁuppepr %ISE%/ pergt}lre getiyjty profile.

Mutart ch2fnds MapRatelo olfé'i‘étg%f higREQenRtidies glpa)n witd &yl en @:{ because
- mXxture divided into two tubes 2x 98 : To 2x 9 pl

concentfatid@R offesRIA imi thevagneouaduhest dioplety a2 apjprcocﬁmately 400pM Mutant

enzyn%g ] Stsg/b}\e/rvg%sgs 05{1 ‘(stg&ltegettc%%ra#gy ﬁﬁ] ?)é gﬁ%?:)s{%etch Ih pBerssures are
part101!115h' Tfr i@ﬁor%@ﬁﬁeﬁloﬁEJﬂVe%cM%m%p& ard as phy51cal cond1t10ns the
his_del _pDin details is described in Exa

reactwlrheoud;tmns maaypinetuge glltenatigns innbuffes) capeerirations b nﬁm éagytq;s such as
a C, 30 cycles (45 sec at 94C, 45 sec at 53C,
nw&ﬂgnﬁa : ﬁﬁ at 72C) and final elongation 5 mn at 72C.
Amplification efficiency was -7000 fold fron12 ng of

plasm d (7873 bp) target to -5 pg ggbpl)
Manyamﬂe.chf %ranfpfeé‘%f@ep Preapiee 99 bo @eelsqﬂcm/ € éﬁé?%@aéglg bejggr reverse

o402, 9,05 607508 MCSRIMRRISORPEL e g ssresion-

ternar]o Ea'mplezIesd(eHequB):muIEnfhmBom)i lxtvie oo bmpl(dmmﬂaamdsviﬂ‘r bypblogthbic material
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In a further aspect, the present invention provides a reverse transcriptase enzyme obtainable by

the process as described herein.

In a further aspect, the present invention provides a reverse transcriptase enzyme having an

optimum activity at a temperature above 42°C, preferably at least 50°C and more preferably in
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the pro Aer \%sﬁl@% i}%ﬁ{ 4@{&%%% rbattidn thhditions having an elevated temperature,

preferpipl@ la»lﬁ Bp]l@ﬁilSD}IppDﬁﬂhtmpm o€ thepn‘pantlon a reverse transcriptase enzyme may
pnal n4zi ppnal p n npprlppp i nai n
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MMLYSESANNZZ, 7, 2272 4aaddads, PLEHCEEEHEELEREPEHERFEREE - o

following amino acid positions:

D200, D653, L603, T330, L139, Q221,
1287, 149, N479, H594, F625, H126,
A502, E607, K658, P130, Q237, N249,
A307, Y344, Q430, D449, A644, N649,
L671, E673, M39, Q91, M66, W388,
1179 E302 L333 R390 Q374 and E5

Where the mutation is at D653 it is preferred that the mutation is not D653N. Where the
mutation is at 1603 it is preferred that the mutation is not L603A. Further, where the mutation
is at H594 it is preferred that the mutation is not H594A.

It is preferred that the mutations at the above positions are point mutations.

Preferably, the reverse transcriptase has one or more of the following mutations:

D200N,A or, G, D653N,G,A,Hor, V, L603WorM, T330P, L139P, Q221R,
T287A, 149V or T, N479D, H594R or Q, F625SorL, HI26S orR,
A502V, E607K, G or A, K658RorQ  P130S, Q237R, N249D,
A307V, Y344H, Q430R, D449G or A, A644V or T, N649S,
L671P, E673G or K, M39VorL,  Q9IRorL, M66L, W388R,

I179T or V E302K L333Q R390W Q374R and ES5K
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Each of these mutations is found, for example, in mutant enzymes having a higher activity at
50°C as compared with the corresponding wild type enzyme. Further details of these mutations

are described in the specific examples.

In particularly preferred aspect of the invention the mutant enzyme has at least two mutations.
In one embodiment the two mutations are at D200 and at L603. For example the mutations are
D200N and L603W. In an alternative embodiment the mutations are at N479 and H 594. For
example the mutations are N479D and H594R.

In a further aspect, the invention provides a reverse transcriptase enzyme having an optimum
activity at a temperature above 37°C, wherein the activity at 50°C is at least 120% of the
activity at 37°C. Preferably, the activity at 50°C is at least 130%, more preferably at least
160% of the activity at 37°C.

In a further aspect, the present invention provides a mutant reverse transcriptase enzyme

having an activity at 50°C which is at least twice that of the corresponding wild type enzyme.

In a further aspect, the present invention provides a mutant reverse transcriptase enzyme
having a specific activity at 37°C which is at least 130% of the corresponding wild type
enzyme. Preferably, the specific activity of the mutant reverse transcriptase enzyme is at least
140%, more preferably at least 150% and particularly preferably at least 160% of the specific
activity of the corresponding wild type enzyme. It has been found as described herein that
partially purified wild type enzyme specific activity at 37°C is approximately 200000U/mg.
Specific mutant reverse transcriptase enzymes obtainable in accordance with the present

invention are discussed in further detail in the specific examples.

In a further aspect, the present invention provides a mutant reverse transcriptase enzyme
having a thermostability of at least 1.5 times that of the corresponding wild type enzyme.
Thermostability is measured in the present application as residual activity at 37°C following
treatment at 50°C for 5 minutes. Preferably, the thermostability of the mutant reverse
transcriptase enzyme is at least 1.5 times, more preferably at least 2 times, still more preferably

at least 2.5 times that of the corresponding wild type enzyme. Typically, residual activity at
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37°C of the wild type reverse transcriptase enzyme is approximately 11% as compared with

untreated enzyme.

It is preferred that the reverse transcriptase enzyme according to the invention comprises an

MMLYV reverse transcriptase.

In a further aspect, the present invention provides a polynucleotide, such as an mRNA or DNA,

encoding a reverse transcriptase as described herein.

The reverse transcriptases according to the present invention may be used in a variety of
molecular biology techniques such as RT-PCR (qRT-PCR, etc). A kit for RT-PCR may be
provided in which the reverse transcriptase of the kit is a reverse transcriptase according to the

present invention.

Detailed Description of Invention

The invention will now be described in further detail, by way of example only, with reference

to the accompanying figures and appendices:

Figure 1. The experimental scheme of Example 1. Two plasmids pET his MLV _pD
(encoding Moloney Murine Leukemia Virus (M-MLV) reverse transcriptase fused to protein D
spacer) and pET his_del pD (encoding inactivated (57 amino acids deletion in pol domain)
Moloney Murine Leukemia Virus (M-MLV) reverse transcriptase fused to protein D spacer)
were used to synthesize PCR fragments. PCR fragments furtheron are used in transcription
reaction and synthesis of mRNA lacking STOP codon at the 3* end. Purified mRNA is mixed
with ratio 1 : 50 = MLV (active RT) : del (inactive RT) and used for in vitro translation
reaction. During translation reaction ribosomal complex synthesizes protein and stops at the
end of mRNA lacking STOP codon. Mixture of ternary complexes (TC) is purified by
ultracentrifugation on sucrose cushions. Purified ternary complexes (<3*10° molecules taken)
already containing mRNA linked to in vitro translated MLV reverse transcriptase are used to
prepare reverse transcription reaction mix supplemented with external dNTP set and primer for
RT reaction. Ice-cold RT reaction mixture is emulsified giving ~1*10'" water in oil

compartments ~2pum in size. Emulsified RT reaction mixture (less than one TC (mRNA +
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MLV RT) per compartment is incubated for 1 hr at 42°C in order to perform RT reaction. After
the temperature of compartmentalized RT reaction mixture is raised most of TC dissociate
releasing mRNA and reverse transcriptase. Successful RT reaction is performed only in
compartments containing active MLV reverse transcriptase (MLV_pD) and no cDNA is
synthesized in compartments with inactive reverse transcriptase (del_pD). Subsequent PCR
amplifies cDNA and enrichment of active reverse transcriptase (MLV_pD) genes over inactive

reverse transcriptase (del_pD) is observed.
Figure 2. The structural scheme of pET_his MLV _pD plasmid.

Figure 3. Example 1 - the agarose gel electrophoresis of first PCR performed on cDNA
synthesized during CRD selection. Primers used: RD_Nde (SEQ ID No: 9) and pD_55 (SEQ
ID No: 10). Expected length of PCR fragments was 2185 bp for MLV_pD and 2014 bp for
del pD. Amplification was analyzed on 1% agarose gel loading 10 ul of PCR mix per well.

Figure 4. Example 1 - the agarose gel electrophoresis of nested PCR for partial gene
amplification performed on first PCR product. Primers used: M_F (SEQ ID No: 11) and M_2R
(SEQ ID No: 12). Expected length of PCR fragments was 907 bp for MLV_pDa and 736 bp
for del pD. Amplification was analyzed on 1% agarose gel loading 10 pl of PCR mix per well.

Figure 5. Example 1 - the agarose gel electrophoresis of nested PCR for full gene
amplification performed on first PCR product. Primers used: M_Esp (SEQ ID No: 13) and
M_Eri (SEQ ID No: 14). Expected length of PCR fragments was 2077 bp for MLV_pDa and
1906 bp for del pD. Amplification was analyzed on 1% agarose gel loading 10 pl of PCR mix

per well.

Figure 6. The experimental scheme of CRD selection in Example 2. PCR fragments encoding
mutants library of reverse transcriptase (in fusion with protein D) MLV_pD was used to
synthesize mRNA. Purified mRNA was used for in vifro translation reaction. Ternary
complexes (TC) of mRNA-ribosome-MLV_pD{RNA) were formed in translation mixture and
stabilized by low temperature and high concentration of Mg** ions. Mixture of TC was purified

by ultracentrifugation on sucrose cushions. Precipitated TC was dissolved in ice-cold buffer
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Figure 7. The scheme of PCR fragment reconstruction before new round of CRD selection.
Mutated MLV RT library was digested with Esp3I (Ncol compatible end) and EcoRI and
ligated with START (244 bp) and END (398 bp) fragments in order to get PCR fragment
suitable for CRD selection. START fragment (containing T7 polymerase promoter, SD and
his-tag coding sequences) was constructed by PCR amplification of initial 983 bp START
fragment (target - plasmid pET his del pD (SEQ ID No: 2), primers - pro-pIVEX (SEQ ID
No: 3) and M_1R (SEQ ID No: 15)) and subsequent digestion with Ncol (recognition sequence
C|CATGG) giving 244 bp DNA fragment. END fragment (containing gs linker, protein D and
second gs linker sequences) was constructed by PCR amplification of initial 1039 bp END
fragment (target - plasmid pET his_del pD (SEQ ID No: 2), primers - M_3F (SEQ ID No: 16)
and pD-ter (SEQ ID No: 4)) and subsequent digestion with EcoRI (recognition sequence
GJAATTC) giving 398 bp DNA fragment.

Figure 8. Reverse transcriptase activities of mutant RT variants measured at 37°C, 50°C and

residual activity at 37°C after 5 min incubation at 50°C. Reverse transcriptase activity at 37°C



rotol0
000001000000E10000000000000010000001010100000001010000
W@ d9/123004Jl - PCT/EP2009/054329

0000UUCI UUUUO0000000U0000CIAQUC. ) 00000000000000000 44.
AP, aa Pi Pl a a, aPi la, 1:1? P4 il4 Pi a, Pi
1:4 P., Pil P4 P., 1014P310P Pi Pi la., 0 10 al
P4 1:4 1:4 Pi P4 PA Pi P4 111 P4 124 P4 P4 PA Pi

is norinalized to-be allways. 10075 pirdHISHEEERHERUS only two types of columns (percents of

0000000 0 0000 0000. o
rr oJ5009CAROSE0000R0RA0000000NOBARO0000000000, 00, . )
showfNA9Q0¢ontrol ]15 Agwjeﬁ Ot MMuLV LreOQ% trandtribtas®4séd fdrthuthts library
000.14.4°.4.104.4.2000.120.4.400140
constlﬁlctj)@ﬂ This{)pﬁmaty enzym; 4 expmssed in te game _v_ectar an41 putif@d(jn the same
Lt Jelde, b Rrat Jo
way as 4nutgfnt V@rlants £ di']lb %n Bvee‘agj: baluq,fo%mu?n‘é TlacHwéy aﬁ Q) for all tested

mutarits {s about ~92% and is more than 2 times higher comparing to wt enzyme 645%) An
000000000000. 40000000000000000000000000000000000000

avera@ fés'ﬂuﬁl z&ti@itﬁ of nfutght R'D varifis &4B70CRIBr 0 @irdp®iduiatOnGit 50°C is

. 000Q0000000000000O0O0O0HHHHHHH

124@(‘@@(@?#%}4HHHHHHHHHHHHHHHHHHHH
H H HHHHHHHHHHHHHHH 00' 00 000000000. 0
0000000000000000000000000000000000000 aj 00 Oa,

Figure 00 8065160 @0da 0009 06 ptaeod 00 patieldy 0ouied 90 eod gant RT variants

ow .oo%%%ooo 0i .., 00000
measyre e i HHHHHHHHHI E- OHHHHHHHHHHHHHHHHHHHHHHHHHH
HH 000000000000. 2000000000 0000000000000000000 00

Flgurggl(bg%goprt)ac]sgg %iﬁ&%m%ﬁ;cfxgﬁ% Of Cll{D}r % %Q)g l'f%ng )fAES plotein of

interegt 16 displa@ed!indriBosdn(® didpldy fotm@t. Purified {or4juSOlIuBRDOBOVGNes) ternary
0000000000 f 1.4r4 . .. .

complg SRS P8 R AR DoR Pl in AR} is4pi84 g lupespgnt substrate

(S) m réacué’n bﬁffer 4 sﬂbé&uenﬂX' éthlsﬁie& ﬁoéﬂucﬂnf‘l df}ulﬁe K@ltélr-m o‘}l in-water

emulsionrsl tAcxlk@ Vallanirs ay c@npmmalaed @12®m©6) \mllcpom@m subsmrte (S) to

CYy 0 CY, CY Y .CY Y CY CY Y CY CY
fluoregpnprby g YR AL o AP ool Tt envame
mmdeﬂuﬁd %ﬂ@&(lrﬁ@tlw erld%r:u ndidd) digpldd. ci) cn En Ln ri) U Ul

cn En u) u: u) En En En En u) u)

EnEnEnEnEncn 2 2,2 7200 0 0 2

Flguri%qo%g 9%?05%%%%8%9‘%%9 Osgggtﬁg fé; %&Q?M&Q@ %%182 of th8rmostable

DNA @@lyﬂlethses Osifk QK@ Q’oﬂ;ﬂqﬁtrﬂ;e(@)f @nt@re@t Khs@o Be Gl@la@ecﬂ(&l ﬁb&@me display
e2l P, .0 11;
format Optlonalbbpurlﬁed (or ]léqt ﬁuu‘@ﬁ r@zglyotﬁpes) éerBary %)imnﬁ%porgprlséq,g mRNA-
f
r1bosog§a-ﬁilﬁneﬂ§ &n%\é ugff/d %Fﬂrg&ge):/ R:'g?t?c}ﬁ i %rg %\g{l-ﬁ re%fsé)trifhgl 1pt9§e (helper
enzyme),. GNTP .S\/\aﬁdx pnmtw\osef)ﬁh AUR ot Wkoaetiow )S&bﬂklmvahnubdxbw( erulsified

XWX X . . . .
producing vafsreiprqih emylsiqny lpy ipt RIHFHFHFRERHOIPRISHPITINRE g thesize
cDNA%ﬂH'@HB@é&aQﬁC}y) will §erve°d§ aEE]rgQafor sec@ﬁdi @tR@QpQ' ()DI@Q a@lpllﬁcatlon by
riboso@& @wl@a:ddéN@aijan@ws@aOma oﬁﬁle@m@ars u)sed]n) P@R can m@ed@ptln for
optiong %ubggabugﬁt Igur}gﬁcgtl@%( Qitﬁkgégi@ﬁ@@i@? gn>d>r?o>n?go>rgp>lgn>1gn>t§r§f>5? >e?1d. After
RT-PCR 2mmulstors should 8 Brokéh, heblly syhthdRize@IDNA ffagohent @an 8e purified via

d. aaP. P.O.P OP. OP. P. P. P. a aa, P P
biotin pnd amgplified psingne primer get, whiclywill pontpin quye primer Vgﬂggquence non-

complFF R, (R SR ERBH R R Frcacion

u) d) u) u) u) d) au) u) u) d) u u au) d) u a
uy u) uy d) cCad) d) cauy d) U d) u) u En En
En u) 0.4404000044

400: 4000000000000000000000000000000000 a a (:4 a 4,
P.Oai a alati a a,a, aaaa' a a, a, a, a, aaaaara
Pi a4000 a, ' P4Arid 1A 13.4 a, P4 Pi i

1T o~ A1




lu) "uy;,(1) Eracou) En d) En d) En U En En U 0)
C) d) 00 d) CaCaCaCacCrfl U d) Ca Ca COd)
W@RQIzs0l) Ca U) Ca U COCOU Ca d) d) M CQT/EP2009/)54329

040000004404400040000044ind0040

000044000000@0.4.4.10000

3333333 3. 33. 3333333332333333333333333333333333 .

E. E. EHEHHE. 1. 1. E. HPHEHEHEEHHHHHHHHEHHHEHE. E. E. E. E. HHH
(selective ﬁm@@gatlorcpf DN&Y gve[rchD]])TAd@qckg;pum}) iyong) aqtVE rianty) ofupNA

polymeras%:a\)n&;gec%%eﬁ?d M%{I I%C&tl%gﬁﬁ%t{“gﬂq ?&‘ k@ tl}é@dé&f ﬂe&gﬁ%%ds or
next selecorlrothd. 0000000, OOOOOOOOOOOOC[X)OOOOOOOOOOOOOOOOOOOOOOO
01.1000 .10, 44, .4 (.3, 000.1000000.1
.400000.1244000.20040000.12000.1
i O EBr ¢ E D MLV
Figure lgn Qxc&rlglen lPSEn JEBEIF) 'a}#f‘ea4 th tlgg eHs)erﬁﬂer%] seﬁﬁ) MIMu
reverse tﬁnsa]rbptdia En Ead Eas upPN&n dnpeﬁienEnDEm cpolymyrasg. gIT>V0> plasmids

>SS S>> > > > > > > > > > > > > > > > > . .
pET his 1hSf Di%oNe ARy (Bporting Nanaith mintn plaray Mpiine Lpkemiany rus
| .
(M- MLV) IIeK}@ﬂé@ tf&HMLpgais@ g?gegzdo i ﬂelnP ) 9% r:bngldop%’g_}gs[ @flgBDa(eﬁl&bdmg
mactlvatecp_re;vem tFanscrlgt@sleuEmi o, protedn D_]_@paoqr PA7 Pmipp apjds ﬁelqﬂpnm pol
domain alg p%%l Odnr {gfalgtrrl lr_ﬁ 83%} \fﬁ alls%a r@n@gﬁ*“ lr\IeN ’ﬁ%@:&i !y s%lhes’HZe PCR

WWY T a

fragments TPCRPﬁaM%tWMWWWWWWWCﬁRNA is
mixed Wltbffﬁtl@é e} rfMLmel*@Itéacew )RTO Mebpﬂa (\VPWU(YC duf\)l a@dmsm to

prepare A oot byghorff Malich REnHINAI Y uing, T4,DNA Fsese

mRNA/dsBNA Eomplex bvakl uskdEfor B vifro fransktibn keaktiole. DiringBrarnlatibn rdaction

) E. HH E. . ) ..
ribosomal \GRiRis<a P heREe ATt Al §ad 9f AR Galeh iRfabseinnipe of
mRNA/DNA )ﬁhf‘%&'ﬁu‘l‘@o?ke‘i@é@?% ng@kéé’ (1®) is purified by ultracentrifugation on

azal’amaxanmaxmaxanmudi z xxxxxxxxxxxxxxxxxxxxxxxxx
sucrose cushiama.aRaratiah teaan aaambaen 483542 andeaden teian)aalsady containing

RN A/ L B BN R R AR AR KA I ST 3G e
used to p&?ér%4éloﬁ§at16n ]re&lloﬁ r)nxr mﬂp)pﬁ:lmelaéedr@ltg%x?émeﬁjaolé‘ﬂln-@UT@ Jce-cold
al

al al d) rara al al al
reaction niixjur€li} ej‘mulmﬁdd @mmg ~1]*_‘10ﬁ @htpr ah odl pompdrihend )~20m) in size.

Emulsified 07830650190 GBBBED 655 A G IS0 AR SorsbuBta P

compartm!ﬂﬁ 1§|1nctuPat@d for) 30 min at 37°C in order to incorporate biotinylated nucleotide.
41, 4141] 44141TA41411. 141C, 1414141] 441414141474, 1414141

After the Atvperhiuid 4T 4brhpdrtthOdtdiAdAt4tidh4dixhnd Gidaided most of TC dissociate

HHHHHHHHHHEHHHHHHHHHEHHHHHHSHHHHHHEHHHHEHHHEH.
releasing qué E‘ﬁir@ém&mﬁz g{;‘tﬂﬁﬂﬁﬁ %Pﬁagh%? to

dsDNA sdﬂsﬂ'hte is erformed only in compartments containing active EEmerase (reverse
IE E. E. E. E_ E. E. HEEEPHHHHE. HOH

transcnptaseHHE’IIE{ @@3N_ _JpD) and no HDMH—Bychqsmﬂm—pompartments with inactive
polymeras&(gelzl ﬁéﬁH??!gHE{%F%HHHHHHHHH%P@HEEE@?@? blOtlII(lndU'fP 1s I"elg)‘l’(_)'(/Cd ﬂmg

gel-filtratiGiOn9f-éuhn. Q[&anIa%dOHM/asDNH d(mlpléx Is :buﬂlﬁélﬂ '?)nlsu@}ltawdm
Lrl inlInLnli;, ifi %0t 1--

beads andgpedap syndesieo caﬁﬁelsmecwfml}’c& arenllféﬁf @NIAI—P@ ﬁlfmhmep{ of
setive vty 1% B prerpet Y1 PPN D) BT O1FY oy pymeres

(del pD)ibbbserfed. if) in 01 Gl 01 Lfi LI1 tfl mmLf .. inin
LOLil Lil inO1 Lil intil inL/'l mmu: inif) in Ul
til Ln Ln Ln O1 if) iil if) UL La 01 ul iil cil I 14 0
0O0O0O0O0O0OO0O0O0OBOOOOOOOOOOOOOOOOOODO
0O00O00O00O0O0OO0OO0O0OOOOOOOOOO0 W
2009/ 125006PCT/ EP2009/ 054329 77 APPENDI X 2 - conti nued
ai r=10QP1f 410QE41: 11: 4c141=1r 1r: 11=1t 4/ Q1=11211: 4E4E. 11
1:11=1E: 110E:1 a) al n RQUi nVar,-.AVAO 1=1 PlWalq rain
WWWA, 4,4, 44 4,4, 4,4 4,4, 4.4, g9 4-,84,4,4,4,4,4, 4,

A A A Al




000000000000000000000000000000000000000000000 0O

0000000 U ar., 4 gaaafaira,ada,a,advi:40:14 41 P4 4 4
wa2eIRtmp@, a, 0411, P, P, N g a aNal ai aaa a at aaaaRCT/EP2009/054329

gaa,a,a, a .1.1,4 .4,4 a a .404 a 4.4.1,044

.4.1.1.10.44,4 a 4. 1.1. 4 1.1 4 .4.4

04.4.40.4.4. 4. 4.4 40.104%

t l g
e 1SR S TSR O

complex 4 8o 4P Al BUAY Yo 1 1% e A g o

mRNA/dsDNA (MDVQ¥583N @[@@ﬁd&ﬁﬁﬁmmgﬂmwﬁi &1&06166@)6%66 o@@TAP or
biotin-dUT O%’?{g 1%28%)11% g_)co%g %gz%ggrgogoybﬂ for %Ifl\golgg gﬁ\? lp%o 0’6?@!7(?4 for

1.0 o 10 1 G L B

well. En En En co En u) cn En cn En En En co co x u) En co
En' 4?1 HHHHHHHHHHHHHH181, HHHHHHHHHHHHHHHHHHHHHH
HHHHHHHHHHHHFa HHH

Figure 14 0@99&910&%%@%@%%QRQQBMQQ&BQQQ%tQ@Q%y%@&B%Qon of dTTP
(b10t1n—dU ,‘ X4

substrate sﬁgg&q@&i%:%ﬁer tﬁe 1ncorpo\f\§{o\{\1/aofaimtlal ﬁi “9 or glo%m—ﬁ“ ip A- e%la'lum

bromide vidéHl 28@ACRGRARAAARNNAAARNAIM A Dahds 115 Rb P BNaa gama g as
agaaaaar agaaa, RRRRRRRRRRPRP. RRRRRTi ii RR

in A driedqon 1&11qr4mpq11411<b,3145114112pﬂ445411g1 {xclpng| Phosphor Imager (Perkin-Elmer,

vt 31BN AP o

- structure arftl s}éQuéhcé oft dSNA dﬁﬁntér}ié@ i nfRICAAIsBNAMcdfiplécAa, a,
444, 4, g 4, 4, 4, ry, 4, By, a, a, a, a, a, a W a, w
a, MIMIa a, a, a, a, a, wa, a, a, a

Figure 15. al"hj:"ile%t@nt ﬁ\ﬁaq RT- Fgﬁ fra%m %ts analymf o'i"‘}ixa@ffleaf’f fgecilthd ’arnplu,:ons

size are 9@V byl far MIaV 4 4)5 &3N4 4 pD4aad 836 bhp Fomndal aD. dDHAa PR prdﬂui:ts vﬂzere

UUUUUUUU
analyzed o e NI RAE ob PC Giix ver el RTpRRRcanples before

i SRR 0N AORROLHO RO SRR, RARRESE 2002

(almost onN/ deCi gD ﬁagﬁi}:ntU}BlﬁéapU} vllﬂblld)) lCﬁ PCR €anifles flterUhe Garifiation on

streptav1ducppadé| q%rr@a%o%flsi th;heda‘po @9 )acttl)\f ang mag%gfecpfollyn?erlasedgeneggﬂer the
single seleé‘gnﬁolﬁqu E1 Badeiiidnbtdat Eﬂd?oﬁb&dﬁs %bEerEed’inEhﬁ"geleHlon
,E,HUNE, kk FI E.E.EHHE.E.E.E. H, HE-1,H E1, 11,0, aati,
ah@aaaaa,,[l 114, aalgaaaaaaalallaa agaaa P a a, gag
aaaaaa, ,aa '\;ij(xxx XM X X X X M X X

Figure 16. %(&gle)&(a%iw We REIOSE g& RW Q9 %&yme I%Q\he)gt %(emxp?ér%&% of

1 kb and 4.5140 c BN byrkhéid ARABRAR TR ARRAAB AABHRA aaam@a@a@a@@mm
aala ia daanbhaaadaaaaadd, aaaaaadaaaad 4 LAMf:4 tX 1: 4

A-D - 1kb4acDDNA syatheasigl (M- MMWMDMH?QQ@NAMO Pandy Q224 RY; emyeraure
gradient 41p§1? aé"’gl 49§ é %9% é%&gb %1%%%6 §§]1 6486196 §1°C

size standa{goqg@@%gﬁgﬁggﬂkmgﬁgwgﬁ%m&qg@ﬂ] 9 QQQW@Q@QQ&SQ (WI2,
) r
M3 and M4); temp&;tureﬂ,graglent 49].8°(2], SIErC’Cﬁ 63 4]°G,| 55].Z° % fﬁp 611 0°@,\63 7°C,

66.1°C, 68@ C 74) 0°C; 31zeP (s:tarLljdart L& rRuéier ]&presg D%IA ladd¥r 2 ?F ermentgis . 1 X

nChngnChnannC|aInpannorinnnnaIaPChnainnqqaincZ,Rn,Z,Rn
mr:V2,,alflpipc: .,,.4,, aaaaaaaaaaaaaaaaaaaaaaaa
aoaaaaaa aaaa aaaaaa Illl a a a. 1111Sial'' a av a a
ongclnrzi nanngnnRi nci gnnnal nggna; A Rci r zi al nnl nci cann
nnppai ni npQga) Enl ELEEEEOLIkIL ? ,,4 a a a
.40.4.-1.4,4,-1.41- a 0.4 0.1,4440 4

2 4.1,-1.-1.4.4.1.4 a a 44 4 414 44 4 4 4t.T.4 U 44
4.4 0000000000000000000000000000 0 O O 0 0 O
00000000000001000000 NNNX Z MX N N N N N MVE. 41X N ZN

| = TN \ ~ ~l \




aialaalwal aiiirda.lair. 4al ai wal al al ai ai al rri air4r4c4al
waaal El | wal al al ai r Aal ai al ai al ai al ai al
WO 25D XK XXX XXXX, XX XX RET/EPXR009/054329

XpdXxxx X x xxXl x
xxxxxxxxxXXxxxxxXXXXXxxXXxx§§§xxXXXxxxxxxxxxXxxxxxxx
PPPPPPRPP
Nr ar aal Nal al r aal ai al ai al a4[ 4. ai rat aal al al i aai rar aEl al a

Appendigak, Tlrapousrali ssheme oainatations fpved wainaiad IMLY1BX Iabrarya(sequence

betweert Nbof afld EARP r&ufttBnZids @ §E(§ 1B ﬁo.a2%. 33 huleBtife thutns were
Aaaaaaaaaaaaaaaaa. aaaaaa
foundf anan'lg) nonggudeea ) genta(ORlabsvendan) nZ 0anaadifidsn n mukawd i fdsitions are

Qwar;: 112, qgal rEl nfl QC) O a
underb%’@mwede @i@é@%@@dbﬁ)@me%@oédslfaﬁmmmmmcmd as
dasheg;mgglb&??ﬁl S&Nae%@@?gﬁﬁ 15%%@5%&%@%%&& e>s 3>s>1>ﬁt0m9@a&~?s 1 stop

, arga,a,P,[1:4
codonmd@efaammlfw\laﬁcm@@ framad gan ﬂvelr@e If 2amido acids substltu‘uons per gene.
114P- 12, , wa, a, XXXXXX
, 000, 00, 0000000>5. 004. 0000000-, 00, 000. 00-, 000, 00, 000

AppeQ@iW22 %%8 LEEPERA2W alignment of all 104 protein sequences without N terminal His
E. HREOPHP, PPRPHRPPI PPPRP, PPHPI HHHPPRPPREPROPPES

type sgiue?lg'e Ei)é"noFt)g'd %s}‘ﬁ/g,% lggEq%Q lgo %B is alweiy& lee’n a%%jlrjffa Squenpe L{mutated

sequeiés 4eﬁeseﬁi€ SEQ:’ID Ndb: 26ao UIBNDEsHY DINUINNDIDr X wiichUNeINWfe shown).
XXXX14 NNW X XNXN XXX N XNNNM N N14X UNNNNXNUXUNNNX U

Mutatignyare mprisgdxusioe ity ftcsolor i Riagk hackgroundx Miproxacidsypositions,

o R LA s i g o o

describitdHidHH fferent pﬁeﬁﬂ@ﬂﬂﬁ@ﬁ@ﬁ%@@n@ﬂ@ﬂﬁﬂﬂh@%@ﬁﬁh@ﬁ@ﬁﬂ&ﬂuﬁﬁs of amino

HHHH HHHHH H HHHHHHHH HHH H HHHHHH
acids ‘QE 1t) dighl H t‘f in gyey: tatll_<|)ns é_ljg{g@ju}g om our se ectlon and located in

grey C;l)ﬂtﬂiilr%]l&&l&été Woﬁﬂse%ctﬂ)n :pg!)&l%%{lre éﬁﬁ&éﬁ tlllrgleged tfle béne%i%tal Bdt spot or

even exadthmlhlﬁ) a¢1ld Nnttlati_c@s Nesm’ﬁlbed elséwhdxe.@q0erices of zmalylzﬂed pro)tems activity
1.11in Lf 1.11 L11 ul Li).ln In Ji. i)
of Wthh)at ke Wagulpsfanti by s cpmbeed fa ey ri§ty Ly YL, (70% and
aa.4daa.l
more ééjcohir)arela'f“)\“%%r o%ﬁ'ﬁﬂ?%@%@ﬁ%@i&ed&n%dr%pl aaan
1 4 4X , a4 a 78 APPENDI X 2 - continued/21

Appelé(w; afp %AQ of ﬁlfvgtiong\g%o&pg 4" (?llgtegncgg%lkfggéar@d (}ar’etell%l%f]; ;sorted by
decreagl n%nﬂ)eréflguﬁtlgnsoo 00000000000000a,-1

0 116 1"61l ) HEEEHT6F6) 6" 61 EEEEHEEEHEHI T6T6
aqaaa'a al . . O. a- . Ca, aaa O.C.

Appe@i'x %,Ml%ior%rcf;re(%r@lcp &",n (9 62639&'@ %r) sel '69 RCTr %f&n%'Names of
analyz%d 6)@0‘[@m§| W, %Qctﬁ@tyoatoﬂﬁ@ wasRub§lafti g&ttéDaspc&n&réH £ Himary wt
0O000O0O00OO0OO0CDOOO 000O0O0O H
M- Mu@V (76% agld mereComparing to@5% pf whactiyity hare highdighted ipgreg)
a, a, ga a a ga ga Pia, a, gd. a a d. C.
a, a, a, a, d.P. P 004000000. 0O0O.1a0
Appesi® 9 Qintn&iRdGable &F itd o M-MBY Gvt) rQVdﬂseotraMrlptase and single

| e3l E.
mutants, WRICh GRTARIS. RATRS OfBTORFIE Sefer o FifNEnEY [UITThR A gellignced mutants,

i) s oo s 0o oy 1 B e g R e o
partici)arOarfding z&ld) rrﬁltﬁloﬁhs FondDirD sdeddiol); roteth Cordefkrdliod @ndIm0); reverse
Q00O00Q0Q
transcmampevﬂ@ecﬁ@em:oet TES (Wosdiosktive 8600t 0iedben adadsoresidual
000 en Wi). En d) Cr) ci)enCri cnd) d) ci)F. F1d)
CP CP Ucl) WRCPUCcliUri) Ulcr) cnU)
HHHH1 HHHHHHHHHHHAHHAHHAHHAHHAHHHHHHAHHAHHAHHAHHHHHHH
00Z' 000000000000000000000000000000000000000000000000
XX,
P.a, 43,.a, d. CI CI CI CI 111 d. agga, d.

NN N AN A A A A o~




a 4,01,-1,.d 00000O0OO0OO0OOOOOOOO0OO0,-40
0000 0OOOOa0ODO0O0O000O0OO0ODODOBOBOO0OO0O

WO 1009/13500°. P4rt 14 111 g (11 ggi ggaga, a, al PECPEPI849/054329
Pi P. d. d. d. al Eppa, aa d. d. d. P, Ia,

a. p. P, P 4. PaP4d.op, la P, P ad.

gaaa OCY 0O000O0O0Oaa0O0ObO0O00O0 OaO0O0aad0a

0
01 01 0 0 0 Q1 0o ..
sctiviy § 55 Betehmen cefie debitiopl  Ea ok Sopoits RV Heepiivty of
protelﬁ:%wglol)c?elzgfﬁle%\lﬂe Pgétwlr% (‘%) aﬁ@hf'%ﬁesgtém tﬁ%e #l) 1 lﬁ\?c[%ng synthesis

reactl@n Crl r|) (I) u) far, farraf aI al P4 134 134 P4 11,
(34 P! 1(34 a, al al 04 ga a, Pl (34 P, a, (34 Pa
114 Pa Pa 114 P4 al 111 Pa Pa P4 (34 Pl P4 a, a, a, a,

Appeldix36. Sumfshrized, taBle 61 dat®lon ¥A-MuLV (wt) reverse transcriptase and single
XXXXXXXXAMm OF XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX

mutang WHodocEITD 0800 O PTIC DO BIIDCDTOTTYON (mehnbatgserse transcriptase

s B R AR Cta T 8 B 10
and 4.4k EDN AL éﬁﬂféﬁlﬁea&o@l 00 a
E)01. 1, 01, 0010000E. E. . . W JEJUULEJUUEJEJEJEJO00000UUCIE
JEJEJUD000000000000 Cr. Cr. rf Cr. , . . : C. C.

Appe%rx 7‘é§ cﬁ:éx&e %{drlh%,rmatu% %atﬁqé:‘rto S@ 1[)@05 &}to -.Cf Cr.
CrCraaaCrCI4aCraCrCr

%1 1, 1” [‘tl‘t‘t "t”J 14” ’A
Examp}pb CRD - proof of prmaplg " '

To pr@xlr%cri]englj?)gf Bf R%@@Q@#bﬂ&?%ﬁ%@lgﬂgﬁgﬁ%g&”ﬁ sﬂ%g)g@fégtg&g%tem test
select1©n®vea p@rfom@d a yﬁlcﬁl froaf & fireifle Oxrithefit €hodld give PofltiGe fgnal for

00 aa - 0 .- .. .
actwer?ﬁaﬁfmﬁ ﬁm%ﬁﬁ%ﬁ*fﬁ”ﬁﬁ#ﬁj Baﬁﬂsﬂtgﬂh%%mﬂ%é{ ISMERER FRRISTIRIRse) and no

signal -for inactBe enzyme- (no RT-PCR-fragment for-inactivated MLV reverse trQisgrlptase)

More sj)phlsctllcated @Pp@an@ft Jis b usgImBaur€anf dehesUvititaleftaedviatipl en@admg active

and 1nfct)1v fm%ﬁneﬁpgﬂf {ﬁslld%jgkfl 7ce|€§(_f}1qtfxq<jr1naégtlj g%ne)éaen@%(?P aytlve enzyme
should &b endilchéd ovker @eﬁks @n&ddifkg ihhetivd.endyrie. 12- 1 P.
ga kga, a, ga, a, gaggr Ugggr ga ggaggga' ga, ggagg gaga,
|f,,r|-akla,, . a. P. P. ga P4a a,

Gener%@qI sch%i ?féx%%‘n%}bgti 12?&)}%?@2%?@%1% Q%??? Ez_bli_hﬁlﬁﬁ(_&BZencoding
Molonk¢ Mérine4Lg@ikenia Varud (14-8I0V OreOerSe &ané&n@taEé\lﬁQ;e@ t® pebtéin@® spacer)
0 0.00 0415100 0 EHI, Oalina 000

and plﬁﬂlﬂoﬁéo@@d%@émo@my@@édéb GWQI@OWGWWGGG% dowaing Holoney

Vo LS T B0 B LB B B0 s

to synﬂf'nsiz@ PER Ewgriifntm)Flmﬂiex: BCRnfr:ﬂgmdﬁltB woareBrsenn ¢crangbridptidn deaction for

syntheéls @f méll?\lé p}hlc(ljl l@cl@; g’[‘(alg:gof a}bgtd 16(? 6?111‘1%@? rgRﬁAsdesol%:mg from

the twh -ab&vetndkorlet BCR 4rdgnfen® werd nﬁxecﬂ\mtﬂ araflo 14 ﬁl\@L‘@ (Qct@'e RT):
Aaaaaaaaaaaaaaaaaaaaaaaaartri4

del (maacmze R'B. atdl usa for 2y A%y Arangiatioy r@achg®, During translatlon reactlon
I‘lbOSOIéla (gozrr%ég%%}%%gezs%zze%%%o el%zazn%lz%ops at’ thze End 8f mRNA laczi‘(mg’ sfof codon.

TransliRion @adtZch WaZ Zppdd BY ZHIGASN 2EMZKE L8 MZBETH ZbaTATAZ S5D-AK Mg,
22222222
Low tempqrqttuw, hlgh concenpyatipn ppgy ions jand ghseuce, pHSEOP cadop at e end of
Pyp 1 3
mRNA stﬁ#zar reglnr rlioﬁirpkj[x 9(8'(3) 19[ 481,%\-5& fI:beOméapro%em(tRNA). Mixture of
laria,fa.PAPr.far far far far.P4far tartar larP4ii.fx,
P. P. far far.Nfar.faf tartar far Pr.lar lar.faf ra4
(34 ,1Z2". XXM P. U UMP. 0 U UwWwz P. X 1.01M P.
P. ZIEMP. P. P. WKMAKWZX P.
141" WHHHHHHHHHHH. HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH
H 114:1

NN N LN NN NN NLSN " NN NN NN NN N NN NN NINLSN N NNV NLNLNLNLNLN NN NN




" HHHHHHHHHHHHHHHHHHHHHHHHH L H 0 0 0 0 0 0 0 0 0 0 0
0000000000000000000O0O0O0O 41HHH
WO HHHHHHHHHHHHHHHHHHHHHHHH H M <1, 2.0 N PET/EP2009/054329

t.0r- cocalINTrli0o00 HO1
MMUI t . 000010HI CNI cHI f) NCOOC! VMUl | ONO100000HHHHHHHCI
U M'LI14U UL Lill LOt.1¥0
LONNNNNQJ COCOCOODC000010101 a) a) a)
ternar@r lcOmiplxes - (¥C) rwas | pyrifiadr -Hyr ultrecentrifggation on sucrose cushions.

Ultraclc_enifiﬁléa{tlllqh :%as opb%n]i% ll%]lﬁ?ic %1' %v%%%%%t@éi%g W{%\%&%ﬂj}%‘?mpl ated at the

bottork/bf hltfracéﬂtrlﬂu]g)atlblﬂtdb@ thdanvitilelshallholecilarveibht thbllecitiks, ﬁaf()tems and
LI LIZ LI/ Irl LILZ L) in U LI1111LC1UI|nU)

most pff eq_mRN_A §~0.9 MDa)/rempjned, i the sypqrgatmt. Precipifated 4 C4 vpere dissolved

in theg'ce-goldgjufﬂer gS&BE/I Bf'gzé. P}l)gurif{'llgd‘"tegiagf'r cénﬁ]ﬁxgsp(gglégpgiobgules taken)
already4ontinthg mR AL 00R¢dLd50 @Bﬁﬁfﬁﬁmﬁé’@e f’rﬂns@HBENDbVXre used to

2 - continued 0 0000 000O0O00D0O0O04000O0
prepaxg rgvagsepiranseyipiion rgaqiion nyjx supplemented ‘glth gxsrsl NG P@ebar{gl nyimer for

T 1 —

RT e orD 85 6000 B o tsasiom BUstL 88, Fubtbed disidBoobddoonas: in o

compditrygng §daagiagdgn dagdsidied dUD segtioy %Q@l’é glgssgﬁmgg gagal (V\WHRNA +
aa PAa aaa aa 04 (11 04 a i aaa

MLV é{T) TG4 CENPIEMeENt wap 1pgs(1bgted or [l dir ag 426(1 1rhord§r tqapgfcgm EI reaction.

st s oot i B R By o 10

dissocate Hdlddsidg mRIEARndrevelrse tﬁnscr’@tasE SucEesstﬂ RET reEctloh_: 1EperEbrrned only
E. F.. E EE EE HFE E
in compparfmengs C%@aalgaa%aé\ééé{a@aer% tran%ilpta&e (MVMD&@W@ c¢DNA is

o in B ol o EAGD o] Sy v

ensure$ 4hetadipliAcadiof bt syiBesizedADNA 44d éﬂrldﬁnda,t ])1 adlﬁle ®yerdg ttdnscriptase
\),L 44 44 4411, 44 a. 44, 44 44 4 egiO4F’i
(ML VgD genes oxetgpisiy RIS S50 0G50 1606366" 0000O
O 0O0OOO0 0001000000 000 al a,
00000000000r . p. 0| O 0. OOOOO 000. 000. 0000. 0000000. 0. 00
Meth(ﬁﬁ@(r@(lﬁ@@rlalﬂm C OOOOOOOOOOOO OOOOOO

In1t1al %J{ZTA@%XI ﬁ@gmm‘@%%s construc e by Modification

of pET Ity V%Vamm 2 gﬁﬂeﬂ mWbf and Shine-Dalgarno sequences region and
6}% 00000000?0 0000036‘-0000000000000 08000 01000
msemmmﬁdmmmm&mmwmoﬂmmwme (306-2363 on SEQ ID No: 1) with

Nt PERAISIIEN S TN P ATl usiop with glucipesserine (gs)

linker IF% 23193 EanSlHQ HDENo El);lpzhlEoEpr(jteid D ®D) feorft phage Bangbda (2394-2669
Oi. 0 il 0.444a0040a0
on SER éDoN% é) end) secqyéogiw@eﬁer@eo?%) lipkey @660-.225% Q@ 3EQ B No:1).

N- terné % I%l :%aélsehs%dg r% §t %11%« re%i %gﬁﬁgatl%n r?iélﬁ%l?fuglog’ h3S & rémain in

ribosomgagdgurt ggdudng gopQEgagggpdogyeggdaggetaygggidgggrgatepn  of
al
mmﬁ%%%&@%&o%d’d&%&%?ﬁ%b6‘668‘660oooooooooooooooooooooooo

00000000000000000000000000000000000000000. 000000000000
VWA Z VWAL VAN
M-Mull Woerensenvinansduptase, hagniwe main enzymatic activities: RNA dependent DNA

polymiraie 2 Y S [fansgrpt %Wi%ﬂﬁrwyn@oducing

point ﬂ]llta‘hbnaDégSM (8141g14:1n1fﬂcle04iﬂe4G tﬁlA4e)€bha14§e A4l pbditidd 2935 4n plasmid
' >4 >4 > >, > >
pET_hg,s;il\@V zp-l?, §EQ>H) ﬁﬁo:j&. Asaal’gée 583 1§iog§ed>;p ;{Na§e acgne site, is
SA SASA 15-' > >4 SA A >4 S4 > . >4 >4 > > >- 0 >
> >", > >4 >1. >iipd . ?4 >4 >41 >4 000000000000000
v 1 . 0000000000j OpO0O0O00O0Ok90000000000000' OA. 710 0 a a
a a a a 000041414141 -10.10aaaa 4 0 a 0 0 00 41 .4 4 0
0000 .4a00a0-100-141 0000 .4 wWHHHHH H H

HHHHH" . HHHHHHHH B -HHl H" ..,



000. 0O0OOO0O0OO0O. OO, 0. 0. 0O0. 0OOOOO0DO0OO0O. 0O
0. 0. 0 aaaaaaaaaaaaaa. & aaaaaaaaaaal a

w X XINCTNEP2A091 154329
0 a Aaaaaaaaaaaaao aaaaaaaaaa
a a aaaaaaaaaaa,aC000,0, 0CDO

000 OOOOOOOOOOOOOUCJ L) C1 OébOOOOOUUUVUl)OOOUUUCJU
G C, . 400C) 0000U, Clc/ O HHHHHH HHHHHHHL- 10- 1t 1
invol vl nEiHg asEiFHErueial IFOrFRN@SeCBI-IIaHHHHHNeHI plaginid: is @¥ntified as

or1 B VP e P R Y B i

pET Hi‘af [ &1 @D BEQUDNoCY2) Ghich e(ﬁéod-éé ifti&Bted ,rélver;QJ tréﬂscrlpt&se Plasmid
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5 min @Gt H4€C) ardr 25°C00 g. F’VeMEbarE‘Ifull?l 16GIul lofl&htr(ﬂjgecf)ﬁ@ﬂldlaﬁonﬁln)xture was

CO C000000 ci)ycn tO Ca co CO cocnci)) cn cnEn co
pippetedien gie)top af 840 ul 35% (w/v) sucrose solution in WBK500+DTT+tr1ton (50 mM tris-

sceat R e 1 2 TR0 Trla 38 BYoB o Foo D00 U0pGBABOD - 0%

(vIv) %QQPQ@@@@PB%@% fgthalf), 33W®v/490s,&erose (84097 Fluka?) In order to purify

00Onnnoni annnonnnni a[ Ai nci nnnOr =| al

ternaryyeomplaxes1@G60 ©f @d@%aﬂ%@n@@@tmﬁmﬂg nm@@tmfwalﬁnn YRS performed

using %ﬂlﬂﬂqéa OOOO@%Q@%%%%g% 'EL%E(%)O%@S(B%EB%E rotor (ﬁeckman) transparent
1 ml @Q&QQQQQ%QQQGQ&OQQWO@&@QQQQ fof 9 min at +4°C and 100’000 rpm. In

'Aaaaaaaaaa, aaaaaaa aa a .1 00 .1 00 a aaaaaaaaa a
order g) bee@a‘anai] ga@paregt pelpt @f J°C 4t thed)o@togl of ultracentrifugation tube intact

tabes SRR IR VLY T PP B e Tyt tgp of the

centrlfﬁ%zgon) tufie 4Theh 8% Ofl creAART A }aRGRAWAsIRA RAR BB3ARANVBKs00
aaaaa 1:11:1000aV4al104: 14: 1n

(50 mM]ihs%&.étaﬂ:Qﬂm S5at Qﬂﬁmscommmaa:y 5O IMIN(g ]a@éﬂtel 10(1@1]3@@101 Finally
[[Clr10(=I nCl PQ4Zi f=117100 114 PL?P. a;
all solpiiqn waremayed spting frpmytbe varyatopaf the 0¢nér1%1gpﬂorpwbmnqi aallet was

T T e

000000000000000001000000000000000000000010010000000000
HHHHHH4 HHHHHHHHHH - HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH
t4, al aaaaaaaaa a a aaaaaa
AN WA444] 44 Cr . 114Cr . aa 44
O. INA44Cr. O. P40, 04 Or. Cr. 4, 4, 4, 4, 4, O,
4, 4, 4, 4444 4, A, A 4 44 4 4 4 4 4 4, 4, 4,

0
0
C.
C.
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HHHHHHH 0000000 CI NCINC, I CV H HH HHHHH HHHHH H4. - 41
HHHHHH HH HH H HHHHH H H 000000000000000000 C300

W@ B9ALO0O000 PCT/EP2009/054329
I NCI NC, I NCI CNI NCI NCNI CI C, | NCI CI NCI NI NCI CI NC, | CNI NCNCI N
CNCl HO ct. LONHC, 171 3.11440!\030 CO
010HCVO1CI LI 1440030104- 10110ULNGC30( N1, 1441U1440N010000

OHHHHHHHCA 1. 1141 nLnk.o)..ok.ok.o0 10 10 10 10 10 N N s
at 25%C;> (miE §laBly Fomdb Msagitezs@mbh Kot dAnd4 T4 1%1(wy) - triton

HHHHHHH V27 T I I O I
X]‘OO:?ITIEIWF%-Il%éi]ﬂlaﬁlIIIIIIIIIIIIIII\/MIii LI), U214L.f) ...n
Ln Lfl Lf) U in 4.11 L.n in 440 Lr-4 40 ul 411 U 411
inin tf) Lf) LIP LO Ln Lf) 4.11 Lf) L.11
Asit Yasﬂ_q_et@rmlnq_df q_sulg]rafho'a}ctivel}i ahqlgd E}RN/E]@itCILl'ﬂ}raif‘_qn}rleg%}thgf%O o -30% of
I
input HIQN%O% ldgﬁt)ezl :h?) %el'nalrgf coglfle'x ]P\é:il_le\g T%_léreﬁ)re i\ ‘Qa}f %89[8%%)11&/ less than
360 ng (8% Grddn 020Bdg AHBREADIsXd 2n traggdationnesdion) of mRNA in 30 pl of buffer
nanananni annanannanananannannr zyncl nai nal al al | L1 QPI QCl
(~12 ngy)al %19610 molgeulesinl{trmpmusempl );I\/NMAY/\Y/\Y/\Y/\Y/\Y/\Y/\Y/\Y/\Y/\M VAW
VWAV WA AWV VWAAANANAYNAMNYANNYYNY 4 4WA) cn cocn CP
COcnrnrr)l 0.1 (1) CPCP COEn O Urn U ()

Reverfd Irdfisehiplidn tdabliorCGixtin@ fod deléetiodWas prephrdd én 4ced 60 ul - 5X reaction
S, S?S.S1S? S S S S S S 7?3451 3451 >4>4 >1 >1>1

buffer>ﬁ)r 4R]m/¢$¢4"ﬂmnsc41pna$a4ﬁmmm); ZLS M444|Q1414pl4R1b0Lock RNase inhibitor

(Ferméé§§4jé4444204 @1\/1‘;r pD_; §2 911g0gucéeogde 6(SEQ II‘)J‘ I\_{%l 8)a 18§ pé nélclease -free
e a

water @ 1?1 ?_e %%fﬁ@‘éh&@ %Z?—’ 4a|e§) gﬁqgﬁ il Ala 64 u"lihf Puriffed @821 Iﬁlolecules) TC

(transi2060 7R EHE 0 QOFrPAYOGH R I0BChII of @Qﬁﬁed (B*000VinbiccMOHORS firanslation in
aa, a, 00P, P, a, a, a, a, 0000a40000a, a, 000000aNa, a, . a,
Wako a \M el PR HA)avicre addeda Each @ac’aon mixture (~135 pl) again was divided into two

woes 3002EPPCPIRAR000500000000008, 0004000 00000000007

added Hl‘l'ﬂs Khitblel 1@c&sﬂe’f&d"to%eﬂhyngﬁv5Sé‘leﬁzdﬂ Jﬂnh‘oﬂ(vﬁtﬂdu't"@lN"['P) and has
H. HH H HHHHHHHHH 00 CY CY Cy CY CY CY CYy CY CY

to progy they tieye GYnCPNZY coviamnagyn QY g @yction 1BHKIgY a@dG‘DN}\( s@thesis is
strlcﬂ)b}(nlge\ﬁ %Yrecv:grsg\{ra%\s(crgptgg fc r\l(ctlcc:)\r(lalca((:tlcw:/\{tycé\c()m(i"r\{g ?r\c()mCX/IL{}yRPNn ternary

complbtHie the Bedonépht E9F- Eo%@%ﬁﬁﬁé"ﬁzﬁﬁ Fo HNrEads: W(Fe%nentas)
HHEHEEEHE- CHEHE, Er E 4 444 44 4 A4444 44 44,44 44 44

were afldddldnddetdctibnddikdurd agdid was 4ivid€ll idtbAtdvodlbebd45 Ml for selectzon control
SS"TTUSSS'S S T > > > > > " S>> > >>
and Shglywpplemenisd adBobabo200 u/pl of RevertAid H- M-MuL'V Reverse Transcriptase

S RERR 00 USRS By BBy TP i

reactiodGRRAAHAECQ00Q 0000 LO0KS OHRARBOAIAAEO HONDNCADRAE 000000
00000 VWMNANAMANANNANNAMANNN
WWAMANAM 3, 3- - WM 3- 43399

into thezaltoz]I (Mﬂ(ﬂ—-lﬁ(gnmb 16 ﬁhﬂQoﬂd@matwmbf 4Vin@af (GhRGBCadd Holhger

I\/gPPlZlOlOOlZlOOOOOnI hpf: 10
2004; ] S20050p446Q). Emulsions werg menprq;l at -h4°&3 m 3md cxyogenicvials 4430492 -

Comirf i oo e i 2 e R gmiey Mjoe ves

perform&ﬂ At A MI-3000 Gnhdrictiaadtitel rwith . sheéd Gofrdrbif t(beEzllﬁM bﬂ £2000 rpm;
QDOOOOOOOOOOOOO 0 0 0 000000000 aaaaaaNaNaaa a
Rotilalype e mm)gmagnetic followers withysentye ingHHBS 21 Rpthy); qutqeq_phase was

cae [ Ll ST o LB s e

HEHEPH E' 4 4 0 4 0 0 4 4 04 4 4 4 4,444 44 444
04444444 4[44440000004 44444 44,H
004
00000000012100r =f 1 0000000, 210000p! j zOOOOO0O0O00000. 00000
Onal 9. 0A
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a, a, 11,a, P4 a a, 114 P4 P4 P4 a P4 al P4 1l1lla, a a
a, a,a, al la P4 P4 P4 aaa y0.4 11la, a, P4 la a, a,
WO 20P4A2306 4 4 4 4 4 4 4 4 4 4 4 "' 10pC 4 4 4 BCHEBR2049/654329
4 4444444 4E E EE EHHE E EE E E E
E. E E E E E E E FE _E E E .F P .FE E HE
E[ E E E E E 35
4 4 4 4 4 44444444444 444440444144
-4 mm)4A4card@1g4to4omic41 miaozlcopy Aatp. dompattrderds in 4»11{ 4mamlsﬂon4 vary from
4 4 4 4 4.4 4.000 .4 4.4 4.4
0.5 i ) 1§ i 40 biza i By lmnetaia? g4 Daicspra s mpated to have
~1*1(§r° jr)vaje 431 §11 fﬂ}{)}r‘cﬁ'ﬁeﬂts afferhd dhdsificsttbndoft 56 uf‘}evel'ée ﬁ'anscrlptlon

reactiGly Gyigyues/ oyltivlo eyawingclysl thak AoTdo! a0d&ubdsosl @R 6neler| (about 1

RN alcaol0|otoIoIOOOO%%gOO!4C|ciOOO| W&mﬁ)

a44. . Hwwwwiwy' W HHHHHHHHHHHHHHHHHHHHHHHHHH, HHHHHHHHHHH

HHHHHHHHHHL.- 1t HHHHH
All sigo¢r@eiono o¢poedenlingt 8dl tadialsowitl A tomisktibooh Rasheool RDY HY kit

|.ool owopt cYo0- 0- FOOO! ot ool opl PO0OQOO000QN0O0 0 .0
(regatitoRBB0 R Lo BA GO 03 GOBHT0ALERE" conroD and with TC,
trans|@RJno@l W@k@mwgﬁim}g@@)@éggﬁ@et %@tt@ﬁ'c@ﬂz@@p%l@&m 8RR positive

i oNor aol ol o+ol Voucwol ool CY CYCY O CYCY CY CY C
selection conigyl) @¢radyicbatedyl lil\rat(}4Zt\C CY CY CY CY CY CY CY CY CY

CY CY CY CY CY 0 0100 do CY. CY CY Cy CYy ¢y Cy CcYy CcY

0000 nannannaaanci nanci a
To reQREPHRIRG oA %QQQMQ&Q@Q@Q@QQQQ%Q@QOS hl tl?oe E’éhtﬂ?ﬂlged for 1 min

a,aa, P4 a, a P4 P4 a al P4 al P4 al al a,
at room) t@npRIanE @nd)24 06A ga Oihphase waviremioyed- lqavamg aomenmtad (but still

intactfdiiuSion s Subin 06 88 0Th0 BB s bbeBR Subisn (aerLBEBpification

kit) “%R;EE&EB' @hrﬁ'llgl &ﬁsx%%%%%%&%@ﬁiﬁgh a%gijb@iﬁl Wvaferdaturated

ether; [Qﬂ_n@ mter -sptwated ethyl-apqtaty) (img onlen toq remgve4ABIL EM 90 detergent) and

o SR R B OSSR AT SR o

tempeddur@0S RINEDAA QDA a6ddBurified with Qiagen PCR purification kit and eluted in
MaalMax 1: 4AXMa4NaM - 4ANW

30 ul efBIakFRHIQ R s RHPRE R EPRIEHHHHHHHHHHH, HHHHHHHHHHHE. H
H4 44404444044 PAa, al P4AD4 P4 a, a, P4
134 a, a, a, a al P4 PA 1114al P4 P4 a, al PA al 114
Amplﬁl,cat&)rﬁof éDNA \aasaperﬁﬁlméd B¢ nedted PER. itialalb CR.mi&tur@&vas drepared on
a, S. HHHS S S S HS S S18S
ice: l@ul SlOXI TFaql-buffeH“th—K@l (Igrmegas); i Wl S2 pMIpfeach [INJPHFermentas);

9.6 lg 3 Il 41egTy (etmning 372t ) G Gpodmfing] 13a Bl bohmerase
FermBNs0r 09 4246 AAPRBLNTR 2oR: B0 NS 5, B %1 0160 nPp8_S5 i

(SEQ @DQ@@OHI)QMQ@W&OO&B&&&\B&% diekdadanta, 6 S}Ijﬁ;ﬂé&ix 15 pl (6x15 pl) and
HHHHHHHHHHHEZ EHHHHHHHHZHZEHHHEX, Z2Z' Z' ! : THHHZ. H HHH
30 pl. Goxol e fPGR magtepmix werg added 5 pl of cDNA'(1-6 RT samples); to 30 pl of

OO OOOOOOOOO 00c.7000000 ,000.000000
PCR TR0 00 A500°480 P 0% FB0B05 Totob0 0060 g0 ¥ partg g %S Kl for
nega’u@e BORO:JAFof (HudO8. ‘ul R}@at{'klanf bsiffve PCR control plus 0.5 ul - 1:1 mixture
HHHHHH1 - 4 HHRHHHHI- 11 - 1 HHHHHAHHHHHHAHHHHAHHAHAHHAAHHHAS

(~IngHelO gET3'hy MI3V D1 3dd -pETL hi3ddl. p» plasidids). 4Te cylclmg4prpwcol was:
.. 10044444 004044 404clim .
initial daraatyaidon pigs) GGt B %ﬂyglﬁg@é ¥6 2 PG g ﬁe%ataS Cyind 2 min a
72°C) %n@ ﬁ'ﬁlal'_elgfn%tlbh Q00 A 79%) ]i_)%pg 80§ @e%g?haof{?(gi Zf’ragments was 2185 bp for
I uuuuuuciucruci uit.), paturi ocl uuuuouuor uucl uuci uu

uu.U|y,,.. |n0nayUUC|uuuc10 [

1:1;

or.Doc_c_c_90c. Doc. Dc_Doucj-.to, b(hc.)c). (50c_9cDrpocc

Docnoucc_9(. 90Wr. . 9coor. . hchoucaoocacaou 4 4 4 g4 4 4

4 4 4 4 4 444444444 44104 4 4 4 44.44 4 4 4

4 4 4 4 4 4146 4

Ul N NN NI NN NN NN NN TN NN NN N NN NN NN NN NN NA T NN NN NNLNNINLNNN NN




HLOCOOHMCI OHINOL O H Nle, 1"- COHrn 03 O In LI) If1l

1.11 LP Ul LCIU Ul U 131111un LnLI)Ln Ln 11-1 LP LO
wWa.RoRR23006 Ln 11111111211121121111121212112111111 HAU/ERI009054329

kl:1 CO d HHHHHHNNNNrn. 4. .4+Ln Ln NCOHHHHHHH

(1.04, Nr1 4444444444444444444444444440444. 4444 82

APPENDI X 2- conti nued

MLV TJ?B &118 ;2@(15213% 4 X%f#%hﬂgﬁjﬁgg ';)vas %‘an%&f gnes a}ga?nosnen!g_lef loading

10 pl 3ABER, Iﬁ&%ﬂ&eﬂﬁﬂﬁﬂzﬂﬂ444444444444444444444
X(WXMXOXK XX X XXH H HVHX H H XX XX HH X X H H H X XXX

H H XX XXX XX MWWX ' 4 XMXMANANNMANANANAXVNAK

NesteWg&% ?185 Ctnk!\lo]c ?#ege\é&s%? d)%ar'alirs, giving either partial gene

amphﬁcdhon (forlbéifeer')reéolétuﬂl 6f 4\/II4V41e11 cBHNA 4atdo 4n RP sdmpled) 6r 4ull gene
4 4 4 4 4P P4 P.4P.4 a4
amphfé@atm\ (thnraYe @msmfbézry af ﬁﬂlzuge@e recghery)-a P4 P4 ai P4 124
0.4 PAP.4 P4 P4 P.4 114 al a,a 0.4 0.4 P4 al P4 P4Afl 4
a4 a4 r000000000000000 4.100000i O 00 P4 P4 ' Aa4 a4
Nested PIOR mlxtare for, partidl gede drdplifadatiod wak peepaed @n i 1ce 28 ul - 10X Taq buffer
0.40.10.41240.1 P4 al 0.40.40.4 P4 a a a,
with BCh (bkymentaaly 280uls- PaaMaoteach, AN (Brymantaap. 1@ 3 ul - 25 mM MgCl,

rnEHROR39000GEPORAE00000L00020500000000000 .48, 1 1
uM M Fi})rlmer ¢ IWHWWW Ho%ﬂW%ﬁ%gKgﬁ%@gUWﬁ 185 pl

HaaOaOOaaaaaao
wateranaxtareadlaldad Qxd9aquland 62 38 0. Fo 2x &9 pl af BCR nmsa:r mlﬁ V\&ts @dded 1l
0010 a 4 4,4 a 41/ 4 4724 44 4 4 4 4 4 4 4 4
of positive or gpgétnée gonfrods gf Hrsh PLR, (pgimersy set BiD ANde//pD- 55) 30 PCR cycles

amph%@l};o % dg(?% %@B%%g (Rt S e’ gﬁmem set

RD_NWéKIDKsSy (m@mmmémwmgmmmm&a mfd two Ix 40411 for 23 or
44444 PC 4 4 4 4 4 4 4 4 A PC4 44 444KG4E 44
30 PCRzpyglep@}nphﬂcmon Thch,q:hng pwl‘dz:oi>was=4nm41 denatugationatep 3>mi>n at 94°C,
;1_ >4 >4 >4 >4 >4> >4
23 or ;Q]_C)SC es (45 ,§ec>at 9>44C>ﬁ5 gezf a; 72 QI! agq lﬂlnoat 72°C) and final elongatlon 5 min

7SR SSCER R eAELRORORIA9O0ROIP0O080 s o 0.

AmplificdbrOnd} dhalyz€d On 0%dagdrdde QelQodtif: 0 QI & FCR mix per well (FIG 4).
HHHL, , HHHHHAHHHHHHHHHHHHHHHHDHHHHXHHHHHHHX. X nf 21 ;

, gEi ncl Hal nnr1 nnQ 2, Or 1r =i nC: i nHcl nnr: | nal gEl nnf : 1fzir

Nested PR Bk 2 hIT AN ahin bbb Fadinbidia B dogs 25 lp,10, Taa buffer

with Kél tﬂ%hntﬂn@d)abal 12l-a aiwl g JaéﬁWNTPH(Fénﬂenth)Hm 8 ul - 25 mM MgCl
HH||4D4HHCaa,aaaaa 4NaNawa
(Fermentas) 26 - ll-'u/141 EC i(#ebbiYinazt] Té,q_DleIAﬂPOlyme@aSé (Eermeathsp 144 ul - 100
0.4 0.4 P 4P 04/(1d04 0.4 0.4 04
KM Mpﬁsrbaﬂmﬁf QS@Q i%&“q 113y F44 By m:M M4E1M>f1@164 (BEQ 1D, 1‘_{0|1t4) 185 ul

water'\&l -‘ ded 2o L "-o‘- 8 . ”Q‘ f‘ -‘V: F s 4 1cf'dedlul
of posttivie. orneptivdEc dntiolsbofEfifst BCR. @ﬁﬁi‘dﬂﬁt RIEN&E//HBHB‘H‘EB»(EPER cycles
E. E. HHHRAHHHHHHHHHHHE. 04(04 14 44H A HHH 4 HH 4

amplifipatian; 4tos6x 4841l HTaPUR suaviersming aeo addpds2 yl Hf zfzmloB@K (primers set

012 000 0000 000000000 0 0 0
RD_ NG 335 (b Aol oy, Agay oS 0051 619, 2 4UhigoR 23 or 30
PCR cgf)clés Bﬂplﬁiica%n Pﬂle@yc L?rcf‘%l()%opﬁaf ﬁlﬁal%nﬁﬂraﬁbn Eﬁlzp Fommﬁﬁl at 94°C 23
P.4 P4 aialO. .4 0.4 0.40.4 al ai
or 30 @,clea,(454§b@lh,t 949C M0 04 58°C) add 24nid a47Zf‘ZC)4and fmaﬂebngaftﬁ)é 5 min at
44 444 4 44 a 4 4 4 44 4 444
000000000000000000000000000000000000000000000010000
"114 gl14 4 4 4 4 4 44 4 4 4 4 4 4 K4 4 4 a0.1 0.1 a
a, P4 a4 PAa, aaa, 0.4 PAP4 P4 al al al a, al P4
al P.40.4a4 al P4 al P4 (11 a4 P.4 0.4 al a, a, P4 134
0.4 al 134 P4 (34 134 a4 0.4 alP. 4



4 4 (4 44 4 4 4 4444444444 444444444
AC 4F=4 4 4 4 4 4 4 4 KC4 4 40H-.14/4444 a4
WA 200942040 4444, 144 4 4444400444 4 444 444 4 A4P@HEB009654329

Hii4 H 14 0, aannaaaaaaaaa 4 44 4 4 444444 4 444 4 4 a

a4 44 aaad 4 4 4040

A' AQAf 41, ALALA4L, ALALAKALAAABRALALAALAALALALALL, AQAA4A44

44 CY.CY CYCY O CNNCY cY Yy oo Ccy CcY CcY Cy oy oy

72°C. B peyteClenghh GYPCH fE¥nmEMtsPasQI7Tp Gt Y. VY DCHAC06Yopdr del_pD.

FHHHH, HAHHEH
00, 00000 a Ca 00100000000

Resulé.0000010000000000010100101000000000 1>4' 0!0 0' 0 9100
CY/ CY CN(g{;/l 000, CY C}(% CY 00 0000 Gy CY CY CY CY

To degrynEiaypEneey prioy iy Qs epepRaplesd EibemeNDRaIC(ORD) method

selectg}( a$ p@ffoﬁ?{ecg(m Cj%g“tagllné 103051 PR ikl Of 1608 FHRNRY er@(dmg active
CY Cy C¥ C Y CY CY CY CY CY CY CY CY CY

(MLV():\and\dn@ﬁV@\(dﬂY rS¢rEYtr@¥cipay fedQy 1@yte@yDCYpatyf (@KGCN In vitro

Y CY CY_000000 . . . .
tranﬂ%bnnn‘ﬁarszner%pa# DYiRe Dy xditforent SpolairsyaiensRachs r RASGHOA coli HY
or WAX 2WRKSPURE Nal st & ah@ b avhid?A ti@ndattbnd §Ystétn 44 efer in our

P4 PA 1:14 424 0.4 0.4 0.4 a, aaa 0.1 PAP4 P4 P4
experiaenl 4etgp4For epch. tpnglation 4yser threg compaymaniglizedoRT greaptions were

pertorgied et el it Eo B RINTR B b iyt ey no DNA

contarfifhatiord il the 4redctivond niixtnt; ase&ecﬁtoﬁl ddhldol Which Has4toa dblnéns4rate the
44 4a4444aad4d4d4d4adacliny4 4 PHHHHH
enrichpant mfigenesqopding aqtipe KMLY) peverss MRMqHRiEsHHeHaRRSE encoding

00, SO 000000 OB ED 6000008 i

selectz}dHE“oEtrMM@WWWW%%MHMeﬁHEraH&nmaSG

HH H H HI. 41004 44 444 4 4

which g SR S pORiye K Tycopgmh Swptsiin ggﬁ“?zfrqm gittaMh V4B aad del_pD
mRNA iff aft cﬂn%émﬁeﬁ)cs doRift Ratralo Hf BerfesGn eddtidn Qﬁ!{iﬂreawﬁh&n selectlon

a, a, 0.4 0.4 ard4 ard4gdgd4a rd4 a a a 44 a, a (40.4
pressuRdarpliefHHHHHHHHHHHHHHHHH a 4 4 4 4 4 4 4 4 4 4 4 a 4 4

4444a44,-144444aadPOi al, a, a, P4 0.4

0.4 0.1ai 114 1:14 0.4 0.4 111 al al al al P.4 P.4 0.4
Synth@slyé'ed:’é‘DNA Was 51§ﬂllﬁéﬁ4 1}5%%8&?%%%33& %Bﬂlrcf’éf Qotodd. gkl @ledtrophoresis
of ini@FGSIR 633 peD 6 G cdOvEHab 1RSI GBEmRRsEbepes Rl it GRse of both

p051t1\ﬁzse§?<§9<§é é%%l;é Hémél&t%% s%ellﬁlg &c?éhé afid X?V?ﬁm))( Tnis 1§<n|5gn3f because

these SdriptdtdrititiiitrictH FHeko i it st HCBINA Rdichiddde efficiently
H17- 11, HHHE- 1, HH HH HH HHHHHH HM HHHHHHHHHHHH HH
compariyRIpIEFAcHR F9HAING 0B, BeGDOBODEHSSHed ppverse transcriptase molecule
perco%%%q glqtooooooooo 0000 0000 0000000 0
daaaaaaaaaaaaawaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
, L -40 04 ytf 444444444 44 H 4 404 a a 4 4 44 4 404
4 4 4.4 40444 4 04 4 44 .4 4 4 H

The picjurg i faaresergol-Rleriraneissisabnes e | I;;%WEL{_I gene amplification) is shown
in FICU MG G LIGAER MG D)kl SIPER o b UUULC) UL

0hobee (900 a0 PEEGI00 (IDDDVGRCIN0ATE) DD ACRVOO SBAVRMcdnirols (w/o
dNTPf 4 4444444444444 MN-Z44444444¢94
4 4 44 9g44444441ad4d44PCHenl,InNHINTI,cO
C4,0,r:1nuOr7-coinmo?-irsirn 7r,Lo co ciNN C, 1w co a) o]
HC, 11, COONM oo 00 OOl-ll-IHHr-IHHN inlIn- tn., Lnin
inIn LIl LU LU LU 1. 4>NNNNN 03 00 coO CO CO 00 CO Cri
cr\ c¢cr? Ccr, cLl ci) cn H HHHHHHHHHHHH
frerrr. e ANITLIT22222111121222222211111212222221211 in i N
| Lfl urciLn Li-Lenininin,,tri,-Ln .L.n;Ln 1 inlnin
inLn Lnin in LnLnLn Ln Lncn Lr) ininin In LnLnin
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ice- coldlwatemumﬂmkmngmmmlg at+-14 °Llantldid00 Tmg Gdleldebddwas-dentrifuged for 5
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sucrosmd@iﬁ% &@’&@XB%@MH%W Nf'p RNA-ribosome-
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mlxtu@%go%gﬁ) %Wﬁ%@@@gg) QAR ORH Q%%%%O%%réd% be negative
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moveétcj i:glnﬂl 9e \9Fnt ge gjb)m@ %&n@&n%r%%ané%éo g c&}(phase was
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Final POR, faprEtpEREetionranplEwMHPEERE el putfedmsiin Qilgen gelErxiraction
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44444444 agqaaa 44444044 444444a44444444 444

Second4 el T BROOG, P e R BRI e gund of

experitémala seendt vath alin@aaddicafionsl id PAR' é‘ycﬂzsl emulsified RT reaction

temperature and few more details.

All modifications are given below:
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All modifications are given below:

e transcription - 5 ul - 200 ng/pl (~1000ng) of agarose-gel purified PCR fragment
were taken; final concentration of mRNA used in 3" glection round was
1.5 png/pl;

e translation - 0.8 ul - 1.5 pg/pl (~1.2 pg) of mRNA were taken;

e emulsified RT reaction was performed 1 hr at 55°C,;

e 1% PCR (RD Nde//pD_55) - 25 cycles were performed;

o 2" (nested) PCR (M_Esp//M_Eri) - 22 cycles were performed;

e final concentration of digested PCR fragment - 70 ng/ul;

e ligation - 200 ng (~0.9%10"! molecules ) of MLV RT library were taken;

e PCR (on ligation mix) - <0.6* 10" molecules of selected library were taken and
15 PCR cycles were performed; concentration of final agarose-gel purified PCR

fragment was 100 ng/pl.
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Final PCR fragment of selection sample was agarose-gel purified using Qiagen gel extraction
kit (elution in 60 pl ~60 ng/pl). Purified PCR fragment was digested with HindIII and Esp3I
for 1 hr at 37°C and again agarose-gel purified (elution in 40 pl ~50 ng/pl).

Recovered MLV reverse transcriptase library after 5™ selection round was ligated into plasmid
vector prepared from pET his MLV pD (SEQ ID No: 1 and FIG 2) digested with Ncol and
HindlIIl, giving new 7474 bp plasmid pET his MLV (SEQ ID No: 19) encoding MLV RT
with N-terminal his-tag and no pD fusion on C-terminus for fast protein purification using

affinity chromatography.

Ligated MLV RT library after 5™ selection round was electroporated into T7 expression strain
ER2566. Individual clones were sequenced and analyzed. Pool of evolved proteins as well as
individual mutants and primary wt M-MuLV reverse transcriptase in the same construction
were grown in 200 ml of LB to A590 ~0.7 and purified via his-tag by affinity chromatography
using 2 ml of Qiagen - Ni-NTA Superflow resin (all purification was performed under native
conditions according to suppliers recommendations). Elution was performed in 1 ml of EB
(50 mM - NaH,POy4, 300 mM - NaCl, 250 mM - imidazol, pH 8.0, 10 mM - B-mercaptoethanol
and 0.1% of triton X-100). All proteins were dialyzed against 50 times excess of storage buffer
(50 mM Tris-HCI (pH 8.3 at 25°C), 0.1 M NaCl, 1 mM EDTA, 5 mM DTT, 0.1% (v/v) Triton
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Results

During analysis of selection data we have accumulated 104 sequences expressing full length
M-MuLV reverse transcriptase. The total CLUSTALW alignment of all proteins (Appendix 2)
is compiled without N terminal His tag in order to have the same numeration of amino acids as
is usually used in literature. Wild type sequence denoted as MLV is always given as the first
sequence. Mutations are marked using white font color in black background (Appendix 2).
Amino acids positions, mutations of which somehow improve M-MuLV reverse transcriptase
properties and are described in different patent applications are marked in the alignment as
columns of amino acids (white font) highlighted in grey. Mutations originating from our
selection and located in grey columns serve as proof that our selection procedure precisely
targeted the beneficial hot spot or even exact amino acid mutations described elsewhere. Out of
104 sequenced clones we found 98 unique sequences and 1 wt (L5 87) sequence. Five
sequences are repeated twice (L5 21 and L5 111; L5 43 and L5 112; L5 49 and L5 63;
L5 64 and L5 93; L5 85 and L5_96). In total we had randomly expressed 55 proteins. Out of
55 expressed proteins 40 enzymaticaly active mutant variants (including control wt) of
M-MuLV reverse transcriptase were successfully purified to 40-80% homogeneity according
to SDS-PAGE. Total protein concentration in purified RT samples was in range of

0.6-5.5 mg/ml. Mutant RT variants were tested for reverse transcriptase activity at 37°C, 50°C
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RT adbiZ#iiD-ap GD° G 336doti 45% comparing to activity at 37°C. Almost all tested proteins,
with few exceptions, have higher than 45% activity at 50°C. An average value of RT activity at
50°C for all tested mutants is about ~92% and is more than 2 times higher comparing to wt
enzyme (45%). Some mutants are 100% or even more active at 50°C as they are at 37°C: 20,
23, L5_16, L5 24, L5_30, L5 35, L5 37, L5 43, L5 46, L5 47, L5 49, L5 52, L5 55,
L5_64, L5 65, L5 68, L5_72. The best mutants found have RT activity at 50°C about 140%
and more (3 times higher than 45% of wt): 20 (165%), L5 37 (162%), L5 43 (156%), L5 46
(135%), L5 47 (179%), L5_52 (137%), L5 64 (142%) and L5 68 (153%).

Even though majority of mutants have very high RT activities at 50°C, they are not as
thermostable. Residual RT activity at 37°C after 5 min incubation at 50°C of wt control is
~11%. The same average residual activity of selected enzymes is also similar ~12%. Although
some tested RT variants are substantially more thermostable and have residual activity 2-3
times higher than wt enzyme (11%): L5 _8 (25%), L5 43 (32%), L5_46 (27%), L5 64 (28%),
L5 65 (25%), L5 68 (31%).

Specific activity (u/mg of protein) for partially purified wt enzyme is ~200°000 w/mg (FIG 9).
Selected RT variants were expressed and purified in very diverse manner and an average
specific activity (~155°000 u/mg) is slightly lower as for wt control (FIG 9). In some cases
specific activity is decreased, in some - increased (20 - ~274°000 w/mg; L5 11 -
~273°000 u/mg; L5 28 - ~230°000 u/mg; L5 30 - ~224°000 u/mg; LS5 35 - ~316°000 w/mg;
L5 43 - ~328°000 w/mg; LS5 46 - ~304°000 wmg; L5 52 - ~310°000 wmg; L5 64 -
~256°000 u/mg; LS 65 - ~247°000 u/mg).

It is obvious that our selection system works well. Using increased temperature of RT reaction

as a selection pressure factor, we have managed to evolve faster (specific RT activity at 50°C
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compared to primary wt M-MuLV (70% and more comparing to 45% of wt activity) are
highlighted in grey (Appendix 2). Number of mutagenized amino acids varied in range of 0 (wt
or L5 87) to 12 (L5_9). List of mutations found in all selected RT variants is given in
Appendix 3. Proteins are sorted by decreasing number of mutations. Most mutants (53 out of
104) had 4-6 mutations per sequence. It is obvious that reverse transcriptase sequence has some
hot spots, which are very important and beneficial for the RT reaction in general and for the
thermostability of enzyme. Those hot spots can be easily identified in multiple sequence
alignment (Appendix 2) as conglomeration of mutations at particular position. Especially
important are mutations found in better performing variants of M-MulLV reverse transcriptase
(sequences are highlighted in grey — Appendix 2). Summarized information about the most
frequent mutations (in decreasing order) is given in Appendix 4. As in previous appendix
mutant proteins with substantially higher activity at 50°C are highlighted in grey. If same
mutation repeats for many times and tested reverse transcriptases with this mutation are better
performing at 50°C, that means this mutation is somehow beneficial for reverse transcription

reaction.

According to the frequency with which mutations are found they can be divided into five
classes: 21-31 repeats; 14-18 repeats; 4-7 repeats; 2-3 repeats and 1 repeat. The first group of
the most frequent mutations comprises four amino acids D524 (31 repeats); D200 (30 repeats);
D653 (23 repeats) and D583 (21 repeats). Two amino acids (D524 and D583) are known to
complex magnesium ions in active centre of ribonuclease H domain. Mutants D524G, D583N
and E562Q are used to turn off RNase H activity of M-MuLV reverse transcriptase (Gerard et
al., 2002), what improves synthesis of cDNA. Results of our selection are strikingly similar.
Mutation of aspartate 524 is found in 31 sequences out of 98. Moreover, D524N substitution is
found once, D524A - 10 times and finally D524G - 20 times. Thus our selection not only
precisely targeted important amino acids, but also the same amino acid substitutions, which are

known to be the best. Exactly the same situation is with mutation of aspartate 583, which is
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E562 in our selection is found only once (E562K in LS 71). This result suggests that most
likely glutamate 562 is not as important as aspartates 524 and 583, or for some reasons

exchange of this amino acid can cause some side effects and is not beneficial for RT reactions

performed at increased temperatures (>50°C).

Further analysis of selected proteins sequences allowed to identify many more hot amino acids
positions, mutations of which are described in other patent applications for improved M-MuLV
reverse transcriptase: H204R - 7 repeats (US7078208); H638R - 4 repeats
(US20050232934A1); T197A - 2 repeats (US7056716); M289V(L), T306A(M) - 2 repeats
(US7078208); E302K, N454K - 2 repeats (W0O07022045A2); E69G, L435P - 1 sequence
(W007022045A2); Y64C, Q190R, V223M, F309S - 1 sequence (US7056716); E562K - 1
sequence (US7078208). There are also two selected sequences of reverse transcriptases which
have combination of three amino acids substitutions described in literature (30 - D200N,

T306M, D524N, D583G; LS_28 - T306A, F3098S, D524 A, H594R, F625S).

In addition to known mutations we have identified many more amino acids positions which are
mutated quite often: D200N(A, G) - 30 repeats; D653N(G, A, H, V) - 23 repeats; L603W(M) -
18 repeats; T330P - 15 repeats; L139P - 14 repeats; Q221R - 6 repeats; T287A - 6 repeats;
149V(T) - 5 repeats; N479D - 5 repeats; H594R(Q) - 5 repeats; F625S(L) - 5 repeats; P65S - 4
repeats; HI26S(R) - 4 repeats; L333Q(P) - 4 repeats; AS02V - 4 repeats; E607K(G, A) - 4
repeats; K658R(Q) - 4 repeats; H8P(R) - 3 repeats; P130S - 3 repeats; E233K - 3 repeats;
Q237R - 3 repeats; N249D - 3 repeats; A283D(T) - 3 repeats; A307V - 3 repeats; Y344H - 3
repeats; P407S(L) - 3 repeats; M428L - 3 repeats; Q430R - 3 repeats; D449G(A) - 3 repeats;
A644V(T) - 3 repeats; N649S - 3 repeats; L671P - 3 repeats; E673G(K) - 3 repeats; N678I - 3
repeats (Appendix 4).



39M >L, 302E->K, 628K->E L5 35 3 nutations, 200D >N,

330T->P, 479N->D L5 51 3 nutations, 110R->G 431P->Q
wWGZBD129M0d.5 58 3 nutations, 66M >L, 90C->Y, 65BCFER2009/054329

L5 66 3 nutations, 93P->L, 457M >R, 603L->WL5 73 3

mut ati ons, 67S->P, 139L->P, Z’?O?A— >V L5 80 3 nutations,

326P->S, 583D >G, 676S->P L§_92 3 mutations, 126H >S,

200D- >N, 653D->G.L5 94 3 mutatiaons, 494N->D, 524D >G )

Best %80@1% Yajiagis of %@Hﬁl&hé@vmﬂf@nw ofpgginoagidsg svhshsate modified

most Aqdnfit ations, 481A->T, 524D->G L5_59 2 nutati ons,

45%R— >H, 503H >R L599 2 nutations, 36T->I, 524D >G
20 (508 A1116%) MR EIN GisepBE3E6IHW 6BREpeats)land 4Bglitly modified C terminus
-Ne678Y 38 Kss0h! 7R
L5 35 (50°C - 125%) - D200N (30 repeats), T330P (15 repeats), N479D (5 repeats);
L5_37 (50°C - 162%) - H123S (4 repeats), L149F (1 sequence), D200N (30 repeats), N454K
(2 repeats), DS83N (21 repeats);
L5_43 (50°C - 160%) - D200N (30 repeats), Q237R (3 repeats), T330P (15 repeats), D524G
(31 repeats), F625S (5 repeats), D653N (23 repeats);
L5 46 (50°C - 135%) - D200N (30 repeats), T330P (15 repeats), D583N (21 repeats), T644T
(3 repeats);
L5_47 (50°C - 179%) - N107S (1 repeat), H126R (4 repeats), T128A (1 repeat), 1179V (2
repeats), D200N (30 repeats), H642Y (2 repeats), D653N (23 repeats);
L5_52 (50°C - 137%) - D200N (30 repeats), T330P (15 repeats), Q374R (2 repeats), (D583N
(21 repeats);
L5_64 (50°C - 142%) - D200N (30 repeats), D216G (2 repeats), D524G (31 repeats), E545G
(2 repeats);
L5 65 (50°C - 127%) - D200N (30 repeats), Q238H (1 repeat), L5701 (1 repeat), L603W (18
repeats);
L5 68 (50°C - 153%) - M39V (2 repeats), [49V (2 repeats), Q91R (2 repeats), H204R (7
repeats), T287A (6 repeats), N454K (2 repeats), F625L (5 repeats), D653H (23 repeats).

The combined data set of measured RT activities and sequence alignment analysis of mutant
proteins allowed us to determine many beneficial mutations (and combinations thereof) in the

sequence of M-MulV reverse transcriptase sequence.
Example 3 - Analysis of Moloney Murine Leukemia Virus reverse transcriptase mutants

In vitro evolution experiment described in 2" example was very efficient. Gradually
increased temperature of reverse transcription reaction was used as a selection pressure and
generated a lot of different mutant variants of M-MuLV RT. Most of them were able to

perform better at elevated temperatures comparing to primary enzyme. Sequence analysis of



WI_ MV, L5 870 nutations 91 APPENDI X 4 Position 524,
total rmutations 31, 3 different am no acids

wo2088123006 sequences (7, 10, L5_8, L5 13, 1.5 I1PCT/EB2089054329
L5 41, L5, 243, 45153, L5 82, L5 84, L5 88, L5 94,
L5 99, L5 104, L5 106, L5 1%% L5 114, L5_115, L5_117)
D->A, 10 sequences (1, 23, 6, 0528, L5249, L5 56

evolv%gggqglze{‘sg h?@g%ipt%sgf'glﬁdlﬁ 2 9 g[?c_s;gd éo%eg:pgagrﬁt 81ds positions
(repla@éthéliis)DraPongbis Stk E(ﬂﬁlg)ge}{ h&gﬂa@emb&&ﬂ%ﬁzﬁ?@xo rtles. In order to

sequences (L5_13,
elumd@t@qgélﬁ@@gl ifapact q;fghffqrent;@utat_gnslslnglq@c@@ult{pdﬁmutagg FM-MuLV RT

were %%13 rﬁ%teé} faﬁfaélyagm% ag@ afn gzeélosggt%ng}gomtl_%’r éné;ﬁartg bg%s?rucuon was

7474 byd plla@ﬁmd BT Hi$ 2MLROEIRQ aD Kb3] 9)te§hbadhngﬂM&&IuD‘ViSR'2 3wittb N-terminal
different amino acids D->V, 1 sequences (L5_58) >GN
his-tag, o0& o fash quetem spupidication gging| gfﬁ;{gty Egroggatogggp‘fgm 4M Mul X reverse

transcf}lgtsaggﬁgf;fﬁ( (137%% 1!‘%#%4 E%&tﬁ%@fc‘f_g?y—wg%?l}lell_ég%ﬁmdll_lgl activity at

37°C 8ffer LRirBehzyhe idcubatidiPat SHIC ekt ddternin&e G SoRe 5as€i—§N5& H activity
L5 68, L5 116) Position 583, total nutations 21,

was chﬁcﬁi% reche DA syothesis depction-g differsatiomperatirgs o 1idy oxtﬁ Sih RNA was
erfork Sequences (18, 30, L5 16, L5 32, L5 41, L5 80, L595)
p 3>A 3 sequences (21, L585. L596) D->N, 10 sequences

(17, L5 30, L5 37, L5 44, L5 46, 5 52, L5 53, L5 76,

L5 101, L5 _106) Position 603, total nutations 18,2
Methegs anst materisds no aci ds L->W 17 sequences (3,

68 ipka 7 5% My YEEA0m K6 28) yh5 02 g e or

mutagefic PAR. Mutahibns weecineodesd @hﬁgl@ta@n&: pmmBrSSBﬁhwﬂmﬂ alones were

15, d
seque%ncléta 3%#12 gga (%e %é%ﬂ]g\g g&lt @g{gggo w%%lg sgprE§§e<jf dn {Zf @gressmn strain
ER2560>_1h8ividal %gwteliné_a%a pllnﬁarzfsvvt LM-¥igE v LI%QQPSG Lt?a%@crl el h2dhe same

Position 1 total mutations 14, 1 different am no
constracilcuhswtre>g?pwm4n§é)@umln@feISB (t6,A390 ~1(B7 abd purifgd visbhigtag by affinity

cnonustly Bt 353 D S0, pmin v

perforﬁf&i r\ﬁld@ﬁ ind@vdtcamiitidnsS BEHRIEE S0 (sh Bpl?eis rédonimenldati®id). Elution was
L5 68, L5 101) Position 2 total nutations 6,

performeanﬁ %lemleﬂfi EBrfSAoMci H@HIB&RN(GH%qu%Q ®M 2 imidazol, pH 8.0,
10 ml\lfs- - ercaétﬁ%tga&ol'l%ﬂé ?) 1% lb?%r}t%g)}( F é 101[{%01%% v%érg tdiaal zed against 50

erent am no a

times Q&esﬁ—éﬂﬁoragﬁ@h@ﬁferﬁﬂﬁﬁ\d T:R688] (ﬂlrﬁ&?» :b8)254?930t1|Mr1\|;ﬁ§01 mM EDTA,

total mutati ons 6, different am no acids R-

5 mMééTqDe(hl:és(V(Vllé" rign K- H)Q ang % (Wrcgscqrald, Protein purity| wasghecked on
SDS- ﬂ??ﬁgzgu I ts~|4ﬁr§0%bﬁ a % FIQLE 1hztﬁr§%ﬁ%gcinc%nt9c\)%];%a%n&etermmed using

Bradf@e(ﬂ@@eﬁtege@ienﬂi#RMY VS' 68) Position 479, total
nmutations 5, 1 different am no acids N->D, 5 sequences

(¥YB.V e tragg:rg@se lastiviies weregggasuiggd at 37°C, 50°C (enzyme diluted in
special dilution buffer: 30 mM Tris-HCI pH 8.3 at 25°C, 10 mM DTT, 0.5 mg/ml BSA) and

rest of activity at 37°C after 5 min enzyme incubation at 50°C (enzyme diluted and its stability
measured in 1x RT reaction buffer: 50 mM Tris-HCI pH 8.3 at 25°C, 4 mM MgCl,, 10 mM
DTT, 50 mM KCI). Enzyme activity in all cases was assayed in the following final mixture: 50
mM Tris-HCI (pH 8.3 at 25°C), 6 mM MgCl,, 10 mM DTT, 40 mM KCl, 0.5 mM dTTP, 0.4
MBg/ml [3H]-dTTP, 0.4 mM polyAeoligo(dT);»-13. Activity units were determined measuring



APPENDI X 4 continued Position 594, total nutations 5,

2 different amino acids H>Q 1 sequences (p5, 22)
woResR 1206 equences (1, L5 6, L5 2%, L5_56) PospPCT/BP2009/054329

625, total mutations 5, 2 different am no acids F->S,

3 sequences (L5_28, L5.24A, 5k5 112) F->L, 2 sequences

(L51 148, L5_88) Position 679, total mutations 5, 2

ffere aci d ue 5 - =P, )
inco Zf)ratleoélu ﬂ JIME ix% 3, Qoglggcle?_tgieﬁraﬁg%g aa%oH %% t:{%%:'a%% in’'10 min at
partlcmdttr edab@distethpethndt bh®E@AbarRt6 @n@oh S80S &f coBEYLEBSShe.
L5 21, L5 101, L5 111) Position 126, total
RNanér&i a?ti‘féﬁsOﬁM -DIGHVE Fespish (ranFAring S e §RaaNIHWES Measwed desrsdisg to US
paten Mssﬁisggkg%gl?zgt L. ac]%’wt fp%"iﬁ@(‘l" %ﬁz%ﬁ% \gv% eerlsg!ﬁ?edsﬂﬁ) reaction mixtures

(50 pBclodidingQImB/ SRRUPOC pH &3, % AdM MACI{91 niM_I3TT )ank- BH](A])n*(dT)n
uences (L5 42) Position 502, total nutations 4,

© qu [3‘%@%}%6 > @m@lc 28 s MA(GRn). Regetiansrivas igapate it 57 °C for 10 min

e b SR P 000 S5 AL e i, e 1o

minutds 88 GHENRE $nik@rel wh) cEntrifiiged f6L9Y %‘iﬁﬁt%s (8 anIASHhdorf centrifuge (at
Position 638, total nutations 4, 1 different am no

2500(@¢|Fd>$ty}-ﬂd:@Rthe45u$empa‘ent‘Gss ¢dufited lin aIlESCBﬁmvdn’éﬂG:,oclkiEQ {Rdth - Rotiszint
0Si tion.65 nmut ati ogns 4, 2 different am no L
cco plyg) éiﬂ%%)fg IiNé Rt eigieam%@ag e@ZYé%eq{félHEg(}s to solubilize one

* , total tat 3,
moleéfl[éﬁﬁﬁé?g%tﬂﬁﬁﬁ?)n o R P P Cuences (L5 56,
L5_115) H>R 1 sequences (28) Position 130, total
“Revefgd b Tl PV Syeus Ko B4 Beraienys) 3f ool 1116
RNA Witliaf eﬂoﬁgh}_%ﬁ] B oRHisioE it ol?goﬁﬂq %ﬁﬁé v(le{sﬁ;sgé-to check purified

L5 107, L 11) Position 237, total tations
reversdi fra@pepuasamﬁpro thaaat chbilQy >R ssn&eqzﬁercéﬁ‘éA( ae, dlﬂfe'reldts jfemperatures.

ersfydd 25 R PR Rt Rl Rt Do TSR i, wich

additidiRflly tdoatirdSiecd @f @haﬁ@ﬂa@ﬁﬁd@nﬁNA 52058 6oBpEMas AREDDo test reverse
acids A->D, 2 sequences (5, L5 101) A->T, 1 sequences

tranSCI(lpt@nl 1®)ct101AP4ﬂENBI wad syothesiaed TRowi tZO@uh I‘Qarnont welame using kit’s
ons am no aci
COmP%a‘ae &8s<¥3 iyn%lt%w%ﬁr ftOEmnng@iV{fﬂg@ nprsmol Wd&hapnly some minor

o RYT OBl i SBEOP 9 A gl AR v

perforediif D6rvesit PERI piateanl EipeiorSMadtesgqlee peeent PR Inachine applying

L5 111) P->L, uences (L59 ositio
correspRItdig (persiirg TRy s R SN D Wﬂzze%éyséég%lgw@@gmse gel
electrc%;ﬁore%@ (Sﬂaﬁ'xuﬁ%))mﬁoéﬂhﬂlﬁﬁ lﬂ‘§9hde§ 0§ &h lgy‘b?tcmné nthsis analysis on
ferent no acid R, 3" sequences , Lb_75,
alkaliriesigZ@ye g&isamlgnwnémﬂthét al mutations 3, 2 d| ffer ent
am no acids D->G 2 sequences (L5 13, f25 D->A 1
sequences (L5 61) Position 644, total nutations 3, 2
Resuldl fferent am no acids A->T, 1 sequences (e5*) A->V, 2
sequences (23, 28) Position 649, total nutations 3, 1
According f«eﬂvérfteqam%{ow ivdgcinngtions gre dounslcdsing|theavolutiorze M-MuLV
reverse ?ranschgp ! «'T_yocna}_r,l %dg/éc%hlgﬁtgg@\; (éi%nss I_2§5351 e%'ga];tg,ggf b repeats; 4-7
repeat$ @SB trd:péﬁtsﬁa?la 1 tepeal Oouitalctionsf tndividakl fréedrentradatip@se mutants in
acids E->G_2 sequences (L5 75, L5 79
general was performed according to this information. Most frequently found mutations were
tested first. Reverse transcriptase specific activity at 37°C, relative activity at 50°C and relative

residual activity at 37°C after 5 min enzyme incubation at 50°C were determined. In some



E->K, 1 sequences (L5_114) Position 678, total

mutations 3, 1 different amno acids N->I, 3 sequences
W@ 1®9/1250021) Position 5, total nutations 2, 1 BPOCT/ER0691054329

am no acids E->K, 2 sequences (L5 2, "5 *"55) Position

11, total nmutations 2, 2 different amno acids H>R, 1

sequences (L5_78) H->Y 1 sequences (L5_75) Position

fif
cases é@é\f aaée %lé%glvﬁ%ﬁg §§?&Eeg Kndo'i]glgéq n%@ég ?%ﬁ&b 855&1&%65& © }(x;ge&tures on
1kb o1 4, Skb(RNA vastpetfoansd. 2,11 &(}ﬁzrlfrfeﬁfab fita i indivalub OsiuGnzTare presented
equences (L5 69) S quence; 5 117) Positi
in Apf?nciﬁ ot atccrrst RIPERS( §eleCt§’“d§?‘fU€P%3h§ %Ch?a?%s gei egntﬁr% sequenced
mutards, %@ﬂé}?ﬁh‘aee%(aétl-rﬁaééon el thd Amb&RR ﬁ@%ﬁh&@ﬂn‘dfbﬁﬁg total number of
Pdsition 39, total nutations 2, ferent am no
particalei dwind aeid mitatiogsérvmdsn @d:l&:t@&) Fout edample D20 nE830) means, that
asparty 270 heandnt 39 oSr3rasidh e B s ies outep ) o A gpptaions.
Rever86 trahRFip !as&ﬂ&iﬂcoiﬁv%)é rdeafibdl GF 8MC AMLiNEh AF LIS Phrthg of protein.
sequences (L1158, L5 76) Position 83, total nutations
Relati®e chzyiné faetieiy aaninic au?d ddatire>Nsiddal RJuanthety élﬂ.87°(ll5ﬁ1)er 5 min
Position 91, total nmutations 2, 2 different anin

incubgfignpg 36°SRre glveeqe PRECERLS 6@@@@@ to fpezsé%% afftdy ((19@/&)01“ the same

enzym%or%éatssluoﬁ a%%?"z g%sq ) é:?]ngtté()gt %‘ ?15%) 18 Eggveﬁ} Fﬁt)el{/lg{)[tg{d gﬁeri%‘ganscrlptase
used fbﬂﬁ)@{an’fm%@&y%ﬁﬁstﬁwtﬁn dihid gigad eﬁf@rﬂ@m@:&&ﬁ%e@’ﬁ Fhe sdme vector and
sequences (J,51 15, L5_114) Position 13 t ot al

purlﬁ%tnaﬁhr: sAme pvay| ayufast spanaiPhB TaSperfie astpyitypolswh gesyessis about

200 04 B a7 RB Rt e 0. a0’ L DimpHbBed (R ol 3100 - 4550%
(90° 0000k G)Wu/ﬁ‘%@aanﬁ%ﬁltwénﬂ&ﬁdda@?@f 3@t1\4t htf 3 PCeBfier@ iR incubation at
acids P->S7 2 sequences (L5_9, 1) Position 179

50°C (@inqianrrgttatactnmf;y 2 3'2’lel|1£ fabanﬂrﬂtl ‘Va(ﬁRﬁ?dO(Hbm/dEg)l WAIH, tyibe enzyme has
1 sequences (L5 47) Position

about {640 ﬁfﬁ@tqf i%iasg H actigyity ped eant Syaeng® g@i tegeth. Bk cDé\TA at48°C. I
is kng q%ﬁ% qg%&f:@-:%veljsé %rgﬁgcng%‘g%\éé %Q)te%?% oL t‘ﬂlamlfgif L@‘ifblggtf’on by the

f'erent” anm no aci sequences
b1nd1nlg5to6ﬁé)npl%msptmﬁﬂ sﬂ]ﬁk?r,atet atdatomiaiygtdnange Zs 1dss dthérmersable in solution
m no. aci ds_ T- >A sequences (L5 14, L5 115) Position
alone i@grarc{ &t &l WhtR@?’% vepresidugl RT ety AP AG akterga npn Jpcubation at

0 uen (L5.81 F >Y e ces (L5 41) SItI
s0°C BiBERy BRERRe, ey desmdyauiBl B SAERG idrobd sy SRS Mbanwit
relatlvg &%QH? neﬁe§0°@—5élpre§e§@3énz§ﬁﬁc' theRRostbRityt B @bmpPlk a@vitﬁ’ "RNA/DNA

2, different amno acids M>V, 1 sequences (L5_76)
substrife :and speed e Led A sy1thesis Hast mutant variant of reverse transcriptase will give
increased numbers of polymerase units at 50°C, even if it’s thermostability will be the same as
wild type enzyme. Highest temperature of cDNA synthesis (in our case 1 kb or 4,5 kb) is the
most comprehensive parameter, which represents general ability of enzyme to synthesize
cDNA at increased temperatures. Reverse transcriptase mutants, which have at least 10%
increased: specific activity at 37° (220’000 u/mg, 200’000 u/mg - wt), relative activity at
50°C comparing to mutant activity at 37°C (254%, 45-50% - wt) or relative residual activity at
37°C after 5 min incubation at 50°C comparing to mutant activity at 37°C (=13%, 11% - wt),-

are shadowed in gray and considered as significantly improved enzymes. Mutants able to

synthesize full length 1kb cDNA at temperatures higher than 48°C are also shadowed in gray.



APPENDI X 4 continued Position 302, total nutations 2,
1 different am no acids E->K, 2 sequences (L5 25,

W@ 2009/125000si ti on 306, total nutations 2, 2 difPEr/EP1009/054329
am no acids T->A, 1 sequences (L5T. 28) T->M 1
sequences (30) Positionsg325, total mutations 2, 1
different amno acids Y->H 2 sequences (L5 75, L5 79)
Position 346, total nutations 2, 1 different am no
acids E->D, 2 sequences (L5 41, L5 62) Position 358,

Reverse trartsatipthsermitizhisowith Ancrasdi fsfoﬁﬁﬁmbct&fﬂynp?.@mme un@\WMt 37°C are
sequences (L5_115) G >V, 1 sequences (5) Position 374,
(Appendix 5):0t' g nutations 2,,1 different amino acids Q>R 2

D200 (D200§EBAA DS g5§§®oc} L528800 Bﬁfg 5&965392%4 doBlhgfrut at i ons

1 differént am no acid séquences CL5 3,
T330 (T330M5221’DI)OB(mgtT36ﬁD3%10 a0otwEhg)yut ati ons 2, 1 different

W>R 2 sequences (L5_23, L5_104) Position
%(szlgg(#%t@:b it ati ons 2, 1 different am no acids R >W

H594(H594Kmm%ﬁg(111§94¢523%3000%g}'On 391, total nutations
ferent amno acids >S, 1 sequences (L5 101)

D449 (D449P- 224’000 940giddt4ON (28”00 Wog),t i on 409, total nutations
fferent amno acids C>R, 2 sequences (17,
M39 (M39N|- é@@b&é@% on 417, total nutations 2, 1 different

M66 (M66L aanooawIﬁlg MGG, 227 9001URRS 856d1ED40° obhﬁf}g Posi ti on

total mutations 2, 1 different am no acids P->Q,
H126(H126E Q@M@ﬁ@é@gx L5 32, L5 51) Position 433, total

t 1 different amino acids V->A 2 sequences
M(W%%E’ §§4§Q§“%‘10@1ti on 436, total nutations 2, 1 different

1179 (1179V agb Ho0@ainggy. A- >T, 2 sequences (L59, L5_76) Position
450, total mutations 2, 1 different anm no acids R->H,

2 sequences (L5 41, L5 59) Position 454, total

i NQ:.ACi > uences

Revere et iy sl URCAT0A BRAG 05,00 2o, FEMENGET,

actmtyat37EEfzfre(ﬁpI§enam5)o acids M>T, 1 sequences (L5 _18) M >R
uences (L5 66 APPENDI X 4 conti nued Position

D200 (D200M7§4° © BZAPAMMTE Q2 1089208 E e 79 Y& M 296 Vaci 3d §o; \P26BW -
0 0 S, 47, total nutations
103%; D200(§ %§ wﬁgge&ﬂé)mb%g@{m g/ pzﬁg’H ﬁg‘gquences (L5_21,

L603 (L603W5 103%) LE’@E‘IIM%,ZI%DISYI-CHS&L 0B8Rt 1 D1y8),2, 1 different
no acids sequences (L5 76 L5 84) Position

D653 (065353635 J00 Ker GO oes 0 - 99K DSB8 M Yt SRS -
83%; D653HL 19694 BRGGE - Gbbs; I3 W 450, Ipgesuieqpgs (L595)
T330 (T330P - 80%; T330N - 69%; T330D - 55%; T330V - 65%; T330S - 67%),
Q221 (Q221R - 94%; Q221K - 77%; Q221E - 64%; Q221M - 58%; Q221Y - 77%),
E607 (E607K - 84%; BG07A - 98%; E607G - 72%; E607D - 69%),

L139 (L139P - 59%),

T287 (T287S - 68%),

N479 (N479D - 81%),

594 (H594R - 69%; H594K - 80%; H594Q - 75%; H594N - 61%),

D449 (D449G - 79%; DA49E - 77%; D449IN - 75%; DA49A - 99%; D449V - 83%),
M39 (M39V - 54%; M39N - 71%),

M66 (M66L - 79%; M66V - 73%; M661 - 80%),

L333 (L333Q - 54%),



Position 503, total nutations 2, 1 different am no
acids H>R, 2 sequences (L5 40, L5 59) Position 530,
W oaoaliziend ati ons 2, 1 different am no aci ds Q BEY/ER2009/054329
sequences (L5 61, L5 81) Position 545, total nutations
2, 1 different amno acids E¢>G 2 sequences (L5_64,
L5 93) Position 559, total nutations 2, 2 different
i aci Q >P, 1 sequences (L5_103) Q>R 1
Mg@égglﬁc%%w_w) Position 572, total nutations 2, 2
P130 @P1308r-€to)ami no acids M>L, 1 sequences 0072) M>l, 1
en (7) Position 597, total nmutations 2, 1
Qﬂ@%ﬁker ér% amno acids |->T, 2 sequences (L5 75, L5 _79)
w3sfosssdron7®Ee, total nutations 2, 1 different anino
aci ds E->K, 2 sequences (L5_75, L5 _79) Position 618,
R390t(BBAUWmeHS®)i ons 2, 1 different anino acids L->V, 2
ces,, (18, L595) Position 623, total mutations 2,
Mﬁﬁﬁ‘?eséﬁﬁ am no acids A->V, 2 sequences (12, L5 _115)
ES (EPusig7opn 635, total mutations 2, 2 different am no
acids CG>S, 1 sequences (8) C >R 1 sequences (L5 106)

Position 642, total nutations 2, 2 different am no
S

S e R AR
min irRUb&RdnAE SO Bonfparidg ﬁﬁ&ﬁ@ﬁf?@#é?aﬁg{%ﬁgé}eﬁgg .Posi tion

15, total mutations 1, 1di ren aclds K->T, 1
D200 glagfidhe &%70( D2AAA - 13RPERDIQ - 23%0 DR00OR e Q7P $I200HN 22%%),

Lo AR LI o BRI R 25192,

D653 @651V ent vamag3aKaci 9. Dez¥ - ls%?%&g@fve-sl 4%596@% 18%; D653H -

. Position 26, total nutations 1, 1 different am
13%; R6YHs - L13%PD633 WeqhddndeeS3EL-51989) Position 29, total

Lab | . di.£f e anipo.acids. E->L, 1 sequences
m@f?f) ng‘l%t’ &g%&golgéo:rgl%%gg?’r gﬁgééi I{A’bi fferent am no
T287 @wigds -R3%4;, T287Beqeences (L5_23) Position 36, total

ations 1, 1 different amno acids T->I, 1 sequences
@iﬁ@fgg')l"ﬁ@sﬁ{ﬁ%' b6)total nutations 1, 1 different

D449 @M400; agogls G >W 1 sequences (414) Position 41, total
_?rju%atl ons/g)i, 1 different am no acids L->R, 1 sequences

M39 (M39V403%Posi tion 43, total nutations 1, 1 different
.no ggjds V->I, 1 sequences (L5_2) Position 51,
M@@Pgr l%)ati ons 1, 1 different am no acids P->S, 1
Y344 @eﬁmgnqg%)gm) Position 60, total nmutations 1, 1
different "am no acids S->A, 1 sequences (L5_41)

Q91 (@R t1Ph),64, total nmutations 1, 1 different am no

i,ds YzoC, 1 sequences (L5_61) Position 67, total
M@ﬁéﬁg?i Iﬁé’(}l 1 different amno acids S->P, 1 sequences
W388 (W388R) 1Fagi tion 69, total mutations 1, 1 different

am no acids E->G 1 sequences (L5 32) Position 70,
total nutations 1, 1 different am no acids A->V, 1

eguences (L5 8 Posi t i 74, .total nmutatians 1, 1
Mutanl’gi %#% E% Ay ﬁ,?lﬁ%%léilalggﬂ%_]i(% célNéeat‘u gattu]ggﬂy@l}er than 48°C are
(Appeﬂa%?;i on 77, total mutations 1, 1 different am no

acids H>R 1 sequences (L5 48) Position 86, total
D200 (Pg0@lN i- §A<°q; DIOH £ 6@HE&RY, anmino acids |->V, 1 sequences

L603 (L5038 2)53.15C; L603F - 50.4°C; L603Y - 47.8-50.4°C),

D653 (D653N - 50.4-53.1°C; D653K - 50.4-53.1°C; D653A - 50.4°C; D653V - 50.4°C:
D653Q - 50.4°C; D653L - 50.4°C; D653H - 50.4-53.1°C; D653G - 50.4°C; D653W - 50.4°C),
0221 (Q221R - 50.4°C),



Position 87, total mutations 1, 1 different am no

acids L->P, 1 sequences (L5 20) APPENDI X 4 conti nued
w@ompt2om 88, total nutations 1, 1 different amdTiBP2009/054329

acids V->A, 1 sequences (12) Position 89, total

mutations 1, 1 different anmiggo acids P->S, 1 sequences

(8) Position 90, total nutations 1, 1 different am no

j C.>Y...l.sequences (L558) Position 92, total
Imm72§§&ﬁ$'ﬂ§§f04'&g'fferent am no acids S->P, 1 sequences
H594((t-1559$1®4f’9-%0t4'°@n}19§4 tayglsgmicgtions 1, 1 different

am no acid >L, sequences L5_66) P03|t|on 96,
t ot al nutatlons 1, 1 different amno acids T->M 1

|t|on , total tations 1
SampfeS 8f L kg ﬁf’l\gﬁf%l}?f‘é?ﬁ 9alyps.98 aﬂ@ﬁgea@éﬁ%&gﬂ@aﬁsgn@ inFIG 16 A-D.
Posi tion 104 total nutations 1, 1 different am no
aci ds P->R sequences (L5_79) Position 105, total
Accorgingatq @nlsl,ec_t.ed biethtménak ntataamasd 1@@011!&1‘((39%‘&10@ e ydRAEE reverse

7 i ti n 107,. t ot al ta 1.,.1 different
wansetsd S B B iatsReneR A, B Rodk ireregied Rytperatures, are
Dzootnm Dnssalrsmsmzl Eabrf Lf39?r1t28¢rma@9 aghalp 1&49@1\/1319 M66 L1333,

equences (L5 51) Position 112, total mutations 1,

Hl%dYWePéﬁ‘@, , RO NBS8\R30, IU%&W&nE@s (L5_60)
Position 118, total nutations 1, 1 different am no
acids V->A, 1 sequences (L5 62) Position 124, total
In genuthtmaatork, of idictdsercnt bandontbiggi @s Btwéen hnd ERUBRLESS reverse
595 Posi t.i.on 12; total] mutations 1, 1 different
transchpfast, f%‘f&l?’a%tahl Ity wit %léqwehf&éssuk)wtes)veb@stw prgesspvity and overall
t t , f C
i O S UROS st inhe e \EOATINAT 0 BB oy some g

whichd|ltfteates renzame mopaoeasntTby>-domiinaerieppamch hrbplressitdd mnAppendlx
>S

s8R SR AR o % s
e B G A4 5oL AERHSREH E d ppog s

has relatigte fac@vignl3 895 ROSEO Gd kar¥WntlessRAUANEBN A 2856°C. Triple mutant

Position 137, total mutations 1, 1 different am no
D200N;ck&fls V& $830P] (8B uen0Ys; (1‘&60]8]2)4 Ro47. S?Q)nls hﬁ@;roxtedtfafther and has

o TS b 1 AR B0 AR08 gk FCPAETERS
D2OOI\?'T16@?\WGF3@§P HE@E}{( (%4%&;5?& eﬁ}b(m)at Ppg b' 1‘66;&%‘ STplative activity

rrut'at’i ons am no aCI

174% sespreradscat kpntBesize e ¢DNA at 5,620 @uikty létxh@cﬁﬁt B200N; L603W;
different amno acids L->F, 1 sequences (L5 40
T330PpBEYTH:drl 39B459% 6t 80°GrlkhicDdHs ati7.8° Clhs elative acliNityol 76% at 50°C

and caf Sffesiieaticp R EER S tb?ﬁl% aBost 13 ebes Cveriireprmaine to
wild t&ﬁesM%L\P%%ﬂsg rh'ali@&l t&s@t %@Ah%ﬁgég?% ‘%‘ﬁlﬁ% Whracter of

am no acids F-> quen es N ion
thmnuswbﬂkynmﬂsﬂdmmmedulﬂmdoﬁferent am no acids R>K, 1
sequences (L507) Position 174, total nutations 1, 1
different am no acids D->G 1 sequences (L529)
I ti
N479D B RIS (DU T 1303yt 30 6 i gD i rsus D200,
L603 WnN4T9DO FIS94R - 1 820/ ot somtlkam:mm &CI6458°Q; 2Bkb EDBRYKEIICESC),
(L5_117) Position 192, total nutations 1, 1 different
amno acids F->L, 1 sequences (L5 42) Position 207,

roaoe Stk AN el B SNBSS 08 SIS Iy Bond w snave

versus D20 0613 VAID SN D AGATIYOP 11 SRAHENPES 14B-8DKA at 60-62°C).
Posi tion 211 total nutations 1, 1 different am no

acids R->W 1 sequences (L5 _56) Position 214, total
mutations 1, 1 different am no acids H >R, 1 sequences
(L5_9) P03|t|on 222, total nutations 1, 1 different

am no acids Y->C, 1 sequences (L5 9)



100 APPENDI X 4 continued Position 223, total nutations

1, 1 different amno acids V->M 1 sequences (L5 _23)
w@ompteiome 225, total nutations 1, 1 different BEA/AP2009/054329

acids D->G 1 sequences (L5 _4) Position 238, tota

mutations 1, 1 different angpo acids Q >H, 1 sequences

(110Y6 5) Position 240, total nutations 1, 1 different

[ uence 5155) Position 24
Samp . g? 5%%) gﬁ\l% rslgrﬁ‘ﬁ}esml fs%s ong eilfa(hgﬁ]a%agoge Cgegs ar&ggfén 1riﬂ‘IG 16 E-G.
sequences (16) Position 242, tot al nutations 1, 1
different am no acids A->T, sequences (L5 20)

Examples# Mflﬁefewntfeﬁ%@mﬁeM@ﬁ{mDN@ dpperdarg (INAwolygerase activity
u”ng%%tglsdePFé’m;’{gwégﬁ@ﬁt (L5_71) Position 252, total

mut at | ons “1 am no acids Y->H, 1 sequences
This é)taﬁa_pla? AlusRates t acomt)’Z bsedt @legtiomstrateppnd rkyerie dnahﬁc&ipmsé as DNA

depengeitaDNGh 'sgfilyrﬁifag? ( PERES e otglg?cag%sété 'Fs%il & qaufﬁ%%@es info
DNA @%@A%@sﬁ%&s irhé gﬂnaﬁlg sch@h@bf ﬂgcﬁgﬁ %ns%hémat%caﬁ& fllflL%'Er%H in FIG 12.

am no acid sequences (L5 60) Position
Two mtasmlldsmpEé"t hxsnMLI»’ %SGNf_pEr éamt:ocang nBNam Ids nEstG,Mdloney Murine

Leukeml éIEué ﬁﬁ/[ mﬁ%&g a%_x,scg%ta%% %Lgsgé S(é H{:oé tgpagcgé and 1%5 derivative

pET _1H9det _pﬂm(e%&&hné %a'éhvziwd advieRRStrahscriptabef 5 raﬁﬁﬁo abld9@eletion in pol
aci ds T->A, sequences (L59) Position 295, total

domalnwdtmlémonlDS 3Nt RdlesnH demairo Exemple K-SHY) I Naiqlevrseysed as a
startm% li%até‘r?eﬁ)m él? § ﬁ%éré[}l 2%%’1&11 t]ﬁ\lglfr Wﬁlggoﬁ%né%gg ag'tl&j | {18 ngéjuve reverse

1sequence tron

transchpﬁa@és Wbﬁe&iyhﬂfé&zéd id @b fsbparatet podythérased Chaihs ré&ch&ns i!lsmg plasmids
ences (L5 120) Position 309, total nmutations 1

PET_IH?i%?[EVePtS a5 pET phis-del_pDsasaelatast Pymhesged PCR fragments

were GRT UL bieifron KL LA & T A 50 EE Podonget the

end. Rodietli @RNH2 weteotrakedmtd atiatioof1]:20=MILWM (actéret RAWdelqinactive RT).

1 Po 314 |
Doublﬁmﬂraleqebn@ﬁ‘i\ adaptis (R RE (f%ﬁ%)ﬂae OZFSISIN ne}epe&d%g?t@r\d@éymerase
activity}-Ras BearéPR! ’IIIQIQN;&@[%J T4 A 1iPae e hiQ ASRNA -k DA E@rﬁ@l@% is used for

am no acids A->T, 1°sequenceS (L5 60) Position ,
in vitro trandlatmnt raadtionsTHe rilosding freorvenrg alamg the DM Asstapssitanslation at the site

or RERBRIEHAAOPR] 58 . AT Sy dosoN o

complBRSi Wére rbtéiﬁ’llzedt @5 Qh e ettioR4l Srifosorhe Ai§f18H R} daBdAOof translation
aci ds G >E, sequences (L5 20), Position 332, total
mixtugg Wi 1ce1¢91d1buﬂier gprininingnd0 mM Mg adVissury.of femary sempleneedlC) was

purifi B TEELAReAER of hllosl B E Tted Bt Riplgpes (34107

molectile$ akemuoataiing mRNA-dDNAeligR taim nigroaeindated- MJMu]lV (RNase H-)
sequences (L5 82) Position 351, total nutatign 1

reversgy itlpp@p@];ﬂsesawpﬁou%é itg) g)reLpa;e\/reag_tl@eﬁUgH@ezgidﬁtL@agg_ )supplemented with
n | 1% 10

biotin B@%‘g&é@ re§¢:5c§3{1 élggége%ﬁ%?&( 5&)%%%?.1%“%&%% %@ﬂ%sbf?ég: Y1€lding ~1*¥10

water fifutodlt caamgartipents R fufreinesize. abBinnBifadi 1(&3cti&n>ﬁ;xtﬁreseesseﬂmes)ne TC,

. (L5_82) Position 369, total nutations 1, 1 diffe

ribosomgiARNAIEEN A-psqteingpes éqm@w&@gnta PSS 1@pateg dpi 3%@113736 57°C. After

a
o AT BT YR, 088 3 s i
releasifli bRV AMEDAN N0l @0tdsStrinseptase. Sﬁ@é@f@l&ﬁcdrj;&aﬁ&) reaction can occur
Position 383, tatal nputations 1 different amno

only irpeqregariggents, coytaé@a& affveMsLY i&NaﬁoTéT)trP%ﬁﬁseswscrﬂmﬁsmresultmg in

oo LRy oL SR IR g FgRUSTE g

am no acids A->T, 1 sequences (L572)




Position 415, total nmutations 1, 1 different am no

acids A->V, 1 sequences (L5 9) 102 APPENDI X 4
w@oowitzrwed Position 434, total nmutations 1, 1 PECT/EP206%1054329

amno acids |1->T, 1 sequences (L5_118) Position 435,

total nmutations 1, 1 differgat amno acids L->P, 1

sequences (L5_23) Positi on 441, total nutations 1, 1

on strgétfa(/%{ aﬁ%ﬂngg Oet% 'b%%d%z e%ﬁ%gl%g%%?ff éS —%bﬁo As a result of

succeM‘ﬂlder)éﬂhiém kefi®q H@Mﬁfg éétﬁfe%nj?ﬁﬁl {ih adurdéiBe RDIPAR fragment of
mutations 1, 1 different am no_acids ?>R 1 sequences

MLVQE@S%Eynvéefeﬁeoﬁamvaﬁet Hdouldy batengplicdiover gines epeging inactive

ids P->L, 1 sequences (L5_9) Position 459,

ey 0 af)—pgztatlons 1, 1 different amno acids H>R 1
sequences (L5_78) Position 462, total nutations 1, 1
diffe ent am no acids A->T, 1 sequences (L5 18)

Methpdsand gatergtls (otal nutations 1, 1 different amino
aci ds D >A, 1 sequences (L5_81) Position 475, total
mutations 1, 1 different am no acids V->G 1 sequences

Prodl((LtEHS))anBbﬁAt’d@NAmtnpﬂm al mutations 1, 1 different
on 484

) DFGHRRER T B TORERY FifRe et o] dgscfiipined by
ligatidnl &t MTV _BD&hRWU(sﬂfﬁ@les&éH ﬂbm"ﬁElahisom P_p {)ﬂkﬁlfde'E%Hﬂhple 1) with

am no acids L->P, 1 sequences ion 497

primet pag+ThASEQ H?I;Ncn 23)using d@fﬁémlg%mlm@r ﬁ@@%@ as a splint. The
5 L5 71
o B ePERE el R oL L B mbeohie Kinase

(FermPaxas)t i on 501, total nutations 1, 1 different am no
acids, E->K, 1 sequences (L5_81) Position 504, total

Annealing #piXopis 3aul Wa%plfepérﬁérw WA 05&50@1@ k0ug) %@H‘@F&ﬁﬂﬂeMLV_PD
) S t dj f,f
mRNA Lv?ﬁ%ﬁ a‘{léﬁ)eg eftLIhg@ %%é’ss b E%L%Jr% gﬁ(gg@ It%@ 0%3)5;3&1&,4?.% S ae]s of molar
excesdToif dti@-Qﬂﬁng(SElQ deIﬁ@rB)tln antlege ddedsatér: The nlixGe€wap ¢eabated at
. %?}IS 103 APPENDI X 4 continued Position 532, total
70°C 5@13@1 1then gpledeioeromy igmrsraiaiedr QORin. Befersyadiies ligation

reactlc(rl‘éoﬂé}o%lntg%gu} @aél%gge%tgkgéhr[gj %d' fgp? osilt idl()lf’lf ggg’m

total mutations 1, 1 different am no acids A->T, 1
qwences (L5_69) Position 539, total nutations
4.5 uldq 3

rlegation hiFer and #3rhoST4 DNA étge@n@ééﬂl LFserlstzl)ltas) were added to
Position 54 ons 1 di,ffe

36ul of & %ahgg;?{lx? e S]g &%’[é%lggat InSW% pqg,gogﬁnﬁl g(r)]r ﬂln g ? and followed

extracﬁb'ﬁ 8hdeORBh dqual vBluhfeesrerdti @ Phad 1 RRlofbTorln FROTﬂ{) RS URIRE §Fth equal
t) Position 551, total nutations 1, di f ferent

volumam mhkﬁ@foag Assuming tbaétuNéesmems Was) ClP@siOt m@tral munt taken for

hgatlog erazﬂzé]ﬁ)g ets‘ﬁgl_%a%gg ar? ngfe%@g%va? Elgﬁed bx Snuflean free water.

Ahqucg'off f2?[ @f‘?esﬁ'lrtﬁn@ hiRkdWad 1et¥or AndRIUEN Egacf {21 belore immobilization
Posi tion 558, total nutations 1, 1 different am no

on Dyaebaids M:29) Streptayidindesdy (Bxl&mad@@skﬂo‘mme FINPDRERIMaKit (DYNAL
Biotec tations 1, 1 different am no acids RR>W 1 sequences
3) Position 562, total nutations 1, 1 different
10ul o@%sﬁ%eﬁ&écﬁ@y&b@@s WasSEANRRCE S 43 Al ik Q&'nhﬁiﬁg 'tﬁ)g washed with
total nmutations 1, 1 different am no acid
50 ul sfeﬂmdmg&h@tkﬁn _;ﬁB%de)m thie dkit. DES tubke ot plavst] ahi tbmmagnetfor 1-2 min

until b UG % H, D1 05 SRR TmETEN o DS BT by resuspended
by plpé’tﬁhg gl%lf ﬁlﬁféﬁg;ﬁ?ﬂﬁ%ﬁ sﬁ@rﬁﬁaﬁé& {)vgﬂ 2&17318&11%1%' tRNA tRNA from

erent no acil sequen

yeast (RbBI)e)PQﬂuﬂidlﬂ(fl Le Q) totlﬁir@hlzﬁlﬁ)ﬁis](jémﬁc HhRNA Girddi®y. @0fl of Dynabeads
am no acids R->K, 1 sequences (L5_16)



Position 602, total nutations 1, 1 different am no

acids G>R, 1 sequences (3) Position 622, total
worioatizoons 1, 1 different amino acids K->R, 1 BETEP2W0®654329

(L5_3) 104 APPENDI X 4 continued Position 628, total

mutations 1, 1 different amo acids K->E, 1 sequences

(L5_25) Position 632 total mutations 1, 1 different

in Bi‘?@t‘f’gg‘?lﬁlﬁ@dﬁ’asl i AP Rt hebraing ltg%?gqgrggaﬂté %{sésThe tube
was ihdeBatk8 Qlalfﬁgc' btt ﬂhg Q-Z?eé in E%@Jmﬁf'@ﬁﬂg%f&r@lf %Og{rl] 6%& Phhe binding

am no acid sequences
of lighted ailRNAtfdsDI‘b‘h,ssu]Jﬁrnhtadt e randved indcha ety wWerzGvashed three times

) eq s, (L5 107) Position 646, total nutations 1,
with $7 g 65 §fehite SRR GRpPASS o the @@q@@ﬂ@é@i Puaateags with immobilizes

T UAAADEPP o B2 MU E0R A BBl T8 and oo
extradtigh dnb®Rsth U0 Ul FTHAIED ?ﬁ&n@@hl@%f@ﬁﬁ RO hind LwREABIE6R volume
(16) Position 661, total nutations 1, 1°different

of chlgrdfemn &ciediease mRNAlldsBébfu eooplsx (@) nﬁgsettcl load6 62,2 4mdt All of final
mut at i ons 1, 1 diff nt am no acids T->A, 1 sequences
mix Qe apalgsedrest pEarare 8§§?OQ%W§P Pl {203 laft befoge ﬂmémémzanon and

Mass @@e‘?m}ﬁ h ‘i’&nge T)gil? %acﬁl%g UEhGént og%lnggsﬁﬁtrhﬁﬁA?ﬁlzlA Eorﬁ gx purified

mut at i o erent am no aci se ue
on stiepBLvitd) Héa@ twasnd@&@inédtcampaniigatniRINA  dmoilntdi lﬁa‘f@ffeeﬁlid after the

NS EPAER M OO T
mRNzg Q\?@ eheBssillsPligafad \Eﬁ‘ﬁ DNABufid0 'res'ilﬁfn%(: 1 gﬂiﬁéy Q%Qg&'cor&plex

ferent armino acids L->F, 1 seque
(2) Detergnination F bjotined Bl Printarpovationleffitiedtibs arte mRNA/dDNA complex

and 35 RS 558: 5385 n kSt 9y B

hgatlon,reacu?m eIﬁ&enW%JMe 090 ﬁlRNlQ 1&»@ dﬁJ hgaﬁbn thHuH can self
Uuc 000000O0O

0 r.Zr
e SRR e BT ey s g0 o
(ligatign produet) isNettéet substrate thaf) free 361f primedkIRNA-) """ ;- 1. kr)

7t- .1- 1- .1- .1- .1-.1- .71- kr) v-) kr) cc ,:t.' tA

ZN. ,4uto.. Zc:r,(?-1 (.1lcr, o0s,00k()Cr);-" gap N
MLV $%588N) pD mRNA was ligated with long+ oligonucleotide (SEQ ID No: 21) according

procedure described above (construction of initial plasmids pET his MLV_D583N_pD and
pET his del pD in details is described in Example 1). ~12,5ng of prepared
(MLV_D583N_pD mRNA/long+) substrate was combined with ~12,5 ng of del pD mRNA
previously incubated at 70°C for 5 min, then cooled to room temperature for 20 min in
nuclease free water, in total volume of 12.5 pl. The second mix for dTTP or biotin-dUTP
incorporation by reverse transcriptase was prepared: 8 pl of 5x Reaction buffer for reverse
transcriptase; 1 ul - 40 u/ul RiboLock™ RNase inhibitor (Fermentas); 18.6 pl nuclease-free
water; 0.4 ul - 200 w/ul RevertAid™ Minus M-MuLV Reverse transcriptase (Fermentas).
Prepared mix was divided to two tubes 2x 15 pl and 1 pl of 1 mM dTTP (Fermentas) or 1 pl of
1 mM biotin-dUTP (Fermentas) was added. Subsequentially 5 ul of substrate (from the first

mix) was added to dTTP and biotin-dUTP containing mixtures. Reactions were carried out at



4.1 t--mkr)cp, kr) ooCom : Oc) © cicl rg N .5 :E"

"< , eo0 ,41c.)..ee c,'e.e ¢) .'. .e...eee. ece
weemo/izsoas . . li.e e e e e F.- .).¢,),:, 1f.). PAFEP2009/054329
."..!OO,r. a-,-,.c)m ..... c" ,r, en' CN
00" . inin'""Q'" CDin .Cy4uCD CN oo oo --CD,... VD
in

kri...CNNent--, in CP)CNC]\ICNOO CN CN oo

s B gy, BRI P R s BB

reactlm@uﬁ@v@& Q&a@d@@c@@nﬁ@q@m@t@@ﬁoﬁl&l@f&% (ROTH)
0000 CcO ) 0000O0O0O

and ogcq)wgh Gapdyotyme of |ch]_oroerrn} ﬁpllolqurl)ﬂ(pgnﬁqathq on(ﬁ-@) (M(m)Columns
(GE ﬁ%&%}arg) Qufg Eeﬁulé% I{Ieaézf é)roé)uygf?\&fzr% rieil[ é‘ﬁr %red‘g ?{Tr reacttﬁﬁl (without

strept&nidil H%adlg purfiation)CGnd, th?\l remalmng lpaIN,of 'sélll\itlonslwer'élused For'biotinylated
1 .. V.-
mRNAdsDNg. * cprieplex g mlirlqbﬂ:{zaﬁpln on71Dymbeads  M-2H) rrsmemamdm beads

(Dyn%@ds@ Ej%\ﬂ)agv 3%@%}21919.}%;]‘( 8?‘\’% é&% ch.l)() 39 u(i) @%r/esilﬁpeéecgg)ynabeads

was tfﬂn@feﬂe@@'ﬂ 1¥:ml @Mro&n@lﬂigé\' tulf’e erasfléH Q25 pffor p%\hdé(f‘ Binding
rir vn Cj inCj Ci Ci Cj 1d rnc'j
Solutigp.e hheettherwap pragaihmn the magndtﬁor If-a min until beads settled at the bottom of

the tube and solution was removed. Dynabeads were gently resuspended by pipetting in 90 pl
of Binding Solution and 2 pl of aqueous tRNA (tRNA from yeast (Roche)) solution (1ug/ul)
was added to minimize non-specific mRNA binding. 40 ul of Dynabeads in Binding solution
was added to solution (~40pl) containing the elongated by dTTP and biotin-dUTP RNA-DNA
fragments. The tubes were incubated at the +22°C in termomixer (Eppendorf) for 40 min by
shaking (1400 rpm). After the binding step, supernatant was removed and the beads were
washed three times with 50 ul of Washing Solution (provided in the kit) shaking (1400 rpm)
for 5 min at +22°C. Collected Dynabeads with immobilizes elongated mRNA-dsDNA complex
was resuspended in reverse transcription reaction mixture. Reverse transcription reaction
mixture was prepared on ice: 20 pl - 5X reaction buffer for Reverse Transcriptase (Fermentas);
10 pl — 10 mM dNTP (Fermentas); 2.5 ul - 40 w/ul RiboLock RNase inhibitor (Fermentas);
5Sul - 20 pM pD_42 oligonucleotide (SEQ ID No: 8); 2,5 ul RevertAid™ Minus M-MuLV
Reverse ftranscriptase (200 u/pl)(Fermentas); 55 pl nuclease-free water. Prepared mix was
divided to five 19 pl (5x19 pl) aliquots: two were used to resuspend Dynabeads with
immobilized elongated mRNA/dsDNA complex or mRNA, the other two were transferred to
the tubes with samples left without streptavidin beads purification and to the rest of 19 ul
aliquot was added 1pl of nuclease free water — negative reaction control to prove, that reaction
mixture is not contaminated by DNA. All reaction mixtures were incubated by shaking
(1000 rpm) at the +42°C in termomixer (Eppendorf) for 1 hour until cDNA synthesis reaction

was finished.

Amplification of cDNA was performed by nested PCR. Initial PCR mixture was prepared on
ice: 14 ul - 10X Tagq buffer with KCI (Fermentas); 14 pl - 2 mM of each dNTP (Fermentas);
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Predicted amplicons size 907 bp for MLV_D583N_pD and 736 bp for del pD ¢DNA. PCR
products were analyzed on 1% agarose gel loading 10 pl of PCR mix per well (FIG 13).

As it was expected efficient cDNA amplification is observed only in elongation reaction with
biotin-dUTP. Very faint bands of amplified cDNA can be detected in elongation reaction with
dTTP and can be explained by weak nonspecific binding of mRNA to streptavidin beads. After
purification on streptavidin beads DNA encoding MLV_D583N_pD gene (907 bp) is enriched
over DNA of del pD (736 bp). That means mRNA/dsDNA complex is elongated by
biotin-dUTP much more efficiently than self primed del pD mRNA.

(3) Preparation of mRNA mixture (MLV_D583N_pD:del pD=1:20) and RNA/dsDNA

complex.

Preparation of PCR fragments for in vitro transcription. PCR mixture was prepared on ice: 20
pl - 10X Taq buffer with KCI (Fermentas); 20 pl - 2 mM of each dNTP (Fermentas); 12 pl - 25
mM MgCl, (Fermentas); 16 ul - DMSO (D8418 - Sigma); 4 pl - 1 u/ul LC (recombinant) Taq
DNA Polymerase (Fermentas); 1 pl - 100 pM pro-pIVEX primer (SEQ ID No: 3); 1 ul - 100
uM pD-ter- primer (SEQ ID No: 20); 122 ul water - mixture divided into two tubes 2x 98 ul.
To 2x 98 ul of PCR master mix were added either 2 pl of pET his MLV _D583N_pD (diluted
to ~1 ng/ul) or 2 ul of pET his_del pD (diluted to ~1 ng/ul) (construction of initial plasmids
pET_his MLV_D583N_pD and pET his del pD in details is described in Example 1). The
cycling protocol was: initial denaturation step 3 min at 94°C, 30 cycles (45 sec at 94°C, 45 sec
at 53°C, and 2 min at 72°C) and final elongation 5 min at 72°C. Amplification efficiency was
~7000 fold from 2 ng of plasmid (7873 bp) target to ~5 pg (50 ng/pl) of amplified product
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Both transcription mixtures were diluted to 200 pl with ice-cold nuclease-free water and 200 ul
of 6 M LiCl solution were added. Mixtures incubated 25 min at +4°C and centrifuged for 25
min at +4°C in cooling centrifuge at max speed (25’000 g). Supernatant was discarded and
RNA pellet washed with 500 pl of ice-cold 75% ethanol. Tubes were centrifuged again for 5
min at +4°C at max speed and supernatant was discarded. RNA pellet was dried for 5 min at
room temperature and subsequently resuspended in 400 pl of nuclease-free ice-cold water by
shaking for 15 min at +4°C and 1400 rpm. Tubes were centrifuged again for 5 min at +4°C at
max speed to separate not dissolved RNA. About 380 pl of supernatant were transferred to new
tube with 42 pl of 10x DNase I buffer (Mg®") (F ermentas); 3 pl - 1 u/pl DNasel (RNase-free)
(Fermentas) and incubated for 20 min at +37°C to degrade DNA. Reaction mixtures were
extracted once with equal volume of Roti® Phenol/chloroform (ROTH) and twice with equal
volume of chloroform to remove DNasel. 43 ul of 3 M Sodium acetate pH 5.0 solution and
1075 pl of ice-cold 96% ethanol were added to each tube. Finally RNA was precipitated by
incubation for 30 min at -20°C and centrifugation for 25 min at +4°C at max speed (25’000 g).
Supernatant was discarded and RNA pellet washed with 500 pl of ice-cold 75% ethanol. Tubes
were centrifuged again for 4 min at +4°C at max speed and supernatant was discarded. RNA
pellet was dried for 5 min at room temperature and subsequently resuspended in 150 pl of
nuclease-free ice-cold water by shaking (1400 rpm) for 15 min at +4°C. RNA solution was

aliquot for 10pul and liquid nitrogen frozen. Concentration of mRNA was measured
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reverse transcriptase on its natural RNA-DNA substrate.

Annealing mix of 50ul was prepared by mixing of 17 pmol of purified mRNA mixture at ratio
of 1:20=MLV_D583N_pD (active RT) : del_pD (inactive RT) with 4.3 time of molar excess of
long+ and 4.1 time of molar excess of ddC-Long?2 in nuclease free water. The mixture was
incubated at 70°C for 5 min and then cooled to room temperature for 20 min. Before adding

ligation reaction components mixture was moved to cooling stand for 2 min.

5 pl of 10x ligation buffer and Sul of T4 DNA ligase (5v/ul) (Fermentas) were added to 40ul
of annealing mixture. Negative ligation reaction was carried out using the same annealing
mixture in 1x ligation buffer without T4 DNA ligase. Prepared ligation reaction mixtures were
incubated at 37°C for 30min. To stop ligation 1pl of 0.5M EDTA (pH 8.0) was added to both
tubes and reaction mixtures were extracted once with equal volume of Roti®
Phenol/chloroform (ROTH) and twice with equal volume of chloroform followed by
concentration of reaction products at 30°C for 10min in vacuum Concentrator 5301
(Eppendorf). Desalting was performed using illiustra ProbeQuant G-50 MicroColumns (GE
Healthcare). Concentrations of ligation products were determined on agarose gel along with
RiboRuler™  RNA  Ladder, High Range (Fermentas) - mRNA  mixture
(MLV_D583N_pD:del pD=1:20) ligated to long+/ddC-Long2 oligodeoxynucleotides
~0.24 pg/ul (sample with T4 DNA ligase) and simple mRNA mixture with long+/ddC-Long2
oligodeoxynucleotides ~0.06 pg/ul (sample without T4 DNA ligase).

(4) General control of mRNA/dsDNA complex by incorporation of [a-P**]dATP. Prepared
mRNA/dsDNA complex (substrate) was tested for dTTP (or biotin-dUTP) and subsequent [a-
P¥]dATP incorporation by reverse transcriptase. Reaction mixture: 16ul of 5x Reaction buffer
for reverse transcriptase; 4 ul - 40 u/pl RiboLock ™ RNase inhibitor (Fermentas); 2 pl
[oc-P33]dATP (10mCi)/ml, SRF-203 (Hartmann Analytic)); 35 ul nuclease free water; 1 ul -
200 v/l RevertAid™ Minus M-MuLV Reverse transcriptase (Fermentas). Prepared mix was
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(Fermentas) was added. Resultant mixtures were divided to two tubes 2x 15ul. To first tube
1.25 Wl (~0.3ug) of ligation products plus 3.75 ul of nuclease free water were added. To
second tube 5 pl (~0.3pug) of negative ligation reaction products were added. Reaction mixtures
were incubated at 37°C for 30 min. After that, 1ul of 0.5M EDTA (pH 8.0) was added to all
tubes and reaction mixtures were extracted once with equal volume of Roti®
Phenol/chloroform (ROTH) and twice with equal volume of chloroform followed by
purification on illiustra ProbeQuant G-50 MicroColumns (GE Healthcare). Reactions products
were analyzed on agarose gel along with RiboRuler™ RNA Ladder, High Range (Fermentas)
FIG 14A. In all samples (with and without ligase) we can see discreet band (~2500b) of
del pD mRNA (20 times smaller amount of MLV _D583N_pD mRNA ~2700b, which was
present in mRNA mixture can not be distinguished). Subsequently agarose gel was dried on
filter paper and radiolabeled mRNA/dsDNA complex (at the same position as mRNA) was
detected only in case of positive ligation samples (with ligase) and not in case of negative
ligation samples (without ligase) FIG 14B.

(5) Selection for DNA dependent DNA polymerase activity using biotin-dUTP.

Previously prepared mRNA/dsDNA complex (mRNA mix MLV_D583N_pD (active
RT):del pD (inactive RT)=1:20) was used for in vitro translation employing synthetic
WakoPURE system (295-59503 - Wako). Translation mixture for WakoPURE system (25 pl):
12,5 ul - A solution (Wako); 5 ul - B solution (Wako); 0,5 pl - 40 u/pl RiboLock RNase
inhibitor (Fermentas); 0.25 ul - 1 M DTT; 1,75 pul nuclease-free water and 5 pl - 0.24 pg/pl
mRNA/dsDNA substrate (~1200 ng). In vitro translation was performed for 120 min at 37°C.
Translations (~25 ul) was stopped by adding 155pl of ice-cold stop buffer
WBK 50o+DTT-+riton (50 mM Tris-acetate pH 7.5 at 25°C; 50 mM NaCl; 50 mM Mg-acetate;
500 mM KCI; 10 mM DTT; 0.1% (v/v) - Triton X-100 (T8787 - Sigma)) and centrifuged for
5 min at +4°C and 25’000 g. Very carefully 160 ul of centrifuged translation mixture was
transferred on the top of 840 pl 35% (w/v) sucrose solution in WBKsp+DTT+Triton X-100
(50 mM Tris-acetate pH 7.5 at 25°C; 50 mM NaCl; 50 mM Mg-acetate; 500 mM KCl; 10 mM
DTT; 0.1% (v/v) - Triton X-100 (T8787 - Sigma); 35% (w/v) - sucrose (84097 - Fluka)) to
transparent 1 ml ultracentrifugation tubes (343778 - Beckman). Ternary complexes (TC)
consisted of mRNA/dsDNA-ribosome-protein(tRNA) were purified by ultracentrifugation at
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As it was determined using radioactively labeled mRNA after ultracentrifugation 5% - 30 % of
input mRNA is located in ternary complex pellet. Therefore it was predicted to have less than
360 ng (30% from 1200 ng mRNA used in translation reaction) of mRNA in 30 pl of buffer
(~12 ng/pl or 9*10° molecules/ pl of ternary complex).

Modified nucleotide incorporation reaction mix was prepared on ice by mixing: 5 ul - 5X
reaction buffer for Reverse Transcriptase (Fermentas); 1.25 pl - 40 w/ul RiboLock RNase
inhibitor (Fermentas); 2.5 ul — 1mM biotin-dUTP (Fermentas); 40.95 ul nuclease-free water
and 0.3 pl of purified (<2.7*10° molecules) TC. According to the protocol 50 pl of nucleotide

incorporation reaction mix contains <2.7*10° molecules of ternary complex.

Oil-surfactant mixture was prepared by mixing ABIL EM 90 (Goldschmidt) into mineral oil
(M5904 - Sigma) to final concentration of 4% (v/v) (Ghadessy and Holliger, 2004;
US2005064460). Emulsions were prepared at +4°C in 5 ml cryogenic vials (430492 - Corning)
by mixing 950 pl of oil-surfactant mixture with 50 pl of RT mixture. Mixing was performed
using MS-3000 magnetic stirrer with speed control (Biosan) at ~2100 rpm; Rotilabo®- (3x8
mm) magnetic bar with centre ring (1489.2 - Roth); water phase was added in 10 pl aliquots
every 30 sec, continuing mixing for 2 more minutes (total mixing time - 4 min). According to
optical microscopy data compartments in prepared emulsions vary from 0.5 pm to 10 um in
size with average diameter of ~2 um. Therefore it was expected to have ~1*10' water in oil

compartments after the emulsification of 50 pl reverse transcription reaction mixture, which
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To recover the reaction mixture from emulsion 20pul of 0.1M EDTA was added to emulsion,
stirred for 10 sec, then 50ul phenol/chloroform mix was added and stirred for additional 10
sec. After that, emulsion was transferred to 1.5 ml microcentrifuge tube, 0.5ml of water-
saturated ether was added mixed by vortexing and centrifuged for 10 min at room temperature
for 16’000 g. Oil-ether phase was removed leaving concentrated (but still intact) emulsion at
the bottom of the tube. Finally emulsions were broken by extraction with 0.9 ml
water-saturated ether; 0.9 ml water-saturated ethyl-acetate (in order to remove ABIL EM 90
detergent) and twice 0.9 ml water-saturated ether. Water phase was dried for 12 min under
vacuum at room temperature followed removal of incorporated nucleotides on illiustra
ProbeQuant G-50 MicroColumns (GE Healthcare). 2 ul aliquot of resultant mixture was left
for direct RT reaction (without streptavidin beads purification) and the remaining part of
solution was used for biotinylated mRNA/dsDNA complex immobilization on Dynabeads M-

280 Streptavidin beads (DYNAL Biotech).

Dynabeads® kilobase BINDER™ Kit (DYNAL Biotech) was used for isolation of biotinylated
mRNA-dsDNA complex according provided product description. 5pl of resuspended
Dynabeads was transferred to a 1.5 ml microcentrifuge tube, washed with 20 pl of provided
Binding Solution. The tube was placed on the magnet for 1-2 min until beads settled at the tube
and solution was removed. Dynabeads were gently resuspended by pipetting in 50 ul of
Binding Solution and 1ul of aqueous tRNA (tRNA from yeast (Roche)) solution (1pg/pl) was
added to minimize non-specific mRNA binding. 50ul of Dynabeads in Binding solution were
added to solution (~50ul) containing the biotinylated RNA-DNA fragments. The tube was
incubated shaking at the +22°C in termomixer (Eppendorf) for 1 hour. After the binding of
mRNA/dsDNA, supernatant was removed from the beads, and the beads were washed two
times with 50 pl of Washing Solution (provided in the kit) shaking (1400 rpm) for 5 min at
+22°C and once with 50 pl of Washing Solution shaking (1400 rpm) for 12 min at +22°C.



301 tgggcatgac cctaaatata gaagat gagc atcggctaca
t gagacct ca aaagagccag 361 atgtttctct agggtccaca

WO g@potizioed g attttcctca ggcctgggcg gaaaccgggg 4RAT/EP2009/054329
gcat gggact ggcagttcgc caagctcctc tgatcatacc tctgaaagca
acctctaccc 481 ccgtgtccat agpacaatac cccatgtcac
aagaagccag actggggatc aagccccaca 541 tacagagact

ttggacca gaapact t.accct.gcca. gt cccept acgcccc
conebd RSB a hABEE RO SRR AR BSR wer
resuspetieC MG rsCl gRgagandeffibn nfid@eaagcy ggt ggaagac

at ccacccca ccgtgcccaa cccttacaac ctcttgageg 721

ggct cccacc
Reverse transcription reaction mixture for selected mRNA/dsDNA complex was prepared on

ice: 12 pl - 5X reaction buffer for Reverse Transcriptase (Fermentas); 6 ul — 10 mM dNTP
(Fermentas); 1.5 pl - 40 u/pl RiboLock RNase inhibitor (Fermentas); 0,3 pl - 20 pM pD 42
oligonucleotide (SEQ ID No: 8); 1,5ul RevertAid™ Minus M-MuLV Reverse transcriptase
(200 w/pl)(Fermentas); 35.7 pl nuclease-free water. Prepared mix was divided to three 19 pl
aliquots: one was used to resuspend Dynabeads with immobilized biotinylated mRNA/dsDNA
complex, the other aliquot of 19 ul was transferred to the tube with sample of elongated
mRNA/dsDNA complex left without streptavidin beads purification and to the rest of 19 pl
aliquot was added 1pl of nuclease free water (negative reaction control - to prove that reaction
mixture is not contaminated). All reaction mixtures were incubated by shaking (1000 rpm) at

the +42°C in termomixer (Eppendorf) for 1 hour.

Amplification of cDNA was performed by nested PCR. Initial PCR mixture was prepared on
ice: 10 pl - 10X Taq buffer with KCI (Fermentas); 10 pl - 2 mM of each dNTP (Fermentas); 6
pl - 25 mM MgCl, (Fermentas); 2 pl - 1 w/pul LC (recombinant) Tag DNA Polymerase
(Fermentas); 1 pl — 2,5 uw/pl Pfu DNA Polymerase (Fermentas); 0.5 ul - 100 uM RD Nde
primer (SEQ ID No: 9); 0.5 pl - 100 uM pD_55 primer (SEQ ID No: 10); 65 ul water -
mixture was divided into 5 samples for 19 pl (5x19 pl). To 3x 19 pul of PCR master mix were
added 1 pl of cDNA (1-3 RT samples); to one tube with 19 pl of PCR master mix 1 pl water
was added - negative PCR control. For positive PCR control 1 ul of pET his MLV pD
plasmid (~1ng) was added. The cycling protocol was: initial denaturation step 3 min at 94°C,
30 cycles (45 sec at 94°C, 45 sec at 58°C, and 3 min at 72°C) and final elongation 5 min at
72°C.

Nested PCR mixture for partial gene amplification (for better resolution of
MLV_D583N_pD:del pD cDNA ratio in RT samples) was prepared on ice: 20 ul - 10X Taq
buffer with KCI (Fermentas); 20 pl - 2 mM of each ANTP (Fermentas); 12 pl - 25 mM MgCl,
(Fermentas); 0.9 pl - 5 u/ul Tag DNA Polymerase (Fermentas); 1.0 pl - 100 uM M_F primer
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prepared nested PCR mixture. Master mix was mixed again and divided into two tubes (2x
20 pl) for 30 or 35 PCR cycles amplification. The cycling protocol was: initial denaturation
step 3 min at 94°C, 30 or 35 cycles (45 sec at 94°C, 45 sec at 57°C, and 1 min at 72°C) and
final elongation 3 min at 72°C. Expected length of PCR fragments was 907 bp for
MLV_DS583N_pD and 736 bp for del pD. Amplification was analyzed on 1% agarose gel
loading 10 pul of PCR mix per well (FIG 15).

Results

1. Double stranded (dsDNA) adaptor was successfully ligated to mRNA using T4 DNA ligase.
Ligation efficiency is about 60% as it was determined by ligation of dsDNA-biotin adapter.
mRNA/dsDNA complex can be specifically purified on streptavidin beads, providing an
opportunity to discriminate between biotin labelled and unlabelled substrates. Free mRNA is
much worse substrate for DNA dependent DNA polymerase comparing to mRNA/dsDNA. As
a consequence 60% ligation efficiency of dsDNA to mRNA is good enough and such a
substrate can be successfully used in evolution scheme.

2. General selection experiment using mRNA/dsDNA complex (mRNA mixture
MLV _D583N _pD:del pD=1:20) was performed. In vitro translation was performed using
WakoPURE protein translation system and compartmentalized biotin-dUTP incorporation
reaction in to dsDNA was carried out to demonstrate the enrichment of genes encoding active
(MLV_D583N_pD) reverse transcriptase over genes encoding inactivated enzyme (del pD).
According to selection scheme (FIG 12) incorporation reaction of biotin-dUTP should occur
only in aqueous compartments containing active (MLV_DS583N_pD) reverse transcriptase
resulting in biotinylation of mRNA/dsDNA complex. DNA dependent DNA polymerase is
selected by binding of the biotinylated complex to streptavidin immobilized on magnetic
beads, and then the selected gene is amplified by RT-PCR. Genes encoding active enzyme (in
our case RT-PCR fragment for MLV_DS583N pD reverse transcriptase) were enriched over
genes encoding inactive enzyme (FIG 15). Initial ratio of genes MLV _D583N _pD:del pD was
1:20 and final ratio (after enrichment) was ~1:1. Respectively an enrichment factor in this
particular experiment was ~20 folds. Enrichment factors calculated from different experiments
varied in range from 5 to 200. And it was confirmed that DNA dependent DNA polymerase

could be selected for modified nucleotide incorporation applying Compartmentalized
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nucleotide analogues of interest including nucleotide analogues having 3° modifications. After
the incorporation of such nucleotide analogues into DNA strand 3’ end is blocked, can’t be
extended and elongation reaction will be terminated. This approach is used in sequencing by
synthesis (SBS) scheme and DNA polymerase suitable for SBS can be easily evolved using
compartmentalized ribosome display (CRD) technique.
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ccaccctgaa 7681 ttgactctct tccgggcgct atcatgccat

accgcgaaag gttttgcgcc attcgatggt 7741 gtccgggatc
W0 c@aagovdet cccttatgcg actcctgcat taggaagcag CRCHBPRQY/@54329

APPEBDIXgyt tgaigjged gt t gagcacc 9gccgeccgcaa ggaat ggt ge

at gcaaggag at ggcgccca 7861 acagtccccc ggc SEQ ID

16 No: 2 LODUSPET hi2dIRte, 26077021 IRFBNMIZO0 F5GCOIRCE
20 ORGANI §IW‘@WWENTW@%>W NE-7%, Gfieat eWSHY, ofector NTI
23 htt http:. //mﬁﬂfnﬁw t 8 ot CRAREATYNTD 161 4484552421
£5 1, 00ME ATE %&%” @ W@Wﬁ%ﬁ

5 14 i S ->G, 433V->A ->W
Ls 1SCOVNENE% 1p L >R 559 55A >V
L5 23COMME HOR %{} QMJ 3‘é§w ! §99ﬁ‘ 35L->P
L5 24 5 mutations, 139L—>P 221Q->R, 603L—>W 649N->S, 658K->R
L5 28 5 mutations, 306T->A, 309F->S, 524D->A, 594H->R, 625F->S
L5 37 5 mutations, 126H->S, 149L->F, 200D->N, 454N->K, 583D->N
L5 49,15 63 5 mutations, 501>V, 194N->S, 204H->R, 287T->A, 524D->A
L5 55 5 mutations, 5E->K, 200D->N, 240T->A, 653D->H, 671L->P
L5 69 5 mutations, 148->T, 491->T, 538A->T, 603L->W, 653D->N
L5 88 5 mutations, 70A->V, 139L->P, 479N->D, 524D->G, 625F->L
L5 101 5 mutations, 65P->S, 204H->R, 283A->D, 391P->§, 583D->N
L5 104 5 mutations, 132P->8, 164S->G, 388W->R, 524D->G, 533Q->K
3 4 mutations, 221Q->R, 428M->L, 602G->R, 603L->W
5 4 mutations, 139L->P, 283A->D, 358G->V, 653D->N
7 4 mutations, 204H->R, 433V->A, 524D->QG, 572M->1
11 4 mutations, 29F->L, 148V->M, 390R->W, 653D->A
12 4 mutations, 238->P, 88V->A, 237Q->R, 623A->V
30 4 mutations, 200D->N, 306T->M, 524D->N, 583D->G
L5 1 4 mutations, 249N->D, 409C->R, 470V->A, 502A->V
L5 6 4 mutations, 287T->A, 524D->A, 594H->R, 680R->P
L5 8 4 mutations, 475V->G, 524D->G, 679S->P, 680R->A
L5 11 4 mutations, 15K->T, 200D->N, 576K->R, 607E->A
L5 16 4 mutations, 91Q->L, 583D->G, 600R->K, 603L->M
L5 29 4 mutations, 174D->G, 312L->P, 502A->V, 524D->G
L5 39 4 mutations, 12E->V, 861->V, 200D->N, 646A->V
L5 42 4 mutations, 192F->1,, 333L->P, 556T->A, 603L->W
L5 44 4 mutations, 925->P, 430Q->R, 479N->D, 583D->N
L5 46 4 mutations, 200D->N, 330T->P, 583D->N, 644A->T
L5 52 4 mutations, 200D->N, 330T->P, 374Q->R, 583D->N
L5 61 4 mutations, 64Y->C, 351L->V, 449D->A, 530Q->H
L5 64,15 93 4 mutations, 200D->N, 216D->G, 524D->A, 545E->G
L5 65 4 mutations, 200D->N, 238Q~>H, 570L->1, 603L->W
L5 85,L5 96 4 mutations, 200D->N, 330T->P, 583D->A, 638H->R
L5 90 4 mutations, 200D->N, 298R->G, 330T->P, 374Q->R
L5 103 4 mutations, 96T->M, 200D->N, 559Q->P, 607E->G
L5 106 4 mutations, 524D->@G, 583D->N, 635C->R, 670L->F
L5 120 4 mutations, 252Y->H, 308G->S, 441E->G, 603L->W
1 3 mutations, 491>V, 524D->A, 594H->R
28 3 mutations, 8H->R, 6321->T, 644A->V
L5 4 3 mutations, 208A->V, 225D->G, 680R->A
L5 25 3 mutations, 39M->L, 302E->K, 628K->E
L5 35 3 mutations, 200D->N, 330T->P, 479N->D
L5 51 3 mutations, 110R->G, 431P->Q, 653D->N
L5 58 3 mutations, 66M->L, 90C->Y, 653D->V
L5 66 3 mutations, 93P->L, 457TM->R, 603L->W
L5 73 3 mutations, 67S->P, 139L->P, 307A->V
L5 80 3 mutations, 326P->S, 583D->@G, 676S->P
L5 92 3 mutations, 126H->S, 200D->N, 653D->G
L5 94 3 mutations, 494N->D, 524D->G, 607E->K
L5 97 3 mutations, 484L->P, 4981->V, 653D->A
10 2 mutations, 481A->T, 524D->G
L5 59 2 mutations, 450R->H, 503H->R
L5 99 2 mutations, 36T->1, 524D->G
L5 116 2 mutations, 653D->H, 662T->A
L5 48 1 mutations, 7TH->R

WT MLV, L5 87

0 mutations
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FEATURESLocat i on/ Qualifiers msc_feature2499..2588
I'vntifkey="21" /| abel =gs\d;i nker m sc_feature2193..2222
i fkey="21" /Il abel =gs\'l'i nker m sc_feature2223..2498
APPEND&&% i fkey= "21" / | abel =pD pronot er 174. . 190

Position 524 Ydth 1ntlt],§t?t¥1s_ ] Eférlsn‘rflg' %_f -EZ

D£@@.&9th&l:e@@70'f@ % 95,12 663)s 41V 14, KeWE 1332, L5 84,15 88,
15 94,15 b ababres i1o4 €p_197, Lglllm? §’615 823177 vnt | fkey 33"
DA ab edqadhdds o, PALA 6f| ] )L.2683.5. @73067, Laitsi flsexpr" 43"

D-#N.dbejuented\(36@r m nat or CDScoan enent (6415. . 7503)
/vntifkey="4" /| abel =l acl /note="ORF: Frame #3Start:

Position 20y totpl mmEBBER, 3 diforent anyiy 2999/ 125006 PCT/ EP2009/ 054329 113

g?’@ PRRE '—? 4 Lo b /not e="ORF: Frame #2Start:

s

Position 6553%%&&&%9423953&3%&@5@90 £@ggcgccgaa acaagcgctc atgagcccga
D-aghiggpgrgeH3gccgat cttcc ccat cggt ga t gt cggegat
D-at,3ggRgeaalLs 15, Ls 40,15 78,15 92,15 114)

D->A, 4 sequences (11, L5 _84,L 7 L5 115)
D->N, 10 sequences (5, L5_21 “ ,L5 51,L5 60,L5 69,L5 82,L5 111,15 112)
D->H, 3 sequences (L5553

8, L5_116)

Position 583, total mutations 21, 4 different amino acids
D->E, 1 sequences (L5 13)
D->G, 7 sequences (18, 30,
D->A, 3 sequences (21, LS
D->N, 10 sequences (17, |

L5_32,15_41,L5 80,L5 95)
L5 76,L5 101,L5_106)

Position 603, total mutations 18, 2 different ammo acids
L->W, 17 sequences (3 13,20,L5 3,1

L5 69,L5_82,L5 111,L5_11 ‘L5_120)
L->M, 1 sequences (L5116

L5_66,

Position 330, total mutations 15, 1 different
T->P, 15 sequences (8, 18, L5 13,
L5 90,15 96,L5 112)

L5 78, L5_85,

ammo acids

Position 139, total mutations 14, 1 dlffq
L->P, 14 sequences (5, 8, 18, ]
L5 115,L5 117)

,L5 73,15 84,15 88,15 107,

Position 204, total mutations 7, 1 different amino acids
H->R, 7 sequences (7, 21, L5_49, L5 62,15 63, L

, L5 _101)

Position 221, total mutations 6, 1 different amino acids
Q->R, 6 sequences (3, 23, L5 13,L5_20,

| L5_118)

Position 287, total mutations 6, 1 different apﬁno acids
T->A, 6 sequences (8, L5 6, L )

Position 680, total mutations 6, 2 different amino acids
R->P, 1 sequences (L5_6)
R->A, 5 sequences (18, 20, 21, L5 4,15 8)

Position 49, total mutations 5, 2 different amino acids
I->T, 1 sequences (L5_69)
I->V, 4 sequences (1, 17, |

Position 479, total mutations 5, 1 different amino acids
N->D, 5 sequences (18,




gcaaccgcac ctgtggcgcc 121 ggtgatgccg gccacgat gc

gt ccggcgt a gaggat cgag atctatacga aattaatacg 181
w@eiedzioed a gggagaccac aacggtttcc ctctagaaat aBCT/EPIDI054329

aactttaaga 241 aagaggagaa attacatatg agaggatcgc

at caccat ca ccatcacgga tctggighcca 301 tgggcat gac

APP@%&)?% gg?l?t&xﬂte?gatgagc at cggcfaca tgagacct ca aaagagccag

agggt ccaca tggctgtctg attttcctca

Posm&%&toganQ&chogsaﬁQ‘&?@@&Qmﬂig}cmgCat gggact ggcagttcgc
C3agds 19&5&1&5@ acc tctgaaagca acctctaccc 481

F->S, 3 sequences (L
F->L, 2 sequences

Position 679, total mutations 5, 2 different amino acids
S->F, 1 sequences (L5 32)
S->P, 4 sequences (18, 2@, 21,LS5 8)

Position 65, total mutations 4, 1 different amino acids
P->§, 4 sequences (17, L5_21,L5 101,15 111)

Position 126, total mutations 4, 2 dlfferent amino acids
H->8, 2 sequences (L. L5 92)
H->R, 2 sequences T, L5 84)

Position 333, total mutations 4, 2 different amino acids
L->Q, 3 sequences (L.5_75,L5 79,L5 117)
L->P, 1 sequences (L5 _42)

Position 502, total mutations 4, 1 different amino acids
A->V, 4 sequences (17, L5_1,L5 29,L5 78)

Position 607, total mutations 4, 3 different amino acids
E->G, 1 sequences (L5_103)
E->A, 1 sequences (L3 11)
E->K, 2 sequences (8, L5 94)

Position 638, total mutations 4, 1 different amino acids
H->R, 4 sequences (L5_21,L5 85,15 96,L5 111)

Position 658, total mutations 4, 2 different amino acids
K->Q, 1 sequences (L5 _3)
K->R, 3 sequences i

Position 8, total mutations 3, 2 different amino acids
H->P, 2 sequences (L5 56, L5 115)
H->R, 1 sequences (28)

Position 130, total mutations 3, 1 different amino acids
P->§, 3 sequences (L5 13, ‘

Position 233, total mutations 3, 1 different amino acids
E->K, 3 sequences (L5 21,L5 107,L5 111)

Position 237, total mutations 3, 1di
Q->R, 3 sequences (12, |

rent amino acids
L5 112)

Position 249, total mutations 3, 1 dif nt amino acids
N->D, 3 sequences (L5 1, L5 15, L5 114)

Position 283, total mutations 3, 2 different amino acids
A->D, 2 sequences (5, L5_101)
A->T, 1 sequences (L5 118)



aagccccaca 541 tacagagact gttggaccag ggaat actgg
taccctgcca gtccccctgg aacacgcccc 601 tgctacccgt

WO 2@gazxmeca gggactaatg attataggcc tgtccaggat cCROHBPZHAHS4329
661 tcaacaagcg ggtggaagac atccacccca ccgtgcccaa
cccttacaac ctcttgagcg 721 gggtcccacc gtcccaccag

APPESBIRGAC S H QG t gattt aaaggatgeec tttttctgee 781
t gagactcca ccccaccagt cagcctctct tcgcctttga gt ggagagat

Positidn G a0 8GRhAlioAdkl | RatahhaAGEiRCaat t gacc tggaccagac
t xcencagEacdsiitL@nanag 1agtigccaccc 901 tgtttgatga
ggcact gcac agagacctag cagacttccg gatccagcac ccagacttga
Position 344, total mutations 3, 1 different amino acids
Y->H, 3 sequences (L5 9, L.

Position 407, total mutations 3, 2 different amino acids
P->§, 2 sequences (L5 21, L5 111)
P->L, 1 sequences (L5 9)

Position 428, total mutations 3, 1 different amino acids
M->L, 3 sequences (3, 13, L5 20)

Position 430, total mutations 3, 1 different amino acids
Q->R, 3 sequences (L.5_44, L5_75,L5 79)

Position 449, total mutations 3, 2 diff‘erent‘amino acids
D->G, 2 sequences (L5 _13, 0)
D->A, 1 sequences (L5 61)

Position 644, total mutations 3, 2 different amino acids
A->T, 1 sequences
A->V, 2 sequences

Position 671, total mutations 3, 1 different amino acids
L 30, L) |

Position 673, total mutations 3, 2 different amino acids
E->@, 2 sequences (I.5_75, L5 79)
E->K, 1 sequences (L5_114)

Position 678, total mutations 3, ‘lymgi‘ifferent amino acids
N->1, 3 sequences (18, 20, 21)

Position 3, total mutations 2, 1 different amino acids
E->K, 2 sequences (L5 2, [(5 '53)

Position 11, total mutations 2, 2 different amino acids
H->R, 1 sequences (L5_78)
H->Y, 1 sequences (L5_75)

Position 12, total mutations 2, 2 different amino acids
E->V, 1 sequences (L5_39)
E->A, 1 sequences (L5 _20)

Position 14, total mutations 2, 2 different amino acids
S->T, 1 sequences (L5_69)
S->P, 1 sequences (L5 _117)

Position 17, total mutations 2,

2, 1 different amino acids
P->8, 2 sequences (I

5,15 114)

>



961 tcctgctaca gtacgtggat gacttactgc tggccgccac
ttctgagcta gactgccaac 1021 aaggtactcg ggccctgtta

W@ 2®aaz00@g ggacggcagg cttctgtcgce ctctggatcc 1PGI/EP2009/054329
ctgggtttgc agaaat ggca gcccccttgt accctctcac caaaacgggg
actctgttta 1141 attggggccc agaccaacaa aaggcctatc

APP@Q@QX% cafiffRgagct ctt ctaactgccc 1201 cagccct ggg
tgccagat ttgactaagc cctttgaact ctttgtcgac gagaagcagg

Posmola%@,lotaq%@Q&Q@,Q%fﬁﬁ%a&%%@s acgcaaaaac tgggaccttg
gogteageqehcai(pgeot acc 1321 tgtccaaaaa gctagaccca
givagragefueheggtyggncccc ttgcctacgg at ggtagcag 1381

Position 50, total mutations 2, 1 dlfferent amino acids
I->V, 2 sequences (.5 49, L5_63)

Position 66, total mutations 2, 1 different amino acids

Position 83, total mutations 2, 1 different amino acids
D->N, 2 sequences (18, L5 9)

Position 91, total mutations 2, 2 different amino acids
Q->R, 1 sequences (I '
Q->L, 1 sequences (L

Position 95, total mutations 2, 1 different amino acids
N->8, 2 sequences (L5_20, L5 _117)

Position 108, total mutations 2, 1 different amino acids
D->E, 2 sequences ‘

Position 135, total mutations 2, 1 different amino acids
L->P, 2 sequences (L5 9, L5 32)

Position 148, total mutations 2, 1 different amino acids
V->M, 2 sequences (11, L5 78)

Position 166, total mutations 2, 1 different amino acids
P->§, 2 sequences (L5 9,L5 81)

Position 179, total mutations 2, 2 different amino acids
I->T, 1 sequences (21)
I->V, 1 sequences (]

Position 184, total mutations 2, 1 different amino acids
T->A, 2 sequences (L5 2,L5 71)

Position 194, total mutations 2, 1 different amino acids
N->S, 2 sequences (1,5 49, L5_63)

Position 197, total mutations 2, 1
T->A, 2 sequences (

ifferent amino acids
5 115)

Position 199, total mutations 2, 2 different amino acids
F->1, 1 sequences (L5 81)
F->Y, 1 sequences (L5_41)

Position 216, total mutations 2, 1 dlfferent amino acids

Position 289, total mutations 2, 2 different amino acids
M->V, 1 sequences (L5 76)
M->L, 1 sequences (L5 71)



ccattgccgt actgacaaag gatgcaggca agctaaccat gggacagcca
ctagtcattc 1441 tggcccccca tgcagtagag gcactagtca
wW@2waazwecc cgaccgctgg ctttccaacg 1501 cccggat BEIVEP2009/054329
tcactatcag gccttgcttt tggacacgga ccgggtccag ttcggaccgg
1561 tggtagccct gaacccggct aggctgctcc cactgcctga
APPEE®INGPchkima@cacaact 1621 gccttgatat cctggccgaa
gcccacggaa cccgacccga cctaacggac cagccgctcc 1681
Positidh308 GGl Bgaioa Al agkilgmindaedzggat g gaagcagtct cttacaagag
godagegtacd (bl2al§icpggage t gcggt gacc accgagaccg
aggtaatctg ggctaaagcc ctgccagccg 1801 ggacat ccgc
Position 306, total mutations 2, 2 dlfferent amino acids
T->A, 1 sequences (L
T->M, 1 sequences (30)

Position 325, total mutations 2, 1 different amino acids
Y->H, 2 sequences (L5 75,L5_79)

Position 346, total mutations 2, 1 different amino acids
E->D, 2 sequences (L5 41,L5 62)

Position 358, total mutations 2, 2 different amino acids
G->W, 1 sequences (L5 _115)
G->V, 1 sequences (5)

Position 374, total mutations 2} 1 different amino acids
Q->R, 2 sequences (I

Position 380, total mutations 2, 1 different amino acids
V->A, 2 sequences (L5 3,15 117)

Position 388, total mutations 2, 1 different amino acids
W->R, 2 sequences (L5 23,L5 104)

Position 390, total mutations 2, 1 different amino acids
R->W, 2 sequences (11, L5 23)

Position 391, total mutations 2, 2 different amino acids
P->S, 1 sequences (L5_101)
P->L, 1 sequences (L5 _2)

Position 409, total mutations 2, 1 different amino acids
C->R, 2 sequences (17, L5 1)

Position 417, total mutations 2, 1 different amino acids
A->V, 2 sequences (L5 _53, L5 _84)

Position 431, total mutations 2, 1 different amino acids
P->Q, 2 sequences (L5 32, L5 51)

Position 433, total mutations 2, 1
V->A, 2 sequences (7,

Position 436, total mutations 2, 1 different amino acids
A->T, 2 sequences (L5_9, L5 _76)

Position 450, total mutations 2, 1 different amino acids
R->H, 2 sequences (L5 41, L5 59)

Position 454, total mutations 2, 1 different Aamlno acids
N->K, 2 sequences (

Position 457, total mutations 2, 2 different amino acids
M->T, 1 sequences (L5 18)
M->R, 1 sequences (L5_66)



t cagcgggct gaact gatag cactcaccca ggccctaaag at ggcagaag
1861 gt aagaagct aaatgtttat actaatagcc gttatgcttt
WO g@vaziogec catatccatg 1921 gagaaat at a cagaaggegr/EP2009/054329
gggttgct ca cat cagaagg caaagagat c aaaaat aaag 1981
acgagatctt ggccctacta aaagccctct ttctgcccaa aagacttagc
APPENDIKaAee@biied2041 gt ccaggaca t caaaaggga cacagcgccg
aggct agagg caaccggatg gctgaccaag 2101 cggcccgaaa
Position 47@ geaABGERhe2, addAgagaain6 agRgacacct ¢ taccctcctc at agaaaatt
V-24.@kequatcesdictad) tt cccgctta attaat gaat tcggatccgg
tggcggttcc ggcggtggat 2221 ctatgggtac cgcaaccgcg

Position 478, total mutations 2, 1 different amino acids
L->P, 2 sequences (L5_21,L5 111)

Position 491, total mutations 2, 1 different amino acids
L->P, 2 sequences (L5 76, L5 84)

Position 494, total mutations 2, 2 different amino acids
N->D, 1 sequences (L5 94)
N->K, 1 sequences (L5 95)

Position 503, total mutations 2, 1 different amino acids
H->R, 2 sequences (L5 40, L5 59)

Position 530, total mutations 2, 1 different amino acids
Q->H, 2 sequences (L5 _61,L5 81)

Position 545, total mutations ifferent amino acids

Position 559, total mutations 2, 2 different amino acids
Q->P, 1 sequences (L5_103)
Q->R, 1 sequences (L5_18)

ifferent amino acids

2)

Position 572, total mutations 2, :
M->L, 1 sequences (.
M->1, 1 sequences (7

Position 597, total mutations 2, 1 different amino acids
I->T, 2 sequences (L5_75,L5 79)

Position 616, total mutations 2, 1 different amino acids
E->K, 2 sequences (L5 75, L5 _79)

Position 618, total mutations 2, 1 different amino acids
L->V, 2 sequences (18, L5_95)

Position 623, total mutations 2, 1 different amino acids
A->V, 2 sequences (12, L5 115)

Position 635, total mutations 2, 2 different amino acids
C->8, 1 sequences (8)
C->R, 1 sequences (L5_106)

Position 642, total mutations 2, 2 different amino acids
H->R, 1 sequences (L5_107)
H->Y, 1 sequences (I

7

Position 676, total mutations 2, 1 different amino acids
S->P, 2 sequences (L5 80, L5 82)

Position 15, total mutations 1,

different amino acids
K->T, 1 sequences (] '

1)




cccggcggat tgagtgcgaa agcgcctgca atgaccccgec 2281
t gat gct gga cacctccagc cgtaagctgg ttgcgtggga tggcaccacc
w@amgarmed g 2341 ccgttggcat tcttgecggtt gct gct geCEP2009/054329

agaccagcac cacgctgacg ttctacaagt 2401 ccggcacgtt

ccgttatgag gatgtgctct ggccggaggc tgccagcgac gagacgaaaa
APP]@IQﬁiXQaQ&ﬂﬁﬁn‘éﬂc gtttgccgga acggcaatca gcatcgttgg

atctggtggc ggttccggcg 2521 gtggatctgg tggcggttcc
Positicd 9§ @6l BG@tone I, IAlrGLRKARIND bGHEITCIYL ggat cgt gt c 2581

t tscipf t RQBRced (1PCYgCCcygc act cgagcac caccaccacc accact gaga

tccggctgect 2641 aacaaagccc gaaaggaagc tgagttggcet

Positiogy €4, ¢peat matetgpns 1, 1 different amino acids
T->A, 1 sequences (L5_40)

Position 26, total mutations 1, 1 different amino acids
L->P, 1 sequences (L5_82)

Position 29, total mutations 1, 1 different amino acids
F->L, 1 sequences (11)

Position 30, total mutations 1, 1 different amino acids
P->L, 1 sequences (L5_23)

Position 36, total mutations 1, 1 different amino acids
T->1, 1 sequences (L5 _99)

Position 37, total mutations 1,

different amino acids
- G->W, 1 sequences (1.3 ]

4)

Position 41, total mutations 1, 1 different amino acids
L->R, 1 sequences (L5 40)

Position 43, total mutations 1, 1 different amino acids
V->1, 1 sequences (L5_2)

Position 51, total mutations 1, 1 different amino acids
P->S, 1 sequences (13)

Position 60, total mutations 1, 1 different amino acids
S->A, 1 sequences (L5 _41)

Position 64, total mutations 1, 1 different amino acids
Y->C, 1 sequences (L5_61)

Position 67, total mutations 1, 1 different amino acids
S->P, 1 sequences (L5_73)

Position 69, total mutations 1, 1 different amino acids
E->G, 1 sequences (L5 _32)

Position 70, total mutations 1, 1 different amino acids
A->V, 1 sequences (L5_88)

Position 74, total mutations 1, 1 different amino acids
I->T, 1 sequences (L5_79)

Position 77, total mutations 1, 1 different amino acids
H->R, 1 sequences (L.5_48)

Position 86, total mutations 1, 1 different amino acids
I->V, 1 sequences (L5 _39)

Position 87, total mutations 1, 1 different amino acids
L->P, 1 sequences (L5 20)



ct gagcaata actagcataa 2701 ccccttgggg cctctaaacg
ggtcttgagg ggttttttgc tgaaaggagg aactatatcc 2761

WQ@o@bigega at gggacgcg ccctgtagcg gcgcattaag CRCOEROY054329
gtggtggtta 2821 cgcgcagcgt gaccgctaca cttgccagcg
ccctagegec cgetcctttc getghtcttce WO

APPEND%Q%Q&%?;%{%%PCT/ EP2009/ 054329 114 2881 cttcctttct
cgccacgitc gccggctttc cccgtcaagce tctaaatcgg gggctccctt

Position 88 404 ulAGY 91 LR AnAMiA3dE0Ct ttacggcacc tcgaccccaa
v-2Raachigali agggt gat g 3001 gttcacgtag tgggccatcg
ccctgataga cggtttttcg ccctttgacg ttggagtcca 3061
Position 89,e@il mdtatidnad 1tddfteqadibacidst gt t ccaaa ct ggaacaac act caaccct
P->gdt Ceqyutect8) 3121 attcttttga tttataaggg attttgccga
. tttcggccta ttggttaaaa aatgagctga 3181 tttaacaaaa
Position 90,4qt3l pyyigiioge & 1diicteptamine 4°idaat at t aac gtttacaatt tcaggtggca
C-Ro4 ettty aaat gt gcge ggaaccccta tttgtttatt
postion 28 BRARAL I SEISARRLIGT0L, 101 2 000t oot a0ncas
s IpAALC el O sagtgctica at aat att ga aaaaggaaga 3361

gt at gagtat tcaacatttc cgtgtcgccc ttattccctt ttttgcggca

Position 93,k dtdl iflGaGdnt € 13RAnGhSbLEdt gC tcacccagaa acgct ggtga

p-aagicqaraaga.stagyrt gaagat cagttgggtg 3481 cacgagt ggg
ttacat cgaa ctggatctca acagcggtaa gatccttgag agttttcgec

Position 96,3584 hueigaddddtygnitaminb eddsat g at gagcactt ttaaagttct

T-gétlatgyergyclytPyt at t at 3601 cccgtattga cgccgggcaa

. agcaact c tcgccgcat acactattct cagaatgact 3661
Position 97, f“t‘ag%’gfél TRHRRP &G cagaaaage at cttacgga tggcat gaca

P-5t SEE¥ESY° 39721 tatgcagt gc tgccat aacc at gagt gata

Position 102BAFHIGRRC, ¢ AAGES: AGhS ot 9acaacga 3781 tcggaggacc
p-3anggaRGt @sagegct tttt tgcacaacat gggggatcat gtaactcgcec

3841 ttgatcgttg ggaaccggag ctgaatgaag ccataccaaa

Position 105 @ACgagoall, gacaet agigaacd®01 t gcct gcagc aat ggcaaca

G-&; gtygrages d.5amet at t aac t ggcgaacta cttactctag 3961
cttcccggca acaattaata gactggatgg aggcggat aa agttgcagga

Position 107 etabmutetiopsc, hdiffarenyamingastdect t ccggetgge tggtttattg

el

Nt bisaueast dotdyageccggt gagegt gggt 4081 ct cgeggt at

iy cattgcagc . ccag atggtaagcc ctcccgtatc gtagttatct
Position Egﬁ%&?ﬁg}:ﬁ 1 %gggggg%%lflgaacg‘éca act at ggat g aacgaaat ag
aCagé‘?cgc gagat aggtg 4201 cctcactgat taagcattgg
Position 112t, @aﬁ{ug&tﬁ@sg, pgeaaphlihfackt catatata ctttagattg 4261

v-a i tagaasisteat ttttaa tttaaaagga tctaggtgaa gatccttttt
gataatctca 4321 tgaccaaaat cccttaacgt gagttttcgt

Position 118 oaboitgagd, Ylifagaaticcacyt agaaaaga 4381 tcaaaggatc
V-4, ¢ sqgragatlsc@dt ttttt ¢ t gcgegtaat ctgectgettg caaacaaaaa

- 4441 aaccaccgct accagcggtg gtttgtttgc cggat caaga

Position 124 @?é‘&‘éﬁ’ﬁ@tl’b% feren #pipecWE01 aggt aact gg cttcagcaga

D’%l:é&eﬁb"ﬁfeégse%f atactgt ccttctagtg tagccgtagt 4561

. t ccacc . c t gt agcac cgcctacata cctcgcectctg
Position %?{;ﬁ%&l‘%ﬁfﬁ& %%Br%%?%%goaaé{dg gc tgctgccagt ggcgat aagt
cgtgtcttac cgggttggac tcaagacgat 4681 agttaccgga
Position 127! BRA0GIEGERY, CPEQP864ac@Racgggggg ttcgtgcaca cagcccagct
p->4 N4iqb@eagEgaac gacct acacc gaact gagat acctacagcg
t gagct at ga gaaagcgcca 4801 cgcttcccga agggagaaag
Position 128¢toglyacatigyt!, bdifagyindeqpcdggcagggt ¢ ggaacaggag 4861
T->4gtaregad gdhget t cca gggggaaacg cctggtatct ttatagtcct
. gtc tttc 4921 gccaccitctg acttgagcgt cgatttttgt
Position 131 tﬁfg”g"?aé‘cg?s ’]agé‘ﬁ@‘gﬂ’&'&ogwgbcct at gga 4981 aaaacgccag

N-CahtdEGe % ttttacggt tcctggectt ttgetggect tttgetcaca

Position 132@9&%&&%&&? 1 §iffGent QGRY &AL CC cctgattctg tggataaccg
P¢§gggﬁgggggiy§@gagtgag 5101 ctgataccgc tcgccgcagc
cgaacgaccg agcgcagcga gtcagtgagc gaggaagcgg 5161
aagagcgcct gatgcggtat tttctcctta cgcatctgtg cggtatttca
caccgcatat 5221 atggtgcact ctcagtacaa tctgctctga
tgccgcatag ttaagccagt atacactccg 5281 ctatcgctac
gt gact gggt cat ggctgcg ccccgacacc cgccaacacc cgctgacgcg
5341 ccctgacggg cttgtctgct cccggcatcc gcttacagac
aagctgtgac cgtctccggg 5401 agctgcatgt gtcagaggtt

.

______________________ -



ttcaccagtg agacgggcaa 6541 cagctgattg cccttcaccg
cctggccctg agagagttgc agcaagcggt ccacgctggt 6601
WO t@eazwegc aggcgaaaat cctgtttgat ggtggttaac gRCHBPRDH054329

aacat gagct 6661 gtcttcggta tcgtcgtatc ccactaccga
gat at ccgca ccaacgcgca gcccggactc 6721 ggtaat ggcg

APPEOBRL UOCSHRiIKk&ATICICcCcat ctgatcgttg gcaaccagca tcgcagtggg
6781 aacgatgccc tcattcagca tttgcatggt ttgttgaaaa

Positioh ¢ BORRAhEMIRACT Gigaak tmiB8AMs gcctt cccgt tccgetatcg
getgaatéquéheattsgcgagt g agatattt at

Position 137, total mutations 1, 1 different amino acids
S->@G, 1 sequences (L5_82)

Position 138, total mutations 1, 1 different amino acids
G->R, 1 sequences (L5 3)

Position 143, total mutations 1, 1 different amino acids
H->R, 1 sequences (LS_3)

Position 149, total mutations 1, 1 different amino acids
L->F, 1 sequences (

Position 151, total mutations 1, 1 different amino acids
L->F, 1 sequences (L5 40)

Position 159, total mutations 1, 1 different amino acids
R->K, 1 sequences (L5 13)

Position 164, total mutations 1, 1 different amino acids
S->@, 1 sequences (L5 _104)

Position 168, total mutations 1, 1 different amino acids
F->S, 1 sequences (L5_41)

Position 173, total mutations 1, 1 different amino acids
R->K, 1 sequences )

Position 174, total mutations 1, 1 different amino acids
D->G, 1 sequences (L5 29)

Position 187, total mutations 1, 1 different amino acids
R->G, 1 sequences (L5_95)

Position 190, total mutations 1, 1 different amino acids
Q->R, 1 sequences (L5 117)

Position 192, total mutations 1, 1 different amino acids
F->L, 1 sequences (L5 42)

Position 207, total mutations 1, 1 different amino acids
L->P, 1 sequences (13)

Position 208, total mutations 1, 1 different amino acids
A->V, 1 sequences (L5_4)

Position 211, total mutations 1, 1 different amino acids
R->W, 1 sequences (L5_56)

Position 214, total mutations 1, 1 different amino acids
H->R, 1 sequences (L5_9)

Position 222, total mutations 1, 1 different amino acids
Y->C, 1 sequences (L5_9)



gccagccagc 6901 cagacgcaga cgcgccgaga cagaacttaa
t gggcccgcet aacagcgcga tttgectggtg 6961 acccaat gcg
waec@agaioget ccacgcccag tcgcgtaccg tcttcat ggg aPEHBERI0AA054329
7021 actgttgatg ggtgtctggt cagagacatc aagaaat aac
gccggaacat tagtgcaggc 708 agcttccaca gcaat ggcat
APPENDECHAQnGaLed Cagcggat ag ttaat gatca gcccactgac 7141
gcgttgcgcg agaagattgt gcaccgccgc tttacaggct tcgacgccgce
Position 223} tht6I@kuta€ibR ¢, 1/R@IenCaliGaGACC accacgct gg cacccagttg
V>t cggagegasgah t t aat cg ccgcgacaat

Position 2285, total mutations 1, 1 different amino acids
D->@G, 1 sequences (L5 _4)

Position 238, total mutations 1, 1 different amino acids
Q->H, 1 sequences (1/565)

Position 240, total mutations 1, 1 different amino acids
T->A, 1 sequences (L5,

Position 241, total mutations 1, 1 different amino acids
R->Q, 1 sequences (16)

Position 242, total mutations 1, 1 different amino acids
A->T, 1 sequences (L5_20)

Position 250, total mutations 1, 1 different amino acids
L->P, 1 sequences (L5_71)

Position 252, total mutations 1, 1 different amino acids
Y->H, 1 sequences (L5 _120)

Position 259, total mutations 1, 1 different amino acids
A->T, 1 sequences (16)

Position 263, total mutations 1, 1 different amino acids
Q->R, 1 sequences (L5 95)

Position 280, total mutations 1, 1 different amino acids
L->P, 1 sequences (L5_60)

Position 282, total mutations 1, 1 different amino acids
E->Q, I sequences (LS_62)

Position 292, total mutations 1, 1 different amino acids
P->L, 1 sequences (L5 _56)

Position 293, total mutations 1, 1 different amino acids
T->A, 1 sequences (L5_9)

Position 295, total mutations 1, 1 different amino acids
K->E, 1 sequences (L5 _107)

Position 298, total mutations 1, 1 different amino acids
R->G, 1 sequences (L5 90)

Position 308, total mutations 1, 1 different amino acids
G->§, 1 sequences (L5_120)

Position 309, total mutations 1, 1 different amino acids

Position 311, total mutations 1, 1 different amino acids
R->H, 1 sequences (16)



7261 ttgcgacggc gcgtgcaggg ccagactgga ggt ggcaacg
ccaatcagca acgactgttt 7321 gcccgccagt tgttgtgcca

W@ o®gaeI0ggg aat gtaattc agctccgcca tcgccgcecttc 7BGI/EP2009/054329
cactttttcc cgcgttttcg cagaaacgtg gctggcctgg ttcaccacgc
gggaaacggt 7441 ctgataagag gpaccggcat actctgcegac

APP@QB?}?%Q Kgﬂtehactggtt tcacattcac 7501 caccct gaat
ccgggcgcta tcatgccata ccgcgaaagg ttttgcgcca

Posmozgﬁzltotd Iﬁ\gﬁfogsglt gd&f&@x@%ﬂ& &EdscganCt ctc ccttatgcga
ch CfPt g&@&eﬁce@@@ gagcagc 76

Position 314, total mutations 1, 1 different amino acids
I->T, 1 sequences (L5 _76)

Position 322, total mutations 1, 1 different amino acids
A->T, 1 sequences (L5 60)

Position 323, total mutations 1, 1 different amino acids
P->L, 1 sequences (21)

Position 326, total mutations 1, 1 different amino acids
P->S, 1 sequences (L5_80)

Position 331, total mutations 1, 1 different amino acids
G->E, 1 sequences (L5_20)

Position 332, total mutations 1, 1 different amino acids
T->1, 1 sequences (23)

Position 339, total mutations 1, 1 different amino acids
D->G, 1 sequences (L5 _117)

Position 343, total mutations 1, 1 different amino acids
A->T, 1 sequences (L5 _82)

Position 351, total mutations 1, 1 different amino acids
L->V, 1 sequences (L5 61)

Position 353, total mutations 1, 1 different amino acids
T->A, 1 sequences (21)

Position 356, total mutations 1, 1 different amino acids
A->G, 1 sequences (L5_82)

Position 369, total mutations 1, 1 different amino acids
F->1, 1 sequences (L5 _118)

Position 376, total mutations 1, 1 different amino acids
Y->C, 1 sequences (L5 118)

Position 379, total mutations 1, 1 different amino acids
G->§, 1 sequences (L5_60)

Position 383, total mutations 1, 1 different amino acids
Q->P, 1 sequences (L5 _117)

Position 392, total mutations 1, 1 different amino acids

Position 415, total mutations 1, 1 different amino acids
A->V, 1 sequences (L5_9)



ccagtagtag gttgaggccg ttgagcaccg ccgccgcaag gaat ggtgca

t gcaaggaga 7681 tggcgcccaa cagtcccccg gc SEQ ID
WON2009325006 | gonucl eotide (22 b) pro-pl VEX PCT/EP2009/054329

5' - GCGAGCCCGATCTTCCCCATCG 3' SEQ I D No: 4

ol i gonucl eotide (21 b) pD-tfp

APPEND %ﬁ%ﬁﬁ TCCACCGCC-3' SEQ ID No: 5
ol 1gonucl eotide (38 b) assrA

Position 434 bAOERGRs TAAGELAT AGld £ CGCT CGTTTGCGACTA- 3 SEQ I'D
No>TG spquedcad (D5 (&33 aa) M.V_pD
nTr gshhhhhhgsgsngnt | ni edehr | het skepdvsl gst W sdf pgawaet g
Positiog Hfl, @tat rgagions 1pl #ifftrett pigo acids
i kepPphsseveesas (Lgi2Rphi qr | | dggi | vpcgspwnt pl | pvkkpgt ndyr pvq
dl r evnkrvedi hp t ynlls
Positiog A4} H AR égrf’&lf“f“fl‘h?ﬁdéqpl f af ewr dpengi sgql twt r | pqg

f K 8‘§F df ri gh
Pomtloﬁghl‘iol?ﬂ){l}{aqg sI 1I ?5’1&&8& g%lgcgghg al | qt | gnl gyr asakkaql quqka
hi&agket vingq

pt pkt pr qI refl gragf crlw pgf aemaapl ypl t kt gt | f nagpdggkayq
Positio Hd60@lal haqeiahsal pateérkphisho acids

f WebeR g eppaigv (15glh gpwr r pvayl skkl dpvaagwppcl r mvaai avl t kd
agkl t nggpl vi | aphaveal vk
Positiop ityeltotal mutasiowst L diffexént dneinahcide)f gpvval npat | | pl peegl ghncl di

| shhigerpeF @91 pdadht wy
Posmo& S| |! ci egqr, k avt t et evi, vvakal pagt saqgr ael i al t gal kmaeg
O> éé

! ZM%IP 6' 2009/ 054329 116

Positioh ﬁ@l %&ﬁﬁ%gﬂshnkﬂﬁérén%lm&dl pkrl sii hcpghgkghsaear gnr mad
qaarkaablelpdbsk) | i enss
pnsrl I nef gsgggsgggsnyt at apggl sakapant pl m dt ssr kl vawdgt

Positioh ¢igaardighutagiviaa diodiSdrént 4rfiiyo acids
k@g’tAf i yeeduknfieatisdet kkrt af agt ai si vgsgggsgggsgggsgggsgg
ggscll SEQ ID No: 7 protein (766 aa) del _pD
Posm"ﬁ‘i‘ stﬁthlﬁﬁll‘ﬂ‘f h%ﬁecr?nmr@%\df het skepdvsl gst W sdf pqawaet g
a%/?e&‘%fﬁ‘fef at st pvs

Posmo? MthKEiBngl?a?‘ ]%%QI f((p}'tlereql{efninn 1d_l, VpCQSant pl | kakpgt ndyr qud

gﬁp kdaffcl rl hptsci pl faf ewr dpengi sggl twt rl pq
PositioD4d4 nstﬁltnlluﬁa@l&all ir gitreaghf dnkifbhcids
pob-p) 1l segowsdell (L3 amt sel deqqgt ral | gt | gt agf cr | wi pgf aenaapl y
pl t kt gt | f nmgpdqgkaygei k
Positiongy#86] totalpakagipre d| It difffreat fmibekidggy akgvl t gkl gpwr r pvayl skkl dpv
ah@%riﬁequ?wéhu@l t kdagk
pI vi | aphaveal vkqppdrV\A snar nt hygal | | dt dr vgf gpvval n

Posmorb @8 g‘ e(rﬁn}agg%? acids
>Pp T?‘ﬁ&%ﬁ gﬁﬂt wyt dgssl | gegqr kagaavt t et evi wakal pagt

I I
POSIUOHQ'@g g‘%‘é{af’ o3 M%?e%%rqﬂ% P segkei knkdei | al | kal fl pkrl sii

hcpghquhsaeargnrnadqaa

Positionf $0aabthl@fufadéns 1 | 1l diferasqasratiinef gsgggsgggsngt at apggl sakap
aprt Pl Inkqlibizsy (k5 wawdgt t dg
aavgi | avaadqtsttltfyksgtfryedviwpeaasdet kkrt af agtai siv

Positiony¥0d.dejal qrytaeysy FEa0gEny 2gdsscl | SEQ I D No: 8
onggan@sw?agg( 15 b) pD 42 5' - TTACGGCTGGAGGTG 3'

Posmo 0nUC| eotide (28 b) RD Nde 5' -
RRATKTG. 3 SEQ I D No: 10
°'g°” °“de(14 b) pD_55 5f - GCCGGECGOGETTG 3

Position 528, total mutations 1, 1 different amino acids
L->1, 1 sequences (L5 _62)




SEQ ID No: 11 oligonucleotide (23 b) MF
5' - GATCAAGCCCCACATACAGAGAC- 3" SEQ I D No: 12
w®@bkiogorines eot i de (19 b) M 2R 5 - GCCCTGCTTCT CGTEINER2008054329
" WD 2009/ 125006PCT/ EP2009/ 054329 117
ol i gonucl eotide (40 b) MEsm®p' -
Appﬂﬁﬁf@ LA EFCCATGACCCTAAATATAGAAGATGAG - 3' SEQ I D
No: 14 oligonucleotide (32 b) MEri 5 -
PositioMATXAATAEADIAAT it il GGGTG 3" SEQ I D No: 15
old-goneglacsiide11Gl8 b) M 1R s- CAGGGECCCGAGTACCTTG 3'
SEQ ID No: 16 oligonucleotide (17 b) M3F 5" -
Positio@GIRAPROBGANOBAGT diEerent @nino 8EE) | D No: 17 ol i gonucl eot i de
( £571p) sqapsnees (LS_H4) AAGAAGACACGATCCACCG 3' SEQ I D No: 18

cleotid 36 b), M H nd3+ 5 -
Pwﬂo&%ﬁm&%ﬁmﬁ%éﬁ% BOSSEAATTGEGTG 3' SEQ ID No: 19
SOGRCE - NI SM COMVENT COMVENT COMVENT

S AENT i GOMVEINT, LVVENT COMMENT
pﬁTﬂhq@M (’L‘g%zppDNA This file is created by Vector
NTI http://ww.invitrogen.conl ORI GDBI GenBank
Positiol/BIBDBIR Erilidio kA 6 P difdreny NIIBIORT EIl 4482937781 LSONNERI
VRFRAMERBESEs (i5s2) MLVI VNTAUTHORNAMEI Remi gi j us
__Skirgailal VNTAUTHORTELI +370-5-23942241 WD
Positiop ffgeebmimiepdT) Efzaogrios4do 118

T->1, 1 sequences (16)

Posmo

Position 551, total mutations 1, 1 different amino acids
A->T, 1 sequences (L5_71)

Position 552, total mutations 1, 1 different amino acids
L->P, 1 sequences (L5 _3)

Position 556, total mutations 1, 1 different amino acids
T->A, 1 sequences (L5 _42)

Position 558, total mutations 1, 1 different amino acids
A->V, 1 sequences (L5 81)

Position 560, total mutations 1, 1 different amino acids
R->W, 1 sequences (13)

Position 562, total mutations 1, 1 different amino acids
E->K, 1 sequences (L5 _71)

Position 570, total mutations different amino acids

Position 573, total mutations 1, 1 different amino acids
A->T, 1 sequences (L5_76)

different amino acids

Position 576, total mutations
K->R, 1 sequences (|

Position 577, total mutations 1, 1 different amino acids
K->Q, 1 sequences (18)

Position 600, total mutations L1 Qifferent amino acids
R->K, 1 sequences (L5 16)

Position 602, total mutations 1, 1 different amino acids
G->R, 1 sequences (3)

Position 622, total mutations 1, 1 different amino acids
K->R, 1 sequences (L5_3)



COMMENTVNTAUTHOREMLI skirgai | a@erment as. 1t 1
COMVENTVNTAUT HORWNALwww. f er ment as. cond
WO-BENIUREG ocat i on/ Qual i fi ers CDS3135.. 3992 PCT/EP2009/054329
/vntifkey="4" /| abel =Ap /note="ORF. Frane #2Start:
atgStop: taa" CDSconpl enent (¢4187..7275) /vntifkey="4"
APPENBDR|~Latindeqot e="ORF: Frane #3Start: gtgStop: tga"
t erm nat or 2465. . 2511 /vnti f key="43"
Positiohl62d) @tarhuidtiogy 171 Bigted: ak@Pacis | i N2548. . 3003
/ \KatH, i kegyende385_25) abel =f 1\ origin rep
ori gi nconpl enent (2537..2537) /vntifkey="33" /| abel =ori
Position 6 Frrtgtabipuatigns, 11 9 ditfgrem prpibkerids” 30" /| abel =PT7
chbg3oeeuased2Pvnt i f key="4" /| abel =MLV CDS258. . 305
bel =hi s BASE COUNT1810 ORI G N a2046

lynt) fkey="4" [].
Positiog ng,%% u%z'e@ns{‘ls {1 g;?fg% FYEYEEE gccaccat ac ccacgccgaa
acaagcgctc é gaggccga agt ggcgagc 61
Position 634, total mutations ifferent amino acids
H->Y, 1 sequences (L.3

Position 643, total mutations 1, 1 different amino acids
S->@, 1 sequences (L5_107)

Position 646, total mutations 1, 1 different amino acids
A->V, 1 sequences (L5 _39)

Position 655, total mutations 1, 1 different amino acids
A->V, 1 sequences (L5_18)

Position 656, total mutations 1, 1 different amino acids
A->T, 1 sequences (16)

Position 661, total mutations 1, 1 different amino acids
I->V, 1 sequences (23)

Position 662, total mutations 1, 1 different amino acids
T->A, 1 sequences (L5 _116)

Position 663, total mutations 1, 1 different amino acids
E->D, 1 sequences (8)

Position 667, total mutations 1, 1 different amino acids
T->A, 1 sequences (L5 _78)

Position 668, total mutations 1, 1 different amino acids
S->P, 1 sequences (L5 _3)

Position 669, total mutations
T->§, 1 sequences (

Adifferent amino acids

)

Position 670, total mutations 1, 1 different amino acids
L->F, 1 sequences (L5_106)

Position 672, total mutations 1, 1 different amino acids
I->T, 1 sequences (L5




ccgatcttcc ccatcggtga tgtcggcgat ataggcgcca gcaaccgcac

ctgtggcgcc 121 ggtgatgccg gccacgatgc gtccggegta
wWQa@garvg@ag atctatacga aattaatacg 181 act cact aRGI/EP2009/054329

gggagaccac aacggtttcc ctctagaaat aattttgttt aactttaaga

241 aagaggagaa attacatatg agqggatcgc atcaccatca

ccatcacgga tctggttcca 301 tgggcatgac cctaaatata
gaagat gagc at cggctaca tgagacctca aaagagccag 361

gﬁ,ﬁ%ﬁgttttcctca ggcct gggcg

atgtttctct agggtccaca tg
gaaaccgggg 421 gcat gggac
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t gat ggggca gcctactccg aagacccctc 1201 gacaact aag
ggagttccta gggacggcag gcttctgtcg cctctggatc cctgggtttg
wa2@¥/1zg@aat ggc agcccccttg taccctct ca ccaaaacPgUEP2009/054329

gactctgttt aattggggcc 1321 cagaccaaca aaaggcct at
caagaaat ca agcaagctct tctaagpgcc ccagccctgg 1381
ggttgccaga tttgactaag ccctttgaac tctttgtcga cgagaagcag
ggctacgcca 1441 aaggtgtcct aacgcaaaaa ctgggacctt

ggcgt cggcc ggtggcctac ctgtccaaaa 1501 agctagaccc

agt agcagct gggtggcccc cttgcctacg

APPENDIX 6
Conc., Specific activity Highest temperature
of cDNA synthesis
| | mg/ml | 37°C (wmg) | 50°C 1kb 4.5kb
MWLV (v | 34 | 200000 | 45500 FsC |

D200N, L603W (20 mut) | 046 | 260000

D200N, L603W, T330P 4,17 321194 56-58°C 53°C

(MO _1)

D200N, L603W, T330P, | 4,27 311576 174% | 60-62°C | 56°C
EG607K (M1)

D200N, L603W, T330P, | 2,91 348 694 176% | 62°C 61°C

E607K, L139P (M2)

D200N, L603W, N479D, | 5,37 371510 182% | 56-58°C | 56°C
H594R (M3)

D200N, L603W, D653N, | 4,84 358112 155% | 58-60°C | 58°C
D524G (M4)

D200N, L603W, D653N, | 5,23 272 031 180 % | 60-62°C | 58°C

D524G, T330P (M6)




gat ggt agca gccattgccg 1561 tactgacaaa ggat gcaggc

aagctaacca tgggacagcc actagtcatt ctggcccccc 1621
w@t@oagirega ggcact agt c aaacaacccc ccgaccgct g geCT/ERAHES4329

gcccggatga WO 2009/125006 119 PCT/ EP2009/ 054329

1681 ctcactatca ggccttgcett t{gpacacgg accgggtcca

gttcggaccg gtggtagccc 1741 tgaacccggc tacgctgctc

C ct g aggaagggct gcaacacaac tgccttgata 1801
APP@@@F&%C% agcccacgga acccgacccg acctaacgga ccagccgctc

c
sE0 53910
LOCUS PET-his-MLV-pD 7873 bp DNA circular 5-JUN-
2007
SOURCE
ORGANISM
COMMENT This file is created by Vector NTI
http://www.invitrogen.com/
COMMENT ORIGDB|GenBank
COMMENT VNTDATE | 448383004 |
COMMENT VNTDBDATE | 448383004 |
COMMENT LSOWNER |
COMMENT VNTNAME | pET-his-MLV-pD |
COMMENT VNTAUTHORNAME |Remigijus Skirgaila |
COMMENT VNTAUTHORTEL | +370-5-2394224 |
COMMENT VNTAUTHOREML | skirgaila@fermentas.lt|
COMMENT VNTAUTHORWWW | www . fermentas . com |
FEATURES Location/Qualifiers
CDs 3534..4391

/vntifkey="4"

/label=Ap

/note="ORF: Frame #2 Start: atg Stop: taa"

CDS complement (6586..7674)

/vntifkey="4n
/label=lacI
/note="0ORF: Frame #3 Start: gtg Stop: tga"
terminator 2864..2910
/vntifkey=m"43"n
/label=T7\terminator
rep origin 2947..3402
/vntifkey="33"
/label=f1\origin
rep origin complement (2936..2936)
/vntifkey="33"
/label=ori
promoter 174..190
/vntifkey="30"
/label=PT7
misc_feature 2394..2669
/vntifkey="21"
/label=pD
misc_feature 2364..2393
/vntifkey="21"
/label=gs\linker
misc feature 2670..2759
/vntifkey="21"
/label=gs\linker
misc_feature 306..2363
/vntifkey="21"
/label=MLV\H+

misc_feature 258..305
/vntifkey="21"
/label=his
BASE COUNT 1873 a 2155 ¢ 2084 g 1761 t
ORIGIN

1 cacggggcct gccaccatac ccacgccgaa acaagcgcetc atgagcccga agtggcgagce



1861 accacacctg gtacacggat ggaagcagtc tcttacaaga
gggacagcgt aaggcgggag 1921 ctgcggtgac caccgagacc
w@aggtzavet gggct aaagc cctgccagcc gggacat ccg 1BGWIEP2009/054329
ct cagcgggc tgaactgata gcactcaccc aggccctaaa gat ggcagaa
ggt aagaagc 2041 taaatgttta tagfgatagce cgttatgcett
ttgctactgc ccatatccat ggagaaatat 2101 acagaaggcg

t 099t LOSkE. ASALEAGAA0,0G
2T Lot o At

241

301

361

421

481

541

601

661

721

781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
le81l
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541

aagaggagaa
tgggcatgac
atgtttetct
gcatgggact
ccgtgtecat
tacagagact
tgctaccegt
tcaacaagcg
ggctcccacce
tgagactcca
gaatctecagg
tgtttgatga
tcctgctaca
aaggtactcg
aagcccaaat
gatggctgac
gacaactaag
cagaaatggc
cagaccaaca
ggttgccaga
aaggtgtect
agctagaccc
tactgacaaa
atgcagtaga
ctcactatca
tgaacccggce
tcctggeccga
accacacctg
ctgcggtgac
ctcagcgggce
taaatgttta
acagaaggcg
tggccctact
atcaaaaggg
aggcagccat
attcccgcett
ccgcaaccgce
acacctccag
ttettgeggt
tcecgttatga
cgtttgecgg
gtggcggttc
cttgcggeeg
cgaaaggaag
gcctctaaac
aatgggacgc
tgaccgctac
tcgccacgtt
gatttagtgc
gtgggccatc
atagtggact
atttataagg
aatttaacgce
gaaatgtgcg
tcatgagaca
ttcaacattt

attacatatg
cctaaatata
agggtccaca
ggcagttcge
aaaacaatac
gttggaccag
taagaaacca
ggtggaagac
gtcccaccag
ccccaccagt
acaattgacc
ggcactgcac
gtacgtggat
ggcecctgtta
ttgccagaaa
tgaggccaga
ggagttccta
agcceccttg
aaaggcctat
tttgactaag
aacgcaaaaa
agtagcagct
ggatgcaggce
ggcactagtc
ggccttgett
tacgctgetce
agcccacgga
gtacacggat
caccgagacce
tgaactgata
tactgatagc
tgggttgctce
aaaagccctce
acacagcgcece
cacagagact
aattaatgaa
gcececggegga
ccgtaagctg
tgctgctgac
ggatgtgctce
aacggcaatce
cggcggtgga
cactcgagca
ctgagttggce
gggtcttgag
gccctgtage
acttgccagce
cgccggettt
tttacggcac
gccctgatag
cttgttccaa
gattttgceg
gaattttaac
cggaacccct
ataaccctga
ccgtgtegcece

€4 9ecla BagdactidQqa
cataatecaktigl c6aP6a233dggtttcc

agaggatcgce
gaagatgagc
tggctgtctg
caagctcectc
cccatgtceac
ggaatactgg
gggactaatg
atccacccca
tggtacactg
cagcctctcet
tggaccagac
agagacctag
gacttactgc
caaaccctag
caggtcaagt
aaagagactg
gggacggcag
taccctcetea
caagaaatca
cecetttgaac
ctgggacctt
gggtggccce
aagctaacca
aaacaacccc
ttggacacgg
ccactgcetyg
acccgacccyg
ggaagcagtc
gaggtaatct
gcactcaccc
cgttatgctt
acatcagaag
tttctgcccea
gaggctagag
ccagacacct
ttcggatceg
ttgagtgcga
gttgcgtggg
cagaccagca
tggccggagg
agcatcgttg
tctggtggeg
ccaccaccac
tgctgeccacc
gggttttttg
ggcgcattaa
gcecctagege
ccccgtcaag
ctcgacccca
acggtttttce
actggaacaa
atttcggcct
aaaatattaa
atttgtttat
taaatgctte
cttattcccect

ctctagaaat
atcaccatca
atcggctaca
attttcctceca
tgatcatacc
aagaagccag
taccctgcceca
attataggcc
ccgtgcccaa
tgcttgattt
tcgcctttga
tccecacaggg
cagacttccg
tggccgececac
ggaacctcgg
atctggggta
tgatggggca
gcttetgteg
ccaaaacggg
agcaagctcet
tctttgtega
ggcgtcggec
cttgcctacg
tgggacagcc
ccgaccgetyg
accgggtceca
aggaagggct
acctaacgga
tcttacaaga
gggctaaagc
aggccctaaa
ttgctactgce
gcaaagagat
aaagacttag
gcaaccggat
ctaccctect
gtggcggtte
aagcgcctge
atggcaccac
ccacgctgac
ctgccagecga
gatctggtgg
gttceggegg
caccactgag

gctgagcaat
ctgaaaggag
gcgcggceggyg
ccgctecettt
ctctaaatcg
aaaaacttga
gcecctttgac
cactcaaccc
attggttaaa
cgtttacaat
ttttctaaat
aataatattg
tttttgcggce

aattttgttt
ccatcacgga
tgagacctca
ggcctgggcg
tctgaaagca
actggggatc
gtcccectgg
tgtccaggat
cccttacaac
aaaggatgcc
gtggagagat
tttcaaaaac
gatccagcac
ttctgagcta
gtatcgggcce
tcttctaaaa
gcctacteeg
cctetggatce
gactctgttt
tctaactgcc
cgagaagcag
ggtggcctac
gatggtagca
actagtcatt
gcttteccaac
gttcggaccg
gcaacacaac
ccagccgctce
gggacagcgt
cctgcecagec
gatggcagaa
ccatatccat
caaaaataaa
cataatccat
ggctgaccaa
catagaaaat
cggcggtgga
aatgaccccg
cgacggtgcet
gttctacaag
cgagacgaaa
cggttecegge
tggatcgtgt
atccggcetge
aactagcata
gaactatatc
tgtggtggtt
cgctttette
ggggctccct
ttagggtgat
gttggagtcc
tatctcggtc
aaatgagctg
ttcaggtgge
acattcaaat
aaaaaggaag
attttgcctt

aattaatacg
aactttaaga
tctggttececa
aaagagccag
gaaaccgggyg
acctctacce
aagccccaca
aacacgcccece
ctgagagaag
ctcttgagecg
tttttetgcee
ccagagatgg
agtcccacce
ccagacttga
gactgccaac
tcggceccaaga
gagggtcaga
aagaccccte
cctgggtttg
aattggggcce
ccagccecctygg
ggctacgcca
ctgtccaaaa
gccattgeceg
ctggccccecee
gcccggatga
gtggtagccce
tgccttgata
ccagacgccg
aaggcgggag
gggacatccg
ggtaagaagc
ggagaaatat
gacgagatct
tgtccaggac
gcggeccgaa
tcatcaccca
tctatgggta
ctgatgctgg
gcecgttggca
tccggecacgt
aaacggaccg
ggtggatctg
cttctttaag
taacaaagcc
accccttggg
cggattggcyg
acgcgcagcg
ccttecttte
ttagggttcce
ggttcacgta
acgttcttta
tattcttttg
atttaacaaa
acttttcggg
atgtatccge
agtatgagta
cctgtttttg

gﬁgﬂ a%gé&%%LQag%agggg%gg agt%kggcgcc



at caaaaggg acacagcgcc gaggct agag gcaaccggat ggctgaccaa
gcggcccgaa 2281 aggcagccat cacagagact ccagacacct
wee@eazIoect cat agaaaat tcatcaccca 2341 att cccgRCT/EP2009/054329
aattaattaa gcttgcggcc gcactcgagc accaccacca ccaccactga
2401 gatccggctg ctaacaaagc crggaaaggaa gctgagttgg
ctgctgccac cgctgagcaa 2461 taactagcat aaccccttgg
086t 6t ARac£B0ALEJd g P bl L] 9641938809243 g gcacgagtyg
ggaachadaatt €20gat dod g6t Jaat HPYed a66Cet G 3P sEQICHE Mt gaagaac
ayeyCcggoggcF8ia gt egt ggtaaagttc

3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081

acgeccgggea
actcaccagt
ctgccataac
cgaaggagct
gggaaccgga
caatggcaac
aacaattaat
ttcecggetgg
tcattgcagce
ggagtcaggc
ttaagcattg
ttcattttta
tcecttaacg
cttcttgaga
taccagecggt
gcttcagcag
acttcaagaa
ctgctgececag
ataaggcgca
cgacctacac
aagggagaaa.
gggagcttcc
gacttgagcg
gcaacgcggc
ctgcgttatce
ctcgeegeag
tgatgcggta
tctcagtaca
cgtgactggg
gcttgtctgce
tgtcagaggt
gcgtggtcgt
ttctccagaa
tcctgtttgg
ccgatgaaac
ctggaacgtt
actcagggtce
cagcatcctg
agactttacg
ttgcagcagce
aggcaacccce
ggggccgceca
gtgacgaagg
atcgtegege
tgtcctacga
cgcgeccace
ggtgcctaat
tcgggaaacc
ttgcgtattyg
gccecttecace
caggcgaaaa
atcgtecgtat
gcgecattgeg
ctcattcagce
ttccgectatce
acgcgcecgag

agagcaactc
cacagaaaag
catgagtgat
aaccgcectttt
gctgaatgaa
aacgttgcge
agactggatg
ctggtttatt
actggggcca
aactatggat
gtaactgtca
atttaaaagg
tgagtttteg
tcettttttt
ggtttgtttg
agcgcagata
ctctgtagca
tggcgataag
gcggtcggge
cgaactgaga
ggcggacagg

agggggaaac
tcgatttttg

ctttttacgg
ccctgattet
ccgaacgacc
ttttctectt
atctgetctg
tcatggectge
tccecggeate
tttcacecgte
gaagcgattc
gcgttaatgt
tcactgatge
gagagaggat
gtgagggtaa
aatgccageg
cgatgcagat
aaacacggaa
agtcgcttceca
gccagcctag
tgccggegat
cttgagcgag
tccagcgaaa
gttgcatgat
ggaaggagct
gagtgagcta
tgtcgtgcca
ggcgccaggyg
gcctggeccet
tcctgtttga
cccactaccg
cccagecgeca
atttgcatgg
ggctgaattt
acagaactta

ggtcgccgcea
catcttacgg
aacactgcgg
ttgcacaaca
gccataccaa
aaactattaa
gaggcggata
gctgataaat
gatggtaagc
gaacgaaata
gaccaagttt
atctaggtga
ttcecactgag
ctgcgcgtaa
ccggatcaag
ccaaatactg
ccgectacat
tcgtgtctta
tgaacggggg
tacctacagce
tatccggtaa
gcctggtate
tgatgctecgt
ttecetggecet
gtggataacc
gagcgcagcg
acgcatctgt
atgccgcata
gccccgacac
cgcttacaga
atcaccgaaa
acagatgtct
ctggettcetg
ctccgtgtaa
gctcacgata
acaactggeg
cttcgttaat
ccggaacata
accgaagacc
cgttegeteg
ccgggtecte
aatggcctge
ggcgtgcaag
gcggtecteg
aaagaagaca
gactgggttg
acttacatta
gctgcattaa
tggtttttet
gagagagttg
tggtggttaa
agatatccge
tctgatcgtt
tttgttgaaa
gattgcgagt
atgggccecge

tgctatgtgg
tacactattc
atggcatgac
ccaacttact
tgggggatca
acgacgagceg
ctggcgaact
aagttgcagg
ctggagccgg
ccteccgtat
gacagatcgc
actcatatat
agatcectttt
cgtcagacce
tctgctgett
agctaccaac
tccttctagt
acctcgectcet
ccgggttgga
gttcgtgcac
gtgagctatg
gcggcagggt
tttatagtcc
caggggggcyg
tttgctggece
gtattaccgce
agtcagtgag
gcggtattte
gttaagccag
ccgccaacac
caagctgtga
cgecgcgagge
gcctgttcat
ataaagcggg
gggggatttc
cgggttactg
gtatggatgc
acagatgtag
atggtgcagg
attcatgttg
cgtatcggtg
aacgacagga
ttctcgecega
attccgaata
ccgaaaatga
gtcataagtg
aaggctctca
attgcegttge
tgaatcggcece
tttcaccagt
cagcaagcgg
cggcgggata
accaacgegce
ggcaaccagc
accggacatg
gagatattta
taacagcgeg

cgcggtatta
tcagaatgac
agtaagagaa
tctgacaacg
tgtaactcegce
tgacaccacg
acttactcta
accacttctg
tgagcgtggyg
cgtagttatc
tgagataggt
actttagatt
tgataatctc
cgtagaaaag
gcaaacaaaa
tcttttteeg
gtagccgtag
gctaatcctg
ctcaagacga
acagcccagce
agaaagcgcc
cggaacagga
tgtcgggttt
gagcctatgg
ttttgcteac
ctttgagtga
cgaggaagcg
acaccgcata
tatacactcc
ccgctgacge
ccgtctecgg
agctgeggta
ccgegtecag
ccatgttaag
tgttcatggg
atgatgaaca
ggcgggacca
gtgttccaca
gcgctgactt
ttgctcaggt
attcattctg
gcacgatcat
aacgtttggt
ccgcaagega
cccagagegce
cggcgacgat
agggcatcgg
gctcactgcece
aacgcgcggyg
gagacgggca
tccacgetgg
taacatgagce
agcccggact
atcgcagtgg
gcactccagt
tgccagccag
atttgctggt

tcecegtattyg
ttggttgagt
ttatgcagtg
atcggaggac
cttgatcgtt
atgcctgceag
gcttcecececgge
cgctecggcecce
tctecgeggta
tacacgacgg
gcctcactga
gatttaaaac
atgaccaaaa
atcaaaggat
aaaccaccgce
aaggtaactg
ttaggccacc
ttaccagtgg
tagttaccgg
ttggagcgaa
acgcttceeg
gagcgcacga
cgccacctet
aaaaacgcca
atgttctttc
gctgataccg
gaagagcgcce
tatggtgcac
gctatcgeta
gccctgacgg
gagctgcatg
aagctcatca
ctcgttgagt
ggcggttttt
ggtaatgata
tgcccggtta
gagaaaaatc
gggtagccag
ccgcgtttece
cgcagacgtt
ctaaccagta
gcgcacccgt
ggcgggacca
caggccgatc
tgccggceace
agtcatgccc
tcgagatcce
cgctttcececag
gagaggcggt
acagctgatt
tttgcececag
tgtctteggt
cggtaatgge
gaacgatgcc
cgecttececg
ccagacgcag
gacccaatgc



tacgcgcagc gtgaccgcta cacttgccag cgccctagcg cccgetcctt
2641 tcgctttctt cccttcecttt ctcgccacgt tcgccggctt
W0 eoagioe@a gctctaaatc 2701 gggggctccc tttagggeCTEP2009/054329
cgatttagtg ctttacggca cctcgacccc aaaaaacttg 2761
attagggtga tggttcacgt agtggggoat cgccctgata gacggttttt
cgccctttga 2821 cgttggagtc cacgttcttt aatagtggac

t 141054 £682 AAC L LR LR GREILRAGE 288 Ll AlSE

gagagtq:aa

tactgttgat

CiAlt gddtlyt c Gt ttfa3a6h 098 Jabb 84L gaddoh680Gead @b g9tda8B tecac

2941 apaatgagCtcgabtifneasycggata gttaatgate agcccactga
7321 gagaagattg tgcaccgccg ctttacagge ttcgacgccg cttegttcta
7381 caccacgctg gcacccagtt gatcggcgeg agatttaatc gocgegacaa
7441 cgcgtgcagg gccagactgg aggtggcaac gccaatcage aacgactgtt
7501 ttgttgtgcc acgeggttgg gaatgtaatt cagctccgece atecgeegett
7561 ccgcgtttte gcagaaacgt ggctggectg gttcaccacyg cgggaaacgg
7621 gacaccggca tactctgcga catcgtataa cgttactggt ttcacattca
7681 ttgactctct tccgggeget atcatgccat accgcgaaag gttttgcgec
7741 gtccgggatc tcgacgetct cccttatgeg actcctgeat taggaageag
7801 ggttgaggcc gttgagcacc gcegccgcaa ggaatggtge atgcaaggag
7861 acagtccccc ggc
SEQ ID No: 2
LOCUS PET_his del pD 7702 bp DNA circular
2007
SOURCE
ORGANISM
COMMENT This file is created by Vector NTI
http://www.invitrogen.com/
COMMENT VNTDATE | 448455242 |
COMMENT VNTDBDATE | 448455855 |
COMMENT LSOWNER |
COMMENT VNTNAME | pET_his del pD]|
COMMENT VNTAUTHORNAME | Remigijus Skirgaila]
COMMENT VNTAUTHORTEL | +370-5-2394224 |
COMMENT VNTAUTHOREML | skirgaila@fermentas.lt |
COMMENT VNTAUTHORWWW | www . fermentas. com|
FEATURES Location/Qualifiers
misc_feature 2499..2588
/vntifkey="21"
/label=gs\linker
misc_feature 2193..2222
/vntifkey="21"
/label=gs\linker
misc_feature 2223..2498
/vntifkey="21"
/label=pD
promoter 174..190
/vntifkey="30"
/label=PT7
rep origin complement (2765..2765)
/vntifkey="33"
/label=ori
rep_origin 2776..3231
/vntifkey="33"
/label=fl\origin
terminator 2693..2739
/vntifkey="43"
/label=T7\terminator
CDS complement (6415..7503)
/vntifkey="4"
/label=lacI
/note="ORF: Frame #3 Start: gtg Stop:

CDsS

3363..4220

cgegttgege
ccatcgacac
tttgecgacgg
tgcccgeeag
ccacttttte
tctgataaga
ccaccctgaa
attcgatggt
cccagtagta
atggcgccca

6-JUN-

tga n



aaatttaacg
tttcaggtgg
W@ paoptizoema
aat aaccctg
gagt at gagt

cgaattttaa caaaatatta acgtttacaa 3001
cacttttcgg ggaaat gtgc gcggaacccc tatttgttta

3061 tacattcaaa tatgtatccg ctcat gaReEP2009/054329
ataaatgctt caataatatt 3121 gaaaaaggaa
attcaacatt tccgtgjpegc ccttattccc ttttttgecgg

3181 cattttgcct tcectgttttt gctcacccag aaacgct ggt
gaaagt aaaa gat g¢fgaagd, 3441 atcagttggg tgcacgagtg
ggttacatcg aactyggahch, caacagcggt aagatccttg 3301

agagttttcg cccegaagadricgriddeC§Aa start: atg

misc_feature

misc_feature

BASE COUNT

ORIGIN
1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
le681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821

1823 a

cacggggcecet
ccgatettec
ggtgatgccg
actcactata
aagaggagaa
tgggcatgac
atgtttctet
gcatgggact
ccgtgtceat
tacagagact
tgctacecegt
tcaacaagcg
ggctcccacce
tgagactcca
gaatctcagg
tgtttgatga
tcctgctaca
aaggtactcg
ctgggtttgce
attggggccc
cagcecectggg
gctacgccaa
tgtccaaaaa
ccattgeccegt
tggccececca
cccggatgac
tggtagccct
gccttgatat
cagacgccga
aggcgggage
ggacatccgce
gtaagaagct
gagaaatata
acgagatctt
gtccaggaca
cggcccgaaa
catcacccaa
ctatgggtac
tgatgctgga
ccgttggcecat
ccggecacgtt
aacggaccge
gtggatctgg
ttctttaage
aacaaagccc
ccecttgggg
ggattggcga
cgcgcagcegt

258..305

/vntifkey="21"

/label=his
306..2192

/vntifkey="21"

/label=del
2115

gccaccatac
ccatcggtga
gccacgatgce
gggagaccac
attacatatg
cctaaatata
agggtccaca
ggcagttcge
aaaacaatac
gttggaccag
taagaaacca
ggtggaagac
gtcccaccag
ccccaccagt
acaattgacc
ggcactgcac
gtacgtggat
ggccctgtta
agaaatggca
agaccaacaa
gttgccagat
aggtgtccta
gctagaccca
actgacaaag
tgcagtagag
tcactatcag
gaacccggcet
cctggccgaa
ccacacctgg
tgcggtgacc
tcagcggget
aaatgtttat
cagaaggcgt
ggccctacta
tcaaaaggga
ggcagccatc
ttccegetta
cgcaaccgcg
cacctccagce
tcttgeggtt
ccgttatgag
gtttgecegga
tggcggttcc
ttgcggeege
gaaaggaagc
cctctaaacg
atgggacgcg
gaccgctaca

c 2033 g

ccacgccgaa
tgtcggcgat
gtccggegta
aacggtttcc
agaggatcgce
gaagatgagc
tggctgtctg
caagctccte
cccatgtcecac
ggaatactgg
gggactaatg
atccacccca
tggtacactg
cagcctctcet
tggaccagac
agagacctag
gacttactgce
caaaccctag
gceccecttgt
aaggcctatce
ttgactaagce
acgcaaaaac
gtagcagctg
gatgcaggca
gcactagtca
gccttgettt
acgctgetce
gcccacggaa
tacacggatg
accgagaccg
gaactgatag
actaatagcc
gggttgctca
aaagccctct
cacagcgccg
acagagactc
attaatgaat
ccecggeggat
cgtaagcectgg
gctgctgacce
gatgtgctcet
acggcaatca
ggcggtggat
actcgagcac
tgagttggct
ggtcttgagg
ccectgtageg
cttgccageg

acaagcgcetc
ataggcgcca
gaggatcgag
ctctagaaat
atcaccatca
atcggctaca
attttecctca
tgatcatacc
aagaagccag
taccctgeca
attataggce
ccgtgceccaa
tgcttgattt
tcgectttga
tceccacaggg
cagacttccg
tggccgcecceac
ggacggcagg
accctctcac
aagaaatcaa
cctttgaact
tgggaccttg
ggtggccceccce
agctaaccat
aacaaccccec
tggacacgga
cactgccectga
ccecgacccga
gaagcagtct
aggtaatctg
cactcaccca
gttatgcttt
catcagaagg
ttctgcceaa
aggctagagg
cagacacctc
tcggatcegg
tgagtgcgaa
ttgcgtggga
agaccagcac
ggccggaggce
gcatcgttgg
ctggtggcgg
caccaccacc
gctgccacceg
ggttttttge
gcgcattaag
ccctagegec

Stop:

1731 t

atgagcccga
gcaaccgcac
atctatacga
aattttgttt
ccatcacgga
tgagacctca
ggcctgggeg
tctgaaagca
actggggatc
gtcccectgg
tgtccaggat
ccettacaac
aaaggatgcecc
gtggagagat
tttcaaaaac
gatccagcac
ttctgagceta
cttctgtege
caaaacgggg
gcaagctctt
ctttgtcgac
gcgtcggecg
ttgecctacgg
gggacagcca
cgaccgetgg
ccgggteccag
ggaagggctg
cctaacggac
cttacaagag
ggctaaagcce
ggccctaaag
tgctactgece
caaagagatc
aagacttagc
caaccggatg
taccctecte
tggecggttcec
agcgecctgcea
tggcaccacc
cacgctgacg
tgccagcgac
atctggtggce
ttceggeggt
accactgaga
ctgagcaata
tgaaaggagg
cgcggegggt
cgctecttte

taa"

agtggcgagce
ctgtggegece
aattaatacg
aactttaaga
tctggttceca
aaagagccag
gaaaccgggg
acctctacce
aagccccaca
aacacgcccce
ctgagagaag
ctcttgageg
tttttectgece
ccagagatgg
agtcccacce
ccagacttga
gactgccaac
ctctggatcce
actctgttta
ctaactgccecce
gagaagcagg
gtggcctacc
atggtagcag
ctagtcattc
ctttccaacg
ttecggaccgg
caacacaact
cagccgctcce
ggacagcgta
ctgccageeg
atggcagaag
catatccatg
aaaaataaag
ataatccatt
gctgaccaag
atagaaaatt
ggcggtggat
atgaccccge
gacggtgctg
ttctacaagt
gagacgaaaa
ggttccggeg
ggatcgtgtc
tceggetget
actagcataa
aactatatcc
gtggtggtta
gctttcttece



t gat gagcac ttttaaagtt ctgctatgtg 3361 gcgcggtatt
atcccgtatt gacgccgggc aagagcaact cggtcgccgc atacactatt
w@4my/1z306@gaat ga cttggttgag tactcaccag tcacagaReE®EEP2009/054329
gcatcttacg gatggcatga 3481 cagtaagaga att at gcagt
gctgccataa ccatgagtga taacacigcg gccaacttac 3541
ttctgacaac gatcggagga ccgaaggagc taaccgcttt tttgcacaac

ab §40g0alc . 3801, Al QLRACHE
agedi0aaiogar AaL 6 L AGE - Racgacy

Gy fectid %% g%:

gadogc 6t gRagORAalgHEcatcL£ aa@@attggeg cggttttteg

3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361

cgttctttaa
attcttttga
tttaacaaaa
cttttecgggg
tgtatccget
gtatgagtat
ctgtttttge
cacgagtggg
ccgaagaacyg
cccgtattga
tggttgagta
tatgcagtgce
tcggaggacce
ttgatcgttyg
tgcctgeage
cttcececggea
gctecggecct
ctegeggtat
acacgacggg
cctcactgat
atttaaaact
tgaccaaaat
tcaaaggatc
aaccaccgct
aggtaactgg
taggccacca
taccagtggc
agttaccgga
tggagcgaac
cgcttceceega
agcgcacgag
gccacctcetg
aaaacgccag
tgttctttece
ctgataccgce
aagagcgcect
atggtgcact
ctatcgctac
ccctgacggg
agctgcatgt
agctcatcag
tcgttgagtt
gcggtttttt
gtaatgatac
gceceggttac
agaaaaatca
ggtagccagce
cgcgtttcca
gcagacgttt
taaccagtaa
cgcacccgtg
gcgggaccag
aggccgatca
gcecggcacct
gtcatgccce
cgagatccecg

tagtggactc
tttataaggg
atttaacgcg
aaatgtgcgce
catgagacaa
tcaacatttc
tcacccagaa
ttacatcgaa
tttteccaatg
cgeccgggeaa
ctcaccagtce
tgccataacc
gaaggagcta
ggaaccggag
aatggcaaca
acaattaata
tcecggetgge
cattgcagca
gagtcaggca
taagcattgg
tcatttttaa
ccecttaacgt
ttcttgagat
accagcggtg
cttcagcaga
cttcaagaac
tgctgccagt
taaggcgcag
gacctacacc
agggagaaag
ggagcttcca
acttgagcgt
caacgcggcec
tgcgttatce
tcgececgeage
gatgcggtat
ctcagtacaa
gtgactgggt
cttgtctget
gtcagaggtt
cgtggtcgtg
tctcecagaag
cctgtttggt
cgatgaaacg
tggaacgttg
ctcagggtca
agcatecctgce
gactttacga
tgcagcagca
ggcaaccccg
gggccgccat
tgacgaaggce
tcgtcecgeget
gtcctacgag
gcgcccaccg
gtgcctaatg

ttgttccaaa
attttgcega
aattttaaca
ggaaccccta
taaccctgat
cgtgtegecce
acgctggtga
ctggatctca
atgagcactt
gagcaactcg
acagaaaagc
atgagtgata
accgcttttt
ctgaatgaag
acgttgcgcea
gactggatgg
tggtttattg
ctggggccag
actatggatg
taactgtcag
tttaaaagga
gagttttcegt
ccttttttte
gtttgtttgce
gcgcagatac
tctgtagcecac
ggcgataagt
cggtcgggcet
gaactgagat
gcggacaggt
gggggaaacg
cgatttttgt
tttttacggt
cctgattctg
cgaacgaccg
tttctectta
tctgctetga
catggctgeg
ccecggceatcee
ttcaccgtca
aagcgattca
cgttaatgtce
cactgatgcc
agagaggatg
tgagggtaaa
atgccagecgce
gatgcagatc
aacacggaaa
gtcgctteac
ccagcctage
gccggcgata
ttgagcgagy
ccagcgaaag
ttgcatgata
gaaggagctg
agtgagctaa

ctggaacaac
tttcggecta
aaatattaac
tttgtttatt
aaatgcttca
ttattccctt
aagtaaaaga
acagcggtaa
ttaaagttct
gtcgccgeat
atcttacgga
acactgecggce
tgcacaacat
ccataccaaa
aactattaac
aggcggataa
ctgataaatc
atggtaagcc
aacgaaatag
accaagttta
tctaggtgaa
tcecactgagce
tgcgcegtaat
cggatcaaga
caaatactgt
cgcctacata
cgtgtettac
gaacgggggg
acctacagcg
atccggtaag
cctggtatcet
gatgctegtce
tcetggectt
tggataaccg
agcgcagcga
cgcatctgtg
tgccgcatag
cccecgacacce
gcttacagac
tcaccgaaac
cagatgtctg
tggcttctga
tcecgtgtaag
ctcacgatac
caactggcgg
ttcgttaata
cggaacataa
ccgaagacca
gttcgectege
cgggtcctcea
atggcctgcet
gcgtgcaaga
cggtectege
aagaagacag
actgggttga
cttacattaa

ab 999382604,
81036366 Gat

ccetttgacg
actcaaccct
ttggttaaaa
gtttacaatt
tttctaaata
ataatattga
ttttgecggea
tgctgaagat
gatccttgag
gctatgtgge
acactattct
tggcatgaca
caacttactt
gggggatcat
cgacgagcgt
tggcgaacta
agttgcagga
tggagcecggt
ctececegtate
acagatcgcet
ctcatatata
gatccttttt
gtcagacccc
ctgctgettyg
gctaccaact
ccttectagtyg
cctegetetg
cgggttggac
ttcgtgcaca
tgagctatga
cggcagggtce
ttatagtect
aggggggcgyg
ttgctggect
tattaccgec
gtcagtgagc
cggtatttca
ttaagcecagt
cgccaacacc
aagctgtgac
gcgcgaggcea
cctgttecatc
taaagcgggce
ggggatttct
gggttactga
tatggatgcg
cagatgtagg
tggtgcaggg
ttcatgttgt
gtatcggtga
acgacaggag
tctecgecgaa
ttccgaatac
cgaaaatgac
tcataagtgce
aggctctcaa
ttgcgttgeg

gggctcccett
tagggtgatg
ttggagtcca
atctcggtcect
aatgagctga
tcaggtggca
cattcaaata
aaaaggaaga
ttttgcette
cagttgggtyg
agttttcgec
gcggtattat
cagaatgact
gtaagagaat
ctgacaacga
gtaactcgcce
gacaccacga
cttactctag
ccacttctge
gagcgtgggt
gtagttatct
gagataggtyg
ctttagattg
gataatctca
gtagaaaaga
caaacaaaaa
ctttttcega
tagccgtagt
ctaatcctgt
tcaagacgat
cagcccaget
gaaagcgcca
ggaacaggag
gtcgggttte
agcctatgga
tttgctcaca
tttgagtgag
gaggaagcgg
caccgcatat
atacactceg
cgctgacgeg
cgtectececggg
gctgcggtaa
cgcgtcececage
catgttaagg
gttcatgggy
tgatgaacat
gcgggaccag
tgttccacag
cgctgactte
tgctcaggtce
ttcattctge
cacgatcatg
acgtttggtyg
cgcaagcgac
ccagagcgcet
ggcgacgata
gggcatcggt
ctcactgecce



actggcgaac 3721 tacttactct agcttcccgg

t agact ggat ggaggcggat aaagttgcag 3781

gcgctcggec cttccggetg getggtttat tRCT/BRI0aH654329
3841 gtgagcgtgg gtctcgcggt atcattgcag

cact ggggcc agatggtaag ccctceggta 3901 tcgtagttat

ctacacgacg gggagtcagg caact atgga t gaacgaaat agacagatcg
35%%& ééﬁ%géé gd %QgéEa E EE Qe thggﬂ Q£ ca acgcgc
ARt NPT D R e s

caaactatta
caacaattaa
W@ 2ameazvet

t ct ggagccg

ctisaatdddtbarat ttaAaaacePatedrggt agagagttge

6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681

ttgccccage
gtcttcggta
ggtaatggcyg
aacgatgeccc
gcctteecegt
cagacgcaga
acccaatgcg
actgttgatg
agcttccaca
gcgttgcgeg
catcgacacc
ttgcgacggce
gccecgecagt
cactttttcc
ctgataagag
caccctgaat
ttcgatggtyg
ccagtagtag
tggcgcceaa

SEQ ID No: 3

aggcgaaaat
tcgtcgtatce
cgecattgege
tcattcagca
tcecgetatceg
cgcgceccgaga
accagatgct
ggtgtctggt
gcaatggcat
agaagattgt
accacgctgg
gcgtgcaggg
tgttgtgcca
cgcgtttteg
acaccggcat
tgactctctt
tcegggatcet
gttgaggceg
cagtccceeg

oligonucleotide (22 b)
pro-pIVEX
5’ ~-GCGAGCCCGATCTTCCCCATCG-3"

SEQ ID No: 4

oligonucleotide (21 b)

pD-ter

5’ -AAGAAGACACGATCCACCGCC-37

SE

ID No: 5

oligonucleotide (38 b)

assri

cctgtttgat
ccactaccga
ccagcgccat
tttgcatggt
gctgaatttg
cagaacttaa
ccacgcccag
cagagacatc
cctggtcatce
gcaccgcege
cacccagttg
ccagactgga
cgcggttggg
cagaaacgtg
actctgecgac
ccgggcgcta
cgacgctctc
ttgagcaccg
gc

ggtggttaac
gatatcecgca
ctgatcgttyg
ttgttgaaaa
attgcgagtyg
tgggcceget
tcgegtaceg
aagaaataac
cagcggatag
tttacaggct
atcggcgega
ggtggcaacg
aatgtaattc
gctggcctgyg
atcgtataac
tcatgccata
ccttatgecga
ccgccgcaag

5’ -TTAAGCTGCTAAAGCGTAGTTTTCGTCGTTTGCGACTA-3

SEQ ID No: 6
protein (833 aa)
MLV _pD ,

agcaagcggt
ggcgggatat
ccaacgcgcea
gcaaccagca
ccggacatgg
agatatttat
aacagcgcga
tcttecatggg
gccggaacat
ttaatgatca
tcgacgeege
gatttaatcg
ccaatcagca
agctccgecca
ttcaccacge
gttactggtt
ccgcgaaagg
ctcetgeatt
gaatggtgca

ccacgctggt
aacatgagct
gcccggacte
tcgcagtggg
cactccagtc
gccagccage
tttgctggtg
agaaaataat
tagtgcaggce
gcccactgac
ttcgttctac
ccgcgacaat
acgactgttt
tcgecegette
gggaaacggt
tcacattcac
ttttgcgcca
aggaagcagc
tgcaaggaga

mrgshhhhhhgsgsmgmtlniedehrlhetskepdvslgstwlsdfpgawaetggmglavrgapliiplkatstpvs
ikgypmsgearlgikphiqrlldggilvpcgspwntpllpvkkpgtndyrpvgdlrevnkrvedihptvpnpynlls
glppshqwytvldlkdaffclrlhptsgplfafewrdpemgisggltwtrlpggfknsptlfdealhrdladfrigh
pdlillgyvddlllaatseldegggtrallgtlgnlgyrasakkagicgkgvkylgyllkeggrwltearketvmgg
ptpktprglreflgtagfcrlwipgfaemaaplypltktgtlfnwgpdagkaygeikgalltapalglpdltkpfel
fvdekqggyakgvltgklgpwrrpvaylskkldpvaagwppclrmvaaiavltkdagkltmggplvilaphavealvk
gppdrwlsnarmthygallldtdrvgfgpvvalnpatllplpeeglghncldilaeahgtrpdltdgplpdadhtwy
tdgssllgeggrkagaavtteteviwakalpagtsagraelialtgalkmaegkklnvytdsryafatahihgeiyr



aagatccttt 4081 ttgataatct catgaccaaa atcccttaac

gtgagttttc gttccactga gcgtcagacc 4141 ccgtagaaaa
wQ@ateazagga tcttcttgag atcctttttt tctgcgecgta apCr/BRlogo054329

4201 tgcaaacaaa aaaaccaccg ctaccagcgg tggtttgttt

gccggat caa gagctaccaa 4261 cfgtttttcc gaaggtaact

ggcttcagca gagcgcagat accaaatact gtccttctag 4321

rr 1§€gé39€£¥ﬂké Db aQoGe Erfgigﬂéﬂéﬁeﬁgﬁ Q&éé&hg&éﬁHa ?ﬁéaaeggﬁagétlliens
pngrtiHH$§§§§§é§:éE%%laEéﬁé @@EH&@&mﬂ&ﬁEfﬂﬂzagﬁﬁiaggéﬂfaggﬁﬂéalavaadqtsttltfs
ksgt@i@geUaicaas Hregt girabta a6 Cgaabb e sgggsgggsgggsgggscll

SEQ ID No: 7

protein (766 aa)

del pD
mrgshhhhhhgsgsmgmtlniedehrlhetskepdvslgstwlsdfpgawaetggmglavrgapliiplkatstpvs
ikgypmsgearlgikphiqgrlldggilvpegspwntpllpvkkpgtndyrpvgdlrevnkrvedihptvpnpynlls
glppshgwytvldlkdaffclrlhptsqgplfafewrdpemgisggqltwtrlpggfknsptlfdealhrdladfrigh
pdlillgyvddlllaatseldcqgggtrallqtlgtagfcrlwipgfaemaaplypltktgtlfnwgpdggkaygeik
gqalltapalglpdltkpfelfvdekqgyakgvltgklgpwrrpvaylskkldpvaagwppclrmvaaiavltkdagk
ltmggplvilaphavealvkgppdrwlsnarmthygallldtdrvgfgpvvalnpatllplpeeglghncldilaea
hgtrpdltdgplpdadhtwytdgssllgeggrkagaavtteteviwakalpagtsagraelialtgalkmaegkkln
vytdsryafatahihgeiyrrrglltsegkeiknkdeilallkalflpkrlsiihcpghgkghsaeargnrmadgaa
rkaaitetpdtstlliensspnsrlinefgsgggsgggsmgtatapgglsakapamtplmldtssrklvawdgttdg
aavgilavaadgtsttltfyksgtfryedvlwpeaasdetkkrtafagtaisivgsgggsgggsgggsgggsgggsyg
ggscll

SEQ ID No: 8

oligonucleotide (15 b)
pD_42
5/ -TTACGGCTGGAGGTG-3’

SEQ ID No: 9

oligonucleotide (28 b)
RD Nde
5’ - CTTTAAGAAAGAGGAGAAATTACATATG-3’

SEQ ID No: 10

oligonucleotide (14 b)
pD_55
5’ -GCCGGGCGCGGTTG-3"

SEQ ID No: 11
oligonucleotide (23 b)
MF

5/ -GATCAAGCCCCACATACAGAGAC-3’

SEQ ID No: 12

oligonucleotide (19 b)
M 2R
5’ -GCCCTGCTTCTCGTCGACA-3

SEQ ID No: 13




4441 actcaagacg atagttaccg gataaggcgc agcggtcggg
ct gaacgggg ggttcgtgca 4501 cacagcccag cttggagcga

wae@aazIoeca ccgaact gag atacctacag cgtgagct at 4BGI/EP2009/054329
gagaaagcgc cacgcttccc gaagggagaa aggcggacag gtatccggta

agcggcaggg 4621 tcggaacagg apgagcgcacg agggagcettc
cagggggaaa cgcctggtat ctttatagtc 4681 ctgtcgggtt

tcgccacctc tgacttgage gtcgattttt gtgatgctcg tcaggggggce

M E
5’ -ATCGTCTCCCATGGGCATGACCCTAAATATAGAAGATGAG-3

SEQ ID No: 14

oligonucleotide (32 b)
M Eri
5’ - AATGAATTCATTAATTAAGCGGGAATTGGGTG-3’

SEQ ID No: 15

oligonucleotide (18 b)
M 1R
5 - CAGGGCCCGAGTACCTTG-3’

SEQ ID No: 16

oligonucleotide (17 b)
M_3F
5’ -CCAGTTCGGACCGGTGG-3 "

SEQ ID No: 17

oligonucleotide (19 b)
pD_ter-
5’ - AAGAAGACACGATCCACCG-3’

SEQ ID No: 18

oligonucleotide (36 b)
M _Hind3+
5’ -CGGATCAAGCTTAATTAATTAAGCGGGAATTGGGTG-3

SEQ ID No: 19
LOCUS PET _his MLV 7474 bp DNA
SOURCE
ORGANISM
COMMENT This file is created by Vector NTI
http://www.invitrogen.com/
COMMENT ORIGDB | GenBank
COMMENT VNTDATE | 446486240 |
COMMENT VNTDBDATE | 448293778 |
COMMENT LSOWNER |
COMMENT VNTNAME |pET_hig MLV|
COMMENT VNTAUTHORNAME | Remigijus Skirgaila |

COMMENT VNTAUTHORTEL | +370-5-2394224 |

°1i§§%€§§%§§§§%?@%ﬁgﬁggiazggi agcaacgcgg cctttttacg

circular

4-JUN-2007



cttttgctca catgttcttt cctgcgttat cccctgattc tgtggataac
cgtattaccg 4861 cctttgagtg agctgatacc gctcgccgca
wQe@gaxovg@ac cgagcgcagc gagtcagtga 4921 gcgaggaRgUuEP2009/054329
ggaagagcgc ctgatgcggt attttctcct tacgcatctg tgcggtattt
4981 cacaccgcat atatggtgca cfgtcagtac aatctgctct
gat gccgcat agttaagcca 5041 gtatacactc cgctatcgct
commB®ft Jach@gutHoraingakt Sy Lae6LLHaGR CECOccaaca 5101
coMMERE JCt gaggunaRaet gaw Orggehdglt 64y Ct cccggcat ccgcttacag
FEATBRESAQCt gt g 516loc@ceghlueCifiers

CDS

3135..3992

/vntifkey="4"

/label=Ap

CDhS

terminator

/note="ORF: Frame #2 Start:
complement (6187..7275)
/vntifkey="4"
/label=lacI
/note="0ORF: Frame #3

2465..2511

atg

Start: gtg

Stop:

Stop:

rep origin

rep_origin

promoter

CDs

CDs

BASE COUNT

ORIGIN
1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621

1810 a

cacggggcct
ccgatcttcecce
ggtgatgccg
actcactata
aagaggagaa
tgggcatgac
atgtttctet
gcatgggact
ccgtgtecat
tacagagact
tgctaccegt
tcaacaagcg
ggctccceacc
tgagactcca
gaatctcagg
tgtttgatga
tcctgctaca
aaggtactcg
aagcccaaat
gatggctgac
gacaactaag
cagaaatggc
cagaccaaca
ggttgccaga
aaggtgtcct
agctagaccc
tactgacaaa
atgcagtaga

/vntifkey="43"
/label=T7\terminator

2548..3003

/vntifkey="33"
/label=f1\origin

complement (2537..2537)

/vntifkey="33"

/label=ori
174..190

/vntifkey="30"

/label=PT7
306..2360

/vntifkey="4"

/label=MLV

258..305

/vntifkey="4"

/label=his
2046

gccaccatac
ccatcggtga
gccacgatgce
gggagaccac
attacatatg
cctaaatata
agggtccaca
ggcagttcgce
aaaacaatac
gttggaccag
taagaaacca
ggtggaagac
gtcccaccag
ccccaccagt
acaattgacc
ggcactgcac
gtacgtggat
ggccctgtta
ttgccagaaa
tgaggccaga
ggagttccta
agccceccettg
aaaggcctat
tttgactaag
aacgcaaaaa
agtagcagct
ggatgcaggc
ggcactagtc

c 1942 g

ccacgccgaa
tgtcggcgat
gtccggcegta
aacggtttcc
agaggatcgc
gaagatgagc
tggctgtctg
caagctcectce
cccatgtcecac
ggaatactgg
gggactaatg
atccacccca
tggtacactyg
cagcctcectet
tggaccagac
agagacctag
gacttactgc
caaaccctag
caggtcaagt
aaagagactg
gggacggcag
taccctctcea
caagaaatca
ccectttgaac
ctgggacctt
gggtggcccc
aagctaacca
aaacaacccc

acaagcgctc
ataggcgeca
gaggatcgag
ctctagaaat
atcaccatca
atcggctaca
attttcctcea
tgatcatacc
aagaagccag
taccctgeca
attataggcc
ccgtgcccaa
tgcttgattt
tcgecctttga
tcececacaggg
cagacttccg
tggccgceceac
ggaacctcgg
atctggggta
tgatggggca
gcttetgteg
ccaaaacggyg
agcaagctct
tctttgtega
ggcgtcggec
cttgcctacg
tgggacagcc
ccgaccgctg

1676 t

atgagccega
gcaaccgcac
atctatacga
aattttgttt
ccatcacgga
tgagacctca
ggcctgggcg
tctgaaagcea
actggggatc
gtecccectgg
tgtccaggat
cccttacaac
aaaggatgcc
gtggagagat
tttcaaaaac
gatccagcac
ttctgagcta
gtatcgggcecce
tcttctaaaa
gcctactecg
cctctggate
gactctgttt
tctaactgce
cgagaagcag
ggtggcctac
gatggtagca
actagtcatt
gcttteccaac

taa"

tga "

agtggcgagc
ctgtggecgece
aattaatacg
aactttaaga
tctggtteca
aaagagccag
gaaaccgggyg
acctctaccc
aagccccaca
aacacgcccce
ctgagagaag
ctcttgageg
tttttctgece
ccagagatgg
agtcccaccc
ccagacttga
gactgccaac
tcggeccaaga
gagggtcaga
aagaccccte
cctgggtttg
aattggggcc
ccagecctgg
ggctacgcca
ctgtccaaaa
gcecattgeeg
ctggcccecece
gcccggatga



ggagctgcat gtgtcagagg ttttcaccgt catcaccgaa acgcgcgagg
WO 2009/ 125006 120 PCT/ EP2009/ 054329 5221 cagct gcggt
WwW@amgarowed c agcgt ggt cg tgaagcgatt cacagat gt c t BCEBI0DQE@54329
5281 tccgcgtcca gectcgttgag tttctccaga agcgttaatg
tctggcttct gataaagcgg 5341 groatgttaa gggcggtttt
ttcctgtttg gtcactgatg cctccgtgta agggggattt 5401
CigH1l e8d082680b38¢133Lt RcegH FaGR cO&PAGRAY IR LPLlcaCHBtageee
acpggtiaticc54b tagnitgat gaascwfcges @ggidgqact ggaacac

1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161

tcetggecga
accacacctg
ctgcggtgac
ctcagcgggce
taaatgttta
acagaaggcg
tggccctact
atcaaaaggg
aggcagccat
attcccgett
gatccggetg
taactagcat
ggaactatat
gtgtggtggt
tcgctttett
gggggctccec
attagggtga
cgttggagtce
ctatcteggt
aaaatgagct
tttcaggtgg
tacattcaaa
gaaaaaggaa
cattttgcct
atcagttggg
agagttttceg
gcgcggtatt
ctcagaatga
cagtaagaga
ttctgacaac
atgtaactcg
gtgacaccac
tacttactct
gaccacttct
gtgagcgtgg
tcgtagttat
ctgagatagg
tactttagat
ttgataatct
ccgtagaaaa
tgcaaacaaa
ctetttttcee
tgtagcegta
tgctaatcct
actcaagacg
cacagcccag
gagaaagcgc
tcggaacagg
ctgtcgggtt
ggagcectatg
cttttgctca
cctttgagtg
gcgaggaagce
cacaccgcat
gtatacactc
cccgctgacg
accgtcteccg

agcccacgga
gtacacggat
caccgagacc
tgaactgata
tactgatagc
tgggttgctce
aaaagccctc
acacagcgcec
cacagagact
aattaattaa
ctaacaaagc
aaccccttgg
ccggattgge
tacgcgcagce
ccecttecttt
tttagggttc
tggttcacgt
cacgttcttt
ctattetttt
gatttaacaa
cacttttcgg
tatgtatccg
gagtatgagt
tcctgttttt
tgcacgagtg
cccoccgaagaa
atccecgtatt
cttggttgag
attatgcagt
gatcggagga
ccttgatcgt
gatgcctgea
agcttececegg
gcgctecggcece
gtectcgeggt
ctacacgacg
tgcctcactg
tgatttaaaa
catgaccaaa
gatcaaagga
aaaaccaccg
gaaggtaact
gttaggccac
gttaccagtg
atagttaccg
cttggagcga
cacgcttecece
agagcgcacg
tcgeccaccte
gaaaaacgcc
catgttcttt
agctgatacc
ggaagagcgce
atatggtgca
cgctatcgcet
cgccctgacg
ggagctgcat

acccgacccg
ggaagcagtc
gaggtaatct
gcactcaccc
cgttatgcett
acatcagaag
tttctgccca
gaggctagag
ccagacacct
gcttgcggcce
ccgaaaggaa
ggcctctaaa
gaatgggacg
gtgaccgcta
ctcgeccecacgt
cgatttagtg
agtgggccat
aatagtggac
gatttataag
aaatttaacg
ggaaatgtgce
ctcatgagac
attcaacatt
gctcacccag
ggttacatceg
cgttttccaa
gacgccgggce
tactcaccag
gctgccataa
ccgaaggagc
tgggaaccgg
gcaatggcaa
caacaattaa
ctteceggcetg
atcattgcag
gggagtcagg
attaagcatt
cttcattttt
atcccttaac
tcttettgag
ctaccagcgg
ggcttcagca
cacttcaaga
gctgctgcecca
gataaggcgce
acgacctaca
gaagggagaa
agggagcttc
tgacttgagc
agcaacgcgg
cctgegttat
gctcgceccegea
ctgatgcggt
ctctcagtac
acgtgactgg
ggcttgtctg
gtgtcagagg

acctaacgga
tcttacaaga
gggctaaagc
aggccctaaa
ttgctactge
gcaaagagat
aaagacttag
gcaaccggat
ctaccctcct
gcactcgagce
gctgagttgg
cgggtcecttga
cgccctgtag
cacttgccag
tcgccggett
ctttacggca
cgcectgata
tcttgttceca
ggattttgec
cgaattttaa
gcggaacccce
aataaccctg
tcegtgtege
aaacgctggt
aactggatct
tgatgagcac
aagagcaact
tcacagaaaa
ccatgagtga
taaccgettt
agctgaatga
caacgttgceg
tagactggat
gctggtttat
cactggggcce
caactatgga
ggtaactgtc
aatttaaaag
gtgagttttc
atcctttttt
tggtttgttt
gagcgcagat
actctgtage
gtggcgataa
agcggtcggg
ccgaactgag
aggcggacag
cagggggaaa
gtcgattttt
cctttttacg
ccectgatte
gccgaacgac
attttectect
aatctgctct
gtcatggctg
ctcececggeat
ttttecaccgt

ccagcegcete
gggacagcgt
cctgececagcece
gatggcagaa
ccatatccat
caaaaataaa
cataatccat
ggctgaccaa
catagaaaat
accaccacca
ctgctgecac
ggggtttttt
cggcgcatta
cgecectageg
tccecegtcaa
cctcgaccec
gacggttttt
aactggaaca
gatttcggcecce
caaaatatta
tatttgttta
ataaatgctt
ccttattccec
gaaagtaaaa
caacagcggt
ttttaaagtt
cggtcgeege
gcatcttacg
taacactgcg
tttgcacaac
agccatacca
caaactatta
ggaggcggat
tgctgataaa
agatggtaag
tgaacgaaat
agaccaagtt
gatctaggtg
gttccactga
tctgcgegta
gccggatcaa
accaaatact
accgcctaca
gtcgtgtett
ctgaacgggyg
atacctacag
gtatccggta
cgcctggtat
gtgatgctecg
gttcctggcece
tgtggataac
cgagcgcagce
tacgcatctyg
gatgccgcat
cgcceccgaca
ccgcttacag
catcaccgaa

tgccttgata
ccagacgcecg
aaggcgggag
gggacatccg
ggtaagaagc
ggagaaatat
gacgagatct
tgtccaggac
gcggcccgaa
tcatcaccca
ccaccactga
cgctgagcaa
gctgaaagga
agcgcggcegg
ccegetecett
gctctaaatc
aaaaaacttg
cgcecctttga
acactcaacc
tattggttaa
acgtttacaa
tttttctaaa
caataatatt
ttttttgegg
gatgctgaag
aagatccttg
ctgctatgtyg
atacactatt
gatggcatga
gccaacttac
atgggggatc
aacgacgagc
actggcgaac
aaagttgcag
tctggagecg
ccectecegta
agacagatcg
tactcatata
aagatccttt
gcgtcagacc
atctgctgct
gagctaccaa
gtccttetag
tacctcgcetce
accgggttgg
ggttcgtgcea
cgtgagcectat
agcggcaggyg
ctttatagtce
tcaggggggc
ttttgetgge
cgtattaccg
gagtcagtga
tgcggtattt
agttaagcca
ccecgecaaca
acaagctgtg
acgcgcgagyg



t gt gagggt a aacaact ggc ggtatggatg 5521 cggcgggacc
agagaaaaat cactcagggt caatgccagc gcttcgttaa tacagatgta
woBY190@t t ccac agggt agcca gcagcat cct gcgat gCRCEEP2009/054329
t ccggaacat aatggtgcag 5641 ggcgctgact tccgegtttc
cagactttac gaaacacgga aaccgapgac cattcatgtt 5701
gttgctcagg tcgcagacgt tttgcagcag cagtcgcttc acgttcgctc
gsphiabLe@lc A6 dagrltedd belgQet 8pCeaH 889068 8EL
Cemnageticat GeC gt elaL aaCPHRCAG) 2987 kaags acgadtact
t Jgcacstgrtpgggergcctatgcagygtygn gtcactgatyg

5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441

ctgttcatgg
gatgatgaac
cggcgggace
ggtgtteccac
ggcgctgact
gttgctcagg
gattcattct
agcacgatca
aaacgtttgg
accgcaagcg
acccagagcg
gcggcgacga
aagggcatcg
cgctcactgc
caacgcgcgyg
tgagacgggc
gtccacgcetg
ataacatgag
cagcccggac
catcgcagtg
ggcactccag
atgccagcca
gatttgctgg
ggagaaaata
attagtgcag
cagcccactg
gcttegttet
cgccgcgaca
caacgactgt
catecgceegcet
gcgggaaacyg
tttcacattc
ggttttgcge
ttaggaagca
catgcaagga

SEQ ID No: 20

oligonucleotide

pD-ter-

gggtaatgat
atgcececggtt
agagaaaaat
agggtagcca
tccgegttte
tcgcagacgt
gctaaccagt
tgcgcacceg
tggcgggacc
acaggccgat
ctgceggeac
tagtcatgcc
gtcgagatcc
ccgcttteca
ggagaggcgg
aacagctgat
gtttgcccca
ctgtettegg
tcggtaatgg
ggaacgatgce
tcgecttece
gccagacgca
tgacccaatg
atactgttga
gcagcttecca
acgcgttgeg
accatcgaca
atttgcgacg
ttgcccgecea
tccacttttt
gtctgataag
accaccctga
cattcgatgg
gcccagtagt
gatggcgcce

(19 b)

5’ -AAGAAGACACGATCCACCG-3'

SEQ ID No: 21

oligonucleotide

long+

(35 b)

accgatgaaa
actggaacgt
cactcagggt
gcagcatcct
cagactttac
tttgcagcag
aaggcaaccc
tggggccgee
agtgacgaag
catcgtcgeg
ctgtcctacyg
ccgecgcccac
cggtgcctaa
gtcgggaaac
tttgcgtatt
tgceccttceac
gcaggcgaaa
tatcgtcgta
cgegcecattge
cctcattcag
gttccgetat
gacgcgccga
cgaccagatg
tgggtgtctg
cagcaatggc
cgagaagatt
ccaccacgcet
gcgcgtgeag
gttgttgtgce
ccogegtttt
agacaccggce
attgactctc
tgtcecgggat
aggttgaggc
aacagtcccecce

cgagagagga
tgtgagggta
caatgccagc
gcgatgcaga
gaaacacgga
cagtcgcttce
cgccagccta
atgccggcga
gcttgagcga
ctccagcgaa
agttgcatga
¢ggaaggagc
tgagtgagct
ctgtegtgcece
gggcgecagg
cgecctggecce
atcctgtttg
tceccactacc
gcccagegece
catttgcatg
cggctgaatt
gacagaactt
ctccacgeece
gtcagagaca
atcctggtca
gtgcaccgce
ggcacccagt
ggccagactg
cacgcggttg
cgcagaaacyg
atactctgcg
ttccgggege
ctecgacgcetce
cgttgagcac
cggc

cctececgtgta
tgctcacgat
aacaactggc
gcttcgttaa
tccggaacat
aaccgaagac
acgttegetce
gccgggtect
taatggcctg
gggcgtgcaa
agcggtectc
taaagaagac
tgactgggtt
aacttacatt
agctgcatta
gtggttttte
tgagagagtt
atggtggtta
gagatatccg
atctgatcgt
gtttgttgaa
tgattgcgag
aatgggcccg
agtcgegtac
tcaagaaata
tccagecggat
gctttacagg
tgatcggegce
gaggtggcaa
ggaatgtaat
tggctggect
acatcgtata
tatcatgcca
tcecttatge
cgcecgecgcea

5’ - CGAACGTGGCGAGAAAGGAAGGGAAGAAAGAAGTC-3"

SEQ ID No: 22

tgectgttca
gataaagcgg
agggggattt
acgggttact
ggtatggatg
tacagatgta
aatggtgcag
cattcatgtt
gcgtateggt
caacgacagg
cttectegecg
gattccgaat
gccgaaaatg
agtcataagt
gaaggctctc
aattgcgttg
atgaatcggce
ttttcaccag
gcagcaagcg
acggcgggat
caccaacgcg
tggcaaccag
aaccggacat
tgagatattt
ctaacagcgc
cgtctteatg
acgeccggaac
agttaatgat
cttcgacgcece
gagatttaat
cgccaatcag
tcagctcege
ggttcaccac
acgttactgg
taccgcgaaa
gactcctgca

aggaatggtg



taatggcctg cttctcgccg 5881 aaacgtttgg tggcgggacc

agt gacgaag gcttgagcga gggcgtgcaa gattccgaat 5941
w@e@Wgazmeeg acaggccgat catcgtcgcg ctccagcgaa apChaPIm09/€54329

gccgaaaatg 6001 acccagagcg ctgccggcac ctgtcctacg

agttgcat ga taaagaagac agtcat gmgt 6061 gcggcgacga

t agt cat gcc ccgcgcccac cggaaggagc tgactgggtt gaaggctctc

6121 aagggcatcg gtcgagatcc cggtgcctaa tgagtgagct

oli gﬁﬁéﬁéﬁid@a %ﬂagt}_% 618 dmg:?c%é:t%%rgcdc?&)gc“tcca
ddc- ggzggaaac ctgtcgtgcc agc

5’ -TTTTTTTAGACTTCTTTCTTCCCTTCCTTTCTCGCCACGTTCGAAGAAGACACGAT
CCACCGCCGGTTCCG-ddC-3"

SEQ ID No: 23

oligonucleotide (35 b + 3’ Biotin (TEG)
Long+Tb
- CGAACGTGGCGAGAAAGGAAGGGAAGAAAGAAGTC-Bio-3



at gaat cggc 6241 caacgcgcgg ggagaggcgg tttgcgtatt
gggcgccagg gtggtttttc ttttcaccag 6301 tgagacgggc
w@amageiogat tgcccttcac cgecctggecc tgagagagtt gREERPAGYS4329
6361 gtccacgctg gtttgcccca gcaggcgaaa atcctgtttg
atggtggtta acggcgggat 6421 gbaacatgag ctgtcttcgg
tatcgtcgta tcccactacc gagatatccg caccaacgcg 6481

cggac tcggtaatgg cgcgcattgc gcccagcgcec atctgatcgt
Refe?%gc%glaccag 6541 catcgcagtg ggaacgatgc cctcattcag
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CLAIMS: 1. A process for the production of nucleic acid
5 €n oding a target praqtein, which conprises: (a) _
© provPdcy ArOErT&YO of gNA SYhersin %ﬂ’léﬁuﬁréss‘ﬂ%%dﬁl iéep (e) in a
fluor@fen ¥ acfiPited SILQMHNY the target protein; (b)
generating a target protein fromthe array to form
RNA- protein or DNA-protein conplexes in which the RNA
or ,DNA npol ecul.e is non-coval ently or _caval.ently bound .
. L ATHREDARTaNe © any o o glatthe t 196 dvlierein bt SXRRAS comprise a
substrdié €or@A AR th TGS IMEME kg PSS teidlor @lcb-eﬁgyﬂ@ thereof;

conﬁar.t ments contain no nore than one conpl ex;
( dyhesein; the ailvrpus pbascofrppletsense subjedad té oractemdindigors which allow
' I t et protein activity; and (e)
y;%nggxp?ﬁ%t%%?%?c acid encoding the target protein on
t hehdvaiai the efucleheadd tehvddiyg @fsREdedpRsleinngr8WcteR, on the basis of the
wher ei n when the,cor[del ex.1s a DNA-protein conplex in
wWfiNEHnE AEVENASsasiateshtherswithent | y bound, step b) is
performed in the absence of separate conpartnents for
each conplex. 2. A process according to claim1l wherein
9. t hﬁ‘eplmcca)acb(\%cqlm tachaiy SOME)GTRNAISG) cé?rﬁyﬁfegﬁ gﬁ:Sm@%I%I filtd e aqueous
t aim.2 erejn step is perforne y incubating
phasetcﬁgglgﬁsﬁ’ﬂny”&}f“ Cﬂ‘ﬂ@esunder conditions for ribosone
translation of the nRNA to generate an array of
ternary conpl exes each conprising an nRNA, a ribosone
10.  addpecessercerrdingrie claine@ drchimt svhafiMAthe 4eadtipn oaiitons which allow
according t y _precedi cl ai mwherein step c)
CnZYIEDH cElrV i gélge Slein)eggeg;% Eaavtoluﬁlémfaﬂéew P8 onpl exes i nt o
aqueous phase droplets, wherein nost or all of the

aqueous phase droplets contain no nore than one
1L ¢ gmqoes@.s ascondigg ée elaim 4 8cwhereinghe reaeticn ennditigne irsiludetatemperature

o B SR IS LB SeR S G R cer "
according to claim4 wherein the aqueous phase

droplets are of a water-in- oil-in-water enulsion. 7. )
12 AApProcessacsdBiediony iyt enecolaslaint Sl &i wherepihetanzame comprises a
nucleig%bﬁgﬁ&ggsgiﬂ éﬁzl'erne( e) in a fluorescence activated cell
sorter. 8. % process according to any one of clains 4
to 6 wherein the nRNAs conprise a substrate for an
enzyme conprising the.target protejn or a co-enzyne,
3. t%e?éé(lffsfs g théﬁgaulgggihgwgs dr¥pleist geigy grocessing enzyme
compr$eRItRE tRgktlRofeRPGAd ANsARRM! £HANS nMklkie gzcﬁi %ﬁgﬁn%%é/,r@nucleic acid
. activity; and wherein the nucleic acid encoding the
ligase pad géarmprad dedxynieleetidyb raesderase. t he basi s of the enzyne
activity associated therewith. 9. A process according
to claim8 wherein the co-enzyne is incorporated into
14.  t Agregueaussrddhoneldmors, hsre the tzIrF&_ OER! 8% @8eleic hOid Plymerase
process according to claim8 or claim9, wherein the
comprisgiecs Ty Se HARKCEP whi ch all ow enzyme activity are
sel ected to favour nmutant enzyne activity. 11. A
process according to claim 10, wherein the reaction
conditions include a tenperature




above the optimumtenperature for a wild-type enzyne.

12. A process according to any one of clains 8 to 11,
wWob@pa2300¢ he enzyme conprises a nucleic acid pPODEBRDF4329

enzyme. 13. A process according to claim 12, wherein

the nucleic acid processinglggzyne conprises the

target protein and is sel ect froma nucleic acid

pol ymerase, a_nucleic acid |ligase and a term na
15, detoRioRssy a5eTdiRg torlaimske w@gem the atep Ae)sH selegan sariciieiagig encoding
the %a?%éft\l g:‘o'felﬂ- niﬂ?s@?' s‘%letcﬁﬁ LRt yfbrd%e% 'Bg The agft‘f&ll & the reverse
ol ymer ase conpr|3| g a reverse transcri se.
transiipt2E0 9hich SO0 ET P2 B0 OrsO frdd28pth®B 15. A process
according to claim14, wherein the step (e) of
sel ecting nucleic acid encoding the target protein
16. COATYrb&RS aSRh @R 16 LGB B 891%5 9 Q}ierEfﬁeth@CrEéc‘ﬁBn Undiftbns which
reverse transcriptase, which cDNA encodes reverse
allow engpime i tivitpsiecludd 6 tendpepatoreds shearengsr W°Ado 66°G:| ai m 14 or
clai m 15, wherein the reaction conditions which allow
enzyme activity include a tenperature in the range 50C
17. t 0A §@8ess dcordtgtoQlAES] BeaRfci 1 thi@eChdici ndMlﬁ’é' 5&15‘ ligase and
the target protein is a nucleic acid ligase and
the regchieni whditionsliwhishsllami envyatel %ﬁﬁVéﬁ Zppluda et PQrfSltﬂystrate comprising a

i S SHBRH A, EOTBESIR BTGB A s

muanaaﬁdahg@yfhn@agﬁmhnﬂ.attachnent to a ligand binding
partner. 18. A process according to claim13, wherein
the target protein is a termnal deoxynucleotidyl

18. trRANSRERS ok reaet i o0 GARdid A Sa\ég%t) 0 i
enzy%g act|3|tynFn§idge a co-su tratg t 0?%% %&ﬁPtmﬁnnﬂ

deoxymhickehtiflylrttansfierase apd ths esaction edrfditivrts wHichgd vav Eryme activity include a

chnent .to [ bi ndi n artner roce
co-suftf s e GRIPTATH GEE sPpRES ainich Hewd BF fechment 1o a
ligand BhdBig path&cti ng nucleic acid encodlng t he target
protein conprises selecting nRNA incorporating the

co-substrate by attachnent to a solid phase conpr|5|ng

19. “ke %ocgs%na%gordp dlt %lf #1 %{?15{3? 8 p‘)@b‘{% Sgtelg sg{1 gtmg nucleic

acid @&bding itigAG ey el @fbtélh Qofx@)ﬁ@ésl sé[écﬁ@% RN 2 ﬁﬁcdﬂf%rﬁt’ihga{hb QY-substrate by
enzynme activity include a co-substrate conprising a

attach‘ﬂf‘é‘%/@ Esodidinkasd gorarisie theligandbinding partrienker or adapt er
further conprises a sequence tag for specific
anplification of the mRNA. 21. A process according to

20.  cléaprocdR acvdrdingito claire 18uwhekin the l:erﬂgempﬁ@teﬁlslls ﬁgluelﬂikydﬂii ligase and

rises .the co-e me and the co-enzyne
the f?aﬁgg? ﬁsﬁ@ﬁl Wﬁlf%l ae&@étaﬁsa%w&% dncdy eCtOsSUbﬁtrqtﬁ gomprising a
"
nuclelf4cR 1t Rerdr aiBE SO Ll op adggter further R Semmprises a sequence tag for
specifacaoplificatjon of the aRNA1, wherein the tar get protein
conprises a reverse transcriptase hel per enzyne and
the nucleic acid processing enzyne conpri ses a reverse
21, t pARSEdebPladeRding3to AlaMOTES WhekeP A NeicleR @Rl PrREssing enzyme
wherein the step (e) of selectlng nucleic acid
compiases defl mertzm@etaadgl@q coperyymiens meapoiaseskintethe eqiqeys pibiva droplets of
the“%§¥%ﬁ- Yiohhe action of the reverse transcriptase,
' encodes the reverse transcriptase hel per
enzyme. 24. A process according to claim 22 or claim
23, wherein the reverse transcriptase hel per enzyne is
a helicase, a pyrophosphatase, a processivity factor
or an RNA binding protein. 25. A process according to
claim 21, wherein the target protein conprises an
RNase i nhi bitor and the nucleic acid processing enzyne
conprise an RNase. 26. A process according to claim
25, wherein the step (e) of selecting nucleic acid
encodi ng the target protein conprises selecting mMRNA
undegraded by RNase. 27. A process according to any
precedlng cla|n1 mhereln the nuclelc acid encodlng t he
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130 31. A reverse transcriptase enzyne conprising a
MWV reverse transcriptase amno acid sequence wth a
worioati2some at one or nore of the foll ow ng am NPCHEPIH09/054329
positions: D200, D653, L603, T330, L139, 21, T287,
149, N479, H594, A502, E60729K658, P130, @37,
A307, Y344, 430, D449, A64Aff, N649, L6711, E673, M39,
, M66, WB88, 1179 1 333 R390 (B74 and E5 _wherein
22. ﬁénpﬁoﬁ%ssn%feaﬁdﬂ% ig Slayp %bsw{??rsw Bis58rgsh Pratsit PPALises a reverse
: . : i
e R PR B A P0G A R ey s Chpfees o reverse
transpmiptage. on i s at position H594 the nutation is not
H594A. 32. A reverse transcriptase according to claim
31, having one or nore of the follow ng nutations:

23. D2RQbeBsPAccordinglté@Tm 225 QdMiein 8O éi¥p (e) of selecting nucleic acid encoding
the target protein comprises selecting ¢cDNA produced by the action of the reverse

transcriptase, which cDNA encodes the reverse transcriptase helper enzyme.

24. A process according to claim 22 or claim 23, wherein the reverse transcriptase helper

enzyme is a helicase, a pyrophosphatase, a processivity factor or an RNA binding protein.

25. A process according to claim 21, wherein the target protein comprises an RNase

inhibitor and the nucleic acid processing enzyme comprise an RNase.

26. A process according to claim 25, wherein the step (e) of selecting nucleic acid encoding

the target protein comprises selecting mRNA undegraded by RNase.

27. A process according to any preceding claim, wherein the nucleic acid encoding the
target protein comprises an array of nucleic acids enriched in the nucleic acid encoding the
target protein, which array is optionally converted or amplified to form the array of mRNAs of

step (a) and is subject to one or more further cycles of steps (b) to (e).

28. A process according to any preceding claim, wherein the complexes in step (b) are

generated in a first buffer which is exchanged for a second buffer before or during step (d).

29. A reverse transcriptase enzyme having an optimum activity at a temperature above

42°C, obtained by the process of any one of claims 14 to 16.

30. A reverse transcriptase enzyme according to claim 29, wherein the optimum activity is

at a temperature in the range of from 50°C to 60°C.



D653G A, H or, V, 149V or T, E607K, G or A, Y344H,
L603Wor M N479D, K658R or Q (430R, T330P, H594R or

WOR00P1306 D449G or A, L139P, QR37R, A644V or HCT/ERRDAIR)54329
N649S, L671P, 1179T or V E673G or K, L333Q M39V or L,
R390W Q1R or L, @B74R and I\@ﬁL E5K WB88R, 33. A
reverse transcriptase enzyne havi ng an optinum

activity at a.tenperature above 37C, erein the, . i
31 Soirage BinBrbire e uPro s UV NSt biigrpiese amino acid
sequede-with3fmuitiBH bBe droN&GE S8 tHe B Sink REARE & ?bf HBodiavi ng

an activity at 50C which is at least twce that of the
corresponding wild type enzynme. 35. A nmutant reverse

ranscr se enz havi n speci fi ctivity 37
Dzo(\sﬂlhi ch ifg@%ﬁ I eastﬂ@S % of %% ’corres[g]g’%di ng V\A(P%li]'l’ ype
T28&Nzyme. 1490 2009/14256)06 PCT/ IERN09/ 05488H 131 36. A

nutant reverse transcriptase enzyne havi ng a
E60% her nosk@dh:l ity of138% | eastQ23% tines that of the

orres ing Wl pe enz measu as resiiggj@al
A307gict i Vi ?39%{) 37C fgﬁd(gwl ng tqgg’f ment é%be‘g‘oc for .
L671yi nut esE67337. A rlef@ey se tra@$iGri pt aseviefizyne acwesggli ng
to anye€§3§ of clains 33 to 36, which conprises an MWLV
a

79 evers nscri pt3e.  38.QN4s8ynudi®eot i de encodi ng
a reverse transcriptase according to any one of clains

31 to 37.
wherein when the mutation is at position D653 the mutation is not D653N, wherein when the

mutation is at position L603 the mutant is not L603A, and wherein when the mutation is at

position H594 the mutation is not H594A.

32. A reverse transcriptase according to claim 31, having one or more of the following
mutations:

D200N,A or, G, D653G,A,Hor,V, L603WorM, T330P, L139P, Q221R,

T287A, 149V or T, N479D, HS594R or Q,

AS502V, E607K, G or A, K658R or Q P130S, Q237R,

A307V, Y344H, Q430R, D449G or A, A644V or T, N649S,

L671P, E673G or K, M39VorlL, Q91R or L, M66L, W388R,

[179T or V L333Q R390W Q374R and  E5K

33. A reverse transcriptase enzyme having an optimum activity at a temperature above

37°C, wherein the activity at 50°C is at least 120% of the activity at 37°C.

34. A mutant reverse transcriptase enzyme having an activity at 50°C which is at least twice

that of the corresponding wild type enzyme.

35. A mutant reverse transcriptase enzyme having a specific activity at 37° which is at least

125 % of the corresponding wild type enzyme.
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36. A mutant reverse transcriptase enzyme having a thermostability of at least 1.5 times
that of the corresponding wild type enzyme, measured as residual activity at 37°C following

treatment at 50°C for 5 minutes.

37. A reverse transcriptase enzyme according to any one of claims 33 to 36, which

comprises an MMLYV reverse transcriptase.

38. A polynucleotide encoding a reverse transcriptase according to any one of claims 31 to

37.



