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 ribosonme 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.
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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
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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
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selectﬂba Wea Jpedfofidddl TyPicaf grooDof firincide BpeBeansimmbligiva postivdsignal for
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| ) } )
and ingesite St oBs B S8 SHEEHOBRSEBSBb &S GRsEBe g6l enzyme
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F4r4r4 41, 4

S _rll_rll_rlr Ar-Ar--aAa __ 1 _* 7@ _* _®r "1 "“*r.rr e o=



['t," 14A11

LI) LI) in U U inininin U

4.J101;Ua 4 4 .4.- .4 .1001 .14 .4444.4.14
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detectQ)ng;DZ)of?chtﬁ@ Qt s GOl 1&3@@@%& &l&@g%@p%l& acids in

YCYOCYCY CYCY CY CY CY CY CY CY CY CA CP C

polynwsc:vd@vam:vcemph@xehcvln@ctomte@v rolygvrsy @vtidly @M@Yn@ﬁ’at(o‘ﬁ D583N

B L A v R o

appeafd@0Dof STOP codons, which are not compatlble with ribosome display format).
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- 0.8 pg/14, mRNA44mq§ture 14.50=4ML21! ,_pEzdeIL,pDL (~1120041g)4 In 4V1trq trzzpslatlon was

Pefforﬁ“é%‘i”z’%&‘?ﬂ&%ﬁ’%zz2222222222222222222222222222222
00000910
PI PI Pl PLP1PI Pl PI G PI Pl Pl PI Pl Pl Pl P1PI Gl P141[ 44114P. 1 PI C
Both trahgPhtRinkll 125110 Rvdt PitGped| by | dldRigPIlPd Bl RifPicédcéldl stopping  buffer
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using thlqug eci_kfliga% 1|I1E;ric rrﬁ]i%él' ]T]f"z%/ﬂ()()l'i fi e é‘lli %0%%2%'85%5) tiansparent
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100000 81 APPENDI X 2 - conti nued
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(50 mM tris-acetate pH 7.5 at 25°C; 50 mM NaCl; 50 mM Mg-acetate; 500 mM KCIl). Finally

all solution was removed starting from the very top of the centrifugation tube and pellet was

dissolved in 30 pl of ice-cold stopping buffer WBKspp+DTT+triton (50 mM tris-acetate pH 7.5
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00001 O .0000000Q00 0 0000000000
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HEHEPH E' 0440444484484484144
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C. . . a a a,00000 g, a a rt,HH a .a, 4 H .
(negagl’)e 5”3‘8’5’39@%’5@5&%9662 8Cfnﬁﬂfl glnqa pg&zgve sgecgg)n coe{{tré)ﬂ a.réjogﬂth TC,
transl@ich & WaRo K W’ZHT"T'J‘I‘UE" steQ&@z@QQ@Q@QpQQZeMMWOMand positive

HHHHHHHHHH H CC 0 00 0 0000 4,1,47), rn ci |) MWhm
selectidpCOATHYBickOHENEted0l hid‘tll+é2°@ " COHrn 03 0 In LI) If1

1.11 LP Ul LCIU U1 U 131111un LnLI)Ln Ln 11-1 LP LO

LPLPin Ln 112112112121121211212121121212211211 H N (+l cr
To reé(‘ol’eﬂ-th@%ac@on kNN 100 Hweredtib b dLtB ll\mﬂﬁlfﬂéHl?thfuged for 1 min

04, Nr 1 4444444444444444444444444440444. 4444
at roonpPprEEnmirature. and g 1080 gd Oil phase was removed leaving concentrated (but still

intact O?Ol'flll&% %%af’nﬁ al nﬁ‘ﬂxﬁhtu cil%w ! _l Ia]!’]g %1 a?@iﬁgén' %ﬁnphll%ﬁcaﬁon
kit) “@?élﬂéﬂde@l"r‘ﬁﬁﬁfﬁ %%ﬁ&%%ﬁﬂéﬂ%ﬂréﬂ%ﬁéﬁ%th 0. H9 m] wa%rés(aturated

XMXXX XX™ X XX HH X X H
ether; 1. Waxemamawml 'aqeta(m(' ey W A AN &Y AR AN 90 detergent) and

again WP&?C& at?ls:l) C\gflt]es é%a)se &a)s (Hw)d fef)S min under vacuum at room
tempeflatdre, Synthesized TDNA washpudifidd 4vith Qla@el{l P&RApdtiffcatiort kit athd 4luted in
44444444494 4444 444 4P P4AP.4P.4a4
30 ul efEPAuffen Qliages R purilicationkit).al a a P4 P4 ai P4 124
0.4 PAP.4 P4 P4 P.4 114 al a,a 0.4 0.4 P4 aI P4 PAfl 4
a4 a4 r000000000000000 4.100000i O 00 P4 P4 ' Aa4d a4
Amplifichtiorfdf EDNA, wit ferfAmEd by dlestod PAR. Eitial BCR mlxture was prepared on
0.40.10.41240.1 P4 al 0.40.40.4 P4 a a a, P. 4
ice: 1Gpb- 40X Thegdoifeo withi46! Feamentas)Ph® nho 240Maef epch INTP (Fermentas);

0 SO RRAGOIPO0CEOO0SREPO0RAIE00LRA0 T, oty bl e
ey 1 P M S AR KB H i

(SEQ ZIlDéN@c )a74 10 vatdr -améktareawdy diviled idodd sarfples R 18 @ (6}(05 ul) and
0010 a 4 4,4 a 41/ 4 4?24 44 4 4 4 4 4 4 4 4 4 4 4 4 a
30 pl. Jogpxgl 54plapf6\3QR magtepmix werg agded & phoficDNA (1-6 RT samples) to 30 pl of

PCR master mix were added 9 pl water and mixture again divided into two tubes 2x 19.5 pl for

negative PCR control (plus 0.5 pl water) and positive PCR control (plus 0.5 pl - 1:1 mixture
(~Ing) of pET his MLV pD and pET his del pD plasmids). The cycling protocol was:
initial denaturation step 3 min at 94°C, 25 cycles (45 sec at 94°C, 45 sec at 58°C, and 2 min at
72°C) and final elongation 5 min at 72°C. Expected length of PCR fragments was 2185 bp for
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MLV;piD E@lgai)_lgdbgffoz il%[);ﬁDi j\niélllificﬁti@‘i ély & on 13/4 agaroﬁe ge‘l loading
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el R SR iy gt s

amphﬁba‘tiohn@&lg})@ell 1Ops106EL of TMLVrdeIl.-c]DN]A 141;1(0 in T samples) or full gene
-144, - 144444444, 1444444444444448.444444444, -14 .4 4

amphﬁaatml(wraveap%smlgv af flbgena GO ™-a a, a H
HHi | 4D4AHHC. 4a, a a, a, a, a, a, a, Haaaa, r4NaNawa, a
a, aa a F.4f.i4Nii4ii41.41.444 0.4 0.4 0.4 a4 0.4
Nesteﬂ) P@K)mé;tlﬁre forpadtidtbefe dmplificaliod was freParkd Ondcd) 28 pﬂ)4 II?K Taq buffer
D4 P4 (34 134 I1i al P4 P4 Pi P4 P4 0.4 0.4 0.1
with TéCh (Eermem% 28 ulp42 pnMapf aach(cbl\hTﬂéFermpntam 16.84pb- 25 mM MgCl,

(rermgg s L L A BV e (et el - 100
M ”EFE%‘“EHWW BRI 1 S0 QRN ¢ g KYSQG 10 165
water O gilixQ0Ddiv1dg0 PR IOMM@GQGGQOOWDOWQDM@&@% (ﬁﬁﬁ@\@l@@ﬂded 1 ul
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of positive ggnegativs cqmroly of Gust PER (painpess aetrlﬁDﬁz{d%pDoﬁbn 39|PCR cycles

amphﬁ‘cl:atlgn4 sz gg %%agﬁiag%oﬁ‘g iér Qﬂg erre agde 45}1 Zlf Er%t %ka‘piﬁ’ners set

RD N@é//ﬁﬂé4554 (34 anfpld) 4 edéh again was divided into two 2x 20 ul for 23 or
000000000000000000000000000000000000000000000010000
30 PCR1cygle mmphﬂcmm Tﬁhmwhng prbtacol was:4nigial dbnatuamon step13 min at 94°C,
P4 P4. al al |. P4 .
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at 72°§ ﬁxﬁéc&eh?lér}lﬁﬂ of %?Rlﬁﬁgr%‘}%oﬁ/ﬁ Pb4p 2% hﬁ%&’ipl?dafﬁﬁg%gdfﬁrd' del pD.

Amplidicilondwdk dhalzel on 19Aaghrbsé gdl 18adingd1 Gt Ho AR A4 Hér, I (FIG 4).
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RD_ NG/, Sl (5 prl) cioivspl et vy joiny 260 123 or 30
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innrzli2(alizinizinaiglnrarzialt2,0Clnr=trzirzi Qi zi

or 30 eyalgh 145’15Erc]at OUt@| 4tnset rat 250, and 2aninFA4 7Q°Gl) dhd4alal eloddatied 5 min at
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pectorfitd s e doish Pt PRyl Aon st R dnce & no o

conta@Atibm ug dthd 1fadtiohl hlidtthidel seleb#idd Icbhadl, 1MALA 1Hak1 ol Hethdnstrate the
, 1111 1111 1 HHHHHHHHHHHHHHH ) )
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analoéli’e's"HdWH%d\q MRherp, 2 g%he EJZ kbt) muta%enestls Was performed

S T A g ol & ip 1> co YO

mtrodldiclﬁg 2ed nuclbcbﬂdelsmlr 1L21 Iamnml act_dﬂ mmtaltlonsn pen gﬁnlgr PCRLfragmm encoding

ot ipi o e epfeEies (1 Ssion i et AMEN £ s used o

synthe@&% %(N& zﬂ’uﬁﬁéd AnRNA 4}\1% éseﬂ forUm) vird téndattorf rdakliod Ternary
4 4 4 444444 84 APPENDI X 2 -
comp]@@m (.Tﬁfl) ©f mRNA-ribosome-MLV _pD(tRNA) were formed in translation mixture and

st A A M i s

by ultHfdbiHHEhgﬁtlen 90 3Ubros9 20203, Precipitated TC was dissolved in ice-cold buffer
0Q1: 1PCl cIQaIaIf—If 1 Pl QPlrraPnni zi al nrinno
(50mM0M£ Y Ao BEsGuiRu PIFRRIS 0TI EISD GRUSBBYIOD 0SB BUoTHD GaRemented with

iy G AL AR SRRSO i

givingD~1IBY 0 CYvdtf 1611 C6nPArta¥ntCX20mGY si2¥. Optiead] 1@8AioaYeraYerfdre of MLV
_CY CY CX CY CY CY CY CY CY CY A4 4 4g4 4 0.1 14 3-1 A
RT is342%;. In osdrerzto Ispleer. for gevgrse tomnseyipiasg varianty wigch arp working better at

highergedndatB0bt000e S5 tBB USEEL A0 ubEoBE Ao EER Dbt KD per
compeﬂtn@enl)lddslﬂqcéﬂé@e&-ﬁ)r 10nr10 .5B0C 14 ﬂails"t@m%a@raﬂ!ﬁe SEbcAYIWINIMINAS of full
VWWWWWWWWWWWANMY

X1 WWWWWWAWWWWWWY
lengthr PN A awasnper formad batterr igrepmpartonts reontaining arode 4¢tme4¢r4th¢mnostable
MLV %Lélrﬁ%rtfaglgé f'}%g's%i'vrfg}rfi'trig %AJ 1k ﬁgé A gsgldisre rtg' ra‘r"r{p 1fy full Ilzz:Aﬁgth cDNA

and efdicAthedOfoA Gndto. aé@veg@nddrﬂ}eﬂmb\é@!ble reverse transcriptase genes was performed.
0.40.40.40.40.10.40.40.41:140.40.4 PA 0.40.444 P4 P4

By PR mmplified geneg w¢re pnoyada hagkatq S5KID) Aarmat igpioeipg 4ntacty 54 (START

ey g1 Byt iy Qe i o fomen

gs linkér, PhotBi IR¥hPdecBhd Bs Unl@rYseqilehcb¥ibyPdoaBonPCTRA 0.1 | :
1:4134 P4 fa, P4 PA P4 0.4 0.4 PA P4 P4 P4 P4 P4 P4 P4
114 0.4 0.4 134 al 0.4 0.4 0.4 P4 P4 1:14 0.4 Pagtt P4

Recoani’cté%tﬂPé’R f%aglnénf\ d%nﬂahmﬁg e&x@c}ﬂed Qxblarg o‘erxJereltrleénﬁtaée elﬂes was
used fdr sq.lb@eqllém mRNMtransirlpmm amdzlnex_ﬂ_ CRDLse&eczmozt rdl(mdl EAch seiectlon round

was petfogmed ayighiy ipd e EangTogirep a1 rineiion: gk U aousoy Sy5ec
4 4 t e, 4 444444
round)zLSEJ"’/tiﬁgj ﬁuﬁd)giﬁSiC élmroﬂndl) aﬁd%oéff f‘S ofin

a, aaaaaa ||aaaa aaaaaaar aaa
0.40.41141140. 40. 30. 4 aaaa0. 40. 44140. 4 aaafa, pd4ada, z

zzzzzz2' | 1 z1 zzzzzzzzzzzzpl | 2222222222222i 22Z 2ZZ



0.1 4 14 41444 04 4 4 14 4 4 14 4 241444 4 0.1 3-1 A
0.1 40.14aad a0d41-11-15444444 4 4 4 4 44
WO-2009423406 4 gC 4 4 .4 PC 4 4 4 PC PC 4 4 4 4 BCOEB2049/é54329

4 4 PC PC aaaaq, a)aaaaa, a, 3234000.40.3 aaaa

aar gai ap4a, aaaaa,a, aaa a a,aa,a, 00000,00000O
00000000000000% 000000000000
0O0O0OO0OO0O0OOOO 00000 0.40.40.40.490., 0.40.4

Ampltﬁezll Ii)brmo ofl r@ve&sestramcripllasﬂgemm(wiﬂmw G4 t@mdngRl pIA Jiri4r) after 5™

selectﬁm 45%E‘ﬁ Wash Zf?%leﬂ 161‘[0 péasan% VEC@I‘ Prtsi)él"\jlg %0%6%%88%50 's%lugnced and

analydel: Pool@df @vélved Brofeii®s 4 velPasandividudl rButdn(d wrépidifeddi@hid-tag using
aaalOaa0a00000 t aila" al aa)aaaaaaa

afﬁmfar claoma@gwphy al\/éL\é rgvessen tramscaptase specalic agtivties at 3714 50°C and

resicgl iV shB505R THOGUOUROBEBIFBRSbISS0bBG660BI680000
0000
EHEEHEI HE- H. HE- ) HHHHHEHHE, E, HHHHHHE! E- , PHEAHHE. HEH
Methodsarthmiaferizds: 10ali 2101: 11: 1al a1111: 1Qal f: 11: 4QCZ1

. 4-)) 44133 Aa
mitial ARRAPET BRVAN B Brd NG D R Mae038 § ragfind material
for eftoOproad AR A4 utdtions=Werk! Imrbdfdedl udifig Iiclebtidd 4ad é‘s44lPTP and

4.4.1.14444.1.4444.1. 44 4 4)/4)r.).-1 a, .4 4.1.
8-0x041GTP. PR mixture #r 4rrgr rpng PA’JMWAﬂprpareg&nAcet 14l4u144k|0>ﬂ2f aq buffer

with é@%ﬁer%@t?s%@%?a? Yo SEAINE G ey iy & e MCh

(Fmgmgs;; 96X G EY ey % gg%p%%m@a@- 05 pl - 100

Mﬁg%xmm%nﬁmﬁ&ﬁ S50 P 160 N MK pidmer (SEQUDINGY 14; 1 11 -
|| | |
10 uMydRYT R (Tjlaick BjoYerhnolgies)y 5wy - 490 o &pXQrﬁG@iP) (Tml)Lnn,H B@ﬂ)echnolgles)

75,8y s g ooy g8l S ki

protoc@&wﬁg Z}m}llélifeni&lraf]on f@eg ﬁﬁlnlatkz‘riC ?Oicy%l%s 045462%16 64“&3 450 sé”c at 55°C,

and 2 41113 aB 73°C) astll fhaBeldn@at®dnd MirBat3723C3 Adhpbifidatfondwas BS(B3OI) ®l1d from
3333333333333333333
150 ng Oﬁnlaamui{ (@823 hp) tmeyp Pa2 12 efmanplifikporodpct (204BHprPAR 4ragment

for pighaitofoN Bl Gk et santabd B Qe P mepiepion ki

dlgestedl %h@p?]lflje@ﬂg@ilt@hf éeﬁh&ﬁ@ CQ}"RDTC t(a45))0andalecoRI (R4o0Bniflon sequence
aafil PAPH Ot PAa aaaaaaaaRR PAPA

GlAAﬁZF Ch@ilézfmtmpuuﬂedcfr%n @garogel gel painpiggea @yl exgractpn kipgiying DNA
P P4 P4 fal 0.4 114 PA P4 P4 P4 0.1 0.4 0.4
COHCG‘EEPtﬁﬁNéﬁ“%%A PA 0.3 P4 0.4 0.4 0.4 114 0.1 41 P4
0.4 0.4 0.40.4 114 0.4 0.1 0.4 fli 0404P4P4114
0.4 0.4 114 0.4 0.3 0.4 0.4 0.40.40.40.40000
Mutaggngsispefficgngy gnd librayy guality waspchgcked by sequencing of 1nd1v1dual clones

Swdo@\%@é@%%%%mﬂmw Ncol and EcoRI. As it

was expected anitations were>distributed randohity 2l overtheamplificdsequchc®lof MLV RT
NI LN1.41 44 44 N N N 41 N 41 44 N N 41 41 )
gene (RpRenix ﬂh) 4Amang 44 smwn&ado aaneggé Imc}sozge gtatipns N%érfnwswn 20
trans1tﬂﬂqs 4@ dgle‘h%n's)’ — 1311 red in Ap}iendlx 1) were found glvmg 15 amlno acids
Cr INNCr 1CI NNNNNNNO. 40.°10. 11, 11. 11. 10. 10. 1140.
exchar[ges,,(ﬁ dnt@utbfony) | G pl@dedadd? frome shifts of Oodifg ﬁ@th.om@Vdrage 1-2
) O'Jdl'llg'g(%"l s > "e3'T s> > >>>>" T s> > >
amino gcids gubgtitutiogs ger>geme.lvg ggMy My Mg MW
gMgyMygMVWMgMyMVOMOMVWVWgg Pl P4
1340. 40. 40. 40. 40. 40. 40. 10. 30. 40. 40. 41140. 40. 40. 40. 4114
440.1 P4
0. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40.41141140. 30. 40. 41140. 4
0. 40. 40.40.41141140.4 444 NN444444,:1 4 CN,,,C< 4
4 11:244444444444444444444444404, 44444 H?40.1 HH,
HHHHHH 3 "It 4,3 . ?
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHM—I 4.0.110.1

A N oA ~ A ~ A



0.114 "46-1 44,1 aaaaaa' ad44444 . 44aaa

ad4d4d4ad44d4d4444a4ad44d444a44aaaaaddi
w@eqopMe3oodN Nww w NXXXXX, X X N Nw wx w nw Nw N PCRER2009/054329

XXXXMKXXgMV W WX 4 m

OOOOOOOOOOOC _) 00n000000N0000( 700000cC) 7( 70000000000000

000 ' cO4444414 4 4 4 444444444 4

4 44444444 4 44 44444444424 QQREL
Mutated liR@QQPRAHRERPPUDSE PRPLRRXPRAY ) ) fagmen® RAE g
PCR fragé‘_ent ém%aé)_l fErE (4ERJ§ E Jflﬁn &IE 7% @EAI&'E fr%nleng (cgtgaﬁ?[mg T7

polymeras&pnonﬁ)terl'lsﬁ-aﬁd Ets—tagcodﬂlngf &fuihdﬁs)?wﬁ, constﬁlded%}il.PG‘R anﬂ)hﬁcaéhon

of initial 9§:3 ]gp gTAﬁhﬁagneq (tangeq - plasmid pET Ais ﬂel ._RDL(SE@ IQLN042) mruér‘rlers
- pro—pIV@%{é%Qiﬂle%. 22 iancrl %{f_l}??ﬁé [IDlNé. fﬁ‘)) lnd s'uf)seqlueﬁt cﬂgésﬁoﬁwﬂh

Neol (recWHWWﬁBﬁF@W@WWEMMMﬁH 1END fragment

441144) 4444444 A144 4, 4444 144444, 44444, 1. 1444444
(containing gaﬁ&lgf%m @fptemA'D Lcli second gs linker sequences) was constructed by PCR

amphﬁcatlgg bEini@4 QQQ@QWQ%%Q :_f)gl-%@ OQQ%WH&O @0pBQ8EBAD No:

PA P4 P4 4 aaa 0 aaaa
2), prlmersaM BHASTER A NPA6D 80D pP4tePESHEY ID No: 4)) and subsequent digestion

with EcoRBiiEpegioRge 6754 7407440 A0 40 40 0L RABD (8140, 4 s
0. 40. 30. 40. 40. 40. 40. 40. 10. 40. 40. 40. 4

0000000000ap00p40000
ngatlon re38338) 33033 338 p8P3RY ICBRBBRBER BB IR 3EBEBguRRIRfer for T4

o s O008:590P0 0P SE0RG50R00000050000000000000000%00 -

~5.9%10!!
L e i s At g e pngor 59

molecules)l;-IHHl-ﬂrl £ 35 ngHHHBTART frgrdent igested| with Ncol (~329 ng or ~1.2%¥10"
000000000000000000000000000000000. cr, ct1. 4, . <1, .
molecules); 4 5774 <|3 aghul Cli,}_{Dcfragr{lqnt Cdflgesfe@ with E;coRiI| (M54-$ ng of ~|\1| 2*10

molecules)né% 9%& v¥ er J:Lgra]” h Wa3 er? jed: ovér o%éh{l ag §45]C ]Iee!ac Iﬂu‘&{ure was

co no , ' NSC

treated onc%rD JJQC%%Qm&I v andl twhee Mtﬁch‘lékofonhﬂbrebfﬂﬂhfeﬂ édh%kéo%@'iﬁ'@/ﬂl of
water. Appr@iinhied INNNGR O8O0 000 dd dean@ring PotpLiticri-iirieney of

ligation mlfglsr% %1:1(% l(ll%{illl lﬁxlla?lo%?] q]fjlpjf%sl ]ii} Hﬁ&lﬁlﬁgﬁé ﬂ)lgfl 1%1% :}%t% ]axjﬁgb:h}l 20%

ligation ylﬁldrflhvbh)srdL LML WL QT Bhidintd Rbkdiy hﬂasLdéﬂneHaasJ alpk lOann(LlEbules
Ln LP LPin Ln Ln Lc) Ln Ln Ln Ln in Ln Ln Ln Ln Ln in

(SOp). 4 U U 441-1, 440.10.1440.144340.1 3143
0.10.1444401444444010.140.1440.1
4444013144440144 W

Ligated MEOORT 43200 GRETIGIARAY0PARZP iS5 ABRENPLX idk): 1000t i MoK draq

gated M A e s R T 7 1oPR

buffer wittHK EHFdEHHHAHHHHANEDF-bdebiNARHFisks); 60 1l - 25 mM MeCl,

VAN
e
pomers SN VRGBSR BRI 1

ter- primer! (4MQ Hibing-H |7'E Zfﬁm%fmﬁmﬂﬁ&@%Fﬁ)lEnm%}?fﬁﬂ pl -

AGABANAAAANNEALNAANADALAALAAAA4A444444444
water. TheNiWHNVINErotddG] waiEnitIINHdtdbRati ddNIBIVBINGZ 4 RAKPBINENEYcles (30 sec at

44444444444 4' 4 444444444444
94°C, 30 spymﬁﬂg@mlépnmtzigéb a@%ﬁpgkﬁi@&%@hg é&pﬂpﬁwhﬁcaﬂon
nc OrVMMVEQVIVMCOMCVN. pl | MCOMVMM amVIMVVMAMMITIVE OMMIVIVM
flr4,'MWM 0 00,4 00,400 ONNNNNNNNW wg

l




mymwwmmawrudi ww 000000000000000- 0000000000. 000
1)1)aalo4C)Ca C 1)1) ¢ © a .. "'

wa@eientmed 0ggggggVgagggggg8ol ool ool ggPA OOol 00PODERPDDO54329
ool ool ool . 001 444444444, 4,4 4444444-1
E.E PHHEHHHHEAPHHHHHEHHHHHP HHEHHHHEHHHEHHHEHHHHHHHHH

HH -144 -1. 4. 14440%404 1.44. 4

1 -4.44.-19.1.-1.4.-1a44444<44444444444444
was @@g “fold from ~5*10 molecules (corresponds to ~150 ng) of final ligation fragment

e A A R b

, 141- 4140144 414,11) gi 41. 41- 144. 414 gg4444444 | =1:
4441114 - ' 41444444444444 g 44444444444 4, 44444 414, 4

Seﬁ%bﬂ!@@#‘4p4vm 494941Xp4ar 4gl: 44;
Transér/'l}g%)gll Iﬁ&,tlﬁg goo A ﬁ]lz g I‘ppeéﬁ%ddﬁ(? M)OQJ( %l tl(‘)a%ts,crlptlon buffer (1 M HEPES-

ou oo | '00

KOH 20980080802 NP Qc 80108 spéafdihd 624D 44H 2414495 mM of each
4444, 44444444444414444

NTP @oonerdan 06 My/B\ROcE MYDD BRI Goyva 300 M dnfBBND 0D 0 @0 Qi RiboLock
Q .
RNas i RIS e sl b e AP MER Deter-) PCR

mixtuf BB ne. o8 5551800 B8SH b oKb b OB TSE RGOt tion. was
perforthed 34&%44%@&%&@%@%44@4%&4)4444 4 4 4 4 4 4 .

4444 4 4 g 1g 4 g (i, ,,4

f aaNNP4ANNPL, NNNPL. NNAO/0,14,NRiNgI,Na4RINa,Na.NNP-1.14

Transé‘fi % g;%&ﬁigg Xv%lgél\lu\%" %3{{6\' EBIQI/W%A%COI‘}_ &ﬁlcas_c-f@e v&}ter and 200 pl of 6
M L1@%ﬂﬂﬂﬂ%@4&&d4ﬁﬂﬂtﬁ%%%% mirf*4 +44é]an'd cént%ﬁthNfor 30 min at
XMWXWWMM 4444444444444 4 [ 4C) WV m W

+4°C w1 83Q81g centhifyge Agagogspaéd RBFOD g). @gﬂeﬁljttant was discarded and RNA
FHHHHHHHHEHERHRHE AR PR
pellet waghed with 90l of ice-cold I8 %-sthanol STube agam-was.coptrifuged for 5 min at

+4°C WWEHEQ ﬁﬁfdﬁﬁ EHRGIRgtant was discar cd. RNA pellet was dried

for 12 M%oﬁﬂ!}%%&%r?%ﬂ*%ﬁe datly HebbsperddellEn ko 0o ﬂt} bFRuclease-free

ice-co NIV RAK NG/ foir 1D khitdat+49C-hnd 140D rpinHThbd:ag'aiﬂ-Eés Eenfrifiiged for 5
. o3 JAHEHAHEHHHHHHPEHE. PHH H PHHE. . MH: PHE.
min afprREMOREgHEpirifugEatme mﬁmwﬂﬁpéﬂ@rﬂpmm@olved RNA. About

50 oo A SRRLRCARERBRCE gt B o s

(Ferm&ILHO0ROODHNPORRR QL0QH BB Pandfdhcibated for 30 min at +37°C
FAPQ4PAr APAQr gr 41: APACAr 4AP4PA4Ar 41 4PAQi : 4M Xf =4gc4t =41: 4
in ord€t4o d¥@ade DNARAD; reaction mixture were added 20 pl of 3 M Sodium acetate pH 5.0

soluth%loq%%loi%g)mqm quoefﬁgﬁé({«t ghan oll"lgz% oﬁN%O\(ya? Sllre?:%ltgt%g%yollng%gnon for
30 misf 32030108, 00RA0RAVAFARN0HO0REOHOAFACANGIN0] Qax speed
(25°000! 9ok epreaRaclA00Melacpal FoAoRIRORRIRAl wigl s000PBPRRRIA 75%

ol ool ool or &0" oci aaa
ethanol dlae againavesasniadegeddand an ab adfancceling s fima rh sma speed and

agagaa aa a aaaaa.aaa.aaa l)l
supemi%sa P4 (Tfﬁ(%da aﬁl&% Eil?eéa\gas %I‘lﬁd afoglalf)mlf) ‘é %316 tﬁrn@erature and
subseql&ﬁt)y Ic&uspended in 33 pl of nuclease-freg ice-cold water by shaking for 10 min at

Mo omMmmOonmmo MmO onmmMD MMt anmmDO0npnbonmoconpommt anm
+4°C amd 1400 rpm. RNA solution was aliqouted 3x 10 ul and liquid nltrogen frozen.

ConceEisOBo BB 006BUBEBISE CELHSP Y BBBBD R FRRMDYBRed On agarose
,0000c_%) ksf.4% 1,1 E EhnEhn MEE EEE E PHHE.
HHHEHHHHHHHHEFEHHEPHE. MVMVEn E. E. EE EE, EEHE H
E-4 EHE. E-, E--, E E. E, E , MJUUMMUMX
QRRARARAAQARQ QRRRARQ. QRRRRQ XXXXXXX MAmmxmm Qpi nnn

040404040404 4.4, 1,40 040404040404 ool oopo




nnal an
HE. E. E. HHHEHHHFE. E. HE. PPE. E. HHHEHHHH. E. HHE. E. E. E. FHPHE

WO Boobfiesebi-HEPH PCT/EP2009/054329

,-44,4,10.4.4.404.-441)1). 44 -44.41-1.4.4441-10.44.4. 4
0440 1j 0?44. 14, 4, 440. 44, 4. 1,404.14. 4
nnna|nnnala|nnnnt2|nnnnnnnnﬁ%nralnnnalnnnpogralannncln
nnonnal i ncon

gel u§in® A0UORP40Y ORIYAQ L 4d{34,04 (h0 R g4 (e 4@ 4<) 40 040 A 04049 mRNA
g24040404040404O4O404O4O4O4A04I\Ial

~21‘f Hﬁ 41: 4904i =4124041949140404i gr 404P41: 4P4A241: 404049

g04.:4104: C. 04P4P404
E. E E. E. HHHE. HHHHHHE. E. E. E. HHHHHHE. E. E. PHHHHHHE. HHHHHE
In vitrePEn$tFHEM e formed using RTS 100 E.coli HY (03 186 148 001 - Roche)

0309900000000 wg@gooooog@g@gg&m 999909099900 ¢

ammo\g%ﬁwww O Ju! El@agé inhibitor

(Ferm@ﬁ)t@gQOQQQO%O ;Q/IQ@QI&QQ@@Q&HI&M&: wswmmwvg gl - 1 M DTT; 3 pl
MM HP- 1, Vi n"WCOOHN] , 041, 1NI MOHNf f &F
reconthTbummmwNﬂmmwﬁs@@ee waterrand, 0.6. u744 2xbug/ul mRNA

HHHHHH O HNMARW nl
1203 hf%?em%m} KR YR B nﬁr 20 gt 39 (frangtoigwas stopped

cdding 155 448 5 gt T B BT g (3P i P 7S a
25°C;401dMINadl) 30 nNI-Mpadddte 4509’ mM KCl; 10 mM DTT; 0.1% (v/v) - triton x-100
111111111Hk". 111111110+N "1 86 APPENDI X 2 - conti nued
(18755 4>Sigms)) 2 conebgeSAFIHPIHIHES CORRHEFMO Y ry carcfully 160 ul of
HHHHHHHHHHHHHHHHHHH ] :
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As it was determined experimentally, using radioactively labeled mRNA, ultracentrifugation
yields 5% - 30 % of input mRNA in ternary complex pellet. Therefore it was expected to have
less than 360 ng (30% from 1200 ng mRNA used in translation reaction) of mRNA in 30 pl of

buffer (~12 ng/ul or 9*10° molecules/pl of ternary complex).
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306 pl water. The cycling protocol for 2077 bp PCR fragment was: initial denaturation step 3
min at 94°C, 22 cycles (45 sec at 94°C, 45 sec at 55°C, and 2 min at 72°C) and final elongation
5 min at 72°C.
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2" selection round
Second selection round was performed following general setup of 1% selection round of

experimental scheme with minor modifications in PCR cycles, emulsified RT reaction

temperature and few more details.

All modifications are given below:
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15 PCR cycles were performed; concentration of final agarose-gel purified PCR

fragment was 100 ng/pl.

5" selection round
Fith selection round was performed following general setup of 1% selection round of
experimental scheme with some modifications in PCR cycles, emulsified RT reaction

temperature and final stage of analysis.

All modifications are given bellow:

e transcription - 10 pl - 100 ng/pl (~1000ng) of agarose-gel purified PCR
fragment were taken; final concentration of mRNA used in 5™ slection round
was 1.1 pg/ul;

e translation - 1.1 pl - 1.1 pg/pl (~1.2 pg) of mRNA were taken;

e emulsified RT reaction was performed 1 hr at 60°C;
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Final PCR @R gRniSSSRESESS sdnfk Gvas -abiose-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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mM BR4BCh@H 83444258C), 628M MgCl, 10 mM DTT, 40 mM KCI, 0.5 mM dTTP, 0.4
MBg/ml [3H]-dTTP, 0.4 mM polyA-oligo(dT);s.13. Activity units were determined measuring
incorporation of dTMP into a polynucleotide fraction (adsorbed on DE-81) in 10 min at

particular reaction temperature and comparing to known amounts of commercial enzyme.

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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vector a?ng\f)u?l@ied AR GNe Lv?ay as mutant variants of RT. An average value of wt enzyme
RT activity at 50°C is about 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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2). S%@@%S@FP 38%4 rrtB{aotéc%lﬁ%Sg(hose ac‘uley %39(}— C,> F\)Xfas5§u star>1€‘a11y better as
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).
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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
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were contsp ctc%&s gp%%tiallirs@?%,recel ragerllrtggaal e%iaég%gn ﬁ%? %an]ts cérhstct:rgguon was

7474 63 plagﬁh.ld 5T1Ms MBV2(BEQ ID2K0; 19)53n]:6cﬁ)1g FMSMﬁLVnR'E%th N-terminal
total nutations 6, 1 different_amno acids T->
his-tag ot e FASE SPrPigIN L}:glrléicatll_(gl Qisings ag'gntngég)gnatqggawg) M MuLV reverse

transch gtsaaé kp%@lf% Qilvft}o 59§7°@J hﬁ%tt%r% 191&1 gt §B éfa%dqrgltau@meg%lfgl activity at

uences sequences

37°C &ffer Zhin dnzyrhe nluﬁlb&t)ofét%lOPC %rér@eterhﬁhéﬂ [iserad t4388 RNase?H activity
different am no acids |->T, sequences (L5_69) 1->V,

was che%edq aicchddNA(synthesis raaem at\fofw@at) tempeiatireom i on 48kt RNA was
erforaU tations 5, 1 different am no acids N->D, 5 sequences
p (ffg L5130, L5 35, L5 44, L5_88) 92 APPENDI X 4

continued Position 594, total mutations 5, 2 different

am no acids H>Q 1 sequences (p5,22) H>R 4
Methedspnshmaterfals |5 6 L5 2$, L5 56) Position 625, total

YA o LTSI R ORAE S 2 B SiRra for

mutaghﬁcEE)R Rdsatatibmnweréintrodicad using ahwtagenicdpridedi Ifdévidud clones were

sequelgcg]d 3%}51? ééﬁ(lfg l\éé\/hjﬂgi eﬂﬁe e ea?l}ﬁg lgv%qu g%prgégg) 18t4 Ty expression strain

EMSG@‘tI%HiV@&x%I ‘brotg:mg' efnfde{ﬁﬂﬁr W N2-¥61 ¥SreRerzs, traﬁs&ﬁﬂék% Nhefhe same
(17, L5_21, Position 126, tota

constrpeticant wmsgréwnan daODfnelr et B ami A 0ach. ﬂand-lrpnﬁﬁecz Vsaehpaéag: by affinity

L5 9 2 71, L5
chromeheraphs S 2 phiok) QPR Sy ARV e Gih Ayificaion was
perforffell dgnder D&ived cERAHERC B&cof ﬁ%?@ ,supplief$ redemmddnahtidusy, PElullon was

sequences (L5 42) Position total nutations 4,

perforgietl fie lgnk ofahBr§0 desNﬁlHﬁ’@zh A0¢ wdfientesd, 237mM 5 i llllldazol pH 8.0,
10 ml\gs.-g%%erc%?tﬁ&ﬁ;noﬁ)%ﬁd t() de)n I‘:)(? Qrébn?@i(‘?d Ryt %‘ﬂeﬁlézve%ﬁ ggalyged &gamst 50

uen

times éxc@SAVRINGASe bOF (3D nfv>Tis-BCE@ILERGeS5(®), 0134 aCl, 1 mM EDTA,
Position 638, total nutations 4, 1 different am no

5 mMERTH). HoxXRV) Arisem¥eeand 305 o) glsg@gl) Protén pussty pyas)checked on
SDS—Ig%é%gﬁ%%g%?ﬁg ook 8% (ol %E{gtgg)ﬁ%eéﬁgdng&ﬁ{a%g}x Véc{y dW%rmined using

sequenc sequences

Bradfdrd 4&lgedtd (Fduberttas #R.52719) Position 8, total rrut at| ons 3,
2 different am no acids H >P, 2 sequences (L5

LBILV] gyverde SRnscripiasg @ethdties Wz@)m@égﬁeﬂuabﬁﬁé@OTdﬁ@yme diluted in

specif b S iy B ELRAN TR 35 Spguif ot ASTHRETFA) and

t f]a gt S emE A2 5enidehAsnEnghbatidn %?SW’@ H;éﬁ rhd-@ihddd and its stabilit

eSS 10‘77 L5 111) Position 237, total nu a?};ons 3, Y
measudeldf 1fne]rxeR‘lI‘ ragdtion batied SO0QnMRTris-HRA e 8Ces I52€C, 4II]5M4ISIgC12, 10 mM
DTT, 5 O mM IQCI). 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



Position 249, total nutations 3, 1 different am no

acids N->D, 3 sequences (L5 1, t5 15, L5 114) Position
wQ@aB9/12mv@l nutations 3, 2 different am no aciPCI/BEP26D)/054329

2 sequences (5, L5 101) A->T, 1 sequences (L5_118)

APPENDI X 4 continued Positigg 307, total mutations 3,

1 different am no acids A->V, 3 sequenceslSl L5 73,

1ncor§ raﬂt%‘on éf dg‘i)ﬁ; 10[n 34 Igéudat (%&dg %ﬁ_lgno@aing%% on ]éﬁ%rii)m 10 min at

particERs tdab@dh t@ﬁl?)erah@é ahd Bathpdrin@ NS kdowalblirite bEAmm@BAcRO enzyme.
aci ds_ P- >S 2 sequences (L5 21, L5_111) P->L, 1

RNasg &} aetiaiyso (M%M}lLﬁfong@IiS% (rAnSIBIptase vaTiantg, s |naﬁqt§ursd agcording to US
patenfg> foS%S%'% 5130 Hag tféfﬁ tpl11r1ﬁ§d %ﬁ%&%cﬁé e&s%a ’n IlEée%?Og) mixtures

t1on tota

(50 placnod&uﬁ}igROmM S[QQLI@(DBPH 3,32 A1 MACIS1 nive D'QT aB@S[BHI]@I)n*(dT)n
449, total nutations 3, 2 different am no acids D >G

(5 LMD [ 8y 36 sppysnalz 20 13 £d1_3n)>/-l{eas&tl<§éq@@fn deenbpted a6 By°C for 10 min
ot YA S ity AL, o 2 AT, er 1

minutéBbn RQS ithd alxAAIwal QEmtifupdl abi @()‘%mﬁuteg- 1§'aﬁfﬁflﬁﬁaor9%ﬁﬂﬁlge (at
acids N->S, 3 sequences 524 L5 79) Position

25000g). Fortyqtl alf thesuptinetast ®as doudteﬁfm aé»StC amwensalamckiml (RotR,- Rotiszint
uences L555, 1L5.7 Posi tion 673, total

eco Pﬁl&%i& SOt of ﬁg%ﬁﬁ Frastigity l%rher%n @e@% reguited, ifpfrlgilize one

ot T It MBS L) Pos

ferent am no acids N->I,
3 sequences (18, 0, 21) Position 5, total mJt atl ons 2

oS AR S5 5t Beseivences (e
RNA @thno3’ %‘lﬂﬁ PR cobhefdR %ﬁlsolfgloéiﬂ?g) rﬁhc?r\(vas]use% to <:2heck purified

sequences (L5 _75) Position 12, total nmutations
reversd frimscaptaseniforo tlwdi dbility >¥, synthegzre nEB$A ( m5 _d3rei- tehmperatures.

Alter ‘P?ég Ck%s #ﬁ\h%—(z @thgso%ht St g@&& E.}%lggz rl"gg?fﬁ g)%ggnd which

additidnafl§ Cﬁd)ﬁfh@rﬁspl(ebe's_of- bhdgd QﬁﬂlHdlaO]DNJX7 550 0848d9bP} btk | 13BS t& test reverse
1 different amino acids P->S, 2 sequences (L5115.

transchtioplzlgactlmpp@NAXMS coynthesiged] 1Hosint 20 pl 3actiont wdlume using kit’s
nut at j ons nt .am no aci M>V, 1 %eq ences
compctnEgtSG )J.gm ynt etlgegﬁr cffgglomng Er@)w Sﬁ)rp’foaﬂl 5\@ afome minor
modiﬂ(-f%'tfé&l%‘l’ ’ ﬁmLét g%-slﬁl Oé}ﬁ%t?c%%o gg’t n'?otéf ﬁénﬁ¥sgt M%nsér@t?&#?&%&&s were
perforohied fie 196 n}t/elhRCROplatBI idFderdorf Rseepyelee @sadidnt PER nladbhin applying

P03|t|on 83, tot mu tlons 2 dlfferent am no.
corresprding fgmpgpatiye thopi5ed CEV P ppalAIdy, alkeling agarose gel
electr eg%grsl gg%m%'é% Lyid gﬁlﬁﬂtﬁﬁtbréﬁﬁd&? SahHSs @r TBDNA synthesis analysis on

alkaline agarose gels are given in FIG 16.

Results

According to the frequency, with which mutations are found during the evolution of M-MuLV
reverse transcriptase, they can be divided into five classes: 21-31 repeats; 14-18 repeats; 4-7
repeats; 2-3 repeats and 1 repeat. Construction of individual reverse transcriptase mutants in
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



Q@ >L, 1 sequences (L5ix) Position 95, total nutations
2, 1 different amno acids N->S, 2 sequences (L5 20,
W 200917300d0si tion 108, total nutations 2, 1 di PEEERWDI/054329
am no acids D->E, 2 sequences (J,51 15, L5_114)
Position 135, total nutatiogs 2, 1 different am no
acids L->P, 2 sequences (L5 9, L5 32) Position 148,

cases géek}agée Iﬁl'g&ef:g’l@%tii %{Q Eec_?%c} %éﬁlﬁ?{}ﬁ/ %g%lg Q?a@ﬁbx‘lflgt &{¥f> L{Xht %mpiratures on

1kb of 4dikb fRav.&masgrerformat iAdb edpertental daiquanadisiduhbmatants are presented
1)_ Posit] t ot al tati g I fferent

. L5 179 2
in ARERTGS Sacreaend selyaing“ §@aﬁ&%§§qw%) 9|m<§‘eﬂt681t eRjiehfe ¢l sequenced
mutartd Sufich) hz{acé?('a&t' tﬁl‘i‘taﬁ&flandt 1Ak ﬁ{lmﬂ&tlﬁttﬂeg&?erghesgs Hdfhfs 8Rhl number of

aino acids T->A, 2 sequences Posi tion
partlc&lgtlamtlm)t aid mutations fising in IteldathﬁleFMXFiamlmBZ&QN d25N36Sneans, that

49, L5 63 197 t.al
asparise S, HECIndn] o PR v a0 erierrou Al B olsh Raggguutatons.
Reveréé—@aﬂs@n plase_deeificPRgivity MeatBed af 9Vt (LAY hrpﬁﬁltszperzm% of protein.

erent am no acids” F->L, 1 sequences (L5 81)
Rela‘u&e %qyma cetivity st 4P CPasl trélative? id8idubbRAl aotitit AOBS°Q, after 5 min
different am no acids D >G 2 seq[uences (L51, L593%
incubgsiog; 4tj IRC 289 glweatlmper?ﬁtltatqogﬁ@llzzd 0 spFdifie pERLYAHOAG) of the same

enzyfigtSopi¥ o3 oK TORET e 00 o MOTIL FRise wanscriprse

used fﬁﬂh@fah@ﬂﬂ)ré’rg cobndlhicfien. aMis @ithal9 eagyblSiskexplissed if @RUAMESSctor and
(L5_25 7) Position 306, total nutations 2, 2

purifieg mf‘@ﬁéﬁmea‘ﬁ@}’h@ﬁ et varians ofi Rie §nepbie sctivityTof wapnzyme is about

20070 Ty ERCTERGSs RN BSOS on5Rtnt Jomeuty 255D - 4s-s0%
(90°006R1L0MPY0RIRIY 188 B3hfive r&idlal TU @@ti\@tﬁrlat237°@ didrf ¢ hfAtincubation at

am no acids E->D, 2 sequences L5_62) Position
50°C B@&hpatmg ab aptivigt ato3iECY,is ab«ihtflfléfis €22’ 00fl mogh.c Wikl $p>Wizyme has
uences L5 115) G >V, .1 sequences §15) Posi tiaon .
abouté@ﬂ ¥ sl qt}mf: bhctiyity andipan ginthiesiza fyl lfna@i ld%) C@l%zat 48°C. It

s oty SSNSORL 58 DA D053, gy b

blndm@Lﬁ ﬁémplzh')e ier Bdﬁﬁtrbteomcﬁ&ﬁltraty)t@lzymtlaﬂesértherﬁaosfhble in solutlon
rent. am no acids W>R, 2 sequences

alone &@e%hyt ﬁos%QO% Redgiye regidysl Mtaﬁvw&h at §7° aﬁfnf $ &Y Agcubation at
0 ac 2 .sequenc 23%PSIIOH
50°C %gic”c%t i dé‘fa% \%‘66 the. ét(ﬂ %deﬁ é'f ! (_s)()ltu{‘lg hout s stgltg é\/leanwhlle
relativé 5&1%9 %e§o°@5ep¥wehts Peﬁliemelt&ﬁﬂémet§ &Lém%bleﬁ’ovwﬁ I IQNA/DNA
409, total mnutations 2 di fferent am no acids
substrate sadjspseded qDIVA SM@EQ@IS Fast mutant variant of reverse transcrlptase 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.



Position 417, total nutations 2, 1 different am no
acids A->V, 2 sequences (E5_, L5 84) Position 431,
W odoaf123006 ati ons 2, 1 different am no acids P-BPCI/ER2009/054329
sequences (L5 32, L5 51) Position 433, total nutations
2, 1 different am no acygds V->A, 2 sequences (7, 1444)
Position 436, total nutations 2, 1 different am no
acids A->T, 2 sequences (L59, L5 76) Position 450,
total nutations 2, 1 different amno acids R >H, 2
Reverse trarsexptesecmstagtsSwil ,indrBash® spddifid tétdity484201000@lm ﬁt337°@n§re
i % 1 different am no acids N >K, 2 sequences %WIJ_
(Appendix 5):5 gg) Position 457, total nutations 2, 2 different

b2y (Dzoogg]%g{n(g@ggl?ggb 266-(3(} %ﬁ@gﬁg@%ﬁdggﬁ }%éégﬁlogom% on 470,

T330 (T330N 2B’ 000 hahg;ArBS 0D, - 280ti00fuangnt ami no aci ds V->A, 2

e 17 L5 1) Position 478, total nutations 2,
%(sz@ %@5 hmi no aci ds L- >P, 2 sequences (L5_21,

H594 (H594K5_2bbioooﬁ’9ﬁgtH99ud9z131 dotigfrut ations 2, 1 di fferent
am no aci ds L-> 2 sequences (L5 _76, L5 ~84) Position

D449 (D449E9@24t0693t'mgn]3‘&’t9ﬁ\b-n%21200021/nmg}fer ent ami no acids N >D,

L (L5_94) N->K, 1 sequences (L595) Position
M39 (M39N &gs%gté? tations 2, 1 different am no acids H >R

M66 (M66L22S$’@Oei]ﬁﬁ§ M6 4027° b@aﬁ)%g, ResAIt 2a0r 098 %/me 0t al

ions 2, 1 different amino acids Q >H 2 sequences
H126 (H126BL522M)00E1§118)1) Position 545, total mutations 2, 1

f no acids E->G 2 sequences (L5 64, L5 93)
W383 (W38@ E?I ggég@@) total nmutations 2, 2 different am no

1179 (I179V a2b be0@u/nky). 1 sequences (L5_103) Q >R, 1 sequences
(L5_18) Position 572, total nutations 2, 2 different
amno acids M>L, 1 sequences 0072) M >, 1 sequences

7. I nt amn n
revens ok AR Akl PSS 54 o 8 Bimdfhe
activity at 37¢©f @t (Appeatlixs)s 2, 1 different am no acids E>K, 2

uences (L5 75, L5 79{ Position 618, total nutations

se
D200 (D2002s - %f’/ﬂ i208Aerk’ %e AR 2960aci0d&o; ID200F 27 9% @?&Q&’esﬁ(li/e D200W -
0 5%%9 [ 2 t alg 0 1 different
103%; D200é %Eé’ ;Bé%gk%@%%?%foég 3 ﬁg?s?%fj (¥ 115) Position

L6063 (L603V63305‘1/09L64)3Hm1(m°/5 OimiBY %‘MIHG‘OSNEM7%)”,H no acids G >S,
guences (8 uences (L5 106) Position

D653 (D653}é4é’3°/: |3Knu’c(iﬁ/P %@32\ §9e° i PPe}¥nt8unile38ci WoPSRL -

83%; D6S3HY 136U DREEE - (9'9%13%%?,\# §3%5: Bo AEREED (1,5_47)
ositron 676, nmut at i ons drffer ent am no

T330 (T330PadiOds T339R, - @Vs@dﬁéﬁc e5%; 13380 - 6|5% 0:83RB0S - 67%),

Q221 (Q221R - 94%; Q221K - 77%; Q221E - 64%; Q221M - 58%; Q221Y - 77%),

E607 (E607K - 84%; E607A - 98%; E607G - 72%; E607D - 69%),

L139 (L139P - 59%),

T287 (T287S - 68%),

N479 (N479D - 81%),

HS594 (H594R - 69%; H594K - 80%; H594Q - 75%; H594N - 61%),

D449 (D449G - 79%; DA49E - 77%; D449N - 75%; D449A - 99%; D449V - 83%),

M39 (M39V - 54%; M39N - 71%),

M66 (M66L - 79%; M66V - 73%; M66I1 - 80%),

L1333 (L333Q - 54%),



Position 15, total nutations 1, 1different am no acids
K->T, 1 sequences (L541) APPENDI X 4 conti nued
w@omptziome 23, total nutations 1, 1 different am@TiBP2009/054329
acids S->P, 1 sequences (12) Position 24, total
mutations 1, 1 different amsgo acids T->A, 1 sequences
(L5_40) P03|t|on 26, total nutations 1, 1 different
HlZﬁa(ﬁrllﬁpR L->P, 1 sequences (L5_82) Position 29,
=—“Xotal mitations 1, 1 different amino acids F->L, 1
P130<RLAOSHCAS0)( 11) Posi ti on 30, total mutations 1, 1
er am no acids P->L, 1 sequences (L5_ 23)
Q—@%R 533#)8 total mutations 1, 1 different am no
W38$OW ISR = ?1%)1 sequences (L5_99) Position 37, total
nutations 1, 1 different am no acids G>W 1 sequences
R390(R3NWPE$P4) on 41, total nutations 1, 1 different

a L->R, 1 sequences (L5 40) Position 43,
Mﬁ@?ﬁ&wﬁ@?. ons 1, 1 different amno acids V->I, 1
ES (EsEgupees (L5_2) Position 51, total nutations 1, 1

different am no acids P->S, 1 sequences (13) Position
total nutations 1, 1 different am no acids S—>A 1

Rever eﬁ%rgsrcéﬁtt% I%ﬁ%??% At tlg éncp:ag%l Pei'étgftg 3%@:11 §Et?\}_§' %i)’»%’) at 37°C after 5
min ifR@BationQ 56°C &&Q{p@hnm efi’:h’v 8t 3beC %)alg'(A{pgérE@gS m no

aci ds S->P, sequences 73) osi 't 't ot al
D200 gazGON ohi"A);LDmO@l-ﬂB%t; BﬁOOQmZB% BR06R -BI7HGED200He@resces

Lous (eBFLarBELIOSY, 10 LA BURL L0 Moot ) i
DsssuoéﬁiN oy o IDH3SK L 1506db64RA qu%amjérg?\,aqf% b533 y% ]1§% D6S3H -

. %ences &Eg 79) Position 77, total nutations
13%; Qﬁ Gr &3%; BETW alG%eiDe53ER 19%)sequences (L5 48)

i QR t ak, n ent am no
T30 (RSUE - 2R o308 dondadn 230t [k 87, Tora
T287q‘ﬁmaAi dn%.; 287 dilBfr ent am no acids L- >P 1 sequences
20) . APPENDI X 4 continued Position 88, total
H594 % o °alH5%QJITf3 €hent amino acids V->A, 1 sequences
D449 on 89, total nmutations 1, 1 different am no
cids P- , 1 sequences (8) Position 90, total
M39 (N3ONtild¥8, 1, 1 different amino acids C >Y, 1 sequences
8) sition 92, total nutations 1, 1 different
M66(&@ﬁ'13§3ds S->P, 1 sequences (L5 _44) Position 93,
Y344(t§q4aH_np3to tions 1, 1 different amno acids P->L, 1
sequences (L5 66) Position 96, total nutations 1 1
D1 (P etB), anino acids T->M 1 sequences (L5_103)

0,97, total mutations 1, 1 different am no
M@%ﬁgé%é@ 1 sequences (L5 71) Position 104, total
W388 (WBggrongeyy, 1 different amino acids P->R 1 sequences

(L5_79) Position 105, total nutations 1, 1 different
am no acids G>E, 1 sequences (L5 76) Position 107,
mut aki ons 1 differ am no acids N->S,
Mutamtg e%bﬁ%rtl cedt Tﬁel)f&]%’olgl?%‘ olrll(%l‘i Ap Bt IAMBRAtIICS %%he’{,t%in 48°C are
(Apperdiif 5)er ent am no acids R->G 1 sequences (L5 _51)

Position 112, total nutations 1, 1 different am no
D200 (R0 - WOAAC; E%@@uéﬂéé@) (L5_60) Position 118, total
[ , m no_aci ds V->A, 1 sequences
M’é(@%@’gzggé é {“%Q}ﬂ:l "’1%)1%{3%16&“{%7&?%41@:1 1 d| fferent
a qu kD RoSi . o
Dsy AR 2 DL DASERS008S EERRROS PR Wiy - snrc,
D653Qse3q)u@m; B5581L5581°CoB633ON5(1.253. 10t Bb5IWL 3 I4@@SD453WZ 50.4°C),
ferent am no acids P->S, 1 sequences (L5 40)
%(Q@%Wréﬂﬂ@a total nutations 1, 1 different amino
acids T->A, 1 sequences (1:5 Position 131, total
mutations 1, 1 different am no acids N->S, 1 sequences
(21) Position 132, total nutations 1, 1 different
am no acids P->S, 1 sequences (L5 _104)



APPENDI X 4 continued Position 136, total nutations 1,
1 different amno acids L->W 1 sequences (13)

w@ompteiome 137, total nutations 1, 1 different BEA/AP2009/054329
acids S->G 1 sequences (L5 82) Position 138, total
mutations 1, 1 different anmiggo acids G >R 1 sequences
(L5_3) Position 143, total nmutations 1, 1 different

L o, aci =R, 1 sequences (L5 _3) Position 149,
E607?§{56‘ﬁ(-2j(g- o}j{@g{l 1 different amno acids L->F, 1
H594 %gmsﬁg-(s@)@_é@ﬁﬁm'21*7‘8';50?{0@%.; otal nutations 1, 1

ifferent amno acids guences (L5 40)
Position 159, total mutations 1, 1 different am no

ci - uenc L5,.13) Position 164, total
sampf £ T KB AENA S GsraRaB LR he efamsesoBare 8/ven qUEIRL KsA-D.
(L5_104) Position 168, total nutations 1, 1 different

am no acids F->S, 1 sequences (L5 41) Position 173,
Accordigigato realletechrbdochemicaliidafoe menst impbrtant apdsitionR- mKM-MuLV reverse

e L507), Posi.tion mut at i ons
transcgﬁ @g e:gé i )démaasn}ﬂ gG,:]]g]%As @Gﬁ%‘ﬂ,se% pceeassd temperatures are:
D200,PD603‘, umss;tfﬁso tQ2231| Enovamsmsrzim K490 fﬁ@ﬁ@fﬁu@w MG66, 1333,
(‘é guences %9 Position 190, tota

Hl%r%%‘&‘mpéﬁ% 91 i‘I@ f NSSERIUNIIKY, QFTdsES) >R 1 sequences

(L5_117) P03|t| on 192, total nutations 1, 1 different

am no acids F->L, 1 sequences (L5 42) Position 207,
In gehel'ahlmumthcatsi ofisinferesi @@inf ber @mibiged Mo ek landPM-MuLV reverse

se 3 Postlon 208, total nmutations 1, 1
transcgp §ee é%ﬁ 2{@ Cpél Awgky)ut PubgEife ry@g)gltngro,q;ysswlty and overall

LT i

whlchnuu:ma,teu remzyime Imgioveaestny armbmatanalct@phbabRarelpI&@amhtheﬁppendm
mutations 1, 1 different

6. Single. ané ?)g@b#l 236_%733\% ‘égelr]@éaélve @Stl‘gjy at]_%BCAgﬁ;f}/ER?i %03%. Highest
enpeEAPEL DL SO0 e S0 LSSy LSEORR! Lo

has refativalactivityallB isat150°C gnd tal SRith&WenkREDNR B 362C. ITriple mutant
sequences (L5 4) Position 238, total nutations 1, 1

D200Ngj E¢03VénT330R ERQ‘Va@it §9°Q b cDNdeahssd mﬁwﬁ;ea)further and has
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mut at 1
felaﬂvsélfta@*ﬁﬁjé aﬁ@%& aRch ey ?xn'iﬁeg%s éikb rségwaaé%flc Quadpple mutant
tat e L5080 1
D2001\E“L66@ 5 Pogl% t?) ﬁgnéa%é (8? g?%lsonut ﬂ{bl on ‘g%t B7 §§0f1f g?ﬁag[ relaive activity

174% an$0%Q @adida spnthdsizel | GLEIMEACL $0(d25C 2 @ulﬁaﬂetm@tﬁn@'ﬂ)m L603W;
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T330Ps BeQidndds OP (5975 1) SW&sdkb shNZ5 2t 47t 85 A hasmelative eovity, 1715% at 50°C

ot ol WAGASE Py £ TR 22 ot
wild tR5d dg-MurV re@e@@ Ci#l g&“gﬁas(% ]ﬁ]}(b P(Q?NA' gtn §3C) tz&&fﬁhve Sharacter of

nmut ati ons rent amno acid 1 'seq
thermogtabili@b)s aR@anser@ﬂdﬁB@se obtal mutations 1 1 di ffer ent

am no acids L->P, 1 sequences (L5_60) Positi on 282,

total nutations 1, 1 different amno acids E->G 1

OR [

N479D5 mgggﬁ?mgth?%g@% Iﬁgﬁsy 13 ?‘ﬁ?ag ggﬁéé ﬁ%gm aggg&clvers"us D200N;
L603WRaI7TODO HI529R - 182%6ait 501¢, aﬂ(b@DE\IAlat Sb-58°Cf @5eP DA A356-58°C),

acids T->A, 1 sequences (L59) Position 295, total
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T330P (rhéa}to@zop e L&téo%ﬁ/,lﬁgse%gfagie@?f_gsgopngﬁ q,l | fglég’ e s8-60°C

versus DOOGN; MB038Y; DESNE D3R4, Th et Nt s@Fhsnoac i ks cISNAS:t 6@9 -62°C).
sequences (L5 120) Position 309, total mutations 1, 1

different am no acids F->S, 1 sequences (L5_28)
Position 311, total nutations 1, 1 different am no
acids R->H, 1 sequences (16)
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1, 1 different amno acids L->P, 1 sequences (L5 _29)
w@omptzome 314, total nutations 1, 1 different BEA/AP2009/054329

acids I->T, 1 sequences (L5 _76) Position 322, total

mutations 1, 1 different angpo acids A->T, 1 sequences

(L5_60) P03|t|on 323, total nutations 1, 1 different

1 sequence 21) Position 326
sanpfipER AR e R R e e BR L0s B i e
(L5 80) Position 331, total nmutations 1, 1 dlfferent
am no acids G>E, 1 sequences (L5 20) P03|t| on 332,

Examplg 4+ Medifeqatignso/ ICRB ~selacgpr for Bﬁﬁﬂn@pged% DNA polymerase activity

339, total nutations 1, 1
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This B(mqﬂet GlusBafes dedtay-basetl adelcotion kiratbgdlidff evand tansdiptase as DNA

depeniigtt AN Py g | BN ciH IP o B RPOrSSymodifisd o hileasides  into
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Two piesmidso mﬁTlhlﬂMtﬂN MéNt_pEn(moéug dBNaselE, minsse ddielnoeys Murine
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Rosgj t a 1 e a 2109
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biotin- td@tﬁ’l aﬂ@"lteaéﬁcg{'ﬁuf%er Feeiofd a@ﬁ]&n ﬁ'ﬁ%tﬁf% 54 S3ufifeh ylgfldlng ~1*10"
sequences Position 4 4, tot mut ations 1,
water Glh foﬁleascemparamntm ~agindi kizePEmilsEeduenacen ﬁ]b&u&?(jless than one TC,
. Position 486, total mutations 1, 1 different amn
ribosomeiraRNA/dsDN A -psetgiente é@m@@m%) waésmqwbéwdzfgv% tn’étla?F 37°C. After

e oFRADLSE, el A e AR SRR 50 A VB0 s

releasiQf RN AGKDBIA arrMevdrssegnsenipiase. Shiccesst ifaspdration fAdtion can occur
total nutations 1, 1 different_amng acids E->K, 1

only inseapERAFERSIS 05 AN @@svethﬂulsMRN@%ﬁ Ht) TRYRrER Faperipiasegosulting in
biotinydhtldn&d MSWN@E egr:" ﬁl%tmyllat%ﬁ g#xﬁﬁf@?%aﬁ 'bésé'igatwelg immobilized

0S| t I on tota tat ferent am
aci ds L- >F 1 sequences (8)




Position 528, total nutations 1, 1 different am no

acids L->I, 1 sequences (L5 62) 103 APPENDI X 4
w@oowitzriwed Position 532, total nmutations 1, 1 PGCT/EP206%1054329

amno acids G>R, 1 sequences (L5 117) Position 533,

total nmutations 1, 1 differgat amno acids Q >K, 1

sequences (L5_ 104) Position 538, total nmutations 1, 1

on strgétfa(/%{ aéegg}ngg et% Ib%?id ar%dT%)eélf%Sﬁﬁglg%Ff cg é\ﬁ#@lﬁ-ﬁpﬁo As a result of

succeMIdSXp%ﬂhiEm kefi®q H@Mﬁfg bdtbre8e)zyhes(ihi @ &4, RT-WCH fragment of
mutations 1, 1 different am no acids E->K, 1 sequences

MLV(JQ@%ﬁ.Pﬂ%§?‘fqr%9ntfsﬂﬁﬁﬂp‘{a&)aff opids B¢ jeprshet overgganes cap@ding inactive
da ids T->I, 1 sequences (16) Position 551, total
enzyn%mt ﬁpﬁﬁs 1, 1 different am no acids A->T, 1 sequences
(L5_71) P03|t|on 552, total nutations 1, 1 different
no, acids .L->P, 1 sequences (L5 _3) Position 556,
Methf’g%%ﬂdmﬁf‘gﬁl%ns 1, 1 different amino acids T->A 1
sequences (L5_42) Position 558, total nutations 1, 1
di fferent am no acids A->V, 1 sequences (L5 81)
Prodwgiwntof snRNAGIsDHA zbmplexat i ons 1 1 differ ent am no
ids R-> ces n 562
0 DRGHRTaGiE Y et SEFER" EHfeERS o EusEzeadRh Spsedrissmined by
ligatidnlL &t MLV BD&hRNQX'(s@K@ws&&i fﬂ)m'ﬁElahisom P_p {)ﬂkﬁlfde'E%Hﬂhple 1) with

am no acids L->I, 1 sequences I on

primet hprg+ThASEQ H?I;Ncn 23)using d@fﬁémlg%mlm@r & éD/Nc»ﬂ) as a splint. The
o eDERE e kR SR RL A B Bllndeghoe nase

(Fermbrttds). t ot al rrut ations 1, 1 different am no acids K— >Q
1 sequences (18) Position 600, total nutations
Anneglingfraixepk 36 Wes Biepearsd fayskixing géééem@s(~(l DBe)16f) punﬁed MLV_pD
0 f
mRNA Q)?dl{ hg}ne% gf]_mélgl% glé%eg%éﬁ%gézgﬁ é%(ﬂ) 613(2 % %rﬂ D Qimes of molar
excesgoif dti@-Qﬂﬁng(SElQ dDf X erx)tin antledse &ﬂdedﬁat&* ¥Re nilxﬁﬁiﬂ wan@Rabated at
. %Wt 104 APPENDI X 4 continued Position 628, total
70°C fe amninrandythen qgofefletoeromy igmrsraiiedor |R0min. Befersyaditieg ligation

ractdy efith R B Lh AR O B B SRS i AL PN

rrut ations 1, 1 different amno acids I->T, 1 sequences
5 107) P05| tion 634, total nutations 1, 1 different
4.5 Hlaﬂlﬁ V5 ligatign bpfferyand) 4 §elqa%“ﬁé N4 L!ga$1§5vml)s (Eqrmﬁnt@sbswere added to

nut at | f erent a Ci
3641 & oot B0 TRy o S B B S iaif g° ang followed
extracfbil bEJeORTth é(iﬂdl‘ QoRieedst Rty PhénobRHIMRITS®S (ROPHF AN twice with equal
Positi on 65 total mutations 1, 1 different am no
Volumacqfccéﬂoa@&vn AssuejngtbasnRNS agpumosas ¢lose B5@itial @mlunt taken for

hgatlo{lfgfjlacttllggn ?f]é%ailontep&%;tcts?ﬁ?pg?vag lélg%deﬁia%w #3&“}%1% a4 fide water.
Ahqucﬁmf ?I QPfeg§ltelnT fn\(xtuile FEINENGE andl ) 01'13 Qé_aeréeoébl ©6fre tRhBbilization
ions 1, different amno acid sequences
on Dymase_aﬂlaM 2I865$trepdm1cﬁﬁaqeadsatlawalbuach® bihsbage BINMHER™Y Kitt (DYNAL
Bi ino acids E->D, 1 sequences (8) Position 667, total
otech ations 1, 1 different amino acids T->A 1 sequences
10ul of Ee%ugp%}ld&o@yﬁdb‘égdm% trdrRfeded 3G qtﬂ 19[‘ ﬁn@roce]ﬁﬁ’f’u&é ﬁfb@ Nyvashed with
am no acids” S->P, 1 sequences (L5_3) Position
50 pl ofoBmding Roddtionnsrotided irdihk fkétr €he tubriwe }ﬂzn:led S)n'lfh@&,agﬂ.et for 1-2 min

until ba@c?#sgalgatat éhﬁs ge7 )gecr gczl{ltfl_cl)rg%af é%g)é{&@t 2 gvlveggéyr}tly resuspended
by plpgtaﬁ% i %’Qﬁ' gj_?_c?f%_%mal g%lohﬂ}éhﬁf(‘lé}ggﬁ r%c} witH '2[1 8f ;ﬁﬂl‘éoﬁm (tRNA from

uences
yeast (Roche)) solution (1pg/ul) to minimize non-specific mRNA binding. 40ul of Dynabeads
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was %égibgt’e? SHaﬁlﬁ’g at th_g_-f‘r%2 kcr: 7% f&lﬁl E%%%n@&?)( %? ! 1(131[ g@@r e binding

of ligated nRNA/dsDNA,, s@emataﬁﬂ. Wa$ relﬁ@ved and tﬁe ®pads’ were &Vash@d three times

with ?Ql_gl 9te W%shmg S@gltlop (supphed in gle klt) Co]égcwﬁ D)ynabead;s' wzth immobilizes

hgate& ?@A/CQB% ﬁé)rﬁpleQ aﬁs %su npetndec{] in %})11 C?e%ﬂme f%ﬁ WaRY 26161 followed

extractiohl dabe @@h Rot@%@@@@%%l@@H%@n%@ Witk 481 volume
CD CD CD CD CD CD CD CD CD CD %
of chloroform to release mRNA/dsDNA complex from magnetic beads. 1; 2 and 5ul of final

mix were analysed on agarose gel along with sample (2 ul) left before immobilization and
Mass Ruler™High Range DNA ladder. Amount of mRNA in mRNA/DNA complex purified
on streptavidin beads was determined comparing mRNA amounts before and after the
immobilization. The yield of recovered mRNA was ~60%, what means that at least 60% of
mRNA was successfully ligated with DNA duplex, resulting in mRNA/dsDNA complex.

(2) Determination of biotin-dUTP incorporation efficiencies into mRNA/dsDNA complex
and into self primed mRNA. As it was shown in first mRNA to dsDNA ligation experiment
ligation reaction efficiency is ~60% and more. Free mRNA left in ligation mixture can self
prime and participate in extension reaction using M-MuLV reverse transcriptase and biotin-
dUTP. This experiment was performed in order to demonstrate that mRNA/dsDNA complex
(ligation product) is better substrate than free self primed mRNA.

MLV_D583N_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
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(GE I%aﬁh{éarg ﬁﬁbop %ﬂliﬁ%rearclﬁloré .p’rOC&LJLS W?re dei!t g%reﬁgéﬁ l%,# reﬂctjion (without

streptdvidib¥eads. pﬁurﬁidéﬁon)*a@ld*tﬁe remdﬂﬁhﬁ pa1443f sbluflons/Were. us?@ fcﬁ:I b10t1nylated
t=4 04 ,tO0OPL, . ??," >C Zoo 0 C
mRNAIsPRE ) cempiein léwl@hﬁﬁlﬁﬂcr@nc nDeebeasr McB0en mmaxmmn beads
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was tAREENEN Xo - 1691 his8eknt! QQulS‘e )wa@ﬁecp%@pZ@gl of 6)1'0V1ded Binding
QUULC, ) C.) (nC.) 00 000UC0) 59 C.). zr 000
SolutigniFhe faby was ,placr:c; oR rth@m@gmdoxola 19inOurdil GesBeitie)l A demtton of

the tu%, 'jmdg%)hgt}(?n W?d remove% I%znaEFé)dg gve%q_ glérg}y Wh)lsgenc?edcgy p1pettn(i)g in 90 pl
of Blﬂ;iir@é%élvﬁ%nqﬁﬂc%% 0?%19%0% tI@IththIQzQ from WRQ%e%s%luﬁon (1pg/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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products were analyzed on 1% agarose gel loading 10 pul 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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pl - 20 ng/ul of PCR fragment del pD PCR (unpurified PCR mixture). Transcription was

performed 2 hr at 37°C.

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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Ladder, High Range (Fermentas).

mRNA/dsDNA complex was produced by ligation of long+ oligodeoxynucleotide to mRNA
using ddC-Long2 oligodeoxynucleotide as a splint. The 5> end of long+ was previously
phosphorylated using T4 Polynucleotide Kinase (Fermentas). Oligodeoxynucleotide ddC-
Long?2 has 3* end modification (ddC) in order to prevent possibility of 3’ end extension by
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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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 WAPIGHHIAR A LB & vely 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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Prepared emulsion was incubated 30 min at +37°C.

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.



act ggggat c aagccccaca 541 tacagagact gttggaccag
ggaat act gg taccctgcca gtccccctgg aacacgcccc 601

WO g@bazwegt taagaaacca gggactaatg attataggcc tPRPCDEPZPIH054329
ct gagagaag 661 tcaacaagcg ggt ggaagac atccacccca
ccgtgcccaa cccttacaac ctcttgagcg 721 ggctcccacc
gt cccaccag tggtacactg tgcttgattt aaaggatgcc tttttctgcc

CollectP&' g%g 9%k gggg ;g{ﬁgﬁc@g {):tglﬁ (il tg@i&dﬁj@% complex were

resusﬁ@@@d?ﬁl&@%‘rsd C&GaEREGGeidtioa &hﬁﬂ@l@@ agtcccaccc 901
tgtttgatga ggcactgcac agagacctag cagacttccg gat ccagcac

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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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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APPENDIX/ T wesntimueidt r ogen. con’ 9COMVENTVNTDATEI 4484552421
COVMENTVNTDBDATE14484558551 COMVENTLSOWNERI
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L5 49/ 6l f Keytati®l," / |5akel, T¥¥N7-S, 204H->R, 287T->A, 524D->A
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ig ig}l abel 2THi&ni n ¢
R 3L> St art:

vnt | fggx;(”zﬁs’ /1
5 9tg CD93RBR0ms 42230y - >P 283A->D 358G->V 653D->N

7 4 mutations, 204H->R, 433V->A, 524D->G, 572M->]
11 4 mutations, 29F->L, 148V->M, 390R->W, 653D->A
12 4 mutations, 23S->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 85,15 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->@, 680R->A

LS 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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/1 abel =Ap /note="ORF: Frane #2Start: atgStop: taa"
wore@e/123ed ur e258. . 305 /vntifkey=1!21" /| abel =hPGI/EP2009/054329

m sc_feature306..2192 /vntifkey="21" /| abel =del BASE

COUNT1823 a2115 c2033 glp3l t ORIA N 1 cacggggcct

ccatac ccacgccgaa acaagcgctc at gagcccga agt ggcgagce
APPEND%%C{}cgat cttcc ccatcggtga tgtcggcgat ataggcgcca

Position 529?(9&@918‘(9&0@1?3 IC§ gﬁfggﬁ Gfrifio Jc%g' ggtgatgccg gccacgat gc
D-96 06 SG6ELR (DA 9akCiA %, BY 8 8 158b 15 8 88,
L5 94,15 8£1.6a04, a5 ao@gga@m@sau aaqgfgm ticg ct ct. agaqat aatttf g

A = W it J
Dalﬁdaamatc&amcatcacgga tctggttcca 301 tgggcatgac

Position 200, total mutations 30, 3 dlfferent amino acids

D->A 3 sequences (L5 13, L5 20,
o

D->N, 25 sequences (17 18, 20, 30

D->G, 5 sequences (5 1
D->A, 4 sequences (11, L5 84, L5 97, L5 115)
D->N, 10 sequences (5, L5_21 3, |
D->H, 3 sequences (L5.55 A

Position 583, total mutations 21, 4 different amino acids
D->E, 1 sequences (L5 13)
D->G, 7 sequences (18, 30,1

->N 10 sequences (17 , L5_44,,

Position 603, total mutations 18, 2 different amino acids
L->W, 17 sequences (3, 13,20, L5_3,1
L5 69,L5 82,15 111,L5 1 5_120)

2,15 78,L5 85,

T->P, 15 sequences (8, 18, L5_13,1
L5 90,L5_96,L5_112)

Position 139, total mutations 14, 1 diff:
L->P, 14 sequences (5, 8, 18,
L5 115,L5 _117)

Position 204, total mutations 7, 1 different amino acids
H->R, 7 sequences (7, 21, L5

Position 221, total mutations 6, 1 different amino aci

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, [L5}i57

Position 479, total mutations 5, 1 di
N->D, 5 sequences (18, |

amino acids
, L5 44, L5 88)




cct aaat at a gaagat gagc atcggctaca tgagacctca aaagagccag
361 atgtttctct agggtccaca tggctgtctg attttcctca
wWQo®enWecg gaaaccgggg 421 gcat gggact ggcagt t CRCI/EP2009/054329
caagctcctc tgatcatacc tctgaaagca acctctaccc 481
ccgt gtccat aaaacaatac cccatghcac aagaagccag actggggatc
54 t acagagact gttggaccag ggaat actgg
APP@Q%@% gg%%l cccctgg aacacgcecccc 601 tgctacccgt

Postn %%ﬁ%&ﬁlogggéﬁ&t@l%ﬁtgm%Séf‘&saggcc tgtccaggat ctgagagaag

>(,G 3D GE ggaagac at ccacccca ccgtgcccaa
C aLi) a@@a&c&kp

Position 625, total mutations 5
F->S, 3 sequences
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)



tggtacactg tgcttgattt aaaggatgcc tttttctgcc 781

t gagact cca ccccaccagt cagcctctct tcgcctttga gt ggagagat
weeagaymogg 841 gaatctcagg acaattgacc tggaccageCI/EP2009/054329

tcccacaggg tttcaaaaac agtcccaccc 901 tgtttgatga

ggcactgcac agagacctag cagactggccg gatccagcac ccagacttga

APPQﬁBIX%E&ﬁhﬂ&ﬂ gt acgt ggat gacttactgc tggccgccac
tctgagcta gactgccaac 1021 aaggtactcg ggccctgtta

POSItl&@@ﬁ%%@ﬁl@gloggﬁ@ ggedInib A&k gt cgc ctctggatcc 1081
ct,agg\gtz.tséqg@m@' # ggoagcapcctt gt accctctcac caaaacgggg
actctgttta 1141 attggggccc agaccaacaa aaggcctatc

Posmcaagha)at w@d&ions 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 d1fferent ammo acids
D->@, 2 sequences (L5 13, {
D->A, 1 sequences (L5 61)

Position 644, total mutations 3, 2 dlfferent amino acids
A->T, 1 sequences
A->V, 2 sequences

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 ammo acids
E->K, 2 sequences (L5 2, ]

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,

P->§, 2 sequences (L

ifferent amino acids
5,L5_114)




gcaagctctt ctaactgccc 1201 cagccctggg gttgccagat
ttgactaagc cctttgaact ctttgtcgac gagaagcagg 1261
w@eHaagveaa aggt gt cct a acgcaaaaac tgggaccttg gRCL/EPZPODES4329
gt ggcctacc 1321 tgtccaaaaa gctagaccca gtagcagctg
ggtggccccc ttgcctacgg atggtagcag 1381 ccattgccgt

APP%%&@@&&lﬁﬂﬁgcaggca agct aaccat gggacagcca ctagtcattc
tggcccccca tgcagtagag gcactagtca aacaaccccce

PositidnG RG&4- %ﬂ@on@ﬁ,ﬁztdﬁféﬁ%&i& 2Q4; cccggat gac tcactatcag
gaet v aGtdubncbsgP@6®ICIga ccgggtccag ttcggaccgg 1561
t gutRgGepincga@ATLHggct acgct gct cc cact gcct ga ggaagggcetg

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)



caacacaact 1621 gccttgatat cctggccgaa gcccacggaa
cccgacccga cctaacggac cagccgctcc 1681 cagacgccga
W@ emeazwvgg t acacggat g gaagcagtct cttacaagag QgREIVEPRNYY/@54329
1741 aggcgggagc tgcggtgacc accgagaccg aggtaatctg
ggct aaagcc ctgccagccg 1801 ggacatccgc tcagcgggct
APPER®IKOAL Skt caccca ggccct aaag at ggcagaag 1861
gt aagaagct aaatgtttat actaatagcc gttatgcttt tgctactgcc
Positich30 A bt Atigriod98 1 d@ﬁl@ﬁaﬁtnaﬁ(ﬁdscag aaggcgt gggttgctca

c dt-oagaaggcs dzazaljisy aaaaat aaag 1981 acgagatctt
gccctacta aaagccctct ttctgcccaa aagacttagc ataatccatt
Position 306, total mutations 2, 2 different 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)



2041 gtccaggaca tcaaaaggga cacagcgccg aggct agagg
caaccggatg gctgaccaag 2101 cggcccgaaa ggcagccatc
wW@ec@gaymed c cagacacctc taccctcctc atagaaaatt ZRGI/EP2009/054329
catcacccaa ttcccgctta attaatgaat tcggatccgg tggcggttcc
ggcggt ggat 2221 ctat gggt & cgcaaccgcg cccggcggat
APPENDINaD te@a@dagcgcct gca at gaccccgc 2281 tgatgctgga
cacctccagc cgtaagctgg ttgcgtggga tggcaccacc gacggtgctg
Position 47@ 84l mawe@hd 1) g adkreftaining @@t t gCct gct gacc agaccagcac
V-eacgeigaesdl®t LEtiacaagt 2401 ccggcacgtt ccgttatgag

at gt gctct ggccggaggc tgccagcgac gagacgaaaa 2461
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)




aacggaccgc gtttgccgga acggcaatca gcatcgttgg atctggtggc
ggttccggcg 2521 gtggatctgg tggcggttcc ggcggt ggat

wer@gnymegg ttccggcggt ggatcgtgtc 2581 ttcttt aRQUEP2009/054329
ttgcggccge actcgagcac caccaccacc accactgaga tccggctget
2641 aacaaagccc gaaaggaagc pgagttggct gctgccaccg

APPEVBRYGA)AnRchadgcat aa 2701 ccccttgggg cctctaaacg
ggtcttgagg ggttttttgc tgaaaggagg aactatatcc 2761

Positio 89 kdiA BGEdbnal,  ABRECAGHING §Gdsdt agCg gcgcattaag cgcggcgggt
Otsg9! o@§kReA8A1 cgcgcagcgt gaccgctaca cttgccagcg
ccctagcgec cgctcctttc getttcttce WO

PositioR Q4) Stdl RBABGEPTT /AER2ZRHN0 5B 29
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,
- G->W, 1 sequences (I

different amino acids

14)

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)



114 2881 cttcctttct cgccacgttc gccggctttc cccgtcaagc
tctaaatcgg gggctccctt 2941 tagggttccg atttagtgct

WO e@ogywecc tcgaccccaa aaaacttgat tagggtgatg 3ROI/EP2009/054329

gttcacgtag tgggccatcg ccctgataga cggtttttcg ccctttgacg
ttggagtcca 3061 cgttctttag tagtggactc ttgttccaaa
fagaCct caaccct atctcggtct 3121 attcttttga

APPEND?% @%@gﬁ attttgccga tttcggccta ttggttaaaa aat gagctga
Position 88 :%(;Itﬁ ;'nutaﬂ(tngg(%%ﬁﬁﬁnﬁtngﬁoqa&‘sgcg aattttaaca aaatattaac

1@@&@@&qu§caggtggca 3241 cttttcgggg aaatgtgcgc
ggaaccccta tttgtttatt tttctaaata cattcaaata 3301

Position 89,tt@l atipt@el, 1citfegagataacilsaaccct gat aaatgcttca ataatattga
P-gabaggaaygd) 3361 gtatgagtat tcaacatttc cgtgtcgcecc
ttattccctt ttttgcggca ttttgccttc 3421 ctgtttttgce

Position 90,1tesal abigya b, | diEpigaingacidagt aaaaga t gct gaagat cagttgggt g
C-3%8 1°wREYHgtefig ttacat cgaa ctggatctca acagcggt aa
teettga tttc cc .3541 ccgaagaacg ttttccaatg
Pos1t10n9s2>gq ga!’c% g‘l%g%erenta c(:)tac &g)’Ct at gt ggc gcggtattat 3601

cccg attga tgccgggcaa gagcaactcg gtcgccgcat acactattct
Position 93,664 @@laBRE 1, 13ERLnl83L LRIt & Cctcaccagt c acagaaaagc
p-a) cichme@gastagggcat gaca gt aagagaat 3721 tat gcagtgc

t gccat aacc at gagt gata acact gcggc caacttactt ctgacaacga
Position 96,3078 hutigeg ad gdtenigagggadjct a accgcttttt tgcacaacat
T‘@@dggﬂ@@ﬁﬂﬂbﬂééctcgcc 3841 ttgatcgttg ggaaccggag
atga ccat accaaa ,cgacgagcgt gacaccacga 3901

P““mn97f 'E %l egeRReadegt t gcgca aact attaac t ggcgaact a
P?ﬁ P (o 1 cttcccggca acaattaata gactggatgg

posiion 102BAFANALAR, REHLALAANAFEACT Lot gc 4021 get cggecect
>§ppg%g‘gg&5t@g ttattg ctgataaatc tggagccggt gagcgt gggt

4081 ct cgcggt at cattgcagca ctggggeccag at ggt aagcc

Position 10G{oCie@itdhCl, giergtr ahied acd41l acacgacggg gagt caggca

G-&C 1 syyggat (.5amEgaaat ag acagat cgct gagat aggtg 4201
N cctcactgat taagcattgg taactgtcag accaagttta ctcatatata

Position 107 fota} migiationsgl, hPiEarerepipgatilact tcatttttaa tttaaaagga
TJ?%%%@@?@& @@ﬁiccttttt gataatctca 4321 t gaccaaaat
ccc taac ttttc ccact gagc gtcagacccc gtagaaaaga

Position “041%9 iy ‘ft?:té gg%’:r“i‘?%? "‘g°%‘11§at cctttttttc tgcgegtaat

quence

tgc g’ca acaaaaa 4441 aaccaccgct accagcggtg

Position llﬂkﬁtrg&t&tfo&cl, Eaeath aRgdac@ict accaact ctttttccga 4501
v-2QJtaaatdd scédh cagcaga gcgcagat ac caaatactgt ccttctagtg

tagccgt agt 4561 taggccacca cttcaagaac tctgtagcac

Position 118cg@atinagiabsd, tdiffege tmib@acelh aat cct gt 4621 t accagt ggc
V-tAy ¢ sgoamerytLSg@e gat aagt cgtgtcttac cgggttggac tcaagacgat

4681 ag ttacc%ga taaggc%cag cggt cgggct gaacgggggg

P““wnlz%P@ Wetigesd & Btacy41 t ggagcgaac gacctacacc
Jad At tacagcg t gagct at ga gaaagcgcca 4801
Position lzsc%f hFRST, FR0ARAARGACO0aca0D: Bl oc0glang cageangte
1->9933638 agcgcacgag ggagcttcca gggggaaacg
cctggtatct‘Ttatagtcct gtcgggtttc 4921 gccacctctg
Position 12706@Ht GAGGEL, COMER ihigd ac@at gCt cgt ¢ aggggggcgg agect at gga
P»é&&&ma&&acggmag caacgcggcc tttttacggt tcctggcectt
ttgctggcct tttgctcaca 5041 tgttctttcc tgcgttatcc
Position 128ctotalymttationsd, t ¢latnbaiegacidat t accgee tttgagt gag 5101
T>é£bﬁﬂ&é@g 51 fjccgcagc cgaacgaccg agcgcagcga gt cagt gage
1 aagagcgcct gatgcggtat tttctcctta
P““mn§2> g Q?é T PEREBhccgeat at 5221 at ggt gcact
gtca@faca %ctgctctga tgccgcat ag ttaagccagt atacactccg

Position 13220@mthidlsq ICdiAGdilArR99t cat ggct gcg ccececgacacc
P>§g@£@@&agg5qggtgacgcg 5341 ccctgacggg cttgtctgct
cccggcat cc gcttacagac aagctgtgac cgtctccggg 5401
agctgcatgt gtcagaggtt ttcaccgtca tcaccgaaac gcgcgaggca
gctgcggt aa 5461 agctcatcag cgtggtcgtg aagcgattca
cagatgtctg cctgttcatc cgcgtccagc 5521 tcgttgagtt
tctccagaag cgttaatgtc tggcttctga taaagcgggc catgttaagg
5581 gcggtttttt cctgtttggt cactgatgcc tccgtgtaag
ggggatttct gttcatgggg 5641 gtaatgatac cgatgaaacg



gcccggactc 6721 ggtaatggcg cgcattgcgc ccagcgccat
ctgatcgttg gcaaccagca tcgcagtggg 6781 aacgatgccc
wo cabtizgea tttgcatggt ttgttgaaaa ccggacat gg CRCI/ERRQGY/ES4329

6841 gccttcececgt tccgectatcg gctgaatttg attgcgagtg
agatatttat gccagccagc 6901 gggacgcaga cgcgccgaga

APPERBRRG! LARidugIcCcCcgct aacagcgcga tttgectggtg 6961
acccaatgcg accagatgct ccacgcccag tcgcgtaccg tcttcatggg

Positiod AR dadtiod02 1 didtg @ hrhigd s 90t gt ct ggt  cagagacat ¢
aagaaatapaécgerggaacat tagtgcaggce

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)



7081 agcttccaca gcaatggcat cctggtcatc cagcggatag
ttaat gatca gcccactgac 7141 gcgttgcgcg agaagatt gt
wQ@eaeagwegc tttacaggct tcgacgccgc ttcgttctac 7POI/EP2009/054329
cat cgacacc accacgctgg cacccagttg atcggcgcga gatttaatcg
ccgcgacaat 7261 ttgcgacg@g gcgtgcaggg ccagact gga
APPENDDOL 09n@&aaeg Ccaat cagca acgactgttt 7321 gcccgccagt
tgttgtgcca cgcggttggg aatgtaattc agctccgcca tcgccgcttc
Position 223,438 knu@i6ids 1 | 1t diffenC@G:igtatitid CJ Cagaaacgt g gct ggcect gg
V>, ¢ ageacgLsggyaaacggt 7441

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)



ct gat aagag acaccggcat actctgcgac atcgtataac gttactggtt
tcacattcac 7501 caccctgaat tgactctctt ccgggcgcta

WO c@bgeved a ccgcgaaagg ttttgcgcca 7561 ttcgat geChEP2009/054329
tccgggatct cgacgctctc ccttatgcga ctcctgcatt aggaagcagc
7621 ccagtagtag gttgaggccg {g9agcaccg ccgccgcaag

t aaggaga /681 tggcgcccaa cagtcccccg gc
APP@?% g%ciﬁmégaol [ gonucl eotide (22 b) pro-plVEX

Posmo§31 -3 SEQ I D No: 4

A SSAT Edi

0 L'->€i>0ﬂ ] 4L§@T>( 21 b) pD-ter

5' - GACACGATCCACCGCC 3!

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)



SEQ ID No: 5 oligonucleotide (38 b) assrA

5' - TTAAGCTGCTAAAGCGTAGITTTCGTCGTTTGCGACTA- 3" SEQ I D
w0982t ei n (833 aa) M.V_pD PCT/EP2009/054329

nt gshhhhhhgsgsngnt | ni edehr | het skepdvsl gst W sdf pgawaet g

gngl avrgapl i i pl kat st pvs

102
APP%ﬁﬁygqs&!ﬁgmﬁgl kphi grl 1 dqggi | vpcqgspwnt pl | pvkkpgt ndyr pvq
I revnkrve pt ypnpynl | s

posmogmp@ﬂgmwhsdﬂ kgiatte larﬁmmc@qpl f af ewr dpengi sgql twrl pag
f kasptbdeealhs digdf righ
pdlillqgyvddl || aat sel dcqqggtrall gtl gnl gyrasakkaqi cgkgvky
Positioh ¢34, tolebrggatinhst 1o A dikf@tny argigo acids
plpit b?eqﬂencef(]Lgﬂégf crl wi pgf aemaapl ypl t kt gt | f nmgpdqgkayq
ei kqal | tapal dI t kpf el
P"S‘““P%‘& ‘5‘?% EW‘PIB‘?/%W]F skkl dpvaagwppcl r nvaai avl t kd
Kl dpt eaI vk

P051tloﬁgﬂlgilm&gﬁfm h)’ikf%lﬁla &Léja[c}ﬁgf gpvval npat| | pl peegl ghncl di

t dgssl | CI egqr kagaavttet evi wakal pagt saqr ael i al t gal knaeg
Positiok Kdeept kB driyp@l 10l @fitrb@@hid acidy\O

2Q0%, 1 25006PCH/ &P2009/ 054329 116

rrglltsegkei knkdei | al | kal fI pkrl sii hcpghgkghsaear gnr nad
Positiop &y tabinttasippsdt 5diff¢rengamino acids

pﬁﬁﬁl‘i%ﬁ‘é‘ﬁ’@fﬁﬁb&@ggsngt at apggl sakapant pl nl dt ssr kl vawdgt

aav
POS““’R 5& Vé%g ?ﬁ%‘f‘l‘%’ﬁﬁ"t"'ﬁ’%gt ai si vgsgggsgggsgggsgggsgg
gsgggsc No: 7 protein (766 aa) del pD
PositioN @ SBAMUMAGR I STRRtPirGrERfl het skepdvsl gstwl sdf pgqawaet g
gRGHaVegRRls iLB! At St pvs
i kgypnsgear | gi kphi grl1dqgil vpcgspwnt pl | pvkkpgt ndyr pvqgd
Positioh #68ymntimwetibds pi MV¢figpanndnbiso acids
gPps hepanenae AiSkddaf f cl r | hpt sci pl f af ewr dpengi sggl twt r | pq
gf knspt | f deal hrdl adfri gh
Posm"bﬂﬂﬂ tptelggniadiens|!| bdiffeset aieppgidt al | gt | gt agf cr | wi pgf aemaapl y
pVEIR: GRSy ddbkay gei k

Posmor%h totalp bR Lﬂ?fr% afn‘l’l%ea%fagyakgv' tqkl gpwr rpvayl skki dpv

Itngqp V|ﬁ%aﬁavealvkqppdrmdsnarnthygalIIdtdrvqupvvaIn
PositioR84] bRl rR@AEHs G NG frshint A8 acids
hgt-p pdkduaigpkpsiaght wyt dgssl | gegqr kagaavt t et evi wakal pagt
sagr ael i al t gal kmaegkkl n
Position486 detrlynarfagiora hi IhdifErept anriggl akiis egkei knkdei | al | kal f 1 pkrl si
hbﬁ@ﬁq%@ﬁ§ﬁéhiéﬁrnadqaa
aalte dtstlllensspnsrl|nefgsgggsgggsngtatapgglsakap

Posmo Pt {i
g Sﬁ%‘ﬁ%ﬁﬁﬁ 4t {% yksgtfryedvlwpeaasdet kkrtaf agt ai si v
posmorgf;@qg@% 3999 Qﬁt%?egga%?& scll SEQ 1D No: 8
\gqg&lg géggl 15 pD_42 5' -TTACGECTGGAGGIG 3!
ol i gonucl eotide (28 b) RD Nde 5" -
PosmoﬁbT-EM@%Aﬁ@QmAﬁﬂéma_&sTG 3" SEQ ID No: 10
oEPyonepkeet(Lid81) 14 b) pD_ 55 5f- GCCGEECECGEITG 3" SEQ
ID No: 11 oligonucleotide (23 b) MF
Positiors3 04 (gt apaEneCEATRTAGKNEGREAS- 3' SEQ I D No: 12

o@1>§o‘n’iﬁﬁﬂf"é°6%(ﬂ~aé8)( 19 b) M 2R 5 - GCCCTGCTTCTCGTCGACA- 3
VIO 2000/ 12 godofgepcw EP2009/ 054329 117

Position Oﬁi%% £f6 36)1 ﬁf sp 5' -
(?IIBCATGACCCT AAATATAGAAGATGAG - 3' SEQ ID

Positiod W23, tdt4k nﬁl{ah&l@mq(iilfﬁ%ﬂ &MBnoedds b) MEri 5 -
AATIGAATRGAT TAART AAGCGGGAATTGGGTG: 3' SEQ I D No: 15

ol i gonucleotide (18 b) M 1R s- CAGBGCCCGAGTACCTTG 3
SEQ I D No: 16 oligonucleotide (17 b) M 3F




5 - CCAGITCGGACCGGIGG - 3 ' SEQ ID No: 17
ol i gonucl eotide (19 b) pD_ter-

WG 2000ABBCGACACGATCCACCG 3' SEQ I D No: 18 PCT/EP2009/054329
ol i gonucl eotide (36 b) MH nd3+ 5 -
CGGATCAAGCTTAATTAATTAAGCCCHWBTITGEGTG 3' SEQ I D No: 19

Appmﬁmed ORGANI SM COVMENT COMVENT COMVENT
NT COVMENT COMVENT COVMENT COMVENT
PosmoﬂEﬁ+ﬂtaSmMWA?ﬂdlm%1I@écﬁsf| le is created by Vector
NTG->Rtl bqaudntesnivs. i1myi t r ogen. conl ORI GDBI GenBank
VNTDATE14464862401 VNTDBDATEI 4482937781 LSOANERI
Positioy REENANENEPnsh, & difrft aliNTaITHORNAME! Remi gi j us
s@?@éﬁquncqmm@ﬂ-mmu +370- 5- 23942241 WO

09/ 5006F’CT/ P2009/ 054329 118
é Y SRS | a@ er ment as. 1t 1

2 www. f er ment as. com
PosmoE %Tmﬁ@stll Pﬁhfoe{@Lrhlflé &las CDS3135. . 3992

I vt § keglyenceglgu Habel =Ap  / not e=" ORF: Frame #2Start:

athtop taa" CDSconpl enent (6187..7275) /vntifkey="4"
Positioh basb@lah@aibns/ 1N DdiffererORfino dcrdane #3Start: gtgSt op: tga"

t P heeyen2465.2)2511 /vnti f key="43"

/|l abel =T7\term nator rep origin2548..3003
POS“IOP\?‘H"EWOFW"”’@C}" 1 diffepepminoacisf i gi n rep

PilieyiRstséent (2537, . 2537) /vnti fkey="33" /1| abel =ori

Pos1t1og gﬁ totaiemu:l'atlons 11199 ffér%?atmlnrloka%%s 30
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)



/'l abel =PT7 CDS306. .2360 /vntifkey="4" /| abel =M.V

CDS258. . 305 /vntifkey="4" /| abel =hi s BASE COUNT1810
WoRl0S12$002046 c1942 gl676 t 1 cacggggcct gccarCHEP2H09/054329

ccacgccgaa acaagcgctc at gagcccga agtggcgagc 61

ccgatcttcc ccatcggtga tgtcgggpgat ataggcgcca gcaaccgcac

APPENDINGC 8&finked 00t gat gccg gccacgatgc gtccggegta
gaggat cgag atctatacga aattaatacg 181 actcactata
Positio) G2 acanioaslC O gttt emit &dd@gaaat aattttgttt aactttaaga

2KPRagaggagda_25)

Position 632, total mutations 1, I different amino acids
I->T, 1 sequences (28)

Position 633, total mutations 1, 1 different amino acids
I->T, 1 sequences (LS_107)

Position 634, total mutations 1, 1 different amino acids
H->Y, 1 sequences (L5 53)

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 1, 1 different amino acids

T->S, 1 sequences (|

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

2)



gcat gggact ggcagttcgc caagctggtc tgatcatacc tctgaaagca

acctctaccc 481 ccgtgtccat aaaacaatac cccatgtcac
aagaagccag actggggatc aagccccaca 541 tacagagact

attacatatg agaggatcgc atcaccatca ccatcacgga tctggttcca
gttggaccag ggaatactgg ta

301 tgggcatgac cctaaat ata gaagat gagc atcggctaca
WO gEgazvdca aaagagccag 361 atgtttctct agggt ccarEl/EP2009/054329

tggctgtctg attttcctca ggcctgggcg gaaaccgggg 421

é‘fyg,h%ﬁ%gtccccctgg aacacgcccce

601 tgctacccgt taagaaacc
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ggccctgtta caaaccctag ggaacctcgg gtatcgggcc tcggccaaga
waodyizmgeccaaat ttgccagaaa caggtcaagt atct gggeetHEP2009/054329

tggccgccac ttctgagcta gactgccaac 1021 aaggt actcg
tcttctaaaa gagggtcaga 1141 gatggctgac tgaggccaga
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tctaactgcc ccagccctgg 1381 ggttgccaga tttgact aag

ccctttgaac tctttgtcga cgagaagcag ggctacgcca 1441
w@aggtigioeet aacgcaaaaa ctgggacctt ggcgtcggcc gRCOERZDACS4329

ct gt ccaaaa 1501 agctagaccc agtagcagct gggtggcccc

cttgcctacg gatggtagca gccattiggcg 1561 tact gacaaa

ggat gcaggc aagctaacca tgggacagcc actagtcatt ctggcccccc

1621 atgcagtaga ggcactagtc aaacaacccc ccgaccgctg

gctttccaac gcccggatga WD 2009/ 125006 119

PCT/ EP2009/ 054329

APPENDIX 6
Conc., Specific activity Highest temperature
of cDNA synthesis
| | mg/ml | 37°C (wmg) | 50°C 1kb 4.5kb
TMMWLV (W | 34 | ~200000 | 45-50 @igC |

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)




1681 ctcactatca ggccttgctt ttggacacgg accgggtcca
gttcggaccg gtggtagccc 1741 tgaacccggc tacgctgctc
w@e@engoved g aggaagggct gcaacacaac tgccttgata IBOIEP2009/054329
tcctggccga agcccacgga acccgacccg acctaacgga ccagccgctc
ccagacgccg 1861 accacacctg gj@racggat ggaagcagtc
tcttacaaga gggacagcgt aaggcgggag 1921 ctgcggtgac

acc gaggtaatct gggctaaagc cctgccagcc gggacatccg
APP%@@%%Q?cagcgggc t gaact gata gcactcaccc aggccct aaa

t aagaagc 2041
seo¥9g§°9aa o9t aagaas
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



taaatgttta tactgatagc cgttatgctt ttgctactgc ccatatccat
ggagaaat at 2101 acagaaggcg tgggttgctc acat cagaag
wQemaayme@atl caaaaat aaa gacgagatct 2161 t ggccctBCI/EP2009/054329
aaaagccctc tttctgccca aaagacttag cataatccat tgtccaggac
2221 atcaaaaggg acacagcgcc gpggctagag gcaaccggat
ggct gaccaa gcggcccgaa 2281 aggcagccat cacagagact

ccagacachl LLACELL LEL, L
atige gé%attgé\@gt tg@@etit%;gegcg

&

ccancact @acd0Logafac6896h8ggtttec

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

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

paaagal ko (& Cfagchtac
Eﬁgf;& ggggitcc%gg@i’%cggggg

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

ag

ctgtggcgcece

%@aatacg
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



ct aacaaagc ccgaaaggaa gctgagttgg ctgctgccac cgctgagcaa
2461 taactagcat aaccccttgg ggcctctaaa cgggtcttga
wQ@o@gteio0d t gct gaaagga 2521 ggaact at at ccggat t BGUEP2009/054329
gaat gggacg cgccctgtag cggcgcatta agcgcggcgg 2581
gt gt ggt ggt tacgcgcagc gtgaccgqgta cacttgccag cgccctagcg
cccgetcecctt 2641 tcgetttctt cccttecttt ctcgcecacgt
1 £46CHOGLEALC A £ P LB L 22d 2999998 CCGqt geacgagtyg
t 1daggtacat €gabt{ At g L hhtALGHED 2688 HBEL GogBAR288 Ak Gaagaac
2781 atdtagggitgaatggticaegtaaagttc

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

acgcgccgag

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



agt gg
cgttg
wa@e@et

ggat t
gattt

gccat
gagt ¢
ZOE C
ttgce
aacaa

cgccctgata gacggttttt cgccctttga 2821
cacgttcttt aatagtggac tcttgttcca aactggaaca

2881 ctatctcggt ctattctttt gattt atBEOEP2009/054329
gatttcggcc tattggttaa 2941 aaaat gagct
aaatttaacg cgaattippaa caaaatatta acgtttacaa

3001 tttcaggtgg cacttttcgg ggaaat gt gc gcggaacccc
t Tﬂiéltlt gictcta@atggtct t:!:&atda@@ca‘?’ QﬁéngQE@J %E@@Q:at:
ctoat gpgaccant sastehehatasnbgeid seajaatatttagdrlqg

9hel £0daa

Jamadagaaggagtadtgagtaract&pagatd gttaatgate agcccactga
7321 gagaagattg tgcaccgccg ctttacagge ttcgacgecg cttecgttceta
7381 caccacgctg gcacccagtt gatcggcgeg agatttaatc gccgcgacaa
7441 cgcgtgcagg gccagactgg aggtggcaac gccaatcagce aacgactgtt
7501 ttgttgtgcc acgcggttgg gaatgtaatt cagcteccgec atcgcegett
7561 ccgcgttttc gcagaaacgt ggctggcctg gttcaccacg cgggaaacgg
7621 gacaccggca tactctgcga catcgtataa cgttactggt ttcacattca
7681 ttgactctct tccgggcgct atcatgccat acegcgaaag gttttgcgce
7741 gtccgggatce tcgacgctcect cecttatgeg actectgeat taggaagcag
7801 ggttgaggcc gttgagcacc gccegcecgeaa 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

tactgttgat
cagcttccac
cgegttgege
ccatcgacac
tttgecgacgg
tgcccgeeag
ccacttttte
tctgataaga
ccaccctgaa
attcgatggt
cccagtagta
atggcgccca

6-JUN-

tga n



tccgtgtcge ccttattcce ttttttgecgg 3181 cattttgcect
tcctgttttt gctcacccag aaacgct ggt gaaagtaaaa gatgctgaag
w@20d/1206@gt t ggg t gcacgagtg ggttacat cg aact ggaeCr/EP2009/054329
caacagcggt aagatccttg 3301 agagttttcg ccccgaagaa
cgttttccaa tgatgagcac ttttaapgit ctgctatgtg 3361
gcgcggtatt atcccgtatt gacgccgggc aagagcaact cggtcgecgce
atacactatt 342),gl;Gagaalga cttggttgag tactcaccag
t cacagaaaa gcateigacg, gat ggcatga 3481 cagt aagaga

attat gcagt gct gaeat-asriccatgagkga start:

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

atg

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 aacact gcg
ccgaaggagc
W@ L@YAZOIE ]
aacgacgagc
caacgttgcg
agcttcccgg
37t gacLartdCl aeQ6t CO9EC &l

Fhvne e

t gedigai ARt 90agdGeyc
at oat §9caggeal tgage €cA@at GREARD 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
cgtgtcgecec
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
tgcgcgtaat
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

gccaacttac 3541 ttctgacaac gatcggagga
taaccgcttt tttgcacaac atgggggatc 3601
ccttgatcgt tgggaaccgg agct gaat ga apCUEPRODE54329
3661 gtgacaccac gatgcctgca gcaat ggcaa
caaactatta actggcgmac 3721 tacttactct
caacaattaa tagactggat ggaggcggat aaagttgcag

ECCAEs Q068 Qatiial, o
989950001 £ LGICH .

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



ccctcececgta 3901 tcgtagttat ctacacgacg gggagt cagg
caact at gga t gaacgaaat agacagatcg 3961 ct gagat agg
WO gmetiz®ed g att aagcatt ggtaactgtc agaccaagtt tBCI/EPR1089/654329
4021 tactttagat tgatttaaaa cttcattttt aatttaaaag
gatctaggtg aagatccttt 4081 tfjgataatct catgaccaaa
atcccttaac gtgagttttc gttccactga gcgtcagacc 4141

ceghagaaac
at hosd GGty

{ goiit tgc-ba GRC geaiteadcgagedmreEa agagagttygce

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

! caanddacd ghiflthea A&k bid Lhal &899G A cqgqg
015¢36807L 3 RAYFAL G 6t AGEBY UG tg agacgggcaa

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



4261 ctctttttcc gaaggtaact ggcttcagca gagcgcagat
accaaatact gtccttctag 4321 tgtagccgta gttaggccac
w@ambtizwega actctgtagc accgcctaca tacctcgctc 4BGI/EP2009/054329
tgctaatcct gttaccagtg gctgctgcca gtggcgataa gtcgtgtctt
accgggttgg 4441 actcaagacg afggttaccg gat aaggcgc
agcggt cggg ctgaacgggg ggttcgtgca 4501 cacagcccag
rrg1§%éi%@é%ﬂﬂ&éeéﬁéi@ﬁ&iéiﬁﬁrfé%gﬁﬁﬁahgﬁﬁhséééﬁgﬁkééégiaPﬁ&é&@&%ﬂﬁ@&t1lienss
g

pnsr SRR € 2 €Y TG L EntPARNBFB LA 2 AFHTIFAGRAT 1avaadgtst tLL fy
ksgt@t@lde Tgghas ey geIggth 4l 2dsgggsgggsgggsgggsgggsgggscll

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




t cggaacagg agagcgcacg agggagcttc cagggggaaa cgcct ggt at

ctttatagtc 4681 ctgtcgggtt tcgccacctc tgacttgagc

w@et@gariové t gt gat gctcg tcaggggggc 4741 ggagcct BCTEP2009/054329
gaaaaacgcc agcaacgcgg cctttttacg gttcctggec ttttgctgge

4801 cttttgctca catgttcttt cglgcgttat cccctgattc
tgtggataac cgtattaccg 4861 cctttgagtg agctgatacc
gctcgccgca gccgaacgac cgagcgcagc gagtcagtga 4921

. gg cgc ctgatgecggt attttctcct tacgcatctg
Oll%@’%@‘gﬁ%ﬁde%g‘%g caccgcat

-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 |

circular

4-JUN-2007



atatggtgca ctctcagtac aatctgctct gatgccgcat agttaagcca
5041 gtatacactc cgctatcgct acgtgactgg gtcatggctg
weomeazeca cccgccaaca 5101 cccgcet gacg cgccct gaChEP2009/054329
ggcttgtctg ctcccggcat ccgcttacag acaagctgtg 5161
accgtctccg ggagctgcat gtgtcagagg ttttcaccgt catcaccgaa
acgcgcgagg WO 2009/ 125006 120 PCT/ EP2009/054329
commB?l CagehataabneRadssLalerAdeat-99iC0 tgaagecgatt
comMERE ag atwgirauti@Rainglde ar 2284 dsC6G0gt cca gctcgtt gag

FEATURHESCTt ccaga

CDS 3135..3992

Location/Qualifiers

/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



agcgttaatg tctggcttct gataaagcgg 5341 gccatgttaa
gggcggtttt ttcctgtttg gtcactgatg cctccgtgta agggggattt
wG2@9/12300d t cat gg gggt aat gat accgat gaaa cgagagarRHEP2009/054329
t gct cacgat acgggttact 5461 gat gatgaac atgcccggtt
act ggaacgt tgtgagggta aacaaciggc ggtatggatg 5521
cggcgggacc agagaaaaat cactcagggt caatgccagc gcttcgttaa
t acAagat GlRaoaBhqgaigti€ GaEgRAG AQESRLFCARALES g
groat ggagaciLc ggantatt aatg@iqgeed 564k gage gebgetdaac
t c&yCc gtttggccmgastddargggaaacrCcygga acctaacgga

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

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

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

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

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

gtggtagccce
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



aaccgaagac
tttgcagcag
W@ 2000/ 28006 t
caacgacagg

cattcatgtt 5701 gttgctcagg tcgcagacgt
cagtcgcttc acgttcgctc gcgtatcggt 5761
gct aaccagt aaggcaaccc cgccagccta geCUBBL00w054329
5821 agcacgat ca tgcgcacccg tggggccgcec

at gccggcga taatggectg cttctcprgeg 5881 aaacgtttgg

t ggcgggacc

SOl 85£QYGARHC a AFRIFEL QG gt Bt &P 6 PLIF 6L € CRIEDAB
agrgt eeicot gec ganaat o H 00dc e efn33663 a6t HRCHGFAC L
Ctpticetatgtiagt tgoapgatt asagaagar gtcactgatg

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
ggttttgege
ttaggaagca
catgcaagga

SEQ ID No: 20

oligonucleotide

pD-ter-

gggtaatgat
atgcececggtt
agagaaaaat
agggtagcca
tccgegttte
tcgcagacgt
gctaaccagt
tgcgcacceg
tggcgggacc
acaggccgat
ctgceggeac
tagtcatgcc
gtcgagatcc
ccgcttteea
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

agt gacgaag gcttgagcga gggcgt gcaa gattccgaat

tgectgttca
gataaagcgg
agggggattt
acgggttact
ggtatggatg
tacagatgta
aatggtgcag
cattcatgtt
gcgtateggt
caacgacagg
cttectegecg
gattccgaat
gccgaaaatg
agtcataagt
gaaggctctc
aattgcgttg
atgaatcggc
ttttcaccag
gcagcaagcg
acggcgggat
caccaacgcg
tggcaaccag
aaccggacat
tgagatattt
ctaacagcgc
cgtctteatg
acgeccggaac
agttaatgat
cttcgacgcece
gagatttaat
cgccaatcag
tcagctcege
ggttcaccac
acgttactgg
taccgcgaaa
gactcctgca

aggaatggtg



agt cat aagt 6061 gcggcgacga tagtcatgcc ccgcgcccac

cggaaggagc tgactgggtt gaaggctctc 6121 aagggcatcg
wQ@t@gag@vec cggtgcctaa tgagtgagct aacttacatt apCT/BRIDI/EF4329

6181 cgctcactgc ccgctttcca gtcgggaaac ctgtcgtgcc

agctgcatta atgaatcggc 6241 camcgcgcgg ggagaggcgg

tttgcgtatt gggcgccagg gtggtttttc ttttcaccag 6301

t gagacgggc aacagctgat tgcccttcac cgcctggccc tgagagagtt

oli 3 cca aels aggcgaaa
P e T e G

5’ -TTTTTTTAGACTTCTTTCTTCCCTTCCTTTCTCGCCACGTTCGAAGAAGACACGAT
CCACCGCCGGTTCCG-ddC-3"

SEQ ID No: 23

oligonucleotide (35 b + 3’ Biotin (TEG)
Long+Tb
- CGAACGTGGCGAGAAAGGAAGGGAAGAAAGAAGTC-Bio-3



6421 ataacatgag ctgtcttcgg tatcgtcgta tcccactacc

gagat at ccg caccaacgcg 6481 cagcccggac tcggtaat gg
wWEmgazovgc gcccagcgecc atctgatcgt tggcaaccag 6BAWEP2009/054329

cat cgcagtg ggaacgatgc cctcattcag catttgcatg gtttgttgaa

aaccggacat 6601 ggcactccag tjggccttccc gttccgct at

cggctgaatt tgattgcgag tgagatattt 6661 atgccagcca

Refeg%‘%%gacgca gacgcgccga gacagaactt aatgggcccg ctaacagcgc
gatttgctgg tgacccaatg cgaccagatg ctccacgccc
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ggagaaaata atactgttga tgggtgtctg gtcagagaca tcaagaaata
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5' - AAGAAGACACGATCCACCG 3' SEQ ID No: 21

ol i gonucl eotide (35 b) long+ 5 -
WOEHMWTBDIBCCCAGAAAGGAAGCGAAGAAAGAAGTC -3' WD  PCT/EP2009/054329

2009/ 125006PCT/ EP2009/ 054329 121 ol i gonucl eotide (71 b

+ 3' nodification ddC) ddC Lggg2 5' -

TTTTTTTAGACTTCTTTCTTCCCTTCCTTTCTCGCCACGT TCGAAGAAGACACG
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MRNAs under conditions for ribosone translation of the
MRNA to generate an array of ternary conpl exes each
w@owpn2®derg an MRNA, a ri bosome and protein treCFER106H054329
fromthe nRNA. 4. A process according to any preceding
cl ai mwherein step c) conpri§9s i ncorporating the
array of conplexes into aqué us phase droplets,
wherein nost or all of the agueous phase droplets
6. cofitRIP$EShacqasiiag it alaim dewbespl thx aqEons phaseakseplets are of a water-in-
oil-iRGGRE dingid0 ¢l ai m4 wherein the aqueous phase
droplets are of a water-in-oil enmulsion. WO
2009/ 125006PCT/ EP2009/ 054329 127 6. A process
, ac ording to %¥ain14 mhereiq@the aqueous phase _
© dr OpPLESSafeeopting fatlam 6, wherqin | dioplgis epreeprlgctidoin srep () in a
fluorbscPRQCREStBEEAI e to claim 6 wherein droplets are
selected in step (e) in a fluorescence activated cel
sorter. 8. A process according to any one of clains 4
to,6 _wherein the mMRNAs conprj se supstrate for an .
5 ey MEEh AEr RGO HE ok BLElapRoAeint Hhestie dhemias comprise a
substed1€ fR @h en¥¥i8¢ dripridhey MEUROUDrRBRIR a%bARLFHS tRE& T,
subj ected to reaction conditions which allow enzyne
acvheppipythe ageropp ehasendropletsrare Isebjected it reantod conglitidns which allow
tq&gg& Q&gh§;gmis sel ected on the basis of the enzyne
activit 0

y associated therewith. 9. A process according
t owledréinth8 nublefceidid teheodifyy EHRZr@t ipSotbiACIar RREARHESh tHat Khsis of the
t he aqueous phase droplets wth the conplexes. 10. A
pred@ras agbilyagsasitedotheresith 8 or claim 9, wherein the
reaction conditions which allow enzyne activity are
sel ected to favour nutant enzyme activity. 11. A
9.  prAvpessssaccadiligrg claim @l wharihGhe sdhaizgine it hRofppaatd @b the aqueous
h an%jtioﬁf i ncl ude a tenperature above the optimm
phase raplets Yt the FOMPIEXGH | d-t ype enzyme. 12. A process
according to any one of clains 8 to 11, wherein the

enzyme conprises a nucleic acid processing enzyne.
10. 13 picens aeeding de olaith Beprickrim| 9 innerky theheaceibn comttions which allow

nucl.ei.c aci r,acessin nzyme conpr.i ses the target
enoyf G BB I PR R PR deEe ac! d
pol ymerase, a nucleic acid |ligase and a term na
deoxynucl eoti dyl transferase. 14. A process according
11t & plioggssaserdipade elatm tlAewhereigahe pragtian epnidgioas medudeiactemperature
| e i S reverse transcriptase.
émow%@%g@%ﬁ%*%@%@%ﬂ%%?@%ﬂdﬁbﬁ%@%@%@nfé8 15. A process
according to claim 14, wherein the step (e) of
sel ecting nucleic acid encoding the target protein )
12. ¢ SV AcCIIIE: ory o inslamnsc do By, wherehc thegwzpne chmprises a
nucleit QYA &xkgggg&ﬁkggase, whi ch cDNA encodes reverse

transcri pt 16. A process according to claim 14 or
clai m 15, wherein the reaction conditions which allow

enzyme activity include tepperature in the range 50C
Y by, fc gbin

eSS fgCoraing - 19 lalm 5 Lo o WHPIRY! (he Auglein £aid prneessing enzyme

comprife§ th kB8t RORILhRY isSsefecldCliEhCa ﬁﬁélgcldcgfi?& st "B rucleic acid
) reaction conditions which allow enzynme ac |¥|ty
ligase jap¢ b trrmingl deosmbeleotidyé tremnfprsesi ng a nucl ei ¢ aci d

i nker or adapter which co-substrate further conprises

an affinity ligand for attachnment to a |igand binding
14, pArgro®ss accdBingNoR AR wheRa! Gk M odtdrétbml 15h hdeleiMield&lolymerase

the target protein is a term nal geoxynucleotldyl
COMPHSINEAICHFIAS HaaHPte reacti on conditions which allow

enzyne activity include a co-substrate conprising dNTP

whi ch further conprises an affinity ligand for

attachnment to a |igand binding partner. 19. A process

according to claim17 or claim 18, wherein the step

(e) of selecting nucleic acid encoding the target

protein conprises selecting MRNA incorporating the

co-substrate by attachnment to a solid phase conpri sing

the ligand binding partner. 20. A process according

e o, .



21. A process according to claim12, wherein the

nucl ei ¢ acid processing enzyne conprises the co-enzyne
W@t o€ o- enzyne is incorporated into the agREDEB2009/054329

phase droplets of the water-in-oil enmulsion. WO

2009/125006PCT/EP2009/054323 %29 22. A process

according to claim21, wher ? the target protein

conprises a reverse transcriptase hel per enzyne and

15. t heé mefereiccorling ol aimekds wh@reghtiry P doraiselsetingnycljepeid encoding
S asHn e 0 |
the \%1%%? eFlL Ite?%e stperpg %%le@?f?% ecti ﬁgbrd%&? éjlglc t}gslc aaam"g of the reverse
transemptast, mhichi®NAegaetdeprevtre ratcwenptasses sel ecti ng cDNA
produced by the action of the reverse transcriptase,
whi ch cDNA encodes the reverse transcriptase hel per
16. enﬁyﬂi&esgﬁccofdlﬁé Q6 8RSm AGUCH Albid 15 OwhbrRinMhé 2eRioft| Bhdions which
, Wherein the reverse transcrlptase hel per enzyne i1's
allowgerirginie agdty iacluge o pinarspdtateds ghe rangsr ¥e3s60iQ.y f act or
or an RNA binding protein. 25. A process according to
claim 21, wherein the target protein conprises an
17. RN&?}ﬁodeM(bbﬁiQ{g @daiinhE3, Ahetedh theasigtt ROREEEY MBISOENTBgase and
onpri se an RNase. 26. A process according to claim
the rz@tlow@twnﬁ tvehigh @foyesnzymeseqtivity i ingludac@l eo-substraig comprising a
[ [ I t|n
nucle?cn Qﬂ ﬂg(ee rhg &%‘R%? twlﬁglg%g Rbs‘f&ﬂp ﬂr?h%? cgl%lpg ga.r%l aftins ligand for

rocess acco
mmdpnaﬁaﬁahgmﬁﬂanMngpmmm&Jn the nucleic acid encoding the
target protein conprises an array of nucleic acids
enriched in the nucleic acid encoding the target
r ot r i 0 % d
18. p R Efo?eesg"\’?g&ﬂdlﬁ f edl%lrﬁr)gl% ?fﬁ%}]‘s ccﬁ% fﬁg f pr?g in lﬁ 42 terminal
deOXYrBlengiBElcttaan@raSﬂ endthe mwceorﬁ cortdiiéms M;lmtleasllow ersdyepcliti)y include a

ot Shonp3its DRETEER HERSEh ARl S Ml RLRESSLRE e

ligand Bindirfgl gafthebuf f €er which is exchanged for a second
buffer before or during step (d). 29. A reverse
transcri ptase enzyne haV|ng an optinmumactivity at a
roce

te ur ove | by, t he f an .
19 OBE R Pyl By POLGuRRTs Nk B SREED: Froaline nuctic
acid @IBBYNE tRCLOTed ipRPeih @ofipaibed sfbctiMd HRATA ihdd@p@RMin i co-substrate by

activity is at a tenperature in the range of from 50C

attachmeng tnca Soldphessommpr sowshciieadiiobpoBates 130 31. A
reverse transcriptase enzyne conprising a MMV reverse
transcri ptase am no acid sequence with a nutation at

20. omepmbesm&rdﬁlgndﬂ elaimlprWhﬂgm&m: mgaqir@temqs htnluGlR: acid ligase and

D200, D6a3, L6 T 30, L139, 7, 149, NA479,
the rq_qg@gp c g(étzons [ 8enzmgdlct1@}37nc u eAg(pp su“‘agt,_nr@te comprlsmg a

nucleic acid linker or adapter Wthh linker or adapter further comprises a sequence tag for

specific amplification of the mRNA.

21. A process according to claim 12, wherein the nucleic acid processing enzyme
comprises the co-enzyme and the co-enzyme is incorporated into the aqueous phase droplets of

the water-in-oil emulsion.



30, D449, A644, N649, L671, E673, M9, (P1, M6,

WB88, 1179 L333 R390 B74 and E5 wher ei n when the
wWOoraati2sme i s at position D653 the nutation i s POI/EP2009/054329

D653N, wherein when the nutation is at position L603

the nutant is not L603A, ani ?xlnerei n when the nutation

is at position H594 the nut t2 on is not H594A. 32. A

reyerse transcyriptase.according tq claim 31, having
22. one BCHSr ¥R & © lmoal’nﬁhﬁﬁma%eoﬁéget VOGN BOPIises, a reverse

0 1Ch 41 ssindt mpti verse
trans%%%%”%, héégfy%yﬁ%m%éﬂt%gg%ﬁ oéré“fl\)/irp mNC%?Sg%% SiaRhs bomp s & revers

transQd@OR, T330P, H594R or Q P130S, D449G or A, L139P,
@37R, A644V or T, Q21R, N649S, L671P, 1179T or V
E673G or K, L333Q M39V or L, R390W @1R or L, @B74R

23. anfl pMeRls ackollindB8@Rim 223 ¥herdin 1BY Sfep fe)ldTRBR G RREC: acid encoding
enzyme having an optimumactivity at a tenperature

the tibgelepRfed coiverseh selesting tdDNAy pepdugBIChiys thet acéerstof the reverse
%..0f e Lvit t 37C . 34 . A mitant reverse
wanspFRI PSR Kt ik e bR RO R S o
is at least twice that of the corresponding wild type
enzyne. 35 mut ant reverse transcriptase enz

A me
24. navibrepess agserding to glaim ¢2 oy climP3, whersin the raYerpanscriptsse helper

enzyr%% 8{9}7 ﬁfg@g%eg éé%gg%ggl%%%\ﬂzlgg%&yﬁﬁtyeﬂaxpgr an MRA 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.



131 36. A nutant reverse transcriptase enzyne having

a thernostability of at least 1.5 tinmes that of the
w@epaspondi ng Wl d type enzyne, neasured as rEST/EPIN9/054329

activity at 37C following treatnent at 50C for 5

m nutes. 37. A reverse tragégri pt ase enzynme according

to any one of clains 33 to whi ch conprises an MWV

se transcrijiptase. 38. A pol eot i de encaqdi ng
31 L NG M RAeN Fraie SoiseR T et arsapadgmino acid

sequédeetvAth3d mutation at one or more of the following amino acid positions:

D200, D653, L603, 1330, L139, Q221,
1287, 149, N479, H594, A502,

E607, K658, P130, Q237,

A307, Y344, Q430, D449, A644, N649,
L671, E673, M39, Q91, M66, W388,
1179 L333 R390 Q374 and ES5

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.



