WO 2011/ 034449PCT/ NZ2010/ 000187 1 FUSI ON PCOLYPEPTI DES AND USES THEREOF
TECHNI CAL FI ELD [ 0001] The present invention relates to the field of

nol ecul arwbiz2ol1agy449nore particularly to fusion pol ypept iPdesNzanm/ 0683
thereof. In particular the present invention relates to fusion pol ypeptides
conprising a polynucl eoti de-bi nding domai n, such as a DNA-bi ndi ng domai n,

and a pol ynucl eoti de;] | I iqgase domai n. Met hods
for the production §Fb§ﬁ§ﬁ%?g@$?ﬁﬂﬂgﬁy§£%sﬁhﬁ§E§§Hﬁt géghof t he fusion

pol ypeptides, for exanple in a range of nol ecul ar biol ogi cal techniques,
are alFPCENICAeIEBPACKGROUND OF THE | NVENTI ON [ 0002] Pol ynucl eot i de

| i gases, such as DNA |igases, are anong the nost w dely used of nol ecul ar

bi ol oqoe®] enzZihEBRescht WveRiorAFelfEYioahe TRIESHIBIechiaP bRWeyTRISRO PatRMiafS tBr €
reliant on the efficient activity of DNA |igase. [OOQBfi[gases froma range
of soubgies pedxpephdesnanduesst thgeoéd fnopartigelar thgpresentt inyantion melites Up afusion

bi ol o and.al so in.the growi ng nuaber of i.ndustries~i;n whi,.ch | ecul ar

bi ol ogPLAFPHETHS R SeEP ok ilifihg Semelfl Hhies @ DA Hding ddfhafy and
phar macgalym&ddotidBdighodbrhdi6 Usichiae s DRN@SPgdse dohiatn. Meils fasthegaodudtiohlof
investr%?tiqn into nethods to nodify the activity of |igases such as DNA

| i gaseych fapounolyneptidss. gpd aises of thadupipa selypaptdesation examplsr By ad@nge ffsi on

ol YD&RY L QR AMBEIcS o0l FOURL GRS |1 gase activity, such as a DA
to prov e netho 0

| i gase activity, S us;n? SECh a fusion polypeptide, or
f ' ' ' i ce. SUMMARY OF THE
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nucl ei ¢ aci d sequence encodi ng a pol'ynucl eoti de-|igase pol ypepti de; and

at | edbe cfiinenhagtivity of BVl ligessuence encodi ng a pol ynucl eot i de- bi ndi ng
pol ypg&éd e 1%a@£salﬁ%lnp 9 1tarr11 e ho(%sstouf;c%ls lha'%l ]%n qg?e%héréat?&] Yot ﬂ#etira Q]l? eiicfaﬁg)n in
expressi o of e expressio construct an or or ron O a %Slon
pol ypenslecltsr Holdgy, and also in the growing number of industries in which molecular biological

methodologies are employed, including the medical, pharmaceutical and food industries. Despite .
this, there has been little investigatiovn into methods to modify the activity of ligases such as
DNA ligases. _ »

[0004] It is an object of the present invention to provide a fusion polypeptide comprising a
polynucleotide ligase activity, such as a DNA ligase activity, to provide methods of using such a

fusion polypeptide, or to at least prbvide the public with a useful choice.
SUMMARY OF THE INVENTION

[0005] Accordingly, in a first aspect the present invention provides.a method for producing
a fusion polypeptide, the method comprising:
providing a host cell comprising at least one expression construct, the at least one
expression construct comprising: _
at least one nucleic acid sequence encoding a polynucleotide-ligase polypeptide; aﬁd
at least one nucleic acid sequence encoding a polynucleotide-binding polypeptide;
maintaining the host cell under conditions suitable for expressioh of the expression
construct and for formation of a fusion polypeptide; and

separating the fusion polypeptide from the host cells.



separating the fusion polypeptide fromthe host cells. WO

2011/ 034449PCT/ NZ2010/ 000187 2 [0006] I n one enbodi nent the

pol ynucl ewDi2de/d3kgase pol ypeptide is a DNA |igase pol ypepringeol1olono@not her
enbodi nent the pol ynucl eotide-1igase ppl ypeptide is an RNA |igase

pol ypeptide. [0007]1n one enbodi nent the pol ynucl eoti de-bi ndi ng pol ypepti de

Is a = hi nding pol ypeptide. .Jn another .. odi ment th . .

ol yn 003, R e R ABSRPE. b PR BRRBE T oBBts et BNA plpese
_exarrplmlyﬂe{an@eerlhamtmmmdaﬁﬁm b gJofyiubRofied- i pase! Iﬁﬂ%;beqbﬁdé ligagerINal Jipapt i de
is an RNA [igase pol ypeptide, the pol ynucl eoti de-bi ndi ng pol ypepti de may
converfodpep§dhe an RNA- bi ndi ng pol ypepti de. [0008] Accordingly, in one

enbodi gggd t he, ngthadb8fndi OfuCh A gniidotiak BhdQ) YRMbAg GOMPHRASbindin;
I gb a?mﬁ: pdrz) € SP he at

providing 'a host cell "conprisin east one on construct, t
| east polypepiide. dasinothet embbddineht the mptynsitlegtideabindaagiol ypeptidel 5| aal RN Aebidding

sequence encoding a | i gase po eptide; and at |east. one nucleic acid
sequerpegwea BdiFR CXAPRE- 1Y WdﬁaHbg‘BE‘%/‘s@EB‘tsi < 6 RRIATYR _ e igatioRe Rgde
under ;cGRMNA 3asSphilAiRe! B forRluBRSlAbRALidNS0IFHdMIRS ThBNcQBBEANF be 2R

for formation %? a fusion polypeptide;, and separating the fusion
pol ypd¥Adendingpolypeptidest cel |l s. [0009] I n one enbodi ment the expression

t is i hi gh nbe. tor. [0010]] di t th t
et PR SR ROERE e e R0 RO B Bl pe?
oper akbhprikitked to a strong pronoter. [0011]1n one enbodinment the at |east

one nucl eic acid sequence enppdin? a DNA- bi ndi ng pol ypeptide is operably
| i nked t o psovading adopirasHpomprising at least one expression construct, the at least one

expression construct comprising: -
at least one nucleic acid sequenée encoding a DNA ligase polypeptide; and
at least one nucleic acid sequence encoding a DNA-binding polypeptide;
maintaining the host cell under conditions suitable for expression of the expression
" construct and for formation of a fusion polypeptide; and | |
separating the fusion polypeptide from the host cells.
[0009] In one embodiment the expréssion construct is in a high copy number vector.
[0010] In one embodiment the at least one nucleic acid sequence encoding a DNA ligase‘
polypeptide is operably linked to a strong promoter. |
[0011] In one embodiment the at least one nucleic acid sequence encoding a DNA-binding
polypeptide is operably linked to a strong promoter.
[0012] In one embodimeht the strong promoter is a viral promoter or a phage promoter.
[0013] In one embodiment the promoter is a phage promot_ér, for example a TS phage
promoter, or a T7 phage promoter.
[0014] In an alternative embodiment, the invention provides a method for producing a
~ fusion polypeptide, the method comprising: | A
providing an in vifro expression system comprising at least one expression construct, the
at least one expression comprising: .
at least one nucleic acid sequence encoding a polynucleotide-ligase polypeptide; and
at least one nucleic acid sequence encoding a polynucleotide-binding polypeptide;
maintaining the expreséion system under conditions - suitable for expression of an

expression construct and for formation of a fusion polypeptide.



[0012] I n one enbodi ment the strong pronoter is a viral pronoter or a phage
pronoter. [0013]In one enbodi nent the pronoter is a phage pronoter, for
exanpl e awo20paga9pronoter, or a T7 phage pronoter. [O0®GCFNZ208000187
alternative enbodi nent, the invention provides a nethod for producing a
fusi on polypeptide, the nethod cofnprising: providing an in vitro expression

syste rising at |east. on ression,gonstruct, the at |east ope.
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pol ynusdigsebtide fromahs expedsyienkiede; and at .| east one nucleic acid _
sequence encodi ng a pol ynucl eoti de-bi ndi ng pol ypeptide; naintaining the
expr esldPH sy shrathemaipectcohdhe ipsessnts Uiveatore relates deprre s8pishsion capsteyepr B§si on

constr lan.of a fusion polypeptide. WO :
2011/6%%%2%@%ﬁ§%ﬁ%%@%%%%b§§5 3 [0015]In certain enbodi nents, the nethod
addi ti onaldtYeastosmerriusRéc sepssqatndegntbding o pobnugleddeeiddse polypeptidehand

expression system [0016] Anot her aspect of the present invention relates to
an expressﬁtiwswmw{?&%mq Ff‘él‘l%%ﬁreé‘g%‘ﬁ%acE’S]rYéltl?lﬁ%tfd%c@Hﬂﬁﬂg?Ph@?P%ﬁe-| east one

nucl ei id q c j SRRt .98 14 polypeptnde; 1; at
| east @ggﬂnucﬁgigﬁgcﬁgﬁgggggﬂgg@e cg%ingiggg§?§% é%ﬁ%??%g-%iﬁdFﬁgg h@ﬂg
pol ypepiyntetidd. O latjotirer cmebogirbonti the rfolyriveleptitletigase el phptide gasie RYWy fepei de
is a DN% Iiﬁ@ie pol ypeptide. In another enbodi nent the
pol ynREEPIfe- 1 1 gase pol ypeptide is an RNA |igase pol ypeptide.

- [0018] In one embodiment the polynucleotide-binding polypeptide is a DNA-binding

polypeptide. In another embodiment the polynucleotide-binding polypeptide is an RNA-binﬂing
polypeptide. : ’ )
[0019] Accordingly, in one embodiment the expression construct comprises:

at least one nucleic acid sequence encoding a DNA ligase polypeptide; and

at least one nucleic acid sequence encoding a DNA-binding polypeptide.
[0020] In one embodiment the expression construct encodes a fusion polypeptide
comprising the DNA ligase polypeptide and the DNA-binding polypeptide.
[0021] In one embodiment the at least one nucleic acid sequence encoding the DNA ligase

| polypeptide and the at least one nucleic acid sequence encoding the DNA-bindihg pdlypeptide

are present as a single open reading frame. |
[0022] In one embodiment the at least one nucleic acid sequence encoding the DNA ligase
polypeptide is.operably linked to a promoter, such as a strong promoter. |
[0023] In one embodiment the at least one nucleic acid sequence encoding the DNA-binding
polypeptide is operably linked to a promoter, such as a strong promoter..
[0024] Another aspect of the present invention relates to a vector comprising an expression ‘

construct of the invention.

[0025] In one embodiment the vector is a high copy number vector.

[0026] In one embodiment the vector is a low copy number vector.

[0027] in one embodiment, the vector is for stable integration into a host cell genome.

[0028] Another aspect of the present invention relates to a host cell comprising an

expression construct or a vector as defined above.
[0029] Another aspect of the present invention relates to a fusion polypeptide comprising at
least one polynucleotide-ligase polypeptide fused to at least one polynucleotide-binding

polypeptide.



[0018] I n one enbodi ment the pol ynucl eoti de-bi ndi ng pol ypeptide is a
DNA- bi ndi ng pol ypeptide. In another enbodi nent the pol ynucl eoti de-bi ndi ng
pol ypept iwo 208/@m4RNA- bi ndi ng pol ypepti de. [0019] Accor diPeEINZ2010r00@IsE
enbodi ment the expression.construct cogprises: at |east one nucleic acid
sequence encoding a DNA 1igase pol ypeptide; and at |east one nucleic acid

i - bi ndi | i de, [0020] | nbodi . th
pipel 11 R R T G M R AT Lt Sl
pol y pepilypéptianthstdey MNAsPoRIDNG-Balimpeplypdptidd 0021] I n one enbodi nent the at

| east one nucleic acid sequence encoding the DNA |igase pol ypeptide and the
at | ed803dne rnatigrcaspestpisbguupeat aneptpmdelass toNAlusiandPelyPersidg pupdicgd ar e

present. a3 ¢ ianﬂétﬁo@gﬁmeﬁ%ﬁ%@g frame. [0022] I n one enbodi nent the at
S

| east one nucleic aci equence encodi ng the DNA |igase pol ypeptide is
oper alfio931]i nkexhdticeraspscoobtierpreseucinvastion ®latang apdonimisiion coBPZsinkra fasien
enbodi nent the at | east %ne nucl ei ¢ .aci d seguence, encodi ng, t he, DNA- hi ndi ng
pol ypégmeﬁ% wpeEdbIte | PﬂR’édPCtlzﬁp%Etlg? ofBRRISES Hicliaysone Fohemgleptidirtease.

[ 0024] Apat-Belc RREEELat Mast SR RIGRERbLIAYEREIAISHAlES to a vector

conprising an expression consttuct of the invention. [0025]1n one
enbodi[0833] t hdn\met @nbadimenthihghcoomoyitionndwarprises aofusioh GBdieptidg neherrinotiie ment
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t he prigsding pblyp&iideon relates to a host cell conprising an
[0034] Another aspect of the present inyention relates to a composition comprising -a fusion
polypeptide, wherein the fusion pdlypeptide is produced according to a method defined above.
. [0035] Another aspect of the present invention relates to a composition comprising an
expression construct, vector, or host cell as deﬁned_above.
[0036] Another aspect of the present invention relates to a reagent comprising a composition
as defined above. ' '
[0037] In one embodiment, the reagent is a diagnostic reagent. In another embodiment, the
reagent is a laboratory reagent. o |
[0038] Another aspect of the present invention relates to a kit comprising a composition as
defined abové. ‘ ‘ |
[0039] In one embodiment, the kit is a diagnostic kit. In another embbdiment', ‘the kit is a
laboratory kit. In various embodiments the kit optionally includes one or more other reagents, -

instructions for use, and the like.

| [0040] In one embodiment, the composition comprises an homogenous population of fusic;n
polypeptide. |
[0041]  In one embodiment, the composition comprises a mixed population of fusion
. polypeptides.
[0042] In one embodirhent, the composition additionally comprises one or more of the
following: | |

‘one or more polynucleotide-binding polypeptides, such as one or mbre DNA-binding
polypeptides,

one or more polynucleotide-ligase polypeptides, such as one or more DNA ligase
polypéptides,

one or more co-factors,or



expression construct or a vector as defined above. [0029] Anot her aspect of
the present invention relates to a fusion pol ypeptide conprising at | east
one pol yrwolzentdsaa9| i gase pol ypeptide fused to at | east POMANZ2010/000187

pol ynucl eot i de- bi ndi ng pol ypeptide. W 2011/ 034449PCT/ NZ2010/ 000187 4 _
[ 0030] I n one enbodi ment the fusion polypeptide conprises at | east one DNA

| i gase pol e fused to at | east one DNA-bi nding pol ypepti de.

[ 0031] Ano OI%IQ%P}HO e G M the present invention relates to a fusion

pol ypgped3je. prmmu:eedsmﬁ of dengredent Mmvartihroetlaed ione thetthaver. 1id0i3 Zﬂnélwtrﬂitﬁé
aspect of the present invention relates to a conposition conprising

f usi oﬁluslswyﬁ%tm%lécu Sherlareint the MetBpd FOPBIigesepANIHEING RRST P ésoratnumé&seméne
pol yn

Dol Yl el oG SR sRAC HARH! USPLREG et IhEBRL oPfore fusion polypepides ; o,
conpr icomprisesf atsleast opolpppeptiedade-lipeseepotydepadd tisiedrio pollggsephe gelynocipotidees  at
| east se pol ypeptide fused to at | east one DNA-binding

pol ype’l‘)‘l‘lelﬁfep"ll_”%g@fmot her aspect of the present invention relates to a-
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i s produced according to a met hod defined above. [0035] Anot her aspect of

t he premgnsesi qwtmtmg) nner et moesnucleie acidmalséul¢sowitic onppi giong ﬁ&mnem:lymsdcm
constr
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fused to at least one DNA-binding polypeptide.

[0045]  In one embodiment the one or more nucleic acid molecules is a DNA molecule. In

another embodiment, the one or more nucleic acid molecules are at least two DNA molecules.

[0046] In one embodiment the one or more nucleic acid molecules is one or more DNA
duplexes.

[0047] In one embodiment one or more of the DNA duplexes comprises a 5’ or a 3;
overhang. | - ' '

[0048] In one embodiment the one or more DNA duplexes do not comprise a 5° or 3’
overhang. » |

[0049] In one embodiment, the method of ligating one or more nucleic acid molecules

comprises contacting one or more nucleic acid molecules with one or more fusion polypeptides
wherein the one or more fusion polypeptides comprises at least one RNA ligase polypept1de
fused to at least one RNA-binding polypeptide.

4 [0050] In one embodiment the one or more nucleic acid molecules is an RNA molecule. In
another embodiment, the one or more nucleic acid molecules are at least two RNA molecules. In
one enlbodiment, the one or more nucleic acid molecules are at least one DNA molecule and at
least one RNA molecule. '
[0051] In various embodiments, the one or more fusion polypeptides comprises at least one
polynucleotide-ligase polypeptide fused to at least one RNA-binding polypeptide, or the one or
more fusion polypeptides comprises at least one polynucleotide-ligase polypeptide fused to at
least one DNA-bi_ntiing polypeptide.

[0052] In various embodiments, the one or more fusion polypeptides colnprises at least one
RNA-ligase polypeptide fused to at least one polynucleotide-binding polypeptide, or the one or -
more fusion polypeptides comprises at least one DNA-ligase polypeptide fused to at least one

polynucleotide-binding polypeptide.



as defined above. [0037]1n one enbodi nent, the reagent is a diagnostic
reagent. I n another enbodinent, the reagent is a | aboratory reagent.

[ 0038] Anowbeniizspaet of the present invention rel ates t@®@CINZ2010000M87i Si ng a
conposition as defined above. [0039] 1 n6one enbodi nent, the kit is .a

di agnostic kit. In another enbodinent, -the kit is a laboratory kit. In
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[0041] I n_ one .enbaodi nent, the conp05|t n conprises a m xed popul ation of

f usi orMUplsIcyfr elesutles; yish 21 fsion pelyerp Néﬁfe‘nﬁ%%‘@b}%mqp&ﬁe SOPFsESAL | y
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pol ypept 1 des, suc as one or I ndi ng pol ypepti one or nor
pol ynuyolypepiide- | i gase pol ypepti des, such as one or nore DNA |igase
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comprises contacting one or more nucleic acid molecules with a fusion polypeptide, wherein the
fusion polypeptide comprises at least one DNA ligase polypeptide fused to at least one DNA-
binding polypeptide. A _ ’

[0055] In one embodiment the method of catalysing the formation of a phosphodiester bond
comprises contacting one or more nucleic acid molecules with a fusion polypeptide, wherein the
fusion polypeptide comprises at least one RNA ligase polypéptide fused to at least one RNA- |
binding polypeptide. | | |
[0056] In one embodiment the phosphodiester bond is an intramolecular bond. In another
embodlment the phosphodiester bond is an intermolecular bond.

[0057] In one embodiment the method comprises llgatlon of one or more DNA duplexeés
comprising a 5 or a 3’ overhang. Particularly contemplated are methods comprising ligation of
one or more DNA duplexes with compatible overhanging termini (i.e., so called “sticky” or
“cohesive-ended” ligation).

[0058] In one embodiment the method comprises ligation of one or more DNA duplexes not
comprising a 5° or a 3° overhang (i.e., so called “blunt-ended ligation™). |

[0059] In embodiments comprising ligation of one or more DNA duplexes with compatible
overhanging termini_? preferred fusion polypeptides may be selected from the group comprising
p50-ligasé, ligase-pS0, NFAT-ligase, ligase-cTF, PprA-ligase, ligase-PprA, p50-LigA,. and
LigA-p50, with p50-ligase, ligase—cTF , ligase-PprA, p50-LigA, and LigA-p50 being partjcularly
preferred. '

[0060] In embodiments comprising ligation of one or more DNAduplexes not having a 5> -
or a 3’ overhang or not having compatible termini, preferred fusion polypeptides may be selected
from the group comprising p50-ligase, ligase-cTF, l‘igase-pSO, NFAT-ligase, ligase-PprA, and
LigA-p50, with p50-ligase, ligase-cTF, and ligase-PprA being particularly preferred... . :
[0061] Another aspect of the present inventic;n relates to a fusion polypeptide for ligating
one or more nucleic acid molecules, wherein the fusion polypeptide comprises at least one

polynucleotide-ligase polypeptide fused to at least one polynucleotide-binding polypeptide.



5 one or nore coenzynmes. [0043] Anot her aspect of the present invention
relates to a nmethod of ligating one or nore nucleic acid nol ecul es, wherein
t he net howloconpBises contacting -one or nore nucl ei ¢ aciP@TMIR2e®0ES7 Wi t h
one or nore fusion pol ypeptides, wherejn the one or nore fusion

pol ypepti des conprises at |east one pol ynucl eoti de- Iigase pol ypepti de fused
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[0066] The following embodiments n{ay relate to any of the above aspects.
[0067] In various embodiments the DNA ligase polypeptide is a prokaryotic DNA ligase, a
prokaryotic DNA ligase variant, or a functional fragment thereof. | -
[0068] In one embodiment, the DNA ligase polypeptide is a bacterial DNA ligase, a
bacterial DNA ligase variant, or a functional fragment thereof.
[0069] In one embodiment, the DNA ligase polypeptide is a viral DNA ligaise, a viral DNA
ligase variant, or a functional fragment thereof, including, for example, a bacteriophage DNA
ligase, variant, or functional fragment thereof.
[0070] Particularly contemplated are E. coli DNA ‘ligase polypeptides (for example,
GenBarnk Accession No. M24278), variants or functional fragments thereof, or bacteriophage T4 |
DNA ligase pélypeptide (for example, GenBank Accession No. X00039), variants or functional
fragments thereof. ,
[0071] In various embodiments the DNA ligase polypep‘ude is a eukaryotlc DNA ligase,
variant, or functional fragment thereof, including a fungal DNA liagse, or a mammalian DNA
ligase, or variants or functional fragments therebf. In some embodiments, the DNA ligase
polypeptide is selected from the group comprising mammalian DNA ligase I, DNA ligase 1I,
DNA ligase III including DNA ligase III in combination with DNA repair proteinﬁXRCCl, DNA
ligase IV including DNA ligase IV in combination with XRCC4, or variants or functional
fragments thereof.
[0072] In various embodiments the RNA ligase polypeptide is T4 RNA ligase, such as T4
RNA ligase [ or T4 RNA ligase II. |



pol ynucl eoti de-1i gase pol ypeptide fused to at | east one RNA-binding

pol ypeptide, or the one or nore fusion polypeptides conprises at |east one
pol ynucl ew0i2de/d3kgase pol ypeptide fused to at | east onePDRAZ2)M0OIGT7

pol ypeptide. [0052]1n various enbodi negts, the one or nore fusion

pol ypepti des conprises at |l.east one RNA-ligase pol ypeptide fused to at
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pol ypepihdidg praeips.i ses at | east one pol ynucl eoti de-1igase pol ypeptide fused
to at | east one pol ynucl eot j de- bi nd}i)g]%g,ol ypepti de.. [0054] 1 n one enbodi nent

the mdPAGY of B PRHIHEr §g00ABNGES hg mding palmaptds sstelscteddiem dbergraiBes

cont act,l,gisae or nore nucleic acid nolecules with a fusion polypeptide,
wherein the fusion polypeptide conprises at | east one DNA |igase _
pol ypept i de thaBph pwtan of Hagbcames Didbodirandi (fignPahly pepdsside nuf®O55] | n one
enbodi nment thw%ﬂgﬁ of catalysing the formati on of a phosphodi ester bond
conprises cont 8’ne or nore nucleic acid nolecules-with a fusion

pol ypept i de,thaviah@hdliah NF-katspaBroelny Bﬁﬂidi%&%wmk&ﬁﬁB pbtel BR&H M5y RNA
| i gase pol ypeptide fused to at | east one - bi nding pol ypeptide. [0056]1n
one enbodi nentsapiqes Khrndiank diceession nyargr NE_803983).ro19b¢ ecuors fragments | n

anot her enbodi e _ph I 6 - bo ' [ r.apl |.ar. _bond.
[0057] 1 none. diRasth s RREREIRRRES bE! pisRlt b MRS IO BRE B a0 oo
dupl exes conpriiaghiegt eorbprisiig &midio a0lde MDBEY. of ey huirsad WFIiyMp ofgh;at ed are
met hods conprising |igation of one or nore DNA dupl exes with conpatible
over hangi ng theKninaptein frem Migcgbecgning bt qubqsis (GanBapk hegssyionaymbgr |

l'i gation). [0%{8]2I1945)3e enbodi nent the nethod conprises |igation of one or
nmore DNA dupl exes not ‘tonprising a 5° or a 3' overhang (i.e., so called

" bl unt - endedhd Sgpddippokein fr¢ro 0a59 obuerdifadiriven{ GerRamprAksyipn mgaliaron of one or

nore DNA dupl Wf&ﬂ%&) conpat i bl e :
the Sac7d protein from Sulfolobus acidocaldarius (GenBank Accession number
P13123);
the DdrA protein of Deinococcus radiodurans (as described in US Patent No. 7550564,
incorporated herein by reference in its entiretyj; . ' v
the mammalian NFATc proteins, such as thé NFATcl I;rotein from Muis musculus
(GenBank accession number NP_OS 8071), or one or more functiohal fragments
thereof, such as a fragment comprising amino acids 4.03-703 of the NFATc1 protein
f_rOm Mus musculus, or one or more functional variants thereof;
or one or more homologues, functional variants or functional fragments thereof, or any
combination of two or more thereof, such as the NFAT-Ala-p50 hybrid DNA-binding
protein (referred to herein as cTF; See de Lumley et al. (2004), J. Mol. Biol. 339, 1059-
1075, incorporated herein by reference in its entirety) comprising amino acids 403-579 of
. the NFATc from Mus musculus fused thf__ough a'i; alanine residue to amino acids 249;366
from human NF-kappaB.
[0076] | In one embodiment the DNA-binding polypeptide is a sequence-specific DNA-

binding polypeptide, or a functional fragment or functional variant thereof.



overhanging termni, preferred fusion polypeptides may be selected fromthe
group conprising p50-1igase, |igase-p50, NFAT-Iligase, |igase-cTF,

Ppr A- | i gawe,20ltiigasie- Ppr A, p50-Li gA, and Li gA-p50, w th pEOINZ200%900187

| i gase-cTF, |igase-PprA, p50-LigA, andglLigA-p50 being particularly

pr eferred. [0060]1n enbodi nents corrpri sing ligation of one or nor e

Cor m DO 1 of b alioku rsRe PSRt RS i PR doRinchRte d #r Bt g o

conpr i fédr Ghd Bfbubl @AKRisig Has Fmedipol €s, el x -t ixi it asBx
and Li A'IO50é Wl!pth 5]81 Ig: asemgllg%ggqﬁ?'; and i aslé( %a%pl GeRx R

rA bei ngh
parti d@llérnoympmeér cugine [QM]PAWH@eSaQ%EﬂHSGﬂPﬂ% ffmt@rg dngluding el ifamily

rel at qﬁ‘ngé}lp\?\}ﬁt‘ﬁdt‘% pol ypeptide for ligating one or nore nucleic acid
nol ec erein the fusion pol ypeptide conprises at |east one

pol yno0z8jt i ddn vaugasenioiditpans thdetleikeatid seqaéndeahstcodercfor a fusion polypeptide
pol ynucl eot i de- bi ndi ng pol ypeptide. WO 2011/ 034449PCT/ NzZ2010/ 000187 7
[ 0062]CPHPEEE: enbodi ment the fusion pol ypeptide for ligating one or nore

nucl ei ¢ aci %dﬁ‘éie‘?&é@icﬁe gs&ﬁﬂ%rthétec%d@stfo}r g@ﬁ\‘i?oow lgh%ﬁigl% ‘EE’%@%«% used

to at |east-one DNA- I ng pol ypept nt t usi on
pol ypept i désr at endssltechedeit ncdstquenge thapcaiesruriasdNg. l@s@pellypqasie or

50- | 0, NFAT: | TE- | | TF,
bor Al | gase, ATHGEECERhoRuetss bR ne RTINS poljpetids et RETIES o
whi ch ar e tgescdripedd bem@intclelt dchesdayaiieltes codddGbii DN ﬁgas‘%rﬂ?)%e t he

fusion polépeptl de for ligating one or nore nucleic acid nolecu ’
conprisest ugleagelyawéecmm lmkga@re%pp@ﬂry%pnm@f g dpstrad lemgty, of east one

RN bi ndi 9 OLKRERA] oL OUBRIRIE 5% oAl Bidats) 80, BaLURSRA lh v ey bed

above in thé prep ar a conp05| |on onie or nore nucleic

aci d nol eckd sleiOhcill e¢queatadhysiddgs fdra DNAn@rasapblylﬁep@dehQﬁlph@lw thsduph adbond,
is also specifically.contenplated. [0066] The follow ng enbodi ments nay
rel ate topahyluelfeotfdﬁfeh%b%sp&s‘ﬁéeﬂ%en% eﬁ%q‘ﬂrﬁ Vet % enbodi ments the DNA

ligase pol ypep, g:le?teac!i@seﬁu&ic%l%ﬂé%%éscﬁ]%I*A 9358 pofly Jeb AP ifscRMN b GRS

variant, or unct1 onal ragnent
nuclelc acid sequence that codes for a DNA-binding polypeptlde optionally through a
polynucleotide linker or spacer sequence of a desired length; or )

a nucleic acird sequence that codes for a protease cleavage site spaced between the
nucleic acid sequence that codes for a DNA-binding polypeptide and the nucleic acid
sequence that codes for a DNA ligase polypeptide; or |

a nucleic acid sequence that codes for a self-splicing element spaced between the
nucleic acid sequence that codes for a DNA-binding polypeptide and the nucleic aqid
sequence that codes for a DNA ligase polypeptide; or |

any coplbination of two or rhore thereof.

| [0079] In various embodiments the at least one fusion polypeptide comprises:

an amino acid sequénce that comprises a DNA-binding polypeptide or that comprises a
DNA-binding polypeptide binding domain contiguous with the N- or C- teﬁninal end of
the amino acid sequehce that comprises a DNA ligase polypeptide; or |

an amino acid sequence that comprises a DNA-binding polypeptide indirectly fused
With the'N- or C- terminal of the amino acid sequence that comprises a DNA ligase
polypeptide, through a peptide linker or spacer sequence of a desired length; or

an amino acid sequence that comprises a DNA-binding polypeptide that is inserted into
the amino acid sequence that comprises a DNA ligase polypeptide, through a peptide linker

or spacer sequence of a desired length; or



[ 0068] I n one enbodi nent, the DNA |igase pol ypeptide is a bacterial DNA

| i gase, a bacterial DNA |igase variant, or a functional fragnent thereof.
[0069] | n woeoandedpment, the DNA |igase pol ypeptide is &CYiNZab10DBASY i gase,
a viral DNA |igase variant, or a functjgonal fragnent thereof, including,
for exanple, a bacteri ophage DNA |igase, variant, or functional fragnment

t her eof . [0070 Par ul ar aont enpl at ed

pol ypeptldes ( of gxlgr?ﬁﬁlléen ﬁln (HEB 8e%’gﬁgnseIﬁoeaVWﬁt7§?ace9§FFV§%P§h%r

functi onalarﬁlhagaiarséqudnb@ﬂﬁoéompﬁsebamAllﬁMaggoﬂjﬂe;me anll gRsAnipg layidept i de
(for exanple, GenBank Accession No. X00039 variants or functional

fragments seauanes fhat Fedys fon HDIY lignse pehbeRiid®eAt s t he DNA | i gase pol ypepti de
k | ,
ot uding. 5 P SR Ge ML (HiriscOh SRERERRepih BB phiELERE

functi onal arrirnagcré rst:@rehbet‘rﬁoéompsrmo D NeAtbieting pdlypepitie abiilthd drgias acid:

pol ypeptide is s ect d fromthe group conprising mammllanDNAIlgaseI
DNA | i gase®ffS¢ tF‘?%éé‘é”}ﬁ}\’Ar lﬁ%ﬁ%ﬁﬂi’g@e 'PYgase 111 in conbination with

DNA repair p‘qlotcghfgu?gﬁgg)ftm hb&ai&ebfY i ncluding DNA ligase IV in
conmbi nation with XRCC4, or variants or functional fragnments thereof

[ 0072](PB80]ar i do szaonbs)dmbedlmntshbe RNkeakt grees Bispol podwpiptide has infgroRbistabdds.e,
such as T4 RNA

2011/ G35 A PR P i'b‘}‘boﬁfg‘?mée‘[‘l%‘?@?? r?r\}%‘Pfovﬁ\éD SEbdiy AheN s 2 he @Rl Bi%di ng

pol ypepti7ee, dt968CS@06e0CH 1390; sP8ec] 4tC12B0NAaibi vd] AY1 PO, ¥Pet, iade>C [R07¢] 4n
various enbodi ments, the DNA- bi ndi ng dpol yp QE_Mde is selected fromthe group

conpr i6SCn@t REorb IRkt Br6; ai AQ°C.hats2 Enedl, 196V orl #tk@°Gr Berepxranplantheafusional
smal | lﬁ% ﬁu&%\ﬁuﬂhé‘ {tﬂ%tg%?%ﬂe atbé'ygpgﬁ%d}? paqu&{rs? Hﬂ)cﬁft 2%%?&% EIB&St% hdls,

g polypeptl 'S se ‘he
about 12 hours, about 11 hours, about 10, 9, 8, 7, 6, 5, 4, 3 or about 2 hours or about 1 hour,
when stored at room temperature, or at 20°C, at 19°C, at 18°C, at 17°C, at 16°C, at 15°C, at
14°C, at 13°C, at 12°C, et 11°C, at 10°C, at 9°C, at 8°C, at 7°C, at 6°C, at 5°C, art 4°C, at 3°C, at
20°C, at 2°C, at 1°C, or at 0°C. \ | |
[0081] In various embodiments the expression construct comprises a constitutive or
_ regulatable promoter system. -
’[0082] In various embodiments the regulatable promoter system is an inducible or
. repressible promoter system. 7
[0083] In various embodiments the regulatable promoter system is selected from LacI, Trp, - -
phage A, phage RNA polymerase, and E coli RNA polymerase promoter systems. |
[0084] In one embodiment the promoter is any strong promoter known to those skilled in the
art. Suitable strong promoters comprise adenoviral promoters such as the adenoviral major late
promoter; .or heterologous promoters, such as the cytomegalovirus (CMV) promoter; the
respiratory syncytial virus (RSV) promoter; the simian virus 40 (SV40) prornoter; inducible
promoters, such as the MMT promoter, the metallothionein promoter; heat shock promoters; the
albumin promoter; the ApoAl promoter; human globin promoters; viral thymidine kinase
promoters, such as the Herpes simplex thymidine kinase promoter; retroviral LTRs; the b-actin
promoter; human growth hormone promoters; phage promoters such as the T5, T7, SP6 and T3
RNA polyrnerase promoters and the cauliflower mosaic 35S (CaMV 35S) promorer.
[0085]°  In various embodiments the promoter is a promoter having the sequence as shown in

nucleotides 1-95 of SEQID NO 5.



the PprA protein of Deinococcus radi odurans (GenBank Accessi on nunber
BAA21374); the mammal i an NF-kappaB protein, including the NF-kappaB protein
f r om Honoweapi®isss GenBank Accessi on nunber NP_003989), poi/Nyme1oao13nr e
fragments-thereof, such as the NF-kappgB p65 protein, the NF-kappaB p50
protein or-a fragment conprising am no acids 40-366 of the human NF-kappaB

teip..1h tein,f bacteri t yb | osi GenBank Ac. '
Punor OB 5 R s eoh TPl AP e BBt R GRS E! P at AP e EaBank

Ac ces sirfino dédzefroMPord4 888BIY 1D heoSae, 78l 1, Areiad) PrarBiablil fld @lidn polypeptide
aci docal dari us (GenBank Accession nunber P13123); the DdrA protein of
Dei noceserputses aldicesd U paptsletsh @0dmers piséaably aUlgasiaile morpipreferablyss 4east 40, more

i ncor p&gﬂagoﬂ}& l?}elé %t ? R’E%Rf%%fgﬁ(ega%?}g?ti (Bask k§,01ﬁ19%\e/i(HrgﬁY%gfcéJpgasv?grﬁggfﬂ(Qefgﬁﬁir at.

protelns, ern I'S mu us acCcessli on

nunberledNP 8058071 prefepablp ALlcast I itdre pre¢érablyadt [dasa it micre phaebfy, atdeth 1588 a
fragnment conprjsing am no .acids 403-703 of the NFATcl protein from Mius -

mus c u/ dnors PrefErablyrat fessel G soatipuetsianyae AdAt SO SEGH I NODP. SdPeor 6.
honol , fupctio ' : ' g 3 t 0 .

conbi a8 ofinyus°SRbodBichhe fBlioh JaFieBla; it oRAEN L NABHE by ilcuBRM
DNA- bi firtinmegpt pf @ peliy perftrdefcompeiding shdhsqeentead ond bf SISRdDASOB B0, @ 16l .

(2004) Mol.. Biol. 339, 1059- 1075, incarporated herein by -referen in
b PPy TooRSRHS BT STeT T SN FoRSH PpRBRIATEOPRAD Qe 0u/ s
fused dohtigWaR aflindhadd ﬂ@mraes%'gﬁéﬂ%e 8le@Bl RBnAGE YRouptBmPRidef OM human

NF- kappaB. 100761l n one enbodi ment the DNA-bi ndi ng pol ypeptide is a-
sequence- spaeing aeldpid\to Bl SEQ pRIN@ePpt i de, or a functional fragment or

functional v %%&tswﬁg&m%i@ﬁ%pg4449pdl NZ2010/ 000187 9 [0077]1n

vari ous enbodi nent s pol ypeptide is a pol ypeptide sel ect ed
fromthe graipoacdapls s MPozsPQ IDINQEI0;pe! ypeptides, helix-turn-helix ‘
pol ypepti des, helix-|oophelix pol ypeptides, |eucine zipper polypeptides,
and’ t r anscranppp aeids ék‘l&%“%ﬁcﬁ&ﬂﬁg\’(&él@fam ly transcription factors.

][ ngg]nalng 3;( %Letg;é)?cggﬂggcﬂ}g ;Sﬁ{sﬁéi g&iﬁ?fr@fﬁq &bferfi€ ing?t’é‘&* HERCHe LAl GRMfERIOT @

amino acids 358 to 843 of SEQ ID NO. 6;

amino acids 311 to 796 of SEQ ID NO. 8;

amino acids 90 to 575 of SEQ ID NOT 10; or

amino acids 18 to 503 of SEQ ID NO. 16. \
[0089] In various exemplary embodiments, the fusion polypeptide comprises the sequence
of one of SEQ ID NOS 6, 8, 10, or 16. o |
[0090] In various embodiments, the invention provides an isolated, purified, or recombiﬁant
polynucleotide comprising at least 10 contiguous nucleotides from one of SEQ D NOS 5,7, 9,
or 15. | | |
[0091] In various exerﬁplary embodiments, -the polynucleotide comprises at least 10
contiguous nucleotideé from a sequence selected from the group comprising:

nucleotides 166-1146 of SEQ ID NO. 5; | |

nucleotides 1661185 of SEQ ID NO. 5;

nucleotides 166-1014 of SEQ ID NO. 7,

nucleotides 1661044 of SEQ ID NO. 7;

nucleotides 166-351 of SEQ ID NO. 9;

nucleotides 166-381 of SEQ ID NO. 9;

nucleotides 1624-2640 of SEQ ID NO. 15; or

nucleotides 1654-2640 of SEQ ID NO. 15;



a nucleic acid sequence that codes for a DNA-bi nding pol ypeptide conti guous
with the 5 or 3 end of the nucleic acid sequence that codes for a DNA

| i gase povgpeptasdsty or a nucleic acid sequence that codesTMNIRO®/ODNA7bi ndi ng
pol ypeptide indirectly fused with thej8 or 3 end of the nucleic acid
sequence that codes for a DNA |igase pol ypeptide, through a pol ynucl eoti dée

i nker__qor r uence of .. i I th:  or a nucleic acid
sequer?gg a% %:g%c@oc gl{s?g*oélrs “é‘c‘%ﬂ}l\‘fl Siqﬁ’z‘:’ %gg%‘gﬁ%sé"gﬁcfe efr?rﬂél%e F3UP RYBPYE i nto the
nucl ei ¢ acimhckotidenae7tia «feWwepId MO.&; DNA | i gase pol ypeptide, optionally

t hrough a - polrnucleotide | i nker or spacer sequence of a desired | ength;
or a nucl einticlsefidesdd§betds of SEQ LONEL 55 or a DNA | i gase pol ypept i de that is

inserted i r}ltuglewgesql@lq%_}e/i@%%qisgh@ggggjge that codes for a DNA-bi nding

pol ypepti de, optiona rou yhucl eotide |inker or spacer sequence
of a desi r edcleetiddsH;046+2502 of SEGCIIENO.&¢ci d sequence that codes for a

pr ot ease cl eava ite ace ‘the nucleic acid sequence that codes
for a DNA- auﬁﬁpﬁ%%é?yb@tqusiﬁﬁé\ﬁﬁ&nuc| ei ¢ aci d sequence that codes for
a DNA |i gasgcReligReRbl e ATSEQ BN ei ¢ aci d sequence that codes for a

self-splicing el enment spaced between the nucleic acid sequence that codes

for a DNA- biualdptidesd6by feBtif$EQHINGd Snacl-ei ¢ aci d sequence that codes for
a DNA |igase pol. i gdes icnation of two or nore thereof.

[0079] I n vﬂflgﬁggegﬁgéa&%én&ssﬁé)méast one fusion pol ypeptide conpri ses:
an anmjo@23ci d [s efi¢ embedintat, thé pPlyhs@sotile ¥Apisesimigedidey P6@LI1d6 oPISEQHD

conpri ses_a DNA-bi ndi ng pol ypeptide binding domai n _cont |]3uous wth the N
or C NQr i 9rathe dwedyngeleptide sempasesdivglestidese Hebe 1 $af SEDIPNQ. 4 Dranothsase

pol ypephi.de;. or ' ‘ T I . i bi ndi ng

pol ypgg}tbiog@nelng’c}ﬁ 8(():1? %&%ﬂl}g%&@&ﬁpﬂ ﬁ&ﬁﬁgﬁﬁlﬁg%srﬂ%? %%}Pﬁﬁ{na g? € "'am no acid
sequen@®3] hat Ic o fijptlics embadibNat, lthgpd enynddoyide pbm@e sestruklzutifiesal 6pepdd3de SE@ker
or sp r sequence of a desired length; or.  —an am.no acid sequ at
conpr T0NOLS. iﬂbFwd?m@ryp%lrﬂgp&eﬁ?rftd@%tmé}tnuﬂgomlrs%qm@eﬁeﬁ heceHenca %@@ﬁ?d
sequengs 4 hat conprises a DNA |igase pol ypeptide, through a peptide Iinker
or spacer sequence of a desired length; or WD 2011/ 034449PCT/ NZ2010/ 000187
10 an[@fidho adn darsagecartmdimémas, thopgyngdentide gompasssenclentidegb6s1Q1d offded

DR A0 2T PSR oSS SOBRE e AL 16, 80 5P
polynucleotide comprises nucleotides 1015-2502 of SEQ ID NO. 7. :
[0095] In an exemplary embodiment, the polynucleotidé comprises nucleotides 1662502 of
SEQ ID NO. 7. In a further exemplary embodiment, the polynucleotide comprises the sequence
of SEQID NO. 7. ‘ ,

[0096] ) In various embodiments, the polynucléotide comprises nucleotides 166-351 of SEQ
ID NO. 9, or the polynucleotide comprises nucleotides 166-381 of SEQ. ID NO. 9, or the
polynucleotide comprises nucleotides 352—-1839 of SEQ ID NO. 9. ‘ |
[0097] In one exemplary embodiment, the polynucleotide comprises nuclectides 166-1839
of SEQ ID NO. 9. In a further exemplary embodiment, the polynucleotide comprises the
éequence of SEQ ID NO. 9. ) |

 [0098] In various further embodiments, the polynucleotide comprises nucleotides 1661623
of SEQ ID NO. 15, or the polynucleotide comprises nucleotides 166—-1653 of SEQ ID NO. 15, or
the polynucleotide comprises nucleotides -1624-2640 of SEQ ID NO. 15, or the polynucleotide
comprises nucleotides 1654-2640 of SEQ ID NO. 15.
[0099] In an exemplary embodiment, the polynucleotide comprises nucleotides 1662640 of
SEQ ID NO. 15. In a further exemplary embodiment, the polynucleotide compfises the sequence
of SEQ ID NO. 15.



an am no acid sequence that conprises a self-splicing el enent spaced
between the am no acid sequence that conprises a DNA-bi ndi ng pol ypepti de
and t he awDrolasid9Isequence that codes for a DNA | i gasePpoiNeptoods; or any
conbi nation of two or nore thereof [0080]In various enbodi nents the at

| east one fusion polypeptide has inproved stability, such as inproved

st abi |} t rgom tenpe oved stablllt

18C, al‘f“{‘}@, ol I%ré’usafm%g fmegys flf’cnggt copigpuises twpy af 9r61%%fer%ﬂt i’ﬁ%éssé‘{n 9C,
at 8C, cc&istrlz@s that edeh.endddeddiffetent fusiodt pobfpeptidie. 20C, at 2C, at 1C, or at OC
For exanE t he fusion polypeptide retains activity for at |east about 24
hour s, (0840 ]easlt lsamt?ﬂtiect@lah@é@rgnceés@a@n@mfm@m@rs digrdored herepp (fos examdet | 1

hour s, t u
ot Bt Bpge St Boe S e 0 gl (0 URHE, . POLE:
at 150G, 3&@ 414C6 as, 139 atd I afd abso ahy Canget of M@ihnah huSBersavitlf thatranke, (fat
6C, at 5C, at_ 4 1C, .or _at OC. z1(?081 ]I n vari ous

embodi FEAPLE @hfecgexlé &g é&ﬁldéoﬁéq #3@ @ngéhﬁﬁfog%sa”aﬁ%rﬁgg% \ignggs expressly
regul aa@a!)&dmefa’%%rhe%éf@t&mesglgl%%ldsed V@ﬁés%%e s ediApRE o WSt ls%leﬁ&am?' e

pronoter systemis an inducible or repressible pfonoter. system
vari oumtmdtﬂ)dndmﬂtmmhl@ qoaghihationb o rmmmalevalwsbeeweersthsdbwcxste‘daltﬁer and- thed ,

221 PR AP B BB ORISR B GRPIes et PR APURBLEY % own

t o t hogmilekinhhed. |n,the art. Suitable strong pronoters conprise adenoviral
pronoters, such as the adenoviral major |ate pronoter; or heterologous
pr onot @%02]3 udh this apﬁ@ﬁéwwbaneorvferr%e(f@wwerp msdstie ratanh specalieations, grther

_syncyt Xl' 486, e'ﬁﬁ\/)orp{)tﬁxgpts&tlrcest %ﬁ"lﬁfo%a{f {hﬁ 4%6:1(&?54?%? )f?ﬁ Qéggnﬁlﬁfdse of

|ndu0| e pronoters, suc { ONDL
pr onot@oyidhgad coheek far dizvissing; th‘e Héatafebuasﬂ thepihoemioal ; Unies Apediicslyosmiedr ;
obi.n pronoters; viral di ne ki nase pronoters, such_as the

h
Hgms%?weexé ferRyGH 19isHeh RXtRES ?ﬁ”&?%‘fse‘ls noy o hegAnpiayed apran adnpgsion that sych
Pr ondt &feumBHETBE afcﬁ%ﬁlrc@@asmm&@mw $; éuﬂ?é'éﬁ&ﬁ)np zu%qmo@ Fast, SH @é}n@ﬁa& gggﬁé

T7, SP6 and T3 RNA pol ynerase pronnters nd the caulifl ower nosa
(CaNV<358®mpg@wuﬂénOWkﬁgeﬁﬂh€hn vari ous enbodi ments the pronoter is a
pronot er having the sequence as shown in nucleotides 1-95 of SEQ I D NO 5.
VWO 201DESCGRIRIRON OFZTHE/DRAYBINGS 1008611 n vari ous enbodi nents, the fusion
pol ypepti de conprises 10 or nore contiguous am-no acids fromone of SEQ ID

NOS 6,[0810310, Miithd aspReef & éblptesehhvhisdrowilp ®eyded bpsieerd ofidhi the SoRdwingast
15, at least 20, nore preferably at |l east 30, npre preferably at |east 40,
rmr e pdeé%?rtm whigh 1§ given by wayrifeexgmplee palpy| 3ndapith éaéfense to (g acqpmyagyiag| y
% nore preferably at |east 80, nore preferably at |east 90, nore
prefera Vy at least 100, nore preferabty at |east 150, or nore preferably
at | ea9014)0 dipureglrosi®vam repreaentalsorf ofothe galebastd SEQroDiddE6n Getidty ds9ay for 16.

]il' Sggt? Il clrs)ﬁgq\l;]ee egmolggla%rq tv(/itﬁ tﬁ IBNX ﬁgasgotjuzigg %tr(l)tgl?lsl §arrafplfeéJ I;?et ioggg \%léc% Lor
marker (lanes 1 and 9), Sso7d-ligase (lane 2), cTF-ligase (lane 3), ligase-cTF (lane 4), p50-ligase
(lane 5), ligase-p50 (lane 6), NFAT-ligase (lane 7), ligase-NFAT (lane 8), PprA-ligase (lane 10),
ligase-PprA (lane 11), Ku-ligase (lane 12), ligase-ku (lane 13), T4 DNA ligase (lane 14),
negative control (lane 15) .
| [00105] . Figure 1b shows a représentation of the gel-based in vitro ligation activity asséy for
blunt-ended ligation with T4 DNA ligase fusion proteins. Samples are loaded the same as for
Figure 1a. | ' o | , , -
[00106] Figure 2a shows a representation of the gel-based in vitro ligation activity assay for
cohesive-ended ligation with E.coli LigA ligase" fusion proteins. Samples are loaded: molecular

-~ marker (lanes 1 and 5), LigA (lane 2); LigA-p50 (lane 3), p50-LigA (lane 4), positive control

(lane 6), negative control (lane 7), commercial control (lane 8).



fragnent of a pol ypeptide conprising the sequence of one of SEQ I D NOS 6,

8, 10; or 16. 100881lIn various exenplary enbodi nents, the fusion

pol ypept iwe 20omaud48es at | east 10 contiguous am no aci deCmNIIB/8EGUENCE

selected fromthe group conprising: anigno acids 18 to-344 of SEQ ID NO 6;
anino aci ds 18 to 300 of SEQ ID NO. 8; amno acids 18 to 79 of SEQ I D NO

o] to 842 of Q. contiguous
am no [a dﬁ fro “re seé}bevﬁcaeregeﬁsem? E_S‘ %’ggﬁrgtehéasegén ﬁltrcoolﬁ%ﬂ%loglaﬁémy ?ﬁs?%goam ds
358 t d)l&{’t?erﬁéd SE@rdrﬂNﬁ@E @i [AEANEEasE fui&)n%irﬂ)teﬁrﬁ; S96pRE aHQaddd thsarfe a8 forno
acids 90 to 575 of SEQ ID NO 10; or amno acids 18 to 503 of SEQ I D NO
16. 1dﬁ@gfﬁﬁ vari ous exenpl ary enbodi nents, the fusion pol ypeptide

conpri 56?0 o d| ngnt 3 g?}ea a?@%nag)ﬁrs% g sﬁlts 8f 8#!%1tiet%1fve116CR10919e3101}%ﬁ0n

varlo I nv I on provi an is purifie
recontncnamjz assayg/asmhadieddxereemmﬁxmmgsm I east 10 conti guous nucl eoti des
varioys exenp

f 00
eﬂg?dﬁﬁ§m9é t gurfo%ﬁm wnrfasgn@%%@f éfL,% f‘ijgaﬁeé’ag’t vifrg ligghon @%\ﬂ@/ assay for

nucl e S t [ I I des
1 S Ao W - Lot S L pYROAIR s s
(lane 3), ligase-cTF (lane 4), T4 DNA ligase (lane 5), negative control (lane 6), positive control

(lane 7), molecular marker (lane 8)
DETAILED DESCRIPTION OF THE INVENTION

[00110]  The present invention relates to fusion polypeptides and uses thereof. In particular
the preseni invention relates to fusion bolypeptides comprising a - polynucleotide-ligase
‘polypeptide,. such as a DNA ligase polypeptide, fused with a polynucleotide-binding
polypeptide, such as a DNA-binding polypeptide, together with methods of producing such

fusions, and uses thereof in various molecular biological methods.
1. Definitions

[00111] The phrase “archaeal small basic DNA-binding protein” refers to a protein of usually
between 50 — 75 amino acids having either at least about 50% identity to a natural Archaeal
small basic DNA-binding protein such as Sso-7d from Sulfolobus sulfdtaricus (')rl binds to
antibodies generated against and specificto a native Archaeal small basic DNA-binding protein.
[00112] The term “coding region” or “open reading frame” (ORF) refers to the sense strand
ofa genomic DNA sequence or a cDNA sequence that is capable of producing a transcription
product and/or a polypeptide under the control of arrprepriate regulatory sequences. The codirrg
sequence is identified by the presence of a 5’ translation start codon and a 3’ translation stop
codon.  When inserted into a genetic construct, a “coding sequence” is capable of being
expressed when it is operably linked to promoter and terminator sequences. .
[00113] The term "‘comprising” as used in thie specification means “consisting at least in-part
of”. When interpreting each statement in this specification that includes the term “comprising”,
features other than that or those prefaced by the term may also be preSerrt. Related termé such as
“comprise” and “comprises” are to be interpreted in the same manner.
[00114]  Those skilled in the art will recegnise that some polynucleotide-binding polypeprides
have activity against both DNA and RNA (and indeed other polynucleotide analogues).



nucl eoti des 166-1014 of SEQ ID NO 7; nucl eotides 166-1044 of SEQ ID NO 7;
nucl eoti des 166-351 of SEQ ID NO 9; nucl eotides 166-381 of SEQ ID NO 9;
nucl eot i owe 20828440640 of SEQ I D NO. 15; or nucl eotides PeSANZ26WDowiR7 SEQ | D
NO. 15; WO 2011/034449PCT/ NZ2010/ 000487 12 and at | east 10 conti guous

nucl eot i des froma sequence selected fromthe group conpri sing: nucleotides
1147-2 S t 186-.2643

el eghieaEgne Yot e opolp kil po B BE Fofls | pelsPeplite Pleje ping o
7, NUARQL nthes pdlyAudiS&ificof sudEed DN ANANA; orelogadd HesoB82- 1839 of SEQ I D NO.
9; nucl eotides 166-1623 of SEQ ID NO. 15 or nucl eotides 166-1653 of SEQ I D
NO. 1500315h92]Ths teme @M@}Wpolymnéei%wﬂé@mlaéeféenpra RUEPePGEE ablei taes

L0134 oFER 4 s ofEo BRI PO SO B MURLEPALESS
conpr idablerstrahdslt DIeS, Add Thad64BatobinBEHQ DINANGh dmother conﬁguratlon. As described
herein, the DNA-binding polypeptide may be fused to a DNA ligase polypeptide, for example
the N-terminus or to the C-terminus of DNA ligase, without inactivating either the DNA-binding
polypeptide or the ligase. It should be appreciated that a DNA-binding polypeptide may also
bind to polynucleotides other than DNA, such as for example, RNA, or known analogues of
natural nucleotides. V -
[00116]  Those skilled in the art will recognise that some polynucleotide-ligase polypeptides
: .have activity against both DNA and RNA (and indeed otherl polynucleotide analogues).‘
Aecordingly, the term “polynucleotide-ligase polypeptide” refers to a polypeptide able to
| catalyse the formation of a phosphodiester bond.
[00117]  The term “DNA ligase polypeptide” may be used herein predominantly'in respect of
polypeptides exhibiting preferential activity on DNA polynucleotides, the term as used herein
generally refers to a polypeptide able to catalyse the formation of a phosphodiester bond.
[00118] The term “domain” refers to a unit of a protein or protein complex, comprising a
polypeptide subsequence, a complete polypeptide sequence, or a plurality of polypeptide
sequences where that unit has a defined function. The function is understoed to be broadly
defined and can be ligand binding, catalytic activity or can have a stabilizing effect on the
structure of the protein.
[00119] The term “expression construct” refers to a genetic construct that includes the
necessary elements that permit transcribing the inserted polynucleotide molecule, and,
-optionally, tr_ansiating the transcript into a polypeptide. An expression construct typically

comprises in a 5’ to 3’ direction:

() a promoter, functional in the host cell into which the construct will be introduced,
2) the polynucleotide to be expressed, and
3) a terminator functional in the host cell into which the construct will be introduced.

[00120]» Expression constructs of the invention may be inserted into a replicable vector for
cloning or for expression, or may be incorporated into the host genome.

[00121] A “fragment” of a polypeptide is a subsequence. of the polypeptide that performs a
function that is required for the enzymatic or binding activity and/or provides three dimensional

structure of the polypeptide.



[0093] In a further enbodi ment, the pol ynucl eotide conprises nucl eoti des
166- 2643 of SEQ ID NO. 5. In an exenplary enbodi nent, the pol ynucl eoti de
conpri seswoheligsguence of SEQ ID NO 5. [0094]1n vari oupCemrzadioroeonss, t he
pol ynucl eoti de conprises nucl eoti des 16-1014 of SEQ ID NO 7, or the

pol ynucl eoti de conprises nucleotides 166-1044 of SEQ ID NO.- 7, or the

pol ynu i derconpLi§es i des - fe | D, A 095] 1 n an
exenpl @P;l;/ﬁe]nbodklFe n%ﬁrb , %ﬁﬁ%‘p%‘y@%kﬁe’o?ﬁlgéﬁcﬁeﬁ%ﬁi geef%r§E§CaI E%l%% d’é‘g © 1‘%8“5‘53%% of
SEQ | DwQor dmiddnaéid fsubtdyaencex.efopl exappbnbosliofrandre pddgpeptilly Moalagnt ifgked (for
conpri ses qh g@guence,of SEQ I D NO. 7, I n various enbodinents, fhe

0096 i oy
pol ynue gPhese amEOand; %élgoxybe‘fgswfs 13?/ agrepfidplingggeyto frmy gingle

ol yn ' . | G

Dol ynucraars adoRaRRlac o sl BEhhaaS ol i Bl e e Rty <BusBE% 70 one
exenplathyr berdodéthyefused bhndpettynfictd dirpdgh thenpesppesvaaainecinddesbdGb B8 of
SEQID NO..9...ln a further e | ary, enbodi nent, the pol ynucl eoti de

conpr i@%’é‘@ﬁé“@@q‘{feﬁ%‘éﬁréﬁ ag%%%ly@@ttc@o%] In various further

errbodgajnema, tiieoROlHivsalegl ] e CAMRI %ﬁﬁn@%ldefg&mﬁéeslé&n%ﬁaé% Gthe SEQohD
NO. 15, or the pol ynucleotide conprises nucleotides 166-1653 of SEQ I D NO
15, orpalyneppd¢ pemprisestd BB Ac bagsei podypentide-e dn ode smbedimeng ameodf BE@MIM RGd 15,

or the_polynucl eot i de r:i ses_nucl eoti des -2640 of ., SEQ.1 D NO. 15,
(009 R E iR e ARG RETRePER Soinal PR PHL e dabPe il sl des
166- 2668 00fpoBipebtidesNOmphsingl NDAIA lighdeeiol gpeptine and a DA AGIAE polypeptide are

pol ynucl eoti de conprises the sequence of SEQ ID NO. 15. WD

2011/ osesenspderaw sothe/foeoies and heBapwpenily Hpting, and ascareibselly eqnseraplpied

conpriseg,two or nore different expression constructs that each encode a
di fferent fusion pol ypeptide. [00101]It is intended that reference to a
range [00124)nbdn sordi -smmbodiewnt thee bmir{d acidesdngjuencels ¢fothe fusion polypeptide are

indirectly fused through a linker or spacer, the amino acid sequences of said fusion polypeptide
arranged in the order of DNA ligase-linker-DNA-binding polypeptide or DNA-binding
polypeptiae-linker-DNA ligase, or DNA ligase-linker-DNA-binding polypeptide B_inding domain
or DNA-binding polypeptide binding domain-linker-DNA ligase, for example. In other
embodiments the amino acid séquences of the fusion polypeptide are indirectly fused through or
comprise an additional polypeptide arranged in the order of DNA ligase-additional polypeptide-
DNA-binding polypeptide or DNA ligase-additional polypeptide- DNA-binding polypeptide

~ binding domain, or DNA ligase-linker-DNA-binding polypeptide-additional bolypepﬁde or DNA
ligase-linker-DNA-binding polypeptide binding domain-additional pblypeptide. Again, both N-
terminal extensions and C-terminal extensions of the polynucleotide-ligase polypeptide, such as
a DNA ligase, are expressly contemplated herein. ' -
[00125] A fusion polypeptide according to the invention may also comprise one or more
bolypeptide sequences inserted within the sequence of another polypeptide. For example, a
polypeptide sequence such as a protease recognition sequénce may be inserted into a variable
region of a protein comprising a DNA-binding domain. |

‘ [00126] Conveniently, a fusion polypeptide of the invention may be encoded by a single
nucleic acid sequerice,,wherein the nucleic acid sequence cofnprises at least two subsequences.
each encoding a polypeptide or a polypeptide domain. In certain embodiments, the at least two
subsequences will be present “in frame” so as comprise a single open reading frame and thus
will encode a fusion polypeptide as contemplafed herein. In other embodiments, the at least two

subsequences may be present “out of frame”, and may be separated by a ribosomal frame-



10) also incorporates reference to all rational nunbers within that range
(for exanple, 1, 1.1, 2, 3, 3.9, 4, 5, 6, 6.5 7, 8 9 and 10) and al so any
range of wetoomah44aunbers within that range (for exanpl eCTANZR20108001875 t 0
5.5 and 3.1 to 4.7) and, therefore, aliy sub-ranges of all ranges expressly
di sclosed herein are hereby expressly disclosed. These are only exanples of

what is.specificall i nten and al | sible ¢ i nat i s of _nunerical
Vo e TRRE S b Rhed walbfet G 305eRs p R R RadrS JEROth IRg, 3¢ sB TSR e
consi dusiel fdlyfeptiex ps eB&hyd. Stnatethih Nerhbdsmaip) tHeahi Khsi Mwa Sibsddushcedvareer .
[00102]In this specification where reference has.been nmade to patent

speci foragyayss In eithesr crakedimgnts, gedugerihese discussereabeyumdese dhe phieashdvpPon,

this i I - - - i di t - LSCUSSI th
t oar iRV PRI drbel eplidadtifieat Sl RiO A el Blluddl pHl SR A °
t 0 sucileaxtteonabsedoaiseeaitemot Somtiuoti) be construed as an adnission that such
art . APOPIT m IR LR B SRBPR (OchBAPBUGEtds TRiECiler iakBcRIPlT O
OF THE LR ﬂ%i@ﬁ@ﬂﬁ%ﬁ’ﬁ&@ﬁns@ﬁ@@' 1§ -ip\%wr%éthﬁr POISAENEotl VBl AR (td tnsbgcore

apparent fromthe fol g description Ich Is’given by way of exanple
only aotynnckehtidemeteanteg such afebud oo hipateyitnga Db mydecyld 01 @A ER guodact.aA
shows a representation of th el -based .in vitro, ligation activi assay
or cdRBET, SOBIEN TGEONG (T MoTe A TGS HPL BRI FAETHGE Wi fREe. ar e
| oadegolymtReMAmoFRIkE ind, |o§ﬂ@1§allébﬁr§&€§1a9ihg tiS 8dikchibOmesea bbBpeptdde. TR fiskitgase

(lane 3), ligase-cTF (lane 4), p50-ligase (lane 5), |igase-p50 (lane 6),

NFAT- [pohaseleptidamolerulel maabe desyerl fromribe Byst cpidy gx mpyy ke derivethomay different
L ' | o \ P i .| PPt
1 Gasee 1 by ohdbr i be SREo b AT AtuyleoRBEC it hERE P hox 180

r epr esenétit ¢odstnadt nidyebg@omeliagghtddinhé host lch@@iidsomabDINAL e @ssai doastruct

bl unt-ended_ ligation with T4 DNA |igase fusion proteins. Sanples are | oaded
the séﬁ%’%?sllqlﬁg“ﬁf‘(}iﬁ“r_t%r-l a. [00106] Figure 2a shows a representation of the
gel - Dag@he) N ik tGnf AT LAP Rfehd %'atblac?e?ﬁfé’elf,%rfuﬁ 1281 4Ra&dfd, bladfld0QnW th
E.coli LigA ligase fusion proteins. Sanples are Toaded: nol ecular marker

(1 anesnstcanell By ,anl aggial lcelesuzh , asLa ghempdoliqn hog &)l thabOs lcapablq lohrsep@rting
positive contr,gz)é9 %I ane.6 negative control (lane 7), commercial control

(1 ane SBPreSSIRPLIHT P RFSAAMOERFNE2010/ 000187 14 [00107] Fi gure 2b shows a

repr egeet2d] i orheftedhheligi@y BASHAcdrn a¥ ubddhdrbidak]a@R BGh AhihY adRiSeYndcRotide

bl unt-ended ligation with E.coli LigA |ligase fusion proteins. Sanples are

| oadedequsace b ingdsreetdy fusegtwe opmor¢ polypgltidiegar &%0 9r arde Jueleis agidagsiageragdwi ng

the 1 Shildig, o BHARI fHEAo¢RaBCT: BERE dnbb Rl nBGHLY BRI W Boct 19550, D0
15, 20, 25, 30, 35, 4'10, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or about 100 amino acids or
nucleotides in length. In other embodiments the linker or spacer is about 100, 125, 150, 175,
200, 225, 250, 275, 300, 325, 350, 375, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900,
950 or about 1000 amino acids or nﬁcledtides in length. In still other embodiments the linker or
spacer is from about 1 to about 1000 amino acids or nucleotides in length, from about 10 to
about 1000, from about 50 to about 1000, from about 100 to éBout 1000, from about 200 to about

- 1000, from about 300 to about 1000, from about 400 to abdut 1000, from about 500 to about

1000, from about 600 to about 1000, from about 700 to about 1000, from about 800 to about
1000, or from about 900 to about 1000 amino acids or nucleotides in length. |
[00130] In one -embodiment the linker or spacer may comprise a restriction enzyme
revcogn‘ition site. In another embodiment the linker or spacer may comprise a protease cleavage
recognition suequence such as enterokinase, thrombin or Factor /Xa recognition. sequence, or a

self-splicing element such as an intein. In another embodiment the linker or spacer facilitates

independent folding of the fusion polypeptides.



[ 00109] Figure 5 shows a representation of the gel-based in vitro ligation

activity assay for blunt-ended |igation. Sanples are | oaded: Sso7d-I|igase

(lane 1) ,wp=20tlidgase (| ane 2), ligase-PprA (lane 3), |i gasazet/opddne 4),

T4 DNA |igase (lane 5), negative contrigl (lane 6), positive control (Iane
mol ecul ar mar ker (lane 8). DETAILED DESCRI PTI ON- OF THE | NVENTI ON

[ 00113@{5&1‘1"0 n}ﬁ?%%%f eg{jbr ulidt oﬁt’ CR ﬁs@d fh‘é?éu? Ne e?% Yooﬁf ! 5?%%1”68‘ t?o%s of.

t here esent’ Tnvention'’re usi o ypeptldes

conpr ientities, aa@Db()p’ulmidﬁQiﬂ dheitics gathin helmyizedpopidaticudiffesing dn Bbife Ird:spastefrom
pol ypept| de, tljsed wi th..a pol ynucl eoti de-bi ndi ng poly ept| de, such _as a
DNA- biaRathaEPRMaHo8 S ea%tlew@l@flﬁléermwefimﬁékaﬂ%swem 1hep usbn refresnshs,

and uaf%]ghg{]@g%%mw@ ragyng | bafuc*eg %ggtl & IHEMBOGIS m&e%&ﬂt%h?@

[00111 | ar chaea? asi ¢ DNA ng protein ers

pr ot eiedpEhsios wailsltlylcb:ewhae rBaBIi) populatiamriofi@xpessien ltanstrugt diffene in mspb@asﬁ thabout
50% i ntit naturdaéJ haeal smalfl basi ¢ , DNA- bi ndlg% rotein s ch as
S50 7o POSEEP O BROUE) B P8 ThaTIacts o QRO AR, Op ot Bt safpie gihe

agai nskpRndf §RROhSthet tsqc@agnﬁ;rIex&nﬁ@qﬁ@mhu@r@the Pﬁﬁdcﬁer%egi hB8GoRiRkel N.
[001124rl The term "codi ng region' ogen readi n frame" (ORF) refers to

t he séltenaitvelynsvhen u@@dglerrgﬁr@cmge lamon@f B(dqn@ﬁldes,tﬂmatrefpes to

capabl e of rodu0| NSCr i t| an. uct and/or tid der the
ot BBt iofs bE AR bAVb SRR SREE R Hohifiaf SEHRTR, pESPERIRS ¢

i dent idiffed 1byrd‘sb@t mfe&enpalypépeadés duchngl éte palyﬁtlaécsudécha@e qmlyp%pﬁde for
transl ati on stop codon. Wen inserted intg a genetic construct 'codi ng

sequers&amplegthe Iligags. obdhepolanyslentidlebingiag pplypmétlctspéwélbwhp |I?Nécbltl‘éing
pr 'Om),t;p%é' @?@det HeThOabas O§ﬁlgpﬁ(g& tron[cggt]a 3] The term corrprl sing" as used in
'S

this at1on neans Ing at least in part of'. Wen
| nt er n0m2hg dae heﬂnaftrmrrkeru acid” tasi wsed plereihi widrs an 4 Radgld- rmrl doldse-t lstmrtdedm
at ur. er t hose pref ace

"conpri th d
o ooP el of{ e ESmE R, ek OBk e P ERER” deieieot R be

i Nt er RREl6EddsNort A HRE BB GThe é&%&ﬂh@b%&@mﬁ& {o! aegbebfﬁea Reqhte W4 Well as
recogni se t hat sone pol ynucl eot i de- bi ndi ng pol ypepti des have activity

agai nde alsequenpNAOmBETRNATY theretp.nerdesd asherersepodigatad| Bt fertes Smulagaeid) and WD
2011/ Q34449RCT/ N£Z2010/ 000187. 15 Accordi ngly, the term
" pol ynBAllél' ‘fle%ed\%f‘rne Sﬁggﬁ%f“ 1ng'er(f‘ha8%ca ?ef ers to a polypeptide able to bind

one OI00W33¢ pebmublyemiuedeSneasluqhataﬂaemauer%lﬁco b¢ eapbegUieSplhdedr eder the
[ 00115] The term "DNA-bi ndi ng pol ypeptide" as used herein refers to a
pol ypépeielechrgiaignpictianant” BioA, nglyde | MeMates Pungpeystficasusaty slamenis

St gl Garstd ANEdavIchIARCC AL gflc LR ennkEanded DNA, and those that

bind to er con I gurat’i escri ed herein, the DNA-bi ndi ng
pol ypd@idde mihe banf Lrs»edekmewdﬂwgehexgﬂs eefpmltypb@pnodectldlmf aegarpredichen a

N-t t the Gt DNA | t hout t ti i ther
e DAt St B EREIS b paseRen 1 gorcel o mogriie rred Bagraele s 38 Eih;
DNA- bi«pglrBghroionp tendBe MRy redton (B84 8F ra@slsm%& IRePA ipeleraBlyigfichiagn 160U,

such as for exanple, RNA or known.anal ogues natural nucI eoti des.
[ 0011@}‘%@@1@@ lI¢astiationt 8+felddvighenithan thatdprjailbeohshaved soabost cell in a control or

pol YNUSH& raksfg%néd gc?lfebf(%leyprr)eef@;albgyeﬁ)e level of expression is at least about 5-fold higher,

about 10-fold higher, about 15-fold higher, about 20-fold higher, about 25-fold higher, about 30-
fold higher, about 35-fold higher, about 40-fold higher, about 45-fold higher, about 50-fold -
higher, about 55-fold higher, about 60-fold higher, about 65-fold higher, about 70-foldv higher,
about 75-fold higher, about 80-fold higher, about 85-fold higher, about 90-fold higher, about 95-
fold higher, or about 100-fold highér or above, than typically observed in a control host cell or
non-transformed cell.

[00135]  Levels of mRNA are measured using any of a number of techniques known to those
skilled in the art including, but not limited to, Northern blot analysis and RT-PCR, including
quantitative RT-PCR.



have activity agai nst both DNA and RNA (and i ndeed ot her pol ynucl eoti de

anal ogues). Accordingly, the term "pol ynucl eotide-|igase pol ypepti de"

refers tove2poloppapti de able to catalyse the fornation eCTaZphwopésdi est er

bond. [00117] The term "DNA |igase pol ypepti de" may be used herein

pr edom nantly 'in respect of polypepti des exh| biting preferenti al acti vity
erm as erein eneraII refers to

o1 B et o Bl B A AR B RRS R et Ehat Gt Ay

[ 00118tddR buepreferstsliat Rast’ £h@idd 4cds2 intidin@fulRleRE@tRbRIMR! inPWRIcRIahif®BBIHEX,
conprising a pol ti de subsequence, a conplete pol ypeptide sequence, or a
pl ur altpgiguasf ar@élrépda gvm@éalg@tqm@esbom%r Bobypaptidesiaf thapreserfeiiventipnf maY: beon.

cat ol Y SeRdeh R, Bpiel B BlodtbOf 7L BRALT RN PRoR iR iptlelf 11

pr ot eitechnj@d.1 Qha’ e mt ayrefeiorepay gaptidonst dggedgater eff epelypeptide gadtedd £dimer
construct that .includes the necessary el ements that permt transcribing the

i nser tB@hsE MR 3dTuen PRIVRLE, 2 BRIYPCRSSE Vet §F, def%th‘sq ta?rleﬁEj t he
Fransg{bbp}n' nt eateﬁﬁ"‘gfb%%éﬂ%feﬁ‘toeﬁﬁ ﬁ%ﬁécﬂﬂe&@ﬂ%élﬁ er%ﬂghﬁ:ﬁ L?bsFrQe{mfdfseS

in a to 3" directi a pronoter unctional in't Into which
t he cdhslcodmg regibh tha negmlatedgmlectransheptpml y Rromhaders | cdenprise togs- mxtmtmsslenh;antand_ a
onal in.the .host cell into which the constr

o T oatich spe G s hSaAnse o Srif e e nSerh o Redsrek ar 2 LR AR 88, ¢ e

i Nt o anétePhat ak! uKE &Y Mand@iptibh GRS, OF for expr ession, or may be
incorporated i nto the host genone. [00121] A "fragnent" of a pol ypept| de is

a subd@¢ili8hce When heehan yespoet @b at helypemideopfrthea fvgniden, otet plaesel Srefasnjoir ed

for th di n ctiyi des .t e, di nal -
st r uctoh Uy T, oo el el Rbl i HeRB 5 RS Brotsicins g e e
[ 00123;]0131pepﬁ@er suill' hassisoful ugzhsséQﬁﬁbﬂtﬁlelsefuapolyﬁ@cdediﬁleenmumg eébiis (b@chdas DNA-
pol ypeptide caonprising two or am no acid sub seaﬁences for exanple two or

more PR FCHYEY)d OFebatd  uselid digaps retighampd euse eﬂnﬂén&#%t.‘/and
car boxpglgef daeEl ‘liﬁl;rbe%h dgh g@ﬂ%isgcg 1éds{‘£§t§9f?%5 L4, h9r4p, %5566‘%'567&%t %0“8?)“% 95,

pol ypepti rsto at the two or 'ndfe’ant no
sequer?@ecsr t0% eftthe pripmalblactedtyl ynd wsedl mngemmaydmt :teyecmdsb@iwbén anlgk»f ttllmer

respect nd. car termnj t h a Ilnke pacer- ar

Lo s ol BB mER Pos s Ao unLookhiau Rt S0 g Sbat 10 S FeulPy
sequeng 8Bo AunYd, 5ﬁ'oﬂgal§(h1@ 70 48 bBSLt AOLYD €l SlsHuE 80RS h§&ﬁ 160%&1 eassbout 90

pol ypeptide. In one enbodi nent, one of the amino- acid sequences conprising

t he fuepbentd®PYmebor d@armdesmrﬁ@erﬁd aobReptislen @ff thy ipuenfivaptiatdeactivis dpl agiven
1O ELYRS 73, GRS s PhR 9208 RO LRSS e A7 Rt v
li sti mg, 98ndoasre 168 Coff ﬁﬁad)ﬂlglnﬂoaitttﬁzﬁrplat&fé peygdpaide [£3Q1 2hblin 1 oidur earb4rd). ment
the arglr?lﬁarfil}(/:,lp%fseyrgc? %grlrjlggs(itelgnsogf t%’lg ?n\fegtslcln? arllrepc%lpgbrfee g% Isgpepo?tgneg the mairitenance of
useful activity of the polypeptides they comprise, and can be said to retain activity, ideally until
applied using thé methods éontemplated herein. , |
[00139]  As used herein, the term “improved s,tability”. when used in relaﬁon to a polypeptide
or composition of the invention means a polypeptide capable of retaining activity or a
composition. capable of supporting activity of the polypeptide for a given period, or under
particular conditions, or both, for example 1 hour at 4°C. In certain embodiments, the retained
ligase activity of a fusion polypeptide of the invention is greater than that _exhibited by the native
ligase polypeptide when maintained under the same conditions for the same period. In other
embodiments, the retained polynucleotide-binding activity of a fusion polypeptide of the

invention is greater than that exhibited by the native polynucleotide-binding polypeptide when

maintained under the same conditions for the same period.



indirectly fused through a |linker or spacer, the am no acid sequences of

sai d fusion polypeptide arranged in the order of DNA

| i gase- | iwkentiDS4bi ndi ng pol ypepti de or DNA-bi ndi ng polpgpayiw@edisnker - DNA
| i gase, or DNA |igase-Ilinker-DNA-bindpgg pol ypeptide bindi ng domain or

DNA- bi ndi ng pol ypepti de bindi ng dormai n-1inker-DNA |igase, for exanple. In

ot her i ts,the amno acid segue of .t he fusi,on.pol ypept,i de_ are
"ni v dBTPTT Bk TGRSRk e TR AR SRV BT I BB S
t he orddefaidwhidNVbihigase- agdiitimnalinipoty P i(sleDbidnandioliger prklepe ptityien ar
DNA | i gase-additional pol %?pepti de- DNA- bi ndi ngﬂpol ypepti de bindi ng donai n,
or DNAuriegadsessqpenceringsnanen dange ol giprisnnie-thefails no kapwp angisiepcidiablgrto pna
| i gasex] j - bi ndi I | dey Biindi B (R fn

pol ypoitd BEBOLEEEY QbRe PR HBERCR) R e Bor B! - RAE eharbiiln s0-t0ld or s o
t he pahytauthheotO0dfd | grester pdiinipe phdndanotheic mualeica aEAwiihgdse sarae emelqotidss| y
contenpl ated herein., [001‘3{3] A fusion pol ypeptide according to the invention
may alc€BPeHHR Puler Ghfsregt n ?‘é‘dﬁéFWéﬁ?i de sequences inserted within the
Sequegﬁﬁﬂ aﬁ%@ﬁfase@éexlasrme'-sgeciﬁE@fN&mhgdo@amlrefel%% b g1yPERERIEEnaHCh
as a protease recognition sequence may be inserted into a variable region
of a prlottebinds erithrsigiificana affieyltio 1IN Ag(anid opfionally GoHe2 GluCsovand)anta yucleptidasi on
pol ypepti de gf t he inventioP n%bq encoded a singl.e nu(gl i C agjgth
sequeTERENGHEFREACH HBIMFY) of ¥. SXATP SefienEe? i Bdeigaci R 3RF 19,gnd the
subseqagpesitdcedsiRaif REaf ifdge thaROlVREDordRore thah POUIYBERbIIB A GOBOM, ok Anore
certain enbodi nents, the at | east two subsequences will be present "in

f r ame'thasol Wsfolsbgrprtes affiaity ithayl anodise Au¢leigaridgvith desamsduelsaddegampasiisdait

f usi o%(ﬁgle%ger&tciegﬁdﬁe cantenpl ated herein. In other embodi nents, the at ,
| east "tWo sutbsequencesq nmay be present "out of frame", and nay be separated
by a nMo®agpnaiThe tafe“subiiéhced WHe I4RABPT INERAIDA/AO 66 hoird ®horfabstrped irite or
ot her sequence that propotes a shift in reading frane such that, o

t r ans|oAaRGoRPOrated yartim afysiop diglyngatideds pignded to meagay $ Sﬁn%@ai%%@, b} fe at
| east t.] [ i HBUC ose
i oL B B B R e o G e ROl e
ar e i fosiorepdlypeptidsed t hr ough an additi onal pol ypeptide, the at | east two

subse S e not .conti guqus 0127] The term "genetic copstruct’ refers
Co o gUFAEC: b GE it Riemrt oS On e ot e v Do iy TR ave
i nser tgghd itt@e Bt uaRMsNREd BRIsYITUWEhePEbWestiRMESIUIE tlahfigtel REQIchcd Ot yiich@ot i de
mol ecul e) such as, but not limted to, a cDNA nol ecule or_a PCR product. A

genet jare wenestanidaterraganioel mRNA plabiibeanskiaspme| casgshaye berat foprd tg) have spatial
transcri bi .insert polynucl eotide nol ecule, and, optionally,

transﬁe ql?éﬁg[%’tfhg&fornghscri pt into a pol ypeptide. The insert polynucleotide
mol ecyo@4apy be “flegmyet Jfr opolyhaclbosde seubnceoprovided deerelaris veshfsequeanae of -
different cell aqr organi smand/aor y be a reconbi nant pql ynucl eotid Once
i nsi dEORBRIONHEpclpiiqes lﬁéff?éftrﬁlblyégf&?ﬁtr L?c@umldS%eb%ﬁgﬁlnﬁ%&éagg&%ofﬁhs
host GRIONDS BreR I8RO CARTIIIMES, B REfeldblkadchR 38 MR&Ples,

[ 00128 Teﬁe tgrmr'?%o cﬁe}ﬁe" re%ers to a 1baéteri a‘? gel IBk aefungal cell C,:S
yeast mo@k|prefergblyarat least 140 aucleaislest moed Iprajerably ahiemst 5€eluclestidés and anost
mammal i gn- host . ce that is capabl.e of s orti. ression qf .the

expr e§§‘?afn8’i‘fgg' il %etaf{éq ?OT’@BTQQQ'}“FE%’?@Q% ap cﬁﬁz&ﬁ]e@t@g of é%dﬂ‘éffmmﬁ's %@%%{“?{g ©&i n
rel at @spdlPmafeofidt ReqRHLE cah bRUKeE GhiMEsaREUSNesileRdihg | Rpld 6Tt Yr friboesme WO
or nore pol ypeptides or two or nore nucleic acid sequences encoding two or
nore pedhpplepy.i @fess. a primsbriep@bboidchided & 8 WeiCIdafRES OTosed pa@elynpgleatidibased 5
10, 15s 20, 224,30, 35, 40, 45, 50, 55, 60, 65 70, 75 80, 85, 90, 95 or
about ?[166 am no acids or nucleotides inlength. In other enbodi nents the

| i nkero@r4s$ paqae térsn abahhent O relaion td pfhmdtdbpol 2lklec?id seqifeces Ay mterdidd, to 325,
350, 375, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950 or
about 1NOBE EAIHISCHEPHRITRE AsclEpttay fegiong Agths Premotsr pplynpelertidesiAdichent s
the |i 65 o 4000, 701 it ¢ operabl
el echys, O reBRRRAE pleeiARANRHbn ficRaR 3aMlend Ol FiFh I At Boperatly o
1000, linkedn about 100 to about 1000, from about 200 to about 1000, from
about 300 to about 1000, from. about 400 to about 00, fr.om about 500 to
about [§$6] fP&#@bﬁy ragspgs Bt BYISDYClaqis seayfesy ‘3? IPNSHUPD CABBLIE &‘8‘6@?
from 2o, 8P Erab13RR YEast 800moR prlef?iBI R0 WasOf) horedReitabhP 901east 10 niksik dS
or nuc éotirdgs %rn ?engtaﬁ. [’0161%30% n ong1 enbgdi ment e?ﬁe Iaib%I}ger eor spacer may
conprise a restriction enzyne recognition site. In another enbodi nent the

| i nker or spacer nmy conprise a protease cl eavage recognition sueguence
such as enterokinase, thronmbin or Factor , Xa recognition sequence, or a

sel f-splicing el ement such as an intein. In another enbodi ment the |inker

-, I r 1 B Y M r .




18 [00131] The term "m xed popul ation", as used herein, refers to two or
nore popul ations of entities, each population of entities within the m xed
popul at i onodnffmsu44ng i n some respect from anot her popul &CIroNz2ofo/eesTt i es
within the m xed popul ati on. For exanplie, when used in reference-to a m xed
popul ati on of expression constructs, this refers to two or nore popul ati ons

f | wh h ' f SSi
i 11 onuerepioRE b SRt 0y o' PTG f B ok Dyl oRREPY i RETL et

popul giréferablyolat ildast AHPE tor® proferamlptah deasaIVOC tmde BrBR rabdy S 6 , 609 Ghords
for exanfgle the identity of the pronpter present in the construct.

Al t er rPagteteblyy at {gagin7 Qs aeore rpreferablie gt deasto 80, ingusdprgtepahl ntat depsbPO§ @ gpost

pol yp i t by f q . : i . i- pol ypepti des
et L B R et S e
pol ypdpet47jes  TheuamsdSurichiengolayinnt laad t fusietibral) Aagmpod” yip @pdd libeeinf for exacaypipl e

the DNA |igase t he pol ynuycl eqt.i de-bi ndi n | ypeptide, such as the
DNA- bilRdFsRh8f Pﬁ‘i@tlf%&é&ﬂ ﬂb%@%fp@%ﬂ%@%ﬂ%ﬁ i PObREBIE Sq9YEA%SS] The
term "Jgkpi f?oxﬁ%éjébe@i%c%ﬂ?ﬁﬁleﬂf?ﬁ@d :Q:qﬁﬁ{c%fs?, WiRréin$hB 8} Rior@imARuRlEresitihésgded

pol ynmer of deoxyri bonucl €otide, ribonucléotide bases or known anal ogues of
nat ur aleleted; bebstituded or eddedi, »t asepienbec@uprisiithe fiagmemnt ofche desifieflgidentiiedo a
speci fied sequence as |l as to a sequence conplenentary thereto, un|.ess
ot her WPSEENEFIGF ¢ At Betonsh ganan gy o PEERTY Goginth aTelc B &5t FighatAllY (s e
her ei Rebiriy Gaamee abhnctiohfOVa3RhtsGRay @bl fYorh ithk e BB Fbtn LIRE shoifessafu@age t o
be expressed is placed under the control of requlatory elenments that

i ncl udecynpasdt bergologiess paralpgudst ped reghaleguss.y divagionad | varamisoroal funsdenadt or y
el ene h r I an: r.m a 4] The. terdn,.. .
over e RROR0RE" Sl RS BOLRTOR, bR anS iR TINS5 e 1
host cpédifitdiiat idextifridpollypapeids, efchpasoaiuabilion té @1icio lof@l or ahoreobiolagiuas kffecrd
host cells. The term "overexpression" when used ip relation _to | evels of
mess erfYEHCRIIA By BriEyeaBelyPSRt ch?resxaanrrl%v@}m& log%pt?%@g%rpfaﬁ DN dteash

3- T ol dyfibaNete R dalisciPicthtion OPSSTaERhditua tapal cel| in a control or
non-transformed cell. "More preferably the |evel of expression is at |east
about [60¥48]d Hiugétemal varzmts orlfinft ool Hiagments nadyobavelGedtal ok lebsghectivipbihan
20-fol d hi gher, ,about 25-fold higher, about 30- .fold.higher, about 35-fold
i gherthe a8t Pab RS nilandhe <SORE. 2afrdl trors ofePe biplseebacRORE o gher .
about sp&rifielllg hicgtigéd na@wtpogeyeﬁmed pbésg§red , bya by ttubiohsll darting Ner funelensl -
70-fol d higher, about 75-fold higher, about 80:fold higher, about 85-fold
hi gherdTaggisBumayober pregemitg Hegrealgp dutlesyer dggead iththghBinctienal yepant arofnedenal

hi gher, - i . d i Co
non- ¢ maAmeR B ig AP R GBIY LORPERIR a8 oI 35t BF e Blogieal |
nunberacivitieechthe gpedfikaligvidertifiddhesiee phlyipepitld postdseedaby thenfuhotibnad) yartidiit onot
limted to, lYorthern bl ot anal ysi s ag_g RT- PCR, i.nc| udi ng, quanti tflti ve

RT- PCRINCUOPg et S/RAspEiy NBF8IE0 POTETE AegisC [BEIBPatiwal Wit pofupseana de-
as Used hRAEIHAN i RRATRASRER AT peptidk. CAANSa Rirth@P¥xdnghl8Lih iy theRIi 51801 Y
at I‘easg 5 amno acids, including full-length proteins, 1n which amno acid
resi duepremide hifnkaionilyvarmmabe fitncpiepali fdagnirmt dis whitdl gpept nwes obfthe hielqgied ent

i nvention .my. be purified tural. products, or nmay be pr.oduced partial.ly or
whot 1y RRATENE BE pRie paiseaPat i isinBie R ibpretins Y et PR B P
pol ypeRt héthe polyRYAIE Ik ©ndlor ndr@loyHRe Bidl sl cia ki 66t vitsesdo ftthERiati & pSlyPetide is

mul timer, a fusion polypeptide, a pol ypegtl de variant, or derivative

t her e@Pt PEOAB PF ThRresa iy 2 hesserodegree thad ey und imthe natiae pebpbriiflee Examplgs ot or y
el ement ' i NO.T.eQjro t endansa.: i r-anscni pti-on.
pr omot ity THRHSHAC RS ARAIASHERIMebl8 pi RLSE CORE AR SRILRBUED
i ni ti diaghrensidescribed heeitser ved boxes such as the TATA box, and notifs that

are bound by transcription factors. [00138] Wien used in respect of a
pol ypdPE43E™ oMatheds; AV Assays, tor Klstepmngs @ne gt HIoKG rjolasicaly iefhpets aelcited | by

G ammey,| 1S b1 BBiHS! | NEh! UES DR GRhdS | BE © indigt
thengg’}by?%epﬁ e sgdls?l E)ﬁgggﬁ]se?’ulé{’?lhgége acti v%tg/,(ghsgﬁ uP&ggﬁ}%&@I@g@ﬁlgé

bi ndi pglypeptidest yuchsascDNaAsbiDlAg ohghieptgdasc trevwel known ibhahd atsefludxamplpasee
activit nd useful polynuc] eptide-binding activity. Preferahly, the

et ai HESPried greey, and e e st s, cancpe st e alensdy Gigien s bhe ot Tose g0,
85, 9Qun@ienalArights bPIRcBbnd TR entd &%lﬁﬁklewi&e/ngﬁeg) s 5$1ghu61@di%soiﬁ@xg be
sel ected between any of these values (foor exanple, from about 35 to about
100% from about 50 to about 100% from about 60 to about 100% from about
70 to about 100% from about 80 to about 100% and from about 90 to about
10099 . For exanple, preferred polypeptides of the invention retain activity
for a given storage period, for exanple retain at |east about 25, 30, 35,

~ - — — — ~ N ~ - ~ ~ ~ - ~~ N o A NN



[ 00139] As used herein, the term"inproved stability" when used in rel ation
to a pol ypeptide or conposition of the invention neans a pol ypepti de
capabl e ovOnetizi3mi4ng activity or a conposition capabl e eCTANIREOOVIISY
activity of the polypeptide for a gives period, or under particular
conditions, or both, for exanple 1 hour at 4C. In certain enbodi nents, the

retained |igase_activi of a fusion.pol iLde of the invention i

o eat SPOPRRATSHES wxetpist abasBy of M Ml ok B io, BabF & idion oT two

Mai Nt aie@dfrabstels SNBNPERPfEANNiAdIONErobPfraghients AR RehdLWesdrbe@HBRAN in the
enbodi ments, the retained pol ynucl eotide-binding activity of a fusion

pol ypdpamgtesofs anemablae idantifying oge emmere fungionah yarianthpbfunedonsy frapmentstofve
pol yn%cbﬁg‘tli dee- bi ndi ng pol ypepti de when mai nt ai ned under the sane

condi tions 107 't he sanme period. WO 2011/ 034449PCT/ NZ2010/ 000187 20

[ 0014Qb0i50] phEaagples e6fl Enetionanfragaentt | iacIDiA-pol idbiide daighicnts FiRk edompriBea

pol ypepti de domain which binds with significant affinity to DNA (and

opt i orfEINg agidhseauenses dhat ageirgIponsible fon Gatabyticyactivalyu &ofc eXqmile padRIE Mihner .
For e ]S |.e i-d -able to bind the pol ypeptide
donmi )r%ﬁé\:\n@ftiﬁ})yﬁg{ntghdghoqudfgg%gﬁe%#%ﬁge}Zort gﬁ“‘zo-fol d, nore than 50-fold, or
nor e t{0@rs11L00Prefbblyr apmentafdti polypeptidarscquricese of nhe liwtentiaw i(thcidirp thuse same
nucl eoti de conpasitjon but a dj fferent nucl eotide seguence. [00141] The

phr as E°AEBERTSHA! %ﬁgﬂb_clﬁﬁl@m-tfa HEPRE IR PHUPS idpaity S%H%Fwé!ﬁ? ast
domai nowhi ¢asPh Rdg Wabi26! S8k breddthbld! 4t RAdt Y30, %%&&?&blg% '19212@4'0%’ n¥rber
nucl ei ¢ acid) in a nucl eotide sequence-dependént manner. For exanple, there
is a lprademablywat lesisicSanate pidferably dbilgast Gthengye pygierpblyde laast), moxg preferebly at han
10-fol d, nore than, 20-f 0l nore than,50-fol d .or nore t.han, 100-f ol d
or et S5 e roR R bR 00, MR Sork by 2 e tone el R b gt 1east 1o
CONpPOShdre QFefbrablydatdiedst @06 Nnokd) fef@hbld &t 3@6IH2HT Emole Gt fZdblyI8t 15t 00, more
"substance” when referred to in relation to being bound to or absorbed into

or i nesfpreblytasdeast 31 moge prederablypblsppietils aed moshprsfesmddy ableps 470 £oBiEYUANCe
t hat iaﬁf é’é!:’i‘&js &Va&l%&}kiﬁgopﬁrgﬁﬁ%ﬁlﬁ?ﬁ. a substance that is able to be '
I ncorp W

absorbed 1 nto or orated wthin a polymer fusion polypeptide. _
[ 00143000152] t efMhe "tewent rfipriated’ Tefenf @r s short sgdyrertesidé haduatlerhavingt @ free 3°OH

transcripti.on, ich gre found in the 3 untranslated ends of genes .
domstgf(&g’n#@f iy g §Pa;tsap§"éeqa@f&5éd T PFTER R S AR O HY A RAIMUC eotide
deter %ﬂﬁl&h&n&fry W@t%@ﬁiel Iu¥h %Bﬂ)girﬂe? iSHFrady ﬁﬁleﬂﬁ?‘?g&ﬁ%ﬁrefe@&ﬁ]? al Raftave

spatial regulatory functions. | 44] A "fragnent” o ynucl eoti de
sequeinege prefarabladit feaste],mors paeferablyeny least 8, mérequefieraplyoatdeast ) motd preferatint i s

fer ap| | |eofides in length, Th s of
rvent] BRtoePorEBle Ry 8L e S8 BT PR s Ruly af Brstehy a

| east nifde pustbRBly dEfeastD4 emprebasfahbly atlehqarss, rﬂ&en%t‘éfeeﬂﬂj/ G€ 9eastM6E more
preferably at |east 50 nucl eotides and nost preferably at |east 60

cont i irRSerablyaé Ieast | @arore prefergblyyan irapteldt mpse greferplyiahlcapt 1% morapreferghblst of
a pol youcl# cil&‘?idééaﬂlqgﬁ‘%ﬁ. can be used in antisense, gene silencing,-triple
nol o

hel i-x or ribozyme tec gy, or as a priner, a probe, included in a
m cr 0§001523] o hesedni Mppbt’y nufersead | deshbas pdlyaetleatideonhareishasksl t¢p OdtedS] The

term " fr agnent. in.relation Lo promoter pol ypucl eot|de sequences i .
probe may consist of a “fragment” of a polynucleotide as defined herein. Preferably such a
probe is at least 5, more preferably at least 10, more preferably at least 20, more preferably at
least 30, more preferably at least 40, more preferably at least 50, more preferably at least ’100,
more preferably at least 200, more preferably at least 300, more preferably at least 400 and nﬁost
preferably at least 500 nucleotides in length.

[00154] The term “variant” as used herein refers to polynucleotide or polypeptide sequences .
different from the specifically identified sequences, ‘wherein one or more nucleotides or amino

acid residues is deleted, substituted, or added. Variants may be naturally occuring allelic

variants, or non-naturally occurring variants. Variants may be from the same or from other



i ncl ude sequences conprising cis-elenents and regi ons of the pronoter

pol ynucl eoti de sequence capabl e of regulating expression of a

pol ynucl ewvi2dat/segaence to which the fragnment is oper ablPgTINZ2k®d00187

[ 00146] Preferably fragments of pol ynuclieoti de sequences of the invention
conprise at |east 20, nore preferably at |east 30, nore preferably at |east
40, nore .preferably at |east 50, mre, WD 2011/ 034449PCT/ NZ2010/.000187 21
or ef orBrse 5o s sheduprsS REPeREHeT OPaL9sHes o0 BHORIORS. ThsPaah R BRUBrYSat

| east dfantsopiie: pulaiRIcEbYs &ld fotRshtid&0hosBBE 8idMsBER ha ifedthal £83He SR, ornOr e
preferably at |east 600, nore preferably at |east 700, nore preferably at

| east BOOar fpthospraft e awild type pelysuclogiies i pavpepydes efhebleymat variaagt withoo
conti I ' . ) ti hg i Nni i 471 T

For ms RSP G PSR LGRs, AP BLUPHSIER nbiinglsks Bl AL BOyny oSk Tag
exanplwlypeptiéspadefinéd kd¥Anl | gase(s) or DNA- bi ndi ng pol ypeptide(s), refer to
pol ypept i de sequences different fromthe specifically identified
sequercBlrEsrleotife fFq ROBRAR!IGe VREES ami no acid residues is _ . del eted,

subst i , a, ks nc LS - r.agnent 3

peci fPULFHl, (oot pgnuBicRRDR Es HRE S indins SR o0 Uphtle sranactl
occur i degxuiibamucleotider icantibonuoleotida - prdymeralof yanyc dengtn puy apriefematdy  #Fukeast doal

variants be fro he sane or fram ot her.species and nmay enconpass.
o) JEidssann BETe 5 A O HBE SSUBRICS KoM TR IEHUTIer Gha EEBhal
fragmeghse Hd dnfiSerRe k¥RRAEdsIBMPRIBERS TxORE iMForRDidoffic DA RIMVAIhEFhRNA,
activities of the native specifical Ig identified polypeptide, such as an

abi | i RN, alRNAt sIBANA.omiRNAe tBNgL.obezymess recombinsnt giolypgphidest hsolaied jand

pol ypeptide. : fiuncty |. fragmen .aRIQNAI' Wil

typic l;t/i% genaa'%%lé)? ;Sg%ﬁ %I@gé P ﬁw‘g%ﬁﬂ??ngggg%ﬁg’%%ﬁos pﬁoacﬁde;bt%z'g HOng >

[ 0014 8ukleitcddid pibes, péinnd ndofradrbdiad. | Amamber afmMEINMIS adta YindlayeesGir€atR known

| esser. acti vi tdy than the native polypeptide. In one exanple, one or nore of
the bilBthsgreand agelsicpntemplited ne specifically identified native pol ypeptide
possesaRfl, Rieolileydihgt i onal variant or functional fragment may be present
to a greater or . |lesser degree in the functional variant or functional

f r agngdA0136han Vaiahopolgnuaedtide seqichves peofeygbdpexideit al leasirsot ) enore peafplably atach
of the bi gi cal Ljvities_of the gifical |y dentifi nafive.,,

ol ypaftt abimat e Bubify oS Pt oem Ao af Fai b MUt POraA KrSighefra s
presengast 98%, af RadteI99Rrat | &SE60% IRUeLR 6%, tah Rabié10h | ANedst ¥3% aNlear64%, at
functional fragnent than is found in the native polypeptide. In still a

f ur t hdeastRalmprileastiotimyat frasdeBior atbleest 08" pabldasled Hof aideast dR%L aykeastatif/o.gat
functi &r tab i e_or I f O i o,aCHT VI t4 f
the i Koo SaRoae o Rsbr A% & I E0h YT IR I e, han

i s foueddt 79%t helenat800e 4p MdagP®ITh] ateleadv 8LV e lcast $A%%6.catdédze 849 al REstcE58h, at
activiti egﬁoof the native pol gi%/epti de is not present or is present
(4}

t
| esserctbyf et KaH /el P10 HoCHATD e 2 bEsipilit: ddest bitpRolasoBbch
funct ijgnabsdr agﬁga?a%,%haﬂ@?mea eadt 38DRE A IFATL M Dsotliond; RALyeegt | de
s descri bed he - Met

f ragnent rein. [00149 ods and assays to determ ne one or
mor e bdaitiogicabpesifiedgicdymicleotitde dedugngo| antitly e tdupd -ovegasempaiisppepnidoe of

h DNA | | ...pol | eoti de- bi ndi : tides, ch
N biERdPRG Hbrgrenit s8R MERrl dlner thataRp iR @R ad 1Gre 100
descr ieRoti@d Sdsitiond/ 6t S the ¥BiiRAStRBH RSN B FOlyRE IR stquehelent i fy or
verify one or nore functional variants or functional fragnents of

pol ynU8YE | ddolingalsetids sesmenssi ifamiity wen ibedetirmaniadgin thpfollowing manner. The

2011/ %ﬁﬁj‘éétgﬁg%ﬁgo%%/ é)e%Qén%Z i%zcompared to a candidate polynucleotide sequence using
BLASTN (from the BLAST suite of programs, version 2.2.10 [Oct 2004]) in bl2seq (Tatiana A.
Tatusova, Thomas L. Madden (1999), “Blast 2 sequences - a new tool for comparing pfot’ein-and '
nucleotide sequences”, FEMS Microbiol Lett. 174:247-250), which is publicly available from
NCBI (ftp:/ftp.ncbi.nih.gov/blast/). The default parameters of bl2seq are utilized except that
filtering of low complexity parts should be turned off.



pol ypepti des. For exanple, an assay of the ability of a DNA |ligase to
catalyse the ligation of two |linear fragnments of DNA to forma single,

| ar ger f raigreemnto34sach as those described herein in the BEXamzes/000187
anenable to identifying one or nore fuyactional variants or functional
fragments of a DNA Iigase [00150] Exanpl es of functi onal fragments include
pol yp i fr al; co cSeguenges. t hat e. .
Fospord? b  ATERIy bl BoiBRTE G SRin0E Al e L BHFRE RSk T floBing woisnn
bi ndi n@mrdndaiesakesktest er bond for mat i on. [00151] Pr eferably fragnents of

ponpeBtrde sequences of the invention (|nclud|ngﬁ§hose .sequences
speci fIP8EI y |b3%§ﬁﬁr? pédeqtidesqqd - arelppiidesstgisEqudtastn i dentity i sting)

Cormrm[ﬁm ailagnet@f: _f gf}&% Lo ﬁ%ldgﬁgﬁgyﬁfnyg{ §, sget@&gggpé é%rg@e £apt

re pefera y at |lea nor e east _
pr ef ersalektg tht aﬂpera;siatcﬁﬁlgomhrxefqm rtlef eiadfl sgqadncbe aElie MQseqrmogaprreﬁmmhyemb

| ea st.O.m)r referably | east 9 r ef ‘ east 100, nore
pr ef erGBItY at bqtR a5 nipsle aﬁgpsrcsrtareer arﬂrrylcaflf Sueds (deniitiss Srabl y at
| east [861b1) mrf%lﬁfu@fe@ﬁ@@ééﬁu@ﬁce i8&ity 309 al 8L B8 @@r%h@@ntlr@@éfgt@épthemr e
prefer abI y at | east 400, and nost preférably at |east 450 contiguous am no

aci ds wkrlap petwysape i ceduiatet hed | subent ipolynu¢loatids? patwencesr nsitiprdlobml "sequénses t o

pybri digBaeYoeidin SRS PPl G Bofy e Td: Ml B es, 443-
pol ynushRoA ifge iripleRleaiEioh & Yhd Neédlemh@mh@&le globdl Alighnklt ﬁ'%rorllt}ﬁn o efenahl y
at least 5 nore preferably at |east 6, nore preferabl | east 7, nore

pr ef erthpngedig pProgeasm 11g the Q¥ epeckass §Rlﬁ% R.dzpngden, Inam BgﬁaébkrpabﬁMBng east
pr ef era h%l a{)eeéf'r%aéc %{ h?n(g§%y S)‘)goe? g:‘ragtgllaper §1t11?e1[ aiqjex?dsaih é&%ﬁ&s e S0 Vol 163’

east nore preferably
| east N, m)r@ pref @paﬁ&maj | easwhith, m)rEarpreferlﬁJI y atobtsimst 17, frmne

f bl t t 18, t 1 f bI
st T SR 44 g R TB03S) TARE Forpeah PO oot B ezoeer
pol ynugosabiides {hg%mhify tH%a%fifohﬁ EMB@SE e YEBA¢ LRI dRs BRAREN RO EJE;%Ende%

corrpl enentary to probe, in a hybridi zatron based assay.. The probe may
consi smn lof aghttp: r‘\argfmkn ac. ok/embpsﬁ/qlrgnél eotide as defined herein. Preferabl y

" east 190163Ee, AsPrF by T bR SathrR: Bl aniiiboyPuet Poculii BREY

pref el’aﬁ@hﬁﬁeﬁtoﬂtﬁa%&%&ﬂcemﬁlﬂ)l@ ehAizadpl t¢¥rmaihal @St GAPGs deRfiBedinethe Falwinat
| east 200, nore pre erablé@d}waeast 300, nore preferably at |east 400 and

nost mapgrertiwng, X (1994) el Sequcaes Algnmaggt FonfputT5APHatiors in the

"vari %BSCI%%eyﬁg%lﬁr rein refers to polynucleotide or polypeptide sequences
different Tfromthe specifically identified sequences, wherein one or nore

nucl eq0018$ orPohmunieotdd chriaass alitks preSerdei_mmdn amotrsltompasedhoserwladdemrbit

e ST, B SECU LI L B S LS o 1 BT, R AL
2011/ Q%%ﬁ%ui‘%?@é@lo@ A8 %e&%néé&eﬂde&hléﬂ ‘éoﬁi%Yno% NERORBEP bé @Q@c%”t%shave '

par al ogues and orthol ogues. In certain enbodi ments, - -variants of the.
pol ynwebwotd He gardun rsbhwe&mhi@sqmssegsllmtmwjh dedpeaictd poltypqmdehanambe the

The-t et e oy BRTf artfel’ vasia Psbt TR JBE NS Subap PRGNS

enconga&sies 2al.10 faut Ze04y) frl@ﬂ{ NOBt (RpY/gesbiats. g@o/ibw@eptl des as defined
her ein. Pol ynucl eotide and pol ypeptide variants [00155] The term

"pol yl0@16dbt i dbe symilanity Qfs@dymfértlﬁe spguensesamay rhgl exapinetbusing the ifcslhnr@ag

unix command line parameters:

[00165]  bl2seq —i nucleotideseql —j nucleotideseq2 —F F —p tblastx

[00166]  The parameter —F F turns off filtering of low complexity sections. The parameter —p
selects the appropriate algorithm for the pair of sequences. This program finds regions of |
similarity between the sequences and for each such region reports an “E value” which is thie”
expected number of times one could expect to see such a match by chance in a database of a

fixed reference size containing random sequences. The size of this database is set by default in



deoxyri bonucl eoti de or ribonucl eotide polynmer of any length but preferably
at |l east 15 nucleotides, and include as non-limting exanples, coding and
non- codi ngoequsmaes of a gene, sense and anti sense seqRemOF0WEOPISENENt S,
exons, introns, genomic DNA, cDNA, presnRNA, nRNA, rRNA, si RNA, m RNA,

t RNA, ribozymes, reconbi nant pol ypeptides, isolated and purified naturally

occurrin or sequ es, synthetic an equences,. nucl ei c
acid ptb%%les‘??q BFO| MErs %{nsgmﬁ?ggv hﬁ Sy ﬁrll%srsrﬁearn of® gﬁe%aiueagi a(?pé%éﬁr%%@eglear.e
wel | kirobubilith of Beched fandéi nadtéh.al so cont enpl at-ed. Pol ynucl eoti de variants -
[001561)Vari ant__pol %/nucl eoti de sequences_preferably exhibit at |east 50%

nor e PRI ablXariant pelxaycleptisle sequepersqrefsralyly exhibipaE vahofJess|thanst xéﬂbq/q, at

| east % 9 tn-20 t £30 | %1 oAb %y-sat; . J.east
sov, AFiF Erdprabiiets A X0 BN il 1 0 JERhar P 0% 1653fin, PR S el
at | eabin B&%0 Qtledsakat 1 §7%°,desslteast xG8%, kebs themdtx BOY lead thhrast 17 H8glesat

| east 71% at )igast 72% at |.gast 73% at | east K 74% at | east 75% at | east
76% dhan Ladto 7738%&;&'} é‘sio 7894 lest thaabe oo, When FamRareg ot apy ‘Pféﬁa%éth&%
at Ie%ggciﬁga%y ia&ndfga%%&%%s. at |least 84% at |east 85% at |east 86% at

| east 87% at |east 88% at |east 89% at |east 90% at |east 91% at | east
92% d00168hst AdBImativelyl ewsian04ulynaclebtidest 095 presdneaigverdBiy hgbridieasto 87%
at | east .98% .or at least 99% i dentjt Q, a specified | ynucl eoti de

S equonBeeinselF Ty enge BEineacs ok FoPlebipls R R T SIS - 20

nucl eqbors®] Podikki ff%, “Byiideicdbhierabtringast cORifsiEP eahd daaRasitichlOBguivalentseast
100 nucl eotide positions, or over the entire |ength of the specified

pol ynukéreef; rafers e diseahiléty qf @aaodyjuplsiofide slodesuiedle hydediza de ajtargat palynucigotide
Mot ot i . 7 _ e ot .
conparadesut (ubls Bre A YONRRIRE moitfe BB Sh U BIGNIRAE IGTHERSS '

BLAST asSuutleero blop botyosthemn blet) ander d2firedlébnidDixins 20 Gperattireind3eky cOdehtratien. A.

Tat usqva, ,Thoma . .Madden (1999 "Bl.ast 2 seguences, - a new tool fo
corrpar_'}‘tﬁfgabﬁ)l%tt%i‘?ib%ﬁlf_ae HOEs e asal By 98 <onERS R PoeFisTIngd Py initally
174: 241}/’&)3519)@, WhiGhidss Plehf!¥ndiBhd ahde ih&rAGMNCRBle stringency to the desired
(ftp://Fftp.nCbi.nih.goviblast/). The default paraneters of bl 2seq are
utili stthgengept that filtering of | ow conplexity parts should be turned

ff. 11/034449PCT/ NZ2010/ 000187 24 .[ 0015 i dent.i f .

ool ydtIZBT P B dEpele AT AR Hora bR Pk ot AB ST D RS 1 iefand

line @ﬂﬁaaestt@ﬁ%r;t h9EASA 2 sallitiois| fetdodeRes than- 25 M Gheot(fsteseadle, FIFFCP
e p

bl astn [00160] The paraneter -F F turns off filtering of | ow conplexit
sect i MW theemplipaigpegatuge clankbet tetrgivagdpplep(sest gengialipr Pambropl et ?heE%fai r

of s E%Qﬂgmlec{ﬁas CPJn%?gSTCA %@cﬁ%@g&ap&ﬁ%ﬂ 2nd i%g%@ﬁiesﬂrflﬂ‘éﬁllérbk{ﬁ %Zersm{)’ %&ub&eet .

nunber "and per centage ucfeotides 1'n-a Fine Ies = ".
[ 0016%].Po98/h hireat PogocdgireModecuthe Bioloyy,nEieead Bablixhingg). duh ddregblomedectide

o TR e YL\ S et ST e, e s g0
and Mn@l\ég)gl a+D-(SArhBroRk ef al Ms; 1882 Mo18&iard@Bning DRI abbratdty MALRL SFREAL | on

of the eman-Winsch gl obal alignnment algorithmis found in the needle
pr ogr dinld Spring EABOSSresac Baten (aRdcMcCRrthy.ofde PNAS &ntBoB).eBgiyal AringBOSS:

The Eur opean | ecul ar, Bi ol ogy en  Sof e Suit rends, in Genetics June
2000, VOTILR, Moo peasa 879} R URBeLb, redrs Ghet wourt b8 nyEHdafSn
ht t p: /cbMiWioR SiRhMAsCpra®ashinSat b WalgioBNMI@IS/SS T2k B IDeRbridiAnd hObFEL, i 636
Institute server also provides the facility to perform EMBOSS- needl e gl obal
al i gnSkt §- 25 BliScayerights Edlonisd by tya Washes ‘(§¥30 minutes each in 1X SSC, 0.1% SDS at

http: %Wa‘g&);{%@&wﬁ&‘ée%?ﬁ’?%ﬁﬁét@i éa%pﬁn 0[29P$§§,]@%9§[5§‘53 Qiely the GAP program
may be use i ch™conput es an opti nal ~global alignnent of two sequences

wi t hoyooirahal iwitihgedpectind gblygaplsotidéAdlGuitesidvilped feagthhRs§ ahdrowO0 ghageper :
Huang, X. (1994) On d gbal . Sequence Al isanrent. Conput er Applicatigns 1icn t he

Bi OSCieé%g]émﬁflnwhgglgdizatlon conditions are 5 to 10°C below Tm. On average, the Tm of a
polynucleotide molecule of length less than 100 bp is reduced by approximately
(500/oligonucleotide length)°C.

[00172]  With respect to the DNA mimics known as pep'tide nucleic acids (PNAs) (Nielsen et

al., Science. 1991 Dec 6;254(5037):1497-500) Tm values are higher than those for DNA-DNA



[ 00163] Pol ynucl eoti de variants of the present invention al so enconpass
those which exhibit a simlarity to one or nore of the specifically

i dentifi esogegusmaes that is |ikely to preserve the funeCronzabiosguisval ence
of those sequences and which coul d nopgreasonably be expected to have
occurred by random chance. Such sequence sinmlarity with respect to

Prom the BARRTR pyEradso R oah i ERp el e s’ i fess ey (o
(ftp: NMddde Mdds R 1998 /N A$06021){5004-64] HbenShmi dtahgdny h9bridightionuedRiptidnde

sequences _nay ‘be exam ned using the follow ng unix command |ine paraneters:

[ 00165P1? PO Phife habrid Hegegk ler]gtfnl@es dan il @@ basgparep © L3Cihslavsthe Tro0166] The
F
Do SrabEra1 SR BhLIECH M Besh i AEh S Bk SonIenrdes

Thi's phaglifen fromdhe sagieﬁm offths lrmehﬁtm bt thed warcohfeelusmuﬁ“rtﬁeae@amdrafcwofeach
such region reparts an "E value" which is the expected nunber of ti rres one
coul d 5@@@1%6(961%@@0@%?1 nolypspEie Byvian sHaidan %?tlaltnéﬁ) Fpel¥peptidg epraded by a

refer | S

ot o EpSebfaonte il LR0ANE A ERACE plidaiT VEE dBhe bl Gl BitARn

For sramaidl seEumb loéshe poligieptids s & Tealantovagiatiotie ]Bmeat foe ARG zﬁmpﬁmmmataed i G(Eue
probabjlit ch a random mat ch. 00167 ari a c] eotj de se nces
P o e RlakHoRh: BITEF dBRY 100 U S AR aAvIY pas o PRedsRd  BY i Rty

t han le&)nihgeg,e 1é Q%%pﬁﬁ‘ﬁi& cbd¥n @Qprgsmdne’% Oﬁaﬂﬂﬂll& hostlé8bhisthess than 1 x 10 5

| ess than 1 x | ess t han X less than 1 x 10-80, less than 1
x 10- $0017Mgss Pplyanclmotxdelmmwe dlteglélonh ensullmg nl@onsmvatllvwgbatwawnm of one-0120
or less t an_. 1 x_ 1 when red th of t.he s cal

Cent erre Suhosaddi ¥ nd RRRoGATRA SR | BaBleoPRRNSY LOSHRREE] bl fs,

prese rbﬁolbgivai nicti Oiy hljéthﬂdocihzlﬁdé(plrﬂths peehfibe dAmkilwaw@h@mtwmeaesmwe af: fhethdds
conpl errents t her eof _under_stringent conditions. [00169] The-term "hybridi ze

under fet makige phers¥riralivotilont amHg asihsuhstiiubians 666 & BATiS ¢tids 48790, £s to
the abj ?' §%0 f 3 PQIYYE gggrh rwlf‘ﬁf#le%tlhg s@%&rn'c 'ﬂéragi%né Sl 4 in non-

pol-ynuc eofi de nol ecul e nucl eot'1 de nol ecu
i Mmobicbnseeditiva amibNAcdr sdBMtubbmst dessnably Esula irtBaufunetionab vatiara ras Nentengrated| ot )

under .defined conditions of .tenperatu alt concentration. The ability
o by BFTcHh 280 SHCEOSer ALGRTOTBT P S v B e BRAPYFERG. can be_det e ned by
i nitigddrshybniaghgd d}ﬂﬁl yHRARE b LR t%tsﬂlhﬂtgx%&‘iau(éﬁ)d“éhd EMSvhIRNsUbEELAEESS MGhé he
stringency to the desired stringency. [00170] Wth respect to 1%ol ynucl eoti de

mol ecgh érp@ébtpéptldmmu@munanbe) detggameil usingribe rpubh@lpuawﬂabiq pi2aeseprogram
hybri di zat| on Tl than 25 0 or.
bel ow%i & melt %%g%%t err%él?eat ure pf’“lgﬁmg (Y%(Seloﬁaté 12-/)(%6d|.clpcfCE 2{) Séﬁngéé%ﬂér zjﬁq &I

Sanbr Qﬁﬂx//ﬁb nabi.nih gd¥/blat@Bvia thdibestd Agorith@nispgevidushpbacdabal.y Manual-, 2nd Ed.
Col d Spring Harbor Press; Ausubel et al., 1987, Current Protocols in
Mol ecdlogpemid iyyarit eene Publ i shi ng ). Tmfor polynucl eotide nol ecul es

gr eat }im&@?” Gl teéné%r@ﬁé%tﬁ REc&R § wﬁépﬁge%&g ab TN OZufting >

0. 41 + O -log (Na+ onihg, A
Labor a¢o@n3b1mmutiyahnd Zsyuithéﬁcallsolpioﬁmed ngolypemmlles Pr eéwianBopdl ppepadel Mqﬁ‘ardelsly,

or oot BeteRal bt et SO moe el BRIV At 1t TR PR TeRh ac
prewashvngt 1eastess96) ditiéRn 59%, Ge22G790)- a2 YeaSD5R v NI i 5Db/8) Git @éasﬁéip £4ea2bC,

0. 2% SDS overni ght; fol |l owed b?/ two washes of 30 minutes each in 1X SSC,
0. 1% 8%, at leg ?é/n,dattlmt r3¥hesleast cddo, it ﬂﬂiﬁ@é@%a@ﬂea&ﬁ 60%R Xt 836 6 o.18618DE at

05C. 0T LI ok SREL 769, ROIeKAUALETN 16050 oG HeRR PR %t F BT ekt

t han
75%, at least 76%, at least 77%, at least 78%, at least 79%, at least 80%, at least 81%, at least

82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identity to a sequence of the present invention.

Identity is found over a comparison window of at least 20 amino acid positions, preferably at



exenplary stringent hybridization conditions are 5 to 10C below Tm On
average, the Tm of a pol ynucl eotide nolecule of length |ess than 100 bp is
reduced bwoapprwsxdismat el y (500/ ol i gonucl eoti de | engt h) C. PLOONZZ@{joxw0els7 r espect
to the DNA nmimics known as peptide nuekeic acids (PNAs) (N elsen et al.,
Sci ence. 1991 Dec 6;254(5037):1491-500) Tm val ues are higher than those for

2011/ 034449PCT/ N22010/ 000187 DNA- RNA h bri ds, n
oal cul %égﬁ)&mlﬂ%aﬁﬁéﬁ%wﬁm% o5 PV BEtG ﬁC‘%p8§'é‘ﬁn%t°r£Ver hueltes &%&5} a€ es.
1998 I‘@NX@ 28{ &%he 5R04i&. Exenpl ary stringent hybridization conditions for
a DNA-P ﬂ brid having a length I ess than 100 bases are 5 to 10C bel ow t he
Tm [ d04173] VarPnomwwrntﬂ Wmlcn@otded@tsy edn bheiep’mg@dt inj theefollowingagoner. The

enconp Sl cl eotides that guences of th tion
bu 1 RADepdpBBHE EHhEER ot et o Charl iR bOSpRERERERPe Lo BLAYE e
pol ypefbindte BIVAST ssit&idf dfro@ainksVvdr¥ioh @.210q0¢pee04]sen smsegeshibll ig publicly

pol ynucl eotide of the present invention. A sequence alteration that does

not ~ clifildle ﬁ@m%?%(fab{/ﬁp §6‘Efd’é1h%%"/blla5tt’)h elhsdl qragaetpis of blaseq app utilized
Vaf Fatol efsbt thaﬁﬁﬁgﬂ%g éﬂog&Bﬁi}hgﬁ %hé‘g)ob?d"ﬁ'e {f#2d(dsf ypt ophan), other codons
acCl e

for the Same amn nged by art recogni zed techni ques, e.g.,
to opt[0078¢ cFdbpepide sfaeR 1|dantay padyt alsollbarcalunbdtedogarths entire length of the

[ 00174] Pol ynucl eoti de sequenc teratjons resulting in conservative
subst iOtVE‘?"i%r]??Vt‘PFno%ecaBa §’€v%‘?‘§l5u Fr?tnB"'Ié{ ‘?J%Ot ‘f? PHICHATE o ;ﬁ’i‘?'&?ﬁéﬁﬂ?%e
Seque'&ﬁgm%ﬁthﬁ:‘égra?dsg”'QMEQSTSLIYeeél' t(%"vhx'i%lé 18 HRtpOWAGY. %'ac%‘fcﬁén%dsé’/aﬁ%o) 1) 3hgo

i ncluded in e i nvention k artisan will be aware of ds for
nmeki ngphebblagpi Xal (1994) ICbntGlabalnSecw@ncb s‘iligmnenmt Comgputes edpplecations Bovihe et

A ¢ or B sat 30 807355, B Sanstd SONR, SIPR%% e MRbTGLER: Afemsdivence

desi r paigearh ©8d#|chicuntiag poRpEpiiRakqudice athtis contenpl ated herei n, and such
sequence alterations are also included in the invention. [00175] Vari ant

pol ynded1g8] i d&slypartideovasiantsref the presentoinyeniiog dinersoywess/dosypdichiaxhitiha i n
th |
s F3GRIEfy DR b aPA RSBmO R IRLILRG, ol TOULDE QUL e

avail a program fro A .
[ Oct Zﬁ}Mb)lalqummaN(ﬁBd: of tiqse séduepcescanid. wihibh gowlid hloasdasgnablyabé bepdctdasthave

aI gorithm as prev ous des ribed. Pol tide Variants [00176] The te
"vari SREUTR b ¢ Pite] Vﬁaﬁt%%gﬁgﬁ%waggwm B?‘é(P?RIldSE B Fﬁg,

r ecomyRaiinky 3 ﬁl\é%db%lycéizdllﬁbl@rlﬂé%&ggro@%ni’ fic ) 'tlQeeEL\@SfT ite BP!pYRERALS de

sequences prefera exhi bit at |eas nore preferably at |east 51% at
| east (BGZS/@n al. 211@a§0c‘63l%04]a)t fromasNCB540fp: /éftp helasmh 559plastt). Iﬂmtsnﬁﬂ%ltyapf 61%

6 63% | 69% 15%
east Pho ke FhucrBBbay B Bhine ind e BB b RonfREl Plhflon "t

0, 0, 0, 0, 0,
| east 90 /%12%Eq I_le&%';udgslecﬁ Jaf)ep% e/seq l,_J Ll 97A; at | east 98% or

-

[00180] Variant polypeptide sequences preferably exhibit an E value of less than 1 x 107,
more preferably less than 1.x 10'20, less than 1 x 10'30, less than 1 x 1040, less than 1 x IO'SQ-, less -
than 1 x 10'60, less than 1 x 10'70, less than 1 x 10'80, less than 1 x 10'90, _les.s than 1 xlO'lOO, less
than 1 x 10", less than 1 x 10" or less than 1 x 10"'% when compared with any one of fhe
specifically identified sequences. ‘
[00181] The parameter —F F turns off filtering of low c‘omplexity sections. The parameter —p
selects the appropriate algorithm for the pair of sequences. This programn finds regions of
similarity between the sequences and fdr each such region reports an “E value” which is the
. expected number of times one could.expect to see such a match by cHance in a database of a
fixed reference size containing random sequences. For small E values, much less than one, this is
approximately the probability of such a rahdom match. |
[00182] Conservative substitutions of one or several amino acids of a descfibed polypeptide

sequence without significantly altering its biological activity are also included in the invention.



| east 57% at |east 58% at |east 59% at |east 60% at |east |east 64% at
| east 65% at |east 66% at |east 67% at |east |east 71% at |east 72% at
| east 73%voavilsasy 74% at |east |east 78% at | east 79ea/Naolomasis7 80% at
| east 81% at |east |east 85% at |easig 86% at |east 87% at |east 88% at
| east | east 92% at |east 93% at |east 94% at | east 95% at |east at

| east 99%.1dentity t sequen of, t.he. present invention. . . o
2011/ RIS 1) Bo oot 29 Meiher SoF dRNEE AUCHSBRSAEY GHE™ apineeagid 100
an no seittuf@s bQNSy., BowRYef alt i®9enséiescd 2YtiBoey. &ikeaised g@ictidBalOfarfah®

ol
invention. [00177] Pol ypepti de sequence identity can be determ ned in the
f ol | oviesidtingfin@rsubtifulienuef enstorpagry gepre auds depleding npr-cerspative substigtions,
candi | Ypept.i. uence using BLASTP (fromthe BLAST suite of
pr ogrgd?%és’c@éﬁ%?%ﬁ‘eég%“ﬁgg[ Qct 2004]) in bl 2seq, which is publicly available
from NOBIS3|f t pA/gdl{peptiddivariadt. 6O WM pasStit) invéittord afsadricopphgeetiedtswhichbis2seq
are utilized except that filtering of |ow conplexity. regions should be
t ur nedPredyced [ o7 Sieparsipis pasid ecrcafingnd ePql YsRiife-y bR itfars ofre the) wildatyeg
over t ] \ : ' ject
Pl v e 0 R A R AL B o ADIS SUNARE! Por
EVMBOSSxamptH e vaaiasti maplte ptodhtddpby vamwalednateve . spkicmgbpsetalof g priarady GAPA
(Huang, X..(1994 d obal Sequence Alignment. Conputer Applications in
t he Bﬁﬁgﬁ?'_8%?“%&%R§27g§§83aﬁgﬁdV@%ﬂ§¥ _“ggove are al so suitable globa
sequegﬁﬁ@i]l INMRMerR QRERI® rERfs fRLCHIFINDHRE| PRBLIEdGsiREGUERBE: sEafelt V-
[ 00179] Pol ypepti de variants of the present invention also enconpass those
whi ch [&NA; twlticfa_iSsilsﬁdl tar frangpers the gengticnemstroft imh?e adpst b¢l_i-cé1TH6deCﬂEnni13f ibed
cequenceeARfeplifaiendat s ob¢ FRELRUBPT SHER MR &% Rave: occurred by
random) cha . Sych. uence simlarity with respect to pol ypeptides nmay be
deter.“nedqﬁ§Y?ﬂf%QH§%§%BWPcly avai | abl e bl 2seq program fromthe BLAST suite
of prograns (version 2.2.10 [Oct 20Q04]) from NCBI o - )
(ft p: /IPPR8RI nchiolyiukleguds Hgases (afso r??ﬁéreéitﬂihrf@m B PRIy Ysoidepier P Y WRFREAER S
may b . o . C . _ soq’
e o o
sequenydsoxyt ehdoblohy neglkotie amhthe ¥ glhosphate erak of amatherinuclebidd., Feromample,

referably,.l ess, than X, 10520, le an 1 x,10-30,.less than. .1 0- 40,
Pecs IRIA"iEES e g el oS TOVA0TEeE o8 bRaiteD oS Bop ik Do a1
10- 80, catayis thd@matiocn d10a Fbsph&fisstértind betdden 1RD3' Hydsskyl Baoflone de@xdbbsel €SS
than 1 x 10-120 or less than 1 x 10-123 when conPar ed with any one of the

speci fiiugkeptige angthe Pfphogphaseienchefeanotiieodasyivhee prrestide. e PNAFligaseuprgdisefiufly
filter] . exity i amet ehq - I

appr ey el df JSrARRECE, b (SRR, ERGp. KT, DRECERYSoo MeBoRElE b MBerence; o
of si rhete iifh yts ativeee nikbwiss eRNANtigssearakalyoe tigatdimatioh of egphosphoeister Hoad " E
val ue" which is, the expected nuypber of tines one, coul d expect to see such a
mat ch bSW"a‘?éh%g Ipiirer Y 2pd ShoRe BPOs Tleatios arbiEn: Bhaw @e@aﬁpiamthsf HERsBom
sequengeRotii©r small E values, nuch less than one, this is approxi mately
the probability of such a random match. [00182] Conservative substitutions
of one pr Sfﬂgf AdfBNQ acids of a described pol ypeptide sequence without
significantly erinhg I1ts biological activity are also included in the

! nvent[beﬂml The simplest DNA ligases are those from viruses, including bacteriophages. Viral
~ DNA ligases comprise twb domains: a nucleotide-binding domain and an OB-fold domain
(Tomkinson et al., 2006). Viral DNA ligases require the nucleotide cofactor a’denosine-S’i-
‘triphosphate (ATP) for activity. The DNA ligase from bacteriophage T4 is commonly used for

in vitro applications because it will join blunt-ended and cohesive-ended DNA termini, as well as
repairing single stranded nicks in duplex DNA, RNA or DNA/RNA hybrids. Viral ligases,

including the T4 DNA ligase, may be amenable for use in the present invention.



WO 2011/ 034449PCT/ NZ2010/ 000187 28 A skilled artisan will be aware of

nmet hods for nmaki ng phenotypically silent am no acid substitutions (see,
e.g., Bowve 2eti/ah449 1990, Science 247, 1306). Likew se, PCumzziwroad18vari ant s
resulting fromsubstitution of one or pgore amino acids, including
non-conser vati ve substitutions, are included in the invention. 1001831A

pol yp I t.he present invention also enconpasses that which is
produ?g%ﬂ Wu[g&éllbgaﬁ d encodi ng a pol ypeptide, but differs fromthe
Wildt[ﬁﬁ tJdelnth ,|spocessed ifferently such that, it has
an al't Fstesi HO%Ssﬁuéﬁifé igasFs df YnprRiTg e caREoRalicolinande ARGy an

al ter t RMDH LI, h
or odué*‘ili"%%a@é“%?p‘% B B T e Y P R APONA R plhiss

pol ynuckeet mddallmthgcmrmstm sfiautlgotiteutihdingt anan O8dfobNAomaftisc Iplissonss ed nhare

of 1 opeRbiaR ) R8T VRIS REY i AR e g Gt 4 200k, FE™ ©

2 Pol mmgh Fyéﬁiﬁn{ ligaseefforh O 135 Rk mﬂfdlmmmnaécgm tdrAfi§io nblea@ésrlegiolho
herei n_as pol ynucl eotide-1igase pol ypeptides) are polypeptldes t hat can

cat al YaNAttA RN &y rideredoreott can ph sgshion ire giter appdptione inedich the sgectinedigatiph end
Of One %%Eki\g) ! lergc?s gr&gi‘ﬁlPed 5N 0 %Qﬁﬁ%[tdgntelpa%te?{al %EQ%EIA{WCH}&?A eﬁ} IE Col}: ?de%S)

gases SO referre pol'ypeptl
are pdigﬁﬁemalydﬁfmﬂdﬁalble(fﬁﬂhﬁaﬁ&ie)/;ﬁésehhﬁvélﬁfdﬂiat ion of a phosphodl ester bond
between the 3' hydroxyl end of one deoxyri bose nucleotide and the 5

phospmge ik oﬁ@m@gfclﬁemgh geshucl eotide. DNA |igases are usefully
reviewed in Tonkinson et al. (200 Chem Rev., 106, 687-699, incorporated

by reflgiRiRfe MR Ngdsds | ﬁémeeﬁkarr%txs it KENhsG aRNA TP @l@ﬁéﬁﬁeﬁatrﬁﬁms&)rﬁehﬁ
for ITB.tI on of a E@osphodl ester bond between the 3' hydroxyl end of one

r i bosenauutseobiuyetadzenhmes eagth osgidatreorgnidianfona i Aeligase bokte mmn@mnut @é.

2. 1\/ 00186 t

i t us st g AR ST BleVhr Py hISEES iSRS antb el ns.
a nuclgetindfriendTogkigemealandoen ,@refaohlﬁinﬂamleﬁkir-yr@tﬁﬂ(DRBDng&Es Bdve, be2R06) .
Viral DNA |igases require the nucleotide cofactor adenosine-5'-

t ri phebpraeasqdarmy njayrbesarnenable to usgdn thgapIesd deventiom bhase emqlmg@muans -
| J d
como NAL@E_ ehﬁégh%&%&éﬂe?al@p&hhggltege (Ffalll%ﬁfba{ﬁﬁ Folidwitth merJ il M%ngaﬂigﬁ

and cohesi termni, as repairing-sing estra ni cks
i n dufdlex lighde I, RMAAAIgaRNAY @EhAlteytativelg .sph’d:erdafronhugdjsl“éa hgane [ iDMgA tlpasel fI DNA

| i gase, nab for use int esent invepti .

2051/ SinsaiecN R0 b Bgion wih DRUM ST ?F&ggé»san\fﬁ\gb%ﬂ%a%{\ér ia

POssegfchiihg DYRS BRadehBl i @abliftib VitOKREIC). M GRIIRBF dR-rRHCHNIE ligases
have also been characterised, and may be amenable to use in the present invention. These include

thermophilic archaeal ligases, for example the ligase from Pyrococcus furiosus, as described by -

* Nishida et al. (2006), J. Mol. Biol. 360, 956-967.
2.4 RNA ligases |

[00189] RNA liéases are well known in the art, and are useful in the present inventiﬁ. The ...
RNA ligases from bacteriophage T4 are reasonably well-characterised, and have been proposed
for in vitro applications such as radioactive labeling of the 3' termini of RNA, circularizing
oligodeoxyribonucleotides and oligoribonucleotides, ligating oligomers and nicks, creating
hybrid and chimeric DNA/RNA molecules, and miRNA cloning, because they exhibit
reasonably broad substrate specificity. For example, T4 RNA ligase I catalyses the ATP-
dependent covalent ligation of single-stranded 5'-phosphoryl termini of DNA or RNA to single-
stranded 3'-hydroxyl termini of DNA or RNA. T4 RNA ligase II has similar activity to T4 RNA
ligase I, but prefers double-stranded substrates. Viral ligases, including the T4 RNA ligase I and



di nucl eoti de (NAD+), rather than ATP, for activity. The NAD+-dependent DNA
| i gases possess a core nodul e that consists of nucl eoti de-binding and
OB-fol d dwoabnm344bus one or nore additional donmai ns thaCTAZ20W000W8T h DNA
bi ndi ng and/or ‘catalysis (Tonkinson et3pal ., 2006). The NAD+-dependent
Ilgase fromE. CO|I does not 10|n qunt ended DNA term ni; nor does it 10|n
Ther tro_applic tlons
the sePERRA BERE 5 Riedineb v Tad ol i bbbl aReRacts B Rt bR proe”
bactenhahnbhgﬁmes |nclud|ng the E. coli DNA Ilgase may be amenabl e for
use in the present invention. 2.3Eukaryotic and archaeal DNA |i gases

[00188] DNApdlymadéstideliRufighyiptilegnd archaea are ATP-dependent,
mul ti-domai n enzynes. Eukaryote genonmes each encode nore than one DNA

| i gas fi lgg%? ages hidder |1 r ol es
is me |0 21%%3 b?/% s}g{é%g??%e Plrrlltd eﬁac n tl\t/iv%: 5?h ad |0?§|Ep§g l{iéspr@?gel%%pa%l ?\Iert(g
( Tonkipedonmckbtidd, . wh@ﬁ%)n aAsqguete-spacifier oroin au keyuyndei noereciﬁcgmgomd?m

b h i sed, . b abl e 1 t h t
These SALP O TGO BRbe s AEL B nrntidds TRE Asoptf g BYAE BnoNADr BaUUBR o1
into the Jegha&wrlangblfne% SR- Eﬂrﬁﬁled MBRAE bR e BY¥AndddIBRR, lor (PN BRSfthdr (an

alternatlve y-spliced form of DNA |igase ”xlaﬁ) DNA T'igase Il (including
DNA ||oga§gur|au¢n i45 tb@wtﬂkd@duoﬂlmrt wﬂbhmrmatp or tmrmmsns m@@p)eselanden :

| d i
At R 3 RS S R R L M Bt

use i fpol}f})%p@d&§ﬁmtseq%tﬁ8-fspémﬁc Dhes-eindied plgpdpiigesTophi | i ¢ archaeal |igases,
for exanple the ligase -from Pyrococcus furiosus, as described by N shida et

al . (2006) .Sedued&d noﬁ&ktﬁc&@ﬁA-%ﬁll&Gﬂol ﬁe;fhd%&'A ligases [00189] RNA |igases

are well known in the art, and are useful in the present inventin. The RNA

| i gas m heph a | ve

een 39%{% %%&ﬁ{en Vi t@l[ril g %ﬁ% |n§gllt% fco%g@gﬁﬁ(ﬁ é/“j;b ggpﬁde‘é‘ﬁ)fr %} g}gglsﬁﬁger{% t he
t ermmrspeouﬁc RIhA - bmdn@pdypq]tldg, ishipgpbdeptide oritefined eagliordefsa poigpeptide (such _

8'hl e & DR R R s At B PR s AT e S g e e of

r eas onRBlp¢ptdORAhS Hbéié(b’tﬁieQio%E’ﬂﬁt &ingbit ¥ sighBlcafRBRkdhce Tér lbmlmléoude ‘
catal yses the ATP-dependent coval ent |igation of single-stranded

5' phé@@mﬂﬁ?l termni of DNA or RNA to single-stranded 3'-hydroxyl termni

th preter i{NA Xgﬁlg%s\lf\rf gén(glggces %%b% fﬁl]ﬂl | ra{f]%élp X%@X%ﬁd)esﬁéfggﬁﬂg Sgﬁ%hh RNA

| i gas ol userial the\oesefilibh OB AHARRCTE, IHZQﬁH:GJoOHﬂﬂ.tSH t&3 GheTBprRfroteigas Peinbeocenget her
with f unct [ onal fragments thereof. are anenable_ for use in the present

i nvent PEigdurgrd (Aecepipn, purebadis 41 Hidkdin & ugspigpelsem ddicobacterium tuberculosis

[ 0019Qh€9els¥16ﬁ GLEBE dB- ill3r8§9)n drdR9da BRI ibd§E DN & b%ﬁﬁ@%@%&&%clhﬁ'ﬁg Saéfy bi nd
to a pol ynucl eoti de her 1n a sequence-specific or In a sequence

non- spediSke sl (Pecsbisom., nlﬁdaeraRb}iﬁBsandDW\ 13889, mespecti yabepthiedadr Agpretein of

pol ypept.i des that. are a

Fo o s Geettatis el Chaistrinsars st o Tor030” Db lRe ey T

confi gélfre@etnb@mnsﬁ@tﬁrém@r&l&ell}hm 1ik8 pr&€ind( Acotsdibn ARABES iR &ing, But hbe ~
pur poses oft t&&&éesent i nvention - bi ndi ng pol ypeptides can be broadly
At

separ diaigedi geA OF_9d 8N candrREN riamsloasi(Rgegssiop peptbersaneluding, but
seque eptides. 3. 1Sequence non-specific
DNqA bmﬁg{‘ﬁ‘g‘g@ ypeptl ﬂ'ﬁa\@gﬁ?gy@eguence ‘non- spgm fic nucl e:oc acid

bi ndi rjg019G) y p@ptA dean ﬂ)’]ﬁ‘(ﬁ)ﬁfrﬁtﬂly 32 kbagqlierrefroa DS pRocilsQaiduhing dépgted to
pol ypeptide, js.a polyp gE t'i de or defined reglo of . a pol ypepti de (such as a

domai &f inyplyedjnbesrepait A damaged 7 wirg, Eeahew entipds pandsen thegirds &f DNy
i's, E&ﬂes¢ u%xjaﬁmﬁﬂétyﬁ’.e@bbéﬁ HiQcHilh arléﬂcélal% s AQ&QS }F}B{en&’sxa{}idblbxfote%mlcs,
Si gnl I cant prererence 1or a pal‘tl cu ar nuc ot sequence. _
[ 0019 21]7&4(326@1233)5 and irsgou @rappears e bp @opéritant Wetmnultmgwlngoteppm proteiids to DNA

particul itable faqr n the.present Lnvent] i ncl ude, but are not
| mi ti’ a? %i %%fﬁ%r@b@%ﬁ\%‘wﬁé{ %@86‘8&% SA; zgg&'xggs (Accessi on nunber
BAA213 56'1)94 t h&skyl REPISaET Bfeo%ﬂwﬁﬁﬁ?&}t er kB@Haki@%’lﬁ&h@@n?al (p%&ﬁﬁsfr&ﬂ e nber
NP 343889), archaeal small basic DNA bl nding proteins including Sac7d and

Sso7d h@p@dwsmpplmllnwmc@ SpifBlobas selﬁﬂamssmgg aczrleeaﬁé@tmsvetsgp)egtl\teﬂue kA
t f Dei d U 50564,
noor BOVEPEd A 1) P EParORa el SR FECCYTCAr TRABD HUES (s boon

proteins (Accession nunbers including, but not I|m ted to, U08838 and
NP_633849), and PCNA honol ogs (Accession nunbers including, but not imted
to, NP_578712 and NP 615084). [00193]PprA is an approxi mtely 32 kDa
protein from Dei nococcus radi odurans reported to



be involved in the repair of DNA damage. In vitro, PprA preferentially
binds to the ends of DNA nol ecul es (Murakam et al. (2006), Biochimca et
Bi ophysi cal0Ae11203444Pr ot ei ns and Proteomi cs, 1764, 20-23) PCAMNL2010/000080D i t
appears to be inportant for recruitingiDNA repair proteins to DNA break
sites (Narum et al. (2004) Ml ecular M crobl ol ogy, 54, 278- 285)

[ 00194 7 d ar e _appr.oxi.mt kDa b Sl ot.el ns
From CREp PREATS AT S ARBRETITBREY, Dol SR 4E SRR IR RO iRt
aci dOC@iUﬂlﬁmhglgenohﬁsWAlavelk:yatedl'hﬁﬁﬁra@mlei eins are IyS| ne rich and have high
thermal . acid and chemical stability. They have been

2011/ dﬁﬁh&ﬁs} pcheAIddikgauegms e a@beﬁaﬂ Bistanss m%domdlyroharo homology both in
Gonom TR ACRRERAGHE RS GRS, SR RGN Wiy THO LN by bl N0

ar chadalve Ibesit memteti htat forra poatile dingers hiarselutionp hmcgye\kwil hHMTt lanologsahavé been
sequena ﬁn%ia ruc re with eukaryotic H4 histones. The HM famly of
pr ot ei'fight eff%% M B TRYEF Y Y st abl e dimers in solution, and several

HM hgﬁ@isﬂﬂs JEVEES 1%86‘ ré&?ﬂ%&'tﬁhteg rubrf¥& to'f'%ﬂﬂ?“B'IbNA”b&l Hﬁf&@é“'irﬁ@i’éct with
[00196] It has been reported that a nunber of famly B pol ymer ases

i nter aaoceswtyhpram Jor yxapnplteetprmhlewg refﬁmamquéJA oyribpdisvene class o€ rccddboxy
synt hesis. One cla ccessor is ref as the sliding
ol anp PP@insds FefERd o 05 488 SRR alarfi  FiePree” wleBhotd o, miufRend Elgfuns Sepee
st r uctfyr aabius-like saaearsmiaicacdemilodats doabidatabd DNIA. NasadBeA répemditBst
that the sliding clanp interacts with the C term nus of particul ar DNA

pol ynehaslidingplammenissactewithéhe hdemnipe ofhpardear PYA plymrmseseand el gowieng
Synt h%ﬁés% XQQ&%%% T&ﬁle%ﬁ@t&g?ﬁ ealﬁpl(lg&&;ﬂgﬁg ya i ST Ef err ed to as t he
I I'gen. ,

prolifera uclear an while simlar proteins in other
dorrm He0EN7¢ ofIthershﬁefgecrlmeﬁ 1h@uhﬁyﬁ’@\b%fmmioomﬂleBﬁelsferdnﬁgnlebgmcl&axvmt@nked

structur sim.lari. but., | imted, sequence si m PCNA ho have
been i(ﬁgﬁm Bije Py ﬁbo%o@aua?@)swoen%owﬁ.ogtﬁ% refjﬁlﬁei {9chs &Nﬁ@m@@o& pese
Ar cha%% e%érk@d RHGUSP Elfrlﬁlaé‘lw SHS HmEA QELRAES sxﬁrﬂ[a!r@éuﬁ’cm&‘@o%ﬁ)és' ke.

PCNAs a honol ogs are useful "sequence-non-specific DNA-bi ndi ng
poI ypé‘{alvc dheen identifipd frqmw @nticokaryp@0 0@Bhanse frditeg Hommeplebe fArcha[alaIASUbh rdi ng

Gount Sullhin siaicts o Seebfi FRISH e B Jhe, BORAT Ehd PRR ngmolags e, o

a_bi ndisef@l so0Bhde-1n-4pReific QAL HiAdinp boldpepilites Erahamiveatiod. t h signi ficant
af fini t%/‘ such that any known nucl el c_aci ds of equival ent nucl eoti de

conmpodPOi%hs Huscaypngegianngpeeifig kdhd Dinding demaig sugaklpforcisein theunyantias biasise
t han %QQP{?‘?%Q?@ dduBi Q%@gé%ﬂﬁé‘@lb NBidsNAN: SR % c@.ﬁr}g(% ﬁqéilé &O thgfa%ﬁ‘i% eTﬁétslgyﬁd

usi ng in the art, r exarrp
bi ndi riindisgs alysmanr ogelhe miention pirslsi duicleds aelyls withhisiphifixant befinigr Sochmedht waiyng

conpeti tor eot.i.de the sa ucl eoti.de conp tl on, but djfferent
nucl eikZOHai ralcgf e 6F F%“‘H@F%trfiﬂcif%tlgﬁQBWPP%P?%P B i ﬁra%@oquerpo@owég%m dto
Sequenge dPRRIS RARI dd fmotdIehel FoRE 1 dﬁ)ﬁfé}@h&gmp&'nﬂﬁﬁpt NeBSpedifi€ 'bﬂﬁiu&g c%%@ence
nonspeci fi c DNA-bi nding pol ypeptides, may exhibit preference or

si ngl essyednsded nuthddplogjowbll dnewn am d@darnuoﬂedmga&rd:gamwp fitted bipding assays

strand-s d|n pol.ypeptides exhibit a .10-fold.or higher

11 ik oGPl ShRC TP R e lhrien St Bt Blep s PP Rmg ase
may le-ucfEb@@ch&ﬂfpdsltﬁﬁ‘l bt dlffefeatr fuctid heidl S&p@NAESP debedinidedpediaitity 6Lbialing.
applications, doubl e-stranded specific, sequence non-specific DNA-binding

pol ypdP9199ks Seguanse moefseoolél nuElsE2E0g ik aalypeptideperichiduig: SEapeRceniandi ng
known PeTiR S0 SRARBLOLREP AL o AR SR IO URLR,ARRNEE s R BRERVE
stranded nucleic acids. Typically, strand-specific binding polypeptides will exhibit a 10-fold or
higher affinity for double-stranded or single:stranded nucleic acids, as the case may be. Those
skilled in the art will recognise that for particular applications, double-stranded specific,
seqhénce non-specific DNA-binding polypeptides may be preferred.
[00200] For example, specificity for binding to double-stranded nucleic acids can be tested

using a variety of assays known to those of ordinary skill in the art. These include such assays as -



WO 2011/ 034449PCT/ NZ2010/ 000187 32 filter binding assays or gel-shift
assays. For exanple, in a filter-binding assay the pol ypeptide to be
assessed wonohiaidisng activity to doubl e-stranded DNA i sPpTavzZaido@mdonsit h
radi o-1 abel ed DNA, either doubl e-stranded or single-stranded, in the.
appropriate buffer. The mxture is filtered through a nenbrane (e. g.,

i cal | ul i.ch ' h [ d.t.he . i n- l.ex.. Th
amount 7 SRR AT SeEVRARDG T FeBFplt B plOr Rk Gy DY ob R el )

t hat Hewssksted fof ®indigt &itivity Bb ridublg-seandddeDNUAR tpré-nikedowith redioNaioldd DNA,
anal ysis in which binding of |abeled DNA is co,nPet ed by the additiagn of
i ncr egitheigdavkiensrandsd Qrnpiaglerstrapdadnan the Fpp ¢ Baftern dthepmipeigre is filtered

S

Al t er ratmipleal ylhebinmelinn @f 42 A vihbty isceemiliel ais sles Giftdr yindicgele shitlid qamsiay thar
whi ch radi ol gbel ed. DNA i.s incybated. w t he test pol ypeptide, The .

pr ot emvﬁm nRIPEERN- i PdingcgR ReaEngfi By ﬁrcawﬁ?mﬁf@%wf hisagaae ol
resul tined HNeA SR EdriskiRABY- thENSaAFRUNYE BbreRiiRg! Shunss %?Slﬁﬁaﬁ%ﬂeéWDNA. A

incubating sanples with inCreasing anounts of double-stranded or
si ngl eobtpeptidtethatbindbéduble-Dronded MN A ahatl ifoidmy grémeraaffomy thah singlé-saatdedi t y

in.th i.ft nd. 3.2Sequence ifiC - bi ndi | ypeptides ...
{0020 i PEed M efhin R HHERRRBR TAVA HindRe Rl DB R Bl eectining at o
t o hi ghn dRgdssessed byesgengiafisResy fin GiHidh rdtidlakeléd DA ipahytaRd #RE Bé téde
invention is | ess desirable. However, .those skilled in the art wll

r ecogiob@eptide: The pedeinINACepde e H! Bigrateglayres shrepghy Bgesh than sipbeurd PNey nay
be useldliine Bl 2 HARY Bandt OrHe"BLOVE cgf.h@nﬂfn 'ﬁ'a%@efs&cﬂa lig&%{a’t'gg sa{nﬁfést\%‘th
conprising-a particular Sequence notif préferentia § ound y the

DNA- biimdéeasthgpahyypep bt deubl&stramicd mpl stnglérsginded funtabeled YDNAQahd qnamefgingrthe may
be desi gned tIo be used in %l(‘)%% nction with a particular fusion polypeptide,
wher eiHTOURECT rAdigasthaty dp the § d- a recognition sequence bound by“the -
sequence-speci fi ¢ DNA-bi ndi ng pol ypepti de domain of the fusion pol ypeptide.
[ 00202122 grieguensgspecifig PeVr-dindiagipelypepiidesi ndi ng pol ypepti des are known,
including, for exanple, transcription factors, restriction endonucl eases,
and pdVP92¥di as&nergiiuthecvses pb dPNADImRNAL mohiientidgso bxipbiping de snadgratp do high

cl assifi cordin the . ondary structure t.heir. DNA- bi ndi.n

donm: SeeF B SerOgHar R TUROY AN olo hscEr ioR e Retide e

f i ngeHavadvedf, sthostekkiled Uf théedri xviloktddhisel dCiin&ezhipp&nBodiaRdts, a degree of

hel i x-1 oop-hel i x. notifs, Sequence-specific DNA-bi ndi ng pol ypeptides . .
conpr SSIUSHCOPRECBICINIPRY BF UeFfal ot 9rEnrsaye His| dfifishey,gklipaiannad Pieesent
i nvent.j ‘o : f oA N = BiNpg 0ol i des
R A S e S S S A S e e

| i m t édr exgmpleangl effpi¢ron lfgatowvectstsahayabe tépegned obkivmed MredoguopsiBn phith a
rotein,. for .exanpl.e, hyman NE-Kk aB. p50 protein (Accession nunber
0908t T MR dge e BRgicB Hie Pt &b enBE R ONB B BOMSEY  and
WO 201d Q3d43R6dd i HE BRIALOL ol?%g&p{?@g%mﬁtmu%ﬁ&ggﬁgﬁw& for exanple
c3, c5.

one or nore of NFATc 1 , NFATc2, N NFATc4, or | ) )
[ 0020490402k appa Brephmasy lsaanancerspidifes EAYAbating polypketisisa aré §hewpoinghdptad de

gene (N B [ seguence- ci.fhc DNA-bi nQdin e
O ans B0 B Eie PARERP DD Bty Efp R PR PRECAA Bolheralil el gpecinc
NF- kappa/s-bixadind polgperaidepedi bé clasiiaEaSusligepuBececontiiny strubiuss oCihalriBMA -
constant (KD) of 8 ﬁaﬁM and non-sgﬁ&gi,fi c_DNA about 1000 tinmes nore weakly
(KD =bmdmgfgpmajals). uhxamples ofgharactenisiiy DNAvbinszrdpmaypsinchudaizing figger motifs,
trans gL PhiAMGRGHANS, CALiNo ADRND A3 NMGNE-hiiBChRNirO TSRkl L abEedic DNA-
binding polypeptides comprising one or more of these domains are suitable for use in the present
invention.
[00203] Examples of sequence-specific DNA-binding polypeptides particularly suitable for
use in the present invention include, but are not limited to, transcription factors such as the

mammalian NF-kappaB p50 protein, for example, human.NF-kappaB p50 protein (Accession
number NP_003989), and murine NF-kappaB p50-protein (Accession number NP_032715), and



T-cells) consists of five nenbers NFATcl", NFATc2, NFATc3, NFATc4, and
NFATS5, and each is suitable for use as a DNA-binding pol ypeptide in the
present iwoent/em49[ 00206] I n ot her enbodi nents, a functipomaNz2o®rooenst of a
sequence- speci fi ¢ DNA- bi ndi ng pol ypeptizde may be utilised. For exanpl e,
functional variants which retain the high affinity binding exhibited by

nativ equence:- s 41 c DNA-bi ndj | ypepti des i I r
exhi i€ ARRERaT BT e, oo St REERPG° R A pF TS USRS e

pr esenFAMy4nr INBATHXxanpl es of such functional variants are known in the
art, and include cTF - the NFAT-Al a-p50 hybrid DNA-bi nding protein
descr B804y N -kapraB(also kpown asdduplear factamef kappa lightpdypeptido gemezenhancer

i ncor paAn r QAL i J i i ri
i o B SR s A S FERIRA DA b (RIARbK e SotidRL R0 GATDT 1B,
249- 36@enfrepdriddaghpa BIF-RappaBupIo bmds eppeicifichadnseisus deytericd wieh ai dissdckatiohi gh

affinity for h i s, characterjstic of NE-kappaB, but h l ost (S, -
seque r@gs@%&%@é%t@/& e rL‘lE‘r'ﬁPSVtﬁﬁéggéragﬁuﬁ H_gol%ﬁn _O’Een\éeai‘z% @%Bzéo% EM\ dgs
Seququﬁn@§egﬁ.qwhg?nd 40 nM for non-specific DNA binding. 4.Expression

Constructs” [ 00207] ocesses for producing and using expression constructs
for expfo2eNi onltefNFAEifemilpof ypeysripties factorsiasokrqenasiecleg factpr ebidtivatsd

ani mal..c s (cellular expressi i |.free ssi pn

yot enkeiiGotis oL AR wetBRBIER T KA TR NEA L0, SF AR S SRS B PosP i ng
a fusiigsuipdle/foenid e DNA-bindingpolypRpiidvianhé preséit envsdtibn.known in the art -
(e.g. Sanbrook et al., 1987; Eusube. et al., 1987). [00208] Expression

const rl0820$] orln tker; empediments, of funpiégonahwarentont gesapencerspedifie PNAtkinding
repli -Gl ani r ressi 0 i 0

o TRDTRBIRE bl bELufiaraR bl AEEROEAZ B bl by I RIACAERES
may, ftandiexaripbized be nativd kegjubmderspetifia [N Ashinding pobipeptided] batl whidl morlonger

pol ypeptide, or phage. The appropri.ate nucleic acid sequence may. be .
i nser t¥H NG SRS %%&f{eo?f_h wu%nc\?asm?iy{%farepwae'@&% Ksusq @er@?ssn,y pYRALI QT
I'nser t@&n&ﬂ%s%f%ﬁc@ﬁﬁ&ﬁ&(dl hBat€k Kn6hvh G tRNGORHE ﬁ&%‘(ﬁl ﬁﬁ‘ﬁfeﬁr%)NFJ@T-@Qa-pSO

techni ques known in the art. Vector conponents generally include, but are
not | ihybtid N A;bintheg proterndescoibed by idghamlgeejdr(@8)4)ah Mel. Giol. 338D1059-1075, -

2011/ 034449PCT/ N22010/ 000187 .34 of .replicatipn, one .or nore sel e

rar ker SISO TBRESE AP G dhihEnitESpr DaPePna sRo s MR ATt g 1> of
term NEADE AREUCAGE. al{itsiekida LA Db adids DaD!1366\0E DIk £Hpa BN ke RLHBrORBoAT
nore of these conponents enpl oys standard |igation techniques known in the

art. [tbozbshebridreaips tdiighatiingy frdpNAghytds chirgctebsticafiNizkarnaBe bet hasilest
seque § - 03 . ) } i el ost
col s gsapitee SRAMED: ITMRE] Heakihel B KEHLLIRE nlRLR, SRGELIHNTT
Vi r usesM, gndCIM lfor ramespedifioddNAindile expressi on construct is present on a
hi gh copy nunber vector. [00211]In one enbodi ment the high copy nunber
vectord,i s Sedpreistsh Constridtose that may be present at 20 to 3000 copies per
host cell. [00212] !n.one'enbodjnenp t he high copy nunber vector contain a
hi gh q@x07]umrescetdes doP prfduchiz! AR hiiRg ekPrR¥sion YeRstARtsCRIr EkpRisidn of fusion
Col El -derived origin of replication. For exanple, the Col E-1 derived origin
of remolxpepiidas ireniceenmganises, tohant seids or aningll eldf (acBplar expriegsion systems) or in
[ 0021 ILNYIRT O L9 By SRY, RHHRS cofls o8pRisifl L FRLSRE RSV SAH forSmilge '
a fusion polypeptide for use in the invention are well known in the art (e.g. Sambrook et al.,

1987; Ausubel et al., 1987).

[00208] Expression constructs for use in methods of the invention may be inserted into a
replicable vector for cloning or for expression, or may be incorporated. into the host genome.
Various vectors are publicly available. The vector may, for example, be in the form of a
plasmid, cosmid, viral fusion polypeptide, or phage. The appropriate nucleic acid sequence may
be inserted into the vector by a variety of procedures. In general, DNA is inserted into an
appropriate restriction endonuclease site(s) using techniques known in the art. Vector

components generally include, but are not limited to, one or more of a signal sequence, an origin



the present invention are known to those skilled in the art. These include
the Col E1l -derived origin of replication frompBR322 and its derivatives as
wel | as owbeniiisglaocopy nunber origins of replication, ®0TNZasioMe@SFR on or
pl 5A on. The 2[t plasmd origin is suytable for yeast, and wvarious viral
origins (Sv40, pol yoma, adenovirus, VSV or BPV) are useful for cloning
vectors in.mammal i an cells. 214] Preferably, the high copy nunber origin
of r ot ERIPER P Bt SHERIF Ekeer oot FRRTSeroH e PPl cat] n.

[ 0021 31EXR Rt iARtbnCicqRémY. (ik@u&ioM of suitiBle GRtloYs EHMiAing dhe R Bl TN
gene, also terned a selectable marker to detect the presence of the vector

i n t hdhese spmpongntsiernploys sandard igasiondchnequss known getegrtencode prot ei ns t hat
(a) c regy stance to antibi.otic r e J.Ns. - i Cldi iR,
oy dpidto) L EHob) 808 Esstch AARHEE \Edoicofllid nbeldiA8ia Fafkrce MR fle
def i civeoet &S replicateCih @HePdH Mo sdléctal hostdellentSuchetquevads @bl eelf kasve dophex
nedia, e.g., the _gene encodi ng D alanine racenase for Bacilli.

[ 0021 OByt bagipad. ¥erkets \iiefonl y used in plant transformation include the
neony Gi op . : Whi f i

ool L L oP LA ZARbEARR: kBBl L Pleich AR e BTRRUES Rector,

resi stjadzid} t e opdemphdinanhtliechiph aget yhmberavesfor iasdedtdifromehede ther mhghbet e
(AgrEvo% and Sasgﬁ(gkbechst% resj stance, and the hygronycin

phos pREEsFArAL 281 ROGeanes Mep 19Steel: hygronycin resi stance. [00217] Exanpl es of

sui t ahhg19¢! e¢t 3R BmBBAikRNS tHe Qi gKTBSBRhkABerGREIS caiitBintd SR chbPPhufBabdfgih he
identification of cells conpetent to takehgg expressi on constructs, such as
o

DHFR of replication ferikisneseas Cal: lappa dplE hderi rigig| of rgplegatiphl Hort gppenpbedrRei s

e s T TR B G
1980. [BoAB]t aNenredsehibh @Bp @ a@bECSTidiaEof ﬂ:lpM&ﬂﬁ)h suftathlB€ort Wi it tAEDEIHE @Fent

in the yeast plasmd YRp7 (Stinchconb et a 1979; Kingsman et _al.,. 1979;
Tscheriepresentgpventipggay knpwa torthpsegadbiedimtheqerd Bhese|ipdbde thengpled rderiyed o

g ol bR 18 L S SO0y A

[ 0021 8f Aeplextiore ss¢toas MAARR ond tor psSA wiri. f The Zioplasmil eridinisd auitaplel fppeetst, ded

preferahly i.ncludes onot er ich.co | s r essi of .at. | east ane
ol o ‘Eriads Hr AESES KoV 20BN At LeIovEn Vo VioR BT N SHory B g6 danioe SEHersiisi on
pol ypepihdsiad QB219] Pronot ers recogni zed by .a variety of potential. host
cells are well known. Pronoters suitable for use with prokaryotic hosts
i ncl ude02l4d 12réfereblynthechighdobaovmber gigimof eeplisgisarepampriigaiy €olbEdrderived7s;
Goedde al .. 979)...:.al kal i ne phosphat ase, a tryptophan (trp) pronoter
syst er%lu[céé’e"dtﬁé‘? ?fl‘iﬁ ﬁ%dé‘i"& Aci ds Res., 8:4057 (1980); EP 36,776], and hybrid
pr onDU@eA 5§ UC Expeesiibe ahd@elopmeMRcers vile Bepidallgtcodlain a $883on dRhomicesmédn use
in bacterial systens also will contain a Shine-Dal garno (S.D.) sequence
oper alselgctablgparken ta Heteptudeapreseacs @f dhe yastag in tonisansferasd hogt prlk | 1ypassd
pol yp j i | Of sui Lhg
Cecuonastith, fhnes AR, BSRERKL IR ol FHLRFRER FhuBloddt ol TG BLARLEY
ampicillin, neomycin, methotrexate, or tetracycline, (b) complement auxotrophic deficiencies, or

(c) supply critical nutrients not available from complex media, e.g., the gene encoding D-alanine
racemase for Bacilli.

[00216]  Selectable markers commonly used in plant transformation include the neomycin
phophotransferase 11 gene (NPT II) which confers kanamycin resistance, the aadA gene, which
confers spectinomycin and streptomycin resistance, the phosphinothricin acetyl transferase (bar
gene) for Ignite (AgrEvo) and Basta (Hoechst) resistance, and the hygromycin -
phosphotransferase gene (hpt) for hygromycin resistance. ‘

[00217] Examples of suitable selectable markers for mammalian cells are those that enable
the identification of cells competent to take up expression constructs, such as DHFR or

thymidine kinase. An appropriate host cell when wild-type DHFR is employed is the CHO cell



pronoters for 3-phosphogl ycerate kinase [Hitzeman et al., 1980) or other
glycolytic enzynes [Hess et al., 1968; Holland, 1978), such as enol ase,

gl ycer al debypda/@B44ahosphat e dehydr ogenase, hexoki nase, pPCUNZ2e10/000187

decar boxyl ase, phosphofructoki nase, gkycose-6-phosphate isonerase, 3-
phosphogl ycerat e nut ase, pyruvate kinase, triosephosphate isonerase,
phosphogl ucaose i sonerase, and gl ucoki nase. [.00221 r ast pro ers,
whi ch ligg deficiertdn BRFR astipbe PEendErd Y RTARAEAL; %Sicéﬁ%frcgeggvaﬁﬁ%@eﬂc?ﬂw%b I
transcripid el £ RY 19" RubihisCRBdid 88 prakdht iRanPRERRsnti@OYRPE fOr
alcohg?h%%%gﬂ?%gghggé 2,1P550Q%ochfone é% gcidpphosphatagg, egradatige~
enzymeStirmhsanb att exd., Wio7H; Kiingsogenetnalt, a9 disghavenesl dt otlhi I§86).n, The trpl gene

gl ycer al dehyde- 3- phosphat.e dehydr agenase .en s..r esponsi b e f

Tl 0 BEP IR AGRIeRE O SR i SR O 0 85 ERaHR O B P R b sf kBl o
for usg dximpleaMTAORb. $A)76%r PEPAL LDbAG, Gehdties, 85:1D(19am]of a nonocot or

di cot plant-include cell-, tissue- and organ-specific pronoters, cell cycle
speci 100218} omdmesxpressienpsonsiuch pesfl for Sormingadiure ppbeeritdsrrycterabhs includes ve
pronoters that .are acti,ve_in npst ] .. and i ers.
ChoicélﬁPmBE6a§P8¢°&F?ﬂ5§%8§ﬁ%°u6%%&?%%t?@ﬁ%ﬁ@gf %ﬂ%eéggﬁggkqgﬂ%rgéggg% of -
t he clppnRbiRBhYpOIGHERIdE de thesfasidr pblypeptidehe pronpters may be those fromthe
host cell, or pronoters which are derived f%ﬁﬁ] enﬁi of éthe%gﬁlﬁnts,

vi rusd@0218hd Bremetesdesnsgest by maxarsh of et AR celihygaveida TRMOLRES ar t

i1, with ] i ] e
) DN S ST gl SELAT R A L

nmodul aCharg exglr, 9B pGoeddesd ter att $97%)j allralyen phosphatesss tar wepteplwonitm) gireyotehe

P omDFEH SR HEFUS N eaisabs i aTabe0k pE Rotiar: we nepRRmhbo ol "ana
the ogfopk mlﬁ B RBEer QDI 6%3). PRFndER fbiselin PasiBRAISystmeRElseBlilcontdimat

pr onoters C are active In Specl fl c tissues, .I‘eSpOI’]d t_O I nter nal
devel GhirerDalkarsp dfd).3 sequenset eparabily divked ite ther nusileie jaeldsencedige ¢ BNA Heaser fbed

inth ientific |jiterature. enplary promoters are described, e.g., in
WO 02?8%%§%?“W%¥8%mhgeﬂ%ﬁ@“ﬁlpﬁéggg%?ated by reference. [00223]Exanpl es of
sui t alyhe220y ONBikamPplel Wf MERbieNponERing feasénces! bs usoNpIl yeast Hose mblude rbe
fromthe genones of viruses such as BaculovirusX%éﬁnnercialhé avai |l abl e

Bacul ovomeisTseion Serhwsphpglyesraerkinase [ Higemam shtiad 980k 06 othabhyobdicorpzymes
Techn [ . G i i d .
(Prvi SHESGER. PR, SORRIECNE), Sith FEGRIRK BErIDLRRSE PRLpHEL Alhydrogenase,
host dekdlidnaerpyiusatet deasborpinsd, mbdshodmetokerags ngnesse 6F phasphate dsamprpsea s -

pol yo virus, fow pox virus, adenovirus.(such Adenovi rus_ 2 bavi

papi | [P ﬁﬂ’}\?g]ryﬁ%r?teavrgﬁﬁsesarpggﬁﬁ‘tevi \Ellﬂ}gfe’ cff%ﬁ@b"gpg%?r Mt P%%?P}rl?é?m@g
hepat il S ReVhddisudiGhastm an Virus 40 (SV40), from heterol ogous manmmalian
pronoters, e.g., the actin pronoter or an immunogl obulin pronoter, and from
heat - 402 | pr é¥hererysast pprowiogkssl syhi¢h ronddesibleapEoedsanating et Addinenal ost
cell systens. [00225].Transcription of, an essl I
cukar JOT By BT easRaop! PP P A GBS AR 8 pFRELE Kitor o PR

VeCt Ordeh{RIDAHASE 2, AR ytichroatd ) Gick] hesphatasd, dfadatiseizhiymehassbeihtednwitd t o
300 bp that act on a pronoter to increase its transgription. Many enhancer

s equemiEegeareetabalisin sigal otk prginrgtscr ddclydrdsPiagPlls Achyerogsnate anGeRYHCH,
afeto I i i We : however, one will use an enhancer
fron1g£%%§%?$§?€%¢%§%#%9%%Ef&gﬁkgﬁ%#%g'includelthe SV40 enhancer on the

| at e g002220f tHxampisldfcattatde pomairs fobpselidpla? 10Ft callseinclpdingetisshoof piggn
early pronoter enhancer, .the polyom enhancer on.the |ate side of the T
repli (ﬁ@irﬁ?fl(’&?f‘@ﬁ‘ﬂ?(’t ‘&Ef_é‘ﬁ’&\ﬁehuélsé‘f‘?ﬁ&H‘@8¥g§1.f"5?ﬁ°éh%ﬁ%ﬁ%%t8‘ﬁ’ ybE S@S?llﬁcc:ed
into theYee AmAdraPpRARItAOhdACbRY pdmdiés ! dshsiNve ig&aEStersatheNArel a@ias en
pol ypeptide or fusion polypeptide coding sequence, but is preferably

| ocat enosatplantsiigseess'anfl r repornbisantr proptoders. [ Ob@es [oExppagtsr otill denesd supggetdrei n

eukaryotic host cells east ....fungi,, insect, .. nt. ..anj ' )

o cApRBoRLRI Rt Sarecnrnglogull S Py mHRRy ok be
sequenges sk eRSRIY cdlRlor hisindtersniviiah h@ndedived @RS Eericpbf OtheAPlnfspviruses, and
stabilizing the nRNA. '~ Such sequences _are comonly avail able fromthe 5

and, qwdsipethagénjc 3bactariat raads feneed r Beesenskidled etk dhg ot c Wkl wyitheut produieg,

DNAs. Th ' i | et ' Fing ar
pol ya deRgaeuaT oBirafls f eRt e SRS BTN e PERRE? L BF AR e

the DNA |igase, a DNA |igase pol ypeptide or fusion pol ypeptide. WO
2011/ 034449PCT/ NZ2010/ 000187



37 [00227]In one enbodi nent the expression construct conprises an upstream
I nduci bl e pronoter, such as a BAD pronoter, which is induced by arabi nose.
[ 00228] | rworrel1ansipdi nent t he expressi on construct conpriPSENZ20WOONGISTt ut i ve
or regul atabl e pronoter system [00229kl n one enbodi nent the regul atabl e
pronoter .systemis an inducible or repressible pronoter system

[ 00230 lle it is frequently desirable to use strong.pronpters in.t

br oaudBHEt e FEREST AR deie, EPRG STt COMOLENgr Droba el totide
usual Isgqensensf fke Bl aRRNC OSNMPIeE bV CorRURIRE Qi trSHoREs MElBE FOTANBY 35S
proteins |eads to decreases in growh rate, plasmd stability and culture.

vi abi [premotef, b 3wpalineunindrase promesaberd theapatopiag gyathast prymokes, i geabbi dn of
ar eprp?§r§8{e ﬁfo%t %‘a[LeW' ﬁlFmtlél}Sm%?J %941 @ b8 AN JOWISIL RAM LM §NG eral
er) o oThe most el nown opera Those fromhe PEE op

pr onot ors are e eron and

f r om kizoélepmenmbiagignhlandxdaxteAval Absti¢i BWbidticr egeskat et peRABEERA the dtientificl |S
provided in Table 1 of Friehs & Reardon, 1991. [00232] A maj-or .difference
bet weditcraissrdaFyeBRldNe MranoEt fre dessibsdasd-+ HosWQ. A7dI08Phg Whikto ibi heasin E.
coil i r&fel of the growth and production or induction phases.
Reconﬁ?cr?gﬁ?a%ggj élafr? e|tg))i?eo'duction often takes advantage of regul ated pronoters
t o ach0e223] hi dgixamplds ddenatile esomatetsHfer gseoint insqehaeg dellheomplise fhioserobtemed s

"of f* and the metabolic. burden, on e host cell is sljght).and then high
ot es T HOE OPBROY SIBRS! By BULCEHBTER ¢ RETIRIGENY GHABTHE REHTH B ng
i nductekfRsdioh kikteiné hec1RAO MRIHIA C QDxtord [18433]dninTaMoRBRIALAR e BRB-t0-Bac
regul at abl e pronoter systemis selected fromLad, Trp, phage | anbda and

phage Basmlopwiy heprasseon $y30a3 fihvitroge)- enbodi ment the pronoter systemis

| fro h .Pt | ; d:the | ad. | - h '
e oo ol O PR TBA 5t Nkl 07 B Wse P

r epr esbefinddSromald gendtred obyiragdistdhody follydrsDpired Yéwipdx Birus, adenovirus (such as
t hi ogal act opyranosi de (1 PTG which binds to the active repressor causes
di ssodAdSNPHAISt 2hrRAVHEe BpriHamarvirug) pBAN nGrtY ¥44S, ofytomegalovirus, a retrovirus,

hepatitis-B virus and Simian Virus 40 (SV40), from heterologous mammalian promoters, e.g.,
the actin promoter or an immunoglobulin promoter, and from heat-shock promoters, provided
such promoters are compati‘ble with the host cell systems. _
[00225]  Transcription of an expression construct by higher eukaryotes may bé inc‘r.easedby
inserting an enhancer sequence into the vector. Enhancers are cis-acting eleménts of DNA,
usually about from 10 to 300 bp that act on a promoter to increase its tranécripﬁon. Many
enhancer sequences are now known from mammalian genes (globin, elastése, albumin, -a-
fetoprotein, and insulin). Typically, howeVer, one will use an enhancer from a eukaryotic cell
virus. Examples include the SV40 enhancer on the late side of the replication origin (bp 100-
270), the .cytomegalovirus early promoter enhancer, the polyoma enhancer on the late side of the
replication origin, and adenovirus enhan_cers. The enhancer may be spliced into the vector at a
position 5' or 3' to the DNA ligase, a DNA ligase polypeptide or fusion polypeptide coding
sequence, but is preferably locéted at a site 5' from the promoter.
[00226] - Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant, animal,
“human, or nucleated cells from other multicellular organisms) will also contain sequences
- necessary for the termination of transcription and for stabilizing the mRNA. Such sequences are
commonly available from the 5' and, occasionally 3’, untranslated regions of eukaryotic or viral
DNAs or cDNAs. These regions contain nucleotide segments transcribed as polyadenylated
fragments in the untranslated portion of the mRNA encoding the DNA ligase, a DNA ligase
~ polypeptide or fusion polypeptide.



[ 00236] I n one enbodi nent the trp pronoter systemuses a synthetic nedia
with a defined tryptophan concentration, such that when the concentration
falls belweaidsuaashol d | evel the system becones sel f-i REUNZ2D®/000187 One
enbodi ment 3-13-indol e-acrylic acid mgy be added to inactivate the TrpR
repressor. [00237]1n one enbodi nent the pronoter system may nake use of the

bact eri ge .l anbda repressor cl. This repressor makes use of the,l da
or ophdBEERG° gb aTBnembREIER e et FERIE: ComBRus By WPACErACORHEDR 1 h
tWo oRRERALRESutREIEBAD pRAHIEGRWhIUAES BidaseT B ShBinexer l ap with WO
2011/ 034449PCT/ NZ2010/ 000187 38 two strong pronoters PL and PR - '
respedfP9228]y. Inwene gmbpdiseant dee fpressioncionplisyt €empriseshd pelisktptior orggulatabl
pol y i vented. The cl repressor can be inactivated by

- %@ﬁgtteﬁ%s%@ treatment of the cells with mtonmycin C. A nore
conver{0e2a9} wayn tone aimbodigirtis s¢Qitatatle tpiemote £ eydaem dn tan Aadysip tor depiessibloe
application of a tenperature-sensitive version of the cl repressor cl857.
Host dEBPMSICESYSI§-ng a | anbda- based expression system can be grown to
m d-e ti ] n e ferned i
terrpeﬁgt ur tg‘*]PIE%St(S:gS 3"&"‘%@3{ ?ﬁ\wo bﬁ% E%el#sgc%%ﬁ@n rnoirﬁ(go y%eliplfei 8@“@6‘8’2%} A
wi del yeeosatsinant ppro&siso regylsti@mofrathes psenaiérst seuplalygeessentiBNAIpel yorstiageye

whi ch recog i ses ggl% ;i)rom)ters. fg%gd oa the T7 DNA,  and not pronoters .
pr eserfveREOqusEOR 85 hettralogoun profpins Aeds 19 8peasrsin 1Ra th jair-uayH sAbrdy and.
ey cQufigieVisigyof the T7 promoters (normally the pronoter present 'in front
of gene 10) to which the reconbinant gene will be fused. The gene codi ng
for t He0281] RNA puinpereefapremoters ateheegulatedstsnthe dnterastior o merspicssor queisior wsh, on

a second conpati bl e ression construct. qr—integrated into the haost, cell
chr oo e TatBle e Sp HORESR &R frofPRE bidlfieeRL RO PP lnoh BocrBra®i st o
al | owifregn itHeSlaé bpdrsa ah fiognbaviéeidphagslaatbidan Adusvengewhe regiies praiotplRas &.

[ 00239] The E. coli_strains .BLZ%‘yéDES) and BL21 (DE3) pLysS (Invitrogen, CA)
are exafipt Bovised ipdebdle d|of §'righy &Repgdamd99z RNA pol ynerase gene. Cther cell

SUr i Ng0£A] 1 YiAndiBe offerENe DALKOPIA50ageDR ioh? deuBEd inH6ifg?s

Pseudonbnas aer ugrnosa har bori ng the pol ynerase gene

i nt egredomdbinantt OF.t hefi genbeesepBuations aifwihg grobaln zinds prol@&in. of (6@uBipAnplidses.
pronoter system sui.table f.or use in the present invention is the . T5 .

Pt oo oSy Begh PR R et RLRE ks adirliesy ot FabBlegngOs (S oHitgie e
by t hech@Rhsifes inGhé RN RPLYTBRIIRSGhe PHIMGR! B B Galithd @RtabBliE BuRRndASHET bed
herein in the Exanplges. 00241] I n one enbodi nent the pronoter system nakes

use ofhopireshtos elight} archthgs high ragas ofRterplpgeusrugtebepiodueimadndhe inslwctierhpliason”
to initiate the ind ion, cycl e by a.~tenperature shift, such as by
el evat(forlllg)%l%m ‘é%)éllr{gﬁlﬁrpgh? ?4%’%’0;3 500t )30- 37C to 42Cto initiate the

i nduct[0eaB3¢y clie.onk 0aR¥bdiResf geregdulbtableoproptstpgptentles selocpd ifien dlacl ,e@gd, one
DNA |igase and at | east_one DNA-bi ndi ng pol ypeptide. [00243] A nucleic acid
sequemBageilieddr Agd Bhagg 0 PObINYSIRSt i de f or use herein conprises at

[00234]- In one embodiment the promoter system is selected from the lac or Ptac prombter
and the lacl repressor, or the trp promoter and the TrpR repressor.

[00235] In one em.bodiment the Lacl repressor is inactivated by addition of isopropyl-8-D-
-thiogalactopyranoside (IPTG) which binds to the active repressor causes dissociation from the
‘operator, allowing expression. |

[00236] In one embodiment the trp promoter system uses a synthetic media with a defined
tryptophan concentration, such that when the concentration falls below a threshold level the
system becomes self-inducible. In one embodimernt 3-B-indole-acrylic aéid may be added to
inactivate the TrpR repressor.

[00237]  In one embodiment the promoter system may make uée of the bacteriophage lambda
repressor cl. This repressor makes use of the lambda prophage and prevent expression of all the

lytic genes by interacting with two operators termed OL and OR. These operators overlap with



| east one nucl eic acid encodi ng a pol ynucl eoti de-1igase pol ypeptide, such
as a DNA ligase, and at |east one nucleic acid encoding a

pol ynucl ew0i2de/@3it43di ng pol ypepti de, such as a DNA- bi ndi rgTpz2yp@peisde. Once
expressed, the fusion polypeptide is ggle to formor facilitate formation
of a phosphodi ester bond. WO 2011/ 034449PCT/ NZ2010/ 000187 39 [00244]In one

nbodi th | ei i ' t | east N i
ol r S0F rob et AEY MRSy Bt dRethet Sl B anrdite gt
pol ypRNA dgvlymeRsghs dreRatednuaheadli fprdskdtkedn 86 inRARAIdSBAUSVGRad@htiéh or

desired |l ength. [00245]1n one enbodi ment the am no -acid sequence of the
f usi orrepiarepp eptheeclisovish initaigyamE. ad mers eonysaiepaayipdillay porssseptafdbei s

conti -\ t. ] t ] [ u ri;Si DNA
1 gas e g tint BotyBebrstiS il o lon i AMERRAE S GGG P IR Ry e
f usi orI§HG| Videpictlttecaoimy & $amiglat bsedbxpreaidn oREnDNA bé pbiwigtopaldipgphesttal i s
Cbntigﬁous with the Cterm nus of the am.no acid sequence conprising a DNA
| i gas®nasect 1oy iPRPeREe 3bd dhevetsinsfaredr; Heh fenperauueniRduess expressongidhe
prot e igﬁ*5&9?ghﬂ@-at | east one DNA-bi nding polypeptide is indirectly
fused with the NNtermnus of the am no acid sequence conprising a DNA

| i gas40023BY pept wilelyt dmed egpressipepisiedemakenaese of thespimge T 7RNA pdbsnerast whenlgt h,
for exanple a linker or acer th [litates independent folding of the
ol ypeaoBRse eRPErRGs FREGrs i oY betd bEPioBoRTR oo Heutt St

the arhRehd6ing. S%H&ﬂ’&@ @fe eRerefis @BniFRE 8hdy GOARIM ShaDL R Ay peavtierone
DNA- bi ndi ng pol ypeptide is indirectly fused wwth the Cterm nus of the

am no.(zaemglly deprrameta ergsentsindpns ofpemel 10y e whishl the egspimbnanhgangghillbegapad. de

i nk Co f jped | h,.f 3. linker.
e T I e

advanikagad ebmphtiile exgrdssioibtansirp@lof pepirattdSn@che haitrgll throntBope e $€all three
invention is that the nodifjcation of the polypeptides conprising the

f usi 0f255®! PHERRS 18 dussd 4 ap srdugiepromosiallopingcits Brrsciipyon g tranglapipn duripg e
funct i hggoﬁghg%enplary DNA | i gases described herein is retained if a
reconbi nant pol ypeptide is fused with the Nterm nus or Cterm nus thereof

[ 0025000289k holihd Mecapptrems a2l t(D&EB) tand BEZhr(@dentlysh (hetppat,eCA3 are t he

fusion polypeptide be d on the order of gepe sequences . he
nucl eFeaREeEhad Soiars et BE TIHEA b rhesfscciebty Ciher M SRR RREE s o
produgaiA (ﬁoq@h&asdogéﬁ/doaﬁt kASWMNBT @k Nart, NRiIcROAsY PHG BRI GE uBBHORE ADD1976
pol ypeptide, such as the DNA-binding polypeptide, is indirectly fused to
t he poipaneg éat TdeRNAgeelEmermse gees mtedragd rinot thy gensmd"(Brefsehwig & Rafzipsi on
polypgg?ide conprising a polynucl eotide |igase pol ypeptide and a

pol ynuc gbtide-binding pol ypeptide that are separated by an additi onal

pr ot ei[00240] ch AmBtheb proatteryyoicai duitabiatfot Ssed@shd prdsdnd ibentxpisahs &d prémbiee
fusion pol ypepti.de. [00251]1n one enbodi ment the additional protein is
sel ecfBEM r¥gingli hpf%s éjsﬁgqlgypébltsimgploter 1s recognised by the host E. coli RNA

polymerase. Suitable E. coli host strains described herein in the Examples.

[00241] In one embodiment the promoter system makes use of promoters such as API or

- APR which may be induced or “switched on” to initiate the induction cycle by a temperature
shift, s',{mh as by elevating the temperature from about 30-37°C to 42°C to iniﬁate the induction |
cycle. ) _ 5 .
[00242]  Preferred fusion polypeptides comprise at least one DNA ligase and at least one
DNA-binding polypeptide. ' ‘

- [00243] A nucleic acid sequence encoding a fusion polypeptide for use herein comprises at
least one nucleic acid encoding a polynucleotide-ligase -polypeptid'e, such as a DNA ligase, and
at least one nucleic acid encoding a polynucleotide-binding polypeptide, such as a DNA-binding

polypeptide. Once expressed, the fusion polypeptide is able to form or facilitate formation of a

phosphodiester bond.



a DNA- bi ndi ng pol ypeptide, a cofactor or coenzynme, or a fusion pol ypeptide,
or a linker or spacer to facilitate independent folding of the fusion

pol ypept iwozprizas4dpscussed above. In this W 2011/ 034426PCU2080200187 000187
40 enbodi ment it woul d be necessary tagorder the sequence of genes in the
expression construct to refl'ect the desired arrangenent of the fusion

pol yp 00252 ne e od t t I | e t de-b . .
pol ypiﬁﬁ‘g‘i [slﬁccﬁle ém[’]wg %f’h l?iga ‘Eﬁfzgo ‘?gfgc 9é5’g lﬁés?gt‘l}r]‘lg‘yhﬁfgeﬁ to
t he pahyipeal eaddddeith kmld@@wa%eaae@lee efddhgds DN1Ebh pASSStidE MBoLigh i
“directly fused" is used herein to indicate where two or nbre peptides are

| i nkedolinacisepds u@ebon@t@cex[mmr Dfaldagzreéllsrcgﬂbe p055| bI e to forma

conpo erein co Siti ion
TG, E P LG GATRRE LR R TBeBEF ol RAEh At Bt

si ngl ehé ki’ Rad esle DA Hindhg g)o@@bympﬁslddﬁugme dvittotha wrdm@asfahe wiamh(e aéid
second fusion polypeptide may conprlse a doubl e-stranded DNA- bi ndi ng

pol ypespaucaee F%@@\Slﬂ%aé)wgﬁeg)&b@ep% conbi nation of the fusion

pol ypﬁl%jgi E'e%%d 4ift ' hle 'aﬁnrfbogaeg gle en@@gf '&Peyfugﬁ)n o(?ﬂ(}é(bﬁge %Qmﬁrcisﬁlg

target a rtlcu ar application one or nore of

pol ypehd mdmstnmz [3NAvbindipg @m@qbepmmfslomugﬁtus\xmtlythtcﬁ)mmnw the agnmacsdvm th
bl unt - ended DNA term r to cohesive-ended DNA termini. Sinilarly, one-
or morfEaNCe F@n%%%ﬁ%@g@ﬁu des may show i nproved ligation activity

towar g 50%| f rIﬁQH@@Bx%odﬂ{ean% Ao YRT e Gencot thd HRloR oty i tH@BeM be

used i sol on, in conbination, for exanple to target a particu
appl i desst one mmmmg] polygemsidsodiindinictly ffeS@xwrtbsﬂsq Nﬁtemmsls of ¢he asnrexmléssed

expr e SEHFTER PR B e ppEPaRa: OF b uirRAP 1RE & MG st

enbodijemih, fohexauplees fihkd &C)slibﬁ&é’rttﬁﬁt fagil@atey ﬁﬁi%ﬁéildleﬂt fﬂldlﬁ% of Phe beKypbptides he
exXpr essi on construct is expr essed in vitro usi ng a cel ree expression

syst erfPmpois8ehg fisioneobipspddarent one or nore genes can be inserted |nto a
si ng| 30@%@65% 3We %&%8{11%%} heXdmito Ak é%r u%%%f%é" 1091 %cf}ﬁe@% 1?# i Nt o

the h enone cases expr SS|on can
pr onotledss oas m@s{bﬂmh@ palypmﬁlde[l@(iﬁcﬁ?e]ctly fosel withahi Eemhntdue ofxhe esncoacid

construct further .enc s at | east dd onal tide, tionally
fusi oﬁe@tﬂnﬁsﬁflpﬂ%n%a?ﬁﬁﬁsh%e &0 am@&%%ﬁi&ep%ﬂﬂg%ﬁggp Isl)Pﬁféfﬁt(?tp 45t o
a DNA bl i 10 RRINIPL Rk GSr spdr & BSRVGIERINIESfbid G%S@ftﬁeménﬁmdlﬁ%pua&ch as

a DNA |igase polypeptide, as discussed above. [00258]1n various
enmbodi[6e2#9%, tOne a@wmt@gsofquemétfumm polypénides amedlog tntheeprgsohtypapntiages
that the modification of the polypeptides comprising the fusion polypeptide does not affect their
" functionality. For eXample, the functionality of exemplary DNA ligases described.herein is
retained if a recombinant polypeptide is fused with the N-terminus or C-terminus thereof.
[00250] It should be appreciated that the arrangement of the proteins in the fusion
polypeptide may be dependent on the order of gene sequences in the nucleic acid contained in
the plasmid. For example, it may be . desired to produce a fusion polypeptide wherein the
polynucleotide-binding polypeptidé, such as the DNA-binding polypepﬁde, is.indirectly fused to
the polynucleotide ligase. The term “indirectly fused” refers to a fusion polypeptide c-omprising a
polynucleotide ligase polypeptide and a polynucleotide-binding polypeptide that are separated by
| éniadditional protein which may be ahy protein that is desired to be expressed in the fusion
polypeptide. _ |
[00251]  In one embodiment the additional protein is selected from a DNA ligase polypeptide,
a DNA-binding polypeptide, a cofactor or coenzyme, or a fusion polypeptide, or a linker or

spacer to facilitate independent folding of the fusion polypeptides, as discussed above. In this



tags to facilitate purification of the expressed pol ypeptide of the

i nvention. Exanples of such tags are well known in the art, and incl ude

pol yhi st iwonelvaegsy FLAG epi t opes, c-nyc epitopes, and Phe/Nzzkw/ooMst hods of
purifying pol ypeptides carrying such pgrification aids are also well WO
2011/ 034449PCT/ NZ2010/ 000187 41 known in the art, and include

chr omat qar,aphy,.. for,.exanple in th se of polyhistidine tags I nmmo iIvized
ot ol R it PR Py o ot e Bkt S i i R SxpERet SRRt
bi ndi ngfledt 2RI rdEihabenRht 6AAORIsRG Wpﬁu@i fication aids fromthe
expressed protei-n are also well known in the art. For exanple, the ta%_cir

epi t oJ8032y bdn swsaembedinienbring pelypurigpedn-biadingf polypentisles shgh ap the DN

o no g7 B8LPERRATE BEREINCRERL e kil RhBeDRNG RS i Rpcliod Merthetfle g

endopdpiAdagses . Thea¢rnt Ediractigliised® aoged hpelrypapticde Syheex opept mdasgptideyare
convenjently be used - for exanple, exopeptidases such as TA&Zyne (Q agen)
may belnkedYianSPHEHPRAISN- t er mi nal pol yhi sti dine tags fromthe expressed

POl YP§PHIsas- It HAS Lish P! posdiDd46 Pt HpbQHoR Ah¥ ' itibh SoRpAS&Y
invenf[?%n re t(:on?/er?i er?tq%flilglrgoduc%ggiczr)\ gbﬁo(s)t ceféﬁmﬁgﬁﬁlg‘a&l}\% g? ko?% '
expr ededsotwe dissinctufosion pelyipepidas. desexalbpkt, a Airftufsision pobtpepegd indg comptibe a

invention can b uced by enabling the ho ell to ress th .
expr oS U Eone VA b NS AR st By Ry Lesten T BiRug; si5ofdusion
expr eplyRpe@mhy lé@ﬁl%)fiﬁ'é 9 dblisle RBaAILDNAOBiIndinR 'FRURRPHA fiRkd t18 DNAIGS. |
for exanple by transtform ng or transfecting a host cell or a progenitor of
t he hdsty easnbingiianhofithe fesign pelypentides d@,&crlb@c? hergin isypossihler and mag bsrogused he
expressi_on nstr ' resent 4n the h el 002611,Fol L.qwi h ’
Cr anerprivis FORT wakilcel s B ERRRh et Bur ™ hofies e SRR UIRRE SEL R shos
sui t abimgrdved Ipapiba Ssdti@ity ofowtabds DINA Oflagiidnyp et dhsmtfenddn DA excphigs bono
constructs and for_ formation of a fusion pol ypeptide. Such conditions

conpr icgBestyroduled PN Apleaming Ipplads e ownqrﬁé)fctﬁ%sf%%)ps%>§eﬁl®ﬁ BHHERWict
such agpded i - Sul api S ar n i J

cxanpi SPARg B B RiBUA GRS IR MR Rn S oF) ANECRIOL JREHIR 30, g
provi potypeptidea may ttwbhsedc isotatioe, edn acoatbimat®nt Her syarhple sios tandet t d pafticalann
pol ypegtfﬁ%e. [ 00262] Accordi ngly, the present invention provides a nethod
for pPBBYERY a fusion pol ypeptide, the nethod conprising: providing a host
cel | qoom4ysi M oAb dnfRRMmMENEhe XRXPRESLA toRSAR: 16 Gkprekf@ FXPHESPlcBitalPNHEr UCT
conprising: at |east one nucleic acid sequence encoding a

pol yngspisstipmiecrisirgeise aphisypeé pihiahds expresped $n a NDNROKdagtse ppfeyppbplicderichiad at
| east cgpe nucl ei c acid sequence encodi ng a pol ynucl eoti de- bi ndi ng
pol ypeptide, such as a DNA-bi ndi ng pol ypepti de; maintaining the host cell
under [66238] t i GmDn6 tintbadkleert ahe expreassi otnsalict Reexpx@sab s Vi oC OREAerHbly; thand
separating the fusiaqon polypeptide fromthe host. .
expression construct is expressed in vitro using a cell free expression system.
[00256] In one embodiment one or more genes can be inserted into a single expression
construct, or one or more genes can be integrated into the host cell genome. In all cases
~ expression can be controlled through promoters as described above.
[00257] - In one embodiment the expression construct further encodes at least one additional
polypeptide, optionally a fusion polypeptide comprising a polynucleotide;binding polypeptide,
such as a DNA-binding polypeptide, and a polynucleotide-ligase polypéptide, such as a DNA
ligase polypeptide, as discussed above. ‘
[00258]  In various embodiments, the expression construct includes one or more polypeptide
tags to facilitate purification of the expressed polypeptide of the invention. Examples of such
- tags are well known in the art, and include polyhistidine tags, FLAG epitopes, c-myc epitopes,

and the like. Methods of purifying polypeptides carrying such purification aids are also well



WO 2011/ 034449PCT/ NZ2010/ 000187 42 [00263] Preferably the host cell is a
bacterial cell, a fungi cell, yeast cell, a plant cell, an insect cell or
an ani malwoebiyospwef erably an i sol ated or non- human hos®CeaNZ2010K06187 cel | S
useful in nethods well known in the agy (e.g. Sanbrook et al., 1987 ;
Ausubel et al., 1987) for the production of reconbi nant fusion pol ypeptides

are frequently suitabl or use in the nmethods. of the present..invention,
boari IOMR itk red disfude dbrales otarty SonRala oty oc pEBSRERidine Kie
pr okaryeidbilRatm&Al dfiniPEMbmaR gRiPRF S @idiAg thatfelliafSorKigkel Re 8abdlMin@ihg G am

positive organisns, for exanple, Enterobacteriaceae such as E. coli.
Var i oU80259] c oMethodsaifismayiag sudh pwificatiompida bloa the gxpresgsd proteiiare dlse wellr ai n

MWR94 ( ATCC 31,446): E colj X1776 (ATCC 31,5 ; coil strai. 110
(o K59 g et P amsic (88 0F Spii e Bpfbicort s piiole Y e,
sui t abhterest K@i sfdopepthiasd reedgdition gubiile, ot tdin Eplicersttb antaal iotifee amisdiadid as
Escheri chia spp., Enterobacter, Erwinia, Kl ebsiella, Proteus, Salnonella,
e.qg., SSRIHENBRL facilypgrs remavahet the pelyhistiding:tag usingendepeniidesse 498 vminallyy

Shi gel | 1.aS it i liis [ ' '
pocqadbed BOLHERIAE pPREdebec R ctchend i hcel® PR Gelhplty SOPQYIARTSReh o
Rhodoae TAGZyrhio(Qiagdah®ar belused ndrelove DNateminainpolyBBHASIE tagsrran e explassidrent s
E. coli strain WB110 may be used because it is a comon host strain for

r econthoRARPY product- fermentations. Preferably, the host cell secretes
m nimal amounts of proteolytic enzynmes. For exanple, strain WB110 nay be
nodi fided tdlesteeldt a genetic nutation in the genes encodi ng proteins
endogenous to the host, wth exanples of such hosts including E. coil WB110
strai 100268] wHiheHusiers pelypeisleppEthe pyessnt pentionrase corvenieatly pygtueed b ¢ hosh

9E4, whi,ch.has the._ | et e. gen 0 tr3: . E.; cOld. . i Cc7

( AToc B G Sns BF T B RO YRR S RASH dedertlea, R by B REoRp i O

( ar gF-ihwag)idh Qarflieghrodngel Byadnablitg the bt AR 1d Oxmtssah® exptEBiondonstiudiaShislan .
conpl ete genotype tonA ptr3 phoA El |5 (argFl ac) 169 degP onpT rbs7 ily

kanr ; bE.ac%@wd %ﬁm Qe e AbBaxpraH Wreansiiegt AP ihesiress Call Pﬁaé’r‘?%?HltR‘é?ufa‘%ci n
resi st e J B : ] it S i
R D N e R R S b s
endot oxinthe maprebaoprafseuethbybysthdrwikoensexiagpheesxpiasivocongust isgutsest st thai ns,

i ncl ugji?ng hact ococcus ,lactis strain M3L363 and Lactococcus |actis

subsp Pe€licr enori s Nz9000, may be used. [00267]In addition to prokaryotes,
eukar ye4ded] M FoRBRmeSHERGAhafibh, 2B MaQsS rthe Hbst Qell NS Asdintained SMtéradnditfdngni ng
or expression hosts for use in the methods of the invention. -Saccharonyces

cer evissitaide ifer £xpsasion|of hsetisivnkpelyprntidenhdiam rthe raypragaian s¢ansiadierasd fo ude

Schi zgsacchar each . S 981 . .

< Uy ST eR RS BRPRE Y S50 RO G EmsB 8 tosE il £ Rorpyin otihe
as, e.cosenkexpestios coNdABt, 8Gch GBSGE3miCHD45dHyblé orpaainan Wk tarekn@in in 4283)., K
fragilis (ATCC 12,424), K bul garicus (ATCC 16,045), K WO ..

2011/ 398 £X9PLirH mzémfammwhﬁa Rigle wisld Arj overereressian 1y glesirgd, REgYision efagcc
56, 50Q),; ' T : ' ] et al, 1990), K :

t her n%%lg?def? gﬂ?Q%la%l&%&% nﬁl{s%;@m%g?f}eo%glgn%gg% 2(,&'226) ; Pichia pastoris
(EP 1860262); Zxceetdingdhntheepreabnt, inves@)r pBavidésda; mEthodhtdeproduciegsa dugipp
244, 234}; Ne%;q%porg irassa.éCase et al., 1979); Schwanni onyces such as
SchwaPIPEEs TSIRFHENEAPPLSIEP 394, 538 publ i shed 31 October 1990); and
filanment oug§HABE aHéSt celiSoonfrBing MNRMEQSRAKBresiEMLEistruby e ckpletsios! adi um (VO
91/ 00357 published 10 January 1991), and Aspergillus hosts such as A ,
ni dul ans ( Ban$teugteoraprigghg:, 1983; Tilburn et al., 1983; Yelton et al., 1984)
and A. niger (Kel and es, .1985) . | ofr opi t ' i | e
herei n and corrpr‘ait geéStyOengs m@&p%b Sequ%ncﬁr'\égl\%\f(ﬁn %pﬁl&b %%@?iseél%agécﬁ%%géétgl?ﬁ t he
genera consi sti ngclphs 4BMEENEs3 polspaptidtaandl oeckera, Pichia, Saccharonyces,
Torul opsi s, and ‘Rhodotorula, A list of specific species that are exenplary
of this class ofaticasisans nyslpicacid sauendesneeding apolypadeotidedypdiop PREPEPIELS: of

i nvertebrate hosf i i . cells such as Drosophila S2 and
Spodopt era Sf9,%ggﬁ%%PNng%ﬁug%ﬂdg%%%?&such as cell cultures of cotton,
corn, pot atmmingaoyieds hopetell ninder dondiioas swtabllet fobequessioNwfehoerpréamnl ovi r al
strains and variants and correspondi ng perm ssive insect host cells from
hosts such °3§5t8’p?6@|n§pt era frugi perda (caterpillar), Aedes aegypti

(rmosqui t o), , i L b osophi | a nmel anogast er

(fruitfly) ,Seéﬁ o%%?%?%é?i§%@gég‘gg{rlﬁ%38%i fied. A variety of viral
strains for transfection are publicly available, e.g., the L-1 variant of
Aut ographa californica NPV and the Bm5 strain of Bonbyx nmori NPV, and such
viruses may be used as the virus herein according to the present invention,

Y Y ~ 1 . e



[ 00270] Eukaryotic cell lines, and particularly mammalian cell lines, wll
be preferred when, for exanple, the DNA-binding pol ypeptide or the DNA

| i gase powgpentades9r equi res one or nore post-transl ati omall/Nzadiofooe®r i ons,
such as, for exanple, glycosylation. Ror exanple, one or nore DNA-bi nding
pol ypeptides may require post-translational nodification to have opti mal

I vipas - WO 2011/ 034449PCT/ NZ2010/ 000187, 44, and b fuld
excpr o3 pEsb et B Fol & B aaRre ol LR ST e WA ¢ Yo
nodi f iigati eMSer di0AMA] L1, phefe@BBOsH RBRted! diendAdfim&ehdst céll.aHse cklisnidekulan

oxi di si ngocyt osol, for exanple the E. coli Origam strain (Novagen%‘)éj :
[ 0027 Mgthodsnweh dnownbindiheedrt (¢-Be Sambrookest| alj, sl 987ce Musyhel 16t #l.r 48810 1y the
cytos . i fausi . j .

For oG BE AR phinant Bislon PP e SHSLAMLPAIXBRABE S 3R BHRe
cel | fihepretendirsleation beaitgtiamindtle @orideratioasd digcwaval hedbihe, and sui tabl.e for
use in_the praoduction of a fusion polypeptide of tékrlﬁ invention, bearing in

mind t{A%6dbnsiSydrble PEIET NS BORE SELP HEPRISE. CUPBILTU SIS PIAT SRSPHF B EHE des
can b%o&ﬂ@h%kg%ﬂis“s?f@r'e&%ﬁ lggﬁh)efoﬂb%!epﬂzcﬁ(fe@urch fak’@atcbﬂm\/fa]fibﬁ EaLJIPR s are

af fini'ty chromat ography, uding 1nmmobili1zed netal affinity purification,
wher e papliclp pvaiddabde, spODaTE] kolidi12 stizen MM284 i(ATTEL Bhado), He cel pX EFSI @ CC

by Com B b e 1 b P e Sl g s PB By e B8 0a nd BHshik e

Thi s mBYiddeh dniObyifd ogﬁrggya@ HooNills ARfudeNothtl EBrefotOREa&st lsublS as

mai nt ai ned,” for exanple te ure, the presence of substrate, and the
| i ke. Hs0@2#8]d npsorienbadenrelvaniof Klabsi¢ltw eProtan, iSalmenedlesiergablSe/manella

achi eve ,over.expgessi.on of _the expression ¢ t.rycts in.the_ho cell.
echaliPLET e STER g B SPEAS RATOTER APIeir s B RbAS EROLL it
known si,vifishgndaBt liciRRgtomhis| PEBREMENANsUCH Qs RN idikbsd, bh@ ActindMifcenSfuch As
which it is to be expressed, and other factors 1ncluding the degree of

over eXpreBsiers. §bedaceerusy Coagebaceatiunrand Myaeghsieiungyer expr essi on can be
achi e i St . l.e. t ter
yot olE2eR et Y RnsBiieh 810 Bl SIS PUT R e 80a SR iF1sa Voo PASEY)

use ofstrainhfog Recoaibynanu T4 ppdbdstifamehations afpfaablyplirsiiosd celbsérétas ngnindae
col E1 origin of replication or iii) stabjl.i ion of the nmessenger RNA, for
exanpREOURBOH @fpte@@tl%?mfyaseﬁ-oﬁ%@ﬁ&”&%é&@%‘?’% ?fB maﬁ@F MOSAIGAR cBieCtd Zqsat i on

t hr oughyradf inel?ﬁ@ar%%@s erRBHING' ﬁr@fehﬁ%rﬂ%ﬁ&%@ Mo YRAHSEst, Rhth BRPRIRIF ALRdbRY

sites, or termnation sitesS, and the i ke. The benefits of overexpression
may alinawdinge. ppbdddt 1strof 1A Rivghier hgs dledcapiiplétesgeontypeligpepth. dw/i W3lses of

(he YR RSPLER o e LI ans [ 9BE7H 0P UHADLLR M
55,244), which has the complete genotype tonA ptr3 phoA E15 (argF-lac)169-degP ompT kanr;
E. coli W3110 strain _37D6, which has the complete genotype tonA ptr3 phoA EI15 (argF-
lac)169 degP ompT rbs7 ilvG kanr; E. coli W3110 strain 40B4, which is strain 37D6 with a

" non-kanamycin resistant degP deletion -mutation. ' A
[00266] In some embodiments, bacterial hosts that do not produce or produce low levels of
l{popolysaccharide endotoxins may be preferably used. For example, Lactococcus lactis strains,
including Lactococcus lactis strain MG1363 and Lactococcus lactis subspecies cremoris
NZ9000, may be use_d.
[00267] In addition to prokaryotes, eukaryotic microbes such és filamentous fungi or yeast
are suitable cloning or express:i,on hosts for use in the methods of the invention. Saccharomyces
cerevisiae is a commonly used eukaryotic host microorganism. Others include
Schizosaccharomyces pombe (Beach and Nurse, 1981; EP 139,383), Kluyveromyces hosts (U.S.
Patent No. 4,943,529; Fleer et al., 1991) such as, e.g., K. lactis (MW98-8C, CBS683, CBS4574; |
Louvencourt et al., 1983), K fragilis (ATCC 12,424); K. bulgaricus (ATCC 16,045), K.



activities, including an inproved efficiency in binding to nucleic acid or
i n catal ysi ng phosphodi ester bond fornmation, or exhibiting one or nore

i nproved whanHoBeHPsti cs, such as inproved stability, i rpTOVeoloresisst ance
to denaturation, -degradation or i nactiygation, or -exhibiting both inproved
activity and |nproved characterlstlcs As a consequence, the fusion
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reaction mxture containjng yner ase, ase, target DNA and {

pr i merBombyprempns| Raver bese @G@Sﬁeéil ne’l‘el"é’('j?tb’d‘éf ’t”éat%Ea“? gﬁdtr%‘?Sfﬁicﬂénf%r? B?llyrrer
that is agsy :
adj acenflﬁprl negeﬂ{egﬂe{t aglaw C%tl rftanj%{mcﬁe satﬁg?glé Pfﬂiag ?g?ﬁ‘pgrf%’r&”

occur reeki NP, eﬁlqublan&sres pmaynt&zrusm lak theevmlsrhdwbraiccﬁrd'mé tamlte presdngmalentiémr

exanmple, flu scence, e detected. Af ther di scussi on of these
et hodRricATRElor GaRticdipng! Spogpera ’P%dqb‘i‘?j %626; 5,945, 283; 5,242, 794; and

5, 952, [gaﬁi'ﬁ r]”R"I&aEII pidl dy JSQR@%LﬁlﬂaaﬁBMdét Rl1aMnesa afedngfkby BGiansy oV ITRNA

vari an e transcribed and translated in vitro. Each of the gene variants
has a tmnsfmnylcd ﬂvynS)VéQ YC@SthPeT@@ﬁ&IL t146 hie dumani qnabrgonie kidneyig @Ra or 293

I b h h I
o oty b ardoRe R B U7 b B bR STl O PG oo TS ”

pol yp%zdﬁnisfba%dr&ybjéllﬁl gBHKO AT CCThe0): €hirlelse hamater awcpwsméﬁm(dé{o
fusion that can be used in downstream screening and, se|] ection 8@
2011/ Oddaboral/ NS 1oeeseegel gglls (TM4, Mather, 198 ; monkey kidney cells (CV1 ATCC

CCL 70); African green monkey kidney cells (VERO-76, ATCC CRL-1587); human cervical
carcinoma cells (HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL 34); buffalo
rat liver cells (BRL 3A, ATCC CRL 1442); human lung cells (W138, ATCC CCL 75); human
liver cells (Hep G2, HB 8065); mouse mammary tumor (MMT 060362, ATCC CCL51); TRI
cells (Mather et al., 1982); MRC 5 cells; FS4 cells; and a human hepatoma line (Hep G2).

[00270] Eukaryotic cell lines, and particularly mammalian cell lines, will be preferred when,
for example, the DNA-binding polypeptide or the ADNA ligase polypeptide requires one or more
post-translational modifications, such as, for example, glycosylation. For example, one or more

DNA-binding polypeptides may require post-translational modification to have optimal activity,



experinments. Acritical step in preparing nRNA display libraries is the
ligation of the nRNA tenplate to the 3'-puromycin oligonucl eotide spacer.
In this caseepiDE4bi gase is used to ligate a single-stardedNz2NAV/BISECUl € tO
a single-stranded DNA spacer, usuallysqith the assistance of a

singl e-stranded DNA "splint" that spans the ligation junction. A further

di scussi,on of, t he ne d can be .found in Li et al .,(2000 t.hods..i n
e yman P byl e, (DB o SRssBE i " Ealhstorche) Bhapid 88 Sty pES S it
[ 00282hddificqioasent i nvention al so contenpl ates the preparation of kits for

use in _accordance - with the present_ invention. Suitable kits include
var i od@0%3d4gehr en¢ gmbodimenhthechast erlhise ¢ilk with g oxidising cytoprlefiricgample the

suita Aka aging materials, including tubes, vials, and
shri nl?l-' &?ggjg@ghéﬁ&da%@%%ﬁged packages. [00283] Materials suitable for :

i ncl ug0@v2i n amasctkendmbodikent tha hastcaplldiamcelvivith atrhéugigesgnsol) pre bl pIk.
conpri se one or nore fusion polypeptides of the invention, or one or nore
conpo$Pti ons of the invention, substrates of the fusion polypeptides of the

i nventp@¥3) i NgihE¢idich HAYpEIRABRAS aRE Be FrmilA 5 WIPS| Pic¥&al) @tcreﬁlf?ee(e?(?%@ﬁbﬁs of
whi ch "are descri bed herein), buffers, cofactors, and other reagents.

r equi sgstemhas ueddf elany eclhbee Wranslatadn systenfsuat compergiplépavallebleofind hitable for

i nvention. . [00284] Speci fically conte ated are kits conprising one or nore
ol ypoist Mk PR fsEReolnrephas TRyR Ieafioh siwirte SIBRE Bs Ohsaraulios §
subst dacassed feeth. as .a microf l ui dics device, mcrocuvette, mcroarray,

pol yner bead, nano- or mcro-particle including magnetic particles, and the

| i ke. [60%74ki t Teanfugios opddppapaides £ae o purified e lyseds cells uaigg ofengrifugatisn,
sanpl ¢85, WM CH @Blt?ﬁ:&l@?ﬁﬁé{%g%}?}gqn&ﬂ@ﬁﬁ%%@%‘n%ﬂg%ﬁe{néﬁp Lff%ﬁg})ﬂdﬁlf%gﬂ&?'vﬁ?e‘?e

Each conponent ‘Been In"an 1 ndi ual contai ner
and alappopribthe various contai ners can be within a single package, along

with instruction or interpreting the results of. the assays or reactions
per f ol ¥ Sisi :Ifgwﬁhge @Pte?ramzﬁﬂs] e PGB GHrackistiey _gfa the tseniRARFBAY and
al so ?r'ihg' 5238 8erc @S FoieEIRADyPonWBilng thdEordidRWh Rehid fﬁ%?uﬁé@?@l&@ﬂyt%'iy-
EXAVPLES Exanple 1 - Construction of plasm ds and pr.oducti of

f usi oprebicgp s ney ifdaRs ddrTéNasipde dhe ceidatiasso mthdsa thhst aelins traimthined, fof
plasm ds for the production in.E.coli of fusion polypeptides conprising T4
DA | C5ALRIE(FTgTase: Gt @ O e @4l Tised o various DNAbi ndi ng
pol ypggu27@es, iSorhd &hbstimdntbdphie: ihveifloat is HeSirabld ®MHchich©Bv&txprBSion of the

pol ypepti des conprising the | |8ase activity and the DNA-binding activity

r el at ieyRressiorppensiHes Ak thg Bost sgll e Mpghanispys foneveederession amagisutangxpression

28 I:L{/p ggéﬁ%&ﬁ%%@gﬁ’%%gg 6&%@)’&,2}3d %H%ef)’éndt AEtnk L5hR et i\&glf, the host in Awhich itis

to be expressed, and other factors including the degree of overexpression desired or required.

For example, overexpression can be achieved by i) use of a strong promoter system, for example

the TS promoter system or the T7 RNA polymerase promoter system in prokaryotic hosts; ii) use

of a high copy number plasmid, for example a plasmid containing the colE1 origin of replication
or iii) stabilisation of the messenger RNA, for example through use of fusion sequences, or iv)

optimization of translatioﬁ through, for example, optimization of codon usage, of ribosomal

binding sites, or termination sites, and the like. The benefits-of overexpression may allow the

production of a higher yield of fusion polypeptide.

6. Uses of the fusion polypeptides of the invention

[00277] The invention prbvides fusion polypeptides exhibiting one or more improved
activities, including an improved efficiency in binding to nucleic acid or in catalysing
phosphodiester bond formation, or exhibiting one or more improved characteristics, such as
improved stability, improved resistance to denaturation, degradation or inactivation, or

exhibiting both improved activity and improved characteristics. As a consequence, the fusion



pol ypeptide - for exanple, p50-ligase refers to a fusion polypeptide
conprising a p50 DNA-bi ndi ng pol ypeptide fused to the N-term nus of a T4
DNA | i gaswopoiygseqapi de (optionally via a |inking polypepCiraazeoionadise
| i gase-p50 refers to-a fusion pol ypeptjsde conprising a T4 DNA |igase
pol ypeptide fused to the N-term nus of a p50 DNA-bi ndi ng pol ypeptide

s orP bR Phitd v et A ulRy FERbomalaptuadisre suPiRsL ke 0

f usi orfoRRAKRERdediesbld br E}%i&a.g@m#ls@phbﬂimmﬁﬁ% &larhp19a o £ tHOEkek @ dfch the
Li gase-p50 NFAT-I|igase Ligase-NFAT cTF-ligase Ligase-cTF PprA-ligase

Li gasduppn polpeptidga o6 theiigesnaor gar bgput(inegdndg iefollsaingi gA Li gA- p50. Materi al-s
and Ngﬁagggﬂl. G owth of Escherichia coli strain DH5a-E [00287]E. coil
strain -E (Invitrogen) was used for all. experinents. Cells were grown
under [002u8)ar dCleningii$ itengt-rdcbBnis®Diewn foB e suiRUITateimiquesXEitipdd bheicteduddred
bel ow. 2. Constructjon of(5Iasnids_[00288}Representative pl asm ds and

ol i gorhilpgistsi s raRliGRIAS pBY/Ar EeempindrgepuqlGic Teid|sequencasy frgaramplepigacreats gient
encodi ) ' < Fa &R ' hfied
From 1T AsR 3eeh §5e 10 sabinnhe pRUCHIRDr Nee K RRIRE Proudin B feARa@DRAT

ol i gorsaghemoinigdetc pClomaresis Sl iSfai wide afrSEQf hipINatioris)rangidg (ot pérgddasdica(GEQ | D
No. 2). A fragnment encodi the . T4 [ e was, anpli.fied, from

pl asmRICHETIHEGFRALRN, %F“ﬁtl‘bgf:{]ﬁgﬁﬁpflﬁt‘%i %ﬁ@ BoFasospla RSYin FEelictigs et or
(SEQ I %}mari&» ARPedidIBRS Gectbis; MBY whitEQuklRid\bid frhgmbits @Y BitkraR AHSBIBlb%ed?CR
(ref: rton et al. (1989) Cene, 77, 61-68), using prinmers p50 Sfi.for (SEQ

| D No.exis), thatdalldvy aseigfaxpression, SEGRING fingle 4jrandedsRideand: DNgp praslactioreapd e
9ENE  1ost of other rhanipul_ations. Cloning of any DNA fragment essentially involves four ste'p.s: 1)
fragmentation — the breaking apart of a strand or duplex of DNA; 2) ligétion — the attaching
together of the pieces of DNA; 3) transfection or transformation — inserting the newly formed
pieces of DNA into. host cells; 4) screening or selection — selecting out the cells that were
succéssfully transfected With the newly formed pieces of DNA |
[00279] Aithough these steps are invariable among cloning procedures a number of
alternative routes can be selected, these are summarized as a ‘cloning strategy’. -
Ligation bit analysis |
[00280] Ligation bit analysis has been used to determine the identity of a nucleotide at a ~
 particular polymorphic site, such as _a' single nucleotide polymorphism. This analysis requires
two primers that hybridize to a target. with a one nucleotide gap between the primers. Each of the
four nucleotides is added to a separate reaction mixture containing DNA polymerase, ligase,
target DNA and the primers. The polymerase adds a nucleotide to the 3’end of the first primer
that is complementary to the SNP, and the ligase then ligates the two adjacent primers together.
Upon heating of the sample, if ligation has occurred, the now larger primer will remain
hybridized and a signal, for example, ﬂuoreséénce, can be detected. A further discussion o% these
methods can be found in U.S. Pat. Nos. 5,919,626; 5,945,283; 5,242,794; and 5,952,174.
mRNA display ' . 4 ‘
[00281] In mRNA display, a large library of mRNA variants are traﬁscribed and translated in
vitro. Each of the gene variants has a puromycin moiety covalently attached to its 3’ end. When
_ the translating ribosome reaches the 3° end of the mRNA template, the puromycin moiety enters

the A site of the ribosome and is incorporated into the polypeptide that is being produced. The

result is an mRNA-polypeptide fusion that can be used in downstream screening and selection



WO 2011/ 034449PCT/ NZ2010/ 000187 and the |igase gene together, resulting in
a gene coding for the p50-1igase fusion polypeptide. The assenbl ed

p50- | i gaswogena3was di gested with the restriction enzymeC®iNzZzowrvdoilsy gat ed
to the expression vector pCA24N (whi cghad been treated with the sane
restriction enzyne), vyielding pCA24N-p50-1igase. The conpl ete expression

construct . includin he T5-1ac .prao r..and (Hi s)6-t bot h
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o) TR o1 A R B 00 SR S

BanHl vatidthSpedsentTiheento0. rfuitebly kiva snaledeoveeus ragemCAide ph @edardrmse vhth the
digestion with the.sa estriction enzynes (refer. SEQ ID No. 5)..Ligation
of *t T Yo RIS TRELT EORITEROM Y BARBER8 PR g B KM S biaffe 200

yi el degriRChdided Bhdblov8aied Pask4zREP! et e expression construct,  including
the T5-lac promoter and (H s)6-tag (both vector-encoded) is |isted as SEQ
| D No.[00283hnd Materiade sii tomindusien dn ge giemplarpkittinaceardanns Wwich Ysepresadé i s
shown .in . nce ID listi . SEQ | 8 [00291] The 7d gen

rr om SNt lPESEHIEET S O HEN BT RBRS of e R e SBF off FPE
col i, cumipogtidbireofGaaenddasibawibsisats vhihe Mok pglpeMides alf el mvehtidl, ind@0hS) ,
BMC Bi oi nformatics, 7, 285). Wiile this_did not change_the amno acid
sequerREXSMPLhNCI PR NOItyE SPRFYS (amBlasio! JrudsaE GsSGHibes derenp. buftseP: it
intro i i t he: . seq e t Four
codonaior, L PURE TS, FdLRE A0 ol B A S DR R lort B BB ne
gene, imiephod.l anki ng restriction sites (BanmH - and Spel), was synthesi zed by

I nt egr, Technol ogi es alville, 1A).and supplied in their, cloning
voct ol B Rar GO, BRI (i i o isin S DT | S, e Bl O
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The p50 noiety was renoved from pCA24N- p50-1igase by di ?estl on with the

sane deviee. Biqregyvetieymesoqrrayt ol yHmD beadNpand) or migratragiclfinglwdingingesie e
sso7d | It i - cont.al nj : n i:

o cnoaReREEh e Pk He' NG CAMIA BLRRRLEEh SARABRNG SR 8P Bapre) sepeles
T5- | acvhictormtterassuyed biil 89rfipdrad) td thetiést vanple coraimedetihch Sorhpaiertofthe HEQah D
Mo st Eofinie TS, Frad AT B ot Gbin B SRR 3
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in a petfgmedasegthaekn. reacti on (PCR) with oligonucl eotide priners :

Li gase- fo see Table 2, S D No. 1 and p50-Sfi.rev. (se abl e 2,
S0 T RS 1 5T RVERUSH pshisn i fogescie A e wishicictS Sh b Be
from phigswth gg,gg';@né}gg@,ﬂy in a PCRwth oligonucleotide priners
Ligase_Sfi.for (see Table 2, SEQ ID No. 13) and Ligase-p50.rev (see Table.
2, SE@xAMYQ.ES4)- An overlap assenbly PCR (ref: Horton et al. (1989) Gene,
77, 61-68), using primers Ligase Sfi.for. (SEQ ID No. 13) and p50_Sfi.rev

(SEQ I D No. 12), was.used to splice the I'igase gene and the p50 gene
t oget her, ri&sampledg Construption of piismjds and phedudtipasd fpdon polyipeptiges! ypept i de.

Th d. i - p5 di ted.with.th tri.ctiaon e Sfil
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expressi on _construct, 1 ncludi ng the T5-lac pronoter and (H s)6-tag (both
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. f s . . . . . oy
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pCA24N- sso7dl i gase pCA24N-1i gasep50 "Plasm d di splay" vector (ref. Patrick
and Bl ackburn (2005), FEBS J. 272, 3684-3697) containing the gene for am no
aci ds 40-w6@oafosiaran NF- kappaB p50. Protein expressi on PCENZa010f00@Is7
Novagen, containing the cloned T4 DNA47 gase gene. Expression vector
cont ai ni ng an IPTGi nduci bl eT5 pronoter and a (Hi s)6 tag (plus short

i nker) ,for | evel X r|f| ation. ref [ wa
ot a1 poBpudt Aok Yol B0 RECS Y RTHANA ANDELEEALIERiSEL st BREE
encodesindiig ppb@eptidiafiged wilh@ m-whumpcsﬂ &4 TN Al’lﬁg’age pelpetideqopaomilIgovih lae

codon- opt| m zed pprA gene, synthesized by DNA 2.0 (Menlo Park, %ﬂgﬁ)CAMN
cont ai mkh@ PAPEREKIS): twalﬂe dasaRY rakers ﬁsr%ﬁrwwel.vpe@}d@ncqmrgﬁﬁ@m

C oni t 1 e y
R e A B Sl N S B R T
t hat anmmdiﬁklnglpel)@spmbhal [ gase fusi on pol ypeptide. pCA24N containing the
gene t odes e |i sion pol ypeptide. WO
2011/ 6@’3’59@%@“ P&%PUB@ “(B#gﬂ?ﬂﬂé?%ot ides 5 -> 3
p50_ . (3 S Ay
p50-11iga
T4 DNA ngase (control) S LigA (conttol)
: SSo7d—hgase ) ' P50-ligA

P50-ligase S LigA-p50

Ligase-p50
NFAT-ligase
Ligase-NFAT
cIF-hgase
Ligase-cTF
PprA-ligase
Ligase—PprA
Ku-ligase
Ligase-ku

Materials and Methods

1.  Growth of Escherichia coli strain DH50-E

[00287] E. colz strain DH5a-E (Invitrogen) was used for all experiments. - Cells were grown

under sta.ndard conditions (LB medium, 37°C 1ncubat10n) except where noted below.

2. Construction of plasmids

[00288]  Representative plasmids and oligonucleotides ﬁsed herein are listed in Table 2.

[00289] A DNA fragment encoding amino acids 40-366 of the human NF-kappaB (i.e. p50)
was amplified from plasmid pRES112 in a polymerase chain reaction (PCR} with
oligonucleotide primers‘ p50_Sfi.for (SEQ ID No. 1) and pSO-ligase.rev (SEQ ID No. 2).. A
DNA fragment encoding the T4 DNA ligase was amplified from plasmid pET14b-Ligase in a
PCR with oligonucleotide primers p50-ligase.for (SEQ ID No. 3) an(_i\ Ligase Sfi.rev (SEQ ID - |
No. 4). An overlap assembly PCR (ref: Horton et al. (1989) Gene; 77, 61-68), using primers
pSO_Sﬁ.for (SEQ ID No. 1) and Ligase Sfi.rev (SEQ ID No. 4), was used to splice the p50 gene



CTGACGTTTCCTCTG [ SEQ I D No. 2]

p50- | i gase. f or GCACTAGT GGCGGAGGCT COGGCGGTGGCATTCTTAA AATTCTGAACGAAATAGCATC
[ SEQ | D Nwo 28j1/isiggase_Sf i sev ATGOGECOCGCATAGGCCTTATAGACCAGTNIGUTEATIE? AAAATC
[SEQ ID No. 4] Ligase-p50.for GCACTAGE@GCGGAGGCTCCGGCGGT GGOGCAGATGG
CCCATACCTTCAAATATTAG [ SEQ I D No. 11] p50 - : '

U1 gase b R AR R et AL A PR TR PR N0 HEER L PRECHPEPRSS: 13,

Li gas eFheaRsdneble CPACREAGERT CRSQRASBAGTHBCHEACAROAS IASNCTSINTAAAAATAQ (SEQ | D
No. 14] 3. Production and isol ation of the fusion polypeptide

[ 0029 FKPIession HectorayQAREN Kwhichdiad been tragtadithy the [sprga sestrigopzaryBeh Tiflding ase
0 ! s ! : Ty F | 4
Er anoFor AN bSRRELR HECEmbIS SEMERA DR, SRAPERRE 799G (o il WRE

f usi orfHx){-tap&poth destof-2BEadeit) it histeR BS SEQHEY Noo 5 garciathe dertiveatt dnoino atidGeduenid .
Cells re.pelleted, . resuspended in Col Buffer (CB: 40 nmM Tris-HCl, pH
8.0; ~ SbeeubonappRpitiegs po mgwqwﬁﬁg g PORFY R Moof: and 1 nM

bet amgpeip OetTlﬁé'”Pﬂt)rZA ande | Hefd- IR BPMHE2VEABAurENE &isarobfim‘?ﬂed lfﬁateﬁhéﬁﬁéd
applied to a cobalt-based netal affinity resin (Talon, Contech). After
washi egpiessiore mokiecatip nsifgitlsd Geneabgsignar esbftwiarr paokagee{ViHalobdreer(dhH @P66) Bdfed

f usi .pol ti | ut.ed.wi th .CB tai ni 150 MM i m | e.
ci'ut | GHOPPEBE G- war b bt dhE Giinel srps€ AR el fod okt AbIRS Povaed
buf f erprdiei (MBW&@E%&M%@@AMMSJ it iltfddacé 180 s HeM MnABhomtse;
10% gl ycerol ). 4. Ligase activity [00294] The |igase activities of the

f usi omheEsiaperastafdbes PRy eentelbe wpHedzeddens with Senlsisg asstrictioarsitgy fpasH! and

(cco Shep 28 MnbBERABTTRIE € Rl b o0l SipehEBIR REPRLR, P00 )

2 - ApddossiTheafodbn-gatimivedgairividny vads rEobA floing pSEO4E pigAOBYy digettéin®ith the

- I Vi 0295 hesi ve- ended | i gation, 1,277 bp PCR
S? lo dggqss%g?\gg)%g@\ﬁ/)lér%ést Ig%%gi ar[écﬁﬁpqlf {fq?éSO(:goiee%}l \\)/vgs reerxlnoe{‘/ed frlognap(lig%Ng)SO-hgase b}P ~

t hepl AL LR TR ASP EATRIS RIA2AE D 85 M. 5). Ligation of the digested pprA

insert to the ligase-containing pCA24N backbone yielded pCA24N-pprA-ligase. The complete

expression construct, including the T5-lac promoter and (His)s-tag (both vector-encoded) is
listed as SEQ ID No. 7, and the derived amino acid sequence of the fusion polypeptide is shown.
in the sequence ID listing as SEQ ID No. 8. '

[00291] The sso7d gene from Sulfolobus solfataricus was optimized for enhanced expression
in E. coli, using the Gene Designer software package (Villalobos et al. (2006),- BMC
Bioinformatics, 7, 285). While this did not change the amino acid sequence of the expressed
protein (GenBank accession number NP 343889), it iﬁtroduced 47 synonymous mutations into
the sequence of the pprA gene. Four codons were deleted from the 5’ terminus of the sso7d gene.
The optimized gene, with ﬂanking restriction sites (BamHI and Spel), was synthesized by
Integrated DNA Technologies (Coralville, IA) and supplied in their cloning vector, pIDTSmart.
The coddn—optimiiedfsso7d gene was removed from piDTSmart-sso7d by digestion with the
restric.tion enzymes BamHI and Spel. The p50 moiety was removed from pCA24N-p50-ligase by
digestion with the same restriction enzymeé (refer SEQ ID No. 5). Ligation of the digested sso7d
insert to the ligase-containing - pCA24N backbone yielded pCA24N-sso7d-ligase. The complete
expression construct, including the T5-lac promofer and (His)e-tag (both vector-encoded) is
listed as SEQ ID No. 9, and the derived amino acid sequence of the fusion polypeptide is shown

in the sequence ID listing as SEQ ID No. 10.



GATAACAATTTCACACAGAATTCATTAAAGAG 3', [SEQ ID No. 19]) and pCA24N.rev WO
2011/ 034449PCT/ NZ2010/ 000187 51 (5'- CCCATTAACATCACCATCTAATTCAAC-3' [SEQ ID
No. 20]) .woOhe11RGR4pr oduct was cl eaved with the restri ct ipom/Nmawroeo18pel ,
yielding two |inear fragments of very i mlar size (638 bp and 639 bp). The
two products of the cleavage reaction were co-purified and i ncubated in the

neubabGRah ¢ 3D BibteniRl s 58 AP BBk ormBE Ry R RAE, F B0

st Opp&dasb)/anﬁ;ﬂﬁlddngfrdrﬁ) ﬁﬁﬁnfd)r pRES Ut Mar alpolfinfethRs .chhindasf:tidat i(PCR) esvither e
determ ned by purifyi ng t he sanpl es usi Zq ﬂgn M nEl ut e col umms, and then
runni rfélgpﬁ@frmiﬁleawr%ﬁja tgase-g el for Agaci Kable, vﬁsQ Aoyl brpangdp30nStigey tsse dable of

Subst Pt B DR FOb R e el ity e 3IACATGR, Rhs HEVAEDHY Mg

cl eavaitETi4biLipestiniadiCR mfmzl;gmmlaftlcfe mimerSioidase \Wfefodi(seg Tabtee SE@ERNo.

and sl and Lidise ppbiai Gre OGS MO TR A nGn L6 b eRRP I HGR SoTA0Eon Ygase
enZyWBalf9@86)0GEh@U’?ﬁ%laéS)l%Qn%?}ﬁné@%gés@“sﬂv?&r ﬁag};@ﬁq\rbyli(}eﬁ{d pso 1 R9C

for a further 15 mnutes se activities were determ ned by purlfyl ng
t he sa(lSﬁQeH) 0. 11g), Qvaegeasd b rsEluu:t e dgasmpene anddthe ipéA gecm tégether hiesulong am a

t th 1,434
o PR S SN TESR SRRt R B0 o Rt B4 o
Resul tyitl 8fe234HEROE shiarcESGEShENR. %t&i u;ntthe %ﬂﬁ&gsﬂ)lh g8dtbiOpC AZAN \(iwhychOadt hen

various fusion polypeptides is shown in Figures |la and | b, respectively. A

si ngl dregedd with, 27 ey, resgiciiepi enzame).n viekdiag pCA24Ndigaserpd0r 1 Eﬁe Rageplete| a
di t

00, TGRSR SRIRSARorL 18 BRI LIURE AU Yoo Bl i,

1,277 lﬁtbdbﬁrﬁli@\mw $8, ahHQH&’ derived iathémd adid sd:q’ﬁﬁﬁ& of thé&fusiod, podyp@pfile is shown
i ndi cati ng theseé}lfqtisl on po épeptl des al so had robust cohesive-ended |igase
act i vilpyhe seayence AN listing 6% 13y MBNSHOer ved with T4 DNA | i gase control (Figure
| a, 'af‘a?ol%ﬂ)Pla%li’(?d 4nd Gﬁgoﬁ tdaat observed with the mgjority of the .
fusi on_pol ypepti des abov 00298]In Figure I b, single bands (1,434 bp) are
shown Blasxhnises 3 anBestk;rlptmi catl ng h| ghI y effectl ve bI unt -ended |igation

v ; ﬁ)[lay 1 ﬁg§ § H’al : he 1,434 bp

h 995% ndi cat i ng these

f usi on poI ypepti de d- héd 3?%"05@ 7)§Pﬁﬁtm’é%1@‘€($e'[‘? ﬁ’éé‘g“%‘b%‘i“ﬁ ty. M ninal
bl unt - ended i gati o‘f‘mo -46¢ p{hupan,NE-kepead P2 with T4 DNA |igase control
(Fi gurpETgp-Ligase 14Protemmekedisyor essortfitvan Nohadenpdiseaiviad thd ¢lbnédhe f usi on
pol ypept i des .above. TDimAJ:IslghsargebQOZ%] The results of the above gel - based

assayspeahon that ¢ hex rggl@%'l&pv&{orcklﬁﬂa ?}{fm iRREibid*es pRkitig of the fusion
ate % %

t he ac
2011/ 034449PCT/ NZ20 %i@?g}s |rf}}1 V§l pr ggmﬁﬁgesu ve- ended
a'nd @% o 1ca 1on '2 r)

|'i gation, fusion of

pCA24N-p50- pCA24N containing the gene that encodes the p50- hgase fusion
ligase polypeptide.
pJ204-pprA Cloning vector containing the codon-optimized pprA gene,

: synthesized by DNA 2.0 (Menlo Park, CA).

" pCA24N-pprA-  pCA24N containing the gene that encodes the pprA- hgase

ligase fusion polypeptide.

pIDTSmart- Cloning vector containing the codon-optimized sso7d gene,
sso7d synthesized by Integrated DNA Technologies (Coralville, [A).
pCA24N-sso7d-  pCA24N containing the gene that encodes the sso7d- hgase
ligase fusion polypeptide.

pCA24N-ligase- pCA24N containing the gene that encodes the ligase-p50 fusion
pS0 polypeptide.




p50 and Ppr A DNA-bi nding proteins exhibited markedly inproved ligation
activity conpared to T4 DNA |igase | acking a DNA-bi nding protein fusion.
Bl unt - encw0 2bilgsid4on activity was particul arly inprovedPemaNZ20i00a6187 Wwas

fused to cTF and p50 proteins. 50 Exanple 3 - Analysis of ligation
activity of E. coli LigA fus| on pr ot ei ns Gel - based actl vi ty assay
[ 003011 For—ephes e—ended o 5 onpC

subst r'a %’"(“ﬁ dess T8 i n Exanpl e 2) was i ncubat ed vvlth 20 pm)l of each

Li gA gPpysffdror 17 GalC@EGCLETGAGSGEEGCAGISTGErEdepACKTTIOd (65C, 15
mn) and run on an AAINOSEAGEISEQ ID &ddifion to the LigAp50 and p50-LigA

fusi O%B%gégez%%' descc@%td @AHC@T&C@ @PLGY &&éﬂ@?@&é?ﬁ' es were

Lo

t
(Fermenias)  Negat i GaoesnrFbICETEqT WE‘% “Conmercial control - 1 pl
of E. péBiligasafgn ( NeWCRSIIARECEIGH. TEGEATERHEAA i gation, 120

ng of the -Sfil/SmahAdIT§ESIAHCGANSTH: G/aT@ [EEQ IBeNerilbed in Exanpl e 2) was
i ncubafigge vifi Fev20 pmGGGG@aGI@Aem&GE:CTHrAMGMI@AGmAMCMHG reactions
were heat-killed (6,5,6;AA;Lﬁcr[sEQnﬁ _4un on an agarose gel. Results
0030TAEREESLS: e e bt a@@a é‘f?bb‘eéﬁ{é Li gA fusi on
protein shown . &(Si tive Li gA showed
conpar abl e_activity ? At B nzyme for
cohesiPr@-Hherd ||gaM@F}C(<Fféﬁ@§PQTﬁaﬁ@ M@GI@C@STT B@A&&E’%Tt he p50

DNA- bi ndi ng pr ot ei rC@T@FFEé:/’SC&SECMDNpgh%]e 2a) showed an inprovenment to

|'i gat I9gnsacsfi.firt y, GATRAEGCCCTGHGSSTCCATICTTAMIMATASTEONECGAd, the
comercially avail aJQAqrAlg(gqngZerpg pfjowed negligible activity in the

bl unt ¢ y & C‘CQIE M ctrace

activ- %L@g%lsﬁaﬁ T . @éb%{@le%? ac [Jird\;gféfsl n %e bl unt - ended
a : ) S0 olaifode ! ! he p50- Li gA

f usi on. [00305] I n both cohe5| ve-ended and bl unt - ended assays the T4 DNA

| i gasé- poBreductionardrisnlatiopabthefysianpolypepfide No activity was observed with

t he negatl ve control sanples. Discussion I%00306 ]As is recognised in the art

E. col 00293 eRldsmiidss nCeQ}%aS@ihgaqeL oPCAZNwpt4-ligaes p6AB4ANego TG ligase Driad

I | gas ver.,. kHS - bi ndi i
G228 AN Bl SR, Ay PR RN BASMBERHSS S AAER P
t he Cctiiiigd ivusor@itions suitable for the production of fusion polypeptides (28°C, with IPTG added

to a concentration of 0.4 mM). Cells were pelleted, resuspended in Column Buffer (CB: 40 mM
Tris-HCI, pH 8.0; 300 mM sodium chloride; 10 mM imidazole; 10% glycerol; and 1 mM beta-
mercaptoethanol) and lysed by sonication. The clarified lysate was applied to a cobalt-based
rnétal‘afﬁnity resin (Talon, Clontech). After washing to rérnove non-(His)6-taggéd cellular
proteins, the (His)6-tagged fusion polypeptides were eluted with CB containing 150 mM
imidazole. Elution fractions were pooled and- dialyzed extensively against storage buffer (50

mM potassium phosphate buffer, pH 7.8; 200 mM sodium chloride; 10% glycerol).

4. Ligase activity

[00294] The ligase activities of the fusion polypeptides were determined using three assays —
an agarose gel-based assay (see Examples 2 and 3), a cellular transformation assay (see Example

" 4)anda quantative PCR assay (see example 5).

Example 2 — Analysis of ligation actnvnty of T4 DNA ligase fusion proteins
Gel-based activity assay
[00295] For cohesive-ended ligation, a 1,277 bp PCR product was generated by amplifying
the plasmid pCA24N-ompC with the primers - pCA24N.for (5’-
GATAACAATTTCACACAGAATTCATTAAAGAG-3’, [SEQ ID No. 19}) and pCA24N.rev



WO 2011/ 034449PCT/ NZ2010/ 000187 53 Li gA confers on LigA blunt ended
ligation activity, where no blunt-ended ligation activity is observed in
t he nati weoenmyosed49Exanpl e 4 - Transformati on Assay Tr amsfToNzretoiooonsassay
[ 00307] The plasrnid pCA24N- onpC was liqjeari sed with H ndl Il and Spel
restriction enzynmes to produce a 5,032 bp vector backbone and a 1, 311 bp

I nsert si zed Ias
(100 g SECRPRACIGAEPRITRATTE AR S5 HECER Mo 28D rrigeh r o

i nc Ubadl&ﬁ/ed Withiie PEsBS@IdBNEYmeaBpeNoR1diAg tl%)hhd:@ as@mehisgasenPamilar size (638
Sso7d-1igase, or T4 DNA |igase, that were produced as descri bed above.

Aft er BARNGHE0; o dhe 1\8@:pqui.ucte<9f Herfleavage eaetorsyens co-ruakdicd gnd incubatgd imtet he
£ ° ol TR S ipfdu ik RrOAR) 130 BE L IRLE IIRASURRuRL AR%0T ™

cont aipmaeigneynhe lfmnhmmumsl atd6eiC | Tieuleadth \aiis ﬁaﬁped\b@rrhmgﬂng to A37€ fou mf&nhcrrf

col oni es on ea | at e were neasured nd ar ectly roport.i on
number! oPIRES; r a SErACH Ve MEENTLeTHRP Fﬁ@PB‘FgP%‘ng@l? %ﬁqmety

of 1 heoigas Gnd Hh{nMALHRIon B’?ﬁg‘i&& el 03\@%1/1-@‘ %vaE ?x?éégﬁréd qf tﬂekbeppearance of

transformation assay are shown in-Table bel ow. DNA Ti gase and
| i gas eth@yl)IZAﬂbpéngowdmmﬂlet rasd wb@r@swpmmnctemfmlm 6%63%msubhtsats:b@ﬂcﬂ | i gase and

p50 An_1i nsi nt nu

P boer BT { 3 HyRienbel BgionopaotiteA L e e et i tsSsion B

f usi orsfr deSAMY. yieldingotRed Bfeal4rddNfentd g:elep,Negatpr&dcssn bp). TRO717 Bpse) 4
Sso7d- Ilgase18 p50 | 1 gasel7 Ligase-PprA53 Exanple 5 - Analysis of ligation

act i vifragmest mgs Gueified ead jugesd 1 (h(gpf@}) assay by incubating 150 ng DNA with 20 pmol
lygase enzyme for 20 minutes- at. 16°C. The reaction was stopped by heating to 65°C for a further

15 minutes. Ligase activities were determined by purifying the samples using Qiagen MinElute
columns, and then running them on an agarose gel. Activity was measured as the appearance of

the 1,434 bp ligated product, and the disappearance of the 717 bp substrate band.

Results

[00297]  Cohesive-ended and blunt-ended ligation activity of the various fusion polypeptides
is shown in.Figures la and. 1b, respectively. A single band (1,277 bp), as depicted in lanes 2, 4,
5, and 11 of Figure 1a indicates highly effective cohesive-ended ligation activity with the Sso7d-
ligase, ligase-cTF, p50-ligase, and ligase-PprA fusion proteins. The 1,277 bp band was also
clearly evident in lanes 3, 6 — 8, and 10, indicating these fuéion polypeptides also had robust |
cohesive-ended ligase activity. Ligation activity was observed with T4 DNA ligase control
(Figure 1a, lane 14), albeit less than that observed with the majority of the fusion polypeptides
above.

[00298] In Figure 1b, single bands (1,434 bp) are shown in lanes 3 and 4, indicating highly
effecfive blunt-ended ligatibn activity with the ligase-cTF and p50-ligase fusion proteins. The
1,434 bp band was also clearly evident in lanes 1, 5, 6, 10 and 11, indicating these fusion
polypeptideé also had robust blunt-ended ligase activity. Minimal blunt-ended ligation activity
was observed with T4 DNA ligase control (Figure 1b, lane 14), markedly less than that observed
with the fusion polypeptides above.

Discussion

[00299]  The results of the above gel-based assays show that the choice of fusion partner and
the nature of the fusion may modulate the activity of the DNA ligase.



[ 00309] Thi s exanpl e describes the use of gPCR to quantify the |igase
activities of a variety of fusion polypeptides. Materials and Mt hods

[ 00310] Fowocoheasidse- ended | igation, the cleaved PCR pro@aTiNZ2B0®be1d7 gest ed
ompC) descri bed above in Exanple 2 waspincubated in the presence of various
| i gase fusion proteins. In the first experinment, 40 ng substrate was

[ b ith 20 | .of eit.h =1, i -p50,. PprA-li _
soora iRl SpesBiRa fh soeaivred isabBRatiop el TAA Dot WA DL HEGHE at o
was  \W9020d PHPS IARRGTHNZRRIQAOO0ETedStarkBaYbRbRS cWilightidn MRkt @bmphidaas

| i gase-cTF, Ipl,gase- Ppr A, p50-1igase, or Sso/d-ligase. Follow ng incubation
at 1634 BINA ligase natkang aeb%émﬁpn@ pRatsind desion: eBlunserdpdt Hgat@nadeivily PER
Purifi [ it (Q . it t ion . isted of the PCR
ot B B S0ER bl BRSRALYS OkpsgrRggton consTsted o the

| i gati [ t ] ef.i . A ti) tr ol tion | acked
any |1 gase. pr BrEDRle Srranafeh At tsntpr giu pFBciati ek aieR Fetiom on (and

t her efqu ot hiEa@oly Misky of each ligase) was neasured by gqPCR using priners

that anpified a 165 bp fragnent which spanned the |igation site. Detection
of t hd0¥0dfiuctor rrobesiye- liggfidsy bi0naknel Y¥BRpel-dgastedi anmadyubstgreHas

priners; ¢ fo ' T -3 ‘0
o, et TORR I el Pt A e by 30y Lbhiy acjoec.

bl unt -Rededtivhgaticdrat-killed E3°C, Siralin)tindesh 6 ah agarssdogd] r[atadditias télégcrighed i n
Exanpl e 2) was incubated with the same |ligase fusion enzynes (ligase-cTF,

| i gas@Ppind pikbigd ifigae polypertidssd nptivgabig? liggse and ghieg Lopfrah samplgs Weref
subst ragsragedws i ncubated with 1 pnol of enzyne at 16C for 5 hours. The
reaction"was heat-killed (65C, 15 mn), the fragments purified and run on
an agar oee Ryeltive Remrdlt-scopii@tia]ly heaitabdil4 DNA lipdse (§&GRRnexsperi nents are
shown in Figures 3 and 4. The data represent the nean (+/- SEM of three

i ndepend&ntVeggies Garlaf s nodigase addedini ch consi sted of sanpl es assayed i n
triplicate. erq (FIN\/NE. mal i zed to the
activi tyt.ofcof'ﬁéerg%glp(fr?}\%g clo% rIa gr; ?Aelélé I or é(v% Eggﬁ a%@{a?)é%t%? on reaction that
ran f ¢e030@] holrosblunaeited lighton, I20mgrofites pfil/Tmal-dipsttedicip isvlestiatisiao degribedi ns

i n experi nent wer.e p50-1igase and PprA-ligase (Figure 3), which were able
to |ig%ﬁéalaaﬂsr?ém§df1@+ tegouiln 0 PRI o By e me E&B@W ﬁé.)l]é walllherfsa%wgﬁ

act i Ve aBtARiIREQbSIS SWRIS, and Tin DNGh by 88661 | | gase-cTF and | i gase- Ppr A
(Figure 4), which were able to |1 gate between approxi mately 62% and 69% of

the sypstpate DNA nol ecules In contrast, Sso7d-ligase was able to ligate
appr oxi mattel y 30% of the substrate. [00313] The results of the gel-based
assay [00803b| ukivhesideehded gatd blunt-sndeldoligation &atyity eofStheNeggAl duddre pkatgias iion
was observed for Sso7d-]ljgase (lane and T |.igase (lane .5). A trace
arm-un_tSﬁ‘b‘f’n n gf'tdg'ilrsfzac%%??’yr%@wgl@feNﬁé'deﬁd% PREREE- wr%trlsna@tlééff tw_hth e
P50- | i-g@sRréibidN8vAlabRNbidA 8R8C IS ddndfife-SldANPYREnt (M cOCAILS! FRGE YhY Y.
Di scussion [00314] The gPCR assay described above provides further
conf i musithdn thehp?0 DNA-binglang proteae ((laves ¥ aod 4DRIgUIr¢ dajsshooved dpeimiprpramyend thy
its ftllfsit(i)nn tc?.va} [%NA %ie irlllgﬁpsol g%efgti de. A two-fold inprovenent was .
obser v&d' b1 he 5’6’6’ g8, F?é - cTF and |igase-PprA fusion pol ypeptides
gonﬁaqﬁmmg I i/%_gfb'ipecfﬂé@lﬂ% coMih€eialk ,avhidlBigW énz9inet Bigo WedSiepligD® supient iitle -
oth the identity o - .

the blunt-ended )zlissay (lane 8, Figure 2b). The natiye LigA showed trace activity (lane 2, Figure

2b). Robust ligation activity in the blunt-ended assay was shown with the LigA-p50 fusion

construct, but not the p50-LigA fusion. ,

[00305]  In both cohesive-ended and blunt-ended assays, the T4 DNA ligase positive control

showed good activity. No activity was observed with the negative control samples.

Discussion _

[00306] = As is recognised in the art E.coli LigA exhibits reduced ligation activity when
compared to T4 DNA ligase. However, fusion of a DNA-binding polypeptide to LigA improves
ligation activity, .and indeed the fusion of pSO DNA-binding polypeptide to the C-terminus of



WO 2011/ 034449PCT/ NZ2010/ 000187 - 55 the DNA- bi ndi ng pol ypepti de and the
orientation of the DNA-binding pol ypeptide relative to the |igase

pol ypept iwo 2011/03fid4aences the ligation activity of the fesrTonz2pwliopmspti de.
| NDUSTRI AL APPLI CATI ON [ 00315] The fusign pol ypepti des and nethods of the
present invention have utility in a w de range of nol ecul ar bi ol ogi cal

techniques, as wel]. as lication in t.he diagnostics, protein production
Dhar midgg socktrs R kiR bR kel o ety HERDED bifgy erded 1EafloPREMS i
2011/ Q44 R althPAANOLOR/ES7 56 CLAIMS 1. An isolated, purified, Jor
reconbi nant fusion pol ypeptide conprising at | east one

pol ynucl eoti de-l'i gase pol ywehhsda f voffltditnftiond £ one - :

pol ynucl eot i de- bi ndi ng ponpep#iaé. %ﬁgfLe=?dg{o%§%olypeptide of claiml
wher eiFraasfotmeasin oy of the at | east one pol ynucl eoti del irgase pol ypepti de

is a -|j ga o| ypept i . _The fusj.on po tide of ¢claimil wherein
bt Pedttsbha” el BT InscSi b o LR br PR ALBTE e Shelude s ieR
RNA- | i gagiged Qb YiBREdedq- 5032 The vetst WackInéPeRt 1ade 30l BHYinhe fRionfehai Wihl to
3 wherein at | east one of the at |east one pol ynucl eoti de-bi nding :

pol ypeyotipdemensgars colgsivs endisnglhedingpapadi plasmig (106 ag fofi sleplrospladry jaggst vagtor@indany
one of,cl ai 1.to 4 erei.n at. |lea aone of the at | Lone. .

ol ynud Epf Thacin RaieBl ShFy BeicaEibe B elin dihaflies FaR0AERR disasssPrrphe

f usi orsspRd-Yipefe! bl F40DNaNgmBethal weltapbuded & BesokibéEhbovieheABBAINcugARR at
pol ypeptide is a prokaryotic DNA ligase, a prokaréptig DNA i gase vari ant,
or a flgnet fosr@) mipaigeesicht speprlerwasypurtlied Lgige othe pRialdyesk PR Srification kit
wher eip: i i | S; i i terial
A | 1Lz R er P i 2o PSS 2Ll S RSy DR GEre

pol ypeapitedi®nol Bchaidnny cohaiming chlvearpbknidoyasd jpolihapebhhi 88°C sovernigltnprlihses
an E. coli | i gase | ypeptide or a functional, variant qr functional.-
Fr agetititeR 8 epnias oo HaeoneisansAset e 26t SR HEPSHOR 4p HE Brpberept
wher eirieitdigari2Bplak@fbRoRSLIPARH 1iteefofe @ thNd hdlvit N thd I9BSE fusforMirb@in. DNA

| i gase variant, or a functional fragnment thereof, including a bacteriophage
DNA | igaghs variant, or functional‘fragnent t her eof .

[00308]  The results of the transformation assay are shown in Table 3 below. The T4 DNA
ligase‘and ligase-PprA fusion proteins were “shown to out-perform the Sso.7d.—1igase anc‘i-pSO-
ligase fusion proteins. An insignificant number of colonies were observed in the negative
control.

Table 3: Transformation assay

Ligase fusion protein No. of colonies
T4 DNA ]iga.se 47

Negative control (No higase) 4

Sso7d-ligase 18

p50-ligase : : 17

Ligase-PprA 53

Example 5 — Analysis of ligation activity using quaﬁtitati\;e PCR (qPCR)
[00309]  This example describes the use o.f gPCR to quantify the ligase activities of a variety
of fusion polypeptides.
Materials and Methods
[00310]  For cohesive-ended ligation, the cleaved PCR product (Spel-digested ompC)
described above in Example 2 was incubated in the presence of various ligase fusion proteins. In
the first experiment, 40 ng substrate was incubated with 20 pmol of either p50-ligase, ligase—pSO,
PprA-ligase, Sso7d-ligase or T4 DNA ligase. In a second experiment, 420 ng of substrate was



10. The fusion polypeptide of claim9 wherein the DNA |igase polypeptide is
or conprises T4 DNA |ligase, or a functional variant or functional fragnent
t her eof WO 2010384481 on pol ypepti de of any one of cl ai ns PRTINZ2810W0er82i N t he
DNA |'i gase pol ypeptide is a eukaryoti g4DNA |igase, functional variant, or
functional fragnment thereof 12. The fusion pol ypeptide of claim1l wherein

the DNA |i gase | vp i.de |.s a ngal i e a i an | i gase,
or Ca PO REREP D RRERE B iaadicnan R e ki Tfisr S0 LR el

pol ypéapéitdgoht B 1 Minutds Adadh sémf)l@ Wk debafe@ivlinglthd @agjui@BCRf the at

| east one pol ynucl eoti de-bi ndi ng pol ypeptide is a sequence non-specific

DNA- bi Bitiifisatiqrokiy fdiggee A nositiverrentrokicastigpaioppiaisd iof hedtCRppdopleandf TAPRiArs. 1
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2011/ Giz44SRCHIrdlA28%NAAEKES dnp figdse. prdtet. f Tzl anmtoumobl/epdd Itjledﬁxft éﬂ?a/cho n ’?hOf

| ai 4 to 14 erein the DNA-bindin ol epti is selected fromthe
Sr Shgﬁewp (adigeretnre ﬂ@@&ﬂﬁuty pt %ﬁcgﬁwgge) IE)fYaé %&4@@?3 ﬁwfiﬁeuﬁ%p@mﬁ thatng

ar cheghy 3@ 4 1096} Ga PN RINH §AnRELHR1R8tion Site. TH&ediidd PhPRLIRERS Lle of any
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one of clains 4 to 15 wherein the DNA-DUI ndi ng pol ypeptide 1s selected from

t he grgp@iR wenpy bimiding SYBR Rpeeh (HiotReidh gPCRerinwro omps. foadi’odur ansI ( (CjSenBanE
N kagtBT B B CEAAR R At TR SR R PGB Shiimer o 00089)

or onet}@mmo:r@c@gmm@@ﬂmfGM-s’,Fséghmso.t hgy. NF- kappaB p50 protein or a
fragment conprising am no acids 40-366 of the human NF-kappaB protein; the

Ku prd0@3]f r der Webb@déigiatjmtthm‘é’fié&:nélsdige%t@éﬁBalmétrA@dé%@sgﬁbemémber NP
215452).: 7 i . enB A )
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( GenBaigkseh\oc 8sFiddipasg)nBér ealb 2h2fion, 100 @gdsébspiant wasinaibaldel witle 0 @ais$ of
radi odurans; the mapmal i an NFATc proteins, such as the NFATcl protein from
Mis m§f8eUnedt (oceHanRoYes c d 88 raRtomnBe heatmilindd67%, 15gping, ke Hagmegpte puritied

functigfahn MQ&%&’&% defpereof including a fragment conprising am no aci ds
403-703 of the ATcl” protein from Mius nmuscu/us, or one or nore functional

vari amesulther eof ; or one or nore honol ogues, functional variants or

et el | TERLA 0Ll S SO, o ubor, TBr s hergol, 17

t he Nirépk&eat ﬂ@om@éﬁbr@rﬂ_j JPNAY BF Mgk Gnd¥peA®InD ekpekiments, each of which consisted of
samples assayed in triplicate. For each experiment, all activities were normalized to the activity
of the positive control reaction (i.e. a ligation reaction that ran for 16 hours, rather than 10
minutes). The most active fusion proteins in experiment ‘1" were p50-ligase and PprA-ligase

| (Figure 3), which were able to ligéte approximately 60% of the substrate. In experimeht 2, the

most active fusion proteins were , T4 DNA ligase, ligase-cTF and ligase-PprA (Figure 4), which
were able to ligate between approximately 62% and 69% of the substrate DNA molecules In
contrast, Sso7d-ligase was ablev to ligate approximately 30% of the substrate. A |
[00313] The results of the gel-based assay for blunt-ended ligation is shown in Figure 5.
Negligible ligation was observed for Sso7d-ligase (lane 1) and T4 DNA ligase (lane 5). A frace
amount of ligation activity was observed for ligase-PprA (lane 3), while pS50-ligase (lane 2) and
ligase-cTF (lane 4) showed the'greatest activity. '
Discussion _
[00314] The qPCR assay described above provides further confirmation that the ligation activity
of DNA ligase can be improved by its fusion fo a DNA-binding polypeptide. A two-fold
improvement was observed for the p50-ligase, ligase-cTF and lige_lse-PprA fusion polypeptides

compared to ligase alone. Moreover, the nature of the fusion polypeptide — both the identity of



18. The fusion pol Ypeptide of claim 16 or 17 wherein the DNA ligase is T4
DNA |igase. 19. The fusion pol ypeptide of claim16 or claim 18 wherein the
DNA- bi ndiwgQ 2pologpeipt i de i s sel ected from PprA, Sso7d, ardTpa201020018The

fusi on pol ypeptide of claim 19 conprisisng 14 DNA Ilgase and p50. 21. The
fusion pol ypeptide of claim1 conprising 10 or nobre contiguous am no acids
of on us 0 aim
21 ndPEPAER ik Bip Rt st aBudlen PCue EAPAnSRURC bR gt i
aci ds lfgagypdyspydengelspteche tighticnctitRy of hidfusionpolypepitic. V\D

2011/ 034449PCT/ NZ2010/ 000187 58 am no acids 18 to 344 of SEQ ID NO. 6;

am no aC|ds 18 to 300 of SEQID NO 8; anmino acids 18 to 79 of SEQ I D NO.
10; odNIWSBRIALAPBERYCATIQ@NS of SEQ I D NO. 16; and at |east 10 contiguous
am no I ci ds
355 ¢ JOT o T R P R R A Pro B R R P Ry e
aci ds r@get of ﬁﬁﬁeqorlarSE(ﬁog[OaNﬁchm@Luesgrasawrshoasa@;dsati@l il tﬁeﬂalaghos’:ésg pOtND.

16. 23. The fusion ti de of clal erein described with

r ef er EHedCHign Hi’&”@?&%ﬁ%‘? lutriggeutigyl gnd %%ﬁﬁgri fied or reconbinant

pol ynucl eoti de encodi ng a fusion polypeptide as clainmed in any one of
clains 1 to 23. 25. An i-solated, purified or reconbinant pol ynucl eoti de
conprising 10 or nmore contiguous nucl eotides of one of SEQ ID NOCS: 5, 7,09,
and 15. 26. The pol ynucl eotide of claim?25, wherein the pol ynucl eotide
conprises at |least 10 contiguous nucl eotides froma sequence sel ected from
the group conprising: nucleotides 166-1146 of SEQ ID NO. 5; nucleotides
166-1185 of SEQ ID NO. 5; nucleotides 166-1014 of SEQ ID NO. 7; nucleotides
166- 1044 of SEQ ID NO 7; nucleotides 166-351 of SEQ ID NO 9; nucl eoti des
166- 381 of SEQ ID NO 9; nucleotides 1624-2640 of SEQ I D NO. 15; or

nucl eoti des 1654-2640 of SEQ ID NO 15; and at |east 10 contiguous

nucl eoti des froma sequence sel ected fromthe group conprising: nucleotides
1147-2643 of SEQ ID NO. 5; nucleotides 1186-2643 of SEQ ID NO 5;

nucl eoti des 1015-2502 of SEQ ID NO 7; nucl eotides 1045-2502 of SEQ I D NO
7; nucl eotides 352-1839 of SEQ ID NO 9; nucl eotides 382-1839 of SEQ I D NO.
9; nucleotides 166-1623 of SEQ ID NO 15; or



WO 2011/ 034449PCT/ NZ2010/ 000187 59 nucl eoti des 166-1653 of SEQ I D NO 15.
27. An expression construct, the expression construct conprising: at |east
one nucl ewo 2at/id4|il@equence encodi ng a pol ynucl eot i de-| i gase/Nabywpemisy de; and
at | east one nucleic acid sequence enggdi ng a pol ynucl eoti de-bi ndi ng

pol ypeptide. 28. The expression construct of claim27 conprising at |east
one nt@*ghﬁlcsaci d sequence encodi ng a DNA-1igase pol ypeptide. 29. The

expres onstruct of claim27 or claim28 conprising at |east one

nucl eic acid s di - DNA- bi ndi. ng pol tide 30. Th i
Const rlrct  okn draRoBUBRCS o rERumhNEHe NETE PO Pitke SO ang 8 4t one °"
pol ypept i dgobafiBlebiidfgae DWOIYpepade RREYPEPT hdelead ofe L&1ebtieE-binding

pol ypeptide. 31. The expression construct of claim29 or 30 wherein the at
| east one med¥pspddeaci d sequence encoding the DNA |igase pol ypeptide and the

| Gdaci d se g the DNA | igase pol ypepti de :
o esert as eaingh eSuRB S RARTTvARERF UG R SO AL B TR RRLRERb ST 21T

one of cl ailigasepolyseptidle MEDBIAM AR pelypeptidd. on construct encodes a fusion
pol ypeptide as clainmed in any gne of clains 6 to 23. 33. The expressi on

const ruct ofhesfigion pelypeptideatiekingl whersin giHeastrre ehide eklspdour arlyoylsptidict
i : i . i f f SEQID NOCS 5, 7, 9,
conprises %%agé %{Igé&u%%tdngm%@h%{ég?g&g%@ﬁ% or one o Q

or 15. 34. e conprising a I on construct of any one of clains
27 to 433. 3khe fAsihopodlypeptidecdrpy ioge nficlamek pr 2 sdewm atdest pocdf the ablegstome of

clains 27 to,33 or .a vector of claim34 . .36. A copposition conprising a
fusi on pr ot@.’bf?ua'&ow%algwéafgm?? “@‘h'é Né‘l'l?if‘ﬂ’é‘gi’o_ (B’el?tg?e' a pol ynucl eoti de as
clai med i n BRYABE pOly gdtﬁier&aaﬂ 0h® 028aindl PWBSRIPR 1620 8hd SCthe ableadtaneed
in any one of claiis B to 33, a vector as clainmed in claim34, or a host

cell as cl giohmcientidd-hindingolygeptide ivanR¥A fondipg palypeniglea f usi on

pol ypepti d the nmethod ¢ ising: providing a, hagst - I cQ risbin. t
Peast Bne. olisrugeh ok PSRERHAY P a2 0% Ru0gh e dfid 1 EThR PhaRice
conpri si ng:is atprol@@ydticaNE ANigds € Lp@dkargose DA tigagne®idhi)@r @ functional fragment

pol ynucl eoti de-1i gase polypeptide; and at |east one nucleic acid sequence
encodi ng a tb‘?f??ﬁﬂucl eot i de- bi ndi ng pol ypepti de; -

7. The fusion polypeptide of claim 6 wherein the DNA ligase‘polybeptidAe is a bacterial
‘ DNA ligase, a bacterial DNA ligase variant, or a functional fragmerit thereof.
8. The fusion polypeptide of claim 7 wherein the DNA ligase polypeptide is or comprises
an E. coli DNA ligase polypeptide or a functional variant or functional fragment thereof.
9. The fusion polypeptide of any one of claims 2 to 5 wherein the DNA ligase polypeptide
is a viral DNA ligase, a viral DNA ligase variant, or a functional fragment thereof, |
including a bacteriophage DNA ligase, variaht, or functional fragment thereof.
10. The fusion polypeptide of claim 9 wherein the DNA ligase polypeptide is or comprises
T4 DNA ligase, or a functional variant or functional fragn;ent thereof. »
"11.  The fusion polypeptide of any one of claims 2 to 5 wherein the DNA ligase polypeptide
| is a eukaryotic DNA ligase, functional variant, or functional fragment thereof.
12. The fusion polypeptide of claim 11 wherein the DNA ligase polypeptide is a fungal DNA
ligase, a m'arr.limalian DNA ligase, or a functional_variant or functional fragment thereof.
13. The fusion polypeptide of any one of claims 1 to 12 wherein at least one of the at leas-t-
one polynucleotide-binding polypeptide is a sequence non-specific DNA-binaing
polypeptidé.
14. The fusion polypeptide of any one of claims 1 to 12 wherein at least one of the at least
one polynucleotide-binding polypeptide is a sequence-specific DNA-binding
polypeptide.



mai nt ai ni ng the host cell under conditions suitable for expression of the
expression construct and for formation of a fusion pol ypeptide; and

separ at i nyotzha/Buswon pol ypeptide fromthe host cells. B8I/NFheloroeelsdod of
cl aim 37 wherein the expression constmrtict i s an expression construct . -
according to any one of clainms 27 to 33. WD 2011/ 034449PCT/ N2Z2010/ 000187

60 39., A nmeth f 1igati cl ei i d pol inth
et od SconpFs B0 aPREERHE Shemsr OTort Sietorc ard "REFEe iV HHPGRE or
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conprises at least one polynucl eotide-Iligase pol ypepti fused to at | east
one pol ynudikepréteiasnddirehgalsohalieasici RNA-mpdingipeotpsshod of cl-ai m 39 wherein
t he fuysion. pal-ypeptide ¢ rises_at | east _.one i . i fused
o at Peast Bt RERAPBERERRG SbroBen b oot 4k et HBGRSF Yy BRhgRghb 30
wher ei n t heolypsptde iBetly@ed Fiodethe graupi dampridingl east one RNA | gase

pol ypeptide fused to at | east one RNA-bindi ng pol ypeptide. 42. The net hod
of any one &1 Rpra prﬁteggoffBelachmﬁ%mdwd@r@%ﬁeﬁgwéﬂ6f:cet8ﬁen AP ¢ aci d

nol ecules is ?ecule. 43. The nethod of any one of clainms 39 to 41
wherein the one or nof’e nucleic acid nolecules are at | east two DNA

nol ecul es. 4de miinenahiet NdckappaB pyoteinginofudodgatheriNF3RappaB 48oteindran dloeme or nor e

of the nucleic acid ecules is an e. 45. A nethod of
Catal'ys ng. ¢ eGP BRbf\CEespRE SHHbeN et LERhar Ovfhef Pt FHESREA hoo
conpri ses contReldnecaRs i NFRESpIBISI(Eprbiedt bita IREBEM|Bfprking ahihd!8digd

pol ypeptide, wherein the one or nore fusion polypeptides conprises at | east
one pol ynucl edfi3¢é-of ithpadwanandNijkeppabierofaied to at | east one . :

pol ynucl eot i, des bi ndi.n olLypeptide. 46. The- hgd .of, cl aim 45 wherein the
oSt on poty SeK P abteB Y WUBE e By Rk TR P R A B BEPRE F beed 10
at | east one RYA2b548d)Ng pol ypeptide. 47. The nethod of claim45 wherein

t he fusion pol ypeptide conprises at |east one RNA |igase pol ypeptide fused
to at |east tnesoplrraspindiany Spdrigpspoifaericus(CepRenketchewiowfuaigr one of
clainms 45 to e¢Qjn the phosphodi ester bond is an intranol ecul ar bond.
49. The net hod ‘any “one of clains 45 to 47 wherein the phosphodi ester
bond i s an it Sacfid ipesteingrony Salo/o &, achddcuidaciopGérBany Avessaom noonteer of a -

f usi on polypegt%ggs.as claimed in any one of clains 1 to 23, a :
pol ynucl eoti d d claimed in any one of clains 24 to 26, an expression

construct»agﬁgb&@n&@ugﬂoppyhgagxg§nﬁh@%ﬂ§n37 to 33, a vector as clained in
claim 34, a host cell as clained in claim35, or a conposition as clained
i n cl ai m 36 theopamordibh WEAJgairbemsysuch a et NS T+ bprotdio frous &us amecudus mor e

VAR X R R LT
i nvention. thereof including a fragment comprising amino acids 403-7Q3 of the NFATcI protein -
| from Mus musculus, or one or more functional variants thereof:
or one or more homologues, functional variants or functional fragments thereof, or any
combination of two or more thereof. A , |
17.  The fusion polypeptide of claim 16 wherein the DNA-binding polypeptide is the NFAT-
Ala;pSO hybrid DNA-bin-ding protein (cTF).
18. The fusion polypeptide of claim 16 or 17 wherein the DNA ligase is T4 DNA ligase.
19. The fusion polypeptide of claim 16 or qlai'm 18 wherein the DNA-binding polypeptide is
selected from PprA, Sso7d, and p50. |
20.  The fusion polypeptide of claim 19 comprising T4 DNA ljgase and p50.
21.  The fusion polypeptide of claim llmcvomprising 10 or more contiguous amino acids of one
of SEQ ID NOS: 6, 8, 10, or16.
2. The fusion polypeptide of claim 21 wherein the fusion polypeptide comprises at least 10

~ contiguous amino acids from a sequence selected from the group comprising:
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24.

25.

26.
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amino acids 18 to 344 of SEQ ID NO. 6;

amino acids 18 to 300 of SEQ ID NO. 8;

amino acids 18 to 79 of SEQ ID NO. 10; or

amino acids 514 to 842 of SEQ ID NO. 16;

and at least 10 céntiguous amino acids from a sequence selected from the group
comprising: | ‘ ' |

amino acids 358 to 843 of SEQ ID NO. 6;

amino acids 311 to 796 of SEQ ID NO. 8;

amino acids 90 té 575 of SEQ ID NO. 10; or

amino acids 18 to 503 of SEQ IDNO. 16.

The fusion polypeptide of claim 1 as herein described with reference to the examples.

An isolated, purified or recombinant polynucleotide encoding a fusion '_p’olypéptide as
claimed in any one of claims 1 to 23. | |

An isolated, purified or recombinant polynucleotide comprising 10 or more contiguous
nucleotides of one of SEQ ID NOS: 5,7, 9; and 15. _ '

The polynucleotide of claim 25, wherein the polynucleotide comprises at least 10
contiguous nucleotides from a sequeﬁce selected from the group corﬁprising:

nucleotides 166—1146 of SEQ ID NO. 5; ' ‘

nucleotides 166—-1185 of SEQ ID NO. 5;

nucleotides 166-1014 of SEQ ID NO. 7;

nucleotides 166—1044 of SEQ ID NO. 7,

nucleotides 166-351 of SEQ ID NO. 9;

nucleotides 166-381 of SEQ ID NO. 9;

nucleotides 16242640 of SEQ ID NO. 15; or

riucleotides 1654-2640 of SEQ ID NO. 15;

and at least 10 contigﬁdus nucleotides from a sequence selected from the group
coniprising:_

nucleotides 1147-2643 of SEQ ID NO. 5;

nucleotides 11862643 of SEQ ID NO. 5;

nucleotides 1015-2502 of SEQ ID NO. 7;

nucleotides 1045-2502 of SEQ ID NO. 7;

nucleotides 352—-1839 of SEQ ID NO. 9;

nucleoti(ies 382-1839 of SEQ ID NO. 9;

nucleotides 166—-1623 of SEQ ID NO. 15; or
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nucleotides 166-1653 of SEQ ID NO. 15.
An expression construct, the expression construct comprising:
at least one nucleic acid sequence encoding a polynucleotide-ligase polypeptide; and
at least one nucleic acid sequence encoding a polynucleotide-binding polypeptide.
Thé expression construct of claim 27 comprising at least one nucleic acid sequence
encoding a DNA-iigase poiypeptide.
The expressioh‘construct of claim 27 or claim 28 comprising at least one nucleic acid
sequence encoding a DNA-binding polypeptide ‘
The expression construct of claim 28 or 29 wherein the construct encodes a fusion
polypeptide comprising a DNA ligase polypeptide and a DNA-binding polypeptide.
The expression construct of claim 29 or 30 wherein the at least one nucleic acid sequence
encoding the DNA ligase polypeptide and the at least one nucleic acid sequence encoding
the DNA-binding polypeptide are present as a single open reading frame. ' -
The expression construct of ény one of claims 27 to 31 wherein the expression construct
encodes a fusion polypeptide as claimed in any one of claims 6 to 23.
The expression‘construct of any one of claims 27 to 32 wherein the expression construct
comprises 10 or more contiguous nucleotides of one of SEQ ID NO.S 5,7,9,0r15.
A vector comprising an expression construct 6f any one of claims 27 to 33. |

A host cell comprising an expression construct of any one of claims 27 to 33 or a vector

- of claim 34.

A composition comprising a fusion protein as claimed in any one of claims 1 to 23, a
polynucleotide as claimed in any one of claims 24 to 26, an expression construct. as
claimed in any one of claims 27 to 33, a vector as claimed in claim 34, or a host cell as
claimed in claim 35. _ .
A method for producing a fusion polypéptide,’ the method comprising:
providing a host cell comprising at least one expression construct, the at least one
expression construct comprising:
at least one nucleic acid sequence encoding a polyriucleoﬁde-ligase polypeptide; and
at least one nucleic acid sequence encoding a polynucleotide-binding polypeptide;

maintaining the host cell under conditions suitable for expression of the expression

‘construct and for formation of a fusion polypeptide; and

separating the fusion polypeptide from the host cells.
The method of claim 37 wherein the expression construct is an expression construct

according to any one of claims 27 to 33.
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A method of ligating one or more nucleic acid molecules, wherein the method comprises
contacting one or more nucleic acid molecules with one or more fusion polypeptides,
wherein the one or more fusion polypeptides comprises at least one polynucleotide-ligase

polypeptide fused to at least one polynucleotide-binding polypeptide.

The method of claim 39 wherein the fusion polypeptide 'comprises at least one DNA

ligase polypeptide fused to at least one DNA-binding polypeptide.

The method of claim 39 or 40 wherein the fusion polypeptide comprises at least one
RNA ligase polypeptide fused to at least one RNA-binding polypeptide. '

The method of any one of claims 39 to 41 wherein one or more of the nucleic acid
molecules is a DNA molecule. R l-

The method of any one of claims 39 to 41 whereln the one or more nucleic acid
molecules are at least two DNA molecules. oo

The method of any one of claims 39 to 43 wherein one or more of the nucleic acid
molecules is an RNA molecule.

A method of catalysing the formation of a phosphodiester bond, wherein the method
comprises contacting one or more nucleic acid molecules-with a fusion polypeptide,
wherein the one or more fusion polypeptides comprises at least one polynucleotide-ligase
polypeptide fused to at least one polynucleotide-binding polypeptide.

The method of claim 45 wherein the fusion polypepti‘de comprises at least one DNA
ligase polypeptide fused to at least one DNA-binding polypeptide.

The method of claim 45 wherein the fusion polypeptide comprisee at least one RNA
ligase polypeptide fused to at least one LRNA-binding polypeptide. |

The method of any one of claims 45 to 47 wherein the phosphodiester bond is an

intramolecular bond

. The method of any one of claims 45 to 47 wherein the phosphodlester bond 1S -an

intermolecular bond.

A kit comprising one or more of a fusion polypeptides as claimed in any one of claims 1

to 23, a polynucleotides as claimed in any one of clalms 24 to 26, an expression construct

as claimed in any one of claims 27 to 33, a Vector as clalmed in claim 34, a host cell as
claimed in claim 35, or a composition as claimed in claim 36, opt1onally together with
instructions for use, one or more buffers, co-factors, positive controls, negative controls,-
substrates, or other reagents required for activity' of the fusion polypeptides of the

invention.



