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WO 2007/139397PCT/NZ2007/000125 Oil FOLD DOMAINS
CROSS-REFERENCE TO RELATED APPLICATIONS This application
claims the priority benefit of United States Provisional Patent 5Application
N 6/809;205 filed May 26, 2006, entitled "OB Fold Domains;ywhioh7ises12s
hereby incorporated by reference in its entirety. BACKGROUND OF THE
INVENTION Molecular recognition is central to biological processes, from
high-affinity protein-ligand 10interactions to the more transient
protein-protein recognition events of signal transduction pathways. Such
events depend on the versatility of proteins, which have been adapted to
new roles as organisms have evolved. As an example, to capture a
foreign antigen, a small number of antibodies from the immune system's
naive library (which contain?gﬁg?@ﬁrpé?W§ variants) (1) recognize the
antigen and bind to it with moderate affinity. Selection and maturation then
15introduces ERGRF-RIHERONSC T e Révatd te ABRLIAIRIPSPecific
binding required to eliminate the antigen. In this way a staggering array of
bingingmodassanhe safiesoadhediasinatibogdysoaitlal, taent

equester targets, varyi 0 Il malecul le cells,, .. Thi
AT A B LY 0 Do Bta o CrE e T ge e e
incopfanitih b yeferdastt s (19t @etifferent clones) (2,3) that can then be

selected for binding to a 20particular target. Repeated cycles of

amplification and selection for binding can then "discover" the test-tube
antibodies with tight and specific molecular binding characteristics. This in

vitro approach can aso e apRRlige torther seatialgsoior example,

randomization and selection by phage display have been used to study

and improve the hinding of growth hormone and th rw@f tar o
R - tein-licand
o e e o LT B oA R proten-ligan
iiltetﬁeﬁelmpeﬁhfzmtrmgﬂem@ﬁamm@élh@l@glbt}ﬁmI@f@iﬁmﬁiﬁa‘lﬁé‘rﬁ‘ﬁnSdmﬂGﬂ

patRtaRINAEPEcalPIRIRIN A Bl YekhiBi Gaiighal Bhe 3 et Reanuihe subleatiohew

several reviews (8-10). OB-fold domains are generally small strlﬁ:tura{) ¢
roleRSSTBLIMG g GEER of HROIRERIfd CHgIENS ARREGH6P theh mall number o
antibligfenticle diidiedeligesgaehasioabifiting propértesafheppBxiolgddpiidinaisnts)
o REstpdsi aoner hearseLand e meledh o GRER AaBaliRson then
protéins use same face for ligand binding or'an as active site. Different
intrggp:ge fythsrramaionstegengsig Ra s bigklngpraite tindnarequired to eliminate
the MIGRSAGCHA 85 « Sligenucieatigeshpigigintome ahiensansicaiadylis basic
,subst%. OB-fold domains are described iﬁ for exam OI%I %Eglée Curr.
antipgGirscatfoll Igiequesig 8PS a0EBE (HB ST A T REbBAIA AR IS Rev.
Biophys. Biomot Struct., Vol., 32: 115-33 (2003). Canadian Patent
PubliéasiErioroca: By sopleniad St HisdOBERL R LITSEt hRIE hE RS of

antiBRGINGRRReESTBRHisklesy e Df thl: patents, ateatappCAtidns o a
atent application publjcations, scientific publicatio nd.other e "
oo R A B RIS PR HbSEATa by T APec e
the extifdty aBRIERSUM mwd@ﬁeﬁﬁranmwm@&@Wéq@aetgéﬁé@iéam‘ﬁsiwreiﬂ'o
appRIRUIIES 40K géc%?mfeq QBHeld damaing haying, fesiradPrARsHes 8tkiion by

methods of producing libraries of modified OB-fold domains. The present
pha&qégp@gmgaﬁfslapﬁ} de §pdy and improve the binding of growth hormone and the

growth factor heregulin to their respective receptors (4,5), and “affibodies” have been developed
from Hbraries of a three-helix bundle domain from staphylococcal protein A (6,7). This general

area has been the subject of several reviews (8-10).
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the libraries of modified OB-fold domains produced by such methods and
methods for screening such libraries of modified 03-fold domains for
desired biological activities. In addition, the present disclosure provides for
the modified OB-fold domains identified from such libraries. Also provided
herein are modified OB-fold domains obtainable from Pyrobaculum
aerophilum that exhibit modified binding interactions. A modified OB-fold
domain can bind to the same substrate as compared to the

naturaII -occurring OB-fol do E a? gugd%fg@nt %?Strﬁtaﬁsmd
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propatitino acid residue is located in a p- strand of the OB-fold domain binding
face and at least one modified amino acid residue in a strand of the
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omainhas altered binding characteristics
theirastzemypared to the naturally occurring OB-fold domain. Thus, disclosed
herein is an isolated modified OB-fold domain, obtainable from a naturally
occurring OB-fold demsmuwngrairy the Mo ifiedabBifa domain
comprises a) at least one modified amino acid residue in a 13- strand of
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OB-fold domai at le |ed ami acrd residu
meth%ﬁa{ﬁdf%fhﬂﬁ@{i%] % 81 %ogﬁ IHS% chngHt sgrﬁtecii%co%ds?re Ci&s%movrdes for

the 136IE dESGIRTHRA @Eamtl@i;tﬁ@@ﬁdd}lded bmainhl nm&még iy, mptbpd forgsreening

dified d 5 resid .
such e B P I R T R e
131e%echrasabﬁarﬁsmlésséahﬂmf@dlfwd@ﬁ&léﬁ&l%@dﬂﬁtﬁ@eéé“fﬁtd‘%ﬁt‘%{ﬁt]% Also
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domain is known, the invention is a odlflgﬁ%g% -fold do WqEreln the
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AlteRGEHEING BIRANG BRI B NRASF:ipatee ﬁﬁéf@ﬁﬂ%dm snaftadlginds to
occurring OB-fold domain. In another emb r# (}EL{;[” Odlfle%n glng

the ne&mi&r&%%&@ﬂ%%ﬁ%@%&téﬁ%ﬁ%% g@a By & ag%or Cisleast

subsfkgabout 2, about 3, about 4, about 5, about 6, about 8, about 10, about
15, about 20, about 25, about 50, about 100, about 200, about 500, about
1000, about 5000, about 10,000, about 50,000, or about 100,000 of the

In ongrisetifieth @B sfoldvatsehairiswitsd s ytia NG SolLteing binbier plariroa adgturally

occurRRFBBIRAIGhE COrFeRpeRsing-aaT @Y. ECUBINGOBrigiced ontain fbnr modificd
another. embodiment, the invention is a modified OB-fold domain wherein

aminggid ey aﬁﬁ/‘%&éﬁﬂmg OB-fold domain 20occurs in a protein or class of
proteins selected from the group consisting of Staphylococcal nuclease
proteins; Bacterial enterotoxins; TIMP-like proteins; Heine chaperone
CcmE protein; Tail-associated Iysoiyrne gp5, N terminal domain protein;
nucleic acid-binding proteins; inorganic pyrophosphatase; Mop-like
proteins; CheW like proteins; tRNA_anti (OB-fold nucleic acid binding
domain); Telo_bind (telmnere-binding protein alpha subunit, central 25

domain); SSB (single-stranded binding protein family OB-fold domain);
DI IE222 NR-fold domain: DNA linace aden (NAD-Adenendent DNA linace



The binding partner of a modified OB-fold domain may be selected from
the group consisting of nucleic acids, oligosaccharides, proteins,
hormones, and small organic molecules. In another aspect, there is
provided a method of obtaining a modified OB-fold domain as defined
ﬂah%é@b_ ey m(gi];ﬁé% Ghni) a@_ﬁtﬁﬂfﬂﬁl&gisngcgt@&cinaacﬁd i%?c{)ﬁ g ?Bnﬂﬁhl rc@_)lr%in binding face
rrin - omain, or ng a portion thereof comprising a
ags)t%g}tﬂ? %%?ﬁgegl%ué?n)é ‘gggfg%?j%}r% g%?algﬁﬁ’gf the loop, and altering the
nucleic acid such that it encodes at least one modified amino acid residue
bt éeav steanatiftdhebinding fdeeiandior atIpastone modifietianien asithe
F@SIILR 0 3-SHRAAAIRRR A% romRared adhe naskally; asek1Tng, QB:fold
domain, wherein a modified OR-fold domain is obtained and wherein said
modified D33-fold domain has altered binding as compared to said
haitlirsiRPoRetifiherdR sl decidmisitcaid s arseosddisrirddodaps ioop region,
obtaining a modified OB-fold domain comprising a) obtaining nucleic acid
=rRNAREAING,A Rl LequHing. QR Teld.Somain. of£RGading aportien, .
o re%?pocfcgorrrglgré%l_r}% fystrand of the binding face and/or a strand of the loop,
an %) altering the nUCIEIC acid such that it encodes at least one modified
amino acid residue on a 3-strand of the binding face and/or at least one
morlfiediamina Aaidesidys an Asitand o900 a8 sompareg o the
naturally occurring OR-fold domain, wherein a modl e ?oc] domain is
o A e U S hU e CPOReFo - TormEiaHaE i Getincimapeses 2
compared to the naturally occurring OR-fold domain. In another
embodiment, where a binding partner of a naturally-occurring OR-fold
domain is known, the modified binding comprises at least about a 25%,
about a 50%, or about a 75% reduction in the dissociation constant of the
modified OB-fold domain with its naturally occurring binding partner, as
compared to the corresponding naturally occurring 03-fold domain. In
another embodiment, the modified binding comprises a decrease in the
dissociation constant by a factor of at least about 2, about 3, about 4,
about 5, about 6, about 8, about 10, about 15, about 20, about 25, about
50, about 100, about 200, about 500, about 1000, about 5000, about
10,000, about 50,000, or about 100,000 of the modified 03-fold domain
with its naturally occurring binding partner, as compared to the
corresponding naturally occurring OB-fold domain. In one embodiment,
the method further comprises altering nucleic acid encoding the modified
OB-fold domain, and/or altering nucleic acid encoding at least one amino
acid of a protein that comprises the modified OB-fold domain. In another
aspect, there is provided a method of producing a library of modified
OB-fold domain proteins for display comprising, a) obMinine nurid
encoding an OS-fold domain, or a portion thereof, b) subjecting said
nucleic acid to random alterations, to produce a collection of altered
nucleic acid encoding modified 037-fold domains having at least four
randomized amino acid residues, and c) selecting soluble modified 03-fold
domain proteins ror the library, Also disclosed is a method of producing a -
library of modified 03-fold domain proteins for display comprising a)
obtaining nucleic acid encoding an OB-fold domain, or a portion thereof,
and b) subjecting the nucleic acid to random alterations, thereby
producing a collection of altered nucleic acid encoding modified 03-fold
domains having at least one randomi7ed amino acid residue. In one
embodiment, the invention provides for a method of producing a library of
modified 0B-fold domain proteins for display wherein the nucleic acid
encodes at least one amino acid residue of a strand of the 03-fold domain
binding face and/or a strand of an 03-fold domain loop. In another
embodiment, the method further comprises placing the library of altered
nucleic acid encoding modified OB fold domains into a population of host
cells or viral particles capable of displaying said modified OB-fold domains
on their surface. In another aspect, there is provided an isolated nucleic
acid encoding the modified OB-fold domain as defined above. Also

disclosed an isolated nucleic acid encoding the modified 03-fold domain
nhtainahle from a natiriraliyy ocecrirrina O2-fold domain wherain eaid
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In another aspect, there is provided a method of screening a library of
modified OR-fold domains for binding with a binding partner, comprising a)
obtaining a population of host cells or viral particles displaying a library of
o et 1@Bsfold domains on their surface; b) contacting the pomuatian ofoi2s
host cells or viral particles with the binding partner under conditions

suitable for binding of the binding partner to the modified OB-fold domain;
and c) determining binding of the binding partner to the modified OB-fold
domain. In one embodiment, the host cells or viral particles are phage that

at kg Riayheimadified QRrtekheomal %B&H@ﬁ%%id%&ﬂﬁﬁ‘%@ﬁg%e as
the(a?lr c&6V|ded a pha%gllbrag of mOdIerd QB-fold domains, wherein the
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resifmeainct flestasgecththeReds diovide diadngdified: (a3 fold domaigifigpiayedacid

resiQt 1% SRS BESEEILA ARG 'C'r% 0PN BB PR, acia
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LS or L44. Also disClosed are proteins having a
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desi natl 3, U4, U5, U6, U7, U8, U9, 568, 381, pMB

Aoy mw rﬁ%“fs ADiiHER 80638, e, Vothasbis. ARaNI, e 26, -

- aboi34), it L6, labowrtddatonaloos ﬁlbelﬁbm shuhiiioogabsnthe, Qrotebneasn, 000,

De.l f purified., Also disclosed is a nycleic
or BRI AU B Bl POl e A BB MR ST OSSR DR vt

as cqpagid b desighas rrturalivowgarigg OBsoldslagping §n bgtise8nBRdiment,

the MBA& BIY: M?ﬁ&%lﬁiﬁﬁﬁgﬁi&mﬁﬁié sRORNP O @é’%i@%mam
L8, L4, L16 L34, L6, LS%%r L44, Also disclosed is a nucleic acid
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nuclei¢ acid can be isolated, purified, or isolated and purified. B

hypisiae SRIEPRINCSETAE forAiNN GBS OBEIES R AR P OBBIICSD:
DNAldipaien OBYDINESSERcIschl Saummrw@_el‘; SWBZB(2B)pFIDNA bind; Rep-

R o e B TS S B

54 and 55 are interrupted 5- strands and have bulges or loops between
their components. Fig. IC is the corresponding topology diagram for this
protein (24) Residues are shown as circles and hydrogen bonds are
shown as dotted lines. Loops are labelled and the shear number, 51, is
indicated. FIGS. 2A-2B provide an overview of oligonucleotides used
for library construction of aspRS-0B. Fig. 2A shows the secondary
structure elements for aspRS-OB as indicated in boxes above the
oligonucleotides. Arrows and numbers below indicate primers used.

Crosses indicate the randomized codons. Fragments 1-4 are assembled
N the cecond PCR cten In thic ficdiire the BEaceamhivy of the 12mPR1 libhraryv



10 This schematic ribbon diagram of IF-SA shows the OB fold at the
C-terminus and separated from the N-terminal domain by a linker.
3-strands and cc-helices are shown as arrows and helical ribbons,
respectively. 3-strands 1-3 form the proposed single stranded DNA
binding face of the OB fold. Fig. 4 illustrates the crystal structure of E. coli
asp-tRNA synthetase (ICOA, (37)). This 15schematic ribbon diagram
shows the structure of aspRS showing the relationship between the
ruv@ R apgihe ShterminakrNayadic domdiar dltedands, dndistliees 2

h d helical ribb ivaly. indina.face i
By e
therhSoBIRNEEA G5y Hige BA SO Smwtseuusiteaaiignient iR man

OB fold domains from diff Gl 19,2 A S havistha seganrda i
Whewgh, ?Jre?rgf‘?%ﬂ@gg%%ﬁé@i?e%&ﬁgﬁgtﬁgiequence) and (3;strands g”;&re
ce

invelatelisch Rwkfttd EPwinisl dpromirs wher s RS HEFE B &g §

strarddl Ik B3R REE2F@Ndomized in some libraries. Note that the human and
yeast sequences have long Ntennini and do not start at residue 1 in each
case. Numbers at right indicate ami ' itions| eRketBINebig.
5B o?ﬁgzﬁ%pgr%eﬁegr%emg |§e§1§%‘ %& Ig&%@%ﬁ(}jﬁ%ﬁgf& s from diff re&t

cens%‘ﬁjg&ﬁ&@lﬁ@@dﬁ@iﬁﬁ%@ﬂ@lé@?ﬁu@ﬁ&éﬂéiWWO%W%—%@%%F%O%G e
aerophilum (P.a.), Pyrococcus Icodalcaraensis (P. kodak.) and
Escherichia Coli (E. coli). Sequence identifies are indicated by asterisks.

In andther sawohtiery struotided ofwieoo B fhldiNNmARAtEeE SO Al SRgBeids! e

above- TIRQRiBgMveen strands 4 and 5, loop 4/5. Fig. 6 is a schematic
drawing of pRPSP2 used for phage display of-aspRS-OB and derivatives.
Shown are phage shock promotor (psp), pelB leader sequence, cloning
siteaieies ARG ILeRCAIE K BT FaLY Eﬁﬁﬂnﬁé%sffe%g-dmyc tag used for

Westegmanakysisaiit the:gni genefenopdiing te%fiPbttein. Phage

displayed:fusion prajeins.ceesist phiagene product of inserted 5gene

into cloningsite, the c-inyc tag and pill protein. pRPSP2 also contains a

bet%"%%%@%%%&%%eaé%rﬁ%%&%&%@migﬂé@&m&&ﬂe&m in Fig. 6). Fig.
7 is 3 Western anal '

alysis of phage displayed aspRS-0B..Left lane (no
insert) FESREEHEEIHif Urﬁ)ﬁ'é"s"aﬁ%ﬁbfﬁ%ﬁgﬁ p%?\’igag v \%é%%sed to prepare
TDPs; genfigirdershows aspRS-OB:fersef 13950 PHISPIAYEH on VCSM13;
right lape aspRArQB:an2 bslelelign-phage£0: Vaiddted TDPs were boiled
in presence of SDS and BNJE $nd se}gga;%teg ﬁe&g‘gqggd)S-PAGE followed
by tran<fsfY8 @BHStR AT REITi58 membrane, Detection was
perfooriedsirsingpieroristinarnt cormprebintBe v AT L8RP onjugated
rabbit aptiznnomsesantibody. Fig. 8 shows a mock phage experiment
with aspRS-OB displaying TDP and wild-type VCS-M13 phage to show

functional display of wild- fold from aspl -hingding;to asp- 15
tRNA. HimoBiesd Wts\/}\//(gdio%c%ﬁ ated leﬂ?ﬁ?\flpgs\%ﬁ)%%la-type phage,

comBAGisnipy:anshaspRS: QR disptiyigEoRIT hevatoe PGS vy
was >1000:1, After washing boynd parficles, were-Luked by:RiNAdigeastions,
SEOWIQBQ@R?#%S%E@E%I\]} ?flgagc%égﬁlgas calculatedé by di;{digi g outg% and. e on
and injuitefinashe nuieis avid suah dhatirusaderdt FESRE B AP mmobize
» p-IRNA P 8E Tialkle, Gaferinput ancouipuheiird2afie 2ié menrichmam{as:
-log (output phage / input phage) ) e from round ane 19 #ou e $hiof
loomsalEORRITEH %F%?Pé%”ﬁ%#? ﬁc?ggsj?@o%?c?’ﬁ‘ﬁlejc‘f’g asp-tRNA and 13mRL
donDmebBRASH HRINAhiackediroikSsdiORet rispuinyus AfiFE WA E AL OGP
broken line)  .Figy 1015 3 SUmmarkehseauanaeang ysis ok seldeipphrmer of
to 1 Ega#gr%)c %ﬁﬁ%qg%%é%q on asptRNA. Out of 12 c[!%%esd L0.contained. i,
2 naurddopdcimitscOf-Selssimsin Ir kpesin. e ms! HSE Boer 3 and % an
259R 18RS 569/ S ANSENSHYSRANEISEINES dugyesiaddm ek (B BaifFy.
11 shows an analysis of binding of selected clones to asp-tRNA by
monoclonal phage binding experin}fents. Biotinylated asp-tRNA was
hninobilised on streptavidin coated magnetic beads and incubated with
monoclonal phage samples RNA-bound particles were specifically eluted
by RNA digestion and counted by bacterial infection. The Y-axis shows a

recovery factor which is calculated using the munber of input phage,
nitniit nhane from haade onlvy and aliited nhane from tRNA Evhnarimente




5 represent standard deviations. plLI: no fusion; OB3wt = wild type

aspRS-0B; D07, D09 mutants from 13mRL selected on asp-tRNA; 16, 17

were mutants pMB16 and pMB17 from aspRS-OB RL selected on

asp-tRNA; L6 and L33 were mutants from 13mRL selected on lysozyme.

Fig. 12 is a summary of sequences from aspRS-OB libraries before and
OBaftéd detedttionhit By msetegivngdii-bithe)aodfpmsd SnilR|cdibesnynding
natﬁ%gl}%% n%%%' IE)& '&IGM% Qx&%tﬂ&%%%ﬁ%ﬂe%%om}om& C(gll HSBS a

Mutants fro cted on asp-tRNA. D. Mutants from 131nRL Selected

decgnydp- ﬂmdﬁ@amtm@smﬁ@afé@féﬁwt|9’@a%>2n@.% RRIASROHES,
abolMRE SRAVENSRIIS BRATHEIAR Yelheerresrpadisg sesidueaurberoarwbout

R T TR Y e T
OBHSA {urhife Withs)santhirity batadinyitindioppoloeglap hone ssadiplbs frorsponding
nangﬁ Wacter%? ngs ﬂi g‘x?é%ﬁib%ﬁn@e%‘ qge%@ﬂ@d\ﬁﬁ{ﬁe?& r#g@&daltenng

ctlon Numbers on Y:2axis indicate the number

ﬂuc}@‘é@Qé‘ré@P%ﬁ@@Wﬁi@sQﬁef‘@lb%l}%ﬂﬁé’ér‘?éi@%%wl%‘ﬁ PR RoSpdE R 8t
JeastUsiO @R BLYI\EGLR BN dHRBWh e wild ypemaRSrIBdispiayed.

20Fig. 14 shows analysis of binding of selected clones to lysozyme by
ELISA. BSA (white), RNaseA (hatched) and hen egg white lysozyme
(black) were immobilised and incubated with monoclonal phage samples.
Bound particles were detected with a mouse anti-M13 primary antibody
and an HRP-conjugated anti-mouse secondary antibody. Experiments
were performed in duplicate, error bars represent standard deviations, pill:
no fusion displayed, OBwt, wild- 25 type aspRS-OB fold. Figs.
15A-15B show pull down assay with purified aspRS-OB mutants selected
on lysozyme. Fig.15A: Mutants were immobilised as GST-fusions on
glutathione beads and incubated with lysozyme. After washing, beads
were analysed on SDS-PAGE. Lane 1: WO
2007/139397PCT/NZ2007/000125 13mRL81 (unselected mutant,
negative control), 2: L5, 3: L16, 4: L4 (L18), 5: L8 (L21), 6: beads only
(double negative control). Fig. 15B: L6 (soluble fraction in lane 1) was
immobilised and incubated with lysozyme in same way as above. Beads
were loaded and analysed on gel after washing with TBS (lane 2), TBS-T
(lane 3), TBS-T 500mM NaCl1 (lane 4). 5Fig. 16 shows a binding curve
using surface plasmon resonance to determine the Kd for binding
between a selected OB-fold domain L6 and Lysozyme. The calculated Kd
from this experiment was 3.6x10-5 M. Fig. 17 shows the structure of
the OBody-Lysozyme complex. The OBody is depicted as a cartoon (at
left) showing secondary structure elements. Lysozyme is depicted as a
cartoon (at 10right). Arg39 (from the OBody) is shown as sticks and points
towards the active site of lysozyme. This residue forms hydrogen bonds
with the active site acidic residues of lysozyme - G1u35 and Asp52 (see
figure 20) Fig. 18 shows examples of hydrogen bonding interactions
at the protein-protein interface for the OBody-lysozyme complex.
Residues are shown as sticks and are labelled (T)36 and Y37 15 are from
the Obody; W63, D101 and N103 are from lysozyme). Hydrogen bonds
are depicted as dotted lines. Note that the H-bond from D36 to W63 is
between the backbone carbonyl of D36 and the side-chain NH group of
W63. Fig. 19 shows the potential for OBody L8 to be a Lysozyme
inhibitor. E35 and D52 are the active site catalytic residues for lysozyme
and H60 is from the natural inhibitor of lysozyme. 20 His60 makes
hydrogen bond to lysozyme 01u35, thus inhibiting the enzyme. R39 from
the Body hydrogen bonds to both E35 and D52 in a similar manner. The
backbone of the Body and the natural inhibitor of lysozyme are depicted
as C-alpha traces. The C-alpha trac r lysozyme is omitted for clarity. 25
BRIEF DESCRIPTION OF SEQUEN LISTING Sequence ID No.



Sequence Name L Ul 2. U2 3. U34.U45.U56.U6 7. U7 8. U8 9. U9 10.
, S68 11. S81 12. pMB16 13. pMB17 '

In another aspect, there is provided a method of producing a library of modified OB-fold domain proteins

for display comprising,

) obfaining nuckeic acid encoding an UB-{bld domain, or 2 portion

thereof,

b} subjecting said nucleic acid to random alterations, to produce &
collection of sltered nucleic acid encoding modifisd OB-fold

domains heving at least four randomized arsine acid residuss, and

¢} selecting soiuble modified OB-fold domain proteins for the library,

Also disclosed is a method of producing a library of modified

OB-fold domain proteins for display comprising &) obtaining nucleic acid encoding an OB-~fold
domatn, or a portion thereof, and b) subjecting the nucleic acid to random alierations, thereby
producing a collection of aliered nucleic acid encoding modified OB-fold domains having at
least one randomized amino acid residue, In one embodiment, the invention provides for a
method of producing a library of modified OB-fold domain proteins for display wherein the
nucleic acid encodes at least one amino acid residue of a sirand of the OB-fold domain binding
face and/or a strand of an OB-fold domain loop. In another embodiment, the method further
comprises placing the library of altered nucleic acid encoding modified OB fold domains into 2
population of host cells or viral particles capable of displaying said modified OB-~fold domains

on their surface.

In another aspect, there is provided an isolated nucteic acid encoding the modified OB-fold domain as

defined above.

Also disclosed an isolated nucleic acid encoding the
modified OB-fold domain obtainable from a naturally occurring OB-fold domain, wherein said
modified OB-fold domain comprises a) at least one modified amino acid residue in a - strand
of the OB-fold domain binding face as compared to the naturally occurring OB-fold domain, or
b) at Isast one modified amino acid residue in a p- strand of the OB-fold domain binding face
and at least one modified amino acid residue in a strand of the OB-fold domain loop region, or
¢) at least one modified amino acid residue in a strand of the OB-fold domain loop region, and

wherein said modified OB-fold domain has altered binding characteristics as compared to the



14. pMB12 15. pMB18 16. pMB15 17. DOS 18. DO7 19. DO9 20. DO4 21.
L14 22. L8 23, L4 24. L16 25. L34 26.

naturally occurring OB-fold domain. In another embodiment, where a binding partner of a
naturally-occurring OB-fold domain is known, the altered binding characteristics comprise at
least about a 25%, about a 50%, or about 2 75% reduction in the dissociation constant of the
modified OB-fold domain with its naturally occurring binding pariner, as compared to the
corresponding naturally occurting OB-fold domain. In another embodiment, the altered binding
characteristics comprise a decrease in the dissociation constant by a factor of at least about 2,
about 3, about 4, about 5, about 6, about §, about 10, about 15, about 20, about 25, about 50,
about 100, about 200, about 500, about 1000, about 5000, about 10,000, about 50,000, or about
100,000 of the modified OB-fold domain with its naturally occurring binding partner, as

compared to the corresponding naturally occurring OB-fold domain.

5a



L42 27. L6 28. L5 29. L44 30. Oligo 005 31. Oligo 006 32. Oligo 011
33. Oligo 012 34. Oligo 050 35. Oligo 054 36. Oligo 055 37. Oligo 056
38. Oligo 057 39. Oligo 058

In another aspect, there is provided a host cell or viral particle comprising

nucleic acid encoding the nucleic acid of the modified OB-fold domain described above. In another
aspect, there is provided a phage comprising a nucleic acid encoding the modified OB-fold domain
as defined above. In yet, another aspect, there is provided a composition comprising nucleic

acid encoding the nucleic acid of the modified OB-fold domain described above.

In another aspect, there is provided a method of screening a library of modified
OB-fold domains for binding with a binding partner, comprising a) obtaining a population of
host cells or viral particles displaying a library of modified OB-fold domains on their surface; b)
contacting the population of host cells or viral particles with the binding pariner under
conditions suitable for binding of the binding pariner to the modified OB-fold domain; and c)
determining binding of the binding partaer to the modified OB-fold domain. In one
embodiment, the host cells or viral particles are phage that display the modified OB-fold

domains on their surface.

In another aspect, there is provided a phage library of modified OB-fold

domains, wherein the modified OB-fold domains are obtainable from Pyrobaculum aerophilum.

In another aspect, there is provided a modified OB-fold domain displayed on
the surface of a cell or viral particle. In one embodiment, the cell or viral particle is a phage,

bacteria or yeast.

In another aspect, there is provided a modified OB-fold domain attached to a
solid support. In one embodiment, the support is selected from the group consisting of beads,
glass, slides, chips, and gelatin.

Also disclosed are modified OB-fold domain protems having the
sequences listed in Appendix II and of the designation U1, U2, U3, U4, U5, U6, U7, U8, US,
S68, 581, pMB16, pMB17, pMB12, pMB18, pMB15, D05, D07, D09, D04, L14, L8, L4, L16,
134, 142, L6, L5 or L44. Also disclosed are proteins having about 90%,
about 95%, about 98%, or about 99% sequence homology to the sequences listed in Appendix II
and of the designation U1, U2, U3, U4, U3, U6, U7, U8, U9, S68, S81, pMB16, pMB17,
pMB12, pMB18, pMB135, D05, D07, D09, D04, L14, L8, L4, 116, L34, 142, L6, L5, or 1LA4, o~



40. Ol?go 059 41. Oligo 060 42. Oligo 061 43. Oligo 062 44. Oligo 068
45, Ol!go 028 46. Oligo 029 47. Oligo 032 48. Oligo 033 49. Oligo 034
50. Oligo 035 51. Oligo 074 52. Oligo 076 53.

Alse disclosed are proteins having about 90%, about 95%, about 98%, or
about 99% sequence identity to the sequences listed in Appendix II and of the designation Ul,
Uz, U3, U4, U5, U, U7, U8, UY, 568, S81, pMB16, pMB17, pMB12, pMB18, pMBIL5, D03,
D07, D09, D04, 114, 1.8, L4, L16, L34, 142, 1.6, LS, or L44. In all of the above embodiments, the

protein can be isolated, purified, or isolated and purified.

Also disclosed is a nucleic acid encoding the protein specified by
the sequences listed in Appendix II and of the designation U1, U2, U3, U4, Us, U6, U7, U, U9,
S68, S81, pMB16, pMB17, pMB12, pMB18, pMB15, D05, DU7, D09, D04, 114, L8, L4, L16,
134, 142, L6, L5, or L44, Also disclosed is a nucleic acid encoding a
protein having about 90%, about 95%, about 98%, or about 99% sequence homology to the
sequences listed in Appendix II and of the designation U1, U2, U3, U4, U3, Ue, U7, U8, U3,
68, S81, pMB16, pMB17, pMB12, pMBI18, pMB15, D05, D07, D09, D04, L14, L8, L4, L1e,
134, 142, 1.6, L5, or L44. In another aspect the invention provides a nucleic acid encoding a
protein having about 90%, about 95%, about 98%, or about 99% sequence identity to the
sequences listed in Appendix I and of the designation U1, U2, U3, U4, U5, U6, U7, U8, U,
368, 881, pMB16, pMB17, pMB12, pMBIS, pMB13, D03, D07, D09, D04, L14, L8, L4, L.16,
134,142, L6, 1.5, or L44. In all of the above embodiments, the nucleic acid can be isolated, purified,

or isolated and purified.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1C show an OB-fold domain from the Streptococcal superantigen SMEZ-2
(25). Fig. 1A illustrates the concave binding face. Fig. 1B is the schematic structure with beta
sheets and loops labelled along with the N- and C-termini. b2, b4 and b5 are interrupted b-
strands and have bulges or loops between their components. Fig. 1C is the corresponding
topology diagram for this protein (24). Residues are shown as circles and hydrogen bonds are

shown as dotted lines. Loops are labelled and the shear number, S, is indicated.
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Oligo 078 54. Oligo 089 WO 2007/139397PCT/N Z2007/000125 55.

Oligo 051 56. Oligo 052 57. Oligo 053 58. Oligo 018 59. Oligo 019 60.
Oligo 030 61, Oligo 031 62. Oligo 073 63. Oligo 075 DETAILED
BDESCRIBRTAON OF THE INVENTION The inventors discover@adameazo07/000125
"GB-fold domain(s)" or "OB-fold(s)" or "OB-fold protein domain(s)", which
were originally named for their observed oligosaccharide-oligonucleotide

FIGS. 2A-2B provide an overview of oligonucleotides used for library construction of
aspRS-OB, Fig. 2A shows the secondary structure elements for aspRS-OB as indicated in boxes
above the oligonucleotides. Arrows and numbers below indicate primers used. Crosses indicate
the randomized codons, Fragments 1-4 are assembled in the second PCR step. In this figure the
assembly of the 13mRL library is shown (also see Table 4). Fig. 2B shows the overview of
oligonucleotides used for library construction of IFSA-OB. The assembly of the different
libraries is performed in three independent ways for 11m, 9, 2RL and 2RT+2 libraries.
Symbols are as in Fig. 2A.

Fig. 3 illustrates the Initiation Factor [F-5A from Pyrobaculum aerophilum (1BKB, (34)).
This schematic ribbon diagram of TF-5A shows the OB fold at the C-terminus and separated
from the N-terminal domain by a linker. B-strands and o-helices are shown as arrows and helical
ribbons, respectively. B-strands 1-3 form the proposed single stranded DNA binding face of the
OB fold.

Fig. 4 illustrates the crystal structure of E. coli asp-tRNA synthetase (1COA, (37)). This
schematic ribbon diagram shows the structure of aspRS showing the relationship between the
OB-fold and the C-terminal enzymatic domain, f-strands and o-helices are shown as arrows and

helical ribbons, respectively. The binding face is indicated (36) comprising B-strands 1-3 and the

loop 4/5 petween B-strands 4 and 5.

Figs. 5A-5C show the sequence alignment of aspRS OB fold domains from different
species. Fig. 5A shows the secondary structure of the OB fold (indicated below the sequence)
and B-strands are labeled. Residues with arrows are conserved residues on the binding face and
have been randomized in some libraries. Note that the human and yeast sequences have long N-
termini and do not start at residue 1 in each case. Numbers at right indicate amino acid positions
in each protein. Fig. 5B shows the sequence alignment of IF-5A OB fold domains from different
species. Fig.5C shows the sequence alignment of aspRS-OB from P aerophilum (P.a.),
Pyrococcus kodakaraensis (P. kodak.) and Escherichia Coli (E. coii). Sequence identities are
indicated by asterisks. The secondary structure of the OB-fold is indicated below the sequence:
I=loop between strands 4 and 5, loop 4/5.
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5binding properties, can be used as molecular recognition domains or
scaffolds for producing modified OB-fold domains, and for creating

libraries of modified OB fold domains which can be screened for desired
bittogical sastivities, such as for example, binding to desired targetszandoooi23
altered enzymatic properties. While the OB-fold domain was originally

named for its oligosaccharide-oligonucleotide binding properties, it has

since been observed at protein-protein 10interfaces as well (Theobald at

al., Annu. Rev. Biophys. Biomol. Struct., Vol. 32:115-33(2003)). -
Acqardingly sthe preseatiRyriRpEelies: Bt dQineyse AL RBAId

domains, or portions thereof, in methods ofgoducmg modified OB-fold

deriipiieindPRavi AL BREFWIOREMRS” MitheadrludtentFitBugsfte which
contiiaglified/6Bfaler elameating; sthee, libtaiessalsed doified - fakdyWRmainge olll gene

oduced. by such methods: methods for screening such librariesof | ..
e P e D AT S it o msertod
gengripififibaiiassifol dhd ormaintschadtiflEd febrin. QITFSBraise soRane rdiplestamase
genSYGHUREREES:PLMRGIfIR L OBHQIA domaips can be screened for modified

OB fold domains, or portions thereof, having increased or decreased

bingingnteractions with.a paricula ita{%% AN ELaSUCh 85 108 1
exaniple, a nuc eg%ia%, rotelﬁ, Gt carbo ydrate; or ircreaseq or
reprgessie a5 @ren 2y Aty EoityR MG 2007198838 TRCTINE 206710508 SHots

aspRisLEIFRHR BXaMPies dircleaedranen.he nveniars ayedamansiiaiefage
3Droqlpctlon of a h,a?%(;e, display I|braﬁré§of modified OB-fold domains basedA
V@orl the' R BRACOTHOI BIFHARGY QbRTAT Tt AYTaHE e PRRRIS G S -PACE
foll¢Aep Rl dnefer RyrObdouuraethphitumensiabiitpatdienrepR&fnedifiesdns a
mo@ERId domalns Rieycedaand.aiongh aldind,of AShRSmerifed OB-fold

i
5domains produced. In illustrative ekxamples disclose hereln,¥he
inventors have demonstrated the functional display,of AspR odified
e N R e R e
VCHallibrangéao B&l@diﬁﬂd@&fd[dpdﬁ@mﬁwmwyﬂ@w&é&é@mmﬁﬁibg bigding to asp-
RNGEMARSIAIES Retein, 06, UsRIPHvoresaRle %H&%E%lﬁ%é%%&‘rﬁfi%ﬁzéﬁ%d

select a modified AspRS OB fold domain that was converted fr _
aspReriEi sl Binding: domaie i s makliraild osecuiiy staderniishing bound
partiyRe ?&&m%ﬂi@ Emia@mm@wlm?i}s@@.i ngame@@eiga @@di&ﬂﬁaﬁlﬂiﬂculated by
..methods disclosed herei illu jve odiments disclosed,
o) YL ATl Cochh eSS PG 1 (A
Sce dobtamam@Bidldudvrindilawas used to produce libraries of modified
OB-fold domains. The discovery that OB-fold domains of proteins can be

useri@as & piedteiohsieniysedleg ngnbotpiogdiestB-fald dom gitagof-dilaranies one to

rour &%ﬂ@&%&’%‘@ﬁ%?&f&aﬁ? Afd,seraening, fof Molecularsgeoaniion ey o
events has appl?ca Ions In uggnos iCang’ erap Gtic hethods and, as
cithgreaspriBetfribledk chalssadvimtaigesoo o dabife siknewbrifandnsit using
antibodies or other protein scaffolds. As will be understood by one of skill
in thgzart, thestethegsidisplaseddtyeincfocierepbdhiion fbfa OBRTYselkcted on asp-
odifi +fold d ins of AspRS er. IEBA-from Ryrobacuyhun 20 .
e e e T M 2 s a i
pos ich G st ReimpOsAd: Wil FPrstiTHRFtuaRF DY th Uk sethsdi additidnal
display and screening methods known in the art can be used to identify
mo#Hifiett @B+feldh domhaine fanitnpddsiiectqroparties ap HRNSObY monoclonal

P Rl A PACAE B Cae s S S Ha Ropey

example, OB-fold proteins can be covalently 95coupled to a fixed surface,
or could be bound to a surface using an affinity tag (e.g., a 6xHis tag).
Methods of covalently coupling proteins to a surface are known by those
of skill in the art, and affinity tags that can be used to affix proteins to a
surface are known by those of skill in the art. Further, OB-fold proteins can
be coupled to a solid surface, including but not limited to, beads, glass,
slides, chips and gelatin. Thus, a series of OB-fold proteins can be used to
make an array on a solid surface using techniques known to those of skill

in the art. For example, U.S. Patent Application Publication No.
200A/000052N Adicrclnecae maethnde to nrenare arrave Cenaral Technidriac
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5conventional techniques of molecular biology (including recombinant
techniques), microbiology, cell biology, biochemistry and immunology,

which are within the skill of the art. Such techniques are explained fully in
tholteratsre7such as, Molecular Cloning: A Laboratmy Manuatzgetontieso12s
edition (Sambrook et al., 1989); Oligonucleotide Synthesis (M.J. Gait, ed.,
1984); Animal Cell Culture (R.l. Freshney, ed., 1987); Handbook of
Experimental Immunology 10 (D.M. Weir & CC. Blacicwell, eds.); Gene
Transfer Vectors for Mammalian Cells (J.M. Miller & M.P. Cabs, eds.,

138@ agxu”e ft%a! ﬁ%ﬁmmésag@éﬁaag&%émg%ﬁh%taﬁlaa%m

ynlerase Chain ction, (Mullis et al., eds., 199

se%@”@aﬁbmﬁaﬁée&@%%ﬁ%ﬂ@ﬁ@%b@ﬂw@@ﬁhgﬁﬁf@i fegiden Ib@?{)‘a’flﬁéhows a
IEGOW%%%H@M&(@% ch¥\ildned o 1StpakinaRressi ﬁhzﬂg@%m&ﬁdds

ethods of Immunolo nalysi Masseyeff, W.H. Albert, 15an
e ey S e e i o
repr@anﬁatmdetcadieﬁﬁﬂ&;ﬂdmmngmom@B&MWlahW@@ﬁt%@BﬁH&?rM
mutﬁlqll)igg IISM% eW%%@a%@M‘W@??%@%@&W@%B PNPB17 from

As used herein, the term "co sing” and its cognates are used.in thelr

aspRARRIGE sdpded QEﬁattWéq%E/%éﬁ%&)"(ﬁ@ PRRFREFHERTRY H&‘%&eif? ed on

1ysogﬁg§spond|ng cognates. As used herein, the singular form "a", "an",
and 'the" includes plural references unless indicated otherwise.

&U%f{&!&l&lﬁlﬁ racierized a6 RRING Rl dRmA R AR KRQW B on.

in t € art and described herein. As described herein in more_detail,
A. BefimoroipelismdinEhdeimphaeas PRy Buame Hib A tom Biidibrng B- Soluble
uns@beluratdentuse ok arbnsamaehte lﬁoaﬂﬂlbmdmgifamesﬁBN&ldm Ovagints from

mbers may al h e tis I
B e e e T e R RS
seqx@@efmxdmnmm m@@hmm@mm@aﬂyue@@umﬁémeh%@m domain
refers to an 013-fold domain that has not been genetically engineered to
co mﬁme uhlgie awmpﬂmmm&aﬂoﬂﬁ isationso Aswused.heBsiny@l plate was
ccaai:elg| tlhl }gsoo L f%are é tO 01(:]_%% @ﬁ%?e%gﬂ%%%qg&l 1% mm%glﬁﬂfiphage

duie5s o naturally occurring OB-fold domain.

smm@dﬁtmamm piakrssafia Slearsds §ﬁb@ﬁ%ﬂﬂ’érﬁ%@é&ﬂ@ﬁ”@¥%ﬂ‘é@ dithrgpated by

bact%ﬂﬁ?e%t@ﬁﬁl@&%@ ation.the rﬁ@f@&?@t@?ﬁlﬁ§&h@oﬂi@ﬁ!ﬁ%ﬂé@@%@ﬂa&s the clone
domain retains the fold-related bin |n face S |t| ava Ie for
o R L HTHE SR Kot e BN AV EGA G prs-0B
displik@diold domain” retain the exact structural features of a naturally
occurring 013-fold domain. Modified 013-fold domains, may comprise

mogificadionswin ARy MRiNecd sesititeingbiding modifisatiomisanBsA

aming_ acid residue_of blndl a the 1 in facel sthe
o0 A SHTL B TSRS b o (e e eI S bt
wiﬂfuymmpmm@mwmmpfemscpmtemttﬁas igerotatsgiobeihio anusvediddilkptmary
anusl&&i{ AL HHRS! CRMPASE,ATINN, acggcgml? %ﬁaegalmyeﬁﬁemmeé He@fmmed
pro

elin comprising the OB-fold domain, as as the madified OB-fold
in dpliEin FERTIATREPTBIERt EritRtrrl damr ers P lcperision sl b e wild-
typd ALSIACHEm sl a binding partner. In some examples, a modified 013-fold
domain 15is characterized by an ability to bind a binding partner that the

natyrally OEcLRng AL 3AalshAomain ARes ARt RAREOBXAMRIS dtcted on

modified OB-fold domain has modified blndlng with its paturally occurring
1YS%Wn51&é%eMTﬁ%ﬁi@%%ﬁ?ﬁf@§e€a?ﬁ GBS AR Rt EEethER s,
incuiemevethTamrahleasia pattien sédhevrmaturallysetonShg frateih buibih
which it is contained. In other examples, a modified OB-fold domain is
associated with a non-naturally occurtihg protein. 20 In other examples, a
modified 013-fold domain is associated with a naturally or non-naturally
occurring protein, to which the naturally-occurring OB-fold domain does
not bind or to which the naturally-occurring 013-fold domain binds only
non-specifically. In other examples, a modified 013-fold domain can be
produced where the naturally-occurring 013-fold domain does not have a
known binding partner. It will be appreciated that the binding partner, if

any, to a 25 naturally occurring 013-fold domain may not be known a priori
when cereanina a librarvy of modified N1 2-fold domaine for hindina to a
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the natural substrate at elevated temperatures than the naturally occurring
OB-fold domain), thermolabile binding (e.g., the modified OB-fold domain
demonstrates weaker binding to the 5natural substrate at elevated
wonperatenss than the naturally occurring OB-fold domain), nE6di&@on7/606125
binding under different conditions of pH (e.g., the modified 08-fold domain
demonstrates stronger binding to the natural substrate at high pH than the
naturally occurring OB-fold domain, or demonstrates weaker binding to
the natural substrate at high pH than the naturally occulting OB-fold
13mEHAhes enanslipizsatensarhinslng @ DR ARSI @b ips:

an the naturally occurn&% 13-fold domain, or demonstrates

beadpeik éfpidinezes theonelhdl subdti 48 GPISHAS R R Al ARy mobilised
and REQMHAG QB QIE femaimh-arpediiedhmainguroradiffaraninabreitiong] after

of ionjc strength (e.q. odifie -fold d i monstrates stronger
washige it ?83{%@%S%rgﬁ%%s@a&%%&%ﬁr@&%agﬁ a({:nll{he naturally
occurring OBfold domain, or demonstrates weaker binding to the natur
suBirafeshe Wb o BIgHHRS ST RSHRE TR N EEt Fidg BB e L2 for
bindG@HaRNe! Heraps hagssuengeryndingytosha s T ehisulasildte ot
ignic strer;ggl {E@n he naturally occurring OB-fold domain, or :

XD GO at8% Weaker binding to the natural substrate at low ionic strength
than the naturally occurring OB-fold domain). The modified bindigg,or oted
altEted Bhaig BAaaEteR Ml CePRogmbMeE HBb APLPIZEsT Ao TRRatPL ™ 2

2 caf% (21 UbR D Yectadustiondib el dissociblianennstdnpiofte modified(at

. . 20 08-fold domain with jts naturally occurri indi I .

oS SRS I e MG Rt
Iysorypihe ThisdifiethBsfolbydonaibendy wihdhaartist i gotdic 3idues pSlyipmene -
GrdBare stpnoly.than.tbegyaturally occurring OB-fold domain). In one

embodiment, the modified binding comprises a decrease in the

dissociafion constant by a.factor of at least about 2. abaut 3. aholt A: snierface
Al S RO £ éﬁ%’%ﬁ%ﬁ%ﬁ%&?ﬁ%& {18, gﬁ%ﬁt Db 253mlne °
for tabGIRIEE; mtsenine Ooualssu oY aBasEOD abYik oubaadHirlsddo 6 and Y37

are B0QUE10R0Q0, BRaUH0:000 rerabesidR0,R08 akihenpelifieddiiddeldepicted as

domain with its naturally gccurring binding. partner, ompared to th
Aot S G P L B T A e e i of 30
and Q8-fode-clain it nxaybad V&8 least about 2, about 3, about 4, about 5, about
6, about 8, about 10, about 15, about 20, about 25, about 50, about 100,
abaeyy 3004809 aAsARPE: Ty Y@ be a Lysozyme inhibitor. E35 and D52 are

2007/139397PCT/NZ2007/000125 ab 000, about 10.000, ahout e
e S A AP0 B e o SRt D N AR e e

an the natur occurring
His€DBafbtd Myiraien) bond tAlilibrams Offfodifie thlDBthddhgsnvaims. rBfdt Srendhe

os%&éﬁ%%%%eﬁfbgﬁsf old, dampging dhsdJng v dasia- Righ et RS sRadifiachs the OBody

omains as compared to naturally occurring OB-fold 5domains,

and fhearatral ISHARPOYSERIEY OBIBIGEOA SriPI8 et iMp @"ﬁ%%%atﬁ ce for

1y3&9}}§q§@ﬁ1§g}ﬂt§jﬂ5}@n§;{ modified OB-fold domains. A library of modified
OB-fold domains may contain some percentage of unmodified or naturally
occurring OB-fold domains. The library may contain OB-fold domains
having one or more or multiple amino acid residues randomized. For
example, a library of modified OB-fold domains may contain OB-fold
domains that contain 10 random modifications in one amino acid residue
(which modification may be a single type of modification, such as a single
amino acid substitution, or multiple different modifications, such as for
example a substitution of a single amino acid with two or more random
amino acids) or two or more amino aditl residues, which can be in one or
more structural regions, such as for example, in the binding face, and/or
loop region, and/or core region. A modified OB-fold 15domain may have
additional modifications or the protein comprising the modified OB-fold
domain may have modifications in amino acid residues, as long the
fold-related binding face is available for interaction with binding partners.
A "library" of modified OB-fold domains does not imply any particular size

limitation to the number of members of the collection. A library may
~rontain ac faw ac ahniit 10 vvariante and mav rannde tn Aareatar than 1020



WO 2007/139397PCT/N12007/000125 of the polynucleotide can comprise
sugars and phosphate groups (as may typically be found in RNA or DNA),
or modified or substituted sugar or phosphate groups. Alternatively, the
paokdseriesPthe polynucleotide can comprise a polymer of SyPRTEtiE2007/000125
subunits such as phosphoramidates and thus can be a
oligodeoxynucleoside phosphoramidate (P-NH2) or a mixed
5phosphoramidate- phosphodiester oligomer. Peyrottes et al. (1996)
Nucleic Acids Res. 24: 1841- 8; Chaturvedi et al. (1996) Nucleic Acids
Res. 24: 2318-2&%]@5@@1«@&9@% @E@@M‘ﬁﬁ%@“ 2966-73. A
phosphorothioate linkage can be used in place of a phosphodiester
Iinkage Braun et al. (1988) 1 Immunol. 141: 2084-9; Latimer et al. (1995)
3 ﬁ/émc l}""" tpel uen' 1057—1664. In addition, a double-stranded
4 Ifynucleot R be oanntlalned from the single stranded 10 polynucleotide
No. product of chemical synthesis dither by synthesizing the complementary
1 Strand and agyjealing the strands under appropriate conditions, or by
synthesizing the complementary strand de novo using a DNA polymerase

2-with an app

(H%late primer. Ref

Prence to a polynucleotide sequence (such

3.as referring
15TFhe-folow

tga SEQ ID NO) a

fiTaYal QTQ nr\n ||m.|.'|'|n1

so includes the complement sequence.
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t, exons, introns,

LARLLAL LAY

g examples of polynucleotides: a gene or
MR_NA, tRNA, rRNA, ribozymes, cDNA,
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Pélynucleotides, b

ranched pol)mucleotides, plasmids,

‘nucleic acid

vectors,isoiat
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guence, isolated RNA of any sequence,
s. A polynucleotide may comprise modified
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il nucleotides and nucleotide analogs,
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thicate and

interru pted

)V%on nucleotide ¢

rggoars and 20 link
nucleotide branches. The sequence of nucleotides may be

ing groups such as fluororibose and

bmponents. A polynucleotide may be

1durther mod
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ation, such as by conjugation with a

apchy €Ot

are caps, su

bs |tut|on of one or

s of modifications included in this definition

13vith an ana

qgyi8ha introductior;

more of the naturally occurring nucleotides
1 of means for attaching the polynucleotide

125toproteim

La}ﬁons, fabeti

g components, other polynucleotides, or a

salid suppaot
14DNA" inclu

1B¥HbE only bases

t. Preferably, the pg

lynucleotide is DNA. As used herein,
A, T, C, and G, but also includes any of

14heir analog

5 g edified forms

intemucleotide-me
OTGC O

of these bases, such as methylated

1thoates, use

Lllaar analogs,

edifications such as uncharged linkages and
and modified and/or alternative backbone

1’Btructures, 9

dstvas polyamides

"Under transcriptional control" is a term

dicates that transcription of a

18, . . .
polvnucleonBe se;uencei usual]ly a DNA sequence, depends on its being

1%perably (opétedively) lirdced to
Henitiation of o promotes, ransc
IlD(fﬂanIflnn wherein the eleme
2fto funct|on 114 "nost cell" incl
2xan be or hdng;een a recipient
ot ahe +-Seme \.Aulllplco
ihclude prog Jﬁ”y of a single host
2he complete Iibldentlcal (in morpg

an element which contributes to the
ription. "Operably linked" refers to a

nts are in an 5arrangement allowing them
udes an individual cell or cell culture which
pf nucleic acid encoding an OB-fold

a modified 08-fold domain. Host cells
cell, and the progeny may not necessarily
hology or in total DNA complement) to the

2§)llgllldl 10

1L%4L cethduetomatural, accidental, or deliberate mutation

P
and/or change. A host cell mcl;]ld

es cells transfected or infected in vivo or

in vitro with nucleic acid encoding an OB-fold domain. In some examples,
the host cell is capable of expressingl@nd displaying the 0173-fold domain
on its surface, such as for example, phage display. "Expression” includes
transcription and/or translation. 15A nucleic acid that "encodes" an
OB-fold domain, or portion thereof, is one that can be transcribed and/or
translated to produce the OB-fold domain or a portion thereof. The
anti-sense strand of such a nucleic acid is also said to encode the OB-fold
domain. 1.08-fold protein domains 20At the most general level, the OB-fold

domain is a five-stranded mixed b barrel. See for example, Arcus, 2002,
Ciim Onin <treeat Rinl \/nl 12:-704-QN1 The OR-fold domain ic foirind in all
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OB-fold domains have a

number of features which make them well suited as scaffolds for
randomisation of amino acid positions and selection of modified OB-fold
doenagievitty desired properties. 013-fold domains are generbdly/Saeall7/000125
stable proteins which are easily produced and randomised. Theobald et

al.,

2003, supra, disclose that OB-fold domains range between 70 and

5150 amino acids in length. Additionally, the face of the OB-fold domain
protein already demonstrated through evolution to be versatile, is

@vaudune IU
lcingdoms &

MQUUIHILC[[IOI’] |n
nd thus, it is passib

> OB-fold domain is ubiquitous in all three
e to choose an OB-fold domain to suit

2articular af

)Mcatlons For exaimple, OB-fold domains from thenuostable

agnicroorgan
OB-fold-don

SIS are described
1ains.-10-Ob-fold-d¢

nerein for production of libraries of modified
mains can be selected for therapeutic

LAAA=BR=a~a)

9appllcatlon,

f%f”déxample, an enz

rymatic OB-fold domain can be selected to

3(produce prd

telngowith new enzy

matic activities. These features provide an -

arlve oo
auvaritagc

general strd

T,
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ely described by their number of strands
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Sbegs osimber, 5 (26

3 ’ ! .
3'éigs. 1A-1G %&t%ﬁg-banel Wit

5,27). The shear number describes the
tilted away from the axis of the barrel.
h S=10. This is the number of residues
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rigdlyosart of the 6-

. possibilities (SI:% or Zzlo) for tl

sheet (thus excluding 6-bulges) and are
yoing from A to A*. There are two
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39%s example
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WA 0bas 3=T0 Wi

n.domains.has-3=8

ereas the cold-shock 013-fold domain
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n
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right by loop 2 (see Figs. 251A-1C). In
tures, loops 2 and 4 show wide variation in

3both length

I
an equence See

Arms, 2002, CUIT. Opin. Struct. Biol. Vol

4412: 794-801

(Medifiet] 013-fold

domains can vary in length. For example,

4400p 2 Ofter
hetween 3 i

GlIEpgtween 2

4 amino acids and loop 4 often varies

46n insertion

10 amino acids, a

SMigwR%reater ler

d in some cases loop 4 acconunodates
gth, up to about 30 amino acids. A survey

401 20 seque

noggogenomes plac

valent biological-ar

es the GB-fold domain at 28th in a list of
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the-MoStpi

48oeen found|i

P VTSI orogroairar

chitectures (27). The OB-fold domain has
ns including humans, yeast and bacteria.

49-or exampl

=thbe&3t43rlal supers

antigens (Sags), an OB-fold domain
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5immune s
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and 22). |

tions in the bacterial attack on the human
N these proteins it binds a broad range of

»ligands, inc

L@hﬁg @réteins, oligc

nucleotides and oligosaccharides (23).

s EXampies o
stranded.D

8 yRysty of

\LA hlndlnn in.the.on

-fold domain proteins include single

53Science, Vd

10%ig9 07837-1848),

s54he yeast p]

and coll-cnid
Ao G oI oul

ateipo@del3 (Lei M.

ogene BRCA2 (Yang H. et al., 2002
telomere end binding on chromosomes for
et al, 2003 Nature, Vol. 426, 198-203),

Fann nllnncgr\hanrln
TACC Ul H

10binding in pathogenic bacteria (Stein

P.E. et al, 1994, Structure, Vol. 2, 45-47). As determined by the Structural
Classification of Proteins database (S€OP), the standard in classifying
protein structures into related "families” and "superfamilies", OB-fold
protein domains are found in nine related superfamilies. Those OB-fold
domains which belong to the same "family” have an evolutionary
relationship at the sequence, structural and functional levels and appear
to be 15 descended from a common ancestor. The OB-fold domain
"families" which belong to the same "superfamily" are evolutionarily

related based on similar structural and functional features in the absence
Nnf definitivve ceadirience cimilaritiee The {|COP AdAatabace iec ecomnriced nof
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<supfain.mrchnb.cam.ac.uk/SUPERFAMILY>) which uses hidden Markov
models derived from SCOP to classify protein sequences into

superfamilies. For example, the "nucleic acid-binding proteins" comprise a
supmfamiyin SCOP database There are currently 11 famili@sana®67/060125
individual protein structures in this superfamily in SCOP. From these 11
families and 66 30structures, the Superfamily database has derived rules

to classify 21,158 protein sequences as 08-fold proteins belonging to the
"nucleic acid- binding protein superfamily. Similarly, the CheW-like

Sspupeifamuy B d sta singte-family and two protein structures in SCOP
whereas thjs ﬁg \?aeen expanded to include 898 proteins in the

56 Superfamily QbgaBade. 1.Classification of OB-fold domains at SCOP 5

s7For the clasg,pifagFold domains characterized by SCOP as all beta, with
where n=5, and 8=10 or 8=8; greek-key,
58scop curreﬁﬁ‘ﬁ‘i@éﬁtifies the following Superfamilies (the numbers in

- 59parenthesis argdheSCOP refgrence numbers): 1. Staphylococcal

ruclease 9% ok 9‘“ 1oFer-Staphylococcal nuclease, there is currently a
single mem ber%ft is family although there are many structures in the

61database forl&dlococcal nuclease. The 08-fold is a closed beta-barrel,

er=5,"S=101 2y Ragtgriatenterotoxins (50203) For bacterial enterotoxins,

there are two families in this syperfamily: Bacterial AB5 15toxins (B
63subunits) ah@i&e%terminal domain of superantigen toxins. The Bacterial

ABStoxins incltide the heat Tabile toxin from E. coli, the Cholera toxin and
Pertussis toxin. All have a closed beta-barrel topology with n=5 and 3=10

with the single gqonfiph S0 GHoIeS ERRMIRSFRAITBAS Slinty

opened The N-tenninal domains of the superantigen toxins and
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ohg@@mﬂ&@e@m@e@mm MiRliileep(602te) it hap|wiRel hesPebierreiafgrotein-protein

mtel@éé%ééx%@iQfﬂ%%mcit%icyﬁﬁiﬂ%afﬂx%V}i@eﬂmgzt@%{am&le@ai'13V§§1(2003))

5, S=10 closed-barrel topology a. Tissue inhibjtor of
%@f%ﬁ%ﬁ?&t@ﬁ?&%@é‘vﬁw’ﬁ f@ﬁ?ﬂ?}j‘ %hi&#ig % Rt EfomEteps portions
theraiflid empaisdivihecdtarminal fxd ePBiong. domainb hiNgig nidike domginies; methods
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Tail- t dlys 69255
SRER o L N T M PR
OB Bﬂm@men&mtboisﬁ)mmaseﬁmabm@lﬂqmmw drvdetisis Supknfaimiidyacibes with a
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increased or decreased enzymatic activity.

14



10

15

20

terminal domain is part of a much larger protein complex which forms the
cell-puncturing device of the phage. 6. Nucleic acid-binding proteins

(50249) Nucleic acid binding proteins are a large superfamily that
eMaMPags®s many proteins. 15 The following are the family PCT/NZ2007/000125
demarcations and descriptors: a. Anticodon-binding domain (50250)
barrel, closed; n=5, 5=I0 b. RecG "wedge" domain (69259)

c. DNA helicase RuvA subunit, N-terminal domain (50259) 20barrel,

closed; n=5, 5=10 d. Single strand DNA-binding domain, SSB

(50216 ShheaRl claseiR2rRIREd Berein, 1R IM¥ERAMAIR £R024&kted groducﬁfon of a
DNA-binding domain-like (50282) 25barrel, closed; n=
phage ﬁgsﬁgﬂﬁélifféﬁfﬁ R ys hrseditchiaiVrants)don binging

dormabofi QMBDRRINAC&WMMWSﬂE&t&M}%&EQB&%M&;Bﬁ&@@:, stability of the
As;ﬁ%@:'ﬁ&ﬁ%hdﬁ!@ RIYEINSR g;?&@c%]a ?J%%Q OB ”g;?fu rgSpRg mo&ﬁed OB-fold

members’ structures vary greater om C rrorganisms j.

donpsiga eghesdioR iR erepmted dhwe) oseddieriita fudmamos 98 B2Ydm RNirRted
the m@iymm@ﬁypmtmlﬁo@@&%h%pﬁs@&gﬁs cantaing trade Rk iepeatof

lete GB-folds; forms a sipglebarrel; n=8, 8=10 7. Inorganic
oA FAL (B0 O O B PP e Brtics.
As {ipstomatadiibydin, tths isuparfamiye dhisdamidyctOshasnafmenyiderpt ineadéed
Asﬁ@&tb%r %ﬁfﬁmﬂg‘? %5%065599[%@8 rﬁ%n?ﬁ%bﬁ?a%%@? l&%%%%nim?hm its naturally

Ingrganic pyrophosphatase (50325) b se organic
OCCTH R S el W@%M%%ﬁ?%@%§mmﬁmwﬁawyd

metﬂitfﬁt(:ﬁnﬂ’ﬁ&sé& hathaN ﬁﬁ(ﬁlﬂ@@ﬂﬂ@ﬁ%ﬂﬁé—éﬂb&ﬁﬂﬁ@ﬁ% H@%&é@%@?gg@gﬁﬁ%on
b, Archae n Sul us acidoc
T o (L4083 PR SR RO oy Com Vil st

produce libraries of modified OB fold domains.

The discovery that OB-fold domains of proteins can be used as a platform, for producing
modified OB-fold domains or libraries of modified OB-fold domains and screening for
molecular recognition events has applications in diagnostic and therapeutic methods and, as
described herein, has advantages over approaches known in the art using antibodies or other
protein scaffolds. As will be understood by one of skill in the art, the methods disclosed herein
for preparation of a library of modified OB-fold domains of AspRS or IFSA from Pyrobaciulum
aerophilum can be applied to other OB-fold domains described herein and known in the art. As
will be understood by the skilled artisan, additional display and screening methods known in the
art can be used to identify modified OB-fold domains having desired properties. It is also
contemplated that the modified OB-fold domains could be attached to fixed and/or solid sﬁrfacgs
and used to screen for binding interactions. For example, OB-fold proteins can be covalently
coupled to a fixed surface, or could be bound to a surface using an affinity tag (e.g., a 6xHis tag).
Methods of covalently coupling proteins to a surface are known by those of skill in the art, and
affinity tags that can be used to affix proteins to a surface are known by those of skill in the art.
Further, OB-fold proteins can be coupled to a solid surface, including but not limited to, beads,

glass, slides, chips and gelatin. Thus, a series of OB-fold proteins can be used to make an array

15
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8. MOP-like (50331) 20In the MOP-like grouping, there are three families,
all with similar functionality and all from bacteria. a.
Molybdate/tungstate binding protein MOP (50332) b. J3IMOP,
duplmatedaolybdate-binding domain (50335) duplication: tandennzepeato2s
of two GB-fold domains with swapped C-terminal strands 25c. -
ABC-transporter additional domain (50338) probably stems out from the
biMOP domain 9. CheW-like (50341) This is represented in a single
family with two structures from The rmotoga maritima, CheW and CheA.

on ag%%%&%ligg 8?%%%?%%% egﬁmv%?g t§5§%eor{f gﬁﬁl}!’n the agh%dregx%%;ﬁ.g%em

relate domains from proteins whose 3-'dimen

 Appdiesidenrded hepfiobten8MEIhRTEa ditplepaynxtiieds coyisaattorpeply or NMR.

Additional 013-fold protein domains identified in the database Pfam based
on sequence similarity and in the database Superfamily based on
Gengegf fenbeqyestiles derived from SCOP and then applied 5 to the major

SeQPk%}ﬁﬁcd@ét%ﬁfﬁ W@éﬁ%ﬁm@%ﬁy&;m&myﬁ@@ﬂf@a@i

resent iInvention encompasses, addjlo -Told aomains Known to .
comyRHonak SR & dre 50“?9&}18&%#8&&11 Sl i (B P biology,
cellfainddms Mdmmgpﬁmdrimemesbgy,aﬁhiOIrthSha' el beftbtationSisas
tecHRURNS:E Qn@@mﬁyjﬁ Aonation E’Ja{%ﬁg&

| 510 BUIRSr 1 9leyatory
number of proteins i this family in the Pfam database tRNA _anti' 15

Margmih SReMEGTRACRIBITARF S HE mETROACBS Yo s Br o 1856 Naitnper
1980, pralein Sl 3ndnle\@ bingRR-Telamererhinding Ruolenaipnaaubiitinology

algzo in Accession number. PFQ2765 Nurmber of proteins; 3 .
(D.@g%ué e-stra#&aﬁm ?ggeé]srgtgﬁ]n?agr”fﬁw})ei ?/%ctois or ﬂanzmal?an E’ells 8.%%11161’
& MLP. Calos, eds., 1987); Current Protocols in Molecular Biology (F M. Ausubel et al., eds.,
1987); PCR: The Polymerase Chain Reaction, (Mullis et al,, eds., 1994); Current Protocols in
Immunology (J.E. Coligan et al., eds., 1991); The fmmunoassay Handbook {David Wild, ed.,
Stockton Press NY, 1994); and Methods of Immunological Analysis (R. Masseyeff, W.H. Albert,
and N.A, Staines, eds., Weinheim: VCH Verlags gesellschaft mbH, 1993); and Gennaro, ot al.
2000, Remington: the Science and Practice of Pharmacy, 20" Ed. Lipincott Williams and

Wilkins: Baltimore, MD.

Definitions

As used herein, the term “comprising” and its cognates are used in their inclusive sense;

that is, equivalent to the term “including” and its corresponding cognates,

Ag used herein, the singular form “a”, “an”, and “the” includes plural references unless

indicated otherwige,

Various proteins characterized as containing OB-fold domains are known in the art and
described herein. As described herein in more detail, “OB-fold domain®™ encompasses family
meinbers that share the structural feature of a conserved fold and binding face. OB-fold domain
members inay also share sequence relatedness. It is contemplated that any OB-fold domain, or

portion thereof, can be used to produce a modified OB-fold domain. As used herein, a “naturally

16
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Accession number: PF00436 Number of proteins: 415 DUF388 30

Domain unknown function (DUF388) Accession number: PF04076

Number of proteins: 49 DNAJigase _aden 35 NAD-dependent DNA ligase

048-fobd/dweaain Accession number: PF03120 Number of proteimsyZ2e0r/064125

Slap _Strp _toxin WO 2007/139397PCT/N7,2007/000125

Staphylococcal/Streptococcal toxin, OB-fold domain Accession number:

PF01123 Number of proteins: 180 5 elF-So Enkaryotic initiation factor 5A

hypusine, DNA-binding OB fold Accession number: PF01287 Number of
proteins; 0.Gp5 OB sterminal OB ain Accession.n :

S sk R R R B R

to censpisimukieivasithorrenine andadifiadintfiedscanshbierin @ Aseddidioligd

donrRigPsRyRedified LB fold damainsRne 10-piRnare dhnabes of medified OB

fold domains that can be used for screening for, altered bindin -
oo R ACHAR AP AT AA PAER A (R TETG BT GPyadaifgp or one
or niardesitratian obahatioactes:20) Asrvadifiedl OB-dldddomih dnoitn eetains the
fold 2R B glagn'%%g SE I COMAND LAN AR ALERAICHLASACLAR Meiner. It is no

structure of an domain, including those described herein, known
requisahiere ShpsidieiieRtitbdamstarietedr o dtogusidabrmaint TRy
ocmﬁﬁ&aﬂ@l f@@&ﬁgnﬁﬂlm%ﬁ@fﬂ %ﬁaﬁﬂbﬁdlﬁﬁﬁgF@%@Kﬁﬂ%ﬁﬂéﬁlﬂ@aﬁfﬁaﬁﬁ%ﬂy
.example, for any given OB-fold damain, nucleic acid encoding gne or
o GO ETE PECRTDILTCOEN S o LA S EHND Rt FE s
binding tvanuiudtaheidimakiindrgriatemd draninodsi dgreshgu?@ @@ thgion in the
hydFR0GE Bka:I0R @0 gés{em%m%@ JeRidies inthe rsc%%ﬂ@[‘énﬁﬁﬁ'ﬁ? further

protein containing the OB-fold domain, can be targeted for'amino acid

compriA AR RA RIS ERATISIPRRIBAR PATRERGIG BREBiRG e B-fold domain,
as 1688IEHUBESh VI BE OBICAC b Mg ileations)fold-some bxainp|Lse amindadids

avalHes i sliands gl he sxternal findng face of an QB ol PR A o

argeted 10r amino acid resi ranaomlzszf(a)ﬁ n other examp es,
is clrantisuizridiuatabdswithindhdiobatidrtenthih thandbealy getae fur @il

donRidiresidie rapdenization FH-axameI8. BREIemIIIRIS AHBO Bhihg with its

residues present in the strands of the binding face o]‘%m OB-fold ciomgain .
Rt Al RS U S R BHERSn i 2 BRC PHEBIFity 5 ThP BB LORA WM TAINg?t 15
reminci desthdEstenitial badhofdietsly occuring protein within which it is contained. In

other examples, a modified OB-fold domain is associated with a non-naturally occurring protein.
In other examples, a modified OB-fold domain is associated with a naturally or non-naturally
occurring protein, to which the naturally-occurting OB-fold domain does not bind or to which
the naturally-occurring OB-fold domain binds only non-specifically. In other examples, a
modified OB-fold domain can be produced where the naturally-occurring OB-fold domain does
not have a known binding partner. It will be appreciated that the binding partner, if any, to a
naturaily occurring OB-fold domam may not be known a priori when screening a library of

modified OB-fold domains for binding to a particular binding partner.

Modified OB-fold domains can be prepared which bind to the natural substrate of a
naturafly occurring OB-fold domain with altered binding characteristics. Such altered binding

characteristics can be demonstrated under the same conditions as the naturally occurring OB-fold
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WO 2007/139397PCT/NZ20071000125 strand 1, beta-strand 2,

beta-strand 3, the C-terminal half of beta-strand 4 and beta-strand 5. See
Figures 1A-1C for reference. In another example, the amino acid residues
ivthesloapsioetween the beta-strands of the core OB-fold domaimnay b@oe12s
targeted for random mutations. In another example, where there are major
insertions in the loop regions flanking the 03-fold core domain 5 (e.g. the
inorganic pyrophosphatases) amino acid residues on these inserted loops
may be selected for randomization. The present invention also

donfiiE ORIRGH Welg&ﬂ Ifaﬁg f% %3&@%%?&%%&@%% rgh% Q%‘ 11 g%«ﬁ' %RHIB& limited

aC|d residues e core modi roduce anges In stability to the

to) hesusiralpedinbns fedr the dmeioBUBPbirmEs demcaiay feawddntba to
the HEASURIWRRIB QPQ%E&&&%&%@%@ hekeir ndheRxamples @ymfom domain),

thermonphili -fold protein domai ranslatjon initiation f IE-5
g AR Gl R Sy A AU e b3S Bt et the
natumlitatigingeweeknted thgsalatwesdhus dtk terwake dibnarieg OBriddifiedain),
modARJ Bl AMANSG (RY-FANIoMISNG FABQAL! ‘?Heeﬁfgaiﬁz%d @)EP SoRiRging face

of the 03-fold protein. Both of these roteiRs are from t

denippieripieirBpHi e e eiedhernatsp 5 setives m@é&%&ﬁmﬂuﬁi@@m@gmg
OB m&m&amra&eﬁm&ﬂ%&lmIﬂgdmgg@dn@@ﬁu@ha@mwhh@eﬂﬁ €han the

SR 2018 posilons s binding e of e DAl oA Beip e o
randoRiiged owe By Gene SEsEmbiy st raries wWere teste
iOﬂmHmmmmdmmwmQﬁrﬁﬂdmmencmwpmt@m werkedtindatgto the

nau%q@W@Wﬁfbﬁiﬁ%@9&%&9%&kﬁﬂgddﬁ%ﬁta&k@dmosmaﬁﬁg@gﬁ%g
by the library. It iS demonstrated herein that the aiﬁgs 013- fold domain

undes SHfereh RYRAHPBR S EPRIS SSPEth St BB isH ftraRpstrates

stroRitierpatdixatie s atinedifiedi©3-fold damainsdiasad Hi ﬁbﬁnﬁﬂp R&urring OB-
affold as,describ d he in4in the m e.prep

RS e A R S

the d@mdimw&w@g @%@@éé@m«m aré@am@f@fmﬁdﬂ@dmﬁé@ém natural substrate

at IGH %?H@&ﬁ«'ini@ﬁl HinaRNAPreRinandeviese Heandsddmane dhisiative

iment djsclosed herein, a binding interaction between a.mo

. ifi

bin ffe) IR SRS ah mmgmafm%%% %I&Wéﬁ RS n% d
dompamemmjﬁsdbmﬂmgsaddmn@mg charadtsrivilt benumdensto aicbimyablrest a
se/ofa% | inshe %ﬁabvo%@9%mﬁ&aﬁ%ﬁmmggmmaf&m&%?emg g modificd

ification$ of nucleic acid can be used to prepare (encode) 03-fold

OBcf@!ﬁhWﬁlﬂgtwgﬁamgwmwm%w%wwmﬂg
nanga@%m@r@ammm@nm (TS, HGIRIG RGIASER R0 dRGAABEQBind at least

domains be obtained u nda ethods.i |n
o s T A e A e B AP o g
emizoimces . INusteidiet indiigterestimay derplscsdtumdesotigicontroiiaft bye &ctor
of AMQIR SlSINSNISANESEIRAW fAh HElr HIUSSINIR %mqﬁ'%m H@Sib%%l'zé\

5 variety of host cells are available to ropagate OB-fold domains, and

aboy <51 AP Uit SEt A RO RN HP 1 AP B %d‘%‘ééﬁ%{f‘l’%ﬁ%é‘?%}%@o
aboUSEIHITD 0hs ptay ol fied Ohddald: tlantsnimanitheissfiace nkisplig\bccurring

nfJERESRInE S whosItaon hage slepley Lacier B Sl SR T i,

Fibosome |spPay, an meth

the mm@;ﬂé&ﬁté@]dwbﬁ@gi@mmmam@smRxgﬂeﬁuh?vgéanméné@@ﬁ about 6, about
8, A6RTRSASHRTBLEuLSINGLAR FRMERIiSedlganthio £ARFaeILHESO500, about 1000,

discover new interactions between individual protelns and the target

ligand. The most important characteristic of display technologies is the

ability to couple the proteins being screened (phenotype) with the genetic

information encoding them (genotype) In all display technologies the

genetic information is isolated simultaneously with 15 the screened

protein. This is generally achieved by displaying proteins or protein

fragments on the surface of biological entities, e.g. phage, yeast or

bacteria, and employing the replication systems of the organism to amplify

the library. As an alternative to these in vivo systems, the whole process

can also be carried out in vitro and such technologies called ribosome

display or mRNA display. In these cases in vitro-generated transcripts are
tranclated in ceall eviracte and 20 RT-PCR ic 1icead tn amnlif\s the nenatie
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The display of foreign peptides and proteins on the surface of filamentous
bacteriophages is called 'phage display' and is now a commonly used
technique to investigate molecular 25interactions. Nonnally the protein
hotenynta dse9screened is expressed as a fusion with the genePHIT¥&eein /000125
. product at one end of the bacteriophage particle or as a fusion with the
gVIlI protein on the surface of the phage patrticle. Infection of bacteria with
such a phage library allows very efficient library amplification (Griffith et
, 1994). A typical phage display protocol involves WO
abo&%%l 3BT RBGINECASH A0 L2 2R M@@%M&&B@%@{%ﬁﬂ@ haturally
bacterial host Wwith’each patticle displaying the gene product f one
occhiErgIsd-Sriehdogaie library as a fusion with one type of its coat proteins
(gill or gV11.1 proteins). A library of phage particles is taken througha .
seléctivrrays of ssofibfidi ety kbdamimmolbilided: taltpetional&Ollgfold domains that
11101{19&9 Q@Eﬁﬂ @Qu)o'm/ ﬁ%’dﬂﬂa@ 6§ | ﬁﬁ@&&ﬁ%&r@%xﬁ%%g @&Q&Lﬁ%@éﬂﬂg OB-fold

washing steps to remove non-bound phage, and elution of bound

domsiic t@sa&W@émdﬂésﬁ@@éﬁﬂﬁ%}ﬁ@%ﬂ@%@@&%‘ﬁ%@é@é@éieoﬁom
conmaieﬁuiaﬁdatﬁb&hﬁaimaﬁ&mlagammﬁﬂg@ﬂm@img oznropl kﬂtﬁiﬁﬂ@@ 1ﬁﬁy contain

eluted phage.in the terlal ho tand sele he immabili et.
i e R o g D S R R0
@ﬂs\pﬂtﬁfﬁw{ét&m@w@m@m Q;hsrﬂeqoamdlbeie@mmmmb@swwamdommed For

exaﬁi@fgadnﬁl %M@I@@%?&’ﬁﬁgﬁﬁﬁ g&@éﬁi’OB—fUﬂ"@Oﬁ@ﬁ!@ﬁ@% contain

dISp ay and Yeast display technolo ies allow e%essmn of recombinant

%@ﬁ@%ﬁ@%@sg&%@%ﬂ%ﬁ% Ledwhich RS RCHEOR AR RE gtsdyPe of
modif&f)onr hakteriesiksl calibtapbylosnntiusg, a:anmas:i;s& (Danghestydidkalions, such
as f%rg 98 g Qs%%’lﬁtu{mn bg 39 soﬁz?’l a3 al%cl%sal,c(‘?xﬁ With 1%‘(? & 1%91%'“5{% e%%o acids) or

d%ea n receptor or a bact r| al olter membrane protein 31

tworeispettivRipe 25T Hesidrprasticl fashsprotans s stoshiayeaigns, such as for
cxaSRH %Dﬁ%%@&hﬁ@lfﬁ& quaniHieatianehibelidirasyseiiace LxRI@sIO0MYo1d

flow cytometry. Combined with indirect fluorescent Jabelin
e e e S et
donsontingyy ave ﬂm&ixffet&nmnammofamérbmtdmg affimigiés 6flthelriteraiotiondace is
avalGRIORIS &L&LAY SISt 2003y TB%%@H&*&%@ NPT mains does

expression system t at make |t valuable beS|de other display

not SnpbeHTFEL HAs Hze drrdietipe &-the Hurabrsid MR sdmie QI i iﬁ%&é@&n@ Hhrgry
ma;f@kﬂtam& fearamatian praieins vuﬂa&h@am@e roklesmatia myBacienial. dhisbme

o di stem c Rlbo la NA displa bos
embd’ ay%“iél)‘!r]?(cjy AWI| Veu re egﬁ (ﬁ)gixéls E Eha Sfé’i??en%%e Section andl ibrary
willéwmmotp @bwg@‘bwmm bielfisainy Vit oofibzed A -Hiblolpoalrsoripe tethe

con@%aws@kﬁ%cﬁfﬁafé@'%ésﬁ&%m@ma{ogggaamm@e{@gmﬁﬁ@qwfsd&% is, at

the translation of in vitro-generated transcripts encoding the protein B
the gagriehe@S ARTHOEBHRS PRy gERoRIDa ST RS Tifiked the
colit@fieinBitthreugusbbsomal sprapiexessicensigiingdf amEssanperddNA

(mRNA), ribosome, and encoded protein, that are used for selection

(Hapgs.and Hlu iﬁ%}b@u&@g@d TheimRNa-displeymethad O, refer to a

purgmycin to'link inRNA to the trans|ated protein and thus allows

Pohﬁa?ﬂrc HRUHCATSR AL S sRelL s AI RBIR ARG GE AT B R leotides.

Thepé’l&ﬁﬁt’y{pdu déorshatien défiis- se eglios éhtéthDlHEECngNé\ENAmBNA RNA,

ified by RT-P

e A RS T R G B R

cheRisfdie F@@@é@@}if@i&pmdrﬁé@h@@gmﬁ@@a@ ﬂlfélf@ﬂr@@ﬁ mycliestisde brsphidabeckbone
here by incorporated by reference in their entirety: Boder ET and Wittrup
ND (1997) Nat Biotechnol. 15:553-7; Beldhaus MS et al. (2003) Nat
Biotechnol. 21:163-70; Griffiths, AD, et al. (1994) EMBO Journal 13,
3245-3260; Hanes J, Plucicthun A., et al (1997) PNAS May 13;
94(10):4937-42; and Lipovsek D, Plucicthun A., (2004) 10 J.
Immunological Meth. 290 51-67; Wernerus H, et al. (2003) Appl Environ
Microbiol. 69(9):5328-35. Display methods are disclosed in for
example: Boder ET and Wittrup ICD (1997) Nat Biotechnol. 15:553-7;

Feldhaus MJ et al. (2003) Nat Bioteclmol. 21:163-70; Griffiths, AD, et al.
(1004 EMRO Iniirnal 12 224AE5_-22A0 Hanece 1 Phickthiin A (1007)
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The ligands of naturally occurring OB-fold domains are diverse. The
production of libraries of modified OB-fold domains extends the diversity

of possible targets for OB-fold 20domains. Potential targets for screening
againstlibsagies of modified OB-fold domains encompass a vatigtyzfio 7000125
molecules, including, for example, but not limited to, nucleic acids,

proteins, peptides, polypeptides, carbohydrates, oligosaccharides, and
hormones. Nucleic acids A large number of OB-fold domains are
involved in binding to single stranded DNA and 25 RNA. These include

of rﬁ@%&m}&e%%aé‘ 95908%#%@:‘ Q&EQ& ﬂb@ﬁh%télé?og&cﬁg %lgr %ﬁc%ﬁd% ﬁﬁe found in

several domains from hiunan r%;ﬁ)lica lon protein A"and the anticc
RNBiAGA b Arane GhakpHprsies fesyimiorsyinmaare s Aeesiamhyg e
backiegteostiandeshiNAGae dARNAERE DesUsesd asshgmrddageiadech as

screening librarjes of modified OB-fold domains. Protein target riety .
2 T SRl R S RBR CO J ot o micd
phosiiivraing! s ubhsabodirsienelszamgul Erompirote s pPoleinded pagtile. 24: 1841-
8; CIRHDARES; HANIDGY HAEARING; £ RI AN IS Aliye SMBOUIMRRENISEIRSe /a5

her‘ein,ﬁ%/sozyme IS used as a protein target. Other targets include, but are -
Respi irdited Yo uhernberodi Rt dRtast coipanehielecsiakhmpegndioster linkage.
BraprieculsQoiapolipoprateind: toplagmatpiatende(Clannibiie, tansthyr2tinosy7-
ngd s amyloid P-co nent. 10Qligosaccharide et . .
B R e e e

polOHgsstideardacsubshaesisiyohess eshentarmpidiasianotbiipmepiementary strand
and FRIRAND 808 MARNAPFRIBASA ARANHIARENB) 36-£R1:DE L1884 ASplementary

_targets. Hormones 15Hormones such as, for example, the steroid
st e B S R A BRSO A AR FFHRE E BB RIS FIRES S ch as

polepitiephttrregandeaoivel ssichomiofetUdeECAIM E0) st iodadechagatpRinent
Seq,gg{@e(ies of OB-fald domains. Currently there is no evidence that the
OB-fold domain has a steroid hormone or other cofactor as a natural

ligand. In addition, it has heen classjcally djfficult to, raise highly specific

A AT BB ST LA PR e et TR Gt
exog@d@maiimﬂﬂiﬁm Wée My&pﬁbveyb@ﬁeﬁ&ffkais_hmgnﬁimpmimweoﬁde& branched
pol VRIS JOY 3iRATHEUIA AOIMANE. MorRalk 1 gA0Ie MOECHISSq RvRBAlLy,

organic molecules (defined as organic molecules with a molecular weight
SCARRGEITBCLHE 81 PiRRessBGPTaS d ABHRYEAsP S Y cearis uadded for
nucle@rdeddsdeimainsthihe-smal-3bargani amelerid ennays bera fattabagars and
._.occurring malecuyle, or.a synthetic molecule not.found in W
B S, A L e e e o
nuob@dsml@duwmagsmdmd%imlmJWSy%WB@jebﬁids iy be further
o IRPIBENANE ;886 @Q%V@b?rmggﬁ&?m@ﬁ%ﬂlg‘%mﬁﬂ&@é%ﬁ types of

molecules include, but are not limited to, pollutants or other undesirable
mod A ORISR BB BT ﬁa‘?é%?ﬁﬂ@ﬁ%ﬁ(ﬁéﬁrg)?féméﬂmﬂy

occarfjanicdeotizes leilingluctdod uhdietndutitoiied fosans for attaching the polynucleotide
to proteins, metal ions, labeling components, other polynucleotides, or a solid support.
Preferably, the polynucleotide is DNA; As used herein, “DNA” includes not only bases A, T, C,
and G, but also includes any of their analogs or modified forms of these bases, such as
methylated nucleotides, internucieotide modifications such as uncharged linkages and thioates,

use of sugar analogs, and modified and/or alternative backbone structures, such as polyamides.

20
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5drugs and pharmaceuticals, such as doxorubicin and paclitaxel.

IV.Applications for 08-fold domains As described herein, the OB-fold

domain is a versatile molecular recognition platform. A variety of 08-fold

demainygeasknown in the art, disclosed herein, and have beerciambidiedioni2s

in SCOP and other databases such as Pfam and Superfamily. Such

OB-fold domains can be used in 10 methods for preparing modified

OB-fold domains as well as libraries of modified OB-fold domains which

can be screened against targets, such as, for example, nucleic acids,

protei ] dr; [ rides. Such screeni

i A G R s S R
transesintiATe Frsharalenias sptitfan ORI Ab e sisnesde sty being
ope‘i&éﬂ@f(@@ﬁ@ﬁmpﬁ_ QRUCHOm @fe&&&gﬁriﬁﬁﬁsafdmﬂﬂ_ h ifeeh Q&ﬁelﬁr #eRalps ﬁ@fnt&ﬁotes,

screening against human targets that might have application in human

o P LR GNED eARA e B GHEY B Y R CAT BT S
arrgsoadiold foritigehsrochuttionicof libraries of modified OB-fold domains that

might have application in biotechnology or fermentation applications. In

yet ?nﬁuﬁseﬁﬁmmmde@m ﬁﬂllf\)ﬁm@liﬁe@ Bﬁ&mf}mﬂ@m}ﬁﬁfﬁ wsehaseen a
scaffold for the production of librarjes of modified OB-fold domains wi
o SR I GREHIGE S ThE ORTHHD SHATEARBRGIET PA G e OB-
fold3fspofd. déenaieks falilinopivesesbrbasisitdueriod, didghosticrengetsot
nec&%ﬁ%%ﬁﬂﬁl’&?@@éﬁﬁ@mm&p%%y%P'19%91'%ﬁ%”&%lﬂﬁi&ﬁ&f?%{ﬁ@gﬁginaz

in a wide range of molecular biology tools and include, for example, use
parerd ARt R P aRRE kBT KA s JRlfosrRi i RCRT Shitgterdtrbrall includes
cellgithasiecanbinkakoureesiobnaliy alisouider stidh-assarun UB-lgllomain. n

lication B-, 25 fold domains with specific. binding affinity f . .

o R e A e O BEAAL Lt S & Qg on
surlggeifyuehcatdpg exqpleipbaperiisrlppliChtiorssi e buéndee tansdrinticetend/or
iradgi@gtion for Western blotting; protein detection using flourescent-labeled

08-fold domains; and protection agents for single stranded DNA and RNA.

Ac e.of -fQl pains_over antinodies in these

cor]%éné@itg%{%%al orifgl)léc%%% é% 1glta i{%?éo q %lghgld?ﬁgcgo 8%?%%1 GovRs ihean be
trangeaiteds te e AgeitteEde BseshisihaREivbb toneoB doler donikaryLslibh andi-sense
strathinsEseiainaiNe HamPI5e bagul R8s IR IR Rayhanore effective

than antibodies as affinity purification reagents. 5Diapostic applications for

" modified OB-fold domains include, for example: protein detection in fluids

such as serum, culture supernatants, and contaminated water; genotyping

(many 0)3-5%8 roteins are single stranded DNA binding proteins and

these CouP 0 O% \r/%ﬁedﬂé?al?glﬂsetect specific DNA or RNA motifs, for use in

methods such as genotyping); and in small molecule detection agents.

108t that esesifldivantisiaBoald semanten fraginaniedeawehtiparrel. See for
exafigecsenispoleng earnthes. dhaldmilggical Rroteins underamnealinisaltialsund
. diagnosis and ther alternatives to.gntibody libraries such a
i o A R S R T PR IR R seguence and
strugigge datarrenCexemmpl escelfirac O ddvantit bdies whishhive offdhiedd

fund eI VKEIRIaLS: ArRABR.QNs9IRgY &e&%@%ﬁ%@@@é&eﬁe@%&@% eto
antibody: Rutuxan (Rutuximab) Anti-CD20 15 antibody; and Avastin

varigiv i RlgREASERATdaR igsmEdeRbS SEOb RS ot IAL )3 -Tfcr diakyiig ebstrates.
may be prepared from which specific ones can be identified having
appropriate binding characteristics that can find use in the therapeutic
arena. EXAMPLES 20Example I: Materials and Methods Chemicals and
biochemicals Standard oligonucleotides were purchased from
Invitrogen and all long randomized oligonucleotides were from MWG
(Martinsried, Gennany). Pfx and lay polymerase and all restriction
enzymes were from Invitrogen (Carlsbad, USA). Shrimp alkaline
phosphatase (SAP) 25 and T4 ligase were from Roche (Basel,
Switzerland). The phagemid vector pPRPSP2 and phage VCS-M13 and
VCSM-13d3 (Vd3) were from Dr. J. Rakonjac (31,32). Streptavidin coated
magnetic beads and Protector RNase inhibitor were from Roche, as was
hen egg lysozyme. WO 2007/139397PCT/NZ2007/000125
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Bovine Serum Albumine was from Sigma. Biotinylated transfer RNA was
prepared using the MEGAScript in vitro transcription kit from Arnbion
(USA) and the biotin RNA labeling mix from Roche. Nitrocellulose
matbeanesdor western analysis was from Schleicher & SchnetfiiRassekos12s
Germany), and the substrate used was SuperSignal from Pierce (USA). 5
Bioinforniatics Structures were viewed, analyzed or transformed into
figures from PDB files (33) using Swiss-pdbViewer and Pymol (at
pymol.sourceforge.net). The PDB entry Ibkb (34) was used for structural
oAl e spR e DR LRl PIRE e e 10 8ol for
% 6), Icoa (37) were used. Re Structiral model ot
IpRYIRLpEreEhe HemsdsskvisacteeditybyBibihitmgitevith desired
proBEAiRe. &@f@%@ﬂﬁﬁs@f@é&ﬁ%ﬂ@ﬁﬂi@@tﬂé%@&ﬁw%ﬁﬁr%@éﬁﬁ}gmduwd and

__Alignme ere done using Clustal\V (versign 1.8) onling via the EBI
SR S RTE A U S CeRAES S OB g s 70 nd
15(ctomimpeidsicdenghl clddiboeitingtdaBantlire Ol et Russiiltdtin Tabeadid

; - JRNA f 1 ul ;
e I e ORI RYAYRY! RIMEIER i gy oo
domgin BindPuHE pdiReokngloma FAdiimsy o acstbls Herbpmsmam R0 pomain
to DAQRERVINASRS 289 o AmInG RCIUB FGIlBN WRreAmBlifiesay PCR

. from 20 P. aergphil M2.genomic DNA 003364, ' .
A T BOL A SOC Yol BUBHSA R BT HR B o domains
ObifoihdoBaidiicprhecidotidé foe theemeu s capplistéidrinfapemgiz, lanXthBEGRic OB-fold

dorRiRAUGIES A QNEIRXPIEARIORWEIR digesierwith. BainTtand BeaRland. .
ligated into pProEx-Htb. p roEx-th#roduces the protein as an

Proxjde X IHSE MY TRATHEBHBRb P ISS FRIRRIG D F AR R S-OB gene
into pJARA140, aspRS-OB was amplified by the PCR using the 25
oligdheiefeeril etpaine 5008 4ad drdigested dsingNegtadeiNorkd b-barrel that

prefRIARALAQWNAES B0 HIgeSIRWIRANG SRS BRAWBS 33 Whriable loop regions. Tn

dephosphorylated prior to ligation. For subcloning, selected mutant genes
thewa@n%%m@ E}Q??Wéh?éﬁgﬁéﬁ‘m%eﬁﬁ?ﬁ@@%{ﬁa‘% 8e ARbahter dametivemmrd by
an pDNR2QR 1banarelybeeqienidy datorpRES IS, bottbpart ofdhk ATEW ANear

i itro EST15.allows protein expressian as _
e o A A S S G AR SRS 88 it avey
from GerrrxsadsrrTNZbign AHOOE SBE schenepiaritbip=10. ELbistixtho mmaier of
resicfhel-Rlien (43)ruvasisast faredoningand Rlasmigay enartions@fRlkounted along

D Jome e .
botlgohdtesetsearidefvedl | A ragap rodbic€Bvitld Y@BiMd3 e helpeyl pREGesihctase
(asp%{()é‘l;%ﬁéh%ﬂﬁf e WILPIARALA AN RIARA édéé?féf(? ahited, @I\%?%?Qding

1762, (44)) was used for preparation of VCS-M1 elper phage
domatibalembisprayBeokd fiamem Yinday fnebayeijweriadet oz gedseand is
bomaamtm@duaﬂaegamwm@mo%ap@H@Rﬁg’tﬁﬁ;@%ﬁ)ﬁé@g@b@r@(ﬁs Figs.
e.construc incorporation of mutagenic oligonucleotides . .
L R L TSR e e

lengls pRISQUSGRNEtr AR A PN @itedHporaiid bt io4vePe. Modified OB-
fol AERRIACERY RER @Héh}.h 2B 23863BIesh i AUl 1BRANL G8RES 240U ming acids

oligouucleotides which introduce fandomized positions are listed in Table
and 109R SR PR SRpegehle AASRERRSINE AR St RsiagP 4 accommodates an
insectsreshandingHan kinghpiprershanct bainterpdasting the oligonucleotides
randomized at selected positions (30 cycles, 94C for 1 min, 52.5C for 30
sec, 68C or 1 nun) In a second step, the gene fragments were assembled
into a full length gene by an overlap-&gtension PCR (25 cycles, 94C for |
min, 52.5 C for 30 sec, 68C for 1 min). The amount of assembled product
was calculated by spectrophotometry to be greater than 1011 molecules
to ensure that a diversity of 108 is maintained in the following steps. 20
Assembled products were amplified by PCR (30 cycles, 94C for 1 min, 52
5C for 30 sec, 68C or 1 min) using vector specific primers 005/006 or
011/012 for aspRS-OB and IF5A-OB respectively, digested and ligated
into pProEx-Fltb. For phage libraries of aspRS-OB primers 050/044 were

1iead for clonina into NRPP?2 (cee helnw) Placmide containina eaithear the
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Overexpression profiles of proteins from libraries 5For each library,
transformed bacteria were plated onto agar (containing LB-amp) and

single colonies were picked and grown overnight in 100 pA LB-amp (50
opanilyzt8® T in a 96 deep-well plate with shaking at 1200 rpawityza007/000125
Eppendorf Thermomixer. The cultures were diluted by adding 900 gl fresh
LB-amp, grown for a further 60 min, and then induced using 1 mM
isopropyl-D-thiogalactopyranoside (IPTG) for 4 lu-s at 37C. Bacterial cells
were collected 10by centrifugation resuspended in 150 ul Tris- buffered

20 (RS0 I R 20 RN A PR Y oot

a|n| ege ectrophoresis

prevpbtyémwamu eiphiltadsioes (272 Bl bilooatndientichosiamebirgr varicty of

8aPRIIR aﬁé LB JibrassGonsteyclions Each reRHaNiZRMEOH9R (Sags),
plrOtdeflne d by %T/G/C K=T/G or MNI\Z‘Ij M= A/C for thec%rgﬁséggﬁémi)

an O& 8(8?, QO%B @gglgfﬁ @ngglgﬁraﬁglégerwtgns 1n the bacterial atta
immaROF¥383QT B@ZNZ&O&ZQ&@G% Fahiésl: 0B {dchgliga’ DidAdsequedoes

e
dom@rrmrqtﬁuﬁ igiratecroEdiNé teloe Hewensrasna 13 0B(Yue Kietal .
20058 QCT o RFC B HAGMNILGAGNM GEA G NN (ehte MM Cebst
pro’secf?r? (%czci%:&e? -II;/? ect: a ,T Z&E%ai%ea %/Io? %63 ?978 9(? % and cell-surface oligosaccaride
binding in pathogenic bacteria (Stein P.E, et al, 1994, Structure, Vol. 2, 45-47). As determined
by the Structural Classification of Proteins database (SCOP), the standard in classifying protein
structures into related “famiiies” and “superfamilies”, OB-fold protein domains are found in nine
related superfamilies. Those OB-~fold domains which belong to the same “family” have an
evolutionary relationship at the sequence, structural and functional levels and appear to be
descended from a conmmon ancestor. The OB-fold domain “families” which belong to the same
“superfamily” are evolutionarily related based on similar structural and functional features in the
absence of definitive sequence similarities. The SCOY database is comprised of proteins of
known structure (i.e. their structures have been experimentally determined using either X-ray
crystallography or high resolution NMR). Additional OB-fold domains can be determined by the
skilled artisan based on structural relatedness, that is, the presence of the fold-related binding
face, or structural relatedness and sequence relatedness to known OB-fold domains described
lerein and known in the art. There are sequence similarities within superfamilies and families
and these can be used to identify additional proteins whose structures have not been previously
determined imder the OB-fold umbrella. See, for example, the publicly available Pfam database
(at <sanger.ac.uk/Software/Pfam>). An additional publicly available database is Superfamily (at
<supfam.mrelmb.cam.ac.uk/SUPERFAMILY>) which uses hidden Markov models derived from
SCOP to classily protein sequences into superfamilies. For example, the “nucleic acid-binding
proteins” comprise a superfamily in SCOP database. There are currently 11 families and 66
individual protein structures in this superfamily in SCOP. From these i1 families and 66

structures, the Superfamily datebase has derived rules to classify 21,158 protein sequences as
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ATT OTT GAG GCC AGT AAA NNK NNK NNK NNK GOT GTG GAG ATT
TTC CCCloop 4/548  IF-5A 9m 018
TTTATAGTCGCGCATGTCICNNTAGICNNA
ATNGCNNATRBTCCICNNAACICNNICNNTATICN PCT/NZ20667/060125
NCGCCGTGAATTTCTCAAT beta strand 1+2 75 019
GACATGCGCGACTATAAANNICATANNKG TGCCGATGAAATACGTC

beta strand 3 54 IF-5A llin 030 ATT GAG AAA TTC ACG GCG NNK ATA
NNK NNK OTT NNK GGA GAT AGC AAC GGC GCG beta strand 1 54

on-95t% Sdibul blissal TGk SAGMMMLALNNRRER MB0AALS similary, the
CheW-like superfamily has just a single family and two protein structures in SCOP whereas this

has been expanded to include 898 proteins in the Superfamily database.

i. Classification of OB-fold domains at SCOP

For the class of OB-fold domains characterized by SCOP as all beta, with barrel, closed
or partly opened where n=5, and S=10 or $=8; greek-key, SCOP currenﬂy identifies the

following Superfamilies (the numbers in parenthesis are the SCOP reference numbers):
1. Staphylococeal nuclease (50199)

For Staphylococcal nuclease, there is currently a single mermber of this family although
there are many structures in the database for Staphylococcal nuclease. The OB-fold is a closed
beta-barrel, n=3, 5=10.

2. Bacterial enterotoxins (50203)

For bacterial enterotoxins, there are two families in this superfamily: Bacterial ABS
toxins (B subunits) and the N-ternwinal domain of superantigen toxins. The Bacterial ABS toxins
include the heat labile toxin from E. coli, the Cholera toxin and Pertussis toxin. All have a
closed beta-barrel topology with n=5 and S=10 with the single exception of the Cholera toxin
whose barrel is slightly opened. The N-terminal domains of the superantigen toxins and
superantigen-like toxins are all proteing from Staphylococcus aureus and Streptococcus pyogenes
and have typical n=5, $=10 closed-barrel topologies. There are a large number of these proteins
encoded in the genomés of these organisms. The Staphylococcal proteins have recently been
renamed according to: “Standard Nomenclature for the Superantigens Expressed by
Staphylococcus. ” Gerard Lina, Gregory A. Bohach, Sean P. Nair, Keiiclu Hiramatsu, Evelyne
Jouvin-Marche, and Roy Mariuzza, for the International Nomenciature Committee for
Staphylococcal Superantigens The Journal of Infectious Diseases 2004; 189:2334-6.

3. TIMP-like (50242)

TIMP-like Proteins are eukaryotic proteins that currently are divided into three families

all with n=5, $=10 closed-barrel topology:
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75 TTT MNN GTC GCG MININ GTC MNN TAG MNN AAT MNN CGC

GCC GIT OCT ATC TCC IF-5A 2RL 073 CTC TCC OTT TCA GGA GAT
NNIC NNK GGC GCG GTA ATT CAG CTA Loop 1/2 42 IF-5A 2RL+2 075
CROITGBITT TCA GGA GAT NNK NNK AGC AAC GGC GBG/GAAN7/000125
ATT Loop 1/2 42 Resuspended cells were lysed by freeze-thaw and
addition of lysozyme (0.5 mg.m1-1) and, after sedimentation of insoluble
material, the soluble fraction was also analyzed by SDS- 5 PAGE. A
small-scale purification step was conducted by binding soluble proteins

using 5 g N{NTA, Eﬁzﬁﬁ&?@%lﬁﬁ%{éﬂ%& N‘IMMSB?@QS(&H&F&WQ?HF&uIm

RS and heund RreieiRswenc1dent d using SDS-PAGE. Protein
expression and purification 10Wild type OB-fold domains, aspRS-0B,

IF5A- OBanmﬁﬂménmiFQﬂ@Bﬁ@@m@ésbR@%@BmRL were

expressed urlfledB |II| ntltl | overnight WO
2007/139%9?131”5%j ]6‘}!“ ég"én It XLI -Blue in LB-amp
(Smg.mémla)cwcedﬂﬁetcbﬁﬁﬂm@te 500 mI of LB-amp medium. Cultures

were grown at 37 C to 0D600=0.6 and induced by 1 mM IPTG for 4 hrs.
For g &leng WensreshectstEplhasmtartigasdsirahtestiagdin tis crrcénsivere

Repf@RHERSRERELIN&D-mIrRT 40 MVsimigazeieand lysed by sonication.

OB-fold proteins derived from IF-5A were 5treated in a heat step which
invalvasilrrsebation fooa0nngpa t8EuTE ik tenali?éssa large

For Tail-associated lysozyme gp5, N-terminal domain, there is a single structure which
represents both the family and this superfamily. The protein is from bacteriophage T4 and the N-
terminal domain is part of a much larger protein complex which forms the cell-puncturing device

of the phage.
6. Nucleic acid-binding proteins (50249)

Nucleic acid binding proteins are a large superfamily that encompasses many proteins.

The following are the family demarcations and descriptors:

a. Anticodon-binding domain (50250)
barrel, closed: n=35, §=10

b. RecG "wedge" domain (69259)

¢. DNA helicase RuvA subunit, N-terminal domain (50259)
barrel, closed; n=5, S=10

d. Single strand DNA-binding domain, SSB (50263)
barrel, closed: n=5, 5=10

e. Myf domain (50277)

_ f. Cold shock DNA-binding domain-like (50282)
barrel, closed; n=>5, 5=8§

g. Hypothetical protein MTHI (MT0001), insert domain (74955)
h. DNA ligase/mRNA capping enzyme, domain 2 (50307)
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portion of E. coli proteins. Lysed cells were centrifuged at 16,000 rpm in a
Sorvall SS-34 rotor for 30 min. For purification, the lysate was loaded onto

a Ni-NTA High trap column (Arnersham Pharmacia_, Sweden). Elution
PorReRE18BItiMmn was performed using an imidazole gradient. RUFR&07/600125
protein was dialysed against imidazole-free 20mM Tris-HC1 pH7.5, 150

mM NaC1, 10concentrated and subjected to a second purification step by
size exclusion using a Superdex 200 column (Amersham). Phage library
preparation General procedures for working with phage were perfoimed

according toBathasehaliknmEAnbides pseparegjocks of phage
@éﬁ@ﬁoﬁéﬁ;&'“ﬂ (d340y: gl Qs GNP v Rl F ek colls JB@f@ﬁHfMﬂul&zr
asRMSAIB in pPJARA140 were used to inoculate 200 ml, 2 x YT-amp (50
p.g m1-1) This culture was grown for | hour with shaking at 37 C and

infected Wit NpiakiraieaIpiistordaB e A M HeIpErp Hage S 3 Min at

37 C withpupshaking., [he.cellsyasphenyyashed and grown for another

BRI 2 XSO R EIDRYS WELR ARSI CONREREMe HOm e LUlBIS arrel; n=8,
sgpernatant by polyethylene glycol (PEG) precipitation, resuspended in

TBS and stored at 4 C. The phage titre was determined as 3.0 x 1011
TDB. ndtetganic prgpgsphiag$ia4HiRS-0B gene libraries into pRPSP2 the

oligonucleotide pair 504%44W s used for PCR-amplification of the . . . .
oSS AR BRSO e Ry o e oo iy

has gigemiclesy dsqperforthex by esinglaphroxmritsly aQhagaofnd eukaryotes.

; %?ﬂ?}??’%‘ﬁ’ purification on spin columns (Roche or

. DArre osed; 1 .
Qiagen, Bild&h, éermany) Transformation of the 50 ul eluate was
performednistadi0 paQudplesttecsyspstent E.coli TGI cells by
electroporatiantieleingappsaitivaiedy koo kDB iranstorenants: N- and C-termini
Transformed cells were cultured in 100 ml SOC medium for one hour at

37 C, before’adthihs SPUbOHiF MBI ARG SREFYEEHg ¥ Another hour 30at
37 C. Samplgs wieradakentn.sstimais theligatomand transformation
efficiency by plating a WO 2007/139397PCT/NZ2007/000125 dilution
series on LBPARsgalisiacds #id%Unalyzing individual clones for correct
insert size by, diagnostic, PCR..Colon} ere randomly picked and the
number of cc?‘r'reﬁcﬁlz rﬁguesr(tﬁéevrgg) }ﬁ%ggi%@é from diagnostic PCR of individual
col@niegOFPhia(fFiddn of inserts of the correct size was 89% and the
number of colonies calculated to be 9 x 107 resultingjsiqr] a diversity of

-axIorsifErit eravrisc: S e dhi i senibteatradibsizalo fusingality mnd all

Nc%%\lotl-digest%([j?ﬁ;gha e vector pRPSP2 and insert, in a molar ratio of

frog bafRti%eached 0D600 = 0.4 the culture was then infected with

approximateijoltioteZyigs e Buming prefpelJREJE(BEatagene), left for 20

mm at 37g \%Q[(&H,ta i g&i 0, %%F t?g,{g_ lrrl ken (f)% a}n 3g}anamycin was
%ﬁ%%%zﬂy%n‘%?%%%ﬁﬁi% ﬁ d%f%n Cﬁ@%@ﬁgggﬁ

g tat .Bacteri

(% ulture, was
-lermindl strands
wn overnig were sedimente phage precipitated
overnightat ARC-aftespdissoiitigomn2bgRESB00Y 10(Sigma) and 15 g
Na@ibPhage werepehetedby demrifugation, dissolved in 5 ml PBS,
filtered hc ! h 56?4? ters and used for panning. Preparation of
biotihylaté tdrget Generation of biotin labeled asp-tRNA was carried
OUtRyJR. VIR UARSGHRUA NG NG A MERRRCER LI (ATDRIBRY i sima,
and the Biotin RNA Labeling mix (Roche, Switzerland) containing

oML £6%GTP. The DNA template was made on the basis of
expression-PCR (41) by PCR assembly of synthetic oligonucleotides
coviering then#8deplaspiRNAagend SugerfPndgrophilum (Gene ID:
1464263) and a 150 bp DNA fragment amplified from pET28 (Invitrogen)
including the T7 promoter region at tBé 3' end followed by GG for optimal
promoter 20activity according to recent promoter recognition studies for
T7 (42). This resulted in an assembled product of 230 bp which was
precipitated by ethanol, dried, resuspended in RNasefree H20 and used
as the template for transcription without further cloning (41). In vitro
transcription was carried out following the manufacturer's manual
(Ambion) and yielded -5 ug biotinylated asp-tRNA from a 25 ul reaction.
25
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Selection of aspRS-OB libraries Biotinylated asp-tRNA was used as a
target in the selection from the libraries 'RI: and "13mRL', and hen egg
lysozyme (Roche, Switzerland) was used for selection from "13mRL' only.
PP BWEEHEATON RNA, biotinylated asp-tRNA was immobiliseBByNFiHidipo125
to streptavidin coated paramagnetic beads. 10 ill beads were washed

twice with 400 ul PBS-T (PBS, 0.1% Tween) and incubated with 100 rig
biotinylated asp-tRNA for 30min at RT with agitation mid occasional
inverting. Beads were washed 3 times with PBS-T before incubation for 2

hoyts with Bl ok bteft Rhage el RibALid3mBL IR BRSy0:8%
. BSA. After 6 washes with PBS-T for. the first round of panni ag\%/ﬁ%
oSS TP e b5 LI F G R ERATE TP ETRREA D Rore

Addtimes ORITRBS@iE dosubatednniitbhdinig« ButsbnitPinit RN asecfufironsimilarity

bayin ncrease.. Roche) for in at 3 jgest 8 . e
ot R RS SIS D L R ARG A i i
to thipergiospairdassiath for mRsetizssef Iitioths resmtio ety tireTeienipp cution

encol inmfesdhonexidaundel Ralaring dostbiresmvaradefifor 20 mm at
37 C without agitation, incubated for one hour with shaking before addition -

of ampicillin and. grow ' ' I '
e B B e o
dompinse LbH eAFSHBOEA ahBYaTe procedure as for the phage library
preparation outlined above. After 4 rounds of panning individual clones
Famieremanalyzed. 15For selection on lysozyme, 4 ml Immuno Tubes (Nunc,
AmnBemnark) were coated with 2.5 ml lysozyme solution (10ug/m1) in 20 inlvl
Planhare®sipHngmberernight at 4 C and blocked with 4 ml 1% BSA in PBS for
Tota] npherdt 1ovisige i dws fepalyin Sin Riat &ab8&led (-2.5 x 1011 cfuin 2.5
ml) and incubated for 2 lirs at RT with gentle agitation and occasional
tORévl fsiqn. Washin W;gé)erformed quickly within 5 min by 8 washing
Acc"egﬂ %mmer SF Dg o BEA (for the first 20 round of selection only 6
Numy %§b1el§rg¥§5é§:qggpnned using PBS-T) and 2 steps with PBS. Bound
phage were eluted by incubation for 10 mm with 2.5 ml elution buffer
TeldQGaM glycin-HC1 pH2.2, bromphenol blue) and immediately neutralized
Tel 4RO pkMid Hiptk-Kdupi] &frEldaaiphage were counted and used
Acchexipliosta e #F@ b TG1 for TDP amplification and subsequent rounds of
NungsnoigoEukutg growth and TDP production were carried out in the same
way as described 25above for panning on asp-tRNA. After 6 rounds of
S5Bselection and amplification clones were picked and analyzed. Western blot
Siﬂ@&rsﬁﬁ&@@@ﬁé‘g obvaEidetection A phage sample of aspRS-OB
AcceggiergRedairatdd Y PEG precipitation to 1 x 1011TDP/m1 30 and 10 gl
Nughst $iREISHh"d@l loading buffer (contained SDS and BIVIE), boiled and
Dmggg@rated on a 10% SDS-PAGE gel. After transfer onto a nitrocellulose

memgf(g an, lgigher & Schnell, Germany) aspRS-0B-plll fusion
ggéﬁggﬁlgzﬁgggg%é us?nggi]mouse anti-c-myc primary antibody (Zymed,
Nulﬁ@gﬁg@ggﬁgﬁgd@ HRP-linked anti-mouse secondary antibody

(Amersham-Phannacia, Sweden). Visualisation was performed using
DNAupesdignal(r) substrate 5(Pierce, USA). Phage ELISA Phage ELISA
NABXxpeandent DWeréper{obnidd domnialyse selected clones for binding to ,
Acclysornymebdliridty3sbd-well ELISA plates were coated with 5 ug/ml hen egg
Numysoz§meteBisighfl 10 RNaseA or 1% BSA in PBS at 4C overnight. After

two washes with TBS, plates were blocked with blocking buffer (5% skim
Stappian'PB5S) for one hour at RT before phage (109 cut /well, derived from

VCS-M13d3) were added in 2.5% skim milk-TB S-T. Plates were

incubated for 2 hours at RT with agita&ion. After 10 washes with H20,

mouse anti-M13 protein VIII diluted in blocking buffer was added and
incubated for 1 h at RT. Plates were washed 4 times with H20 15and
horseradish peroxidase (HRP)-coupled rabbit-anti-mouse
immunoglobulins (Pierce) in blocking buffer were added to the wells and
incubated for 1 h at RT. Wells were washed 4 times with H20 and 50 ul
substrate solution (1 mg/ml o-phenylene-diarnine in PBS 0.030% H202)

was added per well. The reaction was stopped after - 15 min by addition
Nnf 25 11l 2 E M H2ROA and the ahenrbance wacec recorded at A02nm 20Enr
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25Monoclonal phage preparations For phage binding experiments
monoclonal phage samples were prepared as multivalent display using a

glll deletion variant of VCS-M13d3 (Vd3) (Rakonjac at al, 1999) as helper
BYage7AdPfHie micropanning prescreen monovalent phage W& SR 7/000125
derived from wtVCS-M13. Helper phage VCS-M13 and Vd3 stocks were
prepared from single plaques following general 30 protocols (Barbas Il at

al. 2001) with the exception that VCS-M13 was grown on TG1, Vd3 on

E.coli 1(1762 (1{561 transformed with plasmids pJARA131 (cam) and

StaARALI AR NES tHERIES-BlaRkstrain to supply pill for phage

Accassembliyb¥dBreamples were heated at 65C for 20 min to kill X-lysogen

Nufitemothedagaterizl host. To prepare stocks of phage aspRS-OB on Vd3 or
VCS-M13, E. call TG1 transformed 5 with the corresponding pRPSP2
elFderivative were grown in 100 ml LB/Amp to 0D600 = 0.4 and infected with
Eukagyptioifitigdedroiee SANTBupEsH EBTHENpdsm&P B dodin incubation at 37 C
Accﬁﬂﬁﬁmié’?ﬁ’é‘tmiﬁ% culture was incubated for another hour with shaking,
Nurpbeh ShaeIFREd Uty/ml final concentration) was added and the culture was
jjn&ébated overnight. Cells were sedimented and phage purified by
Gg i _PJQJ%QP g‘ﬁg%f’EG/NaCl following current protocols (Barbas Ill et al.)
dec 599%9% ISEHS above. T_DP_s were re_suspended in PBS and used for
Nm@g@_lgisb}g%gg}(gzlona phage binding experiments on asp-ERNA For
testing binding of phage displayed protein to asp-tRNA, monoclonal phage

Sam%l%@ M@@%@ﬁgéﬂﬁﬂ@de@m@dfﬂé@ﬁ, Rﬁ@tﬁiﬂﬂrﬂh@ aﬂuéﬂua@m%ﬁhm can be
n Vd3. rocedure calri t was, essentially as that for the first
e AP LA ST T AL e A et L AR WS B g med OB
foldstreptavithiat cosle dspd famagnetis fieatsrehl TDR dampledsiierend ppted
fnddQ9chi/tibe). After incubation and washing steps RNA was digested by
addition of RNaseA and eluted TDP were counted by bacterial infection.
20G]ST 'pull down' assay Muytants selected on lysozyme were subcloned
intd G AT AR T HEESH L8 For RIBTRELIBN AL EETHion proteins.
Constructs were transformed into E. coil BL21 (DE3) and cultures were
grotvminiSien IRIB ol forGat sviénerilthaneel bydiddition oh R @aiosaodind

prefRRf SALARME MARAS ,@ﬁ%@%ﬁ*ﬂ%dfiﬁ}!ﬁuﬂ%éﬁﬁs&ﬁz‘é&%@&%erem, known
sedimented, resuspended 25in 300 ul lysis buffer (Tris-HC1 7.5 150m

i e ) L R, SO TG T AlES St SR ARgeed on

metthasstitdpie: i dettnanidsninen hatkeawit ok Qg aidy eyl Fikeo GBEbREN0S@ain,
ucgaleadsd(élryo%%hame) le ! <]5rhr at 4 giﬁf\ﬂexr t\évso W SQ:!*. St}? 3 YgitQmTirl?’oSé(;lrd residues

TGS Were ineubated with 300 Gf égcium’cfu mgr}lgé(? u# sézyme

in tiq ptrgneislytand0eIv Bsdrp fabdrndial @i asiHinepidresip dreciraeds aEmigop

and@fferent Rudfergades QMM TS HE & p16:8in LaRmMn ale 39T BB lain, can
(20 inM Tris-HC1 pH7,5, 150mM NaC1, 0.1% Tween20), TBS-T-500, .

be tERE e FORRRRAIN NiREdYe BRdRRiwE el S e iRy BiRg2cid

residoeflainingeBR ScahchRIMIE) deile thanc analypéd, byn 5D S:4d AdSiEues in strands of

inse ingdin i ' ! led to a CM5

e R

randpraipHipRrR IO S FRthalsstar s evibinhy ebdeidismadrgn be

targ@ﬁé@if@pl@i}% ﬁéﬂi@@égﬂ%@&ﬂ@lﬁl%ﬁfﬁ%ﬁh&%@bi@b@egclzi/ RiniekAmkido acid
.mixture of EDC:NHS (c ercjally avai ym . Biacore). Lysozyme, .

Sy S e e SR Iy SR

randovetizagom.] TR0 R pfiicaiordd doldtéorespe nedudeasise@riciRemdinincf beta-

uncoupled active groups on the chip were deactivated with an injection of
ethanolamine-HC1.
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For analysis, 0B3 13mRL L6 was organized in a 1:2 dilution series of six
concentrations, begirming at 3701.IM in running buffer, plus a buffer-only
blank. Each of the seven samples were analyzed in duplicate for 1 min @
Bagrabmirsssarrandom order, using the first flow cell as a referBEERIZEoE /000125
response curves were visualized and processed using BlAevaluation
(Biacore). 15 Relative response at each concentration was averaged and
plotted to determine Rmax and IcD using Sigma Plot (Systat Software,

Inc.). Example 2: OB-fold domains from Pyrobaculum aerophilum. To

steadfiEhbWhethen BIRld.domains can-he Lser aprRiscatiol far OSREIating s, see

protelns with 20° specmc blndlng and enz matic properties, the tolerance

Figwembivitio Srosreecd Shignt ATHO e FSdere & fheloops between
the be@pmﬂimma gdiacapwiakl ﬁmmﬁdmlm QB-deltifdomaias fm:ions. In anether
o e A AR S ¥ omar

(e.zd Hrabbesgasisarchnbsiphabes mm@%ﬁm@ww%@@mmw Yind
sel B RIS IAIRINGHBMeHE pREEGPANET I ERE MR (ks RIS HAEARRS8. 82d domains

uses a library of all protelns of known structure which have been clustered
haviRE PSR ER B RIS BeSadRartr efsdifrats S orgrotaisay ity
to the plewgtop hidden Marlcov models which are then used as profiles to

search sequenced genomes for proteins likely to contain similar folds.

Thigrsearghodelgedkhbiis ceRrBSeiingRRieN 3RPUSNEES &aNtaining

potential OB-fold domains from the genome of P. aerophilum 1M2. WO

/ / f eque
anel A G e b 1 Lt SRR oot
Pro®WEheaiRaiEn Harialien et randapienndelie Miantind taprspTigd S&daivathstase,
aspR(B8-AlEY éﬁt@wcm%tmﬂ@m@bmegﬁw&emsm&ﬁ&ﬁ@@aﬁuﬁ@g@m&meé

o) vallabl o ous, three.dimenpsion ruct
OBkl fofaTaI Shiee dmegsional pole SLUCLIES 4 naa
prothiesé3ddh séﬁmm&n& fastfiftech lthe }Qmmﬁar(se@aiﬁamle@)ar&xeoﬁ tlﬁ’@'@k@htzlum
aer&ﬁﬂ Qlﬂatﬁﬁl%@%%g é&@é@e R%M H&%@ﬁi@g % eclfic
and amlnoac A

translation initiation factors (I synthetases (

amigg) AeicpRsitats b R MBS RA L HBRIS %%wémw%éoﬂowed by
genmaaﬁb\rjadsmngﬁetmmr@wé}s %e?tb@i@%&ﬂﬁdﬁ@mﬂi%}fp@éﬁbm&ﬁhﬁéﬁamoded

profeih ¢ Iacees&]%a%s%%onr%gde-rhe m?}QcP&%’QPso'i%i%?e Cat {d&r:]%fé'.%%ﬁ%oe@coded

seqguence a gnlnen S and ested Tor expression a

by f@ﬁlb@%fdoﬁéuéﬁsﬂfmﬁﬁﬂqé @sga@wttmwm%&w@%@@é ct!agpxﬂ Szﬂﬁ)ssma‘ﬁs@m’pe
dlsﬂﬁ?eﬁ%ﬁglﬁl%e@!ﬂﬂﬂggtﬁmw Erads (IDRARR) IRV ERINSRAIER. RINCE mains,

y expressed well and were Soluble and heat stable. An additional

bassdd%m%@@%? fraliplea frsbnd st d Rl o HE Fgirekuit gaRected to

phag53idibnemsibodd @tdﬁﬁiﬂﬁﬁrﬁﬁdhﬁﬂ%ﬁﬁ&ﬁﬁ@ﬁ%ﬁﬁé daﬂﬁiﬂaﬂwﬂﬁ@k‘oﬁtwiﬁdﬁat are
I bl tian

capgﬁgg%%% Scy %E et %u 'amgl& RNA r@r\}v ﬁac%?éﬂ?ofcﬁganﬁs In one

structure O Fig ure OWS '[WO

illogradypimbedmgnd ﬁsﬁ@mﬁyc&ﬁsm@%@a IHREcTey wﬁm§ saiifiad§Beipld

donSBIEGHAPGH Y RwdResRioRased RiRd ng dasceitlSaetrand sk B)sig difegted

d awe%lfr m the protein centre and toward the solvent. The OB fold of IF-5A

“I}EREE S ear number of 5=8 and is thus, a 20 representative of one

sub-class of the OB-fold domains. The OB-fold domain of asp-tRNA
syniifetab qaspretnob)ieas ehodéindicateprasernateio ke dctisdrt for

prefitlinclasgi ol DBfold.prpieinsaith thaerap eripa Rt oAdhiee EiMensiondaving
structure of aspRS from P. aerophilum is not available, however there are
a number of structures in the PDB for aspRS proteins from other
organisms. Figure 4 shows the crystdtructure of 25 aspRS from E. coil
(37). A sequence alignment for the OB-fold domain from P. aerophilum
aspRS and its E. coli homologue show that the OB-fold domains have a
sequence identity of 30%. Over their full lengths the aspRS proteins are
20% identical at the sequence level. The OB-fold lies at the N-terminus
and is clearly spatially separated from the larger C-tenninal domain. The
binding face points away from the C-tennirtal domain toward the solvent.

While 30the N-tenninal OB-fold domain binds to tRNA and constitutes the
anticodaon recoanitinn Adomain \WO 2007/120207PCT/NI7Z2007/0001 258
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Table 2 Protein annotation containing OR-fold _predicted NP number size
of OS fold shear number (S) translation initiation factor IF-5A (NP 560668)
10 IcDa 8 translation initiation factor IF-2 alpha subunit (NP 560442) 12

YD 0@ {3H8lation initiation factor IF-1A (NP 559055) 14 Ma 8CT/NZ2G67/600125
aspartyl-tRNA synthetase (NP 558783) 15 kDa 10 asparaginyl-tRNA
synthetase (NP_560397) 14 kDa 10

modification in one or more amino acid residues. Nucleic acids encoding OB-fold domains may
be obtained using standard methods in the art, such as chemical synthesis, recombinant methods

and/or obtained fror biological sources., Nucleic acid of interest may be placed under the

control of one or more elements necessary for their expression in any particular host cell. A

variety of host cells are available to propagate OB-fold domains, and displays methods are
known in the art and described herein that may be used in display modified OB-fold domains on
their surface. Display methods include without limitation phage display, bacterial display, yeast

display, ribosome display, and mRNA. display.
i Display methods

Display technologies involve the screening of large libraries of expressed proteins using
an immobilised ligand to characterize or discover new interactions between individual proteins
and the target ligand. The most important characteristic of display technologies is the ability to
couple the proteins being screened (phenotype) with the genetic information encoding them
(genotype). In all display technologies the genetic information is isolated simultaneously with
the screened protein. This is generally achieved by displaying proteins or protein fragments on
the surface of biological entities, e.g. phage, yeast or bacteria, and employing the replication
systems of the organism to amplify the library. As an alternative to these in vivo systems, the
whole process can also be carried out in vitro and such technologies called ribosome display or
mRNA display. In these cases in vitro-generated transcripts are translated in cell extracts and
RT-PCR is used to amplify the genetic information after the ligand-mediated isolation of

mRNA-ribosome-protein complexes has taken place.
a. Phage display

The display of foreign pepﬁdes and proteins on the surface of filamentous bacteriophages
is called ‘phage display' and is now a commonly used technicque to investigate molecular

interactions. Normally the protein library to be screened is expressed as a fusion with the gene I1I

“protein product at one end of the bacteriophage particle or as a fusion with the gVIII protein on

the surface of the phage particle. Infection of bacteria with such a phage library allows very

efficient library amplification (Griffith et al., 1994). A typical phage display protocol invoives
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lysyl-tRNA sythetase (NP 559586) 18 IcDa 10 conserved hypothetical
protein (NP_560727) 11 IcDa - conserved hypothetical protein (NP
559846) 29 kDa 10Each of these OB-fold domains have homologues in
av&ingdormvoffering opportunities for applications in a differetT/NZ2007/000125
physiological contexts (see Figs. 5A-5B for sequence alignments of
aspRS (Fig. 5A) and IF-5A (Fig. 5B) from different species). Fig. 5C
shows the sequence alignment of aspRS-OB from P. aerophiultan, P.
kodalcaraensis, and E. coil. Sequence identities are indicated by
theAsiRfisksn Thensacondans siuchugiafile QR -fold jsindicated.bslowthe
15sequence: H-loop between strands 4 and 5, loop 4/5. Example 3:
ProSRieEoBP PRLRTE SO RS A fusion wHeoRsdRse Hircoat proteins (11 or
gVilsnstotriizatieniohi ety o Bafoldedsrainsiwarghchasen anptbe-hasistdiding to an

. irthr imensionalstructures. . The structure for.|F-5A is ayailahle,, A
T T O 50 T A g A R S e B R et
waghing sdat i gonire Sniambdels38nd G uied ofiwandilabidstiistety sdroral
rouBd b 4RMn3 - ANELERBNE R LOHAKARE RIS (R AR HUSHRAHIINASS ing

On the binding face of the OB-fold domains, surface exposed residues
o G HBESh T TRLEAR R P LB RS e B A ORI o et 1o

illusavevdidfebedihsheatismbitiasthérbsHuctptes phiegslihtlyydifteiont ata used to
disgﬂ ictdar. dhe aranoemenhhihe f3-strands 4 and 5 along with the loop
e

ween these strands is different. In the case of aspRS-0B, the loop
between as, also jncluded for randomization in one of the

trand 4 and 5 (
libraries. ?ﬁus, f%ﬁggﬁagwﬁ@ SRAEhTEBYsed residues situated on

8-strands 1-4 and in the loop between strands 4 and 5 were chosen for

rand&¥hBAsiaH] Harlagived Yersddplaniashrnlnaictalpwosmerosinfgesnabinant
proléitbeanaticaved G RERNL. (rdvidd 23 Re SIDIRIMEANES7) or bacteria (E. coli,
Staphylococcus carnosus) (Daugherty et al,, 1998, Wernerus et al., 2003) as a fusion with the a-

agglutinin yeast adhesion receptor or a bacterial outer membrane protein (OMP) respectively.

The expressed fusion proteins also contain tag sequences, allowing quantification of the
library surface expression by flow cytometry. Combined with indirect fluorescent labeling of the
ligand, anti-tag labeling allows cell sorting by FACS (fluorescence activated cell sorting) and the
determination of the binding affinities of the interactions (Feldhaus et al,, 2003, Wernerus et al.,
2003). The features of yeast expression system that make it valuable beside other display
techniques are a correct post-translational modification, processing and folding of mammalian

proteins which can be problematic in bacterial or in vitro display systems.
c. Ribosome display and mRNA display

Ribosome display and mRNA display are technologies that enable the selection and
evolution of large protein libraries in vitro. The only biological component required is a bacterial
cell extract that contains the factors required for the franslation of in vitro-generated transcripts
encoding the protein sequences. In ribosome display, genotype and phenotype are linked

together through ribosomal complexes, consisting of messenger RNA (mRNA), ribosome, and
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To assess the tolerance to such mutations, a set of libraries were
constructed addressing parts of the binding face independently. For

IF5A-0B, libraries were constructed which randomized either 9 or 11
pesitior g ed-strands 1-3 (Figure 8) resulting in two libraries ®ithsz2007/000123
calculated theoretical variation of 209 =5.12 x 10" and 20" = 2 x 1014
variants respectively. 15Two small libraries (400 variants each) were
generated targeting the loop between strands 1 and 2 by randomising two
introduced residues, serine-asparagine (2RL) or, by extending the loop

using.a further two residues (2R14-2). E etajls of t idu sen.
ore R SR ] s LR D g Ry
methgsaptplentrorcioly lskapBa A to fstruidisfaretindabbsimglowsipeghication

of aﬁ%ﬁ&@ﬁ@f&ﬁﬁ@@ﬁ%ﬁ%@%ﬂ‘ﬁ@[&%ﬁ %‘&Qt%% rix?i%ﬁﬁa‘_é&? :&Q’lgq selection,
domain, the 8-strands were mutated individually and_in combination wi

th
the SAEAFOIRRN AT BBP DERIBER SR ATRIERY é%"?&%ﬁf@&%ﬁ%ﬁ%t%‘b and
tranibatbibfar i dyipe OBikbid cdvoton ((hsdviskthel Pabukeillyn 000 Y e OBstekdfor display
meOATLANA I IXIROIAIRGRIPIATY, S RISEML G IRERLIES Rl
ifferent sizes and different arrangements of fandomized positions were
enticgiisBadted{sed Vatnus QR 38)7) Natfgptrchpelois:fié-TalstdhnesMIgtas (2003)
Nat\uﬁ_i\-s?ﬁlm.eg pg @3%%@@&&?@9, Landdoe @Nt@rm{ﬂrmgd@srﬁ@:ﬂ%ms ],
is loop n _ rgeteq for ran atjon to
Ploc i el SR SR T e A AT I QA 2009
J. Irexanupder divietu280/50 60 Vi 80OB- fo kd. (2668Inspphiiztyistrodfiexiented
69(é9ggfgi_g5this region which suggests that this loop might be amenable to
extension. In a similar approach used for aspRS-0B-fold domains, libraries

ith_dif t f ti Tab led P
i el LRl e T T P IRES TG
Bioteshresdiiting fib el imenhbersab dR8npNnBatiedsioiel &: pidKed @ritfiths, AD, et al.

(1oe)aINESE fBLNISHS 9k SATELUTIAE: PIEESHIANAS@dbgoptaggaghprotein,
solub%éand 5 blndln%gto Ni-NTA-resin. Table 3A agng-OB library

13: 941 Qb e®aldactrgb et al- B8 ibrryminsisel YefutdlohLAongddemerus
H, 2@42008) b0 5R: Qo3 208 B O s 1BL159 13m

II.  Potential targets for screening modified OB-fold domains

The ligands of naturally occurring OB-fold domains are diverse. The production of
libraries of moditied OB-fold domains extends the diversity of possible targets for OB-fold
domains. Potential targets for screening against libraries of modified OB-fold domains
encompass a variety of molecules, including, for example, but not limited to, nucleic acids,

proteins, peptides, polypeptides, carbohydrates, oligosaccharides, and hormones.
1. Nucleic acids

A large number of OB-fold domains are involved in binding fo single stranded DNA and
RNA. These include the single stranded DNA binding domains of the oncogene BRCAZ2, several

domains from hwman replication protein A and the anticodon binding domain of Aspartyi- and
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131-3 2014=8.2 x 1016 13 4RL Loop 4/5 204=1.6 x 105 4 13m4RL 131-3

+ loop 4/5 2019= 1.3 x 10r 17 Table 313 IF5A-OB library randomized

area theoret. size of library number of mutations p1-3 209=5.1x 101191
(MO390 3@PT= 2.0 x 1014 11 2RI., Loop 1/2 PCT/NZI607/000125

Lysyl-tRNA synthetases, Accordingly, single stranded DNA and tRNA can be used as ligand

targets for screening libraries of modified OB-fold domains,
ii. Protein targets

A variety of proteins can be used for screening libraries of modified CB—fold domains,
such as enzymes, regulatory proteins, protein and peptide hormones, transport proteins, ete. In
an illustrative embodiment disclosed herein, lysozyme is used as a protein target. Other targets
include, but are not limited to, ubiquitin, complement component C4, plasminogen precursor,
apolipoprotein A-II, plasma protease C1 inhibitor, transthyretin and serum amyloid P-

component.
iti. Oligosaccharide targets

Oligosaccharides play an integral part in the biology of all organisms. Oligosaccaride
substrates such as, for example, but not limited to, laminarihexose, mannopentacse and

xylopentaose can be used as targets.
iv. Hormones

Hormones such as, for example, the steroid hormones estrogen, testosterone, and cortisol;
catecholamines, such as epinephrine, and other such molecules can be used to screen against
libraries of OB-fold domains. Currently there is no evidence that the OB-fold domain has a
steroid hormone or other cofactor as anatural ligand. In addition, it has been classically difficult
to raise highly specific antibodies to steroids and a concave binding face, such as the OB-fold
domain binding face may prove better at raising the specificity of binding for a particular

hormone.
V. Small organic molecules

Smail organic molecules (defined as organic molecules with a molecular weight equal to
or less than about 1000 daltons) can also be used as targets for OB-fold domains. The small

organic molecule may be a naturally occurring molecule, or a synthetic molecule not found in
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202=400 2 2RL+2 Loop 1/2 202=400 2 10 Tables 3A-3B are a list of
gene libraries for aspRS-0B. Suffix 'm indicates mutation in the 3-sheet
covering P-strands 1-3. Suffix 'RL" indicates the randomized loop region
(Bobpar/B3hivase of aspRS-OB and Loop 1/2 in case of IF5ARB)NZ2607/0006125
15Example 5: Library assembly Libraries were essentially assembled

on the basis of overlap extension PCR incorporating synthetic
oligonucleotides with degenerate codons at the desired positions. First,

gene fragments covering the whole gene and containing overlapping

natfRYINSWEIR YNGR gfgm%a&%é%&i;mg%ss%cﬁ?eﬁq&?@iéﬁ%g sygtem

fragments were generated by incorporation of the corresponding long

(udigioh clemitiberasnta At TR SRR e she iprlyniana orepsic molecules
inclagsgrabiedhby RGRI vsipgRauinelatamednis-eldhesegenesiaoments in

cqombination with primers flapking the gene, resulting in amplification of
po B R B e B L B ALl
drugeenbipketoascoficdy endraselotigobuiieotdedisevbral libraries containing

random mutations in different areas of the binding face were generated.

Diveysity wagieateddnGBEIRE@inaikesidues on the beta sheet W28,
E29, R31, 133, R35, V36, F38, V40, R42, F47, Q49, T51, 5 1(53 and in

the Joopseaion L8 ARGHA(B(4 888 kianeRBlrandamized on platform. A

contains 4 randomized positions in the loop region between beta strand-4
varghers Ofh thoraiRsAraiRasRy T taE- Rttt asivorrd hasodondivaridat in
SCoariatishéftartiasss tanhatiprudibrarsuBdefaniiaisach-08/5610 dematiswhit? used in

4% had an insert of .car ize resulting i full coverage of th
e R R A R o ot
domagng whzh ¢airheriscaglggasheasradbiaifodmin o ansideneitomwitins,

horB3%esCOLIBEh DR 3P s pantienesch Glones had desitabmutateddentity

y qg ces ;ere_as 2.clones had frameshifts which would result in .
moqi A ORdale ﬁ@ﬁéﬁ%ﬁ%ﬁ%ﬁ%@%P&ﬂ?&ﬁ%ﬁs@waw@am&wa%%%-f@%@wm oan
be wariantssmaibkl I3rmiRbrtidratipnlabiibrissdof it ARRrddgenetiatetr the
dadividually, rom" . + ibraries e 154 dif i ofong .
S AP A b
exapple, pycast R sy anfirbbscrRr esermERidiyr fiapiedeegomiel fbraries of
modigficientiovarangal the rmndoraizag iagne Msifeatha el ihries2RL

nd.2RL+2, randgmized sites within the | region were generated usi
oD A SIS o H S SR TS0 1 0 P or
the gedectovarinigrtnescuirashbeding-feldi donBisersiiesrof 1 Exatlirapesiovith
9 and 11 20mutations were estimated to be 1x107 variants, the theoretical
divensitycedife siiablibieies{éQ8 smrBis) wereiiy i cove ede BXamRIRgories:
. 6: Expressian of OR-fold mutant proteins, Both naturally occurring OB-fold
dla%lg%g?%% %I%Sfegsl%rg e\‘/l\;itlaﬁlal?'? Ec.a({:}glﬁ(ﬁ Irsﬁg.l of 25 cuI{ure) and%re
predom,inantI% soluble after cell lysis. These remain soluble after heat

tre S biEaatitaiess of RRRAbRaRgy ferds and
incl@B; fold:-Hnipite sseergrolehnshanchexpresaad as Niennnaltdishlaggrtkins

fronR ORRINS: A, 365 0 Brotein characteristics were recorded addressing protej,
stat)lﬁliy an(Ij1 structura Integrity. ERfibrares Were cloned intd an ’

folddgsreisivitlyeraefiobindireafiieivn &y 6fro0edB0h choice will be immobilised on beads

and then used to affinity purify the target protein. Other applications include the use in protein

detection for Western blotting; protein detection using flourescent-labeled OB-fold domains; and

protection agents for single stranded DNA and RNA. A central advantage of OB-fold domains
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30(determined by colony PCR) and genes were expressed as

polyhistidine fusion proteins in E. WO 2007/139397PCT/NZ2007/000125
coli. 48 or 96 colonies were screened for expression, solubility and
Nisbhaainge3Phe results are summarized in Table 4. Table 4 18aTINE207/600123
Fragment sense oligo antisense oligo Template Gene fragment mutations
Fragment Size 1 005 054 aspRS-OB wt N-term - ( wt ) 80bp 2 059 006
aspRS-OB wt C-term - (wt ) 180bp

over antibodies in these contexts is the tailoring of the stability of the modified OB-fold domain
to match the reagent. For example, thermostable OB-fold domains, such as those obtainable
from Pyrobaculum aeriophilum may be more effective than antibodies as affinity purification

reagents.

Diagnostic applications for modified OB-fold domains include, for example: protein
detection in fluids such as serum, culture supernatants, and contaminated water; genotyping
(ﬁany OB-fold proteins are single stranded DNA binding proteins and these could be developed
fo detect specific DNA or RNA motifs, for use in methods such as genotyping); and in small

molecule detection agents.

Given that recombinant antibodies and their fragments currently represent a large number
of all biological proteins undergoing clinical trials for diagnosis and therapy, alteratives to
antibody libraties such as lbraries of modified OB-fold domains have potential as therapeutic
agents. Current examples of recombinast antibodies which have reached the marketplace are the
oncology therapeutics Herceptin, Anti-HER?Z antibody; Rutuxan (Rutuximab) Anti-CD20
antibody; and Avastin Anti-VEGF antibody. Humanized libraries of modified OB-fold domains
may be prepared from which specific ones can be identified having appropriate binding

characteristics that can find use in the therapeutic arena.

EXAMPLES

Example 1: Materials and Methods
Chemicals and biochemicals
Standard oligonucleotides were purchased from Invitrogen and all long randomized
oligonucleotides were from MWG (Martinsried, Germany). Pfx and fay polymerase and all
restriction enzymes were from Invitrogen (Carlsbad, USA). Shrimp alkaline phosphatase (SAP)
and T4 ligase were from Roche (Basel, Switzerland). The phagemid vector pRPSP2 and phage
VCS-M13 and VCSM-13d3 (Vd3) were from Dr. J. Rakonjac (31,32). Streptavidin coated

magnetic beads and Protector® RNase inhibitor were from Roche, as was hen egg lysozyme.
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051 056 no template [3-strands 1 & 2 9 80bp 055056 4 057 058 no
template [3-strand 3 4 50bp 057 052

WO 2007/139397 PCT/NZ2007/600125

Bovine Serum Albumine was from Sigma. Biotinylated transfer RNA was prepared using the
MEGAscript in vitro transcription kit from Ambion (USA) and the biotin RNA labeling mix
from Roche. Nitrocellnlose membranes for western analysis was from Schleicher & Schuell

(Dassel, Germany), and the substrate used was SuperSignal® from Pierce (USA).

Bioinformatics

Structures were viewed, analyzed or transformed into figures from PDB files (33) using
Swiss-pdbViewer and Pymo} (at pymol.sourceforgenet). The PDB entry 1bkb (34} was used for
structural analysis of IF-5A. For aspRS the PDB files of aspRS homologues 1b8a (35}, leov
(36), lcoa (37) were used.

The structural model of aspRS-OB was obtained from SwissModel (38-40) by submitting
the amino acid sequence of aspRS-OB from Pyrobaculum aerophilum. Alignments were done

using ClustalW (version 1.8) online via the EBI service website (<www.ebi.ac.uk/services/>).

Cloning

General cfoning was carried out according to Sambrook and Russell (41). The wild type
genes for aspRS-0B (asp-tRNA synthetase from Pyrobaculum aerophilum IM2, bases 1-327,
amino acids 1-109, NCBI access number NP_558783) and IF5A-OB (IF-5A from Pyrobaculum
aerophilum IM2, NP_560668 , bases 208-399, amino acids 76-139) were amplified by PCR from
P. aerophilum IMZ‘ genomic DNA (NC 003364, (42)) using oligonucieotides 005 and 006 for
aspRS-OB and 011 and 012 for IFSA-OB. Ol gonucleotide sequences are listed in Appendix I.
All PCR products for overexpression were digested with BamHI and EcoRI and ligated into
pProEx-Hib. pProEx-Htb produces the protein as an N-terminal Hiss-tagged fusion-protein, For
cloning of the aspRS-OB gene into pJARA140, aspRS-OB was amplified by the PCR using the
oligonucleotide pair 050/044 and digested using Ncol and Notl, pJARA140 was also digested
with the same enzymes and dephosphorylated prior to ligation. For subcloning, selected mutant
genes were amplified using vector specific primers and inserted into donor vector pDONR221
and subsequently into pDEST15, both part of the GATEWAY® cloning system (Invitrogen).

pDESTI5 allows protein expression as a fusion to glutathione-S-transferase (GST).
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assembly 13m library: fragments 1-4 4m and 9m libraries Fragment

sense oligo antisense oligo Template Gene fragment mutations Fragment
Size 005 056 aspRS-OB wt N-terminal portion incl. 31-2 - (wt)
-$40hp 72 Fragment 1 PCT/NZ2007/000125

Bscherichia coli

E.coli K12 strain XL.1-blue (43) was used for cloning and plasmid preparations of all
constructs derived from pProEx and for small scale protein synthesis, £.coli IM101 derivative
TG1 was used for cloning of all pRPSP2 constructs and for all phage produced with VCS-M13
helper phage. E. coli K561 transformed with pJARAI31 and pJARAT112 (resulted in E. coli
K1762, (44)) was used for preparation of VCS-M1 3d3vhelp'er phage for multivalent display.
E.coli BL21 (DE3) (Novagen) was used for large scale protein production and purification.

Gene libraries construction

Libraries were constructed by incorporation of mutagenic oligonucleotides containing the

.codon NNK (N=A,C,G or T, K=T or G) in selected positions. AspRS-OB gene fragments

carrying incorporated mutations were generated by PCR. and then assembled into full-length
genes. Long oligonucleotides which introduce randomized positions are listed in Table 1. Tna
first PCR step, gene fragments were generated using corresponding flanking primers and
incorporating the oligonucleotides randomized at selected positions (30 cycles, 94°C for 1 min,
52.5°C for 30 sec, 68°C or I min). In a second step, the gene fragments were assembled into a
full length gene by an overlap-extension PCR (25 cycles, 94°C for 1 min, 52.5 °C for 30 sec,
68°C for 1 min). The amount of assembled product was caleulated by spectrophotometry to be
greater than 10" molecules to ensure that a diversity of 10° is maintained in the following steps.
Assembled products were amplified by PCR (30 cycles, 94°C for 1 min, 52.5°C for 30 sec, 63°C
or 1 min} using vector specific primers 005/006 or 011/012 for aspRS-OB and I[F5A-OB
ﬁ:s;)ectiveiy, digested and ligated into pProEx-Htb. For phage libraries of aspRS-OB primers
050/044 were used for cloning into pRPSP2 (see below). Plasmids containing either the wild
type gene or assembled libraries were transformed into £. coli XL1-Blue and grown overnight at
37 °C on LB-agar plates complemented with ampicillin (50 ug/ml). Diagnostic PCR was
performed by picking individual colonies and growing them in 50 ul LB/Amp for several hours.
1 ul of this culture was used to do a 10 ul PCR amplification (25 cylces, 94°C for 1 min, 52.5 °C
for 30 sec, 68°C for 1 min) using diagnostic primers for pProEx-Hib or pRPSP2 respectively.

Pfx polymerase was used for all preparative PCR reactions whereas fag polymerase was used for
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052 N-terminal portion incl. [31-3 4 mutations in (33 -180bp 3 059 006
aspRS-OB wt | C-tenninal portionincl.[31, P4-5 - ( wt ) -180bp assembly

4m library: fragments 1-3 9m 1

WO 2007/139397 PCT/NZ2007/000125

diagnostic PCR reactions only. A scheme outlining the assembly strategy for each OB-fold gene
is shown in Figures ZA and 2B.

Overexpression profiles of proteins from libraries

For each library, transformed bacteria were plated onto agar (containing LB-amp) and
single colonies were picked and grown overnight in 100 pl LB-amp (50 pg.ml™) at 37 °C in a 96
deep-well plate with shaking at 1200 1pm in an Eppendorf Thermomixer. The cultures were
diluted by adding 900 pl fresh LB-amp, grown for a further 60 min, and then induced using 1
mM isopropyl-D-thiogalactopyranoside (IPTG) for 4 hrs at 37°C. Bacterial cells were collected
by centrifugation, résuspended in 150 d Tris- buffered saline (TBS: 50 mM Tris-HCL, pH 7.5,
150 mM NaCl) and analyzed by SDS polyacrylamide gel electrophoresis (SDS-PAGE, 15%
polyacrylamide}. Table 1 is a list of long oligonucleotides used for agpRS-OB and [F5A-0OB
library construction. Each randomized codon is defined by NNK: N=A/T/G/C, X=T/G or
MNN: M= A/C for the antisense codons. Also see Figures 3A and 3B.
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005 056 aspRS-OB 13m library N-terminal portion incl. f31+2 9 in strand

1+2 -150bp 2 068 006 aspRS-OB wt C-tenn inch p3-5 - (wt) ) -200bp
assembly 9m library: fragments 1-2 WO

2002/039387PCT/NZ2007/000125 41214 and 13m4RL librarieSIRyaz e 125
sense oligo antisense oli o Template Gene Portion Fragment Size 005

Tabie 1

OB fold oligs DNA sequences ' o 3" location in OB %ength
in by
aspRS 051 GTT GCC GGT TGG GTA NNK NNK TTG | beta strand 1+2 78
NNK GAC NNK GOG KNK NNK AAG NNK
GTG NNK GTG NNK GAT AGG GAG GGG
GGC GCG
052 ATC GGG GGT TTIT TCC CGC MNN GAG | beta strand 3 57
MNN GAC MNN CAC MNN CGC GCC CCC
CTC CCT ATC
453 ATT GTT GAG GCC AGT AAA NNK NNK | loop 4/5 48

NNK NNK GGT GTG GAG ATTTTC CCC

TE-54 018 TTTATAGTCGCGCATGTCKNNTAGKNNA. | beta strand 1+2 75
9m ATKNNATCTCCKNNAACKENNENNTATKN
NCGCCGTGAATTTCTCAAT

019 GACATGCGCGACTATAAANNKATANNKG | beta strand 3 54
TGCCGATGAAATACGTC

TE-54 03¢ ATT GAG AAA TTC ACG GCG NNK ATA | beta sirand 1 34
Tim NNK NNK GTT NNX GGA GAT AGC AAC
GGC GCG -

031 GTA TTT CAT CGG CAC MINN TAT MNN | beta strand 243 75
TIT MNN GTC GCG MNN GTC MNN TAG
MNN AAT MNN CGC GCC GTT GCT ATC

TCC
IF-5A 873 CTC TCC GTT TCA GGA GAT NNEK NNX | Loop 1/2 42
2RL GUC GCG GTA ATT CAGCTA
IF-54 075 CIC TCC GIT TCA GGA GAT NNK NNK Loop 1/2 42
IREA2 AGC AAC GGC GCG GTA ATT

Resuspended cells were lysed by freeze-thaw and addition of lysozyme (0.5 mg.mi™)
and, after sedimentation of insoluble material, the soluble fraction was also analyzed by SDS-
PAGE. A small-scale purification step was conducted by binding soluble proteins using 5 ul Ni-
NTA resin (Qiagen, Germany). Ni-NTA beads were washed with TBS and bound proteins were
identified vsing SDS-PAGE.

Protein expression and purification
Wild type OB-fold domains, aspRS3-OB, IF5A-OB and the mutants IFSA-OB/A2 and
aspRS-0OB/13mRL were expressed and purified in milligram quantities. 25 ml overnight
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060 aspRS-OB wt N- ermal portion incl. B-strand 1-4 () -250bp 005 060
aspRS-OB 13m library N-terminal portion incl. B-strand 1-4 13 mutations

in n-sheet -250bp 053* 061 063 063 no template loop4/5+li- strand 5 4
mudtations$mr4/5 -60bp 062 006 - PCT/NZ2007/000125

cultures of E. coli XL1-Blue in LB-amp (50 pg.ml™) were used to inoculate 500 ml of LB-amp
medium. Cultures were grown at 37 °C to ODg=0.6 and induced by 1 mM IPTG for 4 hrs,
Bacteria were collected by centrifugation and stored at -20 °C. Cells were resuspended in 25 ml
TBS + 10 mM imidazole and lysed by sonication. OB-fold proteins derived from IF-5A were
treated in a heat step which involves incubation for 30 min at 85 °C. This denatures a large
portion of E. coli protéins. Lysed cells were centrifuged at 16,000 rpm in a Sorvall $8-34 rotor
for 30 min. For purification, the lysate was loaded onto a Ni-NTA High trap column (Amersham
Pharmacia, Sweden). Elution from the column was performed using an imidazole gradient.
Purified protein was dialysed against imidazole-free 20mM Tris-HCl pH7.5, 150 mM NaCl,
concentrated and subjested to a second purification step by size exclusion using a Superdex® 200

column (Amersham).

Phage library preparation

Géncral procedures for working with phage were performed according to Barbas ef al.
(45). To prepare stocks of phage aspRS-OB-pIII-Vd3 for selection, ~6 x 10° E. coli TG1 cells
harbouring aspRS-OB in pTARA140 were used to inoculate 200 ml, 2 x YT-amp (50 pg.ml ™).
This culture was grown for 1 hour with shaling at 37 °C and infected with approximately-l X
10" units Vd3 helper phage for 30 min at 37 °C without shaking. The cells were then washed
and grown for another 4 hrs in 2 x YT-amp. Phage were then concentrated from the culture
supernatant by polyethylene glycol (PEG) precipitation, resuspended in TBS and stored at 4 °C.
The phage titre was determined as 3.0 x 10" TDP.mi™.

For cloning of aspRS-OB gene libraries into pRPSP2 the oligonucleotide pair 050/044
was used for PCR-amplification of the assembled gene library. PCR product was digested by
Neol and Notl. Ligation was performed by using approximately 10 ug of Neol/Notl-digested
phage vector pRPSP2 and insert, in a molar ratio of 1:5 in a 1 ml reaction followed by
purification on spin columns (Roche or Qiagen, Hilden, Germany). Transformation of the 50 ul
eluate was performed into 10 x 50 ul electrocompetent E.coli TG1 cells by electroporation
vielding approximately 1 x 10 transformants. Transformed cells were cultured in 100 ml SOC

medium for one hour at 37 °C, before addition of 400 ml LB/Amp and growing for another hour

at 37 °C, Samples were taken to estimate the ligation and transformation efficiency by plating a
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aspRS-OB wt C-term - (wt ) -70bp assembly 4111, library: fragments
1+3+4 assembly 13m4RL library: fragments 2+3+4 Summary of the
library construction for aspRS-OB is shown in Table 4. For each library the
RERmengrated gene fragments, oligonucleotides and templates/awon7/006125
listed. Gene fragments 5 were generated by PCR incorporating
oligonucleotides. PCR products were then assembled to the fall length
gene by overlap extension PCR using gene flanking primers (oligos 005
and 006). Also, see Figures 2A-2B. Approximately half of the clones from
Il libraries RS-OB.e || in 0 he number o
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fmaifk%x{&%la%&éﬁtpﬁgﬁﬁt REIGIRNGS RIEHA0Was grolhiDeRSE A 7RA-BBbteria

libraries with mutations on the f3-sheet were expressing at'a

wergopipegaiad el IDheaansscititred avcoT ghb st Yo mun diete gneLiBle |PEGS000
(31 tragt 57 2:8%0 Bidhe e iaia SoONRNRSIARAANIZeIRASHIONS IBRIHitered

oop 1/2 % y, were expressed and, of these, -70% were soluble. All
thropal A F.‘fféﬁ’?élW@ WePHeBted at 80C after lysis. Thus all the

20soluble and N| -binding mutants were also heat stable. A few

f} %}m\gﬁo o%ii for. by gg » expression and purification. In

n the e scale purification of an aspRS-OB mutant was also

perféﬁtﬁeétowaﬁtéoersh@@t@dm%&wn‘aaﬁ raHREEEIOH 'YEIIBARSFApPn using the
MENKRES: RindiRhRXPENMEHIS h V2R MA&%@KE&E&N&%@QJ 190 2nd)

contle-tgittl)rlé Iﬁ 013 ff? IS”J.lipra[ﬁXa CN%%%%EE%(EP \?rv?tgf’tlig(rl]e onptftesg’aélg %Ee exph \sli%lnw?CR (41) by
PCR assembiy of synthettc oligonucleotides covering the 78 bp asp-tRNA gene from .
aerophilum (Gene ID: 1464263} and a 150 bp DNA fragment amplified from pET28
(Invitrogen) including the T7 promoter region at the 3' end foliowed by GG for optimal promoter

activity according to recent promoter recognition studies for T7 (42). This resulted in an
assembled product of 230 bp which was precipitated by ethanol, dried, resuspended in RNase-
free H,0 and used as the template for transcription without further cloning (41). In vitro
transcription was carried ot following the manufacturer's manual (Ambion) and yielded ~5 ug

biotinylated asp-tRNA from a 25 ul reaction.

Selection of aspRS-OB libraries

Biotinylated asp-tRINA was used as a target in the selection from the libraries ‘R1’ and
‘13mRL’, and hen egg lysozyme (Roche, Switzerland) was used for selection from ‘13mRL’
only.
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Nickel binding aspRS 13m4RL 48 21 (44) 3/10 (30) 2/2 13m 96 43 (45)
6/14 (43) 5/5 9m 48 25 (52) 4/8 (50) - 4m

WO 2007/139397 PCT/NZ2807/006125

For sclection on RNA, biotinylated asp-tRNA was immobilised by binding to streptavidin
coated paramagnetic beads. 10 ul beads were washed twice with 400 ul PBS-T (PBS, 0.1% |
Tween) and incubated with 100 ng biotinylated asp-tRNA for 30min at RT with agitation and
occasional inverting. Beads were washed 3 times with PBS-T befors incubation for 2 hours with
1ml of ~10'! cfu phage library RL or 13mRL in PBS-T+0.5% BSA. After 6 washes with PBS-T
for the first round of panning and 8 washes for the subsequent panning rounds, beads were
washed 2 more times with PBS and incubated with 1 ug (5 Kunitz units) RNase A (from bovine
pancrease, Roche) for 30min at 37 °C to digest RNA and elute RNA-bound phage. Eluted phage
particlés were counted by bacterial infection and used for infection of 3 ml of a fresh TG1
culture for TDP production for the next round of panning. Cultures were left for 20 min at 37 °C
without agitation, incubated for one hour with shaking before addition of ampicillin and grown
overnight. Overnight cuitures were used to inmoculate 500 mi prewarmed LB/Amp. Helper
phage infection and TDP production followed the same procedure as for the phage library
preparation outlined above. After 4 rounds of panning individual clones were analyzed.

For selection on lysozyme, 4 il Immuno Tubes (Nune, Denmark) were coated with
2.5 ml lysozyme solution (10ug/ml) in 20 mM NaCOs pH 9.0 overnight at 4 °C and blocked with
4 ml 1% BSA in PBS for 1 hr at RT. Phage from library 13mRL were added (~2.5 x 10" cfu in
2.5 mi) and incubated for 2 hrs at RT with gentle agitation and occasional inversion. Washing
was performed quickly within 5 min by 8 washing steps with PBS-T 0.1% BSA (for the first
round of selection only 6 washes were performed using PBS-T) and 2 steps with PBS, Bound
phage were eluted by incubation for 10 min with 2.5 mi elution buffer (0.2M glycin-HCl pH2.2,
bromphenol blue) and immediately neutralized using 500ul 1 M Tris-HCl pH 9.0. Eluted phage
were counted and used to infect a fresh 3 ml TG1 for TDP amplification and subsequent rounds
of panning. Culture growth and TDP production were carried out in the same way as described
above for panning on asp-tRNA. After 6 rounds of selection and amplification clones were

picked and analyzed.

Western blot for phage display protein detection
A phage sample of aspRS-OB was concentrated by PEG precipitation to 1 x 10" TDP/ml
and 10 ul combined with gel loading buffer (contained SDS and BME), boiled and separated on
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48 38 (79) - WRL 48 35 (73) - IF-5A 9m 192 21 (11) 2/21 (9) 2/2 llin
144 16 (11)

WO 2007/139397 PCT/NZ2087/600125

a 10% SDS-PAGE gel. After transfer onto a nitrocellulose membrane (Protran, Schleicher &
Schuell, Germany) aspRS-OB-pliI fusion protein was detected using a mouse anti-c-myc
primary antibody (Zymed, Invitrogen) and a HRP-linked anti-mouse secondary antibody
(Amersham-Pharmacia, Sweden). Visualisation was performed using SuperSignal® substrate
(Pierce, USA).

Phage ELISA

Phage ELISA experiments were performed to analyse selected clones for binding to
lysozyme. Ninety-six-well ELISA plates were coated with 5 ug/m] hen egg lysozyme, 5 ug/ml
RNaseA or 1% BSA in PBS at 4°C overnight. After two washes with TBS, plates were blocked
with blocking buffer (5% skim milk in TBS) for one hour at RT before phage (10° ofu/well,
derived from VCS-M13d3) were added in 2.5% skim milk-TBS-T. Plates were incubated for 2
hours at RT Witﬁ agitation. After 10 washes with H,O, mouse anti-M13 protein VIII diluted in
blocking buffer was added and incubated for 1 h at RT. Plates were washed 4 times with 11,0

and horseradish peroxidase (HRP)-coupled rabbit-anti-mouse immunoglobulins (Picree) in

 blocking buffer were added to the wells and incubated for 1 h at RT. Wells were washed 4 times

with HO and 50 ul substrate solution (1 mg/m! o-phenylene-diamine in PBS 0.030% H,0,) was
added per well. The reaction was stopped aiter ~ 15 min by addition of 25 11 2.5 M H,S04 and
the absorbance was recorded at 492nm.

For relative phage quantification (quantification of displayed fusion protein) phage
samples were used directly to coat plates. After blocking with blocking buffer, phage were
detected using mouse anti-c-myc primary antibody (Zymed, Invitrogen) and an HRP-conjugated

anti-mouse secondary antibody following the procedure described above.

Monoclonal phage preparations

For phage binding experiments monoclonal phage samples were prepared as multivalent
display using a gIII deletion variant of VCS-M13d3 (Vd3) (Rakonjac ef al, 1999) as helper
phage. For the micropanning prescreen monovalent phage were used derived from wtVCS-M13.
Helper phage VCS-M13 and Vd3 stocks were prepared from single plaques following general
protocols (Barbas 11T et al. 2001) with the exception that VCS-M13 was grown on TG1, Vd3 on
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4/16 (25) 4/4 2RL 32 26 (81) 20/26 (77) 13/16 2RL-E2 32 23 (72) 18/26
(69) 14/18 Between 32 and 192 colonies for each library were screened

for expression, solubility 5and binding to Ni-NTA. Table 5 shows the
rihpsriefsexpressing clones, the calculated ratio of expressingciarres:farni2s
each library, and presents an estimation of the solubility and Ni-NTA

binding properties of expressing OB-fold mutants. Example 7: Analysis of
phage displayed aspRS-OB 10An important criteria for a protein domain

as a scaffold for library generation is its capacity to be functionally

E.cHisRPNe a4 alagﬁﬁﬁléhswﬁyﬁx&ﬁ%ypIﬁeﬁm%mleggﬁgi%ﬂga%'f 531(5) was

used phage display. To assess the viability of this te ue for selec

useR a3 PRGSO fnunanls BE Mphageosieebinbivdhiamitdes perabpRE D5 YS for 20
mirgdhdusions, oo hesuasagfdilamentous bacteriophage M13 was
assessed. The presence of alglll-aspRS-OB fusion in
To prepare stocks of phage aspRS-0OB on Vd3 or VCS-M13, E. cofi TG1 transformed

with the correspanding pRPSP2 derivative were grown in 100 ml LB/Amp to ODgqy = 0.4 and
infected with 10" pfu Vd3 or VCS-M13 respectively. After 20 min incubation at 37 °C without
agitation, the culture was incubated for another hour with shaking, Kanamycin (50 ug/ml final
concentration) was added and the culture was incubated overnight. Cells were sedimented and
phage purified by precipitation using PEG/NaCl following current protocols (Barbas I ef al.)

and as discussed above. TDPs were resuspended in PBS and used for analysis.

Monoclonal phage binding experiments on asp-tRNA

For testing binding of phage displayed protein to asp-tRINA, monoclonal phage samples
were used displaying the fusion protein in a multivalent fashion on Vd3. The procedure carried
out was essentially as that for the first round of selection outlined above. Biotinylated asp-tRNA
was bound to streptavidin coated paramagnetic beads and TDP samples were applied (10
cfu/tube). After incubation and washing steps RNA was digested by addition of RNaseA and
eluted TDP were counted by bacterial infection.

GST ‘pull down' assay
Mutants selected on lysozyme were subcloned into GATAWAY® pDEST15 for

| expression as GST-fusion proteins. Constructs were transformed into E.coli BL21 (DE3) and

cultures were grown in 3 ml LB/Amp. Cells were induced by addition of IPTG to a final
concentration I mM and grown for another 4 hrs at 37°C. Cells were sedimented, resuspended
in 300 ul lysis buffer (Tris-HCI 7.5 150mM NaCl) and lysed by sonication. Insoluble material

‘was sedimented and the soluble fraction was incubated with 10 ul glutathion-linked sepharose

beads (Amersham) for 1 hr at 4 °C. After two washing steps with TBS-T, beads were incubated
with 300 ul TBS-T including 150 ul lysozyme (lmg/ml) and 0.1% BSA for 1 hr at 4 °C.
Washing was performed using different buffers: TS (50 mM Tris-HCl pH7.5, 150mM NaCl),
TBS-T (20 mM Tris-HCI i}H’/’.S, 150mM NaCl, 0.1% Tween20), TBS-T-500 (TBS-T, 500 mM
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15prepared phage particles by Western blotting was analyzed. Functional

display of displayed aspRS-OB was studied by a phage binding assay

using asp-tRNA as the target ligand. The gene for wild type aspRS-OB

Wég Bloredsiito phagernid vector pPRPSP2 upstream of the gRCGe¥#E2007/000125

generating a fusion protein with aspRS-OB at the N-terminus and pill at

the C-terminus (see Figure 6). This phagemid vector contains gill under

the control of the phage shock 20 promotor (psp) which is activated upon

infection of the E.coli host by helper phage (31). Helper phage

| . A e | |yl

Na%{?gp%ly of tte:}g Q\é/évh 20%@?%%%%%%@%%%0%@%%@%%@et prote’lr?.x%%?%d :
analygeddy SIGiPAYekeins (3-5 copies) will be fusions to the target protein

aspRSOB. Multivalent display was used to increase sensitivity in binding

ass%/segfsg)gmd{];ﬁ}le construct, pPRPSP2 containing the gene for

asprRS- r

WAS trardtéimed into E. coil TG1 cells. The resulting culture
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for display of the target protein by western analysis using an antibod
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(corpine(Geryfiguieblittam), Hihissholyedanstrongesiginal al ihe:axpeateckSizevith

for the fusion protein olll-as -0B..To test whether the displayed wild .
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unceyikih gosxp arivsran v b forn dened vated obitis el inisptirNoAcibanotaigine-HCL.
For BRAYE-SaMPIS Hisp2yingaspR2LE: A TR samRlsidisplay ngaspRRHB

was incubﬁlted with asptRNA immobhilised on magnetic t&eaﬂ&a Unbound
Do SR e WHSHEEPH & AP et BRAGEYEIRE B tRRIATGREERsHples

wereisingy RN asépliTite fouinber @f 24 ylethph agenwenedtien asiugthelfoyt flow cell as a '
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&
incubated w eads e15 only. To demoristrate specificity of binding,

Relajitavpenseehrasbamootsboe wesy wagchaybaleB ahl PormmPraagsgd kD

usin S mpRer Gfyelsteskparticies)was counted. The ratio of eluted phage
from tRNA to input phage was calculated for each sample. The input and

results are summarized in the following table. WO 2007/139397PCT/N

Z2007/000125%:4phle oM GRaMIB L4358 TR snpkLA. 08t A, X109

ou g tsgiggzn W?l%glde? 8§|-¥o}d domains can be used as a scaffold for generating proteins with
specific binding and enzymatic properties, the tolerance of individual OB-fold domain proteins
toward mutations across the proposed binding face was studied. Two OB-fold domains from
Pyrobaculum aerophilum, a hyperthermophilic crenarchaea (Tma; = 104 °C, Topr= 100 °C) were
selected. This choice was madé following a database search using the Superfamily database
(versionl.65 (46)) to find OB-fold proteins in the P, aerophilim genome (42). This database
uses a library of all proteins of known structure which have been clustered into 1294 SCOP
supérfmnﬂies (SCOP: Structural classification of proteins) to develop hidden Markov models
which are then used as profiles to search sequenced genomes for proteins likely to contain

similar folds. This search yielded 14 hits representing protein sequences containing potential

OB-fold domains from the genome of P. aerophilum IM2.
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1.2x109 2.1x105 output from tRNA 1,7x109 4 .0x10 / beads only out/in
4.0x104 1.2x104 tRNA out/in 5.7x104 2.4x1022 quotient beads (out/in) /
tRNA (out/in) 7.1x101 5.2x10-3 quotient tRNA (out/in) / beads (out/in) 1.42
190 U8THEYPT VCS-M13 134.45 The recovery was about 2002£IEFArgHeto125
for phage displaying the aspRS-OB (2.4 x 10-2) when compared to phage
only (5.7 x 104, see Figure 8). This indicated a significant affinity between

5 the displayed aspRS-OB for the immobilised asp-tRNA. In the case of
VCS-M13 without displayed protein, the ratio of eluted particles from the

_b%@E&_ﬁ@lﬁeﬁ@%@@iﬁé§@iﬁﬁ@§@}&§@%@i§@%@&$§f¥t&ﬁ?Hﬁﬁ&ﬂ%ﬂrc“s%%ﬁally
Indicafing that the age una non-speciric . at ratig was muc
oo MO TSP AeB R B a0n 5 BRSO dunces vere
alsbiding spedificitynobthisddmam:forusg- RN cThedy resulisaebinhstrategous,
thrdDAASRR 2R 1S URctanally, tagt woem A disp! %}é%%@xi?;x%ﬁ{éﬁ&&fﬁfm the

phage. Example 8: Library Selections Selection on asp-t The loop
seqrsgien BERree i retsrese 8 A4Rlrd thr sHivdribea RS Antidb abMpiighng
cantiBog RS d8d pedEMdaRINMRg o tRE RINAIas wekias. emspasiigitiation
fac g‘r(s:?ﬁﬂ ig%ﬁ ag{ilgggc%@tﬁﬁinsymhetases {aaRS). Two candida{es had no functional
annotation and were classified as “conserved hypothetical proteins.”

The OB-fold domains from the chosen sequences were cloned. The domain boundaries
were identified from sequence alignments and tested for expression and solubility in E. coli.
OB-fold domains from the aspartyl {RNA synthetase (aspRS-OB) and from the transiation
initiation factor IF-5A (IF5A-0B) were initially chosen since they expressed well and were
soluble and heat stable. ‘

An addifional advantage of the IF-5A protein was the availability of the high resolution
3-dimensional structure in the Pfam DataBase (34) from which surface exposed residues could
be reliably chosen for randomisation. This structare of IF-5A (Figure 3) shows two domains
with the OB-fold at the C-terminus and spatially separated by a linker region, thus satisfying our
selection criteria. The proposed binding face (B-strands 1-3) is directed away from the protein
centre and toward the solvent. The OB fold of IF-5A has a slhear number of S=8 and is thus, a
representative of one sub-class of the OB-fold domains.

The OB-fold domain of asp-tRNA synthetase (aspRS-OB) was chosen as a representative
of the second sub-class of OB-fold proteins with the property, S=10. A three dimensional
structure of aspRS from P. aerophilum is not available, however there are a number of structures
in the PDB for aspRS proteins from other organisms. Figure 4 shows the crystal structure of
aspRS from E. coli (37). A sequence alignment for the OB-fold domain from P. aerophilum
aspRS and its £. coli homologue show that the OB-fold domains have a sequence identity of
30%. Over their full lengths the aspRS proteins are 20% identical at the sequence level. The
OB-fold lies at the N-terminus and is clearly spatially separated from the larger C-terminal
domain. The binding face points away from the C-terminal domain toward the solvent. While

the N-terminal OB-fold domain binds to tRNA and constitutes the anticodon recognition domain,
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the anticodon (49). Thus asp-tRNA was considered to be good target to

test the viability of an aspRS-OB library. The library aspRS-OB RL was

used since it contains fill coverage of the theoretical diversity and
wereferaedinains copies of the wild-type aspRS-OB fold sedtf&iiiéiiesyi2s
was expected to bind well to the tRNA target. Even if none of the mutants
bound to the WO 2007/139397PCT/NZ2007/000125 tRNA, at least the
wild-type should be selected by the biopannirtg process. An aspRS-OB

RL gene library was generated as before, cloned into pRPSP2 yielding

bindihd 1908599 noRMaleq iy dirRlaved GnRbeqe e IRk FOLAGAEs the

panning, a significant enrichment was observed as represented by the
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acid positions. The consensus sequence is in striking contrast to the
wild-type sequence (IAKS) which suggests that 10 the new consensus
Takgeguence more strongly binds asp-tRNA in comparison to the wild-type
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seqypmro tidnep phiigensampies mepdestt ffdm the selected clones D07 and
D09 showed that these clones were recovered in a number several times
higher than the wild-type aspRS-OB domain suggesting stronger binding
of the displayed S6#HiRItatit ("5 4RIATFHELE BH4gE Hikting
expeitpeiis-aRnetqieristomesie remebtsdid tondicate:a: sheaassibe basis of
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o select against an immobilised target using phage display. The Rill
foldsefpapiR8 dtoor theesendbiusvds seesiAlEguracrelive TEReSHRHHRIsHIR140) and
and are designated Ul, U2, U3, U4, U5, U6, U7, U8, U9, 568, 581, pMB16,
pMB17, pMB12, pMB18, pMB15, D05, D07, D09, D04, L14, L8, 5L4, L16,
L34, L42, L6, L5, or L44. Example 9: $election on Lysozyme
Lysozyme was selected as a target to demonstrate the proof-of-principle
in choosing an OB-fold mutant domain from a nave library which binds to
another protein. Hen egg white 10 lysozyme is a small stable protein
which is commercially available and has a number of medically important
human homologues. After four rounds of panning on immobilised
lysozyme, enrichment of bound phage was observed. A further two more

rounds of panning were performed before clones were randomly picked
and ecereanead for hindina to hien7zvime Monoclonal nhane eamnlac ware
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25sequences. The number of clones in the selected pool after 6 rounds
can be assumed to be very small and covered to a significant extent by
the nine sequences shown in Figure 12, panel E. Clones L14 (L32, L15),
MBXRBB/IB2P7L43), L34, IA, L5 and L6 were subjected to bindiag/Saadigg0012s
in an ELISA approach using multivalent display (Figure 14). Results
showed that all clones bound to lysozyme whereas particles without a
displayed aspRS-OB did not (pill). Other 30 negative controls included the
wild type aspRS-OB (0Bwt). All analyzed clones bind in higher WO
the 2PRI6H13 ABLARE HNE 20070025 Rumhers Ahighsy RD alues iy EllSArural
experiments) to lysozyme than to RNaseA or BSA demonstrating
temgi&Siicity of binding to lysozyme. As shown in Figure 11, clones L6 and
L33 dichnbiddiing factRNRe BXafripléoiOifsxpressieppasei analysiswd-pified from
p-sIiRALS, Sin%%gp%&'-aé‘élr%@: &:f&ﬁ’dal%%é‘%ag%féﬁ%&"s‘i%ﬁéubﬁ'e?sr,‘%%jeir
INto an expression vector and éxpressed as T usion proteins for
strugiwegg ars flEchfivrenbidaipmtisripuibg oweneseay ol s Svwndirrieds along
with BA136Bbmambilisedmiantshound sezyme WHSIREIBEINSEIFGIaFen
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binding kinetics on immobiliséd lysozyme were analyzed using surface

theqsplisah SAREBHATCD (Bidcard). PrrsiBimairigionstant was calculated to be
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loop region only were generated.  4After screening libraries of modified
OB-fold domains for expression and solubility it was found that -16% of all
mutants in a 17-mutation library of aspRS-OB were overexpressing and
soluble and a few selected mutants were proven to fold accurately as
demonstrated by NMR and CD spectroscopy. This shows that a significant
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interest. ASpRS-OB Libraries 13mRL and RL were constructed as phage
display libraries. The practical diversity of 13mRL was -8)(107 different
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to be fully covered by Ix i07 clones after transfonnation. Sequencing of
randomly picked 15clones confinned the diversity of the library.
Phage display is the most commonly used display technology and thus
fa@eabla ¥ovdisplay of the aspRS-OB scaffold. There are no reporte®i/o06123
the display of an aspRS anticodon binding domain at the surface of a

phage, or the display of any other OB-fold domain in general. Display of a
protein on a phage requires several steps that might affect the integrity of

the 20displayed protein as well as the growth of the host cell. After
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residues was observed in all sequenced 25clones (9 in D07, 5 in D05, 6 in
D09) indicating a selection for positivédy charged residues through binding
to the negatiYely charged RNA backbone. The motif RXGS occurring in
two mutants (D07, D04) suggests an important role of the loop in tRNA
binding as it is the case for the wild-type aspRS-0B. Binding experiments
with monoclonal phage samples showed stronger binding to asp-tRNA
than the wild-type domain. This supported the conclusion that a selection
WO 2007/139397PCT/NZ2007/000125 upon binding to the immobilised

target occurred and indicated that our OB-fold scaffold is well suited for
dienlayvy on nhane and the hincnanninAa nrocacc
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Selection on lysozyme 5The 13mRL library was selected on hen egg
lysozyme. After several rounds of panning a number of clones were

isolated and analyzed for sequence and for binding to the target molecule.
®ue pft223ehomnes in a pre-screen, 6 finally showed detectable binhingaoeeoi2s
lysozyrne in a phage . ELISA experiment. Examination of sequences of 14
clones revealed that two were detected twice, one even four times. This
suggests a reasonably small number of different clones in the 10 selected
fraction. Sequences of 9 different clones indicated similarities in their
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under a stream of cold N2 gas (110 IC). A dataset of 700 images was

(datar%a?réhfewlﬁgphﬁ%@%&@%ﬁﬁé %Waéwa{@%ﬁaw%@sm@wm@
giving diffraction to 2.8 A. Images were indexed using DENZO and data
were scaled using Scalepack. For data collection statistics see table. The
structure was solved using molecular replacement (AMoRe) incorporating
both lysozyine (PDB entry 193L) and the OB-fold codon recognition
domain from the Pyrococcus kodakarensis aspartyl tRNA synthase (PDB
entry 1B8A) as models. Two 20 molecules of lysozyme were found in the
asymmetric unit along with one OB-fold domain. A '
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second OB-fold was placed by replicating the complex in the asymmetric
unit based on the position of the second lysozyme molecule. The structure
was iteratively built and refined using COOT, CCP4 and PHENIX. A

SEQOErdataset was collected using the same crystal at the SSRINAY P HH125

A resolution. It was indexed in the same space group and phased by

molecular 25replacement using the complete unit cell from the previous

structure. Building and refinement was done using COOT, CCP4 and

PHENIX. WO 2007/139397PCT/NZ2007/000125 Table 7 Statistics for
ol AR Iy SLRNQ G JRAIG SIS Qgﬁgsﬁbﬁ,%mﬁﬁtw ity %J%‘B&d}ﬁ'é’ M&e regults are

Source Data Synchrotron Data Clystal Properties Space Group P41212
supnpssabin table dlis Axes (a, b, c) 76.585, 76.585, 166.150 76.759, 76.759,

166.344 Unit Cell Angles (a, [3, y) 90, 90, 90 90, 90, 90 Data Collection
Taﬁeeﬁolution 50-2.8 (2.872-2.8)

13m library
Fragment | sense antisense | Template (Gene fragment mutations | Fragment Size
oligo oligo
1 005 054 aspRS-0OB Neterm -(wt) 80bp
wi
2 059 .1 006 aspRS-0OB Cterm -(wt} 180bp
wi
3 051 056 no femplate | B-strands 1 & 2 9 80bp
055 056
4 057 058 no template | B-strand 3 4 50bp
057 052
assembly 13m library: fragments 1-4
4m and 9m libraries
Fragment | senseoligo | antisense | Template Gene fragment mutations | Fragment Size
oligo
4m :
1 005 056 aspRS-OB wt | N-terminal ~(wt) ~140bp
portion incl. B1-2
2 Fragment 1 § 052 - N-terminal 4 ~180bp
portion incl. B1-3 | mutations
in 83
3 059 006 aspRS-OB wt | C-terminal ~(wt) ~180bp
portion incl. P1,
B4-3
assembly 4m Hbrary: fragments 1-3
9m
1 005 056 aspRS-0B N-ferminal 9in ~150bp
13 library | portion inel. BI+2 | strand 1+2
2 068 006 aspRS-OB wt | C-term incl, f3-5 | -{wt) ~200bp

assenibly 9m library: fragments 1-2

51
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34.85-2.69 (2.76-2.69) Total Reflections 267,952 144,772 Unique
Reflections 12,301 16,010 Completeness 95.3 (54.75) 99.15 (92.80)
Redundancy 21 9 Rmerge 4.2 (59.0) 7.3 (54.3) Wilson B Factor 85 65
WESHRTEA8Y 0.6 Val 50.14 (1.6) 32.50 (4.22) Molecular ReplBebifetip7/060125

4RL and 13m4RL libraries
Fragment | senseoligo | anfisense Template Gene Portion mutations Fragment
oligo Size

1 095 060 aspRS-OB wt | N-terrninal -{wt) ~250bp
poriion incl.
B-strand 1-4

2 005 060 agpRS-OB N-terminal 13 mutations | ~250bp

: 13m library portion incl. in B-sheet

B-strand 1-4

3 053%* 063 no template loop4/5 + B~ | 4 mutations | ~60bp

061 063 strand 5 in L4/5
4 062 006 agpR8-OB wt | Cerm -(wt) ~70bp
assembly 4RL library: fragments 1+3+4
Ifembiy 13m4REL library: fragments 2+3+4

Summary of the library construction for aspRS-OB is shown in Table 4. For each library
the PCR generated gene fragments, oligonucleotides and templates are listed. Gene fragments
were generated by PCR incorporating oligonucleotides. PCR products were then assembled to
the full length gene by overlap extension PCR using gene flanking primers {(oligos 005 and 006).
Also, see Figures 2A-2B. Approximately half of the clones from all libraries of aspRS-OB
expressed well in . coli. The number of randomized positions on the f-sheet (i.e., the number
of amino acid positions on the binding face that were randomized in orderto construct the |
library) appeared to correlate with the percentage of expressing variants. For both libraries with
13 mutations, 13mRL and 13m, ~45% of the mutant proteins express well. The library
containing 9 mutations on B-sheets 1 and 2 show expression in 52% of the clones. The library
which targets only loop 4/5 for randomisation had a very high number of expressing clones at
81%. However, the combination of randomized positions on both the face and the extended loop
(13mRIA+2) dropped the number of expressing clones to just 30%.

In the case of IF: 5A~OB; libraries with mutations on the B-sheet were expressing at a
comparatively low rate, 12%, and of these, 9-25% were soluble. In contrast, 72-81% of the
mutants containing randomized positions in just loop!/2 only, were expressed and, of these,
~70% were soluble. All IFSAOB muiants were heat treated at 80°C after lysis. Thus all the
soluble and Ni-binding mutants were also heat stable,

A few mutants were picked for preparative expression and purification. In addition, the
large scale purification of an aspRS-OB mutant was also performed. Table 5 shows the

summary of expression, solubility and Ni-NTA-binding experiments.

32
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Correlation Coefficient 66.2 71.2 R 52.7 38.9 Refinement Resolution
25-2.8 (2.872-2.8) 27.5-2.75 (2.82-2.75) R 26.5 (35.0) 22.5 (26.5) Rfime

34.0 (50.7) 29.6 (37.6) Protein Atoms 3338 3384 nnsd, bond lengths
PCT/NZ2067/060125

VO120/B¥hnsd, bond angles? 1.541

Table 8
express./ Nickel
OB fold Library sereened expresgion ss/rg]aen. solubility | (%) | binding
13m4REL | 48 21 54;) 3/10 B 1272
aspRS 13m 9% 43 (45) 6/14 (43) | 5/
S 48 25 (52) 4/8 a6y |-
4m 48 38 7% - -
wiRL 43 35 {73y - -
Sm 192 21 (1) 2/21 (9 2/2
IF-54 1im 144 16 (11 4/16 (25) | 4/4
ZRL 32 26 (81) 20/26 N 1318
2RL+2 32 23 (72) 18/26 {69) | 14/18

Between 32 and 192 colonies for each library were screened for expression, solubilify
and binding to Ni-NTA. Table 5 shows the number of expressing clones, the calculated ratio of
expressing clones for each library, and presents an estimation of the solubility and Ni-NTA

binding properties of expressing OB-fold mutants.

Example 7; Analysis of phage displayed aspRS-OB

An important criteria for a protein domain as a scaffold for library generation is its
capacity to be functionally displayed in a chosen display system. The experiments disclosed
herein used phage display. To assess the viability of this technique for selection of aspRS-0OB
mutants the display of recombinant wild type aspRS-OB as gill fusions on the surface of
filamentous bacteriophage M13 was assessed. The presence of a plil-aspRS-OB fusion in
prepared phage particles by Western blotting was analyzed. Functional display of displayed
aspRS-OB was studied by a phage binding assay using asp-{RNA as the target ligand.

The gene for wild type aspRS-OB was cloned into phagemid vector pRPSP2 upstream of
the gll] gene generating a fusion protein with aspRS-OB at the N-terminus and plIl at the C-
terminus (see Figure 6). This phagemid vector contains gIIl under the control of the phage shock
promotor (psp) which is activated upon infection of the E.coli host by helper phage (31). Helper
phage VCS-M13d3, glll deletion mutant (44) was used which allowed multivalent display of the
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1.452 WO 2007/139397PCT/NZ2007/000125 B factors,

average66.94251.146 Table 8. Protein-protein interface data for L8 in

complex Buried surface area 840 A Average antibody/antigen buried

B/ BBA7950 A H-bonds at interface 7 Salt bridges at int@f&EE2007/060125

Polar:Non-polar atoms at interface 43%:57% Gap Volume Index 2.94

Average Gap Volume Index (antibody/antigen) 3.0 Kd (surface plasmon

resonance) 36 uM Appendix | WO 2007/139397PCT/N Z2007/000125

Oligo 5' -3' sequence
target profein. All copies of gllI proteins (3-5 copies) Wﬂi be fusions to the target protein aspRS-
OB. Multivalent display was used to increase sensitivity in binding assays (48).

The construct, pRPSP2 containing the gene for aspRS-OB was transformed into £. coli

TG1 cells. The resulting culture was infected by the Vd3 helper phage and transducing particles
(TDPs) were produced. These recombinant bacteriophage were harvested, tested for display of

the target protein by western analysis using an antibody against the c-myc antigen sequence

localized between the aspRS-OB and pIIl (See figures infia). This showed a strong signal at the

expected size for the fusion protein plll-aspRS-OB.

To test whether the displayed wild type OB-fold is still functional on the surface of the
phage, a phage binding experiment' wés performed to immobilised asp-tRNA with this phage
sample displaying aspRS-OB. A TDP sample displaying aspRS-OB was incubated with asp-
tRNA immobilised on magnetic beads. Unbound phage were washed away and bound phage
cluted by {RNA digestion using RNaseA. The number of eluted phage were then counted by
bacterial infection and compared with the number eluted from a sample incubated with beads
only. To demonstrate specificity of binding, VCS-M13wt in a >1000 fold excess was added to
the TDP sample and the number of eluted particles was counted. The ratio of eluted phage from
tRINA to input phage was calculated for each sample. The input and results are summarized in

the following table.
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050 GGT GAG CTA CCA TOG CCC AGG TOG TOT ATC CTA AAA AGA
CCC AC 054 TAG CCA ACC GGC AAC AAC 055 GTT OTT GCC GOT
TOG GTA 056 COG GCC CCC CTC CCT ATC 057 GAT AGG GAG GGG
BOCIECEHH8 ATC GGG GOT Til TCC CGC 059 GCG GGAEANEI(H125
CCC GAT 060 TTT ACT GGC CTC AAC AAT 061 ATT OTT GAG GCC
ACT AAA 062 GOT GTG GAG ATT TTC CCC 068 GAG GGG GGC GCG
TTT GTG CAA GTC AGO CTC AAG G Oligonucleotides for PCR
assembly of libraries based on aspRic-OB from P. aerophilum 028

Tk FAGATAGCAACGGCGCGGTAATTCAGCTAATGGAC 029

VCSMI3 | OB3wtTDP

input 3.0x10% | 1.7x107

oufput from beads | 4 5 909 |5 15105
only

output from tRNA | 1.7x10° | 4.0x107

beads only outiin | 4.0x10° | 1.2x107

{RNA outfin 5.7x10% | 2.4x107

quotient beads
(out/in) / tRNA 71x10" | 5.2x107
(out/in)

quotient tRNA '
(out/in) / beads 1.42 190.48
{out/in)

TDP / VCS-M13 13445

The recovery was about 200-fold higher for phage displaying the aspRS-OB (2.4 x 10?) when
compared to phage only (5.7 x 10™, see Figure 8). This indicated a significant affinity between
the displayed aspRS-OB for the immobilised asp-tRNA. In the case of VCS-M13 without
displayed protein, the ratio of eluted particles from the beads alone compared to immobilised
tRNA was very similar (1:1.42) indicating that the phage bound non-specifically. That ratio was
much higher (1:190.48) for aspRS-OB displaying particles demonstrating binding specificity of
this domain for asp-tRNA. These results demonstrate that aspRS-OB is functionally intact when
dispiayed on the surface of phage.

Example §8: Library Se;(ecz‘iom
Selection on asp-tRNA
The loop region between beta sheet 4 and 5 in bacterial aspRS anticodon-binding
domains is important for binding to the tRNA as well as for specific recognition of the bases in
the anticodon (49). Thus asp-tRNA was considered to be good target to test the viability of an
aspRS-OB library. The library aspRS-OB RI was used since it contains full coverage of the
theoretical diversity and therefore contains copies of the wild-type aspRS-OB fold sequence

which was expected to bind well to the tRNA target. Even if none of the mutants bound to the
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CGCGCCGTTGCTATCTCCTGAAACGGAGAGTATTTG 032
GTGCCGATGAAATACGTC 033 GACGTATTTCATCGGCAC 034
COCGCCGTI'GCTATCTCC 035 GGAGATAGCAACGGCGCG 074
APCTCEPEAAACGGAGAG 076 TAGCTGAATTACCGCGCELh76/:2007/000125
CTCTCCGTTTCAGGAGA 089 GGCGCGGTAATTCAGCTA
Oligonucleotides for PCR assembly of libraries based on IF5A-OB from P.
aerophilum 5 Appendix Il Amino Acid Sequences of Various Obodies. The
numbering for the sequences is consisten the numbering in Figure 10 and

RNAIW R A2 631g! tﬁi@ﬁ‘le%@'%@f%?% rocess An aspRS-OB RL
VYPKKTHWTAEITPNLH GTEVVVAGWVEClADTG YINVDREGGAC
geng}ggygy&%\%ekergms before, cloned into pRPSP2 yielding ~1 clones and
mohdvifSd AR LTI YA ReG Wﬁmmmmwgnmmddwas
obs%?%{a%%% LR r XY G AR C e E RRER B o
tar eSO NEIRIRE @W@E\S@A@km@@w Ry P pRdafom fherselected
fraction and sequenced. The sequences showed the consensus R/K G C R for the 4 amino acids
in the loop region for binding to asp-tRINA (Figure 10), Of 12 sequenced clones, 5 fulfilied this
consensus completely, 3 out of the remaining 7 agreed in 3 of the 4 amino acid positions. The
consensus sequence is in striking contrast to the wild-type sequence (IAKS) which suggests that
the new consensus sequence more strongly binds aSp—tRNA in comparison to the wild-type
domain. This was confirmed in a phage binding experiment with monoclonal phage preparations
where two clones have higher affinity for asp-tRNA than wild type aspRS-OB (Figure 16). For
this experiment, phage displaying the corresponding mutant domains were incubated with
immobilised asp-tRNA. Bound phage were specifically eluted with RNaseA and counted. The
recovery rate R was calculated as [(output/input)p/(output/input)rua ] where (output/input) refers
to the ratio of recovered phage (output) divided by the number of input phage, subscript ‘B’
refers to beads only, subscript 'RNA' refers to immobilised asp-tRNA. The results indicate that
we have enriched a consensus sequence with enhanced binding affinity for immobilised asp-
tRNA from a phage library derived from aspRS-OB mutaats (Figures 10 and 11).

Selection was performed in the same manner against immobilized {RNA using the larger
library * 13mRL’ which has much greater diversity compared to ‘RL’. The enrichment pattern is
shown in Figure 9 and indicates significant enrichment after 5 rounds of panning. Sequence
analysis is summarized in Figure 12. Selected sequences contained a high proportion of
positively charged amino acids suggesting those mutants were selected by binding to the
negatively charged asp-tRNA backbone. The mutant with the greatest number of basic residues
(DO7) was found three times indicating a high abundance in the pool of selected clones. The
phage binding experiment on immobilised asp-tRNA monoclonal phage samples prepared from
the selected clones D07 and D09 showed that these clones were recovered in a number several
times higher than the wild-type aspRS-OB domain suggesting stronger binding of the displayed

mutant to asp-tRNA. These phage binding experiments are not precise measurements but
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U3
VYPKKTHWTAEITPNLHGTEVVVAGWVAALGDAGDSKTVTVNDREGGA
PVHVQLDAGKTPDH
PERYEABISREDVVVIKGIVEASKYRLKOVEIFFSETWILNK AKP A (p0125
VYPICKTHWTAEITPNLHGTEVVVAGWVDPLLDRGLAKGVSVADREGG
ASVPVTLLAGKTPDH
LFKVFAELSREDVVVIKGIVEASKQRYVGVEIFFSEIWILNKAKPLPID U5
VYPKKTHWTAEITPNLHGTEVVVAGWVKVLPDSGFCKYVRVEDREGGA

indi@avé-avsﬁéc%éﬁ%aﬂn rocess and demonstrate that aspRS-OBR libraries can be used fo
LFKVFAELSREDVVVIKGIVEASKLGHFGVEIEFSEIWILNKAKPLPID U6

seleGhppRHIPRRRONEHE TEVARPARS WPIST SR G faarsresy pd e estsalrd

clondd W i bAGSK ERDsted in Appendix II, and are designated U1, U2, U3, U4, U3, U6, U7,

O E PR PR AT DX B VIV B S

L4, PVDVBILPRGICTPD ek 144.
LEKVFAELSREDVVVIKGIVEASKOGGGGGEIFPHEIWILNKGKPLPID
WO 20071139397PCT/NZ2007/000125 U8 VYEKKTHWTAE |
TPNLEGTEVVVAGWAREFRST & VARG VOV TLKAGKTP
DHLFs 0y RAELSRER A KGR EABKVGRd S EN BRSEAMUNIKA KRS a0

0B S UEERISSENEIRR, Ll icbEl Tnel KA RS Lo S oo WiRe

EG FVQVTLKAGKT P DHL FKVFAELSREDVVVI
lysogemS kOB BV EPPRIS FRYR iINKAREPRYZ SR A heseriprag | T

medtdlid el EMMVEAEWMBRILMRGC ARY KAVNME BREAfeMMEMbbilised
LEACKTPDH L EJCVEAELSREDVYVVIFCGI YV ASKGEWSGV%I FP )
é %X‘W—Rﬁ]& § of panning

Iysog Ry RTRARI PTB PP oF WG Iors 1oun
werd PidlobiGT B Y AGKHY WiIKE DG GV GDREC BASMIMRL TAEKTR

MORH&ﬁg%g&h@@?@&%@ﬁ%%@%%ﬁ%@%@ ERSEMINKACRL R
| D pMB1 6 VYPKKTHWTAEI T PNLHGTEVVVAGWVWELRD |

bindie K PR ARIIRIEES RRIEAG T DK INES RIS TIL biigRon0g ¢ &6pspell ELISA plate.
BouRW/MMHK GREATHRGGCRGVE (PGB W K At6REIRhAp MESERA Y¥nbers

s R N AL AR e
L13-PHERigne Nk ARPiel@es W isequenced. Sequences for some of the clones were
identical (L.14 and L.15; 14 and L18; L8 and L.21) narrowing down the number of wnique clones
to six. This redundancy indicated a high proportion of clones with the same sequence in the
sample due to enrichment. Two more rounds of panning were performed and 6 more clones
were sequenced (132, L33, 134, 142, 143, L44). Three sequences matched sequences of
previous clones (1.32=L14=L15, L33=1.8=L21=143), while L44 was identical to L5 in the beta-
sheet region but showed a different pattern in the loop region. L34 and L42 were new
sequences, The number of clones in the selected pool after 6 rounds can be assumed to be very
small and covered to a significant extent by the nine sequences shown in Figure 12, panel E,
Clones L14 (132, 115), L8 (L33, L21, 1L43), L34, L4, L5 and L6 were subjected to binding
studies in an ELISA approach using multivalent display (Figure 14). Results showed that alf
clones bound to lysozyme whereas particles without a displayed aspRS-OB did not (pIII). Other
negative controls included the wild type aspRS-OB (OBwt). All analyzed clones bind in higher

57



10

15

20

23

30

VI PKKTHWTAE | T PNLHGTEVVVAGWVWELRDI
GKVKFVVVRDREGFVQVTLKAGKTPDHL F
KVFAELSREDVVVIKGIVEASKSGCAGVEIPPSEIWILNKAKPLPID

PE2 28T B3WYPKKTHW TAE | T PNLHGTEVVVAGN PCT/NZ2607/000125
VWELRDIGKVKFVVVRDREGFVQVTLKAGKTP DHL F
KVFAELSREDVVVIKGIVEASKRSCRGVEIFPSEIWILNKAKPLPID VY
PKKTHWTAE | T PNLHGTEVVVAGWVWELRDI GKVKFVVVRDREG
FVQVTLKAGIKTP DHL F KVFAELSREDVVVIKGIVEASKLSLVGVEI FP

LS J asc.
SS90 SES ESIMIAE L it

derpssrating SReREFISHOE KETRAEREK e igs Elvgloner kg L33 did
notPidd BATNA PICKTHWEAE | T PNLHGTEVVVAGWVRKLR
DRGPAKYVWVRDREGGATVRVRLQAGKT PDH L FKV FAELSRE
DVVVIKGIVEAS KRKGS GVEI FPSEIW ILNKAKPL PI D D09
VY PKICTHW FAEP PR KL EGRENOW\ AGIANINIRY 19 G kT RVKDRE

GGARNRYI '(-ﬁ%f,;ﬁb:[ PRH.16 and 1.33 (L21) were subcloned into an expression vector
i I\_}FKVFAELSREDWVIKGI\{EASKWWVWGVEIFPSEIWILI\_IKAK LPID

RRFHANATAR 1P HINT RIS FE GOV ARy prgozyme binding in pull-down' assays.
As CoEDAGKRRKINVSE VBREGSARMAME bRAGKIRZRIE kil dElnselected

L
bindiperty/ gorrmg Acictudicd i prreprAE ESRED Yy Jiigma SROWRD GV ES

bin@&RS LMD KK Rds i olvith 500mM NaCl. Clone L6 was expressed and purified and
YRKKTHWTAEITPNILEGTEVVVAGWVASLGDYGRVKIVKVSDREGGA

.\
its B WEK&?&‘BW‘”IEE PREFEREFANARKE A S5 el fesonance
(BiPPSE Wik MNKAK RIDRED w8 ¢:QMYRIHId MHAEF’IM (Figure 16).

TPNLEHG éﬁ(ﬁéﬁt@&éﬁ&ﬁ%%@&ﬂﬁ@(@%ﬁ %%%%@@%%?&fscﬁ-fold

PVTLLAGKTP DH LPKVFAELSREDVVVIKGIVEA
donygipsniick ppteinsaydepyars eqdorsRed fopisk s thetnsabod migant proteins
froth VHIES GR RISV MWEMAOR E GQRAE VB DA Iy BARFGB-fold domain is
L e L.
fingtimcEEiR DREICEARMPE(T CRGKIIMBRS, from OB-fold libraries, using
pha%ﬁﬁéﬁf&& EL RRERVNM KENEARKR YRS GNE hgﬁ%ﬁé@é&%léé&(, Rk EJ% chosen
binding interactions or enzymatic activity. As demonstrated herein, the tRNA anticodon binding
domain of Aspartate tRNA Synthetase (AspRS) from Pyrobaculum aerophilum was chosen as an
OB-fold scaffold to demonstrate the applicability of OB-folds to serve as carriers of diversity.
The results show that this tRNA anticodon binding domain can be converted into a specific
protein binding molecule by applying the methods disclosed herein.

Bach mutation introduced into a protein framework can potentially affect its folding and
thus its stability and solubility. To understand the tolerance towards mutations in the protein
framework libraries containing different sets, or combinations of mutated areas, were generated
and screened for expression and solubility of randomly picked mutants, Libraries with
unrestricted diversity were planned and generated. Such naive libraries contain all possible

combinations of mutations through randomisation. It is expected that a large number of mutants
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L42 VYPKKTHWTAE | TPNLHGTEVVVAGWV17 OLV DLGRN KLVQV S
DREGGARVLVNLAAGKTPDH L EKVFAELSRE DVVVI
KGIVEASKIQRSGVEI FP SEIW ILNKAKPLP I D L6 VY PKICTHW TAE |
WEPNEHSFEVVVAGWVE PCT/NZ2007/000125
DLVDAGKTKWVEVCDREGGAQVIVELVAGKTPD11 LFKVFAEL
SREDVVVI KGI VEASKSRAVGVEI FRSEIWILNKAKPL P | D L5 VYPKKT
HWTAE | T PNLHGTEVVVAGWVT DLVDAGTWK FVQVADRE
GGANVWVS LVAGKT P DH LEKVFAEL SREDVVVIKGIVEASKL

will B oMk HEMEENEAIRE BAXILY AN P ksl ud to unfavorable
TPNLHGTEVVVAGWVTDLV DAGT\%{I}]E (%X/E REGC%A\NVWVS
KGYY

cOmPNARRSRITE FEP PER PHRECERETR SRPESAR A HBEERRR S

OB HohiAKP | TRDo MM RO0EIA BOS0FRATINDREETY DOG1IZEoR dfebelicthset (beta

strax%aj? KV A@r? th 8§2 Gégﬂeaﬂ&pmq learn \g&lé%&? 1@6&%9@/@@{;&@ sefs

Nau 381: iffiths liams, 0. Hartley, |
of ﬂmﬂﬁﬁ%meswa@rwéuw%swsie%éwmp EeskB M Ememerpted.

JONEKeNeMnld@Wbhiids Mﬂ&&ﬁﬁ@@ @Btrald a&&émlssﬂjae@ﬁsagsmgh@mumy it
uman, anti e rec froml nth |c re ert MBO
Was?@‘?lgz g%}j Tl oogen G 1 F&E‘:}‘I%m r?léeo?rvegxp ressmg
and Bbjrisie @1dM |f¢gleyleﬁ’ae¢mn@,nmde® rwmeto 99 4cAritody fanmeriisdioni MR

w5000 o vioguan TG o ey B

selegfigngetion teuelabparIis iR Q% drivsuisted %&Wﬁfot‘é’ﬁﬁ fipgstagted as

W%&nﬂ:ﬁ.%ﬁz&%%u&iaﬁ}lmgeroﬂvﬂ?:ﬁﬁmwis ~Rr16S dilfdherdt ofgren, W.
other R. . ows andJ A, W
i SRR AtE o RRal Feame ol dvrsio of
17 medemtppmomomalemspm@% fispstaly. UbtMalonrBiote gisiti ot yxpected

to be ?ﬁi}ﬂé@%@@-ﬂjﬁgéx By GlanREL S SR sforntfiNOTSe e hle by %%Rﬂfproked
gren. 1999. Afflnlt%/ﬂmaturatlon of a taq DNA polymerase specific

G*“@ﬁﬁﬂ?é‘%’/%?ﬂﬁéﬂrsil‘é% GBS Engineering 12: 873- 878. 207.Nord, K.,
J. mmm@ammemdm cﬁhjﬁmlamﬂeﬂdﬁpngmom&nmhmﬁbmaﬁﬁﬂﬁbr

displ8Y bfa ggxgtgﬁéa%‘?é bagterial ree %A%guéasﬁrg)@% &1i00d0n

A K., P. Amstutz, a luckthun: 2005. Engineering
bmcimépmramfgfmeréﬂqg gFgrahaeniRs s Swlon of orharSBNald, femain in general.

DisfHNEERPRIRAY A3 phaSd rdRBRs several steps that might affect the integrity of the
displayed protein as well as the growth of the host cell. After synthesis in the cytoplasm the
protein has to be stable in the reducirlg environment of the cell and must be unaffected by fusion
ro the pIlI phage protein, The fusion protein is then targeted through the oxidising environment
of the periplasm for phage assembly before the whole phage particle is released into the media,
For any protein this process involves interactions with the environment at multiple stages, and in
case of a scaffold derived from an anticodon binding domain binding to host nucleic acids must
also be considered. Detection of aspRS-OB (by Western analysis) displayed on M13 phage
showed good expression. Detection of aspRS-OB libraries RL and the larger 13mRL (also by
Western blotting) showed much less efficient display on phage. This observation can be
explained by a high degree of unstable mutants in the naive random libraries. These data suggest

proteolytic degradation of unfavorable mutants in the cytoplasm or periplasm of E. coli, an effect
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9. Bin; H. K., and A. Pluckthun. 2005. Engineered proteins as specific
binding reagents. 25Current Opinion in Biotechnology 16: 459-469. 10.
Bosse, R. J., A. Roth; and B. E. Power. 2006. A new generation of protein
dveprag788atidlds for molecular recognition. Protein Science TS ANZ2G07090125
Sidhu, S. S., H. B. Lowman, B. C. Cunningham, and J. A. Wells. 2000
Phage display for selection of novel binding peptides. Methods in
Enzymology 328: 333-363. 30 12. Stemmer, W. P. C. 1994. DNA

shuffling by random fragmentation and reassembly: In vitro recombination

obstprdplecular syalitionnProssedings:ohihe:Natiaps! ﬂsggﬁmaeﬂ%é&e&&ﬁ%ms
of the United States of America 91; 10747-10751."13.Sidhu, S. S

fromp fhg FarIrssiesy st SRRV BTRSYeY Fikdi ﬂgﬁ@ﬁf&é@gwﬂ&a@wgﬁmmﬂ% were
obs&né’(ymﬁﬁgtysaﬁ&lﬁééiaﬂﬁ&ym&hﬁyﬂeﬂhaw B1 % cclRhe Bﬁﬁiﬁg domam, (52)).

.._evolution of |n V|tro sh Natur 370: 3
L S B R P il iy e
of dﬁw&aifydé@m mmdaml@mmmgem@@eam@@fmma@@nmrm@nd nota

phefbmbn a¥BEeaGePRass Jois Afff0Iter, and F. H. Arnold. 1998. Molecular
40evolution by staggered extension process (step) in vitro

recombination.[see comment]. Nature Biotechnology 16: 258-261. 17.
VolKeleciborton andiEvH. Arnold. 2000. Methods for in vitro DNA

rec [ S oIo 8:

a7 e o o TRy
Su0®aﬁ@mdﬁumhpi@hﬂk§nlam9ﬁ®pr®qm@§% ooy Libraviencedfibd th. Eirgzm the
smaSTRIflingaRyetbaddeng enpraln g W ablin¥@presenting mutants with higher affinity

h ﬁg?/ 9397P T/NZZOO?lOOO]]25 recombined f%gsneéngl%jg@vglved

S TSRS SBRAMENEOROSITRE BISRMARRISIT TS 35 %5854 67 15eHid,
sequienc8 Rietni; R.ws #OTen fibmHbdkalddiiyd sSpeartamd, candiedDagdsiiarly
charkad meﬁf@'%%&{%g%mﬁﬂﬁ (9(; it ?1%@&1%@%&?%@5 i@ﬁtﬁ %Eﬁ:[%ﬁe'z a[@le presence

ragment by C utagenesis and phage display selection. Protein
of theiisésin ghislosn 1egion eght sesa flsbilita oftbnkggerhie Befmetnthe
cysididd anesnanscAafluckthun. 2001. Tallorlng in vitro evolution for protein

affinity or stab lit roceedings, 0 Natl cad ces of

the%ﬁ e& §tat1é}s{s%|l% ?rrf(gi?gg S§O égvefﬁ%ﬁ ﬁ-%:naéeﬁ}y{%é ?irmu?% and
Seqm@nﬁ-m@mml@s)@@@e@ﬁtm@qmsﬂqmcmmfm nelbptiotelimsviedwitrintiyn of the
contiRPAMES 1919R 8 MeibAdSIR HRZWRAIRA Y3 4 ARAHAR rather than for genotype.

Due to a very limited coverage of the diverse library 13mRL, a consensus could not be derived
from the small number of sequences of clones selected on asp-tRNA. This is expected since the
practical diversity is about 10° clones but the theoretical diversity is approximately 10%, Thus,
the diversity coverage of the phage library is only a very small fraction of that theoretically
possible. A significant number of positively charged residues was observed in all sequenced
clones (9 in D07, 5 in D05, 6 in D0Y) indicating a selection for positively charged residues
through binding to the negatively charged RNA backbone. The motif R X G 8 occurring in two
mutants (D07, D04) suggests an important role of the loop in tRNA binding as it is the case for
the wild-type aspRS-OB. Binding experiments with monoclonal phage samples showed stronger

binding to asp-tRNA than the wild-type domain. This supported the conclusion that a selection
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activity using the a/b-barrel scaffold. Nature 403: 617-622. 24. Arms, V.
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and function. Current Opinion in Structural Biology 12: 794-801. 25,Arens,
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35 whpitinesheet trarrelitin aoteins 4i clbhesgoséived Stsuatsresatioesidleafy, F, W)
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the Godkerwigeynkd 3B ohShilsbund ef didanshatiosstatiadidvfasiarsbduiroshloride
indi@é[ﬁgg @&%H@o@%z&@ﬁ%@aﬁ%&&%ﬁm& L6 was expressed and purified and the kinstics
and thermodynamics of binding were analyzed by surface plasmon resonance showing a Ky of
~3.6x10° M. Considering the small size and the composition of this naive Hbrary a binding
constant in pM range is a very significant result and offers an excellent starting point for

optimization by affinity maturation procedures.

Example 11: Three dimensional structure of the OBody LS8 in complex with lysozyme
L8 was cloned using Gateway (Invitrogen) into pDONR221 then subcloned into the
expression vector pDEST13 which was transformed into BL21 (DE3) E. coli cells. These cells
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replacement usmg the complete unit cell from the previous structure. Building and refinement

was done using COOT, CCP4 and PHENIX.
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arninoacyl-tRNA synthetase by site-directed peptide transplantation.

Journal of Biological Chemisuy 278: 30927-30935. 550.Wahlberg, E., C.

MERYT/M?¥%kIgstrand, P. Allard, V. Dinebas-Renqvist, A. HeBgiASE2{7/000125

Berglund, P. A. Nygren, and T. Hard. 2003. An affibody in complex with a

target protein: Structure and coupled folding. Proceedings of the National

Academy of Sciences of the United States of America 100: 3185-3190.

51. Gunnarsson, L. C., E. N. Karlsson, A. S. Albrekt, M. Andersson, 0.
Taflotst, and M. 100hlin. 2004. A carbohydrate binding module as a

statliviesSiby-Zariying saalfialshBEQiRiR RAOINE Y IBE DRGNS B Rlastian 17:

213-221. 52. Berdiehevsky, Y. HonB @adeemal Lamelsandidotsen Data
Czylz&%r@b&@@ dlsplay of a cellulose binding domain from Clostridium

4+l An-ac-a.-t tthodvioanaineoorin
U |cg 10CE UII oulu ILD appllbat (o} LUUI IUI Ouluuuuy LAY 11} |\.,\.||||3
Jourbai o miunological Meth b’d% 28:151-162. 15 (? VS What is

clalﬁiédqgﬂsmﬁm {sotated modifiedB087feldddfminloblaifabie Tf07ﬁ9a166 344

o\

fiat | 197 folddormgi rein said modifigd Q8-
Tl ARG D% ) d.ffm T 99

comnrisgs at |éast four mo d amino acid residues wherein_a) at least
Dafﬁr@yﬁ@mﬂed amino acid residue is located in a 13- striand of the 013-fold

domagiRirding face as compatgd o, mj@tgjauy ocC J@&%—‘Q’@Q?@G -2.69)
|

st.one.maodified.amino._acid-residue is_located in a R-

—domain;-or-b)-at lea
straFbRAEGE old domain ARG face and at least A& Tbdified amino

aci@nggid Befinciicstrand of the @Bd6ld domain Ioop re ;lm)c)m C) at least

U“b modified-amino-acid-residue-is.loc diof the OB-fold
domg £€?}elst':jglon and wher é;%%g‘dfﬁfdlfled 08- foIc domaittid%oluble
andzbas,akigred binding charadlgristicSas compared tpghe natarally
occurring 08-fold domain..2. The modified OB-fold dormain of claim 1
whérein said domain speciflc aW’-kﬁﬁ?d@ to a different bindpartner than
the lllllg 08-folq main-or-has-modified I"l“ldli"lg with-its
natﬂgﬁ/hggc)gﬁﬁﬁg binding pd rtglnfer. 3. The modified OB%oId domain of
claffotamitglaim 2 wherein sajdgaturally occurring 0B+fold domain occurs
in-a-protein-or-class-of prctelr s-selected-from fhg_g_;gup_c@nsisﬂ%f_gf____
Sta ﬁlylococcal nuclease pro éﬂ&ével;\é?enal enterotox r?@%q (APfike

C , ' = proteir; Tait-associgtedtysozymegp5;
NZ2007/000125 Received 12 December
20(5370‘5’?&%% %@T@i‘@“&ud bi cﬁﬁé proteins; inorganic pfiephosphatase;
Mog-tike PIULCIIID cheWw M\c |||o, tRN/—\ et \OB foldnuecleic-acid

binding domain); Telo_bind (éeﬁomere binding protein a\? a subunit,

Refaerntaval domaln) SSB (single stranded blndlng protein|family 50B-fold

D ﬁ%age 08-fold domain);$ aspl)?l r(g Z)aqnly)mb uduws.j%e&er‘ 28%)
(StaphylococcauStreptococt 6%{5‘5,@34‘3'0 335 (26.5)

Rpee 34.0 (50.7) 29.6 (37.6)

Protein Atoms | 3338 3384

rmsd, bond lengths 0.012 0.013

rmsd, bond angles 1.541 1.452
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domain); EIF-5a (Eucaryotic initiation factor 5A hypusine, DNA- binding
013-fold domain); GP5_0B(GP5 N-terminal OB-fold 10domain), CSD,
DNA _ligase_OB, DUF388, EFP, elF-la, mMRNA _cap_C, OB_RNB,
Plgatye”/DREAT bind, Rep-A_N, Rho_RNA_bind, Ribosomal LZ’CT/NZZ‘}OWGOOIZ"’
Ribosomal_S12, Ribosomal_S17, RNA_pol_Rpb8, RuvA N, SI, TOBE,
TOBEZ2, and tRNA_bind. 4. The modified OB-fold domain of claim 1 or
claim 2 wherein said 15naturally occurring OB-fold domain is from a
thermophilic organism. 5. The modified 013-fold domain of claim 4,

wheseiiiea dutaagmophlllc orga@{smﬁ Pyrobac
mai ny of claims 1-5 wherein

ulum a

EEPIYEIM. 6. The
said modified amino

Tablei$h rEE‘Pﬁﬁm-Iﬂ‘Qﬁﬁ@ intesfasn daihifos I doredamp

Pobintireryave. 7. The

BuriB@eified:013-fold domain of any of claims 1-6,

\@dﬂ@@in the

of the-mudified-013-folddomain-is-setected fro

Aveiggertibedasmenep sudehantrss aoteins, horn|

T LIIC IUUI

&ed'and

He b%%'ée&ﬂﬁ 9102%8 A method of obtaining a modifi

- .claims 1- 7 comprising: 72 Amended Sheet IB

d 08-fold
A/AU

Saltﬂbiagﬁm mwﬁfsje acid encodlng a naturally ocg

Lyring 013+

ncoding a portion thereof comprising a strand

POIE’& -SRHRE B H0E R HEHED) altering the nucleid

UI LIIU UIII

a2ig &leh

OB-fold.domain |s obt

e binding partner
i comprising
small organic
domain of any of

a)

fold domain, or

ing face and/or
that it encodes

Ga@v@@ﬁg%,{nodmed 5am|no aC|d re3|due on dQ §;Lrand ofi the binding face
and of a loop as

rein a modified

08:fold domain has

Ky (surface as on reso

2 (Gt g 28 E0thared to said naturally

Appendix I

OB fold Oligo 5'—3'sequence

aspRS 005 CACCAGT GGA TCC GTGTAT CCT AAA AAG ACC
006 ACC CGG GAATICTCA GTC TAT TGG AAG CGG CTT

TF-5A 811 CACCAGT GGATCC ATT GAG AAATTC ACG GCG
012 ACCCGG GAATTCTCA CTATIT AACTCT AAT AAT

Oligonucleotides for PCR amplification of the wild type OB-folds of aspRS and IF-54 Jrom

Pyrobaculum aerophilum.
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10013-fold domain. 9. The method of claim 8 further comprising, altering

nucleic acid encoding said modified 013-fold domain, and/or altering

nucleic acid encoding at legst one amino acid of a protein that comprises

v engtifizdd OB-fold domain. 1510. A method of producing BOBFERAP1G{00125

modified 013-fold domain proteins for display comprising, a) obtaining

nucleic acid encoding-an 013-fold domain, or a portion thereof; b)

subjecting said nucleic acid to random alterations, to produce a

20co||ect|on of altered nucleic acid encodlng modified 013-fold domalns
th = ST b O] AITO0T cU d 'i;"ﬁ ;’UI—‘;‘G‘ SeTe 1O

.’) {sapls
050 SOIUDIg i'l'@ ek E3-fateaardaiticd g"“;:.. jorhedibrarvellcdheamethod

p5401 Claamatwhemasaurdioucleic acid encodes at least one amino aciqg

os5residueof arstramadsof thies@13-fold domain binding face 25and/or a strand

056 of an [0XB-fol dofifaia (66p.T¢3 Amended Sheet IPEA/AU

057 pCT/INGBOOFRIONE 95 HEHeREH 12 December 2007 12 The method

—n

058 |aim! Y O PERGR AT FhHR

059 nuelelead feshprem Cfgggfﬁ&d OB-feld-demains-into-a-poepulatien-ef-host
060 - TRH TGOCTTE AACAA dified - OB-fold . .
GGILUIID MU0 =-TUTO UUITIAImS ™ UIT U
gezSurfacs ftencodir

. o : yoifred .
aﬁsdomam}ma@x& Q‘GQIatEGS’ﬂ-T GT@%AA bostcallcermpasing a nucleic acid

Olieneorighpratifigctiy ot lomna potisy Kb RBOBS Aot P. acrophilih. A
phage comprising a nucleic acid encoding the modified OB-fold 10domain
of any of claims 1-7. 16. A composition comprising a nucleic acid

028en codffféf e tudified OBESII domEnBiany ¢ +faims 1-7. 17. A method

0295f ¢ —éﬁ#ﬁﬁcﬁ'ﬁﬂﬁ?ﬁﬂﬁf‘ Wﬁﬁé&‘?ﬁﬁ#ﬁﬁ»ﬁ%ﬂgﬁq for hlndlnn with a

032hindi—\|§ g rqﬁéﬁGM’ﬁ%Q ,Q 15 nhfalnlnn a-poptl

bin ation-of hostcells-ar
033,
03 4'v'ii’a| JéE >3 i e
035°UTTALEGAGATAGCAACGGCGCG
074 ATCTCCTGAAACGGAGAG
076 TAGCTGAATTACCGCGCC
078 CTCTCCGTTTCAGGAGA
089 GGCGCGGTAATTCAGCTA

Oligonucleotides for PCR assembly of libraries based on IF5A-OB from P. aerophilum

Appendix I
Amino Acid Sequences of Various Obodies. The numbering for the sequences is consistent with
the mumbering in Figure 16 and Figure 12,

Design- | Amino Acid Sequence

atnion

ul VYPEKTHWTAEITPNLEGTEVVVAGWVECLADTCIERGVLVVDREGCACVRVHELOAGK TR DH
LERKVFARLSREDVVVIKGIVEASKGYRSGVEIFPSEIWILNKAKPLPID

g2 VYPRKTHWTAEITPNLHGTEVVVAGWVGALRDLELGKGVSVFDREGGAVV IVNLLAGKTPDH
. LFRVEFAELSREDVVVIKGIVEASKSRVGGVEIFPSEIWILNKAKPLEPID

03 VYPRKTHWTAERITPNLHGTEVVVAGWVAALGDAGDSKTVIVNDREGGAPVHVOLDAGKTFDH
LEKVFARLSREDVVVIKGIVEASKYRLKGVEIFPSEIWILNKAKPLPID

U4 VYPKKTHWTAEITPNLHGTEVVVAGWVDPLLDRGLAKGVSVRDREGGASVPVELLAGKTPDH
LEKVFRAELSREDVVVIKGIVEASKORYVGVEIFPSEIWILNKAKPLPID

us VYPKKTHWIAEI TPNLHGTEVVVAGWVKVLPDGGFCRYVRVEDREGGASVLVALSAGKTPDH
LEKVFARELSREDVVVIKGIVEASKLGHFGVEIFPSEIWILNKAKPLPID

13 VIPKKTHRTAEITPNLHGTEVVVAGWVI SLSDRGGTKLVEVIDREGGAAVIVQLLAGKTEDH
LEKVFRELSREDVVVIKGIVEASKRLVNGVE] FPSEIWILNKAKPLPID

Ul VYPEKTHWTAEI TENLHGTEVVVAGHVFX LLDXGMGKLVRVPDREGGAPVDVDLPAGKTEDH
LFEKVFAELSRECVVVIKCIVEASKCGGGGGR] FEHEIWI LNKGKPLPID
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b) contacting said population of host cells or viral particles with said

binding partner under conditions suitable for binding of said binding

partner to said modified OB-fold domain; and 20c) determining binding of
sxifEl2bindirsgepartner to said modified OB- fold domain. 18. TheCriystrgor @123
claim 17 wherein said host cells or viral particles are phage that display

the modified OR-fold domains on their surface. 74 Amended Sheet

IPEA/AU PCT/NZ2007/000125 Received 12 December 2007 19. A
phage Ilbrary of modified OB fold domalns of any of claims 1-7, wherein

e Said MpaHieR-@ ' KRR IR GKTPDHLF
aerooh|mELSREDvaA:mdmedL@asfded®mat&@§myﬁ of claims'1-7 -
09chspﬂayéﬁﬁ?ﬁ$Tﬁ%?%%ﬂﬁf§k¥§@$?¥Yﬁ§W&Wﬂﬂ$ﬁFﬁ%ﬁ%ﬁﬂ@?&?ﬁﬁﬂh@Qﬁﬁ@dﬂﬂsdPDHLF
AD..f A A ..-- valraravlaldd 17e- 1 W abs alab=Tal=
SG&JD'““JVT? AT 2 NVODRE FVLL Gl
bacteri &m&smﬁﬁnﬁm&%ﬂ:@&cﬁ@ € m&ﬁ%ﬁ&)ﬁ@?ﬂ]‘ aims
58 3attach(=Mﬁ@&fﬁﬁﬂﬂléQWWWMWGMM@B}MEEMWMBMM
22 \ardn iy BATY HL SRRV I HE ‘e.': AR E e i
pmﬁﬁgég"v#tkﬁﬁﬁgfﬁﬁ&¥§§£ éwvaVAgggggLRaxa *GKTPDHLF
pMH@EIT/N2%&9@ﬁ%ﬁmﬁmtEimﬁﬂﬁﬁnﬂﬁﬁvﬁﬂﬁvmEiﬁﬁmﬂavﬁiﬁﬁvaﬁﬂi@%ﬁﬁ?@ﬂﬂﬁ@%@ﬁ%ﬁ%ﬁs
Ltd-<1 RS {SBSEEIY 1Y TICIVERAY P ABSEIAPBE I elle Ref: 128161/49
pMﬁI?‘ *'§§§§§§Hg%ﬁgiﬁii TEVVVAGHVWELRDIGKVKFVYVRDREGFVOVTLKAGK T EDHL F
<140> 3 ; ASKRGCAGVEIFPSEIWILNKAKPLPID
DMB18 VYPKKTHWTAEI TENLHGTEVVVAGHVWELRDIGKVK FVVVRDREGFVOVTLKAGK TP DHLF
. EVEAELSREDVVVIKGIVEASKRSCRGVE I FPSEIWILNKAKPLEID
pMB1G VYPKKTHWTAE L TPNLHGTEVVVAGWVWELRDIGKVKFVVVROREGFVOVTLEAGKTPDULE
KVEAELSREDVVVIKGIVEASKLSLVGVE I FPSETWILNKAKPLFID
nos VYPEKTHWTAE L TPNLHGTEVVVAGHVORL Y DRGKRESVSVVDREGGAPVTVC LRAGK T BOH
LFRVFAELSREDVVVIKGIVEASKINCENVEIFESETWI LNKAKBLETD
DO7 VYPKKTHWTAE LT PNLHGTEVVVAGWVRKLRDRGPAKYVWVRDREGGATVRVR LOAGKTBDH
LEKVFARLSREDVVVIKGIVEASKRKGEGVEI FPSETWILNKAKDLDTD
D09 VYPEKTHWTAEL TPRLEGTEVVVAGHVIWRLR DWGLAKTVREVKDRE GGAS VRV T LRAGKT EDR
LEKVEARLSREDVVVIKGIVEASKWHVWGVET FPSR TWILEKAKPLDTD
D04 VYEKKTHWTAEI T PNLEGTEVVVAGHY SCLCDAGKRENV Y VVDRE GGAPVAVE LAAGKTPDH
LFKVIAELSREDVVVIKGIVEASKRAGSGVE I FPSEIWILNKAKPLETD
L14 VYPRKTHWTAEIT PNLEGTEVVVAGHVSDLLDAGRAKYVEVYDREGGAL VMV T L ALGKT PDH
LEKVFARLSREDVVVIKGIVEASKGWRDGVEI FPSEIWI LNKAKPLEPID
L8 VYPKKTHWTAEI TENLHGTEVVVAGWVAS LGDYGRVEI VKV SDREGGAAVOVY LE AGKT POH
LEKVFAELSREDVVVIKGIVEASKGVGRGVEI FPSEIWI LNKAKPLPID
L4 VYPKKTHWIAEL TPNLHGTEVVVACHVGE LADFCDMKTVAVR DREGGAEV PV TLLAGKTPDH
LERVEARLSREDVVVIKGIVEASRGS TEGVEIFPSEIWT LNKAKPLPID
Lig VYPKKTHWTAR LT PNLEGTEVVVAGHVASLVDGGERKWY FVRDREGGARV TVE LTAGKTEDA
LFKVFARLSREDVVVIKGIVEASKGLRWGVEIFPSETWILNKAKPLETD
134 VYPKKTHRWTAE L TPNLEGTEVVVAGHVVGLMDEGALKGVEVRDRE GRAPVEV I LEAGK T E DY
LFKVEARLSREDVVVIKGIVEASKGYGSGVETFPSR I WILNKAKPLEID
142 VY PKKTHW TAEL T PNLHGTEVVVAGWVV DLV DLGRNKLVOVS DR EGGARVLVNLARGK T PRA
LEKVEALLSREDVVVIKGIVEASKI QRS GVE L FRSEIWI LNKAKPLELID
.6 VYPKKTHH TART TPNLEGTEVVVAGHVEDLVDAGK TKWY EVCDRECGAGY IVE LV AGR T PDA
LEKVEARLSREDVVVIKGIVEASKSRAVGVEL FESE ITWILNKAKPLETD
LS VYPEKTHWTAEI TENLHGTEVVVAGRVT DLV DAGTWKFVOVADREGGAN VWY SLVAGKTFDH
LFKVEAELSREDVVVIKGIVEASKLPSYGVE FPSETWI LNKAKPLEL D
144 VYPEKTHWTAZ I TPNLHGTEYVVAGWY T LV DAGTWK FVOVADRE GGANVWYS LVAGKTPDA
LFRVIARLSREDVVVIKGIVEASKPGAAGVE I FPSETWILNKAKPLELD
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<141> 2006-05-26 <160> 63 <170> PatentIn version 3.3 <210> 1 <211>

111 <212> PRT <213> Pyrobaculum aerophilum <400> 1 Val Tyr Pro Lys
Lys Thr His Tlp Thr Ala Gin lle Thr Pro Asn Len 151015 His Gly Thr Gin

Vel VR N2f3ATa Gly Trp Val Glu Cys Len Ala Asp 202530 Thr XSI5/Ng2@ie0c125
Lys Gly Val Leu Val Val Asp Arg Gin Gly Gly Ala 354045 Cys Val Arg Val

His Len Gin Ala Gly Lys Thr Pro Asp His Leu Phe 505560 Lys Val Phe Ala
Gin Leu Ser Arg Glu Asp Val Val Val lle Lys Gly 65707580 lle Val Gin Ala
Ser Lys Gly Tyr Lys Ser Gly Val Glu lle Phe Pro 859095 Ser Glu lle Trp lle

ReffbhRN LYS Ala Lys Pro Leu Pro lle Asp 100105110 <210> 2 <211> 111

L.

2.

10.

11, -

i2.

13.

14,

15,

16.

17.

18.

<21RzRREys &l 3B yrabac it aesaR EEME}; 4109? anfRlaL B SRR et
Thr HisFap Thr Ala Glu lle Thr Pro Asn Len 1 1015 His Gly Thr Gin Val
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19.

20,

21.

22,

23.

24,

25,

26.

27.

28.

29,

30.

3L

32.

Len Gly Len Gly Lys Gly Val Ser Val the Asp Arg Glu Gly Gly Ala
PCT/NZ2007/000125 354045 Val Val Thr Val Asn Leu Leu Ala Gly Lys

Thr Pro Asp His Leu Phe 505560 Lys Val Phe Ala Glu Leu Ser Arg Glu
RHNEINEYol lle Lys Sly 65707580 lle Val Glu Ala Ser Lys S8yiyo7apoi2s
Sly Gly Val Glu lle Phe Pro 859095 Ser Glu lle Trp lle Leu Asn Lys Ala

Lys Pro Leu Pro lle Asp 100105110 <210> 3 <211> 111 <212> PRT _
<213> Pyrobaculum aerophilum <400> 3 Val Tyr Pro Lys Lys Thr His Trp

Thr Ala Glu lle Thr Pro Asn Leu 151015 His Gly Thr Glu Val Val Val Ala

Sly R MR Alrd-al @M}&%&M&@é@oﬁ%&ﬁlﬁ N IO %o 354
Val#sn Asp Arg Glu Gly Gly Ala 354045 Pro Val His Val Gin Leu Asp Ala

Sly Byshhfra.Asmbis AU E302R00. aMahRhe AbiGiudL Y26k,
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Ser Glu lle Trp lle Leu Asn Lys Ala Lys Pro Leu Pro lle Asp 100105110
<210> 4 <211> 111 <212> PRT <213> Pyrobaculum aerophilum <400> 4
Vol Tyr Pro Lys Lys Thr His Trp Thr Ala Glu lle Thr Pro Asn Leu 151015

W B/ THBGIu Val Val Val Ala Sly Trp Val Asp Pro Leu LeutASpNZa0pDep0125
30 Arg Gly Leu Ala Lys Gly Val Ser Val Arg Asp Arg Glu Gly Gly Ala
354045 Ser Val Pro Val Thr Lou Leu Ala Gly Lys Tin Pro Asp His Leu Phe
505560 Lys Val Phe Ala Glu Leu Ser Arg Glu Asp Vol Val Val lle Lys Gly
65707580 lle Val Glu Ala Ser Lys GIn Arg Tyr Vol Gly Vol Glu lle Phe Pro
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<400> 5 Val Tyr Pro Lys Lys Thr His Trp Thr Ala Glu lle Thr Pro Asn Leu
151015 His Gly Thr Glu Vol Val Val Ala Gly Tip Vol Lys Vol Leu Pro Asp
202530 Gly Gly Phe Cys Lys Tyr Val Arg Val Glu Asp Arg Glu Gly Gly Ala
BENBUF18EOVol Leu Vol Ala Leu Ser Ala Gly Lys Thr Pro AspHig L& PReIZS
505560 Lys Vol Phe Ala Glu Leu Ser Arg Glu Asp Val Vol Val lle Lys Gly
65707580 lle Vol Glu Ala Ser Lys Leu Gly His Phe Gly Vol Glu lle Phe Pro
859095 Ser Glu lle Trp lle Leu Asn Lys Ala Lys Pro Leu Pro lle Asp
100105110 <210> 6 <211> 111 <212> PRT <213> Pyrobaculum

aerﬁpéwmﬂo Befl YL VIREI LSy %HBQ(E '@"SBTAB I%& %I.i?&%'% L%eliﬂfzooa
Pro AR O, G NA200/ 025 i Val-plaoa
sly sLipn4aldie, 38t Hﬁeu%sﬁ;é}ﬁmg%é%@aﬁggoélwﬁmmwéz &W@h&%ﬂﬁw 278:
Vabiderxspdyg Glu Sly Sly Ala 354045 Ala Val lle Val Gin Leu Leu Ala sly
LysiWAHiRng AP iSehau tve Helgstrand, P, Allard, V. Dinchas-Renqvist, A.
Hedqvist, H. Berglund, P. A. Nygren, and T. Hard. 2003. An affibody in complex
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Academy of Sciences of the United States of America 106: 3185-3190.
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505560 Lys Val Phe Ala Glu Leu Set Arg Glu Asp Val Val Vval lle Lys Gly
65707580 lle Val Glu Ala Set Lys Arg Leu Val Asn sly Val Glu lle Phe Pro
859095 Set Glu lle Trp lle Leu Asa Lys Ala Lys Pro Leu Pro lle Asp
100105110 <210> 7 <211> 111 <212> PRT <213> Pyrobaculum
aerophilum <220> <221> misc_fegtuigs222>(29)..(29) <223> Xaa can be
any naturally occurring amino acid <220> <221> misc_feature
<222>(33)..(33) <223> Xaa can be any naturally occurring amino acid
What@Oziainvead Byr Pro Lys Lys Thr His Trp Thr Ala Glu lle Thr Pro Asn Leu

1. @8&%@@@&%&[ @éi#é{@'d\éma r@'d%'t%ﬁ%@ﬂ&é%@&t&%@t&%ﬁwée

202530 Xaa Sly Met sly Lys Leu Val Arg Val Pro Asp Arg Glu sly Gly Ala
folglagednpyderginnasis iadiiss! R fold Jomain 197rTinepeb ey Fﬂé’ paified
anfihe0bReMLYs Viadike Ala Glu Leu Set Arg Glu Asp Val val Val lle Lys

sly
a) at least one modified amino acid residue is located in a & sfrand of the OB-fold

domain binding face as compared to the naturally occurring OB-fold domain, or

b} at least one modified aminc acid residue is located in a - strand of the OB-fold
domain binding face and at least one modified amino acid residue in a strand of the

OB-fold domain loop region, or

c) atleast one modified amino acid residue is located in a strand of the OB-fold

domain loop region,

and wherein said modified OB-fold domain is soluble and has altered binding

characteristics as compared to the naturally occurring OB-fold domain.

2. The modified OB-fold domain of claim 1 wherein said domain specifically binds to
a different binding partner than the naturally occurring OB-fold domain or has

modified binding with its naturally occurring binding partner.

3. The modified OB-foid domain of claim 1 or claim 2 wherein said naturally
occurring OB-fold domain oceurs in a protein or class of proteins selected from the
group consisting of Staphylococcal nuciease proteins; Bacterial enterotoxins; TIMP-
like proteins; Heme chaperone ComkE protein; Tail-associated lysozyme gp5b, N

terminal domain
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65707580 lle Val Glu Ala Set Lys Cys sly Sly Sly Sly Gly Glu lle Phe Pro
PCT/NZ2007/000125 859095 His Glu lle Trp lle Leu Asn Lys Gly Lys Pro

Leu Pro lle Asp 100105110 <210> 8 <211> 109 <212> PRT <213> PCT/NZ2007/000125
Pyrobaculum aerophilum <400> 8 Val Tyr Pro Lys Lys Thr His Tigseftiidal December 2007

Glu lle Thr Pro Aso Leu 51015 His Gly Thr Glu Val Val Val Ala Gly Trp Val
Tp Glu Leu Arg Asp 202530 lle Gly Lys Val Lys Phe Val Val Val Arg Asp

Arg Glu Gly Phe Val 354045 Gin Val Thr Leu Lys Ala Gly Lys Thr Pro Asp
His Leu Phe Lys Val 505560 Phe Ala Glu Leu Ser Arg Glu Asp Val Val Val

lle L GI lle Val 6570.7580,Glu Se L Val Gl AI Gly val Gl
Ilg P>i/1selp-’r gelép%lu%qfé% g’?feg@ % t Esan?i% aéha%o{euaProulle

Asp 100405 e p0otedns; CheW like protems tRNA_anti (OB-fold nucleic
acid binding domain); Telo_bind (telomere-binding protein alpha
subunit, central domain); SSB (single-stranded binding protein family
(B-fold domain); DUF338 OB-fold domain;
DNA_ligase aden (NAD-dependent DNA ligase OB-fold
domain);Stap-Strp-toxin {Staphylococcal/Streptococcal toxin, OB-fold
domain); EIF-5a (Eucaryotic initiation factor SA hypusine, DNA-
binding OB-fold domain); GP5_OB(GP5 N-terminal OB-fold
domain), CSD, DNA ligase OB, DUF388, EFP, elF-1a,
mRNA_cap_C, OB_RNB, Phage DNA_bind, Rep-A_N,
Rho_RNA_bind, Ribosomal L2, Ribosomal S12, Ribosomal §17,
RNA_pol_Rpb8, RuvA_N, S1, TOBE, TOBE_2, and tRNA_bind.

4. The modified OB-fold domain of claim 1 or claim 2 wherein said

naturally occurring OB-fold domain is from a thermophilic organism.

5. The modified OB-fold domain of claim 4, wherein said thermophilic

crganism is Pyrebaculum aerophilum.

6. The modified OB-fold domain of any of claims 1-5 wherein said
modified amino acid residue is in a - strand of the fold-related

binding face.

7. The modified OB-fold domain of any of claims 1-6, wherein the
binding partner of the modified OB-fold domain is selected from the
group comprising nucleic acids, oligosaccharides, proteins, hormones,

and small organic molecules.

o0

. A method of obtaining a modified OB-fold domain of any of claims 1-

7, comprising:
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<211> 109 <212> PRT <213>Pyrebaculum aerophilum <400> 9 Val Tyr -

Pro Lys Lys Thr His Trp Thr Ala Glu lle Thr Pro Asn Leu 151015 His Gly

Thr G>I/u V);I Val Val Alzf Gly Trp Val Trp Glu Leu Arg Asp 202530 lle G CT/NZ2687/000125
Lys Val Lys Phe Val Val Val Arg Asp Arg Glu Gly Phe Val 354045 GResgifed 31 March 2008
Thr Leu Lys Ala Gly Lys Thr Pro Asp His Leu Phe Lys Val 505560 Phe Ala

Glu Leu Set Arg Glu Asp Val Val Val lle Lys Gly lle Val -

P(217N72007/000125 65707580 Gin Ala Ser Lys Gly Cys Asp Cys Gly

Val Gin lle Phe Pro Ser Gin 859095 lle Trp lle Len Asn Lys Ala Lye Pro

Len Pro lle Asp 100105 <210> 10 <211> 111 <212> PRT <213>,

Pyrobaculug aeEppRiluMis 4992, 43:A PEHYOR! ‘S Trp Thr
Ala Gin lle :ig'phr Pro Asn Lécn 15?015I Iglls G@y ? é{w\ﬁ) aI Ala Gly

Trp Val Arg SEPEER-O:1RElRs d ersen dRred sempg<ina EL%‘)QI&W&I Asn Val
Gin Asp Arg @W@!&@Bﬂﬂd&@&&@zﬁ@ﬁ_@smﬁal @ih Val Len Len Gin Ala GIy
Lys Thr Pro Asp His Len Phe '

b} altering the nucleic acid such that it encodes at least one modified

amino acid residue on a B-strand of the binding face and/or at Jeast
one modified amino acid residue on & strand of a loop as compared
to the naturally occurring OB-fold domain, wherein a modified
OB-fold domain is obtained and wherein said modified OB-fold

domain has altered binding as compared to said naturally occurring
OB-fold demain.

9. The method of claim 8 further comprising, altering nucleic acid
encoding said modified OB-fold domain, and/or altering nucleic acid
- encoding at least one amino acid of a protein that comprises said
modified OB-fold domain.

10. A method of producing a library of medified OB-fold domain proteins

for display comprising,

a} obtaining nucleic acid encoding an OB-fold domain, ora portion
thereof,

b) subjecting said nucleic acid to random alterations, to produce a
collection of altered nucleic acid encoding modified OB-fold

domains having at least four randomized amino acid residues, and
c) selecting soluble modified OB-fold domain proteins for the library.

11. The method of claim 10 wherein said nucléic acid encodes at least one
amino gcid residue of a strand of the OB-fold domain binding face
and/or a strand of an OB-fold domain loop.

73

Amended Sheet
IPEA/AY



10

15

20

505560 Lys Val Phe Ala G u Len Ser Arg Glu Asp Val Val Val lle Lys Gly

657075BO lle Val Gin Ala Ser Lys Gly Gin Trp Ser Gly Val Gin lle Phe Pro

859095 Ser Gin lle Trp lle Len Asn Lys Ala Lys Pro Len Pro lle SE, PCT/NZ2007/080125
100105110 <210> 11 <211> 111 <212> PRT <213> Pyrobacufiif§eived 12 December 2607
aerophilum <400> 11 Val Tyr Pro Lys Lys Thr His Trp Thr Ala Gin lle Thr

Pro Asn Len 151015 His Gly Thr Glu Val Val Val Ala Gly Trp Val Lys Gly

Len Val Asp 202530 Met Gly Leu Leu Lys Gly Val Thr Val Gly Asp Arg Gin

Gly Gly Ala 354045 Ser Val Len Val Arg Len Thr Ala Gly Lys Thr Pro Asp

His Leu Phe PCT/NZ2007/000125 505560 Lys Val Phe Ala Glu Leu Ser

Arg BluRepoethrd af daméd g sb7otbartenvising pissisede Lys Len

Val Prolfalir{dy Wale@hudleid sigiRie 2a2085:5ei@in fligdlndiemb acAsn

Lys Ala Lys Pro Len Pro lle As 0105110 <210> 12 <211> <212>
PreT <TRPEAIOR AL S BRI SABBY 15 A G5 352 Thr
His TrpdbhreitlteoGimeltedfac®ro Asn Leu

13. An isolated nucleic acid encoding the modified OB-foid domain of

any of claims 1-7.

i4. A host cell comprising a nucleic acid encoding the modified OB-fold

domain of any of claims 1-7.

15. A phage comprising a nucleic acid encoding the modified OB-fold

domain of any of claims 1-7.

16. A composition comprising a nucleic acid encoding the modified OB-

fold domain of any of claims 1-7.

17. A method of screening a library of modified OB-fold domains for

binding with a binding partner, comprising:

a) obtaining a population of host cells or viral particles displaying a

library of modified OB-fold domains on their surface;

b) contacting said population of host cells or viral particles with said
binding partner under conditions suitable for binding of said

binding partner to said modified OB-fold domain; and

c) determiining binding of said binding partner to said modified OB-

fold domain.

18. The method of claim 17 wherein said host cells or viral particles are

phage that display the modified OB-fold domains on their surface.
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151015 His Gly Thr Gin Val Val Val Ala Gly Trp Val Trp Gin Len Arg Asp _
202530 lle Gly Lys Val Lys The Val Val Val Arg Asp Arg Gin Gly Phe}{@ 77007/060125
354045 Gin Val Thr Len Lys Ala Gly Lys Thr Pro Asp His Len Phe L&f December 2007
505560 Phe Ala Gin Len Ser Arg Gin Asp Val Val Val lle Lys GRS

65707580 Gin Ala Ser Lys Arg Gly Cys Arg Gly Val Glu lle The Pro Ser

Gin 859095 lle Trp lle Leu Asn Lys Ala Lys Pro Len Pro lle Asp 100105

<210> 13 <211> 109 <212> PRT <213> Pyrobaculum aerophilum <400>

13 Val Tyr Pro Lys Lys Thr His Trp Thr Ala Gin lle Thr Pro Asn Len

151015 His Gly Thr Gin Val Val Val Ala Gly Trp Val Trp Gin Leu Arg Asp

20254b fhePbagPlPeappliRedsind ORriok deaaire oA ey eimsdiy-Phe val
PCT/NZ2DQGOM 25 B54045-Giid Mahdiky d-edtuysadla &y Lys Thr Pro

ASP HIS o T S OO

20. A modified OB-fold domain of any of claims 1-7 displayed on the

surface of a cell or viral particle.

21. The modified OB-fold domain of claim 20 wherein said celf or viral

particle is a phage, bacteria or yeast.

23. A modified OB-fold domain of any of claims 1-7 attached to a solid
support.

24. The modified OB-fold domain of claim 23 wherein said support is
selected from the group consisting of beads, glass, slides, chips, and

gelatin.
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Phe Ala Glu Leu Ser Arg Glu Asp Val Val Val lle Lys sly lle Val 65707580
Glu Ala Ser Lys Lys sly Cys Arg Gly Val Glu lle The Pro Ser Glu 859095
lle Trp lle Leu Asn Lys Ala Lys Pro Leu Pro lle Asp 100105 <PLOSNZ2007/000125
<211> 109 <212> PRTs=2i8%Pyrodaecalum aerophilum <400> 14 Val Tyr
Pro Lys Lys Thr His Trp Thr Ala Glu lle Thr Pro Asn Len 151015 His Gly
L EANVEAVEI BT RISSE 1Y Frp Val Trp Glu Len Arg Asp 202530 lle Gly
<12d-ysobakbys Bhe Mgl Val Val Arg Asp Arg Glu Sly Phe Val 354045 Gin Val
Thr Leu Lys Ala Gly Lys Thr Pro Asp His Lea Phe Lys Val 5055GO The
<130K|a GiffE ch St ArFEILLASE ¥4%al Val lle Lys Gly lle Val 65707580 Glu
<1202 ReLLys Mg GlyCys Ala Gly Val Glu lle The Pro Per Glu 859095 lle
<1¢TFp BedsensAsn Lys Ala Lys Pro Lea Pro Ille Asp 100105 <210> 15 <211>
109 <212> PRT <213> Pyrobaculum aerophilum <400> 15 Val Tyr Pro

“+8%ysHys Thr His Trp Thr Ala Glu lle Thr Pro Asn Leu

<170

<210
<211l
<2l2>
<213>

<400>

PatentIn version 3.3

1

111

BRT

Pyrobaculum asrophilum

1

Val Tyr Pro Lys Lys Thr His Tip

1

Hig Gly Thr ¢lu val val val Ala

20

Thr Gly Ile Glu Lys Gly Val Leu

35 490

Cys Val Arg Val His Leu Gln Ala

50

Lys val Phe Ala Glu Leu Ser Arg

85

70

Ile Val Glu Ala Ser Lys Gly Tyx

85

Ser Glu Ile Trp Ile Leu Asn Lys

<210
<211l>
«212»
<2i3>

<400>

100

2

11

PRT .
Pyrobaculum aercophilum

2

Val Tyr Pro Lys Lyes Thr Hig Trp

1

5

His Gly Thr Glu Val Val Val Ala

20

Leu Gly bLeu &ly Lys Gly Val Ser

Thr

Gly

25

Val

Gly

Glu

Tiys

Ala
105

Thy

Gly
25

val

Ala
10

Trp

val

Lys

Asp

Ser

80

Lys

Ala
10

Trp

Phe

Glu

Val

Asp

Thr

Val

75

Gly

Pro

Glu

Val

Asp

Ile

Glu

Arg

Pro

60

Val

val

Leu

Ile

Thr

Cys

Glu

45

Asp

Val

Glu

Pro

Thr

Gly Ala

Arg

Glu

Bro

Leu

30

Gly

Hig

Ile

Ile

Ile
110

Pro

Leu
30

Gly

Agn Leu
15

Ala Asp

Gly Ala

Lau Phe

Lys Gly
80

Phe Pro
25

Agp

Asn Leu
15

Arg Asp

Gly Ala



151015 His sly Thr Glu Val Val Val Ala sly Trp Val Trp Gluitruﬁélcrg-ATwM
PCUNZ2007/000125 202530 lle SIy Lys Val Lys Phe Val Val Val Arg As
Arg Gin sly Phe Val 354045 Gin Val Thr Leu Lys Ala Gly Lys ?QTWEWQWOOM%
His L%¥n Phe Lys Val 505580 Phe Ala Gin Len Set Arg Gin Asp Val Val Val
lle Lys Sly lle Val 65707580 Glu Ala Set Lys Arg Set Cys Arg Sly Val Glu
val HeiPhe-PreiSenCiu85909% HesTipile Lay Asl 145 AlaLys Pig.Leu Pro lle
Asp 100105 <210> 1&%211> 109 <212> PR}p<213> Pyro
aerophilum <400> 16 Val Tyr Pro Lys Lys Thr His Trp Thr Ala Glu lle Thr
Lys V10 A80 hey 41013 His Sly, Thy Gl V %]a% é 9! :\%7| &‘p Val Tp Gin
65 Leu Arg Asp 202530 lle Sly Lys Val Lys P al'val p Arg Glu
Sly Phe Val 354045 Gin Val Thr Leu Lys Ala Sly Lys Thr Pro Asp His Len

Ile égledﬁX§ﬁﬁ%!Ser Lys Ser Arg Val Gly @ly val Glu Ile Phe Pro
85 80 95

Ber ¢Glu Ile Trp Ile Leu Asn Lys Ala Lys Pro Leu Pro Ile Asp
100 105 1320

210> 3
<21l> 111
<212= PRT

<213» Pyrobaculum aercophilum

=400> 3

Val Tyr Pro Lys Lys Thr His Trp Thr Ala Glu Ile Thr Pro Asn Leu
1 5 10 is

His Gly Thr Glu Vval Val Val Ala Gly Trxp val Ala Ala Leu Gly Asp
20 25 30

Ala Gly Asp Ser Lyg Thr Val Thr val Asn Asp Arg Glu Gly Gly Ala
35 40 45

Pro Val His val Gln Leu Asp Ala Gly Lys Thr Pro Asp His Leu Phe
50 55 a0

Lys Val Phe Ala Glu Leu Ser Arg Glu Asp Val Val val Ile Lys Gly
65 70 75 80

Ile Val Glu Rla Ser Lys Tyr Arg Leu Lys Gly Val @lu Tle Phe Pro
85 249 95

Ser Glu Ile Trp Ile Leu Asn Lys Ala Lys Pro Leu Pro Ile Asp
100 165 1140

<210> 4
<211= 111
<212> PRT

<213»> Pyrcbaculum zerophilum

<400> 4

Val Tyr Pro Lys Lys Thr His Txp Thr Ala Glu Ile Thr Pro Asn Leu
1 5 106 i5

His Gly Thr €lu Val val Val ala Gly Trp Val Asp Pro Leu Leu Asp



505560 Phe Ala Glu Leu Set Arg Glu Asp Val Val Val lle Lys G|y-'HeS*V-&|“""W
65707580 Gin Ala Set Lys Len Set Len Val Sly Val Glu lle Phe Pro Set
Glu 859095 lle Trp lle Len Asn Lys Ala Lys Pro Len Pro lle A?&T@@@@@WGOGEZS
<210> 172%211> 111 <212> PR <213> Pyrobaculumwaerophilum <220>
<221> misc_feature PCT/NZ2007/000125 <222>(91)..(91) <223> Xaa
n | [ ' Lys Lys
Arg can besanyanajuraty, Q@gugé@g@mlﬂggagg% %@Ogﬁ?@@l JJ]%/,r P oLy
Thr Bi¥s Trp Thr Ala Glu lleeThr Pro Asn Leu 1510415 His GIy Thr Glu Val
Val Val Ala Gly TLp Val Gin Arg Leu Tyr Asp 202530 Arg Gly Lﬁ/s ArlgCLys
ser ar ¥al Ret Val- Vial AspAtg.Gle. Gl Gl Ala 354045 Pro Val Thr Val Cys
= seu Arg Ala Gly Lys Tdwr ProaAsp His LeueréOS%%%gdﬁ_;‘f Vérthe Ala Glu
Leu Per Arg Glu Asp Val Val Val lle Lys Gly

Lys Val Phe Ala Giu DLeu Ser Arg Glu Asp Val val vVal Ile Liys Gly
65 70 75 e 80

Ile Val Glu Ala Ser Lys Gln Arg Tyr Val Gly val Glu Ile Phe Pro
85 g0 85

Ser Glu Ile Trp Ile Leu Asn Lys Ala Lys Pro Leu Pro Ile Asp
100 105 110

<210> 5

<21ll> 111

<212= PRT

<213> Pyrobaculum aerophilum

<400> 5
Val Tyr Pro Lys Lys Thr His Trp Thr Ala Glu Ile Thr Pro Agn Leu
1 5 10 15

His Gly Thr ¢Glu Val Val val Als Gly Trp Val Lvs val Leu Pro Asp
20 25 30

Gly @ly Phe Cys Lys Tyr Val Arg Val @lu Asp Arg Glu Gly Gly Ala
35 40 45

Ser Val Leu Val Ala Leu Ser Ala Gly Lys Thr Pro Asp His Leu Phe
50 55 . 60

Lys Val Phe Ala Glu Leu Ser Arg Glu Asp Val Val val Ile Lys Gly
65 70 75 80

Ile Val Glu Ala Ser Lys Leu Gly His Phe Gly Val Glu Ile Phe Pro
85 90 95

Sexr Glu Tle Trp Ile Leu Bgn Lyes Ala Lys Pro Leu Pro Ile Asp

100 105 114
210> @
<211= 1311
«<212> PRT

<213> Pyrobaculum aerophilum
<4C00= 6

Val Tyr Pro Lys Lys Thr His Trp Thr Ala Glu Ile Thr Pro Asn Leu



65707580 lle Val Glu Ala Per Lys Trp Asn Cys Gly Xaa Val Glutte-Phe—
Pro 859095 Per Glu lle Trp lle Leu Asn Lys Ala Lys Pro Leu Pro lle Asp
100105110 <210> 18 <211> 111 <212> PRT <213> PyrobacBfariNZ2007/000125
1 aerophilum <400> 18 Val Tyr Pro L¥& Lys Thr His Trp TheAla Glu lle Thr
Pro Asn Leu 151015 His Gly Thr Glu Val Val Val Ala Gly Trp Val Arg Lys
nis ey Ang AR 202530 Arg GhaPse,Alal ys Ty Yal drp Val Arg Asp Arg Glu
Gly Gly Ada 354045 Thr Val Argsval Arg Leu Gin Ala{gly LyS Thr Pro Asp
His Leu Phe 505560 Lys Val Phe Ala Glu Leu Per Arg Glu Asp Val Val Val
707580 lle.Val Glu Ala. Per Lys Ar s.Gly Per Gly Val Glu
A %Z%@E?r%ﬁg% SQgegey%lL@bllé '{IH?FIJA I%ELEISPXgﬁi%é_%%{y%%r%lﬁeu Pro lle
Asp 100105110 PCT/NZ2007/000125 <210> 19 <211> 111 <212> PRT

<213> Pyraobaculum aerophilu
Ala Va%} %ZE )(iraﬁ Ggfn Leu Leu pAqa Ig';-'!ler Lys Thy Pro Asp His Leu Fhe
50 55 60 .

Lys Val Phe Ala Glu Leu Ser Arg Glu Asp Val vVal Val Ile Liys Gly
65 70 75 80

Ile Val Glu Rla Ser Lys Arg Leu Val Asm Gly Val Glu Ile Phe Pro
85 80 25

Ser Glu Ile Trp Ile Leu Asn Lys Ala Lys Pro Leu Pro Ile Asp
100 105 110

<210> 7

<21i> L1t

<212> PBRT

<213> Pyrobaculum aercphilum

<220
<221> misc_feature
<22d> {(29}..{29)

«223> ZXaa can be any naturally occurring amino acid
<220
<221> wmisc_feature

<222> (33} ..(33)
<223> ZXaa can be any naturally occurring amine acid

<4Q0> 7

Val Tyr Pro Lys Lys Thr His Trp Thr Ala Glu Ile Thr Pro Asn Leu
1 5 10 18

His Gly Thr Glu Val Val Val Ala gly Trp Val Phe Xaa Leu Leu Asp
20 25 30

Xaa Gly Met Gly Lys Leu Val Arg Val Pro Asp Arg Glu Gly Giy Ala
35 4 45

Pro Val Asp Val Asp Leu Pro Ala Gly Lys Thr Pro Bsp His Leu Phe
50 55 &0

Lys Val Phe Rla Glu Leu Sev Arg Glu Asp Val val Val Ile Lys Gly
65 70 75 80

Ile Val Glu Alz Ser Lys Cys Gly Gly Gly Gly Gly Glu Ile Phe Pro



<400> 19 Val Tyr Pro Lys Lys Thr His Trp Thr Ala Glute-ThrPro-Asa+ten
151015 His Gly Thr Gin Val Val Val Ala Gly Trp Val Trp Arg Len Arg Asp
202530 Tp Gly Len Ala Lys Thr Val Arg Val Lys Asp Arg Gin @@TGI%ZQ&WOOOI%
354045 Ser &l Arg Val Thr Len ArgpAla Gly Lys Thr Pro ésp His Len Phe
. 505560 Lys Val Phe Ala Glu Len Set Arg Gin Asp Val Val Val lle Lys Gly
mis 62/04380.lleMal Gin Ala $et s TP, Trp Vall rprgl¥1VaLG|n lle Phe Pro
859095 Set Gin lle Trp lle Len#sn Lys Ala Lys Pro L.gn P16 lle Asp
100105110 <210> 20 <211> 111 <212> PRT <213> Pyrobaculum
<21 0@ergphilum <400> 20 Val Tyr Pro Lys Lys Thr His Trp Thr Ala Gin lle Thr
<211ProiAgn Len 151015 His Gly Thr Glu Val Val Val Ala Gly Trp Val Ser Cys
<212kerPRys Asp 202530 Ala Gly Lys Arg Lys fly Val Tyr Val Val Asp Arg Gin
<2 13B Iy BTy RIE3YAGA5 PRI A Ala Val Arg Len Arg Ala Gly Lys Thr Pro Asp

<agoblisg.en Phe

Val Tyr Pro Lys Lys Thr His Trp Thr Ala ¢lu Ile Thr Pro Asn Leu
1 5 10 15

Hig Gly Thr Glu Val Val val Ala Gly Trp Val Trp ¢lu Lew Arg Asp
20 25 30

Tle Gly Lys Val Lys Phe Val Val Val Arg Asp Arg Glu Giy FPhe Val
35 4G 45

Gln Val Thr Leu Lys Ala Gly Lys Thr Pro Asp His Leu Phe Lys Val
50 55 60

Phe Ala Glu Leu Ser Arg @3lu Asgp Val Val Val Ile Lys Gly Ile Val
65 FO 75 80

Glu Ala Ser Lys Val Gly Ala Leu Gly Val @lu Ile Phe Pro Ser Glu
85 S0 a5

Ile Trp Ile Leu Asn Lys Ala Lys Pro Leu Pro Ile Asp
100 105

<210> 9

<211i> 1089

‘«212> PRT

<213> Pyrchaculunm zerophilum

<400> 9
Val Tyr Pro Lys Lys Thr His Trp Thr Bla Glu Ile Thr Pro Asn Leu

1 5 10 15

His Gly Thr Glu val Val Val Ala Gly Trp Val Trp €lu Leu Arg Asp
20 25 30

Ile Gly Lys Val Lys Phe Val val val Arg Asp Arg Clu Gly Phe Val
35 40 45

Gin vVal Thr Leu Lys Ala @Gly Lys Thr Pro Asp His Leu Phe Lys Val
50 55 &0

Phe Ala Glu Leu Ser Arg Glu Asp Val val Val Tle Lys Gly Ile val



505560 Lys Val Phe Ala Glu Len Set Arg Glu Asp Val Val Val lletys-Gty——
65707580 lle Val Gin Ala Sex- Lys Arg Ala Gly Set Gly Val Gin lle Phe Pro
859095 PCT/NZ2007/000125 Set Gin lle Trp lle Len Asn LyS AHN¢30674000125
®3 Leu Pro lle Asp 160105110 <210> 21 <&11> 111 <212> PRTes213>
Pyrobaculum aerophilum <400> 21 Val Tyr Pro Lys Lys Thr His Trp Thr
Glu Ala Ght ligd hy Pre.Aspsbety 35301 oHlis Gly: Thrizlu Mal Val gl Ala Gly
Trp Val Ser A3p Len Leu Asp 202530 Ala Gly Arg Ala LyssTyr Val Phe Val
Tyr Asp Arg Gin Gly Gly Ala 354045 Glu Val Met Val Thr Leu Ala Ala Gly
r1e s The Pra Ash His Len Rhe 503500, Lys Vial Phe Ala Gin Len Ser Arg
Gin Asp Mal Val Val lle Lys Gly.&5707580 lle Val Glu Ala. Ser Lys Gly Trp
Arg Asp Gly Val Glu lle Phe Pro 859095 Ser Glu lle Tip lle Leu Asn Lys
<210Ala;lys Pro Len Pro lle Asp 100105110 <210> 22 <211> 111 <212> PRT
<211<2h3>» Pyrobaculum aerophilum <400> 22

<212> PRT
<213> Pyrcbaculum aerophilum

=400> 10
Val Tyr Pro Lys Lys Thr His Trp Thr Ala Glu Ile Thr Pro Zsn Leu
1 5 10 15

Eis Gly Thr Glu val val Val Ala Gly Trp Val Arg Ser Leu Val Asp
20 25 30

Gly Gly Arg Val Lys Ala Val Asn Val Gln &sp Arg Glu Gly Gly Ala
35 40 45

Lys Vval Glu Val Leu Leu Glu Ala Gly Lys Thr Pro Asp His Leu Phe
50 55 60

Lys Val Phe Ala Glu Leu Ser Arg @lu Asp Val Val val Ile Lys Gly
65 70 75 80

Ile Val Glu Ala Ser Lys Gly Glu Tzp Ser @ly Val Glu Ile Phe Pro
85 86 o5

Ber Glu Ile Trp Ile Leu Asn:Lys Ala Lys Pro Leu Pro Ile Asp
100 105 110

«210= 311

<211>= 111

=212> PRT

<213»> Pyrobaculum aerophilum

<400= 11
Val Tyr Pro Lys Lys Thr His Tvp Thr Ala Glu Ile Thr Pro Agn Leu
1 5 10 15

His Gly Thr @lu val Val val ala Gly Trp Val Lys Gly Leu val Asp
20 25 30

Met Gly Leu Leu Lys Gly Val Thr val Gly Asp Arg Glu Gly Gly Ala
35 40 45

Sexr Val Leu Val Arg Leu Thr Ala Gly Lys Thr Pro Asp His Leu Phe




Val Tyr Pro Lys Lys ThrHis Trp ThrAlaGtu e Thr-Pro-Asmtenr45+0%5
His Gly Thr Gin Val Val val Ala Gly Trp Val Ala Ser Leu Gly Asp 202530
Tyr Gly Arg Val Lys lle Val Lys Val Set Asp Arg Gin Gly Gly ARC3EMNg2807/000125
AR Val Pro Val Tyr LetkGin Ala Gly Lys Threlero Asp His Len Phe 505560
Lys Val Phe Ala Gin Leu Set Arg Gin Asp Val Val Val lle Lys Gly
rys 68707R88) PCTINZ2007/0001 25 Jle yal Gin Ala Ger Lys Gly Val Gly Arg
65 Gly Val Glu lle PheoPro 859095 Set GinsHe Tip lle Len Asn Ly§oxla Lys
Pro Leu Pro lle Asp 100105110 <210> 23 <211>111 <212> PRT <213>
0 rophilum <400> 23 Val Tyr Pro Lys Lys Thr His Tip Thr
e E%(a{ C? %?I%Egré%ﬁ r%BEsﬁelt_le%na%Sﬁﬁolggﬁjisg-giyv‘?f?r %fh \I/é? ?é? VarAla Gly
Tip Val Gly Gin Len Ala Asp 202530 Phe Gly Asp Met Lys Thr Val Ala Val
ser é{g AEQ Ar Cﬂlé GIEX1 C}B{IQ/ Ala 354045 Gin Val Pro Val Thr Leu Leu Ala Gly
Lys Thi I{rﬁ?Asp His LeH PRE ﬁS%ﬁL?’éﬂ?‘Pﬁé"Aﬁ?iﬁsﬁen Set Arg

Gin Asp Val Val Val lle Lys Gly
<210»> 12
<211l> 148
<212 PRT
<213> Pyrobaculum aerophilum

<400> 12

Val Tyr Pro Lys Lys Thr His Trp Thr Ala Glu Ile Thr Pro Asn Leu
1 5 10 15

His Gly Thr Glu Val val Val Ala Gly Trp Val Trp Glu Leu Arg Asp
20 25 30

Ile Gly Lys Val Lys Phe Val Vval Val Arg Asp Arg Glu Gly Phe Val
35 40 45

Gln Val Thx Leu Lys Ala Gly Lys Thr Pro Asp His Leu Phe Lys Val
50 55 60

Phe Ala Glu Leu Ser Arg Glu Asp Val Val Val Ile Lys Gly Ile Val

Glu Ala Ser Lys Arg Gly Cys Arg Gly Val Glu Ile Phe Pro Ser (lu
85 20 25

Ile Trp Ile Leu Asn Lys Ala Lys Pro Leu Pro Ile Asp
100 105

<210> 13

<23i1l> 109

<212> PRT

<213> Pyrobaculum aercphilum

<400> 13
Val Tyr Prc Lys Lys Thr His Trp Thr Ala Glu Ile Thr Pro Asn Leu
1 5 10 15

His Gly Thr Glu Val val val Ala Gly Trp Val Trp Glu Leu Arg Asp
20 25 30

Ite @ly Lys Val Lys Fhe Val val Val Arg Asp Arg Glu Gly Phe Val



-65707580-He-Val-Gin-Ala Ser Lys Gly Set Thr Ser Gly-Val-Gin-He-Phe-Pro--
859095 Set Gin lle Trp lle Len Asn Lys Ala Lys Pro Len Pro lle Asp
100105110 <210> 24 <211> 111 <212> PRT <213> Pyrobad®fithNZ2007/000125
aerophilum <400> 24 val jyr Pro Lys Lys Thr His Trp Thr Ala Gin lle Thr
Pro Asn Len 151015 His Gly Thr Gin VaI Val Val Ala Gly Trp val Ala Ser
Leu Val Asp 202530 Gly Gly Pro Ar }P Val Phe Val Arg Asp Arg Glu

Gin @§/ i} ﬂ“S%%%ﬁgWaﬁlsrhrhVa? R Thrta &Ry 7% Yt Pro Asp
His Len she 505560 PCT/NZZOO7/000125 Lys Val Phe Ala Glu Leu Per
Arg Glu Asp Val Val Val lle Lys Gly 65707580 lle Val Glu Ala Per Lys Gly
rhe figt Ay FAY @ﬁf\fﬁ@&‘ilé‘@h@aﬁﬂﬁg 5 Fer G T IiEfeu Asn
Lys Ala Lys Pro il Pro lle Asp 100105110 <210> 25 <211> 111 <212>
PAT <213> Pyrobacuium aerophilum <400> 25 Val Tyr Pro Lys Lys Thr
Glu pfig 'FFH“WW@%W@%IAW@AEWﬁéLﬁiBl@PSPhE Fro Ser Glu

95

Ile Trp Ile Leu Asn Lys Ala Lys Pro Leu Pro Ile Agp
100 105

«<210> 14

<21%t= 108

<212> FPRT

«213» Pyrcobaculum asrophilum

<400> 14
Val Tyr Pro Lys Lys Thr His Trp Thr Ala Glu Ile Thr Pro Asn Leu

L 5 10 15

His Gly Thr Glu Val val Val Ala Gly Trp Val Trp Glu Leu Arg Asp
20 25 30

Ile Gly Lys Val Lys Phe Val val Val Arg Asp Arg Glu &ly Phe Val
25 40 45

Gln Val Thr Dheu Lys &la Giy Lys Thr Pro Asp His Leu Phe Lys Val
5O E5 60

Phe Ala Glu Leu Ser Arg Glu Asgp Val Val Val Ile Lys Gly Ile Val
65 70 V) g8s

@lu Ala Ser Lys Arg Gly Cys Ala Gly Val Glu Ile Phe FPro Ser Glu
85 80 95

Ile Trp Ile Leu Asn Lys Ala Lys Pro Leu Pro Ile Asp
100 105

<210> 15
«21l> 109
«212> PRT

«213> Pyrobaculum asrophilum

<400= 15

Val Tyr Pro Lys Lys Thr His Trp Thr Ala Glu Ile Thx Pro Asn Leu
1 5 14 18

His Gly Thr @lu val val val Ala @ly Trp Val Trp Glu Leu Arg Asp



His sly Thr Glu Val Val Val Ala Sly Trp Val Val Gly lieu Met Asp 202530 -
Glu Sly Ala lieu Lys Sly Val Glu Val Arg Asp Arg Glu Sly Sly Ala 354045
Pro Val Glu Val Thr lieu Glu Ala Sly Lys Thr Pro Asp His Leu PR&/Bua560/000125
Lys Val Phe Ala Glu Leu Per Atg Glu Asp Val Val Val lle Lys Sly
65707580 lle Val Glu Ala Per Lys Gly Tyr Sly Per Sly Val Glu lle Phe Pro
Q.95 rGlu ll T I S Ala L s Pro lieu Pro lle Asp

te %EB ‘%%<H%> gG < {1?1%{%'"{171'01 %1%% (ﬁ?ilﬁcuﬁ}m
aerophilum <400> 26 Val Tyr Pro Lys Lys Thr HIS Trp Thr Ala Glu lle Thr

oin vgrg Asn Leu 151015 His Sly Thr Glu Val Val Val Ala sly Tip Val Val Asp

: U VAT A i@’fS@bahgéYSW%erﬂAspﬁ ifﬁﬁe?%?/&l%lﬁl\?aFP%rvﬁép Arg Glu
sly Sly Ala 354045 PCT/NZ2007/000125 Arg Val LeU Val Asn Len Ala
Ala Gly Lys Thr Pro Asp His Len Phe 505560 Lys Val Phe Ala Glu Leu

Phe 8kt ﬁl‘y@f Gt AP VAP VAERVATHE f;JysVGIIy‘@éﬂ}V*SSG %I@%II@‘%% Set Lys
HeGmAmSHGW%mGMHeMum

@lu Ala Ser Lys Arg Ser Cye Arg Gly Val Glu Ile Phe Pro Ber Glu
85 . 90 95

Ile Trp Ile Leu Asn Lys Ala Lys Pro Leu Pro Ile Asp
1L0¢ 105

<210> 18

<211> 108

«212> PRT

<213> Pyrobaculum asrcophilum

<£00> 16
Val Tyr Pro Lys Lys Thr Hig Trp Thr Ala Glu Ile Thr Pro Asn Leu
1 5 10 15

His Gly Thr Glu Val Val Val Ala Gly Trp Val Txp Glu Leu Arg Asp
20 25 30

Ile Gly Lys Val Lys Phe Val Val Val Arg Asp Arg Glu Gly Phe Val
35 40 &5

Gln Val Thr Leu Lys Ala Gly Lys Thr Pro Asp His Leu Phe Lys Val
50 55 60

Phe Ala Glu Leu Ser Arg Glu Asp Val val Vval Ile Lys Gly Ile Val
€5 70 75 B0

Glu Ala Ser Lys Leu Ser Leu Val Gly Vval Glu Ile Phe Pro Ser Glu
' 85 90 95

Ile Trp Ile Leu Asn Lys'Ala Lys Pro Leu Pro Ile Asp
100 105

<210> 17
<21l> 111
<212 PRT

«213> Pyrobaculum asrophilum

<220
<221> misc_feature



859095 Ser-GintleTsp lle Leu Asn Lys-Alatys Pre-teu-Pre-He-Asp—
100105110 <210> 27 <211> 111 <212> PRT <213> Pyrobaculum

aerophilum <400> 27 Val Tyr Pro Lys Lys Thr His Trp Thr AlaPGr{N&ZDA7/000125

<222ProiAsn Les;151015 His Gly Thr Gin Val Val Val Ala Gly Tip Val Gin Asp
<223perkval AspR0253atar&ly pscilebys dmpdad&lae Val Cys Asp Arg Glu

Val

Hig

Arg

Pro

Lys

65

Ile

Ser

Gly Gly Ala 354045 Gin Val lle Val Gin Len Val Ala Gly Lys Thr Pro Asp
Hls]Len she 505560 Lys Val Phe Ala Glu Len Set Arg Glu Asp Val Val Vval
tterl ps Gy 6547580 HesVahGinAk Sefikys SetdrpAdaidal faly Val Glu
lle she Pro 839095 Set Glu lle Trp & Len Asa Lys Ala Ly$ Pro Len Pro lle
Asp 100105110 <210> 28 <211> 111 <212> PAT <213> Pyrobaculum
aerophH <4028 ¥al Tyx Ri9 Liys, Lys ThrHis J ip-Lhe-Ala.Gin lle Thr
Pro Asn ken 151015 His Gly T## Gin Val Val Val AlasGly Trp Val Thr Asp
Len Val Asp 202530 PCT/NZ2007/000125

Gly Lys Arg Lys Ser Val Ser Val Val Asp Arg Glu Gly Gly Ala
35 40 45

Val Thr Val Cys Leu Arg Ala Gly Lys Thr Pro Asp His Leu Phe
50 55 60

Val Phe Ala Glu Leu Ser Arg Glu Asp Val Val val Ile Lys Gly
70 75 80

Val Glu &la Ser Lys Trp Asn Cys Gly Xaa Val Glu Ile Phe Pro
85 g0 a5

Glu Ile Trp Ile Leu Asn Lys Ala Lys Pro Leu Pro lle Asp
100 165 110

<210> 18

<Z21l> 111

«212> PRT

<213> Pyrobaculum aerophilum

<400> 18

Val

1

Hig

Arg

Thr

Lys
65

Tle

Ser

Tyr Pro Lys Lys Thr His Trp Thr Ala Gluw Ile Thr Pro Asn Leu

@ly Thr Glu Val Val Val Ala Gly Trp Val Arg Lys Leu Arg AsSp
20 .25 30

Gly Pro Ala Lys Tyr Val Trp Val Arg BAsp Arg Glu Gly Gly Ala
35 4¢ 45

Val Arg Val Arg Leu Gln Ala Gly Lys Thr Pro Asp His Leu Fhe
50 55 60

val Phe Ala Glu Leu Ser Arg Glu Agp Val Val Val Ile Lys Gly
70 75 80

val Glu Ala Ser Lys Arg Lys Gly Ser Gly Val Glu Ile Phe Pro
g% 50 85

Glu Ile Trp Ile Leu Asn Lys Ala Lys Pro Leu Pro Ile Asp
100 105 110

10



Ata Gty ThrTrptysPhe Val Gin ValAta ' Gyl a4
Asa Val Trp Val Ser Leu Val Ala Gly Lys Thr Pro Asp His Len Phe 505560
Lys Val Phe Ala Gin Len Ser Arg Glu Asp Val Val Val lle Lys 8fyT/NZ2007/000125
65707580 lle Val Glu Ala Ser Lys Len Pro Ser Tyr Sly Val Gin lle Phe Pro
859095 Ser Glu lle Trp lle Leu Asn Lys Ala Lys Pro Len Pro lle Asp

j_jigl‘;oo}péllo <210> 29 <211> 111 <212> PRT <213> Pyrobaculum

<z123er@philum <400> 29 Val Tyr Pro Lys Lys Thr His Trp Thr Ala Glu lle Thr

<213RroAsatkenidb1&mpisIGly Thr Gin Val Val Val Ala Sly Tx?, Val Thr Asp
Leu_ Val Asp 202530 Ala Sly Thr Tip Lys Phe Val Gin Val Ala Asp Arg Glu

<400§Iy ;Sﬁy Ala 354045 Asn Val Tip Val Ser Len Val Ala Sly Lys Thr Pro Asp

val His Len Rhe 508560 Lys:\ialPbhe-AlaGlud eu SenArg-Glu-AspYal Val Val

1 lle Lys sly 65207580 lle Val Gin Ala-&er Lys Pro sly Ala Ala Sly Val Glu lle
Phe Pro 859095 Ser Gin lle Trp lle Leu Asn Lys Ala Lys Pro Len Pro lle

His ASP HOXA51H0 <0730 £2132,34.5242> RNA 52137 Ryokagulum

30

aerophilum 25

Trp Gly Leu Ala Lys Thr Vel Arg vVal Lys Asp Arg Glu Gly Gly ala
35 40 45

Ser Val Arg Val Thr Leu Arg Ala Gly Lys Thr Pro Asp His Leu Phe
50 55 &0

Lys Val Phe Ala Glu Leu Ser Arg Glu &Asp Val Val Val Ile Lys Gly
65 70 75 80

Ile val Glu Rla Ser Lys Trp Trp Val Trp Gly Vval Glu Ile Phe Pro
85 20 85

Ser Glu Ile Trp Ile Leu Asn Lys Ala Lys Pro Leu Pro Ile Asp
100 105 llc

<21i0> 20

<21Ll= 111

<212> PRT

<213> Pyrobaculum asrophilum

<4 00> 20
Val Tyr Pro Lys Lys Thr His Trp Thr Ala Glu Ile Thr Pro Asn Leu
1 5 ic i5

His Gly Thr Glu Val Val Val Als Gly Trp Val Ser Cys Leu Cys Asp
20 25 30

Ala Gly Lys Arg Lys Trp Val Tyr val val Asp Arg Glu Gly Gly Ala
35 40 45

Pro Val Ala Val Arg Leun Arg Ala Gly Lys Thr Pro Asp His Leu Phe
50 55 60

Lys Val Phe Ala Glu Leu Ser Axg Glu Asp Val val Val Ile Lys Gly
&5 70 75 80

Tle Val @lu Ala Ser Lys Arg Ala Gly Ser Gly Val Glu Ile Phe Pro
85 20 88

11



<400> 30 caccagtgga tccgtgtatc ctaaaaagac c31 PC171\172004+066125--
<210> 31 <211> 33 <212> DNA <213> Pyrobaculum aerophilum <400>
31 acccgggaat tctcagtcta ttggaagegg ctt33 <210> 32 <211> FICIPNZ2007/000125
DNA <213> Pyrobaculum aerophilum <400> 32 caccagtgga tccatt(i;aga
c <210> 33 <211> 33 <212> DNA <213> Pyrobaculum
o A0 L%s S agad st BAGE gL 3t <2105 34
<211> 44 <212> DNA <213> Pyrobaculum aerophilum <400> 34
1039tgacctac catggeccag gtggtgtatc ctaaaaagac ccacd44 <210> 35 <211> 18
:211§21 > DNA <213> Pyrobaculum aerophilum <400> 35, tacccaaccg
<z2l2¢gcaacaacl8 <210> 36 <211> 18 <212> DNA <213> Pyrobaculum

<21Baer6¥ﬁﬁhﬂ¢plum aerophiium

<4 00> 21

Val Tyr Pro Lys Lys Thr His Trp Thr Ala Glu Ile Thr Fro Asn Leu
1 5 10 15

His ¢ly Thr Glu val val val Ala Gly Trp Val Ser Asp Leu Leu Asp
20 25 30

ala Gly Arg Ala Lys Tyr Val Phe Val Tyr Asp Arg Glu Gly Gly Ala
35 . 40 45

Glu Val Met Val Thr Leu Ala Ala Gly Lys Thr Pro Asp His Leu Phe
50 55 60

Lys Val Phe Ala @lu Leu Ser Axg Glu Asp Val Val Val Ile Lys Gly
65 70 ' 75 80

Ile Val Glu Ala Ser Lys Oly Trp Arg Asp Gly Val Glu Tle Phe Pro
85 90 25

Ser Glu Ile Typ Tle Leu Asn Lys Ala Lys Pro Leu Fro Ile Asp
100 105 110

<210> 22

<211> 1171

<212 PRT

<213> Pyrobaculum aerophilum

<400=> 22
Val Tyr Pro Lys Lys Thr His Trp Thr Ala Glu Ile Thr Pro Asn Leu
1 . 5 10 15

His Gly Thr @lu val val Val Ala Gly Trp Val Ala Ser Leu Gly Asp
20 25 30

Tyr Gly Arg Val Lys Ile Val Lys Val Ser Asp Arg Glu Gly Gly Ala
35 40 a5

Ala Val Pro Val Tyr Leu Giu Ala Giy Lys Thr Pro Asp His Leu Phe
50 55 60

Lys Val Phe Ala Glu Leu Ser Arg Glu Asp Val Val Val Ile Lys Gly
65 70 75 80

i2




<400> 36 gttgttgccg gttgggtal8 <210> 37 <211> 18 <212> DNA <213>
Pyrobaculum aerophilum <400> 37 cgcgcccccc tcectatc18 <210> 38
<211> 18 <212> DNA PCT/NZ2007/000125 c213> PyrObacRit#fNZ2007/000125
aerophilum <400> 38 gatagggagg ggggcgegl8 <210> 39 <211> 18 <212>
DNA <213> Pyrobaculum aerophilum <400> 39 atcgggggtt tttcccgcl8
Tle 3]®bu4plandas ug <P YPNAY<2IB SRy i5Hablituft aetBphikim <400>
40 gogggaaaeﬁa cccccgatl8 <2105 31 <211> 18 <212> BNA <213>
Pyrobaculum aerophilum <400> 41 tttactggcc tcaacaatl8 <210> 42 <211>
Ser dIg RE2FPNA<BI3ARYalrasliuhyactopitunmPxd 0= 42attgttgagg
ccagtaaa8 <210> 43 <211> 18%212> DNA <213>"Bfrobaculum
aerophilum <400> 43 ggtgtggaga ttttccccl8 <210> 44 <211> 34 <212>

<210:DNA <213> Pyrobaculum aerophilum
<211> 111

<212»> PRT

«213» Pyrcbaculum aerophilum

<400> 23

val Tyr Pro Lys Lys Thr His Trp Thr Ala Glu Ile Thr Pro Asn Leu
i 5 10 i5

His Gly Thr Glu val val val Ala Gly Trp Val Gly Glu Leu Ala Asp
20 25 30

Phe Gly Asp Met Lys Thr val Ala Val Arg Asp Arg Glu Gly Gly Ala
35 490 45

¢lu Val Pro Val Thr Leu Leu Ala Gly Lys Thr Pro Asp His Leu FPhe
5¢ 55 60

Lys Val Phe Ala Glu Leu Ser Arg Glu Asp Val Val Val Ile Lys Gly
65 70 75 80

Tle Val Glu Ala Ser Lys Gly Ser Thr Ser Gly val Glu Ile Phe Pro
88 g0 95

Ser Glu Ile Trp Ile Leu Asn Lys Ala Lys Pro Leu Pro Ile Asp
100 188 110

<210> 24

<211l> 111

«<Z12> PRT

«213%> Pyrobaculum asrophilum

<400> 24
Val Tyr Pro Lys Lys Thr His Trp Thr Ala Glu Tle Thr Pro Asn Leu
1 5 0 15

His Gly Thr Glu Val Val Val Ala Gly Trp Val Ala Ser Leu Val Asp
20 25 30

Gly @iy Pro Arg Lys Trp Val Phe Val Arg Asp Arg Glu Gly Gly Ala
35 49 45

Glu Val Thr Val Glu Leu Thr Ala Gly Lys Thr Pro Asp His Leu Phe
50 55 60

13



<400> 44 gaggggggcg cgtttgtgca agtcacgctc aagg34 <210> 45<211>-36
<212> DNA <213> Pyrobaculum aerophilum <400> 45
PCT/NZ2007/000125 ggagatagca acggcgeggt aattcagcta atgdaeBdiz2auy00125
46 <211> 36 <212> DNA <213> Pyrobaculum aerophilum <400> 46

C cgccg

Lys

ctatctcctg aaacgga

RATES 152
| <210>48 <211> 18 <212> DNA <213> Pyrobaculum aerophllum <400>
48 gacgtatttc atcggcacl8 <210> 49 <211> 18 <212> DNA <213>
Tie Bytofeditmgerphiliti 24B05 adERCEotdRY GhcielgR2Fes 50
<211> 18 <22> DNA <213> Pyrobaculum aerophilum <400> 50
ggagatagca acggcgcgl8 <210> 51 <211> 18 <212> DNA <213>
Ser RPiyobbrUlumiderdphilygn Lys Ala Lys Pro Leu Pro Ile

100

I%}f‘b ﬁ&uﬁ% a0

Pyrobaculum asrophilam

Liys

Glu

20

Leu

Val

Ala

Ala

Trp
100

Lys

Val

Liys

Thr

Glu

Ser

85

Ile

Thy

Val

Gly

Leu

Leu

70

Lys

Leu

His

Val

Val

Glu

55

Sexr

Gly

Asn

Trp

Ala

Glu

40

Ala

Arg

Tyr

Lys

Pyrobaculum aerophilum

<210 25

<21ll>» 111

<212» PRT

<213

<400> 25

Val Tyr Pro

1

His Gly Thyr

Glu @ly Als
35

Pro Val Glu

50

Lys Val Phe

65

Ile Val-Glu

Ser Glu Ile

<210> 26

<21l= 111

<212x= PRT

<213>

<400> 26

val Tyr Pro Lys Lys Thr His Trp

1

5

His Gly Thr Glu Val Val Val Ala

20

Leu Gly Arg Asn Lys Leu Val Gln

35

40

105

Thr

Gly

25

val

Gly

Glu

Gly

Ala
105

Thy

Gly
25

Val

ag tatttqf36

Ala
190

Trp

Arg

Lys

Asp

Ser

50

Lys

Ala
10

Trp

Ser

Glu

Val

Asp

Thr

Val

75

Gly

Pro

Glu

Val

Agp

Ile

Val

Ardg

Pro

€0

Val

Val

Leu

Tle

Val

Aryg

Thi

Gly

Glu

45

Asp

Val

@iy

Pro

Thr

AsD

Giu
45

110

Pre

Lewa

30

3ly

His

Ile

Ile

Iles
110

Pro

Leu
30

Gly

<210> 47 <211> 18 <212>

G <AB0LA7 GhcCatge aitécgtc18

Asp

Asn Leu
15

Met Asp

Gly Ala

Leu Phe

ys Gly
80

Phe Pro
95

Asp

Asn Leu
i5

Val Asp

Gly ala

14



- —<400> St-ateteetgatracggagagls <216>-52-<211>-18-<212>-BDNA<2E3>——
Pyrobaculum aerophilum <400> 52 tagctgaatt accgcgccl8 <210> 53
<211> 17 <212> DNA <213> Pyrobaculum aerophilum <400P&3/&Bu5R00125
caggaga <210> 54 <211> 18 <212> DNA <213> Pyrobaculum aerophilum
<400> 54 ggcgcggtaa ttcagcta PCUNZ2007/000125 17 18 <210> 55
Ard 1 157D 193 DNAND 133 Fyfobyeflim BTG 220576221 >
misc_feature <222>(16)..(17) <223>nis a, c g, or t <220> <221>

misc_feature
Lys Val Phe Ala Glu Leu Ser Arg Giu Asp Val Val Val Ile Lyg Gly
65 70 75 80

Ile Val Glu Ala Ser Lys Ile Gln Arg Sexr Zly Vval Glu Ile Phe Pro
B85 ag g5

Ser Glu Tle Txp Tle Leu Asn Lys Ala Lys Pro Leu Pro Ile Asp
100 108 11¢

<210» 27
«<21ii» 11l
«<212> PRT

<213> Pyrobaculum asrophilum
<4G0> 27
Val Tyr Pro Lys Lys Thr His Trp Thr Ala Glu Ile Thr Pro Asn Leu

1 5 1G 15

His @ly Thr ¢lu val val val Ala Gly Trp Val Glu Asp Leu Val Asp
20 25 . 30

Ala Gly Lys Thr Lys Trp Val Phe Val Cys Asp Arg Glu Gly Gly Ala
35 40 45

Gln Val Tle val @lu Leu Val Ala Gly Lys Thr Pro Asp His Leu Phe
50 55 &0

Lys Val Phe Ala Glu Leu Ser Arg Glu Asp Val val Val Ile Lys Gly
65 ‘ 70 75 80

rle Val Glu Ala Ser Lys Ser Arg Ala val Gly val @lu Ile Phe Pro
85 SC S5

Ser @lu Ile Trp Ile Leu Asn Lys Ala Lys Pro Leu Pro Ile Asp
' 100 105 110

<210> 28
<211l> 111
<212> PRT

<Z1l3» Pyrobaculum aesrophilum

<400= 2B

Val Tyr Pra Lys Lys Thr #is Trp Thr Ala Glu Ile Thr Pro Asn Leu
1 5 10 15

His Gly Thr Glu Val val val Ala Gly Trp Val Thr Asp Leu Val Asp
20 25 20

15



Ala

Asn

<222>(19)=(26)<223>nis a, C, g, or t <220> <221>-mise—feattte—mmm—m———
<222>(25)..(26) <223>nis a, c, g, or t <220> <221> misc_feature <222>
(31)-(32) <223>nis a, ¢, g, or t <220> <221> <222> <223> ST/ fERU&/ 000125
(37)..(38) nis a, c, g, ort <220> <221> misc_feature <222> (40)-(41)
<223>nis a, C, g, or t <220> <221> misc_feature <222>(46)..(47) <223>

R 8%, Fror v 2he>"22 532 ifdc fattie e HIBIYEY<EI>nis a,

c,g,ort

Val Trp Val Ser Leu Val Ala

50

55 .

Lys Val Phe Ala Glu Leu Ser Arg
65 70
Tle Vel Glu Ala Ser Lys Leu Pro
85
Sey Glu Ile Trp Ile Leu Asn Lys
100
<210> 2%
<211> 111
<212> PRT
<213> Pyrobaculum asrophilum
<400> 29
Val Tyr Pro Lys Lys Thr Hig Trp
1 5 -
His Gly Thr Glu Val Val Val Ala
20
Ala 8ly Thr Trp Lys Phe Val Gln
35 40
Asn Val Trp Val Ser Leu Val Ala
- BO 55
Lys Val Phe Ala Glu Leu Ser Arg
a5 70
Ile vVal @Glu Ala Ser Lys Pro Gly
85
fer Glu Ile Trp Ile Leu Asn Lys
100
<210> 30
<211> 31
«212> DNA :
<213> Pyrobaculum aerophilum
<400> 30

Gly Lys Thr

Glu

Ser

Ala
105

Thr

Gly

25

Val

Gly

@lu

Ala

Ala

JL0S

caccagtgga tocgtgtatce ctaaasagac ¢

Asp

Tyr

20

Lys

Ala
10

Trp

Ala

Lys

Asp

Ala
20

Lys

Val
75

Gly

Pro

Glu

val

Asp

Thy

Val

75

Gly

Pro

Pro

60

Val

Val

Leu

Ile

Tha

Arg

Pro

60

Val

Val

Leu

Asp

Val

Glu

Pro

Thr

Asp

Glu

Agp

val

Glu

Pro

His

Ile

Tie

Ile
110

Leu

30

Gly

His

Ile

Ile

Ile
110

Leu

Lys

Phe

8B

Asp

Asn

15

Val

GlLy

Leu

Lys

Phe

895

Asp

Phe

Gly

8o

Pro

Leu

Asp

Ala

Pha

Gly

80

Pro

31



s <220> <224>-mise-feature PCT/NZ2004/000125 <222>{58).-(59)<223>

nis a, c, g, or t <400> 55 gttgccggtt gggtannknn kttgnnkgac nnkgggnnkn
nkaagnnkgt gnnkgtgnnk60 gatagggagg ggggcgeg 78 <210> SEEAA2067/000125
<21052%2> DNA <213> Pyrobaculum aerophilum <220> <221> misc_feature
«211x222>(20)..(21) <223>nis a, c, g, or t <220> <221> misc_feature
<212%p 5%26% %3‘7) <223>nisa, c, g, or t <220> <221> misc_feature

213
DRIV LIS M L) FEFHRELNL 4 ¢ g, or t <220> <221> misc_feature
<4005222>(38)..(39)
acccgggaat tctcagbtcta ttggeagoegyg cott 33
<210 32
«2331» 31
<212>» DNA

<213> Pyrobaculum asrcphilum

<4Q00> 32

caccagtgga tcocattgaga aattcacggc g 31
210> 33

<2%il> 33

«212> DNA

<213> Pyrobaculum aserophilum

«400> 33
acccgggast tetecactatt Laactctaab aat . 33

<210> 34

«211l> 44

<212> DNA

«213> Pyrchaculum asrophilum

<200> 34
ggtgacctac catggccoag ghggtgtate ctaasaagac ccac &4

<210= 35

<211 18

<212> DNA

<213> Pyrobaculum asrcophilum

= <400= 35 _
taceccaacgg goaacaac 18
<210> 3¢
<21l> 18
<212> DNA

«213> Pyrobaculum asrophilum

<£00> 36

gttgttgecg gttgggta 18
<210> 37
<211l> 1B

<212> DNA
«213> Pyrobaculum aercophilum

<4 00> 37

cgegecccor tooctateo i8
<210= 3B

<21i> 1B

=212> DNA

17



<223>nis a, c, g, or t <400> 56 atcgggggtt tttcccgcmn ngagmnngac
mnncacmnnc gcgcccccct cectatc57 <210> 57 <211> 48 <212> DNA
<213> Pyrobaculum aerophilum <220> <221> misc_feature PCT/NZ2007/000125

<213:<28¢24d Q) {20)-52233 1S @, C, g, or t <220> <221> misc_feature
<222>(22)..(23) <223>nis a, ¢, g, or t <220> <221> misc_feature

<200x298>(25)..(26) <223> nis a, ¢, g, or t <220> <221> misc_feature

gatagggngl FEP(9Y) <223> nis a, C, g, or t <400> 57 PCUNTZ2007/000125
attgttgagg ccagtaaann knnknnknnk ggtgtggaga ttttcccc48 <210> 58 <211>

<21§>75i§212> DNA <213> Pyrobaculum aerophilum

< =

<21l2> DNA
<213> Pyrocbaculum aerophdlum

<400= 39
ategggggtt tttecege 18

<210= 40

<Z1l> 18

<212> DNA

<213> Pyrobaculum aerophilum

<4 00> 490
gogggaaaaa ccoocgat 18

<210> 41

<21i» 18

<212> DNA

<213> Pyrobaculum aercphilum

«<400>» 41
tttactggee tcaacaatl 18

<210> 42

<21ll> 18

<2312> DTNA

<213> Pyrobaculum zerophilum

<400> 42 .
attgttgagg ccagtaaa ’ 18

<210> 43

<2ii> 18

<212> DNA

<213> Pyrobaculum aerophilum

<4 00> 43

ggtgtyggaga tttteccc is
<210> 44

<21l> 34

<212> DNA

<213> Pyrcbaculum azercphilum

<4 00> 44
gaggguggeg cgtttgbtgea agteacgete aagy 34

<210> 45

«211l> 36

<212> DNA

<213> Pyrobaculum asrophilum

<£00> 45

18



<220> <221> misc_feature <222>(20)..(21) <223> n is a, C, g, o6r+<220>-
<221> misc_feature <222>(26)-(27) <223>nis a, ¢, g, or t <220> <221>
misc_feature <222>(32)..(33) <223> nis a, ¢, g, or t <220> <PENZ20607/000125
ggagrisecdeatyre @22 4d9c{42)=<223maA IS a, C, g, or t <220> <221> 16
misc_feature <222>(47)..(48) <223>nis a, ¢, g, or t <220> <221>
<210Misgg feature <222>(50)..(51) <223>nis a, ¢, g, or t <220> <221>

<211mises feature <222>(56)-(57)
<212> DNA
<213> Pyrobaculum aerophillum

<400> 46

tgcgcagtig ctatctectg aaacggagag tatttg 36
<210> &7

<23il1l> 18

<212> DNA
<213» Pyrobaculum aercophilum

<4Q0> 47

gtgoegatga aatacghc ig
<Z210> 48

<211=> 18

<212> DNA

<213> Pyrobaculum asrophilum

<£400> 48

gacgtattte atcggeac 18
<210> 49

<211> 18

<21i2> DNA
<213> Pyrobaculum asrophilum

<£00= 48

cgogeocgtig ctatcteoc 18
<210=> 8§

<21l> 18

<212> IDNA

<213> Pyrobaculum aerophilum

<400> 50O

ggagatagea acggogeyg 18
<210» 53

<211i> 18

<212> DNA

<213> Pyrcbaculum zerophilum

<400> 51
atetocktgaa acggagag 18

<210> B2

<21l> 18

<212> DNA

<213> Pyrocbaculum aerophilum

«<400> B2
tagctgaatt accegocgeo . is




<223>nis a, c, g, or t <400> 58 tttatagtcg cgcatgtcknntagknmeat

knnatctcck nnaacknnkn ntatkuncgcGO cgtgaattc tcaat75 <210> 59 <211>

45 <212> DNA <213> Pyrobaculum aerophilum <220> <221>F CT/NZ2007/000125
“210%ist? feature <222> (19)-(20) <223>n'is a, c, g, or t <220> <221>
S amisegfeature <222> (25)-(26) <223> niis a, ¢, g, or t PCUNZ2007/000125
<213<40Q25H0 gacalgegegractalaaann katannkgtg ccgatgaaat acgtc45 <210>

GO <211> 54 <212> DNA <213> Pyrobaculum aerophilum <220> <221>
Ziggmigssgitfegégre <222>(19)..(20) <223>n is a, C, g, or t <220> <221>

aga, 17
mlsc_featu?e <222>(25)..(26)
=210> 54
<211l= 18
<212> DNA
<213> Pyrobaculum aerophilum
<400> S4
ggcgeggtaa ttcageta 18
<210> 55
<21i> 78
<212> DNA

<213> Pyrobaculum aerophilum

<220
<221l> misc feature
222>  (16)..{17)

<223» nis a, ¢, g, or t

<Z220>
<221> misc feature
<222> {19)..{20}

<223> n iz a, ¢, g, or t

<220>
«221> wmisc feature
«222> (25)..{28)}

<223> mn is a, ¢, g, or £

<220>
- <221> wmige_ feature
«222> (31}..(32)

<223> n is a, ¢, g, or t

<220>
221> misc_ feature
<222> (37)..(38)

=223> n is a, ©, g, or t

220>

<221i> mise feature

<222> {40).. {41}

<223> nis a, o, g, or t

<220>
<22L> misc feature
<222> {46)..(47)

<223> nis a, ¢, g, or ¢

<220>

«221> wmisc_feature
<222 {(52)..{53)

<223> n is a, ©, g, or t

«220>
<221> misc feature

20




<223>nis a, c, g, or t <220> <221> misc_feature <222>(28)..(29) <223>-
[ [ 23>nis a
nis a, c, g, or t <220> <221> misc_feature <222>(34)..(35) <2 ,
.c, g, or t <400> 60 attgagaaat tcacggegnn katannknnk gttnnk§&dgNZ2007/000125

<222

tagiéﬁéc FeYcg54 <210> 61 <211> 75 <212> DNA <213> Pyrobaculum

“H aerophilum 228> £31> misc_feature <222>(17)..(18) <223>nisa,c, g,
<400@r t56220> <221> misc_feature <222>(23)..(24) <223_> nisa,c,g,ort
IELIROPTS <pBLenise JfetdunseR 222 n(B0)r A 2R RS Bnbedho@hk <2203,

gatagggagy ggggegeg 8
<210= 5§

<211l 57

«<212> DNA

<213> Pyrobaculum aerophilum

<2205
<221> misc feature

<222> (20} ..{21)

<223> n is a, e, g, or t
<220

<221> misc feabure

«222> (26} ..(27)

<223> nis a, ¢, g, or t
<220

<221> misc feature

<222>  {32}..(33)

<223> nis a, ¢, g, or t
<220

<221>» misc_feature

«222> {38)..(39)

«223> n is a, ¢, g, or t
<400> 356

atogggggtt tttecogomn ngagmingac mnncacmnno gogcococcocect ccctato 57
<210> 57

<21l1> 48

212> DNA

<213 Pyrobaculum aercphilum

220>
<221>
<222>
<223>

«220s
<221>
<222
<223 >

<220
<221
<222

<223

<220
<221>
<222
<223

<400>

misc feature
(19} .. (20}
nis a, ¢, g, or t

misc_ feature
(22)..{23)
nisa, ¢ g, ort

misc_feature
(25} ..(26)
nis a, ¢, g, or t

misc_ feature
(28)..(29)
nisa, ¢, g, or t

57

21




<221> misc_feature <222>(38)..(39) <223>nis a, ¢, g, or t <220> <221>
misc_feature <222>(44)..(45) <223>nis a, ¢, g, or t <220>

PCT/NZ2007/000125 <221> misc_feature <222>(50),.(51) <ZX3HNIB8®W7H00125

SLEIREIHUE <R2EB224 Skniisu et e te232R{se){ad}s23> nis a, C, g, Or t 45

<400> 61 gtatttcatc ggcacmnnta tmnntttmnn gtcgcgmnng tcnurntagmn
<210haamnncgcGO gecegttgcta tetee 75 <210> 62 <211> 42 <212> DNA

<211x2%8> Pyrobaculum aerophilum <220> <221> misc_feature

<212>
<213>

<220>
<221>»
<222%
<223

<220>
<221>
<222>
<223>

<220
<221l
<222>
<223

<220>
<221>
<222
<223 =

<220
221>
<222
<223

<220>
221>
«222>
<223>

<220>
<22L>
<2322
<223>

<400

tttatagbceg cgeatgtckn ntagknnaat knnatctock nnas

Pyrobatu

misc_feature
(20} ..{21)
nis a, o, g,

misc_feature
(28) ..(27)
nis a, ¢, g,

misc_feature
(32} ..{33)
n is a, ¢, g,

mige feature
{41) . .4(42)
nis a, ¢, g,

misc_ feature
(47) ..(48)
nis a, c, g,

misc feature
{50} ..(5L1}
nisa, ¢, g,

misc feature
{56} ..{57)
nis a, ¢, g,

58

cgtgaaéttc tcaat

<2i0>
<211
<212
<213

220>
<221>
<222
<223>

<220>
<221l>
<222
<223 =

59
45
DNA

Pyrobaculum aerophilum

migc feature
(18)..(20)
nis a, ¢, g,

misc feature
(25}..(28)
n ig a, o, g,

x2993,(19). $20) <223>nisa,c,g,ort

um’ asrophilum

or b

or t

or t

or &

or ¢

or bt

or t

or ¢

cknnlkn ntatkoncge

60

75

22



<220> <221> misc_feature <222>(22)..(23) <223> n is a, ¢, g, 6r+<400=

1> 42
62 ctctcegttt caggagatnn knnkggcgceg gtaattcagc ta42 <210> 63 <21
<212> DNA <213> Pyrobaculum aerophilum <220> <221> mieTANaRAe7/000125

<£902039>(19)..(20) <223> nis a, ¢, g, or t <220> <221> misc_feature
gaca cffg(fﬁgﬁ‘(tfg)ﬁ@?%ﬁaﬁﬁggé?c?@%a&?ﬁwogﬁﬁg ctcteegttt caggagatnn as

knnkagcaac ggcgcggtaa tt42
a

<21{> §
<21li> 5a
<212> DNA

<213> Pyrobaculum asrophilum

2220

<221> wmisc feature

<222>  (192)..(20)

<223> n is a, ¢, g, or &

220>
<223i> misc_feature
<222> {25).. (26}

<223> n is a, ¢, g, or t

220>

<221> misc feature

<222> (28)..(29)

<223» nig a, ¢, g, or t

<220

<221> misc_feature

<222>  (34)..(38)

«223> n is a, ¢, g, or &

<400> 60

attgagaaat tcacggognn katannknnk gttnnkggag atagcaacgyg cgcg 54
<210> 81

<213> 75

<212> DNA

<213> Pyrobaculum aerophilum

<220

«<221> migc featurs

<222>  (L7)..{18)

<223> n is a, ¢, g, or t

<220>

<221l> mige_feature

<222 (23} ..(24¢)

<223» n is a, ¢, g, or £

<220>

<221> " misc_feature

«<222> (28)..(30)

<223>» =n is a, ¢, g, or t

<220

<221> misc_ featurs

<222> {38)..(39)

223> mn ls a, ¢, g, or t

<220

«221> misc feature

<222> {44) .. (a5)

«<223> n is a, ¢, g, or t

‘=220




PCT/NZ2007/000125

<221> migc feature
<222>  (80)..(51)
<2d3> n is &, ¢, g, or t
<220>
=221> migc_feature
=222> (56} ..{57)
<223» n ig a, ¢, g, or &
<400> 61
gtattteate ggcaommnia smmntttmnn gtegegmnng tomontagmn naatmnnege 60
gecgttgota tetec 75
<2i0> 62
<21lls 42
<212> DNA
<213> Pyrobaculum asrophilum
<220>
<221> misc_ feature
<222>  {19}..{20)
<223» n is a, ¢, g, or t
<220
<221> misc feature
<222= {22)..(23)
<223> n dis a, ¢, g, or t
<4£00> &2
cteteocgttt caggagatnn knnkggegeg gtaattcage ta A2
<210> &3
<210> 42
<212> DNA
<213> Pyrcbaculum aercophilum
<220
<221> wmisc_feature
<222> (19)..(20)
<223» =n is a, ¢, g, or t
<220=
<221> wmisc feature
<a22> (22)..(23)
<223> n is a, ¢, g, or t
<400> 63
42

ctcteoogttt caggagatnn knnkagcaac ggogeggtaa tf

24



