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WO 2008/068637PCT/IB2007/004388 1 OB-FOLD USED AS SCAFFOLD
FOR ENGINEERING NEW SPECIFIC BINDERS The present
invention pertains to the field of protein engineering. More specifically, the
Winveiishsptovides means for obtaining stable molecules thet spenificallgss
bind to a target selected amongst a large variety of ligands families. 5SMost
natural proteins are not adapted to thelrapeutlc or even biotechnological

to defi ffi t
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Sac7d is extr stable It |§ %thermostable and unfolds with a Tm of
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antibodies, its molecular organization is quite simple. Sac7d is a small

monomeric protein of 66 amino acids, with one structural domain (i.e., the
OB-fold), and does not have a disulfide bridge (McAfee et al., 1995).
Several truncated forms of Sac7d have been observed (McAfee et al., 10
1995). Overproduction levels up to 10-15 mg of soluble protein per liter
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20 about 3.1012 variants corresponding to random substitutions of 11
residues of the binding interface of Sac,7d. This library has been used to
select variants able to bind a defined protein target, by ribosome display.
woalssafskipders for three protein targets were obtained, witkcgffisvgies insss
the hundred nanomolars range. In a second approach, the inventors
extended the potential binding area up4o 13 and 14 residues. These new
libraries were used for selection on 25 one of the previous targets
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4 transcriptional regulator ModE, E.coli), IckmA (RNA guanylyltransferase,
Chlorella virus, PBCV-I), 1 a0i (ATP-dependent DNA ligase,
Bacteriophage T7), Isne (Staphylococcal nuclease, S. aureus),lhjp (DNA
weheasgfsvA subunit, N-terminal domain, E.coli), IpfsA (Gege ¥ 069i8i3ss
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bactcriophage (fl, M13)), Igpc (Gene 32 protein (gp32) core,
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(including Sac7d), using the web site DALI

(http://www.ebi.ac.uk/dali/Interactive.html) (Holm and Sander, 1998),

revealed that this kind of proteins have loops of various sizes, which most
wohabhsake involved in the binding of ligands (see figure 2)«thiso07/004388
observation is consistent with previously published data (Arcus, 2002).

Since Sac7d is one of the proteins 10 Having the shortest loops, random
insertions in said loops can advantageously be performed in order to
trgbterin i riesuben ety ddwmpied dsmhd i apof vbiraisidigeanddhlorella virus,
PlaOVlies. AdvaraperpsieisBrians @fsd, teddeanphaacityesidide sSeaiecoccal

neaéfgemsdamgm% TDigenliRditues b AN ldRL XRMRIE DS, 15t
o ofresiduss 25 k0, 30.of Saccd, preferably bempen residues 27 and ous
(é%g inSeltions o P88 AHing 8cid |%¢u@ erforr% éﬁn 166p
bestsivehtgrod In Nydes Iepari@ene @k%tﬁmlégn%%héw@&%?rr@%a@éf é)s lwgjA
(oot Saodphpréferablybetweenivesiduss 3prand 38 gamd ipgerpionslotase, T
rﬁem&mn@ apitd %@a%@%%i@@m%éﬂé%ﬁ&g (ﬁ&xﬂ%&iﬁé&ﬁiﬂ%e used as
s]c‘agtliJ 5)16% 9332 L‘vf%r f%x c?selg 1trI;] %Fg&qu Jf %dt%ebc'ea%%x% gé: mu’tatlons in
pre gﬁ) etween resit s and In order to avoid any arh
t@ﬁ@i‘é@ﬁ”‘%ﬁ&&ﬁéﬁ ’Eﬁ&‘fﬁ&&ﬁ%gé n, bRk Rinding sRERIEE ¥ figh FQ@F&‘%E 530115}‘ their
t0eegpectively correspond to loops 1, 2 and 4 identified in the review
article by Arenaqsefiaplified in rAgieordtinag tina partisplaiembodpnertddw, the

cmﬁbmxt%mp%ﬁbﬁl&g@@aﬁgr@fﬂag@ﬁy m&%pw%&mg f@%%lﬁ%%l library

of 11,1 4,15, 16,.17.0or 18 residue ac7d selecte

Ry i“’ KBLO54 1307 %?‘k%‘ém e“ré%ﬁ‘%&? f{g OB-fold
pﬁ%ﬂ?,“%@@&ﬁyaﬁﬁlml%&oéx%ﬁﬁpWﬂ“ﬁf R3idpas ipbb Pééh?u%@dmg of the
selgotediansongst KZaRb VB 68 KB1a KR4 MRE|iM(@8, M28ri884 which have
H3RsEPprbBiR42, A44 and 846. In a preferred combinatorial

library of th t y
l;git“;hoe re;ggggﬁ&mﬁ%ﬁmﬁm r})‘?ers%ﬂtdgméﬁﬁgnr??'%%?% %OE'&%Z&% jal library

QHEBPRING [P Re B&éfﬁal %‘f%?yogéé&é%q@r?éz fﬁl@fe%tso?&rﬁ@ﬁfnampmfmbly 11 to
Igexsigifnte @firihindiadiverinientat pArtbEBWAS Mibieiry itk isonssiisogado possibly
diretiand ez dtiodetftibre S0l resitluesdids MBI/ AhWRLENZO pMP % 88lresidues. Of

éla%?seRﬂ@ Aithiapdned6.af %%%@f@t@%ﬁ&@ﬂ?wﬁ@%@eggﬂt@s even in cases of
cordin D ISE c?n?al'm o 0”‘? Qe %{ea% 1 Q?n"é‘f%%é'éjgws lthe OB-fold
péac’}]é selecte amon 3 (f fﬂ re also randomize ‘i'e
Smainprae e diEBrdriv: ‘ﬁEcB‘l‘Hiﬁlé%dftﬁedm@ﬁtlﬂea?gglﬁ‘éﬂi%’d‘iﬁ“[h%“d in the
wigpéifinbisratypathearectlitnayrini@maiibicte edamédpdredssdubeinvolved in the binding
sa0RoDBZRLDProfth eviesi duesi e /ligild Kbhilkide B2y Wede Vid63 -M2Qd3p3, f4 and

Fendidde3ed, é\é?a%%ﬁl%%%f éﬂ?tﬁ é&glﬂ%ﬁ?“ which corresponds

to th d ti th 2, W24, V26,
l\c/|)2965r§2 ;)grg%%%r‘]lgﬁﬁ@%\fﬁ%éﬁg 14 ALeS ACCHIC %6) gge present invention can be

JnBdests $rd FrmSalTiduasBaieraldaris, coFeBUsdomelotsnEisHE 4) such
#hRany oiStahb by Saydomizing/dby k2. 13f dehrdh DsriberestdriesdofvBsaAelincated
geisdedamongst dbe.resigduesdacated rlpasitions whish ace 8 WHRIGNGHIy resent

thos% listed above, is also part of the present invention. Said equivalent
posrhons can be identified by using the file for Sso7d (chain A) in the

RSCB Protein @a@@éwwsz@éﬁﬁ\éﬁﬁaéﬁaqu%@@naéﬁ&ﬁ)ﬂl&ﬁﬂ%@f OB-fold domains
eongparivg itsiBD EtiuBteye Wittp thavvef Saed dk(fiui8ddx Sady dt.op8:324dl., 2003),
22:2)4?2@52&&9/3%33&%Aa@zﬂ:z&é/&@t&a@éﬁk&f&%&ﬂﬂ&%@%e@%ﬁhOOO) and
%r < tg#]ﬁ](% (’%ﬁmﬂéﬁra@ﬂ%ﬁﬂ%% A4S tﬁd? Kd E lst%g %e%rs have

combinatorial libraries a escr ove
§l?8ﬂ%%1‘8ﬁ1§0§}1é°8?s€|‘6§8&‘?ﬁ thee BRI PRBRiNEnBSH B"ﬁfées accordmg to the

present invention. Taking as a reference the sequence of Sac7d of SEQ ID No: 1, the residues
which can be randomized are the following: V2, K3, K5, K7, Y8, K9, G10, E14, T17, K21,
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Primary Accession number Secondary Accession Number Sac7d:
(DNA-binding protein 7d) Sulfolobus addocaldadus NCB!: AAA80315
P13123 Q4JC17 Sac7e: (DNA-binding protein 7e) Sulfolobus

datius NCB!: YP 255071 P13125: Q4113Q1 DNA-hinding protein
i (DBP 7) Sulfolobus fokoclaii NCB1: Q96X56 PO o055

5

K22, W24, V26, G27, K28, M29, S31, T33, D36, N37, G38, K39, T40, R42, Ad4, S46, E47,
K48, D49, A50 and P51.

Still with Sac7d as a reference, the residues which can be deleted are: A59,
R60, A61 and E64.

A superimposition of 3D structures of 10 proteins or OB-fold domains
(including Sac7d), using the web site DALI (http://www.ebi.ac.uk/dali/Interactive.html)
(Holm and Sander, 1998), revealed that this kind of proteins have loops of various sizes,
which most probably are involved in the binding of ligands (see figure 2). This observation is
consistent -with previously published data (Arcus, 2002). Since Sac7d is one of the proteins
having the shortest loops, random insertions in said loops can advantageously be performed in
order to obtain libraries particularly adapted for the binding of certain ligands families.
Advantageously, insertions of 1 to 15 amino acid residues can be performed in loop 3 (as
identified in figures 1b and 2), for example in the region of residues 25 to 30 of Sac7d,
preferably between residues 27 and 28, insertions of 1 to 15 amino acid residues can be
performed in loop 4 (as identified in figures 1b and 2), for example in the region of residues
35 to 40 of Sac7d, preferably between residues 37 and 38, and insertions of 1 to 20 amino
acid residues can be performed in-loop 1 (as identified in figures 1b and 2), for example in the
region of residues 7 to 12 of Sac7d, preferably between residues 9 and 10. In order to avoid
any ambiguity, it is herein specified that loops 3, 4 and 1 as identified in figures la and 2
respectively correspond to loops 1, 2 and 4 identified in the review article by Arcus (supra).

According to a particular embodiment of the 'invention, the combinatorial
library corresponds to the randomization of 11, 12, 13, 14, 15, 16, 17 or 18 residues of Sac7d
selected amongst K7, Y8, K9, K21, K22, W24, V26, K28, M29, S31, T33, K39, T40, R42,
Ad4, 546, E47 and K48, for example 11, 12, 13, 14, 15 or 16 residues selected amongst K7,
Y8, K9, K21, K22, W24, V26, K28, M29, §31, T33, K39, T40, R42, A44 and S46.

In a preferred combinatorial library of the above embodiment, the
randomized residues comprise at least the residues K7, Y8, K9, W24, V26, M29, S31, T33,
R42, A44 and S46 of Sac7d. A specific library according to this embodiment, and designated
in the experimental part below as “library 117, corresponds to the randomization of the
residues K7, Y8, K9, W24, V26, M29, S31, T33, R42, A44 and S46 of Sac7d. In other
combinatorial libraries according to this embodiment, one, two or three additional residues of
Sac7d selected amongst K21, K22 and T40 are also randomized. Two other preferred libraries
according to the invention, also described in the experimental part, are “library 13”, which
corresponds to the randomization of the residues K7, Y8, K9, K21, K22, W24, V26, M29,
S31, T33, R42, A44 and S46 of Sac7d, and “library 14”, which corresponds to the

randomization of the residues K7, Y8, K9, K21, K22, W24, V26, M29, S31, T33, T40, R42,
Ad4 and S46 of Sac7d.
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Q96X56 Ssh7b (DNA-binding protein 7b) Sulfolobus shibatae NCB1:
BAA28275 059632 Sso7d (DNA-binding protein 7d) Sulfolobus
solfdaricus NCB1: P39476 P39476 P81550 Ssh7a (DNA-binding protein

%) Shiplays shibawe NCB1: 13AA28274 P61990 059631, PEQLTO -
QOUWIS

6

Of course, a combinatorial library obtained by randomizing 11, 12, 13, 14,
15 or 16 residues of Sso7d selected amongst the residues located at positions which are
equivalent to those listed above, is also part of the present invention. Said equivalent positions
can be identified by using the file for Sso7d (chain A) in the RSCB Protein Data Bank
(Berman et al., 2000) (1bf4A), and by comparing its 3D-structure with that of Sac7d (figure
3a): ‘
Sac7d: 7 8 9 21 22 24 26 28 29 31 33 39 40 42 44 46
1bf4A: 7 8 9 21 22 24 26 28 29 31 33 40 41 43 45 47
Other proteins homologous to Sac7d can also be used for obtaining
combinatorial libraries as described above. Examples of such proteins are disclosed in the
following Table,

Primary | Secondary
Name Source Accession | Accession
number Number
Sac7d: (DNA-binding protein | Sulfolobus acidocaldarius
7d) NCBI: AAAB0315 P13123 Q4ICIT
Sac7e: (DNA-binding protein | Sulfolobus acidocaldarius .
7e) NCBI: YP 255071 PI3125: Q4JBQI
DNA-binding_protein_7 Sulfolobus tokodaii
(DBP 7 NCBI: Q96X56 QI6X36
Ssh7b (DNA-binding protein Sulfolobus shibatae 059632
7b) NCBI: BAA28275
Sso7d (DNA-binding protein Sulfolobus solfataricus
7d) NCBL: P39476 P39476 1 P8I0
I . . 059631,
Ssh7a (DNA-binding protein Sulfolobus shibatae P61990 PRO170
7a) NCBI: BAA28274 | qouws
. 059631,
p7ss (DNA-binding protein 7a) | > ggbg‘f‘ ;"61{‘;‘;’; ieus | pg1991 | P80170,
) QOUWIg

Table 1: Examples of Sac7d homologues which can be used according to the present
invention

Alignment of the OB-fold domains of the Sac7d homologues listed in Table
1 is shown in figure 4.
Other particular combinatorial libraries according to the present invention
can be obtained with the Shiga-like toxin Ile (PDB 1r4pB), for example by randomizing 11,
12, 13, 14, 15 or 16 residues selected amongst the residues located at positions which are
equivalent to those listed above for Sac7d, said equivalent positions (figure 3b) being as
follows:
Sac7d: 7 8 9 21 22 24 26 28 29 31 33 39 40 42 44 46
Ir4pB: 60 59 58 9 10 12 14 17 18 20 22 X X 27 29 31
Other examples of particular combinatorial libraries according to the present
invention can be obtained by randomizing 11, 12, 13, 14, 15 or 16 residues of the human
Neutrophil Activating Peptide-2 (NAP-2, PDB 1tvxA), wherein said residues are selected
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p7ss (DNA-binding protein 7a) S'ulfolobus solfataricus NCBI: P61991

P61991 059631, P80170, QOUWI8 Table 1: Examples of Sac7d

homologues which can be used according to the present invention
WiG2Mglmmeatt of the OB-fold domains of the Sac7d homologwes kigiesh ifd43ss

Table 1 is shown in figure 4. Other particular combinatorial

libraries according to the present invention can be obtained with the

Shiga-like toxin lie (PDB 1r4pB), for example by randomizing 11, 12, 13,
amongyth reg st doratedibpasiy B e Ruivalras ot isted Gbrisrer Sac7d.
Thebdclyerel20eepsivalentigtited ebjistedrabove ¢6tisatl dtsaidre gfiivateptotein with
thRQsiias (e 30) Being asfaligys: Sac7d: 7.8 9 21 22 24 26 28 29 31

Othel e ot garidaf oamiNaia i Iokiet according o e *©

g
preséﬁ% veAfiort tatthe'bbttindd bytratdoizig £1, £3, £3, 4, 18 or
16 residues ofthke hiwrapadentaphinftotiviating Reptite-2¢dARag, PDBCL present
inbexAidnvdaerein gaisheRsidiiesiay evigleateflmMEhding Protem (modg) of Azotobacter

vzgggfz;cég Q?ﬁyﬁ@ﬁ} B0 Q)y ?)f'g’ge?) an%mﬁ)le%t pﬂelrfsl'? u %;elso remdues selected

ent. th se listéd above or

iti hi
oA LT LB ARG LB AHME A BT Bk Gpeicor Sac7d,
Wb?@t’@l peidig el Sﬁ%mr}@‘lﬁlﬁ‘ée&%}) Wﬂ]@ﬂ@"@wmg.

Sac7d: 7 8 9 21 22 24 26 28 29 31 33 39 40 42 44 46

1h9jA: 60 61 62 86 87 89 91 93 94 96 98 105106108 110 112

The present invention also pertains to the use of a combinational library as
those described above, for engineering a molecule specifically binding to a target. In the
present text, a molecule is considered as a “specific” binder of a target, if it binds to it with a
signal to noise ratio superior to 10. A binder molecule which is engineered by using a
combinatorial library according to the invention preferably binds to its target (also called
“target of interest”) with a high affinity, i.e., with an affinity better than 10 nM when the
target 1s a peptide or a protein, and better than 1 pM when the target is a carbohydrate
molecule, for example.

Another object of the invention is a process for engineering a molecule
specifically binding to a target, comprising a step of selecting, in a combinational library as
described above, those variants of said OB-fold protein which specifically bind to said target.
By “variant” is herein meant a protein belonging to the library, i.e., a protein which is derived
from the starting OB-fold protein by mutations in its binding site.

As already mentioned above, one of the interests of the present invention is
that it enables the engineering of a molecule which specifically binds to a target of interest,
with virtually no limitation concerning this target. For example, the target of interest can be a
peptide, a protein, an oligosaccharide, a lipid, a lipopeptide, a carbohydrate (for example, a
sugar), a single-stranded DNA, a double-stranded DNA, a RNA. Interestingly, the target of
interest can be a natural or synthetic small molecule, limited to a few atoms, or even to only
one atom. Examples of such small molecules include any kind of haptens (i.e., small
molecules which can elicit an immune response only when attached to a large carrier),
vitamins, or metallic ions. The wide diversity of molecules that can be used as targets is
especially interesting, since the OB-fold proteins binding to these targets can be used either
for the same applications as already known for antibodies, or for different applications. For

example, OB-fold proteins obtained according to the present invention and binding to metallic
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5 Still other particular combinatorial libraries according to the
present invention can be obtained with the Molybdenum Binding Protein
(modg) of Azotobacter vinelandii (PDB 1h9j), for example by randomizing

¥ 1dsdSed4, 15 or 16 residues selected amongst the resi%g@r@%gﬁgg

positions which are equivalent to those listed above for Sac erein

said equivalent positions (figure 3d) are8as follows: Sac7d: 7 8 9 21 22 24

26 28 29 31 33 39 40 42 44 46 1h9jA: 60 61 62

ions can be used in bioremediation processes, for example to remove heavy metals from a

complex material such as soil or polluted water.

The skilled artisan can use any technique of the art to perform the selection
step of the process according to the invention and/or to perform the screening step for
obtaining a protein with a desired property. Selection techniques can be, for example, phage
display (Smith, 1985), mRNA display (Wilson et al., 2001), bacterial display (Georgiou et al.,
1997), yeast display (Boder and Wittrup, 1997) or ribosome display (Hanes and Pluckthun,
1997).

Ribosome display is particularly advantageous for performing the selection
step, since it is performed completely in vitro and thus circumvents many limitations of in
vivo systems (especialvly regarding the library size) (He and Taussig, 2002; Schaffitzel et al.,
1999). The skilled artisan will find in the experimental part below, as well as in the articles by
He and Taussig (2002), and Schaffitzel et al. (1999), or in other articles and manuals,
protocols for performing ribosome display.

In a preferred embodiment of the process of the invention, 2, 3, 4 or 5
rounds of selection are performed by ribosome display.

As described in the experimental part, the process according to the invention
can also comprise a further step of isolating and characterizing one or several molecules
specifically binding to the target of interest. For example, the isolation and characterization
steps can be performed as follows:

(i) mRNAs from a pool selected by ribosome display are reversed-
transcribed and amplified by PCR, and the resulting DNAs are cloned into expression vectors;

(i) bacteria (for example, competent DHS5a) are transformed by said
expression vectors (comprising said DNAs) and individual clones are grown; and

(ii1) proteins extracted from said bacterial clones are tested for their binding
to the target and/or other biological properties (such as stability and the like).

The clones expressing the proteins which have the best properties can then
be grown to produce larger amounts of proteins. The coding sequence of the engineered
protein can be determined by sequencing the pertinent part of the expression vector, and the
gene encoding this protein can also be used for further engineering of the protein. Indeed, it
can be advantageous to use a binder obtained through a process according to the invention to
construct multifunctional proteins having at least one targeting moiety and another moiety
with catalytic, fluorescent, enzymatic or any other kind of activity. This can be made, for
example, through the construction of a fusion protein comprising, as a first moiety, the
isolated and characterized molecule, and at least a second moiety. This second moiety can be
advantageously selected amongst enzymes, markers or reporter proteins (such as PhoA, GFP
and the like), therapeutic proteins, efc. According to a variant of the process of the invention,



10

15

20

25

86 87 89 91 93 94 96 98 105 106 108 110 112 The present

invention also pertains to the use of a combinational library as those
wiesarghesksbove, for engineering a molecule specifically bir}%'ggB

target. In the 15 present text, a molecule is considered as a "speci

binder of a target, if it binds to it with a%ignal to noise ratio superior to 10.

A binder molecule which is engineered by using a combinatorial library
sexgiebrindgr st élilvoe mtigathpr dedtiab iy bifidsom itettanget (htsoghaltedcteagat links),
in@fciﬁteﬁeﬁir'&twidhfasmghcﬁlfrfmﬁyleixes,Wﬁmm&@miﬂdﬂ@ét%e@gﬁ&@ﬁlnM when

the target is i rotei tter than | tiM. when the target is
2 ngdrif‘*%%n%?@a?g? e e ag;eé"b%%ge%?t process as

TFRERHATIE % ProRELe sy argmBtniyh TRetdalysheditediy Birmhgviich have a
SeERYgee worrisAsimgesitOp Of Beletingtol catopattindtibnatdisraipastion, as well as
thelGaeabigadaboVeEhtseNsadants of said OB-fold protein which specifically

bind to said t “Varapil j MEAN rotel longing ta the

library, i.e., aﬁﬁgﬁé%gﬁﬁﬁf\?ﬁ%{éﬂom tﬁle% sﬂ'ﬁaﬁé%%%%% %aggo?é%npies'

by mutations in its binding site. As already mentioned above,
F terests of the present invention is that it enables the

engineering ofizumolecy|8aihichis penifieathyibinds wala fasgelef dTietesiplex with

o A e P i concave

| : , , .
arﬁ%)é%)?ﬁ?%gﬁaﬂ:ar %Pﬁcl%rsag&‘éregoxlgrgifﬁe{j g Oés%eg%%t, %?n&’l‘é%-sibﬁﬁedéaloured in
mEHEA? ﬁo%}%g.iﬁféng]é IBNNCH RNAIY RESPESHngsy rasionargbtist hinsiastarca are
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santibadigsurr iPRdifferent gPRicalaRS- £9fne¥m{ﬁ99§éfomepr%f)%@i ¢) human
N&%@Hﬁ%dﬁ&?v%ﬁ?ﬁ@gp%%gé%’-ﬁ’rﬁﬁi@df“é?rﬂ%'t%?ea&%bl'@d' %;tc()i)ml\gltoe}ylt?denum Binding
Protein (modg) of Azotobacter vinelandii (structure file: 1h9j). Nota bene: for proteins which
comprise additional domains different from the OB-fold domain, only the OB-fold domain is

shown in the figure. The structure superimpositions were obtained using DALI and DALI Lite

servers. The protein sequences, with their numbering in the NCBI file, are shown in Table 2
below.

004388
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bioremediation processes, for example to remove heavy metals from a
complex material such as soil or polluted water. The skilled
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the process according to the invention and/or to perform the screening
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can be, for example, phage display (Smith, 1985), mRNA display (Wilson
et al., 2001), bacterial display (Georgiou et al., 1997), yeast display (Boder
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piasaete it eticthisieiogle. ‘én@ét Feeist egedoind hisfeng. Thi®seksordtriadietyr GarA
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&%@o@&ﬁ@eﬁs&@@énﬁﬁ%%@@@ %Gﬂtet(h@(ﬂ'{?ﬁé‘!ﬂfbgg %@1‘@%&:‘%&1 out in parallel
ordin a.variant of rocess of t}}e invention, WO

@8?66’6%%?%31611 /%%%féﬁ%@ﬁ@@wm ree proteins ‘at concentrations of 1 uM and
10 uM. b) Screening of anti-PlulD-N binders after round 4. ¢) Test of binding specificities for
six antl PulD-N binders by ELISA. Interaction between binders and immobilized DnakK,
PulD-N, GarA and BSA were compared.

Figure 7: RIA after five rounds of selection with libraries 11, 13 and 14
against PulD-N. Pools of selections were translated in vitro in presence of methionine *>S and
were tested for binding to DnaK, PulD-N, GarA or BSA immobilized in an ELISA plate.
After washing and elution 0.1 M triethanolamine, amounts of binders were estimated with a

counter. Competitions were carried out in parallel with pre-incubation of translated pools with
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several binders are linked together (either in a fusion protein, or through
non-covalent links), in order to construct fusions or complexes with
multiple binding specificities. Other objects of the invention are
WeowisieseBined through a process as described above. Inppariigiseioossss
proteins which specifically bind to PulD, and which have a 5sequence
selected amongst SEQ ID Nos: 2 to 8,1;re part of the present invention, as

it oLaD B oWy AR NI IGa. i gnaeenioeiggpiol o

bipdinp SEpeslHte Fepregitsivatoncdf wild type Sac7d in complex with double
strain DNA (PERBugogieStazhchy Resitiuesdoaidibinaing deiRNAOEiINte sequence

of 1 CANGPYE SUer ik drinadwith kgsidugs ﬁg!@y. "REHIIN RS Hlatuiid type
ar,;affa wi h tmo se (_:glgurred 'Q: meo!:!lqjm a ((j)td%;() gfreél. The r\%&due%at |Iml'éd 0 the
SHtvEaH (RYEYiGFs SRISEBIFLIRG &rei b BEIST Al MEHRURROGFRM
supsiitigfie sehaen aip highligpresirgetion of loops I, 3 and 4 of various
OB-fold domaliigurthe RSEBRBD:siryckifiedfies nsadsforopesfgimicigdiis binders.
pfdaaggima@ai&%&gcf. t&lAer s;gél@wmuﬁl@@tgéﬁh%d %@Z%Jﬁg@@ﬁﬂ%{;ﬁl@g{qﬁ E. coli
e se r 0S ugB. For clari igure
e R LR MR SRR Dt et g s
i p enfhiaestionepding Beffar b duble deptqatreictirderifatmsts)ppgr to purification
oS higdelike doxinrifeedsivinctene difer 2besalc) IMmtar(ideutbipleid Aotiwhting  affinity
citeptitgrdpilypRndiislteatraid e fuxatugd Mabdodenum Bioding RMakRidkd samples
“g}}o%@\g{ﬁ%tqgﬁtﬁi 1' ED’%“ (structure file: 1 h9j). Nota bene: for
|
1

Y
proteins WI’?ICh compr ?e additional domains different from the OB-fold

domain, only the¥B I HoMEiATETHBM Tt MFuPe st kR diree plasmon
resgpritmpasiiensave e sbietine ¢ iUgmtnD Atrafudloved usites 25Béhvers. Blatinylated
Ppibtdirvaeihienbiied/ths thR Nsiabeikpe i ih el e nae whoijadizd at 50 nM,
23 abie 2 Below 6 WM O98DRG6P e 320840 QABRRHANARS ilgeehup-N
w%g) ees t§ecg1lljt?o Ct%a%%g:?s%eciﬁc binding occurred and the signal from cell was subtracted
to the one obtained from the measurement cell. BIAevaluation software was used to analyze
data with a global fitting procedure. b) The affinity was also measured at equilibrium using

competition BlAcore. The determined parameters from both approaches are reported in Table
3.

Figure 11: Thermal stabilities of wild-type and variants Sac7d recombinant
proteins determined by differential scanning calorimetry. The excess heat absorption of wt
Sac7d, clone 40, clone 33, and clone 6, are reported at 1°C/min at a protein concentration of
200 pg/ml in 50 mM MES buffer pH 5.6 with 300 mM NaCl. For each protein sample, the
experimental excess heat capacity curve (thick line) was best fitted to a non two-state model
(thin line) by non-linear regression. Resulting thermodynamic parameters are given in Table
4.

Figure 12: a) Western blot for detection of PulD-N mixed with E. coli crude
extract using clone 6-alkalin phosphatase fusion. b) Single step purification of PulD-N with
clone 6 immobilized on a column. The soluble fraction of an E. coli extract containing PulD-
N was injected on the column equilibrated with HBS buffer pH7.0. After washing, the pH was
dropped to 2.5 with a glycine-HCI buffer. Fractions were analyzed on a 15% SDS-PAGE and
stained with coomasie brilliant blue. CE: cell extract; PulD-N: pure protein used as marker;
Fractions: eluted fractions from the column after acidic pH jump; FT: flow through.

Figure 13: Binding of Sac7*40, Sac7*33, and Sac7*6 to isolated cell
envelopes and to PulD dodecamers (PulDD) and PulD monomers (PulDM). (A) Increasing
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lazp NCBI:AAA80315 MVKVKIKYKGEEKEVDMKIERVWPVGEWS
FTYDDWGKTGRGAVSEKDAPKELLDMLARAE REKK (SEQ ID No:1)
MATVKFKYKGEEKEVDISKIRKWRVGIOTIS

WO YGRS K TGRGAVSEKDAPKELLONLEKO Zit(SEQID Nes28)iSs0sks
Ibf4 NOM: P.39476 Toxin He 1 r4pb NCBI: CAA9063 |
MKKMEMAVLEALVSVNAMAADCAKGKIEFSK
YNEDDTFTWVDGKELIWTSRPMLQPILLQSAQ

P G PV RIKSSTaR S8 GRAERATINK Br¢SRO 4 Bulld 29) fu)SrepRaRACS and PulS

WHE BIGHGE 33086 MSLRLDTT PHCNSAREILHAE @bk Sla)Then analyzed by SDS

ﬂm%@%@h%%ﬁ%d%§%’ﬁ5%estem blotting of the indicated amounts

IKTTSGI SLEVIGKGT

ngﬂﬁzLRﬁEw‘f&‘t‘)‘ﬁ ﬁ%ﬁﬁi&tﬁ‘%% BRSNS 40) himeras and
aﬁﬁ‘@ﬂ@%k@?N@@h@%A%OSS MKISARNVFKGTVSALKEGAVNAEVDIU,GO
GDKLAAVVTIHESARSL OrARGIE\OY SRBA chimeras with and without PTG

ik bV $6p Y Rde AR MU LG FMKd ERTiS AMitimerization in cell envelope protease-
d EEVTLQL:I S IBYTLLEAVAERRPERC AR BAAN Y GY Rldtected by
1mmunoblottmg (with PhoA antibodies) of the same amount of cell extract. (B) Levels of
secretion (%) and presence of PulD dodecamers (PulDD) and monomers (PulDM) detected by
immunoblotting of phenol-treated and nontreated cell extracts with PulD antibodies. Arrows
indicate PulDM detected without phenol treatment. S indicates Sac7d-PhoA. (C) As B, but
without [PTG induction.

Figure 15: PCR carried out on ADNc obtained from ARNms, eluted during
cycle No. 4 (see Figure 19, RT-PCR stage).

Figure 16: competitive radio-immune tests carried out after five anti-PKnG
and anti-lysozyme selection cycles.

Figure 17: ELISA screening of anti-lysozyme (A), anti-PknG (B) and anti-
GarA (C) clones obtained after 5 selection cycles

Figure 18: anti-lysozyme clone sequences obtained after five selection

cycles

Figure 19: Alignment of a GarA-binder with Sac7d.

Figure 20: Competition ELISA after the 4™ round of selection against Fc
fragment.

Figure 21: Schematic representation of a round of ribosome display
selection.
EXAMPLES

The experimental data which follow have been obtained using the material
and methods described below.

Materials and Methods

General molecular biology

Enzymes and buffers were from New England Biolabs (USA) or Fermentas
(Lithuania). Oligonucleotides were from MWG Biotech (Germany). All PCRs (polymerase
chain reactions) were performed using Vent polymerase if not indicated in the text. The

cloning and expression vector for the wild-type Sac7d and selected mutants was pQE30 from
Qiagen (Germany).



10

15

20

25

30

35

Table 2: Protein sequences which have been used for obtaining the
superimpositions shown in figure 3. The sequence fragments in italics
correspond to the sequences effectively used in the structure file used to
ng%gfggg&the positions which could advantageously be ragdeml¥,o7/0043ss
S5mutated. Said mutation positions are in bold. Figure 4: Alignment of the
0B-fold domains of several Sac7d honfologues. Figure 5: Gene
synthesis of the mutated sequences encoding Sac7d. Positions
randomized feyithedibodnidhidrectabditedhn iktkypddditional randomized

positions for ilancig.eredahaliedinaige Oliganislentideaiped asgmbly PCR

represented Wltht arrows (s e 10text tf(ar their uen argf{IO 9-
Ui ow ESrrespdnds ?%?F\Véngodm 1 Seguence of Sac?‘%1 (whitou th '
G%mcmq@wGTATT@W@A%‘?A%%%@%%%@%LtGCGGTG

AAQGTIS oA sdiggtion with li®Eary 11 agaiS&i®nak, PullN and Ga¥A: Pools 10
O T s o oA PulD Ky os Gord 15 [omablised g an
inding to.Dpak, Pu ar mobilizedjp. an
C(ME%E‘%A&?P E’f[t‘er washlnglaa?nd elution ?t%\ﬁo 1M trleit nolamlrctiew '
CAMOLAE A BIHAR A SR & §%8’&%PF§%%M%%?E GAGC
TEBARCTARGALATAANMER GEAIAGObationSéFtrans|&tdifpools With fredlo: 12:

cﬁm’fﬁmG@W@@mwweﬁowmmmm@@c&e@mgaxfTGCCGTTGTcGT
Eg PlulD-N bindgrs after round(g Test of binging specificitigg.for six 13:
an

buiD- N blnders bg ELISA, Inte 3%%9 &@5%&&%%%%%%%6 AAAGCTTC

AF@@P@ ﬁ%@@%tiﬁd&%tmd%%%@fé”&ﬁ&zﬁmﬂﬁ HAES @ AR ahle pyrified PCR
pr@@@éﬂgéerBsNexﬂpl@ls oF sedeaiianBORese plifsiatedismyithe mvpr%ﬁem%qfnmers
Mpthionine 35S an % tested for bingiing to DnaK PUleN GarA or
oun s

Aﬁiﬁt‘h{ﬁgzﬁ%‘té SIS éﬂl\%’(‘:é? mlvécoz; (SEQ D

ers were estl mate fc
N@orﬁ@etMﬁs‘\m%&%@J&T M%EQH%TW%%V "ﬁfc%ﬁ Ctﬁ%%ﬁ%ﬁefa
ThodSRifroNe m&mesmmmowa@msssvmme@smgltB:NlHtl Jand] Hmdlll
rekihn 106, nMetéQQQu'ﬂMhBé(@e\s@& sléqa@haé\v@eﬁwm@ﬁmhfmbmgreg@ﬁs
pools (no com@gtltm{ oqec})mbmatonallzﬁ auc? Sequences of eight

selected binders against PulD-N. The uence of the ac7d
shown at the tEBedtrﬂI\(écﬂb‘O'?é hssame, Osrfi%n%ﬁ%’t?tlgrt g/\gﬁl(ﬁ/fp yol 7@ 13, 14
imadbinaersrapeatieloreddntigisyma é@PW@értRiﬁ’é%Wt@%gt%ﬁ‘t%qnby gene

siesib st PoRsehems areepighlightedsingtireyep PCR usihigaredbination of four

séetmsﬂ?@tﬁfég @é}%é%@ﬁﬂ%ﬁ;@@%t%&fd%@?k@@iﬁgt@ﬂ@tﬂ%@ (REIBIAS=A,C,T or
%E ?”? §uct'?‘ncf£d5t %@aﬂ%oma&e brilliant bluﬁ)rar}bosome
tfact aft&r expreSS|on Fharvest eéma/

d]_agﬁﬁynmmrw}gexglgeﬁme of Sac7d was obtamed For the library 14, the following

oligonucleotides were used: T7C (SEQ ID No: 17:
ATACGAAATTAATACGACTCACTATAGGGAGACCACAACGGTTTCCCTC),
SDA_MRGS (SEQ ID No: 18:
AGACCACAACGGTTTCCCTCTAGAAATAATTTTGTTTAACTTTAAGAAGGAGATA
TATCCATGAGAGGATCG), SClibl (SEQ ID No: 19:
GGAGATATATCCATGAGAGGATCGCATCACCATCACCATCACGGATCCGTCAAGG
TGAAATTC), SClib2 (SEQ ID No: 20:
GGATCCGTCAAGGTGAAATTCNNSNNSNNSGGCGAAGAAAAAGAAGTGGACACT
AGTAAGATC), SClib3 (SEQ ID No: 21:
CTTGCCGTTGTCGTCGTASNNAAASNNCACSNNTTTGCCSNNACGSNNAACSNNSN
NGATCTTACTAGTGTCCACTTC), SClib4 (SEQ ID No: 22:

TAATAACTCTTTCGGGGCATCTTTCTCSNNCACSNNGCCSNNGCCSNNCTTGCCGT
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10 IPTG and lyzed in loading buffer. b) Soluble fractions of crude extracts

prior to purification of binders. c) Purified binders after one step IMAC

(immobilized metal ion affinity chromatography) purification of the K coli
woughgsaxiiact soluble fraction. All loaded samples were equiglgRs @ deidks

liquid culture. Figure 10: Affinity determination of clone 6 using SPR

(surface plasmon 15 resonance) analygis. a) 'The kinetics of binding were
followed using a BlAcore. Biotinylated PulD-N was immobilized (250 RU)
TeR @Gtepiavidin chip afflédne 6 was(biéeted at 50/M, 25 nMN®2.5 nM, 23
CEAD AN, SAETVTANC TEGIMITA Ao £eib@diaaut Aowdhiliced RGHARNTCTTTC
cuaeserdp eonil t&%@&g%ﬁm BM@%&C%E%@ JRAIRS smalsfrmosmons
cell wa subtracte %e gne o ogt%wedrfrgn;e ﬂf? g@xsur%mggt cell used for the
“BIARYA l%ﬁlo% $ot tv‘\}gsre was used to aﬁal 262644t with & globaﬁett
C%Eé&@?b"fﬂ)%@%ﬂﬂrﬁw \}\?a§€z§1>§6tm%éisured at equilibrium using

competition BIRctreaithéadeberpoined papbayretersrfborebotie approadh s potential
1§£§drse B@E&éﬂﬁ@&l@ t3-be fused to a 1A Helsch hardnak stanililies 8drresponding to

-y azf‘ ”‘%‘o%?nsia?ld rec%%”&bfﬁ‘%‘t El ‘%{3‘5‘%&5@9‘&?& Hha et al., 2004a),

erentla scan gdg ca orlmetry e exce eat abso gtlon )

clorts'88, and"tRHe 6, atci¥borte’ plC/rﬁ% atd\o
%@M@%%WW%WWBGW@MH 806%nBEQ ID No:

QNa@jCEQTI‘H{B@h(Dﬁ@em@DE‘ Gm@mmmm m@ﬂmﬁy(the latter
eﬁ%c(ral{rﬁléﬂfg??l’gﬁl)aﬂsmgl bggc{jﬂtﬁgcé%glr'%%rt\ﬁgﬁ%{@ H?Qrg?) tl?inJIE)e)lell?]rary was
o TS 19Kch) i Satioty (R BHEMEE R TP v: 2s:
I orie AT boha S oG AR AGAAR I Tstigidhe final
astepipyrifichtco noofeRglideN witHibtaeryeob Savmibbilizel br A -coldAin rdgens necessary

iSalgblgefragtianRban BispRl extrebaoniaipiva fuulo Newasdajeatatorithe, 1998;
gg!ﬁ;ﬂ?& &%lb{%@ﬁi with FIBS buffer pH7.0. After washing, the pH was
ropped to 2 BWl h a glycine-HCI buffer Fractlons were analyzed on a
15% SDS-PAGE SHd 355ta et W thasie brilliant blue. CE: cell

extract; PulD- M’Opm%esw@temxe%@%smm@wlﬁ%ﬂm@ glfsdsratersnysed. The
bikainytheooohan peafoemativlyciptdyamnp; F B flowMhsolnghn of Dnak,Riguseor PulD-N
with B90ding floPRe4AQ PRI SH MR g*(@&%%%@ﬂm@@h@ﬁ\é?mﬁﬁNHS LC-
;[<)0t1|r:1)u d%j 'S (Pu7Pr #%dg% % mon%r%ers F;rlljs[%ve () fer-exchanged
ncreasm e\f\? écig BC 1320 % amounts 0 &
L@Wa&rﬁé%ﬂ?%g}ﬁ @ﬁ@f@@%d&awg et af B piesy ﬁuﬁ%s%lﬁddegree of
sy laees incubritodingdhiSag T BLEER asmad (Bigmee mbitaneftactioraades biotin
ghananalyzae-b Ixsiangdinmpnahlatingwithbehi @ntbesies:eBicutravidin in a
1\'5%%’&%%%@ AlRting.Qf EQ@&P&&QWG@JE&H@@SI X@U&@g@éﬁ%ﬁ QIEIAS essentially

S IG5 e Ldinet Bl U1o) kS o B g S PR, oo o

S@Fﬁﬁ‘i@?’as%twlaﬁé witRdut IPFES rﬁWéﬁéwra%ﬁaWem%ﬁ@a%nag@cpé@@rﬁed using
Sind RART: i atidn et iitetipfiniareelltenve R peqdrotease ddeficié nhsiraincRARS Extract [

&?@M(M%Qe@&% @?%&Me@@@; am&gﬁlﬁyd%%tﬁg@ﬁlker DNA fragment (see
mLJn? Iottln PH)IA tib dlen? oc{ thF same amou ht of qell Sé(td?’t 43
B e AT M R WA o

p‘m%)%%teﬁam@?g?mwwéféc@éa wydﬁﬁmﬂﬁlamaf..% ‘aflremltles of mRNA
phemnoittreatepusatid mdik catmtecell BXHrBCE withePutD: datihollie&otndbWs 30 cycles

indicate PulbiMidetesterbwitiayicRheraldientmentund indicateselection pressure was
f%gr%zgéf l’&?ﬁ‘g (gf}-'rbé%Bs’eFéldLMtQ?'ﬁtegng&dr@%lﬁﬂs et al.,, 2001). For this selection,
10 nM of biotinylated PulD-N was added to the stopped translation of the pool from round 4.
The mix was equilibrated 1h at 4°C and non-biotinylated PulD-N was added to a final
concentration of 10 pM (1000 fold excess over biotinylated PulD-N). After 2h incubation at
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Figure 15: PCR carried out on ADNc obtained from ARNms, eluted during
15cycle No. 4 (see Figure 19, RT-PCR stage). Figure 16:
competltlve radio-immune tests carried out after five anti-PKnG and
WORRAES9me selection cycles. Figure 17: ELISA SEreERMNG/ Y388
anti-lysozyme (A), anti-PknG (B) and gntiGarA (C) clones obtained after 5
selection cycles 20Figure 18: anti-lysozyme clone sequences obtained

4°@f$ﬁ{hf 'X%t%ﬁlﬁf’t'ﬁ)x@ %Q? FWféx"e% ﬁqmmﬁggggrﬁe%ﬂ(&x@'Bgﬁﬁd"’ﬂ&hblotmylated
Pul aﬁ I ure 2o: ngﬁj@lﬁ{' EL'S aft%r tzt‘vel ?Itlhc[)%ltjeiid of ge Ctl% 5 min at
u n‘gf Iée ?Pé&‘r%éﬂf lﬁignéé%é}ng IC representa on ora rou?]d {tn
4°¢+M@@%M%b?@éﬂ@ﬁl\®m pplatsd as for the first T expdfiniapgamber of
RTeRGRWwhitss falovshiavenhesh obidine sk lesiivg Heomatetiod S@and e thadshecked

by dR36PRY BRI -MAIHRIE.AAR MS&D&Q%o%%Gﬁ%‘ Riggular biolow

Enzymes anq\bulfftsars were fr%m I(—:-W n IFP% Bllolabs (USA) or
Fermentas Gat Nere-rom MWG Biotech
(Germany). A@Iﬁ(:f?%r(ﬁb%é?ég@s%’é%?ﬁ ROSLYIBIRY) trird peddfhigdioimmuno

assaging \desutripoll ihrbuasectf alot ifgRgateckiniteetiie xbaldvetatgetimpgosaial in a Maxisorp
pleXREgssiap ff@ﬁqurﬁ‘?f dheowild 6Y&%§ﬁ%@ﬂp§&@x§%?€éﬁﬁ>éﬁwﬁnt5 was

PQES0 from éﬁgma@y s o 2 gi’%686§2 L/ IB200 05830 vector
13 Synthesis 0 the ncoding the Wi
using BamHI and HindIII restriction s1tes and the resultmg hgatlons were used to transform

E. coli DH5a strain. Clones were picked from Petri dish to inoculate a deep-well plate
containing 1.5ml of LB medium per well (100 pg/ml ampicillin, 1% glucose). After
overnight culture at 37°C with shaking at 250 rpm, 0.2 ml of each well from this master plate
was used to inoculate an other deep-well plate containing 1.3 ml 2YT medium (100 pg/ml
ampicillin) per well. The plate was then incubated at 37°C for 1h with shaking (250 rpm). The
expression was induced with the addition of 0.5 mM IPTG and incubation at 30°C for 4h with
shaking (250 rpm). Cells were pelleted with a centrifugation step (2250g) and supernatants
discarded. Proteins were extracted with 50 pul BugBuster (Novagen) per well with shaking at
250 rpm for 30min, then 250 pl of TBS pH 7.4 (20 mM Tris-HCI, 150 mM NaCl) were
added. Cell debris were pelleted with a centrifugation step (2500g). For ELISA (enzyme-
linked immunosorbent assay) screening, 100 pl of each supernatant were used to test the
binding on target proteins coated into a Maxisorp plate. The detection was performed using
the RGS His antibody HRP conjugate (Qiagen) that detects only the RGS-(HiS)s—tag from
binders and not the (His)¢-tag from target proteins and BM-Blue substrate from Roche. All
incubation steps were carried-out in TBS pH 7.4 with 0.1% Tween 20. Positive clones were
sequenced by standard sequencing techniques.

Protein production for screening by SPR (surface plasmon resonance)

To perform the screening of binders based on their time of dissociation from
PulD-N, clones were expressed in a 5 ml scale culture (£. coli DHSa strain). Five hundreds
microliters of an overnight preculture (LB medium, 100 pg/ml ampicilin, 1% glucose, 37°C,)
in deepwell were used to inoculate 4.5 ml culture (2YT, 100 pg/ml ampicilin, 37°C) in
deepwell. Expression was induced at ODgoo = 1.0 by addition of 0.5 mM IPTG and cultures

~were incubated for 19h at 30°C (250 rpm). Cells were harvested by centrifugation (2500 g)

and proteins were extracted in deepwells by resuspension of cells in 0.5 ml TBS pH 7.4
containing 25 mM immidazole, BugBuster and Benzonase (Novagen). After 1h shaking at
4°C the deepwell was centrifuged to pellet cell debris. Supernantants were purified on
microspin columns containing 100 pl Ni-Fast Flow Chelating Sepharose (General Electric)
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DNA Sequence of the wild type Sac7d was generated by assembly PCR
using the six following oligonucleotides: SC1 (SEQ ID No: 9:
GAAACTCCTAGGTATTOTGCTGACGACCCCGATCGCGATCTCTAGCT
WoGoEGEkK35 AAAGTGAAATT), SC2 (SEQ ID No: 10: PCT/IB2007/004388
GATCTTGCTGGTGTCCACTTCTTTTTCTTCGCCTTTATATTTAAATTTC
ACTTTCAC CGCAAAGCTAG), SC3 (8EQ ID No: 11:
GAAGTGGACACCAGCAAGATCAAGAAAGTTTGGCOTGTOGGCAAAA
eqIbPGA @t TIBRACICTAGACEAENNE CEGARG RSOMSERIDdNbimes with
tH2lobBing buffer and purified proteins were eluted with 400 ul TBS pH 7.4 and 250 mM
i@ EICGGGGCATCTTTCTCGCTCACGGCGCCACGGCCGGTCTTG
CCGTTGTC :

GAGAAAGATGECCCGAAAGA :
AAGCTTC AA"@C%%OS@@I(@E’eym%*ﬂﬁ%m@@wml@évwere expressed
ICOIGCAC ®@)i Sthenpuarfiett® GRIprodustSerl eddasctéraplate foF dtgeasdhitters of an

oR&RpmplticRiien UBingethentwoolp|leminaRpitIgRS 136 S6Q% (SFQ)RNOused to
IHD%uﬁITM CPCEJ- %%Ngg‘ﬁ Tﬁﬁ%}l}%ﬁ %&JIGA%EFT%Q&&&IM% znduced at
O(R@CT’CQrR)& PP PCACE T 8568 AEBES ApmalpapasE forrjah at 30°C
(e Rrpyb dusds wisss dienedian tbypoesduesive ssidnevererdadig Wam HB&neH 7.4 at

3piaditbresitingioP5SHBS. ittliiaeotethCbids emmteﬁaeqwencmma&mﬁd Fofiulsiflex
&H@%ﬁ%ﬁ%@%@lﬁﬂ%&@Qﬁeﬁ@ﬁ%mfa%mﬁ%%dﬂ'sld BrapiRReins were purlﬁed
0 ‘109% "%aséi?e‘??a ”hee%) Neration of therH%’eeé DIANeS dibide s mm
1114 in"a forma c,po & Wit 3|s Ia brarl were ma|n11 &
IRgHEETEeb! bS'/Oﬁé?Yi’é gvﬁ?ﬁégﬂs\&ﬂa@ém%gsﬁﬁwgt@aé ipRidarein gﬂ@tems were
fetthorPOR fitsiny asicormilvaiion bf foutcganbiards andhtierdexdég@n@tatgd filtration
oliganuceoteamencpaingibibisitiatatsipsheremiNzA &M PERES.1806hM Nac)).

/§13919:ra 1%1‘3&!1%&&%9&‘86&@‘3}{‘3@94%55% gﬂ‘i’&% &ill%lc%%?gﬁ(?rg §uperdex 75

g e T R R R T ey A A
(MA@@AABQ\W&WA@@A@%QA@q)ATﬁ@@GWGA@@A@AA(@@G@TC@@albumm

(FE) kPRPar RGE(GEQ@IDNMABW3R used as molecular weight gel filtration calibration
DEACGGACAACGGYTTCCCICTAGAAATAATTITGTTIAACTFTAAGAAGG
AGATA TATC%&};@?@E@GU@TCG%,CSCIibI (SEQ ID No: 19:

GGAGATATA CGCNICACCATCACCATCACGGATC
CGTCAAGG T%?K %%ﬁeé%l’lrgtﬁﬁﬁg(g@é{&ﬂgrm%(_)%nstmment at 25°C. Biotinylated
RDATE CERCAASTETEARATTONNSNNS NNEE BT GARGNARNNGIAGeIls of a
SEGERACE Teabi s JAAR ATk (SIS dd @ UID Nofo2 kinetic measurements, and for
GGGl ] G&d Zop M R SR GG RN L %Cr%éw\l&%ﬁ[ﬂ running

HRATRA T Hrc B RS RS ne e siacesn

NCTTGCCGT WO ZeuBreessate cakippod riodusggepaing to their off-rate were
PFETCET CGIEA)SCIDMSERIDING:2Bteins (see above) diluted 1/20 in running buffer
&@AI}%JMA@QT&EE&' QI&@Q@I{E%%%%@GF%@MAQA'ATCTAATAA

CICTITC GG fa‘ Qag@'e%%rﬂ S0 Cogj n%'vgl gfrxx R mglet%rlen Ste ogrr(x)gd with size-
NNS triplets at posmons corresponding to residues 2

%@f&fb‘&%ﬁ“ﬁ%‘a@?&%%%@d%%@&ﬁgt@&}% emot a{ﬁ\ééoﬁodﬁ\é Inhibition
measespetivetye done as deFeritrd Histethmatithet plotEiAXdisplaypedeotation of binder of

sibpsendedireaecessiiarttiprtentaligands, e p@einnesdsiteaienfwsethe from
iadinken ot §€9%&9%9J H}*%lﬂﬁ&%@%ﬁ)&&d&'ﬁqw S%IP%% of tg%ﬁfe binding

congroteln TolA, encoded mﬁ{] e plastnid pRDV vector (Binz e

RUASPER SRS Bty i é??@dhﬁlf?%fé’éjfi‘bom Al el evaluation vas
GoosrABB e ASRARARBCTITTATATGGCCTCGGGGGCC) and tolAk

(SEQ ID No: 28icrocalorimetry
CCGCACACCAGTAAGGTGTGCGGTTTCAGTTGCCGCTTTCTTTCT)

(the latter encoding the 3'- flanking region necessary for ribosome

display). Finally the library was assembled with tolA linker by PCR

assembly using tolAlc and T7B (SEQ ID No: 25:
ATACGAAATTAATACGACTCACTATAGGGAGACCACAACGG) primers.

The final 15 assembly product corresponded to a library of Sac7d with all
tha B'- and - reninne nacraccaryv to ite r1ice for rihnenme dienlav celectinne
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20 biotinylation was performed by incubation of a 10 uM solution of DnakK,

GarA or PulD-N with a 20-fold molar excess of Sulfosuccini

midyl-6-(biotinamido) hexanoate (Sulfo-NHS-LCLC-Biotin, Pierce) in PBS
wonicgdaesh h. The biotinylated proteins were buffer-exchangadpigingoos3ss

protein desalting spin columns from Pierce equilibrated in TBS. The

degree of biotinylation was determined using the BABA assay (Sigma) as

from 2 to 3 molecules biotin 25 per protein molecule. Biotin Iated tar

proteins werdb&tiRHR ﬁ?ﬁ%ﬁﬂlﬁ@ﬁrﬁ’é‘?}f?a\yﬁﬁmﬁfm% g o féo{%hP(é)) DSC
cabnmgei@stmmmbmmésdﬂmmeméﬁ&am atlatoas sé mgmybinant wild-

@ﬁf&&%l&éﬁhﬁl‘e@r}%mwlm@sﬁ@ﬁ madificatnns: SBﬂﬁﬂymS&‘bl&"ﬁ@F(gH 5.6

ou e elut S -tr

gmgﬂ '& Wg g dr'!%l‘f&ﬁ J?\Yt%gi’go_lﬁﬁeﬁgg’ﬁg rﬁgdcapé\l'sahﬁg buffer

Presg ‘E‘fﬁa&%&%‘?ﬁuﬁ%‘%ﬂéﬂ’i SO BIRAHR (iSO REEh Ao the
cafoniracRC R h<8Smily With FEGAtiekee DN frleineith (Seesameayiorhgamples were
heGENE e il blepgthnibesems gisptayconstyst with.neiw!puiditeobmnation and

ev &a%oﬂqr%kmsf@%o@mM‘ém&ezBﬂﬁﬁxpétciw@sh@y@&%tdae&@%{%mn rate of

the extremities of MRNA du its ion. The number of R
! SciReapd 355 sy Ve 100 dyclee Dtind 2 MRS toliRacain te
OQQrHyE:AIéQf(mﬁ&P49t11¥k%lmdﬂfbvé9%)el§@Y&ﬁﬁthppé% Qurgs, The excess heat

cafiRigafndiising Mhkeals selectininas aescnibedc(itermiitws dbsl iRBOFIm the heat

cag&rlt'jh 'ﬁlﬁ&lggtﬁﬁb %Qflfgy Ir@fepé%'émlé%f D NaMas @Iglg@gt& thesieRPsske line
ti of the pool from roun mlxwase [1]11elf

oA oI LA Pl ALl A B e o 5y g fposion.

lezx@mxwec)(%g%\?& O B RIS BSOS B RP RERIB R RFFPRIE PR results

0200806868 FROTHBRED TI0N 4388, 19740 stlsaiginatiDhethectssriwny capacity curve
assOmBlexesn(MB.stiR-ridasome-binder) bound to biotinylated PulD-N were

capture with ?@ Hrl’é?\‘}véﬁsg?egﬁa aﬁ%@%@é'ﬁi&é&@%@%?@ms (Roche) 15 min

at 4C. Beads gq MRNAWas |sol%§&as fo flrst fOLg .

rounds. The ntfib&F BPRTEERE IS 2858 n‘glgf © pnmers
SeBledrfor{ SEfbgresSes éf sé}@&%@@@é@ﬁ@&é@%ﬂﬁ&ﬁ@ﬁﬁ&%ﬂm) and
S@rmeUR S SERIDAGR Qe TatSs Fakh GLind Tt AN AHEIYSIACTGEUEHCAC) and

Pﬂl%%ﬁ rﬁ@!@geg) Qllf?xr(‘)%ﬁce nI andAfeT four- Oc{nﬁv? I Qﬂﬂ@x%lt%lmctlve]y The

p gg te%%%d?esF%éA ?{mrf‘““é’é > flesgribed ( %‘A‘%\%{%t alvector
USII’] |rec coae I‘O eln |na aXISOI’ atea usin &

(Qingengivt S.‘k@léi i ﬁl?é@ﬁ%?’@é? ﬁ?ﬁt@??%éoc%ﬁetﬁf&‘%?ﬂg‘ﬁﬁ”ﬁﬁf Rocreening
oprakhitts friorspbetactedipeokdanereunfo pedbinsnisQEBaoeotoMgsinpeEamied using
D Hindll sestrichian sitesand e asulingligationsmwere. USedio positive clones

wté%nég%gﬁe% SoikRH ﬁ%téy%if@o% Hl?samsf&lmckz? gmm fs,tsh%smaom 3-indolyl-

inoculate a deep-well plate containing &}& um per w

PO T G URCES. e I AUHIEE B S E bl (LB

ngiddiking! &0 280 hrmpidiia, of B&ehwee fsniehisasidaiereplatbus ¢fad00 mi YT

msehiol dociateapicier deehpuedbiptatshoasitainiid 7153 3PC) Thiveduinof the tac

%%gt&%%k@sldﬁwﬂﬂwﬁ W@Hthﬁr\@Iﬁi@mﬁe&g‘@bmu@]@:ﬁ%ﬁ&mw@m

with shaki ressi sin i addition.o
B B A Il SO A S S A o0 o G i 40

ofERE ﬁeﬁ%fe(aq/mMéf ssritdupich se912280g) ariend Frﬁ‘ataﬁtglg/ml lysozyme).

Tdis taradgchi Pshteln s wearefextiad tedincithahionpo Biig Busstars{diofag®nhijpest 4°C with

Mlkwgﬁaﬁbék@&laée%ggﬁgréoﬁﬁké‘a{d\%@%&fﬁﬁﬂ;éé%ﬁlﬁﬁﬁﬁ%ﬁﬁﬁzﬂ(@@g at 4°C
J\/I Tris- al;la(% \%{go vf %g"fl' Eg?dedmgrggrggbrls w reapellgt% Wlth

RCERHR ifugation sf:ep g §f&n (enzyme |Pﬁ<ed Immunosorbent

assay) screenigS 0 UL SFEREH SEpRrRAtaR pSedrto test the

binding on targét mmmémsewatecblm@m Mé&(}tﬁxpfblatdl Fheindiddtiondvas, 37°C)

PekfRrnedustagihie RGo? s antrdyd iR Benenjdgate{Liagealdhahs resuspended

detects only the RGS-(His)6-tag from 25 binders and not the (His)6-tag

from target proteins and BM-Blue substrate from Roche. All incubation

steps were carried-out in TBS pH 7.4 with 0.1% Tween 20. Positive clones

were sequenced by standard sequencing techniques. Protein production

for screening by SPR (surface plasmon resonance) To perform the

screening of binders based on their time of dissociation from 30 PulD-N,
clonece ware evnreacead in a B ml eeale crilfrire (E ecolt DHEBEA otrain Eive
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16 equilibrated with TBS pH 7.4 containing 20 mM imidazole Resin was
washed 4 times with the loading buffer and purified proteins were eluted
with 400 pl TBS pH 7.4 and 250 mM irnmidazole. Protein production and
i binders and wild-type Sac7d 5 For Biacore and
%?@Fggn%try experiments, the binders were expressed ih DHfEALTR04388
coil strain in a 1 liter scale and purified gg described below. Fifty milliliters
of an overnight preculture (LB medium, 100 pg/m1 ampicilin, 1% glucose,
3NGY Ve useddghinactdate] LuliRercolinge . (2UT] ARG cghmed arrgigiltBmperature for

zl?g% %@fjg{gengfgn'%ﬁ% %6%00%@ b%@?%%%ﬁé%@;ulgh debris. The
Were! %grrg/es e nyucsz%n rragation 5%0 ISper end(lg c]1x %09 MFPT %é” 81 Propaed with
eeel%eﬁtaﬂ%wgezé PHRﬁ‘iﬁ*ﬁ?%ﬁ&Ia%le V@éﬂl@%@ﬁwé& RHEHISH MQancorrespondmg
fEmulsifiexthdnfogePidbrandoell dbbrispiwerecdiscatetednwiBDS gel. After migration,
&emﬂtg@tzimr&ﬁewaomns wese urified a&a&m&ééimamaeéa@mond-c extra,
&%J% § %%Hé'%?lr S&r $%Pglil)r7 %%%“E %%mtﬂgw ”&'daﬁ(o‘eTBST 20 mM

‘was per orme |mrn| azole ro ein

Wersh ﬁéRﬁ%MpTdﬁ‘ﬁbdﬂéﬁ Sizble &&W%hz@r)rrgﬁfa%a@w Sfalksipaged with

FHuDB/ Bk fitrateiasslamniCE dsikAchre) eyuilidiatdd wilh f4BSpMith gentle

gg@a(ﬁ& thehI E;%}Sméflﬁ)emﬁéxhlﬁﬁié, Aealyticakgsl Hitnatienivere ganen@nsubstrate
&gﬁ 's'l%@!%b@%{ﬁ) B‘i%ﬁg)eliﬁﬂp(? FHeX P03 BUAR: lw %M Trls HCl

b I\\/’IV H.7. Qk 0 ul/min, 50 pl sample injected). BPTI (

E%l onuc ease K%ﬁ%é a) Chymotr smogen A (20 3 IcDa)

Ovalbumln 20(485EH A AR Sredil 5 el

weight gel filtrafiba mmm@m%&mmmmrmwmm sites into a

SR 0vasiveamsed vsing BB dnRindQaRipsiumentat 22Ca ﬁtgaﬂxl«%@&ng for a

AU R A ERRI P PSR O YISO 1S SR AT DA Ncer-

oW ensities_of immobilized biotinyl
o R ot s

QbGWaﬁltf‘SO@S R’@f%%ﬂ%&fb@b’dﬁlhb‘}, wspisaetigely. The running buffer was
FIBST pH 7.0 (EQpmbdibiERd SyutilRanon biaGihderO588 Tweaen 2ye done under the
Jhe: SeHReing A6 thedas KIGHle bingders.aa00rdinghte ﬁggngmé%I?c%%to graphy

er;ormed using micro IMAC purlfled proteins (see above) diluted 1/20 in
FUR ing buffer 30prior injections for klnet|cs measurements at a flow rate
of 60 ul/min. lsolationof teembran ons ard, Interaction studies with the 40-eGFP
ehereepderformed with size-exclusion purlfled proteins |njected at
concentration rangisrg fram straivd ©AFQ wﬂvtdmmbutcuﬂ MEASYIL RSHS IMBEEplasmids

g@@ﬁxﬁfﬁﬁ B‘?d QQoSt %@a}%ﬁba 5)(@{]§\;‘0qpcee%ttrltaglrolrrm] @lolindgr °£1asm; i
ol e e e

oncen ratl(gﬁ ran rom g%eb
Thertaiheast (rsig ﬁs@ﬂj‘r‘éﬁﬁ P & DifdiA G HIeasBlIAS za@ﬁérfﬁmem &yl in LB
plotiech v@risils tH8 %) neantistig pirPribd\anbbistievaldation miasgotibin, 25 pg/ml

Hﬁl@%gi@ﬁ‘é@i %fg‘(v@@ev(@l'%%@is“ée%ﬁgﬁlqrﬂ@%é%% fractions were isolated by
118Lf(\)168t16(§17§l§' 07/0% ?@ L Cro%,ta}i: qgé?gstf; T n?ﬂ%n of the cells and

per ormed w orim

alorim
\éf’dyb‘fé?? iSadry e’ ed aia%é%jn‘é&abk b RIER R RAB L.
W|Id -type and vadliglieten® guatdiesre! dialyzedborer might @t W@ eaigaisteBfor 1 hour at

RVhMESpbrafiee @kh&@&@& ivhBlpéelficdroseicsRmplas prekenthenedibutedugation
#080Rg! &rleot%sq m ERAALGN, &%Sas% Wneer vagt ﬁl P gain and

0 min tle stlrrln r|o to oa Ing into the calorimeter’ce
RN NAT Vé%faﬁgﬁé@%ﬂ il élﬁ W‘EF?‘&PF RSB RIS ‘@éﬁfﬁ@éﬁ%r‘%‘/ SDS-PAGE
el irmeiariddent cotrorehtxteriak pletstira of281psioeaVdidibubblerotein was
fosrmaiind anthevapaation withcGERQCineguliniaier’dsor 25 min at 25C,
heated at a constant heating rate of 1 deg./min, and the data collected
with a 16 sec filter. Data analysis was made with the 10 Origin7TM
software (Plotnikov et al., 1997) provided by the manufacturer. The
excess heat capacity function (Cp,excess) was obtained after subtraction
of two base lines from the heat capacity function, the buffer reference
thennogram and the calculated chemical base line calculated after

normalizing to concentration from the progress of the unfolding transition.
Thaearmodvnamic narametare nf the 1infoldina trancitinne of each Nnroteain
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Construction of alkaline phosphatase fusions The genes

encoding binders were PCR amplified with the primers SCPhoAF (SEQ ID
No: 26: ATTAATGGTACCGGATCCGTGAAGGTGAAATTC) and 20
SCPhoAR (SEQ ID No: 27: ATAATTGAGCTCTAAGC I

¥PRIREREE CTCCGCAC) and Phusion polymerase to introBtEEBRYHOAHES
Sad at 5'- and 3'- extremities, respectiely. The PCR products were
digested with Kpnl and Sad and cloned into pQ1JANTagen vector

(Qbiogene) Tk kel hestigiase. A HSRskin .G dsiminus of

the binder. Screening of alkaline %p ag%e clon I dlal Jed acainst a
periplasmic ex§ % ;égf) 1 srnpg 2 éoa’fi corfstra Rand e
Orﬁsﬁu@qréﬁsafrohrf@ﬁé ﬁ%rﬁﬁa@éré/t M%@Darnsmw il otlanegivBiérap NHS-
astivaedetiPnchBrplat@Se(kof) tRidndcanppicibusiy Pighndd with 6 ml of 1 mM HCL
t%&@ﬂt?ﬁ&%@%@éd%QMH&@%HJ&@J'?}J%M@&ﬁéﬁﬁ@@%@%%&‘g%ﬁ&i%l/umn and

illiters of an overn recultu iu

arrg ?’@Tnﬁg ?ﬁ’d Was %,OI ocgfateﬁa(ga%/{n {@%MA OF u’nqH 8.3) and
olbwp@qmeamptar.map@ dtﬁo‘té%szWSHB%‘pﬁétéOBﬂ 7eglpgmremarcﬁehxmn was

eghthierdtd 30ithrarBStgHvie doheMithrad diio mdd ONBE)MuIP T@svtredy to use for
FREOQvAS about 0. 7 and the growth was continued for 4 h at 30C. Cells

were pelleted a%%agng%{gsssg§ QJ%H%TQLQIQAB@z% T&'l:'sgglfxfletrransformed

(30 mM Tris-H sucrose

ng%ﬂ?f“tﬂg%‘z’%% 6 s e B gt precuture
(EBspeadiion 02 mih ampclinith Gegltiecag)italisn. we deptigavigpsulate 11 culture

distarced.pytentiiogatiarfoy. Ikpaessiain? 080 Gndwd Git3681RE = 1.0 by addition of
syRamasaeis e fliered huaha Q42 w%@%@r'%a@m@atvmd by
-20C Western Iots us Ika ra%hlogg §% LE th ml

centrlfu e 3\78 V\)rﬁg?d \th an Avestin

overni Ure8 E> con strain (EB medium

Tovphe rbrtl%eg@ﬁmsaé@nﬁqthgéa% ware@b%ﬂgdeﬁhév%rrapér@ﬁtrsgﬂon step. One
weBiispendid HAIDOR ORIS/O@8HI8 7Ll 3420015604 388ths INHSwldiB S (idmobilized

&ug?%u&t%rmg iRl JBerzanasa) Noalkhesis oprsteiad \aér@%ﬁ@drw;aw@ 40 ml of
for an nsi entri ¢ t .
e U ﬁr éméns IRP&AS G YA EEAH éﬁg?\ ‘Bﬁi%%g% léOrH'xf\]/I %}ycme buffer

remove ce esu ernatant was t rse drlu jon
it OISR e B EBAF AR Cor B Egrfase ractions on a

Shpariatant and a variable quantity of purified PulD-N corresponding 5
from 0.4 ng to 4Q0 WesRulBidtimben 5 pl samples were loaded on a SDS

gioAfter ggrageag%@%%tt%?mm?%ﬂgm:n %g@ btqé%gtmé (Guilvout et
| u

reralboss DR UCHIS, TR PR et v pus
AL SBaviarea el pRP7S, W@/@W&*&qﬁi@ff% Mrenberagienpissresuspended

tihdntinedibat®@dnivit T Soldble piefirmasplicrexgrdetohitrorermdidut e ntbof hinprotease
BB komdedoick ttmr@tba%ntlﬁxa&ra&tatmn&ﬁt%wammgttls}@cre@rra)bmpAGE and

ete tro sd ne ipitating. su rat T(p OJW !
sru sf:rra%e I%rt 08%?8%5 ute |rt8 {r:t;lctérg(\)&r?rbu E%%( rs H (P 995’il periplasmic
ré%aa%s rarrar@ag

NAIRREEY) sxrrﬁeavrg‘c:t'zanmﬁéﬁ%o%
ﬁ’boﬁeswrﬂqmiteirl)yfu@mimsifEh@meé’mwmgbmabmréa@m@almhsecondm
BambilcanddHingllisieseiatar. 15 pQE30 derived plasmid (pFP3000)

containing the gc‘eegge{%r eGFP and a region encoding for a flexible peptidic
linker KLGSAGSAAGSGEF (SEQ ID No: 32). This resulted in

N-terbinder-linkeFuE EAEA2 e TEHARS With! SUREISTE] Hithibe empty vector
N-tevithirlesTiHe seepderecdsdf idividbanelanebronsferchatikedioyDNA in medium
%@ﬁuﬁn@gng 4% maltose ExPIgSSIOND ARl PRlstification okhisdenG b fusiens system,

e L IR CIR St el v
TSRS A 0B LRt T dCHECEb CHTTET £ Qb RSS! of cnzyme

strains PAP105 (Guilvout et al., 1999) carrying the plasmids
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25 pCHAP3671(pulD) and pCHAP580 (pulS) (Guilvout et al., 1999) or
plasmids pCHAP3711(pulD-CS) (Guilvout et al., 2006) and pCHAP580

were used for the isolation of the membrane vesicles. Cultures were
Fevinsiagsponentially phase (0D630: 0.9-1.1) in LB mediugy-gMilssh /004385
1992) containing appropriate antibiotics (100 pg/m1 amp|C|II|n 25 tig/m1
chloramphenicol) at 30C with vigorousZleration. The membrane fractions

were isolated by 30centrifugation (180,000 x g for 30 min) after French
aptiegs desicttagiativmotsf telscetim paredredibsdiviedeiacTdsiB0lysnd peily §00%). Cell
eNalelsIH@ b akadfinad 6pneantratitab4ht 'Aalviics against Miffer@hPhoA.
quantities of the membjang. vesicleswars IReUbpled forl,Baur At }E%:Q} (plasmid-

temperature with 70 pmol of the purified 40-eGFP fusio
BR800 LA 20 FTHT Ve BETERET0E S WEBHLAH tponcie Pt

sganradiffericdanipifiigattiggailsHrida5résublgdhaert infthe sarrensoRipgeplasmids.

Thhe rateinaninptacticamrpleweresefanaie dbyisD SHRAGHAPB 1 (dEnfert et al.,

ltég'ﬂ)sﬁﬁ%e@x@@BQ@&%Q%H%@%%%@W%&%@QFPF@ﬁ‘%‘l@l’éﬁg FErrf;Uﬁ'%) Pullulanase
rotelnc\)évé]afs ger or%;g m8 unolg){%%gq W|th rimar enof ies. vzed as
5198 d %%9 gﬁ d710 3R?fann}y chro atograp V‘(1y usin

Ipaisonitzeuvubag ardisten by IPTG.  seventeen milligrams of IMAC

Resulisd clone 6 was dialyzed against a 0.2 Ni carbonate buffer pll 8.3 (0.5

M NacCl) and waginisietedyesignlofmht liksapdNEtaiastivatas B cakmy

(General Elecuf%R{%YIQHﬁbélﬂ‘s‘t%?eglywme@t@tﬂf tﬁ@%&s‘%llﬁ to use Sac7d as a

Immobilization occurred at room nqbger ture for Omln ter

AP ERY I A B8 A AR Gro S ation of
the etfierislahinding0asen Nailc1mptgEpankecRiigcataté toss NE oL giq parent
Su3)dfprad@mmin at room temperature, the column was equilibrated with

TBS pH 8.0 (Z%W%Tfﬂ§ee5@&m4§t$AX@%@&%\A@%Q@@&WAA@@nﬁgkxes are known

urlflc tion, 1 | elnw u |ng 2 3
@} %a?ls Or(l)n%elédeEvclitlﬁpt e prfasr?"l S‘%@ §g aatlnljé(%g @E%%) T;:tn‘%1 by 1995;
I?ﬁ?ﬁ?F‘l‘@@bﬂarﬂ%%rﬁ@’hWﬁféEﬁﬂuré 8B$Heeﬂlﬁlm ole) fL@ﬁWﬁ BIEAM T‘?’to these
glucose, BrG)viare afsed 1o tinodudater dov e QR LRIANPIVKO® fgtdang surface area that
angieline3dRIbXpragsiomwasdngdyredtat ONS00s NdayradstigionsofcknPosed of
£¥H@4&?I§u@£‘§féﬁ'ﬂ"§iﬁ£’?ﬁl'2%%%6‘;9942(/#‘ Re%§%%:@5§3'ip"ﬁi3cﬁﬂ§ T40, R42,
@%{ élgé%gs( urré3 I@ With ms/g\e/ceé |nolgrqﬁuIS| ex homo é’r\ﬁ%g;t ltds t‘gﬂed and that
aé@ﬂ@m@ﬁeta&éa@éwmﬂqra%%ﬁrmaﬁalt&mhst%&ﬁweyr%e(fgﬁiniﬁ%rfé%d\é{%aﬁf% K8,
dfaisS30JUlHR, fRACti oty injentediontiiee didSidlyniat (RirhoblizeW?24, 133, K39,
@atu mz@t Refipvesale of 133, miimin, Nenispecticiraiemnswese.washinda quarter of

\{yétnhzé Qf @a(%fg d%n(%/l pe"aﬁt%r ?zﬁ’dﬁ'(? &l WRR el\%ﬁ(% Ql a&”?r%gé(%esxdues are

p using a ycine Cl). Pur

mﬂ%la’ee%falfé%ﬁmgr@ﬁ%&éanﬂy%amﬁéeﬁ%ﬁeﬁ&%&M 8 *B%Saave&%ﬁ of Sac7d
Wekstémdpiotaing for the foldiggitad riverplobaiie s bE mudHAR208d- [Py fyst step, the
(pehtAR 3@ Le(Cyiaiidrt B 8 k99X or fRiDHE (g EhARS {dikn( 6 Gitw@Uthese two

S TO L0 S S o
\F% 118 Iqlétlgeﬁﬁr?tlgn LATICS liyo g one-ste ?E‘fi (5) dﬁ] Scrl irot\ﬁ wou rfd have been

|n|ng Y0 SUCrose an

proeasdc bt FefebIODE RS URIMD I EHtRIEBES Firlaﬁ%lé)gexﬁaev@é%@w) [t was also
sukyjelated ttatSRSHIAGE afithtransferredionfohnitiodelidosecshidetsitdtiatell with the

waisithenjecked andhingubatedowith %gtpkﬁm%gﬁrae&m@&k} bmdmg of their

extractg fstr rodu%n%g §ac7 P oA f<:h|m ras. ﬁAft r.washi g utgl £
3P PROAW cF lfe by anti I&SJILr &s Ahainst nA ‘horsera S% eSS region o

ﬁé‘FngéfégeY&ﬁﬁﬁeW%‘éc M%rﬁ?ﬂoa%s Ré‘ﬁdpc‘h‘ler%‘f@mmescence

Secretion The StrainddmP 7233a(Hdrdiguét ahpt 486 uvasittms formgdihus, the

with the e raptynaesian QEWih Rlasmids eN60dine1Sas 104 CRimErRS btained by a

Transfonnants were grown in medium 35 containing 0.4% maltose (to

induce production of pullulanase and its secretion system, including Pull))

and 1 mM IPTG to induce Sac7-PhoA production. Secretion levels were

measured as described in (d'Enfert et al., 1989) and are expressed as the

amount of enzyme
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WO 2008/068637PCT/1B2007/004388 20 activity detected in whole cells
compared with that detected in lysed cells (100%). Cell extracts were also
examined by immunoblotting with antibodies against PulD and PhoA.
woemBakgge the effects of the Sac7-PhoA chimeras at highetct/1B2007/004388
(plasmidencoded) levels of PulD productlon a zeocin resistance gene
was amplified with flanking Pstl 5 site§'and inserted into the unigue Psi'
site in the blaM gene of the corresponding plasmlds The recomblrlant

ongriePnRIRATESEN Hansioied ISP BB CREPYAT (Enpureaides (NS
scHE@8 aimtcltive elnvdlopelgotedsetideficldntosdais PADRS 198! el posjsipns were
en&;&dpdij|Wﬁ@&§%l§@0ﬂlﬁﬂ-Q‘Il(ﬁﬂ(iiek%\@éﬁt&fdﬁtﬂ@a(vvﬁ’ﬂl% witheQuWptiahis mutagenesis

str%tgatr?% &\%I)g] t%afsg Exa rﬁrﬁ %%341\(236? 13% E\l?? Wﬁ%@é%@&%%@gw'% orders

esult e 1: Design of the 1 rstl%enera ion librar

Of(‘l‘i’ﬁ?&l‘?i‘i)the exPe“mFH@WsTC&‘ﬁV@gI g‘t‘éeﬁsfg'r TVBLAAR (RES SS|gc1rfj ing to the
amgwet SAC LR s winbhffplodiot obrdiisirgrisiatichs t@%?i@ﬁéili?@b?f}(d@w&é‘ftb Jthe upper
esiasignoa liyanrhy randamizatno nf thexfietent@diading aedtyhildom clones

e e SRR NG e
TG GHRER 2P TO0E LU R VAT, SD00 ARSI, JAA I to be

aoe

aryied fd8eeFlance 905 ynatipan) <liwrsitoves rEBIALEH %aﬂafacmgné@% ibyary was
us2008)sEligitikensa). According to these structures, the binding of Sae7d to

minor groove pf Qe BVRINeSMBIN Syt aeRI 8B MR NBICches

remarkably( es an char with DNA TQ? Pd'ﬁglﬁ{ea('ﬁA both £
composed of smteerFresfélues%a(% §S K21 W24, V26 Kogt™ o

22,

Mysobpaserium dupradorisrnd 4be Astprig) thgiie ) P! %&ar’?néﬁg%ﬁ%’ﬁ grrioca)-
PuHis ivindingtarcacshioars tpattwmsttwis@e@nah@ethamtémﬁée@mmuw&w ionic
daaomelrBsone:ighiyerneawetkic e Wid4ssREH28a 281, 58ied PulD-

_IE% :Sr Ab%dé‘ﬁ) h%ﬂ@e%%g‘]?e Qﬁ%ﬁﬁﬁf‘t'ﬂl%y%é&@w&ggb%@%e@%& specific

esl 4z are th se two
and B égni\eﬁ%ﬁ?é%%r‘@?%i the S'steoqlsfé1 ac dé’l aégag]cated\f ?ﬁ{rnore these
Pﬂ@iﬁmﬁgr@fqﬂﬁmltﬁtnmmgwlawpofpfh%%%@ﬂ&%@ BepBsEgsRifieg these proteins
caldfacasalmassiveyrantionmn mutagenebissah? 594y oisthgibedy dngmofts (Ostermeier
ctRCT6bE C?)uld be dramatic for the folding and the stability of the mutants

obtained. In aé‘ﬁégt Pdtth%olgt\égntcms %e{:laqr%:i {Q.exclude K%ﬁ)ﬁ@gﬂlﬁg%lotmylated

from the mutag ene5| eme, since these two 30 residues ar

PRt %ﬁféfﬂ@lﬁélﬁ‘iﬂaﬁg%ﬁﬁa@é‘r w%e&%%&ww@m& it specifc
bihdsms foaslirthtegemerisionobbitprrésisyra thelstel ROR awicbenp8o of binding
obglew wauldtave hagn tmpassiRietdidedotesidoaskoranaps available for

Fhr imers anneapgg\(%%gtp Bl ol{ﬁi‘fﬁ%r@lﬁ&ﬁ’&?ﬂ@ﬁ@”@ﬁ}rtgﬁ 9&96!{1%%% PulD-
e cqne ide of the bin rea could match, we e sphe
N B R BRSSP ISAED T R R A Sy usine
BefHbinsh HaxiBsetiission. w&ﬁwwﬁmdm%mmw Fé%%é%df%}ﬁw E. coli
DHsvesriasidoesidothig cegianyved:Sacked(Kem YK 8istv4inv@ a2 de§3dell plate
cg%grnﬁx 21'%}14  Y46B mecﬁxumt be Q@m‘qmﬂ'ngéﬁr §§192tﬂll§ quite, shakbse). After
abau ase s cor nding.to r
09 B’é%{f‘uf gRBf &ﬁ&&)&ﬂ%&ﬁ s €0 %%eb?bp[’g n(il 3 Weq\/\538m this master plate
BO0BIGBEEP T BROFORIBEH P e CORipBESRL- TR sl s Eshg0 Heml
amphixtiinepef thekeTte génerate thligonubkeatiaey (NINE Schetheham 2derpm). The
&&ﬁ@%%g @HS%%G&%QIIJQE%%J mﬁ%el%@ Stiherrarns @Mlzﬁdmﬁmﬂsmr@r 4h with
Cco riplets that allow representa
R P e s
iy %%v%{ﬁﬁﬁfrmdowéréﬂs%ﬁ%ﬁfﬁiﬁmggﬂ am%mh shaking at
Hethipwetodiversity btodShoparyf FRed] ddctdindioliheddodi et HARCL) were

Agsanakly paslugtseditegeneraiehedpanse sie dsuiay) CRRSIUSHA thgeening, 100
upper estimate of the library was about 3.0 1012 variants. Sequencing of

forty random clones confirmed that the observed residue frequency was

similar to that predicted (data not shown). The percentage of correct

clones, without any frame shifts or deletions, was found to be 10around

50%. Hence, the "functional" diversity was considered satisfactory and the
library was
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used for selections. Example 2: Ribosome display selections using library

11 Three proteins were chosen as targets: DnaK, GarA (both

from Mycobacterium tuberculosis and the N-terminal domain of PulD (from
wehsigllgsexytoca). 15 PulD is an outer membrane protein thateaniRhPgs

maintained in solution without ionic detergents. Therefore, a soluble

monomeric fragment was used. This fedgment, named PulDN,

corresponds to the N-terminal region of PulD. These targets were chosen
nhetxash spresmtaRhdefsidAderseoihe Badisgrardoidd stidl Bnarated into a
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variants retained satisfactory biophysical properties. However, a more
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the average affinity of the anti PulD-N pool (figure 7). Such low affinity
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- could improve final affinities. These two new libraries (each o

30 two or three additional positions: 1(21 and K22 (library 13) or K21, K22
and T40 (library 14) that correspond to 1130 A2 and 1200 A2,
respectively. Another explanation could be that the concave binding area
§ &Nowpikssited to bind protein and, therefore, the use of a ] ér r surface

i??i/ﬁ04388

variants) were constructed the same way as library eleven. Sequencing of
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The binders accumulated in large amounts in the E co/i cytoplasm at 30C
after overnight growth and could be purified to homogeneity in one single
step [MAC with yields up to 200 mg from a one liter shake flask culture
wHausg®@ke3he proteins ran on a 15% acrylamide SDS-PAGE-g8}-a351h643ss
position expected for their calculated molecular masses. 5Purified binders
could be concentrated up to 60 mg/mPi a standard TBS buffer with no
sign of precipitation and remained soluble over several months at 4C.
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sé)ptgﬁﬁﬁssﬁ pei33 hadithe highest affigiiessisDpediBd piY! P90 Adording to

ana a%lescn d}—srs]gc?a o%CI Ion kﬂ%“&z%}{ggr&ﬁl‘gﬁ'@'lﬁg@%g@%ﬂ” Q@gg%érlg’):hosen for
A fonic strength conditions ;P]glcatlng that these
d2§‘éf§‘s6f§}3’t%ﬂ§t9¥?@f8 geé éBﬁB’éiﬁ?l‘é%\ﬁS}t%%ﬁ%‘fégc}) (ds not shown). ICD

values of thesélticss Hinderonserd caafimied! Kigofe MobVartd famsrapuified by gel
fuaapatition-se Ranalysieid\jearetadl at1996)eA conteolrexperiménmalyzed with a

gﬁ(?%g’rg%léﬁ?teﬁ}f@iggﬂgoa%ﬁaﬁ;%gn%t%haﬁe ﬁngmmtmed?awaef%@mfdmge in the
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associations were not electrostatically assisted (data not shown). Kp values of these five
binders were confirmed (figure 10b and table 3) by competition SPR analysis (Nieba et al,,
1996). A control experiment showed that no binding occurred when testing wild type Sac7d
for binding to immobilized PulD-N, indicating that the binding property observed for the
selected clones was the result of a newly introduced function and not the result of a pre-
existing affinity of Sac7d for PulD-N.

Clone | keou [M's™ Kostfs™'] Kp [nM]* Kp [DM]° % acitivity®
6 1.9 107 25107 0.13 0.14 +0.03 90-100
33 1.7 10’ 32107 0.19 0.17 £0.03 90-100
39 1.7 107 8.610° 0.52 1.1£02 90-100
40 2.3 107 1.4107 0.60 09+02 90-100
|4l 2.0 107 1.2 107 0.61 1.1:£0.1 90-100

Table 3: Summary of dissociation constant determmatlons by surface plasmon resonance.
8 Kp values obtained from kinetic analysxs : Kp values obtained from competition SPR
experiments‘ ¢: from competition SPR experiment analysis.
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The sequences analysis of these binders revealed different situations (figure
8). The randomized positions in clone 6 and 33 were different, despite the fact that their
respective Kp values were in the same range (130-140 pM). In contrast, clone 40 had 11/14
randomized residues in common with those of the clone 41 and had similar Kp values (=
1 nM). Clone 39 shared 10/14 randomized residues with clone 6 but had a 7-fold lower
affinity. Interestingly, clone 39 was found to be truncated by 4 residues at its C-terminal end

but remained able to bind PulD-N. This is not surprising, as several truncated forms of Sac7d
also exist (McAfee et al., 1995).

5.3. Stability of PulD-N binders

Sac7d is a hyperthemostable protein that unfolds with a 7i, of 91°C at pH 7.0, the
thermal stability of the protein decreasing at lower pHs (McCrary et al., 1996). The thermal
stabilities of clones 6, 33 and 40 were compared to that of wild type Sac7d by differential
scanning calorimetry. In order to insure complete unfolding of the proteins below the high
temperature limit of the DSC (125°C), a pH of 5.6 was used for all scans. The clones were
found thermostable with denaturation temperatures between 68°C and 83°C (figure 11 and
table 4). Clone 40 was remarkably stable with a T, value lower than that of wild-type
(89.7°C) by only 5.8°C, followed by clone 33 (AT, = -10.5°C), the least stable clone being
clone 6 (AT}, = -22.0°C). However, T, of clone 6 still remains 8°C above the mean Ty, value
of proteins of the Protein Data Bank (Freire, 2001). DSC scans were characteristic of
cooperative unfolding indicating that, although with a high mutation load (up to 14 residues
mutated, i.e. 21% of Sac7d mutated), Sac7d variants were able to adopt a fo}ded structure as
for the wild-type. The calorimetric enthalpy (the heat change per mole, AH.,,) was lower with
respect to wild-type (42.5 kcal.mol™) by only 5.8 and 4.8 kcal.mol-1 for clone 40 and clone
33, respectively (table 4). Furthermore, for both clone 40 and clone 33, f, the ratio value of
the van’t Hoff enthalpy (the heat change per cooperative unfolding unit) to the calorimetric
enthalpy was close to one, and close to the S value of wild-type Sac7d. This observation
strongly indicated that unfolding of clone 40 and clone 33 corresponded to that of the folded
protein monomer (table 4). Clone 6 presented a lower calorimetric enthalpy with respect to
wild type (by 18.10 kcal.mol™) and a higher f ratio (table 4). These observations may be
related to the partial unfolding of clone 6 protein at acidic pHs where the protein is less stable
(T}, of clone 6 is 8°C higher at pH 7; data not shown). Taken together, these observations

show that clones 6, 33 and 40 retained to a large extent the favorable thermal stability of the

wild type protein.
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1.210.20.61 1.1 0.1 90-100 "fable 3: Summary of dissociation constant
determinations by surface plasmon resonance. a: Kr) values obtained
from kinetic analysis. h: KD values obtained from competition SPR
[ . ¢: from competition SPR experiment analysis, WO
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iscriminate among thousands o pro?ems ang were therefore highly specific.

To evaluate specificity further, binder 6 was covalently immobilized via an
amine coupling reaction on a one milliliter NHS-agarose activated column. The soluble
fraction of an E. coli crude extract corresponding to 40 ml of a culture producing PulD-N was
then injected onto the column. Fractions were collected during loading, washing and elution
(acid pH jump) steps. The SDS-PAGE analysis of these fractions showed that the column was
able to trap the PulD-N present in the crude extract and that this was done with high
specificity, since the only visible band on the stained SDS-PAGE gel corresponded to PulD-N
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r- Trn rCia MLA [kcal.mol 1 Avli Ikcal.mol 6 67.7 24.4 46.3 - Cr, C-1re)
re) 33 79.2 37.7 45.2 40 83.9 36.7 47.7 Sac7d wt 89.7
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(figure 12b). Thus, the ability of the binders to discriminate PulD-N from thousands of
proteins was again confirmed.

Example 6: binding of PulD-N binders to dodecameric PulD

Next, the inventors investigated if the three selected Sac7d derivatives with
the highest affinities for PulD-N (binders 6, 33 and 40) were able to recognize the full-length
PulD protein integrated in to the E. coli outer membrane. Full-length PulD forms dodecamers
in the membrane (while PulD-N is monomeric) (Chami et al., 2005) and it could not be
excluded that the epitope recognized by each of those binders affected by mutlimerization of
PulD, thus preventing their binding to native PulD. When increasing amounts of PulD-
containing membranes from E. coli PAP105 (pCHAP3671 pCHAP580) were mixed with
saturating amounts of GFP-tagged binders 40 or 33, the amount of binder remaining in the
pellets after centrifugation was correspondingly increased (Fig. 13A). The GFP-tagged
binders were not sedimented with membranes from PAP105 (pCHAP3711 pCHAPS580)
containing a PulD variant lacking the N-domain (Guilvout et al., 2006) (Fig. 13A). Thus,
binding of these GFP-binder chimeras to membranes is PulD-N-specific, and they bind to the
native, dodecameric secretin complex despite the presence of the GFP tag. The binder 6
bound only very weakly to membranes containing PulD (data not shown).

A far-Western immunoblot was used to validate binding of the Sac7d
derivatives to PulD dodecamers. All three Sac7*- PhoA chimeras bound specifically to both
monomeric and dodecameric PulD but not to PulD-CS (Fig. 13B). Although these three
chimeras bound equally well to phenol-dissociated (monomeric; see (Hardie et al., 1996))
PulD (data not shown), they consistently exhibited different apparent affinities for
dodecameric PulD, ranging from high (binder 40), to low (binder 6).

Example 7: PulD-N binders inhibit pullulanase secretion and prevent
PulD multimerization

Sac7*-PhoA chimeras, in which Sac7d or its derivatives are sandwiched
between the PhoA signal peptide and the catalytic part of PhoA, were efficiently exported to
the periplasm, as monitored by the high PhoA activity and release upon periplasmic shock.
Plasmids encoding the Sac7*-PhoA chimeras were transformed into E. coli strain PAP7232,
in which the pu/ genes are integrated into the chromosome. All three chimeras were produced
in similar amounts after IPTG induction and inhibited pullulanase secretion completely,
whereas exported Sac7d-PhoA was without effect. Furthermore, neither PulD dodecamers nor
monomers were detected in strains producing any of the Sac7*-PhoA chimeras (data not
shown). To obtain more-precise information on these phenomena and to study the fate of
PulD in strains producing the chimeras, they were produced in envelope protease-deficient
strain PAP5198 carrying pCHAP231 (to increase T2SS production; see Guilvout ef al., 2006).
IPTG-induced levels of Sac7*-PhoA production inhibited pullulanase secretion by >90%

(Fig. 14A). Dodecameric PulD was much less abundant, and PulD monomers were
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42.555.2 Table 4: Thermal unfolding parameters for wt and varia its

Sac7d a: T. is +0.1C; b: AHcai is +0.3 kcal.moli, &Hot is +0,5 kcal.mo1-1;

# = AIL,WAHCcal 5.4. Specificity of PulD-N binders 5How specific are these
wordbhinders, and can they be used for biotechnological applic % gl(%gg

which specificity is crucial ? To answer these questions, ers

6, 33 and 40 were fused to the N-terntigus of E. coil alkaline phosphatase

(PhoA). The chimeras (Sac7*-PhoA) were produced as periplasmic
cprefeingiigistrainddbibdausing pQUA RiEadén)vetoire nogdibyg witb Rholfimeras or
wﬁig@%ﬂ@m@mi%m-ghﬁrﬁhﬁé‘%ﬁtstﬁ\é%&m& @f&r@%&eﬁdmmhﬁrﬁaﬂm@ﬁ%d cause

P@éosmo&géh e S%éounz)r flérrxl\% ea “tyo%sa%gy egi }III%LI&isjAlt\év IT\Qer UIg‘?)tla}!né)J with

A-coated w usions e e quantifie romogenic

R RER RS Tate- CIBRth S 4B PO AT RNA (AR Htnese seoretion
SO randA i wigitialcoizer trackeruesh dvias &ﬂg%é@v%bfbrvsms thresent at uninduced
leGBigTeIas! fagio signal/background > 10). This showed that the chimeras

were 1) exporigd ipdia perielas AAkaatlh ARl e AR i Raedifcaly

PulD-N and 3 E % E%Izraz Jve Hglrl‘sce th ese fus% a PI s ih

a single step i 1re%rgve was use eVallate f”i?wé%ec‘ 1c for other
tafigsioy arnabie saneidesinmteae ahacruibrherprbtein in a complex mixture of

proteins, suchSagiian keeotAciuberekyract pretdiseddbant dsplayeksction on the
faﬁ@aﬁl@tﬁg&émm@mt% @hmﬁ)em‘lmﬂalb@}n@@mm RUHIE€8A (12 kDa) and

S an th ruge W.

lﬁf’zﬁotegf 5%_5 asmc ?alr%ounts %Bﬂﬁ § dﬁIDCWweg(\e aédegggn gi%cess was
R ekt BIHTABE A1) AR HRroENETobe FEHbIRe apI0-fgiection
cyvées.debédtadodittt thethimerdrorhorbehilrretagdnippesencdaptsiiearked as “+7). This
s esiRitatinheREPOGE Pin SUbsitale IONBIT G B iasaspesintsas das as the targets
tekieg3 NG (figure 12a) without cross- reactivity This supported the double

functionality ofIfu S obsglrvgd wit (flglure 25 JfZ%} etection
B{l tRl cva u CESS O Ei sefec 1011 process, a
of low amounts of PGD:R was dofé’w ar h| er-amoun

C@mefg%%t?@ﬁraféww'%k&%ﬁw%ﬁsﬂ@tfﬁgﬂ%f%é%ﬁaé@%%si various
1Nl 6y wenecatrhei tosdiSoernidibite dealiD- sham dng tthou samdsked protdinsnt for anti-
P&HQ wetelihsraterediiahty BResifiGelections whkgegyalupte:sResificity BHaheLA, the
r?s'&?'se&.i%%’Xéﬁl&"’?‘(ﬁ‘é%&%éﬂ%%@'HS 34 's%t%'& W?oﬁ?&%léﬁgﬁ %@Fé'%‘ P that the

onem a.ro |Vate C Umn e SOolu aCtIO
Aerag BRI AU O B Ko Bt oSO TIPS B eRder of 1

touisniien injected onto the column Fractions were collected during
loading, washiigeandi eistioym(@cidipPkjinp)istepGathesG88eR AGHs used in cycle
}@@%lm&%;&%a fragtians m@wggmmm&pw a%g@éwaxt@ﬁrm@uxtures and
u51 {%na 304N the cnide e rac‘é‘%?nthc%%h'se%"a% gone sl QEW% or 4 hours at
éCl%aCI Y, SI tﬁepomﬁ/ visible E) gt he stain 5 élBré F

%ﬁegb%ﬁa@astgﬁmﬁ%n\ﬁz@l@ddﬁ%%ﬁﬁémh@zeewm es for each of
tigureei2b)thibug) the BbilitfoofGhe\birdenstterdisorigmgate Paiifidinfromportion of
fhatsandsefpietainswer RuaiBceanlinmed. ELISA method. A particular clone binding
GarA was isolated and sequenced. Figure 19 shows the alignment of this binder’s sequence
(GSVKVKFLYLGEEKEVDTSKIWFVMRAGKHVYFQYDDNGKYGIGWVREKDAPKEL
LDMLARAEREKKIL, SEQ ID No: 47) with Sac7d.

As regards PknG, a significant proportion of clones appear to bind to BSA,
which suggests that an additional selection cycle is required in order to eliminate them. Anti-
PulDN1 and anti-NGF screenings are carried out.

The positive anti-lysozyme clones were screened and classed by Biacore for
the best anticipated affinities (long complex dissociation time (ko)), by preparing 96-well
microcultures. The 24 best clones selected were then sequenced (Figure 18). A preferential
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Example 6: binding of PulD-N binders to dodecameric PulD Next, the
inventors investigated if the three selected Sac7d derivatives with 5 the
%ng%&f#&gég ies for PulD-N (binders 6, 33 and 40) were able to recognize
Ieng PulD protein integrated in to the E. co/i outer rifeFABraH@004388
Full-length PulD forms dodecamers in e membrane (while PulD-N is
monomeric) (Chami et al., 2005) and it could not be excluded that the

sERItARE, kacRABIZRd @Mf@aﬁy‘s of {hagenbindersaffeciech by il erzatonAf several
tl%"élp(a Bl% @é vencp 690 helr |nd|n to nq;uvgll%éjrle[%tw FF ﬁfa&g%e amino acid),

amounts, o on alnln mem rom

Thseerppagal ﬁtﬂ@%éam@ ﬁl&%%ﬁ%é}fﬁr@mﬁﬁhﬁﬁ@unts of

GFP-tagged bifdeescithesr 3difierannergueoddsifter Bndirsingdratidelys H8) were
peelletsiafier. confriugaitobnvas eeriasp 8N Aol Nl eRGE (5 H#R30Mh Rolecular
sfé&ePfﬁgg,?Qan%@ﬁrM?J g}%@&%@% Gl 1%@@@?6&%3 f f&)@hﬁg\%ﬁ’ 10Pcunure

% 1 ,}é %H contajnin u D variant facking th

e AT W RGO REE L e éacfsemo*?ﬁgwm@ge BB Curent
@Wﬂrﬁéf@@’ﬁcﬂﬁﬁ%m@mﬁm@fmmmeNhg@e@n@f AAoh ey Winndtd e hayive33, Lys_H4
adodgsaieriessatiaiincomplex despite the presence of the GFP tag. The

binder 6 boundrguly;yeLy g}{gqg%{%@em@ﬁ@ge@?glﬁ@nmP Da@gat%{koh ) are

A far-Western i mmuno lot was sed to'vali
OF%ViP%‘aeé%C TRCTOES 1 P LB OAR ] U8 S LS pemodabilis
phinifien BuiRirggacifically to both 20 monomeric and dodecameric PulD

but not to PulDF@Sclfigs 2BBincAlthonghhtheskdhices wiilmBeasehotirded by Biacore
aaquathisvedticapienoldissegaled fmanemeicyae e HRIGEBLA mdRO9BMcisely by
gk (data not shown), they consistently exhibited different apparent

affinities for dodecamerlc PulD, ranging from high (binder 40), to low

(binder 6).  Example B Selegtion %rgt?ﬂdo’%ﬂfé?gfﬁwﬁrsﬁlﬁalltﬂahd%nan IgG Fe
fsegmemdn and prevent 25 PulD multimerization Sae7*-PhoA

chimeras, in whichs&ae7sh ey its Betyatives are sandwiched between the

PhoA S'gna' p%t%l%dxw pat %}ﬁeﬂ@rwb% Yéﬁ%? H5cigDtY, Pio-Rad was

B e R S B Bl he degree of
éﬁﬁ%?&g%é?&?&ﬁ%‘i’dﬁn%ﬁﬁﬁé\ ES%}.%W@%@%@@@WW@Wper protein
mulkgene Baraniyittetalied wato boerchrtoniosorhgizAdl threeachiimesasswgnavidin in a

NIEQGHOEE 1 e STRNRY) %ﬂwm&&@%%?ﬁﬂésmy%gﬁaé%l@ Bi6Shed at 4°C using the
19)‘1’!\@%@9%&51?85?%9&8({0 gstgrlx)é irl%&}SPe ortltlan S gfc SG?G(JFEII?)DAX\VSI‘C performed to

e(gect Furthermore, neither ecamers nor mono

‘Wl?té %81 el FHSHAHR HHOHERRY SR Brinusehaberpriyal v inme rasndidearound to
FYotdsHARtHLIT dioBestn more-precise information on these phenomena and

to study the fate DiRa/RuIbLin Sheaios/pRdymng:theehineras, they were

produced in en)!(?tl&pg RERIRASE- Qafé%ﬁt SJT%I&)F oF %&c%%xg %mgf)‘g) osedly binders)

CHAP2 rease T2SS (g ion; see Guilvou
‘%5%‘ f uceg Evel agfvgét?l?;a %Fd@ﬁ’ét‘f@% Fﬁ‘i‘i’g g’&}i G%Hﬁ% an E. coli $30
c3RridRchils-YmlingiactiMn) Wb desednbyidRIfiD wsisgrachiestGS-His6-tag-HRP
cbjpdant AarcnBin) moviomess WeretM/Qn the pool of selection against passively

WQ@&@WE&H%&28%7149934%%2@%99{@%3%&@9&%@5%& %@LAn q\%?}trawdm and

ésg (2%/@ in Fig, 14B r&hqﬂ in con trol v utt himeras gﬁg babl .
B‘ﬁ emo strating That TRESERiME S Srsah is probably specific of

%Jﬂ?ﬁ%&?ﬁaﬁ%%ﬁdﬂ&{es}é puReRiSAttherriebutiantRiNsyterwidiome Streptavidin to

prdiegsesyi8imilar results were obtained with uninduced levels of
Sac70*33 PhoA and Saa#igd-FieA, %SH%@B}E@&QH” ANAFE SAETEUM R out to
%@@e@%atc cFe N ramen‘?atlon rr%g y)vnﬁn S 0786thhoA was

ent at uninducul Jevels (Fi Xample SPGBy e translation
Wa%wa?’?féﬂsﬂ?a iR %%ﬂ?é?rﬁé@&emratwns offis Fasmmtasfqizgybaiywaghe ELISA
used to obtain binders specific for other targets, by using the same
technology as described above. 10Selections were carried out by
anti-protein ribosome display focusing on the following proteins: PulDNI
(26.8 kDa), NGF (13 kDa), PlcnG (81,6 kDa), GarA (12 kDa) and
lysozyme (14.31cDa) up to cycle No. 5. During the 4th cycle, the selection

process was conducted in parallel, with and without the target. Figure 15
chowe that after A4 calectinn cvvelee a3 PCR nrodiiet iec obtained onlvy when
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In order to further evaluate the success of the selection process, a
competitive radio inununo assay (RIA) was carried out using the target
proteins at various inhibitory concentrations. These RIAs clearly show that
wWiesoisoaaked enrichment for anti- 20 PlenG, anti-lysozymg-ang,o7/0043ss
anti-PulDN1 selections whereas in the case of NGF and GarA, the results
suggest that the selection has not yet sf¥fficiently converged. Figure 16
shows that the average anticipated affinity for the anti-PknG and
plarttilly sdughies Vepgame ivaf ineobdsedf Axshpovn iy fighiee28nBi0fseng e of the
sighdi-PlnGrandhasiteGatd selestiandprmlsiNGed irgppcte 9. NbiSraveltesuggests that

SHAENGCLACCUEING, W the FHBAMSHAG By RIGRAINGABNEN similar to what was

|crod0é.llt$\z d USIn% bacterial lysis supernatants after inducing clone
o8 6‘(85 f ’f%r 4 hours at 30C. The results presented in Figure

17 clearly shoﬂﬁ‘fﬁ&?%éﬁ’e%@ﬁé’@ﬁ@ﬂbﬁé@%ﬂ@ﬁ&h of the targets.

Although the RIAifore@arhavasantizent ourating; & sighificaciplopgrtiendosome
dggﬁ}ivge@&r&s w&@aey@gm@@s§ detestgeyith theal ASBrmRINGHarfdrm for the
sk a”'%‘énhrecgo%i%gﬁ%' g%ct?h% FLawas 'ﬁgé?eﬁgg%érgaé%%%Ldeﬂ‘f%%ng'%‘rra‘?—yl?4 or any
va-’@iiwﬂc;%ﬁ%@%er%ﬁmﬂ: mm%%%w ?ﬁ@é%éﬁfé@@? Sac7d).

GWVREICDAPIC&ar G R ATBRE KK bSEQ!D aqeipad withiSziaydhis station
chapegardseRieii Ghasigriticant/ pgaparionioticlonesNappessdeibinkimocycler for
bR SHIAESIRHALAD ?cf"%ﬂﬁ‘?ﬂ@hé@&@&%@&g%‘}l@s'ﬁafﬁ%ﬁﬁgr@c‘?{&iﬁa -ups,
Rtl(\)bgh (P %Lﬁ}\he an AnstI 3555%{?'\%1‘[8 nrgegglt}leNc%rlfcg&rfggQAggo a e1 acgds with an

The'pdsitive Anti- ysozyme clones were Sefeénédant
1@%@@6 Hycma@éfréeﬁ?ﬁfhg egparfcD At HfTtIa SR é%‘ﬁ’?fil‘é)(wnho‘lt manual
idissecimiont tatle Kkoftll byqrvepaomngv@tldvelilmnibrocultireds bdthed4 tbesbunds of
sEIQIRS 8€186te eI JhRMECEHEPE RS IIgLIeHSIn AR retorantiahnWQelections by

r?o99<§3r496§%§17§ %*Té%%?ﬁ ¥ é?o‘x’fé B8 399 SRS L‘e?s%Jyh ® L% AP binders),

1311 clone, | ent SI ce it is represente several times

fRlithoty Hfé?fé/odée&sro? cERB T FESRoMETSY tiferBhicodbrsfor i sRffgore time
capsinoiagid) Tere seastning eYeyclel Nendgepen &y angredhan divursietifoby one
eshenrgnibhseaelorestefdiferant sepuencesafuystaB3 1d yerfbid aelections using a
rb¥& AR BRI HHEE k] @cgo&gil@tgéﬁlf@gt@réblﬁw%t&%ﬂ?@b(}ﬂMﬁé:t%%@t) it is
1hen passef hvoug ‘él h 2.m0 gcu'arg?é’re Ihe pr Ode“s%té e Ve's Rva'”e
pwere apprOX|ma % 6%_ ot éut ure respec |veI

etermined by Biacore are being obtained and processed.

Current (preliniibarydettoindicapoaffinitietsntbtheorefes oo Smtat3ravbhtign  has
2L65lithys BanhlLys-fddantdys tBicespectvalyl kadhemiyesid to bind a wide

T S T
ey A St « meoc L g st gap med
b?o?ﬁwm@ds@%tiaﬂéwm%@ti% SCRERIREUTBSP BIHEGY &1 e Yaqueiedeepn. This led
sanckth: affinities afcatitain thogtestiivlbh éideigruificd) maderpecisglyehyarget.
15Biacore. Exampig,; §§g§gt;gpagfe§ac7d variants binding to a human

I9G Fc fragment, 9.1, Selectio %(3 rs A Human | efr
(Y = 5010, DRY BRIy A chat e

mgmags@ﬁeémabvﬁpm.@ﬁf@mwa%of@ YnesRighoateretred %)ﬁé’é’%?led the design of
Ivotimgd atfobrnaddtenmminedréitiaikbABA Gsseablwvbe gtk iefemedecules ofld type
;Bv&térhp@mr@miomnw@cw&eﬁmmyalﬁ%@mtmumatcbm@ii&gdls of loops 1,

?%HH""&"S#% Qr Sttepiavy rwff‘rme ?:i?cﬁh ol )? %‘%8“0“3 Mough most

ribosom Isplay were jerfo erlve

SAL M Felie b0 BEv BY Hoth f&rem%ﬁlg&@éﬁl&ﬁ rléofférfaﬂﬁlﬁéa’tiﬁ’ those in
2Bisofhte Ginderisal N Itknzisdtetselstadidite Weretus et e rivativiedyths from the
fraverguEd tors@NdTiy first postulated that the lightly concave part of the binding area
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avoid unspecific binders. 9.2. Evaluation of the pool of sequences

selected After a round of selection, a pool of sequences

\S(ﬂ osed binders) carrying an RGS-llis6-tag was obtained. This pool
g QP@ ed in vitro using an E. coil S30 30 extract, and iR ABAARY/004388

activity wad tested by EL1SA using anjgnti-RGS-His6-tag-HRP conjugate.

A binding activity was detected in the pool of selection against passively

wisamahilized fefiaomensvand ﬁ&&”’lﬂ‘@ﬁ)ﬁ!g@ alj@sohsesnediagainRst as reported
BYo-Neutrayidin and Ipraptavidin (not 3hy W“??remsdr%‘“t RSt A& etter than

tfl(q)e pool of binders is %{;bly specﬁc of ragment an that there Is no
%rﬂmﬁ?@mﬁ %fﬁof 5 ReIGHUER A BRES HEBER AR TP 9BtinaiAg H¥aRitgecessible
suxfeompetitionfEbisASAR A tisdrans|dte typool wageafoo xibwti-outein associations
(nghlyse&alwmeei%@mm@@ffmm ofteglertesubingdensednt hiSufficient to provide
rment, Hﬁé@@é&&@ &Wﬁom&&@&%}m&eﬂggﬂﬁﬂ@&tﬁ@t&%m of

e fra ore Inc

Lé% tion in the SA WO /068637
%%ér%“ﬁfgt ﬁe\mﬂﬁhs\“—bétﬂ‘&%?ﬂ%maév ’h%ﬁ%%mzed As

shown in flguréeéﬁf@ﬂ%l&n%wm/{ﬂ@flﬂfé signal could be inhibited with 10

nM and 100 nigekeetioaspechely:s Thisinesuvstaggtsisrthatexpectede successfully

ﬂf&ﬂg& %ﬁ!ﬂgmﬁ)%&‘éﬂﬁsﬁﬂ?\?ﬁ‘é QAN - Risetands et aftniy issinilahife scrv
hat w Ee%/esd for, selection. Exa Fle 10: aut tlon o[t e

e%ﬁndl o] mc‘fréassg e Hotentmal of the a ibed l] 2000), a
St@aﬁﬁ%gg}nﬂh@ﬁﬁo\m@%ﬁw cﬁ%ﬁf retire (ﬁ@ﬂﬁ*e“?ti‘) $§°7d hbraﬂ@ﬁ- This
ctrald $fe madaiocdrb patomatel glatf dohiifgothtaslibsaguert, sirmuiltadesyss it requires
nefigkrapiditestinshal RHMSLES tAaat s Sl us gdiEH Yhd bopean¥:if8tion of two

},%r%rys&é‘?gé%?é g%%%%g&}g Fé?”%?;@ ggﬁlgéﬁtgqu(?'@ é{ﬁg‘%&ﬁp%&aﬂg} rate of

this aim

BERRFRbIM IS (edla dpHEiafAgREdBh Pgi\%ﬁ?é%g% YNz §h3 reslifon Finally,

otkieniio ey chelersionsitoraield Iétaéﬂdﬁ wethomtee z8wtlidhalllibenirse geefain  sufficient
facaessddesidtpesfproviceadiiRiesebiupss RbAtancc DA Cleampagstwedkein. This

VARdRNRSHG éﬁ'f%?aﬁq% 5‘&&%&%&9@@ Gt fpintegrated
microplate reader. The %/a Is to ve one round of selection without
manual 15 interv@ntion ab afl.

anua nferventlon would only be reg)uwed
between the rotPRIcHT EafiRatiBhths SHsrisATRRNERAT O RAGE retiastdpihidyshowed
thatthe@ndafaditytkes. ddabeabsaehedtivits $ne Tibbbomes didpizya(figiires 269 among the

aEgdepetiivel (iva m&ﬂﬁm%&@ﬁaﬁm@mn@m@ ﬂ@!rnﬁ%iiﬁmfﬁsﬂﬁl%bﬁmn step (for a
rgn]@&y Ssétg Pﬁ(}%fsygtn%(: b@g &ﬁ@%@}éﬁ%@eﬁgﬁe Tl%%?)n%pgs tl&F f)?ngu? s were also

tlme C nsuming for ets, or even not mar agea or more t

Fahiet By &%%Sﬁ&éﬁ%? AeREIRE AN e Nhete 1534 %&Fﬁ@&ic‘%ﬂlde“ in the
tmvam@gje%iﬁ‘éﬁmm19@reéﬁmmfmgaaeﬁ(ﬁgopmﬁmmﬁ@atimrmtthes (Gabdoulline
aejaction PIYCOhOmikicorolaiiGasiation (yith s b teegsid b istnssialeiteed. Thus,
tﬁ@lﬁ%thbx'&gée 6F Q&@@ﬂ&pé&ﬂﬁb@@ﬁﬁ&ﬂ @%'{Hé? @}Srgﬁ(egn@h%f[)év}ﬂ? the binder that
weeks. DISCUSSI inventor. ored potential benefits,o
T T B e BT CEARSRAE SRR TOR S S s to
adapt this fold tBhB|hkg}aaﬁfmzé1@ﬁvéa@w<bmrg%§@@?mwnk 40188y bigyarccificity. The
inueleicsacids stRNA fisinglexener dotibletstradided RNKAG anshprotetsnbrueys) and the

'wsr&ablélmmlm%@ memierfdneGRnlg, faanllxe@?éa'nﬁ%@sb%e able to

C?O nverte
1SCrl

T R S R A B it o

ﬁ‘@%;&%éﬁ&:.{gﬂ@ﬁ%é}%m %@%Pé‘ﬁ t&%&;@fem@eéi'@htd@a@mqﬁa@rf%@erem targets.

Mir¢hainseryatior thatitzen®&-fold aschitectdreydése pblaria éa beneapeing¢hidic in ELISA

m@a@nmegﬁaﬁg inAWaysdiesame:Ruad QBHAldwIotaiRsRAMCYS. 2004, of sticky
blqd the design of libraries of Sac7d variants retaining the favorable

g‘opﬁysmal properties of the wild type protein. Different OB-fold proteins

can exhibit substantial variation in the lengths of loops 1, 35 3 and 4

(figure Ib and 2), which are often implicated in ligand binding. Although

most scaffolds used up to now are based on randomization of flexible

loops similarly to those in antibodies (Binz et al., 2005), the inventors

decided to keep the original loop lengths from the native Sac7d protein.

They first postulated that the lightly concave part of the binding area
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WO 2008/068637PCT/IB2007/004388 31 would be best adapted to

globular shape of proteins used as targets. However, as reported above,

the randomization of the residues from this area did not allow to obtain

\Qe)tg% l}l@&g t;lgh nanomolar binders. This potential binding surfac

corres?pon s to a solvent-accessible surface area to of abomﬁ%@@%&w Ahg™s

is in the typical range for antibody-protgin associations 5 (777 - 135 A2)

(Jones and Thornton, 1996). Thus, this surface should be sufficient to

provide enougteenebinani gitecacondo fgetvmbinoniepadibtiersghlith. high culture)
\A@:ﬁénm&cﬁhﬁ &emr}(&foﬁ}?&lpﬁﬁe@t&@b@'%&g aea B/ HIre iMAference can be

bstlt o n teste Iectlo with, Sac7d libraries Selectl s of.
2&%?5 r}ﬁ%\gytsésevera e%g\ﬁt ar je se\fvglrrae s%cceég?ul? JGCarrie PP Wld type
S@@(ﬁ@%o Binexidpidy prﬁtz?&lmggq te ge@%wewfmw@%m&waw@uced by
SscFy libkknieso farewhicle/s e noyndsSacte necessars! fONEnrichdmenprotein. This
liHenes el s<Q0R) wsignificant-anichmentwas plsaned Rbeady BIEY binding
the th|rd round with Sac7d libraries. This could be explained by a more

e ngnt foldlng%f Sac7d compared to antlbodles as it requires neither L with
disulfide bond YBFHSEBRtEARAEH RRIHNRRS SrathIPoPER ot compares well wit

sawgetbiorrine Tomithemephitutkhbiiriitls 299 b et ithe il itehigy of the
thelbwnsationadd thedightate OhRarigharsant ds Siontas, tehthat desasibetbferanalyzed,

&hﬁ%ﬁl@%%@ﬁ%%&@ﬂ%%&&ﬁ ~ad04a). Finaliv, esteuls gﬁé selegtifngy 8°C lower

ainst Pul te that the libr s confai ient nct jonal
é tf)otp?' wope dqbsrg}lfl Bind ergpa%rsag‘o rec %'nzp}é a samgtle1 t{U V? ues observed
fmetéiﬁnerm§195ﬁd%lfcb&1%ﬁébaéstfg%¢ﬂseeﬂﬂ a&wﬁﬁmr@m&h the use of a
rroveintidan 20@Rnopehilesofiseledtedivigeenmstion of veryGlhblaptewaatioiihahe desired
theseleatad magemeric binders against PulD-N showed that picomolar
affinities can be obtained with Sac7d libraries. These affinities are among
the highest obt&irddeiith s seutisiorpebiéin WS RE HEBGTBTars Affidity
maturation step.iifoiracr8eidiirPhed (Hossesxthal w2006 addsefdrencesomeric full-

ithereiphid he kirelies of Rindings wmam&éd%@rmged&hﬁeﬁatﬁmf mchcatmg
gaff &Clatloq ago%gga%nlgczépsablteaqg (I:D lilllt%sw qﬂfgsl’h K] $JthRG nl?n\gealgy to PulD

sion- |m ed association rates or roteln rotein mteractlo
esspravtifinetdRd Waddeheso#iinhe Prdd &ﬁsgb&gﬁo h“ﬂ%fr‘%’tgai%béh* fgpitope is
tretielbcmositedicatly ezsléﬁeredzatmmgmmgs Higlreatémof hesorderionzed (id pe7*40 and
sxrepedroy dhappresarmedrihape pidibaddnner dpiatpaatebemized by Sac7*6 and

%@%@%{'@l%ﬁﬂég]%}a&g%%ﬂm&t 5@9915'%)0%@5?@15%@4 %Wgﬁvwo effects of

O;I'er{ev (I)’l hngfInI es use arg assoc ath gt%\glirheal%/e 7'% eC|f|C|ty
e |nven oS hAVE SheWn ?ha}i Whatete econt ? co/i crude extract

or membranesanddhesapproach (‘}ﬁﬂfiﬁmMn@’d&ﬂlﬂh‘nulnmenzatlon and targeted

Hron9aEaRYs all; %%@%QHH}'FE% WETEl '%F&Qe!?e%f '%‘&%Eey tﬁﬁéﬁ{rgg%uuulanase
among th sands of other protelﬁsj Thls% ents eC|f| could

FETERHC 1o KO Ity Bithe USRS (HAL prEvehiS ST a {itiafngtguence PuD
ditfereeizaiige (s B myrhdrmi8Rs) diheftdangozens on BidérBhedkerigaticause steric
wedexstoutl todnectarge t1speciicdn gl (S A dSsaysdndicatirgreiahtherels in strains

W@&E o @5@%@%§9@H§%@@§%‘ﬁ6@!@%&9 %t @depfo§tmﬁ "E'r%'cﬁ?é&?%vas increased
1068637PCT111320

B e O e (U 200l o B it o R ©
mariehofteaiyor éew%l@oémefenﬁﬁrr@mnﬁh@ﬂﬁf&en% BaFKHg of an essential
explaitied 4y thiehysissthat Gdoucbiiew hiourgdafter mdietieacofttinecomponent (Possot
exRression R b Wildhapgs sac7d gene. This toxicity is probably due to
perturbations of regulation pathways induced by 5 Sac7d binding to the E

coif genome, afiGhiseiishg detseral BANA binelingproteinbsT Blstimitatiomdgction by
Pt Seanfastvarams slkgogstngihatradanisiad indegciostitheibDN4A7+6-PhoA
RIRding RIORRF effect unddRQHERITAAGYRAMIEi SR RFERE! H‘Q{ tAEG least as

variants compares well with several other proteins from thermophiles
(Kahsai et al., 2005) and the thermal stability of the 10 binders remained
close to that of wild-type Sac7d. Clone 6, the least stable clone analyzed,
still remained a thermostable protein with a Tm of about 68C at pH 5.6, a
Tff, by 8C lower compared to that at pH 7.0. Hence, it appears that

despite the variable Tr,, values observed from clone to clone, globally the
lihrarv decian deceribed abhnve comhbined with the 1ice nf a nrotein of an



10

15

20

25

30

35

Binding in vivo and intracellular inhibition of pullulanase secretion
All three Sac7*-PhoA chimeras that were tested bound to monomeric
full-length Pull). Sac7*40-PhoA and Sac7*33-PhoA bound well to

Vo dewsarstesic PulD, indicating that their epitopes remain accRésEiBielof{r04388
contrast, Sae7*6-PhoA bound only weakly to Pull) 20 dodecamers but had
the highest affinity for PulD-N in vitro, inditating that its cpitope is partially
masked upon multi merization_and | ifferent o]

a@a@% 3% ﬁ%é)ékéef*%lws gk«‘ (1] T c{fﬁ{:?em 3 %1{%9859%%&' l3§(plam this

experments indicate
oleggiesHes- rE@&gH?ﬁé’éBBVS%W%M?Q&h% Blrrédf‘dt@r%%%? veraftdataT® and
pRotbahe). fiheidisferancesiovhein vive eftedi dilipdstevale pinderss, it cannot

éﬁ’ﬁ}%‘fkf%’iﬁ&é&@h%hsmgﬁ%mmaemmtﬁaesmmsz%u teneegh multimers
Sa%; Ptho ] gv%‘”e?f? tCSI o eélee?e':[ 24 PLM‘% %M[V%@&%QAQWS?%WG -PhoA for
B honomers radation by envelope proteases, there thlo klnrq) PulS
PSS YRS T FTRIERCE Tt e D P B aegone
taBtlibfluencedylh) mmuqmsnz&ndhe(mmﬂ@g@wn%o@f pHgrAmembrane (Gullvout

eg'ﬂﬂermnﬂﬁﬁécgt -RhoMggightreatise Stefltditidranciading eodspeuetst correct

B}OS‘“%H 9 HEY LQeH}?BO{Hé? R RRR %@9&@&%&%%3@%@& HeiNe PulD,
remained very low when the level ofePuIDt@qugua}ec YIRS the epitope
Pﬂéréﬁséacgm@’%}%lo%%t%rﬁ%%& Werdn R fvated B). 1 .
rewerstieoh o156 m@r@gw@@émmw%ww@%a&%ﬁ%% that it is at
teb aicrel Rasltisien Ho6 Maskingsof an essential interaction site with
substrate (Shevehik et al., 199@) or another secreton component (Possot
et al., 2000) by (ﬁﬁ’l‘fﬂlé’r‘lﬂ‘ﬁgfﬁ OGERARREFHG IS level of Sac7*33 or
Sac7*40 (by elifhimatiigdmsuctidrebynrsT eh diel vy dirsRTRHaiaPRIfCY difoperties
ketiof, O P Wl FRstiie et zabiaN 1 UinGBedits - PlicAr waspeiisstewithaet well with

68t éigd%ro 58 GRRGINQNS (@gaﬂﬂ@d@é’eﬁéﬂ%@ hiitivRgeat (SR8l as al., 1997),
él pse31 299&%3 2007/0043 P upd 4’;‘ ﬂﬂn Qe{he are very well
TEPTPRESUR (A LAy, ﬁffereﬁflggenérﬁzog coll xp ain t Y
ipsessedtionE Fiedt (i éh|€i|@h‘l?xpé?éﬂhﬂfaﬁﬁ%E?‘@@hdﬁlﬂﬁnéglt’r'j’lélrﬁ%l&t&F ecognize a
RulBnnepameés ndipeuantatieihiguipefivgtiond Heyeve hafhesd functionally to
RECERRRAMAISYSIS AT IRNeH I GCRPNGL corRResedefHieignily skidbRaIBjoduce, easy to
%%}\Jx/ g IRna S LnteraCtlt%n%ng%reyg&ggem%m%@&o el é’éﬁl?@aﬁons

iclent secreti e apparentlygower ffinity of Sac O than
dodecameric Pﬁ}[‘?%rfﬁgi?ﬁ BRIV B pYRENT & ﬁ%nr ARGRT B ng o
shﬁvamqgeigﬁer@msm@umm@ﬁ@me@salapﬁr@f@mﬁtét’f@r%&ndfﬁé%eﬂc proteins
targeting mnmﬁgmﬂenmrmasaﬂ&&aumw efiAihta?2006; Hacaienablal. size. It is also

199@,;?3&§ﬂ?@%‘%ﬁcﬁﬁfﬁsWﬁg@%%%pﬁfm@ﬁfgﬁﬁ ) rrm@eggg;gam fusions
T@tW@tl@}@gﬁ K1HeS, ﬁ\m%tgfﬁ agvanq (ihpn(aers Lok % g% P ‘potential

scena OS are In agreement WI

hdlitth oehind Jered prionss BpSHE FEr s IR SHTARREA abf&ﬁab@rbbodles o their

madtimasization, suggesting that it is at the interface between two

monomers. POtWQJ Qé%@@ﬁ%QQM@BHW%@QHé dinese indedsd @éﬁgﬁﬁﬁrotems 1s
most of t e Ve favor ble 'ﬁpthFCQ' Prog eﬁleﬁx&eetﬁe%%'rl%guﬁ@ aanready obtained, in
SREMHANCR 'SR &' an les. Their properties compare wegm dth
prsiionsry bropeers mirsRaINe ARSI S dENAPatlBtea N drs alowed the
adol 987 pffiloanestiec(falet Alnd2QOR), treamioyrite ¢Bin2 el cov04n)vide range of

'%%%Ql&h%?g@s@mw%}hﬁe(mess@tm E G@/A(ir the symplasm@rhe1.6kDa). The
pegg;)' '%?5?9 ble, solb o Cgotfeﬁ% %@r reéqtr%ﬁet%@eéeeféme@ Ri9Recombinant
a eCI I1CI

y an ey can he fused fupcfi I% d
mm%wﬁe B?cﬁ‘%?ﬂb“%@ﬂ%‘ﬁ&%ifﬁoa’@ﬁ ﬁﬁf&‘fﬁ \ﬁ%@f Bl sglggtion based on
cheg o vpiodued!-sasydecpunifydandote endke. aHigepehs shlstiwrstep is needed in
nybes shihipteshnoladioal applicaliansis currently paiftheraore their very

small size, three or nineteen times smaller than a scFv or an IgG,

respectively, makes them ideal candidates for the design of chimeric

proteins in which binding modules arc needed while maintaining a

reasonable size. It is also 25 conceivable to link several binders with

different spcciftcities and, thus, to construct fusions with multiple

specificities. Another advantage of small binders such as Sac7d is their

potential ability to bind buried epitopes that are sterically inaccessible to
natiiral antihndiec nr theair franmenitc
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It can be noted that the capacity of the binders to bind to target proteins is

30 not limited to targets with a high molecular weight. Indeed, the results

already obtained, in addition to those concerning PulD, show that the bank
wigyslgpadsfrom Sac7d has allowed the isolation of clones spagifisathossss

binding to three new targets, which cover a wide range of molecular

weights (Lysozyme = 14.31tDa, GarA3 17.3IcDa, PknG = 8l.6kDa). The

expression of these binders in E coil is far superior to the levels observed

for recombinah® 34daesstey WegifivetraldrisePatfhhiedshidm By drietsigg already
d@ﬁdﬁit@i@il‘t/ﬁbwﬂwﬂjbsalﬁdtlﬁontbasevjemlpdmngdfafewaﬁloese(agémat@or example, one

lﬁﬁﬁlt@ﬂ)bfh@@eg@eglsﬁgfst%g thlgpz?olg_ |Ely$ ﬁ%l@ﬁtWb?ﬁﬁ@r&stﬂf%@ae}ﬁérbhosphatase
ertoo nal affinit IS, curren errorm

B RSB AT st g v it TN BELOTAG R in viv
mé@a?éllﬂéf FiBTB‘16%‘6@'(3“t%?n%ﬁté??ﬂ&%@?ﬁe‘&dﬁl e IRohSRsEg esgphy can be
padutiddiexitetidor theaevelopmerrrat detectionrstigémdiommeensim e single step
p@icSteR. EbIRA apMestens Riatr anc-aghiavahiady, fusion of bindens hip arrays,
palkaline pho i@@é&ﬂ“ﬁ@tmm@e@ cuse of GFP fusions for in

VItro etect|on at paves the way to In vivo mtracellular localization. It

was also dem&REFAIEY that affinity chromatography can be performed

with these bindaessaat ghiaoaupeoreil’ Bale Berplivifietd tachdrndgieneity by recognize
13306 Skaps puitifi catio atfDiyesmppligdiianspedfitdtyseathesedssfidbrsalidated by the
2B PIURHRL CRIR. QELAYS, B?ﬁ@(b%@r§a97§VM'%@Qﬁ§WAVM9&$HQ%&MBf@ac?d and its

J&xamp le. Concl ons %T%%es{&%t% tto use an %% éofl a{yp{}ggeg S DNA and

%rwateerssaé%fleo% reco gnizetarge |ns s'with hig nd ver
pgﬁ@@méﬁv%é@ue&%@%m%m?éacsé P EBYE HBE - a%ﬁ?éagﬁé‘rﬁﬁ@n OB-fold
fpoirgiveas Sga7 olchaag tlaoral DNkebindiciaepedtdins Smedidrarndriesivelioatens SacT7d
nAERNOW BhlRLeEe o smaehvasiLeity altyBofalnieedan)ibesh af Bganosrand DNA,

@XAO@@Q%?@%{%M%% J}%‘?r'ﬁé!%ﬂ%ﬁ(%?é‘%?ﬂ%%@%!?ﬁgo'{k&ﬁr% iments, these
inding adaptatio OB-fold 15 for a giyen target suclT as, Natu

OAHEE PRI VST FPfsa e R Ny N R “(’%e"pe“mems
etidpeeacotothr RrSlarDieEis A KB Ssies protaRss, @aéﬁr%xsaé?ﬁg@ghéhﬁr facile
INA (RiNAeams ugarsr| pradditiondtth¢hemmpld i@ arselin tiorestiorwdler than scFv and
xﬁ@%@%&@%ﬁﬂﬂ@g&%&h&% hiaderpcomighbe used for affinity

chromatography, detection, in vivo localization experiments, etc. Indeed,

the favorable biophysical properties of these binders, along with their

facile 20fusion to different reporter proteins and their small size (3 and 19

times smaller than scPv and IgG, respectively), might facilitate these
applications. WO 2008/068637PCDIB2007/004388 35 REFERENCES
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tomitangetg mRNA displapheheseBipbhiPA3-Iherein said combinatorial
mutation/selection 5 approach is combined with the insertion of 1 to 15

random amino acid residues in loop 3 and/or | to 15 random araino acid

residues in loop 4, and/or 1 to 20 random amino acid residues in loop 1.

3. The use of claim 1 or claim 2, wherein said combinatorial

mutation/selection approach is combined with the deletion of 1 to 4 amino

acid residues. 10 4. A combinatorial library corresponding to the

randoinization of 5 to 32, preferably 8 to 20, and more preferably 11 to 16
residues of the binding interface of an OBfold protein with its native ligand.

5. The combinatorial library of claim 4, further comprising an insertion of 1

to 15 random amino acid residues in loop 3 and/or an insertion of 1 to 15

random amino acid 15residues in loop 4, and/or an insertion of 1 to 20

random amino acid residues in loop 1.
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6. The combinatorial library of claim 4 or claim 5, wherein the GB-fold
protein is Sac7d or Sac7e from Sulfolobus acidocalclarius, or Sso7d, fro%(\%m
Sulfblobus solfataricus, or DBP 7 from Sulfolobus tokodaii, or Ssh7b from™ "

wo Ha9hssssshihatae, or Ssh7a from Sulfolobus shibatae, or R4sg;50Mh043ss
Sulfolobus solfataricus. 207. The combinatorial library of claim 6, which

corresponds to the randomization of rédidues of Sac7d selected amongst

V2, K3, K5, 1(7, 78, K9, 010, E14, &i&% K22, W24, V26, 027, K28,

M29, 831, T33, D36, N37, 038, K39, , R42, Ad4, S46, E4AT7, K48, D49,

A50 and P51.1- Use of an (3B-fold prowsinasd SENiBEdRp SFeiafer po\wries, through a
coabiaspoats iathe/25¢candomizaticn ofiblech2, shS;ifidabbib8ing Zcor thgyet.

residues of Sac7gigelectegamenost Kvhed ngd%ﬁa@azorwzﬁm\{a%@n/seiecﬁon

3%08301"1\/'12‘59(:08 :l'ﬁ(;r 33it§ ?ffglé T4gft1Ro42 fAT44 ?54 an% (a:]rrgnlgd'ﬁscld residues 1% loop 3
combln atoria rary oflcfalm WhIC correspon

aFéﬁ’doM&dﬁo‘ﬁ%’Pﬂ aipyna geifigresigss 18 (i edBs Act-efabdag amino acid
rawdorgstlecp, 78, K9, 1(21, K22, W24, V26, K28, M29, 831, T33, K39, T40,
R42, A44 and 846:,301Re The combinatosial dibirary2of elaini, inhichhibi@atorial

%&98%@%&10%5& ﬁc%og]gﬁ?&r?etdlmtmed@eﬁgyg§ thZ 4Ye§m§c9 aé{\prémdues
V26, M29, 831 d 846 of Sa 7d

The
combinatorial ﬁbfﬁrﬁf’g’fb&’é’fﬁﬁb 19\’7?%??%??8 'ﬁ%éotéhﬁ}émr}gﬂﬁ%zr%ﬁlfgtfgns to 32,
petfemebheSiuee ki Terk orafyzblwbetoM g ges3ies PEtheinding inferigog 46 an OB-
fold3hS e AdithMCHR MO 2A0B/068637PCT/1132007/004388 41

13. The Cotmb'5‘?&@%Wﬁ\%(o@fa‘?@%}%f@%%ﬁ&%ﬁ%\%ﬁ@@%ﬁ@xﬁ@%n insertion of |
mizauon o resigues
t(%f? ﬁmﬁ?ﬂl %ﬁ%ﬁl ?a('gabp § (%br o ilf eﬁ'\él S%Ar}n |§§t6r|alg ammo acid

rary

rw%wwi@o%@r%ﬁ%%mtﬁth@ SPAARHTR 22BR Bt HE ISR %7 -
Y8, K9, K2I, K82 T 2dgeainzd 1881y PE3Iain0t Ruelaia s andiegds bt OB-fold
peaeiidis Sac7d or 18acTBefeambimasninat libyal atianysof ¢ladses & tadkd, Sulfolobus
WpssInd 19 é%xﬁaﬁﬂgm SMNGHACI FERIH UGS @ﬁﬁﬁtg%fﬂzéﬂ%@%%e or Ssh7a
f%%\% &o%gﬁ the amino |ds 6{39%0 n?Bntl%gug of Sac7d, preferably
betvéen YHBAHS 8O dslsor o148’ ran amino 10 acid residues are
inserted in the feglbf &ﬂ?@%ﬁﬂﬁ%g thrthe ahifdEcifls Mpdsiteressopls to the
rdfdofrSadda, ofrefedatdyoli Stae@é ndi8ednt 688 AdM0B,1K6, 207/rarvidhy, G10, E14,
AMINO acichresidues asednsered, iNheIeyomCoTesRINAING (e theIMiRG2, Ad4,
%d 49 %%Itkgﬁb? ‘,{g()l%% fp§@c7d preferably between K9 and GIO.

he’ combinatarial library of an % clalms 6 to. 14, wherein Ito 4 amino

15aC|d residued seBttSaAMBIYA ABER66! A Y8 d BN EDe FRTETRNDS to the
ERduseadba dohbifatidnitHibraky d@c@frd%@%@ﬁ?fﬁ%ﬂéﬂﬁ%@@ BeOfegpst K7, Y8,
ENgIEEHNQ, avMDaleodlessesificatiy Qimsng 10, A 4arGer, A44, S46, EABal K48.
process for eng}“eﬂ[@%@}d@ﬂhﬁs{{ﬁ %Rﬁ&'{ﬂcéﬁyc@.}{‘iﬁlng t%ﬁl@ﬁrg%Hesponds to the
risin cting,ina g ational library, rdin y
aﬁ%%@?o%gﬁj’z%%iaqrgnw al gﬁsfo\lg roteln WhIC % 3‘?&5@%2 9 Y8, K9,
béﬁzz W24, VI oK 3heMpse %?%ﬁﬁ%f@gtrﬁéol}{éz%‘*l@d%e process
of claim 18, whébeifhsaichthingeatisialipeptidé chiprdteim wncblibo sastarietresidues

Sosingle-strended Pua gouble-strandes DNANIY RNA, BsmetadiciNand $46 of
Qra &arbohydrate.

11. The combinatorial library of claim 10, which corresponds to the
randomization of the residues K7, Y8, K9, W24, V26, M29, S31, T33, R42, A44 and S46 of
Sac7d.

12. The combinatorial library of claim 10, in which one, two .or three
additional residues of Sac7d selected amongst K21, K22 and T40 are also randomized.
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20. The process of claim 18 or claim 19, wherein said selection step is
25performed by ribosome display. 21. The process of claim0SLLP
' i 4 or 5 rounds of selection are performed by ribosome

Wgw {b&%@g(& 21 The process of any of claim 20 or claim™Z A/ BAEpo4388
comprising a step of isolating and charagterizing a molecule specifically
binding to said target. 3023. The process of claim 22, wherein said

isolation and chararkerizatibmhatamcaorppRiisest toriallawingist®psorresponds to the

DIBRDARromR PARlReIReedby BoRSOMEdiSRIAY &8s Moo S31, T33, R42, Ad4
evgggqua%cnbed and amplified by PCR, and the resulting DNASs aré

oned into expression vectors; (ii) bacteria are transformed
by said expressfbn hsctesabinetoriglvidanzsdiceisiar grobieh seresponds to the
r@ndpmiteiios extlecteddirenk Saidsb&ctekial ckirte svare, tested/y, thwir T33, T40, R42,
/ﬁiacgmg%thpggggpt 42 24. The process claim 22 or claim 23,

further comprisjog-g step of. m kln fu5|o rotei rising, as a first
moiety, the |soslfar§te andg charad erlzedrar{?'ofé%f atlgdcI Eéé%'ss Isf@c gem 1t 15

TRy amino acid msidpgs Frosedcdr BIAln A ORITEFFPEBIInGt sy amino acids in
postomd2ntiel) i Setdctaucdenariy deonzpniesy, mdrkes paotiéing, thaetapedtit amino

doroteiisuanddinders Withd erant shagiicitigstthar ﬁﬁéi@gdﬁ‘ﬂe&smon 35 to 40
o%%ﬁﬁr%%@r%m%&(%%a%@ﬁ?c%?%}cf%dicpamoﬁn%’ Oféglﬁ%%ﬁemdues are

to 25, ch cterlzed in that Its sequence Is selecte

L he regen ,&O&%St}é‘?ﬁdé’ﬂﬁa RelsHiBiRh ?ﬁ@%@c@%@t&lfbgrdmglzo"f Sac7d,
Papfpiab 1 Aivscenektd 28 @Haracterized in that its sequence is SEQ ID No:

47. 16. The combinatorial library of any of claims 6 to 14, wherein 1 to 4 amino
acid residues selected amongst A59, R60, A61 and E64 are deleted.

17. Use of a combinational library according to any of claims 4 to 16, for
engineering a molecule specifically binding to a target.

18. A process for engineering a molecule specifically binding to a target,
comprising a step of selecting, in a combinational library according to any of claims 4 to 16,
variants of said OB-fold protein which bind to said target.

19. The use of any of claims 1, 2, 3 or 17, or the process of claim 18,
wherein said target is a peptide, a protein, an oligosaccharide, a single-stranded DNA, a
double-stranded DNA, an RNA, a metallic ion, or a carbohydrate.

20. The process of claim 18 or claim 19, wherein said selection step is
performed by ribosome display.

21. The process of claim 20, in which 2, 3, 4 or 5 rounds of selection are
performed by ribosome display.

22. The process of any of claim 20 or claim 21, further comprising a step of
isolating and characterizing a molecule specifically binding to said target.

23. The process of claim 22, wherein said isolation and characterization step
comprises the following steps:

(1) mRNAs from a pool selected by ribosome display are reversed-
transcribed and amplified by PCR, and the resulting DNAs are cloned into expression vectors;

(i1) bacteria are transformed by said expression vectors and individual
clones are grown; and

(iii) proteins extracted from said bacterial clones are tested for their binding
to the target.
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24. The process claim 22 or claim 23, further comprising a step of
making a fusion protein comprising, as a first moiety, the isolated and characterized
molecule, and at least a second moiety.

25. The process of claim 24, wherein said at least second moiety is
selected amongst enzymes, marker proteins, therapeutic proteins, and binders with
different specificities than said first moiety.

26. A protein obtained through the process according to any of claims
16 to 25, characterized in that its sequence is selected amongst SEQ ID Nos: 2 to 8.

27. A protein obtained through the process according to any of claims
16 to 25, characterized in that its sequence is SEQ ID No: 47.




