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15 this specificity represents a challenge in some inorganic systems where the target is
diffuse and inseparable from a large, competing background. Thus, it is desirable to
exploit the specificity of biological interactions to detect defects and other

inhomogeneities in a surface before the material is put into service or before it fails

while in service.

20 Summary of the Invention

In one aspect, the invention is a method of repairing a defect in a surface
‘coating on a substrate. The method includes providing a material comprising a moiety
exhibiting an affinity for the substrate but not for the coating; a repair material for the
coating, and a tether linking the moiety and the repair material, using the material to
25  deliver the repair material to the defect, and incorporating the repair material into the
surface coating.

The substrate may include a metal, ceramic, polymer, or semiconductor. The
repair material may be a catalyst for electroless plating, and incorporating may
include plating at least the defect with the surface coating material. The repair

30  material may be an oligomer of a polymer component of the surface coating, and

incorporating may include heating the region of the defect, exposing the region of the



material nmay be an oligoner of a polyner conponent of the surface coating,
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may be an optionally passivated metal and the target feature may be a corrosion pit.
20  The material may be a coating on a substrate and the target feature may be the
substrate material.
The one or peptides may be part of a virus. The peptide may be linked to a
fluorescent, radioactive, or magnetic label. The material is single crystalline
germanium, the target feature is a screw dislocation, and the peptide may have the
25  sequence CTSPHTRAC (Seq ID: 2).
In another aspect, the invention is a method of detecting a target feature on a
sample. The method comprises providing a composition comprising one or more
peptides, wherein the one or more peptides are selective for the target feature in a
material having a predetermined composition with respect to a material having
30  substantially the same composition but lacking the target feature, preparing at least a

portion of a surface of the sample, disposing the composition on the portion under

conditions where the peptides will bind the target feature if it is present in the portion,
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C) recovering the bound peptides from the surface;

20 D) exposing a second selection of peptides having the same sequences as the
bound peptides to a surface exhibiting the first surface characteristic and a second
surface density of the second surface characteristic, wherein the second density is less
than the first density, so that at least a portion of the peptides from the second
selection will not bind to the surface; and

25 E) recovering the unbound peptides.

The method may further include:

F) exposing a third selection of peptides having the same amino acid sequence
as the unbound peptides to the surface exhibiting first and second surface
characteristics so that at least a portion of the peptides from the third selection may

30  bind to the surface; and

G) recovering the bound peptides.

The medium used in step C may differ from a medium used in step G in one or

more of a concentration of a component, a pH, and the presence or absence of a



F) exposing a third selection of peptides having the sane am no acid
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In another aspect, the invention is a composition comprising one or more
20  peptides, wherein the sequences of the peptides are selected by a process including the
steps of :
A) providing a first selection of peptides;
B) exposing the first selection of peptides to a surface exhibiting a first surface
characteristic and a first surface density of a second surface characteristic so that at
25  least a portion of the peptides may bind to the surface;
C) recovering the bound peptides from the surface;
D) exposing a second selection of peptides having the same sequences as the
bound peptides to a surface exhibiting the first surface characteristic and a second
surface density of the second surface characteristic, wherein the second density is less
30 than the first density, so that at least a portion of the peptides from the second
selection will not bind to the surface; and

E) recovering the unbound peptides.

The method may further include:



characteristic and a first surface density of a second surface
characteristic so that at |least a portion of the peptides nay bind to the
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surface characterrstic not the second surface characteristic. In an
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surface gharact erf,shafimycAntUiinRGe 1R HURIdhAGuHAE itd @) 8dpamgond

C

surface characteristics and a surface exhibiti'ng the first surface
char act eri st ihe shufgcercbarattiristiseeformirfoteexbibitingitke first angiecopd HEEe may f urt her

i ncl ude anplifying. t.he | fd.8r (I AV t he unbound
pepti des aft 8]?a>{ascf[%15%l ,ang(ra%grg %%%Fﬁggth%eﬂg%rs ?Ig%c?g}ﬁ%)%tégﬁgb%)ﬂgemﬂ%g The

i nvention i sséesdchabetrisiic. h reference to the several figures of the

drawi ng, in which, Figure 1 i.s.a schemati g .| ' ary
bi opanni ng pr ot ocore ‘P%ﬁo‘ﬁ%}ﬁhrﬁhﬁ lﬁglu%}%;d%@lh%{hg%%ﬂ gpg%%lg\f/tgl)% r’a
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Brief Description of the Drawing

The invention is described with reference to the several figures of the drawing,
in which,
Figure 1 is a schematic illustrating an exemplary biopanning protocol for
20  identifying phage that are selective for a particular surface feature
Figure 2A is a schematic diagram of two peptide sequences expressed by
engineered M13 that were identified by biopanning for phage that are selective for
Ge-on-Si surfaces.
Figure 2B is a Monte Carlo simulation of the two peptides illustrated in
25  Figure 2A.
Figure 3A is a graph illustrating the fluorescence of wild-type and 3v M13
phages bound to Ge-on-Si substrates.
Figure 3B is a contrast enhanced image comparing the fluorescence of wild
type and 3v M13 phage bound to Ge-on-Si substrates.
30 Figure 3C is an image of two plates produced by a phage titer of M13-3v
eluted from Ge and Ge-on-Si substrates.
Figure 4A is a graph showing XPS data for a Ge and Ge-on-Si surface.
Figure 4B includes AFM images of Ge and Ge-on-Si surfaces.



Figure 2A is a schematic diagram of two peptide sequences expressed by
engi neered ML3 that were identified by biopanning for phage that are
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bi ol ogi cal bt eedixisilpence hiephass A2FPYth o ragd ATERNIRRHBY é’?g‘.or%f"(ﬁrml ecul es have
been used t,0,.0hd iﬂ%fy?thtahﬁaj}a{i%$ﬁéa GRS 11 @Ak OFGARbEAbIOM the? Of
inorganic materials n ways that may provide a gtll npse into the future of
Sﬁ| f - assentsase ofispmichredustingmaterials phegsirnlay iusige thetlamentaus MEBYBIS#ASp| ay usi ng
the fil i) | DS aRh AYSHIAR thh HSeHinditt Srihify drdapédificiy®y pepti des
t hat ha@gegjfl%la%gp%%aﬁd%élj?)} angns%%e?ﬁfi City 8e fl%rngga clhlglsen gull)str)gte.
I—b}/vever, t her ®clioseresubstertes Tddwqyen Blesris a classefipetblensadn Mairgehallngse pecause t he
sel ection tar i ' j S E08E3m ALQE cSAPRBLI N

backgr _ound.ar ?éscatll%sﬂgejépgae;egﬁﬁ ?{%ﬂégﬁﬁ%@? }és(saepsrelﬂectlino_n %sgc.eggeg in which it
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i nsepar abl e/ di ffuse r get r face defects (dislocations, step edges,
grain boun P'iraé)ie)toéﬁﬁla?%ﬁa? F%Ogstasr Ai’t'nt entional or otherwise). It is

di le Cglﬁt t 0 i salvat &xamples sfisuch tsemebieddiffaetirpes tlesudaledeferton. The ability
to bin

(dislocations, step edges, grain boundaries) and impurities (intentional or otherwise).
It is difficult to isolate the surface defect during the selection. The ability to bind
defects provides a path to potential applications. In systems where defect distribution
can be controlled (e.g. epitaxial lateral overgrowth®), defect binding can be used to

20  direct templated assembly. In addition, in any system where defect density influences
functionality (e.g. leakage current'?, strain hardening) it is useful to be able to locate
defects in a non-destructive manner.

Phage display is a combinatorial technique in which a library of viruses

expressing random peptide sequences is exposed to a substrate of interest. In some

25  embodiments, the random library includes roughly 10"! viruses that have each been
uniquely modified, representing 10° variations. The modification may take the form
of an additional amino acid sequence which is expressed on one of the coat proteins
of the viral assembly. In one embodiment, the phage library is based on the M13
bacteriophage expressing a modification on one of the coat proteins, €.g., pVIl or

30  plIl. MI3 is a filamentous phage (~880nm long and 6nm in diameter) with a capsid
including roughly 2700 copies of coat protein pVIIL. In an exemplary phage display
library, five copies of the modified pIII protein are expressed at one end of the viral

assembly. Alternatively, the modification is made to pVIIL Several rounds of



defects provides a path to potential applications. In systens where defect
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the cont ggtﬁ%ﬁrpg{)at%? 15? aféﬁ’?yé"r% areec ié}njcor)%(gr at eda her ei %ﬁ% r ef _e?ence,, are used
to identify witosy afenativelicse ehployed edlsw vhe el potsiohthetagingeidy st peptide o f
interest. O her i , . iCad rus (TW) may
al so be enpl (Sri/aé/(?\éin{;loldzf? b@?%ﬁ@g? h]{eﬁfej&iln?l@gﬁat%hgﬁ?&g% tilg}s)%a%lﬁaesrdei n, the term
" pept :j de'l; dgmmﬂ)elsydaatesgnohmgt phosphiatelgeaipt a farngeyl grdupornaisoferses ylrgreep, adefbt her by
pepti de bonds.. . Peptide may ref.er .t 1 ngd vi du i a.col ] ection
of peptides. aﬁgﬁ&ae%ﬁ?ﬁf/}loéSﬂ?Jggaﬁlogrﬁ ﬁ)}tlﬁg@%%g%’ %Jn%t%gmgm gﬁ{ogl %tg'otdgh
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YA e N T T O
nore of the awdineorpsthtits dfiD-amprpLidy etcrdonb ef o dioflifiedtions shoeldanpl e, by the
o on of 2 CheTLEal L B ER B GPUPAIYRLe, 0100, o DhosPhate
for conjugation, fi4a6kik®Raint satdl@bon, e raddoar phapeiibranat exposedtea | n
20  substrate of interest for an hour or some other suitable period of time. After exposure,
the substrate is washed, for example, with Tris-buffered saline or phosphate buffered
saline, to remove unbound phage. The bound phage are eluted by decreasing the pH,
for example, using a buffer such as glycine HCI, which has a pH of about 2. This
eluted population of phage has a decreased genetic diversity compared to the original
25  population because only a portion of the expressed peptide fusions shows an affinity
for the substrate. The eluted population may be amplified using their natural bacterial
host and purified using selective precipitation. This new ‘library’ is thren exposed to
the substrate again and the process is repeated. In different rounds of selection, the
wash may be made more or less aggressive. For example, the wash m ay be made
30  more aggressive by increasing the concentration of a detergent suchas Tween-20™ or
other commercially available surfactant, e.g., Triton brand surfactants, available from
Dow, or by introducing a competitive binder such as bovine serum albumin (BSA),

thus selecting only the sequences that show strong affinity for the sub strate. The



one enbodi nent, the nodifications of the peptide lead to a nore stable
peptide (e.g., greater half-life in vivo). These nodifications may include
cycli zat iwo 2066/4b1pepti de, the incorporation of D am necaasd®s/oetoes None
of the nodifications should substantially interfere with the desired
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difficult t na nd onc ma
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t hat have exhi bit.ed nity

affi f r xhibits a
variation oﬁ“t‘ﬁ‘ﬁr@n?dea?ﬁﬁ oﬁﬁ‘ga?’t?ranﬁgjgt?rﬁ& %a\ltl}gF 6%??\%@9%%%1% ion of phage
that are selgetiaueel§,akic @rgefehiuRiharbetgaaigein aﬁenasmet,haae alphftenémce in a
surface property between two.otherw se suIrb’stan i‘téca%g%apent'%a{ substrat es.

In the firstoMRARYUGTCES ¢ HANS LY TBHERFS TP SURKI98 Fate that
exhi bi ts t heyitaheastoftiRAdrbing affdcd tﬁ@lfeefoaﬁmel bfthekmterinh end duegetgef fatutr e i s a

variati %r(l) Ofmas}/%gegralr?sah%lé%[g%usggoptlma%)rlenta%on In composites, the target feature may
be defined by delamination of the matrix and reinforcement phases, and the phage
may selectively bind the delaminated regions where the reinforcement phase is
exposed. Alternatively, the phage may selectively bind corrosion products, for
example, corrosion pits in metals, or areas where corrosion scale having a different
25  composition from the remainder of the scale forms after spalling, e.g., because of
depletion of an alloying element in the underlying metal.

Where the target feature is discrete rather than diffuse, biopanning may be
performed with two “pure” surfaces, one exhibiting the target feature and the other
exhibiting the background feature. For example, where the target feature is o grains,

30  two surfaces may be prepared, one with the o composition and the other with the B
composition. Positive selection is performed on the o sample and negative selection
is performed on the p sample. An alloy sample may be used to confirm the selectivity

of phage displaying the particular peptide that results from the selection. Likewise, an



the surface. For exanple, the substrate may be a single crystal material,
for exanple, epitaxial germanium and the target feature may be the
emer gencewofoepmswwidi sl ocati ons at the surface. Alternatrcralsyoosiobm®7s ar get
feature may be regions of p- or ntype silicon in an undoped silicon
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and chrom um g &Rk abe RN nRkARA 15 18&dn BBhBbRIuEEr &if’pﬁ@dti@ns include but are
corrosion-resistant coatings. Likew se, oxides are frequently grown on

met al subS0r atnetlimiedip @viyties, polyesters, polystyrenes, allylic polymers, epoxies,
polyurethanes, silicones, polysulfones, and phenolics. In use, these may be deposited

directly onto a silicon surface, a dielectric, a semiconductor material, e.g., germanium,

gallium arsenide, gallium nitride, zinc selenide, cadmium sulfide, or a conductive

lead. It may be desirable to identify several peptide sequences that are selective for
25  each material that is being coated with respect to the coating material.

Practically any surface may be biopanned with the phage display library so
long as it can be suitably prepared. Appropriate surface preparation techniques will
depend on the composition of the surface and the nature of the target feature. For
example, a polymer or polymer matrix composite surface may only need to be cleaned

30  toremove surface dirt. Likewise, some ceramic surfaces may also only require
cleaning. Appropriate cleaning agents may include detergents and mild solvents.
Metallic and semiconductor surfaces may need to be etched to remove a passivating

layer. Depending on how long it takes the metal surface to passivate, it may be



particul ar surface properties and to control the corrosion of the material.
In this exanple, negative selection is perforned on the oxide, while
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depend on the conpositi of the surface and the nature of the target
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only need to be cTrrangskt Iﬂﬁgé&ﬁmane ehutdf fame thdisnitface lekkibinias effingy fom theer ami ¢
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it takes the netal surface to gta Slvat?@)gjt gga\ﬁ bedesi,r rformthe

bi opanni ng i FoadentifigmaessriseibfePe? PEEM i) eg?fqu%ﬁ??ogﬁwg S%‘lg"g Ssi ve
oxi de layer idbostpMi, addul@Ur negthivd R1eRtisH i laﬁfcﬁrrﬂedy)ﬁla stigapeitiae sxhalligulie a rmont h

to devel op on gernmanium Alternatively, oxi dati on vi or of the
material is @F?gﬁﬂl’l*ﬁd barkgeHRd PRYPREEY DY E01be faégeltrgeﬁt‘%% HEX %h‘?f’ast“ffr‘f’? | ayer to

identify, f OrforQl’f@ﬁ@%laﬁve b1k QioR Ry De L & oA IRGRI chy st gtnahiugh diad@rallyy ng
mterial. 20 Fo rm glé%ngodllnents described above. This is a negative selection step, and the phage
that do not bind to the surface are recovered and amplified. In the negative selection,
the surface is essentially being used as a filter for sequences that exhibit an affinity for
the background property but not the target feature. The use of both positive and
negative selection steps provides a way to discriminate between surfaces that do or do
25  not exhibit a particular target feature. The positive selection step is then repeated,
with the phage exposed to the surface exhibiting the target feature and those phage
that bind to the surface eluted and recovered. The recovered phage may be amplified
after any of the selection steps.
The positive and negative selection steps may be repeated, either alternating
30  with one another or in blocks (e.g., with the positive selection step repeated one or
more times before one or more negative selection steps). The aggressiveness of the

elution mediurm may be adjusted as well. Where a buffered acidic solution is used to

elute the phage, lowering the pH will render elution more aggressive. Dilution of the

10



t he passive layer on stainless steel is predomnantly chroma. To identify
corrosion pits, it may not be necessary to find a peptide sequence that can
di sti nguiwb 28dcai4mi7ess steel and iron oxide but rather omeTiUsa#05/037975

preferentially binds iron oxide instead of chrom a, obviating polishing the
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exanpl e, t hebappfured Wil D 2o Aeids Of YAsiouBehefiGal ARTHHGY M3E PR -g’r B%n single
crystal ger nBojii, OfheRbledRit) B thedd rhd¥eiRpEicBRMhTespeqcs inbedgaalawee This is
a negative selection step, and the phage that do not bind to the surface

are repoveremaahﬁcﬂﬁm@dfsiid@dly quﬁoﬁﬁblaﬁgéwmplﬁé- sel ection, the surface is
essentiajpy bel ngrdﬁ%&q opfiafibd el el S HSRANEBEAMntAProciUiidys an affini ty
ropert:

for the backgroun y but not the target feature. The use of both
posi tive andpeptiga thiatbasenb&imity Gor the terzst fontuieiia eefeensgyo the odeskaties ALt e

bet ween surf g%rféularr%ﬂ['fac%p IAE’[&:{ ]gle?ecﬂgﬁ is%élg-ggie'f IVtVI ?r}[aﬁ%té trc]i.bﬁf‘él)ﬁrto (@@t heature. The

positive sel ron step en repeat e phage exposed to the
surface exhi béftidagdotshelettivelydtind thatanges featit (ahopnosghiageme pther fatig of o t he

e pb s i Rfeh SRS IR anel L BIONE LG nRRIAG R B BIRIsh LS Bl o e

any of the s ositive an i ve sel ection steps may
be repeatigd, s@tdcheusedtdeakealid setpctivrt A popmlatinnbhiphagethai exhilitchig peftideg. , with

the positive selection step re e or. e td or nore
negative sel &P I%atyglﬁél)“fd I‘T’ﬁlﬁgezcgﬁpgdgéé?t&léenseaéngq o ettijﬁ%ﬁlglogﬁe%%ﬁeng :aum may be
adj usted as wesdrfacd\lgl, én Ambniffheiirtic sating brafieo thetmayerial astsenintuse firut e t he

Prage, | ouer g e BLAMALD Sl S b LooImAe OB B3R Pkt 0 0
the el ution geghdgahiagbe biieyedogaaihee os sdnticridactosfubpisatesay siyercaddussngd
! ndependeZ[)]t | ¥apg£ totdg?e%te cr;s(t)a{lline defects. The phage may also include a fluorescent tag for
easy detection. For example, the phage may be fluorescently tagged using an
antibody for the phage (biotinylated anti-fd) which is linked to a fluorescent dye (e.g.,
streptavidin conjugated tetramethylrhodamine - TMR) via the biotin-streptavidin
linkage. If a surface is expected to include different types of target features, different
25  phage populations may be developed through biopanning and the different target
features detected by including different color tags on the different populations. Other
detection systems, e.g. radiolabeled streptavidin or streptavidin-conjugated gold
particles, may be used as well. Where the surface being analyzed is not magnetic, the
phage may be labeled with magnetic particles.
30 The peptide displayed by the phage population may be used without the phage
to detect the target feature on a surface. Peptides may be produced using solid phase

synthesis methods, for example, using Fmoc based synthesis. A solution of labeled

peptides may be sprayed or washed over a surface being characterized. Because a
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the positive selection steps. In sone enbodinents, it nmay be desirable to

i ncrease or decrease the selectivity of a particular selection step. Once a
parti cul avopemdsserisequence has been identified, the selpettiseiosysmay be
further refined by nodifying the peptide in various ways. For exanple,
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phage that esmissior Infenethpregmbodisnesb diriseiadsiagy b copl 1i0%, det ect
the sane targefod SRh &niiod hﬁe)?ﬁﬁ'}ﬁe kigaghieh gstir face, e.g., in a

manuf acturing setting or after the material has been in use for some tine.
For exanpl e sol ulﬂla@ﬁber(ﬁmboﬂmenéﬁéh?bﬁ@laia%@msR}?Y beussdspiideniifyshohage/ nL of

phage ma 8 ot Ip?%fd?geq%g% g&?’?%lﬁgeﬁ@aﬁfé ”F&Oé?ﬁhﬁﬁfeobﬂﬁa'f' Rt éﬁ%lﬂﬁy §Jstems, e.g.,

super con t crystalline defects. The phage may al so
include a fl ﬁbrfdss;)ce)hacwagnsalgwlresagsay@eﬁleplpb’% Cqﬂ@ﬁ@%‘rﬁ?ﬂ@éf SY§iffas PRége may be

fl uorescent| élsa%?%qo¥ﬁ | R A %Elat @)%{d{sgﬁy fitter ROBES. b&%‘r%l‘e@%ﬂﬁ]tyeegstant i-fd)

which is |lin uoresce streptavi di'n conj ugat ed
t et r anet hyl r bo#aGa/inhe cdiMRembraacs dfehdse miierials bxle}iitlfaa/d@rgﬁ: ih ﬁdﬂdh(geto If a

surtace 1 expsshas ot ol IS AESIbIERS, ShARBRITeRIRS | |
di f f er enti5t afgiag a tebasededisplat Iﬁﬁthﬁﬂjblh)jdsddnmthsbdl the phagé mrmmtlcc,ot mpy bags on the
g erent pondlallonce QIR SBIEC OV pivfinitg aoehed |
wel |. Were g, surface being anal yzed i s not magneti c t he phage may be
e O o S BEE S SR R B o
surface. Pept,dRs, MYy heddirslseade teip@idab hélp @nage defect. For example, the
20  peptide may be conjugated, via a phage or other linker, to a coating material. The
peptide can localize the coating material to the pinhole or other defect, and then the
material may be processed to incorporate the delivered material into the coating. For
example, the peptide may be linked to an oligomer chain of the material of a polymer
coating. Once in place, the coating may be heated above a Tg of the polymer to allow
25  the oligomer chain to entangle itself with the surrounding coating. Alternatively, the
coating may be exposed to a cross-linking agent, e.g., UV light, to chemically link the
oligomer to the surrounding polymer. Where a metallic coating is employed, the
peptide may be linked to a particle of the coating material. After the particle is
delivered to the defect site, the coating may be annealed briefly. Alternatively or in
30  addition, the repair material may be a catalyst for electroless plating. Once the repair
material is delivered to the defect, the plating method is performed according to
techniques known to those skilled in the art. Since the catalyst is localized, the defect

is the primary region that is “plated,” filling in the defect without significantly adding
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synt hesi s net hods, for exanple, using Fnoc based synthesis. A solution of
| abel ed peptides may be sprayed or washed over a surface being

char act erwpedos/Bswvause al abel ed peptide does not exhi bi Pcaaseovs@sD®es an
em ssion as the phage, which can be mul tiply labeled, it may be nore

Sul el e, Lo bo RERLLSR St Sl ST Pk B SRR IRRIR e
u;s}e a Iargerb&&ﬁ&l&ﬂé cﬂe’ﬁ&sz@ﬂlnﬁferlpeamﬂltldﬁcoiaﬁngulmuy hmlemhabietm thg spbypiateat i on of
phage used in the sanme application od| t pepti de ma
be conj ugat e8e FEipANL0 Fhéé’é%‘t%]lar ?Werﬁwr%?f%%éh eklf@““%% ]i’e%elhoghosphat ase d
that can exhifinpld whBe@ coftirRNs Beatddi oS p@lymdr Bulﬁ;n'@ﬂs heunae/mwsmmm thatt he
pepti de may be coupl ed to a particle ex%tjﬁg a nore.intense en ssion,

for exanpbe, the tejareratyrabe ipes tham thg fgtrdm etmatﬁt”r%r di spl ay systens

may be used to idgpt ebﬁfdetthﬁ iPeRY 'tcgl%caﬁ@{h@‘ébfeé’t&ni}qfe Inkedttatigaepdieat ure. For
exanpl e, ot her V|rus di spl ay systens, or tobacco nD ai c

virus, may benageniplusingdinkios Fqchblas@&naww 7395639%{6@ instheeyt 1€ 6X4RPledBt oyed.
For exarrpl e, lpPﬁﬂE h%ﬂhgk?&lr téri'apﬁl%V bRE biTBYtiRRattd, BRPA AU fidhay east or E.

Coli. The ce rane t ese material s exhi bit achargelnadltlonto
expr essi ng tIs‘eep;tﬁaphn@élefu&f}dmlmmhema‘éﬂﬂﬁdﬁﬁ@mb% degiable 1o gtagh itqye

| dentifigg u%él@ogivgg Bt ARBAE ShaRbetatRh Rod ?&le@%ﬁe HSRS wihbROkEr b phage i n

practice, it ma produce th 1p de with a short__polyD or
pol yE fusion wmtlg: ability 5ftheseéedtlamgeptlv‘ht§rlecaée @éﬁ? cete AIDHEEH pPENf i ed t hat

I's sel ective f(ge({t% %e!eq?lgﬂ’c]%tmeayzbﬁ%{t%:rhgd {OQhéa'&%Hﬁé %%ﬁﬁlfllné ﬂgﬁﬁfm&]ﬁs desirable to

use the pept i"Y ect pepti de may be
conj ugat ed, \Heanzaxsqsxbalje, RBiscoafugete Tetimigees, SamDaegoomadmgmpré’r@ﬁ,l 1806, tifthe  pept i de

,f ﬁg lrrgf 2:,: ;F ch)g%tg%ta Yr]'gaéga g{ggrrplo%ted bo f%renp nﬁ}%l r epa &19%6“% gf{h%ﬁ tbc and then

. 5 dr porat e ivered material into
t he coat isg. c&gﬁge@ﬂaﬂm the céiglepeniry dequamoe, fofloivingkedit b theatwoskquponesiarchai n - of

e oL bS5 e SO R LSRR ur BRI B, et o
wi th the surrgpypelimericpiit Materidl m@rsﬂaplwe Iﬁyl,cnbmzecdommnge cyplbeergargosed t o
a cross-1linking agent, e. to che e oligomer to
the surr oundlsﬁ‘@w’?ﬁ?W%Fhen\‘/\ﬁ@F%acgoﬂ?g‘P%WP fthass, i‘ﬁ“@"i the ar?{;k%‘ifgrélq pepti de
may be |inked,d@rify RRIbHd-RinSfonbiRd &edl bagicleBhehisav.clNdseribddia threaait, i cl e s
20  for example, in U.S. Patent No. 6,361,944, the contents of wh ich are incorporated
herein by reference. In one embodiment, oligonucleotides are prepared with an
alkanethiol at the 3’ or 5° terminus. Such nucleotide-thiol cormplexes readily attach to
many metals, including gold and nickel. See Whitesides, Proceedings of the Robert
A. Welch Foundation 39th Conference On Chemical Researchh Nanophase Chemistry,
25  Houston, Tex., pages 109-121 (1995).
Alternatively or in addition, peptides may be conjugated to a metallic repair
material. Peptides that exhibit an affinity for the repair material may be incubated
with particles of the repair material in solution. For example, dilute solutions of
nanoparticles (e.g., 0.05-3nM) may be combined with peptide or a peptide solution to
30 form a solution with about 1-2mM peptide. The peptide that is selective for the
substrate with respect to the coating material may be fused to the peptide that exhibits
an affinity for the repair material. The bifunctional peptide m.ay be coordinated to the

repair material and then used to deliver the repair material to the defect.
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delivered to the defect site, the coating nmay be anneal ed briefly.
Alternatively or in addition, the repair material nmay be a catal yst for
el ect r ol ewe 2pbcatssory. Once the repair material is delivered/useoskshersdef ect,
the plating method is perforned according to techni ques known to those
skilled in the art. Since the catal yst I ocal i zed, the defect is the
primary region that is "plated," fil¥rngtn the defect wthout
significantly addingto the thickness of the plating |ayer. Were heat is
used to incrBasgld he Loanug ueddingybit/oweions ore(l08|1Gav@r-&d mat eri al and the
coating, it may desi.rabl e that t. ISt 10 it he
particul ar tenper FHF% bchpa{er%;% Qtlﬁeenalﬁg%%%ggéléqﬁtﬁifo gnr%ar%?déf%.tl sql(:;:bt(%trl&rfe%(dtzlirrpI e,
where a coat {109) getmineah ethecraratvpoddyamsnges ththe nsetod geimanivay fapghitlesi r abl e t hat
the tenperature .be less than.the Tg.ar Tm of r erial. The
pepti de that Sqﬁ?t‘%e‘laerpﬁmluglcoé‘t‘ Zetsﬁ@%}éf’esgta c%ﬁ@g‘%%cf%ﬂ%tgé?etta%dt e repair

mat eri al usi pgintdinediinglabeeting. du edditom prowting ¢pitasa gekondnivea thHimfilnkseonar t . For

exanpl e, the peptide and the_repair terial may both . i ot ated, and
a bi functi onélﬁcoélt(péﬁpgiﬂ Ty eﬁ"é’?ﬁ%?’vaﬂg’g‘ﬁe t?)“?@%ﬁft%ealp%%ﬁ’@b' gﬁegﬁ/s? > It may
be desirabl egdRamtiinaabstrates. DétetSRlIRCGE-UE-SPeRicindave becpeayli stielicsieg tience t hat
can receive %he biotin without interferin vm'_tlg,]ithe bjili t%/; of .t he

sel ective pepencgef intperaagpriicehdeviges Witk ?’lhﬂ‘%’c legifat W@F%Ftsﬁreﬁ A 8nucl eot i de

sequence j§RY 48Rsiabh SR AHaditn tf kP dBcon@rdihseadifg diglotAANWHLERS | N
Her manson, GI.", Bioconjugate Techni ques, San, q3eﬂ§: ({Acagelm C Prfess, 1996,
t he cont ent s desiitywandis partially persioled Brugh pocesmgr e AR fUsIP@HIRS O}t er i al

may then be GonidigatedihtitcsdiGerREming BRA LRI ¥mFRAMEMESigh kRl dxpidedg whi ch t he
t wo sequenceg&gﬁ%gg%y‘ﬁ%%?zlea toel [ nknt he sel%rcti ve peptgi de and the repair

material . Li¥Wenutace.dhe gonevkeros dislopaiopmeerass peraysial urface ish ofal%edi npl y be
functionaliz ' iVi idlgthRarCMendifak oA | ons
known to thogﬁe{‘fa\séli?{rfx";etg\g Ehﬁdo%gpﬁlgﬂ?%?%@m?te}iﬁ%%g@jor pg _epariln

nucl eot i d&- f ustefithn@t surfede.Miise atimpnr disledation systemain germpajum BsAcPUreEY i n t he
art, for exanple, .i.n U S t ent 364 1§ 460 ich are

i ncor por at ed "H&¥e lhﬂﬁ?/gﬂ? %rfdg SR (%I}P}(nge ef%ﬁ%%lthn%ﬁn?' Agoﬂlg{g\trﬁg 9%%%’%9%8 arc
prepared Wit Rseaiwend &aoaish(harkbalet eglBdefent d&isity)@ndria Besvaf@uoteligible

nucl eoti de-thi ol conplexes. readjly attach to tal i.n ' gol d
and ni ckel . §%f§°t\ﬂﬁ’i‘s{‘7&§i Ge-pgy- bsé%ﬁffa%eg"gc PPESHE° lf“”}r%?m%fy %‘V% %H'g{c])@ﬁdati on
39th Confer e@ﬁ%r@@ni@ﬂ&ﬁﬁt@ﬁdpp&ﬁﬁﬁél?bnmmm&e gfdveronst siljconhafist @he  Tex.

ages 109-121 (1995). I .
Pag 20" surface defect density is roughly 10°/cm® 13 While this high density would render any

solid state device ineffective, it actually impacts only a small percentage of the crystal
surface. The distance over which a dislocation significantly affects the geometry of a
crystal is on the order of the Burgers vector. For germanium with a dislocation density
of 10°/cm?, a Burgers vector of 4A implies that roughly 0.0001% of the surface is

25  geometrically influenced by the defects, e.g., the target is diffuse. However, it should
be noted that the space charge region associated with the dislocation is on the order of
the Debye length (~50nm in undoped Ge), which can be considerably larger than the

Burgers vector.

Identification of Defect Selective Peptide Sequence

30 We used two types of Ge-on-Si samples to identify selective peptide
sequences. Typical dislocation densities for as-grown Ge-on-Si are on the order of

10°/cm?. The dislocation density of Czochralski grown germanium is far lower
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Alternatively or in addition, peptides may be conjugated to a netallic
repair material. Peptides that exhibit an affinity for the repair nmaterial
may be i rwokadsadsowit h particles of the repair material PoTABSRMSIETYIS FOr
exanple, dilute solutions of nanoparticles (e.g., 0.05-3nM nay be conbi ned

wi th peptide on, a2peptide sol ution 4 i t 1-2nmM
pepti de. The(gqa/p“}ggﬁ}eﬁg'?gelaqséoﬁjaé/elﬁ?teeé“ip?(\)%gfng%rh%t ogi(gth%zg? ?thaénr\l/\ﬁ% respect to
t he coating ratstminad liveayy dewfHngiad BiolshsPhPETC). dde tduat ‘censhiibed’s an affinity

for the repai.r.material. The bi.functional peptid dinated to the
repair materi's lgzﬁghﬁtﬁ?ﬂa SEFHB° 5%?5 PRAEFF F\Seﬁarn lé%cgl?y;@'#ﬁ gsr'icfg%reto t he
def ect . Exanplcgseimsabim & dibulfidetialtaga g/hichferaeli thgpegiidd fusiat inym 8 riogrlikd 00)

Ge-on-Si W\ used bi mning to jdentif age. sel ective for .t hreading
o el beati Shs St o R ke o aera PR SR ahfe L5t S ERHL 0%,
ger mani um f orspddicsitgetirGbshate. Bae prficondessitdt rethe BhDW 7 Ihanuahtie cl ean
surface can be created and_ nmi ntal ned ig alab setting tion,

. . In di
growi ng epi t &AMENES GEVRHEM P ARCOMOFALES hergin B IeSFICEoterg B (5‘?1'—d§?t§af9ipbag§n
ef fective wayhd;Brefdr&itfay Sind MG oSt Qhfacd| DRI delebii g predei@ehdd/as ger mani um
substrates. Defects in the Ge-on-Si system have been well studied in the

hopes of int e”@lnloa‘fo ng optical devices with silicon logicl2 . The defects

created ifp the depppigitiveRelOftiodh FMMHUBNiR Amble! FRoWEY B dnhfiBRatine t hr eadi ng
di sl ocati ons whose density can be partially controlled through processingl3

Thr eadi ng di sl o@hPessive selestion me amightdengjbsrsemple ysing thejagwhifiehelddte.ace and exit

ihe ger mani u%ﬁmegq)ggmtpngca@(ggosed (100) surface. The point where a
di sl ocation enmerges"at a crystal surface is a |localized surface defect with

a geonetry, react ByNegetisnstlestioron ofvivcdasitusmplede ghaluting the apsbindimg t he rest

of the Ge sur . I di sl ocati on systemin germani um has a
Bur gers vect Eﬁg‘%%i?’t%l gtng Iﬂiq%g%/ondi rection (a/2)(01 1) 14'15 (a length of

~4A) . Thelst wo subdg) Negatise sedetomen & lo@edeapsitySiamplerwithoebdneifichiapgh def ect

density) and a Ce.ywgfer eqliaible. def sity). The Ge-on-Si substrate
i s conposed of an5 p(i’st%évfi QF ?H%Pg\/}ﬁlght(ﬁeflﬁgha?’ﬂébf germaniumthat is

appr oxi mat el y one Thisgiebdedttivo cénsgusosuweqoencas, SCI YR ATET @eq [IHg asdir f ace def ect
density is r 09/ : Wi | e thi% hiu h.delnrsit u uld r Qder any
solid state m@%@%@g&?%enﬁe AR AP 9 ﬁf)?%g? 8 SSrﬁéf/‘ ¥ per cent age
of the cryst alycliufabuaeef thd feguelics issnasddave(Figd). dhe firsdsghavatwaonamsedni fi cantly
affects tsze %gc?uggéer% a%]a tl% second 3v. These sequences occurred with similar frequency.
The specificity of the sequences for the high dislocation surface was then determined.
5mm squares of the high and dislocation density samples were rinsed in DI water and
dipped in 40% HF for 10sec three times with water rinses in between. The samples
were rinsed twice with acetone, twice with ethanol and once again with acetone. A
25  solution of 10" plaque forming units (pfu) was prepared in 90ul of Tris-buffered
saline (TBS) with 0.2% Tween-20 (TBST), and a 20 pl drop of this solution placed on
each sample. Samples were allowed to set for 1 hour in a clear plastic box, following
which they were rinsed with TBST + 0.5g/L. of BSA, followed by two rinses with
10% TBS. The samples were then exposed to a solution of 0.01mM Glycine-HCl +
30  0.IMNaCl for 1 to 5 minutes and rinsed twice with 10% TBS. The phage was eluted
with 0.2M Glycine-HCI, which was then neutralized with Tris-HCI. This final
solution was then titrated to determine the activity of the bound phage. Sequence 1v

exhibited no notable specificity, but sequence 3v exhibited 90x greater binding on the
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crystal is on the order of the Burgers vector. For germaniumw th a

di sl ocation density of 109/cnR, a Burgers vector of 4A inplies that roughly
0. 0001% oWotzhe/mse7iace is geonetrically influenced by treTdstb@siosrore. g.,
the target is diffuse. However, it should be noted that the space charge

regi on assocjated with the dis|ocati I.S,.0n t e length
(~50nm i n unh@bgans&f?mmﬁ‘g Eeé%ecﬁtg ﬂgeglﬁvsvidggsrl 8?@”?%?‘8‘2“}‘% E ha %S%Réurgers
vect or . | dentiithivaRittysa MK Ppheetsh&ed damt spuaiidyfon diheSbe bighoelowsdensitd t wo
types of CGe-on-Si sanples to identify selective peptide sequences. Typical
di sl ocati on ies for as-grown Ge-on-Si are on the order of 109/cne.
The di sl ocation density of Czochral ski grown germaniumis far

| ower ( 103/ cn@xamplhe —hingetaizapdreyf PhplidecSaplenyeltearactiohi withubiktraiei | i zes a

7-amno agid constrained |ibrar New Eng{ Bi ol 7 term
"constrai Red" ind B%Gttggccﬂﬁ%{‘tsusﬁ%uﬁ%ﬁ?fd% eg’ﬁﬁ%daggﬁ&ﬁr&ggﬁ%é@ysmﬁbg%ked by
cystei nes. Thesming\séfeienasfof ibvadeficeih thedte-bri-SkabsraiRetherftbarces t he
peptide fusion into a ring-like structure. This |im t he nf or mat i onal
freedom of t ﬁ'éel?ﬁﬁ‘ﬁit?i%‘{n“ﬂ%ﬁ ulf%’é"tﬁgfiﬁ&”%fowg VIR Afé&S er&c? @e(%?cllfew %Substrate.
The prot ocol ygRskditdedcinfued® AR taldindraBivdihg picfeernce bttenésmelt giolinch ar e

i ncorporated herein by reference, were ysed to identif.g gfg\%ge(} at

pref erenti al IGF 3Bd G- selstrgigs wps defrmited Usipg JHOTECPUeIGINECARE PY lg?ﬁ? or med,
as foll ows: KhraRRS(Fld HETIRNuBGHated ThefRRelRed Wah alde Bsihayeds anpiffuse fetdctionyed by
anplification 2) Positive selection on a high dengi ty sanpl ﬁa%ﬁ%!i ng the

anpl i fied el wete lopling Swalfiny ihhirerificdaesto NSV RGRIFRAIETI LTS "on a | ow
density _Sa”plfﬁfl (Bia@ver B BOERGr MRy &h itk (8 sha8R3 useW Thensurca@! i fi cation
4) Negative selection on a |ow density sanple w thout anplification 5)

Posi tive sel dsthet signifigart differanenwps the anmibpiavas ppipg injtialy dpsgetedndye consensus
sequences, C%Xé[ﬂﬁ%%rt et(:lgi%%t%l@bm sitfh u@@%’dﬂ_ Ess{ §§Yall dentddion, IE&FectEqUENCES
are quite simlar, especially when the cycltc nature of the sequence is
consi der dd ( Hewpit? pf th¥lyerffcer st sequence was naned sequence |v and the second
3v. These sequences occurred with simlar frequency.

Fluorescence measurements

The samples were tagged using streptavidin conjugated tetramethylrhodamine

(TMR), which was bound to the major coat protein of the phage using a biotinylated
antibody (Fig 3). The samples were prepared by first cutting the substrates into Smm

20  x Smm squares. All the samples were dipped in 48% HF three times for 10sec each
with a water rinse in between. The samples were then dipped in 0.07%HNOj3 for
10sec and rinsed again. The samples then received 2x rinse in acetone, 2x rinse in
ethanol and a final rinse in acetone. The samples were then arranged in a 2x2 array
and exposed to 20®1/sample of phage solution (10° phage/®l; determined by titration

25  and spectrometric analysis'®). After half an hour, the samples received an intermediate
wash (1x TBST-BSA [TBS + 0.5g/L BSA +0.5% Tween-20], 1x TBST [TBS + 0.2%
Tween-20], 1x 10%TBS). The samples were then exposed to 20Pl/sample of
biotinylated anti-fd (1:50 dilution of stock solution, Sigma) for half an hour. After a
second intermediate wash, samples were finally exposed to 20®1/sample of

30  streptavidin-conjugated TMR (1:100 dilution of stock solution, Molecular Probes).
The samples then received a final wash (4x TBST-BSA [TBS + 0.5g/L BSA +0.5%
Tween-20], 4x TBST [TBS + 0.2% Tween-20], 1x 10%TBS, 1x H,O) and were
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The specificity of the sequences for the high dislocation surface was then
determ ned. 5mm squares of the high and dislocation density sanples were
ri nsed i nrwDl2o0eai4so71and di pped in 40% HF for | Gsec threepCirrmssoosiosy7sat er
rinses in between. The sanples were rinsed twice with acetone, twice with
et hanol and ' L.ish | rm ng

ni t5 (pr 0y "fnedaaBlRadics 136 BhRenct A Ra: Qe R EIRITOT T 09,
Tween- 20 ( TBHE) on an@lympROIX¥1 ffiroogscaice midrescenst Imdgonwptedded obtheeach sanpl e.

Sanpl es were_all owe r [ ¢ ' follow ng
whi ch t hey ﬁé@élegﬁ%%‘%mulrgﬁé 93}38&.:" 8’/%dg}e%%%%{ag?glﬁﬁ%é\ﬁgegpﬁéasf WO rinses

wi th 10% TBSetelthined avipg ®sandardssoftivere seitp@siebe Plmtashemb .0t Histogein 0. 01 niv

A yci ne-gCI + g.IMNaCI for 1 to 5 mnutes and rinsed twice with 10% TBS.
The phage wat &Pl ed with 0.2M Q ycine-HO , which was then neutralized with
Tris-HC . This final solution was then titrated to determ ne the activity
of the bound phad@ratiSequence |v exhibited no notable specificity, but
sequence 3v exhihited 9Ok qreater . bi.ndj 0 j j sanples with
Ceapect to the | o SEMRTS e B PP Rt i dhe AEREELETR T 1Y e
ML3KE phage msdaswedemexspethot aftdrthe ghage eipdduey; thelsemplegieceived tbeviiddnsi ty

sanpl es. Exa e 2 - ar er| i on of t.i de Sequence |nteractions with
Sibbt r ad e OTEBh e TEanBTe SRU TR Rdu e FE PrERr e e ciied BbfTiFfed & hat

t hey shoned a8 déscribidig thrira e the Netv Biglahd Béoscieficees bkage displag kiggthen- Si

substrate. Rather fhan attenpting to sinultaneously inmge a mcron |ong
Virus and’ a ANSESPTHEED AEGErRorglE! biOea oF Firr ey ThEGEIRHT 08 TR fy

bi ndi ng. Bi &gyl BhEvienpRqlat WRenBRl bf pHga¥d tomRspRAds 1GehdimBer 6Ubst r at es
was det erm ned using fc{/tgor escence m cyoscopy .an e titrati &‘?ﬂo( Fig 3).

d ph
The subst r atPbase thaPewrd e subsirae aihsyirglnppulpiaty is F’H‘“g‘i‘ g‘? predladisg g2tPon, we are

| ooki ng for tﬁéﬁdnmewfa@qlﬁsw@gv& Blateb 9B coulledBy B4nd. t he technique will tend
to find whatever differences there are between the two substrates used. To

ensure that the ﬁgt Si gni ficant difference was the one that was being
initial I]3§ t ar get el 3 Bed the el enental conposition, surface

roughness, cryst XipSaidsiohadiisitth snlipeel STA wille Bs Al Youlde anB @ paddlch@ep.
Fl uor escence neasurenents The sanpl es were taggied usi ng streptavidin

conj ugat ed tod$ABe Yoyl herbiuliftg saerey was swept from 001300 eV.

AFM Measurements

AFM was done using a Digital Instruments Nanoscope 4. Spot sizes
20  approximately 1 micron on a size were used with a built in roughness measurement

protocol (Figure 4).

XRD Measurements

XRD was done using a Cu Ko source. The 2@ angle was swept from 25° to
70°.

25 EPD Measurement
The etchant included 67ml1 CH;COOH, 20ml HNO3, 10ml HF, and 30mg I,.
The samples were dipped for 10sec and then imaged using an Olympus optical

microscope. (Figure 4)
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(TMR), which was bound to the major coat protein of the phage using a
biotinylated anti body (Fig 3). The sanples were prepared by first cutting
t he substwetes/d4pi7@ Sm x 5nm squares. All the sanpl es werasdoogpemd7s n 48%
FIF three tinmes for I@ec each with a water rinse in between. The sanpl es
were then dipped in 07%INC3 for | GCsec and rinsed again. The sanples then
received 2x ri nse&?—H——%{cetone 2x rinse in ethanol and a final rinse in
acetone. The sanpiigSswefientd@Rduaéd wilged higheﬁfrﬁm%n@rdtamgaerdlemoipg)sm@l to

20FI / sanpl e of phage, sal UtIdOI’l t§1106 $ag [ Fl ; determ ne sat |don and
spect romet r i ENaeAArZETaR foged o @trpeﬁg % ﬂreﬁ‘i’fﬂ?e MEFFeLY “éepeé QeiVed an

i nt er nedi at e \RSHvd distindEshh, ulafiBss. Hnd dtioBHAs ¢ mdn&dispEweeoHe2Gn | x TBST
[ TBS + 0.2% Tﬁgzn 20] % %L%%?BS) The g(ggldl es V\BI’? thenp expose

20F!| / sanpfe 6f Vg B@P%ﬂléﬁ%squ @@13(31’)%3(3?‘108@10 aé‘P“é‘faBm? %ﬁtk%n
Sigma) for halifig-aBe’ ;b@. F% e krdfh &k mmwnfthIld&k@frerﬁ%gtuaatfaswﬁsmplmmaiees wer e
finally exposed to

| e of streptavidi n con]1 ugat e‘_g I\‘/’Ir? % : 100
di l ution of chswmémwld@u 190 ve s afovidingiiesopd comiiel 05 &t P OAY ecei ved a
final wash (gﬁiec-{@usgacﬁé‘%uﬂdl_ﬁ?dlﬁﬁgfﬁé%ﬁge% ﬂu&eé&ﬂl}"ﬁﬁ%’gd aghg arﬂ%ntﬂ;&%;r [TBS +

0. 2% Tween- 2 and wer enpunt e nmeasur ed. The
f1 uor escencefm}@snhamthYM@ﬂ@nM@eV}ugh lﬁé}nlﬁdmﬁﬂeoﬁqet‘@yeéﬁreaﬁvﬁ“yrrpus 1X5

1 %1 uor e%ﬁenﬁ&};@gﬁ%@ﬁ Herﬂ%&ﬁxs {a%dﬁ@}{ﬁﬁ% Sg13f)eA BaRISRRAd bStfeg an

a ynpus thel r a rage cénce was determ ned using
a standard sofb vstaieedby Itepea(tmgi ttsemdthast witthophage Oee samplegntainingineitbiosin-,

Titration The_sa re d

f 1 uor escence “AHEE uerdearl%%\%?anedxége {39{dﬁn (f‘olﬁjQd §$[ ? %&Nﬁ %{grg%giarggoﬁﬂrr' g(}tklnﬁde sanpl es
recei ved t he chitribtionagibatkgroungfluofestenesigmnt:il) ﬁr@rmnﬁexmee&qﬁds/uh@(.‘cmhe phage
were then eluted and titered as descri I t New Engl and
Bi osci ences BH%%CXBP%?’ gga'm rfo,n'sf:%g“ F@%?’ e #’m\/\ﬂg?%tlﬁgrs Lébsﬁ%]tgo §3¥ at ed

her e: n Ib>15r eheii-edestive Elih;&mgesuﬂetlag@fnreu rammbmamﬁmom;ageempmameﬁﬁnmtthatbl ue

viral plaques. The nu r of r n s to the nunber of phage
that bound t ¥ %Gﬁg@?%ﬁt emf‘ﬁg OIE‘F%;S%SW% IP%S%%rFEH]%lgalgesf%Plg pl ating so
t hat the nunRghtrasfed PoRGHEHedNred fHokefenpd. athe résanin &1 13e3nfledesbghchand. XPS

Measur enent s .
measurements revealed a roughly 2:1 preference for the Ge-on-Si substrate compared

to the Ge substrate (Fig 3A). The fluorescence signal resulting from M13KE binding
20  showed no selectivity for either substrate and was slightly smaller than the signal due
to M13-3v on Ge. When the M13KE binding is treated as background to the M13-3v
binding, the Ge-on-Si to Ge preference increases to 10:1 (Fig 3).
Titration is a quantitative technique for measuring the number of phage that
bind a substrate. After substrate exposure and before amplification, a fraction of the
25  eluted phage population is exposed to a bacterial lawn that has been grown on culture
plates. At each point where the bacterial lawn becomes infected, a viral bloom forms.
The phage are modified with a /acZ, causing the viral bloom (or ‘plaque’) to turn
blue. If the phage are sufficiently diluted, each plaque corresponds to only one
infection event. By counting the number of plaques on a given plate at a given
30  dilution, it is possible to determine the number of phage that bound the original
substrate. Titration measurements were made using the monodispersed M13-3v phage
population (these results were not compared to the wild type M13KE because wild

type phage show a higher rate of infectivity). No antibody or fluorescent dye was
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XPS was done using a small spot ESCA with an Al source and a pass energy of
187.85 eV. The binding energy was swept fromO to 1300 eV. AFM Measurenents
AFM was dwoeoaszi4pgyia Digital |Instruments Nanoscope 4. Spor/US2@s®37975
approximately 1 micron on a size were used with a built in roughness

neasur ement n«Q:rdQ& f@)?%rat{cﬁl @hgt%sﬁain%ﬁigg %ﬁ%@&gé@%\t}éﬁg e BRNG ¢ising a Cu

Ka source. The 2Q angl e was swe urement The

et chant i nchubgieate etnparcdHe G S@Shﬁte M) wbi«rh isgimilarmio th@Qnigsee®in The sanpl es
wer e di ppedgf, chr@ec and then inmaged using an A ynpus optical mcroscope.
(Figure 4) Resu ts The 3v sequence occurred with the hi ghest frequency

duri ng sequenci nbhe fuodescdnae arch térativatrdsults coofiurs et Mth3-8hathipi155mi de.

Fl uores ce nCS ﬁg’l%g St nt SSl\AWre als%ec{eIn%BE;%%d lfhsalt g ée alnfi q_JreSt ! cfég.ge

popul ations. I'Sper se colTectl on o V|ral cl ones
al | expresswag 1&ntx(:aﬂ/lb8@eﬁt/1)or th‘Elpeesemxe@lﬁdlslpothﬁD{RSrdamsvadehaurheof t he

"wild-type' phage .known as 3KE, which | tlderSIO n pill but
a\rMe ot h)e/vai 5@“{%%%11}51%% Sapg e%@@bw‘?ﬂ?&&%&g&/ﬁ%ﬁﬁ% ﬂd%WFV%fCPf or the

ef fect of nmatthelsmtrétvarqueg;hﬁbﬂﬂﬁz@;i;ggsurfﬁbej:;gﬁggemeeﬁu% escr:]ently

t agged usi ngﬁg&ﬁgu b(ﬁéj% for t e phage i ot ti- ichis
linked to a i ?%‘E’?S’B %né% ‘Ig\f%) HREY th

bi ot i n- smremu&wealmat ihe&k@g@teﬂ;‘dtgh@eas&o@@@bqy&uﬂﬁu&p@ﬁgm maupbt ai ned by
repeatlngtggpmst hod wi t h aﬁ)haefree sanpl e cont ai ni ng

bi ot i nconj ugaY &gtiagevealel haidhae W&ﬁt%e’a’i“ﬁd‘ifﬁmi indha @%f"‘T‘I\?’RSUbS&%? #d there

are four pokeiata al crecwafeﬂ(b 4Phd RuchAGHAE Qe Lk ons BoshgRgl | 1) any
noi se exper|7en(‘2 t he uri ng exposure, z)qdlsénbon sel ecti've

anti body/ dy mrﬂﬁcmatﬂ@&tmleéhﬁa@trﬁ a%rélamsyn samplep ciThe/kighi ndi ng of the
large viral d@@@&mldxnsngegmﬁés lf’a'aﬂlsgﬁzraﬁ@rﬁ'tﬁé%@;eftb(%etnllel%g%ﬁ(e(ﬁ e sel ected

pepti de may have irst two contributions were s d sinply
subt ract®d’ fiffeientisie usieeBRIP e 4s p resultatbe eakescof 1Thm” wesused angtypeal @ilue

fl uorescencg wis type of structure.

Conclusion
The two peptide sequences derived from the phage display selection were
quite similar. The odds of this level of similarity occurring by chance are roughly

20 0.02% (assuming all amino acids were independent and equally likely). This is
extremely encouraging as the sequences were essentially arrived at independently.
This level of overlap gives confidence that we were able to focus on the proper space
of possible binding sequences. This assertion is also supported out by the fluorescence
and titration data.

25 The mechanism for binding is not entirely clear. Without being bound by any
particular theory, we hypothesize that there is likely a space charge region associated
with the surface defects. This could be the source of a primarily electrostatic
interaction. However, the germanium film is nominally undoped (slightly p-type, Na
~10"¢/cm® ) so the magnitude of the space charge would be quite small and spread

30  out. The binding mechanism may also derive from the local chemistry of the defect.
We expect that the site of a dislocation will oxidize preferentially. It has been shown

that hydroxyl containing amino acids will bind to metal oxides'”.
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measurenents revealed a roughly 2:1 preference for the Ge-on-Si substrate
conpared to the Ge substrate (Fig 3A). The fluorescence signal resulting

f rom ML3KEORbewh4pgy1showed no selectivity for either subgtraiseocans7orss
slightly smaller than the signal due to ML3-3v on Ge. Wien the ML3KE
binding is treated as.backgraund to t ML3-3v: . b ndi -Si to Ge
pr ef erence incr ez%%rbeffo(‘it%ﬁgafg%ﬁﬂ&pl?)g‘? Qﬁ?%}tb%%%%ggﬁgﬂ%‘;ﬁ@?‘gﬁ@g t echni que
for measuri ngagdeirRteiaREacabnsiagetddratinplabimalesulbsintesaconsAf t er substrate
exposure and befare angl [ y.sgati.on a {.r acti.on of the eluted phage

popul ation is exposeaPhegealigioration igfaction, Veliye: has been grown on culture
pl ates. At each poi ntha\/\@grfé_tﬁé_éb Léagi al lawn becones infected, a viral

bl oom forns. The ph E%re modffi‘ed wi th a lacz, causi ng the viral bloom
(or 'plaque') to turgar bk piege-bickghendphageionve hewef f i ci ently diluted, each

pl ague corresponds to only ong,infection event. By counting the nunber of
pl aques on a gi ven pplager atvma—gi mmgedidtati on, it is possible to determ ne
t he nunber of phage that bound the original substrate. Titration

measur enents were nedEIGUHE YHE Fronodi sper sed ML3-3v phage popul ati on
(these results were Egt_kg npépiegelld the wild type ML3KE because wild type
phage show a hi gher tate/éf [phagetivity). No antibody or fluorescent dye
wasneeded for titration. The resulting plates indicated a 3:1 preference
for the Ge-on-Si subgggé’%m % the Ge substrate (Fig 3C), which is
sinmilar to the 2:1 seen VIff | ibpsc®ide. The fluorescence and titration
results confirmthat ML3-3v exhibits a preference,for C%e-on-Si. We al so
denonst r at edwhera&oareedudibepy dGéQ%LOSFO‘?E’P Sa P8R8 COPRNPT AT except for
the pr esencesu@@trﬂés%é?&@ﬁﬂo%sto tt?é%@méi@ﬁa%ers&uﬁ@i adukdnadustyh gpragdjstthat es had t he
sanme el enental conposition (Fig 4A).

) FM i mageoj dengnst at.ed th%t t he
substrates asamedfar bash samidash Adgitiopallys hscpuse the Whoie snp %ﬁ‘ﬁt%‘éeslég’épo(s “on-Si: R
§=0.235 +/- i s the ST arfdl Ya3kor618id) Sofvirg f6B) . XRD
i ndi cated t h%?gﬁ%gg%gggl[%?lﬁg%ﬁmﬁ%%ga%ﬁéi r onga(églom ori er%t ation (Fig
4C). Final | y/phegpanéspirangingeveal ed that there were nunerous defects in the
Ge-on-Si substrate and none in the Ge wafer (Fig 4D). The internedi ate
density sanpl es hEd D, ergx}om tely ec__r'[g] di scl ocations, while the pure
ger mani um sanpl e F%ﬁ—di sl ocation density sanpl es had
di sl ocat jgns t hat werfdo densel y[fi cked to

If the Ge-on-Si fluorescence is twice the Ge wafer fluorescence (assuming

[phage-atom] is the same on either substrate), then:

[phage — atom] = [phage—-l-]

Substituting and canceling:

K, _Ks
{atom ]~ /L]

Note that the atomic surface density is roughly 10'*/cm?® while the dislocation density

15
is 10%/cm?. As aresult,

- [atom ]/[L]=10°

K5/ _10-*
2 Bo =10

Substituting this into equation (7) yields:
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differentiate using EPD. As a result, the value of | 9/cn2 was used as a
typical value for this type of structure. Conclusion The two peptide
sequenceswOanioaso7ir om t he phage di spl ay sel ecti on wer epguiuseossiosiorar. The
odds of this level of simlarity occurring by chance are roughly 0.02%
(assum ng all amno acjds were independent and equally likely). This is
extrenely encouragi ng t helsejuences were essentially arrived at

i ndependently. This le ef oot overlap gives confidence that we were able to
focus on the proper space of possible binding sequences. This assertion is

al so suppor t g, Quty, by '%si%?fgcrtyelgodr ?&(ﬁ@%ﬁﬂ@&%rﬁ&&ﬂ&% {nQ0leddfi§: The mechanism

for binding i's ndt en |'ear t hout™ bel ng bound by any particul ar
theory, we hypothesize that there is |ikely a space charge region
associ at ed wErdmnlhd -Ravelapeerd of Fhage Papilaionoiglediitsdor Repedoi®8 of a

primarily electro I G LA L@an. ﬁ\iﬁx&g e§. ol M dAdbhddsiIicd

nom nal |y undoped§%§%$%%%?%ﬁ%ﬁf§%gga' ~ %b%éwg%%d16¥ago t he %a nitﬂde of

t he space5charchelingomkdr imereyloped regiens prepadedsysingandetbedts knqwie taghergiskidledrechani sm
may al so derive fr t he | ocal. g t that the
Site of a didlBeat S%exv%u‘*’lplr'e’ g’%“&'i%z]%{%?"té‘f z:lrrhgfrﬁ‘t”{’ S@F@?ﬁe Jr?t%ﬁeél\s%gg%ﬁ?‘g hown t hat
hydr oxyl contansvienls mtiveoxideiager mid dtorbd noder drynmtragenox phagd displanlibraryef f or t

R T Lt v A,
For the phagevat slithahd daped regiodrsaCidped silisen afee’) iphaipert 4indbspheps for phage - J-
For L RjR0e Baskar eund LAt SLRELL o, Nk AL EIROR I ARB ek T
- aton] wher endbobh@pigeare dhitdd Friom W $&eivaihi IMeOR#ieaiCls ThBecahsien ihe
;O%: ![ gﬁggﬁ; %;eipségt?%%y&gzl]eesrpg\:o\ﬁlgq%g ep)ilggg,%ﬂt lt,lScl)ngt 515%515‘&?&%%9 guf%ecl)“édu SFa']il’cl)Elt’] to
wash the unbound phage from the surface.
The phage recovered after the second incubation are amplified using E. Coli
15  according to standard microbiological techniques, for example, using the techniques
in the New England Biolabs Manual, the contents of which are incorporated herein by
reference. The amplified phage population is incubated with the undoped silicon
wafer for about an hour, following which the silicon wafer is washed with buffer and
the unbound phage recovered (e.g., the phage remaining on the silicon wafer are
20 discarded).
The recovered phage are incubated with a doped silicon wafer for about an
hour. The wafer is washed with 0.5% Tween-20 in buffer. The phage are eluted from
the wafer using glycine HCI as above and the eluted phage sequenced. If more than
one sequence appears with about the same frequency, the above steps may be
25  repeated, using a mixture of phage exhibiting peptides having one of the selected
sequences and stronger concentrations of detergent.
A population of phage displaying the doped silicon-selective peptide is
prepared. The phage are fluorescently labeled and incubated with a doped silicon
wafer. Fluorescence microscopy of the wafer is used to confirm that the phage are

30  bound to the doped regions of the wafer.
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sane for both sanples. Additionally, because the whole sanple surface is
exposed to the phage solution, [phage] is the sane for defects and
backgr ourmio 28@/ms07g f or [ phage] and rearrangi ng: KD ' [ poags2e0sasong

Kp[ phage- ] latom ~ [J-] If the Ge-on-Si fluorescence is twice the G

waf er fl uorescence ssum n hage-.at 0 Is\\\s. [ : trate),
t hen: [phage -%?Cg'f%lﬁ%a— B%f)‘ﬁ’é’gé’ib E]axl TR tﬁ’%ﬁ"ﬁg%%’%ﬁ%@%f@é) £ p%cgeZH{agat t he
atom ¢ surface dengiopulation ofighhgeyselbOtive/ fon2axihotientedigpaiol witlh capdcbte cdensity i s

109/ cn2. As a result r m [ .5 Subst.Lt ukin LS. jnto equation
(7) yields:5 FRSCTFYe érﬁﬁﬂs%?@a%%“f‘éh iRrary® %%g%’fg ,‘Sbaol-Ll °6%8£‘|Hrlr%’reio@érrent in
sel ectivity. Eugepded iBbuffddayeliapwaronahtrRivags | Pophdgatilom Sehectdfve for

Doped Silicon types .of sil.icon. wafers, are provi ded: undpped. silicon and
undoped si Pi cﬁ&?\a%géﬁ W@aHS‘iBS“?ﬁa IHB%I\%O&BBB%WH%%\% éle‘bersséif?'ar%gﬁ'ﬁ(gfong net hods
known t o t hosgemsdie igble sétatche. ahé phagebuftaigpkssion 0 dishosed antirtYBCO The two
wafers are etched with HF to renove the native oxi de | ayer and stored under
dry nitrogen. t??epfﬁ’éﬁ’éantﬂl%ﬁp’_é?ra}"f‘%?hﬁrt%mé%ﬁlﬁam“mp!’f’gi_t‘%?ﬁr@f e PPYei t her the
pill or pVII igeRtsidyiRd fghehorRapRASRE sisPertsitR. Thk tapens e wishwd with & he doped
regions ("doped silicon wafer") in_ an inert at rmsglgere, for exanple, in a
gl ove box. Af teild seppaid Buprersence inaginagarnieyed & Iperltig PRFidPBes PBC and the
bound phagg a_rsﬁrfé'éeL@o?l‘ésﬂcfngmgtt@ﬁ-a%t)ﬁéntéﬁ'gtrzhnso;@Mrg'tlﬁéq.hg?_ﬁ)sb'f@k red If3ht, fopcubat i on
is repeated with the recovered phage, but using 0.2% Tween-20 in buffered
sal i ne to waslexenele.and Sluntesqsn alrevisible wavelenggy phaedheldiiner prYjeusediover ed
after the secontulibahidReMan @Rk B URINMifs. Tl 1 according to
standard m crobi ol ogi cal techniques, tor exanple, using the techniques in
the New Engl and Bi ol abs Manual , the contents of which are incorporated
herein by ref diveriple 5 -TRefeelinplof giadthoyhieayies foperlsyériinamaatidbat ed with the
undoped silicon A population of phage selective for grain boundaries of a polycrystalline

15 material is tagged with a radioactive label and suspended in buffered saline to a
concentration of 10'2 phage/uL. A component fabricated from the polycrystalline
material is polished using a handheld mechanical sander and sprayed with the
phage/buffer suspension. After about an hour, the component is washed with a
detergent, e.g., 0.2% Tween-20 in buffered saline, and the radioactive emission from

20  the component is photographed. This procedure may be repeated at intervals, e.g.,

every month or every quarter, to monitor grain coarsening in the component.

Example 6 — Identification of a phage population selective for alloys of a particular
composition
Two alloys of A and B are prepared having compositions X and Z (Figure 5).
25  Samples of these alloys are polished to remove visible scratches and stored under
nitrogen. A phage display library exhibiting variation in either the pIII or pVIII coat
protein is exposed to the Z sample. After about an hour, the sample is washed with
buffered saline, and the bound phage are eluted from the sample with glycine HCI.
The recovered phage are incubated with the X sample for about an hour. The
30  unbound phage are washed from the surface with buffered saline, recovered, and
amplified. This population is incubated with the X sample. The unbound phage are

recovered and incubated with the Z sample. The unbound phage are washed off with
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waf er for about an hour, follow ng which the silicon wafer is washed with
buf fer and the unbound phage recovered (e.g., the phage renaining on the
si licon wabenosarsso7di scar ded). The recovered phage are i rcuwhmb@d/opiorh a
doped silicon wafer for about an hour. The wafer is washed with 0.5%

Tveen 2011 0 LU BIENETL AR bRV BRE s AR gy e 0

as above and ence nmor e n one sequéence appears
wi t h about the wa&l §ff edbaniher doheenabionalestrgps ergayoubls thepwatadrationsi ng a

m xture of phage exhibitin i des hawd one. of. th " ences
and stronger aegﬁ‘égﬁ’[“i‘%‘ﬁa%%%“fgggée?%rad’é‘ﬁﬁegio%%%ﬁpé? Llnglgb%g . %ﬁ%gg’“g‘?% ayi ng
t he doped si lah€ MevEBd @A PhYR re@péred eThee@iverea prate afdiacytbaekwithsample X

fluorescently | abeled and I ncubated with a doped silicon wafer.

Fl uor escence i B GLEUIRN8T SCAMECtaf er i s used to confirmthat the phage are
bound to the doped yopgig&sofphhgdHagingaieet sdcapptide fusé®teoid ethot@t axi s
oriented grains in yttriumbismuth copper oxjdefilns A popul af‘i on of phage
sel ective forpr(éela%@r%’r“ieénfré‘?jpllj’ﬁéﬁrﬁsﬂ“ﬁﬁef(f?nﬁ% gled andgn %tg‘ijwt SHERE grai ns

Of YBa2Cu307  (pYBErescsnch A8 oM fth@sanlpitOk @5@e0 torlf@hatadhd phaigpeaded in
buffered saline to a concentration of 10 12 phage/ nL. A segnent of YBCO

tape i s cl eaedndioithiyZ graiisi d soap and water and, if necessary, polished to
renove visible scratches. The phage/ buffer suspension is disposed on the

YBCO tapey f @xappRmRI8en: atﬁﬂbﬁbf})ﬁ@e%bﬁd&t@epﬂe%ﬁd& fo dASBofalpaitutPray
bottle or by immersing the segnent of tape in the suspension. The tape is
t hen washed WPPRCSH#'G¥i | d soap and fl uorescence i magi ng enpl oyed to | ocate

the bound phage ofpt bign el dracRd Y%Mcﬁ@é@ﬂ@éaﬁglet@arél?&&h%dQﬁh apdtaplingr ai ns.
Wiere the tag absorbs red light, for exanple, and fluoresces at a visible

wavel engt h, andigsavieinmentioaecelpsafe pedaiivad Biapagringsicanducterkor thg oxidizednce and

vi sual i ze th%anﬂfol@%‘&sﬁn%@ﬁﬁ jeExanpl e 5-Detection of grain boundaries in a
pol ycrystal line materi al Aﬁ%}opul ation of phage selective for grain

boundaries of a polycrystalline material is tagged with a radi oactive | abel

and sus pelfdedxpmple i isewiificatian afe Phegepopwatentelestivefr gre el JelgmagerrL. A

conponent faq;liag%?gyitgrom the polycrystalline nmaterial is polished using a
a

handhel d mechani cal sander and sprayed with the o
A fiber reinforced composite is provided, and a portion of the composite is

sectioned or fractured to reveal a surface that includes both the matrix and the
reinforcement. A sample of the matrix material is also provided and cleaned with

20  mild detergent. A phage display library exhibiting variation in either the pIII or pVIII
coat protein is exposed to the sample of the composite material. After about an hour,
the sample is washed with buffered saline, and the bound phage are eluted from the
sample with 0.2M glycine HCI.

The eluted phage are incubated with the matrix material for about an hour,

25  following which the sample is washed with buffered saline and th.e unbound phage
recovered and amplified.

The amplified phage are incubated with the composite sarmple for about an
hour, The sample is washed with 0.2% Tween-20 in buffered saline. The phage are
eluted from the wafer using glycine HCI as above and the eluted phage incubated with

30  the matrix material. The unbound phage are recovered and incubated with the

composite sample, which is then washed with a higher concentration, e.g., 0.4%, of
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phage/ buf f er suspension. After about an hour, the conponent is washed with
a detergent, e.g., 0.2% Tween-20 in buffered saline, and the radi oactive
em ssi on woamdidasozeonponent i s phot ographed. Thi s procedurasowg/obm7s epeat ed
at intervals, e.g., every nonth or every quarter, to nonitor grain

coar Sen! ng i ”r&e@e-zﬁ.o é) QS’[Q(? 'haEégg%lecgJegceH tJ) %%Pélitﬁei s% éng& sgfecagg'ﬁg?li)el
popul ati on sel'ective for a Po;%s of particular conposition Two all oys of A
and B are pr egafoestnieavmatgriat.onpositions X and Z (Figure 5). Sanples of these

alloys are polishgd to remve visible scratches. and.. r. ni.trogen.
A phage. di spiay. | FoRas RE AR Ty Re TSP RUERR BNEE bt R g Bhe P,
coat protei n of theexpqeedint B ptdpered. FTapHage ardfflueres@htdytabelad oliincubdted sanpl e i s

washed wi th buffered saline, d the bound phage are el.uted, from.the sanple
W th gl ycPne WA CoTiReSeagnky EHCRRERIE DI R R L I e f of
about an hourthat THeghegHR BEhnp f@e rafiforcemsitethidriabm t he surface with buffered
saline, recovered, and anplified. This population is incubated with the X

sanpl e. The bou age, are recovered and ,i ncubated with the Z sanple.
Thremunbound %ﬁ eg)r_ggﬁg@’%ﬂﬁf?f’f”(ﬁﬂ”ﬁﬁ@f@F’ﬁ%lrff’m%}f%d the el uted phagenggai n
i ncubat ed with samppepulbtionléTephbgeaeletileIbaige axide waskestcobichmomia, a hi gher
concentration detergent, e, g. double the concentration, and, the el uted
phage anplifi ﬁflel"r’i QP fsiq%egﬁ'&hla “Pf?ﬁceflgla??qe %Bﬁ’dﬁﬁ?{%bgﬁ%&e Z and
the unbound RhRREo bREERFAIn ofl TE? PIRGOUE! BThoRkRASE adtcel itedCidnd echhvitddissanpl e
X and the el uted phage sequenced. A popul ation of phage having the X

sel ective pepteers Vifsadetergengard ‘Eﬁtlof‘ﬂg"?é‘g’a*i sohyest chas ?%et%?agiﬁra % %fhe phage
are fl uorescenfilofodtRRElCThedhdgd/MERP AlsBehsih idlsppARW bE thé. cldah YAF@SCHIC e

m croscopy of the sanple is used to confirmthat the phage are bound to the
Z grains. ExaHpied tp incubge firiabeut an hei- dhe sirfiraigdhgpopshed vidhagelldadpve for

al | oys of apghl AEYe@en&IRRARE LhPByehNS (3RS uRd $haBdn Hesorsred | n Exanpl e
6 are polished and heated Tn a noist environment to accel erate oxidati on.

Bi opanni rl§ i soeerdudingt comosi¢nepitin theesiplsanpl es as in the Exanple. Exanple
8-ldentification of aphage popul ati on sel ectivefor areas of delam nation
Example 10 — Repair of a pinhole defect

A peptide including a sequence selective for polystyrene with respect to nickel
is prepared using solid phase peptide synthesis techniques and functionalized with an
alkanethiol. The functionalized peptide is allowed to attach to 40 nm go1d

20  nanoparticles in solution and the peptide-nanoparticle conjugates recovered. The
conjugates are suspended in buffered saline and incubated on a nickel-plated
polystyrene surface for about two hours and then rinsed with buffer. The surface is
then incubated with a commercial electroless nickel plating solution according to the

manufacturer’s directions.
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in a conposite A fiber reinforced conposite is provided, and a portion of
the conposite is sectioned or fractured to reveal a surface that includes
bot h t he wateew4somd t he rei nforcement. A sanple of the matrruszoosms®rsal is
al so provided and cleaned with m|d detergent. A phage display library

exhi biting vapiatjongi it her the pid | 14l 20bgg n is exposed to
the sanpl e o?l)t het%eoﬁﬁglsﬁ\flaeo’ ﬁatﬁ&nﬁaﬁ.ﬁ.ﬁef%?@a.ﬂélu.%’&%@ ﬁ‘g{ﬁ, the sanple is
washed with B)f f esethasaliGieBelched A.Ne PG00 a0 5Sa16d58l ut ed from t he sanpl e
with 0.2M gl ycine, HCO . The el.ut ed phage .are < ncu ipt.hy S8, gL X

mat eri al for¥§bou€‘h‘¥1ﬁat?lsog‘r ?-=r’§*ﬂflsa%‘v‘r {r%gp'\?\hli%% ){h@e ?@krrgﬁ’e%éfhl“washé? Wt h

buf f ered sal i ne aBghchéz BI. BriSchiitid, pltaderuret96e882) 66dlbnpl i fied. The

The. sanpl & 1 CachBbet & 0 Sleriader SR oot 1 SPRATCar aire B, nShe ar e

eluted fromthe waégworsang gl ycine HO as above and the el uted phage

incubated with the matrix nmaterjal., The boyn hage .are recoyered and

i ncubat ed wi (8 t h&Melmpo&iit Engjﬁ{»g?eg %Hﬂgﬁ"l Baﬁdbﬁ‘%nﬁﬁs‘%é%eﬁﬁ ‘a hi gher
concentration, e. 020086 403f dosesss:- 20. The el uted phage are sequenced to
reveal the se%uences selective for the reinfor cerregrt_ ﬂ;gt eri gl . @@gpul ation
of phage havifig t ResnegiSnk.oCdelrayiG 5 Maehandd Ly & lud - (POEEP™ & Fon t he
coat prOHS' NS is prepaeed. Mﬂﬁra?ﬂaﬂ? BéMBabisUOTespRAL, I1YS. Lip sty sind ,
incubated with a cémposi’'té sanple. Fluorescence mcroscopy of the sanple is
used to confirm t heffert H99pHad®52487bound to the reinforcenent material.
Example 9 - PRHECHAmOL. GO L8R AN [opaafa SUe /limSARB! 12 CL4paRul at i on of
phage selective for iron oXxide wth respect to chroma, netallic iron, or
both is tagged w Physicsflenrs 2¥dent, SHbBE}. and suspended in buffered saline to
a concentrati 0 A ] 16d£6bs kkeppto b e

eval uat ed is((f:) eain)gég%\g;\izlg'gﬁggﬁéé{&éf{géyﬁ‘{%%%%g%?%gﬁa 'y W't h a solvent such as
acet one, 1Ker g&ne Cobare, iLr;i ¥esiniy Get AgshmneG.; Then, Fh&ge Nodh.fler Kimeslgwnsi on i s
sprayed on the cl ur,face gnd a i bate for about an hour. The
surface is then @%@f?’e\%” %S’cavakr% ?rﬁhé@gﬁaalt%gl #?%gr escence i nmagi ng enpl oyed
to | ocate thglHoundaphiage Iim, DhB.;skeef Kck,; Chen, K. M.; Sandland, J. G.; Wada,

K.; Kimerling, L. C. Applied Physics Letters 1999, 75, 2909-2911.
(14) Gan, S.; Li, L.; Hicks, R. F. Applied Physics Letters 1998, 73, 1068-1070.
20 (15) Kruml, T.; Caillard, D.; Dupas, C.; Martin, J. L. Journal of Physics-
Condensed Matter 2002, 14, 12897-12902.
(16) Barbas, C. F.; Burton, D. R.; Scott, J. K.; Silverman, G. J. In Phage Display:

A Laboratory Manual, 1st ed.; Cold Spring Harbor Laboratory Press, 2001; pp
15.17-15.18.
25

Other embodiments of the invention will be apparent to those skilled in the art
from a consideration of the specification or practice of the invention disclosed herein.
It is intended that the specification and examples be considered as exemplary only,
with the true scope and spirit of the invention being indicated by the following claims.

30 What is claimed is:
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corresponding to corrosion pits in the netal. Exanple 10 - Repair of

api nhol e defect A peptide including a sequence selective for polystyrene
wi t h respwotodem4mi7akel is prepared using solid phase pepCrams2epnsyesi s
techni ques and functional ized with an al kanethiol. The functionalized
peptide is allowed to attach to 40 nm gol d nanoparticles in solution and

t he | pe tlde 0 are suspended
in buf 18 ered sa‘%}ﬁ(ﬁg&%}’gﬁrﬁlﬁ%%& gtagﬁrféc%%?égﬁ{g%%a]sw&rg@%go g‘g’%rﬁgne surfage for
aboQt two hpmwsh@wmathm’n comprisig avhoiktylswhibging aTlafingy rfoaths substrateiiit| ncubat ed

W t acormermal tro ess njic u o the
rrangf acturer's d??tg%ﬁ 0%)5 m%?efr%’ra lér%aéesrﬁl%h%gf)%ﬁléf 5‘4“29 tﬁ%}q(f/{gi,ngg.éH.,

Chr ust ensen, RJ. moldanatehe repaic. matSialicky, G D., Morse, D.E. Nature 1996, 381,
56-58. (2) F hur ans, J.L., Ceorgiou,
G, >l ver son““éﬁle@?eal‘eé‘ﬁ%‘i"dN‘%"MheJéH@Ht% dthe%%‘gv"l"fg 2414-2421. (3) Meo,
C. B.; Soli ihco@oraﬂmg thR%lﬁﬁmaBarlaDnto tl(emtrfmmmatlﬁg T.; Sweeney, R Y.;

Hayhurst A ; Ceorgiou, G; | verson B.; Bel cher, A M Science 2004 303,
213.217. (4) Le n r 2002,
2157215 () cheo ol Tng G o B s PELEE cpe %ﬁ%@%ﬂ?ﬁ

Aligi sat 0s, se@n1c<ﬂldUct&ﬂhnsson K P Peng, X. G ; WIson, Lowet h, C.
J.; Bruchez Schultz, P. G Nature 1996, 382, 609- 61 1 (7) M r ki n,

607 60§Let . ;l‘ ﬂ%\wg}hgg of éa h@%ﬁl%inl R he%albm§{§?5ng‘fafcatét}st 1]o‘r eg%glg ;’}3 %@ 382

Belioher , Mhd Nhstramencaﬁibmtmgeﬁnpr&eﬁplaﬁ& at (@}t tRodefent w@) thg sprfg@er ol am G ;
l\/ar &han Fi ni " .; I bbetson, J. P.; Zhao, L.; Keller, S.; M shra,

DenBé%art@g“?e”ﬁ‘ Speck J . S. Applied Physics Letters 1999, 74,
2035 2037. (10) Govane L. M; Luan, H C; Agarwal, A M; Kinmerling, L.
C. 18ppldi. ed The method of claim 1, wherein the repair material is an oligomer of a polymer

13 component of the surface coating, and wherein incorporating comprises heating the
14 region of the defect, exposing the region of the defect to a cross-linking agent, or

15 both.

16 5. The method of claim 1, wherein the repair material is a particle of the material of the
17 surface coating, and wherein incorporating comprises annealing the region of the

18 defect.

19 6. The method of claim 1, wherein the moiety is a peptide.

20 7. The method of claim 1, wherein the tether comprises a peptide, streptavidin, or a

21 nucleic acid oligomer.

22 8. A composition comprising one or more peptides, wherein the orie or more peptides
23 are selective for a target feature of a material having a predetermined composition
24 with respect to a material having substantially the same composition but lacking the
25 target feature.

26 9. The composition of claim 8, wherein the material is polycrystalline, and wherein the
27 target feature is grains having a predetermined orientation.
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Physics Letters 2001, 78, 541-543. ( 1 1) Deegan, T.; Hughes, G Applied
Surface Science 1998, 123, 66-70. (12) Colace, L.; Masini, G; Assanto, G;
Luan, H wWo;2odeds071K. ; Kinmerling, L. C Applied Physi csPpCetusesss 02000, 76,
1231-1233. (13) Luan, H C; Lim D. R; Lee, K K ; Chen, K M; Sandl and,
J ; da, I I ; 5,
2909@‘291\6? Th@corggés%h o'f @lgxm wt@retﬁaﬂg nﬁa‘?ét’raPﬁ%% %ﬁ/sﬁgﬁgﬁhg ;V?‘l%lg% Ltg% N
19982 73, 1oeeg%dwre(stse)gmmtmundames Calllard D.; Dupas, C; Martin, J. L.
Journal of Physics- Condensed Matter 2002, 14, 12897- 12902. (16) Barbas, C.
F.. Burt@n, BheRomposfihlof ciim Kwhe%ull e nitadtial g‘cry%tallin@ 0 39RreH Bet

Laboratory Manual, 1st ed.; Cold Spring Harbor Laboratory Press, 001 pp
15. 17 15. 18. icawieds adidlesatient s of the invention will be apparent to those
skilled in the art froma consideration of the specification or practice of
the isnvent i omhdcafpRaRE oRehR B wHeleit fhe trrate@aﬁeqntah@} ortof@usPEHvb beat i on and
exanpl es be consi dered as exerrpl ary only, with the true scope and spirit of
t he ivent i omdBemeiisionaeramiceqng yheisin th@targ?mﬁ@lrfusarw havipge i s cl ai ned

is:1.7 A et hoeaeferhifRBdqulitGuR cﬁi‘ﬁgﬁg ilittiuth Sidodg@ncoating on a substrate,

conprising: providing a materi al rrsrng noi ety exhibiting an affinity
for the substrate but. not for the coatrng[; repair material for the
coat ing, 3and T4e renpRsiionohlpiyS.rHET e ihe mp e&hbwtaﬁenrce%rcwmateeah #d using the

mat ergi al t 0 delctiPthe {ar%%t FARA 5 aMBp& selcohMuctaigfzgCt ; and incorporating
t he repar r materi al o the surface coating. 2. The rret hod of claim1l,

wherei n t he s%bstrate conprises a netal, ceramc,
sem ondlljlctor e sompgsiiopef Haign %fW}t?Fea‘PWFPatermb’rsélcﬁmt’%tef”é?)@ia?”‘r?ﬁtlér| al is a

catallyst for r&hRedemehi@Sterll, ahil WereANAE f Rhilrd DGR BRfoRhiRe RAGRII Ses
pI atr ng at least the defect’ with the surface coating material. 4. The

d of clagim1l, wherein the repair materjal is an oligoner of a polyner
nerlt: of a[thﬁ £0Tappstigp QF aﬁ?ﬂ ?r’(ﬂ’ereé}h@e Wkl s 2cAE BT YoTale gh‘@“t‘:’cft‘)npr i ses

heat 13ng the predetermined composition and the target feature is a scale having a different

14 composition.

15 16.  The composition of claim 8, wherein the material is an optionally passivated metal

16 and the target feature is a corrosion pit.

17 17.  The composition of claim 8, wherein the material is a coating on a substrate and the

18 target feature is the substrate material.
19 18.  The composition of claim 8, wherein the one or peptides are part of a virus.

20 19.  The composition of claim 8, wherein the peptide is linked to a fluorescent,

21 radioactive, or magnetic label.

22 20.  The composition of claim 8, wherein the material is single crystalline germanium, the
23 target feature is a screw dislocation, and the peptide has the sequence CTSPHTRAC
24 (Seq ID: 2).

25 21. A method of detecting a target feature on a sample, comprising:
26 providing a composition comprising one or more peptides, wherein the one or more

27 peptides are selective for the target feature in a material having a

27



region of the defect, exposing the region of the defect to a cross-1linking
agent, or both. 5. The nethod of claim1, wherein the repair material is a
particl e wohwoddnasovat eri al of the surface coating, and weeraispoosps®rpor ati ng
conpri ses annealing the region of the defect. 6. The nethod of claim 1,

V\’her ein the noi ebﬁé étémﬁne?%%n?gﬁtlon with %?pe@%g%téﬁal A\@ﬂgrguﬂrstﬂ%@ﬁf ﬁf-en the

t et her conprises a pepti treptavi a nuc ei C acl gomer. 8. A
conmgosi tion conpsanmqqglpomeorobutrmkmg}ﬂ@pmgdefsatumhere| n the one or nore

pepty des ar GrAShRkING o Biudh drahtlec hPALULRR! & material having 3

predet erm n oSl espec mat eri al having substantially
t he 4sane conlppssding tbmcdmnositlan bnﬂqnott@ntuadg@bndleatsmlere tBe péphidescmitiposi ti on of

claiim 8, wherein th r stal line, and wherein the target
featsure is grai nls)mﬂgl\?lq% gtflea%?rgéts enté"%ﬁpgﬁltog’tl on. 10. The conposition of

cl aiém 8, \Aheemv’mgthecomioeitnoalfrorrsth@pcbrﬁm whilalehvingthe andhdwleptides belild: t ar get
feat7ure is the grain boundaries. 11. The conposition of claim@8, wherein
the ‘material is 8ﬁlstalline, and wherein the target feature is a

di slgocat i on.dett&ingTieboupdpgsided. on of claim 8, wherein the material is an

al oy or m'xture of two or nore nmetals or ceramics, and wherein the target

f det I l'ib
o oo = SRR B U 2 RESER 61 MR PR BB B P U

seniiocconduct @argérdanire algralmmﬂgerpeed@tehhmed a:ﬁegﬁnoﬁ.eat ure is a doped
sem conductor material. 14. The corrposi tion of claim@8, wherein the

mat.eri IS Skt.e o mat r n i nf emen terial, and
wndiei i ho TaFREBpLArY. ReCRhIF Ry Te PR PR BT
con@osi ti Ontajgetcféaalrms%e gwhiebeumdatitse material is a corrosion scale having a

predet erm ned conposition and the target feature is a scale having a

di ff3er ez'lt C %lhtbh 8Pcla1i]rt mgre qul%%fegi%;llgp (f‘rg%talglbg éﬂasher\é\@l%eetlar%ett he materi al

is an Opfl on y passi va ed net a ure COorrosi on
pi tl4 feature is a dislocation.

15 25.  The method of claim 21, wherein the material is an alloy or mixture of two or more
16 metals or ceramics, and wherein the target feature is grains having a predetermined

17 equilibrium or non-equilibrium composition.

18  26. The method of claim 21, wherein the material is a semiconductor material, and

19 wherein the target feature is a doped semiconductor material.

20 27.  The method of claim 21, wherein the material is a composite of a matrix and a

21 reinforcement material, and wherein the target feature is the reinforcement material.

22 28.  The method of claim 21, wherein the material is a corrosion scale having a
23 predetermined composition and the target feature is a scale having a different

24 composition.

25 29.  The method of claim 21, wherein the material is a coating on a substrate and the target

26 feature is the substrate material

27 30.  The method of claim 21, wherein the material is an optionally passivated metal and

28 the target feature is a corrosion pit.
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17. The conposition of claim8, wherein the material is a coating on a
substrate and the target feature is the substrate material. 18. The

conposi t iwo 2066/@b@itm 8, wherein the one or peptides arePpPpans2@b/0a79v5 r us.

19. The conposition of claim8, wherein the peptide is linked to a
fluoyesgcent, radi oactive rmagngtic | | .. ik of claim
8, V\i]er §n e ke rolfzﬁiémp %Rsvi’}}?&%é&lgr%g/%l? (gﬁl? (?nr{%ggcg?t@ﬁ?g%%tgﬁgéﬁ\{eg?get feature
is a screw dislocation, and the peptide has the sequence CTSPHTRAC (Seq ID:
2). 21.32A neTheadetiafd detae 2i.nhezein pregaingfcemptises oopomera aptleaningowish # si ng:

provj ding a osi tion r1.S] ] . nre i Whesrein the one or
nor ei pepti decge?eg?eélagte et ?’\(E/)d(i,qg %1?&[?%(58@%, gélﬁsmg’a%r@?g%?ﬁﬁg;annatlefi al having
apredeterm ned conposition with respect to a materjal havi n% substantial ly
t he 4an®3.corfesnethairfislaim Rackiegn disposingregmiprises spigyiag a poluiy ItlE at 1 east a
portion of a rf.ace o anpl e; di sposing the conposition on the

portél on undecrO%Lf)S%@:‘: ?nonggl\tl}\ﬁaé:?'e the peptides will bind the target feature if
it is present in the portion; renoving the conposjtion fromthe portion

whi | @ | 2avi nBhetheshdsiafietiim @bt whtsein paniving; compriseainsiag thgortia Yitiind pepti des.
22. ;’he met h%)gve(ﬁ{ claim 21, wherein the material is polycrystalline, and
wherein the tTarget feature is grains having a predeterm ned orientation.
23. The method of claim?21, wherein the material is polycrystalline, and
wher &i n33.he Themehodafglaim 84i whareie thgsalventipigelist es. 24. The nethod of claim
21, wherein the material is crystalline, and wherein the target feature is
a digl 06@t i Ofihe RAhod TR IR BB AhRin HedbRemt flsthepbeihSiisds & BleriBiteidvile 1S an
alloy or mxture of two or nore netals or ceram cs, and wherein the target
feaﬂ&re i s gteaimalbwaip eihoth. pr edet er mi ned equi | i bri um or non-equilibrium
conposition. 26. The nethod of claim2 1, wherein the material is a

seni congyct orhdwabiRsd &claidnd, WkeEiR ki dnbBer peptigetaré pt dflasius. a doped
sem conductor materi al .

12 38.  The method of claim 37, wherein the composition is a suspension of the virus.

13 39.  The method of claim 38, wherein suspension has a concentration of from about 10" to

14 about 10" virus/pL.

15 40. The method of claim 21, wherein the peptide is linked to a fluorescent, radioactive, or

16 magnetic label.

17 41.  The method of claim 21, wherein detecting comprises one or more of photographing
18 the sample, measuring a magnetic field of the sample, detecting radiation emitted by
19 the sample, and detecting fluorescence from the sample.

20 42.  The method of claim 21, wherein the material is single crystalline germanium, the
21 target feature is a screw dislocation, and the peptide has the sequence CTSPHTRAC
22 (Seq ID: 2).

23 43. A method of identifying a peptide sequence for use in detecting a feature of a surface,
24 the method comprising:
25 A) providing a first selection of peptides;
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27. The nethod of claim 21, wherein the material is a conposite of a matrix
and a reinforcement material, and wherein the target feature is the

rei nf or cewenvosmaseni al . 28. The nmethod of claim 21, whererrustdsosmrerial is
a corrosion scale having a predeterm ned conposition and the target feature
is a scale having atglffer nt, co of .l ai m 21,

wher ki n t he Bhgxeosing the frspselestipn Wl’eét%ﬁf)lgfalcg?’é%%%gatﬁr%{jstuarget feature is

the ?UbSt rate matgirh@brisa andhrstBirfacdldentitcofal sevchll sunfdve characté¢riséc pat erial i s
an t| onal |y passi vat ed net.al nd the tar turE‘SI S a corrosion

et .fe
pit The net hdept afl e@FéP?ﬁ“Q‘lo e BFRLARS b'@%ﬁ’ptggw f is a solutionin a

car rﬁfer sol V@}%cov@@ngfﬂgﬁoﬁﬁtﬂaﬁtﬁhegﬁoﬁﬂtﬁé sorfade; wherein preparing conprises
one or nore of cleaning with a deterg aning with a golven et chi ng,

pol i §hi ng, alRAbexpesR? wowe@ﬂ“a’e"f@@dﬁh@“% A SANOEAANETS S DF PR i n

di spgsi ng conpri g,%ﬁn&pf@ygumc@emﬂ{gtgaﬁm surhABe GRAPREd M0 agetohbie surface.
34. The nethod of claim 2 wherei n renmoving conpri ses r| nsi ng the portion

with7a sol vent. 38tfackiensittofithg sedond pwifase SleragigiistiewhereHuthe 8198ht | s aqueous.
36. Jhe method ofg.gl; '1meg§ﬁgaﬁl\ﬁ]€' R Hentsh'f s8 ‘ﬂ{a‘%’@trléas{ HpSHGT ofIRRpLisERS a

detergent, bovine serum al bum n The net hod of claim 21,
wher gin the one cfronpélptscqcbeéscimmpaflﬂi nesfing toithapyrfacggandthe met hod of cl ai m

37, erein Bh li Serfiasyspensi on of the virus. 39. The nethod of
cI a 38, wh gcoﬁlgs E l%‘ﬁn Eéﬁ’l concentration of from about 107 to about

012 virus/nL. 40. The rret hod of claim2l, wherein the peptide is |inked
to alf | dér esTermethocefichriwtidywhereip theeliypfeuriace chprapterisiie is apuSBHHRGFANSf ¢l ai m

21, \yherein get %Ctﬁr% t{gﬁ&l %%%%@Q@orﬂrsuff%eech%factm%(?Qdfr?s%]hﬁkggrﬁlhﬁ sanpl e,

msasurl ng a nmagire e sanple, detecting radiation emtted by
t he 13anpl e, mmgdﬁewﬁlmgntﬁﬂlmr escence fromthe sanple. 42. The method of
claim2l1l, wherein the material is single crystalline germanium the target

featyre ks argornenedifianah Qherein Mk A8GuRER dheacbBatic i@y SamuanseridlT SPHTRAC

15 and the second surface characteristic is a grain boundary.

16 46. The method of claim 43, wherein the first surface characteristic is crystalline material

17 and the second surface characteristic is a dislocation.

18 47. The method of claim 43, wherein the first surface characteristic is a first composition

19 and the second surface characteristic is a second composition.

20 48.  The method of claim 47, wherein the first composition and the second composition

21 have at least one element in common.

22 49.  The method of claim 47, wherein the first composition is a semiconductor material,

23 and wherein the second composition is a doped semiconductor material.

24 50. The method of claim 47, wherein the first composition is a matrix material in a

25 composite, and the second composition is a reinforcement material in the composite.

26 51.  The method of claim 43, wherein the material is a corrosion scale having a
27 predetermined composition and the target feature is a scale having a different

28 composition.
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(Seq ID: 2). 43. A nethod of identifying a peptide sequence for use in
detecting a feature of a surface, the nethod conprising: A providing a
first selwotzh@m4sd7ipepti des; B) exposing the first sel ecconusedospaprs des to
a surface exhibiting a first surface characteristic and a first surface

density of a second, surface char.acteri.sti¢. SO t. tion of
the pepttdes HaPBPhe %‘%mt[ﬁew QA Hednat ;Algse%loo ggxl?atr%%%ﬁg/@%ghnﬁga : %g{)ti des from

t he surface; thB}argx Bonira § axonedangit.sel ecti on of peptides having the sane
sequences as the bound peptides to a surface exhibiting the first surface

chargcteristic an cond surf. ' REeLH thigge

char dct 2?1 st :Tﬁe’ mﬁﬁ%&%fcﬁal?i%’ ‘évgegglngl"eedtgrgts%ﬂféyﬁ cggrlagglgs t hanﬁ%i%évfi rst density,
so that at | gastniamptetsécond efrfacéehapepristieis afseromdishesatiens ambihe pentidei on wi | |
not bind to the surface; recoxeni ng the unbound peptides. 44. The
met héd of cl ?Sﬁ?%??ﬂu‘iﬂﬁ‘épg?ﬁﬂ?ﬁécf(s?(gﬁéhrface characteristic is a
crystalline grains having a first orientation and the second surface

char gct ewi st iThe msthod yBdlaii 43nAirderadonpribiagi ng a second orientation. 45. The

met hod of claim43 erein the first surf 1ok Shidhed SstREystal line
mat er’j al and?i T*i‘é’()%lg%\é\/ﬁwdssﬁlf?tg’gé’fB?P§fr%gtsc}fa§%nlg§ﬁ?esca&lgghlz&gaﬁg %h eglﬁn ary. 46. The
met hgd of cl ai m d@boutiipeptidestibthefsimfat eshibitiag dirst rak sseindrsidadec i s crystal line

material and the second surfgce characteristic i i i . 47. The
met hdd of cl ai m 4% 3gIeEFLs 50 ﬁﬁ'éatg 'a?tsatpogﬂﬁnf(gttcdée %eﬁt':llcrl%g{% ert!hggﬁgg Slglgagﬁfi r st
conp@si tion and tjgy b@e @le sufdkacadcharacteristic is a second conposition.
48. The nethod of c]laim47, wherein the first conposition and the second
conpdsi tion MAREoRrnedhehoupdeeblideSent in cormon. 49. The nethod of claim

47, wherein the first conposition is a semconductor material, and wherein
t he pecossd carpasihbt onclhisn 54, dbpeih aeediao nskddh step Gatiffers &bm 250edidFhe net hod of

claim47, wherein the first conposition i.s a.matrix nateri in a
conpdsi t e, aHEthlhéteggc'Bﬁﬂe ‘(’:rdﬂ‘ffSé’?? F‘if’r‘ier}qgatlgn Lt A (ﬁ’r?ﬁ{l Beal in the

comp@si t €. Shresdid8 ofBIsbiRd 004 carhguneAtd3, wherein the naterial is a corrosion
scal e having a

15 56. The method of claim 43, wherein the second surface density is about zero.

16 57. The method of claim 43, further comprising repeating step B with a selection of

17 peptides having the same sequences as the bound peptides.

18 58. The method of claim 57, wherein the selection of peptides having the same sequences

19 as the bound peptides comprises the recovered bound peptides.

20 59. The method of claim 43, further comprising repeating steps B-E using a selection of

21 peptides having the same sequences as the unbound peptides as the first selection of

22 peptides.

23 60. The method of claim 59, wherein the selection of peptides having the same sequences

24 as the unbound peptides comprises the recovered unbound peptides.

25 61.  The method of claim 43, wherein step A comprises providing a phage display library
26 including the first selection of peptides.
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predeterm ned conposition and the target feature is a scale having a

different conposition.. nme nethod of claim43, wherein the material is an
opti onal Iwopasssissetied nmetal and the target feature i s apcworusemisoB7pst. 53.
The met hod of claim43, wherein the first surface characteristic is single

crystall I’ITB.I’II t.he e ond urface r

i 31 doaiPon, 1AL Spef to RSP A LaGtoreD LraI S p iR R 8 o4
The et hod ObIIB&ofatmo&fm orfthi¢ pVIBF commpatemiofiyyi13mhagxposi ng a third sel ection
of pepti des having the sane arri no aci d sequence as the unbound peptides to

the hi biting .fir 1S4 t hat at
Ieast a ortﬁﬁ #hofiﬁgl % C%rgrlﬁ"gmg? {’i';ﬁ‘fé’%sgep %@ﬁgﬁ%#g?g gj?eﬁgf%?o t he
sur f ace; andqﬁhmpleﬁym\gelmmrbohﬁdqaemwnda@@ptap(fesrb(ﬁli. The met hod of cl ai m 54,
wherein a mediumused in step Cdiffers froma nmediumused in step Gin one
or e gf a.concentr 0 , e or
abserce ég‘f a %rrp%'r?gr??& %béléjsyﬁgrecrrg?iﬁeo%g@#d < <'(§{|%n-ll11 @Q&vé]gr%%lﬁé]ﬁ%ﬁggsecond
surf ace densirdcyvdred Bdamdpeeien. 57 The net hod of claim 43, further
conprising repeating step B with a selection of peptides having the sane
sequepces as %?ﬁf f h n the
sel e??. 06§ of ’I%g%[eﬁlgﬂ ’3@' 13%933 er%%néﬁgmgg %éﬁég&%%hﬂ%gﬁn%%{lﬁ des
conpr8 ses t h@epsteiemfoeaeutfetmmhlblpargthodeme 59 amﬂmeecned mﬁc‘t)¢hatﬂ0@rlﬁﬁ€43nd furt her
conprising re f havi ng the
sane dsequencé‘gr e{r‘]}ﬁg%ﬁ%g’&}ﬁﬁs%&%fe %’é‘lgacgeg ﬁ?ﬁgﬁt?i%ﬁsﬁf SQC% "ﬁlﬁ%n of peptides.
60 The net hodh@fictalsdc.m 59, wherein the sel ection of pepti des having the
same sequences as the unbound peptides conprises the recovered unbound
pept 6 The t r Lding a
phangddl Spl a]th mtgthgrE Orf)?lglc u%jﬁé\rme%phcéﬁ“pl l\rég Cglln ae@%gﬁg%ﬁ\g%%@%h%ﬁ g@é%ﬂThe
met htd of cl aunfaoelthlwmag t:herﬁrsttaad phogd sdrfscm czluyrabuebsta:s gnaex surface exhébiting i at i on

I n t pill gl?%tlrﬁ% %%%:c?’lﬁr%{l}teltl%e lgl}{lnol[ the sgcolng Q&r%té} EI: M 3 phage. 63. The

of cl r| sing a € bound peptides after

st ep

14 67. A composition comprising one or more peptides, wherein the sequences of the

15 peptides are selected by a process comprising:

16 A) providing a first selection of peptides;

17 B) exposing the first selection of peptides to a surface exhibiting a first surface

18 characteristic and a first surface density of a second surface characteristic so

19 that at least a portion of the peptides may bind to the surface;

20 C) recovering the bound peptides from the surface;

21 D) exposing a second selection of peptides having the same sequences as the bound

22 peptides to a surface exhibiting the first surface characteristic and a second

23 surface density of the second surface characteristic, wherein the second

24 density is less than the first density, so that at least a portion of the peptides

25 from the second selection will not bind to the surface; and

26 E) recovering the unbound peptides.

27 68.  The composition of claim 67, wherein the method further comprises:
28 F) exposing a third selection of peptides having the same amino acid sequence as the

29 unbound peptides to the surface exhibiting first and second surface
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C, anmplifying the unbound peptides after step E, or both. 64. The method of
claim43, wherein the second sel ection of peptides conprises the recovered
bound pepvodes/0481 The nmet hod of claim43, further conpCraise@sosmpsri ng
the affinity of the unbound peptides for a surface exhi biti ng both the
first and second surface characteristics.an

he f
surfdce charact er PRFFETISECS oy that ﬂéeaéte%%%oré?ﬁtﬁ%ﬁeg’ag?fa ert?lgi Sel%gn(%%? Tlhr St

met hgd of cl ai m4§)ayfbmﬂtth,&he§1ﬁfméleﬁadng conparing the surface
characteristigcs of Erface exhibiting the first and second surface
characteri st |Q?§e°é’ﬁﬁf"§t PPHREPAPDi ting the first surface characteristic
but not the second characteristic. 67. A conposition conprising one or nore
pept idess9. whame compbugtiobesianans?, ofetehethp epbhdiesfaas density Babewd zby. a process
conprising: A) providi ng a first selection o f peptides; B) exposing the
first ectl n o f Pt [ | : e
char éct et sti eﬁ%p r%fq%ﬂ]r Wh%yen@?& G%P ﬁ%}}& chn lsfe%{eﬁ %aggé‘gtgﬁﬁ
charagteri st |»ﬁthswselebﬁdn off pépeidsd havinpah¢ sanre s@tluetnb@ apémhode@pmﬁeSbi nd to the
surface; C) recovering the bound peptides fromthe surface; D) exposing a
seco sel ectdon_of pept | 2y 1 peund
ept i desrt o dn8arnae Bl of i 7 Wik e S0E R BHERER e R "o
secorgd surfa(sequéﬁmm me(bfoumbqaelstetesmﬂnmad the eccomerrdibouad ipsptides. wher ei n t he
second density is | ess than the first density, so that at |east a portion
of t ti | { Rolth& face; and
L B e e R R
Lvher()al n the BrEtubmg afseled:ﬂlen of:pnppdesslasmglﬁ)e semp osquances as the pmboyeqi paptide o f
pept jdes having t ci d sequence as the unbound peptides to the
SUI’fL]CE exhi B’isﬁ r{gs%seggtfoﬁ%p?gg ©nd surfacecharacteristics so that at |east
a portion of the peptides fromthe third selection may bind t o the
sur f #te; 72and e compositami afjclrine7h ohekiptp s¢leeion of peptitthrchaymgilesiameon o f

clai {9 67, mesrec?delqcetshgth%q.lcn %ﬂné Béptl%g§c0%?i§éstt¥e }e%o%p%bglﬁ{&eptldes

14 74.  The composition of claim 67, wherein step A comprises providing a phage display

15 library including the first selection of peptides.

16 75. The composition of claim 74, wherein the phage display library exhibits a variation in

17 the plII coat protein or the pVIII coat protein in M13 phage.

18 76.  The composition of claim 67, further comprising F) comparing the affinity of the

19 unbound peptides for a surface exhibiting both the first and second surface
20 characteristics and a surface exhibiting the first surface characteristic but not the
21 second surface characteristic.

22 77.  The composition of claim 67, further comprising F) comparing the surface
23 characteristics of a surface exhibiting the first and second surface characteristics and a

24 surface exhibiting the first surface characteristic but not the second characteristic.

25 78.  The composition of claim 67, wherein the method further comprises amplifying the
26 bound peptides after step C, amplifying the unbound peptides after step E, or both.
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70. The conposition o f claim67, wherein the nethod further conprises
repeating step B wth a selection of peptides having the sane sequences as
t he boundwpepidss1 71. The conposition o f claim70, wreraispooshegrosel ection
of peptides having the sane sequences as the bound peptides conprises the
recover ed bound peptides. . 72. The co sitio f. claim67, wherei,n the

met hod f Ui herlheSApPqsEioa of elanpT. Hde n@g% Seé-oi’:‘yffg‘fcﬁ@“ ga@gﬁ“géf?%wl%f ![hﬁept i des
havi ng t he sanfgcsaeWBNE8peilet.N€ unbound peptides as the first selection of
peptides. 73. The conposition o f claim72, wherein the selection of

pepti des having the sanme sequences as the unbound peptides conprises the
recover ed unbound peptides. 74. The conposition o f claim®67, wherein step
A conprises providing a phage display library including the first selection
of peptides. 75. The conposition o f claim 74, wherein the phage display
library exhibits a variation in the pill coat protein or the pVIII coat
protein in ML3 phage. 76. The conposition o f claim67, further conprising
F) conparing the affinity of the unbound peptides for a surface exhibiting
both the first and second surface characteristics and a surface exhibiting
the first surface characteristic but not the second surface characteristic.
77. The conposition o f claim®67, further conprising F) conparing the
surface characteristics of a surface exhibiting the first and second
surface characteristics and a surface exhibiting the first surface
characteristic but not the second characteristic. 78. The conposition o f
claim67, wherein the nmethod further conprises anplifying the bound
peptides after step C, anplifying the unbound peptides after step E, or
bot h. 79. The conposition of claim67, wherein the second sel ection of

pepti des conprises the recovered bound peptides.
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