Bi onol ecul ar Recognition of Crystal Defects Field of the Invention This
application relates to the use of biological nmechanisns to recognize

i nhonogeneities in material surfaces. 5 Background of the Invention Defects
formin materials through a variety of nechanisns and can dramatically
affect the performance of those material. Crystal defects such as
vacancies are inherent in netals and sem conductors and affect conductivity
and other properties. Dislocations and grain boundaries formwhere there
are interruptions to 10 tRienpdedudatiRécognisionaffavsiel Pe&cts ruct ures. Lar ger
defects, such as cracks, or chem cal defects, such as variations in the

conposi ti on of a materi aI al so afgg ?Bfﬁp@n‘gm‘;ﬁyday performance of the
ur es

mat eri al and can alsoleadto dra ecificity is a hallnmark
of biol ogi cal interati amph@atmhmlmtt‘aﬁ’amcﬁé'@@%al "Eﬁcgar?l‘)"f‘@&?ﬂe 4e able to

differentiate ipdivi ﬁ'#e s indh A6l ARhReul es from thousands of conpetitors.
M m cking 15 this s% cificity represents a challenge in some inorganic

systens where the target is di 'Effjse a&d ;I iepalj 1‘39' e froma |arge,

conpeti ng ba50kgr ound. Thus, it PB3& ploit the specificity of
bi ol ogi cal interact Def&StsE‘@mdemaeﬂialdhfoegitzsvaanU 06mhdiﬁnlﬂhhmr%'genel ties in a
surface bef OI’ © %?h}?eqﬁ]nqﬁz? gyea#'eqttlh rman eryf&ofen é‘érﬁl@ (g‘sttQ%Ef%t@sdchaJ ails while

in service. TorraRei%on one aspect, the jnvention is a
net hod of r epanrabamglcaardeﬂment i metalsmmnduef@wapﬁgff@h°°&d'§%@ﬁ“ P The

met hod i ncl udes_pravid GﬁHEHEdeMQh&e{H@ﬂ g}e;ﬁnteﬂmbimtbl ng an
affinity for t HER sgbst?ggﬁg%ggl mfb(‘))r the coating , air rial for

the coatinty ahepaictieithefcrystahiap pRryctuFs- hﬁE‘Etdﬁfe%fﬁd“‘:thﬁé C’ta a‘?rr’:h%fa rial,

using the mat erc}]%ctstﬁc]?% Waldokeh tﬂJb@mb&Rﬁ»hﬁ)f ahendladisotatfedt ie esaydagt | and
incorporating the repair material into the rft?fzgtgl&coa i n mt}ﬂea Substrate

may include a mm*@nnane@féhﬁ paterjabang s alsodpad dp reRBi AT By repair

material may beygy Qﬁctd?'laib'ﬁ;gwfaﬂﬁtm%&t%% rIﬁlnﬁtﬁﬁl gybtaas, bipmoteadles ate:d:lqmratl ng may
include plating at |east the defec

repair 30 mat erdifferentisie ipdvigypl @F&eb‘aﬂlé‘ivl\ﬁeé on %?é%‘ﬁ%%ccgrgﬁi%génré %mg?& ﬁg;:aals ur ;rgge
coating, angs iREApREAICRY rdpetséiila chillzhgide sdneaiborpanid tystemewhaeathetargehis def ect
exposing the r eg Ifffx)sr; agt]; mtseparable 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



1 defect to a cross-linking agent, or both. The repair material may include
a particle of the material of the surface coating, and incorporating nmay

i nclude annealing the region of the defect. The noiety may be a peptide,
and the tether may include a peptide, streptavidin, or a nucleic acid
oligoner. 5 In another aspect, the invention is a conposition conprising
one or nore peptides. The one or nore peptides are selective for a target

feature of a nyjglLi acmlg@yﬁm Aefl] # 96th eTHYIrépeRE marriosiytincdale wipthicle eéEpect to a

mat eri al having su stantla the sane co Siti t he target
feature. The nethempigrial ghihe E!Eéb‘?)WB‘ng?{da{T’ng’g’ m%mé’p {Aﬁlga%agklé’agﬁ é'%‘ﬂgat ure may be

grains 10 haviRgoRofth&skedce e ﬂleﬂt)ﬂﬁayﬂﬁfaa)bpt(dﬂamtth'@ tethegmay W%@ﬂﬂwdarl es. The

mat eri al may be crystalllne dle ah 1%)11{pe target feature may be a
di sl ocation. TheePHgs pepigrid Wa?}'aﬁ\é“’ BRUGPIDY 6r mi xture of two or nore metals

or ceramcs, sand t hen irgeispécalicinentiwnis beomng'#la@fr@nw&@‘%@"eé’r pPE&det er m ned

S ooy OBt bhE A SRAT B, S el it <

eature ma Hﬁt i
sem conduct or n'ﬁetvefglaq:lredetﬁmenadwpmpmtionrmfﬁTW%"OGG%% 8] faying s Yix and a
rei nf or cenent eﬁxﬁeaéofnpgiitﬂon%ﬁ%% 1k thdargbBed@t. feature may be the

r ei nf or cenent eri a material nmay be a corrosion s e_having a

pr edet er ni ned conpos’ll'htemwrlalairlﬁ!'bﬁméb’?faﬁﬂ@fe f‘é‘é‘!i}?@“ﬁ%}‘“ﬁ@a‘égﬁs%gf'e havi ng a

different C%Pogavﬂﬂ% edyaﬁmfr&i&fehﬁdmnmgmmmﬁbs dhetiaerigasyibeat ed net al
and the target

Satu may be a corr S|on n be a
coating on a suWﬁW'&t‘%Wat%thF Brgbieatpredy rbﬁa @ 13 Et@gﬁn‘%&haﬁwe
Imat Er Id al . Thef Fg@alg,g, opﬁg{qdr@l@fgweaymbﬁ mgorméramcummuamefemmauée mayI be
inked to a uorescent i oA terial is
wa ﬂqf‘g'Pa on%ggﬁﬁlhgrﬂn%ﬂ?osﬂ&eﬁ@a

singl e crystal | gfis haydp feis a screw dislocation,
and the peptldenﬁ&yiamd«ye,etahamcaﬁuaaqmmeaﬁdnmmmrswybaa oPfd | n anot her
aspect, the |nvent| s a FPBhuik@al Mre on a

sanpl e. The et ATHC H‘iﬁ?’l"%aé%”at)&g?/m rrllag agg%)é&%spgﬁegn conpr.i si eﬁ one or nore
peptides, wher elranfbiaanammamnalnamevhpe;mtthmetefﬁa@rg@P}ébftth?/@“’rfw""t e target

feature in a materlgﬁ haV| rﬂa {/9{f&%gg&g@qa@,@mﬁe&mﬂemgmoﬁmpect to a

material havi ng ™" € ‘sane conposi tion but | acking the
target feature, apdmpairgc’n@amte rthwépg@s%gle having a different composition. The materi

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, radicactive, 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 ina
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,



portion of a surface of the sanple, disposing the conposition on the
portion under conditions where the peptides will bind the target feature
if it is present in the portion, 2 renoving the conposition fromthe
portion while |eaving the bound peptides behind, and detecting the bound
pepti des. The conposition may be a solution in a carrier solvent. Preparing
may include one or nore of cleaning with a detergent, cleaning with a
sol vent, et chi pghoviR@lHeSBhpiBitioB fromdhe wutivivhie aming@rdbqunmpgwé@ﬁhﬁgmﬁay i ncl ude
spraying a solution of ”1169 cct)ﬁr@%ition on the surface. Renobving nmay
i ncl ude ri nsi napddsECtEg e MR PRYS sol vent, for exanple, an ar%}xﬁous
sol vent, optional | yrheBehptditiog may tes sohgionin 2 dowier #pdveslePIFRATRE BIBHINY,"“Or  bot h.
The one or peptides may. be. b S 4 PR eSO, pdIBRIngAY be a
suspensi on  of D'Eﬂrf’é"‘?fcr{/fé%a?"(%%%};(gér%%%%ﬁh\fm}é%ﬁngygloncentr at | onpof from about
107 to about 1eddrerh6ving amusidglDisReingmay ingludespraying 2 gepution s e compsioBs
phot ographing the sa ' i tobofioh weth d selbrent, ier esampié, e,

fhe sur%é.ﬁ’etélaﬁggﬁ% inBRlaSrintig fife ‘po

detecting radi 88Aem e sanpl e, ang detecti f. uopescence from
the sanple. | nammpeesolumbeptionalyiaciudipeshdsiegent. 0‘5"%%38‘9’6?‘“?&% ifying a
pepti de sequenqﬁeﬂgcq,;p%@gcsin& debeehi Nand sh@mt bonepositiomsyivd wsoepensitre et hod
may include the steps 15 ,X\) provi di ng,a %t{rst ) 563%;1 Rf2 peptides; B)
exposi ng the f iofthe visus) Be eaBRlcoyth prneeREatiqn of o gpquk A% K bt i ng a first
surface Chgr aGhEHS hefecAfifinay ihélidd ons uf here of photvgiaplyingthe sempezond surface

characteristic so that at | t ortion of . s ¥mpik,nd to the
surface; O reMﬁlpﬁﬁmﬁﬁt‘%gﬁiﬂf'g%%ﬂpifeget?ﬁ%ta@ﬁéog?ﬁlﬁtﬁggz}HE%O ) exposi ng
a second sel ectphfei@findmpkdsekace fiav ihegarhple sane sequences as the bound
peptides to a surface exhibitipng.the. firs Ik ACE:FiNAL &GHi8S deglidnée and a
second surface dengliaf‘?ﬁ?ffasﬂeﬁte{ﬁgg'é’(%l nésuarr\t"%]g)goféﬁar l;a{?:ltgr ??tui c,ea_v\,herei n the
second density fisusé BSBtectingafeareof 4 sugfacedEhemethed mag inclyde thgstepsfst a portion

of the peptjdes fromthe.sec b@fdegM | | not bind to the surface;
and 25 E) rbcoveri ngs?rﬁgdlﬁﬁgg%gﬁfl&g%f%@. *The net ho i ncl ude:

_may further
F) exposing a thir dByexdpesitg tbmﬁnsfsegeiénniqﬂé@ﬁ#é@? ﬁg'fﬁaweexg'aﬁ‘é‘gaﬁ{%“‘%%‘? d
sequence as the unbound Jnenlisdfte idhsih6r aSstbohdarfagohbraitéristigsd thatat  and

second surface _
least a portion of the peptides may bind to the surface;

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 2 medium used in step G in one or

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



characteristics so that at least a portion of the peptides fromthe third
selection may 30 bind to the surface; and G recovering the bound peptides.
The nediumused in step Cmay differ froma nmediumused in step Gin one or
nore of a concentration of a conponent, a pH, and the presence or absence
of a 3 conmponent. The second surface density nmay be about zero. The nethod
may further include repeating step B wth a selection of peptides having

t he sane sequenGesnds. gecop@mmgg,@d,asjbe Jivat sal. dtt methodmapbptherdes havi ng

t he sane sequences as t bound V. d bound
pepti des. The ME%WGIE)EFPPP&‘W stept B Mith a; Sﬂ%“ﬁﬁl%’s@%@afng%e k Q?eq[;@%% aggﬁing a
sel ection of p%QﬁddqﬁﬁtldQﬁVFh@@eiédﬁen swmtu&emergclmamssmh@m&m%@ﬁwdpept i des as

the first selection of S. Hgmking the sane
sequences as t REP! GWB%BS%&? r&‘éoger bOuH%B%’hgé)snP% me?tgogg%/ag?i% unbound

peptides. Stsep réreQBFREHSBE upﬂhgwsalwngn of nsi)talgzehadmsﬂhﬂaym? WBP@PVaPH’EI udi ng the
first selection of Bep?él de E;Qse 1RNa0S E‘ 431395&@{1,5%55@95%1 | ts a
var|at|on|ntH‘€b°;51f’1i tern o coat protglno

phage. The met hmkamayeqﬁmestwthe|unbﬂua¢ieepﬂé¢$mabffﬂgﬂ tldes after

tep G i f L l4Rbla el ﬁB)fﬁrEI. Th d
el bt on o pa SRk BRRIEIAL Bh ”“"3"9 e he meth

€ recovered hound iﬁ'ﬁ Etl(g Sli'l The et hod
may further |n(sbludenoﬁwp'atieﬁﬁl@leﬁ?h%geéfsf’?hI‘QT?YWYFﬁéb‘EfﬁB'B @ N8HP T des for a

surface exhjpi téb{& r&&ﬁQrthé‘[f?vﬁl'cﬁﬁtpnﬁélﬂoﬂﬁwﬂﬁg&lméﬁetﬁodznhagrﬁmhmnchﬂccs and a
15 surface exhi

Irst surface characteri stic he second
surface char a@f@ilf}’s‘tg’lthe boppkpeptides afensigh Cr apa! 'I%%‘?g tﬁ‘ﬁﬂrfbﬁﬁ% mpcg%ﬁr]g t he
surface char aCts%‘eﬁ:'Lﬁ Eﬂ Both. TR sedond YEIEioR oBpehtides inay icluthethé rep@\teresllbdu@ec ond

surface characteristics and a ace, exhibi.ti 4f ace
characteri sti c Rspidepdhe ffﬁ'@"%’@@b #Hj'?n%ﬁl%?éf%?ﬁaé'{‘% @’9 a#““ﬁ% &enrb 5%2 pect, the

I nvention is a ﬁgﬁﬂggﬁjrblg@ﬁc@@dmtirglbﬁ@ thefirstand seoongd smﬁacpelpwactfelsﬂcswﬁeﬂf ein the
sequences of_the pepti I g the steps of
) “provi dl'ng mkeerabbgay Bt ireCrirare epr s ol BBl B RED |7

sel ection of pecmhﬂaetassut (Tha method mey fopthén itlude cempering ﬂlsf»urﬁaﬁ? phggagteristics
characteristic cg'% P]ﬁaé‘, ,gfél%%flfﬁﬂieanﬁiélﬁﬁdts\ﬁrfﬁie rae&@m afdd PR

characteristic ortron o peptides nmay bind to
the surface; exhibiting the first surface characterlstlc but not the second characterlsttc

In another aspect, the invention is 2 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:



C) recovering the bound peptides fromthe surface; D) exposing a second

sel ection of peptides having the sane 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
|l ess 30 than the first density, so that at |east a portion of the peptides
fromthe second selection will not bind to the surface; and E) recovering
tE_e gnbolund pept i gq%expoliggaﬁﬁﬁh@sbﬁaﬁgfﬁepmehmvmgwsudeammosqmsmpm: ng 2

third selection of peptides havjng the same am ng acj uence as the
unbound pept i desthe gnbeppd @W*&E’éh%sg’ﬁf‘%?’f}l“ﬂﬂ“ﬂ‘@Ftsaf'gﬁﬁanégsélgfgcﬁd surf ace

charact eri sti Cghaftetifith sthataCR&k a porf@r dfiteipepifdet fiem ehitddelsctionswyt he third
selection may bind to the surface; and 5 G recovering the bound pepti des.
In an al t er nat PU&SheIERFRAY the method may further include F) conparing
the affinity of theGusleein tiedptndieptidenr a surface exhibiting both the
first and second urface cha I St f: &X bintatihgng t he
first surface char 2‘3 tégl?esr%alg‘ée%ﬂﬂ}%&%bé&%ﬁ%mggg%%g%ﬁ#ﬁ?g Zhg?actg]ri stic. 10
In an al t er nat theeffmitp ofitherawtiopnd eptides fona surfeesexhibiting dpth the firgi dad $85%% npar i ng
the surface Ch?ﬁ{rﬁ‘éé 8{a}a§tte}i§ﬁs Qi a%urditt LARBHRINY fbdsufiibe Chgactdristidbuessd second
surface characteristics and a surface exhibiting the first surface

char act eri sti cthegecondsurfaprchargeleristiet char act eri stic. The nethod nmay further

i nclude anpli fyi Ng {38 aRGAHETe BEURMINRS hd hlciod fag Purer indiedypnfayingng t he
unbound peptides after step E, or both. Br.i e&Fﬁe§cri}gti?n gethe Dr awi ne
The invention ithe surise Fhagsteristics Af 3 wawesRhibtipg the At d sReoRT SYRE o5 of t he
drawi ng, i n Wohdedieriktic dhca surface eRhisttingm fifscsurfatechimettristigbamoghenpl ary

bi opanni ng protocol for 20 identifying phage that are selective for a
particul ar sur fEER PRAREEHRCH qure 2A is a schematic di agram of two peptide
sequences expr essedriymetiaghaydatedinbii® aniplifyingshebounkbpeptides eBerisize B opanni ng

for phage H@at a:%rpﬁ'\fylsng lﬂnei\acutn Sund ];)gprtides after step E, or both.

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 Carle 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.



Ge-on-Si surfaces. Figure 2B is a Monte Carlo simulation of the two
peptides illustrated in 25 Figure 2A. Figure 3Ais a graph illustrating
the fluorescence of wild-type and 3v ML3 phages bound to Ge-on-Si
substrates. Figure 3B is a contrast enhanced i mage conparing the
fluorescence of wild type and 3v ML3 phage bound to CGe-on-Si substrates.
30 Figure 3Cis an image of two plates produced by a phage titer of ML3-3v
eluted from Ge andrfaea6- ,ﬁﬁﬂbﬁbﬂﬁgmsﬁémma%ndseangi‘aqnﬁacashovm ng XPS
data for a Ge and on-Si surf ure 4 cI #d i%FM,bmages of Ce
and Ge-on- Si surfa’@%‘t’”?"f“i“ﬁ’ﬁ?%“°&l§’a‘v"§s°5 Pa&ha "H&XRD spectra for Ge
and Ge-on-Si SUFf&ﬁg&eslﬁﬂiﬁﬁilé@mmhuﬁﬁmewmaglraﬂphs of Ge-on-Si and Ge
surfaces after EPD. Figure 5 is a phase diagram for a hypothetical netal
al l oy. Detailed Descr bl oinglerfiihd AickrEhgefeid philamiciRnt s 5 In the past
decade, considerable e under st andi hg of how
bi ol ogi cal 5ol ecullesheipastarcade, ovnsqurablnmog@?ﬁms Pﬁéflé?aﬁed@éhe wASHNINRI es have
been used to 'Pﬁdw“lﬁ&gglcél %leggléssﬁteractgfﬂ‘@ﬁ(ﬁgﬁ}c%rﬂlsgﬂlﬂmbﬁﬁulﬁﬂlaﬂﬂ of

inorganic materl ys that may provid qrgqse into the future of
sel f - assenbl ybeqnnlsqdﬁémﬂ@ay‘reﬂﬁwh@én%mdU@FPF?@“% ri 31’808 Page di spl ay

using the fil gIRAKG HSwdyl thaVhbisroriaca glﬁm B iajoakt ﬁtuﬁH’df@ebIﬂiisse’mﬂlﬁ In tlnel dent i fying
pepti des that have bin

afflnlt eCJfICI

substrat e. Homéfsemt“’f‘?é‘i"@g’i‘%m%m& l%ag‘b ‘%‘fo‘ﬁ‘l“ﬁ% Wf:%”cha I enges ari se
because th@ se@lag&dd Mitidl adlgatldanﬁfyd:gfpémﬂas tamdavemmraﬁmne afid paeificitsar ge
conpeting back und. This | nse n processes
in which it i %&B%SF‘F SHbpiEts. ﬁq‘“%?a{“’ée fsﬁé e‘?cfgg%% *eén(r%%{ ‘ch}? aﬁ%ésﬁ)'wo exanpl es
of such i nsepaﬁabie&hﬁﬂtﬁé seletidnangettisdifinse amimieaargbldéﬁfe@tl%ge qmpetingcat i ons,
step edges, grain bo ke Ot her wi se)

b o glﬁl stmseP%{abaﬂg +n§]?:9£t%se¥al@amggmc€sgés i RRkh Ris

It is difficul® s ect during the selection. The
ability to bi rdds1rabiefoemlatﬂthpe&lw@iestaegebat h to potential applications. In

systems whgre def %laﬁu fe Q{'gublpﬂs gr@:ﬂe/ﬁﬁ?fué&@ﬂkétﬂrk SffabSdefectsepi t axi al
| at er al overgrowt ndi n can be_ used
(dlslocatlons, 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, e.g., pVIll or

30  pll. 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 displaly
library, five copies of the modified pIlI protein are expressed at one end of the viral
assembly. Alternatively, the modification is made to pVIIL. Several rounds of



20 direct tenplated assenbly. In addition, in any system where defect
density influences functionality (e.g. |eakage currentl1l0, strain
hardening) it is useful to be able to locate defects in a non-destructive
manner. Phage display is a conbinatorial technique in which a library of
viruses expressing random pepti de sequences is exposed to a substrate of
interest. In sone 25 enbodi nents, the randomlibrary includes roughly 1011
viruses that h&%@u&aeﬂmbeﬁﬁmmngquer mﬂdnPmadmumeﬁbggﬁﬁpﬂﬁgxmﬁg vari ati ons.

The nodi fication n_a de SROUENce

which is expr e%g[@gﬁ)éﬁ ‘bﬁ\? °8’?t°’{t“f1(éfrb§}8§? wBa% eyngls)&blg@ah%em\??’&gﬁ%gsesenbl y. In

one enbodi nMent usdiheidatifighodeisbquances tha stlasively bindthibe b3ttt Fbphage

expressing a me)gjl fi cat | %@h ogean?fwggo v;ﬂfs?ﬁﬁWﬁmy 86 be employed or 30
nm

plil. M3 is a rEnt ous age ong and 6m I n dianeter) with a
capsid i nclSudilmgandmghﬂsyf@ﬁ’Dﬂelﬁwpl es of coat protein pVIII. In an

exenpl ary phage di splay, hgr#d?rtﬁmpm fpbﬁfﬁe’c&ﬂb@ssa ﬁrfingth@t 5633, A eldmplablﬂs protein
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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 ttxen 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 may be made

30  more aggressive by increasing the concentration of a detergent sucha:s 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 substrate. The
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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 f
composition. Positive selection is performed on the sample and negative selection
is performed on the B sample. An alloy sample may be used to confirrm the selectivity
of phage displaying the particular peptide that results from the selection. Likewise, an
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polyurethanes, silicones, polysulfones, and phenolics. In use, these may be deposited

directly onto a silicon surface, a dielectric, 2 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  to remove 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



performed on the substrate material. The substrate material may be any
material that 1is being coated, e.g., a netal, ceramc, sem conductor, or
polymer. Alternatively or in addition, these techniques my be adapted to
| ocate pinholes in polynmer coatings. Polynerized phenyl enevi nyl ene
coatings are used as 15 conductive polynmers in LEDs (see U. S. Patent No.
5, 869, 350, the contents of which are incorporated herein by reference).
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that do not bind to the surface are recovered and amplified. Inthe negative selection,

ybe

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 1o 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 po sitive 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




steel and iron oxide but rather one that preferentially binds iron oxide
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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. Becausea
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anti - ich 1s linked to a f] uorescent .

conj ugat ed t et r Bk PRIPHAFRIIBRTRIA XITUS, RRYHE E\Wpéoﬁeé%lli%?sleﬁfl %E’fﬁg t%%diag

linkage. |f a suid Rempioyed Hoeeiatglel geptidecdisptiy lititaf-fee mapbe piepared with yeaitget
features, different 25 phage ul at.jons v, ¢h ddakiexah

bi opanni ng and fHe C&ﬁf? °§ﬁf“eg‘glgﬂeé°‘t°tfhfsgé?a@élssgg%&?cateég%%gy incl udi ng

di fferent col or edpagsingthe pepadediufiore rle semegxuphodistchtsnyhercy prpfide Wédeatifisdon
systens, e. radi ol abel ed .st.r Vi di : B b inhr208Y, ey ee gol d
particles, Srgy B%“%céggﬁg‘g%‘?ﬁg éir?g{%ﬁaemgﬁdr# ace]ﬁ]b%ilng anal }/_geg i s not
magnetic, the pésirges trpyodbes theusptidsavit ashokpejd or PolyE e &8 13¢Fhe pept i de
di spl ayed by thtlaonghage popul ati on may be used wi thout the phage to detect
the target featur€ on a surface. Peptides may becggﬁ?tgucg,d usi ngj s.glai d phase
synthesi s met hods, fWYherexpepifehas hesnidpnifigdhas sl padisgete Ralrs g on of

| abel ed pept i d%ﬁfa@é‘}% oDXS 1S BERYRGoRE: WEpRM: Vel Fix hekéRae Foeixagple, the
characteri zed. Because a 11 | abel ed ﬁ)eptide oes not exhi bit a?_sﬂcntense an

em ssi on as 20he peitidemay berfioRiNgates, vig @ phage or other inker, to a coafing materi
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. Altematively 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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multiply | abeled, it may be nore suitable to use peptides to identify
grains or larger inhonogeneities rather that point or |line defects.
Alternatively, it may be desirable to use a |arger concentration of
peptide in solution than for a popul ati on of phage used in 5 the sane
application. In another enbodinment, the peptide nmay be conjugated with a
receptor for an enzynme such as al kal I ne phosphat ase that can exhibit a nore
intense eni ssi@ie thlcRned@Ttikeaiiataphoet Mante hetthieusse ptinceasedle atigdiipl ed to a

particle exhibitin he seidaaat um dot .
| n anot her enb@ﬂtlwﬁ%‘ﬁ]ﬂedegoqﬁeéirmg?réa? eco§ ?mn'g%%?ﬁ]gggﬁ% fdentlfy the 10

peptide sel ect lbmsifst@rrttdﬂhepm:getenfpmm&tha%c h@klaswwpé bedrigeFoyi rus di spl ay

t , . tabieahh
O T 3 e R PSR e e

xanpl e, peptide
di splay |ibmsar |tlasenm;antnebqim[ﬂ@né@m0§ﬁ%&?tsugsgﬁteEa52551?' The cel |

menbranes of these ’Hﬁ%@ﬁgid@hﬁtﬁﬁ@d% ioca?eﬁaaéfa@magabﬂqmetmwmetrqaanrexpreSSI ng
t he peptide fusion. one enbodi nent s, pet|dep¢?5|deli|t fled 15

using a cell ba@wamsmglldyﬂmﬁmwesd@w%?é@sﬁﬁ‘ AP Bfact i ce,

:ct may be des' @QL&Jtee@ﬁe@,dﬂ&&lameympsmammaxda , sad atdfuhcimey D or pol YE
usi on,

. Mer s Wher € a een i A hat is
sel ecti ve for éﬁéﬂt%'@ﬂfé?‘éerfué%i’ttﬂlhék ﬁhﬁt"i‘frﬁ‘l’%}# :slitt—,\”w'y 4 1rah09§)3ah l‘éc:c Fg’qlf% to use
the pepti deygt o shigdiRe fydpﬁdé, B geptiaé giienceibst caxmogiverthe bivten mmotperpqu;@g may be
conjugated, via a e [ e peptide
can | ocalize tHdth éﬁﬁgqﬁ’ ﬁl%ﬁ%{éf R (i p?pélléf {?e]o%l%n oﬁ?e&{)rﬁ[‘g‘%ﬂm‘gye?g%l 1}:hand t hen
the material rmRyedtide @qmeesmadbdattaqhmtmrtmeam@ ¢-Beusined feglevi@us iaterial into
the coating. FQf st yﬁ??;gn?u aFepfecgl?qu%gmpﬁlekd Akgibrhie pAlls, abdgaiger chai n

of the materia M3 ce in-place, the coating may be
heat ed above ac]igcmiomrkhe:hprﬂnymmmtqﬂbellrtfel\ﬁn@BTbﬁ@P%‘I‘T’@%?ﬁ’élrm@thF% %o entangle

itself with the Sy i hfﬂl%tw@@ sray be
exposed to cr'6YeE "Eﬁqrtl}%%g&géweﬁ&y sé}uE;%ErI@ﬂd»Mﬁéﬁ/hnc em. CZH:QZ?I n%é t he

ol i gomer to thdiybmmmmmkﬁlgﬁ solsrtirpentide s the lﬁpﬁ’éﬁlﬁ?’fa? ¢ LY 8PS | oy ed,
the peptide gﬂl?f Qa?r&gﬁﬁsﬁutr&te?m }Iduﬁ;&l?b@ﬁmétMaﬁzecawnmghmmlmdmar)Af ter the
|

particle is to the defect si t he anpeal ed
briefly. Alter riequenglugingshemirabrgackians upym o thase Slf'@?ﬁ‘ %Wecﬁ rraﬁgbe a
catal yst for e'ﬁé‘p%fﬁﬁﬁéléot%&iﬁﬂcﬂ&aahi@ﬂ%tﬂl bz&t:ﬂ&memsowmm&smabcdumﬂﬂeﬂt,l vered to

o those skl | dt FAmbings B Pt NBeb IS Hhdbeie e vt af nbPotd 02, 00
herein by reference. In one embodiment, ohgonucleottdes 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 Researchy 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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Is the primary region that is "plated,” filling in the defect w thout
significantly adding 12 to the thickness of the plating |ayer. Were heat
is used to increase the continuity between the delivered material and the
coating, it nmay be desirable that the substrate be resistant to the
particul ar tenperature or that the heating tine be brief. For exanple,
where a coating is heated on a polyner substrate, it may be desirabl e that
5 the tenperature be |ess than the TgExampisof the substrate material. The
peptide that is used to | ocate the defect may be linked to the repair

mat eri al using | echni PG eHeldil ed in the art. For
exanpl e, the O%a ?ﬁg’g%agﬁtﬁm%mlo%??%} A otzh be biotinyl ated, and

a bi functi onal st r&@tw@dhimmnrtlmtheden‘tfy@ba&eéﬂm“ %’fﬁéﬁa@% digigeatiPrsifts. 1t

maybe desirabl & feft drd¥GrohBvanBEaGh the@seRf &rhﬁﬂumaorpmpt i de sequence
that can receive (ﬁﬁ%%@glglqrﬁ\ewt hout Yn;lk feri n @ be e%%aéjl Lity of the

sel ective pebt isdlection. Gmp@mtq%éhzééﬂ@\‘f‘ﬁf %&Iat‘;éeta?l ?Fecla’ﬁl nucl eot i de

sequence nay b%ﬁﬁt&lﬁsﬁﬂg1quet§1}1:§npﬁ|atﬂoﬁl%rovangepuam|gag1aﬁmmhmncmmou n
Her manson, GI., Bi oconjugate

hni ques, San e s, 1996,
the contents o‘*‘l’l'%[c&f’ EISF‘?\ yé%l‘”ﬁ ©Pipg %?’gsﬁ%e%#%ég degé’lcﬁ&hat eri al
may then be 15 ééﬁﬁﬁnﬂﬁaéuﬁﬂraws t[bbféc’fsen ﬁxemaloarmﬂjsam)hamwcléswdicﬂ ihdhei ng whi ch
the two sequences ar e W%‘gé omc%lg!gﬁémth&hlcgnhlggsﬁ 'I%ghéf&gs &Qa%d'ngﬁ]eand the

repair mat er i al hopesygf meric repalr material may
sinply be fmetdepmlmbegbmmdnntHheﬂlnmmpkmmmadlmﬂmb@Sl&@Pm cheni cal

reacti ons known, tq those ski 6 hRlL R{ RRAN I ng
nucl eot i de- f unciPBNEFT eé’&rt}?g¥ ?icf"gmge;at%fgeh?rgﬁesgng | 'so vveﬁ? dis{eagegltp i gbfgd in the

art, 20 for exanepilteg gﬂrmalhhrﬂsﬂ@mtmmftfach\l@ﬂd ityggempniumthisughdhe &WP¥dof whi ch
are incorporate %O)Q%.a% ﬁ“&a@ﬁox{ﬂ?lﬁfe%ﬁocaﬁ& m&g@g@sﬁpﬁpfm@“g@ﬂu&i eoti des
al'’ka

are prepared wi term nu

nucl eot i de-t hi ofurfacsrefechveith argsemstryy reagtivity And Qectropig Sruphiedhal g‘ﬁ"ﬁ&"ﬁ’dﬁ g gold
and ni ckel . l§eere%§f%ﬁ§egﬁ§me %9&@1‘39% BERcdion Eﬁﬁmﬁﬁ) B@mbniud-hadB@Berf-oundat i on
c

39t h Conf erence em cal Resear 25 Houst on,

t
Tex., pages 109vetenwith Bogh andﬁﬂ'%@ﬁéqf?)@llgplg k@ ‘F”rﬂthefﬁdﬁgl (r;% %%%‘P?‘ffgeé may be
conj ugat ed 10 a,phghldeGn! s@ﬁﬁhxnealeaahgau@éea dE’:%ﬁ})laﬁ'cﬁﬁGEb:afer @x&ugﬂﬂé an

affinity for the repair material may be incu arti (fh:eﬁ of the

repai r materi al defast FIH‘Bl"B‘WGqﬂaTS‘éMHﬁF@"OE’P?‘E‘i g%SP‘WF‘Bﬁ?"B’P
nanoparticl es (& gdrmanfimdBat J¥hproRIateieone AiTEbinMitk wlokh opaepilicatewdder. dhpept i de

solution to 20  surface defect density is roughly 10°%cm?® '>. 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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30 forma solution with about 1-2nmM peptide. The peptide that is selective
for the substrate with respect to the coating naterial nay be fused to the
peptide that exhibits an affinity for the repair material. The

bi functional peptide may be coordinated to the repair material and then
used to deliver the repair material to the defect. 13 Exanples Exanple I -
Locating threadi ng dislocations on (100) Ge-on-Si W used biopanning to

i dentify phage ggt&e. ¥R phide displag Rilbiigloghidsh dsaioriontizésn 7-4nli@@jcidyer mani um
There are two advantages to th%ﬁ sedeﬁf g{};@éyghf,‘or Lc%ara@céel ection.

Ger mani um oxi di sa&rained lipgry (Ney EgelagdRipla cdhPR Created and

mai nt ai ned i n ajphRitestBittlictghdomAmadidicidisequendg iofienkeg by pitenesalhegger nani um t hin
films on silicon (Ge-on-S),.i.s.an effect] . Lhgle crystal,
al beit highly d‘é’F’é&‘Fﬁ? ,ag']‘é%!ﬁﬂfglﬁﬁﬁ%ﬁ"%hdq‘s %ﬁ%‘@e}é@%ﬁ{@ﬂ%g r?ﬁ@g%;e- on-Si
syst em have beegrusmid This lislitetle confdrinationhldredonnéf thepeptificathhs¥gsusipg 88T devi ces

with silicon logicl2. The defeact o ShdFhIFlef® fabialfhe0f ger mani um
thin filnms on s °f‘%§%ﬁ”8re”?‘??£’§‘g‘d?‘h°§§ [ s??g%sglﬁc%ﬁls whose dens?it ; can be
partial |y cont reinkeat of Whiclugh ingsomperstsd hergindy referensa dverrgised to/idstRiPBRES f or m

near the ger rran{hwq,ééﬂeﬁt&fmmmm%@e%%@nﬁc@.xme kRQiEEwER phrinbd)aough t he

exposed (100) surtace. e polnt where a dislocation energes at a crystal
surface is a | ofdlPwsted surface defect with a geonetry, reactivity and

el ectroni c gpruct ur &y bhadvediibdioh n 4 highudnbiey shiaplecBllovad by Bmpkiasa f ace. The
primary dislocation s¥st_em I n germanl uan has a ]Bur.ﬂétli]s vlgtct O(u with | ength
and direction (al2) (DFaytiveseletian proppigh degsity sample uging the grplfied eptsy o5 sed
wer e CGe-on-Si (wmaﬁ&ﬂ&&q}]iﬁéﬂﬁﬁ] defect density) and a Ge wafer (negligible
defect density). The (e-on-Si substrate is conposed of i i,al 'y grown
thin film of gernman? Wﬁ“ﬁ%\felq“g"“a"ﬁﬁrlﬁ)‘%gﬂ’é?\éf?’ggﬁ%g'h?t%gﬁ&t'ﬁﬁg n%g]rgom on a
silicon wafer. pfige)®itsout dimlificalivhect density is roughly 109/cn13. Wiile
this high depsity wo render .an sol.i d. ' peffective, it
actual |y inﬂgcts on|‘§l“§g"§%fﬁ?ﬁ°%°e“r ear}?géignsgfgﬁg”gﬁégt% gﬁpilﬂ‘%%{’ ace. The

di stance over whi ch 3 Pdiititeceladtionnn g highidnsitwsample. af f ect s t he geonetry of a

crystal is on the order.. r VHIVIAGE(SRIDUNpet h a
di sl ocation density ﬂéﬁy@%ﬂ&}‘gﬁﬁ&g@g@&%ﬂéﬁ%&\%ﬁz'g or, 3?95%[ rrppi es t hat
roughly 0.0001 ZISPHTRAC (SeqfRicY. ThesoSquanessera quitasimilan especipdlidden B9 t he

defects, e.9., LN h@ld6kmb Seqflinkd 4 S6nsidERUEMES). Thi fish@uhdtlce @ nadbed that the
space charge regi on associ at gd wth the di s?ocat lon Is.on the order of
20  sequence 1v and the second 3v. These sequences occurred with similar frequency.
The specificity of the sequences for the high dislocation surface was then determined.
Smm 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 90pl 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-HCI +
30  0.1M NaCl for 1 to 5 minutes and rinsed twice with 10% TBS. The phage was eluted
with 0.2M Glycine-HC], 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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t he Debye length (-50nmin undoped Ge), which can be considerably |arger
than the Burgers vector. ldentification of Defect Selective Peptide
Sequence 30 W used two types of Ge-on-Si sanples to identify selective
pepti de sequences. Typical dislocation densities for as-grown CGe-on-Si are
on the order of 109/cnR. The dislocation density of Czochral ski grown
germaniumis far lower 14 (103/cm). The phage display kit enployed in this
wor k utilizes giof yai¥it)enibles tvith 6@PE fodhd 16 dbrislty Subrpleé.NEwstiohgingleslteBed| abs
PhDC7C). The term "constrained" |ndicates, haf t.t]‘e %laﬂpgg} Id%%i cid
sequence is f| afikaddiypedd 3 phage shewprdng sperifiety for IS BF e “GiPE§F T e 1 nkage
which forces thgnfi@ptide fusion into a ring-like 5 structure. This limts

t he confornmational freedom of the peptide, thus insuring a nore specific
fit to the subsirate, Id i bih ShGragnual , the
contents of V\hi%%?lmpa{erge Er}%rg%'g}ragfrggﬂh%?%i%%%e{%}?%?ggge, re uged to

i dentify phdge t ha®nqothefconsenus sHANSACEs WHEE #ﬁ@ﬁ&%ﬁmﬁrm%&?%ws Brede

sel ections V"er%b;?ﬂfn%gw?% ce 5 surfuPd 4B in 4R GbJonRPSibkkats Re@bmaRdn On on a hi gh
density sanple, followe i on _on a high

| 1 by anplification 2) Posifi sel e
density sanpl e atienniige toremulipprquly ppee p grtren 1°“3 ‘Gmséﬂé?j‘y‘%}“%ﬁ%‘%h% &&tion 3)
Nﬁgat |) ve .s;aLeciug&qn?@?tw%@%izjybiﬁg@lmndi@[gclsfcre?i.elbéﬁwﬁ@ thélegronem- bi p?i ng
phage), without_ anplification ative sel ection. nsity
sanpl e wi t hout Gér?BnEﬁP1°E'e§E ?‘@ﬁ‘ateﬁ)“’aff%"é‘fr?'g\‘ié U iuefﬁscgﬁceonﬁlcgg 0%%’%3%%% ty
sée%gg :—r?i?AI:hi(ﬁg yitiiﬁjgﬁiﬁgFig\B?_. Tho RbeeesSheRBeluE vaesasoCBYbIRAA md'(f@wele@_ionﬂl) a\l‘ll\ﬁ

eq | D . These seguences.a y when
the cyclic natt®® IB%k‘Tgnlgr %gﬂﬁlgtﬁ&épeﬁsmé%%egi %@r’%’%%%@uc ﬁﬁ%ﬁﬁfst
sequence was naiweekh@eves difisenas thexe aariktwdon the ceomiisi@ies ueHe e crsugiithces
occurred w th leherpg{f?#’ig]:i 1%%9(%&%%{1@% wg%t?e St E?"a%eﬁn)é iﬂ{iall&%ge&‘a,qw@ nces for the

hi gh di sl ocati ce was ermned. Snmm squares of the high and
di sl ocati on dersintiyedshrghneatalremposifionsaufaterouhnesp costakgrigntaéppiudefer 400 HF
for I GCsec fshr Sgtgg]a e Wikl Water rinses in between. The sanples were
rinsed tw cé w cetone, twce with ethanol and once again with acetone.
A

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 5mm 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%HNO; 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 20dV/sample of phage solution (10° phage/®dl; 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 20dl/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 20dV/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,0) and were
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25 solution of 1010 plaque form ng units (pfu) was prepared in 90l of
Tris-buffered saline (TBS) wth 0.2% Tween-20 (TBST), and a 20 | drop of
this solution placed on each sanple. Sanples 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 sanples were then
exposed to a solution of 0.01nmM d ycine-HCI + 30 0. 1M NaCl for 1 to 5

m nutes and ri mmﬁedaxﬁmeam#ddhﬂé)%oﬁ&&ncé’h&smhagﬂs wers medanseg a TRITG 0. 2M

G yci ne- HC o nal solution
was then ti tra e‘%q’f1 %@Lmrm ne%lﬁ cen ﬁr\l}%&[{be ﬁgéret% p gIge Sequence |v
exhi bited no n@@&ﬂﬂsssmpscﬁ)lﬁ/mw&QCObmﬁ C%mﬁhﬂya@mmdhmm%c@ve%% greater

bi ndi ng on the BRR& w density
sanpl es. Contrg%églglﬁgnsélgg%%steg%aﬁpgrﬁaut%‘&d?’?ipe I\/EfKéE@gﬁgggéinghomed no

speci fici ty3f ofungtiqther the high or |ow density sanples. Exanple 2 -

Char acterization of Peptide Sequence Interactions with Substrate 5 Once the
consensus sequencesTitiog | dentified, we confirned that they showed a

bi ndi ng pref erenceltor sqrface def cts g‘ t he Ce- qntheﬂu%r%?csertmreate Rat her
than attenpting to’§ ‘?Fé%lﬂfgffa{/e I8 eéa’?ﬁséelpﬁﬂsp ViTus and a 4A
surface defect memremust&dcapnlﬂatrmetthb phﬂgaemw,ﬂmsmplesfrycebneddwrﬁgal Bi ndi ng

s ng 11 or ascangn Jdr o i afdriR hoshif efnadt Bt ith Bty GRLET M noC
subst r at es 10 henasdshoribed indreonanhgdorshaiew Bugland Biagtitricasphagedisndayikinthe we are
| ooking for af I:/&enﬁk'n%%ﬁvgxcﬂaé@ﬁcﬁ blated bl B grefé?g%vﬁkmhlﬁeof%qml&% wll tend

to find whate rences here are between the two substrates used. To
ensure that t Rlateppih blye yirdl plagueatTha pembker eflasueireresrends fethe pupbepals bei ng

initially targgta@éihatunkefiviest. Theviek sdis&laml is GIRNRIGEEdrd PMRting Selthace
roughness, crystal orientation, and defect ggnsmy of the surface.

Fl uor escence ni4SWPksahplaquenen as%{}‘ﬁ?lpé?ée%ép%""ﬂ‘atﬁﬁ handi hg streptavidin
conj ugated tetranethylrhodanm ne (TMR), which was bound to the major coat

protein of 18he phagéPSideasgremerss ot i nyl ated antibody (Fig 3). The sanples

AL the: sanpl es” wer T bl e AT bep REC £ DA RoniSlhgd pes WP LT 0
wat er rinse i nob@fgeeW. Thehmdingepireswasswepttiom Wilpiay.i n 0. 07%INC3 f or

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 67ml CH;COOH, 20ml HNO3, 10m! HF, and 30mg I,.
The samples were dipped for 10sec and then imaged using an Olympus optical

microscope. (Figure 4)
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| Gsec and rinsed again. The sanples then received 2x rinse in acetone, 2X
rinse in ethanol and a final rinse in acetone. The sanples were then
arranged in a 2x2 array and exposed to 20(Dl/sanple of phage solution (106
phage/ (D1; determined by titration 25 and spectronetric analysisl). After
hal f an hour, the sanples received an internediate wash (Ix TBST-BSA [ TBS
+ 0.5g/L BSA + 0.5% Tween-20], Ix TBST [TBS + 0.2% Tween-20], |x 10%BS).
The sanpl es were thepamyposed to 2001/ sanple of biotinylated anti-fd (1:50

dilution of stock solution, Sigm) far | f hour ., Aft er : nd

i nt er nedi at e wash, JafpY ?ﬂ“%er‘g’c‘f qquwpe&%ggrgqqegcyﬁg ége 1&%1\:132%5830

st rept avi di n- coghatagraiQtondEisédlonliBf pelptidal Fierescheesmaskenaituwiroperfdbtdecul ar

Probes). The sanples thep receiv a £i 4 SI- BS + 0.5¢g/L

BSA + 0.5% Tme‘é*ﬁl-%éﬂj’ f"“lf%?pﬁl‘ﬁgerpﬂp‘l‘%g““f' %ﬁ%@%ﬁ E’“é%tj‘ﬁ%;i' WIIBILSC}_]&?X H20)

and were 16 $roucfwvirdl ciomes ataxpressing. 3v TME 3 BV uBircsseond pepuration washide g ofide e nade

using a TRTTC {i.l.ter., i o3 eeRe: | mages
wild t@% n%ﬁg@&o@n%%%%%cﬁl&&%ﬁ@%@@%&% 3

were taken of the S using an yryﬁus and their
aver age | um nesotberwise idanticake MiBrivntius pravidieg neosd senval for deetiehplnoayi te (Adobe

Phot oshop 6. 0! Hye3R@adBoand HHEiB%.Q"ﬂl phagd Whie Albrefentil iR o8P HRHg@s akdiody Pr epar ed
using the sane steps as i n the fluorescence neasurenent ex&g%wé{m%t, after
it

the phage exposfer e phage (ietinglaied aptisEl rich istlikecrtp A dporesrend 955 ' he
anti-fd and)fMR@RASITHRR) Vil heDiBSrvReviit kg FigiRdh bdligibiddenmebl 10 as
descri bed in the nmanual for the New g%ngl? Bi §SC| en&es %hage glgistgll_ay Kit,
the contents of WaiAb#ed b repsrting the metag P Bhage fiee Pple RN LIRS i t s of
the titration agjugMbddn®istd whd fireplavi@initonjagatep TMRI 6Gverallhthenearetfour pofentpil aques
corresponds to the nunber of e that. bound th b vi ral
popul ation is dﬂ"ﬁlbéﬁo"ﬁg‘f W@rﬁﬁ‘gﬁgﬂﬁw sigﬂag'tul) a‘fyhrg?sﬁ Eﬁffé&g# Eypﬁhgg E]ejs on a
gi ven pl at e candbigequsired) imy roandectivsant®Siykdya budiegterthssukP@tendlsndone usi ng
a smal | spot . ESCA w th an Al urce ShunlFfni8angV. The
bi ndi ng eneﬁ%y i és\é\isecvwﬁg% mding r??tgm Ear elv%ggasge@g%;%ﬁ?wgg%% ment s I%%ﬁ/l was done
usi ng a Di git al the seéctedipeptids miap havsc Fhefingt twspentribytionsgvere small and simply

subtracted from the measured fluorescence. The resulting M13-3v fluorescence

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-8i 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 lacZ, 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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20 approximately 1 mcron on a size were used with a built in roughness
nmeasurenment protocol (Figure 4). XRD Measurenents XRD was done using a Cu
Ka source. The 20 angle was swept from25 to 70 25 EPD Measurenent The
etchant included 67m CH300OH, 20nml HNOG3, | Oml HF, and 30ng 12. The
sanpl es were di pped for 10sec and then inmaged using an A ynpus opti cal

m croscope. (Figure 4) 17 Results The 3v sequence occurred with the

hi ghest fr equeedcyd butiiratign Skhe venitingplatesindicatddar 3k prefeicpet foothe Gooused on t hat

Pept | de. Fl U0k As A0 SRR T NS rHe i RSMABITE i) BR A Reflist | Nt phage

popul ati ons. popul*at on erse collection viral clones
al | expressi ndudescemng3- 3v) . The second popul ati on was made up of the

“wild-type' phage qureec%ndxﬂﬁﬁmm&&htslca.mfmtmm@weﬁﬁb&stasI on on pill but
are otherw se identical to M3 thus providing a good control for the

ef fect of ﬁonpf"?é?“é‘éfoir9*6‘%’5&:%?%%“‘8?%%‘13 Bt e BHdFeevRisEHPUor escent | y
t agged usi ng %reatﬂ'ﬁnhmg)% tff&rmaﬁi@sem%g@sm&tﬁsl Ry adeodvaarliinat g Which is

linked to a fl ores nt stretawdln at ed t he

bi oti n-strept & Sﬂi}?‘? ﬂ'ﬁé{i‘é"% ?°mpﬂs'5§té§r4£§n#@8mgfe%;_ ‘gﬂé‘?te bt ai ned by
repeat i ngdt hetuﬁet:ahm'swdslarea;unmmg:tﬁ Wt sisdlBsuface Orighnesdes (Gd-ais$i; EI oti n- f
conj ugated ant,i - f tavi din-co there are four
pot enti al cohf"\‘_iog?l}s gr@"? Bb@%?&# er#g%? g’%égh/?%@%%aﬂ?) any noi se
experi encd@d byndichied G@Bhe shbistiatey betk hosiarserongd) 00 nsjentatinn g ¢Cx Fimalyant i body/ dye
binding to th%Pﬁ%ggﬁé;lr%ﬁled ﬁ')at ALY v\ﬂerré n'ﬁ%?rfoﬁse&e é&&%ﬁg% ﬂsﬁ‘&b a(t:f%ie?ig | ar ge

viral assenbly, germani um a e Se pepti de
may have. Then@nenlsﬂleﬁwa&ofﬁlg #D) Thomternadiate clcrlesaxmi@l@dmmrwmydbt ract ed

fromthe masﬂ"/&@jéa%@iﬁﬁ%%ﬁfw glﬁ}@gérﬁ. Mx's 183 ?%nf 2 égé fi I‘Eence

nmeasur enents reve pre ere e for i substrate
conpared to ﬂﬁ@@@“éﬂﬁ@tﬁﬂ@l’@s tllﬁdicbﬂ@ﬁ!)‘onsﬁlhféﬂﬂt?@ﬂ%elﬁmcéedsﬁognal resul ting

from ML3KEsbi affieReriAOusRBMB0 AAQ ré@kahd Jareloy 17QF wak Lig s sypiInaLe and was
slightly snmaller than the signal due to ML3-3v on GCe. en the ML3KE

bi ndi ng i s tr EAtEYYRECISEERE?-ound to the ML3-3v
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® ') s0 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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bi nding, the Ge-on-Si to Ge preference increases to 10:1 (Fig 3). Titration
is a quantitative technique for neasuring the nunber of phage that bind a
substrate. After substrate exposure and before anplification, a fraction of
the 25 eluted phage population is exposed to a bacterial |awn that has
been grown on culture plates. At each point where the bacterial |awn
becones infected, a viral bloomfornms. The phage are nodified wiwth a I acZ,
causi ng the viral Igh@oefoas quapfifeisehige bindingrarbasibinods! wasidevdiepenife ar e
sufficiently diluted, each plague corr e fs. | nfection event.
By counting t hB1ageiisEpe 'B?e’aﬁ&‘ﬁ'&g@gw%tﬁéaﬁ%&\%@ﬁ#ﬁ%@“ﬁhﬁegﬁ ven 30 dilution,
it is possible to dettephage-disheativnidseractiof, wsthavee t hat bound t he ori gi nal
substrate. Titration neasurenmentss re made usi ng the nonodi spersed M 3-3v
phaga popul ation (the8w®st ééuﬁwﬂ\é\?? ¢ Aot conpared to the wild type ML3KE
because wild type phagemshaw. Bclidhbiehdbs whaenfectivity). No antibody or
fluorescent dye was 18 needed fgr titration. The resulting plates indicated
a 3:1 preference for tprgdlenarn-—s—>piebstenat e conpared to the Ge substrate
(Fig 3C), which is simlar to the 2:1 seen in fluorescence. The
fluorescence and titr BRI BEYE M confirm that ML3-3v exhibits a 5
preference for Ge-on- SjP:\:/%a_l pegdlibbnstrated that the Ge and Ge-on-Si

surfaces were identicaf epiphdger LI he presence of dislocations. XPS data

reveal ed that the subs;r?Ie t}gagg]lfu omjame el emental conposition (Fig 4A).
AFM i mages denonstr at ellp = %ﬁ%@%ates are quite smooth, with simlar
surface roughnesses (Ge-onSi: 7 7, =0.235 +/- 0.098 nm Ge wafer: R ,=0.201

+/- 0.034 n ' : whPdibadbsAlstktdhRaBedalie thadosiplimteaybot h have a
strong (100;5) o%\%k:%%tKg)t§ ?cgﬂ&mlm%%%a%@nal It l /

Yo . EPDltestiln%@r eﬁesat{leed t hat
there were nunmsvhstiaesesreepese ip thesamesbaps salption siaylipagopsty, JRrasL{F8® i 1 the Ge
vaf er (Fi g 4D) gnlder bdih ShipRei AbStCRANE béuse dEpitek shaple apficoikiexmsalty 27/ cnp

di scl ocations, while the pure germaniu | es,had 13 5 e high
di sl ocati on defsinhgeesalyione £PAge s hw&gﬁfﬁ% %ﬂﬁ&?" P ({'tcsr(g;lovlIi efzrll_lgel y packed

to 15 different}pbs ich@anEiRl. As a result, the value of 19/cnZ was used as
a typical value or this type of structure. Conclusion The two peptide

sequences derived fkgghggee_ﬁpglgf&tgggea_yusel ection were
[atom] {1]

10
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-J-]
Substituting and canceling:

“Haom 1= “ A1

Note that the atomic surface density is roughly 10'%cm? while the dislocation density

15
is 10%/cm?, As a result,

- [atom 1/[L]=10°
y KIJ’. y = -5
o An 10

Substituting this into equation (7) yields:
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quite simlar. The odds of this level of simlarity occurring by chance are
~roughly 20 0.02% (assum ng all am no aci ds were i ndependent and equally
likely). This is extrenely encouraging as the sequences were essentially
arrived at independently. This |evel 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 mechani sm for bindipgg i,ss not_entirely clear. Wthout being bound by any
particul ar theory, me-hy?bﬁBéSer that there is likely a space charge
region associated wth the surface defects. This could be the source of a
primarily electrostatic interaction. However, the germanjumfilmis

nom nal | y undopBmt i§,3hdrgisteFigctively wpkd0, 00 fold dmmper@aeh sdestiviie nagni t ude of the
space charge would be quite small and spread 30 out. The bindi ng nmechani sm

may al S0 der i Veg LMt Vo bpadn GPERS Populaiion oRcohalf@apeddsliampect that the
site of a dislocation will ‘oxidize preferengiall

hydroxyl cont ai ni ng Taeityss afcsilisen wrafers e Repvidsd: yogened @Zﬁ?‘:@'igg o%f . %m;n that
effort to quantjindihdéheRhaoR dpettliiegins prefaed wingmishodwemwaidy tbeskilled The
e S e e a2t B oA b Pk s ot s,
- 1 For the phagmohaskgiioeiaddd injearand siomd under dhenieogen.t 4 phasadisplantiray( kd )
(T o SR il
constants. Becawsfer withetheduped regions §fdppedssilison mafeed ingsrieercatipespbete.ff t he sane
phage sol uthon ShTble!RABANE b ARHABG ohBoddl¥Be WIRAE valled Wath Bukd il oS-
itionally, bécatuse f{lie ol e sanple surface is exposed taq e
the bound phage are eluted from the wafer with 0.2M glycine HCI. The incubation is
repeated with the recovered phage, but using 0.2% Tween-20 in buffered saline 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 HC1 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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t he phage solution, [phage] is the sane for defects and background. Sol ving
for [phage] and rearranging: KD [phage - aton] = KD [phage- I] 10 [atomn
[I] If the Ge-on-Si fluorescence is twice the Ge wafer fluorescence
(assumi ng [phage-atom is the sane on either substrate), then: [phage -
aton] = [phage-1-] Substituting and canceling: KD Kn 15 [atom] = 1] Note
that the atom c surface density is roughly 1014/cn2 while the dislocation

density is 109/ pifmiehSapEsivh bfa-ad dr@h@dRrhink M ymtidm bmulh Bpied ofidelilms
Substituting this into equation ' : at is,

. (7) yields: 20 KDI = 10-1. KD Th
there is effectivel yAaP"PB’@t,‘@UﬁPP?:gFa"J%Hﬁ (/%‘F@%T"ef‘ﬁ%?é’fnéévt’%\ﬁs??qtocExarrpI e 3
- Devel opnment  of aftheBaePoRink of YBACSS, eBCo)ds tagred RihedluGicsdentdabelland t ypes of

silicon wafers are praui . undoped silicon 2 d,sili 5

i ncl udi ng one orsuﬁ‘lfg‘ée%d'b 'gfgmrd 6&“5 2 &°P8°6§?‘é’8 ogyné{lgrégpﬁoﬁéé r?gﬁ(/ﬁ to those
skilled in the ¥BCO tdpois coaasiising amok sbapphdwatat andsif netbssaryapolishad r s ar e
etched with HF tg_ remy, | ' R Ghdisies dry
nitrogen. A phagrgma‘lms 67'211%S‘frigg}eg'ﬁﬂc\ﬁg%%{%ﬁﬁSlﬁl%&gsg)rn ?ﬂ@?@%éaioﬁq%i ther the pill
or pVill coat prepefm ekmnpis pyspeeyinedhe tape veithia pymn-acigarseray hptipot e doped
regions (" doped plhddfindGhEntlor laf fithelshpbisiol TROBHSK then Wthed Qipxanpl e, [ n
a glove box. After about an hour, the wafer is washed with buffer, and the
bound phage are ®iidsapaid ereseraceimpging @Rrieyed tolpratn thebavrd prage omie | ncubat i on

i's . rep teat ed gV t firhlScdrREPUENE th PRAGRientéibraikts | Wkkrdthe 1 husdesd alldighifobuf f er ed
sallne to
example, and fluoresces at a visible wavelength, a handheld laser may be used to

stimulate the fluorescence and visualize the a-axis grains.

Example 5 — Detection of grain boundaries in a polycrystalline material
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'% 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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wash the unbound phage fromthe surface. The phage recovered after the
second incubation are anplified using E. Coli 15 according to standard

m crobi ol ogi cal techni ques, for exanple, using the techniques in the New
Engl and Bi ol abs Manual , the contents of which are incorporated herein by
reference. The anplified phage population is incubated with the undoped
silicon wafer for about an hour, follow ng which the silicon wafer is

washed wi th b;n;] H&érgéiﬁ' Ghd tﬁ@euwpﬁmgg h.?gsaterde:gimvsemﬁm( akg. unbdind phigrge

remai ning on the silicon i scarde v age are

i ncubated with &eddghed oglw\?f%@g’ﬁghﬁé’lf’%‘?mtf%’f’“ %ﬁ?ﬂg I‘H‘ER t?]g’?'ﬂ cegt IBP

washed with 0. S%dﬁwama&agammmmrThemphﬁﬂua;gmlaroa mh@mdfmﬁmamhei vvaf er
usi ng glycine HCL as above,and the eluted ph han
one sequence apﬁ‘edafﬁ%"’%ow Pé‘ﬁ%?d?“"t’“ﬁ%f&ﬁﬁé""?‘% gg’ﬁ?%%%qﬁ%%%g%lo%{eh%}tﬁ %skt may be
25 repeated, sushmhaclmccxphageseqﬁenpﬂdage exhr biting peptides having one of the
Sl ert el poanences RRSiboRfleianaeaL KALANZalialiElRT Bk of doBaRyl ALt o1

of phage di spl ayi ng th |co ec I've pept | prepared The
phage are fl aor esteinstid grorléﬁdem;dpmwﬂrﬁ ﬂ@qy@aqnélm lappledand %ﬁ@&’ Syitsagple waf er .

Fl uorescence m Mmibld& f?r{ hfiplt 8GHed 8 cSifith e thdsHagé i€ phage are
30 bound to the%g%g%wrég&l%%s 8 S S ? e21 I%xarrp le 4 -ﬁ{lget ection of

a-axi s orient edb@}rﬂdTm@leﬂay‘{Strl um b| snut h copper oxide films A population
of phage selective for a-axis oriented grains with respect to c axis
oriented graons ERimplBaliemiféation Bl )hagspdpalygetiseltia fax dlbwovspetituldrabel and
suspended in buffered saline to a concentration of 1012 phage/L. A segnent
of 5 YBCO tape“?®f¥ined using a nild soap and water and, if necessary,
pol i shed to renove Viigishhplesaiand HdpcusFddn Brrapls/ taré p@wshsmrpléwsﬁe@)mq S

di sposed on the mYOISthV%rPl%H&t to aQJcleWAaﬁon %?ﬁ‘aﬂé g%is @&dh@%dtoﬂ%‘e Widiteda

punp-action spray I mrersing t ment of tape in the
suspensi on. Thesmﬂb@asmthhémmmi%hed with a mld soap and fl uorescence
i mgi ng enpl oyed to | ocate the bound phage on the 10 surface, correspondi ng

to a-axis orfisentgggln ¢ Sl Nen bR {hb&@@@ﬂ@ﬁ&ﬂ@w@% drieghbf delaainatienanpl e,

and fluoresces at a visible wavel ength, a handheld |aser may be used to
stinul ate the fM®f¥PeEKce and visualize the a-axis grains.
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 pIIl 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 thie unbound phage
recovered and amplified. r
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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Exanple 5 -Detection of grain boundaries in a polycrystalline material A
popul ati on of phage sel ective for grain boundaries of a polycrystalline 15
material is tagged with a radi oactive |abel and suspended in buffered
saline to a concentration of 1012 phage/ pL. A conponent fabricated from
the polycrystalline material is polished using a handhel d nechani cal
sander and sprayed with the phage/buffer suspension. After about an hour,
the conponent i $wéasitedhéklufed phagelert edquaittd to@evgal thdbedmdssdretR@ forthduf f er ed
saline, and the radi oactlve m ssion from 20 the conponent i s photographed.
This procedure Fﬁé’?"rﬁﬂn PEPESHEd at intervals, e.g., every nonth or every
guarter, to nonitor gpwminumoﬂhﬁmihag@metdnﬁ‘orcmqnemtive pepbidenfiised t§ one
-ldentification [ t rticular
composi 1 on T bt SyrTAR IRt P sRRCSES ARy BhoidinadhobaB! S 0L Y
(Figure 5). 525WShapbre1sosn¢ samhbséluatemw nacresqaw ¢fglhesdmpls iyuspd yecanfighb| e
scratches and s splay library exhibiting
variation in ei %lﬁhﬂgp%gg%lb?&hMtﬂ%ﬁf(’%ﬁm%\?@ge| nis exposed to the Z
sanple. After about an hour, the sanple is washed with buffered saline,
and the bound pk¥erled oDelection af OP8HeT HE B EHEESHRPER gl ycine HO . The

recovered phage are Apegilbtibest phideliclthive K atPpbedd with radpettito eirohdayr . The 30
recover ed,

unbound phage are shed mthe s er ed aI | !l

and anplified. m?ﬁ'ﬁ@ OB %‘Ffsé?ﬁgf’%wlﬁh%ﬁ'boéfsgﬁtt%r’%ﬁn Faneod ¢4 Unbound
phagedar ]?f rle;:ﬁwa&iggd)dmdcmml:maf ot prllmgd‘plr. Hepafis@mfla steclTlom tubb@uduhtmagfhar e
washed of f wi ergent  a ed w
sanple X. The un_ etpﬁa geent ne %gsrﬁauglyﬂﬁg g‘)lp&ﬁ&‘e’h %Qa%h[}ne' g%ﬁ%@%’t ration
detergent, e.g. trdblutwleﬁylbmeThﬂmhegvfhuﬂartﬂumpswtuﬂsi)mm@methepb@h pirfageanthpl i fi ed.
The anpl i fied popileatd agws ch B644P3h ke kR SRTR! fenbcoAG e HIREUN Phage

recovered. The recovere age are incu 5 and
el ut ed phage seéarffieasicenss imaging eeniemwed Eiﬂo?#ﬁéb%bmia@ﬂwge Pm'@c §@f‘§%qeect i ve

peptide fusqd tgorfé@ﬁon@ﬁi t\ @b pits R BE k@S s provided. The phage are
fluorescently | abel'ed and |ncubat ed with sanple Y. Fluorescence m croscopy

of the sanple is, us o] con t he phage are bound to the Z grains.
10 Example 7 - %ﬁ”é'f??‘f th c’é"e”f"G ‘fﬁm ep‘%éfﬁe popul ation sel ective for alloys of
a particular A peptide including a sequence selective for polystyrene with res pect 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 gold

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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conposition The sanpl es of Xand Y di scussed in Exanple 6 are polished and
heated in a noist environnent to accel erate oxidation. Biopanning is
conducted on the oxidized sanples as in the Exanple. 15 Exanple 8
-ldentification of a phage popul ation selective for areas of delam nation
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 the matri x4andLéd)s.-Wr, didof ©f Fignre GLE., BelchemplNg. Sofente?280@%4-i x material is
al so provided d cl.eane j t O m teya A age display library
exhi bi ting varia( i oheﬁmﬁ“&'\tﬁ*{ﬁm %réﬂ?glﬁ_ﬂvf@?ﬁ%%??llﬁ4sr§%§?. protein i s exposed
to the sanpl e db) t hdlicsanpo4iR.plomsser.KaP.; Pang. & GabWilsongh Brolgweth,{Ghds sanpl e

is washed with buff Sl b NeLuD 8. & N RO Yo, PogR-ane el uted fromthe
sanple with 0.2M gl 9@?&% ﬂcﬁ".’ §Ql'ﬁe’e'l Ut ed phsgﬂ_e are i ncubat ed&ﬁ% h the

matrix mat erd al(7f or Mitkdu€- An Lasinger, R.I5 MypiediGigtotete | 1t Heweditte i s washed
with buffered salinggaggh.édee unbound phage recovered and anplified. The

anplified phage are I ncubated with_the_conposjte s | e for ,about an hour.
The sanple is v(élshe&‘/hm‘%r?-ﬁ:;mmgns-ibmiE’r%u?ﬂ“g‘?rﬁ'gggagf’lﬂ?r’A’Fﬁg phage are

eluted fromthe waf @unssiong +05,%65-668. HCL as above and the el uted phage
incubated with 30 the matrjx material. The unbound bhage are Jyegovered and
i ncubat ed wi th ®he Reﬁﬁbésﬁ';t@‘r’r‘g%m‘p é,MWHaEﬁL{'PSB‘Ph h’P\ﬂg'g"l’?é%P’%%’hﬁgmhi gher
concentratimn, e.g.L..0Kekn SOMishiad Ul'KeeDenlars, B €.; 8pack JdS popalipd Fwegcssequenced

to reveal the sequences t r the reinforcenent material. A
popul ati on of phage ﬂé"\’ﬁﬁ?’?ﬁ’eﬂol\"g'iz@brcenent-seI ective peptide fused to one

of the coat pratie) nSitanptafariedn, HTBg Atragd, AN Kineslingsbdndbgiiedabel ed and
o used to confirm TS LbieE BRLEE B0 o O L o o senent et or &l -
Exanple 9 - Det@tt i Degh, Tidiughesi GrvinpliedsSusfaceaScimerel 998,419 7 popul at i on of
Do, T e R e RS REC e o A 1 on. o
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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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10 saline to a concentration of 1012 phage/pL. A portion of a steel itemto
be evaluated is cleaned with a detergent and optionally wth a sol vent
such as acetone, kerosene, or trifluoroethylene. The phage/ buffer
suspension is sprayed on the clean surface and allowed to incubate for
about an hour. The surface is then washed with a mld soap and
fluorescence i nagi ng enployed to |ocate the bound phage on the surface, 15
corresponding to corrosion pits in the netal. Exanple 10 - Repair of a

pi nhol e defect A peptide including a sequence sel ective for polystyrene

Wi th respect to nickel is preparedgiihggﬁsolid phase peptide synthesis
techni ques and functionalized with anethiol. The functionalized
peptide is allowed to attach to 40 nmgold 20 nanoparticles in solution and

t he pepti de-nanoparticle conjuggtes recovered.. The con ugates are
suspendedli n bffmeshadoisietachng afriestizaiya @ sBWPE: TR lated polystyrene

surface for ggﬂ&ltdﬁ]vﬁoa RO Slﬁ&g cBﬁFﬂ&% Bfl@qyr \WhdrB &Pﬁd&r whéfeth fHerdreCe i s

t hen i ncubate I‘CI al ect ess ni ckel plating soI ut| on
according to timere pmndésaare Bﬁlentivs foii the targes feature 5n e fnorganicemateriahhapi@gdher | A

M, Wi, X H, Christens K MBS @ D E
Nat ure 1996, 3BFdeteEningd C‘%lﬁ)’oﬁiﬁ‘% g%]‘d‘sﬁ‘é"’ﬁ%é mé%“&l %[%"“%1 B’bsm }Swel i ans,
J. L., Georgi oUsane co Oﬁkﬁftﬁﬁrbut BackingBhe ediget, featut] prkparifig arle@herppmon of a

2003, 13,2414-2421. 30 (3) Meo, C. B.; Solis, D. J.; Reiss, B. D; Kottmann,

S. T. Sweeneysurfacevfthesm Wurst, A : Georgiou, G: lverson, B.: Belcher,

Bt thes o 8RR gradgin ?’%?""s‘,ﬁ%’n“.?ﬁ@” s S’é*?‘?ﬁ%fpe"ﬂ?‘ﬁimm “E

PNAS2002, 99 Bﬂlﬂlhﬁﬁkﬁf@t fe(aﬁl)'e mnimpmemgnﬂwpomon Johnsson, Peng, X

G WI h
1996W 3§gn 609" df’l“%%?“‘ﬂh’?sr}f"ﬁ‘ frpt %S;Pe‘ﬁte?dgb"r?ﬁgrbéwkﬁgbmh & ptﬁég c:

Storhoff, J. Jpeldad;whg 1996, 382, 607-609. (8) Wialey, S. R; Engllsh 'D.

S.: Hu, E. L.: Barbara P. F. Belcher A M
" detecting the bound peptxdes

2. A method of detecting a target feature on a sample, comprising:
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 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;
removing the composition from the portion while leaving the bound peptides
behind; and
detecting the bound peptides,
wherein the material is polycrystalline, and wherein the target feature is grains

having a predetermined orientation.
3. A method of detecting a target feature on a sample, comprising:

26
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G; Luan, H C.; Wada, K ; Kinerling, L. C Applied Physics Letters 2000,
76, 1231-1233. (13) Luan, H C.; Lim D. R Lee, K K.; Chen, K M;

Sandl and, J. rrerl i n i ed Physi etters 1999,
a0, 31 Sy potSebt g i S PR R AR B 1008
1998, 73, 1068ndfR7Peptidéd drd SoeldstiveT for the tﬁ%bﬂ Ifeditke [ 'a Ql-hﬁbi‘ﬁl HavingVBIr tin,
J. L. Journal of Physics- Condensed Matter 2002, 14, 12897-12902 16)
Barbas, C. F.;praigtersinedocomposit@aowith rQSPeRS to Simajeniatdhaving, sqbstanm\all?h&e

D SPLAY, o, AN MBR YR e e R SO ARG G 4 EBREALELY, ||

apparent to ttmsﬁces«kﬁthémﬂnplq the art froma consider atl on of the

speci ficati on ice of. fhe invention discl sed . I.é{eéi S

i nt ended t hat ‘ ?‘Fq"‘ﬁp&slt’é’ﬁ‘)&ﬁ e R pader ggn B?f?l %H‘ea@pté Wlary
only, wth thfﬂn&%%@Eﬂ@&u@ﬁﬁnt%@bﬂé&éntﬁfthéB@rtl'oﬂVent' on being indicated by
the follow ng clains. 0 What is clainmed Is: CLAIM5S 1. A nethod of

detecting a taegevingethe momp@ﬁtlansfmmme p@mprwbulm@avwﬂothpohqqu Depddpsosi ti on
conprising one,Qf ke peptides, wherein the one or nore peptides are

sel ective for tehe farget feature in an i norganic material having a

pr edet er m ned dametpngtﬁelb@nnd\pemldeespect to a material having substantially

the same conpo It1I e % is (:I‘hrgeara Evhfer%?nt tﬂe?airg&rfe zRure is eagtrallneaSt a
FendRe BRterip sPéB

portion of a ¥
boundaries.

4, A method of detecting a target feature on a sample, comprising:
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 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;
removing the composition from the portion while leaving the bound peptides
behind; and
detecting the bound peptides,

wherein the material is crystalline, and wherein the target feature is a dislocation.

5. A method of detecting a target feature on a sample, comprising:
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
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di sposi ng the conposition on the portion under conditions where the
peptides will bind the target feature if it is present in the portion;
renovi ng the conposition fromthe portion while | eaving the bound peptides
behi nd; and detecting the bound peptides. 2. A nethod of detecting a target
feature on a sanple, conprising: providing a conmposition conprising one or
nore peptides, wherein the one or nore peptides are selective for the
target feature in a material having a predeterm ned conposition with
respect to a material having substantially the sanme conposition but

| acking the target feature; prepari at | east rtion a . ce of

t he sanpl e; di%rg STHEPGAh o i‘fvitggfeﬁ?ﬁmt f?ead’aﬁ?*?agr?a&}?&eﬁ‘fbé‘%%@ B{ %’%s wher e
the peptides Walde coipsitibh®ui REEIRE theeRidet Geatre; frepaiingrat it a portichefpor ti on;
removi ng the conposition fromthe portion while | eaving the bound peptides
behi nd; and d £¢ eigthe pAANMBuUNd peptides, wherein the material is

pol ycrystalli n(ﬁspoglr;:lg é‘{‘%‘%&nrﬁﬁ%itfo eontttﬂigﬁlﬁgﬁﬁ ' Bndifiof Whade the']j%ﬂi&‘& Yalll

pr edet er mi ned ori e e etecting a target Teature on a
sanpl e, conpr ilsindithe targét fpatore iflitngpmsend ivpths ipbition; conpri si ng one or nore

pepti des, wherein the.one or ..nor eptides are.selectiye for .the.target
feature in a nEFEYIg theLempgsifon &f%@éﬁ%#’ﬂf‘??é‘dwﬁt&?rgﬁ%ﬂgi%‘ﬁ Soupd pregtsl%egsct to a
mat eri al havi ngehsiddas@ntial ly the same conposition but |acking the target

feature; preparing at |east a portion of a surface of the sanple;
di sposi ng t he ¢xesbiosithe bomndpeptifies,por ti on under conditions where the

pepti des i 1 whif hOFialeAOSkn GAAY b fidfelo i o685l br blEmRRY o

renovi ng the conposition fromthe portion aving the bound peptides
behi nd; and dewketinne ttirgetofoatmc: jsegraing dsyinglacpredeiemtieedneguélitrivm jos non-

pol ycrystalli neequi]ﬁ)qlqlmm@(?rﬁ])ec;s' iotn-he target feature is the grain

6. A method of detecting a target feature on a sample, comprising:
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 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;
removing the composition from the portion while leaving the bound peptides
behind; and
detecting the bound peptides,
wherein the material is a semiconductor material, and wherein the target feature is

a doped semiconductor material.
7. A method of detecting a target feature on a sample, comprising:
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
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boundaries. 4. A nethod of detecting a target feature on a sanple,
conprising: providing a conposition conprising one or nore peptides,
wherein the one or nore peptides are selective for the target feature in a
material having a predeterm ned conposition with respect to a materi al
havi ng substantially the same conposition but |acking the target feature;
preparing at |east a portion of a surface of the sanple; disposing the
conposition on the portion under conditions where the peptides will bind
the target feature if it is present in the portion; renoving the

conposition fromthe .portion while.leaving the bou eptides .behind; and
et bot ng ¢ he WERHATHBE FBBos s P eHiRE Hupanpigtial wvale, SR g
wherein the tagaef cdngtfsiiof tud 1RkKigSh® fdddt Fehture DpreParifidt 4106hsPh pBRIcAIaNg a
target feature on a sanple, conprising: providing a conposition conprising

one or nore pepifagest thgjsamnplen the one or nore peptides are selective for

the target feaj: | k3l L.ng: 1 .41 on
w th respect tSbomte ol i o B bORoR undfr SRERERHHLEBE SBIRANAT °F
| acki ng t he t abipdthe tempetifeatureif diapicaent i the@agtiona portion of a surface of

t he sanpl e; disposing,.the conposition on the rtion.unger, conditi.gns where
the popt des. WU Hs SHRPORRIOGerom b oEy RRLE Vit Bekoa BRiSor 11 on.
renovi ng the cpdp@Biahdon fromthe portion while |eaving the bound peptides

behi nd; and detectjng the bound peptides, wherein the material is an alloy

or mxture of €&ertive thipaundpeptidesor ceramics, and wherein the target

feat : . ) _ . p G : ol b i
compos i on. o el BediaP K3 Bt PG, bty bty Wi GlechEi mAlyr Al 1
conpri si ng: prehendinthe targe fieanet i the raofopreirennigaeriel. or nor e pepti des,

wherein the one or nore peptides are selective for the target feature in a
mat eri al having a '

8. A method of detecting a target feature on a sample, comprising:
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 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 pottion;
removing the composition from the portion while leaving the bound peptides
behind; and
detecting the bound peptides,
wherein the material is 2 corrosion scale having a predetermined composition and

the target feature is a scale having a different composition.

9. A method of detecting a target feature on a sample, comprising:
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 substantially the
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predeterm ned conposition with respect to a material having substantially
the same conposition but |acking the target feature; preparing at |east a
portion of a surface of the sanple; disposing the conposition on the
portion under conditions where the peptides will bind the target feature
if it is present in the portion; renoving the conposition fromthe portion
whi | e | eaving the bound peptides behind; and detecting the bound peptides,
wherein the material is a sem conductor material, and wherein the target
feature is a doped sem conductor material. 7. A nmethod of detecting a

target feature on a sanpl e, rising: providin .CO Lt on. cogprising
one or nore pemed%cg?pqgﬁlé)péquﬁ?agﬁglgﬁh%%ggeq f?%‘#r&B B%f%%qg%legggﬁleogltcm\%e f or
the target featuRebNthe siprlial having a 28 predeterm ned conposition
with respect to a material having substantially the sane conpqsition but

| acki ng t he t afigaesingshe pEposHieRtt the gorion|uades conditigns asrede RePtide villce of
the sanple; di I ?H‘?tsi- i 8 ttion under conditions where
t he pepti des wﬁﬁlﬁ%ﬁg{%@%ﬁ@q argg#egéehéggtrl{eeqji It is present in the portion;
renovi ng the compodig thencdmpositionefrpror the qrortivn wile deaningy thehbousd upedtigespt | des
behi nd; and degﬁﬁhigadthe bound peptides, wherein the material is a
composi te of a°tHt®i®%and a reinforcement material, and wherein the target

feature is thedepitiHgRheBsBAlpepBdear i al . 8. A nmethod of detecting a target
feature on a sanple, conprising: providing a conposition conprising one or
more pepti des, WheeHethe materighés acoating en sepibsials ardethe dprget foplbire 4§ %Fhe

t ar get featuresﬁ&ugterﬁ?aﬁ&{ail.al having a predeterm ned conposition with
respect to a nmateriral having substantially the sane conposition but

| acking the target feature; preparing at |east a portion of a surface of

the sampl ¢y df S005hOFof ASecHATAIR oM Blubrt NG LhPrifpger condi i ons where
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 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;
removing the composition from the portion while leaving the bound peptides
behind; and
detecting the bound peptides,
wherein the material is an optionally passivated metal and the target feature is a

corrosion pit.

11. A method of detecting a target feature on a sample, comprising:
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 substantially the
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bind the target feature if it is present in the portion; renoving the
conposition fromthe portion while |eaving the bound peptides behind; and
detecting the bound peptides, wherein the material is a corrosion scale
havi ng a predeterm ned conposition and the target feature is a scale
having a different conposition. 9. A nethod of detecting a target feature
on a sanple, conprising: providing a conposition conprising one or nore
pepti des, wherein the one or nore peptides are selective for the target
feature in a material having a predeterm ned conposition with respect to a
mat eri al havi ng substanijall¥ tgﬁ é? san? conposi tjon but Iackin% t he
target feat ur eSansrOFRositign but jackwg the (spget feHrgs Praparuig 4t Jeast {PORIAR oL 4y e

di sposi ng the goRPOSE L QMmMB; the portion under conditions where the
peptides will bind the target feature if it is present in the portion;
removi ng the cdispeigthocompasitianhen the peition ungeéricenditions where Hie peptides WwHpt i des
behi nd; and def.egt, t bound .peptides, wherein the material is a coating
on a substrat eglg(ﬁ%‘e{}gr e?%?taéetl?stelg%erseenqimsth e%ogtjbstrate material. 10. A

met hod of det efinovthgatheadogfiositeat fusg the partivanhite Iewing thei bugnd preptidedi ng a
conposition copprising one or nore peptides, wherein the one or nore
peptides are sBPREADE for the target feature in a material having a
predeterm ned gooRRgiid unWpbhtidegspect to a material having substantially
the sanme conposition but Igb I ng the target feature; preparing at |east a
portion of a whekiadhe ofmpdsiticnzapiselution iygossirtigy splyéntconposition on the
portion under conditions where the peptides will bind the target feature
if it is present in the portion; renoving the conmposition fromthe portion
whi | e | ea¥2.ng Aheethediofdapefihg d esgetiiehinedn asashptiet@nprisige:t he bound pepti des,

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 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;

removing the composition from the portion while leaving the bound peptides
behind; and

detecting the bound peptides,

wherein preparing comprises one or more of cleaning with a detergent, cleaning

with a solvent, etching, polishing, and removing an oxide.

13. A method of detecting a target feature on a sample, comprising:
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 substantially the
same composition but lacking the target feature; preparing at least a portion of a

surface of the sample;

31



wherein the material is an optionally passivated netal and the target
feature is a corrosion pit. 11. A nethod of detecting a target feature on
a sanple, conprising: providing a conposition conprising one or nore

pepti des, wherein the one or nore peptides are selective for the target
feature in a material having a predeterm ned conposition with respect to a
mat eri al having substantially the 30 sanme conposition but |acking the
target feature; preparing at |least a portion of a surface of the sanple;
di sposing the conposition on the portion under conditions where the
peptides will 4.hi t f I T . L} thesnart:ion;
renovi ng the c(gg%éég}gttﬁﬁﬁéﬁ%ﬁotnh@qégPﬁulgfll u\l}\ﬁﬁrlcgn@gg@sﬁ%ﬂ% E}g F%gtlﬁ]kg V%gpti des
behi nd; and debiadtliengrgehfeatocuifid ippresdnd ésthe whrioej n t he conposition is a
solution in a carrier_solvent.. 1% A Eret hod of iﬂe ecti ntg targ}et. eat ure
on a sanple, cBMVING thE: CommOStian iem the REBLON: VB (e f’ﬁ’d’“&ﬁ *BY“Sor e
peptides, whergihind;Rd one or nore peptides are selective for the target
feature in a materjal having a predeterm ned conposition with respect to a
mat eri al havi néetesiins thehauagd pgptidss  sane conposition but |acking the target
feature; prepaging: . at: i : | £

di sposi ng thea@g%g‘shsla%?]ﬁ%r?&tnﬁgg%o%?)gé\g %n%cgyﬁ%ﬁ%gitﬁ% ()C%E,%O g?ig O?lhtehe
peptides will susfacel the target feature if it is present in the portion;
renmovi ng the conposition fromthe portion while | eaving the bound peptides
behi nd; and detecting the bound pepti des, wherein preparing conprises one

or more of4cl eanh@Bod\bit detRtifeh erg@Fatureloaathmgle, Yorhfrismggol vent, et chi ng,
pol i shing, and rempving an oxide. 13.. A nethod of detecting, a.target

feature on a sBIFYING @ GRPIPPEAR COPPBYNEIORE 04 NRAAPSBIYSS oV NEGHHIEIHrPTone or
R
predetermined composition with respect to a material having 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 i§ present in the portion;

removing the composition from the portion while leaving the bound peptides
behind; and

detecting the bound peptides,

wherein removing comprises rinsing the portion with a solvent.
15.  The method of claim 14, wherein the solvent is aqueous.

16, The method of claim 15, wherein the solvent further comprises a detergent,

bovine serum albumin, or both.

17. A method of detecting a target feature on a sample, comprising:
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
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predeterm ned conposition with respect to a material having substantially
the same conposition but |acking the target feature; preparing at |east a
portion of a surface of the sanple; 31 disposing the conposition on the
portion under conditions where the peptides will bind the target feature
if it is present in the portion; renoving the conposition fromthe portion
whi | e | eaving the bound peptides behind; and detecting the bound peptides,
wher ei n di sposi ng conprises spraying a solution of the conposition on the
surface. 14. A nethod of detecting a target feature on a sanple,

conpri sing: pravidi FL I Si r j
wherein the on@r\é%ér%érﬂgn%regﬁgg%%ﬁt tgs&gp grgéspé}'ﬁe@t ?\Q/}%ﬁ%(;ﬁrl q{aﬁggtsglrb é{gﬁﬁ#g:@ﬁre in a
mat eri al havi ngne copippdigive boi heking onpiasdet fenurey frépariag pe &astt opatiompéri al

havi ng substantig%léf%he @ane conposition but |acking the target feature;
preparing at |&5¥FC 8 PerAITRIR of a surface of the sanple; disposing the

conposi tion ongikRRINRahd LARpdERRATonGRE PbtibR NRJMREAALIbMEWIREPTHe GRBtid¥s IWill bi nd
the target feature if it is present in the portion; renmoving the
conposi tion frond thedagget feptore whitits prepessiri the petienbound peptides behi nd; and

composi t i on rEHore Wi B _
por tion i o R ange cobfbsigh b s, BRRcey e TRV IngRe Bl MReEEE oy | &

aqueous. 16. Thshimethdd of claim 15, wherein the solvent further conprises
a detergent, Qovine S runhalbu in, or both. 17. A nmethod of detecting a
target feature®SFFIEBLANAYEY PERIHIS™ si ng: providing a conposition conprising

one or nore pephédRShe ¥esahdelpstides @reart dFRNGrupept i des are sel ective for
the target feature in a material having a 32 predeterm ned conposition

with respect to a material having substantially the
18.  The method of claim 17, wherein the composition is a suspension of the virus.

19.  The method of claim 18, wherein suspension has a concentration of from about
107 to about 10" virus/pL.

The method of claim 1, wherein the peptide is linked to a fluorescent, radioactive,

or magnetic label.

A method of detecting a target feature on a sample, comprising:

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 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;

removing the composition from the portion while leaving the bound peptides
behind; and

detecting the bound peptides,
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sanme conposition but |acking the target feature; preparing at |east a
portion of a surface of the sanple; disposing the conposition on the
portion under conditions where the peptides will bind the target feature
if it is present in the portion; renoving the conposition fromthe portion
whil e [ eaving the bound peptides behind; and detecting the bound peptides,
wherein the one or nore peptides are part of a virus. 18. The nethod of
claim17, wherein the conposition is a suspension of the virus. 19. The

met hod of claim 18, wherein suspension has a concentration of from about

107 to about 1012 virus/sL. 20. The net hod laim1, . wherein the.peptide
" 1§ nked to anhfiydedRE commiseaans Priaor o prasfiahing hEREIPH ISR fiC oG
of detecting aatpaetic Hert o Geamples AdRtEng FgRioh Bniiged by ahd Sanmigle dand
conposi tion conprising one or nore peptides, wherein the one or nore
peptides are se¢tediingfhiorespenchéroppihgsampleat ure in a material having a
predeterm ned conposition with respect to a materi al having substantially
the same conposition but |lacking the target feature; preparing at |east a
portion of2a aunéthodobdetédting adarpéteeatdiesmasiamypld, kemposingisi ti on on t he
portion under condj.tions wher.e the peptides will bi.nd t target feature
if it is preseRPVI4E ASLOPHOFIHIG CO '%‘53 r?é‘et%em%rc?nli?gba?si’ c‘)vl?’% ern})?%%t & glﬁrt i on
whil e | eavi ng tiaee hrphgespeR! keeqivebahi il s flatuestihng mineridlotadngept i des,
33 wherein detecting conprises one or nore of photographing the sanple,
neasuring a nifdeieneingd SpapeTitipn Vitaraspest tiet E@Wﬁgh?‘éﬂg & Séﬁ?t‘éﬁﬁ' ggeed by
the sanple, an [ ]:ﬁ%ctﬁ r . of
detecting a ta?%%%sélgg%sm% lg)drth%y S ongﬁg%o%E}lfegﬁ%% %vlfﬁs?ﬁgﬁgméo%si tion
conpri si ng oneswafacewf thepempledes, wherein the one or nore peptides are

sel ective for td%gostir?gr &%tcoin%géiggr? on Hle%o%(}neurdd%rl coq] oS where the peptides will

bind the target feature if it is present in the portion;

removing the composition from the portion while leaving the bound peptides
behind; and

detecting the bound peptides,

wherein the material is single crystalline germanium, the target feature is a screw

dislocation, and the peptide has the sequence CTSPHTRAC (Seq ID: 2).

23. A method of identifying a peptide sequence for use in detecting a feature of an
inorganic surface, the method comprising:
A) providing a first selection of peptides;
B) exposing the first selection of peptides to the inorganic surface exhibiting a
first surface characteristic and a first surface density of a second surface
characteristic so that at 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
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predeterm ned conposition with respect to a material having substantially
the same conposition but |acking the target feature; preparing at |east a
portion of a surface of the sanple; disposing the conposition on the
portion under conditions where the peptides will bind the target feature
if it is present in the portion; renoving the conposition fromthe portion
whi | e | eaving the bound peptides behind; and detecting the bound peptides,
wherein the material is single crystalline germanium the target feature is
a screw dislocation, and the peptide has the sequence CTSPHTRAC (Seq I D

Feat ure of an SPHBPLBRIE SGPGes ORE At haa Es A sepites fon et "] °

first sel ecti olRfioPRHl héldend Bthexphse;radt he first sel ection of peptl des to
t he inorganic surface exhibiting a_ first surface characteristic and a
first surface @%ﬁ@ﬁ@?néﬂw&m§@@5ﬁ&m§ﬁ¢¥ace characteristic so that at |east
a portion of the peptides may bind to the surface; C) recovering the bound
peptides fromthe surface; D) exposing a second selection of peptides

havi ng t hat.san® methmbnﬁakmaﬁynmgm pepidenseqperpei fdesse in detestinga Eatdhiobiat i ng
the first surfacﬁ aracteristic.and a second surface density of the
second surf ace™EHST s AP FUMPIGRE o h the second density is 34 |ess than
the first densAjyr,ovmggmgst get]edn@ﬁﬁfp@pt]d@itl on of the peptides fromthe
second selection will not bind to the surface nd Eg recov r|n t he
unbound pept i d8kexppgingAhenticet salestion ofepRPtifss 9g2 é“rgf@ﬁt‘?‘ @ltg‘&;ﬁ, rff%ﬁf’ use in

detecting a fe&faﬂf'c?eri@{m Qnd §‘fﬁ' tAaface! d¥fisi 5@5’%069@E‘ﬁﬂfaib'&ﬁara&}erlﬂfc%' thng a

first selection of peptid ) exposindg the first selection of peptides to
a surface exhiduileasngpmlbnnﬁthes:aptﬁdmmaycﬁmai@dbesur&cm and a first surface
density of a rsr§ ond su erﬁlost csur(%athat at | east a portion of
t he pepti des imﬁ?‘ﬁe{lm? %oém lW? 6 FECOVEL | ng 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
fess 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,
wherein the first surface characteristic is a crystalline grains having a first
orientation and the second surface characteristic is crystalline grains having a

second orientation.

25. A method of identifying a peptide sequence for use in detecting a feature of a
surface, the method comprising:
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 least a portion of the peptides may bind to the surface;

C) recovering the bound peptides from the surface;
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D) exposing a second selection of peptides having the sane 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 |east a portion
of the peptides fromthe second selection will not bind to the surface;
and E) recovering the unbound peptides, wherein the first surface
characteristic is a crystalline grains having a first orientation and the
second surface characteristic is crystalline grains having a second

orientation. 25 A nethod of .ident.ifyi.ng a tide,.sequence for in
detecting a fegQ GFROSHIS & Seeiyd ?fieé’%o? 28 p%BWFggtPagB}gpmesﬁgﬁ‘& Seﬂbleng?sogﬁsg}eng a
first selecti opy@ld fRpRddsds & isufflceOkRbHinpthe fist binfade cheraewiibtiyandfa e@id des to
a surface exhibiti n% a first surface characteristic and a first surface

density of a sewfase denpitynf thecseapnesusfore ehasaciesistipaphergip theseeonddeiisity ion of
the peptides i t SUr. : rde %ﬁ %o&mﬁt%e@g&gps from
t he surface; W%S%fgg&ep%gt}%gm ,gé?ﬁaﬁatl%ﬁt%?tﬁﬁ}éﬁdm@%p% t|d es having the sane
sequences as t kdectivawil npelihd dethe sarfaesad ace exhi biting the first surface
characteristi CE?nd a second, surface density of the second surface

char act eri sti cEJ (RGRYSINE e unboupd RePtifshsity is |ess than the first density,

so that at |eagheRiP®d (AR DifabdhReRbiigiRSis! drosltihe rhReed) dandStleegtomh W | |
not bind to the surface; and E) recovering the unbound peptides, wherein

the first surfawécegharaeiersticds a graibungdatyal | i ne material and the second
surface characteristic is a grain boundary. 26. A nethod of identifying a
pepti de sequence for use in detecting a feature of a surface, the nethod
conpri si n@é. A) Apmethiodi afgdentifyingta pepitide tsequencd frepise de sleteBlingg featunggpftshe
first selection ﬁé{f pﬁgti gf% to a surface exhibiting a first surface
charact eri sti c SH¥RfeaF MEEIILOMPLE®Etensity of a second surface

characteri sti c A3Qrdvidihg aFrstlsei@stionofipepfidedn of the peptides may bind to the
surface; 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 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 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,

wherein the first surface characteristic is crystalline material and the second

surface characteristic is a dislocation.
27. A method of identifying a peptide sequence for use in detecting a feature of a

surface, the method comprising:

A) providing a first selection of peptides;
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C) recovering the bound peptides fromthe surface; D) exposing a second

sel ection of peptides having the sane 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
|l ess than the first density, so that at |east a portion of the peptides
fromthe second selection will not bind to the surface; and E) recovering
t he unbound peptides, wherein the first surface characteristic is
crystalline material and the second surface characteristic is a

di sl ocati on. 2{?} ,@ gfet?éﬂﬁ uQ&tbfn'J h;tetsad@s BEPIrEe SRNLRIAES fildf su#fge i N
ea SUI’

detecting a f ace, e nmet hod conprising: A providing a
first selecti orhacktepstpt ardies first 36rf®)‘: c’enqatysqfrvgset‘«w furfage chasparristip o dat

peptides to a suyrface xh| fir urfac Qharacterlstlc and a
first surface ﬁiﬁ@tﬁ@mﬁ?“ﬁ @Egﬂﬁﬁﬁg iggﬁ: arggaeﬁlstlc so that at |east
a portion of tOprep@REhEE% bRNd Bepilict Groinhtke suifdcace; C) recovering the bound
pepti des fromthe surface; D) exposi ng' a second, se| ection of ep“%l

& fting

having the san® §étaﬂ§mce§eca>§dtqﬁ@°ﬂ%e epjilss ihguingthe Same SPIERCE S,
the first sur f@tﬁtﬁtd %Q@ttd%gkt?{i El?tlfécg RRBittheIRE BRHsurfidE CREStENS Iahd aQbcohie

second surface eristic, whereln the second density is less than the
first density, sussfact Hesitpof theastoral suotd drarasteristic whepsin thesseeqndrientity iSecond

peptides,  vher SFrneRerriendf, Palnal SlessER pusbn PRRFEDAND, CFBORET, | |

and the Secondsel&ubﬁ&ﬁ@n&hﬁﬁdﬁﬁitﬂé bifdce; dnd a second conposition. 28. The
nmet hod of claim 27, wherein the first conposition and the second
conposi tion habkreseveriggshe wibeurd BSRYAES:i n common. 29. The nmethod of claim

27, wherein thgyblfrStheCRIPQGE J&deoatdré:ctéhsﬁ@% GO Reki CoRipositieh et ahe safshdwher ei n
the second conposi t| on 1's a doped sem conductor material. 30. The nethod

of claim27, whefse nharmeﬁatinsﬁamn@tbgfimm?ﬁiqns a mtrix material in a
conposite, and t he second conposition is a reinforcenent material in the

28.  The method of claim 27, wherein the first composition and the second

composition have at least one element in common.

29.  The method of claim 27, wherein the first composition is a semiconductor

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

30. The method of claim 27, wherein the first composition is a matrix material in a
composite, and the second composition is a reinforcement material in the

composite.

31. A method of identifying a peptide sequence for use in detecting a feature of a
surface, the method comprising:
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 least a portion of the peptides may bind to the surface;
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conposite. 31. A nethod of identifying a peptide sequence for use in
detecting a feature of a surface, the nethod conprising: 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 |east a portion of
the peptides may bind to the surface; 37 C recovering the bound peptides
fromthe surface; D) exposing a second sel ection of peptides having the
sanme sequences as the bound pepti des to a surface exhibiting the first

surface charac erlstlc 6\}0&@ a gid surface dgnsmy of the second surface
charact eri st i c&) eyesng thahoved pepfifes 581 thy S¥Eac®) oss”than the first density,
so that at 'eaﬁs eRpdfigt & Bl stereeuaelaflpdsﬁdetsrmmnrghme&emerwqu@eéseas ten wil i
not bind to the surface; and E) recovering the unbound gtl daglsﬁwher ein

the material iboundpeptidesiton sudaseexhipitingghe fipt é‘ér&cérch‘i‘fﬁ%“ f¥9 and
the target feafupe age d%nsgé%?ﬁ{eesep&\@ %ﬁgfaée giafrgc?errﬁﬂf: &%H%é dcBbhd dehsityhisTet hod

of identifying a seqguence use 1 nh detecting a feature of a
surface, the m%s@uhdn &Qrﬂlﬁﬂcﬁnmgﬁ sé\Jhapatdeastl a pgrtenfof thet peptidesdidn thegecqupt i des;

B) exposmgtheflrst ction. of tides to a surface exhlbltlngaflrst
surface char atelgstipapilln ﬁa t°ftih?§‘ﬂ£a§gﬁrgjce density of a second surface

characteri sti CE§Rch{Mng ﬂegm{b%a,s;dp@,tﬂaggtl on of the peptides may bind to the
surface; C) recovering the bound peptldes fromthe surfacge; 2) %‘8?@ ng a
PrRosif

second sel ect i whersin the matetiat istrosariaglonrseals Hawng a8 prreistegaingd ©
peptides to a %&Lxﬁ&%ﬁ%@n?%#d‘%&%ﬁHirﬁ%%en%&rfx figpharacteristic and a

second surface € seco surface characteristic, wherein the
second density is Iess than the first density, so that at |east a portion

RIS Y AT o R R VT T
optionally pas%ry@hetﬂe ARiRM cenpriking: t arget feature | s a
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 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 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,
wherein the material is an optionally passivated metal and the target feature is a

corrosion pit.

33. A method of identifying a peptide sequence for use in detecting a feature of a
surface, the method comprising:

A) providing a first selection of peptides;

38



corrosion pit. 33. A nethod of identifying a peptide sequence for use in
detecting a feature of a surface, the nethod conprising: A providing a
first selection of peptides; 38 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 |east
a portion of the peptides may bind to the surface; C) recovering the bound
peptides fromthe surface; D) exposing a second sel ection of peptides
havi ng the sane sequences as the bound peptides to a surface exhibiting

the first surface charagcterisiic.an | st Qfrfdche
second surf acegiﬁ’ﬁ%oggltg?ﬁ‘f ?trﬁté,gleg Dglr(gfi f}ep?i ﬁ%oggac%tﬁﬁcégggﬁ)ﬁ 5@?&3 .l | esrs than the
first density, clagactdiidtic aid h €ias tsudageatehsionofof seched pefice dearadterdstictsdhaiecond

selection will not bind to_.the surface;.and recovering the unbound
pepti des, \/\hergil?\"‘sf%BOW‘Pngt@@PP'#{?é“@HQ"&Q‘PéE‘% g‘i"ﬁ‘ﬁe’i s single crystalline
ger mani um theC??e%eré‘ilingstl%ﬁ&ﬁﬂg%%ﬁfe@%ﬁfﬂh%%&ﬁade,s a screw dislocation, and
t he peptide has the sequence PHTRAC (Seq ID; 2). 34. The met hod of

clai m 23, furtPerxpesiny bseond ®jeciaposipaptidesthaving e |SaRe| SAVHFCHEHFdes
havi ng the sang_ani no.agci . EARSNHQ sebsgsur f ace
exhibiting fi pE un?rﬁ?pts@e%é%8%§§¥C§%%§‘bﬂc gbg@{%?@#?gg%@%%at "at SI east a
portion of thesyept desstyfof o debend durface steratdristn, whrsgin thengtcons! damsitsisr f ace;

and G recovering the bound peptides. 35. A neth of Il.dentif i pepti de
sequence for uﬁeésfhﬁnéf?tf?éré‘t‘?el'?g‘t S?g?fﬁtrlgasb? pﬁmogl??ﬁhecpeeﬁ’gﬁerﬁonn%pﬁo@%u%d
conprising: A) {NE@bhHilRobbihd ESthe S@EREt dfan of peptides; B) exposing the

first selection of peptides to a surface exhibiting a first surface
char act eri st i c Earagorerfnigrthe unhoundpeptidéhsi ty of a second surface

characteristic _gso th t S | QRiQfe &P8aRRPLLARRILAR YhdNeBshdt O t he
surface; O re?:vgl\f/:rgm %IS frﬂésulnf%%n a‘%&%ﬂ igtyeggwgoemr?ﬁae su%]‘race;
surface characteristic is a screw dislocation, and the peptide has the.sequence

CTSPHTRAC (Seq ID: 2).

34.  The method of claim 23, further comprising:
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 bind to the surface; and

G) recovering the bound peptides.

35. A method of identifying a peptide sequence for use in detecting a feature of a
surface, the method comprising:
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 least a portion of the peptides may bind to the surface;

C) recovering the bound peptides from the surface;
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39 D) exposing a second selection of peptides having the sane 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 fromthe second selection wll
not bind to the surface; E) recovering the unbound peptides; F) exposing a
third selection of peptides having the sane am no acid sequence as the
unbound peptides to the surface exhibiting first and second surface

characteristics so that at least, 6 a portiop of the peptides fromthg third
sel ection mayDbExResing & fecoad selgbon ghgertjdes é@ﬁwgrtﬁﬁéa?ﬁée%ﬂﬁ%f ‘ﬁeg‘l‘;i des,

wherein a medi Mgégﬂideg toh %{zﬁe dihibRIns the 88t urfRd chdihdie@diciafd Slsegon® | N one

or nore of a conc ration of a conponent, a pH, and the presence or
absence of a uofapodesity oBte sacondtshfdceotharagtenistie, yWheeein theesseordedessifiisnce f or

use in detectin feature of. a surface 1the sl B9 d
provi ding a filregsttﬁ%ﬁl&ﬁrf’t&‘?“ﬁy’ B%%'ta{%tee}%%ﬂ %?Q@Qgg)gpﬁgmﬁﬁ%&ff%%?gssg ection of
peptides to a Scfigs QilexbdBihd ioBe aurface;st surface characteristic and a

first surface density of a second surface characteristic so that at |east
a portion of tRbrepeysrinashs ypkgul PRPUAES t he surface; C) recovering the bound

peptides from Ngﬁggéﬁih%%ﬁiid QiR pBflids BRARRthes@RGiiiAn a0l sapRhédles

havi ng the sa ences as t peptides to a surface exhibiting

the first surfteeustamdcpeptidss ito ahved surfeesc enbibitingr fiage anrbrsspend shrfpgse

second surface charact.eri sti rein.. : ' IRird B8 Sidnhan t he
first density, c%aqﬂﬁf‘csafo Ft@ggi YQ\%S paoP?ritl%))Eeogﬁ ﬁ%ﬁ%“ggg?ﬁ% h{e}sﬁeftﬁg%st e second
sel ection w || magbinditdehd urfablg afdir f ace; and E) recovering the unbound

pepti des, wherein the second surface density is about zero. 40 37. A
met hod of idenﬁi)fﬁifph‘?j‘%tb‘éb‘?‘l"d‘é’e%%ﬁence for use in detecting a feature of

a wherein a medium used in step C differs from a medium used in step G in one or
more of a concentration of a component, a pH, and the presence or absence ofa

component.

36. A method of identifying a péptide sequence for use in detecting a feature of a
surface, the method comprising:
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 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 than the first density, so that at Ieast a portion of the peptides from the second
selection will not bind to the surface; and
E) recovering the unbound peptides,

wherein the second surface density is about zero.
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surface, the nethod conprising: 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 |east a portion of the peptides may bind to the
surface; C) recovering the bound peptides fromthe surface; D) exposing a
second sel ection of peptides having the sanme 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 |east a portion
of the peptides fromthe second selection will not bind to the surface;
and E) reddver Angethbé aﬁn&mmyjng)apmapdés sequgneenfar usompditetting & &seEeiohg step B
with a selectlon O%ﬂﬁ Eﬁ gs haV|ng the sane sequences as the bound

pepti des. fO6™MOf CRMBIRNE7, wherein the sel ection of peptides

havi ng the sam) mg@gﬁsstgae@tmdmamepeptl des corrprl ses the recovered
bound pepti des. g

9. A nethod of identifyjng a pepti quljen(f.eforfuseln
detecting a feB)grposhig the fyst selgetion Pﬁ@eﬁF@Fﬁ&daéBﬁfﬁﬁl ?ﬁhﬁ’gt & T Wdihg a
first selecti O@hé?&ct&?s‘ﬁ(:'aﬂ@% firkd su ?f’é@@éér@ﬁ y bP& sbdohd luFRlcahbiaoRrigic Re@bd des to

a surface exhibiting a first sur characteristic and a first surface
density of a sat:!@mﬂas)urtfoacétluﬂmpadtsem)sblhdtQ;Td)eSW&Ce, at | east a portion of

t he peptldes bind.to,t ring the bound peptides from
the surface; Xé?fﬁﬁ?ﬂ?gthﬁgg‘g@cﬁﬁﬁ?geeslféoé%l 5o Lee|bept| des having the same
sequences as t |II)9 exXposingl ap@ﬁbndieaedtmnaofswpha&ehmhg thet sange $elqeerfces 98 tisur f ace

characteristic and a second 4 surface he second

charact eri sti c POWHEPtiHes o %?f‘hd@ﬂ%g &?r}sr ng%es FREIFTIE R ar?f:o'ﬁgny ty,
so that at | ea%ﬂrf@ce%ﬁélbp& tgé e%claﬁd P&iRick dRsradibiict WRersROROGecob@banityen Wil |
not bind to the surface; recovering the unbound peptides, further

conpri si ng r epdessitmg the ‘éplsdB\SEy,tmth@ apleagtlagertianridhe pemsideaiiemiths sesend he
selection will not bind to the surface; and
E) recovering the unbound peptides,
further comprising repeating step B with a selection of peptides having the same

sequences as the bound peptides.

38.  The method of claim 37, wherein the selection of peptides having the same

sequences as the bound peptides comprises the recovered bound peptides.

39. A method of identifying a peptide sequence for use in detecting a feature of a
surface, the method comprising:
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 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

41



sanme sequences as the unbound peptides as the first selection of peptides.
40. The nethod of claim 39, wherein the selection of peptides having the
same sequences as the unbound peptides conprises the recovered unbound
peptides. 41. A nethod of identifying a peptide sequence for use in
detecting a feature of a surface, the nethod conprising: 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 charact eri stic so that at |east a portion of

t he peptides i es from
the surface; %ﬁ&fage ggns ‘8 Ogn%esc%;&g] Y %haga‘%&gx%ﬁ%é%\ﬁ r%lggle%g%ﬁlg&?ﬁy igame
sequences as th&sthhmuﬁdirﬂ&t&hmdeso thatalsastagmeloe)oﬁtﬂemem@pﬁﬁwl thiersstondur f ace
characteristic nd a su face density of the second surface
characteristicS® W@Pé‘i‘ﬁ ﬁﬂ’rg’é “ﬁy is less than the first density,
so that at |eapy r&om{ngltmﬂguﬁ@geﬁﬁgggl des fromthe second selection wll
not bind to the surfacé; and E) recovering the unbound peptides, V\/(h%rel n
step A conpri sBether euhptisieg reppatingestensspifaysing Brsaiegtioned prptides haying
selection of p &8 phage
display librar §£%ex%8§er}cegas tggrﬁrln%?xﬁgﬁg?tﬁfes %@E?ﬂr #%el(e:%@? £ o?tgéﬁ or the pvilI
coat protein of M3 phage 42 43. A nethod of identifyi ng a peptide
sequence for in defe n f eat ur e of .surface. . the nmethad

conpri si nd 8 %E? (‘W‘iﬂéﬁ% aprg g% ?@quBtHhSﬁe%FU%BF'pagédesgjavgsgp@gi R he
first selecti OQecfaEnd%eaé th@%ﬁbéﬁd%eﬁh@é‘s%@lpﬂs@altm feborgrad inbosid paptitiece
characteristic and a first surface density of a second surface
characteristic so that at Ieast a portion of the peptides may bind to the
surface; rego t. t ing a
Second seftbct | onoedsGUIAHER RERLE ERCEOR W8 1T WEaT o RuEniS
peptides to a smnfzfca,cthememoblcbmpgsmge first surface characteristic and a
second surfaceAi ens(lj %/ ?. e secc%nd surface charact eristic, wherein the
second density s;’)row n 1rst se ection o1 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 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 than the first density, so that at [east a portion of the peptides from the second
selection will not bind to the surface; and

E) recovering the unbound peptides,

wherein step A comprises providing a phage display library including the first

selection of peptides.

42.  The method of claim 41, wherein the phage display library exhibits a variation in
the plll coat protein or the pVIII coat protein of M13 phage.
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|l ess than the first density, so that at |east a portion of the peptides
fromthe second selection will not bind to the surface; and E) recovering
t he unbound peptides, further conprising anplifying the bound peptides
after step C, anplifying the unbound peptides after step E, or both. 44. A
met hod of identifying a peptide sequence for use in detecting a feature of
a surface, the nethod conprising: 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 |east a portion of the p?pti des
may bind #% t h& methpd @ idenfifying 8\REPTidR) SEAVENISOIOR dsp Eh Aetadyer F SR dur f ace;

D) exposing a a&&g&%g&%&gak%ﬁgﬁngepti des having the same sequences as the
I bl

bound peptides t0o a surtace ex ing the first surface characteristic and
a second surf Agerodeting 4 firsvéeltcdtienoEpemidiessur f ace characteristic, wherein the
second density_,is _less.t the.first nsity, so that.at |east ortion
of Lhe pepti doB) Frasene dE8sirciabPERSTERS ta ¥ Fuie Sfmite FRE ufrioce.
and E) recover iRgadidititl ahd b TistRaithded@msityt 3f &R Buifite chaaoestiedoehbd on of
pepti des conprises the recovered bound p;g)tl des. 45. A nethod of

i dentifying a #dpast apodienoEhedepiides may bind wdhesurfaes a feature of a

surface, the STl eV G first selection of peptides;
B) exposing tggs F@?‘é@‘%ﬁ%@‘i‘fﬁgﬁe@df’gé‘%ﬁ %Egrtf%eé surface exhibiting a first
surface char abbexpsding asachnd delection ofirpeptidesdmviig the chma sgeowes sutheace

characteristic,_so that t least a,portion_.of the peptides. may bind to the
surface; O reé%‘{f‘éjrﬁeﬂédetsﬁ% aﬁgﬁgﬁf %@B’t‘?[}?et eﬁf%ﬁ’f‘%‘?@ CEE??t%%fcaﬂ}ﬁae%?ﬁ%q ng a
second sel ecti Qitf#et deiyiotdse dtodid Girfabe clistitieritioUPNEEis tisSsdebied ddisitnik
peptides to a surface exhibiting the first surface characteristic and a

second sur f acksytas thefirstdeppigy. g@&l’@ﬁ at least £ perionipd thereptides frem tgserend,  ne

second densi tysél?t:tioh%ﬁﬁn&b@ﬁd{&ﬁegﬁﬁ&%-QﬁinSi ty, so that at |east a portion
of the peptides fromthe second ’

E) recovering the unbound peptides,
further comprising amplifying the bound peptides after step C, amplifying the
unbound peptides after step E, or both.

44. A method of identifying a peptide sequence for use in detecting a feature of a
surface, the method comprising:
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 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 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,
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selection wll not bind to the surface; and E) recovering the unbound
peptides, further conprising 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. 46. A nethod of identifying a peptide
sequence for use in detecting a feature of a surface, the nethod
conprising: 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 suyrface _density of .a second syrfac .
char act eri ot | c™BeeinhE secapd pelsgion ot Ba?ttdiesﬁorwrl%eﬁ3*655&%?@3&%55%‘%6-t o the

surface; C) recovering the bound peptides fromthe surface; D) exposing a
second sel ection of peptides having the same sequences as the bound
peptides #d a dumtthod obvidkntifying@ peptidé iseqenceufor aise i Wetieeldnge? ifeatire odied a
second surface enih‘g %fodt he second surface characteristic, wherein the

second densi tySlfrsace’ SsS tRAR The first densi ty, so that at |east a

portion of theApppividiega fitswseledidbnafpeptitlessel ection will not bind to the
surface; and E)_recovering, the unbound peptides, further co | Si
~conparing the é&ﬁ*@ﬂ?@&%ﬁ%&%ﬁ%}%w eb peticss &q,a SUFRSCSANNRG OISt HERSS | st

and second sur Eee Gl 364 &1IrS e Mhsfly 3118 SaRa SitthdY dibgiehiie: {d

surface characteristic but not the second characteristic.
at 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 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,

further comprising comparing 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.

46. A method of identifying a peptide sequence for use in detecting a feature of a
surface, the method comprising:
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 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
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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

E) recovering the unbound peptides,

further comprising comparing 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.
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