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15 amino acids, and specific numbers or specific sequences of amino acids that are utilized to
accomplish binding that are substantially different from those described in connection with the
present invention. For example, these two binding tags may not bind the same types of metals or
bind using the same geometry as the present invention. Additional information regarding the first
binding tag can be obtained in U.S. 7,208,138 B2 by Haroon et al., and pertains to a peptide

20  comprising the sequence NXEQVSP. Information regarding the second binding tag can be
obtained in U.S. patent application publication 20040018974 by Arbogast, et al., and pertains to
a sequence of the tag that appears to be the entire protein described therein.

Tags that can be encoded in the genetic material of an organism for recombinant
expression of proteins have been utilized extensively for purification and identification of protein

25  products. The most noteworthy example of this has been the His-tag technology, which provides
a facile means of effectively isolating the tagged protein from whole cells using immobilized
metal affinity chromatography (IMAC). Numerous other peptide-based tags have been
developed for detecting a tagged protein in cell culture assays or cell lysates using antibodies that
recognize the peptide tag. These technologies are useful in in situ or in vitro assays, but they

30  generally are not applicable to in vivo analysis. The advantage of a peptide tag is that the tag is
covalently attached to the protein of interest without the need for additional chemical steps to

label the protein.
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t he present disclosure provides conposifions conprising a tripeptide having
{ he ! SequBfiERs KRS ARG AN TREPGInd GRATBP I RE et al 15 compl exed wi th t he

tripeptide; aBehrahigtLiditath dnsbodiNerM]kHEpraehlislsslrd fratidés doRpRtitiees and net al
forma conplex having a square planar orientation or square pyram dal
or i ent afPTBPIIBRE HBPRPtIdehdViRE dreaieauance XhdCeavheren KHiganmaraine acidistdbdheint ;  and
wher ei nXg]C%QaI%Ié. %ﬁﬂn‘fg’ﬂnle%l ﬂlraequQQ§)%axf S8Rt on or square pyramidal
orientation or both; and wherein C; and C; are the same or different; and wherein Cy and C,
20  individually are chosen from a cysteine and a cysteine-like nonnatural amino acid.
According to other embodiments, the present disclosure provides compositions
comprising a tripeptide having the sequence XC;C, and a metal; wherein the metal is complexed
with the tripeptide; and wherein X is any amino acid such that tripeptide and metal form a
complex having a square planar orientation or square pyramidal orientation or both; and wherein
25  C;and C; are the same or different; and wherein C; and C, individually are chosen from a
cysteine and a cysteine-like nonnatural amino acid.
According to other embodiments, the present disclosure provides methods comprising
complexing with a metal a tripeptide having the sequence XC;C; to form a metal-XC,C,
complex; wherein X is any amino‘acid such that metal-XC,C, complex has a square planar
30  omnentation or square pyramidal orientation or both; and wherein C; and C, are the same or
different; and wherein C, and C; individually are chosen from a cysteine and a cysteine-like
nonnatural amino acid.
The features and advantages of the present invention will be readily apparent to those

skilled in the art upon a reading of the description of the embodiments that follows.



cysteine and a cysteine-like nonnatural am no acid. According to other
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conpl ex; wherein X is any anmno acid such that netal -XC C2 conpl ex has a
square planar orientation or square pymam dal orientation or both; and
wherein C] and C2 are the sane or different; and wherein G and C2
individually are chosen froma cysigi{Rgd¢ a cysteine-like nonnatural

am no acid. The features and advantages of the present invention will be
readily apparent to those skilled in the art upon a reading of the
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7.4 after cleavage and removal of the His-tag. Photograph shows its characteristic rust color.
Figure 6 shows A) Electronic absorption spectra of PR1-1 variants purified in the
presence of Ni** jon. Three (two) spectra for each protein variant were recorded from 800 to 200
nm and averaged. Protein concentration for all variants is 5 mg/mL. to within 10% based on
20  A280 comparison. Shown are the spectra from 700 to 300 nm. Visible features are absorbance
maxima at 318 and 421 nm. Inset. The spectra from 600 to 400 nm are shown at smaller scale for
visualization of absorption maxima at 421 and 526 nm. Curves are as follows: PRL-1-WT, black
(top); PRL-1-H166A, red (next to top); PRL-1-C170S-C171S, orange (bottom); PRL-1-C170S,
greeh (next to bottom); PRL-1-C1718S, blue (middle). B) Resolved spectrum of PRL-1 WT.
25  Resolution of the UV-Vis spectrum of Ni-purified PRL-1 WT protein between 300 and 700 nm
fits the data using 5 curves. The 318 nm shoulder is resolved into peaks at 306, 325, and 372 nm.
The sum of the resolved absorbance peaks (gray dashed line) and the raw data (solid black line)
are both shown. The peaks at 421 and 526 nm are also present.
The patent or application file contains at least one drawing executed in color. Copies of
30  this patent or patent application publication with color drawing(s) will be provided by the Patent
Office upon request and payment of the necessary fee.
While the present disclosure is susceptible to various modifications and alternative forms,

specific example embodiments have been shown in the figures and are herein described in more



maxi ma at 318 and 421 nm Inset. The spectra from 600 to 400 nm are shown
at smaller scale for visualization of absorption maxima at 421 and 526 nm
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Resol ution of the UV-Vis spectrumof N -purified PRL-1 WI protein between

300 and gZQf. Eduid e dddersBRH Bhd¥lvBY that G H\é&%pn&h@f spedific WQ le‘llng@(ﬁmbﬁs is

resolved into peaks at 306, 325, and 372 nm The Sum of the resol ved
absor barm@élnpﬁaéwsm(lgmashe dashiéen tDltlﬂfeparWtfb@SrChleﬂiad duf ewthicgoragkhisi ne) are

Dot Shooae, BS3HS AinctideaAB, SRS DURLE U SRRTEHRNbpTAE RbENT OF

application 11l e con a| ne raw ng exec n-color. Copies of

this patent or patent application wi th color drawi ng(s) will be
provi ded by the Patent O fice upo#%c#@t ﬁd paynent of the necessary

fee. _Wile t esent disclosure | SUS l.e ta.vario i f.i cations
and’ 81 ter nat /D PRSTE BT e ESei 8 ROt HEMeL Sy et ORIt he
fi gur es naftigs. aheselpep@ded haRste kRS tb Belo®iveNaiad fo-méthls Shiduh thake thiére @sertlood,
however, that the description of specific exanple enbodi nents is _not

i nt endedoraovarietyiof applisatioive nagicuies. thapensides oldhe BresmoHENtENhave apdicatinms on

the contng gtfﬂe’séargﬂ Sfd H&FP}J Snd GheBRYUR thetdpies0di fi cations and equi val ents
as defi ne y e appende aims. DESCRI PTION The present invention

general ly r eICan@‘sll)t, thegirerent @smsuda’as ndtted © shod, noetlhegidohotifsithay ssonghy not i f s.

nend oo Bt e S B PR isriaRRdich Tiet HERbP o BB il il o7

the present thinpéentek @it fRvweleanpéthicadrm arsmpssiticRTha MAF agesf thb pressignot her apy,
and chel ation therapies. Generally, the present disclosure s related to
short, MBFEFUTBaLst3 @@nﬁﬁflrlwl?rr%lf agfi P e ynabidsd Iionger pob@ertides apd joteins

ref er r eg 4,0 NARmVAR: t@@{fihus A5 itidnNE B&wMAP 1 84 f 8RbQAEMBRE howdURNG Ot her

things, to extract the sel éct metal froma conposition. The MAP tags of the
pr esent ndiydeladeutagearsdosthaMadtagdd He picsent engpdlypeptide orayrotsen donbkurdiel i n

! Onﬁ’? : OB}]%:’[ ﬁl%g enitsI tge ﬁ/I/?Ip gg% &ilﬁé wﬁ% al e%al ucﬁr gﬁé}ﬁj S%re&:n& %I’JH e&?&%ﬁal %0 any

posi l ncer
advant ag“ﬁeMSAIffmgalsbendyme ditachet! @ bﬁorppqmﬁﬂhnﬂltp /&d(hﬁér)aﬂyphbldehmonlaMAEl n
confi guratl onbthat tpresents t he for binding with a netal, such as

bei ng pf&dBht GMe%h &g A arl"@%’f)culloerhe MAP tag al so may be attached to a
non- peptide 8R{ kidokvn thEldhdnyRGkinY bindRh&al. RSl QBE siiinding typically utilizes

discontinuous sequences of amino acids within a folded protein structure to accomplish tight
20  binding, which upon unfolding then easily release the metal. On the other hand, metal binding by
MAP tags is accomplished using atoms in very close proximity, and as such, extreme conditions
are required to release the metal. Thermal and chemical denaturation of the protein permits slow
release of the metal. For example, use of extreme conditions (e.g. boiling temperature, strong
acid) may lead to slow release of the metal over a period of time (e.g., several to many hours).
25 A. Chemical Structure
In certain embodiments, the present disclosure provides a novel peptide-based tag or
binding agent for a metal (a MAP tag). The MAP tag can be used to directly encode a high-
affinity metal binding site in polypeptides or proteins. The MAP tags of the present disclosure
are characterized by their ability to bind metals in a square planar and/or square pyramidal
30  geometry.
1. Peptide Sequence
The MAP tags of the present disclosure generally comprise at least three contiguous

amino acid residues capable of binding a metal. The MAP tags of the present disclosure



tag may be present on a particular nolecule. It is known that many proteins
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natural amino acids. One™PEfPEF Three Tetter An?‘r% aci d synbol synbol

Asp

al anine A Al a arginine Rasﬁ\glgc acid D
cysteine C Cys
glutamic acid E Glu
glutamine Q Gln
glycine G Gly
histidine H His
isoleucine I Ile
leucine L Leu
lysine K Lys
methionine M Met
phenylalanine F Phe
proline P Pro
serine S Ser
threonine T Thr
tryptophan W Trp
tyrosine Y Tyr
valine A% Val



asparagi ne N Asn aspartic acid D Asp cysteine C Cys glutamc acid E GQu
glutamne QAn glycine GGy histidine HHi s isoleucine | He leucine L Leu
| ysi ne K wop=0emetsiodni ne M Met phenyl al ani ne F Phe prol i meTRISBW0/08382i ne S
Ser threonine T Thr tryptophan WTrp tyrosine Y Tyr valine V Valln sone
enbodi nents, X may be asparagine (N), gflutamne (Q, histidine (H), lysine
(K), or arginine (R. Wien an am no acid sequence is represented as a

seri es ah sérhe erbddimtmss, X0mapbe aspatdetie (BiX ghtardidie QR hibtiditiedt), Ovkine (K), ovi | | be
understood th the left-hand direction is the amno termnal direction and
the rigR&HAREdi rection is the carboxy terminal direction, in accordance
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can be encoded in line with a gene or nucleotide sequence for expression
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nmet hod or pept | protern pro I on n app ion
spont anetauédrglrua;@aend;cmvblhﬁcm metal to forma peptide-netal conplex. Such

pepti de- met all"heC Wla)é%? the esel(l)’crdr:gcior;urscoclarllJ %cla gr?co er:d 1\1/1|11ne with a gene or nucleotide
sequence for expression using any recombinant technology system. Additionally, it can be
incorporated into a peptide or protein using any synthetic or biosynthetic method for peptide or

10 protein production. In application, the MAP tag spontaneously reacts with a metal to form a
peptide-metal complex. Such peptide-metal compelxes may form in solution or via
transmetallation or any other process.

The MAP tag can be used alone or as a tag that can be attached to the N-terminus, C-
terminus or inserted into a flexible linker or loop within a polypeptide chain. The MAP tag can

15  be modified at any position other than at the side chains involved in metal coordination.
Accordingly, the MAP tag may comprise sequences such as Z-XC; C-2',Z may be any amino
acid or any sequence of amino acids, and Z' may be any amino acid or sequence of amino acids
that 1s equivalent or not equivalent to Z. The amino acids are represented as in above Table 1.
Non-natural and amino acids analogues are not listed in the table, but they may be incorporated

20  into Z, Z', and/or X.

In certain embodiments, the MAP tag may be attached to another molecule. For example,
the MAP tag may be attached to a non-peptide entity like a carbohydrate (e.g., hyaluronic acid).
The attachment may be covalent, and may be affected through a linker.

In some embodiments, the MAP tag may comprise a sequence as follows: NC,C;; Z-

25  NCCy-Z'; Z-NC Cy; NC Cy-Z': QC1Cy; Z-QC1C-Z"; Z-QC1Cy; QC1Co-Z'; HC,Cy; Z-HC, Cs-
Z'; Z-HC,Cy; HC Co-Z'; KCCy; Z-KC1Cy-2'; Z-KC1Cy; KC1Co-Z; RCCy; Z-RC1Cy-2' 5 Z-
RCCy; or RC;Cy-Z'. As above, Z may be any amino acid or any sequence of amino acids, and
Z' may be any amino acid or sequence of amino acids that is equivalent or not equivalent to Z.
The amino acids are represented as in above Table 1. Non-natural and amino acids analogues are

30  not listed in the table, but they may be incorporated into compounds Z and Z'.

In one embodiment, the MAP tag comprises NCC having the following structural

formula:



transnetal | ation or any other process. The MAP tag can be used al one or as
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ant i bod rowth factors epti de and.the i ke, 2. Met.al i i n
o 100 R hing S PR e P a it pfe D Fat s mAy by T OB
i ncor pofadeth ANLS ceorPdhiye Thé NEAPragpiled By bindByhuabdepd faxetulls ida squart @inat o

forma MAP tag-neta oy
geometrygunder suitable conditions that will be appreciated by one of ordinary skill in the art. In

general, the MAP tags of the present disclosure may bind, referring to IUPAC Group: Group 3
metals, such as Y; Group 5 metals, such as V and U; Group 6 metals, such as Cr, Mo, W; Group

15 7 metals such as Mn, Tc, Re; Group 8 metals, such as Fe and Ru; Group 9 metals, such as Co,
Rh, Ir; Group 10 metals such as Ni, Pd, Pt; Group 11 metals, such as Cu, Ag, Au; Group 12
metals, such as Zn, Cd, Hg; Group 13 metals, such as Al, Ga, In, Tl; Group 14 metals, such as Sn
and Pb; and Group 15 metals, such as Bi. In certain embodiments, the MAP tag may bind and
form a MAP tag-metal complex with Zn, Ni, Cu Pt, Pd, Au, Ag, Pb, and Fe.

20 As mentioned above, upon binding the metal, the MAP tag has a square planar geometry.
The present disclosure also contemplates MAP tag metal coordination in a variety of square
planar configurations. For example, when the MAP tag is NCC and the metal is any metal as
described above, and represented as M, the MAP tag may have a structural formula represented

by Formula 1:



conpl ex having a square planar/pyram dal geonetry. The netal may conpl ex
with the MAP tag through 2N 2S coordi nation. The MAP tags also nmay bind a
nunber ofwoeb@io4o8 a square pl anar geonetry under suit @bfrase@amiriseons t hat
wi || be appreciated by one of ordinary skill in the art. In general, the
MAP tags of the present disclosure maygbind, referring to | UPAC G oup:
Goup 3 netals, such as Y; Goup 5 netals, such as V and U, Goup 6 netals,
such as C, M, W Goup 7 netal spsuch@s M, Tc, Re; Goup 8 netals, such
as Fe and Ru; Goup 9 netals, such as Rh, Ir; Goup 10 nmetals such as
Ni, Pd, Pt; Goup 11 netals, 1 Goup 12 netals, such as
Zn, Cd, Hg; Goup 13 net In, Tl; Goup 14 netals, such
as Sn and Pb; and G oup s Bi. In certain enbodi nents, the
MAP tag may bind and forma MA conplex with Zn, Ni, Cu Pt, Pd,
Au, Ag, Pb, and Fe. ntione ab%ve, upgn binding the netal, the MAP tag
has a square planar geometyy. ng_ghg di scl osure al so contenpl ates MAP
tag netal coordinati Ig variety of square planar configurations. For
exanpl e, when the MA g ijs NCC and the netal is any netal as described
above, and represented as t he
represented by Formula 1: For
contenpl at ed. For exanpl e, whe

Hag may have a structural formula

1 Oher structural configurations are al so
the MAP tag is NCIC2 and G is anonnatura
am no acid, such as (S)-2-am ng~2-nercaptoacetic acid and C2 is cysteine,
the MAP tag's structural for a may be represented &smRdatul a 2, in which
,I[VI algsi 2nmcnect26§hg§t8% iy rc!oplﬁ d r{naon\é?%ﬁ a'féa)‘ornc]:rgrrj]%:m %ate . Fg‘rﬂ ég tarﬁqe'ie, ?Vé?@e%Abqgg i'é/AP
am no- 4Nw3Cs apd Okl h ab@iaturalCintno hdid lethst(agQ&nﬁmd-mlﬁmaptoaf;arcmaidaanm ibe

represented as Fornul a ich Mis any cr|b
above: FEYSHNG the Mﬁ\Péh%ﬁ Fn‘é‘icugﬁl\gtbﬁﬁ’i‘ a may GWSF’&&? ?%1@ ﬁ’éél\flés Yy

am ng agiey 2SHGRHIRS sBoedll NO- 2- mer capt opr opanoi ¢ aci d, the MAP tag's
structural fornula may be represented as Formul a 4, in which Mis any netal

as descri bed above: H2N| | OFormul a 4

HO S
N—pi—N o)
o= &
HN
NH,
O Formula 2

In another example, the MAP tag is NC;C; and C,is a nonnatural amino acid, such as (S)-2-
amino-4-mercaptobutanoic acid, the MAP tag’s structural formula may be represented as

Formula 3, in which M is any metal as described above:



I n anot her exanple, the MAP tag is RCC and the MAP tag's structural formula
may be represented as Formula 5, in which Mis any netal as described
above: Forwol2ao9%i4b498anot her exanpl e, the MAP tag is QCC anu/usheokis2t ag' s
structural fornula may be represented as Formula 6, in which Mis any netal
as described above: Fornula 6 B. Appliagations of the MAP Tag 1. MAP tags
for metal abstraction As nentioned above, a MAP tag is capabl e of binding
metals with high affinity. A MAP@ag is also capable of abstracting a netal
from various conpositions ranging fromfluids to solids. Consequently, the
ability of MAP tags to abj_ibact he nmetal, rather than share coordination,
make t hem anenabl e for us n searating a specific netal from another
conposition, as described rmgre fu el ow. The MAP tag sequesters a netal
ion from conpositions by corpl exi i the metal and then abstracting or
removing the nmetal froma c ongnt in the conposition, such as a chelating
agent (e.g., EDTA) or a sol+d suppQrt c@njugated with, for exanple, |DA or
NTA. As such, the MAP tagN racti on peptide (MAP)

tag. Addi tionally, due at 8 pakt, to a MAP tag's ability to
selectively bind to meHNs, enbodi melNH of the present disclosure nay be
useful for chelation thehapy. Thus, MAP tag may be used to sequester a
biologically toxic nmetal Asuch as lgad. Simlarly, MAP tags al so may be
useful in sequestering? t , ot her aqueous sol utions, or any
conposi ti ons outside t he P tag itself is generally soluble

i n nunmerous solvents. Howeveér, in certain enbodinents, the MAP tag-netal
conplex is poorly sol ubl iN many organi ¢ sol vent sggigiid®y precipitate once
metal binding occurs. This allows for efficient separation during the

ext r act il andthey gkamplorthaMAP ©plisMGtCo and b irerfp AGinappeidi sushiap Agmipp-gert ai n

enbodi nent s, . the pr.esent,, dj syr rovi.des, net hods for.i.maging,usi.ng a
vt g iR ROE B M BB Faf B bl R R PRl o
f or ot hewmidhdgs ng mepl dseidédribedabolbe netal chosen to be conplexed with the
MAP tag will depend on the particular application and i magi ng techni que.
For exanpl es, a paramagnetic net al na%J e chosen for use

OH
o)

N\ /S
/M
s” \

HN NH
o) o)
5 H2N Formula 4

In another example, the MAP tag is RCC and the MAP tag’s structural formula may be

represented as Formula 5, in which M is any metal as described above:



wi th imaging techni ques such as MR, NVR and EPR, while gold may be chosen
for techni ques such as electron m croscopy, while zinc may be chosen for
appl i cat iwoosuaoas fl uorescence. Wiich netal s are sui rabius2d00043821i ven
application and i magi ng technique are well-known to those skilled in the
art. In one enbodinment, a MAP tag is utglized to prepare a reagent for use
in imging techniques. That is, a MAP tag is bound to a netal, which in
turn provides a conple&Pthat can be used fornygmging (e.g., used in a body
of a subject such that e net n be use/for imaging). Exanples of
sui tabl e i magi ng techniq i nCl uak, alggg)éi i n combi nati on, Conputed
Tonogr aphy (CT), Magneti g ), ultrasound, Positron

n Conput ed Tonography

Em ssi on Tonography (

(SPECT), Nucl ear Magn ctron Paramagneti c Resonance
(EPR), electron m croscopy, fluopescence imaging, and the |like. |In another
enbodi nent, a MAP tag nay be corporated intoja pol ypeptide or protein, or
non-protein entity that |ocalives to a portionf of a subject, where the
metal portion of a MAP tagnetHdN conpl ex provides the ability to i mage the

i r. For exanple, the MAP

site of localization, such as a
tag-nmetal conplex can be used to ti ssue or other structure
artner to the targeting portion of

expressing a receptor and/or bi¥di ng

t he MAP-tagged nol ecul e. | magi techhi ques that can visualize the netal
can be used for the identificati onHpNsuch features. Fﬁrsexanple, VR
contrast agents are paramagneti c speci es, typicallngQ9%an ning a netal
center, p hafhalkiShpitnBe Melrepatd QOCohd BRiINIARPALE Hgratwilfoinulgaagbat e a
difference in the detectedsignal between the areas where the contrast agent
i s presespresanad phbwEulghe i whichiM isyasy motalpppescabedabevEe par anagneti c when
conplexed with Cu. A MAP tagmnetal conplex therefore has potential for use
as a MRl contrast agent. Mst contrast agents are not targeted on a

m croscopic |l evel but are us@§d to reveal macroscopic structures and defects

in a body or tissue. In Illd@ application, the concentration of the

contrast agent is very high Tangeti® a contrast agent to a selected
tissue or mcroscopic featuge i gjbegeficial in that it permts
identification of aberrationson t \ﬁﬁFLular | evel . For exanple, the MAP
tag may be expressed as a tg@g on gnh a ody that recognizes cancer cells

expressing a specific rece —Targeted delivery may allow for a | ower
0
HN
o)
HN Formula 6
5 B. Applications of the MAP Tag

1. MAP tags for metal abstraction
As mentioned above, a MAP tag is capable of binding metals with high affinity. A MAP
tag is also capable of abstracting a metal from various compositions ranging from fluids to
solids. Consequently, the ability of MAP tags to abstract the metal, rather than share
10 coordination, make them amenable for use in separating a specific metal from another
composition, as described more fully below. The MAP tag sequesters a metal ion from
compositions by complexing with the metal and then abstracting or removing the metal from a
component in the composition, such as a chelating agent (e.g., EDTA) or a solid support
conjugated with, for example, IDA or NTA. As such, the MAP tag is a metal abstraction peptide
15 (MAP) tag.



concentration of contrast agent to be adm ni stered, which, anong ot her
things, nmay help mnimze toxicity and other side effects. It it known that
62Cu i s awoadiwiastosve i sotope that is used in PET and SPETIUS2om®i3sgl which
are capabl e of imaging nolecular details within a body. As such, a MAP tag
can be | oaded with the appropriate radijpi sotope of Cu (or another netal)
and used as a tracer with these imging techniques. Simlarly, by fusing

the tag to anydRfoRhIB), Quht 1RRPHI A&, Rra MiAPaLy FRbiREUb SelbARkly iR Retgiubset  of
cells, targeted imading can be acconpl i shed. Thé MAP tag i s advantageous,

anong oteml?nodmhffnt*@gyssr thetpsesgnisdisdlesureymay cieseful S ghelpiéan thitepy.Hihgh adflAPrieg y f or
certai ” tb%'uéed élefst%yangSf‘?g\ﬁjdaﬂ tkidMabral %nl 180, expressed protein or

ot her uIe 0 a specific cell type within an
or gani sm i's ﬁoﬁﬁarlyl, MAHFtaps bles may he gmfmlmgs@ueﬂnd:mgtmmls el \satpebmet &uaous

Chemst haPHgPeTRA G REEAT Ul (ot T METgeblieel G BT EhEIdP ner apy.

For exan@in@roud sontd. MbwERY, fnQefhia cBHIRineMts\Mhe M RP &dol Meta AP is poorly
radi onucl eoti des and be used to provi de t ar geted delivery to a particular

cel | or selppls inmagepreanivgolves prd Bewprgeipiate eRce Aelbindingiefeyrsot his Adows Bsent
i nventi %Ff(fi%nﬁgep%%llﬁlo lﬂ% B8n gmsag%gé;nﬁ Eofthedi nents are given. In no

way shou exanpl es e rea |mt or to define, the
entire scopeZoﬁnagimgApphmnonm EXAMPLES Exanple 1 I\/Ut agenesi s techni ques

wer usedt0|dent|f t.he tide havi ng .t he bi nding affinity
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(Strat agene) The priners generati n}gét he. C170QS, 7.1S, and HL66A nutants,
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col oni esskl\ﬁlee(g in the art.

In one embodiment, a MAP tag is utilized to prepare a reagent for use in imaging
techniques. That is, a MAP tag is bound to a metal, which in turn provides a complex that can be

20  used for imaging (e.g., used in a body of a subject such that the metal can be use for imaging).
Examples of suitable imaging techniques include, alone or in combination, Computed
Tomography (CT), Magnetic Resonance Imaging (MRI), ultrasound, Positron Emission
Tomography (PET), Single Photon Emission Computed Tomography (SPECT), Nuclear
Magnetic Resonance (NMR), Electron Paramagnetic Resonance (EPR), electron microscopy,

25  fluorescence imaging, and the like.

In another embodiment, a MAP tag may be incorporated into a polypeptide or protein, or
non-protein entity that localizes to a portion of a subject, where the metal portion of a MAP tag-
metal complex provides the ability to image the site of localization, such as a tissue or tumor. For
example, the MAP tag-metal complex can be used to identify a tissue or other structure

30  expressing a receptor and/or binding partner to the targeting portion of the MAP-tagged
molecule. Imaging techniques that can visualize the metal can be used for the identification of
such features.

For example, MRI contrast agents are paramagnetic species, typically containing a metal

center, that alter the relaxation of neighboring atoms to generate a difference in the detected



grown overnight in selective LB at 37C. The resultant DNA was purified
using the Wzard Plus Mni Prep System (Pronega). Al nutations were

conf i r mredwbyo®Naogge-t er mi nat or sequenci ng ( Nort hwoods BEAUSRO0/0438BEM dj i,
MN). The doubl e rmutant C170S/ Cl71S was produced by a second round of

mut agenesis and simlarly confirmed. Vegtors containing PRL-1 and rel evant
nmut ant genes were transfornmed into BL21(DE3) cells (Novagen) and grown

over ni nggn%g)fég«%?gﬁ}aéa%lvﬂfé}é € obifragSRLAGL Bl GRLAMNER: WRLEH W QAMAMAP tag

sel ecti overni t at rnight cultures were t
t r ansf emaydetporab@@netic vﬂwha:bmpbdedwwnh cal AAP tag-mntd! ¢onthieetdiersfardhdsnM | PTG at

G own 1 RORTI R <Rt Ik CORE iR R FOTAThACER B L Y8 AP RRITh  of

t he recoski mante @é@tmwamc@mbicrsm&ufey anDFefBACID. a Kodlylos tivwe €n m}ﬁb typted by
centrifugation at 4400 x and stored at -800C until used. A series of

PRL- mp@we@ow?eewé%lﬁ?w fithe sepdmttiogsnt iy bigk: THattmgAOPEIHAsS! (97 net al
coor d' N3l ¢ 4\594%1&1 mx&ﬁ%%é;ﬁ@fea&%‘f‘s BLAUA T tﬁsﬁ ﬁéﬂﬁ‘ﬁs mhﬁcahax 6f hregiahown to

coordi nate N| wth extrenely high affinity. this notif
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PRL- 1 H c&f@8nt@ionofdenttast dgeﬁtttobb@drhmm)ér&ﬂw}ﬁc}i habng breNiings etHyeiee cont ai ned
in PRL-1 is responsi bI e for bi ndi ng. PRL-1 and PRL-I -H166A anal yzed
by 1ep- K?Bmi“HZf‘ptﬁ?“éﬂtYé‘I‘ heliyle Ftém mately 120 and 60 nM Ni, respectively.

Only a 20% dgGfigRss thit leﬂi@@rad@@a%tlﬁ?@ﬁ%ﬂ@%af@%séd%ﬁ%TV%@@PE@ﬁ&%@ﬂg by
absorption spectroscopy. It also appears fromthe absorption spectra that
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of si gnal the vi otein
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targeting a subset of cells permits a decrease in the amount of contrast agent needed for imaging.

20 3. Chemotherapy
The present invention may also be used to aid in chemotherapy. For example, a MAP tag
may form a complex with platinum and/or radionucleotides and be used to provide targeted
delivery to a particular cell or type of cell.
To facilitate a better understanding of the present invention, the following examples of
25  specific embodiments are given. In no way should the following examples be read to limit, or to

define, the entire scope of the invention.

EXAMPLES
Example 1
Mutagenesis techniques were used to identify the peptide motif having the strong binding
30  affinity with select metals. Briefly, the human PRL-1 gene was cloned into pET-30 Xa LIC
vector (Novagen) and mutated using the PCR-based QuikChange method (Stratagene). The
primers generating the C170S, C1718S, and HI66A mutants, 5’ to 3°, were

ggtcatagaaacaactCttgcattcaataaggate, ggtcatagaaacaactgttCcattcaataaggcetgtaactc, and



was observed for PRL-1-Cl171S. Exanple 2Protein purification techniques were
used to purify the protein-netal conplex. Briefly, cell pellets were
resuspendwd 2009/804081L buffer A (100 nM NaC, 50 mM Tri s- FCIrjusi@9nmias21

i mdazole, pH 7.4, Ar-sparged) and |lysed at 15,000 psi using a French
pressure cell (ThernoEl ectron). Argon gparging of buffers was perfornmed to
di spl ace oxygen. Sanples then were centrifuged at 21,000 x g and the

super natcgtrﬁ&ézaam&eaafcggtt;@%a%daécb&?@ba@ @atoratet MN L Tedlinblo@les, Edthivillecat)i on of

(Hi s)6-tagged PRL-I was carrie ut using an Akta Explorer purification
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-tag wag.ohe el of MMt Kist aﬂﬁ&‘?ﬁﬂaﬂ?%@ﬁﬁqeﬁ?' ng Factor Xa protease (Promega)

overni ght at roomtenperature ease was renoved using Xarrest(tm
agar ose ( Novdgenis candinfg RRI.-4 dndrdlévaat @n@ningenes/vem tiapdformedintod¥le 1(DE3)
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and ESI-Ms, respectively. Colums were treated with 1M NaCH, gped W th

2 col urmmmmumeshlmdel@@emMpEmAn ahie r@@h@rrgewmﬁetmwmcosﬁan@é@ &I@S} AR SO,

1001QM g‘] wbre p%gertrtﬁ) %ﬁﬁgaﬁl fa?94dH(\:4i %av s%oreglmp%baé Slllt}i u@%ﬁcedl ng each use.

Fi gure ag and - r enoval the Hi s-tag.
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and Cu(Il) with extremely high affinity. In this motif substitution at either of the two Gly
positions only modestly decreases binding, whereas mutation of the His abolishes it. PRL-1

20  encodes NGH, a GGH-like consensus motif, near its C-terminus (Figure 2). Therefore, PRL-1-
H166A was made to test the hypothesis that the NGH sequence contained in PRL-1 is
responsible for metal binding. PRL-1 and PRL-1-H166A analyzed by ICP-MS in parallel bound
approximately 120 and 60 uM Ni, respectively. Only a 20% decrease in signal was observed for
H166A when measured by absorption spectroscopy. 1t also appears from the absorption spectra

25  that the protein signal is diminished to an equivalent extent and that the loss of signal in the
visible region is due to protein instability. Protein instability likely accounts for the disparity in
the two detection methods since ICP-MS requires substantially more manipulation of the sample
prior to analysis. Because the histidine mutant retained tight binding, mutations at C170 and/or
C171 were made because thiols often participate in Ni coordination. Ni levels in individual

30  cysteine mutants, as well as the double mutant, were greatly reduced relative to wild-type
protein, indicating both Cys residues influence metal coordination. No Ni was detected in the
C170S mutant or the C170S-C171S double mutant, but a small signal of approximately 17 pM
was observed for PRL-1-C171S.

Example 2



spectrum Photograph of Wi PRL-1 purified in the presence of N (Il), pH 7.4
shows its characteristic rust color. The purified wild-type PRL-1 protein
has an urwepewiwdosust color (Figure 5), which could regalrtustoconuiset al

conpl exation or oxidation of aromatic residues (i.e., Trp or Tyr).

Oxi dation of aromatic residues was easidy ruled out based on the nmass
spectronetry data fromthe intact and tryptic digest studies of the

protein. Mor PH)Y&ﬁ pumaql@,% RN FudshRrdeRaid Yt thablel Ml dhphsk. Bighgr than
expected, as the rust-colored protein becones concentrated at the bottom of

the t ubecllipelletsgvare rsusppedad ie 30 buffmei GRO mAd Nesl, 20 reMokrisr Gk 1B mMoul d
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and pur iplilifhi3h d68Yis)e %A dPRLnlng Gitried Jot ding Q{Al%'a%k pharasd ARGy Lesi N,

the protein abstract’s e nmetal bound to the chel atlng resin. The'rate of
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scan. Dtheftag smlsanywnileared gradeini Hg pretsivexas apphed to the column in dialysis buffer and

the initial flow-through was collected to make the protein sample. Samples were concentrated
and exchanged at least 10°-fold in Ar-sparged 100 mM NaCl, 50 mM TrisCl, pH 7.4 using

20  (Amicon Ultra) 10 kDa MWCO centrifugal filters. Purity and mutant verification of the samples
were ascertained by SDS-PAGE and ESI-MS, respectively. Columns were treated with 1 M
NaOH, stripped with 2 column volumes of 100 mM EDTA and recharged with Ar-sparged 100
mM NiSQy, 100 mM CuSQOj4, 100 mM CuCl ; or 100 mM ZnCl, immediately preceding each
use.

25 Figure 5 shows purified PRL-1 after cleavage and removal of the His-tag. Metal bound to
the his-tag has octahedral geometry, which is blue-green in color and the absorption
corresponding to such a coordination event would appear in the 700-800 nm region of the
spectrum. Photograph of WT PRL-1 purified in the presence of Ni(Il), pH 7.4 shows its
characteristic rust color. The purified wild-type PRL-1 protein has an unexpected rust color

30  (Figure 5), which could result from metal complexation or oxidation of aromatic residues (i.e.,
Trp or Tyr).

Oxidation of aromatic residues was easily ruled out based on the mass spectrometry data

from the intact and tryptic digest studies of the protein. Moreover, we observed the density of the
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20  nylon filter, and injected into a VG Elemental VGII+XS Inductively-Coupled Plasma-Mass
Spectrometer fitted with a microconcentric nebulizer. A minimum of two separately prepared
samples were analyzed for each protein variant. Each sample was scanned twice and standards
were run before, between, and after each sample scan. Drift was monitored during washes
between scans of both sample and standard injections.

25 To investigate our hypothesis that the chromophore arises from protein abstraction of the
metal from the charged IMAC matrix, samples were subjected to ICP-MS for semi-quantitative
analysis. As extensive washing is used to remove background metals, the values obtained from
this method inherently underestimate the amount of metal bound, but can be used to assess the
relative affinity of different metals for the protein. Additionally, to identify an endogenous metal

30  ligand that may have been bound to PRL-1 during expression in the cells, ICP-MS was used to
look for the presence of a transition metal from the first two rows in the periodic table as well as
other common biologically relevant metals. Strikingly, the data showed that PRL-1 bound only
to Zn and the specific metal, for example Ni, used on the IMAC column during purification. On

average 500 uM Ni-purified protein samples were digested in nitric acid for 16 h at 70°C were
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correct for scattering effects in the analysis, PRL-1-WT spectra were adjusted by subtracting the
PRL-1-C170S-C1718S spectrum, because it does not bind metal. The resulting spectra were
resolved and peak positions were evaluated using GRAMS/AI 7.00 software. Three methods
were aimed at metal displacement. In the first, PRL-1-WT (e.g., wild type) samples were

25  reduced using 20 mM B-mercaptoethanol (BME), and imidazole was added to a concentration of
10 mM. For 0.5 mM protein samples, this corresponds to 400-fold solution excess of BME to
compete with the two C-terminal cysteine thiols and a 200-fold solution excess of imidazole to
compete with the single C-terminal histidine imidazole side chain. New baselines were taken and
the spectra recalculated. In the second method, baselines were recalculated for buffer containing

30 100 pM EDTA, and the spectrum for the PRL-1-WT sample that was exchanged ten million fold
in 100 pM EDTA was recorded. Finally, 10 mg/mL protein samples were denatured in 5.6 M

guanidinium hydrochloride and heated to 90°C, new baselines were taken, and the spectra were

collected at 0, 2, 4 and 6 hrs.
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20  concentrations as high as 10 mg/mL (0.5 mM), and no specific absorption bands were detected.
Signal from the WT is evident at 0.1 mg/mL, indicating that binding of Ni is decreased by each
mutation at least 100-fold.

Deconvolution of the UV-Vis spectra of corrected WT protein was performed between
300 and 700 nm and reveals that the 318 nm peak is composed of 3 separate absorbance bands at

25 306, 325, and 372 nm, respectively contributing 54%, 38% and 7% to the total composite peak
absorbance (Figure 6B). The absorption profile of PRL-1-H166A is highly similar to the wild-
type protein spectrum. The absence of the imidazole group at residue 166 does not shift the
absorbance maxima or contribute significantly to the component bands of the 318 nm absorption,
further indicating that the imidazole from the histidine within the NGH motif does not directly

30  coordinate Ni.

Ni binding in PRL-1 is not affected by reduction of the disulfide bond at PRL-1’s active
site. Addition of 20 mM BME did not alter the UV or visible region of the spectral absorption
profile, indicating that metal binding is largely unaffected by reduction of the protein and the

presence of the reducing agent. Subtraction of the reduced spectrum from the oxidized confirms



observed when the pH is el evated, which may suggest that the bound Ni is
sol vent inaccessible in PRL-1 . Decreasing the pHto 6.5, however, does
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appears to be irreversible at pH 7.4, as displacenment of Ni from

Ni -purified PRL-1 requires aggressive peasures. Wien N -purified PRL-1 was
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until reueyhe hoysevhidpingicates Weyas wkeasddifeyn Big pgotein and coordinated by water in

octahedral geometry. Figure 6A shows the electronic absorption spectra of PRL-1 variants
purified in the presence of Ni** ion. Three spectra for each protein variant were recorded from
20 800 to 200 nm and averaged. Protein concentration for all variants is 5 mg/mL to within 10%
based on Agy comparison. Shown are the spectra from 700 to 300 nm. Visible features are
absorbance maxima at 318 and 421 nm. In Figure 6A, curves are as follows: PRL-1-WT, black;
PRL-1-H166A, red; PRL-1-C170S-C1718, orange; PRL-1-C170S, green; PRL-1-C1718, blue.
Figure 6B shows a resolved spectrum of PRL-1 WT. Resolution of the UV-Vis spectrum
25  of Ni-purified PRL-1 WT protein between 300 and 700 nm fits the data using 5 curves. The 318
nm shoulder is resolved into peaks at 306, 325, and 372 nm. The sum of the resolved absorbance
peaks (gray dashed line) and the raw data (solid black line) are both shown. The peaks at 421 and
526 nm are also present.
The inset of Figure 6B shows the spectra from 600 to 400 nm are shown at an expanded
30  scale for visualization of absorption maxima at 421 and 526 nm.
Example 5§
Electrospray ionization mass spectrometry (ESI-MS) was used to analyze the samples.
Briefly, ESI spectra were acquired on a Q-Tof-2 (Micromass Ltd, Manchester UK) Hybrid Mass

Spectrometer operated in MS mode and acquiring data with the time of flight analyzer de-tuned



short (3 cmx 1mmLD.) reverse-phase (RP) HPLC columm (Ham lton PRPl, Reno,
NV). Sanples were | oaded onto the colum froma 1% formc acid solution
Wit h protworo@a4oms, washed in sane solution, and el ut e@CRitsko®@38sEOH 0. 5%
formc acid directly into the ESI source. The cone voltage was 60 eV, and
the voltage on the collision cell was 29 V. Spectra were acquired over the
mass range 800 to 3000 u, accumulating data for 5 seconds per cycle. For
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H20, both 0.08% formic acid. Argon was admitted to the collision cell at a pressure that

20  attenuates the beam to about 20%. This corresponds to 16 psi on the supply regulator or 5.3 x 10
> mBar on a penning gauge near the collision cell. The collision cell was operated at 8 V for
maximum transmission, and spectra were acquired over the range 250 to 2000 v, accumulating
data for 8 seconds per cycle.

[0001] NMR experiments were conducted to analyze the samples. Briefly, 2D 'H-"’N

25  HSQC spectra were acquired on a Bruker Avance 800 MHz NMR spectrometer using a
cryogenic, triple-resonance probe equipped with pulse field gradients. Water suppression was
accomplished using flip-back pulses. All spectra were obtained at 37°C and acquired in 16 scans
with 2048 points in "H. 256 or 128 increments were collected in 15N for WT and C170S-C1 718,
respectively. Samples were prepared in 50 mM sodium phosphate, 100 mM NaCl at pH 6.5 and

30  contained 5% D,0O. The concentration of WT PRL-1 and PRL-1-C170S-C171S was 1.0 mM and
0.8 mM, respectively. Sample reduction was accomplished by addition of 10 mM DTT at least

24 hours prior to spectral acquisition. 'H chemical shifts were referenced with respect to an

external DSS standard in D,0 (29). Indirect referencing relative to 'H was determined for °C



external DSS standard in D20 (29). Indirect referencing relative to 1H was
determ ned for 13Cand 15N, assuming ratios 13 1H = 0.251449530 and 15 1H =
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chem cal structures for the netal-bound NCC conplex, which are shown in
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G LSS RARE, e VAL ke o
peptide either paralleled the complex formed via metal transfer or was distinctly different from
20  that obtained for the full-length protein. The differing spectrum reveals that the metal may be
coordinated solely by sulfur in this case. Although the NCC peptide is sufficient to confer metal
binding, the type of complex generated depends on the method by which the metal is introduced
to the peptide. Transmetallation provides an efficient pathway for incorporation of the metal into
the NCC tripeptide to generate the extremely high affinity square planar complex.
25 The GGH-like metal complex of NGH is shown in Figure 1, Structure 1. We envisioned
two possible chemical structures for the metal-bound NCC complex, which are shown in Figure
1, Structure 2 and Structure 3. Structure 2 corresponds to a GGH-like arrangement that involves
coordination of the metal by several deprotonated backbone N atoms. In this case, the
imidazolium nitrogen from His would be replaced in NCC with the sulfur from the Cys in the
30  third position in the coordinated complex. This complex would have 3N:18S coordination, which
is not consistent with our absorption spectra. To verify the unique, specific coordination by
NCC, NGC also was synthesized and confirmed the importance of the central Cys side chain in

metal binding. The NGC peptide incubated with the IMAC resin does not produce an absorbance

spectrum that resembles the metal-bound NCC or PRL-1 spectrum. As such, we concluded that



imdazoliumnitrogen fromH s would be replaced in NCC with the sul fur from
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accomphshed by the GGH-like motif in PRL-1 because mutation of the would-be essential His
20  has little affect on binding. Despite the fact that both tripeptides bind using square planar
coordination, the chemistry for each is distinct.
UV-Vis spectra derived from Ni-purified WT PRL-1 display bands near 318, 421 and
526 nm. For peptides and organic molecules binding Ni in a square planar geometry via nitrogen
ligands, characteristic d-d bands near 420 nm are reported frequently in the literature. Maroney
25 et al. performed ab initio calculations and made spectral assignments of synthetic peptide
mimetics that coordinate Ni(II) and Cu(Il) using square planar geometry. With the exception of a
single band, their observations and calculations are in close agreement with the observed
spectrum from PRL-1. Separately, the reduced, square-planar form of NiSOD was analyzed
using density functional theory, the results of which show similar relevant features. The locations
30  of the bands as well as the trend in their relative intensities in these systems are well preserved in
the PRL-1 protein spectrum. Based on these and other studies, it is likely the 526 nm band arises
from Ni,y --> Ni,p.,2 transitions. Similarly, the 421 nm band may come from Niz --> Niyo.y2

transitions. The strong 318 nm band reflects the ligand-metal charge transfer band (LMCT).
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In Q@delomia%tu'sﬁi@%q@a?gplgﬁﬁtg%brﬂgtr};, ggﬁle of the ligating nitrogen groups become

deprotonated, and the negatively charged species binds the metal. The absorption band at 526 nm
indicates that PRL-1 coordinates Ni via a deprotonated nitrogen, whereas the 421 nm absorption
generated in the PRL-1 spectrum reflects coordination by a singly protonated nitrogen.
Mutations of the His in the GGH-like motif to make PRL-1-H166A revealed that this histidine’s
25  side chain does not substantially influence Ni binding. PRL-1 encodes three other His in addition
to H166. H23, H64 and H103 are located in distant regions of the sequence and are unlikely to
remain tightly associated under denaturing conditions. Attempts to unfold the protein so as to
release the metal required vigorous treatment with high concentrations of denaturants at high
temperature for several hours. As chemical and heat denaturation permit only slow release of Ni
30  and CD data show that PRL-1 completely unfolds well before Ni is released, the metal is likely
coordinated by atoms clustered in a short segment of the protein.
The GGH-type peptides achieve extremely tight binding (Kq ~ 1077-10"'%), which is
accomplished in part by deprotonated backbone amide nitrogens within the motif. In light of the

extremely tight binding observed for PRL-1 and the predicted contribution from nitrogen atoms
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enbodi nents are to be considered in all respects only as illustrative and
not restrictive. The scope of the invention is, therefore, indicated by the
appended wbanmgiso@8her than by the foregoi ng descri pti olrCTAISRooohassges whi ch
come within the neani ng and range of equival ency of the clains are to be
enbraced within their scope. Al referepnpces recited herein are incorporated
herein by specific reference.Wat is clained is: 1. A conposition

conpri siywgkt ieclhifdeePt | de havi ng the sequence XC C2; wherein X is any am no
acid such that XC Cis capable of binding a netal in a s%re pl anar
orientation ér sqdaoEpesitiamiaaprisiig: e tipepidnhayingsbe equensd XhEneVierdp Xdad C2
are the . ar__di : 1-ndl Vi : . sen
rom a GJLRgRaet HEh ke e et e A A o i

conposi tsqwane pframidal onichtatioe peboth)Xandsvichas €nadd Omrathpasagbnd ffeghytadn ne,

hi stidi ne, lLysine, an rginine. 3._.The conposition of claim1 further
Conpe s Geitiisepbiug biast FiasiioRe Srepeaes e av e et bance

XCi C2. 4¢idThe conposition of claim1 further conprising a non-peptide
entity conprising the tripeptide having the sequence XG C2. 5. A

conposi tion @onpr i8¢ ¢RENPOSItOR oh el ¢ svhigepin Kds elpsers ey apaeasie. grtaanee.a net al ;
wher ei nh§s§8in@ﬁk?r}[1%iaﬁd&%§mﬁé?xed with the tripeptide; and wherein X is any

am no aci d suc at tripeptide and nmetal forma conpl ex having a square
pl anar orienBat i ohhocongmpssioe opylasmi datheocoreprisiig opolyrepbdd tcompaisthgwher ei n G

and re the sane or diff I; and wherein G and C2 individually are
cho%& ??I%?Rbgeelﬁvér{getpﬁ%qumfe?@gﬁét ei ne-1i ke nonnatural amino acid. 6. The
conposi tion of cl @héreinpgiosoNcldin $ fEtHRS BSmpristiP AsREFRIIOEtitPEHhRIEITRe,

hi stidine, lysine, and arginine, 7. The conposition of claim3 wherein the
met al i shedepgtidedayipghespiiegtotpieonsi sting of zn, Ni, Cu Pt, Pd, Au, Ag,

radi of sotope. 0. He Renaby syt HitpieleRE g (R EERR A Mt 1
62Cu. 1@heFirethe oretrd sd toimpiexed withdhatriPeptidet drelrwineeip X is amgarainp ebiypegt thete
comp§ s i’tr?;%p%i@eeand metal form a complex having a square planar orientation or square pyramidal
orientation or both; and wherein C; and C, are the same or different; and wherein C; and C,
individually are chosen from a cysteine and a cysteine-like nonnatural amino acid.
6. The composition of claim 3 wherein X is chosen from asparagine, glutamine,
histidine, lysine, and arginine.
20 7. The composition of claim 3 wherein the metal is selected from the group
consisting of Zn, Ni, Cu Pt, Pd, Au, Ag, Pb, and Fe.
8. The composition of claim 3 wherein the metal is a radioisotope.
9. The composition of claim 3 wherein wherein the metal is **Cu.
10.  The composition of claim 3 further comprising a polypeptide comprising the
25  tripeptide having the sequence XC;C,.
11.  The composition of claim 3 further comprising a non-peptide entity comprising
the tripeptide having the sequence XC;C,.
12. A method comprising: complexing with a metal a tripeptide having the sequence
XC;C;, to form a metal-XC;C, complex; wherein X is any amino acid such that metal-XC;C,
30  complex has a square planar orientation or square pyramidal orientation or both; and wherein C,
and C, are the same or different; and wherein C; and C, individually are chosen from a cysteine
and a cysteine-like nonnatural amino acid.
13. The composition of claim 12 wherein X is chosen from asparagine, glutamine,

histidine, lysine, and arginine.



tripeptide having the sequence XC C2. 11. The conposition of claim3
further conprising a non-peptide entity conprising the tripeptide having

t he sequewoeodddi4C@ds 12. A nmethod conprising: conpl exi ngPértus2@netsal a
tripeptide having the sequence XC C2 to forma netal - XC C2 conpl ex; wherein
X is any am no acid such that netal - XCp§€2 conpl ex has a square planar
orientation or square pyram dal orientation or both; and wherein C and C2
are the saneiqr dirhé esfpdsitioand it @iwhefein BB eheta? id serbciel load thy g Chosen
froma cysteine and a C)i)stei ne-1i ke nonnatural am no acid. 13. The

conposi tPEPsHEE of Vi M, 3 Ry dunAR Fts aphBsen from asparagi ne, gl ut ani ne,

hi stidine, |ysgine; ini 14. SOMRARkA b f - Lm 12 wherein the
netal is sel g?z’t edQ?%ﬂ Sgiogrogg%ﬁﬁé%gﬁgﬁ ng gfe'ta%s?dnrﬁl&? lsgj)i , Pd, Au, Ag,
Pb, and Fe. 16. THhke composioniofalaph 12 wereirie wetal & fCt.he netal is a

radi Qi sot ope.,16...The conposi t.ion cl,aim12.wherein the netal.is 62Cu.

15 She conpdli ¢ h Erm o5 52 A S s S et Bsrpr 1 51 ng
the tri pemptidehdveny the séquenceequience XC1C2. 18. The conposition OL clhai m 12
further conprising a non-peptide entity conprising the tripeptide having

t he sequen (r:rg 1&c C%he q@npostion b £laby l%@r@%fqﬁl@@lwrmpmiree% IMRTiSingr esent
in a bi leagh&Rde BENRE the Sg%engygcg@t. hod of claim 12 wherein the netal is
found in a subject. 21. The net hod of claim 12 further conpri sing detecting
the netal - XCl%2 cbhpinethod pPclaith&? whemimdhometal wipnes¢® if abiohegicat sammié.si ng

i maQb ng the et al Tﬁ%omg%og 8985%%‘12 wherein the metal is found in a subject.
21.  The method of claim 12 further comprising detecting the metal-XC;C, complex.
22.  The method of claim 12 further comprising imaging the metal-XC,C, complex.



