WO 2009/140408PCT/US2009/043821 S20 91043821 METAL ABSTRACTION PEPTIDE (MAP) TAG
AND ASSOCIATED METHODS CROSS-REFERENCE TO RELATED APPLICATION This
Application claims priority to United States Provisional Patent Application Serial Number 61/052,918
filed on May 13, 2008, which are incorporated in this application by Sreference STATEMENT OF
GOVERNMENT INTEREST The present invention was developed under grants from National
Institutes of Health (Grant No. P20 RR-17708), The U.S. Government may have certain rights to the
invention. BACK&REINGB®®Previously, it has been a common techniqu& 6" SHiz&4 etals to extract
polypeptides (e.g., proteins or protein fragments) from compositions. Such extraction has been based
on the ability of a metal to complex with a specific polypeptide over other substances within the

composition. It is kiemn, thesfwecitierert pepiidedased aetab hissing sagsaarteorsed for separating
a peptide from a composition. However, these binding tags have specific types of | 5amino acids, and

specific numbers or specific sggyenNges ek arRinoracits atnreppilizedrigoaccomplish binding that are
substantially different from those described in connection with the present invention. For example,

these two binding tagsisdeylisaiobieleintheriaidotypiied Stapickeny vempiddtensinepliseieanid®geometry as the
present inventinmbeditignal infeavation regandingidrestirstdindirg itagicapphetobtained in U.S.
7,208,138 32rlg% ch%goon et al., and pertains to a peptide 20 comprising the sequence NXEQVSP.
Information regarélng the second binding tag can be obtained in U.S. patent application publication
20040018974 by Arbogast, et aPTadd i tg‘%@d&ﬁ@g & that appears to be the entire

protein described theggi Bre?eﬂ&%x@%&%s%v@l@ﬁ&ﬂﬁﬁe% genalicimateriahel anseiganism for
recombinant expression of roteiQ%v%%v%%egn utilizeg ex ensivgtly for turifi %tlié)rgn%lg identification of
protein 25prod (R PRe’ ISRt hoEWAfthY BxamBREST MY RAS Baen Hfe Histad technology, which
provides a facile means of effectively isolatingiad@ggesprotein from whole cells using immobilized
metal affinity chromatography (IMAC). Numerous other peptide-based tags have been developed for
detecting adagged prétenvisi célhoUitare exangs etheialdyeribze oyl wrinbedied natdes

(e.g., proteins or protein fragments) from compositions. Such extraction has been based on the
ability of a metal to compl6ex with a specific polypeptide over other substances within the
composition. It is known that two different peptide-based metal binding tags can be used for
separating a peptide from a composition. However, these binding tags have specific types of

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 prbtein 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 lysatesvusing 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 stepé to

label the protein.



reeoenize the peptide tag. These technologies are usefia 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 thetag is
covalently attached to the protein of interest without the need for additional chemical steps to label the
protein. WO 20091140408PCTUS2009/04382 1 - MRI imaging is a common method for examining
structural features in live animals and humans. The technology is safe and non-invasive. Contrast
agents have been developed to improve the sensitivity of the method, and they are used to enhance
the features obseREY /i’ﬁ“i%% MRI image. The improvement is achieved B‘éggﬁﬁxggé’é??ﬁjast agents
contain metals that alter the 5 signal from neighborigg molecules, typically water. The most commonly
used agents dictate Gd(lll), but other metals can be used to enhance contrast. 0d-containing contrast
agents cannot be usdrlimpatieints sitheomprantisedddaing yduwnsticesr@assse ieusieampiications known

as Nephrogenmsfét%ﬁai&cgmiQ%igs%ﬂélmhﬁﬂmL@vEi959%%39{498%%@;{ FRQJERYY- Alternative

imaging agents are needed to address the needs of such E)atlents. Compounds that chelate metals 10

are also used IFBET AHTEBERS TGRSR G et 1 MR A s IRITHARY ™ The present
disclosure gendrdliysesafbsinripisastide arstitd arrdumsethitet abuisivgisooteaiotifsafntse peptides
have the abilityiteabireh te:meéals miNshdakesithemct satuhior avanai.elapplications. In particular,
the ipeptides of e ieseol disslosute have applicationsnd2 maging, researd chemotherapy. and
chelation therapi s.’Accqrcfing.to certain embodiments, the present di sclosure rovides compositions
comprising a tAPBHHHPPIH Y th comsriaiedlesy Erptighn ey TRoR SURRIGHIIRRIE Kuch that XCi C2 is
capable of bintheyragmetéysiansctjtaes ptaizairogieitaiiersios Beuarethy canmdsidl. alientaton or both; and
wherein Cl andflgiare.the sameqel Qilerentind At WRBIRIN flA o aRindividialiy Argchosen from a

cysteine and a cysteine-like non ral amino acid. According to other embodiments, the present
disclosurel%prof/‘f égocué?ﬁbrbgsl ?oaﬁlg%%l?n% rf%ri?%néttorivﬁeévﬁt‘f‘d’éeﬂ%a\fiﬁée K&"88quence X01 C2 and a metal;

wherein the metal is complexed with the tripeptfd@¥adR¥ herein X is any amino acid such that
tripeptide and metal fasmoa-pampalex-baMiaga sauane planadanaEtatiomansddaigpwamidal orientation

or both; and whg(ein A5Gl and GRS AR o IITEIENG ARG NEIEIN CLANG G2 ndivicually are

chosen from a cysteine and a cysteine-like nonnatural aming acid. ccording to ot er
embodiments, th®PrE8&tt I&igﬁ%%‘?retB?éW&@??ﬁ%fiﬁBé’ée%ﬁ‘?b“ﬁ?ﬁ?&%YﬁE)‘?@?(‘Fﬁ%f%i’cﬁ a metal a
nipeptide havingagmssegarehchcXChadioforehchtimetad-dich(.2 complex; wherein Xis any amino acid
such that metal-XC, £2oearaRiesRasea AU PIRNGEsent disclosure provides compositions

comprising a tripeptide having the sequence XC)Cy; wherein X is any amino acid such that

XCyC; is capable of binding a metal in a square planar orientation or square pyramidal

orientation or both; and wherein Cy 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 f)réSent 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  Cyand 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 aminovacid such that metal-XC,C, complex has a square planar

30  orientation or square pyramidal orientation or both; and wherein C; and C, are the same or
different; and wherein C, and C; indi vidﬁally 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.



- 30 orientation or square pyramidal orientation or both; and wherein Ci and C, are the same or different;
~and wherein Cl and Ca individually are chosen from a cysteine and a cysteine-like nonnatural amino
acid. The features and advantages of the present invention will he readily apparent to those skilled
in the art upon a reading of the description of the embodiments that follows. WO
2009/140408PCT/US2009/043821 3 DRAWINGS A more complete understanding of this

- disclosure may be acquired by referring to the following description taken in combination with the
accompanying W§##EY48#8%ire 1 shows Structure 1-a GGH-like metal cd’rﬂBfé%%“R‘l’@ﬁ??\?vith 4N
coordination. 5 Structure 2 and Structure 3-a GGH-like arrangement that involves coordination of the
metal by several deprotonated backbone N atoms.3Figure 2 shows a sequence alignment of the
C-tenninal portion of human PRL enzymes, ingiudwwgnNei81-1, PRL-2, and PRL-3. H166 of PRL-1 is part
of the NON motif shown in blue, Residues CI 70 and Cl 71 of PRL-1 are part of the CaaX motif shown

in red (boxed). The NGGIOMALE isnBQehnding GigMERIR BRGVS A bE SHMES 1 rEhernipkehdound tripeptide
acquired at pH O,‘Wréere‘tft].e m&ss.indic%;[e%gg%tﬁgi&léglcgnpou%g t%gt‘tﬂgspeptide. B. ESI-MS spectrum
after droppin(jc oémﬁ’lgl Sfci?f’el%%mp e'16 5, showing that mckéiaﬁas%aeen_réleased from the peptide.
Figure 4 shows CuTNiEBE hibgjrietitrise han GHagearrepmaisEREre B EANG LR graph of purified
WT PRL-3 puifieehinzhai geesencs-of Si)lipHntaitet e avalyesanddestiovel bé theaHhis-tag.

Photograph SQ%Q g?pﬁf{'&fﬁ&{%{aiélﬂ%r{é'ﬁta‘?&}x@f- Figure 6 shows A) Electronic absorption spectra of
PRL-1 variants purified in the presence of Ni2' ion.}%@r&g&wg) sCJoectraf for ealgﬁfprotein variant were

recorded from 800 t38B0 A S S SR BRI L or CaRTFAR SN JoF A varian 5'1S°5 mg(mL to within
10% based om@0ia28BlcoRiadisod I8haiwH 1afeotRBIspésrre Hohs 0D teribBUhivBle features are

absorbance mgxima at Al and43rmnt - insepaT barsmRel abicihe00itaed Qibxud). ake Boawn at smaller
scale forlvisualiz(%tliﬁ; @gabsorption maxima at 421 and 526 nm. Curves are as follows: PRL-1-WT,
black (top); PRLIHEEBA, red (next to top); PRL-1-C170S-C171S, orange (bottom): PRL-1-C1705,
green (next to bottoFgrPRIPIEA A WAL it Py HesR s E et o PPREA SR T,

mass indicates that nickel is bound to the peptide. B. ESI-MS spectrum after dropping the pH of
the sample to 5, showing that nickel has been released from the peptide.
Figure 4 shows Cu-NCC magnetic resonance image (MRI).
15 Figure 5 shows a photograph of purified WT PRL~1 purified in the presence of Ni(II), pH
7.4 after cleavage and removal of the His-tag. Photograph shows its characteristic rust color.
Figure 6 shows A) Electronic absorption spectra of PRL-1 variants purified in the
presence of Ni?" ion. Three (two) spectra for each protein variant were recorded from 800 to 200
nm and averaged. Protein concentration for all v;n*iants is 5 mg/mlL 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 smalier 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 1o top); PRL-1-C170S-C1718, orange (bottom); PRL-1 -C1708,
greeh (next to bottom); PRL-1-C1718, 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 shoﬁlder 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



25 Resolution of the UV-Vis spectrum of Ni-purified PRL-I WT protein between 300 and 700 urn 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 inn are also present. The patent or application file contains at
least one drawing executed in colon Copies of 30this patent or patent application publication with color
dra\_/ving(s) will be 85‘33"/%%90?3_’ the Patent Office upon request and paymlg,\nt fggzghgemg%%essary feg_.
While the preser‘1¥ areloslite is susceptible to various modifications and aq?erna ive ?orms, specific
example embodiments have been shownin the figurgs and are herein described in more WO
2009/140408PCT/US2009/043821 41 detail. It should be understood, however, that the description of
specific exampletghibadindéntadsrsiotdritended ttotlinitdrennvesipectii- trenpds toblgimerms disclosed,
but on Jhg Ciantﬁéwygiﬁgéé%?gl?%use%@@oﬁ%@e a&m@ﬁ&aﬂ%&a&l@, %%lle!:h/@xl@é&ﬁr&%,%ﬁn?g by tht_%f .
appended claims. resent invention rally relates t ort peptide motifs an
methods of usﬁﬁc}solﬁ%ﬁ hotirs® lené%d]pleczé)%ﬁ Féasnég%%vt%%nt%g%%g%s%ié%tﬂ?gﬁ?%fﬁgafg} r£r1etals, which
makes them useful for a variety of applicationggscpattiaasr, the peptides of the present invention
have applications in imaging, research, chemotherapy, and chelation therapies. Generally, the present
disclosure 5 related thepietieiralpregrgaintirssirabetromise 10Hiradnabadsefeeaiveal, referred to
as MAP tag(s) nAsfsurtsdhasRMAR tagstiandelisadyamogethemingsids xitactfthe select metal
from a composifion Kh MAPaAseflheARSCOk disdRs e aie. A AMNAAFIS I NG, And may be

included in longer polypeptides and proteins at the N-terminus, C-terminus, or any position in between.

In certain embdRIFREE REHR SO REPEEERSREGESTR ST the MAP tag to be present in a
polypeptide or proteiGeorliguhationeiBlitHerpregeiats thebAR el éotdeimdiligiwitirenghetal, such as
being present igan.extesnad pem, thedARRO IS N aY henatisechedriag panxpaptidaqntity.
Addiionally, merg, iag, onc MAR L0 MA AE-RICSED 00 A RFERE MOIEEIS, .yt 8 knOWN tha
many proteins B]nd metals. owever, suc indxlrﬁg t p]fca y utilizes discontinuous sequences of amino
acids within a fgli?&ﬂ“b%’f“e?r?@ﬂ“ﬁ@ﬁfﬁ%’%e%éoa}méﬁﬁi’dﬁ‘tl?@ddﬁhwgﬁfWmtl?ﬁb‘ﬂ“&ﬁfﬁ?ﬂ}ﬁg then easily
release the metathOhtheioth erthandismedat bisidimgribetvidl Tagstad acbodiyphishedwssing: atoms in very

close proximityﬁp%@éﬁh&@&ﬁ%@&@n@@@%@% ﬁ&&@%%})@p@@@%ﬁo@% m@rg\lmm?rmal and
chemical q?natt ration of @e%\ﬂ?te"} C}gglar(]luts sl(%\év ITrlgtlaefass%’of Ehe metal.. For examﬁlle,O use of extreme

" at presents 1a nameg wi SH S bemge present i an €Imn . .
conditions e.g. oﬁfng emperatur%, strong cia) may fead to sEfO\%/presfease OF)T.( e meotaﬁ over a pel'IOd of

time (e.g., sevelrat M ey poues Peagaheiie prierP Stitetote 1N Ediearl e mo disnentditie present
disclosure provigiesa fyelepaptiderbasechtagoe binding agent for a metal (a MAP tag). The MAP tag

can be used to directly;engade.a high-atioiy metalbinding. site, I RSIVRE SR AFRLeleins. The MAP

tags of the present disclosure . e . o
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 'avpen'od 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



are characterized by their ability to bind metals in a square planar and/or square pyramidal .
30geometry. |. Peptide Sequence ~ The MAP tags of the present disclosure generally comprise at
least three contiguous amino acid residues capablé of binding a metal. The MAP tags of the present’
disclosure generally have a sequence represented by XCI 02, in which Ci and C2 may be the same or
different and may be a cysteine, or a eysmine-like nonnatural amino acid (e.g., a sulfur containing
alpha- or beta-amino acid), and in which X may be another natural or ngnnatural amino acid or amino
. Wq 2009/140 ?ﬁ . . - P%T/Usz?o /043821
acid analogue, solong as the peptide tag formed is capable of binding a' 5 'métal in"square
planar/pyramidal geometry. As used herein, the ablyreviations for the Lenantiornerio amino acids are
conventional and are as follows: Table Abbreviations of the natural amino acids. One letter Three letter
Amino add syretnsaliniset aksaiersarRmessE e RMee s pareyin eM AsmardisdbicaacitAsp cysteineCCys
glutamic acidE&xireltdaimnesd Ginsglyeipeleslyine-like nonnatural amino acid (e.g., a sulfur
containing alpha- or beta-amino acid), and in which X may be another natural or nonnatural
arino acid or amino acid analogue, so long as the peptide tag formed is capable of binding a
5  metal in square planar/pyramidal geometry. As used herein, the abbreviations for the L-
enantiomeric amino acids are conventional and are as follows:

Table 1: Abbreviations of the natural amino acids.

One letter  Three letter

Amine acid
symbol symbol
alanine A Ala
arginine R Arg
asparagine N Asn
aspartic acid D. Asgp
cysteine C Cys
glutamic acid E Glu
glutamine Q Gin
glycine G Gly
histidine H His
isoleucine 1 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




histidineHHis isoleucinellle leucineLLen lysineKLys inethionineMMet phenyl al anlneFPh e prollnePPro
serineSSer threonineT.Thr tryptophanWTrp tyrosineYTyr valineVVvat WO
'2009/140408PCT/US2009/043821 6 In some embodiments, X may be asparagdne (N) glutamine (Q),
histidine (H), lysine (K), or arginine (R). When an amino acid sequence is represented as a series
of three-letter or one-letter amino acid abbreviations, it will be understood that the left-hand direction is
the amino terminal 5direction and the right-hand direction is the carboxy terminal direction, in
accordance with stadat¥sage and convention. The MAP tag of the pPELEREYMS3Lre can be
encoded in line with a gene or nucleotide 6
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In some embodiments, X may be asparagine (N), glutamine (Q), histidine (H), lysine (K), or
arginine (R).

‘When an amino acid sequence is represented as a series of three-letter or one-letter amino
acid abbreviations, it will be understood that the lefi-hand direction is the amino terminal
direction and the right-hand direction is the carboxy terminal direction, in accordance with
standard usage and convention.

The MAP tag of the present disclosure can be encoded in line 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
protein production. In application, the MAY 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
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;Cy-Z', 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 not listed in the table, but they may be incorporated
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,Cy; Z-
NCiCo-Z'; Z-NCiCy; NCICp-Z'; QCCp; Z-QT:Co-Z'; Z-QC)Cry QTICo-Z' HC1Cy; Z-HT, Gy
Z'; Z-HC\Co HC1Cp-Z's KC Cy; Z-KC a2 Z-K T, Cp; KC1Co-Z'; RCYCy; Z-RC1 Cp-Z s Z-
RCCy; or RC\Co-Z1. 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
not listed in the table, bﬁt they may be incorporated into compounds Z and Z'.

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

formula:




sequence for expression using any recombinant technology system. Additionally, it can be
incorporated into'a peptide or proteir, using any synthetic or biosynthetic method for peptide or
10protein production. In application, the MAP tag spontaneously reacts with a metal to forma
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-terrninus, C-terminus or inserted into a flexible linker or loop within a eptide chain. The MAP
tag can 15be mOFEH A ‘éor%y position other than at the side chains |nvoF\(féyégﬁ%(){ﬁgfﬁ?zéoordination
Accordingly, the MAP tag may comprise sequencegsuch as Z-XCIC2-Zl, Z may be any amino acid or
any sequence of amino acids, and Z1 may be any amino acid or sequence of amino acids that is
equivalent or not equivalent to Z. The amino aéils are represented as in above Table I. Non-natural
and amino acids analogues are not listed in the ta le, bq_t‘they ay be incorporated 20into Z, 11,
and/or X. In certain embodiments, ke a aftached to another molecule. For
example, the MAP tag may be attached tq a noﬁ -nep de entity liKgH carbohydrate (e.g., hyaluronic
acid). The attachment may be cov t, and may be affected through a linker. In some embodiments,
the MAP tag may comprise a sequenceg as follows: NCI#2; z- 25 NCIC1-Z1; Z-NC1C2; NCIC.7-Zi;
QCIC2; Z-QC102-Z1; Z-QCiC2; Q01CRHZI; fICIC2; .1-1-1C102- Z1; Z-FICIC2; HC1C2-Z;; K.C1C2;
Z-KC1C2-71; Z-KCIC2; KCK;,-21; RCICz; Z-RC,C2-Z"; Z-RC ,C2; or RC, C2-Z1. As above, Z may be
any amino acid or aﬁ?@&ﬁﬁéﬁé@dﬁ?eﬁmlﬁwﬁ&% Oéﬁapﬁsmh%&aﬁ@%mfﬁef‘&ddflé‘BaU&hce of amino
acids that is equivslentwolericeeprivaichity@idPheramariel ddideraréthe préSemtadinstisfabove Table 1.

Non-natural ang anipe.apideanaletuesaler3faablisiediontharaklaabukiigy may be incorporated into
compounds Z and n_one embodiment rs having the following
structural fgrmuﬁa m\?b%e%%iﬂl&@gfg Q?/ﬁgéadg?%@%?@gge%%gﬁmgni%
example, MAP tags may be incorporated with an antibody, growth factors, peptides, and the like.
2. Metal Binding

In certain emnbodiments, the MAP tags of the present disclosure, alone or when
incorporated into a polypeptide or protein, may complex with a metal to form a MAP tag-metal

10 complex having a square planar/pyramidal geometry. The metal may complex with the MAP tag
through 2N:2S coordination. The MAP tags also may bind a number of metals in a square planar
geometry under suitable conditions that will be appreciated by one of ordinary skill in the art. In
general, the MAP tags of the present discloét;re may bind, referring to TUPAC 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:



NH2 In certain embodiments, a MAP tag of the present disclosure may be encoded in line with a gene

- or nucleotide sequence that provides for targeted delivery of the MAP tag, either before MAP tag

complexation with a metal or after complexation with a metal. This may be 5accomplished using
genes, peptides’, or other motifis known to be useful for targeting. For example, MAP tags may be
incorporated with an antibody, growth factors, peptides, and the like. 2. Metal Binding In certain
embodiments, tr\lgol\él(ﬁgl%aﬁs of the present disclosure, alone or when incor%orated into a poiypeptide
or protein, may complex with a metal to form a MAP tag-metal 10 compl&HSRY 44 uare
planar/pyramidal geometry. The metal may complex with the MAP tag through 2N:2S coordination.
The MAP tags also may bind a number of metals in a square planar geometry under suitable
conditions that will he appreciated by one of &dinar@skill in the art. In general, the MAP tags of the
present disclosure may bind, referring to SU . Grigyp 3 metals, such as Y; Group 5 metals,
such as V and U; Group 6 metals, such as roup 15 7 metals such as Mn, Tc, Re; Group 8
metals, such as Fe and Ru: Grou 0, Rh, Ir; Group 10 metals such as Ni, Pd, Pt;
Group 11 metals, such as C Au; Gro such as Zn, Cd, Hg; Group 13 metals, such
as Al, Ga, In, Ti; Group 14 ntetals, sych as 5n and Pb; dnd Group 15 metals, such as Si. hi certain
embodiments, the MAP tag m @u:rd and formAtviap tag-metal complex with Zn, Ni, Cu Pt, Pd, Au,
Ag, Pb, and Fe. 20As mentioned aboye, upon bjhding the Metal, the MAP tag has a square planar
geometry. The present disclosure als H s MAP tag metal coordination in a variety of square
planar configurations. For example, whenithe 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: WO 20091140408PCT/US2089/043821 8 Formula Othefestrastural configurations are also

contemplated. For examescahentng MAR: tagaisoNsldngiand G, isanonnaiizhatkng Acid, such as

($)-2-amino-2 peregploacdlic. AUl and G215, ysteine, the MAP age stuctul formula may be
represented as Futonsla 2, in which M is any 5 metal as described above’
cysteine, the MAP tag’s structural formula may be represented as Formula 2, in which M is any

5  metal as described above:

O
HO
/S H
© s
HN
NH,
0 Formmla 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:



HO Formula 2 In another example, the MAP tag is NC, C2 and C2 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: 9 H2N Formula 3 In another example, the
MAP tag is NC] C2 and 02 is a 13 amino acid, such as 3-amino-2- mercaptopropanoic acid, the MAP
tag's structural formula may be represented as Formula 4, in which M is any metal as described
above: OH Forgyila g Jpgnother example, the MAP tag is RCC and the MAR fag's structural formula
may be represented as Formula 5, in which M is any metal as described above: WO

2009/14008PCT/US2009/043821 9
O
HO
(9]
N
\M"““S
s\
HN NH
O O
HzN Formula 3

In another example, the MAP tag is NC,C; and C, is a B amino acid, such as 3-amino-2-
mercaptopropanoic acid, the MAP tag’s structural formula may be represented as Formula 4, in

which M is any metal as described above:

O
OH
O
N\ /S
M
s7\
HN NH
0] O
5 HaN 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:




ID H2NFormula 5 In another example, the MAP tag is QCC and the MAP lag's structural formula may
be represented as Founula 6, in which M is any metal as described above: 0 H2NFormula 6 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 10coordination, make them amenable for use in separating a specific
metal from another compoaition, as described more fully below. The M,RE’ngﬁz@gaﬁ@gters a metal ion
from compositions by complexing with the metal ang 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. Ag such, the MAP tag is aMtetal abstraction peptide 15 (MAP) tag WO
2009/140408PCT/US2009/043821\11 ditionally, dye at least in part, to a MAP tag's ability to
selectively bind to metals, embodi pre: losure may be useful for chelation therapy.
Thus, a MAP tag may be usedt metal, such as lead. Similarly, MAP
tags also may be useful in sequesteri ther aqueous 5solutions, or any
compositions outside of the body. The tag itself is geneyally soluble in

HoN

Formula 5
In another example, the MAP tag is QCC and thé MAP tag’s structural formula may be

represented as Formula 6, in which M is any metal as described above:

0
H,N

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)ora solid support
conjugated with, for example, IDA or NTA. As such, the MAP tag is a metal abstraction peptide
15 (MAP) tag.



numerous solvents. However, in certain embodiments, the MAP tag-metal complex is poorly soluble in
many organic solvents and may precipitate once metal binding occurs. This allows for efficient
separation during the extraction from an organic solvent. 2. Imaging Applications 10In certain -
embodiments, the present disclosure provides methods for imaging using a MAP tag. Such methods
may be used for therapeutic and medical imaging, or for other imaging applications. The metal chosen
to be complexed \(l)\/lzt(l)‘l the MAP tag will depend on the panicular application and imaging technique. For
examples, a paramapetic etal may be chosen for use with imaging te&AMERAEYA4EH as MRI, NMR
and EPR, while gold may be chosen for techniques L5such as electron microscopy, while zinc may be
chosen for applications such as fluorescence. Which metals are suitable for a given application and
imaging technique afddifielakncinretdethiaseagkiledinrtivg’ ambiliry anelembbdimentmadd AP tag is utilized

to prepare a r%%mﬁmsmab}mgml&%@mg}&%slﬂ%mam&éﬁw%%Q%@»%%'eta', which in

turn provides a goggpl)lleét%hs%t&%_e k%%%g ucSﬁd tfOOIfCim:—J% irggclg%.sqé, Clilsed in a body of a subject such that
the metal can D& use Tor im |ng§. xaﬁ%pﬁeys of suitagle |mag|%g techniques include, alone or in

combination, CompHEdagmMbHr &sh9ITCTY Magidte Rusvrmseecklidying tvRteukeessvtind, Positron
Emission Fomageapiayof iy EpnpingleRheionEmrissionmeanmiedtomegiantysthBES T), Nuclear
Magnetic Resqpance; (R, ﬁd@g@%@nn%@mm%ﬁﬂ&eﬁgﬁ%ms%%%5;;5%5@?&%” Baigroscopy,

25fluorescence imaging, and the like. In another embodiment; a ! bé incorporated
into a polypeptyE ST PSR Arer A EHYBHS Ao e Ry TRE TSRSt T L g BB PREHeof BisdliBfEdPr where the
metal portion cfiRaPriiondibhethnpiesciprofidestivezabilitiyds.image the site of localization, such as
a tissue or tumor. For axamp8ppie:lybad tag-metal complex can be used to identify a tissue or other

structure 0expressing Qleceptar an /%{ bindgrg%iﬁ&rtner to the targe 'ngr portion of the MAP-tagged

. 1mIents, the pre osure provides methods Ng PSL .
molecule. Imaging techniques t%at can vis ailzet e metg can be use ant e?dler?ﬁf?catlon of such

features. For [3fe St R EaAtraet gt onfepprain g edicd fvering greafpdeatiining a metal
center, that altenpthetivalaXationtd tmsighboritugppitond svith e nekategadiffesenie indpetdatected WO

2009/140408PGR{LSAANIN43824 A inal hehween he,areas Hhere. e, contastagent is present
and those whevrvethlt1 IS ngt.te/ﬁc\]%ﬁllgst& mix\xllz?ehﬁ?ﬁama%netl%ivhen complcxed with Cu. A MAP
tag-metal complex THB TS Sra AL SateAtidl Tor Use as & MEPCoMHRPAY e SR St eOmIast agents are
not targeted orugrticlessen pleievetbirh it ensae fts rbwsalfonaplisstopiedtnsdturescend defects in a
body or tissue Whithisdypearofuitable for a given application and imaging technique are well-known to those
skilled 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 inc:iugde, alone or in combination, Computed
Tomography (CT), Magnetic Resonance Imaging (MRI), ultrasound, Positron Bmission
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, MR1 contrast agents are paramagnetic species, typically containing a metal

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




5 application, the concentration of the contrast agent is very high. Targeting a contrast agent to a

" selected tissue or microscopic feature is beneficial in that it permits identification of aberrations on the
cellular level. For example, the MAP tag may be expressed as a tag on an antibody that recognizes:
cancer cells expressing a specific receptor. Targeted delivery may allow for a lower concentration of
contrast agent to be administered, which, among other things, may help 10minimize toxicity and other
side effects, It it mown that 62Cu is a radioactive isotope that is used in PET and SPECT imaging,
which are capable 8t fhaging molecular details within a body. As such, B V244 2h be loaded with
the appropriate radioisotope of Cu (or another metal) and used as a tracer with these imaging
techniques. Similarly, by fusing the tag to any protein or peptide or other molecule that 15binds a

subset of cellssitatieteekinagioe eandRavaomplishedpresenttheMAR kg isiatvaniageays, among
other things, beeaNSELis AR SSGMERES With high ﬁﬁkﬂ{%%&@%&%ﬁ&”&?&% Bt IS, Dy encoding &
g ell

MAP tag in an expressed protein or other molecule, targete veryto a specﬁ‘lc cell type within an

organism is pdSSTBTA! BUHHE MG St L a8 SMPs FRUIRS! Sarhi fEe A dersisd a4 THECAFABIANt of contrast
agent needed foelinagigedo 3 veh armbrerigprcheeprad deftinventialy maysalsa b ypedfto aid in
chemotheriapyapﬁma%ampéem@mE’nt@%m)ﬁ%&%axﬁ@%@%W&Q&ﬁ@%@&@é%&@&&oftUdeOtideS
and be used to provde. [AIORIA.ASiYenIo & parlicular £ell O RS, OF B jon o o ciIale a better
understanding of { e}gresent fvertion  the following examplasor SEEbeEle ShBEHiRENts are given.

In no way sho@idihestBblRTFgTaxsiprs BeYéddammmhe Bt inetgm angribadope of the invention.
EXAMPLES Exerpptes tavtatagbresisdechnjgués weseusedsa dantfy i prptide.naidf having the

strong binding3Qaffinity withselestmatals BHslhudneMUmaR BRI 8808 Was cloned into pET-30 Xa
LAC vect% (Noynqglm) and mu %ﬁ?ﬁu ing. the PCR-based kaéhange method (Stratagene). The

primers generating 1ﬁ‘?é°€?9’6§, - s ?gn?:flls:1166A mutants, 5' to 3', were
ggteatagaaacaactCHdoanwathaadeite adtesizgeiorsbe S danPEhad§iE it aaatogand WO
20091140408RETH bS2HRM043nagi kb REUIcIAaRAIBGAARAYIICABaaRcaRIDligeaitRdintegrated DNA
TeChnOIOgleS’\gﬂrﬁé\/ﬁf)@b%@e radioisotope of Cu (or another metal) and used as a tracer with these

imaging techniques. Similarly, by fusing the tag to any protein or peptide or other molecule that
15  binds a subset of cells, targeted imaging can be accomplished.

The MAP tag is advantageous‘, among other things, because it is a short sequence with
high affinity for certain metals. Thus, by encoding a MAP tag in an expressed protein or other
molecule, targeted delivery to a specific cell type within an organism is possible. Further,
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/er 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 C1708, C1718, and H16§A mutants, 5° to 3°, were

ggicataganacaaciCtigeattcaataaggate, ggtcatagaaacaacigttCeattcaataaggetgtaactce, and




respectively. Capital letters indicate mutated bases. PCR reactions were treated with Dpnl (Promega)
for 1.5 ii at 37C, directly transformed into NovaBlue GigaSingles Competent cells (Novagert) and
plated on LB with 30 mg/mL kanamycin selection. Individual colonies were 5 grown overnight in
selective LB at 37C. The resultant DNA was purified using the Wizard Plus MiniPrep System
(Fruit-Legal. All mutations were confirmed by DNA dye-terminator sequencing (Northwoods DNA, Inc.,
Bemidji, MN). The double mutant C170S/C1715 was produced by a second round of mutagencsis and
similarly confirmed 2VEUE% containing PRL-1 and relevant mutant gend8 W41 &brmed into
13L21(DE3) 10 cells (Novagen) and grown overnight at 37C on selective LB Selected colonies were
grown in selective M9ZB broth overnight at 37C. Overnight cultures were then transferred to 500 mL
unlabeled minrztitanedicrnaadihauesdavitizhin Uhti2ikEdaen OdssogeiweerilGand 0.8. Proteins
expressed for M}&&%peﬂmn@%r@a%@mmmmm?bmﬁ%ums%é%i{a@\151!}'9 ponium chloride.

Over-expression of the re b| rotei conflrm SDS- P E. 15Cell sw re pelleted by
centrifugation§p >120r i:e?nrgc] s?ﬁ} 6d'a C%’%nais ELaLP K6 e 1§§6 RECTRAILSHE were examined

to identify reS|M@%MM%%&%%?&I%@WW.q\ﬂ%@ép’ﬁ)émw’ésabmﬁ‘tmﬁlﬁgr%t GGH-like motif
have beensshawwieeoastinaiaMi(: 1)ansy Quih) wiihex e ety Bigh aflinity mowiisaratif substitution

at either of (heyiie G pesl é%%@éazm%%&%%&&%@&&%@&%@‘ﬂ%%@g AR mraton glfhe His

abolishes it. PRL-1 es N like consensus motif, near its C-terminus %Flgure 2).

Therefore, PRISEICRE AN Ad R i ddh h@ﬁ?f%ﬁﬁ%@%%@%%@%“@é&ff&ﬁ@é Yohtained in PRL-1
is responsible ferordetahbifdivieg PRIk apdapmdilRi{corfiF®BA analyzed by ICP-MS in parallel bound

approximately 120 awngti6R wmaming@mepﬁiwﬂae@nImaﬁpg@&%ﬁmsmgn%wgﬁxq%rved for
H166A when MSRNIARY AselpON.SRRCOSCORY. 180 ApReals. o e absgrption spectra

25that the protein signal | ed toan equivalent extent and nlfss\%egfgélgna? in the visible

region is due té"}ﬁ?BY@M?ﬁgt%iBﬂ}ﬂ?’ eP‘t‘é%?ﬁ%&éﬁYWﬁRéﬁ“&&%Hﬁﬁﬁé‘%F%ﬁF@d&ﬁ@ #the two
detection methotibden oeni@R hSure quiresusedgtantialy/IPTor et anadipy istioserof.thadagnple prior to

analysis. Becapisg;they ?@g@mW@M&Lm@%gfgmmﬁnmm@m Hrftalnfy %a&d/m C171 were
made because thiols o tg\toggertbv ate in Ni c qjdlnatl% Ni levels in indjvidual gstelne mutants, as

Ry Were GreAtt Tag ey FiRtvaTs NGRS SrovERe aanAT both Cys

well as the dodBie Mutan
residues ihfluefgs WFQ@F%%‘(HYW&W@@H&F@MM@ Hetegroerihah801 b usdtant or the CI705-C] 71S
double mutant, but axsmrl GigRalchappsexdnaieindditewas-ehnesved Jendfk il kekr 15. Example 2

WO 200011404086y SRO09YH BRI IOKPHEGRHPILIEGLLTGHS WEIBHSESL R BUITY the

protein-metal comg ex. Brief X
u(il) with exfremely 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. It 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~typé
protein, indicating both Cys residues influence metal coordination. No Ni was detected in the
C1708S mutant or the C1705-C171S double mutant, but a small signal of approximately 17 pM
was observed for PRL-1-C1718, '

Example 2



cell pellets were resuspended in 30 mL buffer A (100 mIVI NaCl, 50 mM Tris-HC1, 10 mM imiciazole,
pH 7.4, Ar-sparged) and lysed at 15,000 psi using a French pressure cell (ThenneElectron). Argon
sparging of buffers was performed to displace oxygen. Samples then 5were centrifuged at 21,000 x g
and the supernatants were filtered through a 0.2 litm nylon filter. Purification of (His)6-tagged PRL-1
was carried out using an Akta Explorer purification system at a flow-rate of 1 mlimin. Samples were
applied to a. metal-charged 5 ml HiTrap Chelating Column (GE Healthcafrg) and rinsed with 5 column
volumes after |Og,d)"%&0.9 {t8n was accomplished using a linear gradientP OB B (200 inM N
aCl1, 50 mlVI Tris-HC1, 500 mM 10 imidazole, pH 7141 with or without argon sparging) over 13 column
volumes, to 100% B over 3 column volumes, and maintained at 100% B for 4 column volumes. Elution
was monitored by al¥sotgpiipniftaB@0trhnji@pdwfeaciion s weily txamiieddal papiyxuBitgH1)5-PAGE. The
appropriate fragiongeraneQiethanddighizedRoaintloMRrarged Al alsrarged,400 mM NaC1, 50
mM Tris-FICI, pH d7'41' Ttﬁe&—lﬁ)ﬁ-ta}é% d\?/a% Ie%vteﬁjsfg%n the.tar%gt rotein usingq Factor Xa protease 15
(Promega) overRighRL stodm teriBeratire Brofhasd WaE PERS S ea S & ¥stTm agarose

(Novagen) and Tiearslogiton Orgop prargites fhrdieeteracréapplitativinte tewsofammessheamove the tag
and any urel cavedpretein o heoprateimavasappliachtodhe nalumnadodialysisdyitermrd the initial
flow-through was .collecte make rotein sample. Sampl ere conc trated and exchanged at
least 106-fold in“ﬁ%f?%‘é“rég%%%)ééaﬁ%ﬁﬁ%a% Ny ‘rﬂr"r‘% f?%ﬁ%ia\légffg’eéék‘ﬁrﬁ%B‘ﬁWt?g) 10 kDa
MWCO centrif@bil it 954 iy Ao Srshireerineisbi orawdarmdé alidieasbeltnged by

51)5-PAGE antokSi: KME, HedpectivealyifSalwiins whrentremted sithicedidNEI@idy stipped with 2 column

volumes of 10Q A ERIAGNh igehard&ehviraodd wRRrecdod AENS QA AQLBM GURP4, 100 mM
CuCl 2 orIJOOO 1rlllgh((aZnC JTmedlate,}){/}fﬁrecedm%e,ach lIse. 95Fxlrggure 5 shows purified PRL-1 after
] he’ e

APt the ML A g VSt RaE 58 Ris R RALSREh St g EhBey, which is

cleavage and ten ova Iyﬁs-tag.
blue-green in csigmanelthes s srptoReairEdyoRding telsuerohmeofdinetion aveiwidid appear in the
700-800 nm regignpabiherspesiramrRhaiogeaph i iRRl+d panifigskingbe. mresepeemi-NUIP, pH 7.4

shows its Char%%%%@ﬁ?&%‘é%&@ﬁ%d& %Pe%rilgﬁﬂs%%@éﬁé%%d%ﬁ'ﬁ's%‘%ﬁifbb‘%%%‘a{i{]‘?6‘% ted rust color

30(Figure 5), which_could result from metal'complexation or oxidation of aromatic residues (i.e., Trii or
Tyr).  Oxidaliohof aRorhati s Lk waseaeh Mumdte Sueh B Shnh B Se B&dfometry data
from the irffact @nankganccdigbstt stadiespirivecpioteiss Woreover wiegdbses/Edghresdensity of the WO

2009/140408PGiLR20A4A3824 1 Dy atein i bedighst thapiexRacies Anthadustselored protein
becomes concgnntrated at the pottgm of.th?eﬁt%u e durin hlgh-sgftﬁed centrlfg,%atl,on. gs meta

b ) !
L ey B BBt BB Ie% Ak E RPh B IAVEE HHEH the possibility

. Hl% % eavg Rro}em. c?t
coordination would“mcrease the density o 1plex,
that the chromdjstisitieli§ Getersded B yolireiidipiatisrisPeinetaresniprricivitcrasromid. Because
metal chelationand 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 M EDTA and recharged with Ar-sparged 100
mM NiSO4, 100 mM CuSQq4, 100 mM CuCl 2 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 iSRL—I 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




5 chromatography was used to purify PRL-1, the most likely source of metal ions was Ni from the
IMAC resin.  When cell lysate containing recombinant WT PRL-1 is equally divided and purified
sideby-side using Ni2+-, Cu2t or Zn2+-charged IMAC resin, the protein abstracts the metal bound to
the chelating resin. The rate of transmetallation is most rapid with nickel, followed by copper. 10Zinc is
present to some extent in all samples, indicating the protein picks up zinc in vivo. When zinc is bound
to the column, Os'ﬁ%fz%i@ﬁis (%bserved in the protein. Apo PRL-1 is poorly soluble and loss of metal leads
to precipitation. The Soluble material from each purification when testedPWqﬁaﬂfng coupled plasma
mass spectrometry (ICP-MS) has an equivalent prggortion of metal bound. 15Example 3 ICP-MS
was used to characterize the bound metal. Briefly, purified protein samples were digested in

concentrated riteigiatsidd hi @2EAhani crorstadtrf e teiive (8 avdttxb(ism@ 40y ceRddddat &8 1C for 16.5 0.7
hcl>urs. Based %Bté@ﬁ@&iﬂﬁsq&&mﬂﬁﬁgﬂ%%ﬁﬂ&fJ&fi@@&ﬂﬁﬂﬁ&%@%&éﬁl@n}(@ﬁ f&m QJ%%%@ 1d-5 jiMin 2G0
mlvi ammonium bicarbonate, pH 8.2, filtered.throu .2 pm 70 nylon filter, and injected into a V
Elemental VG:%&% ???ﬁ'ﬁg{?\%ﬁf &%%févcf aserﬂg\-/ﬁ%gs%%%é)g?r%%%%@ﬁtfe%c%ﬂlﬁoghr%F(:l?oconeentric
nebulizer. A mTTRiRT BY tvdosapior-AEnsia serelrs it hesieine Basalyraarbmeaie protein variant.
Each sample wassgagagg twicseandpstdndRids iveredikdeioie: beiwaennang afteseash sample
scan. Drift wagynoniiared during washes between scans of both sample and standard injections. 25To
investigate our hypo{pgsis mat tthe chromophore arises from protein abstraction of the metal from the
charged IMAC matrix’ SAmpIeE St BRI YsaE BIME rdrs sy daAtrdavbraning 8- As extensive
washing is usédﬁﬁ?éﬁ%@%a@%ﬁr@ﬂﬁfn@éﬁ%@ MeGatsiosTsirairie doimvistiismiethosdnherently
underestimatetthermaigntef Metathouadleulisan benseshiomssessihsirlativecaifiaity of different
metals for; fhe ' iti I i I endogengus metal. 30 ligand.that have been
bound to %’Btl; L%%ﬁ?ﬁﬁ%r%%(ﬁ él% i%geﬂcgé}lﬁlgg}sﬁggl\%%n\?vglg pur(_)sté%l F(l)c:%g for 'fﬁg%?r@f}geﬁlce of a
transition meta FoAPIHE A GG FWin AR ihekeurd Bierstbelined Binkiscemmniertiiologically
relevant metalsn&trikirighytatiradd atprstipiwach iiiat RRblelmbruddronlyatb br fantbthehapegific metal, for
example Ni, u%@&{ﬁg%@d@m%%gﬁgtméﬁgq@n@mg\é@r@ggégggo NizRyrified protein
samples were %Qﬁ?}&%n nitric acid for 16 h at 70C were WO 200911441408PCT/US2009/043821 16
determined to contain approximately 180 p.M Ni, yielding a Ni to protein stoichiometry of 1:2.7 +1- 0.7.
Zn was alsd detectedifleNi-purified samples at approximately 60 pM. Separately, purification of
PRL-1 using Zn-IMACKNSwesd dsedvashiretanty theeanp resanBirmightiapifeat2de4Wbid Zn:1.8
protein], and these, profeinsamPles:SoRiaines onlv.Dackapynddexelsnef N 24CRM3:gk both Ni- and

Zn-purified PRL}Oéi}glw n otg(;?ir metals %n su?nlf,lcant antity, which suggests that zinc is coordinated

in vivo and become&hatnail) diSprEa by RIS LAY HEao AR A HiSto B SpRR iiification.
Because ICP-Nrsn s lis edhadlmd mmmerivodiamartihié hioStablcmet sblope of Ar has the

same mass asngian Gehindingcannetbesdeterminediron thearmarymassisigralafonetheless,

because a much higher.amauntof Gawas present in the, 10 cell cultre media compared to Zn and yet
the TOP-MS S%Bnal correesponds largely to czjnc, the %%ot'ein fglﬁnﬁﬁk%lwaos%??\r %5%??%?%% ICP-MS

data indicate ZRTESFESEHIAYAR L SrEtPnid SATBUNELh P PRY 2 SreBer ifider asE My IAC, which
suggest that Zwatdingsiotcbety manthedcdiér Baxhmpleedcan. DA Vis mbsionptidnispecttaswere used to

measure the conerRREAN OfkheRRé addRalai iBEelYs the concentrations of purified PRL-1 analogs
were meazssured at 2%% am %ngecal%ulaogggig%%%n extinction coefficient of 19420 M-I &m -I. Because

of possible metal-protellﬁvg% orp(%‘llén terferences in the ?6?1&%25 ﬁrﬁl?g@t%nn?ttém\t}g |3|tty of the UV-Vis

quantification REHEIITNEE LErFTEG DY aRe. BraBfe e ethieiedSpER M DiP R TuRERsYS at

concentrationsaofl 0. 3,s 2xenginewashing 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 pM Ni-purified protein samples were digested in nitric acid for 16 h at 70°C were



20 1.25 mWmL were collected on a Cary 100 13V-Vis spectrophotometer from 800 to 200 nm. To
correct for scattering effects in the analysis, PRL-1-WT spectra were adjusted by subtracting the
PRL-1-C1708-C171S 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, FRIA -WT (e.g., wild type) samples were 75reduced using 20 rnM
13-mereaptoeth%nc)‘,JOSSI§ME[? and imide.zole was added to a concentration of 10 utM. For 0.5 mM
protein samples' s cg?%gponds to 400-fold solution excess of BME t& cHHB¥E R the two
C-terminal cysteine thiols and a 200-fold solution e3<i§ess of imidazole to compete with the single
C-terminal histidine imidazole side chain. New baselines were taken and the spectra recalculated, in
the second metkiodhild setinesnuprexacatibul stedifSt, bisfiercontainibgB3QdoR ¥ TA 7and the

Spectrum for the BRxlo YT SApIe A aS EXARRRIRA R IIAR AL IOMABDTA was
recorded. Flnalla/, Cg {Q]eol%’gkﬂoteln?qmes were denatured in 5.6 gua_nld!r?ﬁjm hi/drochlorlde and
B VERE FARB SN YIS h Rt e Sk BERsE Bt SR hrs. WO

heated to 9OC,pneW aselines wer
2009/140408PEG 1S 2809 u3s]. 217 thesa prasridisnglyles brntgiotd izhtiorkebmdtat doditiination by PRL-1

was deter(;ﬁineld:winls M‘HoMiHiab[ﬂczﬂéiGﬂf@@eREQS&@ng'Bﬂﬁrm&@d mgg&gm{iqeaggg!g@g%y emplgyed by
PRL-1 and its gufants was.analyzed usinglIV-Yis absorption spectroscopy.at - inn. Absorption
spectra of PRL-%Q producedcpeaks at t28(_)nar‘1’gi af}z( cﬁ?xrrlle \ hléﬁﬁéf%g???gfnb%?grr?‘é‘ﬁgga%% peptide bonds 5
within the prot&if i eBtREbisPETalRh Breetss HobhPareh trdtcanirrd tshilgwrs Sramdford assay.
Metal-containitig coshpouhds often clisdis Gt severabyuatel Cagthingdheovisiblerangesand the Ni- and

Cfu-hpurified lPPd;e%ﬁ%@ﬁlmw@x&e@%@c@é&m@%@%@@%ﬁm@%& &%ﬁ%%%ﬁtﬁg thelfust C;é%f
of the sample. = owWs a maximum at evident as a shoulder on the very large
band), argré))ad%ﬂ%}lé%{aelr%? AU, atr(fy gi?egk? tbﬂrlglé% %\gaﬁ’%iag‘?g ?‘?Pﬁ'gflldffféy 10825, ®®u-purified PRL-1
generates a sifif&mdpatirely H&me wirvorifidd ISRMY duardisse Shavmesehidnevepresishiall blue shift is
observed for theénstivicti RSpEGtpatifabisyyriniAs expaciadshen Guissgbstitteddfor Ni. As
expected, no ghgorption or visible color was observed when the protein was purified using resin
charged with Zn. Th'g is due to the fact that DOI) has a completed d-shell and as such should not
show electronic transﬁ‘i’gﬁéem the visible spectrum 15Relative to the WT protein, the HI 66A variant
showed tHé same aBEoritigrquroficp i thapeaks werard éereasadinonténsibR ol adedree consistent

with the ICP-MSiseguliscohbarspesiie af-RRLPAWIhang PRLrkbkiGPARS distinetirom those of the

cysteine mutants in.the. yisible region, At.e xl?lentlcgncentr tion, indiviqual substitutions at cysteine
170 and/or 171 wg}? sefine show co?rﬁp(ieteg%&ss of signal at 4 ogsnfb eé%%?ﬁ? 3%8 ftant proteins

. . . .i n . . .
were examinePST ISR SR MRS 2R W@W&Eei’ehfﬁ@mﬁEle(@.%"}ﬁwa&tﬁtf%‘@’@ﬁ%ﬂ‘wabsorption bands
were detected cSigrafl frofre thredfiT isctroitl éntcat 6f PRhg/mblpjndicatingtthatbiding, o5Nhis decreased

by each mutatiors atdeaskd00sfeltba on 2880MONERNRL e MM RREsHR LI RAEsied WT protein

was performed betwpen %OO anlq 700 Am anld re\gﬁ@? w?t the 318 DIX] pe k is composed of 3

correct for scaltering eftects in the analysis, -1 t

separate absorbanee bands ysi spectra were adju tec?by subtractpng the
PRL-1-C1708-C1718 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 P-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 specira 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, neﬂv baselines were taken, and the spectra were
collected at 0, 2, 4 and 6 hrs.




25306, 325, and 372 nm, respectively contributing 54%, 38% and 7% to the total composite peak:
absorbance (Figure 6B). The absorption profile of PRL-1-HI66A 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 NCH motif does not directly 30coordinate Ni.  Ni

binding in PRL-1 is cted by reduction of the disulfide bond at PRL.-1. lve site. Addition of 20
mM BME did ncﬁlgﬁ@?} ﬁﬁ? or visible region of the spectral absorptior?’gmég?zaé?ggﬁng that metal
binding is largely unaffected by reduction of the prgtein and the presence of the reducing agent.
Subtraction of the reduced spectrum from the oxidized confiis WO 20091140408PCT/US2009/043821
18 that there is no shpaifidiagly differerisetionrfaraietensrdirrige Audtvé srhreramst R -oxidized WT
samples. To examinguhaiheracsmatheantikusionfiomatisismage) addiionakimidazole was added

to the solution to increase the signal strength of. a transient assogiatign, Addition of 1,0.mM imidazole
had no effect gﬁtﬁﬁltes gﬁssaéiraé)%gﬁff I'Y;G Wﬁicﬁog%gge%ts that%gccess to the Ni ig%limi ed. Additionally,

I 3 b ! !
no spectral chaHge-WARGIELPIaH AR SRPBUHSH BaRioR WAL Hs JULRR AR Sresence of
imidazole. 5T enwititti cre-feldie xohamgepofiNiel wiifi dic: Wik santiohedittocingffesicthtdiritigrd 00 M EDTA had

Iittt)le e;feCt on Qggﬁrﬂ@&éﬂé@am?&% @Q%HQ@Q@M@L&(?% fpeethia samplearanyithinage ohthe WT
absorbance. Raising t H fr 4 to 8.5 should increase. the molar absorptivity coefficient (c) by
approximately%e-ilgﬁ%n&?ttﬁzﬁ?grfé%gkr%f)},prrlooegﬁagﬁa’ﬁel? ﬁsy i%%%é‘b%e%é%?%‘éﬁ’ Fﬁéc\lé) TS ¢ _gfgl\?ated, which
may suggest theberestselonat Kieisspily ERLM JEE S PRI ¢ Dhersding dié iaids.5, however,
does decreaseihg:niensiy 3hthad]sikiedqees ks datzl not, sikovua)y brodd plineliftp appEarseto be

ireversible, at pi} 7.4, asdisplacement of Nifior,Nieusilind @Rk £aauliea.ageressivg, measures.
When Ni-purified PRL-1 was treated with 5.6 M 15guanidinium ydrochlo.r&gl,e at 90(&,th% peaks at 318,

421 and 526 rifA"6HRr §raiAIRF UL SRS EVEF ERPSTARE FREFEh 85y, THa ESAeSHtARt appearance of
a signal at 750Cwis wissioled Emas Aneapitied S dvsesptiohityividiceles e whag isl@ageldrom the protein

and coordinategd hy,walenimQGiahedial aeermeiny miguwe: Shshansdhealegiipnic.absorption spectra

of PRL-1 variags Rydfiedi (he REse066 ol NIEHP.LOIRS SRACHAIN SAGYRlGIR,variant were
recorded from ?6@%% 09 6 rm anﬁcaverageé. Protein concentration for all variants is 3 mg,/mL to
within 100¥p Relative to the WT protein, the H166A variant showed the same absorption profile, but
the peaks were decreased in intensity to a degree consistent with the ICP-MS results. The spectra
of PRL-1-WT and PRL-1-H166A are distinct from those of the cysteine mutants in the visible
region. At equivalent concentration, individual substitutions at cysteine 170 and/or 171 with
serine show complete loss of signal at 421 and 526 nm. These mutant proteins were examined at
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




based on A259 comparison. Shown are the spectra from 700 to 300 rim. Visible features are
absorbance maxima at 318 and 421 nrn. In Figure 6A, curves are as follows: P121,-1-WT, black;
PRL-1-11166A, red; PRL-1-C170S-C171S, orange; PRL-1-C170S, green; PRL-1-C171S, blue.
Figure 613 shows a resolved spectrum of FRL-1 WT. Resolution of the UV-Vis spectrum of Ni-purified
PRL-1 WT protein between 300 and 700 mn fits the data using 5 curves. The 318 rim shoulder is
resolved into peaks at 306, 325, and 372 nm. The sum of the resolved absorbance peaks (gray
dashed line) and tHa%A#4ta (solid black line) are both shown. The p&REEE®Y43HRY 526 mu are also
present. The inset of Figure 6B shows the spectra from 600 to 400 rim are shown at an
expanded 30scale for visualization of absorption maxima at 421 and 526 rim. Example 5

Electrospray ia@nizatio n: Masmispet thidikeairyithblaMay dasdiseth tenanabmethadanaples. Briefly, ESI
spectra were %ﬂ%xﬁie?"r@e% QL-onMISIQMAsS felhuMARCRESIR! I%Jd'g'mttgot(tmépot&trometef

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

2009114414088 Efé‘?%‘ﬁé?b‘&%’s?i“i@% BoFE P EETRIBA @Wﬂ?ﬁ?ﬁ?@%ﬁéﬁ%&"%ﬁ%hole protein
ESI spectra, puifiae jorokcindsarsifie onikrebsifnten iy flag/pichi magte tiw doftoxi g% 20 mkt_

ammonium bigashanateitRkhie; 2B RHOWaG X incHRAE %égmmemﬁeéatuxteteumeeaﬁdéﬁs were taken

on the first, fourt&band Sc%‘é nth gzao [ Ir\.}]o xﬁ%'t‘”f'?%%?c and frozen aﬁggfé untlllge fgr use. Samples
were desalted'on &' 3em X | reverse-p Ase colimn mllton PRPI ,

Reno, NV). Sa‘f?fﬁi‘é%%e(t‘eﬂ Hdntoies Bth?ﬁﬁ‘ﬁ?}l‘f?‘ﬁ“]}%“ﬁoﬁlﬁﬂ{?%ﬁjvé’@ﬁﬁﬁ@ﬁthh protein (5 tig),
washed in sammmwmwmtmmawbmwwwmmmmd digecilpiitmdvesE S| source.
The cone volageas Sl SYuRnlREARlR0ed ?n&n%&g siaoal AR A0 mRAEIR wete acaired

over the mass range 800 0 u, accumulating data for 5 seconds per cycle. 10For tryptic digests,
PRL--WT.’PREY T‘"ﬁ?ﬂé’é‘ﬂné}ﬁd’%ﬁﬁ f‘i”t?i?’é%"*t‘taifl%g&?étg‘?ﬁ RS Mg e ioarmishium
bicarbonate, pH B:2; Witbrorswit o0 MMhRsverdeptbattmntk ardsittypSir (Bidntega) was added in a
1:50 ratio prote@&?,gng{m)(wlw) and incubated at 37C for 16 hrs. To confirm complete digestion,

samples at various tj oints were run on A}pﬁ .visualized t?\%') ilver.staining. Coupled to
S S e e

MS analysis, cpégsllary ons were sm a column (5 cm
x 0.32 ram La bﬁﬂ’ﬁ@éagg%“’?ﬂﬁ%uﬁér@é‘ﬁe}} BM%VW&F@?@@W%%lC (Sunnyvale, CA),
with a chromatagnaiivfy\iatersnloaipt-£ MG, Miferds MARIAaL gdevelops giadentdlatikipamin. A linear

gradient of 20 BQ@@?{?S%XV@I%%Q&QQﬁx\é%xi'c%%mmﬂﬁéxﬁ&%ﬁé)i}@@%Wﬁnﬁ:a@%’%@cﬂv‘é@o 1% MeOH, B
99% Me011, 1% %Z(gb both 08% formic. aC|d 1Ars%8¥m as admitted to the coglsmn cell at a pressure

that 20attenuafeés e TaM 15 ShBIFa0n. 1 Core Ss Bt T h P P M RE S Iy 315 FelGulator or 5.3 x
5 mBar on a pepiAtAY ) aegstie Bistreodotizis e elrctite ebinsitn seftwasiEdetamarst 8 V for maximum

transmission, andirpectiaprsteactuiifachovetdheraniye 250 iaA000 4} aeeumatmﬂrfgaxdata for 8
seconds per Cygie: DR &l%eﬁa’é?@N&‘éﬁ@oﬁ‘é@ﬂﬁaﬁgﬁ'%‘x‘Qmﬁ%é%ﬁﬁrﬁﬁ%ﬁmﬁl?@/ ,Briefly,2D 1H-I

5N 25 HSQC spectra were acquired_on a Broker Avance 800 MH & spectrometer using a

cryogenic, trip BB SHARCE BrEBE e Ui PP AT Rtk Fis SRl g Padietts ViR FLtishEssion was
accomplished aksiergafiip ek BFésnAl2d pac tuFigeicodbeaivrs drarSPl undRicquiNedisrki6 scans with
2048 points in pRL.- 25660k 128 inareroenis wets, caligstedin I5NdorMe, and CET95;6hd 15,
respectively. Samples et ieRared i AQMVLSOF bR PRPSRRIRNA0S MM MR iS5 and

25  of Ni-purified PRL-1 WT protein between 300 and 700 nim 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-MS3) 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




30contained 5% D20. The concentration of WT PRL-1 and PRI,-1 -C1708-C 171S was 1.0 rnM and
0.8 mNlI, respectively. Sample reduction was accomplished by addition of 10 rnM D11 at least 24

- hours prior to spectral acquisition. 114 chemical shifts were referenced with respect to an external
DSS standard in D90 (129). Indirect referencing relative to 14was determined for 13C WO
2009/140408PCT/US2009/043821 20 and 15N, assuming ratios 13C/1H = 0.251449530 and 35NPH =
0101329118. Computer programs nmrPipe and Sparky were used for data processing and spectral
analysis. Examp1& &%g48Hifirm that the MAP tag motif is entirely respoRSTbYeX8t ¥#tal binding, we 5
synthesized NCC. The NCC peptide was synthesized and purified, and the peptide was incubated with
metal-charged IMAC resin. Complex formation was Vverified using electrospray ionization mass

spectrometry (& 8dodMS)oReratmgHNmegatikeOFoMade righ 8s3kpectal pulligedNEseipeptide, the
absorption Sigg%g%m&% d&‘a&%&%%egg%ﬁ iQ&@&tQ@e\f;@Qﬁszﬁéﬂo‘%ﬁ’ﬁ‘ QJ&%%%@Q%%%%%@@ BRL-l, but the
UFIL Z . . :

complex is more exposed In the tripépti de. The absorption 10in the visible range intéhsifies when the

pH is raised frérmh B3 e ARATRa RS Fo Ok TEHRET th L SR TrYar Stk sty FTRrad to the more
basic pH, full sigraibféiisptetiperifestoraald incigating NP ewel silble fosscobsuorive waetddshlriotire square
E'%”ar %eosretgyomd@ycagg%nﬁ@vﬁg%ggﬁ@& Qtﬂ)tﬁP]idQ;%[ﬂ%fé%iﬂﬁhﬁﬂQfDﬂa&?[eju m_ab_ly Wztef or
ydroxide, is ¢ ated, generating a square pyrami rrangement. At 4, this ligand is
presumably higﬁ?@ %nepg?:%aﬁ%é)g%ﬁgg’a% 00 ﬁﬁs%ﬁﬁ?ﬁ%@%ﬁ&%ﬁ Btilorébws{,%(})ll%ﬁtgﬁ p’gtroscopy. The

exchangeable Weshedliprarpiebition audenecith 0 ahisgiktie ‘rdaminnsi drerdy Britkisdivent and can be
detected by Mboir(kigusedy. vAdditionabysthadidetab ascaddediyomiing.te metatsatdato aqueous

solution contaiping ¢, ReRlide, DeResiacof hecandiiansadhe Asarpion spgetrum of the peptide

either paralleled the. complex formed via metal transfer or was dlstlnctrl,y different from 20that obtained

for the hilltength prot8iAY T gRTERY Spadati Tetieis Mat e Wi B €8 5PaiRL ed solely by
sulfur in this edsegAlthoaghdienNCChomitide B2suificiemttowdhieMiiataicandihgotimdype of complex

generated depgpds, eRdhemethaskbyvhich the metalisintipducsddoiibepeptide«dtangmetallation
provides an efficient a}hwag/ n}‘ﬁ in(ﬁor oration of the metal into.the NCC tril[i')gﬂg%e’q@?ecperate the
e

extremely highhés?fijfﬁt%%drﬁna? EGE ?:ct)]roﬁlpfg%les at‘lyﬁtéogé‘llﬂﬁ%nrrﬁsé%r%%% ex o 'S shown in

Figure 1, Structisrelizede drigiiries tro possibiardsiniemiruhite scpartitesiyetal-bound NCC

complex, yghichas@shownga Fogu SHC StRuck It (06 Srsichura. 8, SHustusaddiggumsponds to a
GOT-I-like arrangement that inyalves. coardination of the metal by several deprotopated backbone N
atoms. In this @é)g%s,l% ?ﬁgf 6119 (\)(I%ﬁ% n?frogcécn %rgr(rg Ill-hs%)b would Zév replace afﬁg&‘é with the sulfur from

the Cys in the Sttkirdbdditiei: AR X SEYERPI B EBMBILXE TS e a1 15
coordination, wikehpigiaiodveoiistentewiThecoiv altsoeptiorP 3 étiva | hdieOlyBt e uMrfie 1 8pecific
coordination byh§ GeNOB s wassKbesizedaneieeninngddhaimnasiance wfiithe central Cys side
chain In mgtal biading. Ehe-NOCRSPIS cuoaledwith e is e does oL produte an
absorbance spectrum that resem ?es the meta(f-rf)o n |\f or IB ﬁ-f g ectrum. %\S sucn, we
concluded th ats 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 u, 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 TH. 256 or 128 increments were collected in 15N for WT and C1708-C171S,
respectively. Samples were prepared in 50 mM sodium phosphate, 100 mM NaCl at pH 6.5 and
30  contatned 5% D»O. The concentration of WT PRL-1 and PRL-1-C170S-C1718 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 10 an

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




WO 2N9/140408PCT/US2009/043821 21 GOT-like coordination is not utilized and must have a much
lower affinity for binding metal in the specified geometry. Structure 3 is completely in line with the data
obtained for both the peptide alone and the peptide in the context of the larger protein. The absorption
spectrum of both indicate that two sulfur atoms participate in the complex along with two nitrogen
atoms, one which is deprotonated and the other which has a single proton attached. Structure 3 may
not involve the N-terminal amine group, which would likely cause differences in the spectra of the
peptide and prové?ﬁoﬂgwi‘fge this atom would be embedded in a peptidg%‘lﬁi(ﬁ%/?ﬁ:@‘ rotein. Based in
part on this structure, the nitrogen from Q, H, K, orJC may be substitute for N in the first position of the
10motif. The metal binding site and coordination geometry was studied. The finding that PRL-I
binds divalentamietal, eatinns istintE@Siing becamsse speéHitimetad coordinatiopnisy rospemP TPases has

not been fepomi@wﬁd%ﬁtﬁm’ﬂé@@&r&@amﬁ&é@&@u& 430igHe.AMeNg this enzyme family, and it

encodes both a GGH-like motif, which in certain cases is able to bind metal, but not in this 15 case,
and the novel MAP F&i‘@“i’%ﬁf The geometry of GGlI-like motifs is square planar. The characteristic rust
color observed with ThecofneéntithtddAPRiz-masidinpesiparakebihiocottn bhding. BGH peptides, which

suggests that NhGegsdinainmeacurspipaisquaiaplsnar e prmeby atdukseiashsrhasdeyveal that Niis
bound in the C-terminus of PRL-1. Metal.coardipation is not accomplished by the GOH-likc motif in
PRL-1 becaus‘gﬁ?lniﬁ%at?c%ﬁarﬁ %h%l%ﬁﬁ?beoén s‘?entoi%ﬁmi—lfé1 g&gﬁitﬁgsa ect on %%ﬁélﬁg Igespite the fact

that both tripe B SHFRPEETINE LA PRiRa ICs8rHYR RoRednE e kstry for each is distinct.

UV-Vis spectra derivecthdétons blippde; fiecdAsipRR kighall isipliry thantdgsnedfoBh8 p4itideamdi826 mu. For
peptides and qgajic MBlag gspRINGIRG: Mt IR ARGUSR R SOMateMia o aRbHeaNdS,
characteristic d- bang% near 420 nm a}rle r&g ?d f.reggent%)ig Ehfic”cth ature. Ma m¥h%5ei al.

0 e S ¢ intensiljes when S raise oI canon dirmmshes .
performe& ab {Riti6 CATAMSASARd Thade Spectral‘assigiinents of SYnthetic peptide mimetics that

coordinate Ni(pipeshihensity) andivbesatiaredsatarmgedarsmi. Witiane e paantera single band, their
observations aﬂﬁoaaﬂx@uiﬁtiaﬁmar@dmﬂ&ﬁsem@ﬁamem Wit thenelisensetl ﬁWﬂ@fé@ﬁbERL-l.
Separately, G egyesl SANRLERIARRL LB ALMIAAN MasA0alzed uslagdrge!y functional theory,

the results of which show similar relevant features. locations_300f the bands as well as the trend in

their relative eIt TG SE SDLR AR TRIP RS S B AR BT BRI Spectrum. Based on
these and dtherdtudgiablcitid ikelgnsiat 506 ditdster tharbsestiromeMisscopy hegRangsaitions. Similarly,
the 421 rim bapgmay aaMs: FamdNiEdarmbiddcdRasiionge the skengldrbadeansitgflects the
ligand-metal Cfﬂﬁ@&%@r@ﬁge&?&?ﬁa@'ﬁgg llietal was added by mixing the metal salt into aqueous

solution containing the peptide. Depending on the conditions, the absorption spectrum of the
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. AJthough.'the NCC peptide is sufficient to confer metal
binding, the type of complex generated depeﬁds 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 hipeptide 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 replacéd in NCC with the sulfur from the Cys in the

30  third position in the coordinated complex. This cdmplex would have 3N:1S 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 produéé an absorbance
spectrumn that resembles the metal-bound NCC or PRL-1 spectrum. As such, we concluded that




WO 2009/140408PCTMS2004/043821 22 Resolution of the spectrum reveals that this absorbance is
likely a composite of 3 bands at 306, 325, and 372 mu. Using the other structures as a guide, the
sharpest, most intense band at 306 am would correspond to transitions from sulfur atoms, with the
other two bands likely arising front nitrogen donation or possibly weaker sulfur donation. 5Within the
series of C-terminal mutants; only mutations involving 0170 and C171 abolished signal at these
wavelengths. Most notably, the 318 nin envelope corresponding to the LMCT is lacking in the cysteine
mutant spectra.mifﬂﬂ?’é@gééct to the entire absorption profile, the small \})é:r%‘/ 37030 absorbance in the
low 300 mu region for the cysteine mutants appeats to be an artifact from high-intensity bands at lower
wavelengths or a scattering effect, as it is positioned 10incorrectly to be one of the 318 nm component
bands. The bapds.-atisibutabiadoiiransitiaastandthint hivd <orbifalswd 24t {526 ding)uzisbimre absent
when sulfur is substitute eplx%ygen. The original bands are absent and no additional bands appear
upon mutation of either 0170 or 0171 jn the absorption spectr Isp no disulfide bongds involving these
residues are observelFivtha RF&H: ?tae{yA%qlsnﬁc %f%é%%% that fg%oc%/g}%?ﬁ %A%%g%%@“gér@ticipate in
metal coordinatiorde@Uhd®EEPA/IEe dater fipthier Theliar@ PtsB TS RIS D170 and 0171
are required fagtightdVishinsing. asmeitherslbiag atanwalanegappeatsde baisufficient.  The spectral
features genergid ué iy LRSSkl i sepdinatathiy Ai0en AIHS MIE femaining two

positions. Frequgr?ti)y Imidazolium N from His or backbone amide N are observed t_gecogrdinate metals

such as Zn, COVAFERAL AR SEREP PR B UHEY SRR SHAPSE B RPUS G SRRIE Shar geometry,
some of the ligatirg bitrogehigroupscbddemebdiiotdtanabtde ond ithberegjeitivBiyedirpgeerspecies binds
the metal. The gbsoratioruRant alFe inundicates s Rkl eoordinaiasdibiiaodmprotonated

nitrogen, whereas the 421 nm absorption generated in the PRI-1 spectrum reflects coordination by a
singly proﬁgnat?eqauﬁitrogen. Mutations of the His in the Gal-like motif to make PRL-1-H166A revealed
that this histidine's 2Bhtdeciehzindiapte prst OOBstiREM TV EATE PG AETigIPRI2 Bhdodes three

other His in adgiti@niiaidnllos hidns it ifdeatd 1103 speeifiocateictonrdistanttregionBIBhdtye sequence

and are unlikely to remain lightlvassqciaied wadardsnatuing.aonditions cAtamRtsiamnfold the

protein so as to release the metal required vigorous treatment.w%li Qi%h gon{:a?rgtrtant(i) ns c1>sf denaturants
at high temper&®drbeftsP&aoa HE i L o B S RS AT AL RiOh Barmit only Jfbw release of
Ni 30and CD det=, shotethaePNRAE 1ag owiid| e gegmioiri st Wk hstoratifi isretesaied e metal is likely
coordinated by giems shistiarabinashartsegmaentaitha proteinmpledheiGehd sypefieptides achieve

extremely tight Ginling, (KA J0:h LB MUER. 3 AR malishedip.eg iy depralonled backbone

amide nitrogens wit e motif InTight of the extremely tight binding observed.for PRL-1 and the

predicted contrfBi?fFér%uﬁ]&Fﬁﬁ’fﬁ%‘B@ RS SGESAAE L08R T ATED GB8rTASEY 23

accomplished 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 thatlboth 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(Il) 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,».,2 transitions. Similarly, the 421 nm band may come from Ni --> Ni,o.y2

transitions. The strong 318 nm band reflects the ligand-metal charge transfer band (LMCT).



to Ni ligation, backbone amides from PRL-1 may participate in metal coordination. Because the
absence of either cysteine abolishes binding and truncation removes both the side chain and the
backbone amide, testing the hypothesis that metallation involves the amide nitrogens adjacent to C170
and C171 using mutagenesis is not feasible. Structural studies are the best way to identify 5the
additional coordinating atoms, and these studies are underway in our laboratory. Example 7

Cu-NCC at physiological pH was placed in a tube surrounded by saline bags and imaged using a
standard MR1 at ﬁﬁ‘&?&%d Brain Imaging Center at the University of KHHERLNIEHtal center (Figure
4). In Figure 4, the bright sitmal in the center corresponds to the Cu-NCC 10complex, whereas the less
bright signal corresponds to the saline solutions. Black corresponds to the tube and air. Therefore,
the present invesdiotivisoivedsacaptecteriattaithiheengs@ndiadyantagestnéhtioried: a86well as those

that are inherept therein e ReaeRtHENERIgRRay he.cmbadieg IR AIMRLSPESIfG frms without

departing from its %Blélt or ess%ntlal chara terlstg%. The describe 15ergabn(391m nts are to be

considered in %F’éspe%(irsmf’frﬂ’ﬁl A A AR ARG ROt Tast itV eEzt‘é'gope of fg “Vention is,

therefore, indié&reaitgeeh doapirarrd eepebiinisckathidfutanetynthe foregoing description. All changes
which come within tiveimeas igeastoangaDiaquiyalenanefidhctisimng aretadeiembraced within their

scope. All refeiclaes ealied NRIEAIE NEIRYAIEHNSIEN bibPRSHl (BIRIBNGES 24NCS!. L. p What

is claimed is: 1.A comrt:%)smon comprising: an isolated peptide including the sequence XCIC2; wherein

Xis any non- SXdtdi iR e QR FURERIATE 1V AR PR P SR AR BRI AR YR Snd wherein
C1 and C2 individiredty redchosbandrantiha loy Stdina smtbaioySteiytciikemerinateaat trbiro acid; and

a metal atom G#iaR: RerNEMItR 8 SBOMERRS WbcltaZisush hatthe smeialataplekiaris bound in a
square plapar prientafianor,sduare Awamidal reniation 02, Lhe commpsition,afdlaim 1 wherein Xis
chosen from asparaglﬁe, glutamine, |st|d|ne,p?ysme, and arginine, . The composition of claim 1,
wherein said p@wﬂgﬁ 4-ibralgddt }ﬂ,ééﬁ;ﬁ@ﬂmé@e absent when sulfur is substituted by oxygen. The

original bands are absent and no additional bands appear upon mutation of either C170 or C171
in the absorption spectra. Also no disulfide bonds involving these residues are observed in the
MS data. As such, it seems that both cysteines directly participate in metal coordination. Our

15 ICP-MS data further indicate that both sulfur atoms from C170 and C171 are required for tight
Ni-binding, as neither sulfur atom alone appears to be sufficient.

The spectral features generated by PRL-1 also suggest Ni is coordinated by nitrogen

atoms in the remaining two positions. Frequently imidazolium N from His or backbone amide N
are observed to coordinate metals such as Zn, Cu and Ni. In model peptides and proteins that

20  bind Ni using square planar geometry, some 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
ternperature 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 (Kg ~ 1077-107"%), 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




4. The composition of claim 1, wherein said peptide is linked to a non- 15peptide entity. 5. The
composition of claim 1, wherein the metal atom or ion is selected from the group consisting of Pt and
Pd. 6. The composition of claim 1, wherein the metal atom or ion is selected from the group
consisting of Zn, Ni, Au, Ag, Pb, and Fe.-207.The composition of claim 1, wherein the metal atom or
ion is a radioisotope. 8. The composition of claim 1, wherein the metal atom or ion is Cu. 9. The

composition of claimog 1X\épﬁe8rein the metal atom or ion is 62Cu. 10. A mgéqu %f /g%gzalring a
metal-peptide cgvr%;%?e% comprising: 25i)exposing a metal atom or ion to a cflqga(ﬂng agent in solution or

on a solid support; and ii)binding a peptide includinggthe sequence XCI C2 with the metal atom or ion
to form a metal-XC1C2 complex; wherein X is any non-cysteine amino acid and wherein Claud C2 are
the same or diffé¥eldatancbvekiers an@iksantb CRliddvid pallyrarei8 Bchbsendiiramrabipystedtie and a
cysteine-like nagaRlEAlaR IR dboBh MGk Pand rudhesSitRA ThE!Rk 3 Bnah A sbound within
b e KEICA e Bl g R L R g e metod o
C170 and C171 using mutagenesis 1s not feasible. Structural studies are the best way to 1dentify
5  the additional coordinating atoms, and these studies are underway in our lgboratory.
Example 7
Cu-NCC at physiological pH was placed in a tube surrounded by saline bags and imaged
using a standard MR at the Hoglund Brain Imaging Center at the University of Kansas Medical
Center (Figure 4). In Figure 4, the bright signal in the center corresponds to the Cu-NCC
10 complex, whereas the less bright signal corresponds to the saline solutions. Black corresponds to
the tube and air.
Therefore, the present invention is well adapted to attain the ends and advantages
mentioned as well as those that are inherent therein. The present invention may be embodied in
other specific forms without departing from its spirit or essential characteristics. The described
15  embodiments are to be considered in all respects only as illustrative and not restrictive. The
scope of the invention is, therefore, indicated by the appended claims rather than by the
foregoing description. All changes which come within the meaning and range of equivalency of
the claims are to be embraced within their scope. All references recited herein are incorporated

herein by specific reference.




512.The method of claim10, wherein the metal atom or ion is selected from the group consisting of Zn,
Ni, Pt, Pd, Au, Ag, Pb, and Fe. 13. The method of claim 10, wherein the metal atom or ion is a
radioisotope. 14. The method of claim 10, wherein said peptide is linked to a non-peptide entity.
1015.The method of claim 10, wherein said peptide igjncluded in a polypeptide. 16. The m_ethod
of claim 10, wherein said chelating agent is linked to a solid support. 17. The meth@ﬂj@flﬂﬁlm 10,
wherein said chelating agent is selected from 15the group consisting of iminodiacetic acid (I_DA) and
nitrilotriacetic acid (NTA). 18. The method of claim 10, wherein the metal_ atom or ion is Cu.
19. The methotilst elaittimed isherein the metal atom or is 1'2Cu. 20,A method of imaging with a
metal-peptide complex comprising  administering a metal-peptide complex prepared accor(_:llng to
claim 10 to a biological 20sample and obtaining an image. 21.The method of claim 20, wherein said
imaging occurs in a dubjectA composition comprising:
an isolated peptide including the sequence XC;C,; wherein X is any non-
5  cysteine amino acid; 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; and
a metal atom or ion bound within the sequence XC;C, such that the metal atom
or ion is bound in a square planar orientation or square pyramidal orientation
10 2. The composition of claim 1 wherein X is chosen from asparagine,

glutamine, histidine, lysine, and arginine.

3. The composition of claim 1, wherein said peptide is included in a
polypeptide.
4. The composition of claim 1, wherein said peptide is linked to a non-

15 peptide entity.
5. The composition of claim 1, wherein the metal atom or ion is selected
from the group consisting of Pt and Pd.
6. The composition of claim 1, wherein the metal atom or ion is selected

from the group consisting of Zn, Ni, Au, Ag, Pb, and Fe.

20 7. The composition of claim 1, wherein the metal atom or ion is a
radioisotope.
8. The composition of claim 1, wherein the metal atom or ion is Cu.
9. The composition of claim 8, wherein the metal atom or ion is **Cu.
10. A method of preparing a metal-peptide complex comprising:
25 1) exposing a metal atom or ion to a chelating agent in solution or on a solid
support; and
ii) binding a peptide including the sequence XC;C, with the metal atom or

ion to form a metal-XC;C, complex; wherein X is any non-cysteine amino acid and
wherein C; and C, are the same or different; and wherein C; and C, individually are

30 chosen from a cysteine and a cysteine-like nonnatural amino acid;
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wherein said metal atom or ion is bound within the sequence XC;C; in a square
planar orientation or square pyramidal orientation.

11. The method of claim 10 wherein X is chosen from asparagine,
glutamine, histidine, lysine, and arginine.

12. The method of claim10, wherein the metal atom or ion is selected from
the group consisting of Zn, Ni, Pt, Pd, Au, Ag, Pb, and Fe.

13. The method of claim 10, wherein the metal atom or ion is a radioisotope.

14, The method of claim 10, wherein said peptide is linked to a non-peptide

entity.

15. The method of claim 10, wherein said peptide is included in a
polypeptide.

16.  The method of claim 10, wherein said chelating agent is linked to a solid
support.

17. The method of claim 10, wherein said chelating agent is selected from

the group consisting of iminodiacetic acid (IDA) and nitrilotriacetic acid (NTA).

18. The method of claim 10, wherein the metal atom or ion is Cu.
19. The method of claim 18, wherein the metal atom or is **Cu.
20. A method of imaging with a metal-peptide complex comprising

administering a metal-peptide complex prepared according to claim 10 to a biological

sample and obtaining an image.

21.  The method of claim 20, wherein said imaging occurs in a subject.



